IIpoekTt

Enunbliii rocynapcrBenbiii 3x3amed no ®U3UKE

Komuduxkarop
3JIEMEHTOB COZEPKaHMA U TPEOOBAaHUI K YPOBHIO ITOJTOTOBKU
BBIITYCKHUKOB 00pa30BaTEIbHBIX OPraHU3aLuil Ui IpOBeIeHUs
€MHOTO I'OCYAAPCTBEHHOI'0 3K3aMEeHa 110 (pU3UKe

IIOATOTOBJICH q)e/:[epaHI)HBIM TOCYyAapCTBCHHLIM 6IOI[X(6THI)IM
Hay4HBIM YYPCIKICHUEM

«DEJIEPAJIbHBIN UHCTUTY T IEJATOT' MYECKUX U3MEPEHHIN»

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
@ezepadbHOrO KOMIIOHEHTA TI'OCYJapCTBEHHBIX CTaHIApTOB OCHOBHOTO OOIIEro M
cpeanero (mojHOro) obmero obOpazoBanusi mo ¢usuke (0a30BBIA W TMPOGWILHBIN
ypoBHH) (nprka3 MuHoOpaszoBanus Poccun ot 05.03.2004 Ne 1089).

Pazneu 1. IlepedyeHb 3/1eMeHTOB CO/lepPKAHMS, IPOBEPSEMBbIX HA eAHHOM
rocyiapcTBeHHOM 3K3aMeHe 10 u3HKe
B mepBom crondre ykasaH Koz pasziena, KOTOPOMY COOTBETCTBYIOT KPYIIHBIC
6110KH copepxaHua. Bo BTopoM cTonbue mpuBeaeH KO 3JIEMEHTa COAep KaHMs, AT
KOTOPOTO CO3/ar0TCs MPOBEpOUHbIe 3aqanus. KpynHbie OJ0KU comep:kaHusl pa3OuTh
Ha 00J1ee MEJIKUE 3IIEMEHTHI.

Kon
KOHTPO
Ko | ypye
Pas- MO0 DJIeMeHTBbI CO/Iep:KaHMS,
AeNA | 5 aren nposepsiemble 3agannavmu KUM
Ta
1 MEXAHHKA

1.1 | KHHEMATHKA

1.1.1 | Mexannueckoe aBmkeHre. OTHOCUTEIFHOCTh MEXAHUYECKOTIO
nsrkenns. Cucrema oTcuera

1.1.2 | MarepuanbHasi TOUKA.

E€ panuyc-BekTop:

Fe)=(x(0). y(0).2(t)),
TPacKTOpHS,

HnepeMeIeHue:

AF =7 (t,)-7(t,) = (Ax,Ay,Az),
MyTb.

CrnoxeHue rnepeMenieHui:

A7 = AF, + AF,

TPaeKTOpHs

<vy
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1.1.3

CKOpOCTh MaTEPHUATLHON TOUKHU:
_AF
A
v =X
Y

Cnoxenune ckopocteit: U, =1, + 7,

<

=
r; _(vxavya z)’

At—0

—_ ’ p— ’ —_ r
=X, , aHaJIOTMYHO 'Uy =), UV, =z.
At—0

OU3UKA, 11 kiacc

1.1.8

JIBUKEeHHE TOUKH 110 OKPYKHOCTH.

" 2n
VrioBas v TMHEHHAsA CKOPOCTb TOUKU: V= 0R, ®= T =2mv.

2
v

[{eHTpOCTPEMHUTENBHOE YCKOPEHHE TOUKH: @, = — =m'R
“ R

YckopeHue MaTepuanbHON TOUKH:
AD

G=—"

— ! — ! —
=(v,),", ananornano a, = (v, )l ,a =(
At—0

1.1.9

TBepz[oe TEJI0. HOCTyHaTeJ'H)HOG 1 BpallaTCJIbHOC JIBHKCHUC
TBEpAOro Tejaa

1.2 | JHHAMUKA

1.2.1

Wnepnuanbhele cucteMsl orcueTa. IlepBblii 3akoH HbroToHa.
ITpunnun otHocuTesnbHOCTH [anunes

122

m
Macca tena. [lnoTHOCTH BenecTBa: P = ;

PaBHOMEpHOE NPSIMOIIMHEHHOE IBUXKEHHE:
xX(t)=x,+ Uyt

v, (t)=v,, =const

1.2.3

Cuna. [TpUHIMI CYNIepHO3HIIAH CUIT: F =F +F, +...

paBHOJEHCT B

124

Bropoii 3axon Hetorona: 1 matepuanbHoii Touku B UCO
F=mad; Ap=FAt npu F =const

PaBHOYCKOpCHHOC HpﬂMOJ’IPIHCfIHOC JBUXCHUC!

at’
X(t)=x, + Uyt + XZ

v.(t)=v,, +at
a, =const

v, Y, =24, (%, —x,)

1.2.5

Tperuii 3akoH Hprorona gt +——@——@—>
MaTepHAIIbHBIX TOYEK: F|, = —F), K, F

CBo0OOHOE TTaJIeHUE. Va .

