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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 JK3aMEHA SBISETCA OJHHM U3  JIOKyMEHTOB,
onpeneNsomux cTpykTypy u conepxanue KM EI'D. OH cocraBiieH Ha OCHOBE
DenepaabHOrO KOMIIOHEHTA TI'OCYJapCTBEHHBIX CTaHIApTOB OCHOBHOIO OOIIEro M
cpennero (moiHOro) obmero obpazoBanusi Mo ¢usuke (0a30BBIA W TMPOGWILHBIN
ypoBHH) (puka3 MuHoOpa3oBanus Poccuu ot 05.03.2004 Ne 1089).

Pazneu 1. IlepedyeHb 3/1eMeHTOB CO/lepPKAHMS, IPOBEPSEMBbIX HA €AHHOM
rocyapcTBeHHOM 3K3aMeHe 110 u3HKe
B mepBom crondre ykasaH Kox pa3sziena, KOTOPOMY COOTBETCTBYIOT KPYIIHBIC
610Kku conepkanus. Bo BropoM cTonblie npuBeieH KO dIeMEHTa COAEPKaHHs, I
KOTOPOTO CO3/ar0TCs MPOBEpOUHbIe 3a0anus. KpynHbie OJ0KU conep:kaHusi pa3OuThI
Ha 00J1ee MEJIKUE 3JIEMEHTHI.

Kon
KOHTPO
Ko | pypye
Pas- MO0 DJIeMeHThbI 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:

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

nepeMenieHue:

& =rl)-7l)=(nara)
MyTh. /
CroKeHne nepeMeleHHit: x
AF, = AF, + AF,

<y
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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[Biokenne 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: £, =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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2.1.7

3 nocTt
A6comotHas temneparypa: 7 =¢°+273K

2.1.8

CBs3p TeMIIepaTypbl Tra3a CO CpelHeH KHHETHYECKOM »Heprueu
TMIOCTYTIATENIbHOTO TEIIOBOTO ABWKEHHS €TI0 YACTHIL:

_ 2
gﬂOCT = mOU = é kT
2 2

2.1.9

Vpasuenue p=nkT

2.1.10

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

BrIpakeHue JUIs1IBHY TPEHHEW S3HEPTUH
VYpaBuenne MenpaeneeBa—Knamneiipona (mpumeHHMBIe (GOpMEI
3aIUCH):
m RT
oV =""RT=vRT = NkT, p=P"L
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
TEeMIEepaTypbl, UX HE3aBUCHUMOCTb OT 00BEMA HACBILIEHHOTO
napa

2.1.14

Bnaxxnocts Bo3gyxa.
pnapa (T) — p napa (T)
pHaCLILLL Tnapa (T) p HaCBIII. I1Tapa (T)

OTHOCHUTEIbHAS BIAXKHOCTE: Q=

2.1.17 ‘ [TpeoOpazoBaHue SHepruM B (ha30BBIX MEPEX0IaX
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,
W3Iy4YeHUEe
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.
V nenpHas TeIuIoTa Cropanus roriusa 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,
Anmnabara:
0,=0= 4,=U,-0,
2.2.8 | Bropoii 3aK0H TepMOIMHAMUKH, HEOOPaTHMOCTh
2.2.9 | Ilpunnuns! neictBus TerioBeix MamuH. KIT/T:
_ Aga i _ QHarp - ‘onn‘ —1— ‘onn‘
Quarp QHarp QHarp
2.2.10 | Makcumansnoe 3Hauenue KII/1. Hukn Kapuo
_ Ty ~Thon _ . Ty
=N fapne THarp - THarp
2.2.11 | YpaBHenue temnosoro 6ananca: O, +Q, + 05 +...=0.
3 SJIEKTPOJHHAMHUKA
3.1 | QJEKTPHYECKOE IIOJIE
3.1.1 | Dnektpuszanus Ten ¥ €€ MPOSBICHHUS. DJICKTPUUYCCKHHA 3apsil.
JIBa Buza 3apsia. DieMEeHTapHbII JIEKTPUYECKUN 3apsaj. 3aKoH
COXPaHEHUS HIICKTPHIECKOT0 3apsaa
3.1.2 | BzaumoneiictBue 3apsnoB. Toueunsie 3apsabl. 3akoH Kyiona:
F=k‘q]"2‘q2‘ _ 1 "ql“z“h‘
r 4ne, r
3.1.3 | Dnekrpuueckoe nosie. Ero pelicTBue Ha IIEKTPUUYECKUE 3aPsi/Ib

