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Koauduxartop
3J1€eMEeHTOB CO/Iep:KAHNsI H TPeOOBaHMIi K YPOBHIO MOAT0TOBKHU BHINYCKHUKOB
06pa3OBaTeJIbHLlX opranmaum‘fl OJIA nposeuemm €IUHOI0 FOCy}IﬂpCTBeHHOI‘O
3k3amena no ®U3UKE

KoaudukaTtop 31eMeHTOB coaepkaHus no (usuke u TpeOOBaHMN K YPOBHIO
MOATOTOBKM BBIMYCKHUKOB 00pa30BaTEeNbHBIX OpPTaHW3AIMHA U  MPOBEACHHS
€IMHOTr0 TrocynapcrBeHHoro sk3ameHa (EI'D) sBnsercs omHMM W3 JIOKyMEHTOB,
ONpENEeNAIOINX  CTPYKTYPY M COAep)KaHHE KOHTPOJIBHBIX  HM3MEPUTENBHBIX
marepuanoB (KMIM) EI'D. On cocraBneH Ha ocHOBe (emepasbHOTO KOMIOHEHTa
rOCYJapCTBEHHBIX CTaHJApTOB OCHOBHOI'O OOLIET0 U CPEAHEro (MOJIHOro) OOLIero
oOpa3oBanuss 10 (usuke (0a30BbIi M TPOQWIBHBIA  ypoBHHM) (TIpUKa3
Muno6pazoBanust Poccun ot 05.03.2004 Ne 1089).

Pazneu 1. IlepedyeHb 3/1eMEHTOB CO/IepPKaHNs, IPOBEPSIEeMbIX HA €IHHOM
rocyJapcTBeHHOM JK3aMeHe 10 (pu3HKe
B mepBom crondie ykasaH KO pa3zelnia, KOTOPOMY COOTBETCTBYIOT KPYIHBIE
O1oku coznepxkanus. Bo BropoM crouOre npuBeaeH KO JIEMEHTa COJEpiKaHus, s
KOTOPOTO CO3JAf0TCsI IPOBEPOUHbIe 3ananus. KpynHbre 010Kku cofepkaHust pa3OHTHI
Ha 00Jjiee MENKHUE 31I€MEHTHI.

Kon
KOHTPO
Kon aupy-
Pa3- | evoro DJIeMEHTBI COAePKAHUS,
i () 1 [ nposBepsieMble 3aganuavmu KUM
Ta
1 MEXAHHUKA

1.1 | KHHEMATHUKA

1.1.1 | Mexanndeckoe aBmxeHre. OTHOCUTENHHOCTh MEXAHUUECKOTO
nBkenns. Cucrema oTcuera
1.1.2 | MarepuanbHas TO4Ka.

Ee pannyc-Bekrop:

()= (x(0). y(0). (1)),
TPaeKTOpHS,

nepeMelieHue:

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

CrnoxeHue rnepeMenieHuin:

AF, = A7, + AF,

TPaeKTOpUs

\<V
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1.1.3

CKopocTh MaTepUalbHON TOUKH:

_AF o
V=—- =r, = Ux,Uy,UZ ,
At—>0

At
v =y
A a0

Crnoxenue ckopocteif: U, =0, + 0,

’
t

’

aHANOTHYHO L, =Y/, U, =z,

Brruancienne nepeMenienns mo rpauKy 3aBUCEMOCTH V()

YckopeHue MaTepuanbHOM TOUYKH:

AD _

v Rl CRURER
VIR

a _Au, =(v,), ', ananormuaso a, =(v, ), a
x = At “\Mx o y \"y ), %z

At—0

a=

(UZ)['

PaBHOMepHOE MPSIMOTMHEWHOE IBUKEHUE:
x(t)=xy + 0yt
v, (t)=v,, =const

PaBHOyCKOpEeHHOE PSIMONMHENHOE ABUKEHUE:
2
X

2

x(1)=xy + vyt +

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

022x _Ul2x :2ax(x2 _xl)

CBoOo1HOE MajieHue. N N

Vckopenne cBoGOIHOTO v,
maneHus. JIBmkeHue tena,
OpOILIEHHOTO MOJT YTJIOM O Yo A
K TOPU30HTY:

x(t)=x, + vyt =X, +V,cos0 -1

gt

gyt .
—=y0+uos1na~t—7

2
v, (t)=v,, =v,cosa
L, (1) =0y, +g t=v,sina—gt

Y(t)=yo+0g,t+

g,=0
g, =—g=const

v
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1.1.8

JIBI>KEHME TOUKHU 110 OKPYKHOCTH.
JIuneitHas U yriaoBast CKOPOCTh TOUKU COOTBETCTBEHHO: U = OR,
2n
o=—=27nv.
T
v’ 2
[{eHTPOCTPEMHUTENILHOE YCKOPEHUE TOUKH: @, = " o R

1.1.9

TBépnoe Teno. [locTrynarensHoe U BpanaTeabHOE IBUKCHHE
TBEPAOrO Tena

1.2

JTHHAMUKA

1.2.1

WNuepunansubie cucrembl orcuéra. [lepssiit 3akoH HproToHa.
ITpunnun otHocutenbHocTH ["anumest

122

m
Macca tena. InotHOCTh BeniecTBa: p = ;

1.2.3

Cuna. HpuHumn cynepnosuuun cuit: Fi, oo, = Fy + F, + ..

