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| BOB. SUYUQLIKLARNING ASOSIY XARAKTERISTIKA LARI

1.1. SUYUQLIK , UNING ASOSIY FIZIK XOSSALARI VA
XUSUSIY HOLATLARI. YOPISHQOQLIK. NYUTON GIPOTYEZASI

Bi zga madél umki , tabi at da u calgazwyakil mo
pl azma kodérinishda. Har or at va bosi mni
yoki gazsimon holatga o06ti shi nmiumek i n .
kristalld. hol atga o6t adi y oki agasili nc h
giladi.

Suyuqli kka quyidagi

Ttashagqgi bosim va haror
oozgartirmaydigan va c ],
bool gan fsuyaqgiikteb gtaladimg a

Suyuglikni oguvchanlik xususiyatining mohiyimi |2_»
tushunish ghun quyidagi hisoblash sxemasic 1.1-rasm. Suyuglik
foydalanamiz1.1-rasn) . T gattig jismda suyuqlikke oduvchanl i gi
botirilgan ogo6irlik sxemasi
kuchlanishlar paydb oailil

Agar jismda mn ixtiyoriy kesimni oladigan b o 61 s ak , unda
kuchl ani shdantashqgari, urinma Kkuchl ani
jism tinch hol at da ur i nma kuchl ani sh
boshl aydi vV a i d igabul giladn Boshkaxitar gilim aysghnday i
swuql ik gattiqg Jjismdan faraqgl.] o0l ar oq
kuchl ani shga ega bodl maydi

Suyuql ikl ar t omc hi va gazlarga boodl
tomchisi mon suyuqli klarning qgonuniyatl

Tomchisimon suyuqglikd e b , oquvchanli k xususiyat

idishga quyilganda shu idishni shaklini egallaydigan, amaliy sigilmaydigan fizik
moddaga aytiladi.

Suyuglik gattig jismlardan molekulalar orasidagi tortishish kuchining juda
kichikligi va oquvchanligi(siljuvchanligi) bilan farglanadi. Shuningdek, suyuqlik,
amal da 00z haj mi ni o6zgartirmaydi, t
oO0zgari shi bilan sezil mas darajada o060z



ega bodlish bilanibitrasdiagtiorkdiac,hl @Gz thadjs
Tomchili suyugliklarga suv, benzin, kerosin, spirt va boshqalar kiradi.

Kursimiz davomida asosan fisuyuqlikb deganda, melioratsiya va
gidrotexnika sohalarini gamrab olgan suazarda o Gadii Suyugliklari ma 6 | u m
fizik xususiyatlari bilan bhbiridan farglanadi. B o @dan, Gidravlika fanini
o0rgani shda asosiyl ar. qguyidagilar xi s

Suyuglikning zichligdeb, hajm birligidagi suyuglik massasiga yoki suyuqlik
massasining uning hyipdni ga bodl gan ni sb

M
r :V' (1.1
bundaM i suyuqlik massasi;
V1 suyuglik hajmi;
r 1 zichlik.
M=rV. (1.1)
Solishtirma ogod6irlik:
G
g—v. (1.2

Hajm birligidagi suyuqglik ogoirligic
bodl gan satishtsnbaa toiggadii v d ji k0 del atalat{i.2ydan
G=ov. (1.2)
Bi zga madl umki ,
G=Mg, (1.3
bunda,gi jismlarning erkin tshsh tezlanishi.
a3 ni(1.y)va(l.2)ga gqooysak,

N =rgV. (1.4)
Bundan quyidagi ifodagaega®d i shi mi z mumki n:
_9g
r=-1g=rg. (1.5
g
rvagool chov birli kIl ari

eM3g eFg_éeM g
r el SN g: S——\ — ~ 16
EL Y ITECn eracy 9

bundaM, L, F, Ti masca, uzunlik, kuch va vaqt.




1 $

M- Cg—;L- mF- H;T- s,
m
demak
_H _ kg
7T @
Toza distillangan suv zichligining
1.1 -jadval

t, °C r, kg/n¥ t, °C r, kg/nt t,°C r, kg/nt

0 999, 87 8 999, 88 40 992, 2

2 999, 97 10 999, © 60 983, 2

4 100000 20 998, D 100 958, 4

6 999, 97 30 995, 0

Sigiluvchanliki suyuqgl i kIl arning tashaqi

kamayishidir. Bu holat sigiluvchanlik kdésienti, bs (m?/N) bilan belgilanadi.

C

kodr sat adi

Suyugqli k massasi

be=""r.

r dp
Hajmiy sigiluvchanlik koeffitsienti s,
elastiklik modulii Yg harfi bilan belgilanadi.

e, =1
(1.8) formulani hisobga olsak1.9 i f o d a
[, :rgj.
bundan,
dr _dp
rE

(1.10 ifoda Guk qgonunini ifodlaydi va u harorat®@lan 20 gacha va bosim
b o ddistglangad suy nci hnugc houdkr t saucvh a

20 atmosfera

7

W dp’
formuladagi minus hajm bosimining ortishi bilan suyuglik xajmining kamayishini

qguyi dagi

(1.7)

o6zgar magan

(1.8

(1.9

hol da,

teskai giymati suyugliklarning

h

k uc|

koodrini sl

(1.10

(1.19)

h



koeffitsientiga teng. Suyuqli kl arning
sababli, gidravlikaning amaliy masalalari ydghnda ular hisobga olinmaydi va
ularni amalda sigilmaydigan deb garaladi.

Suyugliklarning yopishqogligieb, suyuqlik bir gatlamini ikkinchi gatlamiga
ni sbatan siljiganda kodérsatadigan gqgar :
gatlamlar orasida makatga garshilik giluvchi kuchga aytiladi bu kuishqgalanish
kuchideb ataladi.

Bu kuchning kattaligini 1687 vyilda [.Nyuton quyidagi gipoteza bilan

tadriflagan suyugli k qgatl amlari har aka
kuchi uning fizik xarakeristikasiga, ishgalanish yuzasiga va tezlik gradientiga
todgor i proportsional, yaoni qguyidagig
T=mw;(Lu (1.12
dn
bundaTigat |l aml ar oraligdi dagi i shgal ani sh

Wi gatlamning ishgalanish yuzasi;
dn 1 cheksiz yagin gatlamlar orasidagi m&so
du i garalayotgan gatlamlarning tezliklari farqi;

du : N : :
an I tezlik gradienti, bu kattalikdne | e ment ar kesmani ng

tashkilet gan t odgor i burchakning buralishi

1.2-rasm

/737 dinamik yopishqoqlik koeffitsieti (keyingi mavzularda bu kattalik
harfi bilan ham belgilangan



Di nami k yopishqgoql ik koeffitsient.i
jihatdan tezli k gradientiga bogoliqg bc

bogdliqsizl ik 01065("10%%nqg/maalaiicﬂaeehshiﬁilgari. ng

Oradan gariyb 100 vyil (34806 ytlad vag a n d a
yogol anishning gidrodinami K87&1920 yilalh i s i
tajribalar asosida yillarda Nyuton gipotezasini tasdiglashdi.

Bu g potezaning toodgoriligi Xagen vV a
tadgigotlarda ham i sbotl angan. Taodki dl
ayl ani shi gonuniyatlarini o0rgangan b
foydalangan. Xagen va Puazeylosan suyuqlik sarfi, radius, yopishgoqlik va
bosim gradienti oortalari dagi bogol i gl

(1.12 formuladan dinamik yopishqoqlik koeffitsienti
7. quyidagicha aniglanadi.

_|

S
}5

(1.13

Q.‘Q.
c

o

~
1

t
du
f dt
du
dn

bunda,! 7 urinma kuchlanishi deb ataliblr;—? o0l cholvi ¢dpi da o001 c han

yuzada paydo bodél adigan ishgalanish ku
Urinma kuchlanishi ustmau s t gatl aml ar or adlui goi
tezli klar f ar qi gdn naspfaga @saiteskarirpmppodsionak Buo n a

kattalik doimo mg bat bod6l i shi ker ak, shu sabab
gar ab, musbat yoki manfiy ishoralar qo
ol diga musbat I shorasi, manfiy boodol sa
tezl i kl ar ni ngiyatigad xag drr imasbhfaning disobga olishdagi
yoonalishning tanlanishiga bogoliq.

| shgal ani sh kuchining yoonal i shi gan

1.2r as md a shtrixl angan tsilindrning
suyuglikning ishqgalanish kuchi tezlk t agsi ml ani s hi rasmda

harakatga teskar.i yoonal gan bodl adi



oo0rganil ganda esa ishgalanish kuchi k a
tomonga bodl adi

modl chov bibhatigi quyidagic
’{'Hﬁ kli—puaz
LTd§

1 PZ= 1g/sm@. XBS dal GB, 1 1 @:101 L
Har xil haroratdagi suv uchuwgiymatlari

1.2-jadval
t, °C 0 10 20 30
m10“Pa@ 17,92 13, 04 10, 10 8, 00
Gidravli ka fanini oo0rgani shda dinam
gatordakinematik yoshqgoqlik koeffitsientian ham foydalaniladi:
n="" (1.14)
r
Bu kattali k oo6zida uzunl ik, vaqt , Kk
2 2
Uning 06l @hm%_v;%;ii”ilzs'togsi :
S S
Amal iy tajribalar kodr sat iissuyuglk a, ¢
tur i ga vVva uni ng harorati ga bogodliq. H ¢

yopishgoqligi kamayadi. Suyugliklarning kinematik yopishqoglik koeffitsienti
quyidagi jadvallarda keltirilgan.

1.3jadval
t,°C n, 10%m?/ s t,°C n, 10%m*/ s
0 0,0179 18 0,0106
2 0,0167 20 0,0101
4 0,0157 25 0,0090
6 0,0147 30 0,0080
8 0,0139 35 0,0072
10 0,0131 40 0,0065
12 0,0124 45 0,0060
14 0,0118 50 0,0055
16 0,0112 60 0,0048

1C



1.4-jadval

Suyuglik t,°C | n,10%m?/ s Suyuglik t,°C | n,10%m?/ s
Havo 0 0,133 AMG-10 moyi | 50 0,10
Sifatli sut 20 0,0174 | Netft:

Kerosin 15 0,027 engil 18 0,25
Mazut 18 20,0 ogoi rl 18 1,40
Suvsiz glitserin 20 11,89 Simob 15 0,0011

Suyugliklarning yopishqoglik koeffitsienti viskozimetasbobi
yordamida o6l chanadi

Nyut on qgonuni y a tugliklanyatonisuyugligidelo 6 | g .
yuritiladi. Lekin amaliyotda polimer aralashmasi, kolloid suspenziyalar,
tuprogli quygalar, beton aralashmalari, qurilish aralashmalari,
chorvachilikdagi ozuga aralashmalari kabi urinma kuchlanishlari bilan
tezli k grtadiemtgi ®@gol i glik boshg
suyuql ikl ar ma wngnyutn suyumldklar adelbi yuritilddil a r

Masal an, bu bogoligqglik ucﬁﬁm$quyi
bodl gan sizkgplasgid suykdlikéadeb yuritiladi(1.3-rasn) .
T T
&
du du
dn dn
1.3-rasm
Suyuqli klarning maydonni Buzl oksigantac
suyuql ikl ar bir J i nsli suyuql ikl ar bo
egall aydi, deb qgaraymiz. Xaqgqigatda esa
b o éda,smatematik usulda gidromexanikaning murakkab masalalarini yechishda
koorsatil gan suyuqli klarning t ool a u z

Uzl uksi z t o6l a fAncaoynd oundebd midadi.n Arhadiyotda
suyugqgl ikl arni ng uallashrkosldli tasdiglangad.oni t o6 1 a
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Yopi shgoqgl i kni aniglashda qodél |l anil a

Yuqorida taodokidlanganidek suyuql i kni
ki nemati k yopishqgoqliklar maxsus asbol
ishlash pr nt si pi ga gar ab bir necha Koorini
Kapillyar, N.Ye.Jukovskiy, ikki koakisal tsilindrlid i skni ng tebrani s
asoslangarEngler viskozimetrlari shular jumlasiga kiradi. Tadgiqot gilinayotgan
suyuglikka ingichka pldamka kiritish orgali ham dinamik yopishgoqlik
koeffitsientini aniglash mumkin. Bu asboblarning ishlash printsiplari bilan batafsil
tanishamiz.

N.Ye.Jukovskiy viskozimetri. Bu viskozimetr ikkita bir xill) o 6| c ham v
diametr(d) ga ega 1 va 2 kapillyaraychadan iborgtl.4-rasnj .

Ul ar 3 va 4 idishlarga joylashtiri
nisbatan burchak ostida idishlarga probkalar orgali mustahkamlangan. 3 va 4
idishlar esa uchta chigishga ega nay orgali 6 havo boshgaruvchi rezinadigayas
pufak bilan birlashtiriigan. Bu pufak har ikkala idishda bir xil bosim yaratish
I mkoni yatini beradi . Bu i dishlardan bi
tadgigot gil i nayot gan, i kkinchi si es a
t o 6 | dd Bursuyligkklar hajmibib i ri ga t eng bodl i shi k e

| H}/"”; T

1.4rasm N.Ye.Jukovskiy viskozimetri sxemasi
Kerakli haroratga erishish uchun idishlarga termostat yoki suvli banya
joylashtiriladi. 3 va 4 idishl ardagi
o60zida ulardan oqgi b c¢hi gqa(@)dati gaamqglasadiy u q |
Tartibli, laminar harakatlanayotgan suyuglikning sarfini aniglash formulasiga

12



asosl ani b, nayl ar geometri k o6l chaml ar
(Dp) ni inobatga olib, viskozimetrni hisoblash formulasini olamiz:

a._ Dp _,0
&= Doanf" 8
Bundanbi zga nomadl um suyugqli kning dina
hi sobl ash i mkoniyatiga ega bod6l ami z:
_Q
”Z-QZ”Z
Taodokidlash | ozi mki, bu viskozimetr i
dinamik yopi shqgoql i k koeffitsient.i maol um
vagtda tirgishdan chigayotgan hajmi yoki sarfi kattaliklarini taggoslashga
asosl angan. Xuddi s hu printsipda, 00
Pinkevich, Ostvald, Bingam va boshga gi | | yar vi skozi metr|

etish mumekin.
Kapillyar viskozimetr. Bu asbob oddiy L
shaklidagi nay va uning bir tomonic

kavsharlangan 1 kapillyardan iborét.5rasm) . a >< “a
Tadqgiqot qilinayotgan suyuglik 2 nayning ke {
gismiga quyilib, havoni sk i n k amay J,\ /ﬂ;
bilan suyuqglikni aa kesi mgacha - ; l
erishiladi. Keyin he “°T A,
suyuqlikning 06z o0g6i L
kodtarilish imkoniyat. r

suyuglikni a-a sathdan tokb-b satlgacha pasayis

|
'.
vagti o6l chanadi. Bu d“
o6tkazilib, biri dina P

(m) i nomadl um Dbood6l gan

1.5rasm. Kapillyar
viskozimetr

obbdekti bodl s a, I KKkir
koeffitsienti(m)ma 6 | um bodél gan
suyuglikdir. Bu suyugliklar uchun hajmiy sartmsoblash formulasini yozamiz

4 Dp g
=T =—1_ 4T
g@ qT 128/qﬁd .8

13



Bu formulalarnibirbi ri ga ni sbatidan quyi dagiga e

bundan,

Tadgiqgot gilinayotgan suyuglikning dinamik yopishqoglik kosfintini
aniglash formulasini yozamiz:

_bp, 1o
"o T,

Bu formul adagi b oosabatn iehliklar ananosglaati bilan h i
o6zgartiriladi, chunki kapillyar nayec
amalga oshadi. Bu hol atniamznobatga ol i

=l2Ts
m rlTl”Z

bunda,sT suyugliklarning zichligi.

Ikki koakisal tsilindrli viskozimetrQuyidagi rasmda bunday viskozimetrlar
sinfiga kiruvchi asbob tasirlangan.

Bu asbob bir Dbirining ichiga joylas
00( atr of i @adslindrlsrdaa rorat.cB itsilindrlar orasiga tadgigot
gilinayotgansuyuqgl i k quyi |l adi . 2 tsilindr ra
baraban orgali yuklar yordamida harakatga keltiriladiaBaaa n v a 2 t si | i
mustahkamlangan. Aylanishlar soni ddsatkich orqgali hisobga olib boriladi. Bu

koorsatkich baraban bilan birga harake
kol tso orqald. yuqoriga yoki pastga 00z
tsilindrning (&)ondmid dissidhia nisikini Buada imoslama
tsilindr t yu dyadtigh i imkaotiyatidisyaratadin Dinamik yopishqoqlik
koeffitsientiniquyidagi formula yordamida aniglash mumkin:
2 2
et TR-R)

I 9 RRL

14



bunda,R;, R:T mos ravishda tashqi 2 va ichkil tsilindrlar diametri;

1 : . . A
T'|'vaqt,s;M'|'?,a?w'|'tezI|kdagl harakatni taodominl

[ =mgR=GR G=mgiyuk!| arni mg ogé6irligi,
R=R, +R | baraban va ip radiuslari.

Di skning tebranib, sodnishiga asosl a

Bunday harakatlanuvchi disk tadgiqot qilinayotgan suyuqlik ichiga
joylashtiriladi (1.6-rasn) . Bu qurilma oyna 1 idish,-8isk va disk osiladigan 3
ipdaniboratl pni ng uzunl i gi maxsus quril ma vyo
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1.6-rasm

Di sk diametri oadyglaab tmgyouns apgan

bool i b, ungmai dnaa gtnaidts iyrorkdoadr sat i b, di sk
Disk harakati amplitudasi va chastotasi maxsus oyna va lineyka yordamida rasmda
koorsatilgandek o060l chab boriladi. Oyna

(Lmasof ada o 6r ipnng butalglaburchagiaddi gquiadagi formula
yordamida aniglash imkonini beradi:

n
tg2a =—
J L

bundani |l i neykadagi boshl angoich vaziyatd
oddiy hisoblash usuli bilan aniglanadi.
Dinamik yopishqoqlik koeffitsienti quyidagi fomula yordamida aniglanadi:



2/ - 1,)
oTrA?

bunda,/:lna“'l'tadqiqot gi l i nayotgan obbekt

-1

logarifmik gonuniyati; a,, va a1 ikkita ketmaket tebranish amplitudasij , T

4
havoda diskning s0(')n,io'l'sstuyuqlilkzdx:lgligi;rq)i:%m'ik g0

doimiy; Ri diskradiusijiay | ani sh o06qi gnarsiyamosnbnd.t an 06
Tadqig gilinayotgan suyuglikka ingichka plastinka kiritish orqgali ham

dinamik yopishgoqlik koeffitsientini aniglash uchun tadgiq gilinayotgan suyuqlik

bilanOiziqo 6zgod6al masobaqdta@d7Trgse)s { | adi

p
— ___jZ’_ —yf
el o Pl Sy

1.7-rasm. Tadgiqot gilinayotgan suyuglikka ingichka plastinka kiritish orqgali dinamik
yopishqoqglik koeffitsientini aniglash uchun qurilma.

t=0 harakat boshlanishida plastinka tadgigot gilinayotgan suyuqlikia

b os hl| aterlkdilarc borib uriladi. Harakatlanuvchi koordinataning ordinatasi

musbat yooénalishini pl ast i mgibal gilgnozé nal i

Quyidagi chegaraviy shartlargabulgilamiz:

T plastinka urulgunga gadar usOwe@!l i k ti

1 x>0; y=0; u=u, shartlar bajarilganda, suyuglik zarachalari yopisha
boshlaydi delmabulgilinadi;

T ordinata yoonalishida bosiinnggr @didegn tci
plastinkani nihoyatda keng deb hisoblab, suyuglik tezligini vertishkil
etwchig kattaligi ikkinchi hosilasining giymati shu tezlikning gorizontashkil
etuvchisining ikkinchi hususiy hosilasiga nisbatan hisobga olinmaydigan
darajada kichikligi sababl i l nobat ga
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suyuglikning harakat tenglamasigozish mumkin(t a 6 ki d 1 a sidghbul o z |
darslikmi ng gi drodinami ka bodél i mi da Bbu ma
hosi | bodl gan bir o6l gdbadaihgan chegdralvig r e n 1
shartlarga asosan yechib, uni integrallab, dinamik yopiglitq koeffitsientini

aniglash formulasini yozamiz:

ng—puo G* 1
16 " rg® p2/H3

bunda,N i plastinkaning maksimal chuqurlashisli;i plastinka kengligi;G 1
pl astinka ogoirligi

Engler viskozimetri amaliyotda kinematik yopishqgoqlik koeffitsientini
ani gl ashda ke nBurasbpb agosan |ikkita rdirijaakoéntsentrik
tarzda joylashgan latundan yasalgan 1 va 2 idishlardan igbBatasmn) . 1 idish
tubi markaziga 3 naycha kawatangan. 1 idish ichki gismida tadgiqot gilinadigan
suyuglik uchun quyilish sathini belgilovcdi b el gi dlaycha & dterjdng a n .
bilan yopiladi. Vi skozi metr o6l chaml ar
kerakli haroratni olish uchun suvli banya vazifasini bajaradi. Tadqgigot obekti
haroratini aniglash uchun 6 termometrdan foydaldnilBu viskozimetr yordamida
200 sn? suyuglikning naychadan chigish vadi) yoki shu vaqgtning 20Gn?
hajmdagi 200S haroratli suvning oqib chigish vadfiy) ga nisbati aniglanadi.

Tadgigot gilinayotgan suyuqglikning kinematik yopishqgoqlik koeffitsient
quyida keltirilgan Pomerantsevning nazariy formulalaridan biri orgali aniglanadi:

n=0073Y - 0,06311;
r

n=0,0828 - 0,083321;

1
11,995

oozihoT 3,033h, - hl)—.
lg—

hy

bunda, E =_|_l I Engler haroratlariho,h, T mos ravishda harakatdan oldingi va
0

harakat tugagandagi idishdagi suyuqlik sathldrij sathning pasayishiga mos
keluvchi vat.
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1.8-rasm Engler viskozimetri

Vi skozimetr nazariyasi aniq ishlab
bil an ushbu formulalar odértasida tafov
muvofiqdir.

1.2. REAL VA IDEAL SUYUQLIKLAR

Suyugliklarnn g har akat gonuniyatlarini 00
I shgal ani sh kuchl ari asosiy r ol OO0y |
gidrodinami k gonuniyatlarini, ki nemat.
garab, uning ishtirokidagi jarayonlarnigat gilishda asosan matematik apparatdan
keng foydal anil adi . Rooy beradigan | al
yozgani mi zda, j arayonni todliqg tasvirl
parametrlar soni bilan sistema tarkibidagi tenglamalar sanib r t as i d
nomut onosi bli k mavjud bodl adi . Bu t eng

kodrinishga kel tirish gabul wihnadi.mBuihhdau m (
suyugliklarning eng asosiy fizik hossalarini inobatga olmasdan masalani
oO0rgani s hgai Bunday variyatlarda egideavdikada ideal va real
suyugliklar tushunchasi kiritiladi.

Suyuqli kl arning har akat gonuni yat|l a
i shgal ani sh kuchl ddedl suagliidastabiatdaruohtamagdg y n a
ularni absolyut isqi | uvchan emas, haj mi ni mut | a

kuchlanishlarnigabulgilmaydi, yopishqoglikka ega emas deb hisoblanadi. Bunday
holatda, matematik gonuniyatlarni keltirib chigarishda suyuqgliklar harakati bilan
bogdéliq bodl ganl gk Rdalauigbkaarrathalar haxakatcban
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deb gar al sada, ul ar chodézilish vV a S i
Kodéndal ang kuchl ani shl ar suyuql ikl ar
hisoblanadi.

Ideal suyugliklari suyugliklarning muvaanat va harakat gonuniyatlarini
matematik keltirib chigarishda asosiy omillardan biri hisoblanadi. Xaqigiy
suyugliklarga tajribaga asosan topilgan koeffitsientlar yoki kuchlanishlarni
o6zgarishini bil gan hol da oot i Ilandi
bogdél anadi

1.3. MOLEKULYAR BOSI M

Aziz odébquvchi, Sizga fizi-kiar ikgta sma & |
kuch bilan tadsir etuvchi mol ekul al ard

Agar biz gator ustun shaklidagi sharikl@r9-rasm n i obkacl t ads
ostida joylashgn deb faraz gilsak, eng chetda joylash@arnva V) shariklardan

boshga hammas:i befarq holatda joyl ashg
S [ C,
A F A N=
"’ S
BELJ Vo ARDN&ABER )
|- - g
F = B o 3
F :_ Cyroxnuk é a
- G
G R
F
G
19r asm. Ob6zar o 1.10rasm. Molekulyar bosim.
shartli sxemasi ST suyuglikning molekulyar bosimini
koor satuvchi sirt.:

Qo 6shni shar tomoni danRikki@Fkubht ashabi
muvozanatlashadA vaV shariklarga esa fagattasttigk uc hl ar t adsi r e
tashqari bu shariklardan iborat ustikuch tomonidan sigiladi.

Bu shartli sxemaga asosan biror bir idishda joylashgan suy{iglik-rasm
galinligirimol ekul yar t a &Sgsirtqi galamt bdan gigilighickérakg a n
Bundarr adi us mol ekul a mar kazidan tortish
ma s o f h, nibogafda Kichik kattalikdirS, ingichka suyuqglik gatlami tomonidan
suyuqli kka siquvchi kattali k nihoyatda
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11000atm ga tengligi tajribalar asosida aniglangan. Bu boswsiekulyar bosim
deb ataladi.

Moleku yar bosimga nisbatan tashaqi kK ucl
suyugliklar kamroq siqgiladi.
Eng asosi ysi bi z quyidagi hol atga o060
a)Sitashqgi suyuqli k qgatl ami ni Amotekualaro t o
to6 p | a mpabubgéith (1.9 va 1.16rasmlaj , Ci 1 tekis molekulyar sirt
t omoni dan p algd molekutyar lbasichi(sigvauchun 1100Gtm)

(1.11,a-chizmg gabariggiisi rt gatl am t omon(l.ddn pay

rasm 1., gabariq gatlam molekulyar bosicha n ki chi k bodl i b
bosim &i (1.11, v.-rasm) t omoni dan p ayld g molekdyaradi g
bosi mdan katta boolishligini I sbotl as

5) ?Ir d) cé"
= I
— _1}’3‘.‘?_‘.5 - - _V_mek_ = ___nnag_n
|

1.12rasm. Turli egrilikdagi tashqi sirt molekulyar bosimi.

(1 kab>:l tek>1 past)

Bu fikr fizika kursida quyidagiea isbotlanadia, b, sirt yaginida joylashgan

mmol ekul asi ni k b16 g-rash) . ¢ hii mokekalyar .radiugéda
joylashgan boshga molekulalanmo | ek ul an i o6zIl ariga to
havo tortishini inobatga olmaymiz.

A va V sohalarda joylagifan kuchlarningm mol ekul aga t ads
muvozanatlashadi, shu sababiimolekula fagatSs o ha d a g i mol ekul a
tortiladi. S soha tekis sirt holatidea, b, va a, b, gorizontal chiziglar bilan

chegaralangan, gabarig sirt holatidg b, va ajbj gorizontal diziglar bilan
chegaralangan. S soha yuqoridanb, bilan chegaralanganligi sababli, har doim

aj bj gorizontal chizig bilan chegaralang&sohadan katta, demak,,,,<1 .,
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chunkiF kuchmmo |l ekul ani tortuvechi mdSlsahdnu | a | ¢
kattalashishi Iban oshadi. Xuddi shu tarzda fikr yuritib} <} ., ham

isbotlaymiz.

b) Umuman olgandaA idishdagi suyuqlik molekulalarni shu idish molekulalari
bilan birgalikda kodorib chidish kewva
sistemasi tashqi gatlamlar tomonida gekiqilishini tushunish mumkigl.10-
rasmda shtrixlangan sirt gatlamlas suyuglikniki, S 7 idish devori
materialiniki) .

Bundan xulosa qilish mumkinki, ganchalik molekulyar bosim Kkatta
bool masi n, u suyuqgli k oyl assigganchalikd i s h
katta bodol masin u hech qgachon biror k
ganday asbob bilan o6l chab bodl maydi
Il di sh devoriga tabdsir etuvchi bosi mi h
hisobga olmaymiz. Faqgat biz bunda bu bosimni mavjud emas deb hisoblab,
kapillyarli k masal asi ni l nobatga ol i sh

1.4. SUYUQLIKNING HU SUSIY HOLATLARI

Bizga maodl umki , suyuqgli k yaxl it bir
joylash@g n mol ekul al ar maj muasi dan | bor at
gidrodinamik masalalar yechimini topishda u yaxlit bir jinsli jism deb garaladi.
Bundan keyin biz suyuglikni xuddi shunday jism deb garaymiz. Biz Siz bilan
suyuql i kni 0 6 r gtidangarahy gidroteknik anmalyet kidchun suvda a

ni sbatan bu holatni oo6rgani b chiqgami z.

Har or at tadsirida s By wqlai k ma v g u nmka i
suyugqgl i kka haroratni koot ari sh yool
jarayonini kuzatamiz. Gidraliada suyuql i kdagi bu o00zga
tadsiridagi kengayi sh koeffitsient.i de

hajmdagi suyuglikning temperaturadShya oshirilganda kengaygan migdori uning
hajmiy kengayish koeffitsienti dewitli vab, h ar f i bilan belgila
ostida suyugli kning nisbiy hajm kenga
aniglanadi.



bunda, DV=V-V, T qi zdiril gandan keyingi vV a b
Dt =t- t, 1 haroratlar fargi.

Bu koeffitsient bosinva haroratning turli giymatlarida:

suv uchuns,, =0,00014- o,oooaegtiog;

: élg.

simob uchunbto 0 0’0001831_08’

neft mahsulotlari uchunth:0,0006- 0,0008§%§gacha o0zgar adi
Suyuqlikning choodzuvchiKolpc hyialnli isk |

tadgigotl ar natijasiga asosl anidchi ni sl

kuchl ani shl arga qgarshiligi mavjudl i gi

sharoitda 100¢ /fdéga teng bodl gan chodzuvchi Kk

holatini saglab golgan.
Odatdagi oddiy holatlarda suyuqgl i kni

har tomonl ama chodézilishdan farqg qil ac
paydo bodél adi va chod6zuvchi kuchl ani sh
Buni ed6ti borga ol gan holda kodpgina

suyuqgl i k chlanishiangargarkhilik gkmaydi, deb hisoblanadi.
Harakatdagi suyuglikning urinma kuchlanishlarga qarshiligi Biz
keyinroq harakatlanayotgan real holatdagi suyugliklarda ishqgalanish kuchlari paydo

bodl i shi haqi da bataf si | ichida tashgi &ucldami z .
tadbsirida paydo bodél uvchi i chki ur i nma
Bu kuch kattaligi suyuglik turiga va suyuqglik zarrachalarining nisbiy
kooéchish tezligiga bogoliqgdir. Bu mas:
o0rgani shimiz jarayonida batafsil toodx
1-holat. Suvni qgattiqg jism yoki gaz hol at
1. Suvda kristall si mon Boswanz sshighigyokiphargratro b o
kamayi shi natijasi da s uvdlakif&alisissemal | s i

paydo @Buémugdi
2.Suvda havo va suv parlari bilan todlg
kavitatsyaKo 6 pi ncha amal i yotda s ulbodimningg av o

kamayishi yokit® haroratning oshishi natijasida havo ajraliiga boshlaydi va
suvda ajralishlar paydo bodl adi . Bu
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erkin sirti orgali chigib ketgunga gadar davom etadi.
Endi tarkibida havo bodl magan suvni
p, har fi bilan suv bugdéiwmningt ddyii nmg a
bosimi deb ataymiz.Bt° har or at ga bogél iq kattalikd
p,=ft°)-suv bugdi wuchun

1.5jadval

t°, °C 0 25 50 75 100 125 150
Py, Kg/snt 0,006 | 0,032 | 0,126 | 0,392 | 1,032 | 2,370 | 4, 850

Jadval dan koorinib turi bdipipgortsionalu i k
Faraz gilaylik, bizdat® haroratli,r bosimli yaxliti uzluksiz suyuq fizik jismga
egamiz.

Faraz qilayl ik, m# dararanosasbshldydi yokig a Kk
bosim kamaya boshlaydi, demak,

P< P

Tajribalar nati | ascliatklodrdatgaynkdgl, i K
bugo bi |lpufakchh @ad| gpaary do bodél a boshl agan.
(suv + )Hpoadysdhol ihoofakdhag a ny o 6 g o tp* ps, Munosaldatgan
erishish kerak. Mana shu suv tarkibpiafakchd a r p a y daogardboikkilxil s h i ¢
jarayon yuz beradi: gaynash va kavitatsiya.

Suyuqglikning gaynashit o 6 yi ngan b u gpufakochdr p>np, t 0 0y
munosabat bajarilganda paydo bodélib, S
aytiladi.

Suyuqlik kavitatsiyasii shu pufakchdarning harakatlanayotgan suyuglik
ichida yorilishi hodisasiga aytiladiPufakchalarning bunday ajralishi quvurlardagi
suyuglikning keskin ochilishi natijasida harakatga kelgagg@rang Gidravlik
zarbgadoirmavzuah am r ooy benaditodéBughodilsasht
chi zi q (lb’padasr) a 8bcdey o 6 n a [(1.12,Ib-rashho qi mn i koo
chigamiz.A sohadgrasmda shtrixlanggmbosim p> p,,. M, N,va M, N, chiziglar
bu soha chegarasi hisoblanadi. Bu chegaralarning barcha nuqtalargda

M, N,chizij d a n o pufagchateldrachilib, p<p,, bo 6l ganl i gi
M, N, chizigga borgunchayoriladilar. GarchaAdonada ikki fazali ogim mavjud
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bool d,Ndcahi zi gda yaxl it massaga ega boodl
Bu hodisakavitatsiya hodisasdeyiladi (kavitatsiyai lotinchadanb csldiq
degan maoénoni bildiradi

1.12-rasm. Kavitatsiya hodisasi.
MiNtibodshliglarning ochilish joyi.
MoN2ibooshliglarning yorilish joyi

Koopi ncha M,Na thizigda tyur aberadigan jarayonda kuchli
zar bl ar paydo ibasdich gdig,devarni yemisa dpastdagdmea bu
hodisakavitatsion eroziyaleb ataladi.

Shuni t adbkiAld asdhd ak eb@a&kkhl, i gl ar ni p a
bosimni p,, kattalikdan kichik giymatgeo tishiga qarshilik giladi. Shu sababli

abcdeo 6r mbdgeagr i | i khikdbadrbaomsi m odzgaradi .
bosimning amaliy giymatp,, k i chi k bodl i shi mumki n e ma
2-holatHar akatl anayotgan suyugli kka gaz

Pwek T idishdagi suyuqglik sathidagi bosiRyj nayda suyuqglik sathidagi
bosim.

Agar suyuql i k zarrachal arining 007ze¢
suyuqli k zarrachal ar . oo0rtasidagi tort
(1.14, a-rasn) , Agar suyuqli k zarrachalarinir
devorva suyuqglik zac hal ar i oortasidagi tortishi

namlanmayd(1.14,b-rasn) .
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e Y .

1.13rasm. Molekulyar bosimlar  1.14rasm. Namlanmaydigai@) va namlanuvchi devorlar
(Pter-Peg) farqi hi sobiga hosi |l bodél uvece

1.5. SUYUQLIKNING KAPILLYARLIGI

Azi z ooquvchi, kapillyarl ik masal a
ahamiyatga egaligini i nobatga olib bu

Idish va naychadagi suyuglik bosimlari hisobiga suyuglik naycha orgali
k o 0t a(t.l5tasd. Naychadagi suyuglikning idishdagi suyuglikning sathidan
yugoridagi migdorikapillyar suyuglikd ey i | adi . Uni rkapillykro 6t a |
k o 0t adeyiladii s h
Umuman, tabiatda suyuglik havo bilan aralash 0),
hol atda bool adi . Boa
yoki suyuglik haroratining oshishi natijasi
suyuglikning alohida elementar hajmlaridan he
ajralib chiga boshlaydi va suyuglikda uzili
paydo bodél adi . Bu uz
ajralgan havo pufakchalarini suyuglik sathi 1.15 rasm. Namlangae) va
chigqunicha davomti, biz bu holatda ikki fazal  namlanmagafb) naychalar
sistemaga ega bodl ami

Shunday qil i b, suyuqgli kning sirt ta
naychal ar da ko 0t kapilyallik dethattadiy o Kk i pasayi sh

Oqim aeratsiyasAgarkattatezlik bilan harakatlanayotgan ogim gatlamlari
orasiga havo kirib gqolsa, bunda suv bilan havo pufakchalari birgalikdagi ikki fazali
sistema harakati kuzatiladi. Bu hodmgim aeratsiyastleyiladi.

Oqimning loyqa zarrachk ar i n i 00z tar ki bAggauv ol i b
oqi mi yuviladigan(maéahada maydé&atjluan s a
ogi mning katta tezliklarida u qum bil

fazal. si stemaga e g a zinky bul halatda ngim té8kibuan i t
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harakatl anayotgan gum zarrachal ari da

harakatl anadigan qum qgatl aml ar i ham ma
Suyugliklarning muvozanat(tinch) va har akat i davomi da
kuchlarSuyuql i k|l aclgia kadBli ar et uvkki turga

Massa kuchlari i suyugliklar tomchisi(zarras) massasiga proportsional
kuchlar.Bir jinsli suyugliklarda massa kuchlarini hajmga proportsional kuchlar deb

atash mumkin. Bunday kuchlarga g 6 i r | i knerdiyakachlariaa boshqgalar
Kiradi.
F =mA (1.15
bunda,mi V hajmdagi suyuglikning massasi;
Aini sbiy solishtirma massa birligidagi

Tashqgi yuzaga t asiaadliktaskqgtyuzasgapropdetsiondd | ar
bool gan Bukkucblér tuekumigd si rt ga nor mal yoonal g

kuchlari va kodndal ang ishgalanish kuc
P=pw=sv (1.16
T=t I (1.17

bunda,P 7 bosim kuchi;
T1 ishgalanish kuchi;
s 1 suyugliklar harakatidagi sigiluvcharormal kuchlanish;
tisuyuqgli kl ar harakatidagi koondal an
wikuch tadbdsir etayotgan yuza.
Yuqgorida zikr etilgan kuchlar tashqi kuchlar turkumiga kiradi. Ichki kuchlar
esa suyugliklarning zarralarinibiri r i ga t a6 c i eriganihajmkda jaft s at
kuchl ar bodél ganligidan ularning yigoin

| BOBGA DOIR TEST-NAZORAT SAVOLLARI
1. Gidravlika fanining predmeti?

a) Gidravlikai t abi iy fanl ardan bir.i bodl i b,
harakat gonuny at | ar i ni oo0rganadi va bu qon
mehnat faoliyatida qodéll ash uchun usl

b) Gidravlika 7 t abi i vy fanl ardan biri bodl i b,

gonuniyatl arni o6rganadi ;
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c) Gidravlika T suyuqglikning harakat qomui yat | ar i ni o0r ga

gonuniyatl arni ki shilar jamiyatining
yaratadi;

d) Gidravlika i gattiq jismlarning nisbiy tinch holat va harakat gonuniyatlarini
o0rganadi va bu gonuni yatflaaoriniiy aktiisdhai |
uchun uslublar yaratadi.

2. Puaz ganday o006l chov birlik?

ayDi nami k yopishqgoqgqli k koeffitsientinin

by Ki nemati k yopi shgoqgli k koeffitsientin

c)Di nami k yopi shgoqgl i Kudikilo loéffitsentiga inisbatt i ni |
o0l chov birligi;

d) Dinamik yopishqoqglik koeffitsientining erkin tushish tezlanishiga nisbati
o0l chov birligi;

3. Stoks ganday o6l chov birlik?

ayDi nami k yopishqgoqli k koeffitsientinin

by Ki nemati k yopi shqgochbvibKigtkoef fi tsientin

c)Di nami k yopi shgoql i Kudililo loéffitsientigai nssbati i n i |
o0l chov birligi;

d) Dinamik yopishqoqlik koeffitsientining erkin tushish tezlanishiga nisbati
o6l chov birligi;

4. Suyuglikning kinematik yopishqoqgligi nima?

a) Dinamik yopishgoqlik koeffitsientini zichlikga nisbati;

by Di nami k yopishqgoqgli k koeffitsientini

c)Di nami k yopi shqgoql i-budirkkiaeeffitfiegntigsnisiean;t i ni n

d) Dinamik yopishqoqglik koeffitsientining erkin tushish tezlangsnnisbati.

5. Suyuglikning dinamik yopishqogligi nima?

a) Suyuqlikning ichki ishgalanish kuchlarini xarakterlovchi kattalik;

>

by Ki nemati k yopishqgoqli k koeffitsientin

c) Ki nemati k yopi s hqgo q l-budklik kodfesierftiganisbatie nt i n

d) Kinematik yopishgoqlik koeffitsientining erkin tushish tezlanishiga nisbati.

6. Ideal va real suyugliklar orasida ganday tafovut mavjud?

a)l deal suyuqli klarning zarrachal ar 00
real suyugliklarzarrachalari bib i r i bilan od6ézar tabsird

b))l deal suyugli klarning zarrachal ar o06r

gabulgilinsa, real suyugliklar zarrachalari ¥ori r i bilan ob6zar t
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c) ldeal suyugliklar tabiatda mavjud, teyugliklar esa tabiatda mavjud emas:

dIl deal suyuql ikl ar zichliklar:i 00zga
o6zgarmasdir .

7. Suyuglikning solishtirma (hajmiy)o g 6 i r | i g ni ma?

a) Birlik hajmdagi suyuglikning massasi:

byBi rl i k hajmdagii;suyuqli kning ogo6irlig

c)Suyuqglikning ogo6irligi

d) Suyuqlikning massasi;

8. Suyugqlikning zichligi nima?

a) Birlik hajmdagi suyuglikning massasi:

byBi rl i k hajmdagi suyuqlikning ogoirlig

c)Suyuqgli kning ogoirligi

d) Suyuqlikning massasi;

9. Suyuqlik gattiq jism va gazlardan ganday farqgiladi?

a)Qattig Jismlarda zichl ik o6zgaruvcha
egadir;

by Qatti g j i smlar bosim tadsirida siqi
sigilmaydi;

c)Qattiqg jismlar bosim tabdsirida siqgil-Hr
zichlikka ega,;

dQattig j i smlarda zichl ik o6zgar mas

o6zgaruvchandir.

10. Kapillyarlik nima?

aySuyuqgli kning hajmiy kuchl ar:i tadsirid
yoki pasayishi kapillyarlik deb ataladi;

b) Suyuglikningog 6i r I i k kuchi tadsirida Kkichik
yoki pasayishi kapillyarlik deb ataladi;

c)Suyuqgli kning sirt tarangl ik kuchl ari

kootarilishi yoki pasayi shi kapillyar
d) Suyuqglikning sirti ner t si on kuchl ar taodsirida
kodtarilishi yoki pasayi shi kapillyar
11. Aeratsiya tushunchasiniganday tadr
a) Kattatezlik bilan harakatlanayotgan ogim gatlamlari orasiga havo kirgan holda
suv bilan havopuf akchal arining birgali kdagi

harakati aeratsiya deyiladi.
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12. Kavitatsiya tushunchasiiga taorif

a) Suyuqlik kavitatsiyasideb, havo pufakchalarining harakatlanayotgan suyuglik
ichidan ajralib chigib harakatlanishiggtéadi;

b) Suyuglik kavitatsiyasideb, havo pufakchalarining suyuglik massasi bilan
birgalikdagi harakatiga aytiladi;

c)Suyugql ik kavitatsiyasi deb, tur |l i fi
massalarining birgalikdagi harakatiga aytiladi;

d) Suyuqlik kavitatsiyasieb, havo pufakchalarining harakatlanayotgan suyuqlik
ichida yorilishi hodisasiga aytiladi;

13. Kavitatsion eroziyatushunchasiga t

a) Harakatlanayotgan suyuqlik ichidagi havo pufakchalarining yorilishi natijasida
paydo bool adilgama katrlbanaystigamasuyugqgl
devorning yemirilishi kavitatsion eroziya deyiladi;

byHar akatl anayotgan suyuqgqli k tadsirida
eroziya deyiladi;

c)Harakatl anayotgan suyuql i lgattiqdeyornikng net i
yemirilishi kavitatsion eroziya deyiladi;

dHarakatl anayotgan suyuqgli kning potent
yemirilishi kavitatsion eroziya deyiladi;
14. Harakatl|l anayotgan suyuql ik gatl am

kuchlarining dinamik yopishqoqlik koeffitsienti, gatlamning ishgalanish

yuzasi hamda tezlik gradienti %‘zm%gga proportsionalligi hagidagi
gipotezani bashorat gilgan olimning nomini aniglang.

a) Ya.l.Frenkel,

b) N.P.Petrov;

c) Kulon;

d) I.Nyuton.

15. Nonyuton suyugliklar deganda ganaga suyugliklarni tushushunasiz?

ayNyut on gonuniyatga bodysunadigan suyu
b)Nyvut on gonuniyatga bodédysunmaydigan su

du : ) :
c)z‘:z‘o+md—nqonun| yatga bodysunadigan suyuq
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d)z‘:m%]qonuni yatga bodysuimnladi gan suyuql i

16. N. Ye. Jukovskiy viskozimetr.i kanday
beradi?

a) Kinematik yopishqgoqlik koeffitsientini;

b) Umumiy yopishgoqlikni;

c) Dinamik yopishqoglikni;

ddTodgdbébri javob yoodq.

17. Engl er viskozi metri k &omighnybergd®@p i s h q
a) Kinematik yopishqgoqlik koeffitsientini;

b) Umumiy yopishgoqlikni;

c) Dinamik yopishqoqglikni;

ddTodgdéri javob yooq.

18. Kapillyar viskozimetrl arni kodr sat
a) Engler, Ostvald viskozimetrlari;

b) N.Ye.Jukovskiy, Pinkevich viskozimetrlari;

c) Bingam, Ostald viskozimetrlari;

dBarchasi todgor.i
19. Engler viskozimetriga asosan kinematik yopishqoglik koeffitsientini
hi sobl ash i mkoniyatini beradigan Pomer

a) n=0073] - 0,0631%,

b) n=0,082§ - 0,08332%;

1 , 1

c) n=——-Q0“——-T- 303

) n 11095 Igﬁ Ay - hl)
hy

dBarchasi todgor.i

20. Ikki koaksial tsilindrli viskozimetrlar gan day yopishqoglikni aniglash
imkoniyatini beradi?

a) Kinematik yopishqoqlik koeffitsientini;

b) Umumiy yopishqoqlikni;

c) Dinamik yopishqoglikni;

ddTodgdbébri javob yoodq.
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Il bob. GIDROSTATIKA
2.1. GIDROSTATIK BOSIM VA UNING ASOSIY H OSSALARI

Suyuqliklarkobebananl arngafkenbdr a, koot
kuchlanishlarnigabulg i | may di . Shu sababli suyuql
sigiluvchan kuchlanishlagse, y aodéni gi dtreoGdiartii ka bboesd Im (

6)
A B

Xax»am Yyezapacu

2.1-rasm.a) bargaror suyuqlik hajmi
b) r gidrostatik bosim{(M nuqtaga 9.MN" - ichki normal

Suyuglik ichida biror hajmni ajratib olamiz va uning muvozanat holatini
kuzatamiz.(2.1, a-rasn) . Ushbu hajmdagi suyuglikni hayolakVv kesma orqali
Ikki gismga ajratamiz. Il gism ustiga muvozanatni shdlarish uchun tashgi kuch

Rni gooyami z. Bu ku®@lhuaeaagia tadsir eta
gidrostati k bosi mni hosi | gi l adi, yaodn
P _DP
p=—=— (2.2
w Dw

YuzaWnol ga i ntil ganda oiénugtadagididaostaiik d r o s
bosimdeb ataladi

. Pl .. DP
=lIm—=lim = 2.2
P Ilmo w ||I3M0 Dw ( )

Gidrostatik bosi mnidﬂgﬁ=g1 ¢ oyail m%q;otexnikbi rl

atmosfera bosimpat:98100% =98100Pa=98,1KPayoki suyuqlik balandligida
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h= E; suv balandligida atmosfera bosimmj,= 10 m suv ustuniga, simob ustuni
rg

balandligida es&sim = 735 mm simb ustuniga teng.

Gidrostatikbosim ikkita asosiy hossaga ega:

1. BirinchihossaSuywg I i kni ng i xtiyoriy nuqtasi
etayotgan yuzasiga normdtik) y o6 nal gan boo6l i b, Si guv.
bosim garalayotgan suyuqglik hajminic hi ga yoo6nal gan bodél ad

2.1, br as md a nNi sbivy tinch hol atdagi

tasvirlangan. Uni shartli ravishda | va Il gismlarg& s i r t orqgal.i bo
shubhasiz, I qisMVsi rt or qgal i 1 gi smga mail um
gismtomondal®Vs i rt ga shu kuchga teng, | ekin
kodrsat adi
Endi biz fagat uzun shtri x chi ziqlar Dbilan r as
gi smi ni garaymi z. Bunda biz 11 qgismga
AV sirtda bir nechta a,b,c nugtalar atrofidaDw yuzalar belgilaymiz
hamda yuzalarghiN'inor mal | ar o6t kazami z.
Budwyuzal ar taodsir yuzal ar.i deb atal e
Birinchi xossaning toodégoériligini tes
Faraz gilaylik,a nugtadap bosim N'N" nor ma | yoonali shdan bo

tadsir etmoqgdpbodBiumdiayt a@a®d iafkjlpau alagy a @ a
va ur i nmp tabhtil@tbvghilanga ajratish mumkin. Lekin, tinch holatdagi
suyugliklarda urinma kuchlanishlgrp,) ma v j ud b ohuhgaraspsang . S

kattalikni p, kattalik bilan ustmau st t ushmaydi , degan t ax
xulosa qilishimiz mumkin. Bu tahlil gidrostatik bosimning birinchi xossasi
toogorili @g2iznsn).kodr sat adi
—\O}—_—
2 N/ /
by M_sz_
@ 2
/

2.2-rasm. Gidrostatik bosimningXossasigaloir
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2. lkkinchihossaQar al ayotgan nuqtadagi gidro

yuzasining qgqiyalik burchagiga yaobéni or

Agar birinchi xossani tahlil qilish jarayonidpa gi dr ost at i k b o:¢
yoonalishiga neodkhddlogsank, qenmdit gakkipnchi
gidrostati k bosim kattaligiga ham eo6t.i

Buni tushuntirish uchun 2-Basmdagi tinch holatdagi suyuglikka qarab
chigamiz. Suyuglik ichida@ ixtiyoriy nuqtani tanlaymiz. Bu nugta orgali bir necha

sirtlar (1-1, 22 va boshgalarn i o0t kazami z. Kodérinib t
gaysi si, suyuqgli k hajmini I va || gi s
tadsir yuzal(bw,nDw, ya bakozd. B adr mos zavishda-1, 2-2

vV a hakozo sirtl arda j oyl ashgan boodl :
joyl ashganl i gi rasmdan koorinib turibd

tadsir etayotgan bosimlarnip,lpovah&kozn c hi
deb belgilaymiz.

Gidrostatik bosi mni ng birinchi hoss
e6t ayotgan yuzaga tik vyodénalgan boodl s
hossasiga asosan bu nuqtadagi bosimlabobirr i ga t eng bool adi

g =1 =1 =1 (2.3)
bunda,px, p, P» Vapk oor di nat a o ox,l Om,rGz\gaxtiyoriy s b at
yoonal inngeh dsaigrit gga ni sbatan gidrostatik b

Ushbu (2.3 munosabatn
tasdiglash  uchun  suyuqli
ichidan AVS prizma shaklidag
kichik hajm ajratib olamiz
Uning tamonlari dx, dy, dz
bodl si n, rnfdxsdg,
d2) ga teng(2.3-rasm). Bu AVS
prizma  quyidagi  kuchla
tasirida muvozanat holatc
b o 6 )@d kuchlarajratilgan
suyuglikning yon qirralaridai
tadcir et U vashhi
bosim kuchlari:

2.3-rasm.A nuqtadagr bosim miqdorining
wyuzani joyl ashishi
isbotlashga doir

33



P, = p,dzdy (2.9

P, = p,dxdy (2.5

P, = p,didy (2.6
bundapsT AVyuzaga tabsir etuvchdy,dyparetagahtaag
etib,0x0 6 q i b ooy ,cdenaak tgnglénmagal mysbat giymat bilan kiradi;
chizmadaa i prizmaningVS qgirrasini gorizontal tekislikka nisbataashkil etgan
ixtiyoriy burchagi;R, vaR; i bosim kuchlari.

2) P, kuch AVSprizmayon qgirrasiga suyuqlikni

bool aytoa dgsainr . Bu kuch chi zmaga t ik y
koor s at@3rasmq;g a n

3y Gi tashaqi haj miy kuchl ar, hususan
ogoéirligi bool i shi mu mk i n.

Haj miy kuchl ar ni hoyat d& kukh lattalgilk b o 6
aniglash uchun uning birlik massaga nisbat giymatini
%dxdydzprizma haj miga koodopaytirami z; oort
yon qgirralariga taosir kuchl arini mi q
aniglash uchun mos ravishda bu kahi ham(dzdy) ; (dxdy) ; (dldy) kattaliklarga
koopaytirami z. Shu vaziyatni hi sobga o

olmasdanAVSprizma fagat tashqi sirt kuchladg, R, Rwwva Pt adsi ri da mu\

hol atida bool adi deb hisobl aymiz.
Buni nazada tutgan holda, bu kuchlarnidxvaAzo 6 ql ar ga pr oek
yi goi ndi si gabadilagn: t eng deb
P - P,sin| =0;0
_ AU (2.7)
P,- F,cos =0y
Bu ifodalarni(2.4,2,5,2,pi f odal arga qgqooyami z:
p,dzdy- p,dldysing =0;Q
N (2.9
p,dxdy- p,dldycos| —0.y

dz=dlIsina va dx=dlcosa ekanligini hisobga olsak,
Pn = Pz = Px (2.9
Shunday qilib, nuqgtadm gidrostatik bosimi shu nuqgta atrofida yuzaning
o6zgari shi bi | aanb wrézlgaak mmad/alg a r iysalbinga b c
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2.2.IDEAL SUYUQLIKNING NISBIY TINCH HOLATI UCHUN
DIFFERENTSIAL TENGLA MASI
Tashgqi haj miy Kuch tadsiuwngleitkanyiot g a
chigamiz. Aytaylik, suyuqglikning birlik massasigani qd or dagi haj miy
et ayot ga(@4rasm ounmgOx, Ou, 0zo 6 gl ar dagi proekt :
ravishdalf » W y, W zdeb belgilaymiz.

Suyuglikningixtiyoriy nugtalaridagibosim(r) ni quyidagicha ifodalaymiz:

p=f(x v, 2) (2.10
Endi, bu kattaliklar orasidagi bogol
Koordinatalar sistemasdx va 0z o6 gl ari ni ng yoonal i s

ni hoyatda Kkichik p arl-a-8-4 suyuglip hagpmemi KkKlod d 1 |
chigamiz.

Parallelipipedning tomonlardx, dz, dylarni cheksiz kichik debgabul
gilamiz. Parallelipipedning markazida y, zkoordinatadarmA nuqtani tanlab olib,

undagi bosimnir nuqgta orqaliMN ¢c hi z iOgadd qmga par al |l el qi
hamda gidrostatik bosi m s hgabul gilamizz Bug b o
00zga %ﬁiksﬂén i mabusl dilishdramkin.M va N nugtalardagi bosimning
oo0zgarishini I fodal aymi z.
P (219
p :p+ldx%1
N 2 dxy

Bunda ikkinchi haa bosimning%dxo raliqgdagi dwmadizgar i shi

Endi quyidagicha mulohaz z
uritamiz: T
g T = ¥y —
a) avvalambor, element: T_ " w=W 17—

. o . T (=t |dZ
parallelipipedga t adsi r . Py , ! 4}3_ -
kuchlarni aniglaymiz; — x i . x

b) parallelipiped tinch holatd 0w) —_— _
bodél ganligi uclou e e
00QgqQga proektsi vy 24-rasm. 2.1dfodaga doir sxema

nolga tenglaymiz.
Natijada birinchi differentsial tengl a
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c¢) ikkinchi va uchinchi differentsial tenglamalarni olish uchun mos ravishda

OuvaO0zo 6 gl ar ga
mulohaalarga asosan,

Yugoridagi

chigaramiz.

proektsiyalarini

Parallelipipedgd1-2-3-4)t a6 si r

1 hajmiy kuchlar.

W (dxdydar

fagat birinchi

etuvcechi

tenglamani

ol i b,

ul a
keltirib

kuchl ar ni

(2.12

(dxdyd)r kattalik parallelipipeddagi suyuglik massasi, unidg o 6 q q a

proektsiyasi

9 tashqi kuchlarelementar parallelipipedning4 va 23
kuchlar fargi nolga tengl-2 va 34

guyidagiga teng:
PM - PN = Pwm (dZd))' Pn (d2d3):

Barchak uc h!l ar

Xuddi dhu tarzdaOxvaOyo 6 ql ar

yozib olib:

Bu

L
¢

2

&

W, (dxdydg)r .

gi rral arga

K+
yigoindisini

W .. (dxdyd3r - %(dxdydi: 0.

uc hun

W, (dxdydyr - %(dxdydizo;

W, (dxdyd3r - g(dxdydj: 0.

tengl amal ar ni

bodl ami z:

TR
Syl
Wy - 1&=0,{J
r Ly 0
wz-iﬁzo}
r [z y

]

€

(2.13

dx—— 8dydz—aep+ dx—— 8dydz HIDdxdyd‘ (2.19
¢ MX

gi rral ariga t
tadsir

et

topami z.

(2.15
I s h

tuti b,

birl i k (dxdyslm chgdga ni s

(2.16



Bu tenglama 1755 vyili L.Eyler tomonidan vyozilganligi sabaBlyler
tenglamasideb ataladi.

2.3. IDEAL SUYUQLIKN ING TINCH HOLATI UCH UN DIFFERENTSIAL
TENGLAMANI INTEGRALL ASH
(2.16 tenglamalar sistemasini mos ravishda dy, dz| ar ga ko dp ay

chap va odéng tomonlarini qgqodshamiz:
wodx+w dy+ i dz- T 2P ax+Pay+Pag=0 (217
re 2% VA
Nugt aga t arGesimi koaet mad¢ il arga bogoliq
ekanligini hi sobga olib, yadni,
p=f(x v, 2) (2.18
(2.17) tenglamadagi qavs ichidagiifodan i ng t ool i q di ffer e
dp=r (¥ .dx+¥ dy+¥,dz (2.19
u holda, Eyler(2.19 t engl amasi ni ng chap t omoni
di fferentsiald.i ekan, I kki nchirentdiabdebni ni
gabulgilish mumkin.r =constlb o 6| ganl i gi uchun
dp=rduU (2.20
bunda
dU =W .dx+W dy+W,dz (2.2
Umuman dU differentsialni boshgacha ifodalash ham mumkin:
du = g+ Y gy+ Y 47 (2.22
X 2% 24
(22)va(22o6zar o tagqgosl ab, quyidagini Vyo:
R oy oy oy, (223
24 12 H
Yugori dagi mul ohazadakook add mian ialh a rt gie
bodél gan funktsiya bodli b, hususiy hos

proektsiyalarinify; fy; f,) ifodalaydi.

1L.Eyleri Peterburg akademiyasining xaqigiy akademigi, buyuk matematik, mexanik va fizik.
Bazel(Shveytsariyas h a hr i d a 172#%1044 vailT6§ 483 yillarda S.Peterburgda yashab
ijjod qilgan.
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Demak, U pot ent si al funkt sifykRucbthodmgaéahodl
potentsial ga e gabulgioldil maadi .k uSuhy udgelbi k1 ar

ostida tinch holatda bool i shi mu mk i n.
(2.20 tenglamani integrallab,
p=rU+C (2.29
i f odagaamie.@andaRdddi mi y o0 06z g(@tegreadoimigsph.t t al i I
Bu kattalikni aniqlash uchun i xtiyor
p=p,vau =U, (2.29

kattaliklarni gabul gilamiz. Bu nugta uchui.2dt engl ama quyi dagi
ega bodl adi

p, =rU,+C, (2.26)
bundan,
C=p,+rU,. (2.27
(2.27 ifodani(2.29i f odaga qoodéyi b, quyidagi i f
p=rU+p,- ry, (2.28
yoKi
P=p,+ /‘(U - UO). (2.29
Potentsial funktsiyani ma degan savol paydo b o
tushunchani quyidagicha izohlash mumkin. Bioga 6 | u mk i biror bi

rooy berayotgan muhit fizik maydon deb
t ur ga b pSkdlyarmaydarharorat, zichlik maydoni; 2) Vektorli maydon
(tezlik, kuch, bosim maydonlari

Ma o6l umy =b(xry, z) skalyar (ya 6 ni yoénali shga e
kattalik) ning maydoni )y =consichiziq (yoki sirt) bilan ifodalanishi mumkin.

Masalant ® harorat maydoni® = const chiziq (yon sirt) bilan ifodalanadi.

Vektor maydoni bilan ishlash, skalyar maydon bilan ish olib borishga
nisbatan ancha mtak a b r o q . Shu sababli vekt or me
skalyar maydon bilan almashtiriladi.

Bunday skalyar maydon maxsli$ funktsiyaning teng giymatli chiziglari
bilan ifodalanadi. Bu funktsiygpotentsial funktsiyadeyiladi yoki oddiygina
potentsiald eb yur i til adi . Bunga kuch potent
olishi mumkin.U skalyar kattalikdir.

U funktsiya quyidagi xossalarga ega:
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a) U funktsiya fagatX, ¥y, Zkoor di natal arga bog6l i
vagtga ham ham bogdéliqg bool adi

b) U funksiyaning skalyar maydondagi turli nugtalarda olingan xususiy
xossalari, vektor maydonning shu nuqgtalardagi vektorning proektsiyalari
kattaligiga teng bodli shi ker ak.

Namuna tarigasida yer sirtini
har birnug asi da yer sirtining madol
pastl ashi yoo6naabulgs Hdasghi muerkkti onr.
I nishabliklar maydoni sifatidgabulqilishimiz mumkin(qarang 2.5asn) .

ng rel @
um ni s hal
dSehbu s ab

al §
K Jad

- i- \\ ” }/’

~ ” . ] I

i N *.1’/ i i S S
LN e Pole R

y‘,,’fﬁ;.;\i y S N
Wl
M BN A
€T x

2.5rasm. Yer sirtii nishabliklari:(a) vektor maydonini
(b) skalyar maydon bilan almashtirish

Endi yer sirti balandligi beIgisini(Z) deb belgilab olib, relefimizda plan

bodyi da gor i zonzEensl (25, brasm o Shubkasizzabeigi z
vaYykoor di nat ad adlgiab ,b oqgaddyigdagi xossaga
E—_i'%—_|
- X - y?
MX Ky

bu yerda vai, i | nishablikningtashkil etuvchilari;

Bu yerda xosilalarda ishorasini tashlab yuborib, yozuvni soddalashtirish
uchun zj=- z belgilash kiritish mumkin.

Koo6r i ni bz skalyarikaitalik,i knishablik vekbr maydoni potentsial
funktsiyasidir. Amaliyotda joy relefz=conste k vi pot ent si al
Bu gorizontaldan foydalanib, yer sirtining ixtiyoriy nuqtasidaektor kattaligi va
yoonalishini aniqglash mumki n.

Kelgusi mavzularda biz tezliklar vektor aydoni bilan tezez duch
kelishimiz mumkin(2.6, a-rasn) .

koor
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= N, —resprame—
N N meaew =1
U N
\ \ \\i‘ u‘
\ ““““
N\ ~
Y4 \u W
N\ -
L el
£

2.6-rasm.a) tezliklar vektor maydoni;
b) / potentsial funktsiya tezliklar maydonining skalyar maydoni

Bunday hollarda bunday maydoniii tezlik potentsialini xarakterlovchi
skalyarmaydomm i | an al mashtiri@@ébrasnyzga todgor i

Shuni tadkidlash kerakki, har qganda
bil an ifodalab bodél maydi . Shunday vekt
emas. Ularni hisoblash sezilarli murakkaldiki paydo giladi. Potentsial
funktsiyaga ega vektor maydonl ar ni gar
matematik muammolarga duch kelishimiz mumekin.

2.4. TENG BOSIMLAR TEKISLIGI
Ni sbiy tinch hol atdagi b i r tekisliknings uy u c
hamma nuqtal arida bosi m tengrbosimlaritekidigph 61 a ¢
deb ataladi. Bu tekislik tenglamasirfR.19 tenglamada gidrostatik bosimni
0 0 z g a r aedbdqilish erqali yozishimiz mumkin:
p=constyoki dp=0,
demak,
dp= (¥ .dx+¥ dy+W¥ dz)
yoki
U (x,y, 2 =const
Shunday qilib, bu teng bosimlar tekisligidagi barcha zarrachalar massa

kuchl ariga mos kel uvchi bir xil solish
Bunday teng bosimlar tekisligiga su
mumk i n . Bu sirt gidrotexnika amaliyot.i

Yuqgoridagi tenglamaga asosan xulosa qilish mumkiekig bosimlar tekisligidagi
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nNi sbivy tinch hol at dagi suyuqli kning [
kuchl arinisalguytoéekiasliiskka.ti k yodnal gan

2.5. 0OGOI| RLTIAK SKIRAHIOST IURIAKEA S UY
TAOGSI R ETUYVCHIATIGBOSIRI®UCHI
Bundan keyin suyuglikka fagat bitta hajmiy ku¢hog éi r 1 i k k uc h
etayapti, debgabul gilamiz. Yopiq idishga solingan suglik sathiga p, tashqi
kuch tabsir eabuhgyilm ungng ixtiyonyohlclauguriikdagi nuqtasi
(m) atrofida birlik massani ajratib olam({2.7-rasn) .
Faraz qilaylik, bu massaggk uch t adsi r et moqda. Y
holatimiz uchun
W.=0,%,=0,¥,=-g, (2.30
bundagiogoéi rl i k kuchi tabdsir.i ostidagi t e
W., W, , W, T W kuch proektsiyalari.

