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COopHHK conep T (GOpMYJIBl M3 Kypca oOmeid (U3UKH, KOTOpBIE OYAyT MOJC3HBI
y4dampyMcesl CTaplIMX KJIAcCOB IIKOJ NPH ITOArOTOBKE K ONMMIMAJaM M ITHCHMEHHBIM
BCTYIHTEIbHBIM dK3aMeHaM 10 ¢u3uke. Bece popMyIbl H3I105KEHBI B KOMITAKTHOM BHJIE C
HeOONBIIMMU KOMMEHTapusMH. COOpHHK TaKKe COJEpPKUT I0JIe3HbIE KOHCTAHTHI U
NpoYyro HHHOPMAIIHIO.
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dusnyeckne KOHCTAHTEHI.

Ha3BaHue KOHCTAHTHI. 00603H. 3naveHue. HN3mepenue
CKOpOCTb CBETA B BAKYYME C 299 792 458 M/C
DnieMeHTapHbLA 3aps e 1,6021892-10°1° Kn
Macca nokos 351eKTpoHa me 9,109534-1073! KT
Macca nokos npotona My 1,6726485-1072%7 KT
Macca nokost HeiiTpoHa mn 1,6749543-10%7 KT
ATOMHAsI €IMHUIIA MBICCHI u 1,66057-10%7 KT
Iocrosinnas Inanka " h 6,626176-10 - Hoxc- e

h=—— | 1,054887-10"% M -c

2

[TocrosuHas Bosbumana k 1,380662-102 Jx/K
[MocTosHHAs ABOTaapo Na 6,022045-10%3 MOJIB !
["a3oBast MOCTOSHHAS R 8,31441 H% ons K
[Mocrosnnas dapanes F 9,648456-104 Kn/Momb
ATtMmocdepHOe 1aBieHne Py 101325 ITa
O0beM 1 MoIb HEaIBHOIO ra3a Vo 22,41383 M 3/Monb
MarHuTHas MOCTOSTHHAS Lo 47-107 I'n/M
DieKTpuYecKas IOCTOSHHAS Eo 8,854188-10°12 D/M
I'paBHUTAIMOHHAS TIOCTOSTHHAS G 6,6732-1071! H m?/kr?
YckopeHue cBOOOAHOro HafeH s g 9,80665 M/c 2

Cuctema eanHuy CU.

- CCMb OCHOBHBIX CJIHHUII:

metp L, kunorpamm M, cexynna t, amnep J, kenssun T, Mons 9, kanzaena I;
- IBE TOTIOJTHUTEIILHBIX CIUHUIIBI: pafiad | CTepaJnaH;

Mpucrasku CU.

npncras nopaa npncras, nopsa. npucras, nopsa. npucras. nopaA.
skca | O | 18 Mera M 6 JICTIH i -1 HaHO H -9

mera | IT | 15 KHJIO K 3 CaHTHU c -2 ITHKO m| -12
Tepa | T | 12 TeKTO | T 2 MUJITH M -3 demto | § | -15
rura | I 9 neKa na 1 MHKPO MK -6 aTTo a| -18




MexaHuka.

KuHemaTuka.
0603H. N3m. Cw™mbIcn
! M OyTh
S M IepeMelleHue
X M KOOpAWHATA
! C BpeMs
U M/C CKOpPOCTh
a m/c? YCKOpEHUE
w paja/c | yriosas CKOPOCTb
R M pamuyc
T C S0 (i
) ¢! 4acToTa
& pan/c 2 | yIJIOBOE yCKOpEHUE

CKOpOCTb 1 YCKOPEHMe.
= . das dr . do
S=ar, v=22=2, -2,

dt dt dt

PaBHomepHoOe ABwxeHne: T = const

S=vt, x=x,+Ut;
PaBHOYCKOPEHHOE [IBUXKEHME:

- L - S - at
a = const, U=10,+at, S=UOt+7,
BpaluatensHoe aBukeHue.
. do . . = - . . dao
a):—(o, v:[a)xR], au:[a)xv], &E=—-,
dt dt
2r 1
pasnomepnoe: @w=—, Y=—, U=oR,
T T
£2
PAGHOYCKOPEHHOe: W= Wy +&t, @=of+——,
a,t

v=vUg+a;t, L=v+
KpnBOnNMHENHOE OBMXEHME.

d=d,+d,, d=a,é,+0Ré,;




OnHaMmuka n crtatuka.