VCKOpeHHe CBOOOIHOTO Uy
najaeHus. JIBuxxeHue tena,
OPOIICHHOTO TIO YIJIOM 0. K Yo )
TOPHU30HTY:

1.2.6

3aKOH BCEMHPHOTO TSATOTEHUS: CHIIBI TPUTSDKEHHAS MEXIy
mnmy
R2
Cuiia TsKECTH. 3aBHCHMOCTBL CHIIBI TSDKECTH OT BBICOTHI /I Ha
MTOBEPXHOCTHIO TUIAHETHI PATIHYCOM Ry:
GMm

(R, +h)’

TOYCUYHBIMU MaCCaMHU paBHBI F=G

mg =

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)KCHI/IC HEOECHBIX TEI M HX HCKYCCTBCHHBIX CITYTHHKOB.
HepBaﬂ KOCMHUYECKasA CKOPOCTh:

GM
Uy =4/ gk, =
0

R

Bropas kocMuuecKas CKOPOCTb:

2GM
UZK = \/EUIK = T

0

1.2.8

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

Cuna tpenus. Cyxoe TpeHue.
Cuta TpeHUs! CKONBXCHUS: F, | = UN

Cuna TpeHust mokost: F,, < uN

KoaddurmeHt tpeHus

1.2.10

i
JlaBnenue: p = ?
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JUI IOTCHIOUAJIBHBIX CHII A]2 =F

I moteny

2 moTeHI

=—-AE

HOTCHHI/IaJII)HaH OHEPIrusd TCjla B OAHOPOAHOM IIOJIC TSAXKCCTHU!

EnoTeHu = mgh :
HOTGHHI/IaHI)Ha}I SHEPrusd ynpyro ,He(l)OpMI/IpOBaHHOFO Teia.
ka
EHOTCHU =
2

norenn

1.3 | CTATHKA
1.3.1 | MOMEHT CHJIbl OTHOCUTENBHO OCU
BpAICHNUS: ‘
M = Fl, rae | — wiewo cwsl F
OTHOCHTEJIFHO OCH, TIPOXOJIIIeH depes F
To4Ky O NepHeHAUKYISIPHO PUCYHKY
1.3.2 | YcaoBus paBHOBecus TBepaoro tena B UCO:
M, +M,+...=0
{F] +F+...=0
1.3.3 | 3akoH Ilackamus
1.3.4 | NaBnenue B )xuakocTy, noxosmieiicsa B UCO: p = p, +pgh
1.3.5 | akon Apxumena: Fy,, =—PB, .. -
eciu Teno ¥ KUAKOCTh nokostest B UCO, 10 Fy, = pgV e
VYcioBue maBaHus el
1.4 | 34KOHbI COXPAHEHUA B MEXAHUKE
1.4.1 | IMmmynsc MaTepuambHON TOUKH: p = mD
1.4.2 | IMItynbC CUCTEMBI TeT: P = P, + Py +...
1.4.3 | 3akoH U3MEHEHUs U COXPAHEHUS UMITyJIbCA!
BUCO Ap=A(p, + Py +...)= F poum A+ F e AL+ ..
BUCO Ap=A(p, + P, +...)=0, ectu F,, s + Fyupeus +--- =0
1.4.4 | PabGota cuiibl: Ha MaJIOM ITEpEeMEIICHUN
A=|F|-|AF|-cos a=F, - Ax -(;3
Ar
1.4.5 | MomHOCTh CHIIBL: —
A F
P=— =F-v-cosa ~
At At—=0 v
1.4.6 | Kuneruueckas sHeprust MaTepualbHON TOUKH:
EKIAH = mvz = p_2
2 2m
3aKOH U3MEHEHHsI KUHETUYECKOH SHEPTUU CHCTEMBI
MaTepHaibHBIX Touek: B ICO AE, =4 + 4, +...
1.4.7 | IloTenunanbHas SHEPIUSL:
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1.4.8 | 3aKOH U3MEHEHHS U COXPAaHEHUSI MEXaHUIECKOU SHEPTHHU:
E,HEX = EKMH + EnomeHw >
B I/ICO AE.wex = ABCCX HEMOTEHIL. CHII >
B HCO AEMGX = 0’ ecin ABcex HEMOTEHL. CHJI = 0
1.5 | MEXAHUYECKUE KOJIEBAHUA Y BOJIHbI
1.5.1 | FapMoHu4Yeckue Koyebanust. AMIUIHTY A U (a3a KoJIeOaHHH.
Kunemarnueckoe onucanue:
x(t) = Asin(ot +¢,),
v()=x/,
2
a,(t)=(v,), =—0’x(1).
JlnHaMHu4YeCcKoe ONHCaHneE:
ma, =—kx ,re k=mw’.
DHEepPreTUIecKoe OnrcaHue (3aKOH COXPaHSHHST MEXaHUIECKOM
.mvt kX mul,  KA®
SHEPTUM): + = o = const .
2 2 2
CBs13b aMIUTUTY Bl KOJICOAHUH MCXOTHOM BEIMYUHEI C
aMIUTMTYIaMU KoJIeOaHUH €€ CKOPOCTH U YCKOPEHHUSI:
vmux = wA > amax = (DzA
1.5.2 2n 1
[Tepuon n vyactora konedbanuii: 7' =—=—.
o Vv
IMepymon ™ambix CBOOOAHBIX KOJICOAHWH MaTeMaTHYECKOTO
/
MasTHHKa: :275\[ .
g
Ilepuon cBOGOAHBIX KOJNEOaHMH MPY)KUHHOIO MasiTHHUKA:
m
T=2m|—
k
1.5.3 | Bemyxaennsle konebanus. Pezonanc. PesonaHcHast KpuBast
1.5.4 | Ilonepeunsle u IIPOJIOJIbHBIE BOJIHBI. CkopocTb
v
pactpoCTpaHEeHUS U JUTMHA BOJIHBL: A =0T =—.
v
WuTepdepennns u nudpakiiys BOJIH
1.5.5 | 3Byk. CKOpOCTb 3BYKa
2 MOJIEKY/IAIPHAA ®H3UKA. TEPMOIHUHAMHKA
2.1 | MOJIEKYJIAPHAA ©U3UKA
2.1.1 | Mopenu cTpoeHUsl ra30B, KUAKOCTEH U TBEPBIX TEJ
2.1.2 | TerioBoe IBHKEHHE aTOMOB M MOJIEKYJI BEIIECTBA
2.1.3 | BzaumopelicTBHE YaCTHI] BEIIECTBA
2.1.4 | Auddysus. bBpoyHOBCKOE IBHKEHHE
2.1.5 |Mopnens upeansHoro raza B MKT: wacTuuel rasa ABHXYyTCS
Xa0THYECKU U HE B3aUMOJCHCTBYIOT IPYT C APYTrOM
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2.1.6