1.2.4

Bropoii 3akon HetoToHa: 1y MmarepuansHoit Touku B ICO
F =ma; Ap = FAt npu F = const

1.2.5

Tperuit 3akon Herooroma pmm = +—@—@—>

MaTepualbHbIX TOUEK: F, = —F), F, F

1.2.6

3aKOH BCEMHPHOTO TSTOTEHHS: CHJIBI TNPUTSHKEHHS MEXKIY
mym
TOYEYHBIMH MaccaMu F = G ——2
RZ
CHiia TSKECTH. 3aBHCHMOCTb CHJIBI TSDKECTH OT BBICOTHI /i Haj
HOBEPXHOCTBIO ITAHETHI PATIyCcoM Ry:
GMm

Ry +h)

1.2.7

Z[BI/I)K@HI/IC HEOSCHBIX TE€I M HX HUCKYCCTBCHHBIX CITYTHHUKOB.
HepBaﬂ KOCMHUYCCKasl CKOPOCTh:

GM
Vi =+ &Ry = R_o

BTopas{ KOCMHUYCCKasaA CKOPOCThb:

2GM
UZK :\/EUIK = R—O

1.2.8

Cuna ynpyroctu. 3akon ['yka: F, = —kx

1.2.9

Cuna tpenus. Cyxoe TpeHHe.
Cuita TpeHus CKOIbKEHUs: F, ) = uN

Crta TpeHwust OKOS: F,, < uN

Koa¢duimeHT TpeHus
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1.2.10 F,
[aBnenue: p = 5
1.3 | CTATHKA
1.3.1 | MoMeHT cuiibl OTHOCUTEIBHO OCH
BpaIICHUS: «
M = Fl, rne | — mue4o cuisl F ~
OTHOCHUTEJIBHO OCH, IPOXOJAIICH uepe3 F
TO4KY O NepueHANKYISIPHO PUCYHKY
1.3.2 | Ycnous paBHoBecus TBEpaoro Tena B CO:
{Ml +M,y+...=0
F+F+..=0
1.3.3 | 3akon Ilackanus
1.3.4 | laBnenue B xuakocty, noxosmeiics B UCO: p = p + pgh
1.3.5 | Bakon Apxumena: Fy,, =—PB, ..,
eciu Teno 1 KUAKocTh nokosites B UCO, 10 Fy = pgVeen.
YcnoBue mIaBaHus Tel
1.4 | 34KOHbI COXPAHEHUA B MEXAHUKE

1.4.1 | Mysbc MaTepuaabHOU TOYKH: P = mo
1.4.2 | Immynbc cucTeMsl TeI: P = Py + Py +...
1.4.3 | 3akoH U3MEHEHHS M COXPaHEHUsI HUMITyJIbCa:
B I/ICO Aﬁ = A(ﬁl + }—72 + ): F‘]BHCIIIHAt + FZBHellluAt +...
BUCO Ap=Ap, +p, +..)=0, ecit F,o +Fypon +-0o=0
1.4.4 | PaboTa cuIbl: HA MAJIOM MEPEMEILICHUH
A:‘F“~‘AF‘~cosa=Fx~Ax -(}f'
Ar
1.4.5 | MOLIHOCTD CHUJIBL: —
AA F
P=— =F-v-cosa .
At 550 v
1.4.6 | Kuneruueckas sHeprusi MaTepuaabHON TOUKH:
2 2
mp~ _p
Eaw ="5"=5"

3aK0H M3MEHEHUs] KHHETUYECKON SHEPTHH CHCTEMbI
Mmarepuanbhbix Touek: B MCO AE =4 + A4, +...
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1.4.7 | IloTeHuuanbHas 3HEPrHsL:
AU TIOTEHIHATIBHBIX CHIT AIZ = El notesn EZ noteny _AEuoreHLl
Ilorenupnansnas sHEprus TeNa B OAHOPOJHOM II0JIE TSHKECTH:
EHOTeHLl = mgh
INoTenmuansHas 3HEPrust yrnpyro AeGopMUPOBAHHOTO Tema:

ka

EHOTCHH = 2

1.4.8 | 3aKOH U3MEHEHUS U COXPAHEHUS MEXAHUUECKOW SHEPIHH:

EMCX = EKI/[H + EHOTCHLI 2
BUCO AE, =4

- BCEX HEIMOTEHII. CHII *

BHCO AE, . =0, ecn A4 =0

BCEX HETOTEHII. CHJT

1.5 | MEXAHUYECKUE KOJIEBAHUA U BOJIHBI
1.5.1 | FapMoHn4Yeckue KoueOanus. AMIIMTY A U (pa3a KOJICOAHHHA.
Kunemartuueckoe onucanue:
x(t) = Asin(0t +9, ),
v.(t)=x/,
2
— ro_
a,(t)=(v,), =—0"x(1).
JnHaMu4eckoe onrcaHue:
2
ma, =—kx ,T8€ k =mo
DHepreTUYecKoe OnrcaHue (3aKOH COXPaHSHHUS MEXaHUIECKOM
2 2 2 2
kx®  mo
SHEPTHH): +—=—2"% —— —const
2 2 2
CBsI3b aMILIUTY b KOJIEOAHUN HCXOHON BEININHBI
C aMIUTATY/IaMHU KOJieOaHUi €€ CKOPOCTH M YCKOPEHHUSI:
_ .32
Umux - (DA7 amax =w'4
1.5.2 2n 1
[epuon u yactoTa Konebanmii: 7' = — = —
o Vv
Ilepuon ManbiX CBOOOAHBIX KOJEOAHUH MAaTEeMaTHYECKOTO
/
MasiTHuKa: 1 =21 |—
g
Iepron cBOOOMHBIX KONEOAHWN NPYKUHHOTO MAasTHHKA!
m
T=2m|—
k
1.5.3 | Beinyxnennbie konebanus. Pesonanc. Pesonancuas kpupas
1.5.4 | Ilonepeunsie u MIPOJIOJIbHBIE BOJIHBI. CkopocTb
v
pacnpoCTpaHeHusl U JUTMHA BOJHBL A =0T =—
v
Wnrepdepenmms u audpaxus BOIH
1.5.5 | 3Byk. CkopocTh 3ByKa
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2 MOJIEKYJIAPHAA ®U3UKA. TEPMOJUHAMHKA
2.1 | MOJIEKYJIAPHAA ©®U3UKA
2.1.1 | Mopenu cTpoeHuUsl ra30B, XKHUJIKOCTEH U TBEPABIX Tell
2.1.2 | TennoBoe IBHXKEHHE aTOMOB M MOJIEKYJI BEIIECTBA
2.1.3 | BzaumopaeicTBHE YaCTHI] BEISCTBA
2.1.4 | Iuddysus. BpoyHOBCKOE ABMIKEHUE
2.1.5 | Mogens upeansHoro raza B MKT: gacTuubl raza ABHXKyTCS
Xa0THYECKH M HE B3aMMOJICHCTBYIOT IPYT C APYTOM
2.1.6 | CBs3p Mexay HIaBJICHHEM W CpeJHEW KUHETHYECKOH sHeprueit
MIOCTYMATEIBHOTO TEIUIOBOTO JBIDKEHMS MOJIEKYJ HACAIBHOTO
ras3a (ocHoBHoe ypaBHeHue MKT):

— 2 -
pzémomz:zn.(mov ]zz .

n gﬂ()CT
3 2 3

2.1.7 | AbcomotHas temmeparypa: T =¢°+273K
2.1.8 | CBs3p Temieparypbl raza cO CpeaHell KHHETHYeCKOW SHepruen
HOCTYIATEILHOIO TEIUIOBOIO ABMKEHUS €70 YACTHILL:

o 2
& = [m"“ j EPw
2

2
2.1.9 | VpaBuenue p =nkT

2.1.10 | Moaenb uiealIbHOTO ra3a B TEPMOJUHAMHUKE:
VpaBuenue Menneneena — Kianelipona
Belpaxxenue 17151 BHyTpEHHEH S3HEPrUH

VYpaeaenne MenneneeBa — Kianelipona (mpuMeHHMBIE (OPMBI

3aIHCH):
oV =" RT =vRT = NkT, p=PRT
n n

Bripaxxenue nansi  BHYTpPEHHEM  SHEPrMM  OJHOATOMHOTO
HICaTFHOTO Ta3a (IPUMEHUMEIE (POPMEI 3aMHCH):

3 3 3m 3
U=2VRT =2 NkT =2 RT =ve, T =2 pV
2T TR S Y

2.1.11 | 3akon [lanbToHa AJis JaBJIEHUS CMECH Pa3pEXKECHHBIX ra30B:
P=pit Pyt

2.1.12 | U3omporeccsl B pa3peKEHHOM Ta3e C MOCTOSHHBIM YHCIOM
yacTtull N (C MOCTOSSTHHBIM KOJIMYECTBOM BEILIECTBA V):

n3zorepma (7= const): pV = const,

n3zoxopa (V= const): = const ,

nzobapa (p = const): = const

NSNS

I'paduueckoe mpeacraBieHue uonporeccos Ha pV-, pT-u V-
Juarpammax
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2.1.13 | Hacoliennsle ¥ HeHachlllleHHble mapbl.  KadectBeHHas
3aBHCHMOCTh TUIOTHOCTH W JIaBJICHUS HACHIIIEHHOTO Mapa OT
TEMIIepaTypbl, UX HE3aBHCHMOCTh OT O0BbEMa HACBIIICHHOTO
napa

2.1.14 | BnaxxHOCTb BO3/1yXA.

OtHOCHUTeNbHAS BIAXKHOCTD: @ = Pnspa () ~ P ()
Prscsnnnapa () Pacun. napa (T')

2.1.15 | I3MeHeHHe arperaTHbIX COCTOSIHMM BEIIEeCTBa: WCIApeHHe
Y KOHAEHCANHsl, KUIEHHE )KUAKOCTH

2.1.16 | I3meHeHue arperaTHbIX COCTOSHHM BeELIECTBA: IUIABICHUE
Y KPUCTAIITU3AIHS

2.1.17 | Tlpeobpa3zoBaHue sHepruu B (pa3oBbIX mepexoaax

2.2 | TEPMOIUHAMUKA

2.2.1 | TennoBoe paBHOBECHE U TEMIIEpaTypa

2.2.2 | BHyTpeHHss S9Heprust

2.2.3 | Tennonepenaya Kak croco0 W3MEHEHHS BHYTPEHHEW SHEPruu
06e3 cosepuieHuss paboTh. KOHBEKIWS, TEMIONPOBOIHOCTS,
U3TyYCHHUE

2.2.4 | Konmu4ecTBO TEIUIOTHI.

