IMPOEKT

Enunslii rocynapcreensslii 3k3amen no ®U3NKE

Koauduxkarop
AIIEMEHTOB COJIEPKaHMS U TPEOOBaHUH K YPOBHIO MTOJITOTOBKU
BBIITYCKHUKOB 00pa30BaTEIbHBIX OPraHU3aluil 1 IPOBEICHHS
€IMHOT0 rOCYIapCTBEHHOI'0 9K3aMeHa 110 (hU3HKe

noarotoByieH deeparbHbIM TOCYapCTBEHHBIM OI0IKETHBIM
Hay4YHBIM yUpexIeHHEM

«DEJIEPAJIBHBIA UIHCTUTY T IEJATOr' MUECKUX U3MEPEHUIN»

OU3UKA, 11 kiacc 2
Konuduxarop
3J1eMEeHTOB CO/IePKAHMSA U TPeOOBAHUIi K YPOBHIO MOATO0TOBKH BbINYCKHUKOB
o0pa3oBaTeJbLHBIX OPTaHU3ALUIi /151 IPOBEeHUs €INHOT0 rOCYIapCTBEHHOT 0
sk3amena no ®PU3UKE

Koaudukarop 31eMeHTOB cojaepkaHusi 1o (U3MKEe W TpeOOBaHUN K YPOBHIO
MO/ATOTOBKH  BBHIITYCKHHKOB 0Opa3oBaTelbHbIX OpraHM3allid I HPOBEICHHS
€ANHOTO TOCYIAPCTBEHHOTO 3K3aMEHA SBIETCS ONHHM U3  JOKyMEHTOB,
onpeNeNsomuX CTpyKTypy u conepxkanue KHMIM EI'D. OH cocraBiieH Ha OCHOBE
DenepalbHOrO KOMIIOHEHTA TI'OCYJapCTBEHHBIX CTaHIapTOB OCHOBHOIO OOIIEro M
cpeanero (mojHOTo) obmero obpazoBanusi Mo ¢usuke (0a30BBIA W TMPODWILHBIN
ypoBHH) (nprka3 MuHoOpaszoBanus Poccun ot 05.03.2004 Ne 1089).

Pazneu 1. IlepedyeHb 3/1eMeHTOB CO/lepPKAHMS, IPOBEPSEMBbIX HA eAHHOM
rocyapcTBeHHOM 3K3aMeHe 10 u3HKe
B mepBom crondre ykasaH Koz pa3sziena, KOTOPOMY COOTBETCTBYIOT KPYIIHBIC
610KH copepxkaHua. Bo BTopoM cTonbue mpuBeAeH KO 3JIEMEHTa COAep KaHMs, AT
KOTOPOTO CO3/ar0TCs MPOBEpOUHbIe 3a1anus. KpynHbie OJ0KU conep:kaHusl pa3OuThI
Ha 00J1ee MEJIKUE 3IIEMEHTHI.

Kon
KOHTPO
Kon JIMpy-
Pa3- | evoro DJIeMeHTBbI Co/iep:KaHM,
1 () . nposepsiemble 3aganuavmu KUM
Ta
1 MEXAHHKA

1.1 | KHHEMATHKA

1.1.1 | Mexannueckoe apmkeHne. OTHOCUTEIBHOCTh MEXaHHYECKOT'O
nBkenus. CucremMa oTcyera

1.1.2 | MaTepuanbHas TOUKa.

Ee pannyc-Bekrop:

()= (x(0).y(0).2(0),
TPaeKTOpHS,

nepeMeleHue:

AF =7 (ty)-7(t,) = (Ax,Ay,Az),
Iy Th.

CrnoxeHue nepeMerieHuit:

TPaeKTOpHs

<vy

AF, = AF, + AR,
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1.1.8

JIBUKEeHHE TOUKH 110 OKPYKHOCTH.
JIuneliHas u yrioBas CKOPOCTb TOUYKH COOTBETCTBEHHO: U = R,

2
w:—n:2nv.

2
%
L{eHTPOCTPEMHUTENLHOE YCKOPEHHE TOUKH: d,, =— =® R
uc R

1.1.9

TBepJ_'[OC TEJI10. HOCTyHaTCJ'H)HOC 1 BpallaTCJIbHOC IBHKCHUC
TBEpAOro Tejaa

1.2 | JHHAMUKA

1.2.1

Wnepnuanbhele cucremsl orcuera. Ilepsblii 3akon HbroToHa.
ITpunnun otHocuTesnbHOCTH [anunes

1.2.2

m
Macca Tena. [InoTHOCTE BenecTBa: p = ;

123

Cuna. [IpuHIUNI Cynepno3uuy CHl: ﬁpamouemm = }—7'1 + 132 +...

