Mexanikaviy tebranishlar va to’lginlar

Reja:

1.Tebranma harakat hagida tushuncha.

2. Garmonik tebranma harakat kinematikasi va
dinamikasi.

3. Garmonik tebranma harakat energiyasi.

4. Tebranishlarning skalyar va vektor qo’shilishi.

5. Matematik, fizik, prujinali mayatniklar va tebranish

konturi.



U yoki bu darajada takrorlanuvchanligi
bilan ajralib turadigan jarayonlarga
tebranishlar deyiladi. Takrorlanayotgan
jarayonning fizik tabiatiga garab
tebranishlar mexanik, elektromexanik,
elektromagnit va boshgalarga ajraladi. Biz
mexanik tebranishlarni ko'ramiz.
Tebranishlar erkin (yoki xususiy)
tebranishlar, majburiy tebranishlar,
avtotebranishlar va parametrik
tebranishlarga bo’linadi.



Muvozanat holatidan chigarilganidan so’'ng,
o'zicha tebranadigan sistemadagi
tebranishlarga erkin yoki xususiy tebranishlar
deyiladi. Masalan, matematik mayatnikning
tebranishi erkin tebranishlarga misol bo’ladi.
Tebranishlar sinus yoki kosinus gonuni
bo'yicha sodir bo’lsa, bunday tebranishlarga
garmonik tebranishlar deyiladi. Garmonik
tebranishlar tenglamasi shunday yoziladi:

X=Acosa =Acos(ot+¢), (1)



= Tebranish amplitudasi A deb tebranayotgan nugtaning
muvozanatdan chetga maksimal siljish kattaligiga aytiladi.
Tebranish fazasining fizik ma’nosi shundan iboratki, u
vagtning istalgan paytidagi siljishni, ya’'ni tebranayotgan
sistemaning holatini belgilaydi. Fazaning 2 rad o’zgarishiga bir
davr T gateng vaqt oraligi mos keladi. Vaqt birligidagi
tebranishlar soni n ga chastota deyiladi. U T davr bilan
shunday bog’langan:



Tebranish chastotasining birligi 1 Gers. |
Gers chastota bir sekunddagi nugtaning
tebranishlariga teng. Garmonik tebranma
harakat gilayotgan jismning V tezligi (1)
ifodadan vaqt bo’yicha olingan hosilaga
teng.

V =x =-Asi I’l(a)H@) y (3)



Agar (1) dan yana vaqt bo'yicha hosila olsak,
tebranayotgan nuqgtaning tezlanishini topamiz:

W=x"=Acos(ot+¢) . (#)

Yana (1) ifodani sinus orgali ham yozish mumkin
va tebranayotgan nugta tezligi va tezlanishi uchun
(2) va (3) ga o'xshash ifodalarni hosil qilish
mumkin. Garmonik tebranma harakatning grafigi
sinusoida yoki kosinusoidadan iborat bo’ladi.
Erkin garmonik tebranishlarning differensial
tenglamasi quyidagicha bo’ladi:

X'+ 0o°x=0. (3)



Bu tenglamaning yechimi shunday ko'rinishga
ega:
x = Acos(ot+9¢) . (6)

Bu tenglama yechimini kosinus orgali ham yozish
mumKin.

Tebranayotgan sistema tashgaridan madad olib
turmasa, vaqt o’tishi bilan so’nadi. Bunday holda
so’nuvchi tebranishga ega bo’lamiz, uning
differensial tenglamasi quyidagicha bo’ladi:

d*x k 7 dx

TN/

dt’ m. mdt’

bu yerda r— muhitning garshilik koeffitsienti, k -
kvazielastik kuch koeffitsienti, m — moddiy nugta
massasi.



Tebranayotgan sistemaga tashqgi kuch davriy ravishda ta’sir
etsa, majburiy tebranishlarga ega bo’lamiz. Bunday
tebranishlarning differensial tenglamasi quyidagicha yoziladi:

F, sino,t— KX = -mo’° X, (8)

bu verda K - elastiklik koeffitsientl, o- sistemaning xususty chastotasi,
F,- mabur etuvchi kuch amplitudasi, «,- majbur etuvchn kuch
chastotasi.
Majburty tebranishlar amplitudast majbur etuvehi  kuchning
chastotasiga  bog’liq  bo’lad1. Tebranayottan sistemaning  xususty
chastotast majbur etuvchi kuchning chastotasica teng bo’lganda
tebranishlar amplitudast maksimal qrymatea erishadi. Bu hodisaga
rezonans deviladi.