Bizning holat uchun
dU =W dx+W¥ dy+W, dz=-gdz(2.3])

(2.3D)ni(220ga qooyi

dp=- rgdz. (2.32
z
ifodani olamiz. Bu ifodani integrallasak, [
p=-rgz+C (2.33 1 éupauk
kl - Mdacca
yo | Pz=~(1-g)
p=-g+C (2.39
S 1T boshl anfgnktsiya

doimiysini topish uchun, sathdagi nuqte ~ 2/ @sm. nOgoir
. . . . rbosim tadsi
kodri b chigami z:

z2=0;, p=p,, (2.39
C=py; (2.39
natijada quyi dagi i fodaga ega bod6l ami z
P=p,- & (2.37)

Bunda chuqurlikni
h=-z (2.38
debgabulqgilsak,
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P=p, + N, (2.39
bundarinugt aga tadsir etuvchi tooliq abso
p, I tashqi bosim
9= p.. (belg) (2.40
Koorilayotgan nuqt adan yugoridagi ¢
bosimiogo6i rl i k gidebaatadiat i K bosi mi
Agari di shning qopgqogo6i ochiqg bodl sa,
Po = P. (2.41)
debgabulgilinadi, bundar, i atmosfera bosimi.
Nugtaga taédsir et ay dp-gpga)nayrit chellardal a r n
manometrik bosirdeb atalad{agar bu farq musbabldé s a , ,(py ®,9.n i

Agar muhitdgi bosimlarfargi manfiy (p<p,) bodé 1l s a, bunday

vakuunmetrik bosimdeyiladi.
Py =Po- P

Koopgina hol atl ar dai, absalyuadosiny mldandcmas,t o 0 |
bal ki, atmosfera bosimidan yuqor i bool
sababli ularni aniq belgilabamiz.

p,Tabsolyut todliqgq bosi m;

riat mosfera bosimidan yuqor.i bodl gan

Demak,

P=Pa- Ps (2.42

Absol yut todlig bosim qguyidagicha an
Yopiq idishlar uchun:

Pa=Po+N=Py+ Ps™ Pot P; (2.43

Ochiq idishlar uchun:

PA=PatPN=p.+ P~ Pt P;| (249
bundaf.i 0 g 01 rsimi k b o

Yuqori dagi mul ohazadan koo6rinib turi
bosi midan yuqor.i b a@idrbs@tkivosinki degan sushunkhalara o
bir-biriga mos keladi. Yopiq idishlar uchun ular har xil giymatga ega.
p=pect(Po- P.) (2.49

Xuddi shunday gidrostatik bosim kuchi hagida ham aniqlik kiritib olamiz.

42



G, =1 - Pa

p,Tabsolyut todliqgqg gidrostatik bosim

p, T at mosfera bosi midanb oydugrdandmewib o 6! g
bosindeb yuritiladi.

2.6. PEZOMETRIK BALA NDLIK

cPezongerteektl add qodbshil masidan ol inga
degan madénol ar ni angl atadi . Qopgoghdi b
unga o0gO0zi kovsharl anganmn,va ogbtRdlamcl

naychalarm nuqt a sat hi @&rasma Bn hdlat lichua muyidagi
ifodalarni yozish mumkin:

a) idishdagi suyuglik tomonidamn uqt aga tadsir etuvchi b
Pa =Py th (2.49

b) naychadagi suyuqglik tomonidenn uqt aga tadsir etuvchi
0+ch, (2.47

Bu ikkalaifoda birtb i r 1 g alishileralg b o 0
PA =0, (2.49

bundan,

—_ pA
h, = 0 (2.49
De mak, suyugqgli kning 06z ogo6irligi h

gi Il uvecehi naychadadiooko§t prizloideytdad.iBa | & mad
kattali k wuzunl ilkc hcatnlgcatnd vi gk i rslaibgaibda ,0 & «

o6l chov birl i kIl arMashklanammodferabasimii s h i mu mk i
kgk kgk ]
=10tE1—— =10000—=-=981— =981k 1=
% snt m? 8 m? 8

=10 m suv ustuniZ35mm simob ustuni
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Endi n nugtaga naychadagi \ Dp=0

I di shdagi suyugql T
etuvchi bosimlarni aniglaymiz: .’P b
p¢ = pd3"'g'| (2-5Q ‘g .L_J;L._.r_].
Pa+ o (259 g5 ;.i.:
b oaini birbiriga tenglab, bizg: 1<
kerakli kattalikni topamiz inil ~ p
Pa=P.+ch (252 di "'"""'"””'J[”
h =P ®_© 5 , 1% T ,
g g —o-
bunda, hyi atmosfera bosimida 2.8rasm. Pezometrik balandlik va
yuqgor i bodol gan b potentsial napor
pezometrik balandlikleb ataladi
2.7. VAKUUM

Hozirgacha bodl gan v az(p,y arhosfera bami d o i 1
radan katta bodl gan hol at ni koor di k.

Agar p,<p, b o o6Hus anuhitda vakuumetrik bosim  mavjud
bodol i shliginiyuqo bundbyabosimatéskari dobzanget ryoki e d i
vakuummetryordamia o061 chanad.i

m nuqtaga idishdagi v
naychadagi suyugliklar tomonide Po
tadsir etayotgan = —F A
(2.9rasn) . g X 06— L | K
Idishdagi suyuqlik tomonidan i T
Py = P +h (2.59 o e 1‘”
V 1 shaklidagi naychada joylashg: B
suyuglik tomonidan —

Pa - g'\/ak (253
Ikkalasini birbiriga tenglab,
hvakattalikni aniglaymiz.

2.9rasm. Vakuum
hvaki vakuum balandligi
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g= A= = 2.56
T 7 (2.56)

Demak, bosimlar fargiga mos keluvchi muliakuumdeb atalib, bunga mos
keluvchi balandlik essakuummetrik balandlikeyiladi.

Tadoki dhakkh, kat mosfera bosimidan Kkichik
muxit vakuumdeyiladi

2.8 PASKAL QONUNI
Bir jinsli suyuglikning ichida taggoslash tekisligiga nisbatara z, masofa
balandlikda joylashgarpvap, bosi ml ar ga ega boollgpan nt
va Dp, migdorga oshiramiz. Gidrostatikaning asosiy gonuniga asosan:
LErDE_ 16+
g g

y4

bunga asosan

Die= Dig
Bu vaziyatdanPaskal qonunio 6 z i s b o tNishiyi tinch boataatdii
suyuqgli kning muvozanat hol ati ni buzma
boshga nuqtalariganecpanday odézgarishsiz wuzatil ad

2.9. TUTASH IDISHLAR QONUNI
Faraz qilaylik, ikkita bifbiri bilan tutashgan ochiq idishda ikki xil zichlikka
ega suyuglik joylashtirilgan. lkkala suyuglikning chegaralovchi sirt orgali chegara
tekisligini ikl&jbylashgan bir,xil bosimga eg&k li va 2 nuqgtalarni
belgilab olamiz2.10rasn)

G=1,
i di shl ar ochig boo6l ganligi sababl i,
tg =&, +gh
5 = g, +g,h,
gabulgilingan shartga asosan,
g.h =gh
Bundan,
h _g

Q|

h,




Demak,agar ochiq bir biri bilan tutashgan idishlardagi suyuqliklar turli xil

bodélmdaahaul arni ng erkin sirtlaridagi bos
chegaal ov c hi tekisli kdan ul arning er kin
ni sbat.i haj miy 0 g O i probartdohadlir. Bu ifoda sttasht | g a

idishlar gonuni deyiladi.

1-uduw 2-uduw

Va
[ —f
l’:

Axpanuw cupmu — —_

"""""""""" N

2.10rasm Tutash idishlar

2.10.SUYUQLIKNING POTENTSIAL ENERGIYASI.
POTENTSIAL NAPOR ™
Aytaylik, 2.10rasmda 00 t aggos!l ash tekisligi
n nugtada G ogodirli kka ega B orayclgaa rorgalis uy u
hhooal andl i kka koodotwoti gadi haDedagi, &soyudqg
bajarishi mumkin.

O6zining t u sz bakrdlikdanhto fagdoslagha tekisligigacha
bajargan ishi quyidagicha aniglanadi:

(r €),=2G (2.57)
O6z o0go6i r hybgandlikuan sushishda bmjargan ishi:
( ¢, =hG (2.58
Tooli g bajarilgan 1 sh:
(r =0 9),+( ¢),=zG+hG. (2.59
Ogoéirligiga nisbatan solishtirma ene
"naporsuyugl i kI i muhitning madélum chuqurligida
ostida uning klbhdadlairh )| i shumbmlail eknddl gl dkdir.®hu r | i gi
sababl i, bu kattalikni not obgor i gabul gi I ma

n
00z holida qoldirishdi.
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(SPBH = (u ) y:%:zm =1 (2.60

Bu kattalikpotentsial napodeb ataladi.
Suyuglikning solishtirma potentsial energiyasiga mos keluvchi kattalik,yoki

bi r | i kigaongsokeluvthi lgalandlikhapor deb ataladi. Bu kattalik asosan
geometrik(zva(r)bosi m naporl ariga bodlinadi

Tinch holatdagi suyuglik uchun quyidagi tenglamalarni yozamiz:

HogeP oy P Po_ (Potd)-p, _
g g g (2.61)
=(z+h)+Po. Paopy Po Pa_pqng
g g g g

Shuni taokidlash kerakki, g @likreng ay ot
barcha nuktalaridaN nap or o0zgar mas ki ymat ga e
suyuqgli kning solishtirma potentsi al e
bodél adi . Yaoni

(41 ¥=const
T=const tagqgoslash tekisligidan yuqori sath balandligi.

Agar nisbiy tinch xolatdag suyuql i k todél dirilgan
bel gi |l ardagi nugtal ariga ochig pezomet
bu satx gidravlikadair xarflari bilan belgilanib,pezometrik tekislikk o 6 pgi n a
holatlardapzometrik chiziyideb yuritladi.

Todélig potedegyganda espapr atmosfera bo
bodl magan muhitda suyuql i k ktdharfeblan!| adi
belgilanadi.

2.11. BOSIM O6LCHASH ASBOBLARI
Gidrostati k bosi mni casbbbtamiakgi flguruhgdih u n |
suyuglikli va mexanik asboblarga ajratish mumkin.
l. Suyuqlikli asboblar.
1.Pezometr (2.11-rasn) . Pezometr di ametri unc

(d >5d3d: va suyuglikning kapillyarlik hossasi inobatga olinib tayyorldgad
shisha naychadir. &y c hani ng bir uchi ochi q b o ¢
o6l chanadigan idish bilan tutashgan bo
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Suyuglikdagi bosim kattaligi shu ustt

I
¢ bal andligi bilan o0l
m ':7 h", td3:t0+g(h!)+h):t0+g]!)
_. tO:ta+g1;)
hP .. .
h bunda, hy T pezometrik b
- suyugli kning 00z iga
 Ne kodétariladigan bal an
Pezometrlar yordamida 0,4- 05at
2.11-rasm.

gacha bool gan bosi ml
2.Suyuglikli manometrlar(2.12rasn) .
Pezometrl|l ardan farql
suyuql i kIl manometrda bosim obzga suyu
bosi mianagbthgan i1 di shdagi suyuqli kka qg:
e g a b O@datdaabdning uchun simobdan foydalaniladi.
3. Batareyasimon manomef2.13rasn) .

I

2.13rasm.

2.12rasm.

4. Differentsial manomet(2.14rasn) . Bu asbob ikkita idishdagioki bir
i di shning nugtasi dagi bosi mni 00l chas
natijasini ol i sh wuchun ymkfiomanometdatham | u d .
ishlatiladi.

Shuni aytish kerakki, agarda bosi mi
undabos mni o006l chash uchun vakuummetr i shl
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Odatda suyuqlikli asbold b o s i mi yugor i bodol magan
aksariyat | aboratoriyada I shl atil adi
manometrlar ishlatiladi.

II. Mexanik asboblar (2.15rasnm) .

Bunday bosi mni o6l chash asbobl aridan
keng 1 shlatil adi . Bu asbob i chi goovak
uchi kavsharl angan, i kkinchi uchi es a
bool adi . daemjinanuzayaaliova tishliimexanizm yordamida strelkani

harakatga keltiradiJning harakatiga gqarab bosimni kattaligi aniglanadi.

2.14rasm. 2.15rasm.

2.12. AYLANAYOTGAN ID ISHDAGI SUYUQLIK MUV OZANATI
(SUYUQLIKNING NISBIY TINCH HOLATI )

Bu vaziyat n i o6rganish jarayonida suyuql
tashqari, boshga hajmiy kuchlar sistemasi, xususan markazdan qocimavslyia
kuchlari taodsir qgilayotgan hol at bil an

Ayl ana tsilindrik shakl| dlagadl iibd,i sihyg a

ob6zining vertikal W buichak tedik bilanf tekid aaylardbo i mi
harakatlanadi.

Aylanayotgan idish devorlarining ishqgalanish kuchi hisobiga suyuqlik
harakatga kela boshl aydi va maol um v

nisbatan tinch holatda joylashib u bilan bir§¥ burchak tezligida harakatlana
boshlaydi(2.16-rasn) .
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Agar chi zmada kodrsatil gan koor di n;

goodzgdbdbal mas bodl s a, yaobni unga mahkaml
hamidih devorl|l ariga nisbatan tinch hol at
hol atda Eyl er tengl amasini goo6l |l ash mu

Bu tenglama tarkibiga suyuqlfhakiyi ng
kuch kiradi.f hajmiy kuch ikki kuchi o g 6i r | i k kzdanhgochuvchi mar
kuchdantashkilt opadi . Mar kazdan gochuvchi k u
proektsiyalarini aniglash uchun suyuglik ichida nuqgtani belgilab, uning atrofida
dM el ement ar massayradisé boqy!l abrayi dec

Buradi us i1 dish od6giga tik bodlgan teki ¢
massaga taosir etuvchi mar kazdan qgochm
2
=Y fM :GMT(Wr)Z — WPraM (2.62
bunda,yi dMmassaningr adi us bodyl ab ayl anish te:
A2

2.16rasm.0Zo 6 qgqa ni sbat aAOVauyuqli erkinsicihi i di s h

Nuqgta atrofidagi markazdan gochma kuchning birligi massaga nisbatan
yozamiz:

=Wr (2.63

Bu kuch haml' kuch kabi, radius bodyl ab o
b o 6 || &uth proektsiyalarini birlik massaga nisbatan yozamiz:
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| =\/\/2rcos(,x)=V\/2r%(=V\/2x;$J

—_—>

|, =Wrcost,y) :V\/Zr?y:\l\lzy;u (2.64)
i
1,=0 i
Haj miy ogoirlik kuchi proektsiyal ar
(230i foda kodérinishida tool adi
W, =0+Wx=Wx0
W, =0+ Wy =Weyjj (2.65
sz_g+0='g ;'/
(2.69 ifodani(2.19i f odaga qoodéyami z:
dp, = r(V\Fx dx+Wydy- g dz) (2.66)
Uni Il ntegrall ab quyidagiga ega bool a
o 2 2 ~
pff%W;X +W22y - 92§+C=—r\;v2 (< +y%)- rgz+C (267
g -

Si integral doimiysini aniglash uchun:
(2.67) ifodani koordinata boshida joylashtirilgan nugta uchun yozamiz: unda
X=y=z=0,p=p,;boo6l adi .
Demak:
C=py (2.68
Bundan(2.67) quyidagicha yozishimiz mumkin:

rW
Pa = Po +7(X2 +y°)- yz (2.69

Bu oxirgi tenglama qaralayotganuyiglikda bosim tagsimlanishini
ifodalaydi. Bu tenglamadan foydalanib, teng bosimlar tekisligining vaziyatini
aniglash mumkin.

Hagigatdan hamp, =p =constb o 61 gan teki sl i k tengl

yozish mumkin.

r'W?
T(XZ*'YZ)' YZ=Pi - Po (2.70
Butenglamar er t i kal pabafdioid terglaraaiabiatladi.
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p - pp doimiy bosim bilan xarakterlanuvchi suyuglik erkin sirti ham

aylanish parabol oi di boo6l i b quyidagi t
g(x2 +y?)- yz=0 (2.70)

Agar x? + y? = z2 ekanligini inobatga olib(2.71) tenglamaniz ga nisbatan
yechsak AQV parabolani qurish uchugrkin sirt) quyidagi tenglamani yozamiz.
W,
=—Tr 2.7
%= (272
Bunda, z,i AOVegrilik ordinatasi.

Koordinatalar boshidaa kattalikka teng masofada yotuvcMN gorizontal
tekislikdagi bosim tagsimlanishini(2.69 ifodadan fgdalanib, quyidagicha
yozamiz.

W2 W2 AW )
Pa = P +p7(x2 +y*)+@=p, +p7r2 +@=p, +9£25f2 +ag (2.73
(;, -

(2721 f odani hi sobga oli b, quyidagiga

Pa=Po +9(a+2z)=p, +h (2.79
bunda,h=a+z, (214chi zmada koo6rsatil gan
Shunday qilib,t e ki s, 00z o0606qi atrofida ayl

suyuglikning bosimi, tinch hatdagi suyugliklar gonuniyatlari bilan ifodalanar
ekan Bu vaziyatdah kattalik garalayotgan nuqgtaningOV egri chizigli erkin
sirtdagi chuqurlik sifatida garalishi kerak.

2.13. TEKISSIRTGATAG6 SI R ETUVCHTATIElI DROS
BOSIM KUCHI. GIDROST ATIK PARADOKS
Endi |, maodél um gqgiyali kka e(@WwW usthocbid gan
suyuql ik bil an t o0l d (217, la-gps . Ox dva Ouh n i
koordinatal ar sistemasOxonibggnodéghami niek
y 0 0 n a gabusgitachia(2.17,b-rasmn) .

OMdevorda ixtiyoriy koydzani tanlab lolgndz. e g a
Gidrostati k bosimning birinchi hossasi
unga tik yoodénalgan bod6l adviy,uzagma k,g ai Xt
shakpa tadsir etuvechi t 06| I R bugyuzhgaotikt at i

yodnal gan bool adi . Bu kuchning kmtt al
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nugtani tanlab olib, uning chuqurligi va koordinatasini esa deb gabulgilamiz.
Bunda,
h=2zsing (2.79
bunda,g1 idish yon devori giyaligi
m7 nugta atrofidagdw yuzaga

dP, = p,.dw, (2.79
kuch taobds@R4dgedsesani yoKki
dP, =(p, + h)dw= p,dw+ dhdw= p,dw+ gsingdw. (2.77)
Bu ifodanibutunwy uza bodéyl ab integrall aymiz
{ = Poffw+ gsingizdw. (2.78)
bundan:
fidw=w ; fizdw= (S, = zow (2.79)
bunda,(St),, 8 tekis shaklnindx o dgga nisbatan statik momenti;
z.ishaklning ogoéirlik markazi koor dir
(2.79) ifodani hisobga olib(2.78) ifodani quyidagicha yozish mumkin:
P, = p,w+g #sing. (2.80)
bundan
z. sing =h, (2.81)
bodél ganligi uchun
l,=tew+hw (2.82
Lo =(pa+g)w=mp,) (283
bundahciogoi rl i k mar kazi chuqurl i gi

(2.82 ifodani quyidagicha ifodalash mumkin:

t [0] = t%W-l-g]CW: Pa + PoG (284)
bundaR.iat mosfera bosimi tadsiri ostidagi
P, = p.w (2.89

bundaRiat mosf era bosi ml da ihbodinuhisobiga payjwaw 6 1 g an
bo6él adi gan gidrostati k bosim kuchi.
P=d.w= p.w. (2.89
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Taokidlash | ozi mki, gidrotexni ka ame
bajari shda asosan suv tomonidan bodl ay
bosim kuchi inobatga olinadi.

Shunday qilib,x ul o s a gi lish mumki nki , gi dr
etayotgan s hakl yuzasi kattaligini s h
gidrostati k bosim kattaligiga kodépaytm
o6rgani shda davom et ami z.

217r asm. Yassi giya sirtga taodsir qilu

Shu odérinda turli shaklga ega bodl ¢
balandlikda solingan tublariw kat t al i kka ega bodl gan
yuzalardan iborat vaziyatda ularnimigu b | ar i ga t adsir etayo
kKuchini o0rgani shga fikrimizni gar atanmn
chuqurli kda joylashganligi sababl i, ul
gidrostati k bosim tabdsir etadi

/11
w

2.18rasm. Gdrostatik paradoksni tushuntirishga oid

Ll
>
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Agar i di shlarning gopqogaoi bodl masa
boo(ps=ap,), bu yuzalarga tab6sir etayotga
guyidagicha aniqglanadi:

P, = dhw= rghw
Bu kuch suyuglik tomonidan garalayotgayuzalarga perpendikulyar

yoonal gan bod6lib, gidrostatik bosim yu
tadsir chizigoi ularning ogoéirlik mar|
asosan, i di sh tubiga tadsi rkuche sulguglixt g an
zichligi (r) ga, idish tubi yuzasiw) ga va i dishning todl c
bogol ipg=p,,Buwv,hkattaliklar har bir I di sh
I di shl arning shaklidan qgatoéoiy nazmar 1id
kuchlarib i r  x i | kattali kka teng bool2ds8i . B
rasm .

EndiOMdevorga taobsir etayotgan gidr os
davometibbu kuchning qodéyilish nugtasini a

Yugqgorida taoRki tblodn gangidderkostRwvaRK b os
kuchlar yigoindisiga teng.

Rigidrostati k bosim kuchining qoodyil
bilan ustmaust tushadi.

R kuchniki esa, undan pastda, aytaylix,n u gt a d a RabkocbBding d i
gooyi |l iishesnaugltuasi kkal as(2I9rasny. BoDnuqtanis i d a
topish uchulRvaRk uc hl arni geometri k yigoindi si

Shundan keyirDa nugtani
topishga imkoniyat yaralad
Buning uchun quyidag
goidadan foydalnamiz. pdw
kuchlarning Ox o 6 q gshatan
mo me nt | ar Rkydhngng
s hu o6gga ni s
yigéindisiga t
Demak,

I:(de)Z =Pz,, (2.87) 2.19rasm. Gidrostatik bosim kuchi

deb yozish mumkin yoki
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Andw)z=(hw)z,. (2898

Too6lig i fodal asak,
{gsingzdw)z =(gsingz-w) z, (2.89)
bundan,
fzZdw I
z, =% = (2.90)
7 MZC (St)OX
burda,0xo 6 gga ni s b ainesipaménmeiii s s hak |
lo, = fi°dw (291

(St),iho 61 | angaro yawizggan imigs bat an statik
(St)o, = Sz. (292
Tekis shaklning statik moment{2.90) ifodani quyidagicha ifodalash
mumkin:

2
7 = IOx _IC+MZC_

yoki
I I
G e
bunda, yd ekstsentrisitetieyiladi.
Kuchning qooyilish koordinatasi quyi
z, =2.+e (2.99

2.14. TRAPETSIYASHAKL DAGI KOO6RI MBABKIGA E

SI RTLARGA T AYCHI GRDRBITUTIK BOS IM KUCHI

Gidrotexnika amaliyotida suv ogiminiobs hgar i shda tur/l i
toosiglar keng qoo6ll aniladi. Shu sabab
uchburchak, doira shakl dagi t omagsadgal ar g
muvofiqdir. Quyidagi 2.2Gasmda keltirilgan trapetdy s ha k|l i dagi t o
chigamiz.

Shaklning yuqorigi asosi ordinatasini va balandligini yozamiz;
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H - hy

%" sina val = sina
Trapetsiya shakldagi yuzaning yon tomondan giyalik koeffitsientini yozamiz:
_B-Db
2

220r asm. Trapetsiya sthakild dsadauvthigidoodtatk bosinsrh ga e
kuchi
I 7 shakl balandligiB i shaklning yugorigi tomondan kenglidi;i pastki tomondan kenligho i
shaklning suv ostidan chuqurlidit T shakl asosi chuqurligi;
a1 shaklning gorizontal tekislikka nisbatan giyaligi.

Endi bu kattaliklarni inobatga olib, trapetsiodal shakl yuzasi va uning u

o0gga nisbatan ogoirli k markazini ani ¢
W=B+bI=B+bH.-hO
2 2 sina
A PR
B+b 3
bunda,z; Tt r apet si yaning yuqori gi asosidan
masofa;

Ogoirl ik markazi ¢ h u ggi tehglarganisin@ga ni q |
koopaytirami z va quyidagiga ega bool am
B+2bH- h

o=t el s
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Shakl ga tabdsir etayotgan ogoéirlik gi

4 ,B+2H-h@B+bH-hg
P = w. = 9= 5 —
e gg@o B+b 3 i¢ 2 sina 9

yoki bu ifodani quyidagicha yozishimiz mumkin:

B aH hoo
P=g(H(B+2b)+h,(2B + b))gem_

aker trapetsiyaningu 0 6 q g a  nniersiya mdamemtinitkedt o 6r t bur c hal
inersiyamomentidantra vaned uchburchaklainersiyamomentlari ayirmasi orgali
aniglashimiz mumkin.

3 o Ao _ 3 _ o ~2g
|D:ﬂ+BIa 18.88-b8 B bl?@o+glgu
12 C 2+ & 36 =+ 2 ¢ 3 +
yoKi
3
ID—I1—2(B+3b)+|Z—O(B+b)+IZ—O(B+2b)
Bu parametrl arni bil gan hol da ogoir
mumkin:
3
| (B+3b)+'Z°(B+b)+ ZO(|3+2b)
zD:I—Dsina: 0 - 12
ZCW e, . B+2b|g B+bH hy o

B+b 3H & 2 sina H

Ushbu formulalarda ordinatalarni chuqurliklar bilan almashtirishimi
mumkin:

_ 3 _ 2 _ 2

| | (H - 1) (B+ 3b)+(H _hg)h0(5+b)+(H _hg) "o (B+2n)
2y =L sng =0 = 12sin®a 2sin”a : 3sin”a
wh, ZCW e hy +B+2bH-h0g- B+bH-hyo

&ina B+b 3sinall& 2 sina Y

Ayrim oézgartirishlar kiritib, quyidag

Iy _ (H - ho)|H(B +30) + hy(3B +5b) + 6h2(B + b)]
zw 2|[h, (B + 2b)[+ H(B + 2b)|sin a

I :
zp, =—2-sina =

Agara<90 vahy=Oboél sa, gidrostatik bosim k
mumkin:
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P=g(B+20) Mg

¢bsina +
Bunda quyidagi vaziyatni inbatga olsak,

B:b+2mH__ Lt
sina

s o o«
P:g(2mH+3bsina)C%§
Fosin®a 9

Kuchni ng nquogétyaisliinsih ani gl ash fhdar mu | &
yozamiz:

b H B+3b

Zy :I—Dsina = =
mh, zw 2sina B+2b
yoKi
Iy .. _ Iy _ H 4dbsina+2mH

ZCW_ 2sina 3bsina +2mH

2.15. TO6 GARCHAR, OCHBURCHAK, DOIRA VA YARIM
DOl RA SHAKL DAMKSHGK BGAREKIS SI RTLARGA
TA606SI R ETUVCHI GI DROSTATI K BOSI M
1. Tobdgodr i todrtburchak shaklidagi
t adsi rgiedtruovscthat i Kk bosi m kugadnianidasht t al i gi
Agar B=Db (2.2%rasn).
a<90’vah,>0bod6l sa, todgoéri todrtburchak
kuchini quyidagicha aniglash mumkin:
P =9(3BH +3brb)<'§eH'_—hog
¢cbsina =+
yoki
C 2sina 2
Kuc hni n g nuqtasoguyidagi farhula yordamidaiglanadi:

Z :I_Dsina: ID :(H - hO)(H4b+h08b)+12h§b
D -
zw 2 (3h,b +3bH)sina
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yoKi
lp _2H*+Hh+hy

I :
Z, =—2-sina =

zw 3 (h,+H)sina ’

22kr asm. Too6go6ri toortburchak shaklidagi koor
bosim kuchi

h=O0bod6él ganda formul al ar ancha sodda ko

a H? @
P=dggg—§
¢2sina =
ZD:_Dsina: ID —Z H
zw 3sina
2 . Uchbur chak shaklidagis kodni mirghag

etuvchi gidrostati k b owgtasmiakiglast i katt al
Agarb=0

a<90®vah,>0bodél sa, wuchburchak shakl ©bo
gidrostatik bosim kuchini quyidagicha aniglash mumkin
aH - hy g
P=g|BH +2Bh,Je———
q h))g Gsina <
yoki
aH - h, g
P=B(H +2h,)e——
B hO)g 6sina <

B:b+2mH_ hOY B:Zmu

sina sina
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munosabatni inobatga olsak,
a(H - h) @
P=gnH +2 Q
o "o 8833in2a 0
Ku c hni n g nugtasiniyamnidlashgohmulasini yozamiz:

lp _(H- hy)(HB+3hB)+6rB.

ya :I—Dsina = 02—
Z.W 2 (2n,B+BH)sina

yoki
2 2
zD=|—Dsina= o= +Hh°+$h°;
zw 2(2h, +H)sina
hh=0bodl ganda tabiiyki I fodal arning koo
a H: @
P=gng 10§
QS|na+
zD=|—Dsina=|D= H .
zw 2sina
3. Doira shaklidagi koorinishga ega
gidrostati k bosi mishkugtednmianidaaht t al i gi va (¢
Us hbu shakl dagi koorinishga ega bo
gi drostatik bosim kuchining kattaligi
formul al ari ni geometrik tushunchal ar

ifodalashmiz mumkin:
Agara=90°vah,>0b o 6(R.22@asn), doira shaklidagi

bodél gan tekis sirtga tadésir etayotgan
mumkin:

P=gp(r +h)
Gi drostati k bosinogtakindaniglaymizzng qooyi | i s
2
Zp =hy =hy+r+
Tl T gy
Agarh,=0b o 61 s a,
P=gp

zD:hD:ho+r+%r:gr
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s 1
< i ; J1L
PJ—-.—_ T—H
90";- IK /
ST

222r asm. Doira shaklidagi kodérinishga ega t ek
4 . Yarim doira shaklidagi Koorinist
etuvchi gidrostati k b aowggtasmi akiglash i katt al
Yarim doiras ha k|l i dagi o0rinishga ega bool

gi drostatik bosi m Kk u cnbgtasinik aniglashda i agrim v a

cheklanishlardan foydalanamiz
Agar a=90° va h,>0 b o 6 (2®&rasn) , yarim doira shaklidagi

koorinishga egatdpadotgdsi telkitaystgan g

guyidagicha aniglash mumkin:

223rasm. Yarim doira shaklidagi kod6rinishga e

kuchi

P=ég2(4r +3phy)

Gidrostati k bosim kuchining qoodyil is

_ . _3or® +12phy* +32rh,
Zp =hp =
4A(4r +3ph,)
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2.24ra s m. Burchak ostida joylashgan t
i kki tomonidan tabésir etuvchi gidros:s

2.16. TOORTBAMBRRIHWKS HD A G IHARLEARGA S
TA0OSI R ETUVCHI GI DROSTATI K BOSI M |
ANIQLASHNING GRAFOAN ALITIK USULI

Buning uchunOAkodér i nbkbdglhi kka egaaqabubdl ga

gilamiz (2.25, a-rasnj . Bunda atmosfera bosi mi hi
gidrostati k bosim kuchini hi sobga ol me
gidrostati k bosi m ku tivorimmchuparlikdas hga t oo
p=a (2.96)
bosim mavjud bodl adi
9 A e
Ofx) } 0 z
= = 77 B
h A"
_r n % p 17 é
2 q] At 1. 7
¢ hy 7 t¢ v
R /. 7 2
D 1 1 7
By L ‘ ? ?
¥ = A 7 A ¥
77 f/Wsz/?
Y
' Yz .
225r asm. Todbdgori bi tekisgismaakblr tomonlamat i kal si rt

gidrostatik bosimingt a 6 si r i
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0 nugtada esa bu bosim
p=0 (2.97)
ga tendo oailil h, chuqurlikda esa
p=gy (2.99)
ga teng bool adi
dh, kattalikniOAdevor ga ti k y d225,&-tasnms,Wawmta qo 6y
paydo b o 60 nagtai bjlan tutashtirsaK)AVu c hbur chak paydoc
Natijada olingan bu uchburchahdrostatik bosn epyurasideb ataladi. Bu epyura

chuqurli k od6zgari shi bil an gidrostatik
Gidrostatik bosim kuchii bosim epyurasininghajmiga y asbun i
uchburchak yuzasitik e n gl i k k a k oRkuch kattadigansberadb i z g a
P:W:V\b:%hfga (2.99
RkuchOAdevorga tik yoonal gan boolib, ¢
mar kazi dan oot adi . Agar todsigning Ik

gidrostati k bosimlar farqi aniql ani b,
kuchinn g t eng t aobs i226 berdsmdsOAMNLtsria poedttsa dyia.ni n ¢
mar kazi dan o0t adi

a) 0

——d

h-—_p_/v 9=
'Jff

= L. L B, h;
1 ¢
TBY /M S PR B

226r asm. Tobgori burchakli tekis shakl |l a
a) vertikal shakl; B giya shakl

2.17. TRAPETSIYAOGO I RLI K MARKAZI NUSURIMRIQL AS
ABCD trapetsiya ogoirlik mar kazi ni ar
foydalanish mumkin:

1 ABCDtrapetsiya2.27-rasmjog oi r |l i kK mar kazi ni ani gl a
bajariladi:
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a) uning vertikalCDt o moni t e n gb oudclhi nbaoddil a k k a
b) garamag ar s h i bur cihg& | ayradgai nn, boo6ézl i ngan
yoonaltiriladi;
c)bu nurl ar kesishgan nugtaga teng gor.i
d) bu tekislikni sirt bilan kesishgan nuqtasiga, gidrostatik bosim kuchining teng
tadbsir etuvchisi qooéyl adi ;
A C

e

B D
2.27-rasm. Trapetsiya shalllia g i gidrostati k bosim epyur asi
f Bundan tashqgari, trapetsiya shakIlini

formulalardan foydalanishimiz mumekin:
q :D ..ga+ b
3 a+tb
yoki
_h.2b+a
"3 a+b
bunda,D k uc hni ng q o day b tlapetsibdal shakipinga kschiva katta

asoslari.

d-h

e L)
e
»
~
RSN
H._-..

S
t\.\

228r asm. Trapetsiya shaklidagi gidrostatik
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2.18. TEKIS SIRT SHAKLIDAGIV ERTI KAL TO6SI QNI Bl R
GI DROSTATI K BOSIM TA6SI R ETADI GAM BOOL

Gidrotexnika amaliyotida suv oqimimgy boshqgarishda temir materialidan
yasal gan harakatl anuvchi todsi gl ardan
ustunlarga turli chuqurliklarda gorizontal rigellar va ustunga galin metalldan iborat
materiallar goplash bilan yasaladi. Mana shu ragelbhunday chuqurliklarda

ustunl arga qgadal i shi kerakki, ul ar ga
b o s i m bit matosmdaaqgsimlanishi kerak.
Umumiy balandligiH=VSb o 6| g a n, todsigga taodsir

AVSshakldagi gidrostatik ®m epyurasi orgali ifodalanal.29rasn) .

Alae—350 —aiC
229r asm. Gidrotexnik inshootlarda oqi mni b
mustahkamligini tadédminlash uchun odérnatil ad
aniglash

Bu shakl uchbshictdak b&aodlbganl! i gi ucht
gidrostatik bosim bir xil tagsimlanadigan chegaralar shu uchburchakni teng uchga
bodl uvecechi va uning asosiga parallel bo
bodl i shi ni AVSgidrdstatik goan @lpiylu,r asi ni teng uc
chegara chiziglari joylashgan chuqurliklay,h,)ni  elementar geometriya
goidalarida foydalanib aniglaymiz:

a) birinchi A;VS uchburchak bilan asosiVSuchburchak va birinchi uchburchak
asosining chuqurligh,) asosiyAVSuchburcla k c huqur | i gi oort
munosabatlarni yozish mumkin:

bundan,
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b) ikkinchi uchburchakning asosi joylashgan chuqurlikni ham yuqorida keltirilgan
elementar geometriya qoidasiga asosan aniglaymiz:

bundan,

c) endi uchta rigelning joylashish vazti/e(h,_i) ,h[_i;,h[_i;i)ni aniglaymiz, buning uchun
A;BC; uchburchakning Ai/C;A.Cva ACAC, trapetsiyal arnit
mar kazl ari ni aniglashimiz kerak, c hui
etayotgan yuzaga tik yooom@di ml i kyi da rok
0 adi;

d ABCGCuchburchakning ogodéirlik markazi un

nugt asida bodél adi, medianal ar o6t kazi
AC1AC,

e) ACAC, t rapetsiyal arning ogoirlik mar k a

mavzuda keltirilgan usullardan foydalanami

2.19. EGRI SI RTLARGA TAO0OSI R ETUVCHI Gl D
KUCHI . BOSIM TANASI VA UNI QURIS H QOIDALARI

Gidrotexni ka amaliyotida ixtiyoriy
gidrostatik bosim kuchl ari ni hi sobl a:
bosi mning atmosfera bosimidan yuqor.i
muvofiq deb hisoblaymiz, yadoni faqgat s

Buning uchun 2.30 a s md a koAVEegti | gamtga tabd
chigamiz. Egri sirt rasm tekisligy per pendi kul yarAvSegrio |l gar
chizig shaklida kod¢(scongydi , bunda sirt

CCivertikal tekisliknivax, uk oor di nat a oo0ql.Egrgiriga b el
suyuqgl i k tomoni ®Rgidrostatik Bosim kuchmihgaggontalgva n
vertikal tashkil etuvchilarini R va R, deb belgilab olamizDE vertikal tekislikni
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o0t k ABCEbsuyuql i k haj mini bel gil ab ol am
kuchlarni aniglaymiz:

2.30-rasm
1. DEgi rraga chap t omond a gtayotgan kualiéRt i k t o mi
2.060zane€Cghgmi dan taodsiiRg etayotgan kuch
R, =[(CiCED)yuzdbg
3.Egri sirt t omoni danR{RaR)skuchi (gaizoatal vat g a n
vertikal tashkiletuvchilarga ege
4. Qar al ayotgan suyuiGi kning ogoirlik ku
G =[(ABCDE)yuzdog
ABCEDh aj mg a e¢teyaigan r bu  kuchlarmnimgau o0 6 gl ar g a
proektsiyalarining muvozanat tenlamasini yozamiz
R+R =0 G+R-R =0,

bundan,

R=-R; R=R -G
chunki,

R=-Ri P,=-R,
demak

P.=R: R=-(R -G)
Bu tenglamaga asosan
P, =-[l¢® t Puze (¢ | ¢ Qydedbg
yoki
P, =-[(¢ 1 wi)yuzdbg=-G,,
9 gorizontal tashkil etuvchisi R 7 s h u sirtning o00zi ga t
teki sl i kka tostafiksbosim kechiga giymiatijihatglan teng:
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2
ta=Gw=W =L b (2.100)

9 vertikal tashkiletuvchisiRi s hu sirtning bosim tanasi
teng:
t, =Gy =M, =B,b (2.100)

buyerda: gisuyuqli kning hajmiy ogo6irligi:;

hi chuqurlik;

W, T bosim tanasining hajimn

S, I bosim tanasining yuzasi.

Bosim tanasdeb, egri sirt, uning tutash chiziglaridan suv sathiga tushirilgan

vertikal tekisliklar hamda suv sathi bilan chegaralangan hajmga aytiladi.

Egr i sirtga tadsir etuvchi taghkldr os't
etuvchilarning geometrik yigdindisidan
t=tz+t, (2102
Kuchning gorizont al o6gga nisbatan
aniglanadi:
a= arctg% (2.103
Egr i sirtga tabdsir etuvchi gorizont
tashkiletuvchinik e si shi sh nuqtasi va sirtning e
De mak, yukorida bayon etilgan fikrl

gidrostatik bosim kuchini aniglashda egri sirtning bosim tanasi muhim rol

0 0 y n &hudababliuni qurish qoidasi bilatanishamiz.

9 egri sirtning tutash nuqtalari topiladi;

1 tanlangan nuqtalardan suv sathigacha yoki sath davomigacha vertikal chiziglar
o6t kazami z;

1 egri sirt i vertikal chiziglar va sath bilan chegaralangan yuza bosim tanasi
yuzas:i bool adi ;

1 agar bosim tanas@l s uv ma v | ousbatbbosim tanasjeyiladi va
vertikal tashkile t uv c hi gidrostati k bosim kuch
xolda,manfiy bosimtanasl ey i | adi xamda kuch yuqgor.

9 gidrostatik bosim kuchi vertikal tashkil etuwchisi, shu sirt bosim tanasining
0g O imarkaedkan o6t adi
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2.20. AYLANA SHAKLDAGIQ UVUR | CHI DAN TAO6SI R
ETUVCHI GIDROSTATIK BOSIM KUCHI

Dumal oq shakl dagi guvurl ardagi SuUyu
gidrostatik bosi m kascmd ani s wydu glainka mb & |
gorizontalquo &ngi kodndal ang kesimi kodrsatil

Agar %gni r ga nisbatan nihoyatda kichikligini hisobga olsak, butun kesim

body!l ab pbconstdemgabulgilish mumkin,
Bu bosi mAVioads ibroiodyd a b , del farazrqgilsékpobdrida n a d
must ahkaml i k nR kuchm Gilishimie | kerak.cBu ikuclkabc yoki adc

tsilindrik shakl dagi sirtga taosir etu
P.=Dlp (2.109
bunda,l T quvur uzunlig,Rikuch i1 kkiga boodlinib, y O

galinligi aniglanayotgand&P, /2 kuch gabul gilinib, hisob olib boriladi. Bundan
tashqgari, quvurbgilgan hol at da ham b o abcdgwdr@.32mu mk i

2.312rasm. Ichki gidrostatik 2.32rasm. Quo & ngregilgan nuqgtasiga
bosim(Ry) tadsir etuvchi ¢

Bu shakldagi quvurR k u c h y o 6 nalishgas ihtiladl. aGidrbstatik
bosim kuchi ikki gidrostatik bosim kuchi ayirmasi bilan aniglanatliy o 6 nal i s h.
t adsi rP eacdywodmia | i retavwghaP,kudchlarsDemak, quv & ngrbu
gismi

2
p=t

2
pvaP, = 'UIZ p (2.105

N
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va reaktsiya kuchlar(R=|P)t a6siri ostida muwearanat

kuchl arning geometrik yigoindisidan,
vaziyatlarini aniglashda foydaldadi.

2.21. ENG SODDA GIDRAVLIK MASHINALAR

Mashinasozl ik amaliyotida kodpgi ne
suyugliklardan foydalaniladi. Bunday printsipda ishlatiladigan uskunalar
gidravlik mashinalar deyiladi. Gidravlik presslar, multiplikatorlar, giddg
mashinal ar boshgaruv sistemalari, koot

Har xi | konstruktsiyaga ega bodl gan
mashinalarda, asosan, bir xil ifodaga asoslangan gonuniyatdan foydalaniladi.
Suyugliknng ixtiyoriy nugtasiga uzatilgan tashqi bosimuning boshga hamma
nuqtal ariga o0zgarmasdan uzatil adi

Yugorida gayd etilgan mashinalarning ayrimlari bilan tanishamiz.

2.33rasmda gidravlik press tasvirlangan. Yuqoridagi qoidaga asesan

yuzali } porshegat, k uc h q ovyyzalill sporshen quyidagi kuch bilan
yugoriga taodosir etadi

W,
P,=R-2 (2108
m
chunki,
P P
m W,
FoKopu 60
g [ F oknumne
1) YUKW
—Pe
Ny
| l” 5y
_.s'_ - 2
e e S e A== Bodonpoeod
m
2.33rasm. Gidravlik press 2.34rasm. Multiplikator

Bu asbob yordamida , kuch (u, : ;) marta oshiriladi. Amaliy hisoblarda
qurilmaning harakatchan gismlari ishqalanishi ham hisobga olinadi.
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2.34rasmda esa multiplikator tasvirlangan, agakameradap, b o 6 Vs a ,

kameradagip, bosim ajratilsa, quyidagi shart bajarilishi kerak:

A VA (2.108)
bunga asosan,
W,
p,=p,— (2.109
W,

2
qurima yordamida bosinfu; : w, ) marotaba oshiriladi.

Il BOBGA DOIR TEST-NAZORAT SAVOLLARI

1. Gidrostatik bosim nima?

aNi sbiy tinch holatdagi suyuqgli knin
shu ywza kattaligiga nisbati grostatik bosindeb ataladi.

b) Nisbiy tinch hol at dagi suyuqli kning y uz
gidrostatik bosindeb ataladi.

c) Ni sbiy tinch hol atdagi suyuql i kni
suyuglik hajmiga nisbati grostatik bosindeb ataladi.

d) Nisbiy tinch holatdagi suyuqglikning yuasi ga t adsir et ay
shu yuza kattaligiga nisbatidyostatik bosindeb ataladi.

2. Bu ifodalar %:Pa, k_gz, KPa, m suv ustuni, mm simob ustuniqaysi
m

kattali kning o6l chov birligi?

a) Suyuglik sarfining;

b) Shezi koeffitsientining;

c) Ogim tezligining;

d) Gidrostdik bosimning ;

3. Erkin sirt hamma vaqt gorizontal bo ladimi?

a) Absolyut bosim atmosfera bosimiga temgsa; |

b) B o raaydi;

c) Hammavakt;

ddTodgdéri javob yuk;

4., Gidrostati ka@atad?® | i mi ni mani

a) Suyuglik harakat gonunlarii rgatadi

b) Suyuglikning nisbiy tinch holati muvozanat qonunlarinb @anib, ularni
ki shilar jamiyatining faoliyatiga qgqoo
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c) Suyugliklarni xossalarind @anib, texnikaga tibiq etishnio r@atad;

d) Muvozanatdagi suyuglikka dsir etuvchi kuchlarno rgatadi

5. Qandaytekislikka teng bosimar tekisligi deyiladi?

a) Suyuglikning ixtiyoriy chuqurligidagi birxil bosimlar mavjud nugtalardan
00t kazi |l gtenybdsigakteksligidgyilady

b) Suyuglikning idish yon devorlari bilan chegaralandakislikka teng baimlar
tekisligi deyiladi

c) Suyuglikning idish tubi bilan chegaralangtekislikka teng bosirtar tekisligi
deyiladi

d) Suyuglikning devor bilan chegaralangdekislikka teng bosinar tekisligi
deyiladi

6. Qaysiifoda teng bosimar tekisligi tenglamasini ifoddaydi?

a) W,dx+W¥ dy+W%,dz=0;

b) W, dx- w,dy- ¥,dz=0;

c) W,dx+W, dy- ¥,dz=0;

d) W,dx+W dy+W¥, dz=1.

7.Gi drostati k bosim kiy?mati yunali shga

a)yXa, bogoliq

b)) Yogqgq bogé6;l i g emas

c)Bazan bogodléoigqg, bazan vy

d) Harakatma vj ud bo 61l ganda.

8. Suyuglikning ixtiyoriy nuktasidagi bosimni gaysi formula orgali hisoblash

mumkin?

a) te=tg +gh Cc) te=tc g

b) te=tg +h dt=tg+teg

9. Manometrik bosim deb kanday bosimga aytiladi?

a)At mosfera bosimidan katta bodél gan bos
by At mosfera bosi midan kichik boodlgan bo
c)At mosfera bosimiga teng bodl gan bosim
dSuyuqgl i k maaglukchibasimga t adsi r

10. Qachon manevakuumetrik kod s at ki ch fAnowldd22a 0 ga t en
) Pope=ta D)ty =1 S) P =0 D to=tam

11. Tutash idishlar gonunini ifodalash uchun gaysi formula b @ri?
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heG.opyh_g. gh_rn. -
a) h g )hz g, )hz ;o d) hg, =hg,

14.Vakuummetrik bosim deb kanday bosimga aytiladi?

a)At mosfera bosimidan katta bodl gan
b) Atmosferabosind an ki chi k boo6l gan bosi mga
c) At mosfera bosimiga teng bodl gan

dSuyuqgl i k magluchibaosigopga t adsi r
15. Gidrostatik bosim kuchi ganday aniglanad?
a) { =tg/; b) R=ghsS =1s§ S R=grsSd)R =r hsS.

bosi m

16. Egri sirtga tatkdasimkuchintaniglanisthg a n

formulalarini yozing.
a) t = t:2+t22’ t::t%W:\M g’a:_b; t, =Gy =N, =B,
b) t =\ta+tsit.=tg7 =W,

C) t =\ta+tlity bW t,=Guyr;

d) I =tgw= W g] ==b; t =Gy =N, =B,b.

17. Gidravlik press yordamlda bosimning oshishi formulasini aniglang

S, S _ o 2 S g
a) Po=Ph—= bP=Ph o PR=rpp; d =P
S S, S, S,
18. Eyler tenglamasini yozing.
?W:-EE— ?W:-l&ﬂ Tewz-@:o Tewg-iﬂ:o
[ I X i I 7 X i I
1 1 1 1 Tw Ty 1
a)lwlz'_gzlb)|le'_&:0C)l|W|z'Ezod)|w|z——&:
i r 1y 7 Iy i Ly 7 roy
1 i i T
’I‘Wz_l&: ’I‘WZ_E&:O ’[WZ_E:O ’I‘WZ_EE:
i A | Iz l M | r
19. Arximed gonunini yozing.
a) G=P=gV. 0 G=gv
b) F =9V d) F=mu.

20. Gidrostatik paradokc deb nimaga aytiladi?
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a)Suyuqli kdagi bosim idishning shakl ig
paradokc deyiladi;

b)ySuyuql i kdagi bosim uning shakliga va
b ool i s hgidrosiatikiparadskc deyiladi;

c)Suyuqli kdagi bosim i dishning shaklig
gidrostatik paradokc deyiladi;

dSuyuqli kdagi bosim idishni Xxaj mi ga
paradokc deyiladi

2 1. Paskal qognuni ni kodrsatin

a) Dtc=Dtg); Ot =1tg;

b) R =ghsS =155 d) R =grsS

22.Tutash idishlar qgonuni gaysi |Jjavobda
a) o0 h_g L' % - g

h, & ERZ o) M d) 4

2 3. Pezometri k balandlik todgodr.i koodor s
hA:& h_o

a) g b) Py = P + N C)hz % d) Py =4h



[l bob . TEXNIK G IDRODINAMIKA ASOSLARI

3.1. GIDRODINAMIK VA GIDROMEXANIK BOSIML AR
TEXNIK GIDRODINAMIKA MASALALARINING UMUMIY Q O &ILI SHI

Swugli k ogimining harkatini oO6rgani
kelishimiz mumkin:
1) Tashaqi masal a, yadébnm bqgqodomi par ameut gl
ogi b oo6tayotgan, qgattiq jismga taobsir

tashqgi masalaleyiladi;
2) Suyuql i kka tadsir et ay o(tugusan hajmiyc h | a

kuchl ar , ma s a ) a agimrong gidrodihamik xar&kierestikasini
ani gl ash t aiéhki mdsaladeyilbdi. ndi . Bu
Ogimning gidrodinamik xarakteristikasi tarkibiga suyuqlik zarrachedigi
uva bizga ol dingi ma v z u d a gidrochiaatik bhosim b o O |

deb ataluvchi kattalik kiradi. Oxirgi kattalikni bu nom bilan atalishiga sabab, endi
b u kattaliKk gidrostatik bosim Dbil an l

bosi mni ham od6ziga ol adi

cGidrodinami k bosime tushunchasi gi
biri hisoblanadi.

Gidrodinamik bosim.Bi zga maodl umki , suyuql ik |
undafur i nma kuchl ani shl ar ni hosi | gi |l uvc
Shuning uchun harakatlanayotgan suyuglikihguqtasidagi kuchlanganlik holati
el lipsoid sheaattdai baoddgia, ¢ gh a(3.1l,b-hakl i
rasmykoori ni shi da emas, bal ki uch o001l cha
el lips shaklidagi @®ua&rbsihdfodagamadil i K koor i n

Shu mul ohazaga as os afi kuthardskningl Vegkalh  mu
tashkil et uvchi si kattaligi real hol at dag
yoonalishiga ham bogoliqgdir.

Demak,gi dr odi nami kada tadsir maydoni ga
bool adi . Shu ©bil an bi r gaimini goddalashtdishn a mi
magsadi da, Anugt add gdegag tustiunchal kirimgam Shartlib o s
ravi shda nuqtadagi gidrodinami k bosim

maydon j oyl ashi s lgabgagi Ibiongadd ii qv ae muacsh doedbl c
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1
te= (5. +[s.|+]s4) (3.1)

|l kki oo6l chamli tekislik
1 n
m=5051\+\52\), (3.17)
koodrinishda algf, l|alsaidkuchlanishiam rdoaulining mos
kattaliklari.
Yuqoridagi ga asosl ani b, tadkidl ash
gi drostatik bosi mdan f anr suyuglik HogKirhirang o q ,
o6rtacha taqribiy giymatini koor sat adi

31Lrasm. Todl i g mmugtadagi kuehlatiser i | g an
a) kuchlanishlar ellipsi;
b) kuchlanishlarning sharsimon yuzasi

Texnik gidrodinamika masalasining umumiy quyilishBuyuglik ogiminng
asosiy gidrodinamik xarakteristikasi sifatida gidrodinamik bosimning skalyar

kattaligi va zarracha harakat tezliginifg v e kt or kattal i gi ni k
Suyuqli k harakatl anayotgan muhitning t
gymatlr ga ega bodl i shi bilan birgalikda,
goodzgdbdbal mas nuqtada bu kattalik turl:i

ste= f,(x,y,z1);
tu, = f,(xy.2t),
}uy = f,(x,y,z,t)
fu, = f,(xy,zt)

bunda,uy, uy, Ui tezlikning dekart koordinatalar sistemasidagi proektsiyalari.

(3.2
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Ma O | hirmy T vaqtdagifi, f, fs, fs funktsiyalar giymatini bilish orgali
bosi mning skal yar maydoni va tezliknimn
imkoniyatini beradi. Shuning uchun matematik gidrodinamikadau kattaliklarni
bilish asosiy masala hislamadi.
Masalaning bunday quyilishidi, f,, fs, fs funktsiyalar giymatini hisoblash
shu darajada qiyin masalaki, hatto real suyuqglikni ideal suyuqlik deb faraz
gi linganda ham, masal ani hal gi li b boc
nihoyatda yuqo darajadaganiglikdah i s obl ashga ehti yoj boo
Shu sababli texnik gidrodinamikadé3.2) ifodadan foydalanilmasdan,
gidravlik usuldan keng foydalaniladi. Gidravlik usul yordamida harakatlanayotgan
suyuqgli k Jjoylashgan mu hnugtasidagi gbosimni tva y o r
tezl i kni ani gl ash ogi mning ayrim o60r
asoslangarShu usulga asoslanib tuzilgan asosiy tenglamalar quyidagilardir:
1 harakatlanayotgasuyuglikning sigilmaslik va uzluksizlik gidravlik tenglamasi
(ayrim hollarda suyuglik sarfiningaglanishi tenglamasi deyilayl
T real hol at dagi solishtirtnakinetikcegergiyemingusaqtanish
(Bernulli) gidravlik tenglamasi;
1 real holatdagi suyuqlik uchun harakatlar migdori gidravlik tenglamasi;
M suyugl kni ng harakati da paydo bool adi gan
baholash uchumpirik va yarimimpirik ifodalar (Darsi va Veysbax ifodaldri
dan foydalaniladi.
Tenglamalarning hadlarini aniglab, ularning yordamida gidravlik xodisalarni
tahlil gilish natijasida suyugliklar mexanikasiga oid nihoyatda qiyin amaliy

muammol ar ni hal gilish mumkin bodl gan
ayrim masalalarning yechimini topishda bu usullarni suyugliklarning matematik
mexani kasi bi lmainl ibs lrigmail i kkadm tqao®K il dal as hi

Gidrodinamikaning ikki xil masalasi. Suyuqlikning harakati bilan
tanishganda, asosan,qyo r i d a t akki kil ndakakam geahimini topishga
toogori kelishi mumki n:

T tashaqi masal a, yaoni ,b,s usyuuyqulgilki kang inngi
ogi b o6étayotgan gattiqg jismga taobsir.i

T i chki masal a, suyuql i thlea mtapsimasalapwg
kuchfber il gan bodl i b, oqgi mni inlgpsing tedik odi r
va xokazolarni topish.
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Yugorida gayd etilgan tenglama va formulalarni keltirib chigarishga va
ul ar ni tahl il gi I i b, o6rgani shga Kkiri
boshlangéich tushunchalar bilan tani sh

3.2. SUYUQLIK HARAKATIN | KUZATISHNING
ASOSIY ANALITIK USUL LARI
Suyuglik harakatini kuzatishning asosan ikki asosiy analitik usuli mavjud:
Lagranjusuli. Harakatlanayotgan suyuglikdasohani ajratib oli{3.2-rasm)

: gooOz@xovaDznkaosor di nata oo6ql ari ni bel gi l
o0rganil ayot gansh seshedarasida n goylashdan Mi,M;,M;
harakatl anayotgan zarrachal arni koor
koordinatalarinixo va z, deb belgilab olamiz.
BuharbirMz arracha uchun quyi dagi I f oda
x=f,(%,, 2,1)a 5.3

2= (%, Z,t)y

Bu ifodalar yordamida har gday belgilangan zarracha traektoriyasini
aniglashimiz mumkin. Endi zarrachanimjv a gt da b od imhsofasinit g a n
topib olishimiz mumkin. Bundan ixtiyoriy nuqtadagi tezlikni topishimiz mumkin.

Bel gilab olingan sohani btishsuchbn ketayatgary o t g
t vagt davomida kuzatishimiz mumkin.

Lagranj fikriga asosan, zarrachalar traektoriyalarining umumlashgan
kodrinishi orqgal.i ogi mni o ¥va glar suyugllik mu m
zarrachasining o06zgal okwadz kattalikleralkattdlik n at a
proektsiyalari sifatida garalishi mumkin.

Demak,
u :%' u :d_z. (3.9
“odtt 7 dt '
Eyler usuli. Faraz qgilaylik, harakatlanayotgan suyuqlik bilan muhitning bir
bodl agi ni ajratib ol ish mumki n. gd8u b «

joylashtirib, undal, 2, 3, ...nuqtalarni tanlab olamiz. Bunda, z 1 Lagranj
usul i dagi kabi, zarracha koordi nat al a
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nuqtalaridir(3.3rasm) .tvaqt or al i goi nilnugiadaa {t.p, @1 g an

nugtadar()va xokazo tezli klarga ega bodl ga

Koori ni bt vagidaiodind it leiz,| i Kk vekt or.i may do
I fodal ani b, har gays.i vektorga maél um
boshga v adlf2 J.mnagtalarquchund @) , w () , W (t2) va xokazo
tezli klar maydoniga ega bood6l ami z.

Umu ma n, xul osa qgilib aytishimiz mum
muhitning goodbzgdal mas nuqgtal ari dagi z
ifodalanadi.t; va t va q t oraliqlariga mos kel uvch
taqgqosl ash bilan aytish mumkinki, oqgim

Yugqori da tadkidl angani dek, ogqi m E

goozgdbal mas nugtal ari ga mo s tlaagarligi k Vo€
sababli,dx va dz kattaliklarni dl kattalikning proektsiyalari sifatida garash mumkin
emas, balkkixvazk oor di nat al ar ni ng o ddabwgqilireshik i n
mumkin. Shu sabab{B.4)i f odani bunday vaziyatda go

oy x
3.2rasm. Lagranj usulining tasviri 3.3rasm. Eyler usulining tasviri
M1, Mz, Mg, ...T suyuglik zarrachalari 1,2,3,.imuhitning (
nuqtalari

Suyuqgli k harakatini tadgi g qilishni
Lagr anj usuluirratkiapdi gos sambabl i amal i
Bundan keyin asosan, Eyler usulidan foydalanamiz. Bunda biz, suyuglik zarrachasi
harakatini kodril ayotgan dtuvggt dagdomida o Ot

kuzatamiz. Masalani bunday quyilishida muhitnifgar ganday nuqtasida
joylashgan zarrachalt vagt davomidatashkil etuvchilari dx va dz b o 6| g an
dmasof ani b o gqabuigilishidiz muinkin. Shd sababliy va u, tezlik
tashkiletuvchilarini aniglash uchuf8.4) ifodadan foydalanish mumekin.
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Lagranj koordinatalaridan Eyler koordinatalariga o tsh:Bizga
maol umki , Lagr anj usul i ga asosan SuUyuc
aniglanadi:

x = f,(%;, 25, 1)

z= fz(xo,zo,t)y
Tezliklarni  esa U, = f,(X, Z, t), U, =f,(X%, z,t) koérinish
ifodalash mumkin, oxirgi ikki ifodan(t) vaqt booyicha differer
_ X _ eu( % 2, t))
S -TU IO
y = ezedp(f,(x, %, t) oo
ST
Butenglamalarni(XO,ZO)ga ni sbatan yechi b, bosh

tashlab yuborsakx, =W3(x0,zo); Yo =W ,(%,2).

Endi tezlik proektsiyalarini yozamiz:

u W, (%, Yot),

:W4(Xo’yovt)

de

_Ws(xo Zy, t)_w (W1’W21t)’ _W4(Xo 2y, t) W4(W1'W21t)
bunda,¥,,%, kattaliklarx vazfunktsiyalar koordinatalaridir.
Shu sababli,

W.=F(x,zt), ¥, =F(x,zt)
demak,
W, =F(x,zt), ¥, =F(x,z1).
Olingan tenglamalar suyuglik harakatining |Eg r koordinat al ¢
kodérinishidir.

3.3.IDEAL HOLATDAGI SUYU QLIKLAR HARAKATINING
DIFFERENTSIAL TENGLA MASI
(Eyler tenglamasij

Gidrostatika boodol i mini o6rganish | al
suyuglikning nisbiy tinch holati uchun diffentsial tenglama bilan tanishgan edik.
Agar bu tenglamaga Dal amber taodolimotic

nisbati olingan inersiya kuchini ifodalovchi hadni kiritsak, ideal suyuglik
harakatining differentsial tenglamasini olishimiz mumkinersiya kuchini birlik
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massaga nisbatan giymatihideb, tashkil etuvchilarini esalyly,l; deb belgilab
olamiz.

du, du, du,
|, =-1—; I =-1—; |,=-1—2, 3.
g dt =’ dt dt (39
du
bunda,ddutX , —, ddliz kattaliklari tezlanishningashkiletuvchilari.
Inersiya k u c h i tezl ani shga nNi sbat g3 t es|

ifodalar oldida manfiy ishora gatnashmogd#2.15 tenglamaga suyuq
parallelepipedningnersiyakuchiniOx, Oy, 0z0 6 gl ar ga ni sbatan p
(dx,dy, dz2) Iy, r (dx, dy, d2) Iy, r (dx, dy, d2) Ik 0o 6 r i (Ril§ temhlamaga

g o 0y s ak hiyagishymurdkan:g i

w LM _dud
"X dt}
]_'Lp deT
W, - ==y 3.6
Y or oy dt%J (3.6
w _ 1M _du,]
WZ'__—
r Lz dty

Bu tenglamalaEyler tenglamalardeyiladi.
(3.2 ifodani hisobga olib yozishimiz mumkin:
dUX:UUXQ(_FIJUXg/_F%d_Z_F& (37)
dt upxdt py dt pz dt
Eyler usuli uchun(3.2) ifodani hisobga olib v43.4) ifodani nazarda tutib,
Eyler tenglamasini quyidagicha yozish mumkin:

WX—1&= X'L'ux+u’wx+u't'u 'LUX%J

rpx X 2% VA
Wy-1%=uxwy+uy’wy+uzw /~Uyh (3.9

r oy X 2% A
Wz_lﬁzuxmz_l_uywz_l_u /'U /’UZA

Iz JZ8 2% V2 y

Bu tenglamani harakatdagi chizigga urinmaga proektsiyalari uchun
quyidagicha yozishimiz mumekin:
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bunda,¥ . Thaj miy kuchl ar tezlanishinij—in'l'g ur i

urinma tezlanish.

Tengl amaning yoyil gwzmmsahak| dagi kodr
w . 1A _pu puds
> ris M psdt
yoki
y o 1M pauwo
T s sl o
Umu man, todligqg harakatda massa kuc!l
inersiyava koriolis kuchlari nolga aylanib ketadi.
389 t engl amal ar sistemasi dagi nomaol i
kuchl ari asosan maodlkunudheldangduagloinb ,doz
kattali kka ega deb olinadi. Shu sababl

gatnashmoqdar, u,, u,, u,.
Demak bu sistemani yechish uchun bitta tenglama yetishmaydi, bu tenglama
sifatida uzluksizlik tenglamasining differentsialo 6 r i ni s hi ni ol i sh
MJX +'L‘Jy +w2 - O
XKy 2
Tadkidl ashi mi z mumki nki , bu tengl an

orgqgali sigilmas suyuqliklarning haraka

Ml g, Py M A0

oy e s

w
WX

N | S e N |
5 &F %IE

u

X

==
1

<
1
c

==
N
1

(3.9 sistemaga kiruvchi tezlik proektsiyalarining xususiy hosildkmi
guyidagilari tood6gori yoki bodyl ama hi s
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Qolgan6 ta hadesa
Ay A My Ay A,
2 A S VA L
egri yoki kodndal ang hususiy hosilal ar
To6goTr | hususfiiyziIkosnbﬂllﬁatriléfabs(#ihaidnng;olida

talgin gilamiz(3.4-rasmn) .

Faraz gilaylk, dxdzo 6 | c¢ h-abweil ement ar suyuql i k
dt vaqgqt dav oimtididvaqtda @-8-oi-¢ vaziyatga kooch
har akat oo0rganil ayodédgiany @ @ esnmasukmnlidiag 6 0 c
ganchaga oo0zgarganligini aniqlaymiz.

Ay

b’ c
b A 00 a'
St | -
| L%
0 dx a a" a”
3.4rasm.
Al batt a, rasmdan koor i ni b nugtalarnind d i ki
garal ayotgan vaqt oraligoida bosi b o606t
dtvagt oraliwgdmdaofdamiugbh@asi b odéd gan
nuqtagelx+“uxdx8dt masof ani bosi b créfarqaic(ds)ni Bu
R C O

aniglaymiz:

ds= 5, + P2 dx8dt- u, dt = dxdt
¢ M =+ X

Demak, bu kattalik @ kesmaning garalayotgan elementar vagt davomidagi
Oxo6qi yoo6nal i s hdefaraatsigatazispibaor 6 Isahd i .y oEku el e
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orali g%fi:h’ﬂédxuattal i kka Kkichik Ixoood gaid i

X
yoondhi shsbiy odzgarishini yozami z:
ds
ﬂ:ux :HUX
dx dx X
Demak,'L‘ux to6gori X wasquraning X d@aeii | ywo ®dnal i s h
chodzilish yoki gi sgar ixsohd qi e zyloiograanlii sk

girraning chiziqli deformatsiyasi sifatidgabulqgilishimiz mumkin.
/'UXWX/'UV/’U)’ILUZILUZ

Tenglama tarkibidagi : kattaliklar  egri
12 A LS A A

xususiy hosilalar deb yuritiladi.

Egr i y oki koondal ang husus%yhus&slyswa
hosi |l asi mi solida koori b chigami z.