2.1.15

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

2.1.16

H3meneHue arperaTHbIX COCTOSIHHI BCOICCTBA: IIIABJICHUC H
KpUCTAJUIU3al UL
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323

U
3akon Oma 11 yuyactka nenu: [ = R

324

DJeKTpHYECKOe CONPOTHBICHHE. 3aBUCHMOCTE CONPOTHBIICHUS
OJTHOPOJIHOTO IIPOBOJHHKA OT €ro JJIHMHBI U CCUCHUS. Y ICIBHOE
/

COIIPOTHUBJICHUEC BCIICCTBA. R= pE

325

Hctounuku Toka. OJIC U BHYTIpeHHEEe CONPOTUBIICHUE

CTOPOHHHX CHJI

q

HCTOYHHKA TOKa. £ =

3.2.6

Bakon Oma s
3JEKTPUYECKOW  IEMu:

&
R+r

MOJHOW  (3aMKHYTOK)
E=IR+1Ir, orkyma &I

327

HapaﬂnenLHoe CO€IMHECHUE TPOBOJHUKOB!

1 1 1
I=L+L+.., U=U,=..., ——=—+—+...
Rnapaﬂn Rl R2

IlocnenoBarenbHOE COCIMHEHUE MPOBOJHUKOB!
U=U,+U,+..., | =1, =..., R, =R +R, +...

T10CJI

328

Pabora snexrpuueckoro toka: 4 = [Ut
3akon Jixoyms—lenna: O = IRt

329

MONIHOCTH IEKTPHYECKOTO ToKa: P =— =JU.
At At—0
TermioBast MOITHOCTb, BBIACIsIEMasi HA PE3UCTOPE:
U 2
P=I"R=—.
R

MOLIHOCTE HCTOYHHKA TOKA: P, = —— =€&I
At At—0

3.2.10

CB0OOIHBIE HOCUTENH YJICKTPHYECKHUX 3apSI0B B IIPOBOJTHUKAX.
MexaHu3Mbl TPOBOJUMOCTH TBEPIBIX METAJUIOB, PACTBOPOB U
pacriaBoB 3JICKTPOJIUTOB, rasos. [TomynpoBOTHUKH.
[TosrynnpoBOAHMKOBBIHM 11O

3.14 - F
Hamnpsox€anocts snexTpuaeckoro moist: £ =
qnpoﬁl—mﬁ
ITone Touyeunoro 3apsana: E, = k% ,
;
onHOpoHOE Mosie: E = const .
KaptuHbl nuHui 3THX monei
3.1.5 | IloTeHUMaIbHOCTD AIEKTPOCTATUUECKOTO TOJIS.
Pa3sHOCTB MOTEHIMANIOB U HANIPSKEHHE.
4, =q(0, = 9,)=—qho=qU
IMoTeHnmansHas SHEPrHUs 3apsga B JIEKTPOCTATUIECKOM IIOJIE:
W =qo.
w
INoreHuunan 31eKTPOCTATUYECKOrO NOM: @ =—.
q
CBs3b HaNpsDKEHHOCTU IOJIL M PA3HOCTU IOTEHIMANOB JUIS
OJIHOPOAHOTO 3JIeKTpocTaTuueckoro nomus: U = Ed .
3.1.6 | IIpuHUUN Cyneprno3uuy IEKTPUIECKUX TOJIEH:
E=E+E,+..., 0=0,+0,+...

3.1.7 |IIpoBomHMKM B  BJIEKTPOCTATUYECKOM  IONE.  YCIIOBUE
paBHOBECHS 3aps0B: BHYTPH MPOBOTHHAKA E=0, BHYTPH U Ha
MOBEPXHOCTHU IIPOBOJIHUKA @ = const .

3.1.8 | JIUdneKTpUKMU B 3JIEKTPOCTATUYECKOM Ioiie. JluaneKkrpudeckas
IIPOHUIIAEMOCTh BELIECTBA €

3.19 . q
Konnencarop. DnekrpoéMkocTs koHzeHcatopa: C = U

. €S
ONeKTpoEMKOCTB IIOCKOro KoHzeHcaropa: C = 4 =¢eC,
3.1.10 | [TapannenbHOE COeqMHEHNE KOHAECHCATOPOB:
g=q+tqr+..., Uy=U,=..., Cppry =C+C, +...
ITocnenoBaTenbHOE COEAUHEHNE KOHAEHCATOPOB:
U=U+U,+ =q, = L1, b,
1 2 > 1 =4 > c.. ¢ G,
3.1.11 qUu cU?* ¢*
OHeprus 3apsyKeHHOro KoHaeHcaropa: W, =—=——=—
2 2 2C
3.2 | 34KOHbI IIOCTOAHHOI'O TOKA
3.2.1 Agq .
Cuna toka: [ =— . Hocrosinnslii TOK: I = const .
t At—0
Jli1s mocTosIHHOTO TOKa g = It
3.2.2 | YcnoBus cymecTBOBaHUS AJIEKTPUUECKOrO TOKA.