Bir vo'nalishda bir xil davr bilan tebranavotgan ikki sistemaning
tebranishining qo’shilishint ko 'ramiz.

|




X =X;+X, =A cos(ot+¢ )+ Aycos(ot+o,) . (9)

Bunday tebranishlarni go’shilishini grafik ravishda
ko'rish mumkin. Buning uchun ikkala tebranish
amplitudalarini x, u da fazalarni hisobga olib
chiziladi. So'ng A, va A, larni parallelogram goidasi
bo’yicha ko’shiladi va natijaviy tebranish amplitudasi
A topiladi va umumiy tebranish tenglamasi yoziladi.
Garmonik tebranma harakat gilayotgan har
ganday sistema ma’lum tebranish energiyasiga ega
bo’ladi. Bu energiya quyidagicha ifodalanadi:

. KA

==, (10)



bu yerda A - tebranish amplitudasi, K- elastiklik
koeffitsienti.

Tebranayotgan sistemalarga misol sifatida
matematik va fizik mayatniklarni ko’rsatish
mumkin. Ularning harakat tenglamasi quyidagicha:

d2g0
dt’

buyerda (1) - mayatnikning burilish burchagi,

+a)2g0:O (11)

(1)- ikki mayatnik uchun har xil ko’rinishga ega
bo’lgan kattalik. Bu tenglamaning yechimi
guyidagicha:

0 = Acos(ot + 04 . (12)



Matematik mayatnik uchun tebranish davri
shunday ko'rinishga ega:

T = 272\/7 (13)
g

bu yerda | - matematik mayatnikning uzunligi, g - erkin
tushishi tezlanishi.
Fizik mayatnik uchun tebranish davri guyidagicha

bo’ladi:
r=27]—— (14)
-t mglL

bu yerda |- fizik mayatnikning inersiya momenti, m —
massasi, L - fizik mayatnikning osilish nuqtasi
bilan massa markazi orasidagi masofa.



TO’LQINLAR
Tebranishlarning fazoda targalishiga to’lqin deb
ataladi. To'lginlar ikki xil bo’ladi: kundalang va buylama
to’lqginlar. Kundalang to’lginlarda muhitning zarralari
to’lqin targalayotgan yo’'nalishga perpendikulyar
yo’nalish bo’ylab tebranadi. To’lgin uzunligi A

, to’lgin tezligi v, tebranish davri T va chastotasi n
orasida quyidagi boglanish bor:

I'=/n. (1)

Elastik muhitda targalayotgan ko'ndalang to’lqin tezligi
formula bilan ifodalanadi:

G J
I — /—, ~
¢ Py (‘?’)



bunda G -siljish moduli (ko'ngdalang elastiklik moduli),
O - muhit zichligi.

- Bo'ylama to’lqin tezligi quyidagi formula bilan
Ifodalanadi:

V= \/f _, 3)

bu yerda E - Yung moduli.



Quyida tebranma harakatlar turlaridan ayrimlarini keltiramiz

Oddiy tebranma
harakatlar

e Tebranma xarakatga misollar



E:/Мультимедиа маърузалар/Тебранма харакат/Flash/pendulum.swf
E:/Мультимедиа маърузалар/Тебранма харакат/Flash/TwoSHM.swf
E:/Мультимедиа маърузалар/Тебранма харакат/Flash/TwoSHM.swf

s
Mucoa. M aHykra A paguyem armada 0vimad @ = — Oypuak TesmK OmmaH

I

xXapakarmaHaérran Oymens. 1-pacst. t =0 oxga Y My mykraga Ovimam. Ly Hykrara
VIKA3WITaH aimaHamer paguyen O My xyimm mymHgad Oypuak TesTHK OWiaH
CTPENKA HYHATMIMMTA anmaHagn. Arap t=0 oHga pajuyc ropHsoHTanm GHmaH
OypUaK XOCHI KHiraH 6yica, t BaKT VITaHaH ¢VHT 3ca Oy Gypuak ot( KiiMarra
ra OVIamu. M HyKTaHMHT THK JuaMetpra mpoekumacH O HyKTa aTpodmia
TapMOHHK TeOpaHHIIIIap X0k Kemagy. Hykrarmar cumammn (1) Gopmyma Grman

npofanaHagd. M HykTaHHT X VKKa TIDOSKINLACH XaM IIyHAaH KOHYH acocHia
TeﬁpaHaﬂH, (AHMMaLUWOH ponuknapra KapaHr)




Flash
animation



E:/Мультимедиа маърузалар/Тебранма харакат/Flash/Circular2SHM.swf
E:/Мультимедиа маърузалар/Тебранма харакат/Flash/Circular2SHM.swf

Ciljishni grafik asosda tasvirlash mumkin. Buning uchun gorizontal o’qqa
vaqt, vertikal o’qqa esa siljish kattaligi go’yiladi
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Garmonik tebranishlarning grafik tasvirlash
usullaridan yana biri
vektor diagrammalar usuli hisoblanadi.

