Koandpukarop
3JIEMEHTOB COJI€PKAHUS U TPeOOBAHUII K YPOBHIO MOJATOTOBKH BBINYCKHUKOB
00pa3oBaTe/IbHbIX OPraHU3aLMii 1Jis1 IPOBeeHHUs eJUHOI0 rOCYAaPCTBEHHOT 0
sk3amena no ®PU3UKE

Komudukarop 3meMeHTOB comepaHus 1o (usuke U TpeOOBaHHWN K ypPOBHIO
HOATOTOBKH  BBITYCKHHUKOB 00pa30BaTENbHBIX OpraHM3alMil A MPOBEJICHUS
€IMHOTO TOCYHApCTBEHHOTO 9SK3aMEHa SBIACTCS OJHMM U3 JOKYMEHTOB,
OIIpeJEIAI0IUX CTPYKTYpY U conepxanue KM EI'D.

Paznen 1. Hepeqem, JJIEMEHTOB COAECPKaHUA, IPOBEPAEMBIX HA €TUHOM

rocyiapCcTB€eHHOM JK3aMeHe 1o c]m3mce

B mepBom crondie yka3aH KOJ pa3lielia, KOTOPOMY COOTBETCTBYIOT KPYITHBIC
650kH copepkanus. Bo BTOpoM cTONOIE MPUBEACH KO dJIEMEHTa COMCPIKAHUS, IS
KOTOPOTO CO3a0TCsI MPOBEPOUHbIe 3amanns. KpymHble OJ0KH COMepIKaHusT Pa3OHUThI
Ha 0oJee MEJIKHE DIIEMEHTEI.

Kon
KOHTPO
Ko | supye
pasige| \oro DJIeMeHTBI CoiepKaHus,
Ja | 5neven npoBepsiemMble 3agannavmu KUM
Ta
1 MEXAHHUKA

1.1 | KHHEMATHUKA

1.1.1 | Mexaunueckoe nBmwkeHre. OTHOCUTEIBHOCTh MEXaHHYECKOI0
npmkeHus. CucTeMa oTcuera
1.1.2 | MarepuanbHas TOUKa.

Eg& paguyc-BexTop:

(1) = (x(0). y(0).2(0)),
TpPaeKTOpHs,

nepeMelieHue:

AF =F(ty) = F(1,) = (Ax, Ay, Az), o)
MyTh. /
CroKeHue mepeMeleHHil: X
AF, = AF, + AF,

<y

1.1.3 | CkopocTb MaTepUaIbLHOM TOYKHU:
. AF -
! At—0
— Ax —_ ’ J— r —_ !
v, = A =x,, amanormyno v, =y/, v.=z/
t At—0
Cnoxenue ckopocteit: U, =, + 7,
1.1.4 | Yckopenue MaTepualbHOR TOUKU:
. _AD a
a=—— =Uz’:(ax’awaz)a
At At—0 V
Av
p— X — ! —_ ’ —_ ’
a,=— =(v,),’, ananornauo a, = (vy )t s a.=(v.)"
At—0

1.1.5 | PaBHOMEpHOE MPSAMOJIMHEWHOE JBUKCHUE:
x()=x,+0,,¢
v () =v,, =const

1.1.6 | PaBHOyCKOpEHHOE NPSIMOJIMHENHOE ABUXKEHUE:

2
at
x(t)=x,+ v, t+—=
v()=y, +at
a, =const
2 2
v, — U, =2a, (xz _xl)

1.1.7 | CBoboaHOE MaieHHE. Va N
YckopeHne cBOOOTHOTO Uy
najgeHus. JIBukeHue Tena,

OPOIICHHOTO O] YTJIOM Ol K Yo A
TOPU3OHTY:
0 Xo "
x(t) = x, + v, t =x,+V,cosa-t
2 2
gt . t
YO =y, + Uy, t+ ==y, +1)081n(x-t——g
’ 2 2
v.(t) =1, =, cosa
V()=0,, +g,t=V,sino—gf
g2.=0
g, =—g=const
1.1.8 | JIBuKeHHE TOYKH 110 OKPY>KHOCTH.

. 2n
YrioBast 1 TUHEHHAs! CKOPOCTh TOUKH: V=R, W= T =27v.




1.3.2

VYcnosus paBHOBecus TBepaoro teia B UCO:
M +M,+...=0

F+F,+..=0

1.3.3 | 3akoH [Mackans
1.3.4 | JaBnenue B xuakocTH, nokosmeiica 8 UCO: p = p, +pgh
1.3.5

3akon Apxumena: F Apx = -P

BBITECH. >

ecm TeNo  KuaKocTh nokosres 8 UCO, To F, =pgl,

bITECH.