Hanpsokenne U n OJIC ¢
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3.3

MAT'HUTHOE I10JIE

3.3.1

MexaHnudeckoe B3aMMOJCHCTBUE MarHUTOB. MarHuTHoe moue.
Bexkrop MmarmutHOM wuHAykuuu. IlpuHnun cynepno3unuu
MarHUTHBIX IOJIEH: EZEI +E’2 +... . JIuHMM MarHMTHOIO
noms. KapTuHa MHHUMIA OIS MOJIOCOBOTO H ITOJKOBOOOPA3HOTO

IIOCTOSAHHBIX MarHuTOB

332

OnbiT Opcrena. MarnutHoe 1ON€ NPOBOJAHUKA C TOKOM.
Kapruna nuHuMi noJS JUIMHHOTO HPSMOrO IPOBOJHHMKA MU
3aMKHYTOTr0 KOJIbIIEBOTO IPOBOJAHUKA, KATYLIKH C TOKOM.

333

Cuna Amrepa, e€ HanpaBJIeHHe U BEIHINHA!
F, =IBlsin o, re o — yroj Mex/1y HanpasiIeHHEM

IMPOBOJHHKA U BEKTOPOM B

334

Cuna Jlopenua, e€ HanpaBiIeHUE U BEIUYHMHA!
F,,, =|avBsina, rae o.— yroa Mexay BeKTopaMu U U B
JIBI>KeHME 3apsKEHHOM YacTHUIIBI B OTHOPOAHOM MarHUTHOM
none

34

OJIEKTPOMATI'HUTHAA UHYKIUA

3.4.1

Mook BEKTOPa MarHUTHOM
naayknuu: © = B, S = BS cos o,

342

SIBnenue snekTpoMarHuTHON MHAYKIuK. D1C HHIyKIHUU

343

3aKoH a5eKTpoMarHuTHON nunnykuuu dapanes:
AD
A

’
t

At—0

344

O/1C HHAYKIXH B IPSIMOM NIPOBOAHUKE ATWHOH /, IBIKYIIEMCS
CO CKOPOCTBIO U (D 1 f) B OTHOPOJHOM MarHUTHOM

none B:

|5,| = Blvsina, Tie o — yroi MexAy BeKTopamu B u U ; ecliu

I LB u o1B,10||=Blv

345

[IpaBuno Jlenna

3.4.6

WnpykrtuBHOCTD: L = ? ,mm ®=L1.

Camonnnyknus. 9J1C camounaykuun: &, = —Lﬂ =-LI'

! At—0

3.4.7

2
LI
OHeprust MarHUTHOTO NOJIs1 KaTYLIKH C TOKOM: W, = By
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3.5

OJIEKTPOMAI'HUTHBIE KOJIEEAHNUA U BOJIHBI

3.5.1

Kone6aremnpHbrit KOHTYP. CBobonHBIE
3JIEKTPOMATHUTHBIE KOJeOauus B uneanbHom ¢ L
KoJIeOaTeIbHOM KOHTYpE:

q(t) = G sin(0 + @, )

’
I(t)= q, =0q,,,. cos(ot + (po) =1, cos(ot + 0N )
2n 1

®opmyna Tomcona: T =21y LC, oTkyna O=—=——.
T 4JLC
CBs3b aMIUTUTYIBI 3apsifia KOHICHCATOPa C aMIUIUTYXON CHIIBI

TOKa B KONIEOATEIbHOM KOHTYPE: ¢, = —.

