MPOEKT
Enunslit rocynapcrBenssiii sx3amen no ®U3MKE

Komndukarop
3JIEMEHTOB COZEPKaHMS U TPEOOBAaHUI K YPOBHIO ITOJTOTOBKU
BBIITYCKHUKOB 00pa30BaTeIbHbBIX OPraHU3aLuil U IPOBEICHHS
€AMHOTO TOCYAAPCTBEHHOI'0 3K3aMEeHa 110 (PU3HKe

IIOAIOTOBJICH q)e[[epaJ'ILHI)IM TOCYAapCTBCHHBIM 6IOI[)KCTHLIM
HAaYYHBIM YUYPCIKICHUEM

«DEJIEPAJIBHBIV UTHCTUTYT MEJJATOr'MYECKUX U3MEPEHWIA»

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 TpeOOBaHUH K YPOBHIO
MO/ATOTOBKH  BBIITYCKHHUKOB 0Opa3oBaTelbHbIX OpraHM3aliid s HpPOBEICHHS
€ANHOTO TOCYIAPCTBEHHOTO SK3aMEHA SBIAETCS ONHHM U3  JIOKyMEHTOB,
onpeleNsaomux cTpykTypy u conepxanue KHMIM EI'D. OH cocraBiieH Ha OCHOBE
DenepalbHOrO KOMIIOHEHTA TI'OCYJapCTBEHHBIX CTaHIapTOB OCHOBHOIO OOIIEro M
cpeanero (mojHOTo) obmero obpazoBanusi Mo ¢usuke (0a30BBIA W TMPOGWILHBIN
ypoBHH) (prka3 MuHoOpaszoBanus Poccun ot 05.03.2004 Ne 1089).

Pazneu 1. IlepedyeHb 3/1eMeHTOB CO/lePKAHMS, IPOBEPSEMbIX HA eAHHOM
rocyapcTBeHHOM 3K3aMeHe 1o pu3HKe
B mepBom crondre ykasaH Koz pa3sziena, KOTOPOMY COOTBETCTBYIOT KPYIIHBIC
67110KH copepxkaHua. Bo BTopoM cTonbue mpuBeAeH KO 3JIEMEHTa COAep KaHMs, AT
KOTOPOTO CO3/a0TCs MPOBEpOUHbIe 3a0anus. KpynHbie OJ0KU conep:kaHusi pa3OuTh
Ha 00J1ee MEJIKUE 3JIEMEHTHI.

Kon
KOHTPO
Kon | ypye
pasie| yoro DJeMeHThI coiepiKaHus,
Ja | 5oeven nposepsiemble 3aganusamu 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:

F(e)=(x(0). y(0).2(2)),
TPaeKTopHs,

nepeMenieHue:

A7 = F(tz)_ F(t] ): (Ax,Ay,Az),
MyTh.

CrnoxeHue rnepeMenieHui:

AF, = AF, + AF,
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1.1.3 | CxkopocTh MaTepHaIbHON TOYKH:

. AP L

7l T )

v —ﬂ =x' v = ’ V= '

= =X/, aHajormyHo v, =y,, v, =z/
At—0

Cnoxenne ckopocteit: U, =1, + 7,

1.1.4 | Yckopenue MaTepuallbHON TOUKU:

ﬁzﬁ zﬁt’:(a)(,ay,az),
At At—0
a = AAU"* =(v,),’, ananormano a, = (v}, )l’, a,=(v,),.
! At—0

1.1.5 | PaBHOMEpHOE IPSAMOIUHEHHOE ABUKEHUE:
x(t)=x, + U,

v, (t)=1,, =const

1.1.6 | PaBHOyCKOpEeHHOE MPSMOIMHEHHOE JBU)KCHUE!
2

at
x(t)=x, + Uyt +—=

v.()=v, +at

a, =const

2

V), _vlzx =2a, (xz _xl)

1.1.7 | CBobGoaHOe maseHue. v, _
VcKoperue cBOGOTHOTO I U,
mageHus. J[Bikenne tena,
OpOIICHHOTO TIO/I YTJIOM 0. K Yo &
TOPU3OHTY:

v

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

! .
y(l)=yo+voyl+%=y0+vosma~t—%

v, (¥)=v,, =V, cosa
V() =0, +gt=0,sino—gt

g.=0
, =—g =const

1.1.8 | [IBm>KeHue TOUKH 10 OKPYKHOCTH.
2n

2
v
LleHTpOCTpEMUTENBHOE YCKOPEHUE TOUKH: a, = i o’R
1.1.9 | Teepnoe teno. [TocTynaTensHOE U BpalaTeabHOE IBUKECHHE
TBEPAOTO Tena
1.2 | JHHAMUHKA
1.2.1 | MuepuuanbHble cucteMsl orcdera. IlepBbiil 3axkoH HbroTona.
IMpuaIn otHOcuTenbsHOCTH ["anmes
1.2.2 m
Macca Tena. IInoTHOCTS BeniecTBa: P = 7
1.2.3 | Cua. TlpuHumn cynepuosuus Cuit: Fy,ocien = Fy + Fy + ...
1.2.4 | Bropoii 3akon HeroToHa: a1 MatepuanbHoil Touku B UCO
F=mi; Ap=FAt npu F = const
1.2.5 | Tpernit 3akoH Heloroma min _ +—@—@—
MaTEepUabHBIX TOYEK: [, =—F, F, Fy
1.2.6 |3akoH BCEMHUPHOIO TATOTEHUS: CUIBl IPUTSDKEHUS MEKAY
mm
TOYCYHBIMH MaccaMy paBHBI F = G1—22
R
Cuna TsoKecTH. 3aBUCHMOCTH CHIIBI TSDKECTH OT BBICOTHI /1 HaZ
MOBEPXHOCTHIO IJIAHETHI PaJIycoM Ry:
GMm
mg=——-
2
(R, +h)
1.2.7 | JIBmkeHne HEOECHBIX TeNl M UX HCKYyCCTBEHHBIX CITyTHHKOB.
GM
ITepBast KOCMUYECKasA CKOPOCTh: U, = +/Z R, =
R
0
1.2.8 | Cuna ynpyroctu. 3akoH I'yka: F, = —kx
1.2.9 | Cuna tpenus. Cyxoe TpeHHe.
Cuna tpenus cronpxenws: F, =UN
Cuna tpenus nokost: F, <N
KoaddunmeHnt tpenus
1.2.10 F,
JlaBnenue: p=——
S
1.3 | CTATHKA
1.3.1 | MoMeHT CuIIbl OTHOCUTEIHHO OCH
BpAICHUS: O
M = FI, tne [ — nedo cuiel F
OTHOCHUTEIIBHO OCH, MIPOXOJISIIeH uepes F
TouKy O IEePUCHAUKYISIPHO PUCYHKY

VYrioBas u IuHENHHas CKOPOCTh TOUKU: D =R, W= T =2nv
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132

VYcnoBus paBHoBecus TBepaoro tena B UCO:
M +M,+...=0

Fi+F,+..=0

133

3axon [lackansa

134

JlaBnenue B xuakocty, nokosmeics B UCO: p = p, +pgh

1.3.5

3akon Apxumerna: F Apx = -P

BBITECH. ?

€CIH TeNO M KUIAKOCTh nokostes B UICO, 10 F,, =pgV,

YcnoBue mj1aBaHMs Tl

BITCCH.

1.4 | 34KOHbI COXPAHEHUA B MEXAHUKE

1.4.1

WMIyibe MaTepUaabHOM TOUKH: p = mD

142

WMIynibe CUCTeMBI T P = Py + Dy +...

143

3aKOH M3MEHEHHUS U COXpAaHCHHUSA UMITYJIbCA:
B I/ICO Aﬁ = A(ﬁl + ﬁz + )= EBHemﬂAt + F

2 BHEIH

At +

e s

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

BHELIH 2 BHEIH

0

1.4.4

PaboTa cuibl: Ha MajioM mepeMeIeHIN

A=|F|-|AF|- cos o= F, - Ax '(;7

Ar

1.4.5

MOIIHOCTD CUIBL: —

F

AA4
P=— =F-v-cosa -
At At—0 v

1.4.6

Kunernueckas OHEPrus MaTepHEU'IBHOﬁ TOYKH:

mv’ pz
E KUH = =

2 2m
3aKOH U3MEHEHHSI KHHETHYECKOM 3HEPTrUU CUCTEMBbI

MaTepuanbHBIX Touek: B ICO AE,, =A + A4, +...

1.4.7

[ToTennuanbHast SHEpPrus:

JUJIsL IIOTCHIUAJIBHBIX CHJI A12 = E1 [ —— E2 ——

-AE

ITotenmuansHas OHEPIusd TCjia B OAHOPOAHOM II0JIE TAKCCTHU!

E =mgh.

TIOTEHI]

IMoTenmansHas SHEPTHUS YIPYTO IeGOpMUPOBAHHOTO TeENa:

kxz

MOTEHI[ 2

moTeHi *

1.5 | MEXAHUYECKUE KOJIEFAHUA U BOJIHbI
1.5.1 | FapMoHunueckue konebaHusi. AMIIIUTYAA U (a3a KoJieOaHui.
Kunemaruueckoe onucanue:
x(t) = Asin(wr + ¢, ),
v.()=x/,
ax (t) = (vr )’l = —(sz(t).
JmHamMuueckoe onucaHue:
ma, =—kx,rne k= mw?.
DHepreTuyecKoe ONMMcaHne (3aKOH COXPAHCHUSI MEXaHUIECKOH
mv®  kx’ mul, KA’
SHEPTum). —— +—— = —" = —— =const.
2 2 2 2
CBs13b aMILTUTY bl KONIEOAHUH NCXOMHOM BEIUUUHEI C
aMIUTATYaMH KOJIeOaHui e€ CKOPOCTH U YCKOPEHHUS:
Umax = wA! amax = 0‘)2A
1.5.2 . 2n 1
ITepuox u yactora konebauuit: 7' =—=—.
o Vv
ITepron MaybIXx CBOOOJHBIX KOJEOAHUH MAaTEeMaTHYECKOTO
/
mastHuka: 1 = 275( .
g
Ilepuon cBoOOmHBIX KoNeOaHWH MPY)XKUHHOTO MAasTHUKA:
T= 2n\/ﬁ
k
1.5.3 | Bemyxaennsle konebanus. Pezonanc. Pe3onaHcHast KpuBast
1.5.4 | Ilonepeunsle u IIPOJIOJIbHBIE BOJIHBIL. CkopocTb
pactpoCTpaHeHUS U JUIMHA BOJIHBL: A =V] = v
v
Wntepdepeniust u audpakius BOJIH
1.5.5 | 3Byk. CKOpOCTb 3BYKa
2 MOJIEKY/IAPHAA ®U3HKA. TEPMOJHHAMHKA
2.1 | MOJIEKYJIAPHAA ®U3UKA
2.1.1 | Mopnenu cTpoeHUs Ta30B, XKUIKOCTEH U TBEPIBIX TEI

1.4.8

3aKOH U3MEHECHUS U COXpaHCHUA MEXaHUYECKOM OHCPIruun:

E,. =E,+E

mex

B UCO AE

mex T

nomeny >
ABCCX HEIMOTEHL. CHJI »

BUCO AE,, =0, eciu A4, =0

Mex CeX HeMOTEHIL CHIT

2.1.2 | TeroBoe IBHKEHHE aTOMOB M MOJIEKYJI BEIIECTBA

2.1.3 | BzaumopelicTBHE YaCTHI] BEIIECTBA

2.1.4 | Iuddy3us. BpoyHoBCcKOe ABMKEHUE

2.1.5 |Mopnens upeansHoro raza B MKT: wacTunel rasa ABHXyTCS
Xa0THYECKU M HE B3aUMOJEHCTBYIOT IPYT C APYTroM

2.1.6 | CBsa3p Mexay JaBICHHEM U CPElHEH KUHETHYeCKOH »Hepruen

MOCTYIATENFHOTO TEIUIOBOTO JBH)KCHUSI MOJICKYJ HJICIbHOTO
rasa (ocHoBHOe ypaBHeHHEe MKT):
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1 = 2 (mp*) 2 —
=—mnv’==n- =-n-g
P=3m 3 (2
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2.1.17 ‘ [TpeoOpazoBaHue SHepruM B (ha30BBIX MEPEX0IaX

2.1.7

3 nocTt
A6comorrast temneparypa: 7 =¢°+273K

2.1.8

CBs3b TeMIEpaTypbl raza CO CpeAHEH KUHETUYECKOHW SHeprueit
HOCTYTIATENHHOTO TEMIOBOTO ABKEHNUSI €T0 YaCTHUIL

o 2
£ :(moy J:3kT

moct 2 2

2.1.9

Vpasuenue p=nkT

2.1.10

MOI[SJ'H) HUACAJIbHOI'O I'a3da B TCPMOJUHAMUKE!
{ypaBHeHneMeHﬂeneeBa- Knaneiipona

BrIpakeHue JUIs1IBHY TPEHHEW S3HEPTUH

VYpaBuenne MenpaeneeBa—Knamneiipona (mpumeHHMBIe (GOpMEI
3aIUCH):

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

Belpaxxenue i1 BHYTPEHHEH  OSHEPrUM  OJHOATOMHOIO
UJIeaIbHOTO ra3a (MpUuMeHIMBIC HOPMEI 3aIIHCH):

=3 RT=3Nkr=3M pr -
U =9 VRT = NKT =52 RT =ve,T

2.1.11

3akoH JlanbTOHA JUIS JABJICHUSI CMECH Pa3PEKEHHBIX Ta30B:
p=p +p,+...

2.1.12

Uzomporieccsl B pa3peXEHHOM Ta3ze C MOCTOSHHBIM YHCIOM
qacTuil N (C TOCTOSTHHBIM KOJHYSCTBOM BEIIIECTBA V):
m3orepma (T = const): pV =const,

nzoxopa (¥ = const): = const ,

nzobapa (p = const): = const .

NN

I'paduueckoe npeacraBiieHne U30MpoeccoB Ha pV-, pT-u VT-
JluarpaMmmax

2.1.13

Hacpimennble u  HeHacwlleHHble mapel.  KadecTBeHHas
3aBUCUMOCTb IUIOTHOCTH U JABJIEHUsS HACBILIEHHOTO Iapa OT
TEeMIIepPaTypbl, UX HE3aBUCHUMOCTb OT 00BEMA HACBILIEHHOT'O
napa

2.1.14

Bnaxxnocts Bo3gyxa.
pnapa (T )

p HaCBIII. I1Tapa (T)

p mapa (T )

OTHOCHUTEIbHAS BIAXKHOCTE: Q= =
Pracym. mapa (T)