YcnoBue maaBaHus TN

2
v
LleHTpOCTPEMHUTENLHOE YCKOPEHHE TOYKH: @, = ? =o’R
1.1.9 | Teepnoe teno. [locTynaTensHoe U BpalaTeabHOE ABUKEHHIE
TBEPJIOTO TeNa
1.2 | JHHAMHKA
1.2.1 | UnepumanbHble cuctembl orcyera. [lepBblii 3akoH HeroToHa.
IIpunuumn otHocurensHocTH ["ammes
1.2.2 m
Macca tena. [lmoTHOCTE BemecTBa: P = ;
1.2.3 | Cuna. TIpuHIun cyneprnosHiuy Cui: Fusmoncites =F1 +F +...
1.2.4 | Bropoii 3akon HeroToHa: a1 MatepuanbHoil Touku B UCO
F=md; Ap = FAt npu F = const
1.2.5 |Tperuit 3axkom Heiotona s —— 00—
MaTEpUaNBHBIX TOYEK: [, =—F}, Fi2 F2 1
1.2.6 |3akoH BCEMHUPHOTO TATOTCHHUS: CHWIIBI TPHUTSDKEHUS MEKIY
mm
TOYCYHBIMH MaccaM¥ paBHbl F = G1—22 .
R
Cuna TSHKeCTH. 3aBUCHMOCTDH CHJIBL TSDKECTH OT BBICOTHI /1 HaZ
MOBEPXHOCTHIO TIAHETHI PAANyCcOM Ry:
GMm
mg=——
2
(R, +h)
1.2.7 | JIBukeHue HEOCCHBIX Tel M MX HCKYCCTBEHHBIX CITyTHHKOB.
GM
ITepBast KOCMHYECKAs CKOPOCTB: U, =4/g R, =
R
0
1.2.8 | Cuna ynpyroctu. 3akon I'yka: F, = —kx
1.2.9 | Cuna tpenus. Cyxoe TpeHHe.
Cuna tpenus cronbxenus: £, =N
Cuna tpenus nokost: F, <UN
Koaddumuent tpenuns
1.2.10 F,
JlaBnenue: p=—
1.3 | CTATHKA
1.3.1 | MoMeHT cuiibl OTHOCUTEIHHO OCH
BpaIICHU: !
M = Fl, tne [ — nmnevo cwisl F
OTHOCHUTEJBHO OCH, IPOXOsIIEH uepes3 F
TouKy O mepneHAuKyJISIPHO PUCYHKY

1.4 | 34KOHbI COXPAHEHUA B MEXAHUKE
1.4.1 | IMoynec MaTepHaTbHON TOUKH: P = mD
1.4.2 | IMIynbec cucTeMsl T p = Py + P, +...
1.4.3 | 3aKoH U3MEHEHUS U COXPAHEHUS UMITYJIbCA:
B MCO Al_j = A(1—71 + 132 + )= F}BllemllAt + FZBneu.mAt +... >
BUCO AB=A(p, + P, +..)=0, ectu F i+ Fy oy +-on =
1.4.4 | PaboTa CHIIBL: Ha MaJOM TIepeMEIIeHIN
A=|F|-|AF|- cos o= F, - Ax -<(;3
Ar
1.4.5 | MomHOCTb CHIIBI: =
AA F
=— =F-v-cosa _
At At—0 v
1.4.6 | Kunernyeckasi SHEprUsl MaTEpUATbLHON TOYKH:
2 2
mo
EKMH = = p_
2 2m
3aKOH U3MCHECHUST KHHETHUECKON SHEPTUU CUCTEMBI
MmarepuanbHbiX Touek: B UCO AE,,, =4 + A4, +...
1.4.7 | IloTeHunanbHas SHEPIUsL:
JUIs MOTEHUHUANIBHBIX CUIl Ay = E oo = 5 norenn = ~AE e -
[NoreHunanpHast SHEPTUS TeNa B OAHOPOIHOM MOJIE TSHKECTH:
EnoTeHu = mgh .
ToTeHnmanbHas SHEPTUs yupyro aehOpMUPOBAHHOTO Tela:
kx2
TOTEHIT = 2
1.4.8 | 3aKOH U3MEHEHUS M COXPAHCHUSI MEXaHHUYECKOM SHEPTHH:

E, . =E, +E

mex Kun nomety >

B ICO AE

mex T BCEX HCMOTEHII. CHJI ?

B I/ICO AE.M@X = 0’ ecii ABCCXHeHOTCHIL Ccui1 = 0




1.5

MEXAHUYECKUE KOJIEBAHUA W BOJIHBI

1 = 2 (mp*) 2 —
=-mnv’==n- =-n-g
p 3 3 [ 2 3 noct

2.1.7

A6comotHas temneparypa: T =¢°+273K

2.1.8

CBs3b TeMIEpaTypbl Iaza CO CpPeAHEH KHHETUYECKOH SHepruei
HOCTYIATEIBHOTO TEIUIOBOTO JIBKEHHS €10 YaCTHLL:

- 2
e = (mo” ]: 3kr
2

2

2.1.9

Vpasuenue p=nkl

2.1.10

MOZ[CJ'II) HUACAJIbHOT'O I'a3a B TCPMOJAUHAMUKE!
{ypaBHeHI/ICMCHHCHCeBa- Krnaneiipona

BrIpa)xeHue 111 BHy TpEHHEN SHEPIruu

VYpasHenue MenneneeBa—Kianelipona (nmpumMeHUMbIE (OPMBbI
3aIUCH):

pV =""RT=vRT = NkT, p=PET.
i n

Belpaxxenue U1 BHYTpEHHEH  SHEpruMM  OJHOATOMHOIO
UJIeaIbHOTO ra3a (MpUMEHHMBIE YOPMBI 3aITUCH):

3 RrT=3Nkr=3M pr =
U =5 VRT =3 NKT =52 RT =ve,T

2.1.11

3akoH HaﬂLTOHa JJIA AaBJICHUS CMECH Pa3peKCHHBIX Ira30B:
p=p, +tp,+...

