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Introduction. Currently, modulation of electromagnetic waves finds a wide ap-
plications in the field of science and technology. One of the applied modulations
stands out from the rest. This is about polarization modulation, which creates
a two-dimensional signal, which is its distinguishing feature from frequency
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and amplitude modulation. Its practical value is fully manifested in microscopy,
emitter condition monitoring, diversity reception, interference suppression
and more [1, 2]. The process of polarization modulation consists in changing
the spatial orientation of the electric intensity vector of an electromagnetic wave
according to a certain harmonic law. Thus, the essence of polarization modula-
tion is the joint modulation of the amplitude and phase of an electromagnetic
wave. This type of modulation provides good indicators of noise immunity and
information transfer rate. Polarization modulation is carried out by rotating
the plane of polarization [3] or by changing the polarization type[4], such
modulation will be called polarization-optical [5]. Also, the same modulation
of radiation can be performed by rotating the radiation source in space. In this
case, the modulation is called spatially polarization. This type of modulation
is used in laser therapy devices, which use amplitude and frequency modulation,
and polarization as an additional modulation to them. As a result, laser radiation
increases its efficiency of interaction with biological tissues, insofar as the re-
quired polarization is found for each molecule [6].

This article is devoted to the consideration of charged particle acceleration
by an ultrashort laser pulse high order intensity of 10! W/cm?. The relevance

of this topic also leaves no questions, since particle acceleration obtained by the
interaction of short laser radiation with plasma is one of the advanced problems
of laser physics [7-9]. The results obtained can also be used in practical calcula-
tions of the corresponding experiments, in the development of modulation
technology, the development of multifrequency lasers and the improvement
of devices of the type [10].

The problem of the dynamics of a charged particle in the field of an external
electromagnetic wave has already been analyzed quite deeply, which can be evi-
denced by several scientific papers. The first works considered this problem
from the classical point of view belong to Ya.l. Frenkel and from the quantum
to D.M. Volkov, and later to L.D. Landau and E.M. Lifshitz [11-13]. The solu-
tion of the motion equation of an elementary particle in the field of a plane
monochromatic wave was obtained in [14-17]. More complex special cases,
when a laser emits an electromagnetic wave modulated in frequency or ampli-
tude were analyzed in subsequent papers [18-20]. However, there is a gap
in solving the problem of the dynamics of a charged particle in an external elec-
tromagnetic field when the wave creating the field has a modulated polarization.

The aim of this work is to analyze the motion and energy properties
of a charged particle in the field of a polarization-modulated electromagnetic
wave.
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Problem statement. The article [21] presents a problem formulation
of the following form. Assuming that the amplitude of the electromagnetic
wave is modulated according to the harmonic law:

b(E) =b g {1+8am cos [ @o& +8pm sin (cwo&+yo )+Eo ]} (1)

and we apply the Jacobi — Anger expansion [22], then we obtain components
of the electromagnetic wave vectors:

Ex:Hy:bOx(l‘i'SAM > ]l(SPM)COSCbZJ Y Ju(8rm) cos Dy,

|=— n=-—00

E, =-Hy = fbo, [1+8AM1 Y. Ji(8pm) cos é)l] > Ju(Bpm)sin®@,, (2)
=—0 n=-—oo
E,=H, =0.
The z-axis is the direction of the electromagnetic wave propagation, when the x
and y axes coincide with the direction of the semiaxes of the wave polarization
ellipse box u by,, moreover byx >bp, >0; the relativistic case corresponds
to the condition §=t—(z/c); ® is wave carrier frequency; f ==1 is polariza-
tion parameter: the upper and lower signs in the expressions for E, correspond to
right and left polarization; 54y is amplitude modulation depth and dam €[0,1];
®o is modulation frequency; dpy; is polarization modulation depth; 6 = @ / @,
6 €[0,1], is modulation coefficient; Opy is frequency modulation depth;
o is initial phase of the wave o €[0,2n]; J,(8gm), Ji(Opm) are n-th order
and I-th order Bessel function; @, = (o) + no)') &+ +noo; é)l =(o+lop) &+
+ o+ 1pg.
Motion of a charged particle in the field of a polarization-modulated
electromagnetic wave. The equation of motion of a particle of mass m and

charge g has the form:

dp 1

—=q| E+—|vxH]| | 3
" q( v ]j (3)
The solution of equation (3) applying equation system (2) gives particle
momentum components:

p

A

x:qux % ]n(SFM)SinCT)n+6AM % % ]n(SFI\A/I)]ZA(SPM) y
1
ne_-nN l+na 2 T NIZ-N na—layg

w

X N N .
X sin(@n—®l)+—8AM > ]”(SFMA)]Z(?PM)sin((Dn+(D1) +Yx>
2 ,ITNI=-N  2+na+loyg

