7-Mavzu. Inertsiya markazi.
Reja:
1. Material nuqtaning o’qqa nisbatan inertsiya momenti.
2. Qattiq jismning o’qqa nisbatan  inertsiya momenti. 
3.   Qattiq jismning parallel o’qqa nisbatan inertsiya momentlari haqidagi teorema – parallel o’qlarga o’tish formulasi. 
4. Bir jinsli o’zgarmas  kesimli sterjenning  o’qqa nisbatan inertsiya momenti.
5.  Bir jinsli tutash silindrning simmetrik o’qiga nisbatan inertsiya momenti. 
6. Yupqa silindrning simmetriya  o’qiga nisbatan inertsiya momenti . 
7. Qattiq jismning inertsiya momenti.
8. Qattiq jismning o’qqa nisbatan aylanma harakati tenglamasi. 
Inertsiya momentlari nazariyasi elementlari. 


Qattiq jismning aylanma  harakatida aylanish o’qiga nisbatan inertsiya momenti inertsiya o’lchovi hisoblanadi (harakatni o’zgarishiga qarshilik  qiluvchi). Inertsiya momentining ta’rifi va  uni hisoblash usullari  haqidagi asosiy tushunchalarni qaraymiz.
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1.  Material nuqtaning o’qqa nisbatan inertsiya momenti:

Material nuqtaning o’qqa nisbatan inertsiya momenti  nuqta massasini nuqtadan  o’qqacha bo’lgan masofa  kvadratiga ko’paytirilganiga  

teng bo’ladi.

Qattiq jismning o’qqa nisbatan  inertsiya momenti.
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     Qattiq jismning o’qqa nisbatan inertsiya momenti  har bir nuqta massasini  nuqtadan o’qqacha bo’lgan  masofa kvadratiga  ko’paytmalarining  yig’indisiga teng bo’ladi. 

Qattiq jismning inertsiya momenti integral yig’indisi yordamida aniqlanadi.
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·                                                -  qattiq jismning o’qiy inertsiya momenti

O’q inertsya momentidan tashqari boshqa  ko’rinishdagi inertsiya momentlari ham mavjud: 
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                    -  qattiq jismning markazdan qochma inertsiya momenti.
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                                             -  qattiq jismning qutb inertsiya momenti.
3.  Qattiq jismning parallel o’qqa nisbatan inertsiya momentlari haqidagi teorema – parallel o’qlarga o’tish formulasi:
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Bu yerda,
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boshlang’ich o’qqa nisbatan inertsiya momenti; 

   ,     - Boshlang'ich o’qqa nisbatan static moment
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   - z1 va z2 o’qlar orasidagi masofa
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  - Jismning massasi

         Shunday qilib:
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Agarda  z1 o’q massalar markazidan o’tsa, u holda static momentlar nolga teng bo’ladi. U holda                            bo’ladi.

4. [image: image28.emf]2
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Bir jinsli o’zgarmas  kesimli sterjenning  o’qqa nisbatan inertsiya momenti:
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x masofada dV = Adx 

[image: image30.emf]a
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Elementar hajm ajratamiz: 

Markaziy o’qqa (og’irliq markazi orqali o’tuvchi) nisbatan inertsiya momentini hisoblash uchun, o’qlarni o’zgartirish va integrallash  chegarasini (-L/2, L/2) oraliqda olish kerak. 
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Endi parallel o’qlarga [image: image33.emf]2
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o’tish formulasini yozamiz:
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5. Bir jinsli tutash silindrning simmetrik o’qiga nisbatan inertsiya momenti:
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dV = 2πrdrH   elementar hajmini ajratamiz 
(r – yupqa silindr radiusi): 
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Elementar massa:
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Bunda  V=πR2H   silindr hajmi                        

[image: image40.emf]M
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Qalin (yug’on) silindrning inertsiya momentini hisoblash uchun  integrallash chegarasini R1 dan R2 gacha o’zgartieamiz ( R2> R1):
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6. Yupqa silindrning simmetriya  o’qiga nisbatan inertsiya momenti 

