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aNNOTACIQ

bOLDYREW e.m. nEKOTORYE OSOBENNOSTI DWIVENIQ ULXTRARELQTIWISTSKOJ ˆASTICY W “LEK-

TROMAGNITNOM POLE PLOSKOJ MONOHROMATIˆESKOJ WOLNY.: pREPRINT ifw— 99-13. – pROTWI-
NO, 1999. – 11 S., BIBLIOGR.: 3.

pROWODITSQ ANALIZ DWIVENIQ W “LEKTROMAGNITNOM POLE PLOSKOJ MONOHROMATIˆESKOJ

WOLNY ZARQVENNOJ ˆASTICY S NIZKOJ I WYSOKOJ “NERGIQMI. pOKAZANO, ˆTO ESLI DLQ ˆASTICY

NIZKOJ “NERGII DWIVENIE FIZIˆESKI PREDSKAZUEMO (DWIVENIE PRAKTIˆESKI NE ZAWISIT OT

TOGO, KAK DWIVETSQ ˆASTICA — WDOLX ILI PROTIW RASPROSTRANENIQ WOLNY; ˆASTOTA KOLEBA-

NIQ ˆASTICY SRAWNIMA S ˆASTOTOJ WOLNY; OTKLONENIE ˆASTICY OT OSI NAˆALXNOGO DWIVENIQ

OBRATNO PROPORCIONALXNO EE MASSE), TO DLQ ˆASTICY WYSOKOJ “NERGII (ULXTRARELQTIWIST-
SKOJ ˆASTICY) DWIVENIE OBLADAET RQDOM OSOBENNOSTEJ. oNO SU]ESTWENNO ZAWISIT OT TOGO,

KAK DWIVETSQ ˆASTICA — WDOLX ILI PROTIW RASPROSTRANENIQ WOLNY. w PERWOM SLUˆAE ˆASTO-
TA KOLEBANIQ ˆASTICY MENX[E BOLEE ˆEM NA DESQTX PORQDKOW ˆASTOTY WOLNY, I SU]ESTWUET

WOZMOVNOSTX TOGO, ˆTO OTKLONENIE ˆASTICY OT OSI NAˆALXNOGO DWIVENIQ PROPORCIONALXNO

EE MASSE. wO WTOROM SLUˆAE ˆASTOTA KOLEBANIQ ˆASTICY WDWOE BOLX[E ˆASTOTY WOLNY, I

DWIVENIE ˆASTICY NE ZAWISIT OT EE MASSY.

Abstract

Boldyrev E.M. The Same Peculiarities of the Motion of a Ultrarelativistic in the Plane Monochro-

matic Electromagnetic Wave Field.: IHEP Preprint 99-13. – Protvino, 1999. – p. 11, refs.: 3.

The analysis of the motion of a charged particle with low and high energy in the plane
monochromatic electromagnetic wave field is mode. It is shown that the motion of a low energy

particle is physical by predicable. The motion doesn’t depend on haw a particle moves along
or against the wave spreading; the particle frequency is comparable with wave frequency; the

deflection of particle from the axis of initial motion is inversely proportional to its mass. It is
shown that the motion of a high energy particle (a ultrarelativistic particle) hase a number of

peculiarities. The motion depends essentialy on how the particle moves along or against the
wave spreading. If the particle move along the wave spreading the particle frequency is a few

cycles only or it is even less. The deflection of particle from the axis of initial motion may be
proportionaly to particle mass. If the particle moves against the wave spreading, frequency is
twice as much as the wave frequency and the motion of particle is independent of the particle

mass.
Electronic addres: boldyrev@mx.ihep.su
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wWEDENIE

w NASTOQ]EJ RABOTE PROWODITSQ ANALIZ DWIVENIQ ˆASTICY W “LEKTROMAGNIT-
NOM POLE PLOSKOJ MONOHROMATIˆESKOJ “LLIPTIˆESKI POLQRIZOWANNOJ “LEKTROMAG-
NITNOJ WOLNY (W DALXNEJ[EM EMW). aNALIZ OSNOWAN NA REZULXTATAH RABOTY [1] I,
PO SU]ESTWU, QWLQETSQ PRODOLVENIEM ANALIZA DWIVENIQ ˆASTICY W SUPERPOZICII

POSTOQNNO-ODNORODNOGO MAGNITNOGO POLQ I POLQ PLOSKOJ MONOHROMATIˆESKOJ “LLI-
PTIˆESKI POLQRIZOWANNOJ “LEKTROMAGNITNOJ WOLNY, NAˆATOGO W [1], PRI USLOWII,
ˆTO WNE[NEE POLE TOLXKO EMW I ˆASTICA IMEET PREDELXNYE ZNAˆENIQ “NERGIJ

