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Mabpy3a perKacu

TebpaHULWNAPHUHT TYpaapW.
[ApMOHWK TebpaHuwnap.

[APMOHUK TebpaHULLINAP KUHEMATUKACK Ba
AUHAaMUKaCH.

[ApMOHUMK TebpaHaETraH MoaaAnNN HYKTAHUHT
CUIXKNLL, TE3/IMK Ba TE3/1aHULL
KOHYHUATNAAPW, YIAaPHUHT BaKTra BO0FINKANK
rpapuknapu.

TebpaHuLl KOHTYpPU. TOMCOH popmyaacu.




BakT yTuwwmM BunaH TakpopiaHyBym Oscillations
s . ///&// L
XapaKaTt EKu PU3UK XKapaéHaap

mebpaHuwnap aeb atanagn

Xucobura myBosaHaTaaH YMKMO, TALLKKM KyY é

Arap Xucm aactnab onraH asHepruacu
bynmaraH xonatuaa y3 TebpaHuWNapuHmn [ / 777777
aH4a BaKT amanra owmnpunb Typca, byHaan
TebpaHuwnap 3pKUH EKu xycycull
mebpaHuwnap ped atanagw.

Jlonmo Tabcup KHITYBYH, JaBPUM TalIKH Kyd
%

TabCUPHAA TH3UMHUHT TeOpaHUIIIN \)
masicoypuur meopanuuirap ned aramaaf.
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| I'apmof-mu TebpaHuwnap

[apMOHUK TebpaHuLnapaa
TebpaHyBYM KaTTaIMKNAP BAKT
VTULWIKM BUNaH CUHYC EKN
KOCMHYC KOHYHUATNApUra
byncyHraH xonaa ysrapapaau.

FapMOHUK TebpaHULLHUHT
TeHrnamacu

s = Acos (ot +¢)

A — TebpaHuLl amnanUTyaacm —

TebpaHyBYM KaTTA/IMKHUHT MaKCMMa/l
KUMMATK

@- AONPABUN EKU LUKIUK YacToTa. |



Te6panuw dpazacu 6epuiraH BakT MOMEHTMAArU Te6paHyBYM
KaTTaAMKHUHI KUMMaTUHM 6enrmnangn.
@ — t=0 BaKT MOMEHTMAA TeOPaHULLHUHT BolnaHFuy pasacu:
(wt+@) - t BAKT momeHTMAaru TebpaHn pasacw.

T Tebpanuwl paspu aeb TtebpaHyBuu TUSUM X0NaATH
TAaKPOPNAAHULUMHUHT 3HT KUYUK AaBpura autunagu. (burra tyna

TebpaHuw coaup 6ynaamn) sa tebpaHuwl ¢pasacu 27 ra owagm.
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TebpaHuw paBpura Teckapu bynraH Katraamk, OBUMpAnK BakT
nuyuaarv Tyna rebpaHmnwnap coHmHu benrmnangm Bay
mebpaHuwnap yacmomacu peb atanagu

o(t+T)+p=(ot+¢)+2x 'T=

Lo 27T

pelo2 (= | |=[e]=1ru




FapMOHUK TebpaHunwnapHUHr anddepeHuman
TeHrnamacu ]

L

S TebpaHyBuUM KaTTa/IMKAAH BaKT 6YlMMUYa ONMHIraH 6upuHYyu

(Te3nuk) Ba ukkuHYu (Te3naHUL) XoCcMNaNap Xam yla LUKIAUK
yacTtoTta 6unaH rapmoHuk TebpaHagunap:

. ds . 4
§=—=—Aosin(ot +¢) = Ao cos| ot + p+—
dt \. 2
. d’s . -
5:7:—‘4(9 cos(ot + @)= Ao~ cos(ot+ @+ 1)
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i
ds
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- +o's=0 wm s+ws=0