( t <<R ):
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Silindr qalinligi juda kichik bo’lganligi uchun barcha nuqtalar o’qdan bir hil R masofada joylashgan va  integrallash shart emas. Hajmi V = 2πRtH. (qalinligi t   va radiusi R gat eng o’lgan yupqa silindr [image: image43.emf]1
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[image: image46.emf].
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Bu formuladan foydalanib, qalin kesimli silindrlarning inertsiya momentini xisoblash mumkin:
Silindr balandligi inertsiya momentlar   formulalariga kirmaydi, bu tasdiq yupqa to’liq 
disk va  g’ildirak sirti (yupqa xalqa) uchun ham o’rinli bo’ladi.
7. Qattiq jismning inertsiya momenti: 

[image: image48.emf].
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Kichik hajmli elementar (diskret) (mi massa ajratamiz
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[image: image51.emf].
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Yoki kichik cheksiz bo’laklarga bo’lib, integral yig’indisiga o’tsak:

[image: image52.emf].
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[image: image53.emf].
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Ay momenti burchak tezlikni aylanish o’qiga nisbatan inertsiya momentiga ko’paytirilganiga teng bo’ladi. 
[image: image54.emf]x
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1-misol: Og’irligi bir hil G1 = G2 bo’lgan ikki kishi, og’irligi G3 = G/4 bo’lgan tutash blokka  tashlangan arqonga osilib  tuibdi. Ma’lum vaqtdan so’ng ulardan biri arqon orqali  u nisbiy tezlik bilan itarila boshladi. Bu odamlarning  ko’tarilish tezliklari aniqlansin.

1. Harakat ob’ektini tanlaymiz (blok odamlari bilan):

2. Bog’lanishdan ozod qilamiz (blok tayanchi)

3. Bog’lanish reaktsiyasi bilan almashtiramiz (podshipnik)

4. Aktiv kuchlarni qo’shamiz (og’irlik kuchi)

5.Blokning aylanish o’qiga nisbatan sistema  kinetik momentining o’zgarishi haqidagi  teoremani yozamiz:
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[image: image59.emf].
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Tashqi kuch momenti nolga teng bo’laganligidan, kinetik momentning  o’zgarmasligini ko’ramiz:

Boshlang’ich vaqt, ya’ni   t = 0 da jism muvozanatda bo’lgan va Kz0 = 0.

Bir kishi arqon bo’ylab harakatlanganda, butun sistema harakatga keladi, lekin sistema kinetik momenti nolga tengligicha qoladi:  Kz = 0.

[image: image60.emf]x
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Sistema kinetik momenti ikkala odam kinetik momentlari bilan blok kinetik  momentlarining yig’indisiga teng bo’ladi:
Bunda v2 – ikkinchi odam tezligi, u arqon tezligiga teng:

[image: image61.emf]y
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[image: image62.emf].
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[image: image63.emf].
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[image: image64.emf].
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Qattiq jismning o’qqa nisbatan aylanma harakati tenglamasi:

[image: image68.emf]z
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 Qo’zg’almas o’q atrofida  aylanayotgan qattiq jism  kinetik momentining o’zgarishi  haqidagi teorema: 

[image: image69.emf]i
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Aylanayotgan qattiq jismning kinetik momenti:
[image: image70.emf]i
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Tashqi kuchlarning aylanish o’qiga nisbatan momenti aylanish momentiga teng bo’ladi (reaktsiya va og’irlik  кучдан moment hosil bo’lmaydi):

Kinetik moment va aylanma momentlarni teoremaga qo’yamiz:
[image: image71.emf]i
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[image: image73.emf].
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2-misol: Bir uchi bilan qo’zg’almas  aylanish o’qiga osilgan l uzunlikdagi , M massali bir jinsli sterjenning kichik  erkin tebranish davri aniqlansin.

[image: image74.emf].
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Kichik tebranish hol uchun sinφ ( φ:

[image: image77.emf]2
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Tebranish davri:
[image: image79.emf].
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Sterjenning inertsiya momenti: 

[image: image80.emf].


0


z


z


K


K


=




.

0 z z

K K 

[image: image81.emf].


const


K


z


=




. const K

z




                                                                              u holda

Adabiyotlar

1. Deformasiyalanuvchi muhit kinematikasi. Ma’ruzalar matni. Xudoynazarov X., Amirqulova F.  –  Samarqand: SamDU nashri,  2003.