VY aenpHas TenI0EMKOCTb BewecTsa ¢: Q = cmAT

2.2.5 | YnenpHas TemoTa napoodpa3oBaHus r: Q = rm
VYnaenpHas Temiora miaBieHus A Q = Am
VY aenbHas TEIUIOTa CTOPAaHUs TOIUIMBA ¢: O = qm

2.2.6 |DOnemeHTtapHas paboTa B  TEPMOJIMHAMHKe: A = pAV
Brruncnenue paboTel 1o rpaduky npoiiecca Ha p V-nquarpamme

2.2.7 | IlepBblii 3aKOH TEPMOTUHAMHKH:

Qn =AUy, + 4, = (U, ~U) )+ 4y
Apnuna0ara:
0,=0= 4,=U,-U,
2.2.8 | Bropoii 3aK0H TepMOAHHAMHKH, HEOOPATHMOCTb
2.2.9 | Ilpunnuns! aeictBus Temiosbix MamuH. KIT/:
— A3aum<ﬂ — Quarp _‘QXOH‘ — 1_ ‘onn‘
Qriarp Orarp Oriarp

2.2.10 | MakcumanbHoe 3Hauenue KI1JI. Iuxi KapHo

max M = Nigpuo = TPT Do TT
warp warp
2.2.11 | YpaBHenue Temnosoro 6ananca: Q, + Q, + O +...= 0
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3 SJIEKTPOJUHHAMHUKA
3.1 | OQJEKTPUYECKOE IIOJIE

3.1.1 | Dnexrpusanus Tea U €€ MPOSABICHUS. DJIEKTPUUECKUH 3apsn.
JIBa Buaa 3apsaa. DieMeHTapHBIN 3JEKTPUUYECKHUHA 3apsil. 3aKOH
COXPaHEHHUsI DIIEKTPUUECKOro 3apsaa

3.1.2 | Bzaumoneiictue 3apsnoB. Toueunsle 3apsbl. 3akoH Kynona:
F:k\ql\-z\qz\ _ U | a|

r 4ne, 1’

3.1.3 | Dnekrpuueckoe none. Ero neiictBue Ha 371€KTpUUYECKUE 3aps bl

3.14 . = F
Hanps:k€HHOCTB 3JIEKTPUUECKOro MO E =

qnpoﬁmﬂﬁ
Ione Toueuynoro 3apsna: E, = k% )
p
onHOpOIHOE TIoNe: E = const
KapTunsl 1uHUH 3TUX n0JIeH
3.1.5 | IloTeHIManbHOCTh 3AEKTPOCTATUUECKOTO TOJIS.
Pa3sHOCTh MOTEHIMANIOB U HANpPsHKEHUE.
A = (0 = 0,)=~qAp = qU
INoTeHnuanpHas SHeprus 3apsjaa B JEKTPOCTaTHYECKOM MOJe:
W=q0
w
[Norenuuan 31eKTPOCTATUYECKOrO MO (p = —
CBs3b HaNpsDKEHHOCTU IOJIL M PA3HOCTU IOTEHIMATIOB IS
OJTHOPOIHOTO NEKTPOCTATHYECKOTO NMOJs: U = Ed
3.1.6 | IlpuHuuN Cynepro3uLUy NEKTPUIECKUX MOTEH:
E=E+E,+..., 0=0¢,+0¢, +...

3.1.7 |IlpoBomHUKM B  DJIEKTPOCTATUYECKOM  IIOJie.  YCIIOBHE
paBHOBECHS 3aps0B: BHYTPH MPOBOTHHKA E=0, BHYTpH U Ha
IIOBEPXHOCTH IIPOBOJIHUKA @ = const

3.1.8 | JIunyeKkTpuKH B DJIEKTPOCTATHYECKOM Mosie. JludieKTpudeckas
IIPOHUIIAEMOCTh BEIIECTBA €

3.1.9 . q
Konpencarop. DrekrpoéMrocts koHaencaropa: C = U
3 . . €S

TEKTPOEMKOCTB IIOCKOTO KOHeHcaTopa: C = =¢C,
d

3.1.10 | [TapannenpHOE COeUHEHNE KOHIEHCATOPOB:

g=q,+q,+...., U =U,=..., Cnapam =C+C, +...