1.2.4

Bropoii 3axon Hetorona: 1y marepuanbHoii Touku B 1CO
F=mi; Ap=FAt npu F =const

1.2.5

Tperuit 3akon Herorona mns
MATEPHATBHBIX TOUCK: F, = —F), F, F,,

1.2.6

3aKOH BCEMHPHOTO TATOTEHHSA: CHJBl TNPHTSKEHUS MEKIY
m,m
TOYEUHBIMH MaccaMu F = G——2%
R2
Cuiia TSDKECTH. 3aBHCHMOCTD CHIIBI TSDKECTH OT BBICOTBHI /i HAJ
IOBEPXHOCTBIO IIAHETHI PATHYCOM Ry:
GMm

mg=———
ET Ry +h)

1.1.3 | CxkopocTh MaTepHaIbHON TOYKH:
D ar 7' (v v, )
= — =y =
t x> Yy Yz )
At At—0
—_ Ax —_ ’ U p— ’ —_ ’
v, = =X,, aHaJOTH4HO V, =Y/, V, =z,
! At—0
Cnoxenne ckopoctet: U, =1, + 7,
1.1.4 | Yckopenue MaTepuallbHON TOUKU:
__AD .
a=— zvt’:(ax,a,a),
y z
At At—0
Av,
— X — ! — ’ — ’
a, == =(v,),", ananornano a, = (v, )l . a.=(v.),
At—0

1.1.5 | PaBHOMEpHOE IPSAMOIMHEHHOE ABUKEHUE:
xX(t)=x,+ Uyt
v, (t)=v,, =const

1.1.6 | PaBHOyCKOpEeHHOE MPSMOIMHEWHOE JBU)KCHUE!

2
at
X(t) =x, + Uyt +—=
2
v.()=v, +at
a, =const
2 2
v2x - le - 2ax ('x2 X )

1.1.7 | CBoOonHOE nazeHue. Va .
VcKopenne cBOGOIHOTO %)
najeHus. J[BrkeHue tena,

OpOLIEHHOTO MO YTIJIOM 0. Yo o
K TOPU3O0HTY:
o Xo X

x(t) = x, + Ut =x, +V,cosa-t
2 2

! . t
y(t):yo+1)0yt+gyT:y0+1)Osma-t—g7

v.(t)=v,, =y, cosa
v,()=1v,, +g,l=y,sino—gt

g.=0
g, =—g=const

1.2.7

I[BI/I)KGHI/IG HeOCCHBIX TE€I H HX HUCKYCCTBCHHBIX CITYTHHUKOB.
HepBaﬂ KOCMHUYCCKasA CKOPOCTh:

’GM
Ui =\/goRo = R_
0

BTopas{ KOCMHUYCCKasl CKOPOCTh:

UZK = \/EUIK = %
0

1.2.8

Cuna ynpyrocTu. 3akoH I'yka: F = —kx
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1.2.9

Cuna tpenusi. Cyxoe TpeHHe.
Cuna TpeHHS CKONBXCHISL: [, = UN

Cuna Tpenust mokost: F,, < uN

KoagdurmeHT TpeHus
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1.2.10 F,
JaBnenue: p = ?

OU3UKA, 11 kiacc

1.3 | CTATHKA
1.3.1 | MOMEHT CUJIbI OTHOCHTEILHO OCH
BpallleHUs: o
M = Fl, tine [ — niaedo cuibl F
OTHOCHUTEJILHO OCH, MPOXOJIAIICH Yepe3 F

TouKy O NepneHIMKyJIIpHO PUCYHKY

1.3.2 | YcnoBus paBaoBecus tBepaoro tena B 1CO:
M, +M,+...=0

F+F+..=0

1.3.3 | 3akon Ilackans

1.3.4 | HaBnenue B xxuakocty, nokosmeiics B UCO: p = p, + pgh

1.3.5 | 3akon Apxumena: FApX =

_PBH TECH. 2

CCIIH TeJIO ¥ XKUAKOCTh noKosrest B UCO, 10 F,, = pgl,

BITECH.

VYcioBue m1aBaHus TE

1.4 | 34KOHbI COXPAHEHUA B MEXAHUKE

1.4.1 | UMmmynec MaTepuaabHON TOUKH: p = mD

1.4.2 | UMmynbe cucTeMBl Te: P = Py + P, +...

1.4.3 | 3akOH U3MEHEHUS U COXPAHEHUS UMITYJIbCA:
BUCO Ap=A(p, + Py +...)= Fyoun A+ Fy pun AL <.

BHEIIH

B UCO Ap=A(p, +p, +..)=0, ecnut F,, . +F. +..=

BHEIIH 2 BHEIIH

1.4.4 | PabGota cuiibl: Ha MaJIOM MTEpPEMEIICHUN
A=|F|-|AF|-cos a=F, - Ax (}:

AF
1.4.5 | MOWHOCTD CUIIBL: —
AA F
P=— =F-v-cosa -
At At—=0 v
1.4.6 | Kunernueckas SHEprusi MATepUAILHON TOYKH:
2 2
mv
EKMH = = p_'
2 2m