2. Механика сплошной среды. Седов Л.И.  -  М.: Наука, 1973 г. В 2-х томах.

3. «Механика сплошной среды в примерах и задачах». Учебное пособие. У.Г.У. Свердловск, 1979 г.

4. Тензорное исчисление. М.А.Акивес, В.В. Гольдберг.  -М.:Изд. Наука.1972.  

5. Задачи и упражнения по механики сплошной среды. Ильюшин А.А., Ломакин В.А., Шмаков А.П.  - М. : Изд. МГУ, 1973 г. 

6. Туташ муҳитлар механикаси элементлари. Голубева О., Ҳамидов А.А., Шахайдарова П.  - Тошкент: ЎзМУ нашри, 1998.
� EMBED Equation.3 ���





m





O





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





h





h





� EMBED Equation.3 ���





(mk





O





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





hk





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





dm





O1





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





O2





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





x





z





L





x





C





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





H





r





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





H





t





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





R





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





x





y





z





С





O





� EMBED Equation.3 ���








[image: image82.emf].


0


)


(


3


3


2


2


2


1


3


2


1


=


+


+


-


-


=


+


+


=


w


I


R


v


g


G


R


v


u


g


G


K


K


K


K


z


z


z


z




.0 ) (

3 3 2

2

2

1

3 2 1

          I R v

g

G R v u

g

G K K K K

z z z z

[image: image83.emf].


2


3


R


v


=


w




.

2

3 R

v  

[image: image84.emf].


2


4


2


2


2


1


2


3


2


3


g


R


G


g


R


G


R


M


I


z


×


=


=


=




.

2 4 2 2

2

1

2

3

2

3

g

R G

g

R G R M

I

z 

  

[image: image85.emf].


17


9


17


8


1


u


u


u


v


=


-


=




.

17

9 17

8 1

u u u v   

[image: image86.emf].


17


8


2


u


v


=




.

17

8 2

u v

[image: image87.emf].


0


2


4


)


(


2


2


1


2


1


2


1


=


×


+


+


-


-


R


v


g


R


G


R


v


g


G


R


v


u


g


G




.0

2 4

) (

2

2

1

2

1

2

1





   

R

v

g

R G

R v

g

G

R v u

g

G

[image: image88.emf]x




x

[image: image89.emf]y




y

[image: image90.emf]z




z

[image: image91.emf]z


w




z



[image: image92.emf]z


e




z



[image: image93.emf]G




G

[image: image94.emf]j






[image: image95.wmf]ò

ò

ò

ò

ò

ò

+

+

+

+

+

=

+

+

+

=

+

=

.

)

(

2

2

)

(

)

)

(

)

((

)

(

2

2

1

1

2

1

2

1

2

1

2

1

2

2

2

2

2

dm

b

a

dm

y

b

dm

x

a

dm

y

x

dm

b

y

a

x

dm

y

x

I

z

[image: image96.wmf]x

[image: image97.wmf]y

[image: image98.wmf]z

[image: image99.wmf]z

w

[image: image100.wmf]z

e

[image: image101.wmf].

3

2

2

g

l

T

p

=

[image: image102.wmf])

(

2

2

2

y

x

m

mh

I

z

+

=

=

[image: image103.wmf]å

å

+

D

=

D

=

)

(

2

2

2

k

k

k

k

k

z

y

x

m

h

m

I

[image: image104.wmf]x

[image: image105.wmf]x

[image: image106.wmf]y

[image: image107.wmf]y

[image: image108.wmf]z

[image: image109.wmf]z

[image: image110.wmf]r

[image: image111.wmf]x

[image: image112.wmf]k

x

[image: image113.wmf]y

[image: image114.wmf]k

y

[image: image115.wmf]z

[image: image116.wmf]z

[image: image117.wmf]k

r

[image: image118.wmf]ò

=

xydm

I

xy

[image: image119.wmf]ò

ò

+

+

=

=

dm

z

y

x

dm

r

I

O

)

(

2

2

2

2

[image: image120.wmf]2

d

[image: image121.wmf]1

y

S

[image: image122.wmf]M

[image: image123.wmf].