Xx 06qgdbabo 6l akni(3.5@dma mi D u b vad b sukuglik
zarrachalani birlashtirib, ular orasidagi masofdixga t e n g . dtBagtdab o ¢ |
abbmasofaga koochi b o ¢ tazarachaaasnhsofanibhanh a n
bosi b o6t adi

Oaj=u,dt (3.9
bzarrachaesebma s of ani bosi b o6t adi

ot (3.10

BE:u;dt:S‘elz+'w
¢

bunda,u,, U zarratalarningzo 6 q i o6yl ab harakat.

u;=uz+’wZ dx (3.1
LK

Demak, aai, bbi bo 6 ligh sababli,dt vagtdaabb o 61 ak naf aqgat i
balki, y o G afrofida ham aylanma harakat giladi.

Demak,

g
. £ dxdt
tg(da) = cbj _ updt- udt _ _ Mg (3.12
aic dx dx LK




bundadani hoyat da ki
uchun,da=tgda debqgabulqilinadi:

dUz
da == gt (3.13 iz ™"
LK

yoki uzdt

M, da -

Z=— 3.1

X dt (3.19 T
Bundan xulosa qilish mumkink “Z¢
koorilayotgan abl  35rasmabibo 6l akni ng
bodol akrmidmgd atrof

tezligini beradi.
Quyidagi xususiy hosila hagida ham xuddi shunday mulohazaisyuri
mumkin:

/Ux’/t“x’l'uy"l'uy,/“uz (3.13
2 A S A
Bunda birinchi ikki xadyx tekislikda(z o 6 q g a )nburshalatezakni
anglatsa, keyingi ikkitasyz tekislikdaxo 6 gga ni sbatan burcha
ikkitasi esaxztekislikdayo 6 gga ni sbatan burchak tezl:

3.4. SUYUQLIK HARAKA TINING UCH ASOSIYKO 6 RI NI SHI .
BURAMA (VIXRLI ) VA NOBURAMA (VIXRSIZ ) HARAKATLAR
A qattiq jismni olib, uning ixtiyoriya va b nugtalarini tanlab olamig3.6, a-

rasmpva ul arni todgor i chiziq orqgqgliookir
uzunligini o6zgartirmaydi, shu sababli
harakat yi goi gatulgsishchamkin:i bor at deb

1 ilgarilanma harakagbc hi zi g o6z vyoonalishini sagql

1 aylanma harakagb chiziga nugtaga nisbataaylanadi.
Suyuglik harakatlanayotganda eslac hi zi g wuzunl i gi 00zg

Harakatl anayotgan suyuqli k shakl:| ham
suyuglik harkatini ancha murakkablashtiradi. Umuman, elementar hajmdagi
suyuglik harakatinia h ~ x i | harakat yigoindisi shak

1 ilgarilanma;
1 aylanma,;
i deformatsion harakatlar.
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p -9
u,dt

I.7 NI
, updt

|

2l
S
H

3.6-rasm. Hajmli suyuqlik harakatining turlari:
a) gattiq jism harakatining ikki turi;
b) suyuqlik elementar hajmi harakatining uch turi

3.6, b-rasmda ifodlangandr radiusdagi elementar hajmningdt vaqt ichidaO

nugtadatOnuqgqt agacha harakatini koori b, wuchi

1 ilgarilanma harakat yordamidanuqgta0 nugtagadtv aqt da o060t adi ;

91 aylanma harakat yordamidd va Il-1l deformatsiyao 6 g bbebroié | ak uz un
0 0z gar ma dgédurchakka budiladi;

T def ormatsi on har akat ddg buelsakka tulishiobibag | a r
birgali kda uzunl(gisgaradiivaubagapi3.Gdrasg)ar t i r ad

Suyuglikning bunday uch tomonlarharakati Gelmgolts tomonidan birinchi
bodéli b tadqgiqg etilgan.

Umu man, suyuqgli k harakatini shartl
shaklini vaqt davomida od6ébzgartirib tu
gabulgilish mumkin. Aylanma harakatni6or gani shga chuqurroq
00qg atrofida zar r achaWvaaningtkshkiletuvchilarigi b ur
W,, W,, W, deb belgilab olamiz. Endi btashkil etuvchilarga mos keluvchi

shartl arni bel gil ab ol ami z. i|abdelementarq s a d
hajmni (3.7-rasn) tanlab olamiz,cab burchak bissektrisasiraA deb, abc hajmni
bosh deformatsiya o06qi deb belgilaymiz
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|l l garil anma harakat yodqg, faqgat ayl ¢
faraz gilamiz.abc hajm harakatlangandanugt a o0o6zi ni ng boshl a
oO0zgar tdivangtsdlanquyi dagi o0o06zgarishlar b
1 aA bissektrisadg burchakka burilibaA' v a z i y at g aabehgjmabbgad | i b,
o6zgaradi ;

1 deformatsiya natijasidab'c’ hajmnigabulg i | adi . iBdefarmaasiyay a 6 n
jarayonida aAbi ssektri sa 00z yoonal i gdni ni
s Npaad ypbloirthaklar bissektrisalari ustruest tushishi kerak.
Buni hisobga olgan hold z
quyidagilarni yozish mumkin:

dgi = dgj
da,- dg=da,-dg (3.1

dg = %(davl - da,)

bunda,da,vada. 7 abvaacb o 61| ak
burilish burchaklar{3.7-rasn) .
(3.16 sistemadagi uchinct ¢

tenglamani dt vaqtca bo 5 ‘78moc

cdt = 3.7-rasm. Elementar hajmli
elementar suyuglik hajminingaA bosh suyuglikning aylanishi va
deformatsiya yomuqtga deformatsiyalanishi
ni sbatan oO0rtacha
aniglaymiz.

dg 1&da, da,

Q
— = - 3.1
dt 20dt  dt (3.17
dg
— =W, 3.1
el (319
daz :ILUZ va dal :/“Ux (319

dt /X dt 1z
(3.18 va (3.19 ifodalarni (3.17 ga quyib, Wyni ng oxi r gi kodr
bodl ami mshkilgtwdehigpairham shu tarzda olamiz:
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& : 3
Pw, =1l &g
7 21y x
?Wyzlaaéﬂx A8 (3.20
i 2g 2 X+
0 . «
Tw, = 1% &g
[ 28K 1y

Burchak tezliki (W) ning indekslarix, y, zi shu o0o06qgl ar yoki
parall atrobgdagi ay Mg W, SVhtashkil etuvclilarisiregt a d i

geometri k Wyk gtéti anldii lsn i beri b, b u katt
koorilayotgan el ementar suyuqlikning a
Vixrli (burama@ va vixrsiz (noburamg  harakatlar.Tezliklar

komponentlaridan xususiy hosilani hisobl@®20i f odaga qgqodys ak,
tashkilet uvchi |l ari ni n o Bunday xususiyghblat dgarilmmma k o O r
va deformatsion harakatlar majmui bilafarakterlanadi. Bunda suyuqlikig
el ement ar haj mi cheksiz kichik masof a
nisbatan harakatlanmayd.hu sababl i, I kki xil har ak:
T el ementar haj mning bosh deformatsi on
fagat ilgarilanma harakatilga, bunday harakahoburama (vixrsiz) harakat
deyiladi.
1 agar harakatdaw, O bool s a, yaobdni bosh def or m
masof aga o 0 buram&(uixdi) hargkatadeyilada ,

3.5. TEZLIK POTENTSI ALI.
SUYUQLIKNING POTYENSIAL HARAKATI
Yugorid a tadkidlagani mi zdek, harakatl
muhitni tezlik vektorlari maydoni sifatida garash mumkin. Bu maydon potentsial,

yao/mnxyzfunktsiyaga mos kel uvchi va quyi
holat bilan tanishamiz.

'LI_/: ux; 'Ll_/: uy; 'Ll_/: uz (32])

X 2. 274

Birinchi tenglamani u ga nisbatan, ikkinchisini x ga nisbatan
differentsiallaymiz:

K, My
XYY K

8¢

(3.22



bu i fodalarni oo6zaro ayirsak:

My A (3.23
KLy
xuddi shu tarzda:
M A o A A (3.24)

e X 12 /4
(3.23 va(3.29) ifodalarni(3.20t engl amaga gqooysak,
W, =W, =W, =0
Butengh mal arni quyi dagi kodrinishda i foda

'Luyzﬂ'Ix./'Ux::u'lz.Wz:wy
LR 2 SR
Bu tezliklar Kkomponent!| ari bil an bo
yozishimiz mumkin:

u,dx+u, dy+u,dz=-du
Demak, quyidagi tooliqg differentsialni
do =™ ax+ B gy+ g7
MX My Mz
b oamdan,

A

28 124 /4
Bu shartlarni ganoatlantiruvchi futdtya tezlik potentsialleb yuritiladi.
Tezlik potentsialini begaror harakatda ham garab chigishimiz mumkin. Bunda vaqt
va harakat har bir alohida harakat momenti uchun garaladi. Tezlik potentsiali va
uning ikkinchi hosilasi uzlukziz hisoblanadi. Uning ikkhi hosilasi
di fferentsiall ash darajasiga bogoliqg e

Hu, _ p0 _pu,

Wz Kz K

9C



Demak, vixrsiz harakatda tezlik potentsialga ega, shu sababli harakatni
potentsial deb ataymiz.
Agar suyuqgli k oqgi mi

bilan todla muh
potentsa | i mavj ud

b o dehgspatentsiallar sitdaeyb syiurrtilta rl a d
F(x,y, zt)=const=C;
da =0.
Tekis potentsiallar sirti tenglamasini yozamiz:
u,dx+u,dy+u,dz=0
Turli teng potentsiallar sirti, turli

doimig(C,,C,....C,)lar bilan
xarakterlanad(3.8-rasn) .

Z
& ¢(x,y,z,f)=0,
” a’ Piy,2,8)=Cy
« ' ¢(I,y,l,f)'c"
0

—y

3.8rasm Turli teng potentsiallarrsi

u tezlikni potentsial tezlik orgali yozamiz:

o —_ ~2 ] — ~2 o — ,.,2
aua g
u=JS‘é*i8 +%g +52-8
CX= ¢+ cH~
Tezlik potentsiali sigilmas suyuqlikning uzluksizlik tengamasini ham

ganoatlantirishi kerakligi sababli, uni bu tenglamaga yozib quyidagiga ega
bodl ami z:

Uzl uksizIli k tenglamaguygi dagiff &oéni s
lekin uni keyingi mavzularda keltirib chigaramiz:

X Wy Wz
2~ 2~ 2~

wo o o
2 2 2
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Bu tenglama Laplas tenglamasideb vyuritiladi. Laplas tenglamasini
ganoatlantiruvchi funktsiyalagarmonik funktsiyaladeb yuritiladi.

Bi z yugori da t a0k irdsuyaligliamuhitoda Rzadhkatai, b i
tasvirlashimiz uchun bu muhitning barcha nuqtalaridagi suyuqlik zarrachalari

tezliklari tashkilet uvchi | ari ni va bosi mni bil i st
tengl amaga ega b o ¢ tengiamasinbarzha manaushmt o dratp
tengl amani 060z tarkibiga ol adi. Bu te
mos kel uvechi potentsi al harakatni t o0l
bool ganl i gi sababl i, uni ng I kkita h
hisoblanadi.
Bundan xulosa qilish mumkinki, agar qaralayotgan tezlik maydonlari

potentsi al funktsiyaga ega bod6él sa, yabo

def ormatsion bosh o006gining ayl amrsimsh b
harakat mavjud o 6il a d
Demak, suyuglikning vixrsiz harakati doimo potentsialdir. Potentsial harakat

bool gan (3.89ofunktdiydgatashkiet uvchi | ari mos kel
boshl angdéi ch hamda c¢ hega r/dunktsiyanigopishgat | ar
todgori Aglel adii xr | i har akat oorganil ga

koordinataga bogdélig yana i kki funkt si
vixrsiz harakat nisbatan ancha osonroq masalaligiga ishonch hosil gilish mumkin.

Taodoki dl ash | oktexmkada,suywgkkhbing pdtedtsial harakati
deyarli uchramaydi. Lekin, ayrim masalalarda harakatlanayotgan suyuglikli sohada
vixrsiz harakat mavjud deb qaraladi. Masalan, suyuqglik gattiq jismni aylanib
o0t ayotganda uni Ik ki dj. aQattigajisnd paginidagb o r a
gatlam chegaraviy laminar gatlam va tashqi gatlam. Bu gatlamda yopishqoqlik
kuchlari inobatga olinmasdan, u potentsial gatlam deb garaladi. Yoki suv
o6t kazgichlar wustidan va harakatidaanuvec
ogimchalar ham potentsial gatlam deb garaladi.
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3.6. EYLER TENGLAMAS INING POTENTSIALGAE GA B OO6 L GAN
HAJMIY KUCHLARNING V IXR (BURAMA) LARI
KOMPONENTLARI FUNKT ST YASI UCHUNSHKIO6 RI NI
EYLER -LYAMB -GROMEKO TENGLAMALARI
Eyler tenglamasi har ikkala haak uchun oo6rinli ekar
hol da uni vi x|l va ViXxrsiz harakat uct
fargni nafagat kinematika nuqtai nazaridan, balki energetik nuqgtai nazaridan
anigqglash i mkonini b er i suthunntenglamandvixi badrl a s h
y o ki yooqgligini kodrsatuvchi sB8&kl ga
tenglamalar sistemasidagi birinchi tenglamani yozamiz:
1pp _ HUX+U IJUX+u M, B

wo- — oy

T X X Ly uzut

Endi bu tenglamaga‘ﬂ, Mz hadl ar 0 0 r n3.20 afqdadagil ar n |
Hy

Lz

gi ymatl ari ni gooyami z:
&:'L“y 2W Va/u'lx_ltuz 2W

o KX e X

Buvaziyatni hi sobga ol sak, quyidagig

é ~
W, - 1o _H, +£&uX + Hy u, M’ u2§+2(uZWy - Usz):

2 _,,2 2 2
bundau® =u; +u; +u; ekanligi bizga malum.

Xuddi shu tarzda boshga tenglamalarni yozib olamiz,u holda Eyler
tengl amasining kodérinishini yozami z:

W - 1 Hux+“%J—8+2(UW -uW),

n
n

a

1

1 _ MU, au® @ |
w, - —"—=—= u W, - u,W, ), 3.2
VT oy ut %53 2 )%J (3.29

w L0 _W, !

W uW -uW, |I

PR %e(yxx)AV
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Tengl amal ar Si st e malsridan ibexaparblda inglio 6 r i n
olimi Lyamb va 1881 yilda Rossiyaning Qozon unverspetifessori I.S.Gromeko
tomoni dan o6zining ASi gi | mas suyuqgl ik
maqolasida keltirib chigarilgan. Shu sababli, bu tenglamalar sistemasini haqli
ravishda Fler-Lyamb-Gromeko tenglamalari sistemasi deb yuritish mumkin.

Faraz qilaylik, massa kuchlari tezlanishlari shunday kattalikka egaki,
W,,W, par amet r | arP=Pn(g &, Jufamktslyaning koordinatalar

w
W

bodéyicha hususiy hosil askurhsiisdoabn amadli u
funktsiya potentsial energiya deb atalib, kuch funktsiyasining teskari ishora bilan
olingan giymatiga teng:

w =
w. —

|
X _E’ y

W —_
W —

B
2V
Shunga mos ravishda:
-d =W dx+W dy+W,dz
Bu munosabatr(3.25 sistema uchun yozamiz:

o 2~
Wl pay g: HU, +2(uZWy - Usz)
X rK Xgt2 =t

B L warg Wy ouw, - uw,)

[ 2~
- i_ 1&- Had g: HU +2(Uny - Uny)
Wz rpz g2

Bundan quyidagi munosabatni yozishimiz mumki

-

~

Tg:! p &u’d0_pu,

II(? ]l - . ?2_@_ r +2(UZWy - unZ)
a au? g0 Hu

u_“yég - 7p- é@z_@:ﬁyﬁ-z(uxwz - qux)

pa . p au*do_p,

Eéﬁ ] - 7' ?2—@— u[ +2(unX - uXWy)

Olingantenglamalar sistemasi potentsialga égagan sigilmas suyuqlikka
tadsir etayotgan (bagmanlarykonkpanentldri dunktsiyasig Vv i
uchunEyler-Gromeko tenglamaladeb ataladi.
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3.7. SUYUQLIKNING BA RQAROR VA BEQAROR HARAKATLARI
Bunday harakat turlari hagida tushuncha hosiklgimiz uchun 3.9asmda
ifodalangan a:, biva ap,b.chiziglar bilan chegaralangan suyuglik ogimi bilan
tani shami z. Rasmda i fodal angan muhi t de
orqgali bir necha suyuqlik zarrachal@) ning harakatini kuzatamiz.

-
x

3.9-rasm. Suyuqlik zarrachalarining  3.10-rasm. Suyuglikzarrachalarining barqau
begaror harakati harakati

Bu qgqoo0zg0al tivagtdda Mizarqdhat't \aagqida M" zarracha va
xokazolar mos ravishdau', u", ... t ezl i k|l ar bil an 00t a
harakbt | anayotganda muhitning biror nuqgt
tursa, bunday harakdtegaror harakatdeyiladi. Shuning uchun beqaror harakat

ogayotgan suyuqgli k migdorining od6zgar.i
u=f,(x, vy, z t) (3.26
Suyuqglik harakati davoida, u harakatlanayotgan muhitning har bir
nuqtasida tezlik vagqgt o0t i balmaror barakab n 0
deyiladi, yaobéni,
u=f,(x vy, 2)

Bargaror harakatda ogayotgan suyuql.i

goladi. A =g Hy —g Wz _g
2 Hu Mt
Bir goo06zgo6al magotgann M g ragathalarningo Gdraiat
traektoriyalari ustmaust tushad(3.10rasmjva vaqt davomida ul a

Begaror harakatda i kki xil hol at bod




T alohida ayrim nuqtal ar da %e%ﬁlﬂa%sekin

hadlarni hisobga olmaslik wmkin, bunday holatdagi harakasekin
o6zgaruvcldgyladiihar akat

T alohida ayrim nuqtalarda tezlikni t ez
tez o0060zgar udeydadian har akat

3.8. HARAKATVAEEEMENTER OQIMC HALAR.
SUYUQLIK OQIMI

1. Bagaror va beqgaror harakatlar bilan yugoridagi mavzuda batafsil
tanishdik:

Bargaror harakat Ogimning bunday harakatida gi m chivagti g 0 i
davomi da o0zgarmaydi gan vV a sket uql i
harakatlanganidagi traektoriyasi tushunil@li.G-rasm) , M"'i M"1T M'i 1i 2 chiziq.

Beqaror harakat Bunday harakatda suyuglik harakatlanayotgan muhitning
I Xtiyoriy qgqoozgodal mas nuqtal aridan zar
urinma chizigi o q i m cdehb amladi3d l-rasnj .

3.1krasm.Beqar or har akat d3.12rasm. Ogim ichida ajratiigan ogimcha
toopl ami

Begaror harakatda ,11', 1" nuqt al ar orgali 006t uv
harakatning oniy vaziyatini Kkoorsatadi
Vaqt ob6bzgari shi bil an b ui ogiarEng ychki 00

gismida tanlab olingan ixtiyoriy 1 nuqgta olib, uning atrofidav elementar yuza
tanl aymi z va bu yuza or gaXuddi maga shu c hi
chiziglar bilan chegaralangan muhiti§.12-rasn) elementar ogimchalardeb
ataymiz. Bu el ement ar ogi mchal arning o6zand
bodyi cha u mu wginydebmitagndzo ©ginming bargaror harakatida
elementar ogimchalar quyidagi hususiyatlarga ega:
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T ogi mchal ar chizigodi barqgaror hariakat
sababli, oqimchalar shakl:/ ham od6zgar

T el ementar ogi mchalar oqi m c(B10rasny, ar i
ular orgali suyuglik zarrachalari sirpanib harakatlanganligi sababli, ogimchalar

to6pl ami I chi ga t as hqid va ichkesidagilarinhanz ar r
tashgariga chigmaydi, shu sababli elementar oqgimchalarni galinlikka ega
boo6l magan, suyuqli k odé6tkazmaydigan h

devor bilan chegaralangan soha deb garash mumkin;
T dwi el ement ar yuzal ibooh wtamd i(y wezliksvab a 6 y

gidrodinami k bosim o6ézgar mas bool i b,
Suyuglikning elementar ogimchalari birgalikda-birining ustida sirpanib

harakatl ani b, maodél um bir masofiakthagaigd

yaginl asha boshl aydi, yaoni harakat da

tarzda harakatlanayotgan suyuglik elementar ogimchalarining birgalikdagi, gattiq
devorlar bilan chegaralanib harakatlanayotgan majmuésknik gidrodinamika
gidravlikadasuyuglik ogimideb yuritiladi.

3.9. SUYUQLIK OQIMIN ING TEKIS, PARALLEL CHIZIQLI, SEKIN
O606ZGARUVCHAN O/WAZ GERZUVCHAN HIAARIAKAT
HARAKATDAGI KESIM,S ARF VA OORTAGKHA TEZL
TEZLIK EPYURASI
Ogi mni ng harakati daogi m cda rzii mgil |ahrii d

xususiy holaparallel chizigliharakatid ey i | adi . Leki n, amal i
chiziqgl ar: parall el ligi saql anmaydi
o06zgaruvchan harakatl arga bod6linadi

Quyidagi ikki shartni ganoatlantiruvchiolatdagi ogimning harakasekin
o6zgaruvchdeiladi.har akat

T riogi m chi ziggidoimiihnogy aetgdrai lkiat t a (Bil3y mat g
a-rasn) ;

T kooril ayot gan o q itashkil etgyan(gadogrchagi noldmiyaging | a r
giymatga yoki nolgagng b o o0l (3.43hb-rash e Bualkkala shartdan
ixtiyoriy biri bajarilmagan holatdagi suyuqlik harakatie z o 6z gar uvc ha
deyiladi.
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M\\ Gypuak Q
r

3.13-rasm. Suyuglikning sekin va tez 3.14-rasmA-Vkoondal ang k:
obzgaruvchan har

Harakatdagi kesm.E|l e ment ar ogqi mchal ar todpl e
per pendi k u(AYW wza(3hdrast) lgaemkatdagi kesindeb ataladi. Buv
har f i bil an belgilanib, yuza o6l chov b

Teki s oO0zgar mas har alkodti dba hwekkesior
harakatda tekis koori ni s h(8¥raso)o.xTekisa s h
o0zgaruvchan oqimlarning hisobi gabuhj ar i
gilinadi.

AV kesimda joylashgarm nuqtadagi zarracha tezlik ni A'B' kesmga
perpendikulyar u, tashkil etuvchiga va AB' kesimda yotuvchiu, tashkil
etuvchilarga ajratamiz. Bunda tezlik tashkil etuvchisi va uning tezlanishv:ni
hisobga olmasdan

u,°u w°w
kodinishda yozish mumkin Bunda wi mnuqgtadagitezlanish w, i yning A'B'
yuzgganisbatamproektsiyasi

A,

A

3.15-rasm.A-V kesimni tekis hisobiy'-V'
kesim bilan almashtirish
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Suyuglik sarf, Har akat dagi kesi mdan Dbirl ik v
miqdorisuyuqlik sarfideyiladi. Bu kattalik Q harfi bilan belgilarb, quyidagisarf
o6l chov birl imkbddlba o6l chanadi,

Harakatdagi kesimni elementar yuzasidiw deb belgilab olsak, unda
elementar sarfni quyidagicha yozib olish mumkin:

dQ=udw (3.27)

Har akatdagi kesi N ¢ A
xil emasligini va (3.27) ifodani etiborga
olib,

Q=dw (3.29
dehy yozish mumkin. Bunda integnadegri
kesim yuzasi booyl @

O6rtacha . tSaynadliki 3.16-rasm.u tezlik epyurasi
zarrachal arining t (9. AVMN)

yuritganimizda  harakatdagi  kesimnii uroértacha tez

ixtiyorly  nugtasidagi  vaqgtning on
lahzasida harakatlanayotgan zarracha te:
mavj ud b o 6l andhalliy ydiwktualdetliked yuritikadi. uij-harfi bilan
belgilanadi.
Agar suyuqli k harakiaydtrmrnpygogogand aldima

tur |l i vaqt oraligdida o0t ayotgan zar
ooO0rtal asht idebi yumtiladas vatue lzaifi i blanbelgilanadi. Demak,
oortalashtirilgan tezl i k v aqabulgbirosbiyi c h
mu mk i n. Bu od6rtalashtirilgan tezliknin
gi ymati ni o60rtacha tezli k deb yuritami
yaoni mav hum k &t haafil ibilan belgilankdi. iYugorida
t a0 ki dékateziikaarakatdagi kesimning turli nuqgtalarida turlich4did.6
rasn) . u ., U,, U, ...
Shu sababli odértacha tezlik degan tu
pudw
U=—=vyoki y=W (3.29
w w

Shunga asosan, sarf quyidagicha aniglanadi:
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Q=w (3.30

Demak, tekiguwahtekiharaadagaar ni oo0r

ui oortacha tezlik tushunchasi deganda
tezli klarning o6rtacha arifmetik qgiyma
Tezlik epyurasi. Faraz gilaylik, 3.1&@asmdagi vertikalMN i biror bir
harakatdgi kesimga mos keladi. Bu kesimda turlicha w, us, é, tezli
mavj ud. Bu tezli k vekt oABMMshakini olamizybun i C
shaklu tezlikni MN v er t i kal bodyl ab taqsi mlanish
tezlik epyurasideyiladi Demak, tezlik epyurasi suyuglik ogimi harakatdagi
kesi mining I Xtiyoriy verti kal i 8uugi t e
harakat dagi kesim uchun tezli k epyuras
uchun yasst e ki s s hakl|l ga yezgsmiWlhafidhilaa dtelgilaymizh a k |
Kodoril ayotgan harakatdagi kesi mning i
bool ganligi sababl i,
Q=Wb (3.3)

bundan, W:9 (3.32

b
Endi 3.16rasmdaC-Dver ti kal ni shunday CbMNz i yat
yuza kattaligiWy uzaga teng boodl adi . Mana shu t
tezlik uni beradi.
3.10. SUYUQLIKNING BARQAROR HARAKATIDA
UZLUKSIZLIK TENGLAMA SI

1°, Tez o0zgaruvchan SuyugqBiZkasmtlaa r a k
koorsatil gamdagabedidmiol aknb, kodor i BVsothi gat
bil an chegaral angan bodéli b, wundBundat ash
1-1 va 2-2 kesimlarni belgilab olamiz.

A

M
a
T i~a

3.17-rasm.(3.36) tenglamani keltirib chigarishga doir
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abcd b 0 6 | adk vhatda 1-1 kesimga Q.dt hajmda suyuqlik Kkirib,2-2
kesimdam.dt hajmda suyuglik chigib ketadi.
Bunda quyidagi holatlar hisobga olinadi:

1 abcdb o 6 | AWyénasirtdan suyuglik kirmaydi, chunldvs i r t oqi m cl
bilan tashkil topgan bo | i b , bu chizig bodyl-keb suy
harakatlanadi;

1 suyuglik sigilmaydi;

9 suyuqglik uzluksiz holatda harakatlanggtavitatsiya va aeratsiya masalalarini
etiborga olmaymiy.

Yugqoridagi holatlarni hisobga olib yozish mumkin,

Qdt = Q,dt (3.33)
Q= (3.39
Xuddi shu tarzda boshqga kesimlarni ham yozish mun: 44 va xokazo
Q=Q,=Q;=...=Q=const (3.39
Q =const (ogimb 0 6 || a b (3.36

(3.36 tenglamaga asoslanib, shunday xulosa qilish mumkin, ogimning
barqgaror har akat i diamcyhoan stuoynuognl diakn rmg oqdds

undagi sarf migdori wuzunlik boodyicha o
2. Oqim sekin odézgar uv c h aharakatlanggnéar a | |
esa oqimning uzluksizIli k tengl amasi ni
uw, =Uu,w, =Uu,w, =...=U w=const(ogi m bo o6 y3.33b
bh _w,
—=—= 3.3
0w (3.39

Agar but un ogqim oo0rniga el ementar
bool sa,
dQ=udw=consi(ogi mcha) booéyl ab

(3.39

u, dw

u _dw,

Faraz qilaylik, 34 kesimga oniydt v a gt o r dMlj + rg1 dtdydza
suyuglik massasi Kkirib, -2 kesi mdan S ldau dMy=arqujidtdydz r a | i
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Bxu kodrdinataz i ¢ h

suyuql i k massasi chigadi
o6zgarishiga bogo6lig, bu odbébzgarish hus
r|—r+wdx;
uj :ux+“uxdx,
demak, chigayotgan massani yozamiz:
M =8 + 2 B P dxodtdydz-
¢ X =g MX
=%ru +r Mgy g WP gy odtdyd‘
C MX MX X X +
bunda
r W gyt uxﬁdx=wdx.
MX MX MX
WHL(xfni hoyatda kichik boélganligi
MX X
olmasligimiz mumkin:dM j = ge"ux +deodtdydz.
HX =
AZ
it 8'
¢ e du
\‘/ ;g _ux Uy Uy hﬁ%"dx
A A’
¥ e
y/j 7 z
7 -
Y
3.18rasm.
kesi mdagi suyuqli k mas

Qar al ayot gan

yozamiz:
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dM_=dMj - dMj = ru dtdydz Sru_+ s UX)dxgdtdydz:
g =
_ M uX)dtdxdydz
X
Xuddi shu tarzdd®dyva0zo 6 gl ar bodéyi cha massa o006
aniglanadi:
ru
M, =- HY) gy
My

z

dM, =- Moltolxolyolz
Ly

Massaninglty aqt da umumiy od6zgari shi:

o

dM = dM, +dM, +dm, = - V) ru,), wru,)

¢ KX Ky Mz

Mas saning bu oo6zgari shi
zichligi o0zgargandagi
o6zgargandagi

(éjtdxdyd:.

ogi mning uz

md ¢ dt vaxida zcdik g ar i

massa o06zgarishini yozam

— _ W
dm=dm__ - dm —dedydz: dM.

bundan,
> ru
) gu(fux) N (ru,) NG uz)gdtdxdydzc W dtdxdyd:
§ X W g .
Tenglamani birlik

ma s dtdxdyd:g a i ldmizé t a n
u(ru,)  wlruy) u(ra,)  wr _

+ = =
kX by Wz ot

Y

Bu olingan tenglama  ogimning uzluksizlik

tenglamasining
di fferentsial kodrinishidir

Barqaror va begaror harakatlarda suyuglikning sigilrbas cons) holati

uchun uzluksizIli k tenglamasi quyi dagi

qu + I'J'uy + HUZ =0 (34@
Xy Wz
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3.11. TEKIS VA NOTEKIS H ARAKATLAR.
ERKIN OQIMCHALAR. NA PORLI VA NAPORSIZ HA RAKATLAR.
HARAKATDAGI KESIMNIN G GIDRAVLIK ELEMENTL ARI
Suyuglikning tekis va notekis harakatlariBargaror va beqaror harakatlar

bil an alohida tanishib odé6tamiz.

Bargaror harakat. Bargaror harakatda oqgimag f i o6zgar mas
(Q=cons) . Barqgaror har akat ham o6z navba
bodlinadi

3.19r as md a i f odal an gacnstalapga nmosbkeladigdna b
tsilindr shaklidagi ogim bilan tanishamiz.

o e
e L . g S ey
> ——¢= — =
? i ) T

3.19rasm Mos nugtalar
@a- 2" 3", ..., 1" 2" 3.,
Bu oqimda bir xil bir necha harakat
ol ami z. Bu chi zi qll, 2,r3 ..byokily, P'a3Dh, ... keexekiazm| a r d
nugtalar begilaymizy oaidini mos nuqgtaladeb ataymiz.
Uzunl ik bodwkabi dgi mahakatWagansSlkesi
y o ki mos nuqtalarda harakatdagi kesim
ogimning notekis harakatieyiladi.
(U, u,,u;, 2, u,)

3.20,ar asmda ogim harakatida harakat dac

b-rasmdatezliko 6zgar i b turibdi. Shunga bogodl i«
ham odézgari b turadi

Ogim harakatida wuvzunli k booyl ab ha
nugt al ardagi t ezl i k tekis hagakatdaeydadi.aQqgimrbng n d ay
tekis harakatida el i K epyur asi yuzasi doi miy bo
ham bir xil bodél adi . Paratiedl chiyiqli hamakaddkba t a
ham tariflanadi. Teki s harakatda bunoc
oO0rtachée) htaenz | D & z g &mumears parallel chizigli va tekis
harakatlarning fizik mohiyatlari bib i r i bilan juda yaqinlic

U=const(ogmbodéyl ab (3.50
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Oqimning tekis harakati gidrotexnika amaliyotida prizmaftsilindrik)
o60zanl arda suvdagkwmiai nigadiar a@ddindiko 6r i n
va noprizmatiknotsilindrikko 6 zanl ar tushunchasiga tar|
kodndal ang kesi mi yuzasi uzunlprizatib o 6y i
(tsilindrik) kanallar deb yuritiladi. Agato 6 zan koondal ang kesir
0 0 z g a r ro@mizmatik(haasilindrik) o 6 z adeb yaritiladi.

6
o )f =% 2
B
e — -l/._)‘: e — s
W h‘l’" : Q a’
{ 2

3.20rasm a) notekis harakat;
b) tsilindrik quvurlardagi notekis harakat

Ogi mni ng beqgqaror harakahtinadiz: navbat

T sekin oézgaruvchan harakat;
fTtez oo6zgaruvchan harakat.

Sekin o6zgaruvchan h ar aklkaazistatgionad r ot e
harakatd e b y urKvaze | adodozi ¢l ot i n toidlxischaars hqg | ix

degan madnol ar ni bil diradi
Naporli va naporsiz harakatlar (3.21, a va b-rasmla) .Naporli harakat
deganda, suyuqli k o006z harakat. davomi

chegaralanishi tushunilana@.21,a-rasnj .
Agar suyuqgli k harakatida bir t omond
bunday harakataporsiz harakateyiladi(3.21,b-rasm) .

3.21rasm. Naporl{(a) va naporsiZb) harakatlar.
cihool |l angan peri metr
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Oqgim harakatdagi kesimining gidravlik elementlarHarakatdagi kesimning
asosan uchta asosiy gidravlik elementi mavjud.
1 wi harakatdagi kesim yuzasi;
T cihool | ang &321,lprasmi met r
1 R i gidravlk radiusi har akat dagi kesim yuzasini
kattaligiga nisbati bilan aniglanadi.
w

R=" (3.51)
c

Bu kattal i kni nh garakatdagii kiesim nsha&lingo ssiyiuglik

harakatiga taoésirini ani gl ashga kodmak
Agar kesim aylana shaklida boodl sa.
2
R:—m :E:L (353
40D 4 2

bunda,D i aylana naporli quvur diametri.

3.12. SUYUQLIK OQIMINING UCH O06 L CHRALIOVIY ),
| KKIT O0LCHAMLIOMACHAML I HARAKATL
SUYUQLIK HARAKATI TURLARINING TASNIFI

Suyuqli k oqi mi (fazovig), uc Rk ko6 bdéhambml i \
harakatl ari tushunchal ar. ham amaliyot
Suyuqglik ogiminingu ¢ h 0 0 (fazdvig mdrakatida uning kinematik
xarakteristikasibarcha koordinatalard&, y, 2 e 6t i r o f etil adi. B
ogim yoonalishida kengayuvchi kanal |l at
burilish sohalaridagi suv oqimining ha

ogimi tezligini barchdashkl etuvchilari inobatga olingan

I K K i o Qybss) harakatda esa ogimning kinematik xarakteristikasi
uchinchi koordinataga bogdélig emas deb
tashkil etuvchilariu, , Gu, , Qu, =0 bodl s a, h a r Taxkzdekislikkaa g a t
pard | e | bodél gan tekisliklarda amal ga os
kanall ar da naporsi z, yopig kanall ar da
oshi shi mu mk i n. Bundan tashgqgari, keng

o0zanga ebarigmiumg IIsawvakatyassiharakatga kikal 00
bodl i shi mumki n. Yassi oqim tushunchas
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Bir o0 0 hacakatdan bgimning kinematik xarakteristikasi fagat bitta
koordinat aga bogdl iq deb gamiam@dik o6y
masalalarini yechishdajabul qi | i nadi . Masal an, kodpi
tezligi bodédyl ama koordinataga bogolig
harakat turlariga asoslanib, suyuqlik harakati turlarining tasnifini quyidagitartibda
keltirishimiz mumkin:

1- tasnif:
T potentsi al harakat, yaobdni tashkil ietyvchik i ¢ h
zarrachalar tood6goéri aylanmasdan har ak

1 aylanma harakat.

2 - tasnif:
T bargaror har ak(taar, ghdrakdt;n i statsionar
T begar or hrostaslormatn oy al § hgiakatn

3 - tasnif:

9 tekis harakat;
1 notekis harakat.

4-tasnif: notekishar akat ham o0z navbatida quy
T sekin o006z g arnharekatthagi kesimm sekisaléabulgilinadi) ;
T tez o006zgar yharakatiags kesinaegradetmtulgilinadi) .

5 - tasnif:
9 naporli haraka(3.21,a-rasnj ;
9 naporsiz harakdB.21,b-rasm) .

6 - tasnif:
1 laminar harakat;
1 turb oemtlharakat.

7 - tasnif:
1 tinch harakatsokin) ;
1 notinch harakagshovqinl ;
1 kritik holatdagi harakat.

8 - tasnif:
T bir o6l chaml: i har akat
M ikkiodol chamti i har akat
T ucho 6l chaml i har akat



3.13. KINETIK ENERGIYANIN G GIDRAVLIK TENGLAMA SlI.
SUYUQLIKNIN G IDEAL HOLATDAGI BARQAROR
HARAKATLANAYOTGAN EL EMENTAR OQIMCHALAR | UCHUN
BERNULLI TENGLAMASI

Bu tengl amani kel tirib chiqgarish wuc
bodél gan kinetik energiyaning odzgari sh
0 0t anbutedeamaga asosana 6 1 um bi r h(masaldnillyva 22r a |l i
masofadah ar akatl anayotgan | i smni hgngakshunet i
oraligda tabésir kood6rsatayotgan kuchl ar

3.22rasmda ifodalangan eleamt ar ogqi mcha harakatd.
Elementar ogimchaningVb o 6 | &Xva &d kesimlar bilan chegaralab olamiz.
Bu kesimlarn0Ot aggosl ash tekisligidan kxo@&t ar i
Z deb belgilab olamizl-1 va 2-2 harakatdagi k&mlar yuzasinidus va dus deb
belgilab olamiz.

dt vaqgt orAlbiogodlAstlka r al i ¢ masof ani bos
hisoblasakl-1 kesimdl, va2-2kesimdl,mas of aga kodéchgan bobd
dl; =uwdt va dl, =u,dt (3.53

bunda,u, va u,- 1-1 va 2-2 kesimlardagi tezliklar.
3.9 mavzudagi mulohazaga asoslanib yozish mumkinki,
(AA) hajm=(BB) hajm= aV (belgilash kiritami2
Demak,
dV = dwdl, = dw,dl, = dQdt (3.54
bundadQi elementar ogimcha sarfi.
Elementar hajm massini quyidagicha hisoblashimiz mumkin:

dM = rdv =2 dv (3.59

3.22rasm.(3.60 tenglamani chigarishga doir
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EndiAVb o 6 | ABkvnaiz i yat i ni egal l ashida kini

shu bodél akka tadsir etuvchi kuchl ar ba
AV booBwé&aniyAtga oo60tishida kinetik e
q Eq:[;bilqi_ [-s(bg:[-équilﬂli)_ [;¢q<|>i+¢il) —
M _u;dM udM
2 2
d g, ~ gyl deﬁz%u—zz- “_fgguv (3.56)
g 2 g 2 ¢<9 29 <

Kuchlar bajarganish.
1. Og ¢ ikuchibajargarish:
bs e =(z- )1V (3.57)
2. 1-1 va 2-2 kesimningyon tomonlaridat a Getuvchigidrodinamikbosim
kuchlaribajargansh:
Ose = (Pdug)dl, - (pdwy)dl, =(p, - p)dvV  (3.58
3.AVb o 6| ayomsirtiarggat a Getayotgantashqgikuchlar bajarganish
nolga teng, chunkibu kuchlar harakatlanayotgarzarrachay o 6 n alteng hi g a
perpendikulyay o 6 nal gandi r .
4. Ichki bosim kuchlari bajarganishlary i g 6 inolghtesgi chunkibu
kuchlarjuftb o 6 | tbibgatedkary o 6 nal gandi r .
Xulosa.Yugoridagiteoremagaasoslanib, quyidaginjozishimizmumkin:

u; - u;
2—gng: (Zl' Zz)mv"' (p1 - pz)dv
yoKi
R o M U=
z+ 1+ L=z +2+2 (3.59
9 29 ° g 2g
Bundanyozishmumkinki,
z+£+u—2—const (ogimchab o 6 y/I a b (3.60
9 29 '
Bu tengl ama Dani il Bernul | i Berouioni d:

tenglamastdeyiladi.
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3.14. SUYUQLIKNING IDEAL HOLATDAGI BARQAROR
HARAKATLANAYOTGAN EL EMENTAR OQIMCHALARI UCHUN

BERNULLI TENGLAMASIN | EYLER TENGLAMALARI

YOZILISHI

GA ASOSAN

Ushbu tenglamani ideal holatdagi suyuglik ogimining harakati differentsial

tenglamalari sistemasiga aso$eam yozishimiz mumkin:

w _lﬁzuxl’ux+uy’wx+uz’wx+’wx
r X 2% VA

n
n

r Ly X Hy VAN |
W, - 1£:ux,w2+uy,w2+uz,w2+,wz
Iz X Hy VA

Eylere ngl amal ari da haj miy
gilamiz:
f,=0 f, =0 f,=-rg=-g

kuchl glul si f

,.

C

Suyuqli kning bargaror sekin obzgaruv

/'UXQ/'UYQ/'UZOO
H H H

Tenglamalarda yuqoridagi vaziyatlarni inobatga olib, ularni mos ravishda
quyidagipar amet r | ar ga tedib taghkletuvchilaamiezik biaa

ifodalaymiz:

c
I
c

c
I
c

RIE RIE RIE

I
c

——) =) =) =) =) =) ()

. X

udu=u?%+w+wg
C b M2+

Ushbu o006zgar iEsyH lear dtaenn gd mdmad ar

bodol adi
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€ lw_,
AT ST
I lpp_
- ==y
Torw o Mz
Lo Llw_
i KBS ez X
Ushbu odbédzgarishlardan hadl ar ni oO6zar
guzds—— ’w(ds+“p'wds+up’wdsg ué’u ’wx+’wxg udu
bs  reixgs  Hzgs o pzis o=
bunda,
dp=wﬁds+“p’uyds+“p’wds
X5 Hzis  pz s
demak,
- g“—zds- —dp=udu
g ng /‘:QU lzg
g r g
Bunda yugoridagi munosabatlarni inobatga i b , hosi | bool ad

ikkala tomonini (-1) g a kodpaytiramiz vV a D. Bern

bodl ami z, yaodoni

1 u?
- gz- —p- — =const
r 2

E+u—2=const (ogim booyl ab
g9 29
Leki n, taodokidl ash l ozi mki , nalliBer n u
tomoni dan Kkineti k en easigaiagosaniyozilgpabo 0 ¥t gar |
Eyl er tengl amal ari si st e mayeziganggssabali,r a d a
mualliflar ushbu tenglamani D.Bernutio moni dan yozil i shi ga

garatdi.

Z+
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3.15. BERNULLI TENGLAMAS | HADLARINING
GEOMETRI K, GIDRAVLIKVAENER GETI K MAGOG NOL ARI
zi geometrik balandlib o 6 | i b, nNi sbiy gor {0@Qadant al

kodril ayotgan ogi mc ha haraktdagi kesi

bal andl i kni, yaoni s hu 0qgi mc h @sbatake si nm

yaratayotgan napori yoki solishtirma potentsial energiyasini ifodalaydi.
E'|'harakatdagi kesim ogoirlik markaz
g

suyuqgli kning k o ® tpazometrik bafandlikyaki aofistitirmag i
potentsial energiyanfodaaydi.

2+ 2 pezometrik napoyoki ogimning solishtirma potentsial energiyasi
g
u2
2—'|'koc')rilayotgan kesim markazidagi
g
koot ar i | i tedik nbpariyokiogimninggsolishtirma kinetik energiyasi.
2
z+§+;—g'|'oqi mning Wogiblbal aapofti shtirma e
2
Pitonaychasiyordamidlaéjl—kat tali kni oo6rganishi miz
g
Pito naychasi pezometr yordami Pa
h, kattalik aniglanadi. J.
u? S 2
hu =— (36]) - -li...
29 -Th“ng
Bu ifodadan foydalanib N~k |,
garalayotgan nuqgtadagi tezl |
hisoblanadi. |
7
u=,/2gh, (3.62 v ) —

Bu ifodaga ké pgi na /hic |
tuzati sh koef fits
chunki (3.62) ifoda ayrim hollarda anch 3.24-rasm.P1i pezometrP21 Pito naychasi
noaniq natija berishi mumkin.

u=/J2gh, (363
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3.16. BARQAROR HARAKATLA NAYOTGAN IDEAL HOLAT DAGI
SUYUQLIKNING E LEMENTAR OQIMCHALARI  UCHUN BERNULLI
TENGLAMASINING GEOME TRIK TAHLILI.
ELEMENTAR OQIMCHAUC HUN TOOLI Q NAPOR
Faraz qilaylik, 3.25asmda ifodalangan ideal suyuqlikning elementar
oqi mchasi ma v j Wd taqhoslash itekisligidaw nad @, masofa
balandlikdajoylashgan(1-1 va 2-2) kesimlarni belgilab olishimiz mumkin. Bu
kesimlarda joylashgam, vaa, nuqt al ar or qgal i yor damch
vaulargal ,pezometr | arni o0rnatami z. Yor dam
suyuglik sathlari kesishgan nucahi b, va b, deb belgilab olamiz. Bu nuqtalarga
mos kel uvchi tezli k naporl aricbWkad, t al i

nugtalarni olamiz.
Olingan natijalarga asoslanib, quyidagi xulosalarga kelamiz:

ﬂlGTbaIandlikdagi nugt adamg odg aiivrclhii gi
g
kodtarilish sat hl &R)ipezomettikchizageyiladii r uv c h i
IE g ¢ " ¢ £
| H i | . i
bF . : [
1 ! R 7
S ] b
q J Azl
p ; Hg 2 ”f p(
”1 \ \ T
% | 2
1 . , -
|
( S R
i S
\ -
2/
/ N
2 I 1 8
0 v | i 0

3.25-rasm. ldeal suyuglikning elementar ogimchasi uchun Bernulli tenglamasi tahlili.
007 tagqgoslash tekisligiR-Ri pezometrik chizige-ET naporch zi goi ,
Hijit o001l i g pezmetrik nishablik
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T cnugt adan BRpexzacmet rviak chi zigdan tezl
masofada yuqorida joylashgan chinica p or dekiladz i g O |
ﬂgd%+£$kattalikrRiRnpgezy)am@mir,ik chizignir
e g
kesimlar orasida joylashishi birlilds masofaga nisbatan qgiymapezometrik

nishablildeyiladi.

__d(z+p/g)
JI—'T (3.69
Ifodadagi manfiy giymatning olinish sababk-R c hi z i ¢ ogi m b
kootarilishida manfiy, tushishida musb
1T Todl i demamara, wuchala hadning yigoindi
H4'=z+£+u—2 (3.69
g 29
Geometrik nuqgtai nazardarHj napor chizigdini t ac

(00) danganchamasofa balandlikda joylashganligino 6 r s at adi
1j=const (ogi mcha) bodyl ab

3.17. BARQAROR HOLATDAGI ELEMENTAR OQIMCHALAR UCHUN
BERNULLI TENGLAMASIN ING ENERGETIK TAHLIL |

To o6l i g tashkiletovchnBernulli tenglamasi hadlarini energetik nugtai
nazardan koo6ri b chiqgami z. B gabulgiishimiz i k k
mumkin, yaodoni,

_ P
H=z+~ 3.6
g (3.69
Bu ifoda suyugli kning berilgan kesi
2
potentsi al energiyasini ébi'l'l tezlik aagbari. Uc
g

suyuglikning birlik massasiga mos keluvchi kinetik energiya miqdorini bildirib,
solishtirma kinek energiyadeyiladi. Bunga ishonch hosil gilish uchuM,suyuglik
migdoriniut ezl i k bil an harakatl anmogda deb
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Mg deb gabul gilishimiz tabiiy. Bundag =9,81m/s*> i erkin tushish tezlanishi.
Kinetik energiyani quyidagicha yozishimmumkin:

Mu?
3.6
> (3.67)

Bu energiyaning birlik massaga nisbatan miqdoriniy a 6 n i solisht
energiyaniolamiz

s (=

2 2
CKC = (S'S) _(E9_Mu” _u”
og'irlik Mg 2Mg 29
Yuqoridagiga asoslanitty'st 0 61 i @ napor , I kkal a pot

yigoindisidan i borat. f¥dahaodhisrmhigac mam
todlig nap2@ ,rbosignét@gr)wmtterzlik(laz/ZQ) naporlari yigho
iborat.

Yugoridagi fikrlarimizdan xulosa gilishimiz mumkinkg gi mc hani ng

napori deganda beril gan kesi mdan birl ik
suyuglikning mexanik energiyasi miqdorini bildiruvchi kattalik tushuniladi. Ideal
hol atdagi suyuqli klar wuchun bu kattal.|

3.18. KINETIK ENERGIYANI NG GIDRAVLIK TENGLAM ASI.
BARQAROR HARAKATLANA YOTGAN REAL SUYUQLIK NING
ELEMENTAR OQIMCHASI UCHUN BERNULLI TENGLAMASI.

ELEMENTAR OQIMCHANIN G YON SIRTLARI ORQAL | MEXANIK
ENERGI YA ¢DI FRUZI YAS

Yopi shgoqg real suyugli k o6z harakat
harakatl|l anadi . Bu kuch i kki X il r ol 00
1 lIshgalanish kuchi hisobiga harakatlanayrtg suyuglikning mexanik

energiyasining bir gi s mi I ssiqglik en
targaladi;

1 Ishgalanish kuchi mavjudligi tufayli ogimning elementar ogimchalari mexanik
energiyal ari biridan i kkinchimigigaa 00
di ffuziyasi rooy beradi

Bu vaziyat hisobiga, markazdagi elementar oqgimchalar solishtirma
energiyasi o g i nrDEY kamayib,i shunga Imosorgvistald qattiq
devorga yagin sohadagi ogimchalar energiyasi shu migdorga oghidi) .
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Shunga asslanib, real suyuglikning elementar ogimchasi uchun solishtirma
energiya muvozanat tenglamasini yozamiz
Hi =Hi ° DE+hj (3.69
yoki
2

2
a+%+;1_gzzz+%+%=oDE+hi (3.69

bunda,Hgl va H;ZT mos ravishdal-1va2-2k esi ml ar uc hun t 006

energiyalar;hj T elementar ogimchanindl-1 va 2-2 harakatdagi kesimlar
oraligdéida ishqgalanish Kkuchlarining 1is
yoodqgolishining birlik massaga nisbatan

Ayrim elementar markazdagi elementar ogimchalar solishtirma energiyasi
ogim uzunligi b o 6 y (D& kamayish migdori shunga mos ravishda gattiq
devorga yaqgin sohadagi ogimchalar energiyasi oshish miqdoriga tenglashadi.
(+DE), vyaoni

(-DE) =(+DE)
Shu sababli, quyidagicha ifodani yozishimiz mumkin:
DE=0

Bunda diffuzion ooamfairy smingdagr Imaursib ad
gabulgilamiz.

Shunga asoslanib,bargaror harakatlanayotgan real suyuglikning
elementar ogimchasi uchun Bernulli tenglamasini yozishimiz mumkin:

LW P,
+ 21+ 1 =7 +24+ 2 +h 3.7
Z) g 2g Z, g 2g M (3.70
Bu xususiy holda,
hj =H4'l- Hé'z (3.7)

Endi bundan keyingi muanmii bu tenglamani elementar ogimchalar uchun
Kodrinishini butun oqim uchun ifodal as
Ik ki kodmakl ashuvchi vaziyat bilan tan
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3199 TEKI S VA GARKWCIBANGIARAKATLAN AYOTGAN
SUYUQLIKNING HARAKAT DAGIKESIMI BOOYLAB BOSI M

TAQSIMLANISHI (birinchik o 6 ma k|l ashu)vchi vaziy
Barqgaror harakat bilan tanishib, bunda hajmiy kuch sifatida, fagato i r | i k

kuchi mavjud deb hisoblaymiz, harakatdagi kesimni esa tekigaallqgilamiz.
3.26rasmda tekis
00z gar uv kdidagh ogim
tasvirl ang ald vaRo
2 kesimlar tanlab olamiz, b
kesimlarning  turli  nugtalarig;
pezometrl ar o]
pezometrlardagi suyuglik sathi k

Bupnnk
Macca
-~

X1 | bodl i bz, va bg

kataliklar T kesimlarning turli _@ ;

nuqtalarida har xil kattalikka egée 3.26-rasm. Tekis harakatdagi kesimlarda
boo6l sada, ul ar n bosimning tagsimlanishi
ekanligini kodr

Boshga kesim wuchun bu kattalik boshg
kesi mning hamma nugbtoadllaardii .uchun od6zgar

z +§ = const (garalayotgan kesim uchyn (3.72
De mak, Xul os a gil i sh mumki nki , t e ki
garal ayotgan kesim boodéyl ab bosim taqgsi
Bu holati el ement ar ogi mchadan obéuttiushhirmbtsayii mn i
koomakl| ashdeyiadi.i vaziyat

320. I xtiyoriy shakl dagi harakatdagi ke
massasining kinetik energiyasi miqdoriga va harakatlar migdori kattaligiga
harakatdagi kesim booylekb stl @ gyli ink ntga d
(i kkinchi kodmakl ashuvchi vazi
3.27r as md a I fodal angan ogi mning uzun
harakatdagi kesimni tanlab olami&B va A'B' kesimlardagi{Q) sarfni va ularning
geometri k o061 c h gqabmllglamiz.n_ekin, AV harakatdabi kedim b
bodyl ab tezli k taqsimlanishi notekis b

117



a-rasmda ifodalangan va uni bundan buyom qi qi'y oqi m bbeboyl a
yuritamiz. 3.27, b-rasmdagi sxema esdjisobiy (shartl) ogimningb o 6y | am
girgimideb yuritamiz. Hisobiy ogim harakatdagi kesimidan suyuqlikning barcha
zarrachalari bir xlv o6r t acha tezl ik mabul gilamizo gi b
Suyuglikning AB kesimdandt oni y vazi yat daM magsasmingo 6t a
harakatlar migdorinKC va kinetik energiyasininKE deb belgilab olamiz3.27,a-

rasm) . Shudt oniy vaziyatdaAB'har akat dagi k eMsmassaniog q a |
harakatlar migdorini va kinetik mos ravish@idM (M) ], ¢ va [KE (M) ], &eb

belgilab olamiz.

Ras mdan Kk odki XM (Mbva KEI(M) kattaliklarni hisoblashda
harakatdagi kesimning turli nuqgtalaridagiezlik migdori turlicha ekanligi hisobga
olinadi, shu sababli yuqoridagi kattaliklar haqigiy deabul gilinadi. [XM (M)
lo &a[KE (M) ], ¢ Kattaliklarni hisoblastia esa,u tezlik kattaligi butun kesim
booyl ab bgabulgk |l | nalkeib va od6rtacha tezli

kattaliklar esao 6 r t acha tezli kobobdbwuricbhaqghiymabl
deyiladi.
a) Xakukul oKum 6) xucobul (wapmnu oKum)
A MC A
= -
sV Y | v v
~u —— e
— = R
BF—=%<N g’
W i Ziizziiii AR i q/iiiiiiiiidddddddddz

v

|

3.27-rasm.ao va a koeffitsientlarning maiyatini aniglashga doir

Bizning asosiy vazifamiza va b sxemalar uchun aniglangaxM va KE
kattaliklarni miqdoriy tagsimlashdan iborat. Boshgacha qilib talgin gilingakiba,

massaning XM va KE kattali klari ga harakatdagi
tagsimlanish ni n g noteki sl igi ganday tadsir
Buning uchun quyi dagi munosabatni o00rg

XC(M):[XCM)|,,va s qM):[s qM )],

Buning uchun [(3.27, 3.28, 3.20] ifodalar asosida tasdiglangan quyidagi
munosabatlarni yozib olamiz:
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dQ=udw, Q=pudw=u i (3.73

dV=dtdQ V =dtfudw=v @t (3.74

dM = rdV = rududt; (3.79
M = rdtpudw=r udw (3.76
bunda,dwi harakatdagi kesimning elementar yuza kattaMgi;dtv a gt or al i ¢

harakat dagi kesi mdavi shwbajmgmaassasis uyuqgl i kK h
1°. M massaning harakatlar migdoriga (XM) yassi harakatdag kesim

buylabut ez |l i k taqgsi ml ani shi notekisliligi
dM massaning hagqiqiy harakatlar migdori
XC(dM) =udM= ru*dudt (3.77)

M massaning harakatlar miqdori esa
XC(M) = fXC(dM) = rdtfu’dw  (3.79

M massaning c¢coortachae harakatl ar m
mumkin:

[XC(M)], =M =u(r ud)=r éudt (3.79

bunda
mdf )>[mdf )., (3.80

Hagigatan ham,
XC(M) = rdtpu’dw= rdtiv + O%dw ()

bundaai manfiy yoki musbat kattalika = ui v (qarang 3.2, a-rasn) .
Rasmga asosan,

r~pﬂ/:0 (B)

w
Harakat davomidaMSD va VDN yuzalar tenglashishi mumkinShunga
asosan,
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XC(M) = rdtSh 2dW+2nuOd/+ dm/” rdtgu frlw+ 2uppdw+ dm/”_

= rdtguzw+ ﬁazdm/é)= r Guwdt+ rdtga’dw=[XCc(M)], o rdterW

oxirgil had dlibinoga yaogolashadi, tfagab=d0d o 6| gaw= hol o

uyabni, haqiqgiy tezliklar harjakatdagi
Buvaziyat(3.80i f odaning toogoriligini tasdi
Endi(3.78 ifodaning(3.79 ifodaga nisbatine,d e b bel ginl, ay mi z .
“dw
XC(M) zfv — 2. (bel

Bunga asosan,

fpedw=au’w (3.82)

XcM)=a [XCM)), =a,r éwdt=a,r Qdt (3.83
De mak, t ad ki dMdtavsahg t muonrkai | ni kgi 6,i d a har a
o0t ayMmagsasna harakatl ar migdorining hagqi
zarrachalar tezligi bir xilu kattalikka teng deb hisoblab, aniglangan harakatlar
miqdorining shartli (o 6 r t) a giymatini tuzatish koeffitsientiga (a,)
kooOpaytmasiga teng.

2.Mmassaning yassi harakatdagi kesim
X 1| emasligining Kinetik energiyaga ta
dM massaning haqiqiy kinetik energiyagB[ 75 ifodaga garang]:
2
u-dM 1
KG (dm)=" ru’dudt (3.84
M massaning haqiqiy kinetik energiyasini yozamiz
s I )-—rdtﬁﬁdw (3.89
Mmassaning goortachaé kineti k energi
Mu? 1
[s € )]tzns:TZEr andt (3.86

bunda
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s U )>ls U e (3.8

holatni hisbga olamiz.
Ularning nisbatlarined eb bel gi |l aymi z, yaodni

s ) :Vr:'JSdW
s U oo v'w

=a (belgi (3.88

Bunga asosan,

f’dw=a dw (3.89
1
s U )=als O ).=as s (3.99
Demak, (3.90 ifodaga asosanit v a q t oraligdéida qgar al

kesi mdan ®anassanimgdaqgmia kinetik ergiyasi,vo 6r t acha t e.
asosan hisoblangan shartl{o 6 r t) alenbtit energiyaning a tuzatish
koeffitsientining koopaytmasiga teng.

32, TO6LI Q OQITMMOUGHUMNAPOR

Ani g kattaliklI:i koodndal atng 6 | kiegeb ong ia m
olamiz. Qi mni ng o0 O ru vadtnclzalikdare foyiddlaggan holda, tekis
o6zgaruvchan va parall el ogi mchal. h a
Bunday harakatlarda ogimning harakatdagi kesimi yassi qbul qilishini
bil ami z. Bi zga m dethéntama&qgimcha(3t69 rifodaq l@lans | e
aniglanuvchiH:t 0 61 i g naporga ega bodl i b, b u

gidrodinamik xarakteristikasi hisoblanadi.
Taxlilimizni quyidagicha davom ettiramiz:

1) (3.6H ifodani dw elementar yuza orgalit vaqt oral g6i da o0qi b 0¢
suyuql i k(gQd)@iar lkiogpaytirib, shu wvagqt
o6tgan mexani k energiyani aniqlaymiz;

2) Harakatdagi kesimdadtv a g t oraligdéida oqgim olib
olish uchun yuqorida olingan ifodani integeaimiz;

3) Olingan energiyani giymatinigQdt i f odaga boél i b, oqgi m
mexanik energiyaning birlik giymatini aniglaymiz.

4) Bu kattalikniHest o 01 i g rmaby glib, ud B'bk att al i kni ng
giymati ekanligiga ishonch hosil gilamiz.
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Bu holatdadQ=udw, Q=u v ni hisobga olib, quyidagilarni yozishimiz
mumkin:

2

~H d + Q ~ Q udw
UG AT al ar AN
He = + (3.91)
dgdt Q Q uw
yoki (3.721 f odani eétiborga ol gani mi zda,
— fAldw
RO LA ot (3.92
¢ g+ uw '
(3.89 ifodani hisobga olsak,
a . pg, 1(aE/W)
H, +=
ég 29 uw (393
va nixoyat,
P, adb
H =z+= (3.99
g 29
deb yozishimiz mumki n. Teogiya yokytezbkqapari u c h
ogi mining o6rtacha tezligi yordami da q
ada
h,=— 3.9
= g (3.99

bunda,a i kinetik energiya korrektivi.

3.2. KINETIK ENERGIYA T UZATISH KOEFFITSIENT |
(KORREKTIVI i &) NING VA HARAKATLAR M IQDORI TUZATISH
KOEFFI TSIENTLARI (a,) NING ANIQLANISH FORM ULALARI VA

TAJRIBAVIY QIYMATLAR |

Bu koeffitsientlarning gi ymatl ari d
kesim booylab tezlik tagsimlanishining
koeffitsientlarning giymati shuifca mi qdor da birdan katt a

a,i koeffitsientni ogimning harakatlar migdori tuzatish koeffitsienti yoki
Bussinesk koeffitsienta esa, ogimning kinetik energiyasi korrektivi ydkoriolis
koeffitsientideyiladi.

Oqgimning notekis harakatida ayrim katda bu kattaliklar birdan keskin farq
gi |l 1 shi mu mk i n. Shu bilan birgalikda,
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birga yaqgin boodol adi . Shu sababli koopi
tengdelmabulgi | i nadi , yaodni hi sobga olinmayd

Koriolis koeffitsientini aniglash uchun quyidagicha fikr yuritish mumekin.
Faraz qilaylik, qaralayotgan hisobiy tekis harakatdagi kesimning ixtiyoriy
nugtasidagi tezlikmahalliy tezlik i is hu kesi mdag i(u)darr')°|Dul acha
mi gdorga farqgq qiladi, yaodni

u=uv° Du

(3.88 asoslanib,quyidagi ifodani yozib olamiz,

_1 Au°Du 14,Dug . _18& AaDug,,Du,aDug?
LA gy, 1 4. gy, 1 rél+3?ae—8 ° &0 gdw
WWQ u =+ wwe U= Wwg ¢U = U gu+y
Bu ifodada doim@pudw =0, chunki
Q= ° Duldw= Fdw° fPudw=Q° FDudw
bundan,
ﬁDudw=O,
va ni hoyatda kichik bodél ganligi sababl
ADug =1 mpudwe o,
Wgu_ u w
debgabulgilib olishimiz mumkin.
Bu odzgarishl arni i nobatga ol i b,

a=lnél+3ae—o Gw=1+3 A8 gy
W@ QU u WGU_

Bussinesk koeffitsientini aniglash uchun ham qagidha fikr yuritish
mumkin. Faraz qilaylik, garalayotgan hisobiy tekis harakatdagi kesimning ixtiyoriy
nuqtasidagi tezlikmabhalliy tezliR T is hu kesi mdag i(u)dané°|Dll acha
mi gqdorga farqg qgiladi, yaobni

u=u°Du
Quyidagi ifodagafj)’dw = a w*wasoslanib, quyidagi ifahi yozib olamiz,
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1,au DUO 1
W,G T W,

6
—od

e =2 0
SR geD_U8 b1 201

weg U ¢lU=y W U ~
Chunki, fbudw=0, ekanligini yugorida isbotladik.

dw

Tekis harakatda bu koeffitsientlar teng tajribalar natijasida aniglangan
giymati quyidagicha olinishi mumkin.
a,°103- 105 a°110-115

3.23. BARQAROR HARAKATLA NAYOTGAN REAL SUYUQL IK
OQIMI KINETIK ENERGI YASINING GIDRAVLIK TENGLAMASI
(BERNULLI TENGLAMASI )

Yon devorl ari sSuv o0t kazmas mat e
harakatl anayotgan oqi m bil an tani sha
devorl aridan gqooshimcha miqgdor gooshil
miqgdori ketmaydi. Ishgalanish kuchi bajargan ish hisobiga ogimning energiyasi
ogim bodyl ab k a (yapstzgogisuyuglixlarmehdn, real

HJ1 > HJz
munosabat BundarhlnvaiHijirgar al ayotgan kesim

naporlar(3.28rasn)j .