352

3aKOH COXPaHEHUs SHEPTUU B KOJI€OATEIbHOM KOHTYpE:
cu? . LI* _CU., LI,
2 2 2

= const

353

BeIHY)KIeHHBIC 3IIEKTPOMAarHUTHbIEC Koiebanus. PezoHanc

354

ITepemennsiii Tok. [Ipou3BoACTBO, mnepenavya u noTpebrIcHUE
IEKTPUUECKOU S3HEPIUU

355

CBOJCTBa 2JIEKTPOMATHUTHBIX BOJIH. B3anMuasi opueHrauus
BEKTOPOB B DJIEKTPOMArHUTHOM BOJIHE B Bakyyme: E L B 1 ¢.

3.5.6

[lxama 3JIEKTPOMAarHUTHBIX BOJIH. [Ipumenenue
9JIEKTPOMATHUTHBIX BOJH B TEXHUKE U OBITY

3.6

OIITHKA

3.6.1

ITpsimonuHeitHOe pacpocTpaHEHUE CBETa B OJHOPOJHOMN cpene.
JIyu cBera

3.6.2

3aKOHBI OTpaXCHHUA CBCTA.

3.6.3

IMoctpoenue H300paKeHNH B INTOCKOM 3epKayie

3.64

3aKOHBI IIPEJIOMJIEHHS CBETA.
[Ipenominenue cBeta: i, Sin.= n, sinf.

N c
AOCOIOTHBIH ITOKa3aTelb MPETIOMIICHUS: Ny, = —.
v

o n
OTHOCHUTENBHBIN TTOKa3aTeIb nIpeJIoMIIeHHu: N, =——=—
n,

Xon Jtyueil B Ipu3Me.

CooTHOIIEHHE YaCTOT U JUTUH BOJH NIPU NEpexoe
MOHOXPOMATHYIECKOTO CBETA Yepe3 TPAHHIly pa3fiena AByX
OINITHUYECKHUX CPEN: V|, =V,, nA; =n,\,

3.6.5

IonHoe BHYTpEHHEE OTPKEHMUE.
[IpenenbHbIN yro MoJIHOTO
BHYTPEHHETO OTPaKEHUS: >

n2
Op

sinq,, =——=—*%

n OTH nl
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3.6.6 | Cobuparonie M paccedBarollie JIMH3bI. TOHKas JIMH3A.
DoKyCcHOE pacCTOSHUE U ONTHYECKas CHIa TOHKOM JIMH3BI:
p=1

F

3.6.7 | ®opMyna TOHKOH JTMH3BI: d
1 + 1 1 1
d [ F H F
VBenuueHue, gaBacMoe

o h _f F h
JMH30H: ['=— =" f
H d
A 4

3.6.8 | Xox syua, mpoieamero JUH3Y 10 MPOU3BOJIBHBIM YIJIOM K €8
rNIaBHOW ontudeckoil ocu. [loctpoeHne n3o0pakeHUil TOYKK U
OTpe3Ka MPSMOI B COOMPAIOIINX U PACCEHBAIOLINX JIMH3AX U UX
cUCTeMax

3.6.9 | ®oroanmapar Kak ONTHYECKUN TPUOOP.

['ma3 xak onTHyeckas cuctemMa

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

A
MHHHMYMBI: A=(2m+l)5, m=0,t1,+2,+3,..

3.6.11 | Audppakmus csera. JudpaxkumoHHas pemérka. Y CIOBHE
HaOJIOICHHSI TJIABHBIX MAKCUMYMOB IIPH HOPMAJILHOM TaJCHUN
MOHOXPOMAaTHUYECKOI'0 CBETA C AJMHOM BOJIHBI A Ha PELIETKY C
nepuogoM d: dsin@, =mh, m=0,+1,£2,£3, ..

3.6.12 | ucnepcus cBera

4 | OCHOBBI CIIEIIHAJIbHOH TEOPHH OTHOCHTEJIBHOCTH
4.1 | VlHBapuaHTHOCTh MOAYJISI CKOPOCTH cBeTa B BakyyMme. [Ipuniun
OTHOCUTEIBHOCTH DHHIITEIHA
4.2 DHeprus CBOOOIHON YaCTHIIBL: E = me’ —
1-Y
CZ
WMmynec yacTUUbL: p = mv —.
-2
CZ
43 CBs13b MacChl U SHEPTHU CBOOOTHON YaCTHIIBI:
E® —(pc)2 = (mcz)2 .
OHeprust Nokos cBOOOHOM yacTHLbl: E, = mc?