Odbosn. H3m. CMbIC 0bos3n. H3m. CMbIca
F H cuia W, E U Jx SHEPrust
p KI' M/C | mmmymse A Jlx pabora
a Mm/c? | yckopenue N, P Bt MOIIIHOCTb
m KI' macca ! C BpeMs
U M/C CKOPOCTh J Kr M2 MOMEHT HHEPLHU
P H BEC Teia L Kr-M2/c | MomenT ummynbca
H - k03pd. Tpenns M Hwm MOMEHT CHITBI
5 YCKOpEHHUE
g M/c CBOOOTHOTO MaJCHHUSI w paﬂ/ C YIJ10Basi CKOPOCTh

MNepBbIit 3aKkoH HbloTOHa:  eciIn ZF =0, To T = const.

BTopo# 3akoH Hetotona:  F, =md  (npu m=const)
- _ dm - o —
B o0mmem ciyyae: F'), = ma +E’U WM B UMITYJILCHOM (opMme: Fp dt=dp,
TpeTui 3akoH HbloToHa: 17“12 = —F’zl

OCHOBHO# 3aKOH JIMHAMUKY [Tl HEUHEPIUAIBHBIX CUCTEM OTYETA.
ZFI/ICO +ZFHI/ICO =ma

Cunbl uHepuun(HUCO)
1) Cutel mHEpPIIH — HE CHIIBI B3aUMOICHCTBUS

2) Bosznukarot Toipko B HUCO
3) He noguunsiorcs 3my 3akoHy HproToHa

4) a) eciu cucTeMa JBIKETCS ITOCTYATENbHO, TO F;Hepu =—ma ,rae d-yCKOpEHHUe
HUCO

6) no oxpyxuoctu Fi o =—md,

B) eciu Teno nBrxkercs otHocutensHo HMCO co ckopocThio U TO

F;(Opj_@ I::;OPJ_(?) F;cop:2[a3x77]:2mvwsina A=TUA®D
Hanpaenenue @ onpejenseM MO NpaBWily OypaBudka: BpamaeM OypaBumMK IO
HanpasieHuto apwkeHns HUWCO otHocurensHo MCO, mocTymaTenbHOE ABHXKEHHE
OypaBunka Gy/IeT HalpaBJIeHHE (0
JleBast pyka: NepHneHAMKYJISPHO JaJOHU — COCTaBJAONIas @ (NMepHeHIUKYIsApHas U),
4manpla — CKOpoCTh, OOJIBIION Majel — CHiIa.

Ycnosue paBHOBeECUA Ten: ZF =0mu ZM =0




OvHamMmuka n ctaTtuka BpaLwaTesibHOro ABNXXeHusl.

M= [}7 X 1::'} — MOMEHT CHJIBI L=Jao= [7 X ﬁ] = mMUr SIN @ — MOMEHT UMITyJIbca

M at =Jaw=aL , rae M-MOMEHT BHEIIHMX CHI OTH. OCH BPAIICHHS

e

— 2 — 2 —2
=5ml =<ml =imr* J=3imr? =2mr’

Teopema lMoitrenca-WreiHepa: J, =J, +(M +M,)a’ 7_‘!”30%
1

3aKoH BCeMUNPHOIo TAroTeHus.

F =g g gMm p=L |4
R’ 2a m\ GM

3akoHbl Kennepa

1. Kaxnmas maHeTa ABIKETCS IO AIUIUIICY B OJTHOM U3 (JOKYCOB KOTOPOT'O HAXOIUTCS
ComHrie

2. Panuyc BeKTOp IJIaHETHI 32 PaBHBIE IPOMEKYTKH BPEMEHH 3aMETaeT paBHbIC
IJI0LAAH

A0 T

aS
' § =—— — CeKMOPUANbHASL CKOPOCMb
‘ af
. | s=1URsina

3. Ksaapatsl BpeMeH 00palieH st OTHOCSATCS KaK KyObl OOJNBIIMX MOIYyOCeH UX OpOUT
2 3
LR 2
2 3
T} R GM_

Cuna tpenust: Fop 1o max = Frp o =H N,

Dedopmauun
F np =—k aX - 3axon I'yka 0ns dehopmupoeannou npysicumbsl.
3akoH lNyka: o = E|5|

al np
&= 7 — OMHocumejlbHoe ydﬂuHeHue O = ——— — MexaHu4eckKoe HanpsdiceHue

E — mooyne FOnea (npodonvnoii ynpyeocmu)



PaboTa. QHeprusa. MowHOCTb.