Y




HyKTaHHHT CH/DKHIIHHHE t BakT Mobalfinuya Oocubd VTunran ivn cudaruaa
Kapad, VHHHT Te3JTHTHHH TOTHII MyMKHH.

3:%Y:a;4cus(ar+ ?) (2)
!
Tesnanu 3ca;
a3 7 . 7
&ZEZ—EFJ Asm(&t-l—{;o):my (3)

Jlemak, TrapMOHHK TeOpaHAéTTaH HYKTAHHHT Te3TAHHIIH CHIDKHINTA
MPONOpIHOHAN OYIIHO, TeckapH HyHaNraH OViay.

Keyingi slayda, siljish kattaligi, tezlik va tezlanishning vaqt
bo’yicha o’zgarishi grafiklari keltirilgan .



X(t) koordinata

V(t) tezlik

a(t) tezlanish




[M'apMoOHHK TeOpaHHIILTAP YIYH JHHAMHKAHH 2-9H KOHYHH

—

F=mid=-meo'Asin(at + ¢)= —-mo’y (4)

lapMounKk TeOpaHaéIral :KHCMIa KVHHIraH Kyd KVOHIOTA TeCKapH
HVHaNraH, ¥ 3KHCMHH YpTa Xonarra KaATapHINra xapakar KHIIagH, IIYHHHT y9yH Oy
Kyd KAaHTapyPUYH Kyd JeHHIIa/H.
Flash animation 1

["apMOHHK TeOpaHAETTaH XHCM VUVH 3HEPTHIHHHT CAKTAHHII KOHVHH amal
KHIIAIH, ThHH TYIIA 3HEprHs V3rapmac Gyiajiu.

E=1T+U =const (5)
mv'  mo'A’ cnsz(a)ﬁ ?)
Kunetnk sneprus T = = (6)
2 2
KHHETHK 3HEPrUAHHHT MAKCHMAT KHAMATH TYJA 3HEPryuAra TeHr GYIHIIHIaH
241
E=T,_ = m’:"; )

By Xonarnad ymly noTeHIHal 3HEPTHA HOPMYIACHHH ONHII MyMKHH;

2 42 2 42 2 2 42 o2
U:E—T:mﬂ;A - moA cc-; (a:va):mmA 51121 (ax + @) )



E:/Мультимедиа маърузалар/Тебранма харакат/Flash/HookesLaw.swf

Yanada yaqqol tasavur qilish uchun go’yidagi animatsiyaga
garaymiz Java Scr

E=E,(t)+ Ey(t)

0001000007

3T/2



E:/Мультимедиа маърузалар/Тебранма харакат/Flash/model_java/aplets/MECHAN/pendulum/pendulum.htm

TliHaMHKAHUHT HKKHHYH KOHYHITRH, TeODAHAETTaH KICAUIAD VUyH Kyijary

md‘T
{hOTAHH OTHII MYMKIH, 712 = —— p =F =-ma"T Gy
[
ﬂﬂw 0 9
i

jhOaHH QM MYMEHH.

(9)-ndboaa rapmMoHUK TebpaHMLWNapHUHI andpdepuHumMan TeHrnamacu
aennnagn. YHUHr ednmm

[ = Asinlor+p) homa icobTamans. TaphoRi epu Napakar Kumyun
THHMUTAPrA TYpIH KYHHHLIZATH MEATHHKTADHH KETTHDHL MyMKEH.



