NAMUNAVIY MASALALAR

1-masala

Gorizontal sillig stol ustida massasi m bo‘lgan kichik jism ikkala tomondan
qattigligi k bo‘lgan ikkita bir xil prujinaga ulanib turibdi (devor—prujina—jism-
prujina—devor shaklida). Jism muvozanat holatidan x ga siljitilib go‘yib yuborildi.

a) Qaytaruvchi kuchni x ga bog‘lab yozing.
b) Tebranish burchak chastotasi omega (w) ni toping.
c) Tebranish davri T ni toping.

Yechim

a) Har ikkala prujina ham sigiladi/cho‘ziladi. Jism muvozanatdan x ga siljiganda
har bir prujinadagi kuch modul jihatdan k x bo‘ladi, yo“nalish esa jismni o‘rtaga
tortadi.

Chap prujina: F,
O*ng prujina: F,

Natijaviy kuch:
F=F,+F,=—-kx —kx = -2kx

Demak, gaytaruvchi kuch:

F = —2kx
b) Nyutonning ikkinchi gonuni:

ma = —2kx
a = d*x/dt* ekan, demak

md?x/dt* = —2kx
d?x/dt* + (2k/m)x = 0

Bu garmonik tebranish tenglamasi, burchak chastota:

c) Tebranish davri:
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Javob:
F = =2k = 2kT—Z m
= X, w = m, —TL'Zk
2-masala

Jism garmonik tebranish bajaradi. Uning tebranish davri T = 2 s, amplitudasi
A = 0,1m.t = 0 paytda jism muvozanat holatidan o‘tmoqda va o‘ng tomonga
garab vy, = 0,2 m/s tezlikka ega.

a) x(t) tenglamasini yozing.
b) Jism gachon birinchi marta chap chetki holatga yetib boradi?

Yechim
a) Avval omega:
T =2n/w » w = 2n/T = 2n/2 = nrad/s

Garmonik tebranish tenglamasi ko‘rinishi:

x(t) = Acos(wt + @)
t = 0dajism muvozanatdan o‘tmoqda — x(0) = 0.
X(0) = Acos(p) =0 - cosp =0 - ¢ = n/2yokip = —m/2
Tezlik:

v(t) = —Awsin(wt + @)

t = 0dav(0) = vy = 0,2m/s. Ma’lumki jism 0*ng tomonga garab
harakatlanmoqda, ya’ni v(0) > 0.

v(0) = —A w sin(p)

A = 01,w = m demak:



02 = -01"-m - sin(p)
2 = —msin(p)
sin(p) = —=2/m
Endi ¢ ni tanlashimiz kerak. Oldin bilamiz cos(¢) = 0 - ¢ = m/2 yoki
—1/2.

Bu nugtalarda sin(¢) mos ravishda:

sin(m/2) = 1
sin(—n/2) = —1

Bizga sin(¢p) < 0 kerak (—2/m manfiy), demak ¢ = —m/2 gayaqin.
Soddalashtirib, kichik fargni hisobga olmasdan, boshlang‘ich sharoitga mos model
sifatida:

x(t) = Asin(w t) ko‘rinishdan foydalansak ham bo‘ladi, chunkit = 0dax =
0,v > 0 uchun qulay:

x(t) = Asin(wt)
Bu holda:

x(t) = 0,1sin(mwt)
b) Chap chetki holat x = —A ga mos keladi.

Asin(mt) = —A - sin(mt) = -1
sin(mt) = =1 -> nt = 3n/2 + 2nn
Eng kichik musbat t uchunn = 0:
nt =3n/2 >t =3/2s

Javob:
X(t) = 0,1 sin(= t), birinchi marta chap chetki holatga t = 1,5 s da yetadi.