(NIZKOJ I WYSOKOJ).
pRI PREDELXNYH WYSOKIH ZNAˆENIQH “NERGII — “TO ULXTRARELQTIWISTSKAQ ˆASTI-

CA, I “TOT SLUˆAJ INTERESEN NE TOLXKO SWOEJ PRAKTIˆESKOJ REALIZACIEJ (ONDULQTOR

KAK LAZERNAQ WOLNA I PR.), POSKOLXKU W USKORITELQH WYSOKOJ “NERGII ˆASTICY —
IMENNO ULXTRARELQTIWISTSKIE, NO I TEM, ˆTO DWIVENIE ˆASTICY FIZIˆESKI SU]E-
STWENNO OTLIˆAETSQ OT DWIVENIQ ˆASTICY NIZKOJ “NERGII.

dWIVENIE ULXTRARELQTIWISTSKOJ ˆASTICY PRI OPREDELENNYH USLOWIQH W EMW
IMEET SLEDU@]IE OSOBENNOSTI: ONO SU]ESTWENNO ZAWISIT OT TOGO, S KAKIM NAˆALX-
NYM PRODOLXNYM IMPULXSOM DWIVETSQ ˆASTICA — WDOLX ILI PROTIW RASPROSTRA-
NENIQ EMW. w PERWOM SLUˆAE ˆASTOTA KOLEBANIQ ˆASTICY MENX[E BOLEE ˆEM NA

DESQTX PORQDKOW ˆASTOTY EMW, I SU]ESTWUET WOZMOVNOSTX TOGO, ˆTO OTKLONENIE

ˆASTICY OT OSI NAˆALXNOGO DWIVENIQ PROPORCIONALXNO EE MASSE. wO WTOROM SLUˆAE

ˆASTOTA KOLEBANIQ ˆASTICY WDWOE BOLX[E ˆASTOTY EMW, I DWIVENIE ˆASTICY S

OPREDELENNOJ TOˆNOSTX@ NE ZAWISIT OT EE MASSY.
mOVNO SKAZATX, “TO PROTIWOPOLOVNO TOMU, ˆTO IMEET MESTO DLQ ˆASTICY NIZ-

KOJ “NERGII: DWIVENIE PRAKTIˆESKI NE ZAWISIT OT TOGO, KAK DWIVETSQ ˆASTICA —
WDOLX ILI PROTIW RASPROSTRANENIQ EMW; ˆASTOTA KOLEBANIQ ˆASTICY SRAWNIMA S

ˆASTOTOJ EMW; OTKLONENIE ˆASTICY OT OSI NAˆALXNOGO DWIVENIQ OBRATNO PROPOR-
CIONALXNO EE MASSE, ˆTO FIZIˆESKI PREDSKAZUEMO.
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uSLOWNYE OBOZNAˆENIQ. pOSTANOWKA ZADAˆI

w LABORATORNOJ SISTEME OTSˆETA [x, y, z, ct] (c — SKOROSTX SWETA) TREHMERNYJ

WEKTOR V BUDEM, KAK OBYˆNO, OBOZNAˆATX �V (Vx, Vy, Vz — KOORDINATY “TOGO WEKTORA).

(�a,�b) — SKALQRNOE PROIZWEDENIE WEKTOROW; m — MASSA ˆASTICY; |e| — WELIˆINA

ZARQDA ˆASTICY; �r — RADIUS-WEKTOR POLOVENIQ ZARQVENNOJ ˆASTICY; �r0 — RADIUS-
WEKTOR EE NAˆALXNOGO POLOVENIQ; E — KINETIˆESKAQ “NERGIQ ˆASTICY; E0 — EE

NAˆALXNAQ “NERGIQ; �P — IMPULXS ˆASTICY; �P0 — EE NAˆALXNYJ IMPULXS; �v —
SKOROSTX ˆASTICY; ω, �n,�k — SOOTWETSTWENNO ˆASTOTA, WEKTOR NAPRAWLENIQ RASPRO-
STRANENIQ I WOLNOWOJ WEKTOR EMW; ϕ, �A — SKALQRNYJ I WEKTORNYJ POTENCIALY

EMW; �A0 — AMPLITUDA (KOMPLEKSNAQ) EMW; �E, �H — NAPRQVENNOSTX “LEKTRIˆE-
SKOGO I MAGNITNOGO POLEJ EMW.

dLQ EMW IMEEM �k = ω
c
�n. uSLOWIQ KALIBROWKI EMW ϕ = 0 I div �A = 0.

