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Jlopennosure TpancOpMalUK 3a YeTUPUMEPHUAT BEKTOP Ha eHeprusra u ummnyica (Py, Py, P., E/c) npu npeMunaBame
or naboparopHa oTmnpasHa cucreMa S B cucreMa S’ IBHIKEIa ce ChC CKOPOCT U IO IIOCOKa Ha T Ce JaBaT KarTo:

P, — Eu/c?
/ x / /
P{L’ 1 u2/c27Py—Py7 PZ_PZ’
, E—P.u

Benuunnara KosTO ce 3ama3Ba IpH IPeMUHABAHE OT IHA CHCTEMa B APYTa €
2 2 ,
E? - 2P? = (F')" - 2 (P)" = E2 = inw.

Kbaero Ej e ereprusita B OTIPaBHA CHCTEMA B KOATO HsaMame apuxkenue. llocnennara (opmyna 3anucana 3a GhOTOHA U3T-
JIEXK 1A, TaKa:
E?’-P2P?=0& E =cP.

Sagaun:

1.1

I/I3M6H€HI/I€TO Ha YeCTOoTaTa Ha CJCKTPpOMAarnvTHaTa BbLHJAHA TPpW IIpeMUHaBaHe OT €¢JHa OTIIpaBHa CHCTEMa B JIpyra B
onTuKaTa e u3BecTHa karo edekt Ha Hdommep. [Honyuere dpopmynara 3a pesarusuctkuar edexr Ha Jlomep, ako pazrienare
dorona KaTo yacTuia ¢ eneprus F = hv.

Vkazanue: Heka B HemoasuKHa OTIpPaBHA cucTeMa S, CBbp3aHa C M3TOYHHMKA, @oroHa mMma eHepruda F = hr. Heka
oTmpaBHaTa cucTeMa Ha Habmomarens (S’) ma ce ABUIKEM ChC CKOPOCT % TO MOCOKa Ha X. 3a HaboiaTens MOCOKaTa, Ha
pasmpocTpanenne Ha (POTOHA CKII0UBA Brha 6 ¢ octa x’. Usnomseaiite m TpancOpMAIUUTE 34 CHEPTHATA, 34, 14 HAMCPHUTE
YyecToTaTa Ha (POTOHA B OTHPaBHA cHcTeMa, S

1.2

Edexr na KoMnrba ce Hapuya mpoleca Ha pasceiiBane Ha (oToH or cBobonen enekTpon. Heka doron ¢ eneprusa F = hv
ce pasceiiBa 110/ bI'bJl #, CUPAMO IIPABOHAYAJIHOTO CU PaslipocrpaHenue, or csobouen enekrpon (dur. 1). Oupegediere:

a) HapacTBaHeTo Ha IbJIKUHATA HA BbJIHATA HA PA3CEAHUAT (DOTOH;

6) Eneprusara u uMmiry/ica Ha pascesHusT (pOTOH;

v) brbaa ¢ Mexay nocokara Ha naganmar GbOTOH U IOCOKATA, B KOATO 3AI0YBA /I3 CE IBUKU €JIEKTPOHA.

VYubrane: 3non3BaiiTe 3aKOHUTE 3a 3aMa3BAHE HA E€HEPIUATA W WMITYJICA, KAKTO W PEJIATHBUCTKUAT WHBAPHUAHT 3a
€HEePrudaTa U UMILYJICA.

Eyzhv

QPurypa 1:

1.3

3apeneHa JacTHIA, ABHXKEINA Ce MPABOJUHENHO M PABHOMEPHO CbC CKOPOCT U MPEe3 MATEPUAIHA CPea € TOKA3ATET Ha
TpeuymBaHe 1, TP OTpeIeSeHn YCIOBUS MOXKe na n3rbasa ceemimaa (edexkt Ha Bapuior-Yepenkor). Karo mamomspare
3aKOHUTE 3a 3ala3BaHe Ha €HEPTUATa ¥ UMIIYJICA OTpe/ieseTe bI'bja §, Mo KOWTO cTaBa TOBA U3IbLUBAHE.

Yuoreane: Mmmysca Ha GOTOHA PA3TPOCTPAHABAIL C€ B MATEPUAITHA CPEJIa, ¢ TOKA3ATEN Ha TpedynBane n ¢ hv /¢, KbaeTo
¢ = ¢/n e dpazoBaTa CKOPOCT HA CBETIWHATA B CPEATA.

Nsnpusanero na Basuiios-UepeHKOB He € CBbDP3aHO ¢ U3MEHEHHE HA BBHTPEIIHOTO ChCTOSHUE HA 4acTHIATa (¢ HellHaTa
eneprus Ha mokoH). IIpn pemasaneTo Ha 3amadara nomycuere, ge hv/Fy << 1.