ITocnemoBarensHOE COeTMHEHNE KOHJACHCATOPOB:

1 1 1
U=U+U,+..., ¢,=q,=".., C =C—+C—+...
1 2

T10CJI
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3111 gU _CU* ¢’
DHeprus 3apsHKEHHOro KOHJIeHeaTopa: W, = ——=——=-"—
2 2 2C
3.2 | 34KOHBI IIOCTOAHHOI' O TOKA
3.2.1 A .
Cuna toka: [ = -4 . IlocrostHubll TOK: [ = const
At At—0
Jli1g mocTostHHOTO TOKa g = It
3.2.2 | YcnoBus CyLecTBOBAaHUS NEKTPUYECKOrO TOKA.
Hanpsoxkenne Un DJIC ¢
323 U
3akon Oma 17 yyacTka nenu: [ = N
3.2.4 | DnekTpuueckoe COMPOTUBJICHHE. 3aBUCUMOCTh COIPOTHUBICHHS
OIHOPOAHOr'O MPOBOJHUKA OT €ro JUIMHBI U CEYEHUs. Y IeNIbHOE
COTPOTHBIICHUE BemecTBa: R = pE
3.2.5 |HUcrounuku Toka. OJIC M BHYTpEHHEE COIPOTUBIICHHE
ACTOpOHHI/lX CUll
HACTOYHUKA TOKa: £ =——————
q
32.6 |3akon Owma [Ig TONHOM  (3aMKHYTOI)
anekTpudeckoir uennm: E=IR+1Ir, orkyma Il R
_ £
R+r
3.2.7 |IlapamiensHoe coeIMHEHUE TPOBOJHUKOB!
1 1 1
I=I+1,+..., U, =U,=..., =—+—+...
Rnapann Rl RZ
[ocnenoBaTenbHOE COEAWHEHUE TPOBOJHUKOB!
U=U,+U,+..., L, =1,=..., R, =R +R, +...
3.2.8 | Pabora anexrpuueckoro Toka: A = [Ut
3akon Jlxoyms — Jlenna: O = I*Rt
329 AA
MOomIHOCTh 3JIEKTPUUYECKOr0 TOKA: P = —— =JU
At At—0
TermnoBas MOITHOCTb, BBIZICTISIEMast Ha PE3UCTOpE:
U 2
P=I"R="—
R
MOLHOCTD UCTOYHUKA TOKA: P, = — =&l
At—>0
3.2.10 | CBoOOgHEIE HOCHTEINH 3JIEKTPUYECKHUX 3apsIOB B IPOBOJHUKAX.

MexaHu3Mbl ITPOBOJUMOCTH TBEPIBIX METAUIOB, PACTBOPOB
U PacHiIaBOB  JIIEKTPOJIUTOB, ra3oB. IlomynpoBOAHHUKH.
[TonynpoBOAHUKOBBII JUOL,
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3.3 | MATHUTHOE I10JIE

3.3.1 | Mexanudeckoe B3aMMOAEHCTBHE MarHUTOB. MarHuTHOE MHOIe.
Bextop MmarHutHOM wuHAykumu. [IpuHIMI —cyneprno3unuu
MAarHUTHBIX moneil: B =B, + B, +... . JIMHUM MarHuTHOrO

mong. KapTuHa mUHMI 1O TOJIOCOBOTO M MOAKOBOOOPAa3HOTO
MIOCTOSTHHBIX MarHUTOB

3.3.2 |Ombir Opcrepa. MarHuTHoe Mojl€ IPOBOJHUKA C TOKOM.
KaprtiHa JMHMI 1ONS JUIMHHOTO TIPSIMOTO  IPOBOJHHKA
1 3aMKHYTOT'O KOJIBIIEBOT'O IIPOBOJHUKA, KATYLIIKH C TOKOM

3.3.3 | Cuna Amnepa, e€ HanpaBiIeHHE ¥ BETUYMHA!

F, =IBlsina, rae o — yroy Mex1y HalpaBlieHHEM

NPOBOJHUKA U BEKTOPOM B
3.3.4 | Cuna Jlopenna, e€ HarpaBieHHE U BEJIMYMHA!

F Jlop

=|g|vBsina, rae o — yron mexay Bekropamu U 1 B.

JBi>KkeHre 3apsHKeHHON YacTUIIBI B OTHOPOAHOM MarHUTHOM
moxie

3.4 | DJIEKTPOMATI' HUTHAA HHIIYKLHA
3.4.1 |Ilotok BEKTOpa MarHUTHOM
UHIYyKUUAU: ® = B, S = BS cos o

3.4.2 | SIBnenue snexrpoMarauTHoi unaykuuu. OJ1C unayKmu

3.4.3 | 3akoH 31eKTpoMarHUTHON uHAyKMKu Papanest:

g A
At

344 | OJ1C MHIYKIWH B IPSIMOM TPOBOJIHUKE JUIMHOH /, IBHKYIIEMCSI

— !
=—0 p
At—0

CO CKOPOCTBIO U (13 11 ) B OIHOPOJHOM MAarHUTHOM
none B: |€i | = Blusina, Tae o — yroyx Mexay BeKTopaMu B u

Oiecu ! LB u 51 B,T10 |€i|:Blu

3.4.5 | IlpaBuiio Jlenma
3.4.6

D
WNunykrusBHOCTh: L = 7 ,mm O = LI

Camomnnnyxims. 3J1C camonnmykuun: £ ; = —LM =-LI,

At | a0

3.4.7 LI?
9HCp1"I/IH MAarHMTHOTI'O ITOJIAA KaTYIIKH C TOKOM! WL =—
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3.5