�A = 1
2
[ �A0e

i(�k�r−ωt) + K .S.]

(K.S. — KOMPLEKSNO-SOPRQVENNYE ˆLENY). i SOGLASNO

�E = −1
c
∂ �A
∂t

, �H = rot �A,

�E = 1
2
[ �E0e

i(�k�r−ωt) + K .S.],

GDE
�E0 = iω

c
�A0, �H = [�n, �E].

sLEDUQ STANDARTNOJ PROCEDURE DLQ UˆETA POLQRIZACII EMW [2], PREDSTAWIM

AMPLITUDU NAPRQVENNOSTI EMW W WIDE

�E0 = Re �E0 + iIm �E0

I WWEDEM DWA WE]ESTWENNYH WEKTORA:

�E
(1)
0 = Re �E0cosθ + Im�E0sinθ,

�E
(2)
0 = Re �E0sinθ − Im�E0cosθ,

TAK ˆTOBY

( �E
(1)
0 , �E

(2)
0 ) = 0.

dLQ “TOGO NADO WYBRATX UGOL θ TAKOJ, ˆTOBY

tg2θ = 2(Re�E0,Im�E0)

(Re�E0)2−(Im�E0)2
.

tEPERX WYBEREM SISTEMU KOORDINAT SLEDU@]IM OBRAZOM: OSX Ox NAPRAWIM WDOLX

WEKTORA �E
(1)
0 , TOGDA WEKTOR �E

(2)
0 BUDET NAPRAWLEN LIBO WDOLX, LIBO PROTIW OSI Oy,
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“TO UˆITYWAETSQ WWEDENIEM WEKTORA g �E
(2)
0 , GDE g = ±1 I PRI g = 1 �E

(2)
0 IMEET S OSX@

Oy PROTIWOPOLOVNOE NAPRAWLENIE, A PRI g = −1 SOWPADAET S OSX@ Oy (T.E. g —
STEPENX POLQRIZACII EMW); OSX Oz NAPRAWIM WDOLX NAPRAWLENIQ RASPROSTRANENIQ

EMW I, POLOGAQ ξ = t− z
c
, IMEEM DLQ NAPRQVENNOSTI EMW

�H = [−gE2 sin(ωξ − θ), E1 cos(ωξ − θ), 0],

�E = [E1 cos(ωξ − θ), gE2 sin(ωξ − θ), 0].

(1)

zDESX Ei = | �E(i)0 |(i = 1, 2).
bUDEM SˆITATX DWIVENIE ˆASTICY W UKAZANNOM WNE[NEM POLE WPOLNE OPREDE-

LENNYM, ESLI OPREDELENY W LABORATORNOJ SISTEME EE TRAEKTORIQ �r(t), SKOROSTX �v(t)

(IMPULXS �P (t), KINETIˆESKAQ “NERGIQ ˆASTICY E0), USKORENIE �a(t) I EE ˆASTOTA

KOLEBANIQ.
zADAˆA kO[I DLQ OPREDELENIQ DWIVENIQ ZARQVENNOJ ˆASTICY W “LEKTROMAGNIT-

NOM POLE ESTX
�P = γm�v, E = γmc2,

d�P
dt

= e �E + e
c
[�v, �H], d�r

dt
= �v,

�P (t0) = �P0, �r(t0) = �r0.

(2)

zDESX γ = 1√
1−β2

, β = v
c

(SR. [1]). iZ (2) IMEEM URAWNENIQ

�v = c2

E
�P , E = c

√
�P 2 + m2c2, dE

dt
= e( �E,�v), (3)