CBs3b MEXIY IaBIEHHEM M CpeIHEH KMHETHYECKOIl sHepruei
MOCTYNATENbHOTO TEIUIOBOTO ABIXEHHUS MOJEKYN HIEaJbHOTO
rasza (ocHoBHOe ypaBHeHHEe MKT):

1 5 2 (mp*) 2 —
=—myw’=>n- =N 6,
p 3"10 3 [ 2 3 nocr

OU3UKA, 11 kiacc

2.1.7

AobcontotHast remneparypa: I =1°+ 273K

2.1.8

CBsi3p TeMIlepaTypbl ra3a CO CpeiHeH KHHETHYECKOW SHepruei
MOCTYTIATEIFHOTO TEIIOBOIO JBIYKCHISI €0 YaCTHII:

_ 2
£ :(mov j:3kT

noct 2 2

2.1.9

VYpaBHenue p =nkT

2.1.10

Mozenb uaeanbHOTO Ta3a B TEPMOIUHAMUKE:
{ypaBHeHI/Ie MenpeneeBa - Kinanelipona

Bripaxkenue 1 BHyTpeHHEH SHEPruu

Vpasuenne MenneneeBa—Knamnelipona (mpumeHHMBIE (HOPMEI
3aIUCH):

oV =" RT =vRT = NkT, p=PRL,
u

BelpaxxeHne Ui BHYTPEHHEH OJHEPIUUM  OJHOATOMHOTO
UJIeaJIbHOTO ra3a (MpuMeHHMBbIe (GOPMBI 3AITHUCH):

3 3 3m
==VRT==NkT ==—RT =vc.T
U 2\/ 2Nk o ve,

2.1.11

3akoH JlanbTOHA /IS TaBJICHUS CMECH Pa3peIKCHHBIX T'a30B:
p=p tp,+..

2.1.12

N3onpouecchl B pa3peKeHHOM Tra3e € MOCTOSHHBIM YHCIOM
yactull N (C TOCTOSTHHBIM KOJIMYECTBOM BEIIECTBA V):
nzorepma (7= const): pV = const,

4

nzoxopa (¥ = const): = const ,

T
Vv
nzobapa (p =const):  — =const.

I'paduueckoe npeacraBiieHne U30MpoIeccoB Ha pV-, pT-u VT-
Jiarpammax

2.1.13

HacermeHHBle W HeHachImIeHHBIE mapel.  KadecTBeHHas
3aBUCHMOCTH IUIOTHOCTH M JaBJICHHS HACHINICHHOTO Mapa OT
TEMIEpaTypbl, WX HE3aBUCUMOCTH OT O0BbEMAa HACBILIEHHOTO
napa

2.1.14

Bnaxnocts Bo3znyxa.
pnapa (T )
()

p mapa (T )