2.1.12

H3zomporniecchl B pa3pe)KeHHOM Ta3e C IMOCTOSHHBIM YHCIIOM
gacTHLl N (C IOCTOSIHHBIM KOJIMYECTBOM BEILECTBA V):

usorepma (T = const): pV = const,

nzoxopa (V= const): = const ,

=const .

NI NI

uzobapa (p = const):

I'paduueckoe mpecraieHue u3omnporeccos Ha pV-, pT-u VT-
JiuarpamMmax

2.1.13

Hacpimennele u = HeHachllleHHble mapbl.  KadecTBeHHas
3aBUCUMOCTb IUIOTHOCTH W JABJIEHUsI HACHILIEHHOTO Iapa OT
TEMIIEPaTyphl, WX HE3aBHCUMOCTb OT 00BbEMa HACBIIIEHHOTO
napa

1.5.1 | FapmoHudeckue kosebanuss. AMIDIHTYa U Qa3a KoJIeOaHH.
Kunemarunueckoe onrcanue:
x(t) = Asin(or +9,),
v()=x/,
a,()=(v,), =-0"x().
JuHamuueckoe onucaHue:
ma, =—kx, e k=mo’.
DHepreTuuecKoe OnrcaHme (3aK0H COXPaHSHHST MEXaHUIeCKOM
mv’ kX’ mul, KA’
JHEPTUM): —— +—— = —22 = —— =const.
2 2 2
CBsI3b aMILTUTY bl KOJICOAHHUI UCXOHON BEINIHUHBI C
aMIUTUTYyIaMU KOJIeOaHHi €€ CKOPOCTH U YCKOPEHUSI:
Upae = @A, Ay = 0’4
152 Iepron u yacrora Konebanuii: T = 2—TC = l
O Vv
Ilepuon wmanbIX CBOOOAHBIX KOJNEOAHWH MaTeMaTHYECKOTO
\F
MasTHHKa: [ =27 |— .
g
Ilepuon cBoGOAHBIX KoNeOAaHWH MPY)KUHHOTO MasTHHKA:
T= 2n\/ﬁ
k
1.5.3 | Beinyxxnenssle koseOanus. Pezonanc. PezoHaHcHas KpuBast
1.5.4 | ITonepeunsie u MPOIOJIbHBIE BOJIHBI. CkopocTb
pacrpocTpaHeHus U [UInHA BOMHBL: A = VT = 2.
v
WaTepdepeHnns 1 Tudpakus BOIH
1.5.5 | 3Byk. CkopocTb 3ByKa
2 MOJIEKYJ/IAPHAA ®U3HKA. TEPMO/JHHAMHKA
2.1 | MOJIEKYJIAPHAA ©®HU3UKA
2.1.1 | Mopenu cTpoeHus ra3oB, JKUAKOCTEH U TBEPBIX TEJ
2.1.2 | TennoBoe IBM)KEHHE aTOMOB U MOJIEKYJI BEIIECTBA
2.1.3 | B3aumojeiicTBre YacTHI BEIIECTBA
2.14 | Anddysus. BpoyHOBCKOE NBHXKEHHE
2.1.5 | Mopeny upeansHoro raza B MKT: uacTuupl rasa aBuxyrtcs
XA0THYECKH U HE B3aMMOJICHCTBYIOT IPYT C IPYTOM
2.1.6 | CBs3p Mexay NaBJI€HHEM U CpelHeld KHHETHYeCKOM sHeprueu
MOCTYMATEIBHOTO TEIUIOBOTO JBIXKECHHUS MOJEKYN HJEaTbHOTO
raza (ocHoBHoe ypaBHeHHe MKT):

2.1.14

BrnaxnocTs Bo3nyxa.
pnapa (T) — pnapa (T)
pHaCLII.lI. Tnapa (T) T)