OTKUDA WIDNO, ˆTO NAˆALXNYE ZNAˆENIQ (2) DOSTATOˆNY, OSTALXNYE NAˆALXNYE ZNA-

ˆENIQ OPREDELQ@TSQ IZ OTNO[ENIJ E(t0) = E0 = c
√

�P 20 + m2c2 I �v(t0) = �v0 = c
E0

�P0.
pODSTAWLQQ (1) I PERWYE TRI URAWNENIQ (3) W (2), WWODQ e = ge|e|, ge = +1

DLQ POLOVITELXNO ZARQVENNOJ ˆASTICY I ge = −1 DLQ OTRICATELXNO ZARQVENNOJ

ˆASTICY, ωi = |e|Ei
mc

(i=1,2), DELAQ ZAMENU PEREMENNYH �π =
�P
mc

(�π0 =
�P0
mc

), ε = E
mc2

(ε0 = E0
mc2

), WWODQ α = ε − πz I DOBAWLQQ POSLEDNIE URAWNENIQ IZ (3), POLUˆAEM

SISTEMU, OPREDELQ@]U@ DWIVENIE ˆASTICY W EMW,

d�r
dt

= c
ε
�π, �v = c

ε
�π,

dπx
dt

= ge
α
ε
ω1cos(ωξ − θ), dπy

dt
= gge

α
ε
ω2sin(ωξ − θ),

dπz
dt

= ge
1
ε
[πxω1cos(ωξ − θ) + gπyω2sin(ωξ − θ)],

dε
dt

= ge
1
ε
[πxω1cos(ωξ − θ) + gπyω2sin(ωξ − θ)],

IZ POSLEDNIH DWUH URAWNENIJ KOTOROJ NEPOSREDSTWENNO WIDNO, ˆTO α ESTX INTEGRAL

“TOJ SISTEMY, T.E. INTEGRAL DWIVENIQ I, SLEDOWATELXNO,

α = ε0 − π0z, ε = ε0 + (πz − π0z).
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w PEREMENNOJ ξ(t) = t − z(t)
c

(PRI “TOM ξ(t0) = ξ0 = t0 − z0
c
, d
dt

= α
ε
d
dξ

) UKAZANNAQ

SISTEMA IMEET WID

d�r
dξ

= c
α
�π, �v = c

ε
�π,

dπx
dξ

= geω1cos(ωξ − θ), dπy
dξ

= geω2sin(ωξ − θ),

dπz
dξ

= dε
dξ

= ge
1
α
[πxω1cos(ωξ − θ) + gπyω2sin(ωξ − θ)].

(4)

rE[ENIE

oB]EE RE[ENIE SISTEMY (4) PRIWEDENO W RABOTE [1]. w NASTOQ]EJ RABOTE DWIVE-
NIE ˆASTIC RAZLIˆNOJ MASSY OPREDELQETSQ PRI ODNIH I TEH VE NAˆALXNYH USLOWIQH,
I PO“TOMU PRI TAKOJ POSTANOWKE ZADAˆI �P0 I �r0 OT MASSY ˆASTICY NE ZAWISQT.

dLQ ANALIZA DWIVENIQ ˆASTICY W EMW S FAZOJ, RAWNOJ NUL@, OGRANIˆIMSQ

RE[ENIEM, WZQTYM PRI NAˆALXNYH USLOWIQH �r0 = 0. wWEDEM WELIˆINY π0, θ0, ϕ0
TAKIE, ˆTO

π0x = π0cosϕ0sinθ0, π0y = π0sinϕ0sinθ0,

π0z = π0cosθ0, π0 =
√
π20x + π20y + π20z.

w UKAZANNOJ SISTEME OTSˆETA — “TO SFERIˆESKIE KOORDINATY WEKTORA �π0. pRI “TOM

OPREDELENIE AZIMUTALXNOGO UGLA ϕ0 NESU]ESTWENNO, POSKOLXKU W DALXNEJ[EM ANALIZ

DWIVENIQ ˆASTICY W EMW W NASTOQ]EJ RABOTE BUDET OGRANIˆEN TOLXKO ZNAˆENIQMI

POLQRNOGO UGLA, OTWEˆA@]EGO NAPRAWLENI@ �π0 WDOLX ILI PROTIW �n, T.E. θ0 = 0, π
SOOTWETSTWENNO I, SLEDOWATELXNO, TAKOJ POSTANOWKOJ ZADAˆI NAˆALXNYE ZNAˆENIQ

DLQ �π0 OPREDELQTSQ KAK

π0x = π0y = 0, π0z = g0π0, π0 = |π0z|.

zDESX g0 = 1 DLQ θ0 = 0 I g0 = −1 DLQ θ0 = π.
tOGDA RE[ENIE SISTEMY (4) MOVNO PREDSTAWITX W SLEDU@]EM WIDE:

πx(ξ) = Px1sinωξ,

πy(ξ) = Py1(cosωξ − 1),

πz(ξ) = π0z +
1
4
1
α
P 2x1(1− cos2ωξ) + 1

4
1
α
P 2y1(3− 4cosωξ + cos2ωξ).

