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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 TpeOOBaHUN K YPOBHIO
MOJATOTOBKM  BBHIMMYCKHUKOB 00pa30BaTelbHBIX OpPraHU3alMid Ui TPOBEICHUS
eqUMHOro rocynapcrBeHHoro sk3amena (EI'D) sBnsercs onHUM U3 JTOKYMEHTOB,
ONPENENAIONINX ~ CTPYKTYPY H  COJCpKaHHE KOHTPOJBHBIX  H3MEPUTEIBHBIX
MatepuanoB (KMIM) ET3. On cocraBieH Ha ocHoBe DenepaabHOr0 KOMIIOHEHTA
TOCYIapCTBEHHBIX CTaHIAPTOB OCHOBHOTO OOMIEro M cpemHero (MOJIHOro) oOIIero
obpa3oBanmss 1o ¢m3uke (0a30BBII W TpoduIBHBIA  ypoBHHM)  (TIpHKa3
Muno6pazoBanus Poccun ot 05.03.2004 Ne 1089).

Pazgean 1. IlepeyeHb 371eMeHTOB CO/lepKaHUs, IPOBEPsieMbIX HA eAHHOM
rocyaapcTBEHHOM JK3aMeHe Mo pu3uKe
B nmepBom cTonbue ykasaH KOA pasziena, KOTOPOMY COOTBETCTBYIOT KPYIHBIE
6noku copepkanus. Bo BropoM cromnlrie mpruBeAeH KO dJIEMEHTa COAepIKaHHs, IS
KOTOPOTO CO3Jaf0TCs IPOBEPOUYHbIE 3aaHus. KpyIHbIe OOKH comepxKaHus pa3OHUTHI
Ha 0oJiee MEJKHE HIICMEHTHI.

Konx
KOHTPO
Koa aupy-
Pa3- | avoro DJIeMEHTBI COAeP:KAHUS,
AR | 5 pen o nposepsiemble 3aganusiMu KUM
Ta
1 MEXAHHKA

1.1 | KHHEMATHKA

1.1.1 | Mexanundeckoe arxenre. OTHOCUTENHLHOCTh MEXAHUYECKOTO
nBwxkenus. Cucrema orcuera

1.1.2 | MarepuanbHasi TOUKa.

Ee panuyc-Bexrop:

()= (x() y(t).2(r)
TpaeKTOpHs,

TepeMelieHne:

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

CrnoxeHue nepeMenieHui:

A7 = A7, + Ar,

TPaeKTOpHs

\<V
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1.1.3

CKOpOCTh MaTEPHUATLHON TOUKHU:

- AF e
=" =7 —(vx,vy,vz),

At

Ax
v, =— =Xx,', aHAaJIOTMYHO v, =y, 0, =z
Al |p150

Crnoxenne ckopocreif: U, =, + U,

At—0

'
t

Brraucnenne nepeMenieHus o rpaduKy 3aBUCHMOCTH V(?)
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1.1.8

JIBrKeHHE TOYKH 110 OKPY’KHOCTH.
JIuneliHas u yrioBasi CKOPOCTb TOUKH COOTBETCTBEHHO: U = ®R,

2
w:—n:2nv.

2
v 2
LleHTpOCTPEMHUTENIbHOE YCKOPEHHE TOYKH: d, = R-0 R

VY ckopeHue MaTepUanbHON TOUKH:

AD =,

== =D =(a a,,a )

At g0 ! voreEl

Av

— X —_ ’ —_ ’ —_ !

a,=— —(vx)t , aHAJOTHYHO ay—(vy) , a —(1)2)[
At—0

a:

1.1.9

TBepJ_'[OC TEJI0. HOCTyHaTeJ'ILHOC 1 BpallaTCJIbHOC JBHKCHUC
TBEpAOro Tejaa

1.2 | AMHAMUKA

1.2.1

Wnepunansupie cuctembl orcuera. IlepBoiii 3akoH HeroTona.
ITpunnun otHocurenpbHOCTH [anunes

PaBHOMEpHOE NPSIMOIMHEHHOE IBUXKEHHE:
x(t)=xy + 0yt
v, (t)=v,, =const

1.2.2

m
Macca tena. IlnoTHOCTH BelecTBa: P = 7

123

Cuna. IIpUHIUN CYNEPIO3HIMH CHIL: ﬁpaBﬂoﬂeﬁCTB =F +F,+..