2

2

2

1

1

1

2

M

d

bS

aS

I

I

x

y

z

z

+

+

+

=

[image: image124.wmf].

2

2

M

d

I

I

zC

z

+

=

[image: image125.wmf]Adx

dm

r

=

[image: image126.wmf]3

3

3

2

3

0

3

0

2

0

2

ML

L

A

x

A

Adx

x

dm

x

I

L

L

L

z

=

=

=

=

=

ò

ò

r

r

r

[image: image127.wmf].

2

M

d

I

I

zC

z

+

=

[image: image128.wmf].

2

3

2

2

M

L

I

ML

zC

÷

ø

ö

ç

è

æ

+

=

[image: image129.wmf].

12

2

3

2

2

2

ML

M

L

ML

I

zC

=

÷

ø

ö

ç

è

æ

-

=

[image: image130.wmf]rdrH

dm

p

r

2

=

[image: image131.wmf]2

4

2

4

2

2

2

4

0

4

0

2

0

2

MR

R

H

r

H

rdrH

r

dm

r

I

R

R

R

z

=

=

==

=

=

ò

ò

p

r

p

r

p

r

[image: image132.wmf].

2

)

(

4

4

2

4

2

2

2

4

1

4

2

2

1

4

1

2

R

R

M

R

R

H

r

H

I

R

R

z

+

=

÷

÷

ø

ö

ç

ç

è

æ

-

=

=

p

r

p

r

[image: image133.wmf].

2

2

2

MR

RtH

R

I

z

=

=

p

r

[image: image134.wmf].

2

)

2

2

(

2

)

)

(

((

2

2

2

2

t

Rt

R

M

t

R

R

M

I

z

+

-

=

-

+

=

[image: image135.wmf].

2

i

i

z

i

z

i

i

i

i

i

zi

Δm

h

h

Δm

h

v

Δm

h

ΔK

w

w

=

=

=

[image: image136.wmf].

2

å

å

=

=

=

z

z

i

i

z

zi

z

I

Δm

h

ΔK

K

w

w

[image: image137.wmf].

2

z

z

z

z

z

I

dm

h

dK

K

w

w

=

=

=

ò

ò

[image: image138.wmf].

0

 

2

1

=

-

=

=

R

G

R

G

M

dt

dK

e

z

z

[image: image139.wmf].

const

K

z

=

[image: image140.wmf].

0

z

z

K

K

=

[image: image141.wmf].

0

)

(

3

3

2

2

2

1

3

2

1

=

+

+

-

-

=

+

+

=

w

I

R

v

g

G

R

v

u

g

G

K

K

K

K

z

z

z

z

[image: image142.wmf].

2

4

2

2

2

1

2

3

2

3

g

R

G

g

R

G

R

M

I

z

×

=

=

=

[image: image143.wmf].

2

3

R

v

=

w

[image: image144.wmf].

0

2

4

)

(

2

2

1

2

1

2

1

=

×

+

+

-

-

R

v

g

R

G

R

v

g

G

R

v

u

g

G

[image: image145.wmf]ò

ò

+

=

=

dm

y

x

dm

h

I

z

)

(

2

2

2

[image: image146.wmf]1

x

S

[image: image147.wmf]1

x

[image: image148.wmf]1

x

[image: image149.wmf]1

y

[image: image150.wmf]1

y

[image: image151.wmf]1

z

[image: image152.wmf]z

[image: image153.wmf]2

z

[image: image154.wmf]2

y

[image: image155.wmf]2

x

[image: image156.wmf]a

[image: image157.wmf]b

[image: image158.wmf]d

[image: image159.wmf]2

x

[image: image160.wmf]2

y

[image: image161.wmf]1

z

I

[image: image162.wmf]1

z

I

[image: image163.wmf]1

y

S

[image: image164.wmf]2

d

[image: image165.wmf]M

[image: image166.wmf]x

[image: image167.wmf]y

[image: image168.wmf]z

[image: image169.wmf].