(5)

zDESX Px1 = ge
ω1
ω
, Py1 = −gge ω2ω I, SLEDOWATELXNO, WELIˆINY πx, πy OGRANIˆENY.

oTMETIM, ˆTO, KAK OBYˆNO, AMPLITUDOJ BUDEM NAZYWATX KO“FFICIENT PERED

TRIGONOMETRIˆESKOJ FUNKCIEJ. wYRAVENIQ DLQ

�r(ξ), �a = c
ε2
(εd�π
dt
− �π dπz

dt
),
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SM. PRILOVENIE (SLUˆAJ A). iZ (5) WIDNO, ˆTO ESLI

π0 � 2 1
α
(P 2x1 + P 2y1), (6)

TO
πz = π0z, ε = ε0, z = c

α
π0zξ,

ax = 1
ε20
αcωPx1cosωξ, ay = − 1

ε20
αcωPy1sinωξ, az = 0.

pODSTAWLQQ UKAZANNOE ZNAˆENIE z W t = ξ + 1
c
z(ξ), POLUˆAEM

ξ = α
ε0
t I ωξ = ω′t,

GDE

ω′ = α
ε0
ω (7)

ESTX ˆASTOTA DWIVENIQ ˆASTICY W LABORATORNOJ SISTEME OTSˆETA.
w QWNOM WIDE (5) S UˆETOM (7) IMEET WID

Px = eE1
ω

sinω′t, Py = g eE2
ω

(1− cosω′t), Pz = P0z, E = E0. (8)

oSTALXNYE KOORDINATY WEKTOROW �r(t), �v(t),�a(t) SM. PRILOVENIE (SLUˆAJ B). zAMETIM,
ˆTO (8) I OSTALXNYE RAWENSTWA W “TOM SLUˆAE, OPREDELQ@]IE DWIVENIE ˆASTICY

W EMW, — RAWENSTWA PRIBLIVENNYE, T.E. IME@T MESTO TOLXKO PRI WYPOLNENII

(6). w NASTOQ]EJ RABOTE OCENKA UKAZANNOGO PRIBLIVENIQ NE PRIWODITSQ, ODNAKO

DLQ SLUˆAQ ULXTRARELQTIWISTSKOJ ˆASTICY PRIBLIVENNOE RAWENSTWO ε = ε0 BUDET

UTOˆNENO. bUDET RASSMOTRENO I TO, PRI KAKIH USLOWIQH (6) MOVET IMETX MESTO.

iZ (8) TAKVE SLEDUET NEZAWISIMOSTX AMPLITUD W �P OT MASSY ˆASTICY.
w NASTOQ]EJ RABOTE ˆASTICA NIZKOJ “NERGII ESTX ˆASTICA S NAˆALXNOJ “NERGIEJ

E0 ≈ mc2 ILI ε0 ≈ 1, T.E. W SILU ε0 =
√
π20 + 1 “TO OZNAˆAET, ˆTO π0 	 1, I W “TOM

SLUˆAE IMEEM

ε0 = 1 + o(π20) I α = 1− g0π0 + o(π20).

iLI α = 1 + o(π0) NEZAWISIMO OT ZNAˆENIJ g0, T.E. NEZAWISIMO OT NAPRAWLENIQ

DWIVENIQ ˆASTICY WDOLX ILI PROTIW �n. HERAWENSTWO (6) IMEET WID

P 2x1 + P 2y1 	 π0.

a POSKOLXKU π0 	 1, TO (6) STANOWITSQ OˆENX VESTKIM, I ONO REALIZUEMO LIBO DLQ

EMW OˆENX MALOJ MO]NOSTI, LIBO OˆENX WYSOKOJ ˆASTOTY, LIBO KOMBINACII TOGO

I DRUGOGO. uRAWNENIE (7) IMEET WID

ω′ = ω[1 + o(π0)],

T.E. ˆASTOTA KOLEBANIQ ˆASTICY W LABORATORNOJ SISTEME SRAWNIMA S ˆASTOTOJ EMW.
w “TOM SLUˆAE (8) OSTAETSQ BEZ IZMENENIQ. kOORDINATY OSTALXNYH WEKTOROW

�r(t), �v(t),�a(t) SM. PRILOVENIE (SLUˆAJ C), OTKUDA NEPOSREDSTWENNO WIDNO, ˆTO, WO-
PERWYH, “TI WEKTORY OBRATNO PROPORCIONALXNY MASSE ˆASTICY I, W ˆASTNOSTI,
OBRATNO PROPORCIONALXNY MASSE I OTKLONENI@ ˆASTICY OT OSI Oz, A WO-WTORYH,
S TOˆNOSTX@ DO ZNAKA �P0 DWIVENIE ˆASTICY NE ZAWISIT OT TOGO, KAK ˆASTICA