L dA
A= (F . S) - paboma N Zd— - MOWHOCMb N = FU - mowmnocmo cunsi
t

A mu? mvl.  Jw?
n=—1r Ey = Ex=—="+ - 013 méepdo2o mena

Anonyq 2 2
E = mgh - NOMEHYUANbHASL IHEPeUsL NOOHAMO20 HAO 3eMell mead.

Joc 2

E I = —— - NOMEeHYUATbHAS IHEP2US NPYHCUHDL
EMex = EK + EH AHeKOHC :AEMCX

3aKOHbI COXpaHeHUs.
P =mU - umnyivc mena.
3akoH coxpaHeHusa umnynbca (3CH)
MMiynbe 3aMKHYTOH CUCTEMBI OCTAETCsl BEJIMUYMHOM ITOCTOSIHHOM.
LenTp Macc 3aMKHYTOM CHCTEMBI H3MEHHUTH CBOIO CKOPOCTh HE MOXKET.
3aKOH COXpaHEHHS UMITYJIbCA MOXKHO IPUMEHATh B PEAIbHBIX CUCTEMAX €CIH:
a) CyMMa BHEIIHHX CHJI paBHA HYIIIO;
0) eciu cymMMa MPOEKLMI BHEITHUX CHJI HA KAKOE-TO HANPaBJICHUE PaBHA HYJIIO, TO
MIPOEKITUS UMITYJIbCa CUCTEMBI Ha 3TO HAIPaBJIEHUE COXPaHAETCS;
B) BHEIHHE CHJIbI JJSUCTBYIOT, HO OHH OI'PaHWYEHBI, a MX JICHCTBHE KPaTKOBPEMEHHO 1
N3MEHEHHEM MMITYJIbCa CUCTEMBI MOKHO TTpeHeOpedb;
I') BHEIIHWE CHJIbI OTPaHHYCHBI, TOPa3/l0 MEHbIIIE BHYTPEHHHUX U UX JIeHCTBUE
KpPaTKOBPEMEHHO.
Teopema o ABMXKEHUU LieHTpa Macc
Lentp macc ABMKETCS KaKk MaTepHaIbHAs TOUKa, Macca KOTOPOH paBHa CyMMapHOI Macce
BCEH CUCTEMBI, a IEHCTBYIOIIAsL CHUJla — TEOMETPUYECKOI CyMME BCEX BHELIHUX CHUJI,
JIEUCTBYIOIINX HA CUCTEMY. ) 217[
CKopocCTh LIEHTpa Macc: U, =
3aKoH coxpaHeHus aHeprum (3CJI) 2m
MexaHuueckas 3HEprus 3aMKHYTOM KOHCEPBAaTUBHOM CHCTEMBI OCTAETCA

noCTOsHHOM. E o 1 = E ok 2

3akoH coxpaHeHMsa MoMeHTa umnynbca (3C MU)
MOMEHT UMITyJIbCA 3AMKHYTON CUCTEMBI COXPaHSAETCS.
MOMEHT UMITyJIbCa HE3aMKHYTOM CUCTEMBI COXPAHAETCS B CIEAYIOLINX CIyJasiX:
a) CyMMapHBIIl MOMEHT BHEUIHNUX CHJI paBeH HYJIIO;
6) eciii MOMEHT BHEIIHUX CHJI OTHOCUTEIBHO HEKOTOPOI OCH paBEeH HYyIIO, TO MOMEHT
UMITyJIbCa OTHOCUTENILHO 3TON OCH COXpaHsETCs.



rVI,EI,pOCTaTVI Ka, rmgpoaonHaMukKa.

O603H. | M3Mm. CwMbICa
o H/™m KOX(QHUIHEHT MOBEPXHOCTHOTO HATSKEHIS
v Mm/c CKOPOCTb JKHUAKOCTH
N M2 IUIOINAb
P Kr/m3 TUIOTHOCTD KUAKOCTH
m F,Z[aBII
pP=— =M1 P=pgh (dasrenue na enyoune h).
14 S
Cuna Apxumepa: F,=gp,. Vs

3akoH lMackans: napneHue B OJHOM U TO# e KHUIKOCTH HA OJJHOM YPOBHE OJJMHAKOBO.
5 F
S, S, - (cudpasnuueckuii npecc).
YpaBHeHWe Hepa3pbIBHOCTH (11 1aMUHAPHBIX Tedenuit): PS5, U, = 0,5,U,
YpaBHeHue BepHynnu

2 2
U P v P
—1+L—1=—2+L—2, eoe y=C,/C,
2 y=1p 2 y-lp

2

PY

HJIcaJbHEIN ra3:

KUIKOCTB:  pgh +

2

2
+P|=pgh2+p;}2+P

YpaBHeHue umnynbca ans notoka uaeansHoro rasa S, (P + p,vi) =S, (P, + p,U3)
Yucno PeriHonbaca Re = p_UL ~ 5
Y7 T

Cua CONPOTHUBIICHUS, TYPOYJICHTHAS (13-32 PAa3HOCTH JIABIICHHUS HA EPEIHIO U HA 33/HIOK0
CTEHKY)

ITpu Re<10 moxHO npenedpeus R no cpaBuenuto ¢ T. U HaoOopoT.