2

2

R

<<

[image: image170.wmf]x

[image: image171.wmf]y

[image: image172.wmf]z

[image: image173.wmf]z

w

[image: image174.wmf]i

v

[image: image175.wmf]i

h

[image: image176.wmf]i

Δm

[image: image177.wmf].

2

dm

h

h

hdm

hdmv

dK

z

z

z

w

w

=

=

=

[image: image178.wmf]u

[image: image179.wmf]1

G

[image: image180.wmf]2

G

[image: image181.wmf]3

G

[image: image182.wmf].

17

8

2

u

v

=

[image: image183.wmf].

17

9

17

8

1

u

u

u

v

=

-

=

[image: image184.wmf]x

[image: image185.wmf]y

[image: image186.wmf]z

[image: image187.wmf].

 

e

z

z

M

dt

dK

=

[image: image188.wmf].

z

z

z

I

K

w

=

[image: image189.wmf].

вращ

M

M

M

z

e

z

=

=

[image: image190.wmf].

 

вращ

M

M

I

z

z

=

=

j

&

&

[image: image191.wmf].

)

(

 

вращ

M

M

dt

I

d

z

z

z

=

=

w

[image: image192.wmf]G

[image: image193.wmf]j

[image: image194.wmf]l

[image: image195.wmf].

sin

2

 

j

j

l

Mg

M

I

z

z

-

=

=

&

&

[image: image196.wmf].

0

sin

2

 

=

+

j

j

l

I

Mg

z

&

&

[image: image197.wmf],

0

  

или

   

0

2

2

=

+

=

+

j

j

j

j

k

I

Mgl

z

&

&

&

&

[image: image198.wmf]x

I

Mgl

k

2

=

[image: image199.wmf].

2

2

2

Mgl

I

k

T

x

p

p

=

=

[image: image200.wmf].

3

2

Ml

I

z

=

[image: image201.wmf].

3

2

2

g

l

T

p

=

_1683286624.unknown

_1683286640.unknown

_1683286657.unknown

_1683286665.unknown

_1683286673.unknown

_1683286677.unknown

_1683286681.unknown

_1683286683.unknown

_1683286685.unknown

_1683286686.unknown

_1683286687.unknown

_1683286684.unknown

_1683286682.unknown

_1683286679.unknown

_1683286680.unknown

_1683286678.unknown

_1683286675.unknown

_1683286676.unknown

_1683286674.unknown

_1683286669.unknown

_1683286671.unknown

_1683286672.unknown

_1683286670.unknown

_1683286667.unknown

_1683286668.unknown

_1683286666.unknown

_1683286661.unknown

_1683286663.unknown

_1683286664.unknown

_1683286662.unknown

_1683286659.unknown

_1683286660.unknown

_1683286658.unknown

_1683286649.unknown

_1683286653.unknown

_1683286655.unknown

_1683286656.unknown

_1683286654.unknown

_1683286651.unknown

_1683286652.unknown

_1683286650.unknown

_1683286645.unknown

_1683286647.unknown

_1683286648.unknown

_1683286646.unknown

_1683286642.unknown

_1683286643.unknown

_1683286641.unknown

_1683286632.unknown

_1683286636.unknown

_1683286638.unknown

_1683286639.unknown

_1683286637.unknown

_1683286634.unknown

_1683286635.unknown

_1683286633.unknown

_1683286628.unknown

_1683286630.unknown

_1683286631.unknown

_1683286629.unknown

_1683286626.unknown

_1683286627.unknown

_1683286625.unknown

_1683286608.unknown

_1683286616.unknown

_1683286620.unknown

_1683286622.unknown

_1683286623.unknown

_1683286621.unknown

_1683286618.unknown

_1683286619.unknown

_1683286617.unknown

_1683286612.unknown

_1683286614.unknown

_1683286615.unknown

_1683286613.unknown

_1683286610.unknown

_1683286611.unknown

_1683286609.unknown

_1683286600.unknown

_1683286604.unknown

_1683286606.unknown

_1683286607.unknown

_1683286605.unknown

_1683286602.unknown

_1683286603.unknown

_1683286601.unknown

_1683286596.unknown

_1683286598.unknown

_1683286599.unknown

_1683286597.unknown

_1683286594.unknown

_1683286595.unknown

_1683286593.unknown