3aKOH U3MEHEHHUs] KHHEeTHYECKOH SHEPTHH CHCTEMbI
MaTepHanbHbIX Touek: B UICO AE,, =4 + A4, +...
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1.4.7 | IloteHunanbHas SHEPTHSL:
'ZUIH HOTEHuHaHLHbIX CHII AIZ = El noteHy EZ TIOTEHI] = _AEnm‘eHu
[MoTeHnmanpHas SHEPTHUS TeJa B OJHOPOIHOM MOJIC TSHKECTH:
EHOTCHH = mgh
[MoTeHnuanpHas SHEPTUs YIPYTo TehOPMHUPOBAHHOTO Tela:
E NoTeHI P
1.4.8 | 3aKOH U3MEHEHHS U COXPAHEHUSI MEXaHUUECKOH SHEPIHHU:
EMex = EKPIH + EHOTeHH >
B I/ICO AEMCX = ABCCX HEIOTEHII. CHII ?
B I/ICO MEX = 05 €cJin ABCCX HCIOTCHII. CHJT = 0
1.5 | MEXAHUYECKUE KOJIEBAHUA W BOJIHBI
1.5.1 | F'apmonuueckue konebaHusi. AMIIUTYAA U (a3a KojieOaHui.
Kunematunueckoe onucanue:
x(t) = Asin(ot +¢,),
v.(H)=x/,
— r 2
a(t)=(v,), =—0’x(1).
JlnvHaMHU4YeCcKoe ONHCaHne:
2
ma, = —kx ,TA€ kK =m®
DHepreTUIecKoe OnmrcaHue (3aKOH COXPAHSHHST MEXaHUIECKOM
.mv kX mul, KA
SHEPTHH): = —mx = = const
2 2
CBsI3b aMIUTUTY bl KOJIEOAHUH MCXOIHOM BEINYHHBI C
aMIUTUTY1aMH KoJIeOaHUH €€ CKOPOCTH U YCKOPEHHUSI:
_ 2
Ve = OA, Ay = O A
1.5.2 . 2n 1
Iepuon n yacrora xonebannii: I’ =— =—
o Vv
IMepuon ™Manbix CBOOOAHBIX KOJICOAHWH MaTeMaTHYECKOTO
/
MastHuKa: 1 =27 |—
g
[Teprox cBOOOAHBIX KOJEOAHWUH MNPYKUHHOTO MasTHHUKA:
m
T=2m|—
k
1.5.3 | BeinyxaeHnble konebanus. Pe3onanc. PesonancHas kpuBas
1.5.4 |Ilonepeunsle u IIPOJOJIbHBIE BOJIHBIL. CkopocTb
v
pacrpocTpaHeHHs U JUIMHa BOJHBL: A =01 =—
v
WuTepdepennns u nudpakiiys BOJIH
1.5.5 | 3Byk. CkopocTh 3ByKa
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2 MOJIEKYJIAPHAA ®H3HKA. TEPMO/AHHAMHUKA
2.1 | MOJIEKYVJISAPHAS ®H3UKA 2.1.13 | HaceimieHuple ¥ HEHachbIleHHble maphl.  KayecTBeHHas
2.1.1 | Mozeny CTpOeHHsI ra30B, KHAKOCTEH 1 TBEPIBIX Tell 3aBHCHMOCTh IUIOTHOCTH W JIQBJICHUS HACBHIIIEHHOTO Tapa OT
2.1.2 | TennoBoe ABIKEHNE aTOMOB M MOJIEKYII BEIIECTBA TEeMITepaTyphl, UX HE3aBUCHMOCTb OT 00bEeMa HACBIIICHHOIO
2.1.3 | B3auMoieliCTBHE YaCTHI[ BEUIECTBA napa
2.1.4 | Auddysus. BpoyHOBCKOE NBHKEHHE 2.1.14 | BAa)HOCTh BO3/yXa.
2.1.5 | Mopens upeanbHoro raza B MKT: uvacTuupl rasa aBuxyTtcs OTHOCHTEIBHAS BIAXKHOCTb: (= Prapa (T ) _ P napa (T )
XAOTHYECKH U HE B3aUMOJEHCTBYIOT PYT C APYTOM Priscon napa (T) P yacume wapa (1)
2.1.6 | CBsisb Mexly NaBNEHUEM M CPelHEH KMHETHHECKOH SHepruei 2.1.15 | I3MeHeHne arperaTHBIX COCTOSHHH BEIIECTBA: HCIAPCHHE |
MOCTYTIATENEHOTO TEIUIOBOTO ABMKEHHS MOJEKYT HACalbHOTO KOHJIGHCAIIHS, KHTIEHHE JKHIKOCTH
rasa (ocrosHoe ypasnenue MKT): 2.1.16 | i3MeHeHHME arperaTHbIX COCTOSHMM BEIIECTBA: IUIABJIEHUE M
p= 1’710’117 _2 (movzj _2 . KPHCTAIH3ALHS
3 3 2 3 2.1.17 | Ilpeobpa3oBaHue YHEPIHHU B (ha30BBIX IEPEXoax
2.1.7 | AbcomrorHas Temneparypa: 7 =t°+273K 2.2 | TEPMOJIMHAMHKA
2.1.8 | CBs3p Temmeparypsl rasa CO CpelHell KHHETHYeCKOW JHepruei 2.2.1 | TennoBoe paBHOBECHE U TEMIIEPATYPA
MOCTYTIATEIILHOTO TETUIOBOTO JIBYKECHUS €TI0 YACTHIL 2.2.2 | BHyTpeHHss SHEprHst
— (mp?) 3 2.2.3 | Temnonepenaua Kak CHOCOO0 M3MEHEHMs BHYTPEHHEH 3Hepruu
Eroer =( > J = EkT 6e3 coBepiieHHs paboThl. KOHBEKIHs, TEIIONPOBOIHOCTS,
U3IIyUYCHHE
2.1.9 | YpaBuenue p =nkT 2.2.4 | KomnuecTBO TEIIOTHI.
2.1.10 | Mopnenb naeansHOTro ra3a B TEPMOAMHAMUKE: VY nenbHas TEIUI0EMKOCTD BemiectBa ¢: Q = cmAT
{YPaBHeHHe Menneneesa — Knanetipona 2.2.5 | YaenbHas Temiora napoobpazoBanus r: Q = rm
Bripaxkenue 11t BHyTpEHHEH SHEPTHH VenbHas TEmnoTa miasnenus A: Q = Am
VYpaBraenne MenneneeBa — Kianefipona (npuMeHnMbie GopMel V aenbHas TEMIOTa Cropanyst TOImBa q: Q = gm
3aIHCH): 2.2.6 |DneMeHTtapHas ~paboTa B TepMOAMHAMHUKe: A= pAV
pV = ™ RT =VRT = NkT , p= PRT Brruncnenune pabotel no rpaduky mpoiecca Ha p V-auarpamMMe
H ; 2.2.7 | IlepBblii 3aKOH TEPMOJTUHAMHKH:
BelpaxkeHne U1 BHYTPEHHEHW  DHEPIUM  OJHOATOMHOTO 0, =AU, + 4, =(U, —U,)+ 4,,
HJeaTbHOTO Ta3a (MPUMEHUMBIC (POPMBI 3aITUCH ): Anmabara:
U:% RT:%Nsz%ﬂRTzvch 0,=0 = 4,=U,-U,
s 2.2.8 | BTopoii 3aKk0H TepMOIMHAMUKH, HEOOPATUMOCTh
2.1.11 | 3akon JlanpTOHa U1 NaBJIEHHS CMECU Pa3pPEKECHHBIX I'a30B: 229 | Npnsmume: eiictsus Termionsx mamm. KI1T:
p=p tp,+.. y 0. —‘Q ‘ ‘Q ‘
2.1.12 | M3omporieccl B pa3peKEHHOM ra3e C IOCTOSHHBIM YHCIOM =R o TP TR o -
gacTuI N (C MOCTOSHHBIM KOJIMYECTBOM BEILECTBA V): Quarp Quarp Quarp
nzorepma (7= const): pV = const, 2.2.10 | Makcumanbsroe 3Hauenue KII/1. Hukn Kapuao
wsoxopa (V' =const): L = const, max M = Nygpuo = T = Loon _ 1 o
T Tarp Tarp
u306apa (p = const): ;z const 2.2.11 | Ypasuenue TemnoBoro 6anasca: O, +Q, +Q; +..=0