1.4



Ako 3a mpeaunIHaTA 331293 UMATE METAMATEPHUAT ¢ OTPUIATEIEH TTOKA3ATe HA MPEIyIBAaHEe, TO KAYXKeTe B KAKBa, MOCOKA
e cTaHe u3abyBaHeTo Ha Basusios-YepeHkoB?

1.5

Ot GoTOH ¢ TOCTATHIHO BUCOKA, €HEPIHUsi MOTAT 13 C€ POAAT ABOHKA eJeKTPOH MO3UTPOH. TakbB mporiec e OuI mpeacKa3an
or Tupak. Karo n3mon3sare 3akoHA 3a 3ama3BaHe HA €HEPIUATA U 3aKOHA 33 3aMa3BAHE HA MMITYJICA TTOKAYXKETe, U€ TAK'bB
MIPOIIEC € Bb3MOXKEH CaMO, aKO B HErO y4acTBA OIe €JHA TaCTHIIA.

1.6
,ZLOKa}KeTe, e Ipu 3aJaJeHa I'bJICH UMITYJIC, I'bJIHATA €HePrud Ha CUCTEeMa OT YaCTUIW € MUHUMaJIHa, KOTraTO Te ce ABUZKaT
C €IHaKBU CKOPOCTH B €JHa M Cbla IIOCOKA.

1.7
Nsnonseaiiku pesyarara or 3amaun 1.5 u 1.6 HaMepere mparosarta (MUHUMANHATA) eHEprus Ha (DOTOHA MPHU KOSATO CE
PaxKaa ABOMKA €JEKTPOH MO3UTPOH B MOJIETO HA ITbPBOHAYAJIHO HEIOIBUXKEH €JIEKTPOH.



Peurtenusa:

1.1

ITomseame JlopermosaTa TpaHncOPMAINS 38 CHEPTHUSITA:

E' — Plu
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kbaero P, = P’ cosf = (E'/c) cos @ cien 3amecTBaHe B TOPHOTO PABEHCTBO M OTYMTAHE HA TOBA, 9€ EHEPruaATa Ha (HOTOHA e
nasa ¢ E = hv B orupasna cucrema S u E' = hv' B naboparopunara cucrema S’ =
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Edexra na Jomnep e makcumasen koraro 6 = 0 wum 0 = 7. IIpu 6 = 0 umame

u?
, == 1+u/c
=v
1-+ 1—wu/c

TOECT TaKa HapedYeHOTO BHOJIETOBO OTMeCTBaHe. HpI/I 0 = ™ umame

u2
, V31— 1—wu/c
V=v — =V
1 + ; 1 + ’LL/C
TOBA € TAKa HAPEYEHOTO YEPBEHO OTMECTBAHE.

Nwvame w Hanpeuen edekr va Jommep, koraro § = 7/2 (boTora ce NBMKYA TEPHEHINKYIAPHO HA TIOCOKATA HA JTBUYKEHHE
Ha HabJuoaTe s ) TOraBa UMaMe

2
, U
vV =vy\/1l— -
c
Thil KATO B OBEe4eTO cirydan u/c << 1 To manpeanusT edext Ha JIOMIEp Ce PErUCTPUPA NO-TPYAHO CPABHEHUE € HAJIIEKHUST
edext na Homaep.

1.2
3amnucBaMe 3aKOHA 32 3aITa3BaHe Ha €HEPTUsTa U 3aKOHA 33 3aMa3BaHe Ha, UMITYJICA, 38 PEJIATHBUCTKATA CUCTEMa, eJIEKTPOH
doron:

—

P,=P,+P,, E,+Ey=E,+E.,

Kbaero P, u E, ca nMmmynca u eHepruaTa Ha MaJamyaT HOTOH, Pfy u Eﬁ, Ca MMITYJICA U €HEPTUATA HA PA3CesTHUAT (POTOH,

15:, E. u Fy ca uMmIysca, IbJHATA PEJATUBUCTKA €HEPIUs U €HEPIUATa B IOKOI Ha emeKTpoHa. OT 3aKOHA 3a 3ala3BaHe Ha
UMIYyJICa U3pa3siBaMe IS@ = . . .