© 2017 denepanbhast ciayxba o Haa30py B cdhepe oOpazoBanus u Hayku Poccniickoit denepannu

OU3UKA, 11 kiacc

14

5 KBAHTOBAA ®U3HKA
5.1 | KOPIYCKYJIAPHO-BOJIHOBOH IV AJIH3M
5.1.1 | T'unote3a M. Ilnanka o kBantax. ®@opmyna [Inanka: E = hv
5.1.2 h
®otonbl. DHeprus porona: £ =hv = f = pc.
E hv h
Wmmynsce dotoHa: p=—=—=—
c ¢ A
5.1.3 | ®orordpdexr. Onpiter A.I'. Cronerosa. 3akoHsl hoTodddexTa
5.1.4 | YpaBHenue DitHmreitna 1is poroaddexra:
Etbomua = Aumxoua + Exm-x max
he he
rae E orona hv=— > Asmxoua = hvxp =5 >
A ?»Kp
o = = U,
5.1.5 | BonHoBsle cBoiicTBa yactull. Bonnsl e bpoiins.
. . h h
JmuHa BonHbl e bpoitng narxymencs yacTuipl: A =— = prowpl
p m
KopnyckynsipHo-BonHOBoW ayanu3Mm. Judpakiuus 31eKTpOHOB
Ha KpUCTAIIIaX
5.1.6 | JaBnenue cBera. JlaBieHue cBeTa Ha MOJIHOCTHIO OTPAKAIOIILYIO
MTOBEPXHOCTh U Ha IOJIHOCTHIO MOTIOMIAONLYIO TOBEPXHOCTh
5.2 | QU3UKA ATOMA
5.2.1 | [InanerapHas MOJieNIb aTOMa
5.2.2 | [ocrynarel bopa. M3nyuyenue u noraonieHue GOTOHOB MPH
Iepexo/ie aToMa ¢ OJHOTO YPOBHS PHEPTUH Ha JPYTOM:
W, = = |E, - E,|
}\’mn
5.2.3 | JluneiluaTble CIEKTPBHIL.
CrieKTp YpOBHEH SHEPrUH aToMa BOJIOPO/Ia:
g:iﬁgﬁ,nﬂgswu
n
5.2.4 | Jlazep
5.3 | ®U3UKA ATOMHOI'O AJIPA
5.3.1 | Hyxmonnas monens simpa ['eitsenOepra—Banenko. 3apsin sapa.
MaccoBoe uuciio sipa. Mzotonsl
5.3.2 | DHeprusl cBsI3U HYKJIOHOB B siipe. SlaepHble CUIIB
5.3.3 | ledexr maccr sapa 5X: Am=Z- m, +(4-2Z)-m, =My
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5.3.4 | PamnoakTUBHOCT.
Anbba-pacran: 5 X—% 5Y + 5He.

Bera-pacniag. DIeKTpOHHBIN B-pacma: QX%ZI:‘]Y + _?e +V,.

Tosurponnsiii B-pacnan: 5 X—, Y+ J& +v,.

I'amma-uznydeHue

535 _L
3axon paanoakTuBHOTO pacmana: N(¢)=N,-2 7

5.3.6 | SAnepusbie peakuuu. JleneHue U CUHTE3 siAEP

Pazpneu 2. IlepeyeHnb Tpe6OBaHUIl K YPOBHIO IOAT0TOBKH, IPOBEPSIEMOMY
HA e/IMHOM IOCyJapCTBEHHOM 3K3aMeHe 1o (pusuke

Kon TpebGoBaHNS K YPOBHIO ITOATOTOBKH BBIITYCKHIKOB, OCBOCHHE
TpeboBaHHS KOTOpBIX npoBepsiercs Ha ET'D

1 3uams/Ilonumams:

1.1 CMBICH (PU3MYCCKUX MTOHSITUN

1.2 CMBICT (PU3HYECKUX BENUIUH

1.3 CMBICI (U3MYECKHX 3aKOHOB, IPUHIMIIOB, IOCTYJIATOB

2 Yuemns:
2.1 OITNCHIBATh M OOBSACHATB:

2.1.1 (l)I/ISI/I‘IeCKI/IC SABJICHUA, (bPISI/I‘IeCKI/IC SIBJICHUSI M CBOMCTBA TeJl

2.1.2 | pe3ynpTaThl 3KCIEPUMEHTOB

2.2 OIKCHIBATH (dhyHIaMeHTaIbHBIC OTIBITHI, OKa3aBIIHE
CYIIECTBCHHOE BIIMSHHE HA Pa3BUTHE (PU3UKH

2.3 MPUBOAUTH MPUMEPHI MPAKTUYECKOTO MPUMEHEHHUS (PU3UUYECKUX
3HaHUH, 3aKOHOB (DU3UKHU

2.4 onpeneNaTh XapakTep (U3MYECKOro mpolecca Mo Trpaduky,

tabnune, ¢opMyie; MPOXYKTHl SICPHBIX PEaKIUH Ha OCHOBE
3aKOHOB COXPaHEHHs DJIEKTPUUECKOI0 3aps/ia U MacCOBOIO YMCIa