DWIVETSQ — WDOLX ILI PROTIW �n.
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uLXTRARELQTIWISTSKAQ ˆASTICA

w NASTOQ]EJ RABOTE ULXTRARELQTIWISTSKAQ ˆASTICA — ˆASTICA S NAˆALXNOJ

WYSOKOJ “NERGIEJ, T.E. DLQ KOTOROJ E0 � mc2 ([3]) ILI ε0 � 1, A POSKOLXKU ε0 =√
π20 + 1, “TO ZNAˆIT, ˆTO I π0 � 1, I W “TOM SLUˆAE IMEEM

ε0 = π0[1 + 1
2
1
π20

+ o(π−40 )] ILI ε0 = π0[1 + o(π−20 )] = π0 + o(π−10 ).

dLQ ε W SILU OGRANIˆENNOSTI WELIˆIN πx, πy IMEEM

ε =
√
π2x + π2y + π20 + 1 = π0[1 + 1

2
1
π20

(1 + π2x + π2y) + o(π−40 )] =

= π0[1 + o(π−20 )] = π0 + o(π−10 ),

T.E. ε = ε0 S TOˆNOSTX@ DO o(π−10 ). w “TOM SLUˆAE (8) BEZ IZMENENIQ; �r SM. PRILOVENIE

(SLUˆAJ B); OSTALXNYE WEKTORY — PRILOVENIE (SLUˆAJ D). oTS@DA NEPOSREDSTWENNO

WIDNO, ˆTO AMPLITUDY W �v OT MASSY ˆASTICY NE ZAWISQT.
w DALXNEJ[EM DWIVENIE ˆASTICY W EMW SU]ESTWENNO ZAWISIT OT ZNAˆENIQ θ0.

sLUˆAJ θ0 = 0

w “TOM SLUˆAE

α = 1
2
1
π0

[1− 1
4
1
π20

+ o(π−40 )].

nERAWENSTWO (6) IMEET WID

P 2x1 + P 2y1 	 1
4
,

T.E. (6) STANOWITSQ ZAWISIMYM TOLXKO OT WELIˆIN EMW, I S UˆETOM QWNOGO WY-
RAVENIQ DLQ Px1, Py1 REALIZUEMO LIBO DLQ EMW MALOJ MO]NOSTI, LIBO WYSOKOJ

ˆASTOTY, LIBO KOMBINACII TOGO I DRUGOGO. dLQ ξ = α
ε0
t IMEEM

ξ = 1
2
1
π20

[1− 3
4
1
π20

+ o(π−40 )]t,

I, SLEDOWATELXNO,
ωξ = 1

2
1
π20

[1− 3
4
1
π20

+ o(π−40 )]ωt, (9)

T.E. ˆASTOTA KOLEBANIQ ˆASTICY W LABORATORNOJ SISTEME (7) ESTX

ω′ = 1
2
1
π20

[1− 3
4
1
π20

+ o(π−40 )]ω

ILI
ω′

ω
= o(π−20 ),

ˆTO I OB˙QSNQET TAKU@ OSOBENNOSTX DWIVENIQ ULXTRARELQTIWISTSKOJ ˆASTICY W

EMW, WEKTOR NAˆALXNOGO IMPULXSA KOTOROJ SOWPADAET S NAPRAWLENIEM �n, KAK UMENX-
[ENIE ˆASTOTY KOLEBANIQ ˆASTICY BOLEE ˆEM NA DESQTX PORQDKOW PO SRAWNENI@ S

ˆASTOTOJ EMW. w “TOM SLUˆAE (8) BEZ IZMENENIQ, A �r I �a SM. PRILOVENIE (SLUˆAJ E).
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iZ (9) WIDNO, ˆTO ESLI π20 � ωt, TO ωξ 	 1, I W “TOM SLUˆAE (8) IMEET WID

Px = 1
2
1
P 20

c2m2eE1t[1 + o(π−20 )],

Py = 1
8
g 1
P 40

c4m4eE2ωt2[1 + o(π−20 )], Pz = P0z, E = E0,

OSTALXNYE WEKTORY SM. PRILOVENIE (SLUˆAJ F), OTKUDA NEPOSREDSTWENNO WIDNO, ˆTO

W “TOM SLUˆAE DWIVENIE ˆASTICY PROPORCIONALXNO STEPENQM EE MASSY I, W ˆASTNO-
STI, “TO OTNOSITSQ I K OTKLONENI@ ˆASTICY OT OSI Oz, KOTOROE HARAKTERIZUETSQ

WELIˆINOJ ρ =
√
x2 + y2.

sLUˆAJ θ0 = π

w “TOM SLUˆAE

α = 2π0[1 + o(π−20 )].