2.1.15

H3meneHue arperaTHbIX COCTOSTHHI BCHICCTBA: HCIIApCHUC U
KOHJACHCA YA, KUIICHUEC )XUIKOCTH

2.1.16

H3meneHue arperaTHbIX COCTOSIHHI BC€IICCTBA: IIABJICHUC H
KpUCTAJUIU3al UL

2.2 | TEPMO/IMHAMUKA
2.2.1 | TemoBoe paBHOBECHE U TEMIIEpATypa
2.2.2 | BHYTpeHHss SHEprus
2.2.3 | Teruonepenaya Kak CHOCOO0 M3MEHEHMsS BHYTPEHHEH 3Hepruu
6e3 cosepuicHuss paboThl. KOHBEKIMS, TEIJIOMPOBOIHOCT,
W3ITy4YeHHUEe
2.2.4 | KonnuecTBO TEMIOTHI.
VY nenbHas TEIIOeMKOCTh Bemecta ¢: O =cmAT .
2.2.5 | YienbHas Temiora napoobpasosanus . O =rm.
VenbHas TerioTa mnasnenus A: O = Am.
VY nenbHas TEIJIOTa Cropanus Tommea q: O = gm
2.2.6 |DOnemeHrapHas paboTa B  TepMoauHamuke: A= pAl .
Brruncnenne pabotel o rpaduky mpoiecca Ha p V-auarpamMMe
2.2.7 | IlepBblii 3aKOH TEPMOTUHAMHKH:
0, =AU, +4,, = (U, ~U, )+ 4,
2.2.8 | BTopoii 3aKk0H TepMOJIMHAMUKH, HEOOPATUMOCTh
2.2.9 | Ilpunnuns! neiictBus TeruioBbix MamuH. KIT/T:
_ Aza kT _ QHarp - ‘onn‘ =1- ‘onn‘
Quarp QHarp QHarp
2.2.10 | Makcumansnoe 3aauenue KII/1. Hukn Kapuao
maxm = nKapHu = T‘lafp _ TXOH =1- TXOH
THan THal"p
2.2.11 | YpaBHenue temnosoro 6anmanca: O, +Q, +0; +...=0.
3 SJIEKTPOJHHAMHUKA
3.1 | QJIEKTPUYECKOE IIOJIE
3.1.1 | Dnektpusanus Ten ¥ €€ MPOSBICHHUS. DJICKTPUUYCCKHNA 3apsil.
JIBa Buna 3apsaa. DneMeHTapHBINA 3JIEKTPUUECKUNA 3apsa. 3aKOH
COXPaHCHUSI AIICKTPUIECKOT0 3apsiaa
3.1.2 | BzaumogpeiictBue 3apsnoB. Toueunsle 3apsaasl. 3akoH Kyrona:
F=k‘%‘2‘%‘= "%‘2‘%‘
r 4ne, r
3.1.3 | Dnektpuueckoe nose. Ero neiicTBre Ha 2JIEKTPUUECKUE 3apsiIbl
3.14 . - F
Hamnpsok€HHOCTB JIEKTPHYECKOTO MoJst: £ =
qnpo6nmix’[
ITone Toueunoro 3apsna: E, = k% ,
B
oxHOpOHOE MoNie: E = const .
KapTusbl TMHUHA 3THX NOJICH
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Uctounnku Toka. OJIC W BHYTPEHHEE COIPOTHUBIICHUC

CTOPOHHHX CHJI

q

HCTOYHHKA TOKA. £ =

3.2.6

3akon Oma  gus
3JEKTPUYECKOW  LEMu:

&
R+r

NOJHOM  (3aMKHYTOM)
E=IR+1Ir, orkyma &I

327

Hapanneanoe COC€INMHEHUEC TPOBOAHUKOB!
1 1 1
I=L+1,+.., U=U,=..., ——=—+—+...
Rnapzmn Rl R2

IlocnenoBarenbHOE COCIUHEHUE IIPOBOJHHUKOB:
U=U,+U,+..., | =1,=..., R, =R +R, +...

TI0CJT

328

Pa6ota snexrpuyeckoro Toka: 4 = [Ut
3akoH Dxoyms—Jlenna: Q=1 2Rt

329

A
MONIHOCTB 3IEKTPHYECKOTO TOKa: P =— =1U.
t At—0
TermioBasi MOITHOCTH, BBIACIsIEMasi HA PE3UCTOPE:
2 _U?
P=I"R=—o.
R

AACT. cuir
MoHOCTh HCTOYHMKA TOKA: P, = A— =&l
t

At—0

3.2.10

CBoOOIHBIE HOCUTENH JIEKTPHYECKHUX 3apAJ0B B IPOBOJIHUKAX.
MexaHu3Mbl TPOBOJUMOCTH TBEPIBIX METAJUIOB, PACTBOPOB U
pacriaBoB 3JICKTPOJIUTOB, rasos. [TomynpoBoTHUKH.
[TonynpoBOIHUKOBBIN AHOT

3.3 | MATHUTHOE IIOJIE

33.1

MexaHn9deckoe B3aMMOJICHCTBHE MarHWTOB. MarHuTHOE TOJIE.
BekTop MAarHUTHOH WHAYKOWH. [IpUHIMO —CyNepHo3ULIUH
B=B +B,+..
noms. KapTuHa JTHHUHA 10T ITOJIOCOBOTO M ITOJKOBOOOPA3HOTO

MOCTOSIHHBIX MATHHTOB

MarHUTHBIX ITOJICH: JIMHUM MarHUTHOIO

332

OnbiT Opcrena. MarHutHoe IOJN€ NPOBOAHUKA C  TOKOM.
Kaptuna suHMHA 1oOJIS JUIMHHOTO HPSMOrO IPOBOJHHMKA U
3aMKHYTOTO KOJIBIIEBOTO MPOBOAHMKA, KATYIIKU C TOKOM.