2.5 2.5.1 |omnMyarh TUNOTE3bl OT HAYYHBIX TEOPHi; JlenaTh BBIBOJBI Ha
OCHOBE OKCHEPUMEHTAJBHBIX MJAaHHBIX; IMPHUBOJUTH IPUMEPHI,
MOKAa3bIBAIOIIME, YTO: HAOMIOACHUS M 3KCIEPUMEHT SBIISIOTCS
OCHOBOW /ISl BBIABMDKEHUS THIIOTE3 WM TEOPUH, IO3BOJISIOT
MIPOBEPUTh HWCTHHHOCTh TEOPETUYECKUX BBIBOJOB; (QH3HUYECKas
TeOpHs JaeT BO3MOXHOCTb OOBSACHITH W3BECTHBIC SIBICHUS
MPUPOJIBI U Hay4HBIE (DAKThI, IPEJCKA3bIBATH €IIe HE U3BECTHHIC
SIBJICHUS,
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252

NIPUBOAUTH IPUMEPBl  ONBITOB, WILIIOCTPUPYIOIIUX,  YTO:
HaONIOAEHNS W SKCIEPUMEHT CIIy’KaT OCHOBOH IJISI BBIABIDKCHUS
TUIIOTE€3 U IIOCTPOCHUS HAYYHBIX TEOPHUH; HKCIEPUMEHT
NO3BOJISIET IIPOBEPUTH HCTUHHOCTb TEOPETHYECKHUX BBIBOJIOB;
¢u3ndyeckass TeOpHs JaeT BO3MOXKHOCTh OOBSACHATH SIBICHUS
MpUPOIBI M HaydHbIe (aKThl; (QU3Mgeckas TEOPHs IO3BOJSIET
HpeJICKa3bIBaTh €Il HE M3BECTHBIE SBICHHUA U X OCOOEHHOCTH;
mpu  OOBSICHEHMM  HPHUPOAHBIX  SBICHUH  HCIIOIB3YIOTCS
¢u3nyeckue MOAENH; OAWH U TOT K€ NPHPOMHBIA OOBEKT MIIH
SIBJIEHUE MOXHO MCCJIE0BaTh Ha OCHOBE MCIOJIb30BaHUS Pa3HbIX
Mozeneil; 3akoHbl GU3UKU U (HU3HMYECKUE TEOPHUH HUMEIOT CBOU
OIIpeJeJICHHbIE TPAHULIBI IPUMEHUMOCTH

253

U3MepATh (U3NUECKHE BEIMYUHBI, NPEJICTaBIATh PE3YIbTaThl
U3MEPEHHH C YIeTOM UX MOTPEUTHOCTEN

2.6

NPUMEHSATh TOJNyYCHHbIE 3HAHUS MUl pelieHUs (UIHUSCKUX
3a1a4

3 Hcnonvzoeams npuodpementsle 3HanuA u yMeHUA 6 NPAKMUYECKOIL

0eAmenbHOCMU U NOGCEOHEBHOIL HCUSHU OJ1A:

3.1

obecrieueHust 0€30MAaCHOCTH JKU3HENESTENbHOCTH B IIpolecce
HCTIONb30BaHUS TPaHCHOPTHBIX CPEZCTB, OBITOBBIX
AIEKTPOIPUOOPOB, CPEICTB PaIUO- U TEIEKOMMYHUKAIIHOHHOM
CBSI3W; OICHKH BJMSHUS Ha OPraHW3M 4YelOBeKa W JIpyrue
OpPraHU3MBbl 3arpsS3HEHUs] OKPY’KaIOIIEH Cpelbl; paluOHaIEHOTO
MIPUPOIOTIONB30BAHNUS M OXPaHbI OKPY’KAIOIIEH Cpeibl;

32

ompeaeneHNs: COOCTBEHHOM MO3UIMH IO OTHOIIEHHIO K
9KOJIOTHYECKHM TPoOJIeMaM U MOBEJCHUIO B MPUPOAHON cpesie
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