nERAWENSTWO (6) IMEET WID √
P 2x1 + P 2y1 	 π0,

T.E. (6) STANOWITSQ ZAWISIMYM NE TOLXKO OT WELIˆIN EMW, NO I OT π0, OTWEˆA@-
]EGO ˆASTICE, I STANOWITSQ GORAZDO MENEE VESTKIM, ˆEM W PREDYDU]IH SLUˆAQH PO

OTNO[ENI@ K WELIˆINAM, W NEGO WHODQ]IM.
dLQ ξ = α

ε0
t IMEEM

ξ = 2t[1 + o(π−20 )],

I SLEDOWATELXNO,
ωξ = 2ωt[1 + o(π−20 )]

I (7) ESTX

ω′ = 2ω[1 + o(π−20 )],

T.E. ˆASTOTA KOLEBANIQ ˆASTICY W LABORATORNOJ SISTEME S TOˆNOSTX@ DO o(π−20 )
W DWA RAZA BOLX[E, ˆEM ˆASTOTA EMW I, SLEDOWATELXNO, OT MASSY ˆASTICY NE

ZAWISIT. w “TOM SLUˆAE (8) BEZ IZMENENIQ; �r, OSTALXNYE WEKTORY SM. PRILOVENIE

(SLUˆAJ G).
pOSKOLXKU ˆASTOTA KOLEBANIQ ˆASTICY OT EE MASSY NE ZAWISIT, A SLEDOWATELXNO,

I �P OT MASSY NE ZAWISIT, TO IZ “TIH RAWENSTW NEPOSREDSTWENNO WIDNO, ˆTO W “TOM

SLUˆAE S TOˆNOSTX@ DO o(π−2) DWIVENIE ˆASTICY OT MASSY NE ZAWISIT.

zAKL@ˆENIE

oTMETIM, ˆTO NAˆALXNYE USLOWIQ �r0 = 0 NE NARU[A@T FIZIˆESKOJ OB]NOSTI

NE TOLXKO PROWEDENNOGO ANALIZA, NO I ZADAˆI OPREDELENIQ DWIVENIQ ˆASTICY W

EMW WOOB]E, POSKOLXKU K UKAZANNYM NAˆALXNYM USLOWIQM MOVNO PEREJTI OT
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PROIZWOLXNYH NAˆALXNYH USLOWIJ SDWIGOM NAˆALA SISTEMY OTSˆETA NA NEKOTORYJ

POSTOQNNYJ WEKTOR.
nE NARU[AET FIZIˆESKOJ OB]NOSTI PROWEDENNOGO ANALIZA I WYBOR FAZY EMW,

RAWNOJ NUL@. dLQ PROIZWOLXNOJ FAZY KAK IZ FIZIˆESKIH SOOBRAVENIJ, TAK I IZ

NEPOSREDSTWENNYH RASˆETOW WIDNO, ˆTO REZULXTATY ANALIZA SU]ESTWENNO NE MENQ-
@TSQ.

nEOBHODIMO TAKVE OTMETITX SU]ESTWENNOE WLIQNIE WELIˆINY α NA DWIVENIE

ˆASTICY W EMW. hOTQ “TA WELIˆINA I ZAWISIT TOLXKO OT �π0, NO IZ WY[EIZLOVEN-
NOGO SLEDUET, ˆTO ONA ESTX SLEDSTWIE TOGO, ˆTO ˆASTICA DWIVETSQ IMENNO W EMW,
A PO“TOMU UKAZANNYE OSOBENNOSTI DWIVENIQ ˆASTICY PRISU]I DWIVENI@ ˆASTICY

IMENNO W EMW. i, SLEDOWATELXNO, DLQ TOGO KRUGA PRAKTIˆESKIH ZADAˆ, W KOTO-
RYH ISPOLXZUETSQ DWIVENIE ULXTRARELQTIWISTSKOJ ˆASTICY W EMW (ONDULQTOR

KAK LAZERNAQ WOLNA I PR.) “TI OSOBENNOSTI NADO IMETX W WIDU.
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prilovenie

sLUˆAJ A
(oB]EE RE[ENIE)

x(ξ) = c
α
1
ω
Px1(1− cosωξ), y(ξ) = − c

α
1
ω
Py1(ωξ − sinωξ),

z(ξ) = c
α
[π0z +

1
4
1
α
P 2x1(1− sin2ωξ

2ωξ
) + 1

4
1
α
P 2y1(3− 4sinωξ

ωξ
+ sin2ωξ

2ωξ
)]ξ.