OTHOCHUTEIbHAS BIAXKHOCTD: Q=
Pracemn. napa (T ) p HaCHIII. Mmapa

2.1.15 | U3MeHeHue arperatHblX COCTOSIHMM BEIIeCTBa: HCIAapeHUue H
KOHJICHCAIHSI, KHTICHUE XKHUIKOCTH
2.1.16 | I3MeHeHHe arperaTHbIX COCTOSIHMM BEIECTBA: IUJIABJICHUE WU
KPHUCTAIUTH3ALHUS
2.1.17 | [Ipeobpa3zoBanue s3HEPriK B (ha30BbIX MEPEX0Iax
2.2 | TEPMO/IHHAMUKA
2.2.1 | TemoBoe paBHOBECHE M TeMIIepaTypa
2.2.2 | BHyTpeHHss 3Heprus
2.2.3 | Teronepenaya Kak Crnocod M3MEHEHHS BHYTPEHHEH SHEpPrUH
0e3 coBepuieHHss paboTel. KOHBEKIMS, TEIIOMPOBOIHOCTS,
W3TyUCHUE
2.2.4 | Komu4ecTBO TEIUIOTHI.
VY enbHas TEIIOEMKOCTh BeulecTBa ¢: Q = cmAT .
2.2.5 | YnenpHas TemiaoTa napoodpasoBanus ;. Q = rm .
YaenbHas TeuioTa miaBaeHus A Q = Am.
VY ienbHas TEIIoTa CropaHusi TOIUMBa ¢: Q = gm
2.2.6 |DOnemenrapHas paboTa B  TepMOAMHAMUKE: A= pAV .
Brraucnenne pabotel o rpaduky mporiecca Ha p V-auarpamMme
2.2.7 | IlepBblil 3aKOH TEPMOJUHAMUKU:
O, =AU, +4, = (Uz -U, )+ Ay
Anmnabara:
0,=0= 4,=U-U,
2.2.8 | Bropoii 3aKk0H TepMOJMHAMHKH, HEOOPaTUMOCTD
2.2.9 | Ilpunnunel nefctBus teruioBbix MamuH. KIT/:
— Aza LS S QHal‘p - ‘onn‘ — 1_ ‘onn‘
Quarp Qualp Qnalp
2.2.10 | Makcumansnoe 3nauenue KII/1. Hukn Kapuo
max n — nKapHO — THHF;W TXOH — 1 _ 7]:)(011
Harp Harp
2.2.11 | YpaBuenue TemioBoro 6amadca: Q, + 0, +Q; +..=0.
3 SJIEKTPOIHHAMHUKA
3.1 | DJIEKTPUYECKOE IIOJIE
3.1.1 | Dnekrpuszanust Ten ¥ €€ NPOABICHUS. DJICKTPUUYCCKHHA 3apsi.
JIBa Buza 3apsna. DieMEHTapHbII AJIEKTPUYECKUN 3apsai. 3aKoH
COXPaHEHHsI DIEKTPHIESCKOTO 3apsiyia
3.1.2 | BaaumogpeiictBue 3apsinoB. Toueunsle 3apspl. 3akoH KysoHa:
F =k‘511"2“h‘ _ 1 .‘%H%‘
r 4ne, 1?2
3.1.3 | Dnekrpuueckoe nosie. Ero pelicTBue Ha 3JIEKTPUYECKUE 3apsiIbl
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3.2.4 | DnekTpuUYeCcKoe CONMPOTHUBIICHHE. 3aBUCUMOCTh COIPOTHBIICHUS
OJTHOPOAHOTO NMPOBOJHHKA OT €ro JUIMHBI U CeUeHHs. Y AeTIbHOe
COIPOTHBJICHHUE BerlecTBa. R = pE

3.2.5 |Hcrounuku Ttoka. OJC u BHYTpEHHEE CONPOTUBIICHUE
HCTOYHHKA TOKA, £ = — ol

q

32.6 |3akon Oma gmsg TmomHOW  (3aMKHYTO#)
anekTpuueckoit uemm: E=IR+Ir, orkyma &Il R
I &

R+r

3.2.7 | IlapannenbHoe COEIUHEHUE IPOBOAHUKOB:

I=L+l+.., U=Uj=., =1, 1,
Ruapaml Rl RZ

[MocnenoBaTenbHOE COSAMHEHUE MPOBOHUKOB!

U=U,+U,+..., I=1,=..., Riyex =R +R, +...

3.2.8 | Pabora anexrpuueckoro Toka: 4 =IUt
3axon Jlxoyns—Jlenna: O = I’ Rt

329 AA
MOMmHOCTB NEKTPUYECKOr0 TOKa: P = — =1U.

t At—0
TermioBast MOITHOCTD, BBIACIsIEMasi HA PE3UCTOPE:
2, _U?
P=["R=—o.
R
AA
MomHOoCTE HCTOYHKKA TOKa: P, =——— =&
At
At—0

3.2.10 | CBOOOJHBIE HOCHTENH JIEKTPUUYECKUX 3apSIOB B MPOBOIHHUKAX.
MexaHU3MBI TPOBOJMIMOCTH TBEPABIX METAIOB, PACTBOPOB H
pacrmiaBoB AJICKTPOJTUTOB, ra3os. [MoxynpoBo HUKY.
[TosynnpOBOAHMKOBBIM 11O

3.3 | MATHUTHOE IIOJIE

3.3.1 | MexaHn4eckoe B3aMMOACHCTBUE MArHWTOB. MarHuTHOE IOJIE.
Bekrop MarHuTHOW WHAYKUOWH. [IpHHIMI —CyNepHO3HIIUH
MarHuTHeIX moneil: B =B, + B, +... . JIuHUM MarHuTHOTO
nonst. KapTuHa JTMHWIA MOJIS MOJIOCOBOTO M TIOAKOBOOOPa3HOTO
MOCTOSIHHBIX MarHUTOB

3.3.2 |Omeir Opcrena. MarHuTHoe IMoJ€ IPOBOJHMKA C TOKOM.
Kaptuna nuHMHA 1oJs JUIMHHOTO HPSMOIO IPOBOJHHMKA U
3aMKHYTOT'O KOJIBIIEBOTO MIPOBOAHUKA, KATYLIKH C TOKOM.