I'paduyeckoe mpeacTaBieHre U30MporeccoB Ha pV-, pT-u VT-
JarpaMmax
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3

SJIEKTPOJUHAMHKA

3.1

OJIEKTPUYECKOE IIOJIE

3.1.1

OnexTpusauus Tel U ee MPOABICHHA. DNEeKTPHUYECKUH 3apsm.
JIBa Buza 3apsina. DiIeMEHTapHBII AICKTPUYECKUN 3apsa. 3aKOH
COXPAHEHUs HIIEKTPUYECKOro 3apsaa

B3aumogeiictBue 3apanoB. Toueunsle 3apsnbl. 3akoH Kynona:

ARA. ,‘%H‘h‘

r? 4me, r?

F=k

3.13

3.14

3J'I€KTpI/I‘{€CKO€ noje. Ero nelictBue Ha QJICKTPUICCKHUC 3aps bl

P F
HaHpH)I(eHHOCTL AIEKTPUYECKOro NoJist: E =

qnpoﬁﬂmﬁ

ITone Toyeunoro 3apsana: £, = k% )
p

OJHOPOJHOE ToJe: £ = const
KapTuns! 1uHUN 3TUX TOJIEH

IToTeHUUaNbHOCTD IIEKTPOCTATUYECKOrO MO,
Pa3HOCTB MOTEHIIMAJIOB ¥ HAIIPSKEHHE.
4, =q(9, —9,)=—qAo=qU
[loTeHnmanbHas 3HEprus 3apsja B JIEKTPOCTATHYECKOM IOJIE:
W=q¢
w
IToreHuua 3JeKTPOCTATUIECKOTO MOJISL: ()= —
q
CBsA3b HaNpPsDKEHHOCTU IOJIL M PAa3HOCTU IOTEHLMANOB Ul
OJHOPOJHOT'O 3JCKTPOCTATHICCKOTO NOJIS: U = Ed

[IpuHLIMT Cynepro3uIMK ANEKTPUUECKUX TTOJIEH:
E=E +E,+..., 9=¢,+¢,+...

[lpoBomHMKM B  3JIEKTPOCTATHYECKOM  TI0N€.  YCIIOBHE

paBHOBECHUS 3apsA0B: BHYTpU NpoBoaHUKA E =0, BHYTpU U Ha
IIOBEPXHOCTH IIPOBOJIHUKA @ = const

JIMAIIeKTPUKN B 3JIEKTPOCTaTHYCCKOM Mojie. J[uanexTpuyeckas
MIPOHUIIAEMOCTh BEUIECTBA €

Konpercarop. DnekrpoeMkocTh KoHaeHcaropa: C = %

ee,S
ONeKTPOEMKOCTB IIIOCKOro KoHzieHcaTopa: C = =eC
d 0

3.1.10

HapanﬂenLHoe COCAMHCHUEC KOHACHCATOPOB!