TeHrnama eymmm

s = Acos (ot + @)



| BeKkTop gnarpammanap ycyam i
X ykmaaru uxtmépum O HyKTaaaH /A\

¢ bypyak ocTMaa o/IMHTaH |
BEKTOPHUHI Moaynn TebpaHyBYM \‘/
KaTTa/IMKHUHT A amnanTygacura
TEHTr.
Arappaa ywby BeKTop O HYKTa

aTpopunaa @ bypyak Te3nuk bunaH
annaHaguraH bynca, y Baktaa

BEKTOPHUHT X YKMUra npoeKkumacu ‘\(Do
Kynnaarm KoHyH bymnmya 4
TebpaHaau:

s = Acos(a)r—i—qo)




Kyumwu:

l x=Acos(wt+¢)

Te3nuk:

l v=xX=—Awcos(at+¢+ JZ/Z)JWX

| —
Te3naHuw:

La— h= i = A cos((ot+(o+7r)J

Te3nuk Ba T€3N1aHULLNIAPHUHT
amnAuTyAanapu Kyumaarmiaamup

v, =A®

a =v,oO=Ao
\. >,
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Tesnuk ¢pasacm Kyumw dasacugan = /2
ra ¢apkK Knnagm,
TesnaHuw ¢asacu Kyumw dasacugaH 7
ra gapkK Knnaam




m maccanu TebpaHaétraH MOAANN HyKTara Tabcup 3TyBYM
Kyy

|
a=Aw’ cos(wt+p+r)=

> F'=ma
=-—w’Acos (wt + @) =-w’x l

F=ma=mAw" cos(ot+¢+7)=

= —mo”Acos (ot + @)= -mao’x

Moaanii HyKTara TabCUp 3TYBYM Ky4 MOA AN HYKTA KYYULLUUTA
NPONOPLMOHAN Ba KyuuLUra TeCKapu TOMOHra (MmyBo3aHar
HYKTacura) nyHaaraHgup

F=ma=—-mo"x



FapMOHUK TebpaHaéTrafn MoaANN HYKTaHUHT
3Hepruacu

KuHeTUuK aHeprua

v :AQ)COS(C')’“"¢+7T/2)

v =Aosin(ot+ )

NMoTteHuuan saHeprua

F=ma=mAdeo cos(ct+@+r)

F=-mo'4 cos(ex + @)
F=—-mao'x
. mAde’
W=K+U=——

2

mv- mA @ s

K = == sin” (ot + @) =
mA -
=25 (1—cos2(cot+q0))
U = —IFd\' = mA)‘(o‘ cos’ (ot + @)
4 2
- mA e’

=— (1+cos2 (et +¢))

Tyna aHeprma yarapmacaaH Konaau, BakT yTuwim 6unan ¢akat KUHETUK SHeprus
NOTEHUUaN 3Heprmara yraam Ba TecKkapucu cogup bynaau.




‘iTe6paHuwM Kynmaaru

FAapmoHUuK ocumunna
avnddepeHumnan TeHrnama

MpyXUHANN MAATHUK 6bunax npoganaHaguran
TUIUMAAP 20PMOHUK
MaTtemaTuk MaaTHUK ocyunaamopnaap peb
aTtanagu

DPU3NK MaATHUK

vV Vv

- X :
S+w°s =0
INeKTp TebpaHnLL KOHTYPMU v
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Mpy*XnUHaNM MaaTHUK

MpyXXUHaANU MAATHUK — IOKOPU Tapadu Ky3Faamac
3TUO KOTUPUATaAH CNUPaNn NPYKUHAHUHT NACTUra
WAWHIaH M — Mmaccanu tok4agaH nbopatamp,y F = —kx -
3N1aCTUK KyY TabCupuaa rapMoOHUK TebpaHMma xapakaT O ’ F
KWUN |
maHTHMKHMHl‘ XapaKaT TeHr/1amacu X
. .k -
mX=—-kx ww x+—x=0 mg
A - m 4
YacrtoTta Ba gasp NMoTeHUMan sHepruacu
k m 9° X" 2
o — /_ iy 1 [ Mo _k
m k ) 9
NwKanaHuw Kyum xucobra onnHraHparu Xxapakr mx = —kox—rx
TeHrnamacu T
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r — Kapwuamnk KoappuumeHTn
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ed
\ MaTemaTuk MasasTHUK

Mamemamuk MasmHUK — OFUPAUTA Xncobra
oNnuHMmanmauraH | yayHamkaarm 4ysmamamamrad unra
OCU/ITaH M Maccanv MoAANIA HYKTaAUP, Y OFUPINK

Ky4YM TabCUpMaa rapMoHMK TebpaHma xapakaT
Kunagu.