ax(ξ) = cωPx1[
α
ε2
cosωξ+
1
ε3
1
4
[P 2x1(cos3ωξ − cosωξ)−
P 2y1(cos3ωξ − 2cos2ωξ − cosωξ) + 2)]],

ay(ξ) = cωPy1[− αε2sinωξ+
1
ε3
1
4
[P 2x1(−sin3ωξ + 2sin2ωξ − sinωξ)+
P 2y1(sin3ωξ − 4sin2ωξ + 5sinωξ)]],

az(ξ) = 1
2
1
ε3
αcω[P 2x1sin2ωξ − P 2y1(4sin2ωξ − 2sinωξ)].

sLUˆAJ B
(rE[ENIE PRI π0 � 2

1
α
(P 2x1 + P

2
y1))

x = eE1
αmω2

(1− cosω′t), y = g eE2
αmω2

(ω′t− sinω′t), z = P0z
mε0

t.

vx = eE1
mε0ω

sinω′t, vy = g eE2
mε0ω

(1− cosω′t), vz = 1
mε0

P0z.

ax = αeE1
mε20

cosω′t, ay = gαeE2
mε20

sinω′t, az = 0.

sLUˆAJ C
(˜ASTICA NIZKOJ “NERGII)

x = eE1
mω2

(1− cosω′t)[1 + goπ0 + o(π20)],

y = g eE2
mω2

(ω′t− sinω′t)[1 + goπ0 + o(π20)], z = P0z
mε0

t[1 + o(π20)].

vx = eE1
mω

sinω′t[1 + o(π0)],

vy = g eE2
mω

(1− cosω′t)[1 + o(π0)], vz = P0z
m

.

ax = eE1
m

cosω′t[1 + o(π0)],

ay = g eE2
m

sinω′t[1 + o(π0)], az = 0.
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sLUˆAJ D
(uLXTRARELQTIWISTSKAQ ˆASTICA)

vx = 1
P0

ceE1
ω

sinω′t[1 + o(π−20 )],

vy = g 1
P0

ceE2
ω

(1− cosω′t)[1 + o(π−20 )], vz = cP0z
P0

[1 + o(π−20 )].

ax = 1
P 20

αc2meE1cosω
′t[1 + o(π−20 )],

ay = g 1
P 20

αc2meE2sinω
′t[1 + o(π−20 )], az = 0.

sLUˆAJ E
(uLXTRARELQTIWISTSKAQ ˆASTICA: θ = 0)

x = 2 P0
cm2

eE1
ω2

(1− cosω′t)[1 + o(π−20 )],

y = 2g P0
cm2

eE2
ω2

(ω′t− sinω′t)[1 + o(π−20 )], z = P0z
|P0z |ct[1 + o(π−20 )].

ax = 1
2
1
P 30

c3m2eE1cosω
′t[1 + o(π−20 )],

ay = 1
2
g 1
P 30

c3m2eE2sinω
′t[1 + o(π−20 )], az = 0.

sLUˆAJ F
(uLXTRARELQTIWISTSKAQ ˆASTICA: θ = 0 I ωξ� 1)

x = 1
4
1
P 30

c3m2eE1t
2[1 + o(π−20 )],

y = 1
24
g 1
P 50

c5m4eE2ωt3[1 + o(π−20 )], z = P0z
P0

ct[1 + o(π−20 )].

vx = 1
2
1
P 30

c3m2eE1t[1 + o(π−20 )],

vy = 1
8
g 1
P 50

c5m4eE2ωt2[1 + o(π−20 )], vz = P0z
P0

c[1 + o(π−20 )].

ax = 1
2
1
P 30

c3m2eE1[1 + o(π−20 )],

ay = 1
4
g 1
P 50

c5m4eE2ωt[1 + o(π−20 )], az = 0.
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sLUˆAJ G
(uLXTRARELQTIWISTSKAQ ˆASTICA: θ = π)

x = 1
2
1
P0

ceE1
ω2

(1− cosω′t)[1 + o(π−20 )],

y = 1
2
g 1
P0

ceE2
ω2

(ω′t− sinω′t)[1 + o(π−20 )], z = P0z
P0

ct[1 + o(π−20 )].

vx = 1
P0

ceE1
ω

sinω′t[1 + o(π−20 )],

vy = g 1
P0

ceE2
ω

(1− cosω′t)[1 + o(π−20 )], vz = cP0z
P0

.

ax = 2 1
P0

ceE1cosω
′t[1 + o(π−20 )],

ay = 2g 1
P0

ceE2sinω
′t[1 + o(π−20 )], az = 0.
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