Bu munosabatni vé394) i f odal ar ni hi sobga ol i b,
tengl amasini , yaoni bargaror harakatl a
tenglamasini quyidagicha yozishimiz mumkin:

ay P, ,ay
zl+ =z, +—= +29 +h (3.96
g 29 g 29
yoki energetik nugtai nazaridan
H, (1) - H,, (1) =h, (sY) (3.97
bunda
h, =Hel - Hez (3.99

napor yyokd cuyuiglik sdgimining solishtirma kinetik energiyasining
0o0zgdmadlhum bir qgi s mi niissigiikiexadanishideyitadi.e r g i

124



Yabtmlva22kesi ml ar oraligdéida ishgalani s

boalhgt odsqinlikni yengib o0od6t.i sh uchun
3.28rasmdaR-Rpezometrik viEc-Enapor chi zi gl arBEE koor
chiziq ogim harakat. booyl ab napor y
bool maydi . Bu el2agnRed?E nirikgds masefeya i
é ¢ 9 29 %

nisbatan giymatingidravlik nishablikdeb atabJc.harfi bilan belgilaymiz

3.28rasm. Barqaror harakatdagi real suyuqglik ogimi uchun Bernulli tenglamasining geometrik
interpretatsiyasi.
0-07 taqqoslash tekisligiR-R1 pezometrik chizige-Eit odak@or chi zi gédi ;
1,valr  ftooliqhiiappolt ay dedpepometrik hishablik.

dH
Jo=- =4 (3.99
yoKi
a p aad
KMPAPTY-
J,=- % T ' (3.100
d
e aans

Umuman, real suyugliklar uchun gidravlik nishablik musbat giymatga ega
bool &d0;:fagati d e al suyuql ikl ar uchun bu

J, =0. Pezometrik nishablik tushunchasi bilan tanisha@ia r a n gma¥zg. 1 7
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dad pd
J=-—&+§ (3.102
dlg g-=
328r asm or gal i biz butun gidrodinami k
a)soqi m o B-R chiziy kilan chegaralangan shakl bizg&g ifodaning
o6zgarish epyurasini kodérsatib turibod

adu
b) R-R va E-E chiziglar bilan chegaralangan shakl es?a tezlik naporini

o6zgarishini koo6rsatadi
c) RRva00t aggosl ash tekisligi orasidagi s
o6zgarishini koor sat adi

d) E-E chizigvaO0Ot aggqosl ash tekisligi orasidag
kodrsat adi

Bernul | i tengl amas.i Ik ki kesi mning
bogdéliqlikni kodr sat i(39)ifodaga kirvdhiksivalzk a s h i
hadlar 1-1 va 2-2 kesimlar nuqtalarining0 taqqoslash tekisligidan balandligini
k o 6r srdg v&a azg hadlar bu kesimlarning nugtalaridagi bosim hisobiga
yaratilgan pezometrik balandlikni bildiradi. Bu ganaga nuqgtalar degan savolga
shunday javob izlashimiz mumkin:

A3 -n2a0v zudagi mul ohazal arga asosan o
parallel harakatidz+ p/g=constbo 6 1 i b, kesi mning qgqaysi
naycha od6rnatilishidan qgat 0i(32%mas ar |, b

3.29-rasm.R-R chizigni chizishga doir 3.3Grasm. Bernulli tenglamasining
gool |l ani |l i sh
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Shuni doimo yodda tutish kerakkR-R va E-E c hi zi gl ar dan
vertikalda yotuvchi har ganday nugqgt a
kesi miga taoluqlid

Yuqoridagil arni hi sobga ol ganda, B
qguyidagi uchta asosiy shartlar mavjuddir:

17 shart. 21 va 22 kesi ml ar orasida ogim sa
(Q=cons) .

2 1 shart. (3.60 ifodani chigarishda 11 va 22 kesmlar orasida ogimning
kinetik energiyasi doimiy deb hisoblanganligi sababli, ogim harakati bu oraligda
bargar or b(8.2rasny.h i ker ak

31T shart. Kesi ml ar oraligdida har al
kesi mlarda oqim harakdteiki se kiom!| 0 8 hg a rki
z+ p/g = const sharti bajarilishi kerak.

330rasmda sekin obézgaruvchan harakat
o0zgaruvchan harakat sohasi shtrixl an:i
turibdiki, Bernulli tenglamasi bilan 1 v3, 3 va 6 va x.k. kesimlarni birlashtirish
mumkin, lekin 1 va 2 yoki 2 va 4 va x.k. kesimlarni Bernulli tenglamasi bilan
birlashtirish mumkin emas.

3.24. Ogimning bargaror harakatida napor va pezometrik chiziglarning
kodrinishlar:i h a g lard kernulliteaghamasigakkiougchis at ma
hadl ar haqgida qodédshi mcha mul oh

1°Tekis harakat bodél gandagi hol at .

Naporli va naporsiz harakatlar bilan tanishamiz. Naporli haraka8i- 3.
rasmda ifodalangarD quvo G ngnliuz unl i kdagi bool amgi da
Ogi mni ng oqgi shi har ganday kesi mda o
o0zgarmaydi .EEESfmaposalabhlilzi goi glicensti gi
(ogim bodyl ab

Xulosa gilish mumkinki,

%=consi (ogi m booyl @.b03

bodl ganl i gi sapdoatiobhiitekis hargkatidBaR pezgmetrik chiziq
madél um qiyali kdagi to6gor.i chiziqg kobd



bodlEBHaechi zi gni ng uzunl i k bodyl ab kama)

yoo6golishini kodérsatadi
a=h, (3.104
Napor ostidagtekis harakat uchun
hi a
JJ:le—le— (3.105
i foda oo6rinlidir.

3.31-rasm. Ogimning tekis napor ostidagi  3.3-rasm. Ogimning tekis naporsi:
harakatideR-R va E-E chiziglar harakatideR-R va E-E chiziglar

Naporsiz harakatBu holatda3.32rasn) pezometrikchiziq ogimning
er kin sath c khstwshgddemak i | an ust ma

. . hy a
Je:J:h.m:l:l—f:l— (3.109
bunda,i T o6z an
nishabligi;
les T 0Qim erkin sathi
nmshaligi;

a 1 erkin sathning |
uzunlikdagi pasayishi.

2°, Notekis
harakatdagi holat
Bunda faqgal

3.33-rasm. Naporsiz notekis harakatda
R-RvaE-E chiziglar shakllari

naporsiz harakatni taxlil
gilish bilan
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chegaralanamig3.33-rasn) . Bunda quyidagi holatni kuzatish mumkin:
J., J=ig, | (3.107)

3.25. BARQAROR HARAKATDA GI OQIM UCHUN HARAKA TLAR
MIQDORINING GIDRAV LIK TENGLAMASI

| xXtiyoriy kood6rinishdaagdqgiomii mndl-lk aaznd n
va 2-2 harakatdagi kesimlarni belgilaym{3.34, a-rasn) .

1-1 va 2-2 kesimlar uchun ogim harakatini tekis bargaror deb olib, nazariy
mexanika kursidagi moddiy ntejarning harakatlar migdori hagidagi teoremani
gool | aymi z. B u n d au tagEnslanishinigoir xdl dedp hisoblagraid, i Kk |
yaodni

d, =4d,, =4, (3.108
Teoremani esga olamiz. Harakatlanayotgan jisgfXM) harakatlar
miqgdorining ixtiyoriy X o0 0 q q ak t sri ye& s i s hu vaqt or al
etayotgan tashaqi kuchl arini shu o0d6qgga

dmM, =4 9. (3.109

3.34-rasm. Harakatlar miqgdorining gidravlik tenglamasiga doir

Bu teoremandtv a qt o rl-&Vvak-g kesindaa orligp i AVavaziyatdan
ABvaziyatga ootgan suyuql ik hajmi uchur

1AV haj mMhghatiakat!l ar migdori o06zg:

Rasmdagi chizigchalar bilan belgilangan elementar hajmlarWwau Ydeb
belgilaymiz.



ao(m M =m Mol i)- m Mo J)=
(3.110
MMoil +117)- m Modi+ dil )= m Mav,)- m Mav,)
Ma ol umki , | ilasnmguoriguyidagigarteag a t
XM = jism massasijism tezligi
Shuni e 0 t U Walu Melementdar hamlarning harakatlar migdorini

aniglaymizdtv agt o d-ak @ giém dar gal i o @tygademg. S Uy u
masséaV,) = rQdt (3.119
Agarbukesndagi o0 0r twadetgabulgilsakz | i k n i
[XM(av,)],,, = (rQdths, (3.112
Lekin,1-1k esi mni ng har xi | nugtasida tez
m MaV,) = a,[XM(aV,)], = a,rQu,dt (3.113
bunda,u,i 1-l1k esi mdagi oo6rtacha tezlik.

Anal og k @gdrliifedansXiMduiay) uchun quyilagicha yozishimiz
mumkin:

m MaV,) = a,rQu,dt (3.119
bunda,i,i 2-2k e si mda g i oortacha tezlik.
(3.110 ifodaga(3.113 va(3.119i f odal arni good6ysak
adm M. =a,rQlu, - u, )dt (3.115

22.AV hajmdagi suyug jismga ta®K)ir et i
TKI = kuchlar® vaqt
AVj i smga taodosir etuvchi AVjaissrmmni kg cdd

kuchiGyuningxo 6 qgqa proektsiyasi va kuch i mpi
teng:
Gt (3.116
SuyugAVj I s mn i chegaral ab t ur uvrctuvchi y on
tashqi ishgalanish kuchiningpp 6 gga proektsi yasi I mpul si
(u,).dt (3.117

Yon devorlar reaktsiya kuchjishqalanishni hisobga olmasdaR kuch
impulsi proektsiyasi
R.dt (3.11§
Kesimlarning tashaqgi t o mi& Ruchtbel RtvaR.s i r
Ularningxko 6 qgqa proektsiyalarining i mpul si
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(P, + P, Jdt=P.dt (3.119

3°. Harakatlar migdorining gidravlik tenglamasi(3.109 ifodaga(3.115 va
(3.119i fodal arni qgqoodysak,

ao Qi - 4, )=G, +(T,), + R +R, (3.129

bunda,rQi bi rl i k vaqgt or &lsiigndiacha oagakatsda
bodlrQBEconst(oqgi m b o &AsQw & bgimningekunddagi harakatlar
miqdorideb ataladi.

Tenglamani quyidagicha ifodalash mumkinl tekis kesimdar2-2 kesimga
ogim ootishida biror o6gga miéglgatrarms hs ¢
o6gga nisbatan tashqi (GHBBBBhuegusmbgna t
et uvchi mi gdor | ari pr o ¢34 Israspal ar i ni ng

3.26. SUYUQLIKNING IKKI XIL TARTIBDAGI HARAKATI
Yugor i damizuddgBag@etharakatlanayotgan real suylik ogimi
kinetik energiyasining gidravlik tenglamasBernulli tenglamagja kiruvchi napor

yoobébqgolishini Kkoor satuvechi parametrni

bodl gan masal a hi sobl an agidravlik garahiliklpra r a me
gonuniyattb i | an tani shishimizga todgori k e
suyuqli kning harakat tartibi hagi da ma

sababli, bu masala bilan batafsil tanishamiz.
1839 va 1854 yillarda nemis injenadgptexnigi G.Xagen va 1880 yilda rus

ol 1 mi D.1 . Mendel eevl ar suyuql i kning h
D.I1 . Mendel eev o06zining AHavo harakatic
ishgalanish kuchlari suyuqglik harakati tezligiga turli men@b at da bogdl a
bilan xarakterl anuvchi suyuqgli kning h
Suyuglikning bu harakat tartiblarini fizik mohiyati 1883 vyilda ingliz fizigi Osborn

Reynol ds tomoni dan kuzatib oo0rmgaBoi | ga

hodisani kuzatish uchun 3.3&smda ifodalangan bir xil rangdagi suyuglik bilan

t o 6| dAidishdaghssha quvur ulangan. Quvuiak r an oo6rnaA i |l ga
idish yuqorisiga ikkinchiBi di sh odé6rnatil gan. Unga ha
b o 6 | quMorga naychaning chigish qismi tushiriigan. Naychaning ichida
harakatlanayotgan suyuglikni boshgarish uckupk r an o 6 r B alishgd g an
solishtirma ogoirligi birinchi suyuql

1Butushunchabilan keyingi mavzulardabatafsil tanishamiz
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solinganKryvaKr,yordamidaayuqgl i kl ar madél um bir t ez
keltirilgan.

— 9 (312:D 6y &k, paHz
w

Tajriba natijaside
quyidagilar aniglargan: L

1.Quvurdagi  harakatle .| Aemane 8 K
nayotgan suyuglik ogi — % \< v

|
mi ni ng ma ¢ IR -
chegaraviy qiymati \r

dan kichik tezlikda,
naychadan tushayotg:e
suyuglik ma ol um
ogimcha shaklida katta
idishdagi suyuglik bilan aralashmasdan harakatlana boshlagan.
u<u, (3.122)

T
L

{
t
I

N

3.3b-rasm. Reynolds qurilmasi sxemasi

2. Shu chegaraviy qgiymatdan yuqor.i k
harakatlana boshlag. Chunki, garalayotgan suyuglik ogimi harakatlanayotgan
mu hi t nugtasi dagi tezli kning vaqt dav
(pulsatsiyagi natijasida naychadan chigayotgan ogimcha tebrana boshlaydi. Bu
jarayon kuchayib, aylanma harakatga agldi va ogimcha ikkinchi suyuglik bilan
aralashib ketadi. Tebrannfaulsatsion tezlik tushunchasining fizik mohiyati bilan
keyingi bobdagi mavzularda batafsil tanishamiz.

U>U; (3.122) 9 denn 8 0) semar 5

. . . y<Uy; Re<Re U>Ux; Re>Rey
Birinchi holatdagi )
harakat ogimning ¢ ¢ A
laminar (tartibli) (3.36,
a-rasm ,  ikkinchi 27 IS
holatdagi haraka 2, ;3/’:/) 5:3

D —

turb oedtl (tartib-si2) I \/
harakat (3.36, b-rasn)
deb atalgan. Ogimnin 3.36-rasm. Harakat rejimlari:

chegaraviy tezligini esa 8 laminar; § turb oefmtl
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W kritik tezlik deb belgilanganO. Reynolds nazariy muloxazalari variaglari
asosida kritik tezlikni aniglash ifodasini taklif gilgan:

VR
U = Re‘ (3.123
bunda,R1 gidravlik radius;vi suyuglikning kinematik yopishqoglik koeffitsienti.
h
=— 3.12
p (3.124

bunda,/ii suyuglikning dinamik yopishgoqlik koeffitsienti.

Ra T o061 ¢ hanpiski koef f i t s iReynolds bomidgl kiititx ,
giymatideyiladi.

O.Reynolds 3.128 f odani ng o0l chov birliklar
tagriban keltirib chiqarganu. = f(r, A, D) deb gabul qilib, quyidagi ifodani

yozish mumkin:

u. =ar*h’D* (1
bunda,ai o0l chov Dbirli ksi z nomay kiudaraadimgi mi y
nomadél um koorsatkichl ari.
Bu i fodaga kiruvchi kattalikIlar o001 c
L M M
u.|=—; \h|=—; |r|=—; |D|=L. Il
lwe]= 3 lnl= 150 Ir]= 351 O] (n

bunda., t, M T mos ravishda uzunlik,vagt,massa belgilari.
(1) ifodani inobatga olib (1) ifodan yozamiz:
L eMg eMg .
it bl it i | 1
TR R ()

Buni quyidagicha yozish mumkin:

Lt =My ¥eyegy (IV)
Bundan, bu i foda madnoga ega bool i sl
tomonl ari kobbirrsiag& itcehdnggrbho dliirshi ker ak,
X+y=0;, - 3x- y+z=1 - y=-1, (V)

bundan,
Xx=-1 y=+1 z=-1
Bu natijalarni(l) quyib, ©=Re., R=4D ekanl i gi ni edtirof e
h

1. 1
u. =4Re. —h— =Re. ~ VI
¢ &R TTER (V1)
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i fodaga ega bodél ami z.

Tajribalar asosida bu sonning kritik giymati quyidagicha aniglangan:

a) aylana tsilindrik shakldagi quvurlarda napor ostida harakatlanayotgan
suyuglik ogimi uchun

Re. © 500 (3.129
Bospa ayrim mualliflar madl umotl ari g:
bodl i shi mu mk i n.
b)t o6gor i burchakl.i ochiq kanall ar da
Xopf tajribasiga asosan, bu kattalik
Re, © 300 (3.129
(3.123 ifodani quyidagicha yozish amkin.
Re. - 4R (3.127
Y
yoKi
Rezﬁ (3.129
n
bunda,v7 haqigiy(lekin kritkema3o 6 r t acha tezl i k.

Bu harakatlarning mavjudlik shartlarini quyidagicha ifodalash mumkin:
1) agarRe<Recb o 6 bgsmaing laminar harakati;
2) agarRe>Recb 0 6 bgsmaing tubo @t harakatikuzatiladi.

Xul osada quyidagilarni taodkidlash | c
1. Suyuqli k ogi mining aylana quvurl arda
gidravli k radius od6érniga quvur di ame
mumkin.
Re, _{D =@=4Re (3.129
Y Vv

2. Gidrotexnka amaliyotida, asosan, ogimningluoemtlharakati kuzatiladi. Fagat
grunt suvlari harakati bundan mustasno. Yopishgoq suyugliklar harakati esa,
asosan laminar tartibda kuzatiladi.

3.Shuni tadkidl ash joi zki, yuqori da
tenglamalari(uzluksizlik, Bernulli, harakatlar migdori tenglamalanar ikkala
harakatl ar uchun oo6rinlidir. (famopat E
yooqolishi har xil ifodalar yordamida
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4. 3.3r asmdagi gur i | ma vy odawmidaitadhai har ggnday b a
tadsirdan quril mani chegaral ab, t ezl
laminar harakatni saglab golish mumkin. Lekihamiy at da ki chi k t a
bu holat buzilishi mumkin va tbroedn t har akat gaBudealiki s hi
giymati tezlikningyuqori kritik kattaligideyiladi.

Bu holatni 3.3- TR
rasm yordamida ifodalas \ 7p .
mumkin. — ,

Turb oemtl holatde TP l"U’H_'—" —— = Rex
harakatlanayotgan  ogil Uy<U<Ux
tezligini bosgichma —~ —Vy I——»ﬂp—— ——— = Re,
bosgich pasaytirib /P U=,
madélum kich ———*t——&H5rm—r—"———

turb oemtlharakatni sagla
golish mumkin. Lekin 3.37-rasm. Suyuglikning Iaminar holatfjanh)uoeﬁntl
holatdagi harakatga va aksinchabturedtiholatdan

kichik tash | ami nar hol atdagi h
harakatni laminar

harakatga aylantiishmumkin. Bu holatdagi tezlikni kritik tezlikningpastki
chegaraviy giymatileyiladi.
Shuni tadbkidlash kerakki, suyuqgl i kni
gonuniyatigaogodnigot iadamr koor sat adi
o 0 t Ram zagjribalar har xil tartibdagi harakatdat e z | i k napor y C
turlicha taodédsir kodrsatishini tasdigl a
Agar bu tajribalar natijasini bir grafikka jamlasdg,h, va lg & parametlar

o6rtasidagi bogoliqlik todgorik pagd i zi ¢
boodl adi
Bu grafik tenglamasini quyidagi koor
lgh, =lgb+migu

Formulada m=tgqg, bunda,g  mos kesi mning abtsiss

tashkiletgan burchagi.
Bundan,
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bunda,bi kat t ali k quvur odél chamlari gami dev

kattalik ogi mning kKinetiKk energiyasi
bogdéliqligini koodorsatuvchi kattalikdir

Too6goTri guvurl arda gidravl ik gar sh
natijalariga asosan taobékidlash mumki nk

by

a) suyuglikning laminar tartibli harakatig: ly/)f
grafikdagi ® S soha mos kelib(3.38rasn) , A |
formulada g, =45";ls=tg45’=1 munosabatla

L . , : o
oor i nl i, lamidae nhar&katda suyuqli
solishtirma energiya:ﬂ
o6zgarishi tezlikning |/~

proportsional,

b) suyuglikning tub oemtltartibdagi harakatiggB  » ~igo
soha mos kelib, bundg, >45’va m>1 munosaba 3.38rasm
oorinliliagi ani gl angart
turb oedn t harakat da suyuql ik solishtir me
o0zgarishi tezlikning m dhiajlasi ga t oo
Shu od6rinda tadkidlash 1 ozi mki, t ex
bil an tani shayotgani mi zda, bargaror h
holatdir. Keyinchalik suyuglikning tlroeint | i k dar aj asi y
suyuql i kning o hdrakati biland tangsimamia. r Tebiatlay iaynigsa
gidrotexnika amaliyotida suyudlokiklik oc hi
ancha yuqor.i bool i b, u sarfni oo6zgar u\

harakat maodl um bir c lekgabulglnadis hda mav ) ud
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I BOBGA DOIR TEST-NAZORAT SAVOLLARI

1. Gidrodinami k bosim nima va u qgqanday
a) Suyuqli k o006z harakat. davomida gi dr ¢
bosi mga ega boodl adi, shu s abiibtiladiU gi dr
bosim odél chov birliklarida odél chanadi

b) Ni sbiy tinch hol atdagi suyuqli kning
xarakterlovchi kattaliky /m?;kgk/m?;

c) Gidrodinami k bosim bu napor, uzunl ik

d) Gidrodinamik bosim miqgdorihatdan gidrostatik bosimga teng kattalikdir,
bosim o6l chov birliklarida od6l chanadi

2. Gidrodinami k va gidrostati k bosim o060

aySuyuql ik 00z harakat. davomida gi dr c
bosi mga ega b oidrodamahik bosistushunshad lariblddiic g

bHech qganday farg yooéq;

c) Gidrodinamik bosim bu napor, gidrostatik bosim esa birlik kuch migdoridir;

d) Gidrodinamik bosim migdor jihatdan gidrostatik bosimga teng kattalikdir.

3.Bargaror harakat nima?

a) Suyuqglik harakatid vaqt davomi da mi gdor i 00z
bargaror harakat deyiladi;

b)ySuyuqli k harakatida vagt davomi da mi
harakat deyiladi;

c)Suyugqgl ik harakatida vagqgt davomi da t e
harakat dgiladi

dSuyuqli k harakatida vagt davomida tez
harakat deyiladi.

4.Beqaror harakat nima?

aySuyuql ik harakati da vaqt davomi da m
barqaror harakat deyiladi;

b) Suyuqlik harakatida vaqt davotha mi gd or i o6zgari b ha
harakat deyiladi;

c)Suyugqgl ik harakatida vagqt davomi da t e
harakat deyiladi



dSuyuqgli k harakatida vaqgt davomida tez
harakat deyiladi.

5.Gidr odi nami ka bodélimi nimani oo6rgatadi ~
aySuyukl i k harakat qonunl ari ni oo0rganib
yaratadi;

by Suyukl i kning muvozanat gonunl ari ni

oorgatadi ;

c)Suyukl ikl arni xossalaarbiirki eddrshaani ,6 rtg
d Muvozanatdagi suyukli kka tasir etuvch
6 . Oqi mni ng bargaror teki s vV a not eki
koorsating.

a)Hechqanaga tafovut yodq;

b)Ogi mni ng barqgaror teki s hrafr akéazt g adras a0,q

harakatda bu kattali klar oo6zgarmaydi ;
c) Ogi mni ng barqgaror tekis harakati da ¢
harakatda bu kattali k obébzgar maydi ;

dOgi mning barqgqaror tekis harakatida o
harakatdablk at t al i Kk oo6zgarib turadi

7. Naporsiz va naporli harakatl ar o06rt a
a) Suyuglik ogimi harakati davomidaarakatlagi kesimining bir gismi atmosfera
bosi mi bilan tutashmagan bod6l sa bund
kesimningbi g i s mi at mosfera bosi mi bil an
sirtga ega bod6l sa, harakat naporsiz b
b) Harakatl a g i kesim bodoyl ab bosim taqgsi ml
bodoysunsa, harakat naporli, aks hol da
c) Quvurlardagi suyuql k harakat. napor |l i bool i b,

harakatlanadi;

d) Suyuglik ogimi harakati davomidaarakatlagi kesimining bir gismi atmosfera
bosi mi bil an tutashgan bodl s a, bund:
kesimning bir gismi atmosfera bosimi b an tut ashmagagan
naporsiz boodl adi ;

8. Bu formula nimani ifodalaydi? Q = fudw

w

a) Uzluksizlik tenglamasi;
b) Real suyuklik uchun Bernulli tenglamasi;
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c) Laplas tenglamasi;
d) Carfni aniklash formulasi

9. Harakatdagisuyugl i k uchun Eyl er trieishgalegatha s i q

T dt]
w .1 _dyi
Dy dt 1’
w . 1M _du
“r dty
b)AJ+AJ . .
Ky ﬁz
Wx_l@:uxﬁ“xwyﬁ“xwzwu/»ux?
r X X 24 24 ,L.tT
) Wy_ 1Ezuxlfuy-|-l“|ylLuy"'Uzlujy-'-Iu.'lyh;
Iy X 2% j2/4 ,LIT
Wz-lﬁzuxll’uz+uy'u-jz+u 'LUZ+'LUZ"
rpz 2 2% e |y
d) avabj avobgmri too
2 2
10. Bu formula nimani ifodalaydi? z + P U z, + P Uy
29 g 29

a) ldeal suyuklikar uchun Bernulli tenglamasini

b) Real suyuklik uchun Bernulli tenglamasini;

c) Eyler tenglamasinjharakatdagi suyuklik uchgn

d) Arximed formulasini.

11. Pezomatva Pito naychasining famgi nimalardan iborat?

u? tc tc u?

a) L. b) £ Q) —+ 2. d) z+E.
g

29 g g9 29
12 Qachonnuqtadagi tezlik tagsimotio 6 z g alr analsa d i
a) Suyuklikni real delmarasak;
b) Suyuklikni ideal deb garasak;

c)Suyukl i k todgori todrtburchakl

d) Suyuqgliktsilindrik quvurlarda harakatlanganda.
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13. Suyukli k harakatining uzluksizl ik
a) U, = U,
b) v,w =u,w, =uwy =2 =u,mw, =const

C) Q=Q;=Q3=2 =Q, =const

dHamma i t o6gor i

14. Real suyuklikharakati davomida napor chizig i6

ayog mbodéyl ab kpoétarili b boradi
b)gori zont al bool adi

covertikal bool adi

d) ogg m bab gagalib boradi

2 2
15. Bu formula nimani ifodalaydi? z, + Py dith z, + Py oty | h,
g 29 g 29

a) ldeal suyuklik uchun Bernulli tenglamasini

b) Real suyuklikogimi uchun Bernulli tenglamasjn

c) Eyler tenglamasinjharakatdagi suyuklik uchgn.

d) Arximed formulasini.

16. Gidravlik nishablik gachonnolgae ng bo 6l adi ?
a) Suyuklikni real delmardganda;

b) Suyuklikni ideal delmardganda;

c)Suyukl i k todgor i hatakattangbsg r ¢ h a k | | novl ar
d) Suyuklik trapetsiadal novlardearakatdanganda
17 Ogim sarfi, suyuqgli k tezliglangaro 6rt a
peri metrlarning belgilanishlarini koor
a) Q!ulv1 Rlci b) Q’ulU1CIC; C) Q1V1Ul Rl C; d) Q1u1ul R’C
18. Oqim sarfi, suyuglik tezligi, oo6rt
perimetrlarning o6l chov birliklarini Kk

3
a) - Moy My " Rome-m;

S S S

2 2

b) Q- I—;u-ﬂ,u-m—,R- m,c- m;

S S S

3
C) Q-ﬂ;u-m,u-m,R-m,c-mz;

S S S S

3
d Q- M u-mu-TR-me-m
s s
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19. Ogim harakatdagi kesimi yuzasi bedi si ni vV a uni ng 00
kodrsating.

a) w- m?; b) c- nm?; C) w- m; d) v- m?.

20. Laminar tartibdagi harakatda quvurlar uchun

a) Re>2320; b) Re<2320; c) Re=2320; d) Re=0.
21.Turb odntltartibdagi harakatda quvurlar uchun

a) Re>2320;

b) Re<2320;

c) Re=2320;

d) Re=0.

22. Real suyugliklar harakati tenglamasini izohlang.

a) U, =UWo =UsWy =2 =W, W, =Cconst

W, - 1w du FX:O;}J
} X dt ]
1w du )
b) Wy'_____ Fy:O’u
ry dt i
|
e T Pl
r oz dt y
C) Q=Q,=Q3=2 =Q, =const
2 2
d) zl+&+alul :zz+&+azu2 +h,

g 29 g 29
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IV BOB. OQIMNING BARQAROR HA RAKATIDA NAPOR
YOO QOLI SHI . OQRBVNENGARAKATINI

HISOBLASH SXEMASI
41.NAPOR YOO QOLQIBAHUMUMIMATUSHUNCH ALAR

Bi zga maodol umki , suyuqli k oqgi mi ga, u
kuchl ar t Bubksiahlar bagarganaighlar. hisobiga suyugliknig mexanik
energiyasi oO0zgari shi mu mk i n. Masal a

parraklarini harakatga Kkeltirib, shuning hisobiga suvning mexanik energiyasi
kamayadi yoki bosim ostidagi quvur devorlaridaham br at si yani ng peé
suvning mexanik energiyasining kamayishiga olib keladi.

Biz energiyaningo 6 z koor i ni s hyokn haporoiigbunday t i r i

yodébqgolishlariga edbtibor ber masdan, b
ishgalanish kuchlariniyeni b o6t i sh wuchun (yo&ri f |yaogdagno |
naporin) o 6r gani s h bilan shugdéull anami z. U
yoodqgol maydi , bal ki bir turdan I kkincl
mavzul arda Bernul i t ednagl mimasnaporoody gé
mana shu shaklini nazardatutganfNza por Yy o o6 qol i s hi I kki x

HUzunl i k bodyi cha Buoa p/adrognmibg tgkis Iharakdiida

uzunli k bodéylab bir xil taqsimylaals aha
xil migdorda tagsimlanishi mumkif©gimningl uzunligidaginapory o 6 qo | i s hi
h harfi bilan belgilaymiz.

22Mahal l iy napoBunydoadyqg ok o Gmil rair sthaagik Yy O (
harakatl anayotgan o6zanning aldagm qi
def ormat si yaga uchrashi natijasida r ¢
turli boshgaruv qurilmalar{kran, klapan, zadvika va x)ko 6 r nat i | gan |
ogi mning s hu todsi gl arni yengi sh u

y 0 6 g o Ihj harhhilam belgilanadi.

4.1-rasmdakeltiriigan quvuda x u s us i y b o 6 gléurihsh, al + ma \
gisman ochiq zadvijkésurilgich) .

l-lvaz2-2k esi ml ar orasida uzunlik bodyic
yoodqgol i shl ar Gwadmohateada gima chahalliy deformatsiyasi yuz
berib, unda suyuqli kning tez obdzgaruvc
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Shuni tadki dl ash ker akdpary, o Gogga Imnsi hnig no
bodl gan tskouhcahllaarndias h oqgi m bodoyl almgot eki s
yooOqgoimasvhjluadr bodél gan sohalarda bu taqsi

Kodpgi na G khaoD $obhatadlagiy o 6gol ayot gan maha
mikdori umumiy uzunk bodéyi cha nap@porchgod&dgalhii &hibd
sababli, amaliy hisoblarda mahgli napor yooéqol i shini his
booyinaptryg o 6 giail ogisriing butun garalayotgan soha uzunligidagi
umumiy napoy o 6 q o | i sghhulgilmadif at i da

Umumiy holda, ikki
garalayotgan kesir
oraligdidagi
naporining
quyidag kKoor
yoziladi:

h, =h +&h,| 4.1

Mexanik  energiye
oO0zgarishini =7
tushuntirish mumkin:

A/

) ) 4 .1-rasm. Ishgalanish kuchlanishtagsimlangan
ishgalanish kuchlar a hal a g
sohalar:

bajargan ish hisobig ayA,B,Vitekis tagqgsimlani sh

mexanik energiya issiglikk har akatida naporning

aylanadi va suyuglik isiydi mavjud;

| ssiqgl ik v a (b) notekis tagsimlanish.G va D sohalarda oqin

targalib ketadi. napoi ni ng notekis yooéqol.i

Yugoridagi mulohazaga

asoslanib, aytish

mumkinki, suyuglik harakatida ishqgalanish kuchlari bajargan ish hisobiga va

alohida bodégdéinl ardan mahalliy ishgal a

ayl ani b, keyi n ymadpoorl iyoagdkoea lgiasnhimihgdor
Gidravlika Kur si ni 0 O r gidravlik sydwrshilijea r a y ¢

atamasiga duch kelamiz. Bunda real holatdagi suyuqgliklarning harakatida paydo

bodl adi gan i shgal ani sh kKuchl arini t u

ishgalanish kuchlarini nolgaeng deb gabul qgilganligimiz sababli, gidravlik

garshiliklar mavjud emas deb garaladi.
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Re al suyuqli kl arda ishgal anish qganc!l
boodl adi . B u i K ki tushuncha druasod@daara
bogdl i qlngktekiso harqarori harakattma hal | i vy napor y
bodl magoanmgdad bsuwudlikpgimirdng tekis bargaror harakatining
asosiy tenglamasleyiladi. Ogimda bu kuchlanish tagsimlanishiotezlikni bilsak,
ishgalanish kuchi bajargan ishnivabuan napor yodédqolishini
Lekin, bu masala ancha murakkab muammo. Bu muammoni hal gilish bilankeyingi
mavzul arda shugdéull anami z. Bunda dast|
I tekis barqgaror harakat bilan tanishamiz. Bu harakatddugjalanish kuchlari va
napor yooqgqol i shi orasidagi bogdliqlikn
tenglama asosida, Nyutonning ichki ishgalanish kuchi hagidagi gonuniyatidan
foydal ani b, ogim harakatida yodgal gan
koorsatuvechi I fodani topami z. Bu masal
uchun ancha oson hal qilinsa, huoeitl holatda harakatlanayotgan suyuglik
ogimlari uchun uni aniglashda ayrim eksperimental koeffitsientlardan

foydal ani shga todgori kel adi

Ogi mning beqgaror harakatida napor y
bool i b, u juda murakkab masal adir. Sht
harakatl ar uchun napor yoogol i shi ani

usulidan foydalaniladi.

42.¢ TOO GO RI 0O06UGCKHNN TERIE BARQAROR
HARAKATLANAYOTGAN OQ IMNING ASOSIY TENGLA MASI.
ICHKI ISHQALANISH KU CHLARI BAJARGAN ISH .
GIDRAVLIK ISHQALANIS H KOEFFITSIENTI YOKI
DARSI KOEFFITSIENTI
O6zan devorl ariga taodosir etaashinit,gan L

deb bel gil ab ol ami z. Shu ur i nma kuch
peri metr.i booyi c lirgomst) z g ddrumadsa y i co®lkzgpantl i
oO0zamleyné adi . Bunday oo60zanlarga tsilin
mi s ol roumkid. i s hi

Endi , 00z ol dim zga suyuglikning |
bodyi cha hnapor yoogolishining bogdl ig

gooyami z. Silindrik shakl dagi qguvurda
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ogimidan | uzunlikdagi 1-1 va 2-2 kesimlar bilan chegaralangan sohani ajratib
olamiz (4.2rasm) .so 6 qni guvurda harakatl anayot
harakatlantiramiz. Suyuglikning tekis harakatldazunlikdagi suyuqlik ogimining
RRipezometri k chialiighh, wwyniyhwigapagzawyiobDigiol
koorsatadi . Koorilayotgan sohaga tabés
chigami z. Shundan sodng, ogi mning bargqg
olib, bu kuchlarzniso 6 gga pr o e k tissni nolgd tanglab, izlayotgéni n d
tenglamani olamiz.

Kodorilayotgan sohaga tab6sir etayotggas
1. Bu haj mdagi suyuqgli kning ogo6irl ik
G=wug (4.2
bunda,wi harakatdagi kesim yuzasi kattaligi.
so6gga bu kuch proektsiyasini yozami z:
G, =wgsin b 4.3

bundabiquvur od6gining gorizontga ni sbatan
Rasmdan koorinib turibdiki,
Isnb=2z- z, (4.4
shu sabalbili,
G, =g ('Zl_ Zz) (4.9
2. Ajratilgan suyuglikka yon tomondagi suyuqlik kuchlari tomonidan
bodél ayotgan taodsir:
P=pw P,=pWw, (4.6)
bunda,p, va p, T 1-1va2-2kesi ml arning ogoirlik mai
gidrodinamik bosim. Bu bosimkuchlab 6 gga o6z gari shsiz pr
3. Normal bosimlarningo 6 qga pr oekt s i galuklinadn ol g a
4. Devorlarga ishgalanish kuchigh a m  eishszg proektsiyalanadi.
Bundan tashqari, ichki ishgalanish kuchi@ ham mavjud.
Agar 4.3rasmda ifodalanganidek, ogim ichida ikkiava b ogimchalarni olsak,
ularda, agaru, ,u, t ez |l i kIl ar mavjudligini hi soboc
oO0zaral ainsihsgh kuchl| Brod@il paygdar d o oths@kil u m |
giladi.
.| =l,| vagau =0
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4.2-rasm. Ogimning tekis harakati asosiy tenglamasini chigarishga doir

Tabdbsir etuvchi kuchlarning s.
GS+P1-P2-TO:O (47)
F)u tengamaga(4.5 v.a (4.6) 2 5)
I fodal ar ni g ,
L.:_L_ij—hua
9 (- z)+pw- pw-T,=0 = .y
(4.8 w
Hosi | b o 6 lggga
bodl s ak, quyi 4.3rasm. Ichki ishgalanish kuchlari
(- z)+ P P2 To =g
g gw
& pb & pd_T,
&t —0-a&*t—0=— 4.9
¢ g ¢ g+ g (49
4.2-rasmga asosan
a 0 a 9]
R+ g &+ 2g=h (4.10
¢ 9%¢ 9=
Demak,
- TO
=7 (4.10)

Bundan tashqari,

14¢
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T, = dt, (4.12

ekanligini buddai hogpgadevVvenédagi oO0rtache
kuchlanishi,c To 6 zan harakatdagi kesilimilvai2-2 g ho
kesimlar oraligo6i wuzunligi
Lﬂ% (4.13
gw
bunda,R:%/ ekanligini inobatga olib,
ﬁ =[—O (4.14)
g
[—O:RJ (4.195
g
bunda
=t (4.16
pezometrik nishablik, yani peme t r i k bosi mni ng uzunl i k
4.15 ifodani akademik N.N.Pavlovskiy ogimnirgarqgaror tekis harakati
asosiy tenglamasleb nomlagam; To 6 gor i o0 @uyd rdlagri € kwodhun
h:%% (4.17)
| chki vV a tashaqi I shgal ani sh kuchl a
yoogolishi xuddi shunday aniqglanishi m

Taoki dl as(hlH kee(4.1a)ktdnglama nafagat tsilindrik shakldagi
bosim ostida harakati@yotgan suyuqlik oqimi uchun, balki tekis bargaror
harakatl anayotgan har $ha bilanaiygalikdg olinganu c h u

tengl amal ar ni ogi mdan ajratib olingan
4.2-rasmdagi shtrixlangan soha misolideo 6 r sat i sh mumki n. Bu
uchun(4.15va(4.1)t engl amal ar ni quyi dagi kodrin
LRy (4.19
g
hlzil_.:iﬂ| (4.19



bunda,Ri:g,WivaCiToqi mning ajratilgan c¢suyu
i

kesimining yuz ainetrlandia Uhumi§ yuzasioi@a b op ke gan
ustun yon devorl ari uchun oo0mhtigaela wur

formula bilan aniqlanadigan butun oqgi m
4.4rasmdar, radusli aylana tsilindrsimon shakldagi quvurda ogim napor
ostida harakatlanmoqda. Undanr adi us | | shtrixlar bil a
ustuni e ajratib oRj=a/miekanliginB hisobgaodtg4.18 ¢ h u n

formulani quyidagicha yozamiz:
t= % aPr (4.20

Demak, agar) pezometri k ni shabboblawyanchkb | um
urinma ishqgalanish aylana tsilindrsimon quvurlarda chizigli gonuniyat asosida

tagsimlanad{garangldabepyuralay .
f——— 7, —

a b
{ e
Iy ==
/ I
/// //1/ /0 /“ /
T .
"'—Tr-:\ &
———"N
a b
=
44r as m. Naporli aylana shaklI I quvur(f)aningla ur i

ogqi mni ng har alklabttafjanganishk e si mi bo 6

Bu formulani ¥ =/l Ri=1/2 4 =79 munosobatlamni inobatga olib

yozsak:
I
h=——
rg Ri (4.21)
(4.17) formulada:
fy_ "
g 2

debyozish mumkin,demak

14¢



gR RZg
Bu formula Veysbaxformulasi deyiladi.Formulada aylana tsilindrsimonquvurlar
R=W_pd%/4_d
uchun ¢ M 4 munosabat magrinlidir. De
NNV
d2g d2g

Buyerda’ = deb belgilash kiritdik. Har

birlikka ega emas. Bu formul2arsi-Veysbaformulasi deyiladi./ I bundan keyin
gidravlik ishgalanish koeffitsienyiokiDarsi koeffitsientleb yuritamiz.

Yugoridagilarga asoslanii4.15 ifodadaJd =1 ekanligini hisobga olsak:

2 2
t_O:RJ:XU :LU :[O
g 29 429 rg
Tengl amadan oqgi mning oo0rtacha tezligin
u=\[2JRi

c- B0
bunda, ! i pelgilash kiritamiz.

S’ Shezi koeffitsientleyiladi.Demak,
u=uRi

Bu formula eséBhezi formulasileb ataladi.

4.3. OQIMNING HARAKATIGAT A0 S| R HEHT OMICAR

Aziz od6bquvchi,bu mavzuga kirishdan
yoogolishining suyugli k harakatini bel
oo0rganish gidravlika fanining asosiy m
mavz ul ar da bu masal aga bat af si | todxt a

aniglanish formulalarining strukturasi
gooyami z.

Bi zga maodl umki, suyuqli kning bagaror
va bosi mshieDps wyyweglairk oqgi mining fizik ho
gOoaludi rl i giga bogoligqg.
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Suyugql i kning ganday o0l chov birl ik

jadvalda keltirilgan. Mumnliglaa vaghTlardaov b
ifodalangan.

4.1-jadval.
Suyuglikning|  Hajmi DInamik | it taranglik|  Bikrlik
: y d g : ,y. Zichlik yopishgoqlik o g _ _
fizik xossasi ogoir .. | koeffitsienti moduli
koeffitsienti
Belgilanishi g r m s S
O61l ch | M M M M
birligi L*T? L® LT T? LT?
L M
. . u]:_ [m]: 2
Xuddi shuningdek Tva LT",

Bu kattali kl ar o@®dltiagliidlaegiguyyiodag io
ifodalanishi mumkin:
fd,1,1,,b,u bDwg g, r, ms, K)=0

bunda," 127 uch o6l chamli muhitni xaDakter
g 0 ahdirkiklar balandligi.

Bu i foda tarkibiga 11 ta kattalik
birlikka egaBod@ luzunl i k, tezl i Kk va zichl ik 00|

ixtiyoriy birini Nid e b bel gil ab, bu kattali kningo

etil gan uch kattalik 06l chov birl i gi
mumeKin:

NI =[P 422
bundan

I\Ii

(4.23
| *uYr*
Kodédrinib '\[i u kattabkd’i sriini beradidemak,
X, Y 2 P
i=I u'r =L°M°T°}J
i u
pi=pt 7
' ' y (4.29

Ul ar o061 chov bi rPlhadlardebzyurititealij mua bo ol i L
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Pt eoremasi ga asosan I fodani sakki zt
koodrinishida ifodal ash mumki n.

Yugoridagi tenglamani boshqga barch'a U, ' Kattaliklardan tashqari
hadl arga qgqoo6l |l ab, guyidagil arga@2dga bc
I foda birgg@29 tmglagnarﬁDmédluehdniqullaymiz:
82710 g 5 [~ I B Ve

yoKi
o1 ~Yo ~Z
LX%O %“%8 (L) t=L™mOT°.
cl+cl+
Ul ar ni bi r xiclhuono | océhzoavrboi rtleinkgllaary mi z
nty-3z-1=0; z=0; - y=0
bundan
x=1 y=0;, z=0.
Demak, (4.24) ifodaga asosabk at t al i kni 00z tarkibi

ega boodol ami z:

I .. _D
po =1 voki pi =
Ol ingan natija s uy-hudrlikningrabsolygt giinaatiga k a t |
Demas, bal ki-budilikka 0/l )y b odgpdekani wundal i harakat
sohasini xarakterlovchi chizigli kattalik.
Endi haj miy ogoirlik uchun yquhlpodri da

uchun(4.29t engl amani Koorinishini yozami z:
0L~yoM~Zo M ~'1
&6 &30 2550 =L"MTC,
T+ clP+cl?T?+

Quyi dagiga:ega bool ami z
X+y-3z+2=0; z- 1=0; - y+2=0
demak
Xx=-1 y=2 z=1.
(4.23 ifodaga asosan
12

_ra_
pg—7— 5 (4.29
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Bu parametfFrudsonide b at al i b,
k o 6 r,guyitlagidha belgilanadi:

Fr=—. (4.26
Endip,,hadniko 6r i b chi gami z:

o

%0 &5 ="M °T°

AMg'a M g
0 &5 50
(; TQLTT

«O NQo
iy

X+y-3z+1=0; z- 1=0; - y+1=0,

suyuql ik

0goir

bundan
x=1 y=1 z=1
Dem, (4.24) ifodadan
pmzlimf:%. (4.27
Bu parametiReynoldssoni deb vyuritilib,yopishqoglikni suyuglik harakatiga
tadsirini kodérsatishi va :quyidagicha b
Re:ﬂ. (4.28
Y
Anal og t ar z darni obodhga kattalklarda i nistbatan tahlil
gi Il i b, yugor i da aegdt iarsofs aent igqlugya nd: atge d rag gy a
_|1. _|2. _f &
Py E P, R Poo —E,
7 s
Ps _ﬁ1 Ps —m
Sodbnggi ucht a parametrl arning no.ml ar i
Quyidagi hackylersonide b at al i b, asosan harakat t
[ Fpi, = rD%; (4.29
Quyidagi hadveber sondeb atalib, asosamarakatga sirt taranglik kuchining
tadsirini xarakterl aydi:
We= vl

sir’ (4.30
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Quyidagi had Koshi soni deb atalib,asosan suyuglik harakatida tezlik

kattaligini ovoz tezligiga qgqadar oshi s
UZ
Ca= 4.3
7 (4.31)

Shuni taodkiyKlras munbsamat mkvozning mubhitdagi

targalish tezligini xarakterlaydi. Shuning uchun bu parametr ogim tezligining ovoz

tezligiga nNi sbatini bel gil ab, o6rtach
muhitlarda muhim ahamiyatga ega.
Umu ma n, ogqi mning beqgaror harakati da

tashqgari vaqt ham kiritiladi. Bundayanapihad paydo bodl adi ,
I
4 he— 4.3
y (4.32
Struxal sonideb yuritiladi.
Olingan natijalarga asosan:

fall, II—Z I—D Eu, Fr, Re,We Cad=0 (4.33
(; -

Demak, suyuglik harakati buakt t al i kIl arni ng al ohi da
ul arning oO0zaro tadsirini kodrsatuveclt
belgilanadi.

Gidrotexni ka amaliyotida sirt tarancg

suvni sigilmas deb qaralacﬂ@s =o; 4 @:O). Shu sababliyugoridagi tenglamani
Veber va Koshi sonlarini inobatga olmasdan( parametrga nisbatan yechamiz:

B _rd PR R (4.39
ra (o =
Bu funktsiyaning kattaligini aniglash Gidravlikaning asosiy masalasidir.
Yuqoridagi tengl amadan koo r-birnii gga tad x sbhc
bool s a,
| =idem I—D:idem.

1
Bu oqimlar wuchun Frud va Reynol ds s
o6xshash ogimlar uchun quyi dagiga ega

Dp _

—— =idem.

ra
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Demak, yugoridagi mulohazalarga asoslanib, Reynolds sonersiya
kuchining yopishgoqlik kuchiga nisbatig&rud soniinersiyak uc hi ni ng og
kuchiga nisbatiga, Eyler soni esa gidrodinamik bosim kuchiningrsiya
kuchl ariga nisbatiga proportsionall ikl

l. OQIMNING T EKIS BARQAROR LAMINAR TARTIBDAGI
HARAKATIDA T EZLIK TAQSIMLAN ISHI VA NAPORNING

UZUNLI K BHAO YWIOG QBIL |1 S
4.4. SUYUQLIKDA ICHKI IS HQALANISH KUCHLARI Q ONUNI.
OQIMNING LAMINAR HAR AKATIDA URINMA
KUCHLANISH KATTALIGI

Ogimning laminar tartibdagi barqgaror harakatida tezlik devor yaginidagi
nol ga yagin gmgkat mdanteagdigacha o0dbdzg
napor ostida harakatlanayotganda i ngi
bool i b, qguvur o00qgqi ga ( aosqgith, tekisoshbuogradi k t
(4.5rasn) .

4.5rasm. Laminar ogim tuzilis.

Tezroq harakatl anayotgan suyuql ik
harakatlanayotgan gatlamni olib harakatlansa, sekin harakatlanayotgan gatlamlar
tezroq harakatl anayotgan gatl aml ar ni
maodnoda tezr oq Hanniadkia hatakalarayotydan gatiam ugtidat
sirpani sihioshbaydber uyuqgl i kni chegar al
zarrachalarini ushlanishi natijasidas hqgal ani sh kuchl ar. pay
deformatsiyalanadi. Ishgalanish kuchini se&kid ht i r i b, ushl ab
harakatni turli tezliklarda amalga oshishiga olib keladi. I.Nyuton tomonidan
bashorat qgilinib, oradan gqgqariyb 200 yi
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tadqgiqotlar bilan tasdiglangan ishgalanish kuchini xarakterlovchugdaminar
harakat wuchun odérinlidir.

Ogim harakati da uzunl(4.6rasnb o dnga A3/ h a q
harakatdagi kesim vAVStezlik epyurasini ajratib olamiz. Bunda va u, tezlik
bilan harakatlanayotgan ikki gatlam bilan tanishamiz. Bu ikki qatlgashgari-1

sitrSyuzaga ega deb ol ami z. Bu sirtda har
T,vaTi shgal ani sh kuchlari tadsir qgqil adi
vy =) (4.39

Re al suyuqli k oqgi mida bu kuaormiaar h |
kuchlanish hagida oldingmavzularda tanishdik. Biz bu holda fagat uzunlik

booyicha wurinma Kkuchl anishl ar bil an t
kuchl ar booyicha gonun Nyuton tomoni da
/
— A_____ L 7
l 7
/
SR/, ATy Uy / dr /-
/ < "
! SNSSNERN 4
7 nY U f 2
= /
B\ A\Y////A\Wj«Y///(\\‘//%\‘///A\V/ZFB
- g -adu
/ /-—...

4.6-rasm. Suyuglik ogimining harakatida uzunlik
b o 6 y i galamish kushlari uchun sxema

Bu gonunni quyidagicha ifodalash mumkin:

O6zaro parall el ogi mchal arning i shgqg:
ishgalanish kuchi:
1)t ezl i k gradientiga todgodri proportsioc
2)suyuqgli kning bu qgat lopomsiomal i s yuzasi ga
3)ybosi mga bogdéliq emas,;
4) suyuqglikning fizik xossasidturiga)v a har or atiga bogol i q,
yaoni ,

du
U_h%1 (430
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bunda, 7 T dinamik yopishqgoqlik koeffitsienti. Bu koeffitsient kattaligi
viskozimetrd e b atal uvchi asbobl an shyorwyadami d.
aniglanadiBu kattali k suyugli k turiga va ha
molekulyar yoki fizik yopishgoglik koeffitsienti deb yuritiladi.

du/dn 1 tezlik gradientil-1si rt ga ni sbanammalotbkaay
|u| tezlikdan olingn hosila

% =19q (4.37)
dn '

gi l-lsirt chizigéida yot yM9cghai ondu oktaaz i d
urinma va vertikal orasidagi burchak. Bundan keyin yozuvni soddalashtirish uchun
\du/dr( gradientni du/dn deb yozamiz.du/dn gradientn yodénal i shga I
holda (qarang 4.dasm n, va n, y 0 0 n a) has hnusbat, ham manfiy

giymatlarni gabul gilishi mumkin. Shu sababli, bunday vaziyatda uning absolyut
giymatini tushunishimiz kerak. Bu gradig@t37) munosabat bilan ifodalanadi.
Shunga eo6tibor bezil slgi kengkhkiay akgt th
tekis taqsimlanishidag—lrj]:O holat uchun real suyugliklard@.36) ifodaga asosan
I shgal ani sh bodél masl i gi ker ak.
Bunda kuchlanish ellipsoidi (4.7, arasm) oO0r ni g a shar si
Koor i nd.Bkhrasag uc hl anhisumkito ol i s

Uzunl i k bodyi cha I chki I shgal ani sh
kuchl anishi todgori chizigld.@ harakat da
T ,du
t 5 —h%—htgq (4.38
Agar ogim tubiningD-D s i r t i bil an tanishsak,
fikriga asosan, nhayt da yupga devorga yopishgan,
bodl i b, shu sababli suyugqgli kning sirp
yaqginidai =0.
Tezlik gradienti esa,
20U8 —1gq, (4.39)
¢dn-y

bunda, burchakpi 4.6rasmdeko 6 r sat i | gan.
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N/
7

4.7r as m. T o 6beiilgpgnMmugtadagi Huahlanish:
a) kuchlanishlar ellipsi;
b) kuchlanishlarning sharsimon yuzasi

Laminar harakat uchun

Od ~ Od ~
T, =hS, 58 t, =hS 8 =Mgq, (4.40)
cdn+ cdn+

Agar oldingi mavzudat(yoki t;) kuchlanish bilanh, kattalik orasidagi
bogoliqglikni 0 0 r g a nngirmntartibdagd dqisndndrakati malhun ma v
t kuchlanish bilarh ar akat dagi utkesliimnk bao®z d andnda h | i
yopi shgqgoqli k orasi @agikebogolilglank bogng
t(yoki fo) kattalik orgali napor yuqolish bilan suyuglikning fizik hossasi hamda
har akat dagi ukteeszilm kb otéayd saibml ani s hi Xxar a
bogoliqglikni aniqlash mumki n.

4.5. TEKIS BARQAROR LAMI NAR TARTIBDA HARAKAT LANAYOT
GAN SUYUQLIK OQIMINI NG HARAKATDAGIKESIM I B OO WL AB
TEZLIK TAQSIMLANISHI
ro radiusli tsilindrik quvurda bosim ostida harakatlanayotgan suyuqlik ogimi
bilan tanishamiz4.8rasm) . AV kesimningAVSe py ur asi ni RMB6 r s a



egrilik tenglamasini aniglashga harakat gilamiz. Buning uchun harakatlanayotgan
suyuglkichidarr adi usl i tsilindrik todopl amni b
1D)Bu todpl am uchun ¢ islmgaanishikuchldniahtarinibikii iy i ¢ h

kodérinishda yozish mumki n:

t =R = g%J (4.41)
bunda, koo6rilayotgan todéplam gidravl ik
2
Ri:M:ﬂ_:L (443
ci 2x 2
2) Nyuton gonuniga asosan:
du du
t =h—|=-h—
dn dr (449

Tanl angan (ry (é.&rasmgaiqa;rdn)%l]amanfiydir.

(4.41) va(4.43) ifodalami birgalikda yechib,
r du
—J=-h— 444
g5 an (4.44)

yoKi
du:-lg\]rdr 4.4
5 h (445

4.8-rasm. Aylana quvurdagi suyuglikning tekis bargaror
laminar tartildagi harakati

Bu tenglamani integrallab, quyidagini hosil gilamiz:

9 1.2
u=--=—Jr"+4
m (4.46)

Sdoimiyliknir=rovau=0 boshl angoi ch :shart
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(4.47)

0=- 7 32 +y
4h
bunda
=%Jro2 (4.48)
(4.48) ifodani(446)t engl amag:a qoodéyami z
u_% - r?) (4.49)

bundaJi pezometriknishablik
Demak,ASV(4.49) ifodaga asosamparaboldir. (4.49) ifodagar=0 kattalikni
maksi mal gi ymati ni

gooyi b, tezlikning
U0 iJr (4.50)

4.6. AYLANA TSILINDRIK Q UVURDAGI Q SARFLI OQIM UCHUN
PUAZEYL FORMULA SI. BARQAROR TEKIS, LAMI NAR TARTIBDA
HARAKATLANAYOTGAN SU YUQLIK UCHUN NAPORNI NG UZUNLIK

BO6YI CHA YOO QOLI SHI
Suyuqli k ogimining tsilindrik quvur
chigamiz (4.8rasm. Quvur orqgali harakatlanayotgan oqgimnin@ sarfini
aniglaymiz.r radiusli elementar yuz@w) o r gqal i o0t ayotgan sar
dQ=udw=u2odr (451)
bunda
dw=2ordr
(451) ifodaga(449i f odani qgqood6ysak,
dQ:%J(rOZ- r2)2prdr :%rozudw (4.52)
Bu i fodani yuza bodoyicha integrall as
Q=509 G- =2 L= o
yoki
Q=MJD* (453)
suyugqgli k turiga bogol

bundaMi koef fitsient



ESZ (4.59)
O6rtacha tezli k esa,
_Q_é&p g, .0 _1g.,
u="=g ip‘g= ==23p
w 928/7 @ 4 32h (4.59)
yoki
1 1 1
U:S—Z%T— D2 :§%Jr02 = U0 (456)

bundan koo6rinib turibdiKki,

u= EUCBOQ
Y a 6 msuyuglik ogimining tsilindrik quvur orgali napor ostidagi laminar
tartibdagi tekis bargaror hatkat i da uning od6rtacha tez

yarmiga teng ekan

Napor yoogolishi esa quyidagicha ani
h,=32/—7|—2u (4.57)
gbD

453i foda 1840 yil da mediPuazdyltononidaom ha s i
yozil gan bodl i b,r bnuayicfhead aarmrid au skypigll li k:
tadgigot gilish natijasida kashf qgilgai4.57) ifodani kuzatib, quyidagi asosiy
xulosalarni gilish mumkin.

Ogi mni ng | ami nar tarti bdagi har akat
bogol i q:

1) suyuglikning yopishqgoagjini (/) v a h aj mi y(g bispliga oluvahidizikn i
X0ssasiga;

2Jo6rtacha tezlikning birinchi dar aj asi

3)obzanni-hgdgodbhdgrga bogdéliq emas.

Ayrim hollarda tsilindrik quvurlarda laminar tartibda harakatlanayotgan ogim
enepgiyasi(naporyn i n g vy dh) qugidagichahifodalanishi mumkin:

2
h| :32/_7%| :32£|_£2g:64il_u_ (4.58)
gD DDg2u Du D 29
bundan,
| v?
=/ = 4.59
h=/ 5% (459
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Bu i fodal ar dan koorinib turi bdi ki
suyuqli k ogimining | aminar tartibdagi

/=" (4.60)

4.7. SUYUQLIKNING LAMINAR TARTIBDAGI TEKIS BAR QAROR
HARAKATIDA KORIOLIS VA BUSSINESK KOEFFIT SIENTINI
ANIQLASH FORMULALARI VA TAJRIBAVIY QIYMA TLARI

Kinetik energiyaning tuzatish koeffitsientkorrektivi &) ning va harakat
miqdoriningtuat i sh koeffitsienti mohiyatini y

edik:
s ) oW Mg )

w

5 G Now v'w =ava[xm(; Voo vw T @D

(3.88, 4.49 formulalarga asoslanib, suyuglikning laminar tartibdagi harakati
uchun harakatdagi kinetik energiyaning tuzatish koeffitsighairektivi a) ning
sanli giymatiga aniqglik kiritishimiz mumekin:

ﬁJde 3
— S(;U) - w 1r~%«|_0d

[5 q(a[ )]Iztr.; WueU +
r= I’o 3J3 1
eﬂ(ro - r )‘?J 20rdr Z3/73 rS = 20,1, (4.62
r=0
= =20
3 ]
ég!rzﬁ g3 51 y:
ﬂ'02§4/;)8 43/73MO 23 0

Tadgiqotchilar tomonidan, harakat miqdori korrektivining qiymati 1,33
ekanligi aniglangan.

Shuning uchun laminar harakatda korrektivlar kattaliklarini quyidagicha
yozish mumkin

a,=133; a=20
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II. TURB O GEINT OQIMNI HISOBLA NISH MODELI .
SUYUQLIKNING TUR B O GEINT TARTIBDAGI HARAK ATIDA
O6RTACHA TE ZLTAGSNMLANGHI
4.8. TURB O 6EINT HARAKATDAGIOQIM NI OO0 RGANI SHDA
FOYDALANILADIGAN ASO SIY TUSHUNCHALAR

Yuqoridagi mav zul ar d & oewml Gartiodagi 6gim et 1 |
harakati uni tashkil etuvchi molekulalar birikmasii kontiniumning jadal
aral ashuvchanli gi b i | tadgiqothara tubaokit! eartidda n a d |

harakatlanayotgan ogimning tarkibini ikki gatlamdan iborat deb garash qulay degan
xulosaga kelispan. 1925 yildd..Prandtlham tub oemtltartibdagi ogim harakatini
oo0rgani b, xudd:i shunday xul osabaentk el g
ogim tub oedn t yadr o vV a ni hoyatda ki chik (o
bool adi gan | ami n aoq gaflarddnaborat yYdebkgaralagi.oynii s h
guyi dagi sxema koor i(h%rash)i da kodr sati sh

OKUM

agpocu

NaMUHap Katiam

4.9rasm. Tub oeint o qgi m kodndal ang kesi mi L. Pr

Lekin, Matioli va G.Gurjienko tadgigotlari natijasida bu chegaraviy gatlam
t us hunc hgassh diatildi. oGhuanki, ularning tadgigotlari bu sohadagi
suyuglik harakatiga tezlik, bosim va urinma kuchlanishlar pulsatsiysranishi

tadsir kodrsati shi Il sbotl angan. Shu S
yopishqoq qatlam deb qarashagsadg muvofigdir. Unga asosarbu gatlam
| ami nar va aralash o6tish sohasidan ib

goh laminar,gohtlroednt har akat tarti bl ar.i bodl i
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vyezapasull W
b / ’ 32pu mypbyneHm

coxa

~
et /
/Y oKum adpocu ‘
(| |
3
:’l &, Ly 1amurap coxa =
f / y| | ymuw coxacu
.
f

]0

4.10rasm. Tub oeitlogim tuzilishi. Mattioli va G.Gurjienko taklifi.

Lami nar sohada tezlikning tagsi mlan
ogim yadrosida bu logarifmik gonuniyat asosida amalga asin i edOtirof
Mana shu oo0goseslludsaHhaski drmi sobi ga bur am:
buramalar tur oeintl ogimda aralashishni keltirib chigaradi. Ogimning yuqori
darajadagi tur oeitlashishik v adr at garshili kl argas.ohas
Quyi da b u mavzuga batafsi l todbdxtali:
tushunchal ar hagida madél umot berami z.

Mahalliy oniy tezlik (aktual tezlik . Turb oemtl tartibda harakatlanayotgan
ogim strukturasini quyidagicha tasavvur gilishimiz mumkin. Suikuggimining

yuqgor i tezli klarida turl: shakl (44la kat
rasma, b, 9 suyulik ichida tartibsiz aylanma harakatlana boshlaydi. Suyuqlik

i chida paydo bod6l uvchi va targalib ke
boradi.

Berilganl-1k esi mdan bu haj) mloaral mag®li Wwrm v da
har kat | aniglar o dbtua doié.tAayot gdgqobdagmabmas ngl
zarrachalarni olsak, bu zarrachalar 0 markazga nisbatan aylanma va ilgarilanma
harakat giladiShu sababl i, bu nugtada tezl ik h

AgarAnuqgqt aga tushayot ga(My,ka.r)tudicvagt|l ar
oraligdidagi harakatini kuzatsak, quyi

16z



411-rasm. Tub oedtlharakat sxemasi

a)M; zarrachaturli traektoriyachizib harakatlanibixtiyoriy t; vagtdaA nuqtada

(Ua)iA tezlikkaegabodadi.
b)M, zarrachaesa boshqgachatraektoriya bodylab harakatlanib A nugtadant,

vaqtda(ua)iA tezlikkaegabodadi.

1-1 kesimningboshgaV nugtasidaham (t, t, ..) turli vaqlardaturli tezlik
g(ua)is, (u, )%, 2 glargaegabodishi mumkin

Demak muxitning ixtiyoriy qo&gdlmas nuqtasidagiixtiyoriy (t) vaqtdagi
xagiqiy u, tezligi oniy mahalliytezlik yoki aktualtezlik deyiladi

Mahalliy oniy (aktual) tezlik tebranishi 412, a-rasmda ogimimg 1-1 tekis
kodndal ang kesimini Abebggbabmad adwugt a
elementar yuzani belgilaymiz. Bu yuzaga tik chizigni va Azortogonal chizigni
chizib olamiz. Bu nuqtadagi tezlikni, deb belgilab, uningAx va Azo 6 gl ar g a
proektsyalarini (u,) x va (U,) - deb olamiz.

Aktual tezlik (u)) xn'i n g b tashiilletavomesi quyidagi tomonlari bilan
xarakterlanadi.
aydoi mo o006z yoondutieszliigkad eermgyf aroplliaddol ar
b)uut ezl i kni ng vaqt o0z g &amos tavishda,ibthshkit k a t

etuvchi ham o6z kattaligini oO6zgartir

Bu tashkil etuvchilarni mos ravishdd o 6 y (Wmva k o 6 nd &) ang

Aezliklar deb ataymiz.
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() xt ezl i kni ng vAmMu g toaddtaigsih i o Bbzasghdagni s h i
kabiifoddanadi Ub o 6yl ama t ezl i kneyiladi. t ebr ani sh

a) , b)

412-rasma)Bo 6y | anméug ktteall i kv ak o ¢ (@jéeklie ngakt ual
b) Muhitda joylashga®hq 0 6 z g 6 a | ma&ll-naandtoadd/d pima akt ual t ezl
grafigi sxemasi

Xuddi shu tarzda kodéndal ang tez#13k t et

a-rasn) . Demak, mahalliy oniy tezlikashkiiet uvchi Il ari ning va
0 0 z g atezlik gdbranishideyiladi. Bu hodisani Pito naychasida suyuqlikning
kodt ar i | iidalkuzatishanumkum.s hi s h

Oo6 r t anahblly tezlik Tebranma tezlik Bu 4.12 b-rasmda ifodalangan
bodyl ama tezliktutvalhbtamwmirahi gor aAVi ¢ daghd maib
chizigni ootAVahamigni Bshda ASPvadyg,Sk a z an
yuzalarining tengligiga erishamiz, yabo

WABCD - WAiBiCD

Shu shart bajarilgand@® nuqt ada booyl amau diyeatil i k ni
mavjud bodl adi

Xuddi shuningdekt, v a gt ou,abloiogydliadnma t ezl i k ka
bool adi

Up=U,=03=2 =u=const (vagt bo dy8)c ha

Bundayturb oemtlharakab 6 r t a ¢ h ayolibargampaharakatdeyiladi.

Agary , U,, U;,..., Ubo 61| sa, b beqgdrer harakasayilad. a t
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dwelementar yuza orqativaqt or al i go6i da oqidéd o0t
deb belgilab ol sak, b ar g guyidagichahamiglashk at d
mumkin

u=——=const (vaqt booyi @64n

8) !