5 20e S — mowadb MAKCUMATIbHO20 NONEpPevH020 ce4etusi; p — Na1omHocms J;cudkocmu;

2
R=cs’?

U — ckopocmb omuocumensho nomoxa; C — 6espasmephuiii Kodghe., sasucsauyuti om popmot :
onsikpyanozo oucka C =1.1+1.2;0nawapa C = 0.2 +0.4; 025 kanau C = 0,04

Cuia BA3KOT0 TpEHUS, TJaMUHapHast
, L —easkocmb (Ila - ¢); v — ckopocmb omu.nomoxa; L — xapaxmephwiil pasmep meia

T= B,U vl (051 wapa — paouyc); B—, 6espazmepnulii kospuyuenm(oas wapa 6)
®opmyna Ctokca (st wapa) 1 = 6zuvr
N AV AP _,

Teuenne Ilya3zeiiis —=0=7mp——R" (naMuHapHas BA3Kas KUIKOCTb IO TPyOE)

at 8n!
Kan nnnsApHble ABlIeHUnA
Fo.= ol W.s=0S - CUNA U IHEPIUsL NOBEPXHOCIMHO20 HAMANCEHUSL.

1 1
®opwmyna Nlannaca: AP=¢c| —+—
Ry Ry
20 cos @

h==""""" - BbICOTA IOABEMA XUJKOCTH B KaIIUJLJISPE.

p8r



MonekynsipHasi ¢pusuka. TepmoOuUHaMUKa.

00603H. W3m. Cwmblcn 0O0603H. N3m. CwMbIC

P Ia JIaBJICHHE H KI/MOJb | MOJIsIpHAsi Macca
|4 M3 o0BeM ) MOJIb KOJI-BO BEI[eCTBA
T K TeMIepaTypa i - KOJI-BO CTEII. CBOO.
N — YHCIIO0 MOJICKY T U Jhx BH. HEprus rasza
n M3 KOHLICHTPALHSI 0 JIx KOJI-BO TEILIOTHI
m KT Mmacca B-Ba C Jbx/kr | TemnoéMKocTh

my KT Macca MOJIEKYJIbI n — KIIJ

YpasHehue Tennosoro 6anauca: o= nomwu

O=cmAT - mennoma na nazpes (oxnaxcoenue)  Q=Am - nnaenenue (Kpucmaniuzayus,)
=rm - napoo6pazoganue (KOHOeHcayus =gm - ceopaHue.
[pooOp Y q p

TennoBoe pacluMpeHue L=0y(1+aal), V=Vy(l+paT), B=3a

YpaBHeHne CoOCTOSAHUA.

N _ N m o [RRT
n—;, p=mn, Q—N—A—;, <EK>—EkT v, = '<U2>: 7

1
JmHa cBobomHOTO TTpobera: A =
. \/Eizd n
R=.\/v Ketﬂ — cpeonee nepemeujeriie MOAEKyIbl 3a 8pems t

OcHoBHoe ypaBHeHne MKT: P = §m0n<vz>

m
PV =—RT -ypasuenue cocmosmus (ypasuenue Mendeneesa- Knaiinepona)

P =nkT - ypasnenue cocmosnus ¢ popme Bonvymana

Ecnu ra3 ofHOaTOMHBIN — YHCJIO CTEIICHEH CBOOOIBI i=3, €CIH ABYXaTOMHBIN [=J, eciin
TPEXATOMHBIN UM MHOTOATOMHBIH i =6.

T=const | nzorepma | PV=const | 3akoH boins-Mapuorra

P=const | nzobapa V/T=const | 3akoH I'eii-Jltocaka

V=const | uzoxopa P/T=const | 3akon lapns

3akoH flanbToHa: P = ZPI' (02151 Oaenenust cmecu 2az08)

P _Hgh
L _ L bapomerpuueckas popmyna: P, = Pye RT

p. b

BuaaxkHocThb Q=




TepmogmnHamuka.