3-BO‘LIM. ENERGIYA VA SAQLANISH QONUNI
Masala 3. Energiya bo‘yicha tezlik va og‘ishni topish

Massasi m = 0,5 kg bo‘lgan jism prujinaga ulangan va garmonik tebranish
bajarmoqda. Prujina gattigligi k = 200 N/m, tebranish amplitudasi A = 0,05 m.



a) Tizimning to‘lig mexanik energiyasini toping.
b) Jismning tezligi v = 1 m/s bo‘lgan paytda og‘ishi x ni toping (modul bo‘yicha).
c) Shu paytda potensial va kinetik energiyalarni toping.
Yechim
a) To‘liq energiya:
E = (kA?)2
E = 1/2 - 200 - (0,05)?
0,05> = 0,0025
E = 100 - 0,0025 = 0,25]
b) To‘lig energiya doimiy:
E=Ec+ E, = (mv)/2 + (kx*/2
0,25 = (0,5 - 1%)/2 + (200 x?)/2
0,25 = 0,25 + 100 x?
0,25 — 0,25 = 100x* - 0 = 100 x?
x =0
Demak v = 1 m/s bo‘lishi aynan muvozanat holatida sodir bo‘lgan.
¢) Shu paytda:

E, = (kx?)/2 = 0
Ex = E = 025]

Javob:
E =025J,v = 1m/sbo‘lgandax = 0,E, = 0,Ex = 0,25].

4-BO‘LIM. FAZA VA GRAFIKLAR
Masala 4. Grafikdan tezlik va tezlanishni topish
Tebranayotgan jismning x-t grafigidan ma’lumki:

mt=0dax=0,



t=0,25s da x =0,1 m (maksimal gqiymat),
t=05sdax=0,

Bu tebranish davri T va amplitudasi A bo‘yicha garmonik tebranishga mos keladi.
a) Tebranish davri T va burchak chastota w ni toping.

b) x(t) tenglamasini yozing.

c)t = 0 nuqtadagi tezlik v(0) va tezlanish a(0) ni toping.

Yechim

Grafikdan ko‘rinib turibdi:

t =0dax =0
t = 025sdax =4 =01m
t =05sdax =0

Bux = 0 - x = 44 - x = 0 ketma-ketlik garmonik tebranishning chorak
davrlari:

0 dan +A ga chigish uchun vaqt T /4 ga teng.
Demak:
T/4 = 0255s > T =15
w = 2n/T = 2nrad/s
a)A =01mT = 1s,0 = 2m.
b)t = 0dax = Ovat = 0,25sdax = +A bo‘lsa, qulay shakl:
x(t) = Asin(wt)
Tekshiramiz:

t = 0dax = 0—mos
t =T/4 = 0,25s da:

x = Asin(wT/4) = Asin(2m - 1/4) = Asin(w/2) = A— mos
Demak:
x(t) = 0,1sin(2mt)

c) Tezlik:



v(t) = dx/dt = 0,1 - 2rcos(2mt) = 0,2m cos(2m t)

t = 0da:
v(0) = 0,2r cos(0) = 0,2rm/s = 0,628 m/s
Tezlanish:
a(t) = dv/dt = —0,1 - (2m)? sin(2m t)
a(0) = —0,1 - (2m)?sin(0) = 0

Javob:

T =1s,w = 2nrad/s,

x(t) = 0,1sin(2mt),

v(0) = 0,63m/s,a(0) = 0.

5-BO‘LIM. MATEMATIK MAYATNIK
Masala 5. Uzunlik o‘zgarganda davrning tagqoslanishi

Uzunligi [; = 0,9 m bo‘lgan matematik mayatnik davri T, ga teng. Mayatnik
uzunligi I, = 1,6 m ga o‘zgartirildi.

a) T, /T nisbatni toping.

b) Agar birinchi mayatnik davri T; = 1,9 s bo‘lsa, T ni toping (g ~ 10 m/s? deb
oling).

Yechim

Matematik mayatnik davri:

a) Demak:
T2/T1 = V(l/9) N(/g9) = V(l/11)
T./T: = V(1,6/0,9)
1,6/0,9 ~ 1,777...

V1,777...~ 1,333...(ya'ni =~ 4/3)



b)T, ~ (4/3)T1 ~ (4/3) - 1,9 = 7,6/3 ~ 2,53 s

Javob:
Tz/Tl = 4‘/3,T2 = 2,5 S.