PaBHOYCKOpEHHOE IPSAMOIMHENHOE JBHKECHUE!
2

a.t
xX(t)=xy + 0yt + "’2

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

2 2
vy, =2a,(x;—x)

1.2.4

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

1.2.5

Tpernii 3akom Hetorona min  +—@—@—>
MATEPHATBHBIX TOUCK: F, = —F,, F, Fy

CB0o0OOIHOE TIaJIEHUE. Ya -

VckopeHue CBOGOHOTO o
mageHus. J[Bikenne tena,
OPOIICHHOTO TIO YTJIOM O, Yo d
K TOPH30HTY:

x(t)=xy + 0yt =X, +V,cosa ¢

2
gy . gt
() =y, +ont+T=y0 +vosma~t—7

v.(t) =0, =V, cosa
v, (1) =0, + g, =v,sina—gt

g,=0
g,=-8= const

1.2.6

3aKOH BCEMHPHOTO TATOTEHMS: CHJIBI HPUTSKEHHS MEXKILY
m,m
TOYEUHBIMH MaccaMu F = G——2
R2
Cuiia TSDKECTH. 3aBHCHMOCTh CHIIBI TSDKECTH OT BBICOTHI /i HAJ
IOBEPXHOCTBIO IIAHETHI PATHYCOM Ry:
GMm

o GMm_
ET Ry +h)

1.2.7

I[BI/I)KCHI/IC HeOSCHBIX Tel M HX HCKYCCTBCHHBIX CITYTHHKOB.
HGpBaS[ KOCMHUYCCKasa CKOPOCTh:

GM
Uy =+ &Ry = R_o

Bropast kocMHu4eckast CKOpOCTb:

Uy, Z\/E‘U]K = 2GM
RO

1.2.8

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

Cuna tpenus. Cyxoe TpeHue.
Cuta TpeHHS CKONBXCHIS: F, = UN

Cuna Tpenus nokost: F, < uN

Koaddunuent tpenus
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1.2.10 F,
JaBnenue: p = ?

OU3UKA, 11 kiacc

1.3 | CTATHKA
1.3.1 | MOMEHT CUJIbI OTHOCHTEIBLHO OCH
BpallleHUs: .

M = FI, rne | — muedo cunsl F
OTHOCHTEJIHHO OCH, MPOXOIAIICH uepe3
T0uKy O MEPNEHANKYISIPHO PUCYHKY

Rl

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

F+F,+..=0

1.3.3 | 3akon Ilackans

1.3.4 | Hasnenue B xxuakocty, noxosmeiics B UCO: p = p, + pgh

1.3.5 | 3akon Apxumena: F Apx = -P,

BBITECH. ?

CCIIH TeIIo ¥ XKUAKOCTE noKositest B UCO, 10 F,, = pgl,

BITECH.

Vcnosue niaBaHus TE

1.4 | 34KOHbI COXPAHEHUA B MEXAHUKE

1.4.1 | mMmysibc MaTepUaNbHOM TOYKU: P = mD

1.4.2 | IMIynbC CHCTEMBI TEI: P = P, + D, +...

1.4.3 | 3akOH U3MEHEHUS U COXPAHEHUS UMITYJIbCA:

BUCO Ap=A(p, + Py +...)= Foun A + F,

= L' gwemm BHEITH At +...