3.1.5 | [loTeHIIMaNBbHOCTH ANEKTPOCTATUIECKOTO TOJISI.
Pa3zHOCTh MOTEHIMANOB U HAIIPSDKEHUE.
Ay =4q(@, —9,)=—qA9=qU
IMoTeHnmansHas SHEPryus 3apsja B IEKTPOCTATHIECKOM IIOJIE:
W=q0.
IToTeHIma 31eKTPOCTATHYECKOTO MO P =— .
q
CBs3p HANpPsDKEHHOCTH TOJNS M PA3HOCTH IOTCHIMANOB IS
OJIHOPOJHOIO JJIEKTpOCcTaTHUeCKOro noys: U = Ed .
3.1.6 | IIpuHIUI CYNEepHO3ULUH IEKTPUUECKUX TTOJIEH:
E=E+E,+..., 0=0,+0,+...

3.1.7 |IIpoBogHMKM B  DJEKTPOCTATUYECKOM  TMoJie.  YCJIOBHE
paBHOBECHs 3aps0B: BHYTpU NpoBoaHuKa £ =0, BHYTpHU U Ha
MIOBEPXHOCTH IPOBOAHUKA @ = cOnst .

3.1.8 | JudnexTpuku B 3JEKTPOCTaTUYECKOM TmoJjie. Juanekrpuueckas
IIPOHUIIAEMOCTh BEILECTBA €

3.1.9 . q
Konnesrcarop. DnekTpoéMkocTs KorzeHcaropa: C = E .

N €g,S
OnEKTPOEMKOCTB IIOCKOTO KOHeHcaropa: C = R eCy
3.1.10 | [MapamienpHOE COEAMHEHNE KOHACHCATOPOB:
g=q,+q,+..., U =U,=..., Cnapm =C +C, +...
ITocnenoBaTenbHOE COEAUHEHNE KOHAEHCATOPOB:
1 1 1
U=U,+U,+..., q=¢q,=..., ——=—+—+...
Cnac,'l Cl C2
3.1.11 qU CcU* ¢*
DOHeprus 3apsHKEHHOT0 KOHJeHcartopa: W, =—=——=-"—
2 2 2C
3.2 | 34KOHbI IIOCTOAHHOI'O TOKA

3.2.1 Ag N

Cwma Toka: [ =— . INocrostausIi TOK: [ = const .
{ At—0
Jlnst mocTostHHOTO TOKa g = It

3.2.2 | YcnoBus CyniecTBOBaHUS JICKTPUYECKOTO TOKA.
Hanpsokenne U n OJIC ¢

323 U
3akon Oma 1 yuactka nenu: [ = R

3.2.4 | DnexkTpuyecKoe COMpPOTUBIICHUE. 3aBHCUMOCTb COIPOTHUBIICHUS

OAHOPOAHOI'O MPOBOAHMKA OT €I0 AJIMHBI U CCYCHMU. VY nenbHOE
/

COIMIPOTHUBJICHUEC BCIICCTBA. R= pE

333

Cuna Amnepa, €€ HanpaBJIeHUE U BEIMYUHA!
F, =IBIsin o, re o — yroj Mex/1y HalpasieHueM

MIPOBOJIHUKA U BEKTOPOM B
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Cuna JlopeHua, e€ HanpaB/IeHUE U BEIUYHMHA!
F,, =|avBsina, rae o.— yroa Mexay BeKTopaMu U U B

JIBH)I(CHHG 3ap$[>1<eHH0171 YJacTUlbl B OJHOPOAHOM MaroiuTHOM
110JIC

3.4 | OJIEKTPOMATI'HUTHAA HHYKIUA

3.4.1 |Ilotok BEKTOpa MarHUTHOM
naaykuuu: © = B, S = BS cos o,
3.4.2 | SBnenue snexrpoMarHuTHOW MHAYKIMH. DJIC MHIYKIMH
3.4.3 | 3akoH sneKTpoMarHuTHOH uHAykuuu apanes:
— AD b’
' At At—0 '
3.4.4 | OJ1C nHAYKIMH B IPSIMOM MPOBOJHUKE UTMHOH /, IBHKYIIEMCS
CO CKOPOCTBIO U B OJTHOPOJHOM MarHUTHOM
none B : 3
. - v
|6’l| = Blvsino, e o — yroi MeKay BeKTOpaMu /
[ n ﬁ;ecnniLE u 17J_§,T0|5,.|=Blv B
3.4.5 | IIpasuio Jlenua
3.4.6 )
WuayktuBHOCTD: L = 7 ,um ®=L1.
Al ,
Camounngykuust. OJIC camonngykunu: £, = _LE =-LI
At—0
347 LI?
DHeprus MarHUTHOTO TIOJISl KATYIIKU ¢ TOKOM: W, = -
3.5 | DJIEKTPOMAI HUTHBIE KOJIEBAHUA U BOJIHbI
3.5.1 | KoneGarenbHbrii KOHTYP. CBoOO/THBIC
SJIEKTPOMATHUTHBIE Kojebanus B wmueanbHoM C L