1. IIpy:RHHAJIH MAATHHK.

FOKYaHH macTra CHIKHTHO Ba VHH KYHHO 1000pHO TebpaHHIIITap XOCHT OV ITHIIHHA
Ky3aTHII MyMKHH. KOKUara TabCHp 3TYBYH KyUHH
F=-kY (10)
KYPHHHIIa E3HIT MyMKHH (3ITACTHKIMK KYUHHH CHITKHINTA TP OMOPIHOHA
SKaHIHTHAaH) VIIOY QopMyIaH!
F=md=-mw*4Asin(et + ¢)=-me’y 6uman commrupeax
2

T
E=mw® = m—— KEIHO UHKAJH.
T

ByHmaH >ca 7 _ o \/E , K-3TacTHKIHK KOa(hHHICHTH.
k

Animation



../../../Program%20Files/Physicon/Open%20Physics%202.5%20part%201/content/models/SOscill.html

mg cosy

2. PIBHK MAaATHHE.
By oFupnme MapeasH O gag Vrwmarag O ¥ atpodHga
TebpaHa oJMagHTaH EHCM  XHCODJIaHanH  ATap o
Maccara Ba | HHepIIHAa MOMEHTHIA 3ra OWITaH MaadTHHE
FHHHE o Bypdarka oFIHPHIraH OyIca, MaATHHERA
iiinmras kye momentn A = —mipl s goes pvle
(MMHYC HIIOPacH Kyd MOMEHTHHHHT EHCMHH

Eypuary  HAVHATHIIHHHA KAapama-Kapllli  TOMOHTA
OFHPHITHEE ~EypCaTamH). AHRTAaHMAa XapakaTHHHTD
2
ACOCHH K,0HYVHH M=If=1 ¢ IaH
it
d*p
f— = —mglp
dt*
die  mgl
+ =[] 11
Tt ¢ (11)

EIFH,I[ELH, IiIHEHI{ MAATHHEHHHT DTHEIHE HacToTacH

mgl

I:i] =] —
I

A aEpH T=2r I’L
mgl

(12)

[ - MAATHHE OFHPIIHE MapEasHIaH aATaHHII VERTa9a
GIrad Macoda.
1

a



3.MaTeMATHE MaATHHE. [ y3VHIHKZarH oOFHPJHIH XHcoOra

ONMHHMAHHIAH, M MacCalH MOAAHH HyKTa XHcoOmaHamu. VY ¢H3IHK
MasATHHKHHHT XycycHH XomuaHp. By xomarma J=m¥ OVnrapnura cababmm,

MATCMATIHKE MAaATHHEHHHT TEﬁpﬂHHIlL]'IEp AdBPH

Animation T = Z:e'r\/E (13)
g

+ "P:II:'I

E, T
1Tl

Mg sm

\ M cos

.
my



../../../Program%20Files/Physicon/Open%20Physics%202.5%20part%201/content/models/freeOscill.html

OpkuH €KH XYCYCHH 3JeKTpOMarHuT TeOpaHunmap C KOHAEHCATOp Ba
L. HHAYKTHBIHMKIAH TAIIKHI TOITAH, TeOpPaHHII KOHTYpPH Jed aramraH Oepk
3MEKTP 3aHEXHUPHAA 03 OepaguraH 3apAd, KyuldaHisi Ba HMOKTAPHUNZ
TeOpaHHIIHTA AHTHITATH.

byHaH, TeGpaHHIILIAD HAaTHAACHIA KOHJEHCATOP
CU* IJ? .
W = > SHEPTHACHHHT FallTaK 3HEPTHACH J — =7 Ta VIHII Ba aKCHHYA
- ) . dl
AVHamTHINIary KapaéH 13 Gepamu. Farrakmarn V3uHayrnud DKOK ¢, = —LE,

KOHJIEHCAaTOPIark MOTeHITHAIAp QapKu
£ U=q/C.

+|—

Animation fizika kartinkax

7| |-¢
"
T 0 2
I A VA VA VA VU VA VA Vi



E:/1.Виртуальные лаб. раб. Мультимедийные лекции программы/Modellar(o'chirilmasin)/PHYSIC/Physic/books.exe
E:/1.Виртуальные лаб. раб. Мультимедийные лекции программы/Modellar(o'chirilmasin)/PHYSIC/Physic/books.exe

KupxropHHHT 2-KOHVHHIAH
dl Q dIl 1

—L=—==¢&xu — + =0
dt C dt LC ¢
dl  d'O _.
[=dQ/dt Ba o % OVITaHIHTH VUVH
2
dr*  LC

(14 )-KOHTYpAArH XyCYVCHH TeOpaHHIIITapHHHT TH(PGPEeHIHAI TeHT TaMAacH.

|1
By epIa IHKIHE YacTOoTa & — E ra TEHT.

1
(15)
Nzl ';”]

JAPAITHHHT TEC 61] dHHII TEHTITAMACH.