OTHOCHTENbHAS BIIAXKHOCTD: Q=
pHacmm.napa (

2.1.15

H3menenue arperaTHbIX COCTOSTHHI BCHOICCTBA: HCIIAPCHUC U
KOHJACHCAI M, KHIICHUEC )XUAKOCTHU

2.1.16

H3menenue arperaTHbIX COCTOSTHHI BCIICCTBA: ILIABJICHUC H




2.1.17 | MpeoGpazosanue sueprin B ha3oBIX MEpPexoaax

2.2 | TEPMO/IHHAMUKA
2.2.1 | TerioBoe paBHOBECHE M TeMIIepaTypa
2.2.2 | BHyTpeHHss 3HEprus
2.2.3 | Terumomepenaya Kak cHoco0 M3MEHEHHS BHYTPEHHEH JHEpruu
0e3 coBepuieHHss paboThl. KOHBEKIMS, TEIUIOMPOBOIHOCTS,
U3JTyYCHUE
2.2.4 | Komu4ecTBO TEIUIOTHI.
VaensHas TemioeMKocTh Bemectsa ¢: O =cmAT .
2.2.5 | YnenbHas Temiora napoodpasosanus r: Q =rm.
VnenbHas Terora miasneHus A: Q = Am.
VnenbHas TEIUI0Ta Cropanus Torisa q: O = gm
2.2.6 | DnemenTtapHas paGora B  TepMmoauHaMuke: A= pAlV .
Berurcienue paboTsl o rpaduKy mporecca Ha p V-nuarpamme
2.2.7 | IlepBblil 3aKOH TEPMOJIUHAMUKY:
05, =AUy + 4, =(U, U, )+ 4,
Anuabara:
0,=0= 4,=U-U,
2.2.8 | Bropoli 3aKOH TepMOJMHAMUKH, HEOOPATUMOCTh
2.2.9 | Ilpunnune! nefcTBus TeruioBbix MamuH. KIT/:
— Aza LIMKIT — QHarp - ‘onn‘ — 1 _ ‘onn‘
Qﬂarp QHarp Qﬂarp
2.2.10 | Makcumansroe 3Hauenue KII/1. Hukn Kapuao
maxn = _THarp_Txon 1 Txoﬂ
e THarp THarp
2.2.11 | YpaBHenue Temnosoro 6amanca: O, +Q0, + 0, +...=0.
3 SJIEKTPOJHHAMUKA
3.1 | QJIEKTPUYECKOE IIOJIE
3.1.1 | Dnexkrtpuzauus Tea U €€ NPOSIBICHUA. DIEKTPUUECCKUN 3apsii.
JIBa Buza 3apsia. DiieMEeHTapHbIN AJIEKTPUUECKU 3apsaa. 3aKoH
COXpaHEHHs! YINEKTPUUIECKOTO 3apsiia
3.1.2 | B3aumogpeiictBue 3apsinoB. Toueunble 3apsabl. 3akoH KysoHa:
F:k‘%"z“h‘ _ 1 .“]1"‘%‘
r 4ne, r*
3.1.3 | Dnekrpuueckoe noise. Ero neiicTBue Ha 3JIEKTPUYECKUE 3apsiibl

3.14 . - F
Hanpspxkénnocts anexkTpudeckoro noisi: £ =
qnpo61—n,u7x
ITone Toueunoro 3apsana: £, = k% ,
’
OJIHOpOAHOE noJe: E = const .
Kapruns! 1uHuil 3TUX noaei
3.1.5 | IloTeHIManbHOCTh 3IEKTPOCTATHUECKOTO MOJIS.
Pa3zHOCTb IOTEHIIMANIOB U HALIPSKCHUE.
4, =q(0, = 9,)=—gAp=qU
IlorenuuanbHas 5Heprus 3apsga B 3JIEKTPOCTATUYECKOM IIOJIE:
W=qo.
IloTeHuuan 31eKTpOCTaTUYECKOrO MOsL: P =—.
CBsA3b HaNpsLKEHHOCTU MOJAL M PA3HOCTU IMOTEHIMANOB UL
OJIHOPOAHOTO 3JIEKTpocTaTudeckoro noss: U = Ed .
3.1.6 | IlpuHuun cynepno3uiuy 31eKTPUUECKUX MOJIEH:
E=E+E,+..., 0=0¢,+0,+...

3.1.7 |IIpoBogHMKM B  3JIEKTPOCTATUYECKOM  IIOJIe.  YCIIOBUE
paBHOBECHS 3apsI0B: BHyTpH IpoBogHrKa £ =0, BHyTpH U Ha
MIOBEPXHOCTH IPOBOJHUKA (@ = const.

3.1.8 | JIU21EKTpUKH B IIEKTPOCTATUYECKOM Ioie. JuaneKkrpudeckas
NIPOHUIIAEMOCTh BELECTBA €

3.1.9 N q
KonpeHcatop. DnekTpoémrocth kKoHeHcaTopa: C = U

. €g,S
OneKTpoEMKOCTb IIIOCKOro KoHaeHcatopa: C = =eC,
d
3.1.10 | ITapannensHoe cOeqUHEHHE KOHJEHCATOPOB:
q=q,+q,+..., U =U,=..., C,mpw =C+C,+...
IlocnenoBaTenbHOE COEAUHEHNE KOHAECHCATOPOB:
1 1
U=U1 +U2 T, 41=¢, =..., Ci—g"'ciﬁ'...
noci 1 2
OHeprus 3apsKEHHOro KoHaeHcaropa: W, =—=——=—
2 2 2C
3.2 | 34KOHbBI IIOCTOAHHOI'O TOKA
3.2.1 Agq o
Cuna Toka: [ =— . HocrosHuklit TOK: [ = const .
t At—0
s mocrostHHOTO TOKA g = It
3.2.2 | YcnoBus CylmecTBOBaHUS 3JIEKTPUUECKOTO TOKA.