3.14 . ~ F
Hanpsx€HHOCTB 3IEKTPUUYECKOro NMOJS: E =
qnpoGHLlﬁ
ITone Toyeunoro 3apsana: £, = k% s
;
oIHOpoHOE Tone: E = const .
KapTunsl 1uHMl 3TUX T0JIEH
3.1.5 | IToTeHIMaIbHOCTD 3JEKTPOCTATHUECKOTO IOJIS.
Pa3zHOCTh MOTEHLIMANIOB U HALIPSKEHUE.
45, =q(0, - 9,)=—qAp=qU
[MorenunanpHast YHEPTHUs 3apsga B JIEKTPOCTATHUECKOM IIOJIE:
W =q0.
w
IMToTeHnman 31eKTPOCTaTHYECKOTO MO = — .
q
CBs3b HanpsDKEHHOCTU IOJIL M PAa3HOCTU IOTEHLMATIOB JUIS
OJHOPOJIHOI'O BJIEKTPOCTATUYECKOro noJjisi: U = FEd .
3.1.6 | [IpuHUMII CYTIEPIO3UIIUH IJICKTPUUECKHUX TIOJCH:
E=E+E,+..., 0=¢, +¢,+...

3.1.7 |IIpoBomHMKM B  BIEKTPOCTATUYECKOM  IIOJNE.  YCIIOBUE
paBHOBecCHUs 3apsA0B: BHYTpH nipoBoaHuKa £ =0, BHYTpH u Ha
MOBEPXHOCTH MPOBOJHMUKA () = const .

3.1.8 | JIudneKTpUKH B 3JIEKTPOCTATHUYECKOM Moiie. [luanekrpudeckas
MIPOHHIIAEMOCTH BELIECTBA €

3.1.9 . q
Konpercarop. DnekrpoéMrocts koHaeHcatopa: C = U

. ee,S
OneKTpOEMKOCT IUIOCKOT0 KOHJeHcaTopa: C = =¢C,
d
3.1.10 | [TapannenbHOE COEAUHEHHE KOHICHCATOPOB:
q=q,+q,+..., U, =U,=..., C,,apa'm =C, +C, +...
[MocnenoBaTenpHOE COEANHEHNE KOHACHCATOPOB:
U=U,+U ! ! + ! +
=U,+U,+..., qy=¢,=.c., ——=—+—+...
1 2 4 1 2
Crwm C] C2
OHeprus 3apssKeHHOro KoHAeHcaropa: W, =1 —=——=—"—
2 2 2C
3.2 | 34KOHBI IIOCTOAHHOI'O TOKA
3.2.1 A .
Cuna toka: [ == . llocrostanbli TOK: [ = const .
t At—0
Jnst mocrostHHOTO TOKA ¢ = It
3.2.2 | YcnoBus cyniecTBOBaHUS AJIEKTPUYECKOrO TOKA.
Hanpsoxenne Un DJ1C €
323

U
3akoH Oma [uist yyacTka uenu: [ = n
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3.3.3 | Cuna Amriepa, e€ HanpaBJIeHUE U BEIUUNHA:
F, =IBlsin o, roe o.— yron MeXIy HalpaBieHHEM
HPOBOJHUKA H BEKTOPOM B

334 Cuna Jlopenna, e€ HampaBjIeHUE U BeININHA!

F,

op = |VBsine, T 0. — yro MeX1y BEKTOpaMH © H B,

I[BI/I)KGHI/IG 3ap;1>1<eHH0ﬁ YacTUIBI B OAHOPOAHOM MAarHUTHOM
1oJie

3.4 | DJIEKTPOMATHUTHAA HHAYKIHUA

3.4.1 | ITotok BEKTOpa MarHUTHOM
uHayKuuu: ® = B, S = BS cos o

3.4.2 | SBnenue snekTpoMarHuTHON nHAYKuud. SJC nuHayKuuu

3.4.3 | 3akoH anekTpoMarHuTHOM nHAYKIMK Dapanes:

A,
At At—0

3.4.4 | 5J1C uHAYKIMHU B IPSMOM MTPOBOJIHUKE JJTMHOU /, TBUXKYIIIEMCS
CO CKOPOCTBIO U ( DALl ) B OJTHOPOJTHOM MAarHUTHOM
none B:
|5,| = Blvsino, Tae 0. — yroJ MeXxay BeKTopaMu B u U ; eciu
[1B w 518,10 |6;|=Blv

3.4.5 | [paBuio Jlenua

346 WHIyKTUBHOCTD: L = %, wi ® = LI .

Al ,
Camonnnyknus. 9J1C camounaykuuu: &, = _L_t =-LI'
At—0

347 LI?

OHeprusi MarHUTHOTO TNOJIsI KaTYLIKH € TOKOM: W, = ——
3.5 | QJIEKTPOMAI' HUTHBIE KOJIEBAHHUA Y BOJIHbI

3.5.1 | KonebarenbHsIit KOHTYP. CBoOonHBEIE

3JIEKTPOMArHUTHBIE KOJIeOaHus B uueatbHoM O L

Kosie0aTeIbHOM KOHTYpE:
I(t) = qt’ = wqma.r COS((Dt + (pO ) = Imax COS((Dt + (p() )