OJIEKTPOMAT'HUTHBIE KOJIEBAHUA W BOJIHbI

3.5.1

KonebaTenbHbrii KOHTYP. CBoOoIHBIC
SJIEKTPOMATHUTHEIE KoneOanus B wupeanbHoM C L
KOJIEOATENILHOM KOHTYE:

q(t) = qma.r Sln((})t + (PO )

I(t) = q; = ('quax COS((Df + (PO ) = Imax C‘OS((Dt + (PO )

2m 1

®opmyna Tomcona: 7 =2n+LC, 0TKyJa © = — = —
T JJLC
CBsI3b aMILTUTYIBI 3apsia KOHJICHCATOPa C aMIUTUTYA0H CHITBI

max

TOKa B KOJIeOaTeIbHOM KOHTYPC: ¢,,,. =

352

3aK0H COXpaHEHHs YHEPTUH B KOIeOATETLHOM KOHTYpE:
cu* LI* cu}l, LI
[ + E—

— max_ _ ax = const
2

2 2 2

353

BBIHYXICHHBIC 3JICKTpOMarHUTHBIC KojeOanus. PesoHaHc

354

Ilepemennsrit Tok. IIpomsBoncTBo, mepenmada W IoTpeOIeHHE
JNEKTPUIECKON SHEPTUU

3.5.5

CBoiicTBa AJEKTPOMArHUTHBIX BOJH. B3auMHas opueHTaIus
BEKTOPOB B 3JIEKTPOMAarHUTHON BOJIHE B BaKyyMe: E L B 1 &

3.5.6

[IIxana SJICKTPOMAarHUTHBIX BOJIH. HpI/IMeHeHI/IC
OJIEKTPOMArHUTHLIX BOJIH B TEXHUKC U 6LITy

3.6

OIITHKA

3.6.1

IIpsMonuHeliHOE pacpoCTpaHEHUE CBETA B OJHOPOIHOH Cpese.
Jlyud cBera

3.6.2

3aKOHBI OTpaXCHUS CBCTA.

3.6.3

IMocTpoeHne n300paXeHni B INIOCKOM 3epKaJie

3.64

3aKOHBI IPEJIOMIICHHS CBETA.
Ipenomienue cBeta: n, Sino = n, Sinf3

. c
AOGCOIIOTHBIN NOKA3aTeNb MPETOMICHUS: Ny, = —
v

o n
OTHOCHUTEIIBHBIN IIOKa3aTeb OpeioMJICHuA: n, = — = —
n,

OTH

Xon inydei B mpu3Me.

CooTHOIIEHHE YaCTOT U JUIMH BOJIH IIPU NIEPEXOE
MOHOXPOMAaTHUYECKOI0 CBETA YEPE3 TPAHULLY pa3zesa AByX
ONTHYECKUX CPEI: V|, =V,, mA; =n,A,

3.6.5

INonHoe BHYTpEHHEE OTpaKEHHE.

IIpenenbHbIN yromn MoJHOro

BHYTPEHHETO OTPAKCHUA: >
. 1 n,

SO, =——=—= O

Mo n

n,

ny

©2021
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3.6.6 | Cobmparomie W pacceBalOliyde JMH3BI. TOHKas JIMH3a.

@doxycHOE paccTOSHWE ¥ ONTHYECKAs CHJIa TOHKOW JIMH3BI:
1

D=—
F

3.6.7 | ®opMyiia TOHKOH JIUH3BIL: d
1 1 1
—_ =
d f F H F
YBenudeHue, 1aBaeMoe

hof F h
JIUH30M: [ = — =L 7
H d

3.6.8 | Xox iy4a, IpomIEANIEro JUH3Y O] IPOU3BOJILHBIM YIJIOM K €&
ri1aBHOM onrtuveckod ocu. IlocTpoeHne n300pakeHWi TOYKU U
OTpe3Ka MPSIMOI B COOMPAIOIINX U PACCEMBAIONINX JIMH3AX U HX
CHCTEMax

3.6.9 | ®oroanmapaT kKak omTuueckmii mpuoop. I'ma3z xax omrTmueckas
cucTeMa

3.6.10 | Uuatepdepennuss cBeta. KorepeHTHbIE HCTOYHUKH. Y CIIOBHUS
HaOroAeHUS MaKCHMYMOB u MUHHMYMOB
B uHTep(EepeHIMOHHONW KapTWUHE OT JABYX CHH(a3HBIX
KOT€PEHTHBIX HCTOYHUKOB

A
MaKCHMYMBbI: A=2m—=, m=0, £1, £2, £3,...
2
L A=(2m+)E m=0, 21, £2, +3
MHUHUMYMBI: —( m+ )E,m— , £l £2, £3, ..

3.6.11 | Audpakuus ceera. JudpakuuoHHas pemérka. YcCIOBHE
HAOJTIONEHNS TTIABHBIX MaKCUMYyMOB TIPH HOPMAaJbHOM HaJIeHHU
MOHOXPOMATHYECKOTO CBETa C JUTMHON BOJHBI A Ha PEIIETKY
c nepuogoM d: dsing, =mh, m=0, £1, £2, £3,...