By TeHITaMaHHHT eUHMHE () = O, Sjﬂ[



_%SH{EH@J 0 sin(ﬁrw} (16)

RYUITAHHITHHHT TB@I]E]HP[[[[ TEHI TaMacH

I:dgz 2 CDS{LH—{BJ—&SIH{LH- +E] Insin{ . L+ ](17)

¢ Jic W ) e Wi ) I
JleMak, 3apfjl, KYWIAHHIL, TOK KOHTYpAa OHp XHI YacToTaia TapMOHHK
papmia TedparmO TypagH. byHIA 3apa Ba KYUIAHHIIHHAAT dazack Onp X1 6¥mi0
TOKHHHT ()a3CH 7/2 KiiiMarra (apy; KA. SIeKTp KOHTYPHIArH TeGpaHHIiap JappH
Tomcon (hopMyTacHTAH AHUKTAHATH.

T=2yLC (18)



TeOpaHHUNILIAPHH KYIIHIIL.

AHpUM TeGpaHYBUH TH3IUMIAPA KHCM OHp BAKTHHHT V3Haa GHp Heua
XapakKatfa KaTHaImum MyMKHH. IIyVHHHr yuyH OyHAal TH3HMIApJard
KHCMHHHT HATHKABHH XapaKaTHHH aHHETAI MyXHM GVIIajH.

1. bup HVHAMULIATH Te0paHUILIAPHA KYIIHIIL

YacTtoranapd OHp XHI, aMIIIHTYAA Ba ¢aszanapd dapk KUIraHgard
X0JaT. by xonatna Te0paHHIUIAPHHUHAT XapakaT TeHraManapH

y1i=ASin(ot +¢,) Y2=AxSIn(ot+¢;)
TeOpaHHINIAPHH BEKTOpPNAp AHATPaMMACH VCyIHAaH ¢ofiganaHno

Kymum MyMkHH. 4, Ba A4, BekTOpnap GHp Xun @ Oypuak Te3NHK OHJaH

XapaKaTnaHuIl Tydainy ¢aza CHIAKUIIN Y3rapMac GVnajau.
HaTtuxxKapHH TeGpaHHIIITap TEHTNAMACH

y=y +y, = Asin(at + ¢) (19)
bvHpaa, A :jl —I—jz Ba ¥ XaM  Oypuak Te3mHK OGHIAH Xapakat
KHITA TH.
A=A’ +A7 +244, coslg —@,)  (20)

animation



E:/Мультимедиа маърузалар/Тебранма харакат/Flash/beatinter2.swf

animation



E:/Мультимедиа маърузалар/Тебранма харакат/Flash/phasors4.swf

(¢ HHHI' KHHMATH 3Ca
A s, + A, s @,

(21)

tep =
&V A cosp, + A, cosp,

(20) mam A ammnouTYAA @ — @, = M7 X0NaTAa MaKCHMAT,

@ — P, :(Em—l)g X0NnaTaa sca MHHHUMAJI KHHMATIApHH KalGyll KHITHIIH

kKenuO unkagy. (m=0,1,234,....... ).

HaTtuxapud TeCpaHHIIIApra my HYHAJIHILArd Ba MyHJaH Jappra ara
OynraH 3-ud TeOpaHHIIHHHT KVIIWIHOIH @[y [Jappra 5ra  TapMOHHK
TeOpaHHILIap XOCHT KHUManH. TeGpaHHIIMApHHHT 4acToTa, aMIUIHTY[a Ba
Comumanruu  ¢azanapH ¢dapk KWiHO, ynap OHp HYHanHIa TeGpaHraHza

}"1=H18iﬂ(ﬂ]t+(|)1)? YEZAESiH(mt+(PE) A] :Ag :A[j:- P1=P2=0, W1~=W; el
Ka0yn KHimamMu3. byHIaH TeOpaHHIIIApHH aHATHTHK HyI OHNAH  KVIIHII

MYMKHH (Oypuak Teanuknap dapk Kumum caGalld, BEKTOp JHarpammanap
VCVIIH HOKYIIaH XHCoGIaHaH ).