A=PAV -pabomaceaza. U = éDRT

3aKoHbI TepMoaAUMHaAMUKHN
1. A0=A+aU (ne cymectByeT BeUHOTO JBUTATENS IEPBOTO poja (T.e. ¢ KI1J1>100%))

2. HCJIb3s TCIJIO MOJIHOCTHIO IEPEBECTU B pa60Ty (He CyIl. BEYHOT'O JABUT'AaTCJIsd BTOPOTo
poxa (t.e. ¢ KII[1=100%))
3. aGCONMIOTHBI HYJIb HEJOCTHKUM
C= Q _ yAeIbHas TEINIOEMKOCTh C’# = g — MOJISIpHas TeILIOEMKOCTD
ma VT
U3onpoueccobl

1) wmsobapuueckuit (P=const) Q=4 +aU C,= 5(1 +é) A=YRAT
Y7,

i
Q=IRaT(1+2)

2) wmsoxopuueckuii (V=const) Q=aU = éDRAT C = Eé A=0
y7,
3) wusorepmuueckuii (T=const) 4 =IRT lnﬁ C, >
2
4) anuabaruueckuii (Q=0) PV’ =const - ypaBHeHue lNyaccoHa
_ & _ i+2 a) cocyo [vroapa
i 6)ovicmpoe AV eaza
. C-Cp
5) mnomutponmueckuii (C=const) PV " =const, n=——
Cc-Cy
eron B QOT T, max__ T, min
Huxa Kapuo UKHPHO = Al A=

Qnonyq Y—I‘“nax

Tennossie mawnubl (7, > 7))

Xonoounvras ycmanoeka (0XJIaxAaeT KaMepy)

77:

o

4 T-T,

, 20e O —menio, omuamoe y Kkamepwl, A— paboma Hewnux cui

Tennosoii Hacoc (HarpeBaeT TOMEIIICHHE)

2%2—
A4 T-T,

1

, 20e Q —menio, omoannoe nomewjenuio, A— paboma eHeWHUX cul



Anekmpu4yecmeo U MacHemu3m.

O0603H. | U3m. CMBICTT O603u. | U3m. CMbICT
i A/M* | mmotHOCTB TOKA

q K | 3apsan J

E B/M | Hanpspk€HHOCTH R OM | conpoTuBIeHHE

[0 B TOTEHITHAT & B SJ1C

€ — JI3J1. TIPOHUIIAEMOCTh B Tn | marH. MHAYKIKS

U B HaNpsDKEHUE H A/M | Hanp-Tb Mars. noss

C [} EMKOCTh D B6 MarHUTHBIN MTOTOK

J A TOK L I'u WHTyKTHBHOCTH
AneKTpocTaTUKa.

3akoH coxpaHeHus 3apsaga: B 3aMkHyTOM cucteme Z q; = const

1

I a4
3akoH KynoHa: F= 122
dreg, r
i F p-_ L 4 p_de_e-e, 1 4
q dree, r? dx d dregy 1

U=0,-¢, Wg=9q A=Eqax=q(p,—¢,)
MpuHUKun cynepnosvuum : Epw = in Des = Zgok
i k
[Ipu paBHOBECHM 3apsA 0B B IPOBOJAHUKE, 110JIE€ BHYTPU MMPOBOJAHUKA OTCYTCTBYET U
HeCKOMHeHCI/IpOBaHHOFO 3ap;u:(a BHYTpI/I HCT, CUJIOBBIC IMHUHA L HOBerHOCTI/I HpOBOI[HI/IKa,

HE3aBHUCUMO 3aps’KE€H OH WJIN HET; BCE TOUYKH JII000r0 IIPpOBOJHHKA 00J1a1al0T OJUHAKOBBIM
IIOTCHIIHAJIOM.

Teopema MNaycca: IToTok BekTopa HANPSHKEHHOCTH AJIEKTPUUECKOTO MOJIS Yepe3 3aMKHYTYIO
MOBEPXHOCTH IPOMOPLUOHANICH MOJIHOMY 3apsily 3aK/II0YEHHOMY B 00beMe, 0XBAaTHIBAEMOM

9TOM MOBEPXHOCTHIO gs EdS = 1 z q
s &y

SBE -d?=0 - Teopema o uMpkynaumm.
L
Teopema UpHwoy: YcToilunBOoEe paBHOBECUE B ANEKTPOCTATUUYECKOM I10JIE€ HEBO3MOXKHO.