P.=P,-P,
cJe KOeTo MoBauraMe Ha KBaJgpaT IIOCJAECITHOTO PABEHCTBO =

- -, S\ 2 [
P2 = P24 (B)) = 2P,.B, = P2 + (P})* = 2P, P cos

KBJETO BI'bJI 0 € BbIbJa TMOJ KOUTO e € OTKJIOHW (POTOHA CIPAMO MPABOHAYAIHATA CH MOCOKA Ha pasmpocTpanenue. [loc-
JIeJIHOTO ypaBHeHHe YMHOXKaBaMe 110 ¢ u oTyutame, de 3a orona Py = E. /c KakTo u P, =FE/c=

2.2 _ 12 r\2 /
Pt =EJ+ (E'y) —2E,.E cos®,
cera M3pa3siBaMe eHEPIUsTA HA eJEKTPOHA OT 3aKOHA 33 3alMa3BaHe HA CHEPIUsSTa =

Ee = E’y +EO 7Eflyv
3



1 IIOBAUTraMe€ IMOCJIECIHOTO YPaBHEHHE Ha KBaJApaT =
2 _ 2 2 7\ 2 / ’
E? = E? + B2 + (EL)* = 2E,E! 4+ 2EyE, — 2E,E.,,
P2 2 E2
OT ypaBHEHHETO 3a [°fc® BaguM NOAYJIEHHO ypaBHeHHeTO 3a L7 =

P — E? = B2 + (E)* = 2E,.F, cos§ — E> — E2 — (E.)* + 2E,E, — 2E,E,, + 2E,E.,
=—E?

K'bJIETO CMe M3TIOM3BATN PEIATHBUCTKUAT WHBAPUAHT 3a enektpona (E2 — P2c? = E2) =
ZEWE'7 (1 —cosf) —2Ey (EA/ — E;) =0.
=
EA/E; (1 —cosf) = Ey (E'7 — Eﬁ/) .

Hakpas usnomnssame cbornomenusta £ = hv = he/)\, E' = hv' = he/N, Ey = mec? xakro u A\ = N — )\ =

A/\ZL(I—COSQ).

mec
3a eneprusta Ha pa3ceHUAT (HDOTOH UMAME

B = Ey
K 1+ E,(1—cosf)/(mec?)’
E,/c

1+ E, (1—cosb)/(mec?)

P, = El/c=

OT TPUBI'bJIHAKA HA (DUT. 2 OMPEIETAME BI'bJIA MO KOUTO U3JIUTA €JIeKTPOHA!

Py, —Plcosf  Py/P—cosf NN —cosf

t =
T T prsing sin 6 sin 6
- 14+ AN/ N 0 0
cotp = LTAMNN Zeosh By 0
sin 0 MeC? 2
Qdurypa 2:
1.3

3amucBaMe 3aKOHA 32 3aMA3BAHE HA €HEPTUATA 336/IHO ¢ PEJATUBUCTKUAT HHBAPUAHT 33 €HEPIUsITA U UMIIYJICA HA, JACTH-
nara:

FEy = E7+E2<:>E2:E77E17
E} = E3+ Pic*, Ei=FEj+ P,

kbaeT0 E1,P) u Fo, P> ca bjiHATA PEJIATUBUCTKATA, €HEPTUS U UMITYJICA HA YaCTUIATA, ChOTBETHO MPEIU U CAe] U3IHIBa-
Hero. E e eHeprusra Ha 4aCTHLIATA B HOKOit a F., e eneprusra Ha n3rbaeHusT HOTOH. AKO MOBAUTHEM Ha KBaIPaT 3aKOHA 33
3alla3BaHe HA €HEPIUATA M B HErO 3aMECTHM €HEPIHATA OT PEJATHBUCTKAAT MHBAPHAHT 38 €HEPIrUATa M UMIIYJICA TO MMAaMe:

Pjc* = PIc® + E2 — 2B, F,



a OT 3aKOHa 3a 3ala3BaHe Ha UMITynca (BukK dur. 3) nmame
Pj = P} + P} — 2P, Py cosf
2 T 4y 1 y41
CJle/l KaTo yMHOKMM TOPHOTO PaBeHCTBO ¢ ¢ u ordereM, 4e P, = nE. /c, mogyuapaue:

Pjc? = E2n® + P} — 2ncPLE, cosf

OC/IeTHOTO ypaBHeHue saaum o1 Pic? = PEc? + Eg —2E.,E) =

E ncP:
2 5 1
—-1)—/—+1= s 6
(n ) 28, + i CcoSs
cera MOXKeM ga orderem, ue E./FE; << 1=
9 E1 C
cosf ~ = —
nchP; nu

CcJIe10BaTEeJIHO COS 0 > 0 u U3JIBYBAHETO € HACOYEHA II0 IIOCOKA, Ha, JABHU2KCHHEC Ha 3apeAcHaTa YaCTUIA.

P

Durypa 3:

1.4
Koraro umame meraMerepnas TO IOCOKATA HA, M3TbUBaHe Ha (OTOH 33 edekTa Ha Basumos-UepeHKOB € B 00paTHA MOCOKA,
CTIPSIMO TIOCOKATA B KOSITO CE JBUXKU YACTHUIATA U TOBA C€ BUXKIAA OT (POPMYJIaTa:

cosf ~ L___°

= cosf < 0.