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

1 BHEIIH 2 BHEIH

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

AV
1.4.5 | MOWHOCTD CUJIBL: ]—f,
AA
=== =F-v-cosa -
At | a0 v

1.4.6 | Kuneruueckas sHeprusi MaTepuaabHON TOUKH:
'1)2 g
m
E KHH = p_
2 2m
3aKOH U3MEHEHHsI KHHEeTUYECKOH SJHEPTUU CHCTEMBI
MmarepuainbHbix Touek: B UCO AE,, =4 + 4, +...
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1.4.7 | IloTeHuuanbHAs SHEPIUA:
'ZLHH HOTEHHHaHbHLIX CHII AIZ = El noteHy EZ TIOTEHI] = _AEnm‘eHu
IMoTeHmmansHas SHEPTHS TeNa B OJHOPOIHOM IIOJIE TSKESCTH:
EHOTCHH = mgh
IMoTeHtmansHas SHEPTHUs YIPYyTo IehOpMHUPOBAHHOTO Tea:
ka
EnOTeHH = 2
1.4.8 | 3aKOH U3MEHEHMS U COXPAHEHUSI MEXAHUUECKOH SHEPIHHU:
EMex = EKPIH + EHOTeHH >
B HCO AEMCX = ABCCX HEIIOTEHII. CHII ?
B HCO AEMCX = 0’ €cJin ABCSX HEMOTCHIL. CHIT = 0
1.5 | MEXAHUYECKUE KOJIEBAHUA W BOJIHBI
1.5.1 | F'apmonuueckue konebaHusi. AMIIUTYAA U (a3a KojieOaHui.
Kunematunueckoe onucanue:
x(1)=Asin(0r+9,),
Ux (t) = x[’»
2
a,(t)= (1))C )’t =—0"x(¢).
JuHamuueckoe onucaHue:
2
ma = —kx,r8€ k =mw
DOHepreTuuecKkoe OMICaHKe (3aKOH COXPAHCHUS MEXaHUIECKOH
mv*  kx*  mvl, 2
SHEPTUM): + = —m = = const
2 2
CBs13b aMIUTUTY Bl KOJICOAHUH MCXOTHOH BEIMYUHEI C
aMIUTMTY1aMU KoJieOaHUH €€ CKOPOCTH U YCKOPEHHUSI:
Uinax = @A, Ainax = (DZA
1.5.2 . 2n 1
[Tepuon n yactora konebauuii: 7' =—=—
o Vv
IMepron ™anbix CBOOOAHBIX KOJIEOAHWH MaTeMaTHYECKOTO
/
MastHuKa: T =27 |—
g
Ilepuon cBOOGOAHBIX KOJNEOAHMH MPY)KUHHOI'O MasiTHUKA:
m
T=2m,|—
k
1.5.3 | Bemyxaenusie konebanus. Pesonanc. PesonaHcHas KpuBast
1.5.4 | [lonepeunsie u MPOJI0JTbHBIE BOJIHBL. CxopocTh
v
pacrpoCcTpaHeHHs U JUIMHA BOJIHBI: A =0T =—
v
HuTtepdepennus u fudpaxnus BOIH
1.5.5 | 3Byk. CkopocCTh 3ByKa
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2 MOJIEKYJIAPHAA ®H3HKA. TEPMO/JHHAMHKA
2.1 | MOJIEKYVJISAPHAS ®H3UKA 2.1.13 | HaceimieHuple ¥ HEHachbleHHble mapbl.  KayecTBeHHas
2.1.1 | Mozenu cTpoeHH s Ta30B, KHIKOCTEH U TBEPIBIX Tel 3aBHCHMOCTh IUIOTHOCTH W JIABJICHUS HACBHIIICEHHOTO Tapa OT
2.1.2 | TemnoBoe 1BuXkeHNE aTOMOB H MOJICKYI BELECTBA TEeMIIepaTypbl, MX HE3aBUCHMOCTb OT 0O0bEeMa HACBIIICHHOTO
2.1.3 | B3aumoelcTBHE YacTHUI] BEIIECTBA apa
2.1.4 | Anddysus. BpoyHOBCKOE ABIKEHHE 2.1.14 | BmaxHocThb BO3yXa.
2.1.5 | Mopens upeanbHoro raza B MKT: uwacTuupl rasa aBuxyTtcs OTHOCHTEIBHAS BIAKHOCTD: (= Prapa (T ) _ P napa (T )
XAOTUYECKH U HE B3aMMOEHCTBYIOT APYT C APYIOM Prscan napa (L) P rsaconne napa ()
2.1.6 | Cps3b MEKIY JABIICHNEM M CDE/IHEH KMHETHYECKOH SHeprue 2.1.15 | I3MeHeHHE arperaTtHbIX COCTOSHUM BENIECTBA: HCIAPEHHE U
MOCTYMATENBHOTO TEIUIOBOTO JABIKECHUS MOJIEKYN HJEaTbHOTO KOHJIGHCAIINA, KHTIEHHE KHIKOCTH
rasa (ocosHoe ypasnenue MKT): 2.1.16 | I3MeHeHHE arperaTHBIX COCTOSHUM BEIIECTBA: IUIABJICHHE M
p= 1 mov’ = 2. (mOUZJ _2,. e KPUCTAILIH3ALHS
3 3 2 3 2.1.17 | TIpeobOpa3zoBanue sHepruu B pa3oBbIX mepexoax
2.1.7 | AbcomoTHas Temneparypa: T =¢°+273K 2.2 | TEPMOJTNHAMHKA
2.1.8 | CBs3p Temmeparypbl raza CO CpeAHEeH KHHETHYECKOW 3Hepruei 2.2.1 | TennoBoe paBHOBECHE U TEMIICPATypa
MOCTYTIATEIILHOTO TETUIOBOTO JIBYKCHUS €70 YACTHIL: 2.2.2 | BHyTpeHHss sHeprus
— (mp?) 3 2.2.3 | Teruonepenaya Kak CHOCOO M3MEHEHHs] BHYTPEHHEH 3HEpPTuM
Eoer =( 2 J = EkT 6e3 coBepiieHus paboThl. KOHBEKIHS, TEIIONPOBOIHOCTS,
U3JIyUYCHHE
2.1.9 | YpaBuenue p =nkT 2.2.4 | KonmnuecTBO TEIJIOTHI.
2.1.10 | Mopnenb naeanbHOTro ra3a B TEPMOAHMHAMUKE: VY nenpHas TEIUI0EMKOCTD BemiectBa ¢: Q = cmAT
{yPaBHeHHe Menneneesa — Knaneiiposa 2.2.5 | YnenbHas TemioTa napoodpasoBanus r: Q = rm
Bripaokerye 111 BHYTPEHHEH JHEPTHH Y jlenbHas TEMIoTa MaBieHus A: O = Am