4.13rasm. Tub ot oqi mning bodyl ama va kodénda
a)Agoo6zgob6al mas nuqtadagi kodndal ang aktual tez
b) dV hajmli suyuglikningdwelementar yuzaorqalikon d al ang al mashi nuvi

412 b-r as mn i tahl il gi i b, bodyl ama ak
mumkin:
(u,). =T +uj (4.65)
bunda,uiy T bo 6yl a ma (dulsatsionatezilkgoki g o 6 shi mcha t el
tezlik deyiladi.
Katta vaqt oraligdi wuchun
a uidt=0 (4.66)
chunki , b 02, byrasrgdashtrixdchizigehalar bilan belgilangan yuzalar
yigoindisiga teng.
Umu man, aktual t etashkii letovchisi kebranmsidm | a n

garayotganimizdg4.13rasm) 0zo 6 gga or t o gdw elenlentabyuzahig a n
nazar@ tutishimiz keralk(4.13, b-rasnj . Chunki , bu yuzadan ¢
(Wt ezli kning vagt odbdzgari shi bil an kat
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harakat da boodl tavdgt mobagnidadisywy za@gd ak nyuqorig
miqgdorini dV- debolamiz.

dv-=avV® (4.67)
bundan koor it vagtomobaynidadie i ka , or gal i o0t g
migdori nolga teng.
dV=dV--dv®D (4.68)
Demak,
u,=0 (4.69)
Bu ifodani nazarda tutib, quyidagini yozishimiz mumekin:
(Ua), =0+uj =uj (470
bunda,uj Tkobndal ang tebranma tezlik.
Demak, aktual tezlikning tebranntashkilet uv c hi s i deganda
tebranma tezlikni tushunamiz, yaodni

4 (u,),dt=4 ujdt=0

Bosim tebranishi O6r t ac ha (ReympldsBussinesk modeli
.Tadgiqotlar natijasiga asoslanib shuni aytish mumkinkiliketebranishi bosim
tebrani shi bi | min waqto mo Gzt gaadrii.s hvia débi | an
muhit nuqgqtalarida oo6zgarib turadi

Bargaror tub oemtl oqim harakatini kuzatib, ixtiyoriyA nuqtadagi
gidrodinamik bosimning turli vaqgt oraliglaridagi miqdorini quyidagicha yozish
mumkin(4.11-rasn)j :

G-G=-=.-5 (4.7
bunda, =1 =% =..=% i ketmakett;, t,, 132 vaqt | ar Awmuqgi@adagi g 6i d
gidrodinami k bBogi pmmiaog rdb@amvthadmmahal | iy
bosimdeyiladi.

O.Reynolds (1895 y) va J.Bussinesk(1897 y) lar tub oeintl ogimni
hi sobl ash wuchun faraziy modsaunday sadtli i f
suyuglik ogimidan iboratki, bunda harakateyotgan zarrachalar tezligi mahalliy
bodyl(a)maezl i kka teng bodl i b, ogim mayv
nugtal ari da IHeonsahmal & d 1yt agcihdar odi nami k b
Bunday model | ar da koondal ang mahall iy
turb oedn t kodchish gar alRemgldiBussineSkumodelielh a z i y



yuritiladi. Ushbu kattal i k tudroedthtartibdan o006
harakatl anayotgan o06r t ademitiiadi. Bu haglkan s u
Reynolds tengimalari sistemasi orgali ifodalanadi.

ReynoldsBussinesk modeli garalayotganda, agar suyuglik ogimining

bagaror harakatida garalayotgan alohida olingan nuqtalarda
(Uuy kattalik vaqt davomida odbézgar masa,
davomida bu kattai k odzgari shi ker ak.

Demak, tub oemtl ogimlarni hisoblashda ReynolBsissinek modeliga
asosarjvap kattaliklar ishlatiladi. Masalan, throemtl ogimlar uchun Bernulli

tenglamasi yozilgandavark at t al i kl arni yozi shda, as
nazarda da Gadii | Tebranish imnsivligini aniglashda esa,as tuzatma
koeffitsientidan f oydal ahb oehntkuthini his&hgau n i
ol masl!l i k napor kattaligiga tadsir k o
batafsilrog todxtalami z.

Suyuglikning turb oedtl harakat d a o0 O0r t Bw tushunchee lldni k
tanishganimizda, bitta asosiy tushunchani ajratib olishimiz kerak. Bu bir muxitning
goozgdbal mas nuqtasi dagi tur | i v ava t o |
harakatdagi k e si m ubSuylglikniagbamioad harakatida bBu t e z
kattalik xaqgigiy(uyt ez | i k| dashtiriigangi 9y mat aga theosig boo

har akat uchun b u kattalikni ani gl ashc
nuqtal ari dagi bodoyl ama tezli klarning
kattali klarning oo6rtacha giymati ol i na
Turb oedtl ogim kinetik energiyasi4.14rasmda ikkita bir ¥ prizmatik

o6zanl ar ni I fodal aymi z Q safiuh chuguliginvd a g i
wodértacha tezligi bir I-kvall-ll hatekatdagikegimlarb i | &
bilan tanishamiz(4.14, a va b-rasn) . Gar c hanAda vaowbougsalardas h

b ollamati, vaugt ez | i k| ar Ui=egntezliklaro 61 s ada,

tebranishi har xil a)

X1

77 J Vi

bodl i shi
Bu kesimlarni - h
obdbzaro

aytish  mumkinki,
o0rtacha
bir xil |

4.14rasm. Har xil tezliklarda harakatlanuvchi
ogimlarni taqqoslash
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bilan birga,b u oqi m har xi | struktur agaeaitlike ga «
dar aj asi yuqor i bodl gan oqgi m, twbuogidlr i Kk
ogimningkinetik energiyaii Kk K i gi ymat vy {4gsdaasmdi si dan i
auoortacha t ksodlangarkkmetilaenargiya; n

b) tebranmau tezliklar asosida hisoblangan kinetik energiya.

Laminar tartibdagi ogim uchun Kkinetik energ%aé kodrinish
g

ifodalanadi. Bundagi t uzat ma koef fitsienti, har a
tagsimlanishini bir xiemasligini hisobga oladi.

a) A HyKma yayH J) B nyxma yuy#
(Ua), (Up,
A }
N AN 4
- o
Ul'lla
4.15rasm. 414 asmdagi oqi mning booyl ama aktua

2

Turb oeintl tartibda harakatlanayotgamogim uchun azcu ifoda orgali
g

ifodalanadi
a.=a+a, (4.72)

bunda,apT kodndal ang kesi mning alohida nuqgt
hisobga oluvchi tuzatma koeffitsienti.

ap tuzatma koeffitsient fagaigimning notekidarakatd a mavj ud b o 0|
intensiv tub oeftlogimlarda hisobga olinadi.

Barqaror tub oemtl harakatda buni hisobga olmaslik mumkin. Xulosa qilib
t a o ki ddkla ¢.44,akva b-rasmlardagi ogimlarda tezlik tebranishining har
xi 11 1igi sabtad1li k ovtaqaictml ani shi har xi
ega bodl adi



4.9. TEKIS BARQAROR HARAKATLANAYOTGAN TUR B O GEINT
OQIMNING HARAKATDAGI KESI MI DAGI OO6RTACHA TEZL
TAQSIMLANISHI . LAMINAR (YOPISHQOQ) QATLAM . SILLIQ VA
G 6 A D-BUDIR QUVURLAR . CHEGARAVIY QATLAM

Turb odintl tartibda harakatlanayotgan oqimning harakatdagi kesimi
bodyl ab o6rtalashtirilgan tezlikning
mulohazalar. Laminar gatlam.4.18rasmdagiAVo 6 r t al asht i ri | gan
bilan tanishamiz. Tajriblar natijasi uning quyidagilar bilan xarakterlanishini
kodr satdi
DAVc hi zi g bodoyl albt edzelviokr oyohgge dmadientkadtad n i

gi ymatga ega boodol adi ;
2) devordan uzoqroq masofadak at t al i Kk ni sbat andu/dne ki n
kattalik nisbatan kicki gqi ymat ga ega bool adi

Rangli suyuqlik yordamida kuzatganda shunga ishonch hosil qilish
mumki nki , suyuqli k ogim markazidan dol
gi rgéoqgdan mar kazga oo0ti b, ar aloemd hi b
aralashish hisobiga ogimning kuoemtl tartibdagi harakatida tezlik tagsimlanishi
|l ami nar tartibdagi harakatga nisbatan

Napor ostida | aminar tartibda har akseé
tezligining (¢) quw r o06qi b o 6 Wuha@ aksinalgtézlgiga msgati
Ulug o705 b 0 01 o @emtl tartibdagi harakatda/u, 50,70+ 0,90 ekanligi
I sbotl angan. Bu munosabladciir |aodgziagna doeov
edtirof et gan hol da uni ng R miykozatishd s S
mumkin.

4.16-rasmTurb oedlt har akatda odértalashtirilgan
di yopishgoglaminar gatlam galinligi.
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L.Prandtl tadgiqotlari natijalari tus oemtl tartibda harakatlanayotgan ogim
zarrachalarining tezligi devor yaqinida noldae ng !l 1 gi ni kodrsat
asosan xulosa qilish mumkinki, tezlik devorga yaginlashishi bilan kamayib borib,
devor yaginida shunday yupga suyuglik qatlaiinavj ud boo6l adi ki ,
| ami nar tartibdagi har akat anenngrgallamb o o |
yoki yopishqoqg gatlam deb yuritiladi. Bu laminar gatlam qgalinl@gytaxminan
chuqurlikning mingdan bir gisminiashkil gilib, u 4.16-rasmda masshtabsiz
keltirilgan.

Gidravl i k s-budit guyurlavBao d@rd4dliarasinda keltirilgan
bool i bDi devomikganotekis gismi balandligi/i laminar gatlam galinligi
(a) sxemadagi holatd@>D) g ¢ atdirlik laminar gatlam bilan qoplanib, natijada

silliqg devor paydo bool agl abBuoagay ge
o0zan devo-budi ngi giéaa(b) s Holatiga esdpxd)s .

turb oedn t sohada notekisliklar alohida ¢t
ogim zarrachal ar.i ur il i shi nat i jgadsaidd a

budirligiga bogdélig bodélib qgol adi

a) 0>4 §) &<4
2 9 < S CC ( ¢ C o -
™ ) Q) (‘ ¢ 4 ) W
{ O ¢« Yy L C
()C.. w bbb\)\-‘ L’,, ¢ C <« L( ) C ) e (- ))Q ¢
A\ C ¢

4.17-rasm.(a) silligva(b)g 6 aldu di r o6z an.

Maxsust adqgi got |l ar natijasi da ani gl ani
bil anl aminar gatl am qalinligi k-budia y a r
quvurlar tushunchasi nisbiydirB i r devorning o0606zi maol u
b o 6 (ReiaReynols sonining kichik igmatlaridg boshqga bir sharoitdéRe i
Reynolds sonining katta giymatlaridg 6 aldu di r b o o6l i s hi mu mk i

Aylana quvurlarda napor ostida turb odintl tartibda harakatlanayotgan
suyuqgl ik ogi mi ning oO60rtacha tezligi

ifodalar.
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Turb oeint tarti bda harakatl anayotgan o
tezl ik taqgsimlani shini o00O6r ganftalsishira | u
bagdéi shl angan. Shulardan tsilind#48k sh
rasmga qarar)g

O6rtalashtirilgan t ezl IABM agri cheigyur a
tengl amasi ni yozish uchun | ami nigshdagit ar t
urinma kuchlanish ifodasini yozamiz.

1) tekis harakat tenglamasi

l, =dRJ (4.73)
2) turb oemtltartibdagi harakatdagi urinma kuchlanishlar tenglamasi
ly = -hu%lj (4.74)
Bu tenglamani birgalikda yechamiz
du=- =9 ydr (4.75)
2ht
Bu ifodani integrallab,quyidagi topamiz
u=- Eg]rﬁirdr (4.76)
27 ohy
Tenglamaga kiruvchi# k at t al i k l ami nar trenast i bd
bodl ganl i gi sababl i i ntegr al bel gi si (
mumkin edi, lekin tup oedtl tartibdagi harakatd#&- kattalik ogimning harakat
hol ati ga bogol iq bodl ganl i gi sababl i,
murakkab masathi r . Bu tenglama L. Prandt/| t om
o6zgartirishlar kiritilib, taqgribiy u
| ogari f mi k gonuniyat:i ol i ngan. Bunga
Bundan tashqari, Karman, Teylor, A.N.Rethev, X.Eshonov, T.Juraev va boshqga
tadgigotchilar ham bu tengl amani yechi
1. Il . Ni kuradze tomoni dan ani gl anga
Prandtl ifodasi quyidagi koorinishga e
A) tekis quvurlar uchun:
- :5,75IgM+5,5 (4.77)

U, n
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bunda,r, T quvur radiusi;r T u tezlik aniglanayotgan nuqtadan harakatdagi kesim
mar kazi gacha Lb@\/é;a@pbidabeigﬂaaish.f a;

u. T kattalik tezl i k o0 Iliseghalanish tdrligioki i k k a

dinamik tezlikdeb ataladi. Bu kattalik beriigpa s har oi t uchun d
ogimning tekis harakati asosiy tenglamasidan foydalanib aniglanadi:

Lo :L =RJ (4.78)
g g9

bundan,
J. = [70 =JRJ\/g (4.79)

480 t engl amaga asosan aniglanuvchi

oO0rtac (wavatﬂerrmhoisobatni aniglash mkin;

B) g 6 allidirrguvurlar uchun:
- r
D
Digbéawudi rl i k devorchal arining o0rta
¢.Tkattal ibpgidigdadcki kodrinishiga bogbol
2. A.D. Altshul ur i n @a7 fermutatdahn foydalagnh | a r
t eki s -budirggviirlrduchun tezlik tagsimlanishi formulasini taklif etgan:

Ui =5,75/g r o, (4.80)

I‘0
Y 9y
—=1-2——7 (4.81)
Ugoc 0’9/75+1,35

bunda,yi quvur devoridaru har akat |l anayot gan qarpil amg a
quvurradiusiumaksi maksimal tezlik;/ 1 gidravlik ishgalanish koeffitsigi.

Yuqoridagi tenglamaga asosanolingsvSe gr i | i k od6zi ga xo0s
ega (4.18rasn) . Ular har doim ham chegaraviy shartlarni ganoatlantirmaydi.
Bodri=robodél ganda devor olud+ dbaogdil issuhyiu gvla K

ifodasiga asosan,zwgradienti:—lrjb Obodél i shi xagigatga zid
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4.18rasm.Ogimning aylana 4.19rasm.(4.85) ifodadagim kattalikni anidash
quvurlardagi harakatidazkk uchun eksperimental grafik
tagsimlanishi.

Tezlik tagsimlanishining ifodalovchi formulalar amalighiar uchun qulay
koorsatkichli funktsiya koorinishdagi

Sl

U=Ugo (4.82)

m@mo
[Hesle)

r

- E;
bundayo i quvur radiusir i harakatdagi kesim markazioatezi k o 6l chanay
nuqt agacha bhmodReymtis soméRs, b dada &lbo Igan daraja

ko gatkchi (4.20-rasn) ,Unad UV UT 006 Qi bodoyl abogi mnin

Bu ifodadagi I/m kursatkichni quyidagi formula yordamida aniglab, uni

goalludir quvurl ar uchun qodéll ash mumki
isbotlangan:

1 oo9u7 (4.83)
m

Dewr yaginidagi chegaraviy qatlafaraz gilaylik uzurAV plastinka ustida
real holatdagi suyuglik harakatlanmog@.21-rasmn) . Uning 00 vertikal kesimida
u=constbool i b, butun kesim bodyl ab o006zga
harakatlanayotganda unga s hgqal ani s h kuchl ani shi t
yuzasida tezlik nolga teng bool adi
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M

4.20-rasm. Devor yagidagi chegaraviy gatlam galinligb
(AVQq o 6 z gopmsdtimka yginida paydo b ladi)

-1 kesim bilan tanishib, xulosagilish mumkinkiAV plastinkaning
sekinlashtiruvuwtdézikepposasiabkdabakbhsddabo
Z3S 0 h a o ruaeklik gpyurasi aezilarli & inishdao Zgaradi(rasmdagiams
harakatdagi kesimigmi.) . Bu sohadan tashqarida tezlik o Zgaishi nisbatan
kamrogb dadli, shu sababli,

d—UOOval‘OO (4.84)
dn

Xuddi shunday vaziyat boshga kesi ml a
Zy, <2y,<2,3 (4.85)

Yugoridagiga asoslanib, quyidagilar bilan xarakterlanuvchi devor yaginidagi
AV suyuglik gatlami sohasini belgiladlish mumkin.
l.zisuyuqgli k gatl ami balandligi oqgim bocd
2. Qatl am t duds.va rkattalidas moldem $aiq dilali
3.Bu qgatl am chidg/dnggdtikcaan atl a kth @ariscka il ar
sababli, suyuglik yopishgoqgliginiumuan inobatga olmasdan,uni ideal holatda deb
gabul gilib,harakatni potentsial deb garash mumkin. Shartli ravishda yugoridagi
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uchta holatga mos kel uvchi gatl amni C
gabulgilamiz.

4.21-rasm. Kanal boshida devor yagiaid) i chegaraviy qgatl amni ng¢

4.21-rasmda suyuglikning suv havzasidan kanalga oqib tushishi tasvirlangan.

Napor |l i guvurl arda chegaraviy
Quw dng¢boshl angodi cl2r asmdai ef odghandgami
guvurga real suyuglikning kirishini kuzatsakA&r b o s hl an g 6w tgzik s o h ¢
epyur asi t eki s koor ilimasofadarakeybreishtakamsh . M e
kuc hl ani drida (ApA, Regimgachgchegaraviy gatlanz, balandligi orta
boshlaydi. A,A; kesimda (a n i g rbonggéadd chegaraviy gatlam birlashishi
amalga oshadi; yordamida belgilanmagaay-b-a, s oha mavj ud bool
il chida suyuqli k poatdant sy aadcond. aekinhbgatt ad a |

bodédyl ab tezli k oshadi
4.2-r as mni tahl il gilib kodrish mumk:i
AA vaAsAskesi ml ar oraligdéida quyidagi hu:

bodél ak mavjud.

a) AoA; kesimdagi tezlik epy r a s | t eki s ha(AhAskesimdpgi x 0 s
kab)k o 6r i ni shga ega bool adi ;

byt ezl i k tebranishi ham tekis harakat
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n

W=l +l As
4 H™ 41742
To
a
= Y = b
};ﬁ A0/ % g
P b 2
Az Az
4.2-r asm. Naporl.i ayl ana shaklidagi quvur dev
(chegaraviy gatlam shtrix chidigpar bi |l an kodér satil gan
A-Aoverti kalning oéng tomonida chegaravi
Quvurlar tizimidal, =l,+l, uzunl i kka ega bodl gan

sohae deb atal adi
Bundan keyingi ifodalanadgjan

napor isiflamird g oahiglovchi
formul al ar teki s
sababl i, ul ar b u
bermaydi.

Boshl angdi ch :
aylana  quvurlar uchun tajric
natijalariga asoslanib, toro edntl
tartibdagi harakat uchun quyidagic
aniglash mumkai:

., =(25- 50)D (4.86)

Bu rasmda ogimning tbr oeitlva
laminar tartibdagi harakatlarida

tezl ik tagsi ml ani shi
yaqginidagi chegraviy gatlamnmng eng katta galinligi quvur diametrining yarmiga

teng.

Bu sohada

not eki

7

4.23-rasm. Boshlag 6 i ¢ h

s oh:

tagsimlanishidi chegaraviy gatlam

epyur asi k el

S

ti

h



4.10. QUVURLARDA NAPOR OSTIDA TUR B O GEINT TARTIBDA
HARAKATLANAYOTGAN OQ IMLAR UCHUN TEZLIK E PYURASI

Yuqoridagi mavzul ar dan Ibioahttartibdagi 6 | u n
harakatida, syuqglik zarrachalarining aralashishi natijasida harakat migdorining bir
gatl amdan I kkinchi gatl amga 00t i shi
nuqtal arida odértalashtirilgan tezl i kni
holatda tub oemtlikgac ha yuqor i bodél sa, shunga mo.
gatlamdan ikkinchi gatlamga aralashuvi oshishi mumkin, demak tezlik epyurasi
tekislana boshlaydi.

Tezlikning tagsimlanishi epyurasi yuqorida keltirilgan 4rasmda
tasvirlangan. tRasmdahki kobamnnhr gatl am
devordan wuzoqgql ashi shi biddmgiscedkgind ao 6azl
eng yuqgor.i maksi mal kattaligiga ega b
tezliklar oor(@asgdz03ekianhimdndbeatdtirof e
natijalari tub oefntltartibdagi harakat uchun bu munosabatni quyidagiga temglig
tasdiglagan:

_ J? _F o
A
L A
\
- Up
f
f
/I
| 4
———— =
T v=(0,75+0,87) Uy,
4.25-rasm
Reynolds sonining Re=2700giymatida U/Ugoc70,75,

Re=10°daw/u40¢5,0,96; Re=10° da v/u,,.3090 b 0 6 | ibemtlikhingr

oshi shi b u munosabatning birga vyaqinl
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cheksiz katta qiymatlarida tezlik epyurasi xuddi/7=0;Re=a) ideal
suyugliklarningé z I i k epyur asi kabi tekis bool at

4.11. QUVURLARDA NAPOR OSTIDA TUR B O GEINT TARTIBDA
HARAKATLANAYOTGAN OQ IMLAR UCHUN MAHALLIY VA
MAKSIMAL TEZLIKLARO RASI DAGI BOGoOLI QLI K

Bu bogdéliqlikni ani gl ash uchun t e
gonuniyatini quur devoridanymas of ada va quvur 00qQqi da
uchun yozamiz, ikkinchi nugtada=u .

Bundan,
U, ¢y
Nat ur al | ogari fmdan ood6nl i | ogar i f mga
Uggosntd — 2315 To _ pjq T0
U, ¢y

bunda, A :2_—’3 (agag, ° 04b o 6 Ais&75).
¢

Ysoenld | attalik mahalliy tezlikning nisbiy yetishmayotgan kattalidgeb
U*

yuritiladi. Endi oo0rtacha tezlikning n
Ueso ¢t/
U*

Oqimning uzluksizlik tenglamasiga asosan:

Shunga asosan:
Q= fudw= /A @p(r, - y)dy
w 0

Bu ifodaga oortalashtirilgan tezl ik

U=Ugoen N
¢ Yy

Sarfni yozamiz;



N

\ w
-1 OOI

04 ro§
Q= 2/7@'(130(;&] n_;g Y)dy ﬁo?‘@ogm

O(’)rtacha tezli k esa:

Q
uUu=—=U
Pro 030Cfr]36

— =DPrandtl kattaligi deb atalib, ¢ =0,40b o 6 | g aDn=B,d5ga teng

b o 6 Nikudatdze tajribalariga asosa@n=0368 b o 6 | ¢ghs=rd5a ga teng

bodél ganligi ed6tirof etilgan.
Natijada quyidagi gi ega bod6l ami z:
O6rtacha tezlikning nisbiy yetishmayot
ud30<:_fr]U:D
U,
U =Ug o ¢, DU (4.88

Nisbiy maksmal tezlikni aniglaymiz:
ﬂ_u ogEi+D:\/§+D
U, U. /
Mahalliy tezlikning oo6rtacha tezikk

U*
Buning uchun maksimal tezlik kattaligir{4.87) ifodadan (4.88 ifodaga
gooyami z:

U-u 1 p=pagl-p
. ¢ Yy y
yoki
ug, ug_23. T
u¢ U+ ¢
bundan,
u_|8
U, /
demak,
s St &
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yoKi
u 1a r, @
— =1+ - Ailg -2 :\/7
u Jéég) oy

Shunday qilib,(D =3,75,¢, =0,40) holat uchune z |1 i k1l ar o06rt asi
munosabatlarni yozishimiz mumkin:

Jasosw! =375
1 U,
u_ [8
2 U. /
%2%1375...\/?
3. U* /
das0eam 49337
4. U
Yol - 5 7519 fo
5 U, y
Y-U_57519% . 375
6. u. Yy
Y -1+833- 2030 28/7
7. ¢ g
Professor I.I.Agroskin xulosasiga asosan:
1.0O6rtacha tezlikning yetishmayotgan ka
u
2. Y Usoe “s0Ganaliklar/Dar si koeffitsienti katt a
U U u
3. Mahalliy, maksi mal |, o6rtacha tezl ikl
guvur devoridan garal ayotgan nugtagac
4. Mahall iy vV a 006r t awugavur tesaridam lgdradayotgam i s b
nuqt agacha bool ggarshsbi k masakaegai ga
Bundan tashgari, guvurda harakat!l an:
tezl ikl ari 06zar dy,)taceun g/v=hquyidhgyj annnosabat q t a
oorinlidir:

133- 2,03lg 2 =0

u
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shuning uchun
y, =0,223,.

Biz yuqorida yuritgan mulohazalarimiz, suyuqlikning lamya shakldagi
quvurl ardagi harakatiga tegishl./i edi
epyur asi suyuql ik ogi mining ochiq 0 0 :
ekanligini isbotlashgan.

Professor G.V.Jeleznyakov tomoni d

¢, =054bod | i b, o6rtacha tezliknibgozyegdr s\hana
kattali k bod6li b, quyidagicha aniglanad

D:£+£

¢ G

5
bunda,C, = 9,1&.
fnd

4.12. KORIOLIS a VA BUSSINESK a,KOEFFITSIENTLARINING
OQIMNING TUR B O GEINT TARTIBDAGI HARAKATI UCHUN
KATTALIKLARI

Bu kattaliklarnianiglars h  f or mul al ar i bi zga madl u

a -1%8 dw
WWQU—

u . R , : .
bunda,—ni sbat madl um bool sa, ularni yechi :

u
ro O/
——1+ - =2 N,Iny+N
@ g e =Ny N,
bunda, N, = ():_)’54\/_vaN2 —1+8935ap - 935, rog\/T.
¢ C é +
Bu kattali kl arni yugori dagi I f oda
quyidagilarni gabul qilib, dw= 2p(r0- y)dy, chegaraviy giymatlarnigabul
gilamiz:y =r, dany=0.

2 0
=— leln y+ Nz)s(ro - Y)dy:

0rg

Ao Ao 1))
1+ 0368 - 158 41259, 0asp . 158, 370 1780,

& i+ ¢ 0 & c,+ c',z 631‘3
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yoki ¢, =0,40,D =375 uchun a=1+294/ - 155/*°
5
= \/@ i munosabatni hisobga olib,
/M

3156 &470
a=1+g¢—0 -&—0

cH+ CcH =
20
a,=— /Ny Iny+N,)*(r, - y)dy=
0rp
. 5
-1+ 01258 - 158 + 122y +o7o£@ a7
& ¢ + ¢ :
yoki ¢, =0,40,D =3,75 uchun a,=1+ 0,979/ °1+/
Shezi koeffitsientini ufdch o6l choy
_1+a8860
cH =

Il . SUYUQLIK OQIMINING TU RB O GEINT TARTIBDAGI

TEKIS BARQAROR HARAK ATI DA NAPOR YWYHDO6QOL I
4.13. DARSI VEYSBAX FORMU LASI / GIDRAVLIK ISHQALANI SH
(DARSI) KOEFFITSIENTI
Koopchilik tadgi qotchil ar tyfgonsbani dan
kattaligini tezlik napori orgali ifodalash muntini g i n i koorsatdi
mavzularda akademik N.N.Pavlovskiy tomonidan ogimning tekis harakati
tenglamasi keltirib chiqarilishi bilan tanishgan edik:

to 1 &
7 = 42g (4.89
bunda, / /4 T emperik proportsionallik koeffitsienti(4.89 va (4.15 ifodalarni
brgal i kda yozi b, quyidagi i fodaga ega b
U
RJ=— (4.90
4 29

bunda,J = h /I munosabatni inobatga olgan holda,

h:/—'—i’i (4.92)
4R 2g '
bundalinapor yodqgol i shi o0 O r Ryi gidravlikaagiost gan o

Aylana shaklidagi naporli quvurlar uchunbugeha ma quyi dagi kodérinishga ega:
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| v?
"=/ 5% (492)
TenglamaDarsi-Veysbax formuladeb atalishi bizga malum.

O &hov birligi bo Inagan/ koeffitsienti esa gidravlik ishgalanish yoki Darsi

koeffitsientidebata i s hi n i yugoridagi mavzul ar da
Bu koeffitsientni tadqgigotchilar dastlab, doimiy kattalik dsgdoul gilishgan
bodél i shsa, keyinchalik ogi mhning -00rta

budirligiga bogdélig deb garashgan. Ho z
ani qlashda adrbednni ngi gga6 v a Reynol ds S
formulalardan foydalaniladi.

Har akatdagi kesim bodyl ab tezlik tag
turb oemtltartibdagi ogim harakati uchurkattalikni aniglash mumkin:

h 29g_.D 8
/_I_D?_JZ ? (4.93
bunda
2
/ = RJgu—82 :SZ’*2 (4.94
Yaoni ,
u _ |8
. - 7 (4.95
Binobarin,
8u2
=— (4.96

U*

1932 vyilda L.Prandtlsilliq quvurlar uchunquyidagi formula yordamida
Darsi koeffitsientini aniglashni taklif etgan:

% = 2ig(Re, V7 )- 08 (4.97)
1913 yilda esa, O.Reynolds sonining 40000000 orabidagi giymatlari
uchun/ koef fi tsientni aniglashning quyi de
taklif etgan:
/ = 0,3164
Re%? (4.98

Bu formulaBlazius formulasdeyiladi.
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G 6 a-dudirquvurlar uchun Darsi koeffitsientining kattaligini aniglash bilan
judlakddp tadgigotchilar shugoéul |l ani shgan.
kodp qodéll anil ayotganl ardan bilan tani

4.14. NAPORY O 6 QOL IMABALASINI UMUMLASHTIRISH. DARS i
GIDRAVLIK ISHQALANISH KOEFFITSIENTINING BO SHQA
PARAMETRL ARGA QBGGNKURAD ZE TADQIQOTLARI

Il . Ni kuradze 1933 yilda maxsbuasmda adq.i
keltirilgan qurilmadan foydalangan.
D diametrli quvurg& va
bir biridan | masofade
joylashgan ikkita
pzometr(P) o 6r na
K  kran yordamide
ogimning tezliklari
0 0 artigi-lib, tezlikning 4.26rasm.Nikur adze tadqgiqotl ar

turli giymatlari uchun sxemasi
napor
y 0 6 q dH )ni pzometrlar yordamida aniglash mumkin.

Tajribadah, , v, n kattaliklarnianiglab,

h ., D1
/:_IZ _
|9 Re?

formula yordamida/ = f(Re,) grafigini tuash orqal / Kattaligini anidash

i mkoniyatiga ega bodél amiz. |l . Nikuradze
xil masofada quvur devorlariga yopishtirib, bir tekisa q s i ml a nggadim s un
budirlik yaratgan. Bunday quvurdeporliharakat davomida va Re, kattaliklar

o6rtasidagi o6zaro bogdliqglik grafigirt
chi zi qg n-bulibik(1p,) deld aatlivcini kattalikka mos keladi:
D
Dr:B (4.99

bundaDigoaludi rl i k bal andl i gi bodl ithg u o
kichik kattalikdir.
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Quyidagi 4.Z-rasmda ifodalangan grafik sigilmas suyuglikning aylana
guvurda tekis bargaror harakat. uchun
umumlashtirish imkonini beradi.

Bu grafikdan quyidagilarni kuzatish mumkin
1) (4.91) va (4.92) ifodalar tarkibiga kiruvchi/ koeffitsient umumiyhollarda

fagatD, vaRepk at t al i kf arga bogol iq
2) | 1 koeffitsient fagatD, yoki Re, kattalikladan biriga fagat hakatning
ayrim hususiy koorinishlaridagina bog
3) shunday sohalar mavjudkilar uchunD, va Re, kattaliklarning

hou (4.100
munosabatni ifodalanishidagroportsionallik i tadomi nl oviarAniq k o 0
bir (masalan,bir,ikkivaboshgpk at t al i kka ega bool adi

4.27rasmdagi Nikuradze grafigini tahlil qilib, quyidagi xulosalarni olish
mumkin:

I-chiziq T Puazeyl formulasiga asosan olingan chizig mi nar t ar t i k
deyiladi.

II-chizigi Blazius formulasiga asosan chizilganligi sabaBli, a zi us ¢ hi
deb yuritiladi.

Bu grafi kda maoélum ©bir ma PRy tvab d a
vert i k mHdalgy okéantatlal i kIl ar qooéyi |l gan, I vV a
koorsatichl i funkt si ya dabulgigsimmumin.ddndad a n u
grafi k MbdagRepkatgtaal i kl arning | ogarif mik
gi ymatl ari qooyil adi
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4.27-rasm. Nikuadze grafigi sxemasi
( D, kattalikning turli giymatlari uchun’ = f(ReD)egriIikIari)

I laminar tartibdagi sohaningo 6t i sh sohasi ;

HT7tub oelint t arti bdagi sohaning sillig o6zanl

D i turb oein t soha+iudg r g@adiamltar g arcshhuinl ikkvl aadrrgaa
gismi;

Eiturboedlt sohadiungrgdaddiaml ar uchun kvadrat
gismi.

Bu grafikni uchtasohagabo lsh mumkin
Birinchi sohai laminar tartib sohasichizigning 2 gismi bilan ifodalangan
boolbudhizq(460 f or mul a yordamida quril-adi
budirliklar uchun D, uchun tajriba natijalariga asosan oIinga(nzf(ReD),
egriliklar 1-2 chiziqg bilan birlashib ketadi.
Bu soha uchun quyidagi holatlar mavjuddir:
a) Re, Kkattalik nisbatan kichik,y a 6 {Ré,)=1000 2300 gacha dIlgan
giymatdadir;
b) h naporning uzunli k bwdgi rclhiak kyao Olg@d ¢
chunki/ = f(ReD) grafigi g adir-budirlikning tuti giymatlari uchun birlashib
ketadi
V) napor Y @golishi ogimn ng o0o0r t acha tdeazrlaijgaisniignag
proportsionaldirBu fikrni Darsi-Veysbax va Puazeyl formulalaridan kelib chiqib,
daraja o satkichim=1 giymatga teng & Ishiga ishonch hosil gilish mumkin



g) gidravlik ishgalanish koeffitsienti Puazegyl.60 formulasi bilan aniglardi.
Ikkinchi soha i 1ll va IV vertikallar oraligdi dauwsohals oh a
ogmningharak at t ar t i bi Ogmmdgohylaminarkartibdagi remchkatdan
turb oemtl tartibdagi harakatga, goh huoemtl tartibdan Ilaminar tartibdagi
harakatga oo60zgarib turadooét iShh(raseadbaDil
shtrixlangam deb yuritiladi. Bu sohada:
a) Reynolds soni 100@2300dan 40004 0000 qi ymatil arda o006z
b)suyuqli k quvurda harakatl anganda, m
turuvchi tub oemtltartibdagi harakat kuzatiladi;
Bunday o Zgaruvcha xarakterdagi harakat sohaaralash tub oedtlik
sohasideyiladi.

Uchinchi sohd turb oedtltartib sohasBu soha |V vertikal
tomonida joylashgan bool i b, bu sohada
boodl|Re,di4000- 4000C. Bu soha 00z navbatida wuch

birinchi gism 1T ¢si | | i ¢ 0 6ez.aBhul aqi sgmdsami Rey nol
Re,<100000 giynat da | | t 06gor i Re*00200 giymattadlk | i d
chiziq davomi bodl gan egri chiziq Kk
guyi dagil arga ega bodél ami z:

a) h naporRe;=100000 qi ymatezodnr ani ggi da 75 da
proportsionaldir;
b) Di=constegriliklar bir chiziqqa birlashishiga asoslanip,napor yoo6qol

gOoaludi rl i kka bogoliqg emasligini edtirc
v) h va / Kkattaliklar Blazius va Prandtl formulalariga asosan Reynoldssoniga
funktsi onal bogol i q:
/ =f(Rey) (4.109)
Ikkinchi gism i ¢ g 0 a&duidri r o6zanl ar uchun k v
bodl ganBudgisns linderéikal veABc hi zi gl ar orasida | o

gismda gidravlik garshilik va n ap or hyReyngds koniRehva nisbiy
g 0 aldirik (D)ga bogladl:i g bobd
/ =f(Re,, D,) (4.102
Uchinchi gismi ¢ g 6 ebcduidri r o 06zanl ar wuchun kvad
bodl ganBuggismAchi zi gning o0ng tomoni da
quyidagilar bilan xarakterlanadi:
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1)Napor yoodqgol i s(iditepbhi i okdvhdchpmiopartos
(m=2);

2) Darsi koeffitsienti/ Reynol ds s oni ¢barchd chigigidr gogizoneintekslikka parallel holatda
joylashga;

3y hva/ikattal i kIl abu diirslbii kk ag olaalg a1 i q.
/=1(D) (4.103
Shuni tadki dl as h omanioeniaytlaka guvurldrdaknapora d z
ostida harakatl anayotgan oqi mlar uchun

ostidagi ogi ml ar uchun ham qodl |l ash mt
shuni aytish mumki nki , g i drimown beimislikh i s o
mumkin(ne f t , s uv, ).yrFagatdu suauglibbanmdh@arakati Reynolds

sonining maoélum bir o6l chov birliksiz

xarakteristikasi yopishqoqlik koeffitsier(tn, /7y va zichlikka(r)b o g b loio § a d i

415. TURLI POOLAT, CHO®GMMRLASTKHIOFRA)

MATERIALLARIDAN TAYY ORLANGAN AYLANAVAT O6 GO R
TOORTBURCHAK &GIAKPORIDQUVURLAR DA DARSI

KOEFFITSIENTI (/) NI ANIQLASHNING AMALIY USULLARI

Quvurl arning d ebudirlikhi atashkd agityvchi g 6 a

tepali kchal arning har X1 | bal and
masofal arda j oyl ashi-lsthdigral igka rmayv,j u
deb garaladi:

T t eki s-budirbka di r
T not eki-lBudirttkb adi r

Aksariyat hollarda, amaliyotda notekis 6 ahiidirlik uchraganligi sababli,
quyida shunday quvurlarning gidravlik hisobi bilan tanishamiz:

1°. Naporli texnik (t ur | i 0 @0 adudimquivurlar. Bunday quvurlar
uchun Kol br uk 1938 yil da 00z tadqgi go
ishgalanishi Darsi koeffitsientini aniglash uchun quyidagi ifodani taklif etgan:

ERRPT CRERNL (4104
T ke, T a7? |

bunda,Dr ini s bi ybudglie: PP .
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Bu formula asosida4.28rasnda keltirilgan grafik qurilgan Bu grafik
yordamida tup oemtl sohaning barcha uch gismi uchun Darsi koeffitsientini
aniglash mumkin.

G adir-budir quvurlardaturb oeftl soha kvadrat garshiliklar gismi uchun

formula soddalashib, Prandd r mu | a s i kodrinishini ol ad
/ = OES~2
o Dro
—0
¢ 37+ (4.105
D Kattalik i g adir-budirlikni tashkil giluvchit epal i kchal ar ni |
arifmeti k qgiymat. bool i b, uni bu tepal.

bool maydi . Shuning uchun b u n dwdiyliklarigiu v u r |
ani gl ashda qaodadidlagi cha yool t

Kvadrat garkiliklar sohasida DarsVeyshkax (4.92) formulasdanva tajribada
aniglanadigan kattaliklardadoydalanib, Darsi koeffitsientining (/) ning son

giymati aniglanadi Keyin (4.105 ifodadan foydalanitg_) kattalikning o dacha
giymati hisoblanib, ue k v i v a liréoudirlik aeld yudtiladi Bu kattalik quvur
materialining turi, tayyorlanish usuli, ulanishiggamda que & ngnishlatilish
muddatga ba ligdir. B u usul da ani ql angamikningk vi v
giymatlari4.2-jadvalda keltirilgan.

Quvur va kanallaming ekvivalentD g dia-budirligi

4.2-jadval
Quvur va kanallar xarakteristikasi D. mm
I. Yaxlit quvurlar
Latun 0,00150,0100
Yangi ishlatilayotgan @ lat 0,0200,100
Ishlatilayotgan p lat suv quvurlari 1,201,50
lll . Yaxlit payvandlangan quvurlar
Yangi yoki yaxshiholatdagi quvurlar 0,040,10
Foydalanilgan ©0,100,15
Kuchli yemirilgan 2,0
II. Chuyan quvurlar
Yangi 0,251,00
Yangi bitum singdirilgan 0,100,15
Asfaltlangan 0,120,30
Foydalanilgan 1,001,50
IV. Betonli va asbestemerit quvurlar
Sirti silliq betonli | 0,30,8
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Quvur va kanallar xarakteristikasi D, mm
O @acha sifatli silliglangan 2,5
Sirti dag &l betonli 3,09,0
Yangi askestsemen 0,050,10
Foydalanilgan asbesemernit quvurlar °0,60

V. Ya @ch va shishali quvurlar
Yugqori sifatli silliglangan quvurlar 0,15
Yaxshi sifatli silliglangan quvurlar 0,30
Past sifatli silliglangan quvurlar 0,70
Shishali quvurlar 0,00150,0100
VI. Kanallar silliglanishi
Faqatsemernii aralashma bilan suvalgan 0,050,22
Temirli sementralashmasi bilan suvalgan 0,5
Metall setka ustidan suvalgan 10-15
Shlakobeton plitalar 1,5
Berilgan quvur uchunD ga as os | an i-tudirtki > Ikattgligi g 6 a d

topiladi. (3.129 ifoda yordamida esa,R€osoni hisoblanadP va Reo

kattaliklarga asoslab, 4.28rasmda keltirilgan grafikka asosan, Darsi koeffitsienti
(/) aniglanadi.
Kolbruk formulasi orgali Darsi koeffitsientini aniglashda tanlab olish

usulidanf oydal ani shga todgodri kel i shi sabat
Shu sababl i, A.D. Al't shul tomoni dan
etilgan:
1009 & 680
/ ©013,46D, + — °0,1 D) +—— (4.109
t Sl L At

Albatta, bu formulanturb oedit sohaning kvadrat qar
gismiuchui shl atish odérinliroqdir.,

Turb oeimtl sohaningkvadrat garshiliklar gismi uchuresa yanada sodda
kodrinishli formulani Shifrinson takl:

/ =0114/D, (4.107
Bu formuladan fagat Altshul formulam asosan,D,< 0, 007 bool
holatlarda foydalanish mumkin.

Agar tomonlarinisbatiO@® , 0 ga teng bodl gan t odgc
uchun / gi dr avl i k I shgal ani sh koeffitsien
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yugorida keltirilgan grafik va formulardan foydalanish mumkin. Fagagidravlik
diamettb o 61 i b, quyi dagi cha aniql anadi :
D, =4R

bunda,RT quw @ ngrgidravlik radiusiBunda fagat aylana quvurlarda qu@ ngn i
geometri k diametr.i gi dit adoki I dBP¥EOmentu mfg a

428rasmdag 6 aldu di r kvadr at garshilikkach:
turgan ikkita punktir c hi z i gam qamténiizibb gisn{4.102 ifoda bilan
xarakterlanibReynolds soniga bgismdaquyidagi chegaraviy giymatlarga ega:

(ReD )i‘lJ & (ReD ) < (ReD )illci

Agar
4000¢ Re, ¢ (Re, )\, (4109
unda bu qgism sil | bugda(4l0y ifodab dnh bo tadi.s mi boo
Agar
ReD 2 (ReD )i-‘u (4-109

bool sam buadrat qar s@lOBi kbda qgqosmnl bob
A.D.Altshul Reynolds sonining chegaraviy qiymatlari uchun quyidagi
ifodani taklif gilgan:

(Rep )% = (4.130
DI’
+ 560
(ResJwse = (4.13)
Aziz tal aba, bu masal ani OO0r gamviyi s h |
va kriti k qgiymatl ari oo0rtasidagi taf o

egadir.
2°. Naporli silliq quvurlar. Bunday holatlard44.104 va (4.107) ifodalar
sodda koodri ni(sMraBlanus(4.989, fPdah at li kiodrin
(4.98 formula Reynolds sonining quyidagi giymatlari uchun aniq natija beradi:
4000< R § <10000C (4.132

Re,> 4000 holatlarda quyidagi keltirilgan ifodadan ham foydalanish

mumkin:

1
/ =
(1,82Ig Re, - 1,64) (4133
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1948 vyilda G.K.Filonenko tomonidan bu quvurlar uchun quyidagi Darsi
koedffitsientini aniglash uchun quyidagnpirik formula taklif etilgan:

o

(0]
/ :390,55 o

% Re('j

- 0
¢ 8-
Kyollebruk va Konakov tomonidan sillig quvurlar uchun Darsi
koeffitsientini aniglash uchun quyidaignpirik formula taklif etilgan:

O,

4 gz
/ :&’5566
% Re('j

2079
Agar quw dngi shakl. i todgoriidat owa dlbsa,r
quvurlarning hisobi birinchi banddagi kabi bajariladi.
¥ Qoo6shimcha maoél umotl ar .
1. Amal i yotda foydal anil adi garsii po¢ |l
gidravlik ishgalanish koeffitsientining son qiymati F.A.Shevelev formulasidan
foydalanib aniglanadi.

a) Re,2 9,2(° (kvadrat garshiliklargismiuchur)

0,021, 0,021
/ = 503 ° 5 (4.134)
b) Re, ¢ 9,2Q0° (kvadrat garshiliklargi s mi gacha bo)l gan qi ¢
2500° 1 9"
e : + 8 (4.135)
Bu formulalarda quvur diamet@ imetro 61| chov birl i gi da i

2. Plastmassa va pelilen materiallaridan tayyorlangan quvurlar
uchurDarsi koeffitsientini aniglashda amaliyotda quyidagi formulalar qoniqgarli
natija berishi aniglangan:

Quyidagi formula F.A. Shevelev tomonidan taklif etilgan:

/ =0,25/Re>?%

Ishlab chigarishda ishlatiladigan polietilemateriallaridan tayyorlangan
quvurlar uchunDarsi koeffitsientini aniglashda quyidagi formuladan foydalanish
mumkin:
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/ =0,288/Re*?%

3. Gidrotexni ka amaliyotida tadqgi got
shisha quvurlar uchumu koeffitsient kattaligi Rossiya Fe@dsiyasining Moskva
shahridagi VODGYeO ilmistadgigot institutida olib borilgan tadgigotlar natijasiga
asosan Reynolds soniningRe=4Q0*- 8QA0° giymatlari uchun quyidagicha
aniglanishi taklif etilgan:

/ =0,312/Re*?#®

4. Ogava suvlar uchuidravlik ishgalanish koeffitsienti N.F.Fedaro

tomonidan taklif etilgan formula yordamida aniglanishi mumkin:

1 a D aag
——-2'9&7..4'—0
JI c342GIR Re-
bunda,R 1 gidravlik radius,D, i e k vi v al| dudirlik, gimveadi ¢ 6|1 c hov

birliksiz kattalik. Bu parametlar quyidagi jadvalga asosan aniglanadi.

4.3 jadval
Quvurlar D, , mm a
Keramik 1,35 90
Asbestement 0,60 73
Beton va temirbeton 2,00 100
Podl at 0,80 79
Chooyan 11,0 83
5. Kapillyar sugo6orishda qod6ll anil ac

Bunday quvurlar asosan sintetik materiallardan tayyorlanib, ularning
devorlarida tirgishlar qoldiriladi. Bunga h ol at |l arda quvurl ar
o6zgarganligi sababl i, uzunl i k booyl &
kuzatiladi. Bunday holatda gidravlik ishqgalanish koeffitsientining giymati oshadi.

Sugoorish dav@rlod®mm oG, Cdhamtrgshlar
orasidagi masmbaodlOi, ®,6 t6i rd4q,i0sOmmil o &imie ¢ In i
kuzatil adi . Sar f ni 0 Olz ge@rti shhair ankaattiij ansai\
Reynolds sonRe <10’ shartni bajaradi.

Shu sababli, gidravlik ishgalanish koefi@sti sillig quvurlardagi holat

uchun aniglanishi mumkinRe>10" shart bajarilganda esa bu koeffitsientning
giymati wuzunli k booyicha doimiy va 00z
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6. Turli materiallardan tayyorlangan drenaj quvurlar uchun.

Bunday quvurla d a uzunl i k bodyi cha sarfni
koeffitsienti giymati ham oshadi. Gidrotexnika amaliyotida drenaj quvurlar
plastmassa, sillig shisha, gofra, keramik materiallardan tayyorlanib, ularda drenaj
tirgishlar mavjud bodl adi

Shisha plastik drenaj quvurlarida oqim tbroemtl tartibdagi kvadrat
garshiliklargacha va kvadrat garshiliklar sohasida harakatlanadi.

Keramik drenaj quvurlard®e¢ 10° shart bajarilib, ular silliq quvurlar kabi
ishlaydi.
Gofra quvurlardeD, = 1 , 3 @rgiy®atlar uchun kvadratagshiliklargacha

bodédl gan soha uchun A. 1l . Mur aUaytforoulasigad qi q
asosan aniglash mumkinligini taklif etgan:
1 a 251 D

=-2l

il 0,27=
JI gg%eﬁ+ a9

Gofra quvurlarda ogimning throeintl tartibdagi kvadrat karshiliklar sohasi

v

Re° 10° vaziyatda boshlanib, bunda gidrivtjarshilik kattaligi 5 foizga oshishi
aniglangan.

4.16. GIDRAVLIK ISHQALAN ISH T DARSI KOEFFISIENTI
KATTALI GI NI TIO@OREBRIRCHAK 3&GIAKHIQ D
O6ZANLAR UCHUABHBADOMIA.P.ZEGIDA TAJRIBALARI

Umu man, gidrotexni ka amanlogimung ocdigqg mu
o0zanl ardagi napor si z harakat.i uchun
todrtboodorchak shakl dagi kesi mga ega b
tooxtalishni maqgsadga muvofiqgdir. Shu
o0zmdahakeng qgamrovl i va mukammal o0t ka
quyidagil arni edOtirof eti sh mu mk i n. C

nishabligining turli giymatlariuchuR/Dmunosabatning kattal.

budi r | i k| aTadgmadilardaraalingangqatijalar tahlili muallifga quyidagi

Ni kuradzening aylana quvurl arga oo6xsha
A.P.Zegjdaning olgan natijalar:i och

ahami yat ga ega b ozelgmafigining ndfagat sifdi jinatdaraballN,i k u

hisobiy tenglamalarning sonli natijalari mos keladi deb xulosa gilishga asos beradi.

A.P.Zegjda tomonidan throemtlsohaning kvadrat garshiliklar gismi uchun notekis
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g 0 alndirikda Darsi T gidravlik ishgalarsh koeffitsientini quyidagicha
aniglashni taklif etgan:
1 R
—=2lg—+2125
N
Bu formul ani 2,125=219g11,55 ekanligi
keltirish mumkin:
1 R 1155R
— =2lg—+2Ig1155=2lg—/———
7 g D 911, g D

Ochig od6zanl ar uchun wushbu formul a
oO0titish maqgqsadga muvofiqgdir.

"
S
Q - !
Al 3/ h
11 . :*.'g::’: = Y
—4—d ¥ 13' - : ::,z- -
10 NoA S5 2 i’ M/
a *EE ety Y
= &
a5 1 1
a0 5 W 45 7 4 37

Ly Re
4.29rasm.

4.17. KVADRAT QARSHILIKL AR SOHASI UCHUN OQIM NING
TURB O 0ENT TEKIS BARQAROR H ARAKATDA NAPORNING
UZUNLI K BOO Y QGLSAI. SHEA FORMU LASI.
SARF VA TEZLIK MODU LLARI

Aziz od6quvchi, biz 06z xayot tajrib
ogi mining tezligi yuqgor. b o 6 hing sehligigai k u
toogor.i proprotsional bodl gan Reynol ds
ogim harakat. j Wbdeaintk ob pr thioddear daoltiulr,
kvadrat qgarshiliklar sohasida boodol adi

Re > Reheg (4.136

bunda,RexnegT turb oemtltartibdagi harakat ikkinchi sohasining tugashi chegaraviy
giymatidagi Reynolds soni.

Umuman, gidrotexnika amalyotida kvadrat garshiliklar sohasida hisoblashni
qgul ayl i gi sababl i, kvadr at garshil ikl &
hisbl ar shu wusulda olib boriladi. Haqi q
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sohada gidravlik ishgalanish koeffitsiedtiRey nol ds soni gwai boghé
ogim od6rtacha t e Shuisapabpa masadam tahblab gli6H usuk d i r
bilan hisobash talab qilinadi. Kvadrat garshiliklar sohasida bsakoeffitsient

Reynolds soniga bogdéliq emas, shuning
olish usulisiz hisoblash mumkin. Albatg h u n i tadki dl assdninik er a
inobatga olmaslikatijasida kelib chigadigan noaml i k , -bgdliknd i r
aniglashdagi noagiikdan ancha kickb o 6 1 adi . Shu sababl i,
oO0zagadibbudi rl i gi o6zanni si fat xarakt e

asosidagabulgilinadi.
G adir-budirlik koeffitsienti giymati

4.4jadval
Daraja Devorlar turi n 1/n
I Oota silliqg sirtlar; 0,009 111
Yaxshio 6r nat i d @taktg.Toamo t a
Il _ 0,010 100
sementlanyaxshisuvoq
Yaxshisemenit suvoq(1/3 qumdan. Yaxshi 90.9

1] yotgizilganyoki ulanganyangiso p o | , wval 0,011
temir quvurlar Qirrali taxta

Yaxshio6rt nat i t gan aqgi 1001
sharoitdagsuvo 0 t k a z g judaflaxsbiu v
\Y betonlangan; 0,012 | 83,3
Sezilarsiznkrustatsiyalanganudatozasuv
oquvchiquvurlar, judayaxshibetonlangan

Yaxshig 60 i s h t Isharpitdagiuggatémxiali
terish.

\Y ] : : 0,013 | 76,9
O 0 rshaeoitdagtarnovquvurlar, birnecha

ifloslangansuvo 6 t k agmvgriarc h

Ifloslangan quvurlafsuvo 6 t k avatgrmoelih
VI ) 0,014 | 714
0 0 isharatdabetonlangan quvurlar

O0r t @a@ihshsh,d ¢ sharaitdagyupga
Vi toshdargoplash Sezilarliifloslangantarnovlar 0,015 | 66,7
Y 0 g Oreykdharb o 0 y brezdnta

Yaxshitoshdevor, eskiharoh g ¢ i terisht
VIII . , e 0,017 | 58,8
ni s bat abetonignyanjudasilliqjuda
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Daraja

Devorlar turi

1/n

yaxshiishlov berilgangoyatosh

Qalin mustaxkangil gavatbilan qoplangan
kanallar, zicrs o tgroglikanallarvazich
maydas h a g 6 ailahgoplanggn |

0,018

55,6

OO0 r t (gonibad) toshdevor.
Toshyotgizilgany o 0 | Qoyada |
kanallar. Gil qoplangan zich yerdagi, zich
shagodall i, (otbo ¢ lalc)h ak xn

0,020

50,0

Xl

Zich loyli kanallar. Birtekisb o0 0 | n{azigikdi)n
gil qoplangarye r d a, s h &apadla.| ,
OO0 r t ad asharojtda tamirli va saglangan,
katta tuproq kanallar

0,0225

44,4

Xl

Yaxshiquruqterish. Yaxshidakkamroqo 6 r t
sharoitdasaglangarva remontlikatatuproq
kanallar.Judayaxshisharoitdagdaryolar
(chuquryuvilishlarsizvao 6 y i | i s bgamli |
tozat o O@®3 a n

0,025

40,0

Xl

Tamirvasaglastsharoitio 6 meyardarpasti
k at t asharogdai rkithk tuprogkanallar

0,0275

36,4

XV

Nisbatanyomonsharoitdagtuproq kanallar;
sezilarl: oO0tl ar o006s¢
chuqurchalar

0,330

33,3

XV

Judayomonsharoitdagkanallar Nisbatanyaxshi
sharoitdagdaryolar lekin bazimigdordatoshva
suvo O t bilaa r |

0,035

28,6

XVI

Sezilarliyomonsharoitdagkanallar(o 6 z a n
b o6 yyléogph waylvidganngamishlaro 6 s ¢
guyuq ildizlar; yrik toshlarvax.) borabora
daryooqimi sharoitiyomonlashad{boshga

punktlarganisbata

0,040
va Kk

25
va
kam




Yuqoridagi mulohozalarga asoslanib, gidrotexnik amaliyotda, asosan,
ogimning tub oedn t tarti bdagi k vadr atganighatalab hi | i
etiladi.

Faqgat quyidagi holatlar bundan mustasno:

9 grunt suvlari harakaflaminar tartibli harakat
1 inshootlar modellaridagigpm harakati
9 nihoyattasilgpdev or | i , katta kodndal ang kesin

Bi z b u ma v z tbdriai sha saha uckun egdmning naporli va

naporsiz tekis harakatiga garatamiz. Bunday harakat aksariyat hollarda tsilindrik

o0zanllknaodmdal ang kesi mi o0zan uzunl i
(dw/ds=0), yani todgodr. koondal ang kesi mli

cToogori koondal ang kesime deganda
todrtburchak, trapetsi odal kesi mlar ni
yulduzsimon kesimlar bundan mustasno.

422r as mdagi tasvirlangan hol at ga a
boshl angdich qgismidagi oqgim harakati da
sababl i, u gism ham qgaral maydi . Chunk

Bundan keyin fagat tekis harakatni nazarda tutamiz.
1°.Shezi formulasi

DarsiVeysbax formulasian oqi m oo6rtacha tezligid
G
h =—— (4.137)
4R 29
u= 89 gh (4.138
/ I
u=C+JRJ (4.139

8
bunda,S=1/Tg- Shezi koeffitsienti,d§°/f; T 0o gi mni ng oo6dif;ach a

R gidravlik radius,m; J 7 oqimning tekis harakatida gidravlik nishablikka mos
pezometrik nishalX.
BuformulaShezi formul asi deb atalishi b i

== (4.140



(4.139 ifodaga asoslanib, gidravlik qarshilik Reynolds sdiile) ga
bogdéliqligini eti borga ol ib, Shezi k oe
fagat-bgdadl iididginaetrdfaiigh &erak.

2°. Shezi formulasiga asosan olingan formulalar

2

u
=Jl=—"—I 4.14

h R (4.142

Q=w = uC/RJ (4.143

Bu formulatekis harakatining asosiy hisoblanish tenglamadeb ataladi,
bunda,;i | ogim harakatlanayotgan hisobiy soha uzunligi;
3°.Sarf moduli.

K =mi+/R (4.144
bundaKi sarf moduli
Belgilash kiritamiz:
Q=K+J (4.145
Bunda tekis harakat uchun:
K :% (4.149

Bu formul adan X=d0 dakaQi b=ht/luwordéil bcchiokvi ,bi r
munosabat boKsadmaddli®sgar fucchdulnchaov birl i gi

2
3= % (4.147)
Demak,
_Q?
4° Tezlik moduli
W =C+/R (4.149
Belgilash kiritamiz
u=W-J (4.150)
Tekis harakat uchun
u
W=— 4.15
73 (4159
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AgarJ= 1,0 bodl sa, tezli k modul i t ezl

Demak,
2
U
:V?I (4.153

Sarf va tezlik modullari quvur va kanallarning gidravlik hisobida keng
gool |l anil adi

4.18. SHEZI KOEFFITSIENT INI (S) ANIQLASH UCHUN
IMPIRIK FORMULALAR
Shezi tenglamasirfd.139 Sga nisbatan yechimini hisoblaymiz:

-_ v
4= (4.159

Hargamlay suv oqgi mi har@R ak d tatnaalyiok [gaarnn i
(4.11] formula asosid& Shezi koeffitsientini hisoblash mumkin.

Kodpgina tadgiqgotchilar shu tariga
doir impirik formulararni olishgan. Quyidalardan ayrimlarini keltirishni Biz,
mualliflar magsadga muvofiq deb topdik.
1 GangileKutter formulasi

y = 23+1/n

- (4.155)
1+23—=
VR
bundani1 g @dir-budirlik koeffitsienti
1 Manning formulasi
" =%R1/ 6 (4.156
Bu formula amaliyotda koop zdadalbl ani |
formula asosida tuzil gan rovaangparametigr b er

asosda hisoblangan gidravlik radit&sga asosan Shezi koeffitsientini aniglash
jadvali keltirilgan.
1 Akademik N.N Pavlovskiy formulasi

C= % RY (4.157)

bunda
20z



y=f(RN) (4.158)
=25/n- 013- 0,75/R(\/n - 010)

(R<ldib o 61 gy a5 m R>1d:b o 6 | gy b3m),

Bu formul a ham amaliyotda kodp q
mavzul arda bu formula asosida twaga | gar
anig parametlar asosda hisoblangan gidravlik radRisga asosan I(®zi
koeffitsientini aniglash jadvali keltirilgan.

1 Baxmetov va bosjalarning yarim imprik formulasi(1943 y)
-1 +17,72lg R (4.159
n
9 [L.1. Agroskin formulas{1949 vy)

H:1+17,72IgR (4.160
n
Bundan tashqgari, amal i yotda b aeiathg q
tartibday i harakatining har uchala tekis o
garshil ikl ar sohal ari uchun oo6rinli k

formulasini ham keltirish mumkin:

| =

a 03
& R 0
= 0]
u 25%80 . 0,025 (4.16))
\/_

Shezi koeffitsientiS ni quyldagl Manning formulasi asios tuzilgan jadval
yoki N.N.Pavlovskiy maxsus grafigi yordamida ham aniglash mumkin
Manning formulasiga asosan aniglangan Shezi koeffitsientining
qiymatlarig = (1/n)RY® &S /ir
4.5jadval

0,011 | 0,013]| 0,014| 0,017 0,020 0,025| 0,030| 0,035| 0,045| 0,050
0,30 | 74,38 | 6294 | 58,44 | 48,13 | 40,91| 32,73| 27,27 | 23,38 | 18,18 | 16,36
0,32 | 75,19 | 63,62 | 59,07 | 48,65| 41,35| 33,08| 27,57 | 23,63 | 18,38 | 16,54
0,34 | 7595 | 64,26| 59,67 | 49,14| 41,77| 33,42| 27,85| 23,87 | 18,57 | 16,71
0,36 | 76,68 | 64,88| 60,25| 49,61 | 42,17 | 33,74| 28,11 | 24,10| 18,74 | 16,87
0,38 | 77,37 | 65,47| 60,79| 50,06 | 42,55| 34,04| 28,37 | 24,32 | 18,91 17,02
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0,011

0,013

0,014

0,017

0,020

0,025

0,030

0,035

0,045

0,050

0,40

78,03

66,03

61,31

50,49

42,92

34,33

28,61

24,52

19,07

17,17

0,42

78,67

66,57

61,81

50,90

43,27

34,62

28,85

24,73

19,23

17,31

0,44

79,28

67,09

62,29

51,30

43,61

34,88

29,07

24,92

19,38

17,44

0,46

79,87

67,58

62,76

51,68

43,93

35,14

29,29

25,10

19,52

17,57

0,48

80,44

68,07

63,20

52,05

44,24

35,39

29,50

25,28

19,66

17,70

0,50

80,99

68,53

63,64

52,41

44,54

35,64

29,70

25,45

19,80

17,82

0,55

82,29

69,63

64,65

53,24

45,26

36,21

30,17

25,86

20,11

18,10

0,60

83,49

70,65

65,60

54,02

45,92

36,74

30,61

26,24

20,41

18,37

0,65

84,61

71,59

66,48

54,75

46,54

37,23

31,02

26,59

20,68

18,61

0,70

85,66

72,48

67,31

55,43

47,11

37,69

31,41

26,92

20,94

18,85

0,75

86,65

73,32

68,08

56,07

47,66

38,13

31,77

27,23

21,18

19,06

0,80

87,59

74,11

68,82

56,68

48,17

38,54

32,12

27,53

21,41

19,27

0,85

88,48

74,87

69,52

57,25

48,66

38,93

32,44

27,81

21,63

19,47

0,90

89,33

75,58

70,19

57,80

49,13

39,30

32,75

28,07

21,84

19,65

0,95

90,14

76,27

70,82

58,32

49,57

39,66

33,05

28,33

22,03

19,83

1,00

90,91

76,92

71,43

58,82

50,00

40,00

33,33

28,57

22,22

20,00

1,10

92,36

78,15

72,57

59,77

50,80

40,64

33,87

29,03

22,58

20,32

1,20

93,71

79,30

73,63

60,64

51,54

41,23

34,36

29,45

22,91

20,62

1,30

94,97

80,36

74,62

61,45

5223

41,79

34,82

29,85

23,22

20,89

1,40

96,15

81,36

75,55

62,22

52,88

42,31

35,26

30,22

23,50

21,15

1,50

97,26

82,30

76,42

62,94

53,50

42,80

35,66

30,57

23,78

21,40

1,60

98,32

83,19

77,25

63,62

54,07

43,26

36,05

30,90

24,03

21,63

1,70

99,32

84,04

78,03

64,26

54,62

43,70

36,42

31,21

24,28

21,85

1,80

100,27

84,84

78,78

64,88

55,15

44,12

36,76

31,51

24,51

22,06

1,90

101,17

85,61

79,49

65,47

55,65

44,52

37,10

31,80

24,73

22,26

2,00

102,04

86,34

80,18

66,03

56,12

44,90

37,42

32,07

24,94

22,45

2,20

103,68

87,73

81,46

67,08

57,02

45,62

38,01

32,58

25,34

22,81

2,40

105,19

89,01

82,65

68,06

57,85

46,28

38,57

33,06

25,71

23,14

2,60

106,60

90,20

83,76

68,98

58,63

46,91

39,09

33,50

26,06

23,45

2,80

107,93

91,32

84,80

69,84

59,36

47,49

39,57

33,92

26,38

23,74

3,00

109,18

92,38

85,78

70,64

60,05

48,04

40,03

34,31

26,69

24,02

3,50

112,02

94,78

88,01

72,48

61,61

49,29

41,07

35,21

27,38

24,64

4,00

114,54

96,92

89,99

74,11

63,00

50,40

42,00

36,00

28,00

25,20

4,50

116,81

98,84

91,78

75,58

64,24

51,40

42,83

36,71

28,55

25,70

5,00

118,88

100,59

93,40

76,92

65,38

52,31

43,59

37,36

29,06

26,15
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V. SUYUQLIKNING TUR B O GEINT TARTIBDAGI TEKIS BARQAROR
HARAKATIDA MAHALLIY NAPOR YOOQOLI SHL ARI

4.19. TRANZIT OQIMINING O06 ZAN D BEAROARIRALISH XODISAS I.
SIRKULYATSION (SUV AYLANISH ) SOHASI.
AJRATISH SIRT. MAHA L1 Y NAPOR Y O8IR®UMUSIN I

XARAKTERI
Turb oedlt ogim 06z harakati yodnalishi
tranzit(ogi b ogQgbgymhgang ooO0zhhnhshievopM¥% amea

rasmn .
Bunda suvninig aylanmaohar phgdio bk

sohada ogim begaror harakatga ega boodl

Endi bundan buyon suv aylanayotgansohani tsirkulyatsion sohadeb
ataymiz

Ogimninig golgan sohasianzit ajimchadeb belgilaymiz. Ikkala sohani bir
biridan ajratib turuvchiabcd sirt esaajratish sirtideyi | adi . Shuni
l ozi mki |, ajratish sirti begaror va o060z
uning o006zi mahal | i y a yslhadnamaagl ao ha ydl aa nai ybl , :
mumkin. U yana tranzit ogimchaga tushib, oqib ketadi. Bu jarayon-yama
takrorlanaveradi. Albatta, doimiy ravishda ajratish sirtida tsirkulyatsion sohani
paydo boolishibu ¢ulsatsiygrni vaebasinni kbshishigab r a n
sabab bool adi

Oqgim 4.3, a-rasmdagitasvirdan bosqgichmbosqgich 4.2, b-rasmdagi
o6rtalashgan ogim kodérinishiga o06tadi

Sirkulyatsion soha gaytuvchi ogi m
itezli klar epyur al ar i nidaaa tsirkulyatsiomh sohaninigo 0 z ¢
o0rta chizigodéida xam nol gi ymat ga2 ega
kesim nafaqgat tezli k pulsatsivyalar:i Y%
tezli klar epyurasininig k uic bilen hand e f or
xarakterlanadi.2-2 va 33 kesim oraligoi da ogi mni n
pul satsiyasi tekis harakatga xos katt a
epyur asi ham tekis harakat 3-2 pegimdaa s i

shushakini @di. Shu sabab#i;2 va 3-3 kesimlar orasidagi sohamm 0 t yold h
tsirkulyatsiyadan keyingi soldeyiladi.