Hanpsoxenue Un OJIC €
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U
3axkon Oma Juist ydacTka nenu: [ = E

33

MATHUTHOE I10JIE

324

OJEeKTpUYECKOE CONPOTUBIIECHUE. 3aBUCUMOCTb COIPOTUBIICHUS
OJITHOPOJHOTO MPOBOJHMKA OT €r0 JJIMHBI U CEUeHUs. Y AEIbHOE

/

COTPOTHUBJICHUE BelecTBa. R = p§

3.25

Ucroynnkun Toka. OJIC W BHYTpeHHEe CONPOTHUBICHUE

CTOPOHHHX CHJI

q

HMCTOYHHMKA TOKA. £ =

3.3.1

MexaHnnyeckoe B3aMMOICHCTBHE MAarHUTOB. MarHuTHOE IIOJIE.
Bextop wMmarHuTHOM wuHAykuuu. IlpuHnun cynepno3unuu

MarHuTHelX moieil: B =B, +B,+... . Jluaun MarHuTHOrO

nosis. KapTuHa JMHUE MOJIS MOJIOCOBOTO M MOAKOBOOOPA3HOTO
MTOCTOSIHHBIX MarHUTOB

332

OneiT Opcrena. MarHuTHOE TIOJ€ MPOBOJHHKA C TOKOM.
KaprtiHa NWHHMA TONSA JIHHHOTO TPSMOTO MPOBOJHHUKA U
3aMKHYTOr0 KOJIBIEBOTO MPOBOAHUKA, KATYHIKH C TOKOM.

3.2.6

3akon Oma gng  nonHOM  (3aMKHYTON)

anektpuyeckoit uenn: E=IR+1Ir, otkyma &’ R
&
1

R+r

333

Cua Amrepa, e€ HarmpaBJICHHUE U BeIHYHHA:
F, =1IBlsin ., rae o — yroia Mex/1y HarpaBJIcHHEM

MIPOBOJHMKA U BEKTOpOM B

3.2.7

Hapannenbﬂoe COCAMHCHNE MTPOBOAHHUKOB!
1 11
I=L+1,+..., U=U,=..., A
R R R,

Hapaun

HOCJ‘IGI[OBaTeJ‘IBHOG COCOIMHCHUEC TPOBOAHUKOB:
U=U,+U,+..., =1, =..., R ,=R +R, +...

TI0C)I

334

Cuna JlopeHiia, e€ HanpaBlieHUE U BEITMYMHA:
F

"op =|@VBsine, TI€ 0. — yroJl MEXy BEKTOpaMu U U B,

I[BI/I)KGHI/IG 3ap5[)KeHHOI>i JacTulbl B OAHOPOAHOM MaruuTHOM
I10JIC

34

OJIEKTPOMAI'HUTHAA UHYKIUA

3.2.8

Pabora anexrpudeckoro Toka: A = [Ut
3axon Jixoyms—Jlenma: Q=I°Rt

329

MOIIHOCTB AEKTPHUUECKOTO TOKa: P =— =1U.
At At—=0

TemmoBas MOIIHOCTbB, BbIACISIEMAs Ha PE3UCTOPE:

2
pP=rrR=""
R

CT. CHJI

At

=&l

At—0

MOHIHOCTI) HWCTOYHHUKA TOKa: PS =

3.2.10

CBOOOIHBIE HOCUTEIH JICKTPUUYECKUX 3aPSJIOB B TIPOBOHHUKAX.
MexaHu3Mbl POBOTUMOCTH TBEPABIX METAIIOB, PACTBOPOB U
pacIuaBoB JIIEKTPOJIUTOB, Ta30B. [MoxynpoBOHUKH.
[TonynpoBOJHUKOBBIN AHOL

3.4.1 | Iotok BEKTOpa MarHUTHOU
unnykuun: @ = B,S = BS cos o
3.4.2 | SIBnenue snexrpoMarHuTHO unaykuuu. SJC uHayKnuu
3.4.3 | 3akoH ayeKTpOMarHuTHOM HHAYKUIMU Dapanes:
i = _g =—@ 't
At At—=0
3.4.4 | OJIC unayKUMHU B IPSMOM MIPOBOIHUKE JAITUHOH /, TBUOKYIIEMCS
CO CKOpPOCTBIO D (17 N ) B OZHOPOJHOM MarHUTHOM
none B:
|| = Blvsina, rae o — yron Mesxay Bektopamu B u U; ecim
[ LB u 1B, 10 || =B
3.4.5 | [IpaBwuio Jlenua
3.4.6
WNunyktuBHOCTD: L = % ,mm ©=L1.
Al ;
Camounpykuus. 3J1C camonnaykuuu: £, = —LE =-LI
At—0
347 LI?