VpaHenne MenpaeneeBa — Knanelipona (nmpumMeHuMbIie GOpMbI VfeNbHAs TEIIOTa CrOpaHHs TOIHEa ¢: O = gm

3anmen): ORT 2.2.6 |DOnemeHrapHas pabora B  TepMOAUHAMUKe: A= pAV

m
pV= ERT =VRT =NkT, p= 7” Brruncienue paboTsl 1o rpaduky npoiecca Ha p V-auarpamMMe
2.2.7 | IlepBblii 3aKOH TEPMOJIUHAMHKH:

Belpaxxenue i1 BHYTpPEHHEH  OSHEPrUM  OJHOATOMHOIO
0, =AU, + 4, =(U, ~U, )+ 4,

WCANBHOTO Ta3a (MpUMEHUMBIE (POPMBI 3aTTHCH ):

3 3 I m 3 Anna6ara:

UZEVRTZENkT:EERT:VCVTZE‘DV 0,=0= 4,=U,-U,
2.1.11 | 3axon JIansToHA VIS JaBJIEHHS CMECH Pa3PEKEHHEIX Ta30B: 2.2.8 | BTopoii 3aKOH TePMO/IMHAMUKH, HEOGPATHMOCTh

P=Di+ Pyt 2.2.9 | Ilpunuuns! neiictBus TemnoBbix MamH. KIT:
2.1.12 | I3ompouecchl B PaspeKEHHOM TIa3e € IOCTOSHHBIM YHCIIOM - A s _ Quarp ~ ‘onn‘ —1— ‘onn‘

yacTun N (¢ TOCTOSHHBIM KOJHYECTBOM BEIIECTBA V): Ouarp Orarp Ouarp

usorepma (7'=const):  p¥ = const 2.2.10 | Makcumanbhoe 3nauenue KITJI. Luxn Kapro

usoxopa (¥ = const): % = const , max M =MNygpo = THa'; "l ?’“’"

warp Harp
n3o0apa (p = const): % = const 2.2.11 | YpaBHeHue TemioBoro 6amaHca: O, +Q, +Q; +...=0

I'padmueckoe mpeacrasneHne u3onporeccos Ha pV-, pT-u V-
JuarpaMmax
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3

SJIEKTPOJUHAMHKA

3.1

OJIEKTPUYECKOE IIOJIE

3.1.1

OnexTpusalus Tel U ee MPOABIECHHA. DNEeKTPHUYECKUH 3apsm.
JIBa Buza 3apsina. DiIeMEHTapHBII AIICKTPUYECKUN 3apsj. 3aKOH
COXPaHEHUs HIEKTPUYECKOro 3apsaa

B3aumogeiictBue 3apsanoB. Toueunsle 3apsabl. 3akoH Kynona:

ARA. ,‘%H‘h‘

r? 4me, r?