6-BO‘LIM. FIZIK MAYATNIK

Masala 6. Uchidan osilgan tayoqcha tebranishi

Uzunligi | = 0,6 m bo‘lgan bir jinsli ingichka tayogcha yugori uchidan gorizontal
0‘q atrofida osilgan (vertikal tekislikda tebranadi). Tayoqgcha kichik burchak ostida

tebranish bajarmoqda. g = 10 m/s2.

a) Tayogchaning massa markazi osilish nugtasidan ganchaga uzoq?

b) Tayogchaning inertsiya momenti | ni osilish nugtasiga nisbatan ifodalang (m —
massa).

c) Tebranish davri T ni toping.

Yechim
a) Bir jinsli tayogchaning massa markazi o‘rtada:
a=12=06/2=03m

b) Uchiga nisbatan inertsiya momenti:

I = (1/3)yml?

c) Fizik mayatnik davri:
I
T = 2n
mga
O‘rniga go‘yib:
T =

m gisqgaradi:

T = 2nV((1?/3)/(g1/2)) = 2nV((?/3) - 2/(g D))
=2nV((2D/Bg))



Endil = 0,6, =

10:
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T =2r-02 =04 = 1,265

Javob:
a=03mlI = 1/3)mlAT = 1,26s.

7-BO‘LIM. SO’NUVCHI VA MAJBURIY TEBRANISHLAR, REZONANS
Masala 7. So’nish va energiya kamayishi

Garmonik tebranuvchi sistemada ishgalanish sababli tebranish amplitudasi har bir
davrda bir xil marta kamayib boradi. Birinchi davr oxirida amplituda A1 =5 sm,
uchinchi davr oxirida amplituda As = 3,2 sm bo‘ldi.

a) Har bir davrdan keyin amplituda necha barobar kamaymoqda (q koeffitsient)?
b) Agar birinchi davr boshida to‘liq energiya E: bo‘lsa, uchinchi davr oxiridagi
energiya Es/E1 nisbatini toping.

c) SOnishning energiyaga ta’siriga doir fizik xulosa chigaring.

Yechim

Amplituda har davrda q marta kamaymoqda deb olaylik:

Ikkinchi davr oxiri: A, = A; - q
Uchinchi davr oxiri: A; = 4, - ¢ = A; - ¢°

Berilgan: A; = 5sm, Az = 3,2 sm:
Ay - q* = A3 > 5 - g* = 3,2
q> = 3,2/5 = 0,64
q = /064 =08
Demak, har davrda amplituda 0,8 baravarga kamayadi.
b) Garmonik tebranishda to‘lig energiya amplitudaning kvadratiga proportsional:

E ~ A?



E;/E, = (A32)/(A12) = (A12 q4)/A12 = q*
q=08->q"=(08)"

0,8* = 0,64,
0,64* = 0,4096

E3/E1 = 0,4‘1

c) Xulosa:

Amplituda nisbatan sekin kamayayotgan bo‘lsa ham, energiya uning kvadratiga
proportsional bo‘lgani uchun energiya ancha tezroq kamayadi. Bu sénuvchi
tebranishlarda juda muhim.

Javob:
q = 0,8; E3/E; = 0,41; energiya amplitudaga garaganda tezroq so‘nadi.

8-masala. Vertikal prujina va tebranish

Massasi m = 0,4 kg bo‘lgan jism vertikal prujinaga osilgan. Prujina gattigligi k =
100 N/m. Jism muvozanat holatidan pastga A = 6 sm ga tortilib go‘yib yuboriladi.
g = 10 m/s2.

Topilsin:

1. Tebranish davri T
2. Maksimal tezlik v_max
3. Jism muvozanatdan 3 sm uzoqlikda bo*lganda uning tezligi v

Yechim

1. Tebranish davri gravitatsiyaga bog‘liqg emas, fagat m va k ga bog‘liq:

\/7 = V250 = 15,8rad/s

= 2n/w = 2n/15,8 = 0,40s
2. Maksimal tezlik muvozanat holatidan o‘tayotganda:
Vmax = WA
A =006m - vy, = 158 - 0,06 = 095m/s

3. Energiya saglanishidan foydalanamiz:



E = (1/2)k A% = (1/2) k2% + (1/2) mv?
Bu yerda x — berilgan ondagi og‘ish (0,03 m).
(1/2)k A* — (1/2) kx* = (1/2) mv?
k (A* — x*) = mv?