3.6.12 | lucnepcust cBeTa

4 | OCHOBbI CIIELIHAJIBHOH TEOPHH OTHOCHTEJILHOCTH
4.1 | lHBapHaHTHOCTh MOJYJISI CKOPOCTH CBETa B BakyyMe. [IpuHIUTT
OTHOCHUTEIBHOCTH DHHIITEIHA
2
4.2 DHeprust CBOOOTHON YACTHIL F = — 1<
U2
1-—
(¢}
HMITyITbC YaCTHIBL p = 2
2
1-=
CZ
4.3 CBsI13b Macchl U 9HEPTUU CBOOOTHON YaCTUIIBI:
2 2
E? —(pc) = (ch)
DHeprus MOKOst CBOOOIHOM YacTULBL: E, = mc’
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5 KBAHTOBAA ®U3HKA H 3JIEMEHTBI ACTPO®HU3UKHU
5.1 | KOPIIYCKYJIAPHO-BOJTHOBOU JIVAJTU3M
5.1.1 |T'mmore3a M. ITnanka o kBanTax. ®opmyna [Tnaska: E = hv
5.1.2 h
®oronsl. DHeprus porona: £ =hv = TC = pc
E hv h
NMmynec porona: p =—= w_n
c ¢ A
5.1.3 | ®oroadpdext. Ompitel A.I'. CtoneroBa. 3akoHbl poTodddexra
5.1.4 | YpaBHenue DifHmTelHa 11 poTodddexra:
E(bm‘oua = Aauxoua + EKIAH max
he he
rac E oTOHA hv=— ] Asmxona =hv Kp =T
A Ay
2
KHH max = M = eU}an
5.1.5 | Bonzosble cBolicTBa yactul. Bonnsl ne bpoins.
N . h h
Jnuna BonHb! ne bpoiins aBmxyIeics yacTULbl: A =—=—
p mo
KopnyckynsapHo-BoiHOBOH ayanu3Mm. Jupakius 371eKTpOHOB
Ha KpUCTaJUIax
5.1.6 | JaBneHue cBera. JlaBieHue cBeTa Ha NOJHOCTHIO OTPAYKAIOLIYIO
TTOBEPXHOCTb M Ha TIOJTHOCTBIO ITOTJIOMIAIOIIYIO TIOBEPXHOCTh
52 | ®U3UKA ATOMA
5.2.1 | [InanerapHas MoJesb aTOMa
5.2.2 | Ilocrynatel bopa. M3nyueHue u moryomenne GoToHOB MpH
Iepexo/ie aToMa C OJTHOTO YPOBHSI SHEPTUH Ha IPYTOi:
hv,, = <|E, - E,|
5.2.3 | JIunenuaTble COEKTPHIL.
CriexTp ypoBHEH 3HEpruu aTomMa BoIopoJa:
—-13,65B
E,=———,n=12,3,.
n
5.2.4 | Jlazep
5.3 | ®U3UKA ATOMHOI'O AJ/IPA
5.3.1 |Hyxmonnas monens sapa [eiisenOepra — lBaHeHko. 3apsn
aapa. MaccoBoe yncio siipa. M3oTonst
5.3.2 | DHeprus cBs3U HYKJIOHOB B siipe. SiepHble CUIbl
5.3.3 | Hedext maccer smpa 5X: Am=Z-m, +(A=Z)-m, —m,,
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5.3.4 | PaguoakTUBHOCTb.

Anbda-pacnan: 5 X—% Y + jHe

Bera-pacnazi. DeKTpoHHBIH B-pacnam: 5 X—,AY + le+ 9,
Tosurpounsiii B-pacman: 5X—,AY + ¢ +v,

l'amma-uzayyeHue

t
5.3.5 | 3aKoH paIMOaKTHBHOTO pacnana: N (t) =N,-2 T

5.3.6 | SnepHsle peakuuu. JleneHue U CUHTES siEp
5.4 | DJIEMEHTBI ACTPODHU3UKH

5.4.1 | ConHeuHass cucTeMa: IUIAHEThl 3€MHOM TIPYNIBl U IIJIAHETHI-
THTaHThl, Majible Tesla COTHEYHOM CHCTEMBbI

5.4.2 |3Be3mpl: pa3HOOOpasme 3BE3NHBIX XAPAKTEPHCTHK M HX
3aKOHOMEpPHOCTH. VICTOYHUKH SHEPrHH 3BE3]

5.4.3 | CoBpeMeHHbIE NPEACTABICHHUS O MPOUCXOXKICHUN U HBOJIOIUI
CosnHIa ¥ 3Be311

5.4.4 |Hama Tamaktuka. Jlpyrme ramaktukd. IIpocTpaHCTBeHHBIE
MacmTadbl HabmonaeMol BeenenHoit

5.4.5 | CoBpeMeHHbIE B3IJIs/1bI HA CTPOCHHE U 3BONIONHIO BeeneHHoi

Pa3nen 2. [lepeyeHb TpeGoBaHMI K YPOBHIO IIOATOTOBKH, IPOBEPSIEMOMY
Ha eIMHOM roCyJapCcTBEHHOM JK3aMeHe o pusuke

Kon TpeOoBaHMs K YPOBHIO MOATOTOBKH BBIITYCKHUKOB, OCBOCHHUE
TpeboBaHus KOTOpBIX poBepsercs Ha EI'D
3uamv/Ilonumamy:

CMBICT (PM3UIECKUX MOHSATHI

CMBICJI (bI/I3I/I‘IeCKI/IX BCIIMYWH

1.3 CMBICI (PU3MYECKHUX 3aKOHOB, IPUHIIUIIOB, IOCTYJIATOB
2 Ymems:
2.1 OIIMCHIBATH U OOBSICHSITE:

2.1.1 (I)I/I?;I/I‘IGCKI/IG SABJICHUA, (1)I/I3I/I‘{€CKI/IG SIBJICHUS M CBOMCTBA TeJ

2.1.2 | pe3ynbTaThl 3KCIEPUMEHTOB

2.2 OIUCHIBATH (yHIaMeHTaNbHEIE OIIBITHI, OKa3aBILUE
CYIIECTBCHHOE BIIMSHHE HA Pa3BUTHE (PUUKH

23 MIPUBOAUTE IPHMEPH! NMPAKTHUECKOTO MPUMEHEHUS (DU3HYECKUX
3HaHUH, 3aKOHOB (PU3UKH

2.4 OIIPENeNATh XapakTep (HU3MYECKOro Tporecca Io rpaduky,

tabnune, (opMmyse; NMPOAYKTHL SOCPHBIX pPeakUuil Ha OCHOBE
3aKOHOB COXPaHCHHUsI DJICKTPUICCKOr0 3apsia M MaCCOBOTO YHCIIA
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2.5 2.5.1 | omMyarh TUNOTE3bl OT HAYYHBIX TEOPHH; JenaTh BBIBOJBI Ha
OCHOBE OKCHEPUMEHTAJIBHBIX MAaHHBIX; TNPUBOIUTH IPUMEPHI,
MOKa3bIBAIOIINE, YTO HAONIOJACHHUS M SKCIEPUMEHT SBISIFOTCS
OCHOBOW Ui BBIJIBXKCHHSI THIIOTE3 WM TEOPUH M IO3BOJISIOT
MIPOBEPUTH HCTHHHOCTh TEOPETUYECKUX BEBIBOJIOB, (H3MUYeCKas
Teopusi Ja€T BO3MOXHOCTh OOBSICHATH HW3BECTHBIC SIBICHHS
MPUPOJIBI M Hay4Hble (DAKThI, MPEACKA3BIBATH CIIE HEM3BECTHBIC
SIBJICHHS;

252 | npuBoaMTh  TPHMEpPHl  ONBITOB,  HJLTIOCTPHPYIOIIMX,  UTO:
HAONIOACHHS U SKCIIEPUMEHT CIIY)KaT OCHOBOM ISl BBIABMKCHHUS
THIIOTe3 W IIOCTPOCHUS HAYYHBIX TEOPHUH; OKCIICPHMEHT
HO3BOJISIET MPOBEPUTH HCTHHHOCTh TEOPETUYECKHX BBIBOJIOB;
¢bu3uyeckass Teopus OAET BO3MOXKHOCTh OOBSCHATH SIBICHHUS
MpHUPOABI M Hay4dHble (akThl; Qu3HYecKas TEOPHs ITO3BOJSET
HpENCKa3bIBaTh elIE HEW3BECTHBIC SIBJICHUS M UX OCOOCHHOCTH;
Opu  OOBSICHCHHH  OPUPOAHBIX  SBICHUH  HCIIOJB3YIOTCS
(¢u3ugecKkue MOJIENU; OIWH U TOT XK€ MPHUPOAHBIH O0BEKT WIN
SIBJICHHE MO)KHO MCCJICIOBATh Ha OCHOBE MCIIOJIB30BAHMS PA3HBIX
Mojiesieit; 3aKOHbI (U3UKH U (PU3HUECKUE TCOPHUH HMEIOT CBOM
orpeenEHHbIe TPAHUIIBI IPUMEHIMOCTH

2.5.3 | u3mepaATh (GU3MUECKHE BEIHMYUHBI, NPEICTABIATH PE3YIbTATHI
U3MEPEHUH ¢ y4€TOM X MOrPEIHOCTEH

2.6 MIPUMEHSTh TONYyYEHHbIE 3HAaHHWS U1 pelIeHHs (QU3NIeCKuX
3aj1a4
3 Hcnonvzoeams npuodpeménnvle 3Hanus u ymenus é RPAKMU1ecKoul

OessmenbHOCmU U HOBCEOHEBGHOUL JHCU3HU Ol

3.1 |obecnedeHNs OE30IACHOCTH >KU3HEACATENBHOCTH B MpoIecce
HCTIONIb30BAHUS TPaHCIIOPTHBIX CPENCTB, OBITOBBIX
ANEKTPOIPHOOPOB, CPEACTB PamMO- M TEICKOMMYHHKAIHOHHOU
CBSI3W; OICHKH BJIWSHUS Ha OpPraHWU3M 4YellOBeKa W JIpyrHe
OpraHU3MBI 3arpsi3HCHHS OKPY)KaroUleld Cpenpl; pandoHAaIBHOTO
[IPUPOIOIIOIB30BAHHMS M OXPaHBI OKPYIKAIOLICH Cpeibl

3.2 | ompezneneHust COOCTBEHHON MO3UIMU IO OTHOIIEHHIO K
9KOJIOTHYECKHM Tpo0JieMaM U MOBEACHHUIO B MPUPOJHOM cpefe
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