Harwnx apHil TeOpaHHIIIIAp TeHTIaMacH

Y=y, + ¥y, =24, cos A~ % 2@'3 ISHI(%I-I—QD] (22)

@& — @
= |24, cos%r-

KymaiTMa HaTH:KaRHiA TeOpaHHILIAD

AMILTHTY/TACH.
AMIDIHTY/Ia BaKITa Ba yacToTanap (apKHHHHT SpMHTa TeHT OVIraH

KHAMaTOard vacTorara OOFIHE OVIagH. Y3HIMaraH 4YH3HKIAp CHICDKHIIHH,
V3HITAaH  UH3HKIAQp 3Ca aMIUDIHTVIAHH ~ V3TapHIHHH & TACBHPIAHTH.
AMIDTHTYAAcH BakT OVitHya VarapH0 TYpVBUH TeOpaHHIILIAp TeNnKHIH
TeOpaHHILIAD TeHITATH.

animation



E:/Мультимедиа маърузалар/Тебранма харакат/Flash/Beats.swf

ATap TaIlKHI 3TYBYH TeOPaHHIIIIAp aMILITHTY/IACH TeHT OVInMaca,
HATHKABHIH TeOpaHHIILIap aMIIMHTYIacH O raya KamMaimMacaaH. Masmys O6up

MHHHMYM OPKATH YTaTH.
@

J*’:J”l""yz ZZAEI COSs ;EI’JQ fsm[ﬂh;ﬂh I+QJJHH y = ZAEI CDSQISHI&JI
KYPHHHIITH A €3HII MYMRKHH, ()=2my = 5 L V= ;

y V= ‘Vl — 1»’2‘ HACTOTAra MOC KelIaaH. BHP MApPTa TVIIA

. S'TEHH I[HKIHK

JacToTa @ = ‘W1 — @,

TeOpaHTaHAa aMILTHTY1a 2 MAPTA MAKCHMYMIA 3PHIMAIH. TellKHIap TOBYII
Ba 3NeKTP TeOpaHHIIIIapHaa yupald Typai.

animation



E:/Мультимедиа маърузалар/Тебранма харакат/Flash/Beats_.swf




2. ¥32apo nepneHaHKYIAp TeGpaHHILIAPHHE KYINHIIL
Arap MOITHI HYKTa OHp BAKTHHHT ¥3HAa X Ba y YKIapu 6yimab
TebpaHaéTran 6¥uca
y=A sin(wt+ @, ), x= A, sin(wt+ @,) (23)
@, — @, =A@ — TeOpaHHIITapHUHTQazanap GapkKH HYKTa
TPAeKTOPHACHHHHT TeHTIaMacH

2= 51'11(@1‘+ '}1’1):- ol Siﬂ(a)r+ 1;1:'2) BAKT { HH YHKApHO TAIILTACAK

A A,

vyt oxt 2xy

Tl
Al AE AIAE
(24) - popMyIa 3IUHIIC TeHTTaMacH OV, KyHHIArH Xy CYCHIA

cos(p, — @, )=sin"(p, — ;) (24)

X
Xolmap vuyH KVpHO unkuiaaa: 1) Ap=0 . By xomarga l =
Al Az
Al .. . ..
Y = ——X XocHI O¥nagH Ba TYFPH UH3HKIAH HOOpar OVIraH TpacKTOpHA

7
XOCHT OVImamH .



2:...
/2.5

(pr = e

(pr—




HyI{TaHPIF[[‘I{}u“IHL[[PIF:\/AIZ-l—AEZ -Sina}tjA:\/Alg +A§
2 2 A
QJ&gpzﬁ.yz er2 _tw 0. y=-—+x (10-pacm)
AT AT AA A,

i 2 2
3 Ap==t— Y _ 1 Ba 3NIHIIC TEHTTIAMACH XOCHT 63 TaIm
2 4 4

(11-pacm)

A, = 4, xomatna XapakaT TPacKTOPHACH aiimaHalaH HoOpar
Oymagn. TeOpaHHIIIIap JaBpH OHP XHII, aMmMo (paszanap papKu % ra TEHT
OVIraHAa TPacKTOPHA STHITaH SIUHIICAaH HOOopaT OVIIamH.

JlaBpH Ba (hazanapH papK KHIYBUH TeOpaHHIINIap KYIIHITaHIa
HATHXKaBHH TCOPaHUIIUIAP TPACKTOPHACH MyPakKad KYPHHHII OITaJH Ba yiIap
Jlecaxxyp buTypamapH JeHHIa H.



Ap=n/2

/Y

A=Az w1=3wz2/2
Ap=n/8 Ap=mn/4
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Ma’ruzani tayyorlashda foydalanilgan dasturlar,
linklar va adabiyotlar

|
[0 Microsoft Power Point

[0 Macromedia Flash MX Professional 2004

[0 “Otkritaya fizika” ch.1. kompaniya «Fizikon»
0 Savelev I. V. Kurs fiziki. M.: Nauka 1989 t.1




» E'tboringiz uchun rahmat!