108 ISSN 1812-3368. Bectauxk MI'TY um. H.9. baymana. Cep. EcrecTBennbie Hayku. 2022. Ne 6



The Motion of a Charged Particle in the Electromagnetic Field of a Polarization-Modulated Wave

gboy | X ]n(SFM)COS— OAM % % ]n(SFl\A/I)]lA(SPM)X
O |,.—n l+na ne- N [=—-N na —layg

+8AM N N ]n(SFM)]l(SPM)C
2 n=—NI=—=N 2‘|‘7’l(§v + ldo

os((fn +Ci>l) + %y

(4)

where 6=’ /@; Go=00/w; y=mc(1—voz/c)/\1-v§/c*; xx, %y arethe
integration constants.

Note that the expression was replaced by the component p,, which will be
used in further calculations. Thus, the value of g will have the following form:

2 b2 —b2 N 2 _
g:h——q (OX Oy) > Mc052®n+
20’ W IEN (14+nd)

62 N cos2(® +(i)1 cos2(® —Cbl
—AM Z Z Tt (8em) J7 (Spm) ( — 2)+ ( - 2) +
4 “Ni=— (2+nd+1dy) (nd—1Idy)

¢ Jdam & Ja ()i (SPM)[bZ sinCTDnsin(ED —(i>1)+
y2w2 2 n:—N(1+na)( né. 0) o ’

P = = & Sam X JA(8em) i (8pm)
* B, cos By cos (@ (Dl)]+ 2 Z N (1+né)(2+n+160)
x [ng sin @, Sin(én +Ci)l)+b§y cos D, cos(5n+ﬁ>l)]+

Fm Z N Ja(8em)J7 (8pm)
n=—Nl= (nd—ldo)(2+nd+ldo)

—_ A

X {béx sin(d_Dn—é)l)sin(d_Dn+é>1)+bgy cos(d_)n—(i)l)cos (®n+®l):| }+

N o
4+ 1 { 3 T ( FM)(Xxb0x51n®n+x),boycosd))
Y20 | ,2ZNy l1+na

Sam N N T, (8em) i (8em) (= A\ = 4
+THEN1:ZJN 2+t + 16 [Xxb0X51n(q)n+CD1)+xyboycos(CDn+q)l)]+

+6ATM Alezg:N In (5;2)_]13(05PM ) |:Xxb0x sin(q_Dn —‘i)l)¢Xyb0y cos(q_ln —(bl )}}
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Constant s has the form
h:l m*c® + 9% + 43 _1+q2(b§x+b§y) y
2 yz 72w?

N J2(5 84 g &
Jil0) S S S 12 (e ) 77 (Bom) ¢

SN 2(1+nd)2 4 ,ZTNI=CN

) (1+n&)” +(1+1dyo)

[(1enaY —(1+1ao)? |

From equation system (4) we can obtain a parametric representation

x J& (8em ) J7 (Spm (5)

of the particle velocity:

N
sz(l—v—zj<q6b0x{ > Jn (8km )smCD +
c Yy N 1+na

SZM Z Z ]n(BFM)]Z(BPM){sin(A@n—ACI>1)+sin(CDAn+C{>l)}+Exx}>’

ne-NI=—N na.—loy 2+n0+10g

b N
vy = (1——j< £l Oy{ > I (Ben )cosCD +
c oy |,——n l+na

S N N cos CD,,—Q) cos q_>n+Ci>
+—AM > 2 ]n(SFM)]l(SPM)|: ( - l)+ ( Al)}‘EXy}>>

2 NI N na—layg 2+na+lag Y
V= <
1+g
The next step is to find the coordinates of a charged particle from equation
system:
N _ _
X=X _abox > &FMz(COS@n —cos®0n)+
’Yk(,O n=—N (1+1’ld)
6 NN T, (8 d - _ —
LU S (Besa ) Ji (Ses) [cos (P — By ) —cos (Don — Doy )] +