[JdaBneHue nons
Ecnu 1o ogHy CTOpOHY OT 3apsyKEHHOW MOBEPXHOCTH HAIIPSDKEHHOCTH T10JIs1 paBHA E 1> a1o

JIPYTYIO E2 , TO B HAIIPaBJICHUH OT MIEPBOX 00IACTH KO BTOPOH JICHCTBYET CHiIa,

&
obycnosienHas qasnenuem P = 70(E22 - E12 )



O = — — NOBEPXHOCMHAsSL NJIOMHOCMb 3apﬂ()a

(o} o

E=— =—/|x
naockocmu 26, @ 26, |
0 ,npur<R k%,npur<R
chepa E= ;4 >R p=
PR kg,anFZR
r
r 3R?—r?
k%;npur<R —q( 3 ),npur<R
wap E= Q= 2R
k%:”}?“”ZR kz,npu r=R
r

MeToa anekTpocTtaTtuyeckux nsobpaxeHum

R INorennuanst A u B paBHEI HyJIIO.
-q // - +q  +q,
(5\:: Ecnu map He 3a3emiieH, a 3apsbKeH 3apsoM
S Q, TO K pUCYHKY s00aBisieTcs 3apsiz
q, =0+q, BTOUKE O
KoHnpeHcaTopbl
—1 27 1 cu’
q=CU W,=35,EV =3(qp,+q,0,) , ecu ¢, =—@, mo W, = >
£,ES R R
Mockuii: E = —2 c== C o pepuncoruis = dre e ——2—
£,&S d 21
IlocnemoBaTeabHOS COCIUHECHHIE IapannensHoe CoeAMHEHNE
qoﬁmqu:qZZ“'ZQn qo6u4 :ql+q2++qn
= + +...+ = = = .=
U06u4 Ul U2 Un U05u4 — Ul — U2 — eee — Un
| I 1 1 —
—=—t—+..+— Coém_C1+C2+"'+Cn
C06u4 Cl CZ Cn

Ecnu xoHIeHCATOP MMOAKITIOYEH K OaTtapee, HaPsHKCHUE Ha HEM U3MEHUTHCS He MOXKeT. Ecim
OTKJIFOYEH, TO HEM3MEHHBIM OCTaHETCS eTo 3apsij



AnekTpoanHamuka. MoCTOAHHbLIN TOK.

3 E A
ﬂ=envS 3=£ - 3aKoH Oma - j:i:ﬂ & =P
at R S q

J=

A}

R= pE ; R=Ry(1+aAT) - memnepamypHoe usmenenue conpomusieHusi.

l 1 ~ ~
[MapaniensHOe coerHEHNE TPOBOAHUKOB: U=const, E = ZR_ J= Z"i

IMocnenoBarenpHoe coenuaenue: U = ZU i, J=const, R= z R,

1

2
Q=A4=Unrq=TUAt=T?RAt = %At - 3axon J]rcoyna—Jlenya.

3akon Oma (17151 HEOTHOPOTHOTO yyacTKa LIEMH)

l_:;_r DT> (p,—p)-E=(R+r)

R i | ~ o~

A B 2)T « (¢3_¢A)+%_J(R+r)

MepBoe npaBuno Kupxoda: Anrebpandeckas cymMma MOAXOMAIMX K Y371y TOKOB PaBHA
anreOpandecKoil CyMMe BBIXOSIINX U3 y3J71a TOKOB

Btopoe npaBuno Kupxoda: B 3amkayTOM KOHTYpE airebpandeckas cymma 3J]C paBHa
CyMMe MaJICHAH HaNpsDKEHUH Ha KayKAOM ydJacTKe KOHTypa

MeTon y3noBbIX NOTeHUunanoB

[Morenuuan y3na, KOTOpbI HEOCPEACTBEHHO NOAXOIUT K OTPULIATEILHOMY IOJIFOCY
ncrounuka npuHATh 3a 0. CoctaBuTh (n-1) ypaBHEHUH TOKOB /IS N y3710B. Kax1blit TOK,
BXOASAIINK B ypaBHEHHE, BHIPA3UTh YE€PE3 Pa3HOCTH ITOTCHIMAJIOB M CONTPOTHUBIICHHE 3TOTO
ydacTka. [TomydeHHbIe BEIpaKCHNUS MOJICTABUTH B ICXOAHBIE YP-51 TOKOB.

3aKOHBI 2JIeKTPOJIH3A.