2n 1
®opmyna Tomcona: T =2n+LC, OTKyJa @ =—=——.

r JLC
CB3b aMILIUTY 1Bl 3apsJa KOHIEHCATOPA C aMILIUTY A0 CHIIbL

max

TOKa B KOJIcOATEIILHOM KOHTYPC: ¢,,,. =
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3.5.2 | 3akoH cOXpaHEHUs SHEPTUU B KOJIeOATEIBHOM KOHTYpE:
2 2 2 2
v + LI CUpue Pl _ const
2 2 2
3.5.3 | BelHyXIIEHHBIE DJIEKTPOMArHuTHbIE KojieOanus. Pesonanc
3.5.4 |Ilepemennsiii Tok. IIponsBoxacTBo, nepenadya u mnorpebiieHue
DJIEKTPUUECKOU YHEPTUHU
3.5.5 | CpoiicTBa 3JI€KTPOMAarHUTHBIX BOJIH. B3auMHast opueHTanus
BEKTOPOB B 2JIEKTPOMArHUTHON BOJIHE B BaKyyMe: E L B L G.
3.5.6 |Ilxana 3JIEKTPOMArHUTHBIX BOJIH. ITpumenenue
9JIEKTPOMArHUTHBIX BOJH B TEXHUKE U OBITY
3.6 | OIITUKA
3.6.1 | IIpsiMonuHelHHOE pacpoCTpaHEHUE CBETA B OJHOPOIHOMU cpefe.
JIyd cBeta
3.6.2 | 3aKOHBI OTpaXKEHUsI CBETA.
3.6.3 | I[Toctpoenune n300pakeHHUI B INIOCKOM 3epKaJie
3.6.4 | 3akoHBI IPEIOMIICHHSI CBETA.
IIpenomieHue cBeta: 1, Sint = n, sinf.
AOCOIOTHBIH MOKA3aTelb MPETOMIICHUS: Mg, = 5
OTHOCUTENBHBIN NTOKA3aTeNb IPEJIOMIICHUS: N, = % = %
1 2
Xon Jtyueil B Ipu3Me.
CoOTHOIIEHHE YaCTOT U JUIMH BOJIH IIPH Nepexoe
MOHOXPOMAaTHUYECKOTO CBETa Yepe3 rPpaHMIly pa3Jiesa IByX
ONTUYECKUX CPEIL: V| =V,, mA; =n,A,
3.6.5 | IlonHoe BHYTpeHHEE OTpaXKEHHE.
[IpenenbHbIN yro MoJIHOTOo "
BHYTPEHHETO OTPaKCHUS: >
. 1 n n
sina,, =——= n—z Oy !
OTH 1
3.6.6 | Cobuparoniye # pacceMBAIONIUE JIMH3bI. TOHKas JIMH3A.
®DOKyCHOE pACCTOSHHE U ONTHYECKAas CUIa TOHKOHM JIMH3bIL:
p="'
F
3.6.7 | ®opMmyna TOHKOMU JIUH3BIL: d
1 + 1 1
d f F H F
VYBenuueHue, gaBacMoe
. hof F h
JIUH30H: ['= — =L 7
H d
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3.6.8 | Xox myua, mpOIIEAIETro JIMH3Y MO MPOU3BOJIBHEIM YIJIOM K €€
TTaBHOHM onTudeckoil ocu. IToctpoeHne m300paxkeHHU TOUKH H
OTpe3Ka MPsAMOI B COOMPAIOIINX U PACCECHBAIOIIMX JIMH3aX U UX
cucreMax

3.6.9 | ®doroanmapar Kak ONTHYECKUN TPUOOP.

I'na3 kak onTuYecKas cucreMa

3.6.10 | Uatepdepeniust cBeta. KorepeHTHbIE HCTOYHHUKH. Y CIOBHUS
HaOIroIeHus MaKCHMYyMOB u MUHHMYMOB B
UHTepQEpPEeHIOHHOM  KapTHHE  OT  JABYX  CHH(A3HBIX
KOTEPEHTHBIX HCTOYHHUKOB
MaKCHUMYMBI: A=2m%, m=0,x1,£2,+£3,...

A
MHUHUMYMBI: A=(2m+1)5, m=0,x1,£2,£3,...

3.6.11 | ludpakuuss cBera. JudpakunoHHas pemérka. YcCIoBUE
HaOIIOIEHHS TIIABHBIX MAaKCUMyMOB ITPH HOPMAJILHOM TTaJeHUH
MOHOXPOMATHYECKOTO CBETa C JJIMHOW BOJHBI A Ha PEHIETKY C
nepuopoM d: d sin ¢,, =mh, m=0,+1,£2,+3, ...