9=49,tq,+..., Ul :Uz T Cnapann :Cl +C2+"'
[MocnenoBaTenbHOE COCTUHEHUE KOHICHCATOPOB:
1 1 1
U=U,+U,+..., q=q,=..., =—+——+..
Cnocn Cl CZ
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3.1.11 qU cU 2 q 2
OHeprus 3apsKEHHOTO KOHeHcaTopa: W, = ST, The
3.2 | 34KOHBI IIOCTOAHHOI' O TOKA
3.2.1 A .
Cuna toka: [ =~ . lHocrostauselit TOK: [ = const
{ At—0
J171s1 HOCTOSIHHOTO TOKa ¢ = [t
3.2.2 | YcnoBus CylecTBOBaHUS AJIEKTPUUECKOrO TOKA.
Hanpsokenne Un DJIC €
323 U
3akon Oma 11 y4yacTka nenu: [ = z
3.2.4 | DneKTpu4ecKoe CONPOTHUBIEHHUE. 3aBUCUMOCTb CONPOTHUBIICHUS
OJTHOPOJHOTO IIPOBOJHHKA OT €0 JJIHHBI U CEUCHUS. Y IeNbHOE
COIPOTHBJICHUE BelIecTBa: R = pg
3.2.5 | Ucrounuku Toka. OJIC wu BHYTpeHHEe COINPOTUBIICHUE
WCTOYHHKA TOKa: & = — o
q
32.6 |3akon Oma Jui1 ToJHOH  (3aMKHYTOMN)
anmekrpuueckoi memu: E=IR+1Ir, otkyma &' R
€&
R+r
3.2.7 | IlapannensHoe coeTUHEHHE TPOBOAHUKOB:
1 1 1
I=IL+1I,+..., U =U,=..., =—+—+...
Rnapaﬂn Rl R2
ITocnenoBaTenbHOe COEAMHEHUE TPOBOJHUKOB!
U ZUI +U2 +..., 11 = 12 =..., RHOCJ‘I :Rl +R2 +...
3.2.8 | Pabora anekrpudeckoro Toka: A =[Ut
3axon Jlxoyns — Jlenna: Q = I°Rt
329 AA
MOMIHOCTH NEKTPUUECKOro TOKa: P = — =IU
At At—0
TemnoBasi MOITHOCTD, BBIAEsIEMAs HA PE3UCTOPE:
U2
P=I"R=—"—
R
MomuTHOCTE HCTOYHNKA TOKA: P, = ——— =&l
At |,
t—0
3.2.10 | CBoOOIHEIC HOCHUTEIH YIEKTPHUECKUX 3apS0B B MIPOBOTHHUKAX.
MexaHH3MBI MPOBOJUMOCTH TBEPIBIX METAJUIOB, PACTBOPOB M
pacriaBoB 9JIEKTPOJIUTOB, ra3os. [MomynpoBoaHUKY.
ITonynpoBOAHUKOBBIM JHOA
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3.3 | MATHUTHOE IIOJIE

3.3.1 | Mexanndeckoe B3aMMOAEWCTBHE MAarHuToB. MarHuTHoe IoJIe.
Bektop MarHWTHOH WHAYKOUH. [IpHHIMO —CynepHo3UNNH
MarHuTHeIX moneil: B =B, + B, +... . JIuHUM MarHUTHOTO
noms. KapTuHa JTHHUIA 1MOJS ITOJIOCOBOTO M ITOJKOBOOOPA3HOTO
MOCTOSIHHBIX MATHATOB

3.3.2 | Ompir Opcrena. MarHuTHOe T0Jie TPOBOJHUKA C TOKOM.
KaptuHa JuHEE TONS AJIMHHOTO MPSIMOTrO IPOBOJHUKA U
3aMKHYTOTO KOJIBI[EBOTO NPOBOJAHHIKA, KATYIIKU C TOKOM

3.3.3 | Cuna Ammepa, ee HaIrIpaBJIeHUE U BEIMYUHA:
F, =IBlsina., rae o — yroia Mex/y HalpaBjieHHEM
IPOBOJIHUKA M BEKTOPOM B

3.3.4 | Cuna Jlopenna, e€ HarpaBJIieHUE U BEJIMYHHA:
Fyop =|q|vBsina, rie a— yrox mexy Bexropamu ¥ n B.
JIBmxeHHe 3apsDKEHHOM YaCTHIII B OTHOPOIHOM MarHUTHOM
nose

3.4 | DJIEKTPOMAI'HUTHAA WHOYVKIHUA

3.4.1 |Ilotok BEKTOpa MarHUTHOM
uHAykuuu: @ = B, S = BS cos o

3.4.2 | SBnenue >nekTpoMarHuTHON nHAYKuu. DJC nHIyKIMU

3.4.3 | 3akoH >nekTpoMarHuTHON uHAykuuu apanes:

p— A(D ’
(A - t
At At—0

3.4.4 | 5JIC uHAYKIMHU B IPSIMOM MTPOBOJHUKE JJIUHOM [, TBUXKYIIIEMCS
CO CKOPOCTBIO D (17 L7 ) B OTHOPOJTHOM MarHUTHOM
nosne B: |€,| = Blusina, rjie o — yroi Mexiy BeKTopaMu B u U
ecm! LB u 51B,T0 |€,.|=Blv

3.4.5 | IIpasuio Jlenua

3.4.6 )
WnnyktuBHOCTD: L = 7 ,am ®© = L]

Al '
Camounnnykuus. 3J1C camonnaykuuu: £, =—L— =-LI"
! At—0
3.4.7 LI’