1
m= ﬁ—jf ,e0e F =N e =96500-"= 1011120 muna uonos
7 F o
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Teopema B3aMMHOCTH
PaccmoTpuM aBa KOHTYypa ¢ TOKaMu ’J/ ulJ , - IIpy 1aHHOM PacIOI0KEHUU KOHTYPOB

MAarHMTHBIN OTOK, IOPOXKAAEMBIN B IEPBOM KOHTYpPE MarHUTHBIM I10JIEM, KOTOPOE CO3JaHO
TOKOM BTOPOT0 KOHTYpa, paBeH D, , = L, 232 , 00paTHOE COOTHOILICHUE UMEET BUJL:

(Dz,] = Lz,l"’l , IpHYEM Ll,2 = Lz,1
3akoH buo-CaBapa-lannaca

~ v
DneMent nposoaa Al , M0 KOTOPOMY TedeT TOK J , CO3JaeT B HEKOTOPOii
TOYKE CpeZbl MArHUTHOE I10JIe, MHIYKIUS KOTOPOTO 00paTHO
MIPOTIOPIIMOHANBHA PACCTOSHHUIO I' 10 TOUYKH HAOTIOICHUS

g Mt Jalsina

4 P

Teopema o umMpkynaumm
PaccMOTpUM NPOU3BOJIBHBIN 3aMKHYThIH KOHTYp £ U 3a1aquM Ha HEM HAIpaBlieHre 00X0a.

OGo3Haunm B, -npoekimio B Ha HanpasieHue 3MeMeHTa KOHTYpa Al CocraBum cymmy

MPON3BEACHUIT Z B, al.3ra CyMMa — HUPKYJISIHs BEKTOpa B 110 3aMKHYTOMY KOHTYDY /.
Hupxynsauusa BekTopa B o npon3BiIbHOMY 3aMKHYTOMY KOHTYPY paBHa IPOU3BEICHHIO

,uoj ,Tae J -TOK, MPOHU3BIBAIONINIT KOHTYP, O KOTOPOMY OGepeTcs HUPKYIALHUS.

Hmeem cmobicn pacemampueantb mojlbKO KOHmMypbl, jeaicaujue 6 niloCKocmu, nepneH()uKleﬂpHozZ

NPOBOOHUKY.
&,cE’ H?
DHeprus noJs w,="0oV W, = HHT v
2 ’ 2
NMepeMeHHbIN TOK
é
T max =— L=Zp+7Z;+Z - noanviii umneoanc nociedo8amenvHol yenu.
U |
T 7, =ilw | Je —
L Ue Ze ioC
~ T U, §
neiicts — ﬁ ’ neicTB — ﬁ - Oeu0m6yiou;ue 3HAYEHUA.
TpaHcdopmaTopbl
)
e=-2" (Cgl:nle (ngznze
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k0a¢heh. mpancgopmayuu k = ﬂ ~ é n= Uz—jz
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KonebaHus u eosiHbl. Onmuka. AKycmuka.

MexaHu4yeckue n ANIeKTPpOMarHuTHbIe Koneb6aHwus.
X =x,,sin(ot + @,) - ypagnenue apmonuuecKux KonedaHuil.

max
U= wx,, cos(wt+@,)

. 2r
a=-wx, sin(wt+@,) a=-w’x T=—

W= %ma)zA 2 - nonmas snepeus Kone6uoweiics MoyKu.

MpuvHumn MNownreHca: Kaxnas Touka 10 KOTOPOH B HEKOTOPBIH MOMEHT BPEMEHH JOIITA
BOJIHA, CTAHOBHUTCS HCTOYHHKOM BTOPHYHBIX Chepruueckux BoiH. [[0cTporB BONHOBBIE
MOBEPXHOCTH 3THX CHEPHIECKUX BOJIH K HHTEPECYIOIIEMY HAC MOMCHTY BPEMEHH U IIPOBEMS K
HHUM KacaTelIbHYIO, MBI IIOJy4rM (DPOHT BOJHBI B 3TOT MOMCHT BPEMCHH.

Cucmenma. Ilepuoo Luxa. Ypaenenue
uacmoma
Mamemamuueckuu Tear L e |2 i+80=0
MAsMHUK. g ] £
1 k
Tpyscunnvlil Teon ™ m:\/g PURLINP
MAAMHUK. g m m
7 .. b
Quszuueckuit Masmuuk. | ., | J e mgb i+ —o
mgb J
Konebamenvuwiii T =2nJLC 1 Lo |
O =—F— g+——q=0
KOHmYp. NLC LC

CnoxeHuve konebaHun.
A2 = A2+ A3 +24,4, cos (9, —@)), npu o;=w,
7 =27 - nepuoo nynvcayuu.