F=k

3.13

3.14

SHSKT])I/I‘{CCKOC noje. Ero nelictBue Ha QJICKTPUICCKHUC 3aps bl

P F
HaHpH)I(eHHOCTL AICKTPUYECKOro noJisl: E =

qnpoﬁﬂmﬁ

ITone Toyeunoro 3apana: £, = k% )
p

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

IToTeHuUaNIbHOCTD IIEKTPOCTATUYECKOrO MO,
Pa3HOCTB MOTEHIIMAJIOB ¥ HAIIPSKEHHE.
4, =q(9, —9,)=—qAo=qU
[loTeHnmanbHas 3HEprus 3apsja B JIEKTPOCTATHYECKOM IMOJIE:
W=q¢
w
IToreHuua 3J€KTPOCTATUIECKOrO MOJISL: ()= —
q
CBsA3b HaNpPsDKEHHOCTU IOJIL M PAa3HOCTU INOTEHLMANIOB Ul
OJTHOPOJHOT'O 3JEKTPOCTATHICCKOTO NOJIS: U = Ed

[IpuHLMT Cynepro3uIK ANEKTPUUECKUX TTOJIEH:
E=E +E,+..., 9=¢,+¢,+...

[lpoBomHMKM B  3NIEKTPOCTATHYECKOM  TI0Ne.  YCIIOBHE

paBHOBECHUS 3apsA70B: BHYTpU NpoBoaHUKA E =0, BHYTpU U Ha
IIOBEPXHOCTH IIPOBOJIHUKA @ = const

JIMDIIeKTPUKN B 3NEKTPOCTaTHYECKOM mojie. J[uanexTpuyeckas
MIPOHUIIAEMOCTh BEUIECTBA €

Konpercarop. DnekrpoeMkocTh KoHaeHcaropa: C = %

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

3.1.10

HapanﬂenLHoe COCANHCHUEC KOHACHCATOPOB!

9=4q,tq,+..., Ul :Uz T Cnapann :Cl +C2+"'
[TocnenoBaTenbHOE COCTMHEHUE KOHICHCATOPOB:
1 1 1
U=U,+U,+..., q,=q,=..., =—+——+..
Cnocn Cl C2
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3011 gU _CU* _¢°
OHeprus 3apsKEeHHOTO KOHAeHcaTopa: W, = ST, The
3.2 | 34KOHBI [IOCTOAHHOI' O TOKA
3.2.1 A .
Cuna toka: [ == . llocrostHuselit TOK: [ = const
{ At—0
J171s1 mocTosIHHOTO TOKA ¢ = It
3.2.2 | YcnoBus CylecTBOBaHUS AJIEKTPUYECKOrO TOKA.
Hanpsoxenune Un DJIC €
323 U
3akon Oma 11 y4acTka nenu: [ = E
3.2.4 | DneKTpu4ecKoe CONPOTHUBIEHHUE. 3aBUCUMOCTb CONPOTHUBICHUS
OJTHOPOJHOTO MPOBOJHHUKA OT €ro JUTUHBI U CeUCHHs. Y AeTbHOES
COMPOTHUBJICHHE BellecTBa: R = pg
3.2.5 | Ucrounuku Toka. OJIC w BHYTpeHHEE COINPOTUBJICHUE
ACTOPOHHHX CHJI
UCTOYHHKA TOKA: & =————
q
32.6 |3akon Oma g mnoJHOH  (3aMKHYTOM)
amekrpuueckoi uemu: E=IR+1Ir, otkyma &' R
_ £
R+r
3.2.7 | [MapamienbHOE COCIMHEHUE MPOBOJHUKOB:
1 1 1
I=l+1,+..,U =U,=..., =—t—t...
Rnaparm R] RZ
[ocnenoBaTenbHOE COEAMHEHUE MPOBOJHUKOB!
U=U,+U,+..., I, =1, =..., Ry, =R +Ry+...
3.2.8 | PaGora anexrpuueckoro toka: 4 = [Ut
3akon Jlxoyns — Jlenna: O = I*Rt
329 AA
MoITHOCTB 3JIEKTPUYECKOT0 TOKA: P = —| =JU
t At—0
TerioBasi MOITHOCTH, BBIAEISIEMAsi HA PE3UCTOPE:
U2
P=I"R="—
R
A14CT. cul
MouHOCTs HCTOYHMKA TOKA: Pg = A =&l
At—=0
3.2.10 | CBoGoHBIE HOCUTENH IEKTPUUYECKUX 3aPAJOB B IIPOBOJHUKAX.
MexaHU3MBbl POBOJUMOCTH TBEPABIX METAJIOB, PACTBOPOB H
pacruiaBoB JJIEKTPOJIUTOB, ra3os. [MomynpoBogHUKH.
[ToaynpoBOAHUKOBBIH JHOJT
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3.3 | MATHUTHOE IIOJIE