OHeprus MarHUTHOI'O 10JIs KaTyLIKU ¢ TOKOM: W, = EN

© 2019 denepanbrast ciayxba o Haa30py B cdhepe oOpazoBanus u Hayku Poccniickoit denepaunu

OU3UKA, 11 kiacc

12

3.5

OJIEKTPOMAI'HUTHBIE KOJIEEAHNUA U BOJIHBI

3.5.1

Kone6arenpHbrit KOHTYP. CBobonHBIE
3JIEKTPOMATHUTHBIE KOJebauus B uneanbHom ¢ L
KOJIe0aTeIbHOM KOHTYpE:

q(t) = qmax Sln((l)t + (pO)
[(t):qt, = ('quax Cos(mt+(p0):]max COS((L)t+(pO)
21 1
Do a Tomcona: T =21y LC, OTKyJa O =— = ——
pMyII MCOH N TKY T T \/ﬁ

CBSI3b aMILTUTY/IBI 3apsi/ia KOHJIEHCATOPA C AMILIUTYA0H CHUJIIBI

[mur
TOKa B KOJIEOATEIbHOM KOHTYpE: ¢, = 2%

352

3aKOH COXpaHEHUS SHEPTUH B KOJIeOATEILHOM KOHTYpE:
CcuU? N LI*> CUl,. LI},
2 2 2

= const

353

BeIHY)IeHHBIE 3IIEKTPOMAarHUTHEIC Koiebanus. PezoHanc

354

[Tepemennsiii Tok. [IponsBoicTBO, mepenavya u mnotpebicHHE
IEKTPUUECKOU SHEPIUU

3.55

CRBoIiCTBa 2MIEKTPOMArHUTHEIX BOJH. B3anMHast OpHeHTALs
BEKTOPOB B AJIEKTPOMATHUTHON BOJIHE B BaKyyMe: E L B 1 &

3.5.6

[lxamna 3JIEKTPOMArHUTHBIX BOJIH. [Ipumenenue
JJIEKTPOMATHUTHBIX BOJH B TEXHUKE U OBITY

3.6

OINTHUKA

3.6.1

IIpsMonuHeliHOE pacpoCcTpaHEHUE CBETA B OAHOPOJHOM cpere.
Jlyd cBera

3.6.2

3aKOoHBI OTpa>XCHHUA CBCTA.

3.6.3

IMoctpoenue H300pakeHNH B INIOCKOM 3epKayie

3.64

3aKOHBI TIPEJIOMIICHHS CBETA.
[Ipenomienue cBeta: 1, sino. = n, sinf3

. c
AGCOTIOTHBIN MTOKa3aTeIb IPEOMIICHUS: Ny, = —
v

N n, v

OTHOCHTENBHBIN MMOKa3aTeNb MPEIOMIICHUS: N, = —= =—-
n] UZ

Xop mydel B MpU3Me.

CoOTHOIIEHHE YaCTOT U JUTMH BOJIH IIPH MEpexoie

MOHOXpPOMAaTHYECKOI'O CBETa Yepe3 IPaHmIly pasjelia AByX

ONTUYECKUX CPENl: V|, =V,, mA; =n,A,

3.6.5

[NonHoe BHYTpeHHEE OTpaXKEeHHE.
[IpenenbHbIi yron nogHoro
BHYTPEHHETO OTPaKEHUS: >

n,
G.ﬂ.p

. 1
sinq,, =——=—%
n n

OTH 1

n

n
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3.6.6 | Cobuparoniie M paccedBarollie JIMH3bI. TOHKas JIMH3A.
DoKyCcHOE pacCTOSHUE U ONTHYECKas CUIa TOHKOM JIMH3BI:
p="'

F

3.6.7 | ®opmyiia TOHKOU JTHMH3BI: d
r,r_t
d f F H F
VBenndeHue, 1aBacMoe

.. h f F h
JJUH30U. [[= — =L f
H d

3.6.8 | Xon sryya, NpOLIEAIIETO JIMH3Y IO IPOU3BOJIbHBIM YIJIOM K €€
riaaBHOI onTuyeckoil ocu. IloctpoeHue u300pakeHUN TOUKH U
OTpe3Ka MPSMOI B cOOMPAIOIUX U PACCEHBAIOLINX JIMH3aX U UX
cUcTeMax

3.6.9 | ®oroanmapar kak onTHdeckuid npuOop. a3 kak onTHueckas
cucremMa

3.6.10 | UuTepdepenuns ceta. KorepeHTHbIE HCTOYHHMKH. Y CIIOBHUS
HaOIro IeHHS MaKCHMYyMOB u MUHHMYMOB B
UHTEpGEPECHIIMOHHON  KapTHHE  OT  JBYX  CHH(Aa3HBIX
KOTE€PEHTHBIX HCTOYHHUKOB
MaKCHMYMBI: A=2m%, m=0,x1,£2,+3,...

A
MHHHMYMBI A=(2m+1)5,m=0,il,i2,i3,...

3.6.11 | Iudppakmusa csera. JudpaknmoHHas pemieTka. Y CIOBHE
HaOIFOICHHS TIIABHBIX MAaKCUMyMOB IPH HOPMAJILHOM IaJCHUH
MOHOXPOMAaTHUYECKOI'0 CBETA C AJMHOM BOJIHBI A Ha PELIETKY C
nepuonom d: dsin@,, =mh, m=0,£1,+2,+3 ..