20¢



a)
AL AR R A A L NS

0 2
LIS,

I >
——— |

[, [ :—":if‘
’/’/////Lf/'///7//}7////}/4//’///// ;

A,

|
! 2

43l-rasm. Tub ot o qi mni ni g t o &xakikijogm ayl ani b ¢
b)odr t al as h {ReynaldsBgsaimeskdagaziynmodelining chddao 6 r ) ni s hi

Ajratish sirtida koondal ang pul sats

tranzit oqi mchal ar oo0rtasida sezilarl:.
Ajratish sirt.i b o 0 Y logmthurintma lKuchlanishldci oiglzats a t a
katta giymatga ega bool adi . Shu sababl
katta qiymatga ega bool adi . Oo6ti sh sol
boshga sohal arga nisbatan katta qgi ymat
Agar bcd gjratish sirtigaegriahz i q | i gattiqg devor o00r
o6zandan ajral may harakatl anadi va nap
Bu jarayonni al batt a, eqgr.i chiziql
kuchlanishlarni tus oedntl urinma kuchlarning giymatlaridan sezilarli migdorda
ki chi k bool i shi bil an xarakterl ash mum
De mak, xulosa qilib aytish mumkinki,
keskin burilish, torayi sh, kenghlani s h,
sohal arida maxalliy yodqgolishlar mavju
Albatta,b oairl ham wuzunli k bodyicha napor

kuchl ari hi sobiga paydo bodl adi
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Bu kuchl ar bunday keskin odézgaruvch
xarakterga ega bodl adi

Bunday kesimning sohalaguyidagilar bilan xarakterlanadi
T harakat <chizigdéi va harakatdagi kesi m
T ogim bodyl ab harakatdagi kesi mning 06
ftranzit oqimning qattig devordan ajra

Bunga oéxdhladamda vV a ul ar dan kKeyi nog
sohalarda quyidagilarni kuzatish mumekin.

T ogim bodyl ab odértalashgan tezlikIlar e
9 tedik pulsatsiyalari va bosimning oshishi.

Yugorida takidlangandek, tezlik pulsatsiyasining dshisirb oetl urinma
kuchl ani shl arning oshishiga olib kel ad
oshishiga sabab bool adi

Endi esa biz, ogimning tbroemtl tartibdagi harakati kvadrat garshiliklar
sohasida mahall iy naplantanishazgo!l i shl ar i n

4.20. QUVURLAR TIZIMI (TRUBOPROVOD) NING KESKIN
KENGAYISHI. BORD FOR MULASI.
TRUBOPROVODDAN OQIMN ING CHIQISHI

Quvurda harakatlanayotgan ogiy, diametrli quvurdarD, katta diametrli
gquvurga oo0tgan hoeD,>D d.8-rakmp.6ri b chi kami z

Yuqgori dagi mavzuda o0 0l gamikdhggagimche k |,
guvur devoridan ajraliA tsirkulyatsion sohdashkil giladi. 1-1 va 2'-2' kesimlar
oraligdbéida ogi mcha nosi mmetrik kodrini
buraladi.1-1 va 2'-2' hamd 2'-2'va2-2s ohal arda oqi m har akeé
ayrim sohal arda keskin o6bzgaruvchan bo

l-lva22 kesi mlar orasida esa napornin
Uni h. deb belgilabk e s ki n kengayi s hd@aagymznapor yo

Bu kattalikn i birnchi bool i b injener Bord
jismlarda zarb hodisasi kabi tasvirlagan. Shu sababli, uni ayrim hollzada
vakti dagdebagtadadigo!l i s h
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4.32-rasm. Tuboprovodning keskin kengayishi.
Bord formulasinikeltirib chigarishga doir

Bord formulani keltirib chigarish uchun Bernulli va harakatlar miqgdori

tengl amasi dan foydal angan. Bi zga madl u
o6zgarishini I c hki va tashki kuchl arn
miqdori tengamasi esa fagat tashqgi kuchlarni inobatga oladi. Bu tenglamalarni
birgali kda yechi b, izl anayotgan napor
ichki ishgalanuvchi kuchlarning bajargan ishini ajratib olishga harakat gilamiz.
Chunki, ayni shu kuchlardii r al ayot gan napor yooqolis

1-1 va2-2 kesimlar uchun Brnulli tenglamani yozami@.32-rasn) :

he=H,. - HQ=%+%+%§- %2+%+‘32_g§ (4.162
bunda,a =10 debgabulgilsak,
he. - “_22§+§epi- P2 g (4.163
c20 20r ¢g 9=
(p,- p,) bosimlar fargini harakatlar migdori tenglamasidan foydalanib

topamiz. Bu tenglamaraba suyuqglik gismigal-1va2-2k esi ml ar uchun
yozamiz.

aor Qs - t)=(To), +Gs + R+ Ry (4.169
bunda,a, 1 harakatlar miqdori korrektivia, - 1,0;
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(To)S i tashqi ishgalanisfy kuchiningSgor i zont al har akat
oo6gqga pr ¢abcHdgissndayi aswyuqglik uchun u nixoyatd ki chi k b o«
uchun(T,).= 0 debgabulgilamiz (1-cheklanish ;

G, T abcdgi smdag.i suyugli k ogoirligining
proektsiyasiG,=0; P, T 1-1va2-2kesi mlarga yon tomond
gidrodinami k bosi m kasichl ar yigoindisi

Ridevorga taodsir etuvchiRIFR Kkaksi ya
vertikaldevornng suyuglika bosimi, bunda

P+R=(R- R)+R=(R+R)- R, (4165
P - R=pw, (4.166)
P, = p,u, (4.167)

2-22kesim bodyl ab bosim taqgsi mluedii s hi
debqgabulgilamiz (2-cheklanish) .

Demak
R+R =pw - pus (4.169
w, T bcyoki ad doira yuzasi:
fQ(Uz - U1) = P, - P, (4-169)
bundan
r=g/g vau,=Q/w, (4170
demak,
&_ &:Q(UZ- Ul):(uz- Ul)U2 (417])
g g w9 g
(4.171ni(4.163)i f odaga qgqooysak:
. _utug _2uy - e, U - Ul 20k - 2, (4172
C 29 29 29 29
_ (Ul - U2)2
== </ 4.17
hee =50 (4173

BuBord formulasileyiladi.
Qavs ichidany, tezlikni chigaramiz:

R

u

)
1

N
Ll )

@sle

(4.174)

1-aDOy,
NS
& |

a
he ¢ =e-
¢

O Pﬁmo
HE

U+ 29

bunda
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° ~2
a wa
B- 8 =2 (4.179
¢
belgilash kiritsak,
u2
he =Z§.c$ (4.179
Agar v, kattali kni gavs i1 chidan <chiqgars
bodl adi
u2
he =Zd'.c£ (4.179

(4.179

Z.. vazj. i keskin kengayishdagi qarshilik koeffitsientlari deyiladi.
ogi m k bhavzaga chogga] chitishda garshilik koeffitsienti

Agar
w, > >, holat uchun qaralilp4.33-rasn) ,
Z,4510 (4.179
debgabulgilingan. U holda
2
2
i 4.18
1T g (4.180
yoKi
a
hqqg_“z—é (4.18)
Agarw, ki chi kroq qiyme —==—" " —
uf e e
=Z, 40 4.18 -
hqcff udig ( 3 —— = o
& 1,0
=@- 2 4.18
Z“qr? u1§ (4.183 4.33-rasm. Chigishdagapor
yooqgol i shi

4.21. QUVO @ R NG BOSQICHMA -BOSQICH KENGAYISHI (DIFFUZOR)

Diffuzor 434-r asmda kel tiril gan. U asosan
maqsadi da guvur ki chi k di ametrdan k a
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Tajribalar natijasida asosan diffuzordan ogim quyidagiaholl ar da oqi b
mumkin.
1 agar
0<bh<8-10° (4.184)
shart baj ar i | gnmechadebocdan|4.34aza;rasn) ajralmay @atli. o
1 agar

8. 10°<bh<50- 60° (4.185)
shartb aj ar i | grannt ognohddew@an ajtaladéd.34, b-rasnj .
1 agar
b>50- 60° (4.189

shartbajar | gan bool sa, tranzit oqi m@bBav- di f f
rasn) .

o) p<&i®

/
/
/
/ —
J 1
7

S

42

N |
N\ 1 .
N
T~ —

18

{ I8
02 J 4 56 8 WRREEN XN W0 & W W'

4.3A-rasm. Diffuzorlar 43%rasm. Zarbning to
/  koeffitsient grafigi

Di ffuzordagi napor yoodqgolishi qgqooyi ¢

h, o=/ ehee (4.187
bunday ,Tzar bning todliqligini aniqglovchi
4.36r asmdagi grafi kdan koorinib turut

b=6°da bodél ar ekan.
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4.22. TRUBOPROVODNING TO RAYISHI.
SUYUQLIK OQIMINING T RUBOPROVODGA KIRISHI

Quyidagi rasmlarda truboprovod torayishinirli k o 6 r i ni shl ar i t
(4.35-rasn) .

Agar birinchi quvur diametrini nihoyda katta deb taxmin gilsak, 4-3
rasmdagi torayish o6rniga oqimning ka

sxemasiga ega bodél ami z.
Truboprovodning keskin torayistho | at i ni k o ¢4cB-rasn) c hi g a
Agar a>05D, bo6l sa, nazariy jixatdan b u ma s

hisoblanadi.

Bunday keskin torayishda suyuql i kni
xarakterlanadi:

i bharakatlanayotgan suyuglikningM zarrachasi ab devor boody
harakatlanayotgandédb nuqt ada 00z harakati ni K
0 0 z g a mergiya kudhlar tasiri ostidabc devordan ajralishi natijasida
tsirkulyatsion soharashkilqilishi kerak.

T Asohada i kkita tranzi tadi.sgii smgiganakesisno h a s
oldida siqgiluvchi,s-skesimdan keyin kengayuvchi tranzit ogimchalar.

Tajribalar natijasi si qi b oceiticartibdags o h a «
har akat uchun ni hoyatda ki chik gi y ma
pulsats y al ar i kichik bodlishini P 8508,p ha u
isbotlagan.

Shu sababli, mahalliy napor asosan kengayuvchi sdlsaxiza 2-2' kesimlar
or al Yygoddiqdoa ar ekan.
Demak, Bord formulasiga asosan

U, =u, (4.189
Q

u,=— 4.18

” (4.189

u.=e y (4.190

efogi mning vertikal yodonalishidagi si qi

W,

e=—_°¢ 4.19
", (4.191

Keskin siqgilishdagi napor yooqol i shi
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2 g 2 2 2 2 2 2 .2
u -u U Q u W. Q u al .o u
hgc—(c 2) Z%I—C—lg—ZZ%z—lg—Z:%——lo—z (4.192
29 2 < <0 1 + 40 ¢ + <29
¢ ¢
2
— UZ
thr)_ cm@ (4.193
al .G
Zew = (?e— - 19 (4.199
a) Keckux mopadtiuw
B g
J)Acma-cekug mopaduw .
"‘ —— P
3 2 | LTI i
A —— : : &,
7
. W7 LY
R i
_P_ L 1Yo l I
6% Y W/!\\:j" A w, I
8) Bup mekuc mopaiiuw O-F\ 5 ( R=E=—=5 '
L o s - 2 e |
" ) Q== ?
D 2 1l o< == .
L 3 25 {1 - 4a '4
== i ST | el
> —1)—g—— \L_‘c‘ 22
a i’ le—a /'
4.36-rasm. Truboprovod torayishi 4.37-rasm. Truboprovodning keskin torayishi

I.Ye.ldeldhuk tomonidan keskin sigilishdagi garshilik koeffitsientini aniglash
formulasi taklif etilgan.

= 1 (4.195
1+ [1- 2
m
Bu formul ani kel tirib chikarish ucht
l-lvassk esi ml ar Bernulli tengl amas:i or qal

2 2
&+u_1:&+uc

e (4.199
9 29 g 29

214



2 9 ~ 2
Bundan Yo — gep—l - &8+ 4 (4.197
20 ¢9 9+ 29

p va ukattaliklar mos ravishdd-1vassk esi ml ar g.a taol uqgl i dir
P, - Py fargni harakatlar sohasi tenglamasi orgali topafhiz va s-s oraliq

uchun ay, =ag,=a; =ay=10; tashgi kuchlar inobatga olinmaydp, bosim 1i-

1i kesimdagi bosimni gidrostatik konum i y at ga b aqdbylgilib,riald i de

devor tomonida tadsir etayotgan bosim

Pi_p,ad (4.198
9 9 29
Bu hol atni ebtirof etgan hol da, Ber
birgalikda yechib, quyidagicha yozish mumekin:
1 2. m. (4.199
En e W
eQ_C :015 (4.200
W,
e =1--2 4.20
Cc V'/l ( :D
U2
=X, = (4.202
29
bunda Z, =X &, = %- %g (4.203
¢ 1+

x T siqilishni kamaytirish koeffitsienti:
1. Keskin siqilish uchui4.36, a-rasn)
z=05

%\s
|-aDO

Zjy=052{, = 0,5%
¢
2. Bosgichmabogyich siqilish holati uchur( 36, b-rasn) . Bu holatdaz

koeffitsientDi munosabat va® burchak kat al i k1 ari ga 380gol i
2

rasmdagi kel tiril gan grafik asosi da
kirishdagi kichik napor 4§-040-60°Ilda nsakjudni n g
bool ar ekan.
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3. Bir tekis sqgilishdagiholat (4.35, v-rasn) . Bu xolda x koeffitsient 439
rasmdagi grafik yordamidar/D, munosabat ga bogdl iq h
ri kirishdagi yon devorlarning egrilik radiusi.

x koeffitsientr/D,=02b o 61 ganda g yogamigai mgh bood
0 Zgarmaygolar ekan.

g5 :

ot 00‘"4025 £

0:3 0)". % \\

N

02 AL 7 02 -

a1 ﬂ J»

020 40 60 &0 100 120 140 10 10° 0 Q0% Qos Q12 015 Q20 Q%

4.38-rasm. 4.8, b-rasmda tasvirlangan 4.39%rasm. 439, a-rasmda tasvirlangan
sigilishni kamaytiristx koeffitsientini aniglash sigilishni kamaytiristx koeffitsientini aniglash
grafigi grafigi
Endi truboprovodga oqi mning katta o¢
chigamg. Bu holat uchut4.152f or mul a b o ayicda | Wuanasai,
Zog5X (4.209

x 1 yugoridagi mulohazalardagidek aniglanadi. Umuman uni D holat uchun
Z. 4505 (4.205

gabulgilish mumkin.

423 BOSHQA HOLATLARDA MAHALLI'Y NAPORISHINDG QO
ANIQLASH. VEYSBAX FORMULASI
4.37-rasmda suyuglikni zadvijk@) va burilish(b)d a g i hol atdan o
tasvirlangan. Bunday holatda s-s sigilgan kesimlar vaA tsirkulyatsion sohalar
mavjudl i gi xarakterlidir. Bu vaziyatda
s-s kesimdan keyingi kengayishi sohasida ruy beradi. Shu saBad formulaga
asosan:

u
hy=Z4—— (4.200
g
Aw 6 &l &
a Q
Zy=dg -1 =& - 10 (4.207)
éﬁ/’/c = (;e -
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bunda,z, T maxal | iy

Umumiy holatlarda

sababljz ,, kattalikni aniglastancha murakkab.
Yuqoridagi
aniglash uchur(4.209 formulani taklif etgan. Bunda ,, kattalik eksperiment

y 0 0 g;ai trandit odinohaning harakatdagin t |
kesimi w, - s-ssigilgan kesimdagi ogithaning harakatdagi kesimi

I sig | gan

fi krni

tajriba asosida aniglanishi mumkin.
DYKoondal ang

kesi mi

harakat dagi

Il nobatga

ayl ana

shakl da

ol i

Re, ~D2 5 05 ! -o. 0,015 uchun(4.38-rasn)
n D,
—_ hH
“ i (2g) =9
Quyidagi uchli diafragma uchus, i garshilik koeffitsienti giymati
4.6-jadval.
w, w, W, /M
0O 0102|0304, 05]06|07]08|09]|1,0
0 2,90 2,80|2,67|2,53|2,40|2,25|2,09| 1,98 1,75| 1,50| 1,00
0,2 |2,272,17/2,05/1,94|1,82/1,69|1,55/140|1,26|1,05|0,64
04 |1,70|1,62|1,52|1,42|1,32|1,20|1,10|0,98|0,85| 0,68| 0,36
0,6 |1,23|1,15/1,07|0,98|0,90|0,80|0,72|0,62|0,52|0,39| 0,16
08 |0,82|0,76|0,69|0,63|0,56|0,49| 0,42| 0,35| 0,28| 0,18| 0,34
1,0 |0,50(0,45|0,40|0,35| 0,30| 0,25| 0,20| 0,15/ 0,10| 0,05 ©

4.40-rasm. Diafragma

b,

k e :

V

b c



2) Quwo d ngngi burchakka keskin burilishi(4.41, a-rasnj .
hQ.B s

Zeonn (4.209
R g/(2g)
z. .4.7-jadvaldan aniglanadi.
Koondal ang kesimi aylana shaklidag
z. . qarshilik koeffitsienti
4.7-jadval
q° 30 40 50 60 70 80 90

Ze ¢ 0,20 0,30 0,40 0,55 0,70 0,90 1,10

2) Quw d ngnhg burchakka sillig burilishi (Rep 2 2A0° holat uchui 4.41, b-

rasm.

_ hC.B z «
CcB Iz't?;(uz/—zg)

tsilindr shaklidagi quvur sillig burilganda  ,, qarshilik koeffitsienti quyidagicha

z (4.209

aniglanadi:
0
Zep k2 %ZigF
bundazi - Veysbaxma 6 | umot | a B-jadyadaratamlaradi:n 4 .
4 .8-jadval
q° 15 30 45 60 90
Ze k2 0,025 0,11 0,26 0,49 1,20

2|

4.41-rasm. Quvur burilishi
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yoki aylana quvurlar uchun
Zeowz O E (4.21Q

AvaV kattaliklar 49va 410-jadvallardan aniglanadi.
(4.210 formuladagiA koeffitsient giymati

4.9-jadval

q° 0 20 | 30 | 45 | 60 | 75 | 90 | 110 | 130 | 150 | 180

A - | 250|222|187|150| 1,28 1,20| 1,20| 1,20| 1,20| 1,20
(4.210 formuladagiVkoeffitsient giymati

4.10-jadval

qo 0 20 30 45 60 75 90 | 110 | 130 | 150 | 180
V 0O | 005|007017,0,37|0,63|0,99| 1,56| 2,16 | 2,67 | 3,00
3) bir tekisq burchakka burilish (Re, 2 2Q0° uchun 4.41, b-rasm

hlSB zte
X o
"% 12 (2g)
0
XIS.B E%Ziw (4211)
Zi 7 412 adval dan ol inadi . Bu jadval
tuzilgan.
(4.217 formuladagiz jkoeffitsientgiymati
4.11-jadval
D
~— | 0102 03| 04| 05|06 ] 07| 08| 09| 10
2Ry
zi | 013| 0,24 | 0,26 | 0,21} 0,29 | 0,44 | 0,66 | 0,98 | 1,41 | 1,98
Agar quvur aylama shaklida bool sa,
Xsove O E (4.212

bundaAkattalik4.12-jadvaldan olinadi.

Vkattalik4.13-jadvaldan olinadi.

(4.212) formuladanAkoeffitsientgiymati
4.12-jadval

o | O 20 | 30 | 45 | 60 | 75 | 90 | 110 | 130 | 150 | 180
A 0 031045|0,60|0,78/09100|1,13|1,20| 1,28| 1,40




(4.212) formuladagiV koeffitsientgiymati

4.13-jadval
% 0,05 0,10 0,20 0,30 0,40 0,50 0,60
\% 0,87 0,70 0,44 0,31 0,26 0,24 0,22
4.13-jadval davomi
% 6,0 | 80 | 10 15 | 20 | 25 | 30 | 35| 40 | 45| 50
vV | 009|007 | 007|006 | 005]| 005 |0,04|0,04|0,03| 0,03| 0,03

Bu maiumotlar l.Ye.ldelchuk tajribalari natijalariga asoslangan.
4) So rvchi troynik (4.42-rasn)j .
m =W,
(hy),.5 2-2 va 33 kesimlardagi napor kamayishini hisobga oluvehi, va zj ,
garshilik koeffitsientlari

(L
= - ; 421
7 (2o -
24_3 — (hd3)2 3 — 22-3 - (4213
e, m
29 C<3 Wz8

z, 5 va zj , qashilik koeffitsientlari 4.14 va 4.Hadvallardanw, /g va Q,/Q,
munosabatlarga asoslanib aniglanadi.

| 4

B |

|Uf;w_1,'__1_ ) _”J,'w.:idd
|
{

1l

Up;wz;d;

4.42-r a s m. vchbtmynik u
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So 6r uv c hz, , koeffitsigntgiyniati (4.212) formula(4.42-rasnj .

4.14-jadval
w, [ W %/
01/ 02] 03] 04]05|06]07|08]09] 10
0,09 |-0,50(+2,97| 9,90 | 19,70| 32,4 | 48,8 | 66,5 | 86,9 | 110,0| 136,0
0,19 |-0,53|+0,53| 2,14 | 4,23 | 7,30 | 11,4 | 15,6 | 20,3 | 25,80| 31,80
0,27 |-0,59| 0,00 | 1,11 | 2,18 | 3,76 | 5,90 | 8,38 | 11,3 | 14,60| 18,40
0,35 |-0,65| -0,09 | +0,59| 1,31 | 2,24 | 3,52 | 5,20 | 7,28 | 9,23 | 12,20
0,44 |-0,80| -0,27 | +0,26| 0,84 | 1,59 | 2,66 | 4,00 | 5,73 | 7,40 | 9,12
0,55 |-0,83|-0,48| 0,00 | 0,53 | 1,15 | 1,89 | 2,92 | 4,00 | 5,36 | 6,60
1,00 |-0,65| -0,40| -0,24| +0,10| 0,50 | 0,83 | 1,13 | 1,47 | 1,86 | 2,30
_ (hy)y
07 2g) et
Zl.lg_(hds)zl-s:o 213 - (4215
Yooa Q0
29 ? Q.9

Z, , koeffitsienti 4.14jadvaldanQ, /Q, munosabatga asoslanib aniklaymiz.

Soduvchi troynik z, , koeffitsientgiymati (4.215) formula(4.42-rasnj .

4.15jadval
Q/Q| 01| 02|03|]04| 05| 06| 07| 08|09/ 1,0
Z.; | 0,70| 0,64 | 0,60| 0,65| 0,75| 0,85| 0,92 | 0,96 | 0,99 | 1,00
5) Oqavali troynik (4.43-rasn) .
(2)
z, , =82 421
74 (20) a9
h
2112—(‘”3)1'2= 212 (4.217)




Z, , 4.16-jadvaldan aniglanadi.

(hy), 5
1-3 = 2 421
#1372 (29) (4219
Zj,= (“:;’;-3 =~ fs (4219
73 a _ Qz Q
g # o8

.
| |

1

4.43-rasm. Oddiy aylana quvurdagi zadvijka
Ogava troynik uchun garshilik,_, koeffitsienti giymati(4.44-rasn) .

4.16-jadval
WZ/I/Vl QZ/Ql
o1/02| 03| 04,0506 | 0708|0910
0,09 | 2,80| 4,50 6,00 | 7,88 | 9,40 | 11,10| 13,00| 15,80| 20,00| 24,70
0,19 | 1,41| 2,00 | 250 | 3,20 | 3,97 | 495 | 6,50 | 8,45 | 10,80| 13,30
027 | 1,37|181| 2,30| 2,83 | 3,40 | 4,07 | 480 | 6,00 | 7,18 | 8,90
0,35 | 1,10| 1,54 | 1,90 | 2,35| 2,73 | 3,22 | 3,80 | 4,32 | 5,28 | 6,53
044 | 122|1,45| 167|189 2,11 | 2,38 | 258 | 3,04 | 3,84 | 4,75
0,55 |1,09|1,20| 1,40 | 1,59 | 1,65| 1,77 | 1,94 | 2,20 | 2,68 | 3,30
1,00 | 090|100 1,13|1,20| 1,40| 150| 1,60 | 1,80 | 2,06 | 2,30
Ogava troynik uchunarshilik z,_, koeffitsienti(4.44-rasn) .
4.17-jadval
Q/Q| 01| 02| 03|04|05|06|07| 08| 09] 10
z., (070 064| 06 | 057|055|051|0,49]| 055| 0,62 | 0,70
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6) Zadvijkalar
h

= - 4.22
“ 70 (29) (4.220

bundawiquvurdagi oqi mning oo6rtacha tezl i
h 7T1-1lva22kesimo al i go6éi da nddmsm) yodqol i shi

z 1 kattalik quyidagicha aniglanadi:

1 oddiy zadvijka, agar u aylana tsilimkl quvurdagi ogimni yopsét.44-rasmn) a/D
munosabat asosida 4:-jatlvaldan aniglanadiA 7 zadvijka ochiqgligi (4.44-
rasm ;

T Quvur toort bur ca a&'smsnosatat asodidal8padvaldas a
aniglanadi4.45-rasm) ; Si quvur balandligi;

1 Ludlo zadvjkasi uchun z,  koeffitsienta/D munosabat asosida19jadvaldan
aniglanadi4.46-rasn) ;

T Si mmetrik aniqlovchi zadvi jakvaldauzc h u n
koeffitsient aniglanadi4.47-rasnj ;

T Di sksi mon t(44érmdnqaylana tkilundrik que & ryapgandagqg
bur chakka b o-gpdvaldamaniglanddd a 4. 2 1

T Di sksi mon todsiqg uchun ¢ keéiglioquwp & rtnoid r
yopgandg4.48-rasn) 4.22jadvaldang burchakka garab aniglanadi.

Aylana shakldagi tsilindrik quv @ ryapuvchi zagtijka uchunz,_ qarshilik
koeffitsienti(4.44-rasn)

4.17-jadval
a/D| 0 0125 02| 03|04|05|06|07|08]|09]1,0
Z, - | 97,8|35,0(10,0|4,60| 2,06| 0,98| 0,44| 0,17|0,06| O

Togai toatburchakkesimli quvodrni yopuvchioddiy zadvijkauchunz,

koeffitsientgiymati (4.45-rasn)j .
4.18jadval

ac| 0]01[/02|03|04|05|06[07|08|09]10

z, - 1193 |44,5|17,8| 8,12, 4,02| 2,08| 0,95| 0,39, 0,09| O
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Lutko zadvijkasi uchure, koeffitsient

4.19jadval
a/D | 0,25 | 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Z, 30,0 | 22,0 | 12,0 | 5,3 2,8 1,5 0,8 0,3 | 0,15

S mmetri k

ani gl ovchi

z a dzy kogffieseentglymdtiu n

u

qu Vv

(4.47-rasm
4.20-jadval
D, dzc 300 300 250 200
D./D 0,67 0,67 0,80 0,75
/D 2,50 1,68 1,50 1,33
z, 0,30 0,36 0,16 0,19
Di sksi mon aylana ssilindrikkuocohnudna | a n god ky@pgandak, i
koeffitsientgiymati (4.48-rasm)
4.21-jadval
q° 5 10 20 30 40 50 60 70 75
z, - 052 | 154 | 450 | 11,0 | 29,0 | 108,0| 625,0| -
Di sksi mon toodsiq uchun todg@riirntiodrt

yopganda, koeffitsientgiymati(4.48-rasn)

4.22-jadval
qo 5 10 20 30 40 50 60 70 75
Z, - 0,45 1,34 | 3,54 | 9,30 | 25,0 | 77,0 | 158,0| 368,0
2
1 :
|1 o | [T]
B ) v; 0
l % | L1l FENE || ||
£ a
| 2|
4. 48 rasm. 4.49 rasm. Ludlo zadvijkasi 4.50 rasm. Torayishdagi

toodrtburchak
zadvijka

224
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1 Klapanlar.

thz

S 4.22
7 (2) a2

bunda,v T quvurdagi teak; h. [Tkl apandagi n 2. pidkoeffitgientd q o | i
kattaligiga quyidagicha aniglanadi:
a) Keskin berkitadi an t o 6 s(#449rasu)calBjadvaldan ¢ burchakka

asosan aniglanadi:

4.23-jadval

q° 20 30 40 50 60 70 75

Z 1,7 3,2 66 | 14,0 | 30,0 | 62,0 | 900

{
|
v |

—_—

7

448r as m. Di skl i 449rasm. Keskinbegila di g an

b) Teskari klapan uchui.50-rasm) D diametr kattaligi asosida 4.3ddvaldan
aniglanadi.

4.24jadval
D, dzc 40 70 100 200 300 500 750
Ze 1,3 1,4 1,5 1,9 2,1 2,5 2,9

c) Setkali ® ruvchi klapan uchun(4.51-rasm) . Quvur diametriga karab4.25
jadvaldan aniglanadi.

4.25-jadval

D, d3c 40 70 100 200 300 500 750

Ze g 12 8,5 7,0 4,7 3,7 2,5 1,6
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/4 ///’”/’V/ %} :\m‘zﬂm.%

4.50-rasm. Teskari klapan 4.50-rasm. Setkali teskari
soo6ruvchi kIl arg
T Tobdgor i todrtburchakl i v ukrogéan d aol 6arnnga t

sterjensimon panjara uchun(4.52—rasn)
Re="2 510/
n
shart bajarilgan holatda garshilik koeffitsienti quyidagicha aniglanadi:

Bunda panjaralar oqimi vertikal joylashadi deb qaraladi. Bu bdegi
materiallar ogimning naporsiz harakati panjara gali oshgandaham keng
go @ahiladi.

1. Ifloslanmagan toza panjara uchun

a) I625; %>LO bool ga.nKirshmer formulasiga asosan hisoblanadi.

/13
hq odz>1 ACQ
= Kb, & C sin 4.22

bunda,u, T panjaradan oldindagi tezlilgi gorizontga nisbatan panjara sterjenlari
giyalik burchagi; ai sterjenlar oasidagi kenglik;si sterjenlarqgalinligi; I panjara
sterjen kesimimg katta giymatiKi 1,75- 2,007 tuzatish koeffitsienti;b, i panjara
sterjeni koondal an ggabll qilmadigen (4.26fedvildal g a
koeffitsient;

Bu koeffitsientning son qiymatlr i sterjenlarni mag xa
shakl |l ariga3bagmda ghkobadaatdi b kel tiril g:
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4.26jadval

Sterjen
. 1 2 3 4 5 6 7
nomerlari
by 2,34 1,77 1,77 1,00 0,87 0,71 0,73
b) |/c va a/c kattaliklarni ixtiyoriy giymati uchun
Zs o i D,ZiSiNG (4.223

bunda,g i sterjengiyalanish burchagi;
b,i 427 adval dan

sterjen

gacab anidlanhda n g
4.2T-jadval

kesi

Sterjen
nomerlari

2

3

4

5

6

7

b,

1,0

0,76

0,76

0,43

0,37

0,30

0,74

Zii 4.28jadvaldanw, /v, val/di munosabatlargasosan

aniglanadigan koeffitgnt.

4.28-jadval

ws /4

' 10,02

0,04

0,06

0,08

0,10

0,15

0,20

0,25

0,30

0,40

0,50

0,60

0,70

0,80

0,90

1,0

7000
6600
6310
5700
4680
4260
3930
3770
3765
3775
3850
3870
4000
4000
4080
4110

10,0

1670
1600
1530
1380
1130
1030
950
910
913
930
936
940
950
965
985
1000

730
687
660
590
486
443
408
391
392
400
400
400
405
410
420
430

400
374
356
322
264
240
221
212
214
215
220
222
230
236
240
245

245
230
221
199
164
149
137
134
132
132
133
133
135
137
140
146

960
94,0
89,0
81,0
66,0
60,0
55,6
53,0
53,5
53,8
55,5
55,8
55,9
56,0
57,0
59,7

51,5
48,0
46,0
42,0
34,0
31,0
28,4
27,4
27,5
27,7
28,5
28,5
29,0
30,0
30,0
31,0

30,0
28,0
26,5
24,0
19,6
17,8
16,4
15,8
15,9
16,2
16,5
16,6
17,0
17,2
17,4
18,2

18,2
17,4
16,6
15,0
12,2
11,1
10,3
9,90
10,0
10,0
10,5
10,5
10,9
11,1
11,4
11,5

8,25
7,70
7,40
6,60
5,50
5,00
4,60
4,40
4,50
4,60
4,75
4,80
5,00
5,10
5,30
5,40

4,00
3,75
3,60
3,20
2,70
2,40
2,25
2,20
2,24
2,25
2,40
2,42
2,50
2,58
2,62
2,80

2,00
1,87
1,80
1,60
1,34
1,20
1,15
1,13
1,17
1,20
1,28
1,32
1,38
1,45
1,50
1,57

0,97
0,91
0,88
0,80
0,66
0,61
0,58
0,58
0,61
0,64
0,69
0,70
0,74
0,80
0,82
0,89

0,42
0,40
0,39
0,36
0,31
0,29
0,28
0,28
0,31
0,35
0,37
0,40
0,43
0,45
0,50
0,53

0,13
0,13
0,13
0,13
0,12
0,11
0,11
0,12
0,15
0,16
0,19
0,21
0,23
0,25
0,28
0,32

0
0,01
0,01
0,01
0,02
0,02
0,03
0,04
0,06
0,08
0,10
0,12
0,14
0,16
0,18
0,20

m



w;1 panjaradan oldingjuvur harakatdagi kesimi;

w,iyorugoli kdagi panjarani tooliq yuzas

di=,
Cc

bunda,wi 1 bitta panjara tirgish yuzasi;

ci i shutirghni ng hodll anganl i k peri metr.

2. Ifloslangan panjara(gidrotexnik inshot holat uchun
(2, Od)xjw.dzz(.’ iZy 04

Xy 04 | birinchi banddagholatdaaniglanadi.
¢ i (kappa koeffitsient giymati quyidagicha aniglanadi
a) panjara mashinada tozalansa

¢i=11-13;
b) g dda tozalansa

¢i=15-20;
3 . Q@lundcha karkasli gorizontal sterjenli xar xil panjaralar (gidrotexnik
inshootlar) .

(X 0ads 05 ¢ 2y 0 ade (4.224)
Li=- 1 - (4.225)
4. 98
¢ L=

bundal i panjara balandligi4.52-rasn) .

Aikoondal ang el ementl ar umumiy bal an

A=nd+n,z

bunda,n, T gorizontal elementlar sonin, i o dadagi tayane balkalar soni.
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Byunama eepmukan Kecum

15¢ pe—

|

l5c

4.53-rasm. Sterjeturlari.

, : — : u
Gidrotexnika amaliyotida tetez uchrab turadlganhdfzdsé formula

asosida hisobl agmdaagbodoll ampbadygangolii

4.29%jadval
Mahalliy wmmwoqol i shl Z 4
Yon tomoni o006t ki rd36gairasm kohus q 0,50
Yon tomoni o0t ki rA36gvirasm al i (q ~0,20

Quwo @ ngrkeskinkengayish{D,>D;; 4.36-rasn) -1

O o
S
-aDoy,




Mahalliy wmwoqgol i shl Z 4
iy . . a u0
Quwo & ngrkeskin torayishfD,<D;; 4.36, a-rasm 05- —=§
¢ 1+
O6t uv c huvchikenns@®@3D1; 4.34-rasn) ~5,0
O 6 t uteraybvichikonus(D2a 0 D16 ~0,20
Quwo & ngrkéskin 98ga burilishi 1,20
Quwvo & ngrsekin9Q ga burilishi ~0,15
To lég ochilgan zadvijkg4.46-rasm 0,15
Quvurdan chgishda(w, > >14) 1,00
IV BOBGA DOIR TEST-NAZORAT SAVOLLARI
1. Toogodéri o0zan nima va uning asosiy ter
ayUrinma kuchlanish qgiymat. o6zan wuzunl

oO0zgar ma@.colp,06 | Pandayc toocdzgmrliadepladz anl a
t,/9=RJ;

by Uzunl i Kk booyicha harakatdago o0 gdérsii mo o0 z«
deyiladi.f,/g=RJ;

) (tof const) , =4 RJ;

d Toégdéri javob yodqg.

2. Napor yodéqolishlarini yozing.
| u? _ T )

a)hfzﬁgi by hy=h+ah; oh=an; d) h; =h.

3. Veysbax formulasini kodédrsating.
| u? | u? t

ah=——: b)h=x——; c) h =-2; d) h; =h.

)N =r2g' DN =XGog h=" ) h =h

4. Shezi koeffitsient.ini va formulasin
8 2

a)C——hI X—

29"
b)C_8_h|_|_u_
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o h=/ Y VR
d291 - )

d) C:\/S/E;u:u\/ﬁ

5. Laminar harakat tartibid a gidravlik ishgalanish koeffitsienti gaysi formula

bilan hisoblanadi?

a) Puazeyl formulasiddg) DarsiVeysbax formulasi

c) Veysbaxformulasi; d) Shezi formulasi

6 . Quvurl arda harakatl|l anayotgan Ssuyuq
yookol gan foenplahilan anig@nadi?

a) Puazeyl formulasidab) DarstVeysbax formulasi

c) Veysbaxformulasi; d) Shezi formulasi

7. Suyuglikning ganday harakat tartibida Koriolis koeffitsientta=2 b o 61l adi *
a) Tinch holatida; b) Laminar harakat tartibida;

c) Turb oemtharakattartibida; d) Laminar va tub oeintharakalarda.

8.Qanday holatlarda gidravlik garshiliklar nolga teng deb olinadi?

a) Suyuglikogimininglaminarharakatda;

b) Qisqga quvurlarda

c) Suyuglikogimining tub oemtharakatda;

d) Suyuglikni ideal delbaraz gilinganda.

9. Qanday quvurlarda gidravlik radius quvur radiusining yarmiga teng?
ayToégdéri todértburchakli quvurlarda suy
b) Suyuqli k trapetsiadal kesimli o6zanl a
c) Silindrik trubalarda suyuqglikbstida harakatlangaa

d) Silindrik trubalardasuyuglik naporsiz harakatlangda

10. Quw d Nngi keskin kengayi shida yoodkol ga
aniglanadi?

a) DarsiVeysbax formulasia b) Bord formulasila

H§ ‘l\§
I-CDO

o ~2 o
aw, .0 a
c)&=>-1§; d) 0,58-
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11.Quvo @ ng ikeskin torayishida yo Kolgan napor ganday formulada

aniglanadi?

a) DarstVeysbax formulasia b) Bord formulasda
o ~2 [o] ~
aw, .0 a w,Q

C) %,72 -1 ; —2
C"" 8 5? ng

12. Turb odntl tarakat tartibining kvadrat qarshilik qgismida gidravlik
ishgalanishi Darsi koeffitsienti gqaysiformula bilan hisoblanadi?

a) DarstVeysbax formulasia b) Bord formulasilg;

c) Puazeyl formulasida; d) Shifrinson formulasila

13. Quvurda laminar tartibda tekis bargaror harakatlanayotgan ogimning
tezligi va maksimal tezligini yozing.

_ 9 4 2 1
a) U —EJ(r ) u@ogMiJr

b) u:%\](ro2 r ) T ero,

0) U-%J(f ) u@@ﬁ%;

d) U= Q/U UgocT /‘er
14. Qanday holatda quvurda harakatl an

maksimal tezlikningyarmi ga t eng bodl adi ?

a) Suyuglikni idealdebfaraz gilinganda

b) Suyuglikning laminartartibdagi tekis bargarodnakaida;

c) Suyuglikning tub oeinttartibdagi bargarodnakaida;

d) Suyuglikning beqgaror harakatida.

15. Quvurda turb oemntl tartibda barqgaror harakatlanayotgan ogimning

o0rtacha tezligi va maksi mal tezli kl ar
U
a) Jsocm( 75. 0.90: b) —— =05
u Ugoc
C) =0,20: d) =0,75- 0.90:;
Ugos Usocn

16. Laminar gatlam nima?
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a) Quvur devori yaqinidagi suyuqli k oqi |

ki chi k miqgdor i hi sobiga | aminaig;tart.i
b) Quvur mar kazi yaqginidagi suyuqli k oqi
kattamiqdori hisobigatus oetint t ar t i bdagi harakat. n

c) Laminar tartibda harakatlanayotgan ogim;

d) Turb oedmtltartibda harakatlanayotgan oqgim.

17. Sillig quvur nima?

ayLaminar gat | a rudidila tepalikdhalag ibalamdiiklardian rkatta
bodl ganddeav osrillalri gnag#p)j; ud bodl adi

by Lami nar qgat | a-ibudidilkatépalikchalag balanglliklaridan kichik
boolganda silliqg (#&®yvorl ar mavjud boodl

c)Laminar gat | arwbudglilk tepahkthalayii balagdikéadga iteng
bodl ganddeav osrillalri gn@wagud bodl adi

d Toégdéri javob yodqg.

18. Ghudirdjuvur nima?

ayLaminar g at | a+budidilkatepalikchalag balardildasidhn katta
bool gandadgoadevor | dgeD;mavj ud bodl adi

by Lami nar qgat | a-budidikatépalikchalamg balangikiaaddn krchik
bodl gandadgbadevor!| dgkD;mavj ud bodl adi

c) Lami nar gat | arwbudglika tepahkthalayii balagdikiadga rteng
boél ganddadgbvadéevor | grdDmavj ud bodl adi

d Toégdéri javob yoodoq.

19 . Ghudirda sillig quvur tushunchalar ganday xarakterga ega?

a) G 0 a-dudirva sillig quvur tushunchalari doimiy xarakterga ega;

b) G 6 a-dudir va sillig quvur tushunchalari nisbiy xarakterga ega, chunki
Reynolds sonining oshishi laminar gatlam galinligining kamayishiga olib
keladi;

c) Goa-dudir va sillig quvur tushunchal ar

d) G 6 a-dudirva sillig quvur tushunchalar kamayuvchi xarakterga ega.

200Ni kuradze va Zegjda tajribalari oérta

a) Nikuradze (/) ni quvurlar uchun aniglanishigaoi natijalar olgan, Zegjda
toogor.i toortboorchak shaklI | kesi mg

kattalikni aniglashga doir natijalar olgan;
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b) Har ikkala tadgigotchi ham gidravlik ishgalanisiDarsi koeffitsienti(/ ) ning
miqgdorini aniglashgadoirbk i | t aj ri bal ar odétkazishg

c) Nikuradze (/) ni sillig quvurlar uchun aniglanishiga doir natijalar olgan,

Ze g | d abudraaurlaruchun bu kattalikni aniglashga doir natijalar olgan.

d) Nikuradze(/) ni laminar tartibdagi harakat uchun aniglagan, Zegida bu
kattalikni ogimning tubb oeftl tartibdagi harakati uchun aniglashga doir
natijalar olgan.

2. Ogi mni ng harakatiga taobésir etuvchi f

birliksiz parametrlar-s onl ar ni kodrsating.

a) Ni sbiy kengl i k, magsimalttezlikka anisbatie gidrodirkamik n g
bosi mning gidrostati k bosimga nisbat.i
nisbati napor;

by Frud soni, suyugqgli k ogo6irligining h
belgilanadi:  Fr =¢?/gl, Reynolds soni, yopishqogliksiuyuglik harakatiga
tadsirini kodr sat adi Revwyv, Byleysord aspsarc h a

harakatga taoptFaf izg%,a\/eb@rled)n'e asdsanyharakatga
r

2
sirt tarangl ik kuchiWrezic—uF/l—Ig;deraﬁoei,iasoisalmi X
s/r
suyuglik harakatida tezlik kealigini ovoz tezligiga gadar oshishi natijasida
2
harakat odzgar iCa:hklu/—n.i xarakterl aydi
r

c) Ogim gidrodinamik xarakteristikasi, sarf, nisbiy kenglik, solishtirma kesim
energiyasi, nisbiy kenglik, nisbiy chuqurlik;

d) Oqgim gidrodinamik xarakteristikasi, sarf, big kenglik, solishtirma kesim
energiyasi, kenglik va chuqurlik
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V BOB.
l. SUYUQLIK OQIMININ G NAPORLI QUVURLARDA Gl

BARQAROR HARAKATI
5.1. DASTLABKI TUSHU NCHALAR
Endi, biz, qo ¢aylang shdklinlkesimga ega duvurad argalk
har ganday swqlikning naporli,bargaror, tbroeimtl tartibli harakati bilan
tanishamiz3.25mavzu, 3.3&asmdagi holat va®banddagi shartlar bajarilgandagi
ogim harakadi . Quw @ ngnidhki diametriniD, uzunliginil deb belgilab olamiz.
Kodri |l ayot g aanlik @egnenttani gquyidagilgrdird r

D2 w_D
w= : C = : R=—=—_ .
D T4 (5.1)
chunki,
2
R:pD : :2
4 4

Bundan keyin quyidagi asosiy tenglamalardan foydalanamiz:
1) uzluksizlik tenglamasi sarf muvozanati tenglamasi;
2) Bernulli tenglamasi solishtirma energiya muvozanati tenglamasi;
3) naporni aniglash tetgmalari.

Shuni tadokidlash kerakki, bundan bt
sohasi mavjud bodél gan oqimlarning quvu

Kvadr at garshiliklar sohasi va tek
hisoblash fagat naporni anégls h d a Shezi f or mVelshax i 0
formulasidan foydalanish bilan farq giladi.

5.2. NAPOR YN)ANXIDASHBAH
FOYDALANILADIGAN IFO DALAR

Umuman, quvurlarning gidravlik hisobida ikki xil holatni hisobga olish
kerak.

1-holat. Maha | | iy hy@dqgoy o6&q y o ki ul arnin

yoodgol gan napor ni n dashkiletgaoligi zothum mlark kisobgay i s

olmaslik mumkin.
Bunday hol atda, faqat, naporning
uni sarf moduli orgali ifodalash mumkin.
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b (5.2

bunda,

2
J :% (5.3
K

Bi zga maodl umki , naporning tveyabax i k
formulasiga asosan quyidagicha aniglanadi:

2

hlz/LL
D 2¢g
bundan od6rtacha qibDrarat tezligini ani ql
UZ_HA'RZQ
I /
bunda
hilz\]
I
Ji gidravlik giyalik, demak,
2_\]294R

yoki

deb belgilanib, bu koeffitsient Shezi koeffitsienti deb alials bizga yuqgoridagi
mavzul ardan madl um

Aylanaquvurlar uchusarfmoduliningkvadratii K *kattaligini yozamiz:

2
ab*q ., D _p°C?
K2=wdu’R=gg—qCc’*—=C—"D° .
?025 4" 64 (-4

k o e f fbudirlik vaegmravlik ragfidstadjdumktsional
bogdéliq kattalikdir.

bundaCi Shezi

b
4

o

. (5.9

H = f(n; R): fg@;
¢

D=(010- 015)d3c bo 61 gan y an g i(biturbldnmagah| cahnogéayna n
quvurlar uchurK sarf moduli va/ gidravlik ishgalanish koeffitsientlari giymatlari
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5.1-jadval

2 2 2
D, Km'n, © min » Kury S ur s Krrax, © max / . / / o
mm s | rs)? s | w2 | us | wgz | ™ o O
50 12,16 147,9 12,47 156,5 12,80 163,8 0,0230 0,0242 0,0255
75 3541 |1, 25%4| 36,07 1, 30%| 37,03 1, 3 7%1| 0,0209 0,0220 0,0230
100 7496 | 5, 6 139 76,16 5, 8 0%0| 77,70 6, 0 337| 0,0200 0,0208 0,0215
125 1333 (17, 789 1352 (18, 207 138,9 |19, 25| 0,0190 0,0200 0,0206
150 2142 |45, 884 2193 48, 09 2278 51, 89| 0,0177 0,0191 0,0200
200 4574 |20, 92 ] 4749 22,558 4843 23, 45%]| 0,0165 0,0172 0,0185
250 | 8333 |69, 489 8457 (71, 52| 8593 (73, 84| 0,01® 0,0165 0,0170
300 1334 |17, 79¢ 1352 18, 27 1387 19, 23| 00153 0,0161 0,0165
350 1986 |39, 447 2019 40, 78 2065 |42, 64| 0,0149 0,0156 0,0161
400 2801 |78, 48¢ 2863 81, 98 2924 85, 49| 0,0145 0,0151 0,0158
450 3817 |14, 508 ¢ 3878 15, 08 3924 15, 39| 0,0142 0,0148 0,0153
500 5020 |25, 26 ( 5096 25, 986 5193 26, 96| 00140 0,0145 0,0150
600 8079 |65, 2% ( 8169 66, 78 8377 70, 17| 00134 0,0141 0,0145
700 | 12008 |14, 419 12251 (15, 00| 12596 |15, 8% | 0,0128 0,0136 0,0141
800 | 16949 |28, 7271 17324 30, 01| 18897 35, 71| 0,0125 0,0132 0,0138
900 | 23069 |53, 21¢§ 23627 |55, 80| 24177 |58, 45| 0,0122 0,0128 0,0134
1000| 3051393, 104 31102 96, 73| 31730 100, 6| 0,0120 0,0125 0,0130

D= (0,25- J,OO)d3cbodganyangibitumlanmagaru:ho@an guvurlaruchunK

sarfmoduliva / gidravlik ishqalanistkoeffitsientlarigiymatlari
5.2-jadval

D, Km-n, §r121n, Kur, 5u2r1 KITHX1 '-Sfiﬁx’ / / /

mmloys | w2 | us | w2 | us g2z | ™ o GO

50 8,77 76,91 9,64 92,93 11,22 125,89 0,0300 | 0,0410 | 0,0490

75 26,24 688,54 28,42 807,70 33,23 1104,2 0,0260 | 0,0350 | 0,0416

100 56,40 |3, 18%| 61,37 , 76 8| 70,94 , 03 2| 00240 | 0,0320 | 0,0380

125 102,32 |10, 4 8| 110,59 2, 28| 12593 5, 88| 0,0230 | 0,0300 | 0,0350

150 166,53 |27, 7 8| 1812 2, 96| 204,78 1, 94| 0,0220 | 0,0280 | 0,0330

200 | 359,35 |1, 29 %| 391,36 528| 429,20 8 42| 00210 | 0,0255 | 0,0300

250 649,83 |4, 22 2| 701,99 , 928| 770,71 939| 00200 | 0,0240 | 0,0280

300 1059,4 |11, 2 2| 11283 2, 72| 1227 5, 44| 0,0190 | 0,0230 | 0,0262
350 1588,6 |25, 2 8| 1684,8 8, 38| 18784 5, 28| 00180 | 0,0224 | 0,0252
400 22626 |51, 19| 23944 7, 3% 26693 1, 25| 0,0170 | 0,0215 | 0,0242
450 3076,7 |94, 6 8| 32609 06, 3| 3626,3 31, 4| 00168 | 0,0209 | 0,0235

RPlRrlaN R DR w Rk w
N RN W ROk DRk o

500 | 4054,7 |16, 4 8| 4283,3 8, 34| 4776,7 2, 8% 00165 | 0,0206 | 0,0230

600 65705 |43, 17| 6860547, 08| 76624 (58, 76| 00160 | 0,0200 | 0,0221

700 97888 |95, 82| 10259 (105, 2| 11446 |130, 9| 0,0155 | 0,0192 | 0,022

800 13838 (191, 4| 14543 |211, 4| 16257 |26 4, 2| 0,0150 | 0,0185 | 0,0207

900 18759 |351, 9| 20035 |[401, 8 22053 (445, 8| 0,0147 | 0,0178 | 0,0203

1000 | 24603 |6 05, 8| 26704 {713, §| 28895 (834, 9| 0,0145 | 0,0170 | 0,0200

Bu kattalik kvadratgar shi |l i kkacha bodol gan SO
ani gl ani shi mumkinl i gi bizga madl um:



89 abDg
C=,/—=fD,)=f
ﬁ B.)=r=e (56
G adir-budirligiD=12,01 , 5 mm | i foydal ani shda bodl
uchunK sarf moduli va/ gidravlik ishqalanish koeffitsientlari.
5.3jadval
2
D’ Km’n’ I.Sr?'in’ Kur’ SUZT’ KTT‘B_Xs Smax, / / /
mm 2 2 min ur BZO!
s | (I/s) s (I/s) /s (I/s) 2
50 | 813 | 66,10 8,43 71,07 8,77 76,91 | 0,0490 | 0,0530 | 0,0570

75 24,18 584,67 24,69 609,60 26,24 688,54 0,0416 0,0470 0,0490

100 | 52,41 |2, 748| 5390 |2, 908| 5640 |3, 18%| 00380 | 00416 | 0,0440

125 | 9523 |9, 068| 9822 |9, 647 | 10232 |10, 46| 0,0350 0,0380 0,0404

150 | 155,482 4, 18| 160,62 |25, 79| 166,53 |27, 7 8| 0,0330 0,0356 0,0380

200 | 33659|1, 132| 34636 |1, 199| 35935 |1, 29%| 00300 | 0,0323 | 0,0342

250 | 607,83 |3, 6983| 627,74 |3, 9408 | 649,83 |4, 22 2| 0,0280 0,0300 0,0320

300 | 990,26(9, 806 1017810, 35| 10594 |11, 22| 0,0262 | 0,0284 | 0,0300

350 | 14910(22, 28| 15346 |23, 55| 15886 |25, 28| 0,0252 0,0270 | 0,0286

400 | 2124845, 14| 21%5 |48, 20| 22626 |51, 19| 0,0242 0,0257 0,0275

450 | 2911,7(84, 78| 29809 |88, 85| 3076,7 |94, 66| 0,0235 0,0250 | 0,0262

500 |3851,3(14, 88| 39540 |15, 68| 40547 |16, 48| 0,0230 0,0242 0,0255

600 | 62782139, 4%| 64150 |41, 18| 65705 |43, 17| 0,0221 0,0232 0,0242

700 | 9370087, 79| 9531,2 |90, 84| 97888 |95, 82| 0,0212 0,0224 | 0,0232

800 | 13213 (174, 8| 13487 |181, 9| 13838 191, 4| 0,0207 0,0218 0,0227

900 | 17971322, 9| 18297 | 334, 7| 18759 351, 9| 0,028 0,0212 0,0221

1000 | 23731 (563, §| 24175 |584, 4| 24603 |6 05, 8| 0,0200 | 0,0207 0,0215

5.6 formul adan koori ni b otdungndidnetri kd |, S
gOoaludi rl i giga funktsi onabludbiorgldilkikgad ierg a
qguwur | ar uchun esa bu kattalik faqgat g
hol at ni hi sobga ol gan hol da, chodyan

diametriga asosan aniglash uchun 5.1, 5.2jjdl@allar keltiriigan. Shuni yodda
tutish kerakki, hargaysi hoéyan quvur madél um sabf mo
i di ametr ma 6K wvanK? kattakklarai aaniglab, (5.2) formuladan
foydalanib,hinap o r yoogolishinmiK lkias okl a &h amu

bodél sa, sarfni hisoblashimiz mumkin va
2-holat. Agar mahalliy napor yoogolishl al
uzunl i k boodyi c-Vegsbax foringlasibaiasoban aniplanads. i
| u?
h=/_2__
=/ b2 (5.7
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Gidravlik ishgalanishkoeffitsienti (/) kattaligini aniglashbizga yugorida
tanishgan mavzularimizdanma 6 | u m. mMapohyad & q gdsa, svbysbax

formulasiga asosan aniglanadi:
2

ho=y Y
ds_zdsz_g (5.8
bunda,xi mahal |l iy qarshilik koeffitsient:i

maxsus tajribalar o060t kazi bdarnatjas hsosidd i | a
tuzilgan jadvallarni yuqoridagi mavzularda keltirganmiz.

5.3. NAPOR YNINGQYOGMINBIEINIANI QLASH. TOoOLI
QARSHILIK KOEFFITSIE NTI.
UZUN VA QISQA QUVURL AR HAQIDA TUSHUNCHA

Faraz qgilayl ik, g u v yscldraan) , ubingzuzunigi b er
booyl ab harakatiga toosqi nl i,burlighi Kran,v ¢ h i
keskin kengayishpanjarasiqgilish va xokazolarB o d@r brasidagi masofai20- 30)
D munosabatdan katta deb hisoblaganligimiz sababli, wigrbir-b i r i ga t a¢
yodq.

1-1 va 22kesi ml ar orasidagi todligq na
yozishimiz mumkin:

hf:hl+éhd3
Har bir hadnialohida | ohi da kadéri b chi qgami

1. Mahalliy napor

y 06 q o Ih s hdugidagiga "~ 1~

teng: ,’ “\1 //:I_\\: il iﬂﬂ

a hg=h +h +h (5.9 \ /,‘ ‘\\' v, _—.UJ\L.J_
bunda, hi  burilishdagi \7;;,6 R
y 0 0 g ohk iksrha, n 06 MoKK
sohadagi hyiokéskirc 51r as m. Napor yooqol.i
kengayi shdagi (D = constholatuchum

Veysbax formulasiga asosan:

u
=Z,— he=z¢.—; hee=2¢c—

2
hB B ’
29 29 29



Demak,
2

é-hdg.:(zs"'zc"'zc.c)u_ (5.10
29
yoki, umumiykodédrinishda:
é'lhd3:u—2é2d3 (5.1)
29
bunda,g z,-mahal l iy garshilik koeffitsient]l

2. Naporning uzunl i K hbBudkattalik DassiVeysbax q o | i

formulasiga asosan aniglanadi:

e,
N (5.12
UZ
:Z_
bunda,Z,fuzunl i k boodoyicha garshilik koef fi

3Tool i g nap-ear yooqolishi

2 2
u u
h. =z, —+az.— 5.1
f | 29 a d329 (5.14
yoki
= (7 +824)
=z, +taz.)— 51
f | TALg 2g (5.19
Agar
Z, =z tazZg (5.19
deb belgilash kiritsak,
U2

bunda,z1 t o agarshlkkoeffitsient deb nomlanadi.
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Demak, yugorida keltirigan

. Fll\ 2
Diw, /i i '

Zw, 2, va z koeffitsientlar / ! ' L !
yordamida har ganday nap : U~ gﬁ ) \‘- ,’ : —
.y 00 q'o.l I s h i te gl \z,f ;,'J 2; D, ,
ifodalanishi mumkin. KK K

Quvurlar tizimida diametr

o6zgar uvchagan 52r asm. Napor yoo6qol
holat. Faraz qilaylik, turli (D, constholat uchui

0 O | ndi hauvurlar tizimida
(5.2 rasm) napor
ning yooqol i shini aniglash kerak.

Yuqorida quvur di a(@Btva(b.15dfadalarda yapdr o0 6 | ¢
yooqo(h)ns hiogi mni ng adqal ifodalath tezlikt naporini gqgus o
iIshorasidan tashqgariga olgan edik.

Mahalliy napor yodqol i shi I KK X i |
keskin kengayi s h daeglik orqalg igkonehi ksarmdaggneahalliys h i
y 0 0 q o/ tezbklorgal aniglanadi.

2 2

u u.
A hg=(Zco ) == +(20), =%
& Ny = (Zec)y 2 (2¢), 2 (5.18
Oqgimning uzluksizlik tenglamasiga asosan,
uo=u e
1= U, w (5.19
Demak,
uf S, & U2 u;
L = —= = —= 5.2
(ch)lzg (Zc.c)@ 1§ g (zec), 29 (5.20
bunda,
o ~2
w, Q
(Zcc), = (2cc )léﬁ/ég (5.2

deb, belgilash kiritamiz.
Demak, g hiifodaga kiruvchi hamma hadlarni bitta tezlik giymatigali
ifodalash imkoniyati mgud ekan.
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cUzuné va ¢qisgae quvurlar tizimi xa

Umu ma n, amaliyotda uchraydigan suv
uzunl i k bodyi chiamamapdi vy minagpori yodqol
ni hoyatda katta qiymalt ayegapbodlyiolbgob
olmaslik mumkin. Bunda holatda, garalgotgan tizimdagi mahalliy
y agdishlaming umumiymigdori uzunlikbo yicha napor g @olishlarining 5% dan
kam gisminitashkilgiladi, yani hg, < 5%(h, ) bunda

h, °h

debgabulgilinadi va quvurlatizimi uzun quvurlar tizimdeyiladi.

Magistral suv wuzatish quvur (200500 i zi n
mm diametrli 2001000 m b o 61 gan g u)v.uweun aguvurlar itizmideni

pezometri k va tooliqg napor hikbymatgagegaar i n
bool ganl i gi uchun Il nobat gaust tuthadn rAgay d i
naporning mahalliy yodqgol i ski% wzawnmnlk Ko
gismini tashkil etsa, albattgg h, T mahal I iy yodqolishni hi
keladi yani:
h, =h +34 hy

Bunday quvurlar tizimigisga quvurlar tizimd ey i | adi . Shahar
ti zimining lisqiedgqgal ghwwdmuldar ti zimiga
tashqgari, nasos stant si yiadidaotexnik ingshgoti, s 0 0 r

sifon tizimlai ham shular jumlasidandir.

A. QISQA QUVURLAR TIZIMI
5.4. 006 ZGARMARB SOODA QIEQA
QUVURLAR TIZIMI
Bizga madél umki, yon tomonl arga gi S mz:
sodda quvurlar tizimi deyiladi.
Qisga quvurlar tizimining gidravlik hadbida suyuglik ogimining chigishi

suyuqgli k satxi ostiga va ochiqg at mosf

boodol i shi mumki n. Har qgaysi hol at bil an
1°. Suyuglik ogimining satx ostiga chigishi (5.3, a-rasm) . Bunda biz

suyuglik ogiminng o o6r t ag\haqtt e@dtiigs hi bil an 00z

harakat. mavjud bodlgan hol at Avalvan t
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idishlardagi suyuqlik satxlari fargiga teng delgabulgilamiz. SuyuqglikA idishga
ogib kirib, V idishdan chidp ketmoqda.
Quvurda harakatlanayotgan ogim sarfini hisoblaymiming uchun Bernulli
tenglamasidan foydalanamiz.
1)1-1 va 22 kesimlarni tanlab olib, hisoblash uchun qulay vaziyatdan taggoslash
00 tekisl i ¢goi3mrasnp.6t kazami z
2)tenglamaning umumgi ko 6r i ni shi ni yozib olib, u
alohida tanishamiz.

Zl+p1+ ézzz_'_pz_'_ é"‘hf (5.23
g 29 g9 29
Tenglamada
2 =Zth=up=0;p,=p,=P,;2=0;2°10 (5.23
Demak,
Z =h; (5.29
bunda,
UZ
h =z 5.2
29 (529
bunda,h, iguvur wuchun todéliqg qgarshilik koef
u2
Z=z 5.2
2 (529
u= ! \29Z (5.27)

Jz

Bundan, ogim sarfini hisoblash formulalarini yozishimiz mumkin:

2
Q=wirP" 1 27 (5.28

4JZ

2°. Ogimning atmosferaga chigishi (5.3, b-rasn) . Bunday holatda ham

ogimning bargaror harakat{v=const N=cons) bo 61 gan hol at m ¢
garaymiz.BundaN i A idishning chigishteshigi markazidan suyuqlik satxigacha
bodél gan masof a.