KOJIe0aTeIbHOM KOHTYp€:
q(0) =, sin(ot + ¢, )
I(t) = qt, = mqmwr COS(O‘)t + (pO) = lmax COS((DI + (Po )

2n 1
®opmyna Tomcona: T =27+ LC, oTkyna O= T =—.

JLC

CBs3b AMIUITMTYOBI 3apsaa KOHAeHcaTopa € aMHJII/ITyI[Oﬁ CHJIBI

max

TOKA B KOJIEOATEIbHOM KOHTYPE: ¢, =
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3.5.2 | 3akoH coXpaHEHHS PHEPTHH B KoJeOaTeIbHOM KOHTYpE:

2 2 2 2
- + L _ U = Ll = const
2 2 2

3.5.3 | BelHyX/IIeHHBIE DJIEKTPOMArHUTHbIE KojeOanus. Pesonanc

3.5.4 | Ilepemennsniii TOK. [IpoM3BOACTBO, INepemavya u mnoTpebicHHE
DJIEKTPUUECKON YHEPTUHN

3.5.5 | CgoiicTBa 3JIEKTPOMArHUTHBIX BOJIH. B3auMHasi opreHTamus
BEKTOPOB B JICKTPOMATHUTHOW BOJIHE B BaKyyMme: E L B 1 &.

3.5.6 | llkana 3JIEKTPOMArHUTHBIX BOJIH. [Tpumenenue
9JIEKTPOMArHUTHBIX BOJH B TEXHUKE U OBITY

3.6 | OIITHUKA

3.6.1 | IIpsiMosnuHelHHOE pacpoCTpaHEeHHE CBETa B OJHOPOIHOMN Cpefe.
Jlyud cBera

3.6.2 | 3aKOHBI OTpaXKEHUsI CBETA.

3.6.3 | IloctpoeHne n300paXkeHNH B ITIOCKOM 3epKalie

3.6.4 | 3akoHBI IPEIOMIICHHSI CBETA.

IIpenomienue cBerta: i, sino.= n, sinf.

AOCOIIOTHBIH MOKA3aTeNb MPETOMIICHUS: Mg, = S

OTHOCUTENIbHBINA NTOKa3aTeNb IPEIOMIICHU: N, = % = %
1 2

Xon Jryueil B IpU3Me.

COOTHOIIICHHE YaCTOT U JUTHH BOJIH TIPH MEPEX0/Ie

MOHOXPOMAaTHUYECKOTO CBETa Yepe3 IPpaHHIly pa3iesia IByX

OITUYECKHUX CPEel: V|, =V,, nA; =n,\,

3.6.5 | IlonHoe BHYTpeHHEE OTpaXKEeHHE.

IIpesiebHBIA YToJl HOJHOTO )

BHYTPEHHETO OTPaXKECHUS: >

sino,, = Loa Op &
Nory n,

3.6.6 | Cobmparomyie W pacceMBAalOIIUe JIMH3bI. TOHKas JHH3A.
®DoKyCHOE pacCTOSHHE W ONTHYECKAas CUJIa TOHKOW JIMH3BI:
pol

F
3.6.7 | ®opmyna TOHKOMU JIUH3BIL: d ]

1 + 1 1 1

d f F’ H F
VYBenuueHue, 1aBaeMoe

u hof F h
JHH30U: ['= — =— f
H d
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3.6.8 | Xox nyda, mpoIeanero JUH3Y O MPOU3BOJIBHBIM yIJIOM K €8
riaaBHOI onTuyeckoil ocu. IloctpoeHue n300paskeHUH TOUKH U
OTpe3Ka MPSMOH B COOMPAIOIINX U PACCEMBAIOLINX JIMH3AX U UX
cucTeMax

3.6.9 | ®oroanmapar Kak ONTHUECKUN TPUOOP.

['ma3 Kak onTUyeckas cuctemMa

3.6.10 | UuTepdepenuns cBera. KorepeHTHbIE HCTOYHHMKH. Y CIIOBHUS
HaOIrO IeHHS MaKCHMYyMOB u MUHHMYMOB B
WHTePQEPCHIIMOHHON  KapTHHE  OT  JBYX  CHH(A3HBIX
KOTE€PEHTHBIX UCTOYHUKOB
MaKCHUMYMBI: A=2m%, m=0,£1,£2,£3, ...