3.6.12 | ducnepcus cBeta

4 | OCHOBBI CIIEITHAJTBHOH TEOPHH OTHOCHTEJIBHOCTH

4.1 WHBapraHTHOCTH MOAYJISI CKOPOCTH CBETa B Bakyyme. [IpuHnmmn
OTHOCHUTEIBHOCTH DWHIITEHHA
4.2 DHeprusi CBOOOIHOM YaCTHIBL: E = me’
-2
C
Wmmynsc yacTunpl: p = mv -
v
-z
4.3 | CBs13b MacChl M SHEPTUH CBOOOIHOI YaCTHIIBL:
E? —(pc)2 = (mcz)z.
DHeprus NoKos CBOOOIHON YacTHIBL: E, = mc>
5 KBAHTOBAA ®HU3UKA H SJIEMEHTbI ACTPODPH3HKH

5.1 | KOPIIYCKYJISIPHO-BOJIHOBOU JIVAJIU3M

5.1.1 | T'umorte3a M. ITnanka o kBaHtax. ®opmyna [lnauka: E = hv
5.1.2 h
®oroubl. DHeprus Gortona: E=hv = WC = pc.
E hv h
Wmvmynsce dotona: p=—= w2
c ¢ A
5.1.3 | ®oroaddexr. OnbiTel A.I'. CTonerosa. 3akonsl porodrddekra
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5.1.4 | YpaBHenue DitHmTeitna 1is poroaddexra:
EcboToHa = ABleO,Ela + EKMH max
he he
r’ue E 0TOHA = hV =5 > ABLIXO.C[a = hVKp = >
A Moo
2
KHH max = % = eUnn
2 a
5.1.5 | BonHoBele cBoiicTBa yactuil. Bonnsl e bpoitns.
. o . h _ h
JlnHa BonHEI e bpoiins nerokymeics qacTuIsl: A= — = —.
p mv
KopmyckynsipHO-BoTHOBO# nyamu3m. J{udpakmust 35meKTpoHOB
Ha KpUCTaJIax
5.1.6 | laBnenue cBera. JlaBieHue CBETAa Ha MOJHOCTHIO OTPAXKAIOLILYIO
MIOBEPXHOCTh U Ha IOJIHOCTHIO MOTIONIAIONIYIO IOBEPXHOCTh
5.2 | ®U3UKA ATOMA
5.2.1 | IInanerapHas MOAENb aTOMa
5.2.2 | Hocrynarer bopa. M3nyuyenue u nornomeHue GOTOHOB MPH
Hepexoie aTOMa C OJHOTO YPOBHS SHEPTUH Ha IPYyTOii:
he
hvmn =5 = ‘En _Em‘
7\'mn
5.2.3 | JluneiluaTble CIEKTPHI.
CriexTp ypOBHEH 3HEpPruu aToMa BOIOpoa:
—13,65B
E,=———, n=1,23, ..
n
5.2.4 | Jlazep
53 | DU3UKA ATOMHOI' O AJIPA
5.3.1 | Hyxnonnas monens sinpa I'elizenGepra—MBanenko. 3apsa aapa.
MaccoBoe uuciio spa. Mzotonsl
5.3.2 | DHeprusl cBsI3U HYKJIOHOB B siipe. SIaepHble CUIIbI
5.3.3 | Jlebexr maccsl smpa 5X: Am=Z - m,+(A=Z)-m, —m,.,
5.3.4 | PaguoakTUBHOCTD.
Anbda-pacnian: 5 X—% Y + jHe.
Bera-pacnaj. DieKTpoHHbIH B-pacnan: 5 X—,5Y + Je+¥V,.
Hosutpounsiii B-pacnan: 5X—, Y+ Ve +v, .
l'amMa-u3nydeHue
53.5 _t
3akoH panuoakTuBHOTO pacnana: N(t)=N,-2 7
5.3.6 | Snepuble peakuuu. JleneHue u CUHTE3 sAep
54 | DJIEMEHTHI ACTPODH3UKHU
5.4.1 | ConHeuHas cucTeMa: IUIAHEThl 3€MHOM TIPYINbl U IUIAHETHI-
THT'aHTBI, MAJIBIC TeJIa COTHEYHOH CHCTEMBI
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5.4.2 | 3Be3apl: pa3HOOOpa3We 3BE3IHBIX XAPAaKTEPHUCTUK W HX
3aKOHOMEpPHOCTH. VICTOUHMKH SHEPruu 3Be3x

5.4.3 | CoBpeMeHHbIE MPEACTaBIEHUS O MPOUCXOKIACHUN U HBOJIOIUI
CouHiia ¥ 3Be3..

5.4.4 |Hama Tlamaktuka. J[lpyrue ramaktuku. [IpocTtpaHcTBEeHHBIE
MacmTa0bl HabmogaeMoi Beenennoi

5.4.5 | CoBpeMeHHbIE B3IIISIBI HA CTPOCHHE U IBOIONHUIO Beenennoit

Pa3nen 2. [lepevens TpeGoBaHMii K YPOBHIO NMOATOTOBKH, POBEPSIEMOMY

Ha €AMHOM TOCyAapCTBCHHOM 3K3aMeEHe 110 (lm3mce

Kog

TpeOOBaHMs

TpebGoBaHUS K YPOBHIO IIOATOTOBKH BBITYCKHHUKOB, OCBOCHHE
KOTOpBIX npoBepsieTcs Ha ET'D

1

3namv/Ilonumame:

CMBICI (PU3HYECKHUX MMOHATHIA

CMBICJI q)I/I3I/I‘-IeCKI/IX BCJINYNH

CMBICJI q)I/ISI/I‘IeCKI/IX 3aKOHOB, IPUHIHUIIOB, TIOCTYJIATOB

Ymems:

2.1

OIIUCHIBATh M OOBSICHSITH:

2.1.1

CI)I/IBI/I‘ICCKI/IS SIBJICHMA, CI)I/IBI/I‘-ICCKI/IS SIBJICHHS M CBOMCTBA TCII

2.1.2

pE3YAbTAThI SKCIEPUMEHTOB

2.2

OIKCBIBATh (yHIaMeHTaNbHbIe OIIBITHI,
CYIIECTBEHHOE BIMSHHE HA Pa3BUTHE (PUHKH

OKa3aBIINE

23

HPUBOJMTH NPUMEPHI MPAKTHYECKOTO NPUMEHEHMST (PU3NUECKUX
3HaHM, 3aKOHOB (DU3UKHU

24

onpeneNiTh XapakTep (U3MYecKoro mpolecca IO Ipaduky,
Tabnune, (opMmyne; MPOAYKTHl SIEPHBIX pEaKIUil Ha OCHOBE
3aKOHOB COXPaHEHHS 3IEKTPUYECKOTO 3apsiaa M MaCCOBOTO YHCIIa

2.5

2.5.1

OTAMYaTh TUIOTE3bl OT HAyYHBIX TEOPUH; JellaThb BBIBOABI Ha
OCHOBE JKCIIEPUMEHTAJbHbIX JAHHBIX; IPUBOJUTH IPUMEPHI,
MOKA3BIBAIOIIME, YTO: HAOIIOJNCHUS M OKCICPHMEHT SBIISIOTCS
OCHOBOH JJIs BBIABMJKCHUS TIMIIOTE€3 M TEOPHH, IO3BOJIIOT
MPOBEPUTHh HCTHHHOCTH TEOPETHUYECKMX BBIBOIOB; (DM3MUecKas
TEOpUs IAaeT BO3MOXHOCTh OOBSCHATH W3BECTHBIC SIBICHUS
HOpPUPOJIBI U HayuHbIe (AaKThI, MPEICKa3bIBATh €€ HE U3BECTHBIE
SIBJICHUS;
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252

OPUBOAUTH  IPUMEPBl  ONBITOB, WIIIOCTPUPYIOIIUX,  YTO:
HaOJIFOACHHS U SKCIIEPUMEHT CIIy’KaT OCHOBOI JJIS BBLABIDKCHUS
TUIIOTE€3 M IOCTPOEHUs HAy4YHBIX TEOpPHUH; DSKCIEPUMEHT
IO3BOJIAET IIPOBEPUTh HCTUHHOCTH TEOPETHYECKHUX BBIBOJIOB;
¢m3ndeckas TeopHs [JaeT BO3MOXHOCTh OOBSCHATH SIBICHUS
NPUPOIBI M HAy4HBIE (AaKTH; (H3HYECKas TEOpHs IO3BOJISET
Mpe/ICKa3bIBaTh €Ile HE M3BECTHBIE SIBICHHUS U X OCOOEHHOCTH;
Opd  OOBSICHEHHMM  NPHPOAHBIX  SBICHUI  HCIIOIB3YIOTCS
¢bm3udIecKkre MOAENH; OAUH U TOT K€ MPUPOJHBIH OOBEKT WIIH
SIBICHHE MOXHO HCCJIE0BaTh Ha OCHOBE MCIOJIb30BaHUS Pa3HbIX
Mozenel; 3akoHbl GU3UKUA M (QU3HYECKUE TEOPHUH HUMEIOT CBOU
olpeJIeJIEHHbIE TPAHULIBI IPUMEHUMOCTH

253

HU3MEpATh (U3UUECKHE BEIHYUHBI, NPEICTABIATh PE3YIbTaThl
HU3MEPEHHH C yUeTOM UX MOTPENTHOCTEN

2.6

MPUMEHATh TIOJNyYEHHbIC 3HAHHS IS pelieHUs (GU3HUSCKUX
3a1a4

3 Hcnonv3oeams npuobpementsle 3HAHUA U yMEHUA 8 RPAKIMUYECKOTL

0eAmenbHOCIMU U NOGCEOHEBHOUL HCUSHU OJ1A:

3.1

obecrieueHus1 0E30MACHOCTH >KU3HENESATEIBHOCTH B IIpoliecce
WCTIOJIb30BaHUS TPaHCIIOPTHBIX CpeICTB, OBITOBBIX
JNIEKTPONPHOOPOB, CPEACTB PATNO- M TEICKOMMYHHKAIMOHHON
CBSI3M; OICHKHM BIHMSHUS Ha OPraHH3M 4YeloOBeKa W JIpyrue
OpPraHU3MBbl 3arpsi3HEHUs] OKPY’>KAIOIIEH Cpelbl; PaluOHaIBLHOIO
MIPUPOAOIIOJIF30BAHMUS M OXPaHBbI OKPY’KAIOIIECH CpPelIbl;

32

onpeJesieHuss COOCTBEHHOM MO3ULUH MO OTHOIIEHHUIO K
9KOJIOTHYECKHUM MPOoOJIeMaM M MOBEACHHUIO B IPUPOAHOMN cpenie
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