KautapyBum Kyu

. X O KWYMK Bypuaknappa
F=Psmazxmga = mg7 P PA
x~loa
YpaBHeHUe ABUXEeHUA MAATHUKA
. X
mi=-F =—mg - YactoTa Ba gasp

’cr f[
T S w=.2 T=2r |—
a+71—0 ] g






PU3UK MAATHUK

PuU3MK MaATHUK Aeb, XKUCM macca mapKasnaaH
YTMauguraH, ofFMpiuK YKu atpoduaa oFupanKk Kyuum
Tabcupuaa TebpaHaguraH KaTtTuk XXUCcmra autunagm.

OU3UK MAATHUK MyBO3aHaT X0/1aTUAaH o bypyakKa
OFAMPUATaHAa YHra Kynuaaru Kantapysum Ky
MOMEHTU TabCUp 3TaaM

M=JB=Jé

Knumk bypyak octmaa

M =F.l=-mglsma=-mgla

F_=-mgsina

— KauTapyBuM Kyd (¢ Bypyak owmnm WyHanuwmra
TecKapu 6yaraHu yyyH, MUHYC ULLOpa

bunaH onnHaau ).



DPU3UK MAATHUK

duU3MK MasaTHUK Aeb, XKMcm macca mapKasmaaH
YTMauguraH, ofFMpnK YKu atpoduaa oFUPAnK Kyuu
Tabcupuaa tebpaHaguraH Katrtuk }XUcmra autunagu.

OU3MK MaATHUK MyBO3aHaT XxonaTuaaH o bypyakKka
OFAMPUATaHAA YHIa KyMuaaru Kamtapysum Kyy
MOMEHTM TabCUp 3Taam

M=JB=Jé

Knumk bypyak octmaa

mg

M =F.l=—-mglsina ~—n {— O ocUAMLW HYKTacuaaH yTraH
VKKa HUcbaTaH MaaTHUKHUHT
{FT = —mgsin NHEePLUA MOMEHTMU,

— KauTapyBuu Kyd (o Bypyak owmL [ - ocnnnw HykTack Ba €
Teckapy 6YAraHu yuyH, muHyc MAATHUKHUHT Macca MapKasm

bunaH onnHaagm ).

opacuaarn macoda,

B - Bypyakam Te3naHuLL
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DPU3nK MaaTHUK

MaATHUKHUHI XapaKaT TeHrnamacu

Jé +mgla =0 d+m7g]a:0

FapMOHUK TebpaHULINap TeHr1amacu

a=a,cos(at+¢) |

Yacrora Ba gasp

mol J
o = e - I'=2n |— =
= § mgl
g J || ®U3MK MaATHUKHUHT KeATUPUATaH Y3YHANIU — WY GU3MK

'MaATHUK TebpaHuLl gaspura ara 6ysiraH matemaTmk
MAATHUKHUHT Y3YHAUTUAUP.




| dNneKTp TebpaHULL KOHTYPU

Inekmp mebpaHuw KoHmypu aeb, L NHAYKTUBAK
fantak, C cuFmmnm KoHaeHcaTop Ba R KapwuamkaaH R
TAWKWA TONTAaH NEeKTP 3aHHKUpUra aﬁmna,qn.

e
3aHXupAaaru 3apag, TOK Ky4m Ba KYYNaHULLHWUHT ]
AABPUIA Y3rapuwunapu anekTp tebpanHuwnap neb
aTanagm.
3aHXXUPHUHT BUp Kucmum TOK Kyum

4yyH OM KOHYHU
y4y yn ¢ A7 dq
IR=¢ -@,+¢&, uu IR=-—>-—-L— ] = —=
] C dt At
q ‘ t UXTUEPUIN BAKT MOMEHTMAA KONJ1amanapaaru

O —@Q, = ——

- C [ noTeHumnannap papkm.