3HepFI/I$[ MAaruuTHOT'O IMOJISI KaTYIIKHU € TOKOM: WL =

2




3.5

OJIEKTPOMAT'HUTHBIE KOJIEBAHUA U BOJIHBI

351

KonebarenbHbii KOHTYP. CBoOOHBIC
DIIEKTPOMATHUTHEIE KoneOanus B wmaeansHoM C L
KOJIE6ATENHLHOM KOHTYPE:

q(1) = G e sin(02t + @)

’

[(t) = qt = (oqmux COS(('Ot + (pO ) = [mwr COS((Dt + (pO)

® T 7 =2nJLC w=22__1
opmyna Tomcona: T =27 , OTKyga 0= —=——

T +LC
CBsI3b aMIUIATYIBI 3aps/Ia KOHAEHCATOPA ¢ aMILTHTY 0 CHJIBI

max

TOKa B KOJICOATEIEHOM KOHTYPE: ¢, =

352

3aKkoH COXpaHCHUSA SHCPIHUH B KOJ'Ie6aTeJII>HOM KOHTYp€:
2 2 2 2
CU* LI’ _CUp, _Llp,

+ = const
2 2 2

353

BI)IHy)K,I[EHHLIe QJICKTPOMArHMuTHEIC Konebanus. Pe3onanc

354

Ilepemennsiii Tok. IIpomsBoAcTBO, mepegaya M MOTpebiIeHUE
SIIEKTPUYECKOM SHEPTUU

355

CBoi#icTBa AIIEKTPOMATHUTHBIX BOJIH. B3anMHast opreHTamust
BEKTOPOB B JIEKTPOMATHUTHOW BOJIHE B BakyyMme: E L B 1 ¢.

3.5.6

IlIkana 3JEKTPOMATrHUTHBIX BOJIH. IIpumenenue
9NEKTPOMATHUTHBIX BOJH B TEXHUKE U OBITY

3.6

OIITHUKA

3.6.1

IIpsiMonuHeliHOE pacpocTpaHEHUE CBETa B OAHOPOJHOM cpeje.
JIyu cBeta

3.6.2

3aKOHBI OTpAXCHUSA CBCTA.

3.63

Ioctpoenne M300pakeHNH B IUIOCKOM 3epKaje

3.64

3aKOHBI TIPEJIOMIICHHSI CBETA.
IIpenomieHue cBeta: 7, SinoL = n, sinf.

. c
AOGCOITIOTHBIH MOKA3aTeNb MPETOMIICHUS: Ny, = —.
v

9 n, v
OTHOCHUTEIBHBIN TOKa3aTeNb IPEIOMICHUS: N, = — = —-,
n’l UZ
Xop y4eli B IpU3Me.
COOTHONIEHHE YACTOT ¥ JJIUH BOJIH NPH TIEPEXOJIE
MOHOXPOMAaTHYECKOI'O CBETA Yepe3 IPaHuIly paszena IBYyX

ONTHYECKHX CPEI: V, =V,, mA, =n,\,

3.6.6 | Cobupatomuie © pacceWBarOIlie JHH3BL TOHKas JHH3A.
doxycHOE paccTOSHHE W ONTHYECKas CHJIa TOHKOW JIMH3BL:
1
D=—
F
3.6.7 | ®opMyna TOHKOMU JIUH3BL: d T
1 N 1 1 1
d f F H F
VYBennueHue, 1aBaeMoe
hof F h
JMH30M: ['= — =+ f
H d

3.6.8 | Xox myda, mpOIIENIIETro JIMH3Y MO MPOU3BOJIBHBIM YIJIOM K €€
ITaBHOU onmTHdeckoil ocu. ITocTpoeHne M300paXKeHHH TOYKU U
OTpe3Ka MPsIMOH B COOMPAIOIINX M PACCEHBAIOIINX JIMH3AX U UX
cucremMax

3.6.9 | doroammapar Kak ONTHYECKHNA TIPHOOP.

I'a3 KaKk ONTHYECcKasi cucreMa

3.6.10 | Unatepdepennust cBeta. KorepeHTHbIE HCTOYHHKH. Y CIOBUS
HaOroAeHHS MaKCUMYMOB u MHHUMYMOB B
UHTePQEPEHIIMOHHON  KapTHHE  OT  JABYX  CHH(a3HBIX
KOTE€PEHTHBIX HCTOYHUKOB

A
MaKCHMYMBI: A=2m5, m=0,£1,£2,£3,...
A
MUHUMYMBI: A=(2m+1)5, m=0,£1,£2,£3,...

3.6.11 | udpakuus ceera. JudpakunoHHas pemérka. YciIoBue
HaOII0IeHNS TIaBHBIX MAKCUMYMOB NIPH HOPMAJIbHOM MaJCHUN
MOHOXPOMATHUYECKOTO CBETa C JJIMHOW BOJNHBI A Ha PEHIETKY C
nepuogoM d: d sin @, =mh, m=0,+1,£2,£3, ...