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

3.6.11 | Audppakmusa csera. JudpaknmoHHas pemiéTka. Y CIOBHE
HaOJIFO/ICHHS TIIABHBIX MAaKCUMyMOB IPH HOPMAJILHOM IaJCHUH
MOHOXPOMAaTHUYECKOT'0 CBETA C AJMHOM BOJIHBI A Ha PELIETKY C
nepuogoM d: dsin@, =mh, m=0,+1,£2,£3, ..

3.6.12 | lucnepcus cBeTa

4 | OCHOBBI CIIEITHAJTBHOH TEOPHH OTHOCHTEJILHOCTH

4.1 | lHBapHaHTHOCTHh MOJYJISI CKOPOCTH CBETa B BakyyMe. [IpuHuum

OTHOCUTEIBHOCTH DHHIITEIHA
4.2 5 . . me?®

HEeprus CBOOOIHOH 9acTUIBL: E = —.
v
e
WMmynec yacTHLBL p = my —.
v
e
43 CBsI3b MacChl U SHEPTUU CBOOOTHON YaCTUIIBL:
2 2 2)?
E —(pc) :(mc ) .
DHeprust NoKost CBOOOAHOM acTHbL: E, = mc?
5 KBAHTOBAA ®HU3HKA
5.1 | KOPIIYCKYJISIPHO-BOJTHOBOU JIVAJIU3M

5.1.1 | T'unote3a M. Ilnanka o kBantax. ®@opmyna [Inauka: E = hv
5.12 h

®otonbl. DHeprus porona: £ =hv = f =pc.

E _hv _h
Wmmynse dotoHa: p=—=—=—
c ¢ A

5.1.3 | ®orordpext. Ombitel A.T'. Ctonmeroa. 3akoHEI poTodhexra
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5.1.4 | YpaBuenue Ditamreiina aust poroaddekra:
Elbomﬂa = ABhlxnna + EKMH max °
hc he
race E oTOHA hV = K 5 ABLIXOZ[& = hv]cp = 7\’ 5
Kp
mu?
KHH max = — = eUzan
2
5.1.5 | BonHoBsie cBoiicTBa yactuil. Bonusl ne bpoitns.
. . h h
Jnmna BonHe! ae bpoiins newxymeiicst yactuupl: A =—=—.
p mv
KopmyckynspHo-BomHOBOU Ayanu3M. Jludpakiys 3IeKTPOHOB
Ha KpHCTaJIax
5.1.6 | JaBnenue cera. JlaBieHue cBETa Ha MOJHOCTHIO OTPAXKAIOIIYIO

TMOBCPXHOCTH M HA MMOJHOCTHIO ITOINIOIIAOITYHO ITOBEPXHOCTDH

5.2 | PU3UKA ATOMA

5.2.1 | IInanerapHas MOAENb aTOMa
5.2.2 | Hocrynatel bopa. M3nyuyenue u noraomieHue GOTOHOB MIPH
[Iepexo/Ie aToMa C OJJHOTO YPOBHS SHEPTUH Ha APYTOU:
he
hv,,=-—=|E,-E,|
7\'”1}1
5.2.3 | JIunenvartelie CEKTPHI.
CrexTp ypoBHEH 3HEpruu atoma BOJ0poJa:
—13,65B
L, =———, n=1,2,3, ..
2
n
5.2.4 | Jlazep

5.3 | ®U3UKA ATOMHOI O AJIPA

5.3.1 | Hyxmonnas monens sinpa I'eitsen6epra—Banenko. 3apsin sapa.
MaccoBoe uucio sipa. M3otomnst
5.3.2 | DHeprus CBsI3M HYKIIOHOB B siipe. SIIepHbIE CUIIBI
5.3.3 | Nledexr macch sapa IEX: Am=Z-m,+ (A=2Z)-m, =My
5.3.4 | PaguoakTUBHOCTD.
Anbba-pacman: 5 X—% 5Y + jHe.
Bera-pacnag. DeKTpoHHbIi B-pacian: oy X—,/Y + _?e+Ve.
Tosurponnsiii B-pacnan: 5 X—, Y+ J&+v,.
INamma-uznyueHue
535 _L
3aK0H paIHoaKTHBHOTO pacmana: N(t)= Ny-2 T
5.3.6 | fnepusble peakuuu. JleIeHUe U CUHTE3 1Ep
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Kon TpeboBaHuUs K YPOBHIO MMOATOTOBKH BBIITYCKHUKOB, OCBOCHUE
TpeOOBaHUs KOTOpBIX IpoBepsiercs Ha ET'D

1 3uamv/Ilonumamsp:

1.1 CMBICT (PU3HYECKUX MOHATHH

1.2 CMBICI (PU3UYECKHUX BETHYHH

1.3 CMBICI (QU3UYECKHUX 3aKOHOB, TPUHITUIIOB, TOCTYJIATOB

2 Ymems:
2.1 OIUCHIBATh U OOBSICHATH:

2.1.1 | pusuueckue sBIeHus, PU3MUECKHE SBICHUS U CBOHCTBA Tel

2.1.2 | pe3ynabpTaThl 9KCIIEPUMEHTOB

22 OITUCHIBATh (dyHIaMeHTaIbHBIC OITBITHI, OKa3aBILHE
CYIIECTBEHHOE BIIMSHUE HA Pa3BUTHE (HU3UKH

2.3 HPUBOIUTE NIPUMEPHI MIPAKTHISCKOTO MPUMEHECHUS (PH3HICCKIX
3HAHHH, 3aKOHOB (PU3UKH

2.4 ONpENeIaATh XapakTep (U3MYECKOro Ipolecca M0 TIpaduky,

tabnuue, GopMylie; TPOAYKTHI SACPHBIX PEaKIUil Ha OCHOBE
3aKOHOB COXPaHEHHS MIIEKTPUIECKOTO 3apsaa ¥ MACCOBOTO YnCIia

2.5 2.5.1 | ommyarh TUNOTE3bl OT HAYYHBIX TEOPHIA; JIeNaTh BHIBOIBI Ha
OCHOBE DOKCIIEPHMEHTANBHBIX JaHHBIX; MPUBOJUTH MPUMEPHI,
MOKA3bIBAIOIIUE, YTO: HAONIONCHUS W DKCIIEPUMEHT SIBIISTFOTCS
OCHOBOHM JIJIsl BBIZBMDKCHHS THIIOTE3 W TEOPHH, MO3BOJIIOT
MIPOBEPUTh MCTUHHOCTh TEOPETHYCCKUX BBIBOIOB; (hu3Mueckas
TEOpHs MJaeT BO3MOXHOCTb OOBSCHITH W3BECTHBIC SIBICHUS
MIPUPOBI U HaydHbIe (HaKThI, MPEACKA3hIBATh €IIe HE N3BECTHHIC
SIBJICHHS,

252 | npuBoaMTH NPEMEpH  OMBITOB,  HIUTIOCTPUPYIOIINX,  UTO:
HAOJIOICHNS M SKCIIEPUMEHT CITY)KAT OCHOBOW JIJISl BBIJBIKCHUS
THIIOTE3 ¥ IOCTPOCHHS HAYYHBIX TEOPHH; OKCIEPHMEHT
MO3BOJISIET MPOBEPUTh HCTHHHOCTH TEOPETHYECKUX BBIBOIIOB;
(usugeckas TeOpuss NAeT BO3MOXKHOCTh OOBSICHATH SIBICHUS
TNpUPOAbl ¥ Hay4dHble (aKThl; (QU3NYECKass TEOPHUS IMO3BOJISCT
HpENCKa3bIBaTh CIIe HE M3BECTHBIC SBJICHHUA U MX OCOOCHHOCTH;
mpu  OOBSICHCHHH  OPUPOAHBIX  SIBICHUN  HCIOIB3YIOTCS
(usngecKkue MOJIENU; OWH U TOT € MPHUPOJHBIA OOBEKT WU
SIBTICHHE MOXKHO MCCIIEJIOBATh HA OCHOBE MCIIOJIB30BaHMS Pa3HbIX
MOJIeNIeH; 3aKOHbI (U3UKU U (PU3HYECKUE TCOPUHU HMMEIOT CBOH
OTIpeIeNICHHBIE TPAHUIIBI TPUMEHHUMOCTH

2.5.3 | u3MepATh (QU3MUECKHUE BEIWYHMHBI, TPEJCTABISATh PE3yJIbTaThl
HU3MEPEHUH C yUYETOM UX NOIPEIIHOCTEH

2.6 MPUMEHATh TIOJYYCHHBIC 3HAHHUS JUISl PEUICHUS (U3UYECKUX
3a1a4

© 2016 denepanprast ciayxba o Haa30py B chepe oOpazoBanus u Hayku Poccniickoit denepaunu

DOU3UKA, 11 kiacc

16

3

Hcnonvzoeamos npuoﬁpemermbte 3HAHUA U YMEHUA 6 npakmu!lecxoﬁ

0esamenbHOCIMU U NOGCEOHEBHOL HCUSHU OJ1A:

3.1

obecrieueHust 0€30MACHOCTH JKU3HENESATENbHOCTH B IIpolecce
HCTIONb30BaHUS TPaHCHOPTHBIX CPEACTB, OBITOBBIX
JEKTPOIPUOOPOB, CPEICTB PAIUO- U TEIEKOMMYHUKAIIHOHHOM
CBS3M; OLCHKH BJIMSHHUA Ha OpPraHM3M 4YeJOBEeKa W Jpyrue
OpPTraHU3MBbl 3arpsS3HEHUs] OKPY’KalOIIeH Cpenbl; paluoHaIEHOIO
MIPUPOIOTIONB30BAHMUS M OXPaHbI OKPY’KAIOIIEH Cpebl;

32

orpeneneHNs: COOCTBEHHOM MO3UIMH IO OTHOIIEHHIO K
9KOJIOTHYECKHM MPpo0JieMaM U MOBEJCHUIO B MPUPOAHON cpesie

© 2016 denepanbrast ciayxba o Haa30py B chepe oOpazoBanust i Hayku Poccniickoit denepannu