2 ZINIETN (ne-lag )

RSV S ]”(SFM)]I(SPM)[COS(Q_)n+q_)1)cos(d_30n+d_>ol)]}+

2 ,ZNI=N (2+nd+l&o)2

+C)§x (E-¢&0)>
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N _ _
y=yo¥—— 4boy > M(sin D, —sin Dy, ) +
’Yk(D n=—N (1+7’l&)

5AM % % In (p)]l

[sm(q_) CT)) sin(d_)o,,—CT)()l)]+
2 p=-NI=-N (né- 16 )

N N
Lo § S Jalel i)y (&, 1)) sin (B, + Bor)] L+
nz—le—N(Z-H’l(SL-i-ldo)

+C"Ty(<:—ao),

2 bz _bz N 2 _ _
z:zo+ch(§—§0)—w{ > LFAM)(SinZ(Dn—sinZQDOn)+

8y*ko? N (14n6)

2 N N 2 2 a = 2
8AM 5 ]n(SFM)]l €8PM)[sz(cf)n+q)l)—sin2(q)0n+(Dol)]+
4 TN Q4+nd+lag)?

2 N N 712 2 — . — A
NIV ]n(SFI:/I)]lA(EPM)[Sinz(an—QDZ)—sinZ(CDOn—CDOI)] -
4 T NI-N (na—lay)

q* N 7% (8em) Ji(8pm)
27k’ SaM 2 2(1+ 16 A
WeoN na ) (nd—1Idy )

R

sin (ZCT),, —Ci)l)—sin (2q_30n —(i)ol)
2(1+n6)—(1+160)

2 N 2(5 )

q > Ji (8em ) J1 (8pm )

+
2v%kw? A ne-n 2(1+nd)(2+na+180)

% |:(b§x+b§y) sin(i)l—s;inci)()l —(ng—bz )

sin (ZCT)n +Ci)l ) —sin (ZCT)On +<i)01 )
1+lOL() 0y

2(1+nd)+(1+180)

. 7 &y X % Ji (8em) J7 (8pm )
2y%ke0* 2 n=—Nl:—N4|:(1+11(A1)2—(1+Z(A10)2:|

sin 2&31 —sin 2(i)01 sin 20, —sin 2&30
[ (18,05, e (1 g 20 Tn |

N
2‘1 ]”(SFM [Xxb()x(cosq) —cos @y, ) £5,yboy (sin @y, —SlanOn)]
ko | 22N (1+n6.)
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+6A_M % %]n(SFM)]l(SPI\;I)X
2 4ZNI=-N (2+I’ld+l(i0)
x[xxb()x(cos(CT)n+é>1)—cos(<T>0n+ﬁ>ol)) +
+ Xyboy(sin(_n+CfDl)—sin(d_>0n+CfD01))J+
+8A_M§: N ]n(SFM)]l(5§M)X
2 u=2NI=-N  (nG-Idy)
x[xxb()x(cos(CTD,,—Cibl)—cos(CTDOn—Cf)ol))i

J_rxyboy (sin(q_bn—ébl) —sin(a)()n—(i)()l) H J

Motion of a particle averaged over one period of oscillations. Let us re-
write the coordinates of a charged particle as functions depending on time

x(t) =X+ vyt +&(t),

z(t)=z+ vt +{(t).