3.6.12 | ducnepcus cBera

OCHOBbI CHEIIHAJILHOH TEOPHH OTHOCHTEJIbHOCTH

3.6.5

INonHoe BHYTpeHHEE OTpasKEHHE.

IIpenenbHbI yron NoJHOro

BHYTPEHHETO OTPAXKECHU: >
. 1 n

sinq,, =——=—= Op

nOTH nl

ny

n

4.1 | MHBapuaHTHOCTb MOZYJI CKOPOCTH CBeTa B BakyyMe. [Ipuniun
OTHOCHUTEIHHOCTH DHWHIITEHHA
4.2 o mc’
DHeprusi CBOOOTHOW YaCTHIIbl: E = -
v
I-=
c
Wmmysibe sacTumst: p=-— "2 .
UZ
I-=
C
4.3 | CBs13p Macchl ¥ SHEPTUH CBOOOIHON YaCTHIIBI:

E’ —(pc)2 = (mc2 )2 .

DHeprus MoKos cBoGOHOM YacTHIbL: E, = mc’




KBAHTOBAA ®U3UHKA

5.3.4 | PanuoakTHBHOCTS.
Anba-pacmam: 5 X—54Y + jHe.
Bera-pacniaz. DnekTpoHHblii B-pacman: 5 X—,AY + Je+V, .
Tosurponnsii B-pacnan: 5 X—, Y+ J&+v,.
I'amma-u3nydeHue
535 L
3akoH paauoakTuBHOTO pacmana: N(¢)=N,-2 7
5.3.6 | Snepusie peakuuu. JleneHve u CHHTE3 SAEP

Pazpean 2. Ilepeyens Tpe0oBaHMil K YPOBHIO IOATOTOBKH, IPOBEPSIEMOMY

Ha eAMHOM IroCyIapCTBC€HHOM 3K3aMeEHe 110 qm3mce

5.1 | KOPOYCKYJIAPHO-BOJIHOBOH IV AJIH3M
5.1.1 |T'mmore3a M. [Inanka o xBanTax. ®opmyna [Tnaska: E = hv
512 ®otomnbr. Dueprust Gorona: E =hv = % = pc.
Nmnynsc GoTtona: p = £ = v = h
c ¢ A
5.1.3 | ®oroapext. OmbiThl A.I'. CroneroBa. 3akoHBI poTodheKTa
5.1.4 | YpasHenue DiiHmTelHA 1 poTOdDdexTa:
E(boTona = Asmxoga + Emm max °
he he
rﬂe E 0TOHA = hv =5 > ABBIXG a = hVK =5 >
}\‘ it P pr
KHH max = % = eUZan
2
5.1.5 | BonHoBsle cBoiicTBa yactutl. Bonnsl e bpoitns.
. . h _h
Jnna BonHb! ae bpoiins nermxkymeics yactupl: A = ; = el
KoprmyckynsipHO-BOTHOBOH fyamm3M. J{udpakmust 35eKTpoHOB
Ha KpUCTaJIax
5.1.6 | JlaBnenue cBera. /laBneHue cBeTa Ha MOJHOCTHIO OTPAXAIOIIYTO
IIOBEPXHOCTb U Ha IIOJIHOCTHIO MOTJIONIAIONIYIO IOBEPXHOCTD
5.2 | ®U3UKA ATOMA
5.2.1 | IInanerapHas MOAENb aTOMa
5.2.2 | ocrynatel bopa. M3nyuenue u noroiieHue GoTOHOB npu
Hepexoie aTOMa C OJHOTO YPOBHS SHEPTUH HA IPyTOii:
hv,, = e _ |E, —E,|
}\'mn
5.2.3 | JIuneWvartele CIEKTPHI.
CrnexTp ypoBHEHN 3HEeprun aToma BoJ0poJa:
E, :w, n=1,2,3, ..
n
5.2.4 | Jlazep
53 | QU3UKA ATOMHOI' O AJIPA
5.3.1 | Hyxnonnas moxensb sinpa I'eiizenOepra—MBanenko. 3apsia saapa.
MaccoBoe uucio syipa. M3otomnst
5.3.2 | DHeprus CBsI3U HYKIJIOHOB B siipe. SIiepHble CUIIbl
5.3.3 | Jledexr macch sapa SX: Am=Z- m, +(A4-2Z)-m, =My