3.3.1 | Mexann4eckoe B3aMMOAEWCTBHME MAarHuToB. MarHutHoe IoJe.
Bekrop MarHuTHOW WHAYKOWH. [IpHHIMI —CYyNEpHO3HIIUH
MarHuTHeIX moneil: B =B, + B, +... . JIuHUM MarHUTHOTO
noist. KapTuHa NMUHWIA MO MOJIOCOBOTO M TIOAKOBOOOPA3HOTO
MOCTOSIHHBIX MATHATOB

3.3.2 |Omeir Opcrena. MarHutHoe I0J€ IPOBOJHHMKA C TOKOM.
KapTuHa JuHHMIA TMONA [UIMHHOTO MPSMOTO TMPOBOJHHKA U
3aMKHYTOTO KOJIBI[EBOTO NPOBOJAHHIKA, KATYIIKU C TOKOM

3.3.3 | Cuna Ammepa, ee HaIrIpaBJIeHUE U BEIMYUHA:
F, =IBlsina., rae o — yroia Mex/1y HalpaBjieHHEeM
IPOBOJIHUKA M BEKTOPOM B

3.3.4 | Cuna Jlopenna, e€ HarpaBJIeHUE U BEJIHMYHHA:
Fiop =|q|vBsina, tie a— yron mexy Bexropamu ¥ u B.
JIBIOKeHHE 3apsHKEHHON YacTHUIIBI B OTHOPOJHOM MarHUTHOM
nose

3.4 | DJIEKTPOMAI'HUTHAA WHOYVKIHUA

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

3.4.2 | SBnenue snexrpomMarHuTHON MHAYKIMH. DC MHIyKIMH

3.4.3 | 3akoH >nekTpoMarHuTHON uHAykuuu apanes:

s,
i At t
At—0

3.4.4 | OJ1C uHAYKIMH B IPSIMOM TPOBOJHUKE JUTMHOH /, IBHKYIIEMCS
CO CKOPOCTBIO U (17 N ) B O/IHOPOJHOM MarHHTHOM
nosne B: |€[ | = Blvsina, e o — yroi Mexay BeKTOpaMH Bu
U ; ecnu [1LBusi 1 B, TO |€i|=Blv

3.4.5 | [Ipasuio Jlenua

346 WHIyKTUBHOCTD: L = %, win ® = LI

AI ’
Camounnyxuus. 9J1C camoungykuuu: &, =—L— =-LI',
At At—0
34.7 LI?

OHeprus MarHUTHOI'O N0JIS KaTyIIKU ¢ TOKOM: W, = —
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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, = wqmax Cos(mt+(p0):]max COS((Dt+(pO)
21 1
Do a Tomcona: T =21y LC, OTKyJa O =— = ——
pMyII MCOH N TKY T T Jic

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 3IIEKTPOMAarHUTHBIEC 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

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

3.6.5

[NonHoe BHYTpeHHEE OTpaXKEeHHE.
[IpenenbHbI yron noaHOro
BHYTPEHHETO OTPaKEHUS: >

. 1 n,
sino,, =——=—= Oy

Mo n

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 MPOUCXOKIACHUHA U HBOJIOIUI
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, IPUHIHUIIOB, 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 IPUMEHEHHS (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  WCIIOJB3YIOTCS
(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

obecriedeHUsT OE30MACHOCTH JKMU3HEIEATCTHHOCTH 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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