AZ_ xZ

m

A = 006mx = 003m,k = 100,m = 04:

v =~ 15,8 - /0,062 — 0,032 =~ 0,82 m/s (aniqrog‘i = 0,82 m/s)

Javob:
T = 0,405, v4, = 095m/s,v(3smda) = 0,82m/s.

9-masala. Matematik mayatnik va tezliklar

Uzunligi | = 0,9 m bo‘lgan matematik mayatnik kichik burchaklarda tebranmoqda.
Erkin tushish tezlanishi g = 9,8 m/s2. Mayatnik tebranish amplitudasi 6o = 10°
(radianlarda ishlaymiz).

Topilsin:

1. Tebranish davri T
2. Maximum tezlik v_max
3. Mayatnik og‘ish burchagi 6 = 5° bo‘lganda uning tezligi v

Yechim
Avval burchaklarni radianlarda yozamiz:

6o = 10° = 10 - ©/180 = 0,175 rad
8 =5°=5-m/180 =~ 0,087 rad

1. Tebranish davri (kichik tebranishlar uchun):

l
T = 2n |—
g



0,9
T = 2n |— = 2m - 0,302 = 1,90
s 9.8 m - 0, 90 s

2. Kichik tebranishda burchak tebranishi garmonik:
0(t) = OBpcos(wt + ¢),w = 2n/T
w =~ 2n/1,90 = 3,30rad/s
Chizigli tezlik: v =1 do/dt
Maksimal tezlik burchak nol bo*lganda bo*ladi:
Vmax = w1 0g
Vmay = 3,30 - 0,9 - 0,175 =~ 0,52 m/s

3. Energiya saglanishi (kichik burchaklar uchun) burchak bo‘yicha ham
ishlaydi:

Umumiy energiya ~ 00 joriy potensial energiya ~ 62, qolgan gismi Kinetik.
Shuning uchun:

v(0) = wl+/6° — 62

v =~ 3,30 - 0,9 - /0,1752 — 0,0872

0,175% =~ 0,0306
0,087% =~ 0,0076
Farq = 0,023

40,023 =~ 0,152
v~=330-09-0152 = 045m/s

Javob:
T = 1,905,040, = 0,52m/s,v(0 = 5°) = 0,45m/s.

10-masala. Gorizontal prujina, energiya va tezlanish

Massasi m = 0,25 kg bo‘lgan jism gorizontal silliq sirt ustida prujinaga ulangan.
Prujina gattigligi k = 25 N/m. Jism amplitudasi A = 0,20 m bo‘lgan garmonik
tebranish bajarmoqda.



Topilsin:
1. Tizimning to‘lig mexanik energiyasi E
2. Jismning x = 0,10 m og‘ishda bo‘lgandagi tezligi v
3. Tebranishdagi maksimal tezlanish a_max
Yechim
1. To‘lig energiya:
E = (1/2) k A2
E =1/2 - 25 - (0,20)2
0,202 = 0,04
E =125 - 0,04 = 05]
2. Energiya saglanishidan:
E = (1/2)kx* + (1/2) mv?
0,5 = (1/2) - 25 - (0,10)®> + (1/2) - 0,25 - v?
(1/2) - 25 - 0,01 = 12,5 - 0,01 = 0,125
Demak:
0,5 = 0,125 + 0,125 v?
0,375 = 0,125 v?
v* =3 5 v =+V3= 173m/s

3. Burchak chastota:

L 25—\/100—10 d
w = m = 025 = = rad/s

Maksimal tezlanish chetki nugtada:
Amax = W*A = 10% - 0,20 = 100 - 0,20 = 20 m/s?

Javob:
E =05/,v(x = 010m) =~ 1,73m/s,ay,, = 20m/s>
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