Kon TpeboBaHMS K yPOBHIO IOATOTOBKH BBIITYCKHUKOB, OCBOCHHE
TpeboBaHUs KOTOPBIX NpoBepsieTcs Ha EI'D
1 3nams/Ilonumams:
1.1 CMBICI (PU3UUECKHUX MOHATHHA
1.2 CMBICI PU3MYECKUX BEITHMYHH
1.3 CMBICI (PU3HYECKHUX 3aKOHOB, IPHHIUIIOB, OCTYJIATOB
2 Ymemo:
2.1 OIIHCHIBATH U OOBSCHATS!
2.1.1 | pusnueckue sBIeHNS, PU3MUECKHE SBICHUS U CBONCTBA Tl
2.1.2 | pe3ynbTaThl S3KCIIEPUMEHTOB
2.2 ONKCHIBATH (dhyHIaMeHTabHbIC OTIBITHI, OKa3aBIIIHE
CYIIECTBEHHOE BIMSHHUE HAa pa3BUTHE QUBHKU
2.3 MIPUBOJUTH MPUMEPHI MPAKTUYECKOTO NMPUMEHEHHS (PU3HUYECKUX
3HaHH, 3aKOHOB (PU3UKHU
2.4 OmnpeeATh Xapakrep (U3MYECKOro Tmporecca Mo rpaduky,
Tabnune, Qopmyse; MPOAYKTHI SACPHBIX PEaKIUH Ha OCHOBE
3aKOHOB COXPaHEHHs 3JIEKTPUIECKOTO 3apsiia H MacCOBOTO YHCIIa
2.5 2.5.1 |ormMyaTh TUIOTE3bl OT HAy4YHBIX TEOpHi; JenaTb BHIBOJBI Ha
OCHOBE OKCIIEPUMEHTANBHBIX MaHHBIX; IMPUBOANUTH MPUMEPEL,
[IOKA3bIBAIOIIME, YTO: HAOJIOJNEHUS U DKCIEPUMEHT SBIISIIOTCS
OCHOBOH JJIsl BBIABIDKEHMS THIIOT€3 M TEOPHH, IO3BOJISIOT
IIPOBEPUTHh HCTHHHOCTH TEOPETHUECKUX BBIBOLOB; (DM3MUECKas
TEOpUsl TaeT BO3MOXHOCTh OOBSCHATH W3BECTHBIC SIBICHHS
IIPUPOABI U HAay4HbIe (aKThl, IPEACKa3bIBATh €lle He U3BECTHBIC
SIBIICHUS;
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MPUBOANTG  TIPUMEPHl  OIBITOB, HJUTIOCTPUPYIOMNX,  YTO:
HaOJTIO/ICHNS U SKCIIEPUMEHT CIIY)KaT OCHOBOI IS BBLABMIKCHUS
TMIOTE3 ¥ [OCTPOEHMS HAy4HBIX TEOPUH; OIKCHEpPUMEHT
MO3BOJSIET IPOBEPUTH HCTHHHOCTh TEOPETHYECKHX BBIBOJIOB,;
¢dm3uyeckass TEOpPHS TaeT BO3MOXKHOCTh OOBSACHATH SIBICHUS
HPUPOJbI M Hay4yHble (akTbl; (U3MUYECKass TEOPHs IO3BOJISET
Hpe/CcKa3bIBaTh €l HE M3BECTHBIC SIBJICHHUS M UX OCOOCHHOCTH;
npH  OOBSACHEHHM  TNPHPOAHBIX  SBICHHH  HCIIOIB3YIOTCS
(u3HYecKue MOJAENH; OAWH U TOT K€ NPHPOMHBIA OOBEKT HIN
SIBJICHUE MOXKHO MCCJIEZ0BATh Ha OCHOBE HCIIOJIb30BAHMUS Pa3HBIX
Mogpenei; 3aKoHbl (GM3UKH U (HU3HYECKHE TEOPHH MMEIOT CBOU
OIIpeIeNICHHBIE TPaHUIIBI IPUMEHHIMOCTH

253

U3MEpATh (U3UYECKHE BEIMYMHBI, IPEACTABIATh PE3YNbTATHI
U3MEPEHUH C yUETOM UX IOTPEIIHOCTEN

2.6 MPUMEHSTh IIONy4eHHBIC 3HAHHSA JUI1 PEIEeHHS (H3HIECKUX
3aj1a4
3 Hcnonv3oeams npuodpemennsle 3HAHUA U YMEHUSA 6 NPAKMUYECKOU

0esAMeNbHOCMU U NOBCEOHEBHOIL HCUZHU OJIA:

3.1

obecriedeHNs 0OE30IACHOCTH JKHU3HEAEATENBHOCTH B IIpoLEcce
HCIOJIb30BaHUs TPAHCIOPTHBIX CpPEICTB, OBITOBBIX
3MEKTPONPUOOPOB, CPEACTB Paguo- U TEICKOMMYHHUKAIIMOHHOH
CBSI3W; OLEHKH BJIMAHUS Ha OPTraHU3M 4YeloBeKa M Jpyrue
OpraHU3Mbl 3arpsA3HEHUs OKPY>KaloIled Cpelbl; PaluOHAILHOIO
IIPUPOAOIOJIB30BAHNUS U OXPaHbl OKPY>KaIOIIEH cpeibl;

32

oTIpeeNieHHs] COOCTBEHHOM MO3UIMH IO OTHOIICHHIO K
9KOJIOTMIECKUM MPOOJIeMaM M TIOBEJACHUIO B IPUPOIHON cpelie