Here
N _
J~C=x0+x—x(zo—2)+qbi Z ]n( FMZ)COS(D()H-F
Y vko N (1+nd)

8 CoS cT)() —(i)()l CoS (T)o +Ci)()l
“AM Z z Jn (8em ) Ji (8pm ) ( nA 2)+ (An - 2) ;
2 4 NI=N (n&—16y ) (2+nd+1g)

- Ofx 1

* v 1+h’

§<t>=—"7"c<t>—qbi{ ¥ Dnlo) 5,4

'Yk(i) n=—N (1+Tld)

6AM Z Z ]n(SFM)]l(SPM){COS&D”CD’)+ cos(®n+®l)”;
-NI=-N

(noc—léco)2 (2+n&+ld0)2

b N _
)~/=y0+x—y(20—2)im Z &FMZ)SH]CDO”+
Y ka n——N(l-H’l&)

SAM z Z ]n(SFM)]l(SPM){sin(fDOn—®ol)+sin(®0n+®ol)”;

2 _NI=—-N (}’lO(,—Z(SL())Z (2+I’l(§t+ld0)2
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5oy 1
y 1+h
by [ N7, _
N =-2Leort2d LFAMz)sinch
Y Yko n=-N (1+na)
S N N in(®, —® in(®, +®
+A Yy Jn (88Mm ) Ji (8pm ) s1nE — 12)+ sin( — AZ)Z ;
2 ,TNI=-N (nd—160)"  (2+nd+1dy)

sin 2d_30n +

g

Z=2z0 Jr_q2 (65 _bgy){ N Ji(8rm)

2v%ke | TN 4(14n6)
By YX ]%(SFM)JZZ(SPM)X

+ AM z
4 ,_"NI-_N 4(2+nd+l&0)3

_ X 2 N N 2 2 3 )
xsin2(CD0,,+CD()l)+8A—M > Ji (SFNf)]lA(SP;M)sinZ(CDOn—CDol) +
n=-N1=-N 4(n&—Id,)

=+

0
4y%kw? MHEN(1+n&)(n&—lfxo)

q* { N J%(5FM)]I(5PM)X

sin 250,1—@)01) sin ®

b2 — b2 ( (b2 +b2 0l
{( 0 0y)2(1+n6c)—(1+léco) (86 + 0y)1+léc0 !
N J# (8em ) J1 (8pm)

+90
AMnZZ_:N(1+nd)(2+nd+ldo)

sin (ZcT)on + ) sin ®
b2 —p2 —(b2 b2 0!
{( 0 0y)2(1+nd)+(1+lfx0) (6, + 0y)1+léco}r

+5ﬁ_M % % J# (8em ) J7 (8pm) y

ne N1=-N (1406 ) —(1+160 )’

o 5, e 1 |

% xbox 08 Do, £ % yboy sin Dy, )+

L{ % fn(5FM)(

'sz(l) n=—-N (1+1’l(§t)2

+5AM % % ]n(SFMA)]l(ASPI\;I)X
2 w=NI=-N (2+na+Ido)
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X[XxbOX COS(CT)On +ci)01 )iXybOy Sin(a)()” +(i)01 )]Jr

a3 5 Alndilo,
n=—NI[=-N (I’lOL—lOLo)

X [XxbOx cos(@on—é)()l)ixyboy sin(CTDOn—(i)ol)J};

N
14k’

2 bz _b2 N 2 _
(1+h) £(t) = — LA 20 " 0r) (02" 2‘”) —]”(SFM)3 sin 20, +
2y%ko> n=—N 4(1+nd)
2 N N 2 2 — .
Y D ]"(SFM)A]’ (ASPM)sin2(®n+CDl)+
4 ,TNi2TN 4Q+na+1dg)?

52 N N ]%(file)]lz(SPM)sinZ(EDn—ci)l)}r

L+ OAM
4 n:Z_N]:_N 4(”&—1&0)3
2 N 2
N ;1 Sa ]n(SFIAvI)]IA(SPI\iI) y
272k ne-n 2(1+nd) (no—Idy)

in® sin(ZCT)n—Ci)l)
b2 4 b2 Sml_bz_z
" {( 0 °y)1+ld0 (43 0y)2(1+n&)—(1+ld0)
N q* Sant N J% (8em ) Ji (8pm )
2v%ke? N 2(14n8) (2400 +16y )
sin @ —(b2 e ) sin(2&)n+ﬁ)1) ]

bt +b¢
X[( 0 0y)1+lc3c0 00 2 (14 m6 ) + (1416 )

7 v X X Ji(3m)J7(Bem)

2%k’ 2 n NN 4 (146 ) - (1+160)°
)ﬂn2§n}+
1+na

+

) ) sinZCi)l ) )

X{(bOx"'bOy) 1+ 1dg —( ox — b0,
N

q Jn (8EM) = =

— oL (yxboxc 08 Dy, £y by sin D, )+

vka{n:_N(Hnaz( <boc o5 D 1buy sin @)
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+8A_M§: % ]n(SFM)]Z(SPM)X

2 4="NI=N (2+1’ld+ld0)2

x [XxbOx cos(CT)n +(i)l )ix),boy sin(@n +Ci>l )]+

+6A_M§ N ]n(SFM)]l(SPM)X

2 WINIEN (ne-16 )

e o5 (B, 1) 1,y sm(-n_a),)]}.