3.6.12 | ducnepcus cBera

4 | OCHOBBI CIIEIIHATBHOH TEOPHH OTHOCHTEJIbBHOCTH
4.1 | lHBapHaHTHOCTHh MOJYJISI CKOPOCTH CBETa B BaKkyyMme. [IpuHnum
OTHOCUTEIbHOCTU DiHIITEIHA
4.2 DHeprust CBOOOIHOM YACTHIIBL E = me’ .
1-Z
C2
Wmmnynbsc yacTunpl: p = mv -
-2
C
4.3 | CBs13p MacChl M SHEPTUH CBOOOTHOM YaCTHIIBL:
E* - (pc)2 = (mc2 )2
DHeprus MoKos CBOOOIHON YaCTULBL: £, = mc >
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5 KBAHTOBAA ®U3HKA U SJIEMEHTbBI ACTPODPH3HKH
5.1 | KOPIYCKYJIAPHO-BOJIHOBOH IV AJIH3M
5.1.1 | T'umorte3a M. ITinanka o kBantax. ®opmyna [lnauka: E = hv
512 ®otoHsl. DHeprus ¢potona: E =hv = % = pc
WUmnynec GoTtoHa: p = E = hl = ﬁ
c ¢ A
5.1.3 | ®oroaddekrt. Onbitel A.I'. CTonerosa. 3akoHbl poTodrdhdekra
5.1.4 | YpaBuenue Ditaireiina ast poroaddexra:
E dotona ABmxo,:la + Er max
he he
rae E 0TOHA = hV =5 ABMXO a = th =5
A 8 P Moo
B e = 5 = U,
2
5.1.5 | BonHoBsIe cBoiicTBa yacTull. Bonusl e bpoiins.
Jnuna BonHbl e Bpoiinsa neuxkymeiics yacTuipl: A = % = %
KopmyckynsapHo-BoHOBOH fyamm3M. J{udpakmust 351eKTpoHOB
Ha KpUCTAIIaxX
5.1.6 | JaBnenue cera. JlaBjaeHue cBETa Ha MOJHOCTHIO OTPAKAIOIIYIO
MTOBEPXHOCTh U Ha IMOJIHOCTHIO MOTJIONMIAONIYIO TOBEPXHOCTh
5.2 | QU3UKA ATOMA
5.2.1 | [InanerapHas MoJieNib aTOMa
5.2.2 | Hocrynarsel bopa. M3nyuyenue u noriomieHue GOTOHOB MPH
Iepexo/ie aToMa ¢ OJHOTO YPOBHS DHEPTUH Ha JPYTOM:
hv,, = he _ |E, —E,|
}\’mn
5.2.3 | JluneiiuaTble CIEKTPBHIL.
CrieKTp YpOBHEH SHEPTrUH aTOMa BOJIOPO/Ia:
6B
n
5.2.4 | Jlazep
53 | QU3UKA ATOMHOI' O AJIPA
5.3.1 | Hyknonnas mogens sigpa [eiizenOepra — IBaHeHko. 3apsin
siapa. MaccoBoe uncio sapa. M3oronst
5.3.2 | DHeprus CBsI3M HYKIIOHOB B siipe. SliepHble CUIIbl
5.3.3 | Hledext macceisinpa 5X: Am=Z -m, +(4=Z)-m, —m,,,
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5.3.4 | PagnoakTuBHOCTG.
Anbda-pacnam: 5 X—5 Y + JHe
Bera-pacniaj. DiekTponHslit B-pacnan: 4§ X—, MY + Je+V,
TMosutponnslit B-pacnax: 5 X—, Y + J¢ +v,
l'amma-u3nyuenue
t
5.3.5 | 3aKOH paguOaKTUBHOTO pacrnanga: N (t) =N,-27T
5.3.6 | Snepusble peakuuu. JleJeHUE U CUHTES A1Ep
54 | DJIEMEHTHI ACTPODOU3UKHU
5.4.1 | ConHeyHast cucTema: IUIAHETHl 3€MHOM TpYIIbl U IJAHETHI-
TUraHThl, Majble Tena CoTHeUHOM CHCTEMBI
5.4.2 | 3Be3apl: pa3HOOOpa3We 3BE3IHBIX XAPAaKTEPHUCTUK W HX
3aKOHOMEPHOCTHU. VICTOUHUKU 3HEPruu 3Be3.1
5.4.3 | CoBpeMeHHbIE TPEACTABICHUS O MPOUCXOKICHUHA U HBOJIOIII
CouHnia u 3Be31
54.4 |Hama Tanakruka. [lpyrue ramakruku. IIpocTtpaHcTBeHHbIE
MacmTadbl HabmoxaeMoi Beenennoi
5.4.5 | CoBpeMeHHBbIE B3IISIIBI HA CTPOCHHE U YBOIONHUIO Beenennoit

Pa3nen 2. Ilepeyens TpeGoBaHMii K YPOBHIO NOATOTOBKH, IPOBEPIEeMOMY

H

a ¢AMHOM TroCyAapCTBCHHOM IK3aMeHe 110 (l)mmce

TpeOOBaHUs

Kon

TpebGoBaHUS K YPOBHIO IOATOTOBKH BBITYCKHUKOB, OCBOCHHE
KOTOpBIX npoBepsieTcs Ha ET'D

1

3namuv/Ilonumame:

CMBICT (PM3UYECKUX TTOHATHI

CMBICJI Q)HSHHCCKI/IX BCJIMYHH

CMBICJI (1)I/ISI/I‘ICCKI/IX 3aKOHOB, IPUHIMIIOB, TIOCTYJIATOB

Ymems:

2.1

OIIUCBIBATh M OOBSICHSITH:

2.1.1

(I)I/IBI/I‘ICCKI/IG SIBJICHMA, (1)I/I3I/I‘ICCKI/IG SIBJICHHS M CBOMCTBA TCJI

2.1.2

PE3YAbTATHI OKCIICPUMEHTOB

2.2

OIKCBIBATh (yHaMeHTaNbHbIe OIIBITHI,
CYIIECTBEHHOE BIMSHHE HA Pa3BUTHE (PUHKH

OKa3aBIIUE

23

HPUBOJMTH NPUMEPHI MPAKTHYECKOTO NPUMEHEHUS (PU3NUECKUX
3HaHH, 3aKOHOB (DU3UKHU

24

onpeneNiTh XapakTep (U3NYecKoro mpolecca IO Ipaduky,
Tabnune, GopMmyne; MPOAYKTHI SNEPHBIX PEaKIUuil Ha OCHOBE
3aKOHOB COXPaHEHHs 3ICKTPUYECKOTO 3apsiaa M MACCOBOTO YHCIIa
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2.5

2.5.1

OTIMYaTh TUIOTE3bl OT HAy4YHBIX TEOPUH; JeaTh BBIBOABI HA
OCHOBE JKCIEPHUMEHTAJbHBIX JAaHHBIX; HPUBOJUTH IPUMEPHI,
MOKA3bIBAIOIIME, YTO: HAOMIOJECHUS U AKCIEPHMEHT SBIISIOTCS
OCHOBOH /Ul BBLABWKCHUS THUIIOTE€3 U TEOPUH M IO3BOJIIOT
MPOBEPUTh MCTHHHOCTH TEOPETHUECKHUX BBIBOJOB, (hm3mueckas
Teopusi IaeT BO3MOXHOCTb OOBSICHATH W3BECTHBIC SIBICHUS
HIPUPOJIBI U HaydHBIE (DAKTHI, MPEACKA3BIBATE CIe HEH3BECTHBIC
SIBIICHUS;

252

NPUBOAUTE  NPUMEPHl  ONBITOB, WILTIOCTPHPYIOIIMX,  YTO:
HAOJIFOACHHS U DKCIIEPUMEHT CIIY)KaT OCHOBO IJIsl BBIABMIKCHUS
THIIOT€3 ¥ TIOCTPOCHUS HAYYHBIX TEOPHH; OKCIEPUMEHT
MO3BOJIICT TMPOBEPUTh HCTUHHOCTh TEOPETHYCCKUX BBIBOJIOB,;
¢bu3ndeckas TEOpHs [aeT BO3MOXKHOCTh OOBSCHATH SIBJICHUS
OPUPOJBI M Hay4Hble (aKThl; (H3MUYECKas TEOPUS IO3BOJISCT
MIPEICKa3hIBATh €I HEH3BECTHHIC SBJICHUS U WX OCOOCHHOCTH,
npu  OOBSICHEHHHM  TPUPOAHBIX  SIBICHUH  UCIOJB3YIOTCS
(u3nyYecKkrue MOAEIU; OJUH M TOT K€ MPHUPOJHBIA OOBEKT WIN
SIBIICHHE MOYXHO UCCJIEIOBATh HA OCHOBE HCIIOJIB30BAaHHS PA3HBIX
MOJIeIIeH; 3aKOHBI (QU3MKH W (HU3UYECKUE TEOPHU MMEIOT CBOU
OIpeICIICHHBIC TPAHHUIIBI IPUMEHHMOCTH

253

M3MEPATh (U3UYSCKHE BEIHYUHBI, TMPEICTABIATH PE3yIbTaThl
H3MEPEHHH C Y4ETOM UX IOTPEITHOCTEH

2.6

NPUMCHATH IIOJYYCHHBIC 3HaHUA [UIA PCHICHUA (1)I/IBI/I‘ICCKI/IX
3a1a4

Hcnonv3oeamov npuobpemenHvle 3HAHUA U YMEHUA 6 NPAKMUYECKOI

0eaAmenbHOCMU U NOGCEOHEBHOU HCUHU OJ1A:

3.1

obecrieyeHUsT OE30IACHOCTH JKMU3HEIEATCIBHOCTH B IIporecce
HCTIOJIb30BAHUS TPaHCIOPTHBIX CpPEnCTB, OBITOBBIX
ANIEKTPONPHOOPOB, CPEACTB pPagHo- U TEICKOMMYHHKAI[HOHHON
CBSI3W; OLEHKH BIHSHUS Ha OpPraHW3M 4YelloBeKa W JIpyrue
OpPTraHU3MBbI 3arps3HEHUS] OKPYXKAIOIIECH CpeNbl; PalliOHAIBLHOTO
MPUPOJIOTIOIBF30BAHMUS U OXPaHbI OKPYKAIOIICH CpeIbl

32

OIIPCACIICHUA COOCTBEHHOM TO3UIIMHU ITO OTHOIICHUIO K
9KOJIOTUYCCKUM l'IpO6J'I€MaM 1 IIOBCACHHUIO B HpI/IpOZ[HOPI cpeac
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