1.5

Heka na momycHewm, e nporeca Ha PazK/IaHe HA MO3UTPOH U eJEKTPOH OT (POTOH € Bb3MOKeH 0De3 /1a UMaMe APYyra YacTHIA.
ToraBa Mo¥KeM 13 3aMUIIEM 3aKOHA 33 3ala3BaHe HA €HEPTUATa W UMITYJICA B OTIPABHA, CUCTEM3 B KOSITO TIO3UTPOHA, MJIN
€JIEKTPOHA Ca B TOKOM, CJIes paxKaanero cu. Heka 3a ompeneneHOCT m3bepeM CUCTeMa B KOSTO MO3UTPOHA € B ITOKOH =

P’y = P,
E, = E_.+E.

aKO IIOBOAWUTHEM Ha KBaJpaT ABETE PAaBCHCTBa U YMHOXKHWM I'OPHOTO C 02 TO HMaMe:

2p2 _  2p2
P, = P,

E2 = E?,+Ej+2E_.Ey.

[IOJI3BAKY PEJIATUBUCKUAT WHBAPUAHT 33 EHEPIUATA U MMIIYJICA 33 (DOTOHA U €JIEKTPOHA, UMAME:

2 2 2
E? E?, — EZ,
FE? = FE?_+E2+2E_.F
N = —e 0 —ed40-
cJIe] KaTO U3BaJUM IIOYWICHHO IIOCJAECIHUTE IBE ypaBHeHI/IH TO UMaMe:

2F_ Ey = —2FZ,

E—e = 7E0;
)



HO HAMAaMe OTPUIIATEHA €HEPIUus TaKa, Y€ CTUraMme /0 mporuBopevne. ToBa MPOTUBOpEUNE Ce ChbCTOU B TOBA, Y€ HE MOMKEM
€/JTHOBPEMEHHO J1a U3II'bJIHUM 3aKOHa 3a 3alla3BaHe Ha eHeprudATa 1 3aKOHA 3a 3alla3BaHe Ha UMIIYJICA = IIPOlieca Ha PazK/iaHe
HA [O3UTPOH U €JIEKTPOH € HEBb3MOXKEH 0e3 HAJIMYHUeTO HA APYra YaCTHIA.

1.6
Or penaTHBUCTKUST WHBAPUAHT 33 CUCTEMATa OT YACTHIM U3PA3ABAME MbJIHATA €HEPrusd B Ja0OPATOPHATA OTIPABHA
CHCTEMa.:
E?=P%c* + E?

KbleTo E, e eHeprusaTa Ha CHCTEMAaTa B OTIPABHA CHCTEMa, B KOATO IEHTHLPA Ha MacuTe e B mokoit. Ilo ycmosue mbaHUAT
MMITYJIC € (DUKCUPAH TaKa, Ye ITbJIHATA, EHEPrusTa Ie € MUHUMAJIHA, KOTaTO MUHAMAaJHa e eHeprusara .. 3anucsame F,:

E. = moic® + T
> (

K'bJIETO Mp; € MacaTa Ha TMOKOH Ha i-tata JacTuna, a 1., € KHHeTHYHATA eHeprus Ha i-Tara JacTulla B CUCTeMa IeHT'bD Ha
Macure. Thil KATO KUHETHIHATA, €HEpPrusl Ha OTJSJTHUTE JACTUIN € TOJOKHUTENHA, TO F. IMe ¢ MHHUMAJIHA aKO 33 BCIKA
qactura umame T.; = 0, ToecT KOraro B CHCTEMa IEHTHbD HA MACUTE BCHYKN YACTHUIIN Ca HEMOABHKHM. B jaboparopHara
CHCTEMAa TOBA 3HAYM, Y€ BCUYKHU JYACTUIIHA CE€ ABUZKAT C €THAKBA CKOPOCT B €HA U CHIIA TTOCOKA.

1.7

Ot mpenumrHaTa 331393 UMaMe, 9 IparoBaTa eHeprius Ha (pOTOHA IMe € Ta3W IPH KOSTO CAeJ PeAKIINATa, U TPUTE TACTUL
[Ie Ce JBUKAT C €IHAKBA CKOPOCT B €JIHA U ChINa Nocoka (mocokara Ha nagaaauar ¢poron). Or 3akoHa 3a 3ala3BaHe HA
HUMITYJICa U €HEPIudTa CIIeaBa:

P, = 3P,
E,+E, = 3E,

KbJero P, e nvmymca Ha majamuar $HoToH, a P e mMmysca Ha BCAKa €JHa OT JACTUIATE CIIe] PaskIAHeTO Ha MO3HTPOHA
" eeKTpoHa. V3mon3Baiiku pelaTuBUCKUAT HHBAPUAHT IIOJIY 9aBaME:

P = E? — E2,