Bu hol atda ham ma 06-1 van22 kesimladt alanib, 00a s o0 s
taggqosl ash tekisligini o0t kazami z.
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Endi 1-1 va 22 kesimlar uchun 00 taqqoslash tekisligiga nisbatan Bernulli
tenglamasini yoamiz:

Zl+&+ﬁ:22+&+ﬁ+hf (5.29
g 29 g 29

=P, = P, a=10

5.3
-rasm. Qisga quvurlar
a) ogimning satx ostiga chiqishi
b) ogimning atmosferaga chiqishi
Demak, tenglamani quyidalgio 6 r i yozilslshinaiz mumkin:
2
u
H=hg+_— 5.3
" 2g (5.30
2 2 2
Yoki H=z, L+ =(7, 4L (5.31)
29 29 29
bundan, u= 1 VJ2gH (5.32
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Ogimninguzluk sizlik tenglamasigasosan,

2
1
Q:’DD VJ2gH (5.33
4 1+z,
3°. Asosiy hisoblash formulalari. Bu formulalarni quyidagik o 6 r i ni s h
yozishimizmumkin: Q=mw,29Z (5.34)
Q= mw,2gH (5.34i)

bunda, 7T quvurlar tizimining sarfkoeffitsienti deb atalib, quyidagiaaglanadi.

a) ogim satx ostiga chiggan holda

m = 1 1 _ 1
- - = - (5.39
\/Zf \/Z|+aZM /|+aZ|\/|
D
b) ogim atmosferaga chiggan holda
m = 1 1
vz, J . (539
1+ B +a Z;

m i quvurlar tizimining sarfkoeffitsienti asosan tatgigotlar yuli bilan

aniglanadimasalan Altshul grafigi yordamida aniglash mumkin:

rES ) o
1,0 i = - - miﬁ’ﬂm—%ﬁ.—g{»
TN 4' e

2,50
N | et (Res)
4,80 o 1N

N e=7/7es
on t=1(Res)

p=f (re,) e '\

0,60 | ——

0,50

0,40
J

0,30 J Reo
10 1102 1107 1-10* 1-10° 1-106

24¢



5.5.QISQA QUVURLARDAGI ASOSIY HOLATLAR.
SI FON, NASOSNI NG SO6RUVCHI QUVURI

Sifon T suyuqlik satxlari farqgi hisobiga bir rezervuardan ikkinchi rezervuarga

suyuqgl-okmi dadzhar akg84ammt i ruvchi quvur
Agar 5.4r as mdag i g u v ur dislsa,yunda yuqdigi idishdaa n t
past ki i di shga suyuqgli kning oqi shi kuz

qguyidagicha izohlash mumkin:

Quvurdan-nkesimni olamiz va ushbu kesimni suyuglik sathidan yugorida
chap tomondagi idishda hi v a o 6 n gagi idishaechih drgali belgilaymiz.
Agar sifondagi suyuglikni tinch holatda dglabulgilsak, unda quyidagicha yozish
mumkin:

a) n-n kesimdan chap tomondagi bosim

P, = p, +(- hig) (5.37)
b)nr-nkesi mdan od6ng tomondagi bosim
p, = p, + (- hig) (5.39

bunda, (- hi) va (- hi)n-n kesimga tegishlisuu g1 i k sat hi dan past
idishdagi pastliklafbu pastliklar manfiy hisoblanadi

Demak,p,>p,bu hol at quvurdagi suyuqgl i kni
koorsatadi, suyuqgli k chapdan od6ngga (ga
tomonga heakatlanadi.

5.4-rasm. Sifon
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Sifondagi suyuqli kning bargarorl as
Z=consl. 1-1 va 33 kesimlarni belgilaymiz. bu ikkala kesimni bernulli
tenglamasi orgali yozamiz va quvurda@d suv sarfini (5.34) va (5.395
bogdliql i kRiigaymga asosan

Sifonning o6ziga xos hol ati bu unda
eng katta giymatiguw dngi eng b al anmnkesimmlarkuzhtdadi. y a 6 n i

Sifondagi vakuumning maksimal giymat(h, o) ni aniglaymiz. shu
maqgsaddan-n va 22 hamdal-1 va 22 kesimlar uchun 00 tagqoslash tekisligiga
nisbatan bernulli tenglamasini yozan{izO taqqoslash tekiglni chap tomondagi

I di shdagi suyuqli)k sathi orqgali o0t kaz
zl+&+—é=zz+&+—é+h (5.39
g 29 9 29
bunda

9 9 g g9 29 29 29
bunda,ui quvurdagi tezlik,p,, T n-n kesimdagi bosim.

2
21:O;Zz—h pl_pa.p2__n aéoo é U_ (54Q

1-1 va 22 kesim orasidagi napor yoo6qol
ifodalaymiz:
2
u
hi =zj — 541
=215, (541)

bunda,i z;j butun quvurdagi emas, fagatllva 22 kesimi orasidagi napor

yuqgol i shini hi sobga oluvchi tooliqgq qar
(5.40 va(5.4)) ifodalarni(5.39i f o d a g a quygidagdiny ol gilamiz:

2 2
Pa _pis Po U+z;U— (5.42
g g 29 29
yoki
Pa  Pn_ . A\
—a . N —hj+ 1+zj ) — (5.43
g g ( )29
bundan
pa pn_
2. = o (5.449
o (hy ok,

bodl s a,



2

(hy ok = i+ L+ 2 );’—g (5.49

(5.495 ifodadan foydalangan holda, qu\ii ngn xohlagan nugtasidagi

vakuumni aniglash mumkin. shu holat@a45) ifodadahi giymati orgali fagat 4
kesimning chap tomonidagi suyuqlik sathidan ustunliginizyagiymati orqalil-1
va2z2 kesim orasidagi napor yoo6dgqolishini

Nasosning sodrewv,chnasgpuwwmurnig suyuqgl i
oluvchi quvuriga aytilad{5.5-rasn) . Nasosning so6ruvechi g
vakuum mavjud bodl adi

Vakuumning eng katta
giymati nasosning oldi gismid:
yadnii shchi C
kuzatiladi (2-2 kesimda . Bu
vakuum qgiymati havzada(
suyuglik sathi orqgal
00t k azlva g2akasimlar
uchun 00 tagqoslash tekisligi
nisbatan Bernulli tenglama

. . 55rasm. Nasosning s
orgali aniglanadi.
21+p1+ é:zz+p2+ é+hf
g9 29 g 2

z,=0, p=p, th=0,
=8 P=Py Uy =4,

2

h—zfgg
Vakuumninghigi ymati oérniga nasos o06qginin
balandligi giymatini, zj qi y mat i oo0rni ga es a but un
yoogol i shini hi sobga ol uy.cdymatintiood o @y igs
orgali ham topsa bool adi
0+Pa” Po pb:a+—22+ZfU2

g 29 29
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(h, O)@zoﬁ:] Pa” B

g
2
(b, ko O (1+7,)

u
bunda,(h, gk,cinasosning ishchi géildiragi old

— 5.4
29 (5.49
Agar (hy ko k@t t Ba,nlas®Isda kavitatsiya hol:

navbatida nasosning foydali ish koeffitsientini kamaytiradi vaosalopastlari
erroziyasiga olib keladi.
Nasosning havzadagi suyuqli k sathid
guyi dagicha bodl adi
2
Aax :(hs o)tdzoﬁj (1+Zf );j_g
Nasoslar turiga garab, vakuumga nisbatan har xil talabga ega. Nasosning
I shchi goi Il diragi abgd javokabgrishi keralkk uum qu vy i
(N, okso § 40+ 6,5m suv ustunibalandligi
Ruxsat etil gan vakuumni ng gi ymat i
bodél masdan, bal ki suyuqgli k harorat:i V &
ruxsat etilgan vakuum qgiymati pasaya@narorat oshishi bila kavitatsiya
kuchayadi . Masalan, suvning harorati 8@ o0 6| ganda ruxsat e
manfiy qgiymaytadniodzmasaxdisuvdagi bosim
yugori giymatida ishlashi kerak
Berilgan nasosning va suyuglikning ruxsat etilgan vakii(h, O)gu. maol um

bodl s a, unda havzadagi suyuqli k sathi
aniglasa bodl adi
u2
Q7 1ok 0+ 2, ) (5.47
Issig suv uchurQ ;g i y mat i manfiy bodol i shi mu m|
sathidan pastda joylashtirishga todgbdr
Dyukeri suyug | i k ogi ml ar i harakatl anayo:

kesishganda quriladigan gidrotexnik inshoo{8u6-rasn) .



5.6-rasm. Dyuker

Dyukerning hisoblash formulasini keltirib chigarishddl va 22 kesimlar
uchun 00 taggoslash tekisligiga nisbatan Bermetfiglamasidan foydalanamiz:

zi+pl+é:zz+p2+é+h
g 29 g 29
bunda
Z =H; p =P, U=
U2
=0, Py =Pas U=y Ny =2~ 2g
bundan
2 2 2 2
H+u—1:U—2+z U__H+U_1_U_2=qu_;
29 29 29 29 29 29
Bunda oqi mning odértacha tezligi quyi

Dyuker sarfini hisoblash formulasini anlqlash uchun ogimning uzluksizlik
tenglamasidan foydalanamiz:

bunda% ifodani sarf koeffitsientdeb atab, unirharfi orqali belgilasak, dyuker
Z5

sarfi quyidagi formula orqali topiladi:

Q= mu2gH+(2 - 12)
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5.6. GORIZONTAL VAV ERTIKAL HOLATDAGI SUV C HIQARUVC HI
QUVURLAR. VAKUUMNI NG HARLARII L KOORIT
1°. Naporli gorizontal quvurlar. Qayta tiklanuvchi pasayish. Naporli

ogim aeratsiyasi. Bu holatda,biz istisno tarigasida aylana shakldagi emas, balki

ni hoyat da katt a kengl i kka ega ofdtrondgo

olamiz.Quw & ngnyuqori gismidaTt o6si g va past hkaquvwugi s mi

kengligiga teng chigish keskin kengayadiggiiib qurilgan deb hisoblaymiz. Bu

kengli klar tengligi salfbardoabnm). t eki s masa
Quyidagi kattaliklarni mal um deb hi ©dmdnpagtkniva : q

yugorigi tomonlaridagi ogim chuqurliklarhy va h, , sathlar farqiz =h, - hy,

quvur balandligb, uning uzunligil, t odési gni.ng ochi lishi vy

Sarf (Q) ni aniglash talab gilinadi.Bu holatda suv sath ostiga chiqgib,sodda

quvurla  t i zi mi b o ¢5134) wari5l3D) fgrmuladaaddn dopdalanamiz.
¥ ¥4 [
| £ Aspoyuok kaxan | |3
e énww:vz S o
. E' NN 4 - ? N l T
~= ‘ N\ u\\“ | I 1’;9\'. .E I | 7
W 'J]gl ‘ Hl]?Ef K
he TR } AL LI M A
e N ) T L e—
Y0 \ A == ~ =
. M R . — h,,_"‘b
PRI ey e S i
€y = — =
| ////////////f/ G/ INT Al 7
' ec N l |
| 1
!y = ! — -7 13

5.7-rasm Naporli quvur

Quuvurlar tizimining sarf koeffitsientini yozamiz:

bundan tashqari,

1

1

ng—\/zf _\/zl+azd3

bunda uzun quvur uchun:

/1
7 =

aR
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/:8g2;R: ab jab,1_

2a+b) 20 2
Mahalliy napor p ®@léghi:
AZx=2Z¢ gtZyqds
bunda, chigishdagi mahsll garshilik koeffitsienti z,, ; 1,0, kirishdagi napor

yodbdqgol i shi guyi dagi formula yordami da
L _aw, 132_51@ 152_51@ 1§2
QqE% - - - _%-_ )
cWn <+ é%f:] + ¢td +

bundagyioqgi mchaning vertikal gf®6nal i shi b
W, =be, =bege
Bu formulalar yordamidarz kattalikni keyin (5.34) ifodadan foydalanib,

sarfQ kattalik hisoblanadi.
Xuddu shu tarzda tanlash usulidan foydalanmasdan, befigera uchunZ
kattalikni hamda berilga va Z uchuna kattalikni aniglab olish mumekin.

Qayta tiklanuvchi pasayiga Chi qi shda mahal l iy y o
formulasiga asosan, ogqi katta o6l chaml. hua°vOzdald ar g e
gabulgi | i ni b, quvurdagi butun tezli k napo

2
g_zg:hchiq (54&

Biz bunday vaziyat bilanz,, =0, h, quvur balandligi(a) ga nisbatan

chiq

ni hoyatda kattabool gan hol atda duch ke
hy quvur balandligifa) ganid at an unchal i k kat t0a boc

chiqgi shdagi napor zyolohodlish, d&oedifdagi

butunlay yoo6qgol adi, yadéni napor yooqol
5.8rasmda bu oxirgi holatga mos keluvchi ogimning oqib chigishi
kodrsatil gan.

Rasmdan koor@Gambortmulidbdo&i ni ga quyi

b oadlil
A
29

2
=h, +25+7

— Tlehig Zg tik (549
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bunda,Zwier ki n sirtning manfi y-2\wma&3kesmlas hi

oraligdéidagi ko&kesimdahd®B s kesi Blgakabdt ab hk
potentsi al energiyaning o06sishini xar a

3
§
§
t

MLALAT RS

////'//,’/ ,'/'/77//1//'//7/'//

b ¢

5.8rasm. Nporli quvur. Qayta tiklanuvchi pasayig&fx

Demak,c hi qi sh kanali dagi tezli k katta
tezli k napori guvurdan chigayotganda ¢
tiklanadi.

Zi 1 erkin sirtning manfiy pasayishitiklanish pasayishi deb

ataladi.Yuqoridagi ifodaga asosan Bord formulasini inobatga olib,quyidagigi
yozishimiz mumkin:

u: o ou? v:our A w8 ud uu,- Ul
Zy=e oy 2t B gtk Ul gy
29 29 29 29 & 1,9 2g g

Formuladan xulosa qilish mumkinki, agar,=0 b o 0 |Z&=® , holat
kuzatilsa,u,>0b o 61 gZamd@, bool adi

(5.34) va (5.35 formulaladan foydalanib, sarfni aniglashda napor
y 0 0 q o(k,i) 8ih(5.35 formulada faqat 2kesimgacha oraligdagi miqdorini
hisobga olamiz(5.34) formulaga kiruvchiZ kattalik Z' kattalikka teng delgabul
gilinadi:

Zi=Z+2Z, (5.50

formula yordamida aniglanadiZ' kattalik 1-1 va22 kesimlar orasidagi suv
sathining farqi.

Naporli ogim aeratsiyasi. Quvo & ngnkirish gismida(5.7-rasmn) intensiv
bosim tebranishi va toroedmtlik bilan xarakterlanuvchA suv aylanuvchi sohaga
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ega bodél ami z. ABwrmdam tgausvshugardevor i vV a
eroziya (emirilish) ni vujudga keltiruvchi havfli kavétsiya paydo giluvchi katta
vakuum ham mavjud bodl adi

Bosimning A sohadagi yugor i tebrani shi
vibratsiyasi (tebranishi ga olib keladi. Bunday hollardd sohaga favqulodda
aeratsionV k a n a | qgurilib, u osigprgdsida havd suy  y u b

aralashmasi paydo gilinadi va bu aralashma sigiluvchanligi sababli, vibratsiyasini
kamaytiradi.

Aeratsion kanal ni | oyi hal ashtirishd:
ani gl ashga todbdgor i k el as&v0.m /sdd ehavonng n g
sigilishini hisobga olmaslik mumkin va uning harakatini hisoblashda suyuqlik
uchun olingan hisobiy ifodalardan foydalaniladi. Faqgat gidravlik garshilik
koeffitsienti (/) ni aniglashda,(r7) koeffitsientni garalayotgan gaz holatidagi
modda uchun olinadi.

V aeratsion kanaldan sohaga keladigan havoni harakatlantiruvchi bosimlar
fargining kattaligiR-R pezometrik bosim chizmasini qurish orgali aniglanadi.

Bundan tashgari, bu masal ani oO0rgan
tadminlovchi kkaaval isqirii niamg ql ashga to
guvurga ogimning kirishini layihalashtirishdagi boshga masalalar kabi gidrotexnik
i nshootl ar qurilishi kursi da mukammal

2°. Naporli vertikal quvurlar.

Suyuglik ogimining ideal holatd&.9, a-rasn) va yopishqoq real holatda
(5.9,b-rasmat mosf eraga oqgi b chigishini Koor i

00 taggoslash tekislig-3 chiqish kesimida belgilab olamiE-Et o0 61 i g n a |
va R-R pezometrik napor chiziglarini quvur vertikal holatda joylashganda qurishda

maodl unm@0 ber ti kal tekisli kdan boshl ab,
boshga kattali klari c¢chizmada kodérsatil
Real suyuqli klar uchun tezli k napori
us _ _
Z_g_ e~ Ny =H-hy (5.5))

bunda, belgilanisahlar rasmda koorsatil
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5.9rasm . Naporli vertikal quvurlar
Gazning harakati hisoblanganda Bernulli tenglamasiga kiruzdkattalik
inobatga olinmaydi va harakat naporlar fargi hisobiga emas, bosimlar fargi hisobiga
amalga oshadi. Bu vaziyatni hagigatga mos kelishi qgyotha asoslangan: agar
Bernulli tenglamasining barcha hadlarigik at t al i Kk a g Ring&igh&ky t i r

(gazlarga xos giymatlarida tenglamaning har ikkala tomonlaridagi birinchi

hadlarni hisobga olmaslik mumkif(zg)e ,g)]. Boshga hadlarda, g—rg
a u® 0
va & — Q.
£5
ng_z pezometkk gaz uchungabul gilingan 5.9rasmdagi sxemani

murakkablashtirmaslik magsadida ideal suyuglik ogimchaning idishdan quvurga
kirishdagi siqilishi kodérsatil magan.

(5.63 ifodadan foydalanihu, tezlikni aniglashimiz mumkin. Sarf e$a.33
formuladan foydalaib aniglanadi. Bu quvurlar tizimi sifon kabi, vakuumning
mavjudligi bilan xarakterlanadi. Ixtiyoriyp-p kesimdagi(5.9, b-rasn) vakuum
kattaligi quyidagi formula yordamida aniglanadi.

a Ut
(h o =2, - 81 - hi'—38 (5.52
¢ 29>
bunda, hy T 1-1 kesimdanp-p kesi mgacha bodobbhaaq DAanAp
yooqoz, ikt tali k rasmda koorsatil gan.

Vakuumning maksimal kattaligih, okyo 222 kesi mda mavj uc

Ogi mchaning bu kesimdagi siqilishini i
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u2

(hvak)rrax =1 +2_;' H=1-h (5.53
Rasmdan koor i widmgnuzunligiioshishi kilan, vakuumning

maksimal giymati oshadih,, ). ning katta giymatlarida-2 kesim yaqinida katta

haj mdagi kavitatsion sohal arga ega bobd
todla bool adibo®Biumsmawjdwad bodl adi

Bu22 kesimda oqimchalar wuzil adi va b
tool adi

Kavitatsion wuzilishlar shunday nuqt

tebranma vakuum hisobiga bosinp, t 0 6yi ngan bugol ar
migdorgacha pasayadi.
Quw & ngn chgaraviy maksimal uzunligi yuqgorida gayd gilingan

uzilishning yodéqgli gi bil an xarakterl an
u2
Icheg =H + (h\/ak)cheg - % (554)
bunda, (h, )y, 1 22 kesi mda ogqimga wuzilishi bool
mumkin bodél gan ruxsat etiladigan vakuu

(5.33 formulaga asosan quvur uzunlibunga mos ravishdal kattalik)
oshishi bilanQ sarf oshadi. Sarfning maksima|_ giymatidal uzunlikka erishib,

bu uzunlik 1,,, dan bir necha marotaba katta |

harakatida wuzil i shh npaoydot abbesdlra dia hamd
atmosferaga chigishi amalga oshib2 2kesimdagi bosimp,, giymatga teng

boolladunl!l i kni ng Kk eyqg_n=@onhstbootdzl g abr iqsoh laadrii.d i
Mumkin Dbodl gan r umk.amigderitsifohnopggdravlila k u u
hisobini bajrishdagkabi bajariladi.

Vakuumning tur.li koorinishlar.i
Vakuum hagida yugoridagi mavzularda keltirilgan xuloslarga asoslanib,
guyidagi vakuum koorinishlarini kel tir

1. Maksimal vakuunsuyuglik ogimi harakatlanayotgan nuqgtasida berilgan
shartta da mavj ud b b ddihtthdrakat taiihida gugidagilarn nazarda
tutish kerak:

T vaqt buyicha oo6rtalashtirilgan maksi m
1 oniy (aktua) maksimal vakuum;
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1 maksimal pulsatsioitebranma vakuum(musbat va manfiy. U garalayotgan
nugtadagiony va oo6rtalashtirilgan vakuuml a
2. Chegaraviy vakuum vy ap& p, bosimga mos keluvchi vakuum

garalayotgan suyuglik uchun uning berilgan haroratida chegaraviy giymatdan
yugori vakuumga erishish mumkin emas. Chunkiz p,, vaziyatda suyuqlikda

kavitatsionu zi | i shl ar paydo bodl adi . Vakuum
(aktua)v akuum chegaraviy vakuumdan doi mo Kk
3Yoo6l qgqodbébyish mumkin bodélgan:ruxsat

T quvur devorl arida kavit ahsharatlardagr oz i y a
1 nasos foydali ish koeffitsientining yetarli giymatlarga erishadigan sharoitlarda;
T quvurda oqimga uzilishi bool maydi gan

B. UZUN QUVURLAR TIZIMIDA SUY UQLIK OQIMINING
NAPOR OSTIDAGI BARQAROR HARAKATI UC HUN
QUVURLAR TIZIMINING GIDRAVLIK HISOBI

5.7. UMUMIY TUSHUNCHALAR
Bi zga maodol umki , -fi asloiny aotdéizdani gy thaalyiok
masofaga uzatish muammosiga koodop duch
yarogli ichimlik suvini bir nechagilometr uzoglikla joylashgan aholi turar
joylariga yetkazish, shahardagi ogova suvlar@ingitdan tashqgariga chigarish, neft
mahsulotlarini uzatish va hokazo.

Yuqoridagi mavzul ar dan bi zga maol u
tadominl ash, t a0 mi n o ti napodar fargi thisobigaovljudgana n b
keladi.

Misol tarigasida quyidagi rasmlarni keltirishimiz mumkin.

Soddaquvuiar tizimi d e b , uzunli k bodoyl ab sarf
tizimigabulgi I i ni shini yuqoridagi mavzul ar da
suyugqli k harakatida yoodqgol adigan mahal |

naporE-E hamda pzometrik nap®-R chiziglari ustmaust tushadi.



510r asm. Oo6zgaruvcl 5.11-rasm. Naychali sodda uzun quvur
sodda uzun quvudi>Jy)

Umumiy quvur |l ar tizimidagi yoogol gan r
uzunli k booyicha yuqol i shi ad@syuqqri | i b
gilib gabul gilinadi. Bunday guruhga mansub quvurlarning gidravlik hisobini
bajari shda asos ahnmumkinh x i | masal a bool i

1) Suyuglikning fizik hossalarini harakterlovchi kattaliklava v ma 6 | um h a mo
napor H, quvur uzunligi | va quvur materialiga va uning tayyorlanish
texnol ogi yasi ga -budigikoberilggn. $adnbdniglasm talap6 a d
gilinadi;

2) Quyidagir, u, n, |, D kattaliklar va sarfQ berilgan.Hnaporni aniglash kerak;

3) Quyidagir, u, 1, n, Q, N berilgan, quvur diametid ni aniglash kerak.

Bu masalalarni hisoblashda, asosan real holatdagi tekis barqgaror
harakatlanayotgan oqimlar uchun Bernulli tengdaidan foydalanamiz. Bu

tengl amani tanl angan Kkesimlar uchun vy
tezli k naporlarini il nobatga ol masak, t
a) Ogimning suyuglik sathi ostiga ogib chigishi holati uchun:
Z=h =h +h, +h, (5.59
bunda,h , h_,h Trasmda koorsatid ZeaBdwdlardap s hc
uzunli k bodyicha napor yooqolishlari
Yuqoridagi mavzul ardan bizga madl umk
h=Jdl, be|gi,J:|E (5.5
Oqimning sarf xarakteristikasini yozamiz,
Q=Cm/Rl] Q?=C?#’RJ (557)
s =Cum/R (5.58)

bundaKi sarf moduli
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bundan,

QZZKZJ

2
=2
K
Z=Jl,+3,l,+J,
_Q QL Q
Z—K2I1+ s, + =1,
1 2 3
.1
2=a5e
_ Z
Q= 1
Ak:

(5.50)

(5.60)
(5.61)

(5.62)

(5.63)

(5.64)

Ushbu ifodalardan turli gidravlik hisoblarni bajarishda foydalanishimiz

mumkin MasalanZ, Q, |, b, n, dparametrlarga asosa@sarfni hisoblashimiz
mumkin yoki berilga, | , K parametrlarga asosamaporni aniglashimiz mumkin
b) Ogimning atmosferaga chiqish holati uchun:(5.11-rasm)

Umuman,
naporning
gi smi da
bodol ganl i
yozamiz.

bundah,it or

bundaZ:,it or

H=h

Shunday qilib,

yoki

(5.65

amaliyotda uzunquvurlarning gidravlik hisobingjasishda

0qi

)

uzunl i k booyi eda,guo dyngrahiopsh i s h i
oo0rnatil gan naychal ardagi
gi sababl i naychadagi napor
H=h +h +U_§ (5.66)
| T s oz 29 :
naychadagi napor yoo6gqol i shi
us
=21 qp—— 5.67
Ns .z sty (5.67)
naychadagi naporning yodqol i s
UZ
H=h+ [+ zp0) (5.68)



U2

H=h+ 29/(7%,@ (5.69)
bunda,
1
”%.dz:m (5.70)
m, &l tor naycha sarf koeffitsienti;
Demak, yzishimiz mumkinki,
2 2
H =(K92| +W§2an§dZ (5.79)
chunki,
u:g (5.72
o
1, - tor naychada harakatlanayotgan ogimchaning yuzasi,
Agar tor naychaningmpva myg4 kat t al i kI ari maol um

masalalarni hisoblash mumkin:

1D, I,Qkatt al i k1 arHimapérkatahginiamglashsnamkin;

2) agarD,l,Hb e r i | g aQni salf migdbrmianiglash mumkin;

3)agarQ, H, Iber i | gabd quvw dianetani aniglash mumkin. Bunday
vaziyatda dastlabK sarf modulini aniglaymiz, keyin quvur diametD)
aniglanadi.

Agarquvurl ar tizimining tugash qgi smida

miqgdori gidravlik hisobni bajarishda inobatga olinmaydi va masalaning yechimini
aniglash osonlashadi.

5.8. GIDRAVLIK HISOB LARNI BAJARISHDA QUV URLARNING
KETMA -KET VA PARALLE L ULANISHI
Quvurlarning ketma-ket ulanishi. (5.12rasnm) ga asosan, iqtisodiy nuqtai
nazardan yoki naporni oshirish magsadida amalga oshirilishi mumkin.

(h )AB :hl +h2 +h3 (5'73
a
t4 h ‘h!,z )}z =3 ) 6)
A ]
| ee———ip-
:‘r__"(“‘,—_:__u—hh‘l-— ’_@’2} 7 =tr—
5.12rasm. Quvurlarning ketrlket 5.13rasm. Quvurlarning parallel ulanishi

ulanishi
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Quvurlarni ng parallel ulanishi. Bunda biz, ularning murakkab tizimiga
duch kelamiz (5.13rasn) . Bunday murakkab quvurlar tizimining gidravlik

hi sobi da, asosan, pzometr | ar dPama Pf oy da
pzometrl ar quvurl ar t shi smhniunzgel baodl ge
guyi dagi i fodal ar wul ar uchun oo6rinlidi

(h )AB = (He)A B (He)B (5.66

A va V uzellardagi naporla
mos ravishdaNe) o va (Ne) v ga
teng bodl i sh(bl4t
rasm .
Bu munosabatga asos
guyidagilarni yozishimiz mumkin:

hI = (H )A - (H )B O 5.14-rasm. Uzun quvurlarni parallel ulash
1 e e A
I hisobiga doir
h|2 :(He)A ) (He)Bp (5.67)
_ I
hg - (He)A ) (He)By
bundan,
(h)AB :hl :hz :hg :(He)A_ (He)B (574)
Demak
_Q°
| = Fl (5.75)
. X, ., 9
yoki, (h)w=21, =21, =] (5.76)
AB K12 1 K22 2 K§ 3
deb yozib olishimiz mumkin. Shunga mos ravishda
h a
| Q =K, =78 7
|, 0
h
I Q, = Kz\ II AB L (5.77
2 |
h) .
||| Q3 — K3 | AB,{
1l Y

hamda

\Y, Q=0Q,+Q, +Q, (5.78
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tenglamalarni yozishimiz mumkin.

NatijadaQ,| Dk at t al i kIl ar madél um bo@IQg@&n hol
(h) gnomaol uml i tengl amal ar ti zi mi paydo
boo6l gan kattali kIl arni ber adi

Buni yechish uchukb.72) ifodaga(5.7)i f odan i gooyami z:

Q:Kl (hlleB +K2\ hll AB +K3\ h|I AB (579

~ LK
Q=./(h)s)a W (5.80
MW= & Q; . (5.80)
a.. 70
2 e

5.9. UCHTA REZERVUARNING GIDRAVLIK HISOB |
5.15rasmda uchta rezervuar berilgénll, 1) b o 6 | i b, ul ar 006z
orgali tutashgan. Mos ravishda ulardagi suv s&hib,, B3 giymatlarga teng
bool i b, ul abhwsoblaynizz gar mas de
Berilgan:1,; I,; 1,; D;; D,; D, (mos ravishd&i; Kz Ks) ; D1, By, Da.
Aniglash kerak:

ajagar birinchi va i kinchi qguvurl ardagi
guvurdagi ogim yoodonalishini;
b) Q:, @, Qskattaliklarni.

1° Uchinchi guvur dashini anmlgshmBogodbdoalk h

Onugtadagi suv sathifd, deb belgilab, chizmada garalayotgan rezervuarlar uchun
pezometrik bosim chiziglarini chizamiz.

a)agarlll baknil bak tadminl asa, unda wuchinchi
harakatlanadi, bunda, >b3 shartbajariladi;
b) agarlll b a k ni nlgb aokénzii t adédmi nl as a, unda oqi

Dbo<bs3 shart bajariladi;
c)agar wuchinchi qBowiyshaltbajasladv b o o6l mas a,
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B G=comst |

P
A 2 |Sh=const

5.15rasm.Uchta rezervuarning gidravlik hisobiga doir

Yuqgoridagi holatlardamm a y s | biri garal ayotgan ho
aniqglash uchun quyidagicha yodél tut ami
1. Bo=b3;debgabulqilib, By ga giymat beramiz;

2. bu taxminimizga mos keluvch,va Q; sarf kattaliklarini aniglaymiz:

Ql Kl /I__Kl ,Dl DO ,Dl D3
1

3. Aniglangan sarfla(Q:vaQ) n | otaqq(asiaymlz.
AgarQ =Q,bo ol s a, uchinchi bak haqgiqgatda

Do :D3

shart bajariladi.
AgarQ >Q,boo0l sa, wuchinchi bakka suv bi
ogim yugqgoriga kootarilayotgan bood6l adi
Do >Ds
Agar Q <Q, bool s a, uchinchi bak i kkinchi
ogadi va quyidagi shart bajariladi
Do <bs
2°. Q1, @, @ sarf migdorlarini aniglash. Faraz gilaylik, uchinchi bak
I kkinchi bakni t admi n(56% ifodarp mobatga plkb,s t g a
quyidagi tenglamalar sitemasini yozamiz:
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, .
(1) B,-p,=2y ¥
1 0 Klzl,:\

2 ]

(”) D3-DO:(K?}|3iU
>, 1

(m) DS-DO:Q?’ZI:%
3 .

(V)  Q+Q,=Q, vy

Bunda b 00 Qhamadl um bodl i b, bebp-i | gar
bsyokibs;-BDohadl arga ni sbatan kvadrat tengl e
Bu tenglamalar tiziminD, kattalikka turli ixtiyoriy giymatla berib, tanlab olish
(yoki ketmaket yagqginlashish usuli bilan ham yechish mumkirb, kattalikni
aniglab, osonlik bilai®Q,, Q., Qskattaliklarni aniglash mumkin.

5.10. SARFNING BIR MAROMDA TAQSIMLANISHI
HOLATI DA NAPORSHrYrO6 QO
Yugoridagi hisoblarni barish, asosanQ=const ho | a't uchun o060
Lekin amaliyotda, qguvurlar ti zi mi booy
koop wuchraydi. Bu h o hrasinda basvirlaagaAM gqavuri s h ar
uzunligilbo 6l i b, u n D delg beldilabeolamaiz r i n i
I epyur a guvurda sar f to & apg birfikl w@umliks h i n
00l c hami ddelbelgilayaiz.f n i

Sarf T quvur uzunl i gi booyl ab chiziqgld.i q

suyuqli k sarfi epyur asi I trapetsiya

gismidaQ;, +qgl va chiqgish gismid&@,; 0 6 h (fraszis ar f mi gqdor i ma v
Agar quo 8ngi nom P -

masofasidagi  xx kesimidan

06t ay o tQgdembelgilansat - f (2
ning0- 1 qi ymat Qearf ]"r*ﬂ mﬂmﬂm ¢
(Q, +ql) migdordan Q¢ T pm—=z !g.r LT
migdorgacha chizigli gonuniye a,.qf @Mﬂm HIQ;IX? nal M

asosi da dx OTgidraviik :
o o A
giyalik, quwv ur uzunl _ ,
_ ~ 516r asm. Uzunli k boc¢
kamayadiDemak,p 6 e z 0 me .
sarfli quvur
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chizig ham giya boolib, uni ngqabariqgl:i

Q; =(Q +al)- ax
dh =J,dx= szdx: @ +q|2)_ 0 dx
K K

Bu tenglamani garalayotgar O vax = | ordiqda integrallaymiz:

[(Q +EI) qx] zlxri(QT"'ql) qx]zdxl

K2

h=
x=0

yoKi

=
I
~ Q
Nig
-

bunda Q; ;T hisobiy sarf.

Q? o) F[(QT+qI) gx*dx

yoKi

x=|

Qi= | §(Qr +al)'dx- 2Q, +allacer e

e( x=0 x=0

yoki

~2

2 _ 2 al .o
Qe =(Q; +al)* - (Q +al)al +gef3qlg

AgarQ, =0b o 6| s a

1
quc = 7q| - 0158q|
/3
AgarQ,, Ob ool s a
QXUCo QT +O’5&ql

(5.82)

(5.83)

(5.84)

(5.85)

(5.86)

(5.87)

(5.88)

(5.89)

(5.90)

5.11. MURAKKAB QUVURLAR TIZIMINING GIDRAVLIK HISOBI

Istemolchilarni s v bi | an t a omaiakkdb dianddb iyuritiadi.z i m

Ul arda yon tomonlarga =am suv
Murakkab quvurlar tizi mini

1 tugash gismi berk quvurlar tizin(b.17-rasn) ;
1 halgasimomuvurlar tizimi(5.18-rasnj .
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Bun d avy qguvurl ar tizimining gi dravl i
manbadagi suvning napor balandligini aniglash talab gilinsa, quyidagi kattaliklar
berilgan bood6lishi kerak
T liquvurl arning har Dbirining uzunligi,

kodrinishdagi pl ani
i tizimning nuqtalarida olinayotgan sarflar miqdasj gs, Qs;
fTtizimning tugash nuqtalarida kerak bo

4
1 l = aI:!
12 . R
e The | ;’ g 4
o~ kS
1R | 193 7
| | s
/ 2 J 4
Qr-2 » \%z:-s 054 ¥
- LA A
- S
>
7 5

5.17-rasm. Murakkab, oxiri berk quvurlar tizimi

Gidravlik hisoblash natijasida quvurlar diametri, kerakliv ssarfi bilan
tadminlovchi suv bakidagi naporni ani ¢
Umuman hisoblash quyidagi tartibda olib boritadi
1. Har bir uzeldagi hisobiy sarf migdori aniglanadi

Q4 =0, 5
Q. =0, %05 + 0 +0il,s O
Q2-5 = q5 +O'Saqi|2-5
oMagistral yoon. 5.187r.asm. Hglqa.tsimon.tarmo_q
) tasviri. M bosimli suv minorasi
Bu vyoonalishda sal
kerak. Yanau uzunlik
bodyl ab, yer sathining eng katta bal a
bodl i shi ker ak.
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1-2-3-4 magi stral yoonalishning gidravl

1. Iqtisodiy qulay tezlik aniglanadi Ma 61 umki |, magi str
tezlikning katta giymati olinsa, tizimda napor migdori oshishi mumkin, bu qurilish
sarf xarajatlarining oshishiga ol i b I

sathining oshishi, naporning oshishiga olib keladi. Endi tesiadatni gabulqilib,
tezlikning kichik giymatlarini olsak, bunda ham garchand napor kichik giymatga

ega boodl sada, guvur diametrining oshis
kelishi tabily. Shu sababli, igtisodiy qulay tezlik tushunchgsibul gilinib,

tadgigotlar odétkazilishi natijagabada un
gi Il i ngan. Lekin, k o) p=dm/seledebaaba gilinighinih i s o |

ed0tirof etishimiz shunday vaziyatlar u

D, m 0,10 0,20 0,25 0,30
Uy ¢ , m/sek 0,75 0,90 1,10 1,25

2. Tizimning uchastkalari uchun iqgtisodiy tezlikka mos keluvchi quvur
diametrlari aniglanadi:

W:&; D|:/4W: 4Q
Ugc i Ve P ye,
3. Tizim uchastkalaridagii: yodqgotil ac
_Q°
h'_FI
4 . Napor yoma®llimhbaol BRmadano metdrmnig
chizigéi chizil adi

Chizigni chizishDj, kattalikni bilgan holda, uchastkaning tugash nugtasidan
boshlaymiz. Hisoblangdh),,, (h),.. (h)., kattal i kl ar vert:i
gooyil adi

Magi straldan bodlingan yoonad((1hl ar
rasmga garang
anapor yioogol i shi

hi=Dj - Dj
aniglanadi;
b) sarf modulining ifodasini quyidagicha yozamiz:



N2 _ o
(Kl) _Qh,I

c) maxsus(5.1, 5.2, 5.3 jadvallar yordamida sarf modulingjgiymatiga mos
keluvchi quvub diametri aniglanadi;
d) D kattalikning ishlab
chigarishdagi mavjuc
standartlariga mos keladigan ka
tomonga yaxlitlangan Dkattalik
gabul gilinib, unga mos keluvch
haqiqiy sarf moduli(K) ning va
yooéqgotil ga(lm nimge

giymatlari  aniglanadi.  Aga

magi str al yoon

tanl agan idpldaghdz 5.19rasmMagi stral yoona
Dj > Dj muammoga ducl ama

kelishimiz mumkin. Unde

hisoblashni  yangi magistri

yodbébnal i sh t an

bajaramiz.

V BOBGA DOIR TEST-NAZORAT SAVOLLARI

1. AUzuno quvurl ar desghantadda ganday quvu

a) Suyuklikni ideal delfaraz gilinganda

b) Suyuklik laminartartibda harakatlagand;

c) Suyuqglik ogimining tub oedtltartibdagi harakatigla

d Maxallynapor yoo6qgolishl ar. uzunli k booyi
kam miqdorinitashkil gilganda.

2. NQisgqaodo quvurlar deganda ganday quvu

a) Suyuklikni ideal deb faraz gilinganda;

byMaxall iy napor yooéqolishlar.i uzunl i k
kodp mitaghtilgilgandaj

c) Suyuqlik ogimining tub oedntltartibdagi haraatida;
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dMaxall iy napor yodédqgolishl ar.i uzunl i k

kam miqdorinitashkilgilganda.
3.Sarfmoduliganday parame? | arga bogoligqg
a) Quvo G ngn wzunligiga, materialiga, diametriga va suyukliknirgrakat
tartibiga bay 1&q;
b) Quvo @ ngnaunligiga va diametrigi bm lik;
c) Quvo & ngrutunligiga, diametriga va suyukliknihgrakattartibiga bay lik;
d) Quvo & ngrutunligiga va suyuklikninbarakattartibiga bay lik;
4. Sodda quvurlardan ogim suyuglik ostiga chiggandagi holat uchun ularning
hisoblanish formulasini aniglang.

a) Q=mw29Z ; by ="
Wh
&) Q= mu/2gH B h=

5. Sodda quvurlardan ogim atmosferaga chiqgandagi holat uchun ularning
hisoblanish formulasini aniglang.

a) Q= mw,29Z;
b) b) u=—-:
o
c) Q= mw,/2gH ;
_Q°
d h = PI
6. Quvurdagi naporni aniglashda DarstVeysbax formulasini aniglang
/N u
a) h =——;
d 29
2
b) by hy =2
d 29
U2
C) hd3:zd32_g;
d)h=z
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7. Napor yooqolishini aniqlash uchun V

/l u /1 U2

a) h=——; b) h =——;
u? u
h.=z . —: d)h=z—
C) s Zd32g ) h 22g

8. Sodda quvurlardan ogim suyuglik sathi ostiga chiggandagi holat uchun sarf
koeffitsientining hisoblanish formulasini aniglang.
1 1 B 1

a.) nz:\/Z:\/zl-'-aZM _\/“_'_az
D

M

b) = 1 1
1+~ /..
\/ f \/1+D+azl
C) Q=mwy2gH;
_Q?
d) =1~

9. Sodda quvurlardan ogim atmosferaga chiggandagi holat uchun ularning
sarf koeffitsientining hisoblanish formulasini aniglang.
1 1 B 1

a) M = = — :
\/Z \/Z|+aZM \//I+éZM
D

b) /7Z = 1 = 1
1+2z /1.
\/ f \/1+D+azl
C) Q=mwy2gH;

d) h =%'
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VI BOB. SUYUQLIK OQIMINING QUVURLAR

SISTEMASIDAGI BEQAROR HARAKATI
6.1. DASTLABKI TUSHUNCHALAR
Biz, quyida suyuglikn n g sekin o6zgaruvchan b
tani shami z. shysdliknihgibbgaror harakatheb shunday harakatga

aytiladi ki, bunda suyuql i kI muxitda
vagt odbdbzgarishi bi | gtganda,&igilas deb djaralayo®anr s
suyugli kning beqgaror sekin Quwdz gvaar uovécrhta
tezligi « 7 garalayotgan tekis harakatdagi kesimlarda noldan farq giluvchi hususiy
hosil asiga ega boodol i shi ker ak:

e o, KQ o,

74 Mt

Agar sigilmas suyuglk napor | i bargaror tekis ¢

harakat absolyut kattigdeformatsiyalanmaydigamo 6z anl ar da bod6l s
barcha kesimlari uchuntLZI-O munosabat oorinli bool

sigiluvchan debgabul gilinsa, bunda ikkinchi shart hamp o 6 s h‘—‘?t(hy:bki
M

W —o.
Mt

Suyuglikning beqaror harakati gidrostantsiyalardagi loyihalash ishlarida:
turbinalarga kiruvchi quvurlarni hisoblashftarbinalarni yopishda tezlik va bosim
vagqgt 00z gar i s)hikandlarni asoblashdégidgostanigiyhgasuvni
uzatuvchi va undan chigganda chigaruysta boshga hollarda kuzatiladegaror
harakat bilan esa anmabtda vodoprovod sistert@iini hisoblashda duch kelamiz.

Tadqgigot nugt ai nazaridan ni sbatan
begaror harakatjuyidagi ikki cheklanistgabulgilingan holatdagnaporli beqgaror
harakatigabulgilingan;

1 birinchi cheklanisii naporli quvurlarning devorlari umuman absolyut kattigdir.
Suyuglik deformatsiyalanmaydi;
1 ikkinchi cheklanish quvurda harakatlanayotgan sulik@bsolyut sigilmasdir:
Bunday oddiy holat wuchun quyi dagi h a
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aguvur absol yut k a tut Kattplik imuamangvaqigh i g |
bogdéliq emas, quvur kio(®)hdunlbyditagkookdmaa mi n

(S9bil an aniglanib, u quvur o0069gi bodyi ch
w= fy(s) (6.1)

b) umuman olganda, quvurda@is ar f vaqt o006ti shi bi |
holatda que @ ngnbiarcha kesimlarida bir xildir. Chunki, suyuqlik sigilmas deb
galul gi I i ngan. Maodl um bir vaqt oraligodi
ogi mning quvurdagi harakatiga qgqooll ash

Q=consifogi m bodéyl ab beril g&a2Zy vaqgt uc
demakQs ar f bitta o006z g gabulgiiadii funktsiyasi

Q=f(t) (6:3)

V) yugoridagiga asoslanib,

y=9
w
ekanliginiediborgaolib,
u="1(s) (6.4)
umuman
=Q_ ) (s,t) (65)
w o f(s)

Amal i yotda suyugqli kning beqgaror har :
deformatsiyal ani shini va suyuqglikning
keladigan holad r ham wuchraydi. Ma s a |l agdravliikqg u v ur
zaabdegan jarayon bunga misol bool i shi r
mo d e | bil an o0rganib bodl maydi . Chui
deformatsiyalanishini va suyuglikning siqiluvehd i g i n i hi sobga o
kel adi. Bunda albatta, i1ikkala chekl ani

Endi quyidagi 3 masal ani al ohida koo
1. Suyuqglikning sigiluvchanligini va quvur devorining defformatsiyalanishini

hisobga olmasdan,unig naporl i tekis odézgaruvcha
2. Suyuglikning  sigiluvchanligi va u harakatlanayotgan a@uvngn i
def formatsiyal ani shi hi sobga ol inib,

Bunda gidravlik zarb jarayoni bilan tanishamiz;
3. Suvning inch begaror naporsiz harakati.
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l. SUYUQLIK SIQILMAS DYEB QARAB, QUVURLARNING
DYeFORMASIYALANMAYDIGAN HOLATI UChUN NAPORLI

BEQAROR HARAKAT
6.2. BEQAROR HARAKATLANAYOTGAN ELEMEN TAR OQIMCHALAR
TO6PLAMI UCHUN HBEE®RNMASLI T
(suyuglikning lokal inersiya kuchlarini hisobga oluvchi
Bernulli tenglamasi)
Biz, quyida fagat tekis hisobiy hare

yaodni suyuqli k oqgi mining parallel oqgi n
harakat!l ari ni oO0r ganamiml arSdha tsial albd li gt
fagat wuvzunli k bodyicha tezli k va tezl a

Bi z, guyida nazarda tutayotgan har al

kengayuvchiTr quvurlar sistemasida joylashganllva 22 kesi ml ar or a
harakatnié r gani b (6lmasny.a mi z .

iy S i el tz
Iy

a
| 1 {’/ Gy
Lo [ | Imacca upn.ll
\h T ——
¢ s —_—— S
- . ’ Eisa \A -~‘II_‘~-—
= \Sy\ \\}

6.1 rasm. Bernulli tenglamasini keltirib chigarishga doir

Bu quvurlar sistemagjtruboprovod da madnalliy napor yo @lishi mavjud
emas debgabulgilamiz.

Sistemani t ugas h K grans sekind bosqgiohédaosgaeht i | g &
yopil adi yoki ochiladi, deb far@wuqil a
tezl ik 0 0 mapal miladiz. ,Trubdpeokodda beqaror harakat amalga
oshmokda.

Sistemada truboprovod devori absolyut qattiq, dgdoul gilamiz va
suyuglikni sigf maganl i gi ni eoOtirof etwaond rzt, a cbhuar
tezligifagatk or di nat aga bogoél i g bool adi
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Sistemada ixtyoriya-a kesimbelgilab, undaA nugtani tanlab olamizz
koordinat a 0060qgi ni verti Ealbgiymiéndloiks ha
yoonali shida belgilab ol ami z.

Boshlanishida suyuqglikni ideal holatda, dgfbul gilamiz. A nugtada birlik
suyuglik massasini belgilab olamiz. Endu massaga tasir etayotgan barcha
kuchlarni aniglaymiz.

Bu kuchlarni proektsiyalari iy ghdisini (inersiya kuchini ham) nolga
tenglaymiz. Bunda bizga oldindan éwan dinamik muvozanat tenglamasiga ega
bo lamiz. Bu tenglamani birlik massaga nisbat k o 6 Eylentenglémsi bo lib,

guyi dagi Koor i(qmrasghl)y a ega bool gan

1w pu
We--—"-"=0 6.6
s (6.6)
W~ T xajmiy kuchning bizning holatimizdafagato g 6 i r | i k s«kaagha ni
proektsiyasi bodéli b, uning potentsi al
U=-9z (6.7)
bundan
U
ty="" = ¥ (g)) (68)
HS HS
MU

E I suyuglik zarrachasining tezlanishi; bu kattalik garalayotgan suyuglikning

birlik massasiinersiya kuchining teskarishora bilan olingan giymatiga tengdir;
(3.8) ifodalarga asoslanib yozishimiz mumekin:

0
g+“” (6.9)

moopspt ot ops o ps@2 9
(6.8) va(6.9) ifodalarni(66)i f odaga qgqodoyami z:
ay?a
- E(gz)_ lpp_ llé'l;8+l"l'u:o (67)

0
+ 4 0+ = (6.12)

Olingan tenglamanis koordinga a b o 6y i ¢ h(a=t,)bwagt i uchyra n
integrallaymiz. Buning uchun tenglamaisg a ko 0 p ay {l kesimdan2 Vv a
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kesi mgacha i ntegrall aymi z. Natijada

tenglamasini keltirib chigaramiz.

2 2 S
&+u71:22+&+u—2+1~uu S (6.12)

9 29 g 29 ggu
Bu ideal suyuglikningelementar ogimchasi harakati tenglantdisi Ideal
holatdagi suyuglikning elementar ogimchasi real holatdagi suyuqlik elementar

Z +

ogi mchasiga od6tadigan boodol sak, tengl am
hi va ° DE Kkattaliklarni kiradi, demak(6.12) tenglana quyi dagi K o«
keladi.
P, UP Py , U5 1%
g+ P iMoo =z 4 P2 % Lty (6.13)
g9 29 g9 29 Qslll'[
Bunda quyidagi belgilash kiritamiz:
S
) L s py (6.14)
gg K
oxXirgi k@l@i f odeahoar ni ga quyi dagiga ega
2 2
P, W o, _ P2 Uz .
z+-=+ =°hpye=2,+“+ %+hj+h 6.1
1gnggzg2gun(5)
hi kattalikni dQ elementar sarf orgali ifodalash uchun quyidagilarni
yozamiz
dQ=ud i u:d—Q (6.16)
dw
W/ p(dQ) 6.17)
i dw ot
S 3
Bundan hi= L AUge= 151 HOQ) 4o (6.18)
g H g o w
yokiu(StQ)'l'skor di nataga bogo6liq bodl maganl ig
1 udQ)*>
b) i _ Lu(dQ)s (6.19)

T
Shundayilib, hij uchuna vab ikkita ifodaga egamiz.

Bu kattalik wuzunl i k inesiorcnapordeb btaladil i gi
Bu atamaning qodéll anil i shi guyi dagi cha
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Birlik massaga nisbatan olingan harakatdagi suyuglikningersiya kuchini
yozamiz:
1du

li=-——— 6.20
= dt (6.20)

bundai'l' suyuglikning burchak @idligi massasi

(6.20) ifodani (6.9) ni hisobga olib,guyidagchayozish mumekin:

L s s
li=- L B8 Mg (621
gél15g2+ ML g
yoKi
o 2~
_ MW 1w _ o
li=-— Q- — - =l¢+1j (6.22
usg292 g ut
bunda,
2. 2R o ~
__Haut8_ . auug
1g=- M o= @YS (623)
299 cps+
= - — M= f, 88 (6.24)
g Mt GHL +

belgilanishlar kiritdik.
Ko 6 r i n ikipsolishtirmainerdiyiakuchi | jikki kesimdan iborat.

l§ = flS‘éES i solishtirmainersiya kuchining konvektivgismi; bu kattalik

CHS+
tezliknin g uzunl i k booyi cha o0zgarishiga
o6rgangani mizda bu had bidsga o @p-&\atniirs
va 22 kesi mlar oraligdida i ntegrall ab,
oraligdéidagi haeakhktdaesgl yaht ngmadkiga
ays u2ad
dh =-a&2 _ Y g 6.2
Bundan koorinib turibdiki, Bernul | i

Mu/ps hususiy xosila bilan aniglanuvchi solishtirnmeersiyakuchining konvektiv
hadlarini hisobga oladi:
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| i,= fzgé:fg'r solishtirmainersiyakuchining lokal gismidir; bu had berilgan

nugt adagi tezli kning vagt bodoyicha o060
harakat da puautyi kususily xosila bilan aniglanadi.

(6.24) ifodanidsg a k o 6 p-h kesimdani 2 kesimgacha integrallab,
hi kattalikni olamiz. Shu sababli, umnersiya kuchining lokal gismini hisobga

oluvchi inertsion napordeb ataymiz.Olingan (6.15) tengalamalokal inersiya
kuchlarini hisobga oluvchi Bernulli tenglamadeyiladi. Bu tenglma maium bir

vagtga talugli bo I§anligi sabablit engl amani ng barcha had
uchun hisoblanishi kerak.

6.3. LOKAL INERSIYA KUCHLARI HISOBGA OL INGAN HOLAT
UCHUN REAL HOLATDAGI SUYUQLIKNING BUTUN OQIMI UCHUN
BERNULLI TENGLAMASI
1-1 va 22 kesi ml ar or al i gvéhand ahgrakatni t e Kk i
oo0rgani shimizda hisobiy kesim booyl ab

ol maymi z, shu sababl i, binersijkakushiamtashkib 6 y | a
etuvchilari ham hisobga olinmaydi.
Bernul | i t 6e2imgvkudagik 8 ® ni niAs hi ni gool | a

uchun bodl gan hol(gadagpg Ranstjadautuk Bging Q r |
uchun Bernulli tenglamasini olamiz.

() 21+Pl+aézzz+Pl+aé+hl+hi (6.26)
9 29 9 29
hii lokal inersiya kuchini -1 va 22 kesi ml ar oraligdida

sarflanadigan napordir.

L1129
Ahi)gQdt 7@ A ~dsdQ :

_w _wB9sH g 1% 2
= g T = " PR duids  (627)

gt Q 0Qsa, M

hi 1 kattalikni ¢ orsali ifodalab(6.27) ifodani quyidagicha ifodalaymiz:
S
A) = d0 My (6.29)
g g Mt
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1% w6 o 1 %€ u(uz)
h =— g — dwids= FEn duwids=
1 e u(uzdw)ﬂ 1 26y _,, @
= 23] As= =———f— fHdwds= (6.29)
20Q3a, M g 20Q8t, g
1 Zgp 2 0 % u agy 2y
AR tnffis= 90 Hu Y ds= 0 7Yy
ZgQSlut(o )&1 gQs Mt 5 M
quyidagi ) = WE munosabatni hisobga olib,
pt pt
M:l@ (6.30)
Wl
(6.28) ifodani quyidagicha ifodalash mumkin
ag PQ 2ds
B =0 6.31
) g QW (6.31)
Bunda formulaga kiruvchi integral
S
ras (6.32)
w
S
Madl um geometri k shakl dagi trubopro

ega.
Endi, Bernulli tenglamasining ikkinchi shaklini keltiramiz. Buning uchun
ikkita 1 ; val , pezometro ratilgan truboprowdni 6.2-rasmda tasvirlaymiz.

|y {2

6.2 rasm: Bernulli tenglamasini tushuntiric 6.3 rasm: Bernulli tenglamasini tushuntiris
(6.35-ifoda) (6.35-ifoda)
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Parametrlar fayini yozamiZ'

0 a Py 8
a= + 2 (6.33

% g &7 gt

(6.26) formulaga asosan
a L P29 42 2+ h + 6.34
é@l g@ Zg( Ul)hi h (6.34)
bundan,

an a:;g(uzz _u?)+h +h; (6.35)

Bu ogimning beqaror harakati uchun Bernulli tenglamasining ikkinchi

k o 0 r iBu keftitigan tenglamalaf6.26) va (6.35) lar uchun quyidagilarni etrof

etish zarur.

1. Ker ak |l i maoél umotl ar yeti shmasl i gi y O
bapgar or tekis harakatning kod6rinishi |
hisoblanadi. Bumutlago to 6rg @mas (chunki utezlik epyuralari har ikkala
bamaror va beqaror harakatlar uchun turlichadir

2. Harakat vat davomi da seki n ohbadgloyatdas kichika n | i ¢
g ymat ga ega |blouni tasdlabyubosshmumisna Buada biz
begaror harakat uchun oddiy Bernulli tenglamasini olariaray 320
mavzy

3. Barqgaror harakatlanayotgan oqim uchun Bernulli tenglamagitlava 2-2
kesimlar oaligibda sekin oo0zgaruvchan har aka
mumkin. Bu oraljda (hb=0) bool ggadhn t ez o6zgaruyv
bool ganda ham foydal ani sh mumki n.

Agar but un har akat davomi da sekin 00

ogimning begaror harakatuchun olingan h, go 6 s hi mc h a hadl i

tenglamasidan foydalanish mumkin. Churtkif 0 6 s hi mcha hadni ar

l-lva22 kesimlar orasidagi sekin o64dgar u
vaz22 kesimlar or al i dA8hakigaego chio@siresgya bua r a k
soha integralning kichik giymati bilan harakaterlansa, u h@¢&al) formulaga

kiruvchi lokalinersiyakuchlarini inobatga olmaslik mumkin va umumadii Ya 22

kesi mlar oraligdéida paydo boolaade dgtainb o
bermasligimiz mumekin.

Lokal inersiyakuchlarifagatB vaV sohalardg6.3-rasmn) hisobga olinadi.
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1. (6.26) va (6.35) ifodalarining (3.71) ifodadanfarq b oafida faat naporning
uzunlik lmyichay o 6 gol i s hi hi sobga ohatdanlaud i

tenglamalarmaa | | i y n a p o cheklamgangrmiqtordadvjuddb mié | g a n
truboprovodlarddda m q o 6 | | a n iBundaguyidagohagi&oi diatdii |
a) hyhadni hisoblashda lokahersiyak uc hl ar i ni mahalliy vy

bodl gan | oy dlimmayia(chunki siro bigpblash amaliy jixatdan
mumkin emak;
b) Bernulli tenglamasigdy hado migah;7 tolgnapor yodqol i shl a

napor y 0 ounan] teksstaigagor harakat formulalaridan foydalanib
topiladi.

6.4.INERSIYA NAPORINING ENERGETI K MAOGNOSI
SIQILMAS SUYUQLIK OQ IMINING ABSOLYUT QAT TIQ DEVORLI
TRUBOPROVODLARDAGI B EQAROR HARAKATI UCHU N BERNULLI
TENGLAMASINING GEOME TRIK INTERPRENTSIYAS |

Bu masal ani oo0rgani sh udha2?2 kesimigao r | i
chegaral mhngankbodl b chigami z, bu bodl i
turadi . Lekin bu boolimdagi suyuqgl ik

suyuglik migdorinich i s o b i yebdualujgiramiz.

Har bir vaqt oraligdéida bu higaobiy
bool adi . YeBdem belgilaymiz vasuyuglikning hisobiy xajmi kinetik
inergiyasideb ataymiz.

Quyidagilarni tasdiglashimiz mumekin:

a)gar al ayot gan bodl i mda suyuql ik z
harakatl anayotganda vaqgqt babla vi@mi d a
suyugqgli kning hisobiy xaj mi kineti k e

yani Ye=const;

b) ogimning tezlanuvchan harakatida esa vaqt davoivi@dd e ner gi ya o006 z
Ye 1 energiya mikdorini oshishi, ¢ hi s obi yng hld| wae
2-2kesimla or aligo6ida harakatl anayotgan s
akumilyatsiyalaydi (6.4 rasm) . Shu sabali(KS), mikdor nisbatan kichik
gi ymat ga e (@@, nbquaning B qismi 11 va 22 kesimlar
or al i ghidsabigleapeid ac qgol i b ket adi
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S) vaqt nobaynida ekinlashuvchar a) £ yeadu [1H3),< (K3),]

harakatdaye kamayadi. Bunda hisobi 1 2!

. . . 3, L& | (K3)
hajmdagi suyuglik zarrachala T’
tezligining  kamayishini & m&atish f 2!

mumkin. 1-1 va 22 Kkesimlar
oralig idagi chisobiy xajné d aahira
energiya bu kamayish hisobiga oshi

| (K3), 21 (K3),
kuzatiladi, —-Zm—*
2

6) Ep xamasdu [(/’fJ)}>(fC?}J

Bu vaziyatdh  hisobiy = xajmdag "
energiyaning ma o | 6.4 rasm. Inertsion naporni
(6.4, brasn) . tushuntirishga doir.

Xulosaqilib aytish mumkinki:inertsion naporh, energiyani vaqt davomida
o6zgarish mebyoridir, shu bbiyl axnaj Imien g ak
energiyasining4dlva22 kesim oraligoi dagi oO0zgar.i
massasi o00zgar.i shi moyor i hamdir

Yaohii,l-1va22 kesim oraligoida suyuql:
inertsion kuchini yengishga sarflanadigan naponiqdoridir. Tezlanuvchan
harakatdahmu s b at gi y ma tl glekal ieegsyyakuria ogimigebteskari
y o6nal ga(db,arasd) | Bardlaw bilan A zarracha tezlanishicki&atilgan.

6.6-rasm. Tezlanuvchaharakat uchun Bernulli tenglama:
interpretatsiyasi
Pi pezometr, Ti Pito nayi
Sekinlashuvchan harakatda dsak at t al i k nlg loKaliingrsiao 6 | |
kuchi oqim bgebydsdb yodnal adi
Yugoridalarga asoslanib, quyidagilarni xulosa qgilish mumki

6.5-rasm. Inertsin naporni
tushuntirish
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1. Tezlanuvchan harakatdd 7 1 kesi mdagi todligqg n é
sarflanadi:

Hy =z +™2+2 ¢ ¢ (6.36)

! 9 29
a)22 kesimda todéliqg naporni shaklantiri
b)1-l1va22 kesi mlar oraligdidagi i shkal ani

tarqalib ketadi. Bu mikdoh,ga t eng boo6l i b, kayti b pa
c)l-lva22 kesi ml ar oinesslydkg&ihd agini | glalgi b «
suyuglikning shu oraligdagi kinetik energiyasini oshirishga; Bu mikdorni napor
yoobgolishi deb qgaramasl ik kerak.
2. Sekinlashuvchi haratda esa bosjfacha kartinani olamiz. Kinetik
energiyahhb malumgismd an hol os b &bvaazkie.si Ghluark ior a

uning kamayishi @ ¥ beradi. Bunday holatda chigayotgémenergiya He, bilan
birgali kda quyi:Hgh)l arga sarf boodol adi
a) 2-2 kesimdaH ;, ngpornihosil qilishga

b) issiglikka aylanuvchi ishgalanish kuchi bajargan ishga;

6.7-rasm.Sekinlaslivchan harakat uchun Bernulli tenglamasi integisiyasi

Yugqoridilarga asoslanib, Bernulli tenglamasini quyidagicha interpretatsiya
(tahlil) gilish mumkn:
1 tezlanuvchan harakat misolidé6-r as mda wuzunl i k bodyi ch
davomida o6zgaruvchan harakat tasvirl
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HJzzHel-hl- (637)
Hel = Hez +h| +‘hi‘ (638)
T harakat davomida sekinlashuvchi har ak
sekinlashuvchi harak&t7-rasmda ifodalangan:
He =Hg +h - h; (6.39)
He +h|=H, +h (6.40)
Koorinib turibdiki, hshkioroll gsamu vhcohl aant
tod6lig napor oqim bodéyl ab oshib beradi
E-Enapor chi zi gi ogim bodyicha koot a

fagatani g b i ruqglligmionazgrda tutishimiz kerak.

6.5. SILINDRIK QUVURLARDAGI OQIMNING HARAKATINI
HISOBLASH FORMULALARI
Silindrsimon quvurlar uchun garalayotgan vaqt uchun

U = U, (6.41)
U holdaBernulli (6.35) tenglamasingayta yozamiz
(1) tsitingr a=h +h (6.42)
(642f or mul ani oong tomondagi I K ki had
l.huzunli k bodyicha napor yooqgol i shi
h=/ 'Jz_zI u (6.43)
D 2g 29
bundaz, T uzunl i k bodyicha qgarshilik koef f

harakat formulalari asosida hisoblanadi.

2) hy 1 tsilindrsimon truboprovodlarda lokahersiya kuchlarini hisobga
oluvchi had

w=const(ogi m uzunl)i gi bodyicha
shu sabalbili,
aQa
Hee Os,
hizf’Qn‘iS B0 W= oo a0V W (640
g w g H ¢ g
chunki,



dl:%+%d782% (645)
dt gt psdt '

Silindrsimon truboprovodlar uchuﬁgzo bodol ganl i gi uchun.

(A) tsilingr _ @l du (6.46)
g dt
bunda
S;- 8 = (6.47)
3JHi sobl ash formulasining yakuniy kodc
(1 )itsilindr =2 £+idd£ (6.48)
20 g dt
Bu tenglamaga asosl ani b, mahall iy ne
Si stemasi ni hi sobl ash mumkin.hd3¢5%h|kin,
bodédl gan hol da ham @mu rmahlkanull iay oYyo 6 quad |i ids |
quvurlar sistemasi hisob gilinsa, u hok@48) tenglamadagiz, o 6 r e g@o |l i q
garshilik koeffitsienti qgodéyil adi

u
Z: =\zZ, +Sz 4, )—
f (| 29

6.6. SUYUQLIKNING SILINDRSIMON QUVURLARDAN
ATMOSFERAGA 0OQIB CHIQISHI

Bu vazi yat niish aobung.&rasmia tasvirlangan suyuqlik
todl di r i Touamva unithg tegash keesimiek r an o ér nat i | gar

Farazglaylk, K k r an bir onda t o0l gbgchigpsbodai | di
ikki davrni ajratibko 6 r srmaumkirs h

Birinchi davr

O<t<t, (6.49)

bundat, i sekundning bir ulushi bilan I6hanadi. Bu boshlaniéh davr beqaror
harakat bilarxarakerlanadi.N napor(6.8-rasn) bu daviddhnapor yoo6qol i
guvo & ngnchigish kesimidaguz/(Zg) tezlik napomi shakllantirshga sarflanadi.
to vagt ichidaN napor hisobiga suyuqglikning kinetik energiyasi bosgichma
bosqgich oshibnoldanbamaror harakatga xos kattalikétaa ko tariladi.
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6.8-rasm.K kranning br o n d i@ ochilshidian keyingi napor va
pzometrik chiziglar deformatsiyasi

Ikkinchi davr t2t,

Bu bagaror harakat davri.Bu hol
tanishganmiz.

Birinchi davri suyuglikning quvurdagi
tadgigot qgilinishi mumkin.

(650)

at bilan biz oldingi mavzularda

harakd(il) 'siingr tenglamaga sosan

2,/

T

U |
|20
Ua— ———————
|
u-f(t) | & J
g - 0
I tﬂ -
69-rasmKkr an ochil gat
1-1 kesimda vagt o00:

1-1 kesimdagRb osi mni ng

o6zgari shi

——, —=

6.10-rasm.K kran ochilgandancsrig
0

Vaqt kran ochilgandan osdtg hisoblanadi. Quvurga kirisadi napor

yooqol i shi h i fagatuzualik

olinadi.
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Tadgigot natijalari quyidagicha:

1. K kran bir onda ochilgandan keyingi dastlabki lahzada suyuqlikning butun
N napori suyuglik massasnersiyaini yengishgasarflanadi. Bunda quyidagilar
oorinlidir:

h =H;u=0; u?/(2g); h =0. (6.51)

Demak, xulosagilish mumkinki, dastlabki laxzada suyuqglik tinch holatda
b o 6 |EeEEARR, Fi chiziglar bir biri bilan ustmaust tushadi(6.9-rasmdagi galin
uzun chiziglay .

Quwo & ngntiigash gismida suyuqlik, dastlabki vaziyatda nol tezlikka ega
bool adagibchiBise ct ezl i gi dir . Suyuqli k quvu
vertikal tushishi kerak.