Aw

3aryxaroniue KoJiedanms.

i+2Bk+wix=0 w=\w;-B> x=A,e " cos(wt+p,)

¥+2B8%k+wix=f(t) Q, =\ w; -2p°

0= - 00OpomHocms = Nmk =
T K

L
E K —esa3Kocmb  k — ocecmrocmsb

x| =

Ynpyrve BOMHbI.

c , RT . E
KOPOCTb 3BYKa B ra3e: ¢ 3 = 7_ , B TBEPAOM TCJIC: 1y 38 = |
H p

A=vT, v=A1)



w dw duv

(dazosas U u rpynmoBast U ckopoctu: U =—, U=——0 U=Uv—-A—
k dk dA
AddekT Oonnepa (akycruyeckuii)
U
1+—2cos 6,
‘h vzaou—,ecnn U, <<u u U, <KU,T0
U
/91>/7)1 02 1+—Lcosd,
-t u
1 2 v —ov
T-ucmounux  2-npuemnux V=9, (1 —#cos 9) -yron mexay U, -0, u R,
T, Oapu c; <C,
Ompadicenue Xy = A orp Ap=
0, mpuc; >c,
e sinad ¢, Ap=0
eJloMleHue R = . _
P sinff ¢, Slnanpez[_cl/c2
OnTuKa.

A =nx - onmuueckuii nymo.

Hpunuun @epma: Jlyd cBera, NpOXOISIINNA Yepe3 ABE TOUKH, HAET MEXIY HUMH 10 TAKOMY
IyTH, AT IPOXOXKAEHHUS KOTOPOTO TpeOyeTcs HAMMEHBILIEE BPEMs 110 CPABHEHHUIO C APYTHMHU
BO3MOXKHBIMH MY TSIMH.

c

U =— - CKOPOCHb C8ema 8 Cpeoe |
n ol n
sina  n, 1
; = —— - 3aKOH nperfiomMmJsieHus. |
sinf8 n 3 n,
|
pod (m_ )1, i
F \n, R R,
1 1 1 _ nyn 06 "
dopmyna NUH3bLL: + — =+ —+ — 30T GO CODHPAOH, = ecipaccenBaiotiat
F d f !
1ust chepudeckoro 3epkana F=R/2 — 3HaK "-" ec/M Ha JIMH3Y TAJaeT CXOISIMIICA IydOK CBETa
h d

=— = - ygejuyenue JIuH3bsl. 1 .
H d —3HaK "+ ecM M300paKeHHe IHCTBUTENBHOE, "-" €CIi MHMMOE
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A A
UHTepdepeHuus: A, =izm3, A pin =i(2m+1)5
[Ipu oTpakeHnw OT ONITHYECKH OOJIee TUIOTHOM Cperpl (71, > 1) U OT 3epKaia ¢asza

KoJIeOaHUI yBETMYUBACTCS HA T, IPH OTPAKEHUU OT ONTUYECKU MEHEe IUIOTHON Win
NpY TIpENIOMIICHNH (pa3a He MEHSIeTCSl.

I/IHTqu)eDeHHI/lﬂ Ha IBYX OTBCPCTHUAX Konbua HpbloToHA
| ox _MAa AL R _ [RAGK+D
el max B £ max 2n
| “

YcnoBue Bperra-Bynbda:

dsina=kA
LkA LA
X = AX = —0
max E E

Teopusi omHocumenbHocmu (CTO).
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7, W mu mc
r=—FS—; [=lN1-v"/c"; pEe—m—m——; E=———
N1-v*/¢? ’ J1=v*/¢? N1-v*/¢?

ap="Fat; E*=E; +(pc)’ = -0=inv E, =E-mc
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KeaHnmoeasi hu3uka.

h- mocrosmmas [lmanka ~ E =AY - sueprus gotona P = — - ummyisc GoToHa
C

YpaBHeHue JiiHlITEliHA dddext Komnrona
muv* A
=m-A, 1 A=A+ A (1=cosO) A, =
Ao P m
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AmomMHas pbu3uka.

/1 ) 2

1 1 1
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2
Cepun: banemepa (Bugumas)n, =2  Jlaiimana (Y®)n, =3  Tamena (UK)7n, =4
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A=7Z+N
A — maccosoequcino
Anbda pacnaa: 4X >45Y+5 He
B : 4X >, 47+ Jetd
Beta pacnag: P 0
BT éX—)Z_1Y++1e+9

SHeprus ceasm appa: AL, = E\ouos — Egppa = (Zm , + Nm,)c Z-m.c?

CB

CZ
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3aKoH paAvoaKTMBHOrO pacnapa: N=N,-2
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