TebpaHuw KOHTYpUAA 3apnAWre PaHULLMHUHT agudpdepeHuman
TeHrn1amacm:

d’q Rdg 1 . R, 1
— + =0 wu +—g+—qg=0
i L 1c? 179709

t=T

-
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T e e T e T et D e R

TebpaHULL KOHTYPUAA 3PKUH FAPMOHUK TebpaHuLuiap

3apAAHUHT 3PKUH rapMOHUK TebpaHMLLIK
anddepeHuman TeHramacu

d‘? N 1 e
| di- LC
L]\/q =g, cos(at+9)

TeHrnamaHuHr e4MMUM — TAPMOHUK KOHYH
KYPUHULLKMAGTM 3aPAAHUHT Y3rapuil KOHYHM

TebpaHuw gaspu — TomcoH npoaacu ' ) | 7T = 272'\/LC |

1
TebpaHuw YacToTacu )= ——
4 NLC

FAPMOHUK KOHYH KYPUHULLIMAATM TOK KYUYM Ba KYYNAHULWHUHT Y3rapuilm

-

[=—=-wq_ sin(ot+@)=1__ cos((:)t+go+%)
g - |

U===U__cos(or+
C max ( ¢)




INEeKTP KaTTaanKnap MexaHWK KaTTanuKknap
KoHpaeHcaTop 3apaau q(t) KoopanHaTta X(t)

3aHXUpaaru ToK ;=% Te3nunk | -==£"r‘
MHAYKTUBHOCTb | L Macca m
Cufmmra Teckapu bynraH 1 Bukpank k
KaTTa/IuK c
KoHaeHcaTtopAaaru g INACTUK KyM kx
Ky4Y1aHULL C
KOHOEHCAaTOPHWUHT | ﬁ | [TpYyXUHAHUHT
3/1eKTP Mana0H ;}C NOTEeHLMaN IHEepPruacu ‘L%
IHepruacu
fanTakKHUHT MarHuT I KWHEeTUK aHeprusa m?
MaWAOH 3HEepruacu 2 2

MarHuT okmum LI Nmnynbc mo



O'zgaruvchan tok zanjirda induktiv va sig'im
garshiliklar




O'zgaruvchan tok zanjirda aktiv, induktiv va sig'im
garshiliklar




O'zgaruvchan tok kuchi va kuchlanishi

Il,l'lf:: —d L.i"{__ == {"'Il-i"l'l COs L'-l-l.]-r-

] =— = —CU, sinot =
dr ’

m
=1 u:n:;(n:lf -+ 2—)

T T E—"rm
l., = mC L m — l.]f{mt,)] .



Re = 1/lwC) Y

U,= —1.cosot.

m ], _T_]f[m[jl =

g = — : 5 1 \2

U = U, coswt, I'= I, cos (ot — ),



O'zgaruvchan tok zanjirda garshiliklar

Z = l R* + (th T @C ) - X =R, — j{{. = ol — mE

= )/R? + (R, — R¢)?

[ tg @ = wlL/R,
i I =U./ iE? + {[:I_]j!l.-}?:.

=



Tok kuchi va kuchlanish fazaviy diagrammasi

WL I m

wLl oo
3 U Rlm




O'zgaruvchan tok zanjiri

[ C
j | £
[ L
() e )



Kuchlanish rezonansi

ol = 1/{wC), W, = 1/ ]/ LC.

{ U I.h‘!-L"!- - { ["r{",]'.:t}l: T

v /L
{L J'.]]'.nc:-: = tl'[-”l-f'}_:"-l.":“- - —I"f C I
L]/L
- [ —U_ =0U,,
R l‘l (:-\-l [Ty L



ifl — Im] COS (fl-}r - {.-pl}'! I _ LFE"

! 1,f{{1]{i‘} ..

gp, = — oo,

IE == ‘rn12 COs {mr o (I}g}.: I = L-'Tn-l I."II{'.T.'L}

Im 2

IE(IJE = - 00,

Iy =1, —In, | = Uy |0C — 1/(oL)].