2. E-E, RR, Fi chiziglar tarqala boshlashadt-E vai-i k o 0t aRR |1 ad.i
padlasha boshlaydi(68-r as mda i ngichka wuzun )chi zi
Ogi mcha o00gqi esa obhmggitomokhaga@c biols,gqi k d dnt

3.t =ty vaqgtdai-i chiziq gorizontal vaziyatni egallayd(hi = O) E-EvaRR
chiziglar bargaror harakat shartigsos keladi. Quvurdan chigayotgan kesmaning
urilish uzunligi, bu vaziyatda eng katta giymatga erishadi, bu barqgaror harakatga
mos keladi.

4. Yuqoridagi muloxazalarga asosan, qaralayotgan vaqt mobaynida
quvurdagi v tezlik va p/g pezometrik balandliklal-1 kesimda6.9- va 6.10-

rasmlardagi grafi klarda koodrus aa pylggand e
kattaliklar bargaror harakatga mos keladi.

Grafi klardan kodérinib turibdiki, n a
davom etishi mumkinty == . v va p/g kattaliklar asimgpotik tarzda bargaror
harakatga mos gorizontlarga yaginlashish&gigat Du va D(p/g) kattaliklarni
inobatga olmasdarty i amaliy vaqgtni olamiz. Bu vaqt davomida beqaror harakat
mavjud bodl adi

(I1) ‘'siinar tenglamani tahlilqilib, kranning yopilishidagiE-E, RR, Fi
chiziqglarning oO0zgari shi harakatini
sekinlashuvchi harakat sodir bodl adi
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II. SUYUQLIKNING SIQILUVCHANLIGI VA TRUBOPROVOD
(QUVURLAR SISTEMASI ) QATTIQ DEVORLARINING
EGILUVCHANLIGI VA DEFORMASIYALANISHINI HISOBG A

OLGAN HOLDA BEQAROR NAPORLI HARAKATI

6.7. GIDRAVLIK ZARB
Naporli truboprovodlarda ularning ixtyoriy kesimlaridagi suyuqlik

harakatining o6rtacha tezligi keskin o
oshi shi y oki k amay i s harayomgidtavlif zarb deyladi. r o 0 y
Bu xodisa truboprovod ichidagi vaqt n
massasiinersiya | hi sobiga paydo bool adi . Bos|
bool sak, bu hodisa yuqor.i y 0 kishi bpaa s t b
xarakterlanadi.

Truboprovodda gidravlik zarb nixoyatda katta giymatga erishishi mumkin:
har akat tezligi oo0zgari shi hi sobi ga
o6zgari shi mu mki n. Shu sababl i, taubop
(masalan, gidrostantsiyalar truboprovodlgrigidravlik zarb kattaligini hisobga
olishga toogori kel adi

Farazqilaylik, truboprovodning tugash gismiggak r an od6rnati |l ga

yopilishi bilan truboprovod ichidagi suyuglik Dinersiyasi hisobgaK kranga kaa
bosim bilan tasir etadi.

Agar bu vaziyatda, suyuqglikning sigilishi va truboprovod devorining
def ormatsi yal ani shi bool maydi deb fi kr
ega boodolishimiz kerak. Taj rikattaayirakr s hun

Gidravlik zarb xodisasi harakateriga suyuglikning sigiluvchanligi va

truboprovod devori gidromexani k bosin
sezilarli tasir kodérsatadi. Shu vKziya
kranning odilishi yoki yopilishida absolyut gattiq zarbdan sifat jixatdan farq
gi l uvcechi el asti k zarb hosil bodl adi
todl gin booli b tarqalib, bu tool gi n X

gidravl i k za almattaibu xodisanghisobgasolisid kerak.

Gidravlik zarb xodisasini Moskva vodoprovod sistemasida tadgigotlar
o0t kazish natijasida N.Ye.Jukovskiy 1¢
di fferentsial tengl amasilishgadrishgah.i f qgi | i



N.Ye.Jukovskiy asosiy formulalarni suyuqglikning harakat soni teoremasi va
uzluksizlik tenglamasi asosida olish mumkin.

6.8. GIDRAVLIK ZARB XODISASINI TASVIRLASH
Faraz qgilaylik, gorizontal vaziyatdadiquvurgaPr porshen kiritilgan(6.11-

rasm .

-
l

DF »
5- £l (5)5
7 7

H
. D . r/ = L ;'
=
77 7p
¢ or
iyt
w
6.11-rasm.Prporshenning/t ez | i k bil an harakat:. boshl
B tasirning(s tezlik bilan) targalishi
Porshen va suyuqli k tinch turgan ho

PPichi zig bilan i fodal an g alaylikbteOshirondana v j 1
u tezlik bilan porshen harakatlana boshladi, suyuglik sigilmas va quvur devorlari
deformatsiyalanmaydigan holatdaO oniy vaqtda suyuqlik hanv tezlik bilan

harakatlana boshlaydi.

Suyuglik sigiluvchan va quvur devorlari deformat$aysadigan holatda esa
boshkacha vaziyat boodl adi

Bunday holatdaPr por shen o006z harakat. natij i
bosgichmabosqgich harakatga keltira boshlaydi. Bu vaziyat bir tomondan
suyuglikni sigiluvchaniligi va quvur devori deformatsiyalanishiat i j asi da
bersa, ikkinchi tomondan suyuglikningersiyak u ¢ h i tuf aytivagtr ooy
oralig¢iorsdhrwnn har akat i) WMaxkeparaaiynvgrikalgha n s
ega boodl ami z. Bu vertikal guyvVv (rasmdga g i S
garang .
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a) W-W vertikaldan chap tomondagi xajm; Bu yerda suyuqglik hozircha tinch
holatda joylashgan.p/g bosim porshen harakatga kelmasdan oldingi bosimga
teng;

b) WWvertikal oong tomoni dagi haj m;
kesimdagi harakat tezligiorshenning harakat tezligi/)ga t eng. Shuni
muhimki, chap tomonda porshentezlikda harakatlanish bilan chegaraviy vertikal
W-W ham chapga tomongs tezlik bilan harakatlana boshlaydi. Butezlik
kattali kdan yuqor. bodol adi

> v (652

B sohani suyuglikningg o 6 z g 0 woki elastkhdeformatsiya sohasleb
ataladi;si suyuqgl i k qgqodzgoal ideyhadiryokiswyuqglikrang g a | i
elastik deformatsiyasi tezligieb ataladi.

(652 munosabatga asosan, ggo&zagdaloiobsthi s
oshishi kerak: Porshen bilafkWv er t i k a | tekislik o00rt as
katta giymatga oshishi kera®/-W harakatlanuvchi chegaraga eégg o 6 z g6 al uv
soha quyidagi vaziyatlar bilan baholanadi:

1) soha ichidagi gidrodinamilbosim h, 5, bal andl i k bil an
yuqgor i gi ymatga ega boodol adi
apo
h, O‘G:B?gg ; g (653

bunda (p/g), 7 B sohaga mos keluvchi pzometrik balandliki/g porshen

harakatga kelgunga kadar mavjud bool ga
Qobzgoalish t odl 46.18nasmda akunosértiked ehiziglav ¢ h i

bil an todortburchak satbaktiloiddagi inW gedleal haomaad
tekislik bilan birgalikdac tezlik bilan chapga harakatlanishi kerak. Shu sababili,
tezlikni truboprovodda yuqori bosim targalishi tezligi sifatida garenumkin.

2) Bgoobzgdbdali sh sohasidagi yuqor i bos
oshadi(suyuglikning zichligi oshadli, elastik devor esaf kattalikka ezadi.

Bu hol at porshenning tinch holatdag
harakatdadir ooBunlder av a bundan keyin n
olmaymiz. Xuddi shunday holat suyuqglik quvurdatezlikda harakatlanayotganda
t=0 bir onda harakatsiz porshen yoki za
t=0 dagigadaB go 6 zg b al i s h astorhoafsiid az apdavyi d\okVéb o ¢ |



chegaraviy tekislikst ez |l i kK bi l an quvur bodyl ab ha
zadvijkaning yopilish6.12, a-rasmda tasvirlangan.

w A
a) Ip G
P I
—H‘g—-:li.” 2)
=2 %7
| -
L_‘W
K
Vel wie e ;
G ;b %ﬂ]ﬂﬂﬂﬂ e p
a7
) j\\\. TYTANNN

6.12-rasm. Gidravlik zarb xodisasi:
a) K kran yopilgandg) K kran ochilganda.

Bu rasmda zadvijkaning gisman yopilishi, yani tezlik quvo G ngn i
tugashida 0 gacha emas, bafki- Du)* kattalikgacha kamayadi. BundfaDu/ i
tezli k ob6zgari shi

Agar zadvijka ochilsay tezlik (u+ Du) ga oshsa6.12, b-rasmdagi vaziyat

rooy beradi. B u stedilobilag tamgaladiu vur booyl ab,
Gi dravl i k z amguyidag amalogiyananazarsiahtatish magsadga
muvofiq bool adi . Katta wuzunli kka ega b

Aytaylik, u gorizantal tekislikka bosiladi. Prujina tekislikka tekkunga gadar uning
bogdél aml ar i orasi ddgib ondd saadfia dPeryugrilnia &
tekkandan keyin 6.13r as md ag i kodr i i waikd abilan b o 0 |
harakatlanayotgaw-Wt e ki sl i kdan past ki bogdl aml a

ki chi k (bbBgdd Gazdg o al i s h s Stusdang@r imoisb kteu raic
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tasvirlangan jarayon quyidagi ikki holat bilan xarakterlanuvchi gidravlik zarb
xodisasidir.
1) h, g;b0osi mni n g(mantyzyokiamusbgt.hBu gidravlik zarb kattaligini
aniglaydi;
2)goozgoal i shni sygkigdevlikgzarb tegalish tezlgiz | i g i
Yugoridagi mulohazalarga tayani
gidravl ik zarbnir
quyidagicha izohlashimiz mumkin:
boshgaruv yoki t 2
keskin ochilishi yoki yopilishi; W_.J__
quvurlar  sistemasini  suv  bils
todl dirish v aq tgali
havoning chigarilishida;
nasoslarning favqulodda  holat 6.13 rasm. Gidravlik zarbni tushuntiris

todxtatilganda;

naporli quvurdagi kran ochiq holat
nasosni gooOoshgand:
Endi bu kattaliklarning aniglash formulalari bilan tanishamiz.

6.9. GIDRAVLIK ZARB KATTALIGI VA UNING TARQALISH
TEZLIGINI HISOBLASH FORMULALARI

Tugash kesi mi ga 0 0 r W &arnili | Tgtailimdrsiman s ma n
truboprovodW, - Wo k e si mi dagi 0 qi mn iuyrdepgabubgiamia ¢ h a
(6.14-rasnj .

Faraz qilaylik,t = 0 vaziyatde Kk r anni ng ochi gl i gi bir
sababliWy-Wo kesim tezligi h a(mmasaltan kamayaidBas o0 0 z
kamayishDu ga tengK kran atrofdaBqo 6 zgéal i sh sohasi pay

Ixtyoriy t; vaqt oraligdéida qodM-g\p aakziydsih s o
egallaydi deb hisoblaymiz, =t;+d vaqgt or al iW,6 Wgdvaziyatdae g ar
koochadi. Vertikallar orasidagi fargqg

| =cdt (6.59)
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L Py 1fwidw) 17 P K
o f—’val"ut'r— ._T— 5 —
Jw. D ﬂZ"-Tt;-" |3

b—pce—~ |
W; lw, W,

)

6.14-rasm.(6.50) va (6.51) formulalar keltirib chigarishga doir.

W, -W, va W, - W, kesimlar bilan chegaralangaw, - W, bo 61 i mg a
uzluksizlik tenglana s i n i vV a har akat mi gdor i t e
bogoliqliklarni ol ami z:

ah g kattali k uchun bogoliqgdir.,

1°. Uzluksizlik tenglamasi Bu tenglamadan foydalanishimizda suyuglikni
sigilmas debqgabul gilganimiz sababli, suyuqglik xajmi bilan emashungamos
suyuqglik massasi bilan ish olib boramizV, - W, va W, - W, kesimlarni

go 6z g6 adabuigtamid. e b

Quyidagi belgilashlar kiritamiz.
m, - W, - W, kesimdandtv a qt o roiblo @ygptgan duguqlix massasi
m, - W, - W, kesimdandtv aqt or al i géi da oassdsi; o6t ayo
M- W,-W, bodl-2&4 1lkodéri ni shgaty veagpt boorod lgiagn
suyuglik massasi;
My, -W,-W, bo o6l 29-41" kodr i ni shgsv aeqgta obroad ligga
massasi;

Shubhasiz

m, - m =M - My (6.55)

m,-m farg budt vaqt o rWa4W,didh ketlgan suyuglik massasigli
M, - M, esadtvaqt oMaIW,g6ddamdagi suyuqlik m

Bu yugoridagi ifodaga kiruvchi kattaliklarni quyidagicha ifodalash mumekin:

m, = gw lt (6.56)
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m, = g+dg) (w+ dw)(ugdw)dt (6.57)

g
M, = o +gdg) (w+ dw)(cd) (658)
= gm 9 yfcd) (6.59)

bunda w, g, v, 1T W, - W, vertikal tekislikdan chapga harakatlantyan
suyuqgli kning harakatdagi kesim yuzasi,
(w+dw), (g+dg), (u+du) T W,-W;t eki sl i kdan oéngdagi s
yuzasi, xaj miy g@egé isayuglikkzichliga bu tmanndabatkar;
(6.56) , (6.58) ifodalarni(655 ga q o 6y ami a kichilbir gatohhhadlaant d
tashlab yuborib, quyidagiga ega bodl am

adg dwd
Du = - + (6.60)
Fo w?

2°. Harakat migdori teoremasi. Quyidagi belgilashlar kiritamiz:
(HM) t;,-W,-W, bool 284 1lkoorini shga ega bool ¢

suyuqglik massasining v aqt or alaingqdarimdsa Olgqg&amalr oekt si

(HM) t, =M J, (6.62)
(HM) t, - -W, bod6l 294k oo0rini shga ega boodol ga
suyuglik massasmmq:2 vaqt orali goi dasohdagrgaak aptr oneikdt ¢
shubhasiz
(HM) t, =M, (1 +Du) (6.62)

(KR), T P, kuch impulsining dt v aq't oraligdi dagigkani c
proektsiyasi, bunda shubxasiz quyidagini yozish mumkin:

(s rR), = P,dt = pudt (6.63)
Kodpayt ir udwdga u,dy,i dudga o,dw, dudw hadlar, cdg,
cdwl ardan juda kichik boodlganligi saba

yopilgandadw manfiyqgiyma ga ega boodl adi
dgvadw ! ar esa musbat gi ymatga ega bo
vaziyat bood6l adi skédatal kkamashat dgi n mat
(s R);- P, kuch impulsiningdt v a gt or albibggiadapgrioekt

shubxasiz
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(8 Ry =-Pdt=-(P+R)(w+d jdt (6.64)
bunda(P+PR, )1 W, - W, tekislikdano rgdagi gidrodinamik bosim;

P v~ N
Harakat migdori tenglamasiga asasan
(M)t - (M)t =(8 R)2- (8 R)1 (6.65)

Bu ifodaga (661) va (664 i f odal ar ni (§59)06va i(6l65) k ey
ifodalarni hisobga olib, bir gancha kichik hadlarni tashlab yuborib, harakat
tenglamasin(655 k o 6r i ni shda yozami z.

hL OK;:BT =- adu (666)
3. (6.65) va (6.66) tenglamalarni birgalikdagi yechimi.
P ot édg dwQ
~ = ) pl— i (667)
g M éé? w =
bunda
digz P. ok (6.68)
g E
D
dW= P. ot (6.69)
w ek,

(668 , (6.69 ifodalarni (667) g a g o 6 ysS da, nisbatani yechib, biz
izlanayotgar(6.72) ifodani olamiz.

_PL Ots B Cdu

h, 08T Ty (6.70)
bundaDuisuyuqgl i kni ng mus b a fvagydavkmidamanf i y o
Agar Du manf iy ishoraga ega boé6l sa, g i

gi ymatiga ega bool amiz va qgqoodzgoal uvch
shu ifodak oidishida gidravlik zarb kattaligifodalanadi.

Kran toolig yopilgan hol atda
Du = - u (6.71)
bodéli b, gidravli k zarb quyidagicha ani
C
hLOtG:BgUO

b)s goo6zgdal i shni ng taaiglaghaformdablaylanaz | i ¢
quvur uchu:
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9g 1 (6.72)

bunda:
E, T suyuglikning xajmiy elagkligi moduli;

E; T quvur devori elastikligi moduli

Uga‘z% (6.73)

Bu kattalik ovozining tinch holatdagi suyuglikda targalish telggiv uchun

D i quvur ichgi deametri;
el quvur devori galinligi.

Co, =1425m/s (6.74)
Buifodanihidb bga ol sak, suv bilan todliqg h
guvur uchun
:LZS’m/S (675)
142 0n
€ [
Demak, berilgan suyuqlik uchun
aD E, @
c=f 6.76
5 e (6.76)
Buskattali k bir necha yuz vyoki mi ng

mumkin.

610. TOBGHIRANGO-G |)\AHAYTARILGAN GIDRAVLIK
ZARBLAR.QUVOd RNG QOO0ZGOALMAS KOONDALANG K
GI DRAVLI K ZARB ROO GIDEBOMEXANIK DBOSIMNING

TEBRANISHI

Gidravli k zarb xakida toolig tushun

muhim vaziyatni hisobga olishimiz kerak.
Bir tomoni ochiq ikkinchi tomonid& kr a n 0 6 r@mavd @ hggchida

suyugqlik tool diril ga(garartyg6.14aasm it1l va @dr i b

kesimlal) .
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6.15r as m. (B o9 lgb avagaytarigén gidravlik zarblar

Yugoridagi muloxazalardan malumki, kran bir onda yopilgandaiglikda
quvur bodyl ababthar apekhanag@du veghlai musbat tc
bodl adi

Bu toédl cgkiensidnga yeti b bori shi bil an
oynadagi aksi kabil80° ga burilgan aibi fi p e s h @ nealik bilan musbat
t o6l gihnigay ogéanrasl i s h d a(6.1%,&d-rasnknaat nl fai nya ytoot 6gl agni
boodél adi (bhosbbgbgdl ghning mushbat bosi mi

bil an gooshil adi . Natijada, gaytaril
uchastkadagi berilgan vaqtdagid v I i k zar b tufayl. paydo
b o 60 I(la,dya qarany.

Bu manf i y2-2)tkoedslignigna yeti b bori shi b
kodristiesahliida bil an unga teskari yunal g:e
Shuni t adki dl aaechigtomomdégi gookdi ngnl-ilkesiminia
xar doim kaytaril gan teskar.i i shor al |
tomonidan 2 kesi mda xuddi shu todélgin isho

toodl ginlar paydo bodl adi
abt o061 gi n A p-2 kekimdanad$ kesiingaca 2 bo 61 gan ma:
bosi b t,dbianbelgilaymiz.
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bundalL T quvur uzunligi. Bunda quyidagilarni tanlaymiz:

a) t =t, vaqt vaziyatidgbu vaqt kran yopilgan vaqtdan hisoblanadjuvwo @ ngn i
butun uzunligi bodwh sdatebgdsdilnadbii;r xi |
b)t,=2t,vaqt da esa bosim butun ¢ ({dshdagi bo ¢\

suyuglik sarfiga mos,
c)t;=3%,vaqtda ham bosim but un-hggoateng, booyl
d t,=4,vagtda ham bosim butun quvur booyl
K.
Demak, it i yoriy kodndal an gt, tkbeagish davalg i b

masofadagi tool ginning odétish vagtinin
tn:4IO:4E
m

Agar quvurdeA-Aqo 6zgoal mas koondal ang kesin
bosi mning vaqt 6bouyaiscmidamatkmidgadekhir ooy b

tebranish I deal hol atdagi suyuql ikl ar
tebranish bosgichmbho s gi ch sod6ni b bori shi ker ak.
?h,a 06 A-A Kecum y4yH
I~ to"L'td";"t a+t a'ﬂ'
| " | 2
O f :
| | ! I
Gl ! H || #sap6 !
| 1 | | d
0 | | |
AN I
"—tp—" E :
' :
H |

— t”'4t0 — t/7=4[0"——'*—'_ tﬂ=4t0—_

6.16rasm.Que dngi goozgdal mas kodndal ang kesi mdagi
(gdrav | i Kk zarb )rody berganda

6.11. KRANNING BOSQICHMA -BOSQICH YOPILISH HOLATI.
TOO LI Q HXLA GIDRAVLIK ZARBLAR
Faraz gilaylik, nixoyatda uzufT) truboprovoddan suyuqlik atmasferaga okib
chigayotgan bodl i b, t rBRidshga tutasimitgan6.ln g i Kk
a-rasn) .



6.17-rasm.K kranning sekirasta yopilishi holatida
gidravlik zarbning oshishi

Truboprovodni ng tKikmrammdygichgrdosgicld shundaly i | g «
yopiladiki, quwo & ngntugash kesmidagi.. , tezlik chizigli konuniyat asosida
uc g Up danug z0g ac ha o(d\zchiaggaagdrangbundauve k r an t o6 |
ochiq bodélganda mavjud bool gan beqaro
tezligi.

Kranning t ool i gqt; delo palglaymi.hty kram ayapilai n i
boshlagandan hisoblanadigan vaqtdacgdvngntugash gismidagi tezlibu = v,
kattali kka kamayadi v.a n od;gtazlik tcleziglg b o (
konuniyat asosida emas, pogodéona shakl
balandlikni &(Du) kattalik bilan belgilaymiz.

ue  tezlikni a’(Du) elementar kattalikka kamaytirib, quvurda elementar
gidravlik zarb paydo gilamiz.

C
(E gd(Du) (6.79)
Qu v ur g a(h g9 éemegntar gidravlik zarbni borgan vagtda, bosim
oshi shi pogdéonal i (§l7,aafrasngda gzaq chiziglr biban 6 | a
ifodalangan.

Bu holatda,
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(h, ode= g]u0 (6.79)

h odsit o6l igq gidravliik zarb deb ataladi.

6.17,a-rasmdagi grafikdan quyidagilarni xulosa gilish mumkin:
agkran todligvagpdbhg&mdaagiatrofida todl
bod | adi

(y ode=adlh, 0dz fgr]Uo (6:80)
Bu kattalik mikdori bu yerda keyinchalik ham saglanib qoladi;
b)t o6l iq zarbning o06sish wuvzunligi, yani

noldan(h, o, 9acha oshadi.

I i ¢ M (6.81)

Endi pogoo m’éDu) mianblgachd kamayiiramizy a n i pogool
grafikniAVt o6 gori chi zi &kld,brasspk i nl ashti rami z
Bunda (6.80) va (6.81) formulalar uz kuchini saglab koladi, grafikda esa
A p e s h omneslogirrdi shakl oladi.6.17a va 6.18rasmlardaab chiziq bilan

kodrsatil gan.

Shuni takidlash keraki, kran, bosgichAm@sqgich yopilganda quvd ngn i
tugash kesmidagi/; , tezlik chizigli gonuniyat asosida kamayib, quyidagiga ega
bodl ami z:
ayt o6l gin Apebxshomragsishakyada bodl adi ;
bybu nAutkir kirrélgjpsmieshonao uzunligi
cotod6ligvagtbvaziyatida paydo bool i b,

sajlanib goladi.

Bi z yugorida nixoyatda wuzun quvur b
bodl i shini koor di k. Har qganday -bosgiadnnl i k
yopilganda ikki xilhe at bool adi
1)t odél i q gidr;avlii k zarb hol ati
2) chala gidravlik zarb holati

Chala gidravlik zarb holati bilan tanishish uchu6.18rasmdan
foydalanamiz.
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6.18r asm. Too6lig va chala gidravlik zarb

K kranning bosgichméosqgich yopilie i d a bosi mning mu S
idishdan kaytib(l) manf iy qgaytgan (H)dovagyatdah, g Tay!l ar

t o6l gi n zar b ooGbnsgiisihk quizluannlgiagni ggiuyvmat i d an

Iy & ¢ 2L (6.82)
Gidravlik zarb K kranning yopilish jarayonida malum bwaqt davomida
o0zining toolig qgiymatiga yetishmasdan

musbat tool-gsh bubban bessmhhashi sababl.i
Xulosa qilib aytish mumkinki:

1)Toodl iq gi dr a kaytuvkhi zarl ilan kdmgalma y di gan t o
(b o s h | g nggrdulikc karbning bosgichmbosgicherishgan eng katta
giymatiga aytiladi.

2) Chala gidravlik zarb debt o 0 gidiavlikz ar b p ay d adagbshudday a n |
gidravlik zarbning eng katta giymatiga aytiladiki, bundgtgan zarb o 6 g 6 r |
gidravlik zarbning bosgichmbosgichosh b , 0 0 z i gymatigaerishto6 | i q
ulgurmasidan, yuqoridagi joyga e kelb ulgurad.i.

Tooligq gidravlik zarb quyidagi f or mu

(hL O] lnsz ;nuo

Tool i g Midravlikmahgesan

(h. oda, < ods (6.83)

yoki
(h, oy, < g]Uo (6.84)
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Tooli g bodél magan zarbning paydo bodl

fng>2L (6.85)
yoKi
te >t (6.86)
bunda
2L
t = fr] (6.87)
bundat, ibosi m todl gining ruparasidagi nugq:

krangacha o0o0tish masof aslmagangidraviik zdle t g a
(h. o4, kattaligit, vaqtdagi gidravlik zarb kattalidh, o Jga teng.

Vagtt, t ugas hi bil an gi dr av(kranking yopilisth 0 0 s
davom etsa ham

(h, o4 kattalikni quyidagicha munosabatdan aniglaymiz.

(—g(hL ot _t, (6.88)
hL o ts

(hL 0} l(B: ti(hL 0] \)}55 (6 -89)

tS
(6.89) formula (h, o0 6 1 rh g)a vat, hamdalh o)l ar o6rni ga

bundan

(687 va(6.79i f odal aradagi giymatl arni qgqoodyan
L
(b odey =20 (690
' gts
Bu formul adan kodorinib turibdiki,
uchun truboprovod uzunliglL) ni kamaytirib krannig yopilish vaqtit, ni oshirish

kerak.
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VI BOBGA DOIR TEST NAZORAT SAVOLLARI
1. Real holatdagi suyuglikning butun ogimi uchun Bernulli tenglamasini

inersiyak uc hl ar i ni hi sobga ol gan hol dagi K C
2 2
a) zl+&+u—1° DE:22+&+U—2+h|i+hii;
9 29 g9 29
2 2
b) z + IC)1+U'1°DEz LA
9 29 9 29
2 2
c) z+ + P *1222+&+u*2+h|i+hiii
9 29 g
U2
d) z + + Py —1222 p2+u2
9 29 9 29

2. Gidravlik zarb nima?
a) Chuqurlk keskin oshganda rooy beradigan |
b) Harakatlanayotgan suyuglikning ixtiyoriy bir kesimida sarfning keskin

oO0zgari shi naiijasida; ;rooy beradigan
c) Harakatlanayotgan suyuqlikning barcha kesimlarida tekislikning keskin

o0zgariistha mady jlaser adi gan gidravl ik |
d) Harakatlanayotgan suyuglikning ixtiyoriy bir kesimida tekislikning keskin

o0zgari shi naiijasida.rooy beradigan
3. Todbgodéri va gaytgan gidravlik zarbl a
a) Yo 6 n airida; s h | b)Tool gqgi nl ar o6l chaml ar i

cgTodl gi nl ar t e z ldiXardk@ristikalaada.

4. Suyuglik ogimining sigilmas deb garalgan holati uchun begaror naporli
harakatni izohlang.

a) ™ o o) M = 0;
pz ° iz
012 o; d) "=0; K2 o,

5. Suyuglik ogimining sigiluvchan deb garalgan holati uchun beqaror naporli

harakatni izohlang.
a) M 0
V74
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Lz
o M o

0 F=0;1 o;
pz

6. Suyuglik oqgimining tinch (sokin) va notinch (shovqinli) harakatlariga

aniqlashtirilgan taoérif bering.

a) Suyudikning sokin harakati deb shunday harakatga aytiladikidbumar ganday
erkin sirtd@gogkaysdandodl gamoda gpay dae hc
booyl ab tarqal maydi . Shovqginl har aka
yugoriga targaladi;

b) Suyuglikning sokin harakati deb shunday harakatga aytildalikida har ganday
erkin sirtd@gogkaysandbodl gamoda gpay das hc
booyl ab yugoriga va pastga tarqgal adi
ogim bodoyl ab fagat pastga tarqal adi;

c) Suyuglikning sokin harakati deb shunday hatgk aytiladiki, bunda ogim
booyl ab tezlikning tebranishi paydo b
tez targaladi;

dSokin harakatda har qganyoakyi esWknmi ysitra
glingpango 6zgoal i sh oqgi m bShavyinli babakajpleaesd bypa t
go6zgdbali sh oqim bodéyl ab goh yuqgori ga
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71 .

Rispubli

VIl BOB. NASOSLAR

NOS[{SLOR Vo N&O6S[S QURI LMoL
711.SUVXO& JIAGI Do M SHI NQH T FSRNING

AHAMIYAT |
COdO Ohtl i

NS hnii nrgOttijjzO ssi udrC
MOy d sndd@rQsnhit | r i ghlid.o@®F Oshyatil ©di g OnN

Jr

Ssuv mONnb Ol Ori dOn yugqgsri doO | syl ©shgOn.
stOnsiyal Ori vO quril mOl Or Dbi On OmoOl g
71 Odv Ol
Oakkji st snd® RJyspubl i €Osi dO i shl Ob t
) Vil syat NOstss st Ons Xaroksgrt ol
Qmd¥s | H,m N, mVt
[ 5t 41 8,5 5,6
Qs r @ 33 8,5 4,8
Amu-BuxoroT | 68 52,0 45,0
1. BumrtSr s|Quyi mtsz tsr 100 18-21 30,0
Amu-Buxoro’ I 105 52,0 125,0
Q ziltjpo 92 4572 125,0
stsni mjn 12 26,0 6,0
Yomtsnj Or 13 5,0 1,4
5 QBgd ptsgis Ottt ©OgOr 54 4,0 4,5
' Rispubl [BjKEyab 50 5,0 4,5
NOy ni@®Bnj s ht sm 30 50 1,6
QOr shi (K B3ISID 195 140,0 450,0
3. QOgthd Or yjv ¥ 1 odS¢Or i sh 3t 0O
TOI | i mOrj tsn 155 16-33 64,8
- Shjir sbtsd 110 24-29 45,0
4. Surasnd - T ong 32 81,0 | 480
5. Ji zz0OR|JIi zz0n 190 24-37 110,0
TOshCjli¢ 27 20,0 7,2
6. dndi j siDodit | i € 9 83,0 9,6
ECiTg €i n 3 130,0 51
dbdus OmOt 20 10,0 4,0
~ ShOgi 'y ¢r si f 2 130,0 51
! FRENO S rsswr 2 1600 | 5,0
| sf O$hsOMMOTr d tsn 3 170,0 7,5
PungOn 3 165,0 6,3
8. NOmOnN g @ Chust 5 197,0 15,0
Uychi 10 78,0 12,8
Bsyovut 12 26,0 4,8
9. SirdOr ySi r di@r yo 25 10,0 4,0
Sirdi®ryo 25 10,0 4,0
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Vil syat NOstss st Ons XarOksgrt ol
Q,m¥s | H,m | N, mvt
SOrdtbo 13 5,0 1,4
10.| SOnyO N d NOr p Oy 12 50,0 96,0
MmOdo b & € Bsshtsntsv O 2540 | 21-25 12,5
11.|mOml OS¢ Ot I|Irtishi s Og®n d O 1320 | 1921 5,0
SOr Ot sv 14-18 | 21-22 5,0
Hszi rqgd Ov O] spBhden@d 1%a@ttt@® sv@xr f | i
st Onsiyal Ori suv uzOtib bjr GCogoxlg &nl Ov .
MOshi nO COnCMOMA@OI do@rPT % Igk BT gn®&t i | g On ¢
sOr fl i nNOs tsqgurgtl@red IOy aly@rrid Oyn®od W1 y &1 @r 2 5

Jr MmOy d gl iQdidts st1000qg dtswQgudig POD Og i n G
Ogr jgotl Ori 7ijs@d OO0k BtPLriishtdsin. Rjspubl i §€C
I shl Ob turgO®On bOO6zI HOOLtDO APsBsrst OO |

SwEsh nOstss st @Os odyl&8QOr 2 @ON@uUsrddlstinr s s h
Qi sthAods Ol i gi ni ichimli € suvi bil On t OO0
turibdi.

HszirggidOv® jspubli SOmi zdO nd@syoOdi @@n
ASUVM SHO z OWBAIO, nWislstsy atr In i t ©O6mirl Osh
é mmts, I gOri gi Ittgfiles®d dOwryiod D Obyg@mu r t
st Onsi pyahOti PON noOs tss QQrrijxgt h@eg @ c h (
goy i | mOGg On .

71. 1. N¢S[{QLDBIR HWUWSHYNES[SLOGR TOSNI F
NGtsI@ h@ ril suyuglkl@ gimini htssil giluvehi gidrarli€ mGhind@dir.

NOs sad I0@r i gO b Jj anigy ®9 b §&g @ suhr nd jCRg iofz € qQsrigi vy
tgibott ©di g @ni Ssruiynug gi dr OvIli i € enjrgiyasi gCcC
NOs :sil OhOr OO0t g@huinj | higz d Ol i Os BOON
dvigOt jlidOoOn f sydol Oni | Odi . BOO zi h ts

f sydOl Oni shodi .

HOr OC My i tcthrO dhiOs 8wi@ OfF MmiOy s bdOIr y @d ib

Di nOmi € nOwsymgll O¢ € Or @ssths nhiGngd © c¢c hi ¢
dsi mgiObgOn i sh €Omjr Osi dOgi 1 sh trgoOn
Suyugl i €€ O t Odysiicrh & udcihn OinB WCr @EQBIE®OFE OON gscC
di Og@yypv @ i shg®i Oni s hl-thEivesii &y gisuwh o) ¢ | |
nOs s bldir g®@d ib.

HOf mi v nGOGuups EOrad®@stssning ¢irish v
bil On ul On O©di goOn I sh ®d@mj o@ie)iod@ Pir t ih O]
turuvechi I sh tsrgOnining tOo0siridoO sil)]|
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| shchi sr g On | Oadyi i nci hn@ hh@) r n §yO ¥ tnd@bts s |
I gOri | OnmO (r sO)HMsIEBAMP gO O] r Ot i | Odi
boyii ch O Tiglog ®miOGI On MmO nOstsl| Or psrshjnl i,
noOstss| Or glO Ot dBiNss® Or es®O sw@sshrbyali.i
b oidn Od i

712. No¢6éSJS DVIGoTrLI, QORIGMPIS]) , NONS ST
STONSI WASIMG SHI NoLOT RVNSBEDR[ Tr mNI s UZ¢ L
TUSHUNCHG¢ S
SwBrish, zOr gtchirish vO i1t chimlig
yuqgiri g0 uz Ot igsuhy i ¢ESwgel | Qprikigsd @ Dis s s dvigo
noOstss Ogr jgoti ; nNOstss quril mOsdidOrm Qs

gidrsstjani & uzjli

NOstss divmjgg jlell jStri € vO btsshgO tur
sqi mi enjrgiyawhgiod rOQv lOING i mODbh ibn@dii r .

NOstss dagirdog®@iaquyy @ttt ni uz Ot i gyt Ojnig s z |
noOstss v Ogddsidg Ot jI 6 vyi

NOstsr i | m@suiyugl i §ni MmMONbO6si dOn sl
bJjruvchi qguril mO yoSi idwWwob@insiOn un ®tsitss
dvigoOt gl 6, suruvchi Oov®i Mgy 2§ [IOMOGE mq@tvwr O,
bjrCiiz@®@deh | SO, t Jjs & Oyvi®Ilkclh@vO nG\sdDE@sbl ty i q
v O mOr) ysghigdisidir.

NOstss st Oesjpams] cjhtid @z ighd® sgscuhvicrhiis, h 2z
CONOl i zOsiya sist jg@®u@chdOrmi s yuyro Bl OhyQl Gy
VO gidrtst Jagiddisidi.nshtsst | Or vyi

MOs hi nOlddr s sk _ghdrissvglainsihC vu& juni nos
binssi gO ©i] ©Oi rOsg@®® mMnshoswedt |l O©h, v Ot @rzd
qu v u rviGOrso@vongi Il uv c hi g iadshlistst | Or vy

7.1.3. NO¢S[SLORNI NG QOGLLONI SH ¢

NGtsI@ni pGdts bo lshi vO riviglGishi shuni €o BQQIISI, NGtsI@gO
Qvats suvni yugig® o @ib bjrish uchunmo A Ggh gidr&li€ m&hinOdjb
g@AgG. mints htzirgi vagtdo n&tssl@ni qo 16@ish sh@@i jud®O o @ivo IIMmA
~ildir. Sh@I@ni ichimli€ suvi bilG tOINIGh voul@d@i ifl tss suvi@ni chig@ib
t&hiGh sSOsO ¢ 5 @ hOndoO elj Gtstsiyal@ni tj BiS suv bil@
tOmINI&Ghdh t&hgi, rl@ni swdgish vO zO ~gtchirish, enjrgiyani yugigo
topI&h hGndOmMAjrid @ni t&hishdqo 6@l @li. Issiglic elj &tstsiyal@ining
gtztn qurilm@ini suv bilGh tO@INIGHh NGtsI@i, MOPd@I NGsI@, njfti g,
~imiya, Qtybx ishl@ chig@ish, zidsi tvgqQ@ vO ishl@ chig@ishning btsho©
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sEh@Q@idO go 6l @lighh NGtssI@ shul@ jumiGidandir. YanO n@Gtssl@, qurilish
Ishi@idO (tuprtgli inshis 4@ni qurishd , NAROAI ItyqA@A@dG t=z@GhdO ,suv
s@hini tushirishd ,suvni chig@ib t&hIGhdd bjttsn vO qurilish gEishmA@@ini

uzQishdovo btssha@@dQ , fieyd@i q&ilm@A@ni "ishdO ul@gO gidrarli € usuldd
ishisy bjrishd® ,ishl@ chig@ish € t& #@i chiqindil@ini gidr&vli§ yuvishdO
chgv@hili€ fjrm@Q@idoO, shh@l@ni ok @nzxIEhtirishdd qo 6@l @i,

Yord@nchi qurilm@@ sifQidOnGtssI@, yogdGh mtsyl@ini uzQish vOM&hind@ni

stsvutishddh@n ishlQ@il @li.

71.4.N¢S[ SLORNING ENf RG[ Tls @RSy TsICHL ¢RI

NGtss st@hsiyasiish rjjimi ditgoCtini o Zg@ib turishini, uning jih=zI@i vO
¢ sstriftiv - mususiyat@ini - @nigltsychi o 3Q@Cichl@gO nGtssl@ning Gtssiy
Co ®@QACichl@i djyil@li. Btssim, s@f, quvww@ vO ftyddi ish € &ffitsijnti (FIs)
NGssl@ning Gtssiy Sodrs@Cichl@idir.

1.Btssim (H) T n@Gtssning Sirish vO chigish t@igddO suyugl sdishtirm©
enjrgiyasiningo 2gQ@ishidir. O &chtsy birligi T m. (mjtr) .

I:DIEIT
. Va=O  gvs 1

F F 1 ——

I~
o

{L

71-r OsN®sdas i | mMmOsi ning sajJ mOsi .

P=E. +E¢ (7 .1)



2
Ecn=2 h22+[gf”h+ ;hg (7.2)
2
E(;:Zgl'l+ tj+2g_g (7 3)
(7.2) vO(7.3) ni (7.1) gOqodysO &
2 25
H th2+R:h +VCh gél C+V
g 29 g 29—
Pch' Pt: +Vci'V¢2 Zc2h2 le+Pch Pc —H
g 29 g

2

2-2 1-1
Ly =L+

-VQZ
29

Shundy qilib, btsim, m@tnjtri¢ btssim bilGh NGtsgO  iriShd@i vO
chigishd®i tjzli€ htssil qilg@ btssiml@ Girm&iningyigdndisigdtjng e ©

Sodrish vO btssimli pQrubS @&ning odchGnl@i bird® bodgGdO ul@d@i
tJzIi€ bir qildir (Vcn=V¢) vObitssim mGitamjtri€ bissimgGtjng bod Q.

H=Hmon. (7.5)

bujrdO® shOrtl. bJjl gil Or:
Ec, Ecnisuyuqgl i €ni NOstssgO SiriesemidoOgiyad cft
Zt, Zy?2 1 nOstssgO CHlri e®d @chii il sChjds@Ggnilr 2 € s

H=Hma + Yoo

(7.4)

mOr COzining bol OGndIl i gi , m;
Pe, Pen inOstssgO® CirishdOgimy0O chiqishdOgi
9] isuyugl i Sni ngiarsidlghis, htCigr/md ts
V¢, Ven ifsuyugqgli €§ning nOstsgO idi,imfs;i shdOgi
g i er€in tushish §zligi, m/<;
2 2
\% Vzlé‘ I NBGssgoLirishdovOchigishddtzli€ htssil qilg@ bssim;
% %’1 I NGtssgolirish vochiqishdyi pajzamitri€ bAGdIIS.
2. Suyugli€ s@fi (Q) 1 birli¢ v@t ichidonGtssdd o iyotgth suyuglE hGmigo

tjng. O &chtsy birliClQ@i 1 I/s, /s, mi/sts ©)
Q = ¥ L VvV, (7.6)
bunda Q1T suyugl€ s@fi, m¥/s;
¥ i jmli € gim yuzi,n?;
V1 tgimningo @@hotjzligi, m/s
3. Quwa (N) . N&tss bildh 1sj @ | u@andiE ¢ © ilgG m m&Gi
suyuglEning b@@g@ ishigdn@Gtssning tsyd@i ishi djyil @li.
= m L gH (7.7)
bunda mT1 suyuglE m&<L3i;
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G T suyuql&ni 3y idigi $g.
Btssimli pQrubS @ o yotgt suyuqlf ¢ @tssddn hjril Gotgth quwna,
yoCi birli€ v@t ichidOsuyugl& bG@g@ ishgonGtssning fsyd@ quvv@i djyil @li.
Uni quyid@i fmulObil G GniglG/miz.
N = oQH (7.8)
O &chtsy birli€l@i & Suchi vOSil tsvQ@tdir.
1 & Quchi =75%g m/s
1¢Vt=102%g m/s
NGtssni @O GgdC [firish uchun dvigdjl s@f gilgt enjrgiyagdn@tsning

vAd@i quvv@i yo€i nGtssning isjo |/ quvw@idjyil@ i , yadni
Nist = % (7.9)

NGtss 0O GgO< |g@dOiIshg@@nishi@ nQij GidOnGtssning tsyd@i quvvai
¢ @adi. Shuning uchun @tssning isjoé tH quvv@i, uning tsyd@ quvvQidGh
CEO bolshi € gPO S Yo gdg quvv@ nGtsning tsyd@i ish & ffitsijntini
@igl&GhddhisthgOtdin @i.

4. Ftsyd@i ish € effitsijnti (d) .

NGts ftsyd@ quvv@ining uni isfié H quvvQigOnisb@i nGtssning tsydoi
ishG &ffitsijntidjyil@ i , yadni
N

h=—" 100% (7.10)

O &chts birligi, fizdOyoSi bird@ Sichi§ s=nl@ bilah Gnigl@li. ZAn=@riy
yiriC N@tsI@dOto I8FiSi 0,9 ¢O,jta@li, SichiSGidOekD0,6 d tshrydi.

5. o ylthishl@ sti (n) T n&tss v@i yoSi ish g idir@ining 1 minut®d
1&nish (Gyl/min) tjzligidir.

60U
n=—— 711
S (7.1

6. Siish bAhdligi (hsgd I umumiy Go @ish bA@@dligining 9 rish
qismidir. (mJtr) .

hso &= Mo - Faso s~ o oug s, = o @ent. (7.12

715 NPS[SNI NG { BY&BIMINI ¢ NIQL ¢ SH
(S Ishi turg@ nGstss quriim@ining to 1® btssimini o lahtsy

Gbhl@i Co BQAishl@i tIqQi Gnigl Gsh.
NGtssning b l&dbtssimi (7.2) vO(7.3) gOGtss@ (7.2-r&m) .
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2 2

- V-V, 2 /2
H :ZCh_Zk_l_ PCh Pk 4 _ch ¢ ch[P2+Pg[um Z ZCh Zg‘ Z+ m [atm ([ atm - [ )+VCh V
g Zg Bt atn Ly g Zg
2_\/? 2 _\/2 2 \/2
2l P P PR SNl P ‘53 (R V‘ Z+M 44T Ve
g 29 g 29 |9 9 29
V2 - V?
1 =Z+M+V +—2—= 23 (713

Shundy qilib, nGtssning o I btssimi mGtanjtr (m) vO vO Gumjtr (V)
Co ®Qishl@i yig iadisigQ btssiml@ni o IdhGh nug®0i EGidi MBHE@O(z) vO
NGssgoLirishdoOvOchigishddtjzli€ htssil gil@ligéh bssiml@ f@qgining qushil@higoO
ting.
¢ 9@ nGtssning Cirish vObtssimli pQrubt @ining diGnjtrl@i bird& bo 18Q
undoul@d@i tjzli€ hGn birdddir vOtod Obtssim,
H=M+V+Z (7.14)
(74) , (7.13) vO(7.14) tingli€I@ bil@ f@Q ishi@ turgd NBtss qurilmining
btssimi @iglh@li. Ltyyin Qgilin@otigth n&Gtss qurilm@i uchun bu gnglicl@
yartysizdir.
21 n s Lyin @NGotgh nGtss  quriim@sining  to I®©  btssimini
@igl Gsh.
Buning uchun Brnulli tjnglGnGid@ fisyd@Gh@niz.
717 r&mdyi 0-0 vO1-1 € gmi@i uchun G0 tj BligigOnisb@G Bjrnulli
tjnglomGi.
tatm [C ch
[+imme] =z 4 ta 2 Dn,, (7.15)
2-2 vO3-3 ¢ giml@i uchun Q0 tj ©ligigOnisb@G Bjrnulli tjnglGnGi.
2
Zyt R 2, 2 [ DR, (7.6)
(7.15) ni (7.16) gOtingIGhtirGniz.
RV , R W
g 2 " +g+29+th”ﬁZ”
P,  V? P V7

“ch 4y Tch =7 4 ¢4 ¢ 47 4 + ;
g Zg ¢ g Zg bos I:]’]sur I:]ﬂloos

73 P = qhsur= Qs (7.17)

2 2
ICh_tk+VCh Ve =Z +Z .+8Dh
g 29
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2 2
L L V" Ve oy 7 pujrd@ Z = Zen- Ze
g 29

H= Z¢ + Z+ Zyss + B dp, bu jrd® Z¢ + Z + Zyw = Hyj

H=Hyg w+F dp (7.18)

Shundy qilib Iyin @BWGotgh nNGts qurilmBining D 10 btssimi suv

Co tish g mBjtriC bAOdIigi (Hyg m) bilGh 20 1ish (seh o)s VO btssim (2 )
quvuri@id@i yo @ilg@ bssim yig iadisigdtjng.

7.16.G [M[TRIs,s (LTIRILG ¢ NV Vo sUUM[ TRIs
SOGRI SlHHNBLIGI

Gl mitri§ so ish bAGhdIligi T m@bQ@I@i sw s@hid@ ish g ifdir @ining
maS Bg@hQ y a@izet® n@ssi@dO ul@ning o gig&ho (Q , ti€ o @y
NGsI@AO buril@ligbh gl@ining o Gig&ho (b) , MAS A gxchMmO ti¢
NGsslI@dObtssimli pQrubt & o gig&hO(c) , tiS pashinli NnGssI@dQ parshjnning
yugti v@iyatig&hO(d) bo 1[G mBE@Otjng.

NGtss qurilm@ining © 1ish bBAGdIligi musk yoSi mGhfiy bo léshi muntin.
@O m@b@I@i suv Khi ish g ifdir© K@i MOS BAG pGtdo j&yI&Ghgh bo 18Q
so ish AGdligi mus (7.2 Q ¢, d-ra&m) , yugidOjsy/I&Ghgdh bo 180 mGhfiy
(7.2 Q b-r&m) bo leali.
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72r Os mNOs tss| Or nornigs hg Jbs@jQnrdi 1S gsi .
Ogtsri zwndo4yc:mOly € Oz d On deptisa lsrh@ ntl ii G ;

Kdltirilg Gn so rish bAGdIigi T djb, g4 mjtri¢ so rish bA@Gdligi vOso 1ish
trubGidOgidrcvli € q@shiliSl@ n@ij GidOyo diilg@ so ish b@Ghdligi yigdndisig®
Grtil @li.

kel _ pageom_
Hsur - gur ta I:].|sur (7.19)

bunda hs kSO shning gJsmmM;tri & bOl Ondl i gi
X eohyo@tst islogg€h b O(moONndi | ¢
VOSuumodr s 8 bBbOIO@n@s$ h gedo ivion AQ si ROl Or i ¢

tJSisligigO nisbOoOton (BQga@.ull i tjingl OmO
P, Pac , V&
O+-2+[ =h, +-2+-S +Dh_:
gl hsur g 29 ur
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&_ I:3/ak: + +V_Q2.
g g I«'sur IJﬁsur 291
Lo L=y (7.20)
=y, +Dhy, + % (7:21)
1vak ur ur 29 -
. VA
yogGi er,:H§UL+$ (7.22)
ShundOy gil i b, owOS ouQmmnutirgiiC, og@ph smjt

bOl Onadlai gh, t souflis@9g ilodid@ e 1 s b Ol Ondl i gi v O
tjJzIli € htsigidmdil giON0O bttsjsn gn. vy i

VOSuummpoikir s 8 bBOI Ondl i gi , v OIEuhuomQd ir
VOSGuummyjtr Ot mtss fijohQ &lalg ®% i mib do&omc ey d i
VOSuummjgidindi rn @@gitondrghdg i dsggqu,vus i ni ng yug(g
quyi gi gmbo Id@igm @tnius h(r @AM i n

_r_faf .
I 1mr{£ T
.'r'|l3

1‘3
|
l

73r Os mVOSuuesomj@tringah saj mOsi
1,2,3IvoOCuumod mn ®tnigisi. Gru
dgoOr v OC u ugndr jdti mr O@gisgdgiingi d Ogioima@tgit I0g @
bolds ©, u htl dOBVveGubEMPNdI € gs .

h,, +Dh +V_<C2 (7.23)
1vak ur ur 29 "
¢ gOxmissh quvurining grmdGtriil ss@ quyi (q
V2
1 vak — Ilur + I:]’]sur Cg ° (724)
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HOTr bir noOs tss u cohishn bvOO ONWrMmmgddi®d tCu r d
nNOstssni ngo@ijsmjhh ®li @nal i gi Qomigs Osh@IOO v ¢
nNOstssning pOsptsrti dOn yofi nosts| Or €O

VOSuummgiirsihE bsOl Ondl i goldiz Ovisld®O®r @i q |
Pohn=10 m, suyuql i%CRECjbmkig OO OgiOsgqi ymOt | Or

Cdtiril odi . dgOr nOstss | Mu mbitenk gPddishs h Or t
bOl Ongdulyiigdi©gi ch© Oni ql ©On Odi
b _ =20°C
H\Z’Jlll(3 - H\I/(:IE + (hoar - 10) B (hsur - hsurt ) (7.25)
H\EE':l O_amsur_ I:]‘\«atv_ I:]‘\o.b
| ,=1033 X2
900
72 Odv Ol

Suv tjmpjr®@badrg@dgit bOROmMjo yimOt b®s i mni

NOstfrsn Ot i | gQad jr{ O 100 | 200 | 300 | 400 | 600 | 800 | 2000
sOt b @) i gi

BOr smj t r(neRd B upgy | 10,3| 10,2 | 10,1 | 100 | 9,8 | 96 | 9,4 | 84
Ot mtssf j(nd) bssi m

sOvitOsiya mObBIlI@si uywtha ndrpMr@Shu ubn@ jQ nr
MmumSohg®m i sh bOlI Onodd M@s dBOgi COfjt OC Db

A m
1 vak — hsur + I:]’]sur +2_Cg ¢ Hva.li). (726)

NOstss std@msilyaslh®r iG@moOsd h ybOl OO@dbisg i 3
bod mOs | i gg | 1t @®di y a

717N S SNI NG HOéYDPSH BoLGNDLI GI

Yuqtsri boéjfdoOgi sugidlk ®t hoaiog®aidtg30ss | G
MOssgPeE@djtri ¢ hoydPgh!l 601 Ondl i gi

HOydOsh bOl Onddhigsih hb@h Omwdddigi s € Ob i
gi ymoki shb mumCi n.

dgoOr N Os @Gl dimg Gigd Or | yuqtsr i bojf s u
syl OoligOn bOydOsh DbOl Ondl i gioldn®@ s mONO T i
bod Od i
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;
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R -

e N NNHNULLE o YuB
4 = N o G R
= N N i
= {2 PB N T~
i;— e — N N N \\\\ N
“H — N

NN

7 4-rGm Sift: tipid@i nGtss qurilmGi.

Sifm tipid@i nGtss qurilm@@idO suvning hGd&h bA@Ghdligi mGnfiy
bodishi mungin (7 .4-r&m) .

NGts quriim@Q@ining djyarli Sodpchiligid® hGd&Gh b@Ghdligi muska
bod@li.

71.8.s [LTIRILG ¢ N HdYDdSHBOLNDLIGI .

Gj Btri¢ h@d&h bA@dligi vO bisimli quvurdd gidr@liS q@shiligl@
nQij Gido yoiilgd h@d@&h bAGICIAi yigindisigO € [tirilg M hGydGsh
bAdligi djyil @i,

kel

1 = =h,+Dh, (7.27)

P&tgi bgif suv s@hido yuqsi bQjf suv s@hig@&hO boigh MG @O suv
Cod@ib bjrishning g4 mjtri & bAGdIligi djyil Qli.

1 geom=PYUB.- DP.B (7.28)
yoSi

1 geom = hsur + h: (729)

719.NoS[ SLORNI MpRs ¢LOSHT TOMGE Lo SH
NGtsl@ning -ill @i, Sirish pQrubS @ining o@chGnl@i, btssimi, suv s@fi vO

btsha® Codrs@Cichl@ini qisgZhO bjlgil&h, nGtsI@ni tGngdA&h T shotli
gisgZhOntamIGhdir.
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2 Sl 6

2 si 20/30

6 s [145/30

324112

107176

24 171

18 1 r

r 12528

I 1555

2 17 Girish pQrubS €ning 25 mA@tO ¢ @QAtirilg G diGnjtri,
mm; s 1T € t=dli; 6/10 m@tO € @AAtirilgG tjz yurish
¢ effitsignti.

2 1 Girish pQrubS €ning 25 mA@tO ¢ @QAtirilg G diGnjtri,
mm; s 1¢ dli; 20 T nGtssning suv sAfi, m¥/ss © 30 7
N&Gtssningbtssimi, m.

61 Cirish pQrubS $ning 25 mAtOS @Gtirilg @ didnjtri; s 1

¢ t=dli; M T mtntblts R (ish galdir@i elj &tdvigQjlovaigo
ornQilg@) ; 457 nGtssningsuvsAfi, m¥/sts ®307 nGsning
btssimi, m

321 Girish pQrubk €ning 25 MAtO S @A tirilg G diGnjtri,
mm; B T vjrti€ I©12 7 10 m@tO ¢ @Qtirilg@ tjz yurish
¢ &ffitsijnti.

101 Girish pQrubS €ning 25 mMA@tO ¢ @G tirilg@ di@njtri,
mm, 1 T (Ho Mmis ki€ dtadgiRIONE 6 T 10 mOtO
C @Gtirilg@ tjz yurishG &ffitsijnti.

24 1 Cirish pQrubS € di@njtrining 25 mA@tOS @ tirilgahi,

mm, | T dOmEfi (Ho zMis ki€ kIO dz
(dzd L $ ts5 dzO)th@tiatskamli

18 1 Girish pQrub& & diGnjtrining 25 mAtOS @Gtirilg G,
mm 1 T n&s; 1 17 (Ho kMmlis ts kit 846agdONQ M1
(Mtc j H dzj dzPdfrt®ivtssimnli?
51 Girish pQrubt & diGnjtrining 25 mAtO ¢ @Gtirilg @i,
mm;, | T n&s; 1 1T (Ho kMmls ts joi® EatpfRIONQ oi
(" Mis ¢ t5dzQ Yutks latsini.

' 7 (Ho kzMmls s ki Badptfind?on@ 125007 nGtssning suv
sOfi m/sts ©241 nGtssningbtssimi, m.

[ 1 (c5MmJ pisdiy; 51 ish gdldir@i n@GmunGining t@tib
sti; 557 ish galdir @ining dimjtri, sm
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1 11245

s 8-60-200

¢ A1 123530

& 5 0 10(5/10

& 4 0 i0f55/21

411500

A1 u -Bl16

A v ] 110080

o u1 -8-22

[ 1T (Eng 9 BAMly; | T g=izant@ ~ OO0 mQiIl @ligth; 6
I ish galdir@i nG@nunining t@tib si; 25 1 ish
galdir @ining di@njtri, sm

[1 1717 (smjoats?2 M dideastf ©m)Ls dpdyd Wi
buril@lig@ ofgiy n@&tss;, 2 ish galdir @i nGnunGining t@tib
sti; 14571 ish gdldir @i di@njtri, sm

s T € t=dli, 80 Cirish quvurining di@njtri, mm 50 chigish
quvuriningdi@njtri, mm 20Q ish galdir @i diGnjtri, mm

Ciel BGs, A1 (yJ dzls te 5 8 MGCARAIG gchmQ |
I (8 S H W) daw@ mo g Gghn;, 1217 qudugning25 mat®
Cichr@tirilg @G diGnjtri (mm) ; 255 T nGtssning suv sOfi,
m¥/sts ©307 nGtssningbtssimi, m.

¢ T@rjgQ@; 50 1 ish gdldir@i diGnjtri, sm | [ 7T
(6 sted L tsdnsijdp g@:t@-o0giy; 0,5 T nGtsning
suvs@fi, mé/s; 107 nGtssningbtssimi, m.

o T @rjog@; 40 Tish gdldir@i di@njtri, sm | A1
(cstcd L 5dalsjOidB teiss | ¥ dpt¥iznt@-mQAS Al
gtchm® 0,551 n@&tssning suv s@fi, m¥/s; 21 i n@Gtsning
btssimi, m.

Ci stthsiyg HT nGts;1 7 (f j toj H 9)dko @500 7
NG&tssningsuvsdfi, I/s; 107 nGtssningbtssimi, m.

AT (yd dzls te 58 8 mPULIG gchm@ 1 7 NGBS, &
sj Siyali; 3817 nGtssningsuv s@fi, m¥sts ® 1107 n&tssning
btssimi, m.

AT (Y4 dezls te s B nPUA@ gchm@ T 1 trsmissin
va@ii; 1 17 (9 5 H W) dzmsddmodj @ gt 10T qudugning25
mAtOSichr@tirilg @ diGnjtri, mm; 1007 nGtsningsuv sAfi,
m¥/sts ©8071 nGtssningbtssimi, m.

¢ T A@tjzidnli; TT trhsmissin vaAli; 1 T nGtss; 81 qudug
ning 25 m@to SichrGirilg@ diGnjtri, mm; 1 Tish gdl-
dir@ining turi (yopiq turd@i) ; 227 ish galdir © K3i sti.
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7.2.PORR¢ sLI N S[ SLOR.
7.2.1.PORRO sLI NpS[ SLOR s [NSTRUs SIYASI.
PQr O § nGsIQ CIGsifi€ Slyasi
POroOK nGtss, dvig@jldGh dGotgth enjrgiyani ish galdir@i pQ@rO Ki
t=q@ siljiyotg suyuqglE € pr@li. PAro K nGssi@: m@¢ Ao gschmQ odgiy vO
disytn @ @gObodin @i.
MOr C0zdOn gschm® nOstssl| Or .
MOr CO0zdOn gschmO n@#Hisdl OOJGHOO®OY VY Wjg b & d
CJj1l Odi gOn mOr € OzdOn qgqtschn@i $hc lu@Qrur h d
giadl di r Og i mOr COzi g@Piblukiont ©d ig OmOrsru@Uigdri i€
Oib C€jtilgOn suyuqli & mOr $OzdOnj giss h m(
CONnOI i g Gundau § KKIGEHITO. yhii sshsib s QEAOME Od | VO suyuc
guvuott@adi . MOr S O0zdOn gtschmO nOs g3 Or ni
r Os nodd Gt i | g On.

| "ﬁl 5
i
& . .
! \ ;
‘ 3
Gy g
?f"Jf—A:D;
— [0 —

7.5r OsMES @I gchmON@Gtsnings- PG VOGBESsiy gismidi.
17ishg itdlir Qyi; 27 pQrO K; 31 spir@simn dib € {ish¢ @i; 47 € mussintm
diffuzs; 57 btssimli quvur; 61 suv quyi@lig@ yd:i vO Gum rests ulh@ligtn jtsy;
771 suyuqlk gt o @llivchi simo d t js¢ @ SIGpn; 81 so rdsh quvuri; 971 so rdsh
pQrubS &); 107 ishg itdlir @ining digi; 1171 zQ@vij$ @127 chig @its ulits ©

MQ@S &0 gchnONGEsIA CIGsIfiS Slyasi e®2-s- n@IOS [firilg @n.

MGOSC @ gchmMOnGtsI@ =d@JO mGhbQI@I suyuglk s@hid@h yugsigO
0 QI @li. Shu €bMdli nGE@ ishgd tushirilishiddh ddin  suyuglE  bilGh
to Idirilishi € gO §& So iish quvuri s © SIGG bil@ jihtzlhgth NGtssI@ning,
so fish quvuri O ish gildir@i jyIGhgdh € tpusi, o ld@i yoki mO Sus
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Idishl@d@i suyuqlE yorddnidQ @Q@ tjs¢ ® SIGG bo INGQ MO Sus WO Gum
yoGi tgimli nGtsl@ yorddnidO vO Gum hssil qilish yo & bilG suyuglk € O
to Idiril Qi.
MQ@S R gchmOnGssI@ € gg @gAgG suv uBish MEhinAdAidir. UIG
mO Sus muf®@ yofi to @giidn-to @il elj €t=dvig@jl 6Qig® ulnib hQ@O Qg®
¢ lfiril @li. Shuning uchun, @ ftsyd@i ish ¢ &ffisijnt (F.l.s) - ining yuqiligi,
i~ch@nligi vOishtnchli ishi&hi bilGh hA@O grlidir.
MGOC @ ¢ &hmO nGsslOning yig @O gr@igi, turl@i, tj Bi¢ vO ishchi
X ar GECtEi r iltsvQIQ tGng @Otad bjlgil @i ebirinchi bo I@MAOE [firilg Gn.
QuyidOmA< A gchmoOnGtss turl@i bilGh thish@niz.

722s [ NSJLLI Mo¢RsQfZXBi¢Vd N S SL O R.

s Bl (5) NGO Gtssh, € tpus2, € tPus dPOIY 86, ish g idir @i-3,
v@-7 vOt@Ganch b $inidd -8 ibe@ (r O &.6) . Bir tmt:lGnOsuyuglk Siruvchi
ish g ildir @i, vgOgl@s @OshgnE @orddnidOmhSe @Ih@li. NGtssning suv
C |firish € &, suyuqli€ni ishg ifdir @igGo @ bo yi@ Cirishini t@ m icHi to @i
o@i ¢ fuzty o 1Enishigd egd® bo I&@li. Ishchi g idir@idG chiggdh suv,
C tpusdi spidsimn € @ - chig @ty bo yichO dib € fjl@li. Btsim
pPQrubS €d@ bissim quvurigd chigish, suve [firish o gig®nisb@ 9 burcho ¢
tstidO jiyl&GBhgdh. Spidsimtsn € pusning shpll @& bilGh tGanch ustunid®
mS AIGhishigdg@@, bu burck Bi 9, 18¢F vO27F gOo Ly@tirish muntin.
T&anch ustini® quvur VO IS BEO gtgpgsy yordamidO ptdshipnkl@ 1 9, 10
mhSE @IGg@ bo lib, ul@ g idir © YlgdGuning o GoOnisb@G hid@ini q&d
gilib, g iirORI € tpus JvimigOtjgishdh I@IGdi. P=dshipnkl@ suyuq ntsy
bilGh My l@li. MtyyIGh vahnGid@i mtsy s@hi, msy o @QACich yordamidO
n&EQ@ qilin@li. P, vO P; bssiml@ fA@qi t@ s iQrdibd¢ fish ¢ @idG ish
g ifdir @igOCirish tirgishidd (ddingi disk bilGh € tpus v Gid@i bo $hliq
tq@) , suyuqlEni tjsC © sirigib tishini € @Qtirish uchun, @ssning ish
g itdir @igOeSirish 4digOtddiy € sstriksiyali m I@GimEn zichilonOi 13 o mQil @li.

Ishchig idir © Ri 0 @iy btssimddh II&h udun,§ yingi distning 11 {&hqi
tEMido = @GIM zichlGnO o Ailg@ vO g idir © Svtul€ $ning ichi fshib
go yilg@. Ishchig ifdir © @i tjshic 112 o [n&Q Sichi€ nGssl@dOgo $himchd
zichl@nOgo yilmGdi. O qiy btssimni pdshipnkl@ @ o @il @li.
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¢ tus bildh v@ o @Gid@i w@igni zich bjrCitish uchun, @ &lhzichl@nGo @Q.
SO &lhzichlanQ @ &8 ipusii 4 vOqEpAsy it 6 handOip i gIANGLGINd i 5
bt Q.

12 L 4 5 6 7 8 §
V7
j ;
\ %
A . i —— =
I\ tH Nre—
e 7
!3 u—_ _—— NN |
L Ll V7
2 : _ ) ) Mol catxu
2\ ¢ ;
(Z /R g o §
76r Os mMOr $0zdoOn gschmO SCtnstsl | i n C

1S sr o §id2-C sr puish;gidi3di r-©O@Ili §nid -©-OpLEMP 5
6-s Ol @mp Gidi c hl OmMOI-t Qy8ahdkinh 9,10p sd s hi p ALrIgqd ; dils
12-tirqish; 13z i ¢c h.l OmMO

Ishchi gidl di r @&HAt i 8 h blfig ®Bm € @ @@l i dlibd Og |
COmMjr Osi dOxgdi shisstimmsns dPOWa qinssgq imgmOt g C
BundO, SOl 0naki | srsd@Inii nlgOVvsts ds ni  ollOIs 3 Iy (
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