Now, when the particle coordinates are presented as functions depending
on time, let us average the obtained expressions over one period of oscillations:

- .
X=X+ (HZ}LM{ ]n(SFM)

2 ) 2y (1+h) (1+m)3

Sam Z Z J2(Bem)J} (SI;M) % % ]%(SFM?]f €6PI;/[) )
4 p=Ni1=-N  (nG-1by) 4 n=—N1=-N (2+nb+Idy)
~ 2 N 72
?=)7+17y(t+zj$ q gX;cbOxbOy Ji (SFAM3) n
2 ZY © (1+h) n——N(l-l—I’lOL)

W % % Ja (Sem) J7 (Spm)

4 NN (nd-16e )

L Su % N J%(SFM)]zZ(SPM)}’

4 - NI-N (2+na+loc0)

_ [ TJ
Z=2Z+V,| t+—|.
2

The next step is to obtain averaged expressions for the momentum com-
ponents of a charged particle:

. {H 21, [gmmu
2y

P T 0 (16m) | 2 (1 m )

Z ALz

SiM NN ]%(8FM)]12(8PM) Sy YN Ja(8em)J7 (8em)
4 “NI=—N (nd—lfxo)z 4 4, NI=_N (2+nd+ld0)2 ’
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T T e (14w) n=N (1+né )"
NN ]%(SFM)flz(SPM)+

82
+ AM Z
4 ,-"NI=_N (ﬂd—l&o)z

S & J2(om0)7 (on)
+25 2 ’
4 4=INI=N (2+nb+1g)

272
{1+ q°by, [ N ]%(5FM)+

2
5 =1 2 q4( gx_bgy) N Ji(8em )
Pz = (h+h )+ T 4+
1+h 3277w n=—N(1+nd)

4 N N 74 4
L Sam D Jn (SFMA)]I A(SPM)+

16 ,“Ni=_n Q+nda+1dag)?

q* (ng +by, ) y

16y*w*

84 NN T3 (8em )T} (SPM):|+

AM
+ > X P
16 ,““ni=-n  (nG—ldg)*

X Sjl\_M % ]ftx(SFM)]lz(SpM)
4 n=—N[(1+na)2—(1+zao)z]Z

];11 (SFM )]12 (SPM) (1+nd)2 +(1+l&0 )2
2

N
+28%y 2 5
=N (e [ (ena ) - (14+160 ) |
2 N 2 2
q 212 212 Ji (SFM) OaM
+ 2’Y4(,02 (Xxbox +Xyb0y){n_Z_N (1—{—;1&)2 +2 4 x

(1+n& ) +(1+1&0 )

<3 X T (5m)J? (Bem) 3
n=-NI=-N [(1+nd)2—(1+l&0)2]

And finally, an expression for the average kinetic energy of a charged
particle moving in the field of a polarization-modulated electromagnetic wave

was obtained:

2

2+q4 (ng_bgy) N ]3(5FM)+
n:—N(1+nd)4

5= (1+h)

3274t
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B 3§ n (e
16 ,—“Ni=N (2+na+lao)

8AM Z Z

16 ,“niZioy (nd—ldg)?

N i (8em) T} (SPM):l_'_

LA ) [ 34y & 7 (Bra) 1 (8ew)
4.4 2
16y’ 4 =N (i) (14160 ) |

1282, % Ji (8em ) J7 (8pm) (1+nd)2+(1+l&0)2

neoN (1+nol)2 [(1+nd)2—(1+ldo)2T

N %5
+ Zz( ¢ +15b¢ ){ > M+

2v%w =N (1+né )

&% N 1+n6 ) +(1+1é )
+2 ZM Z Z J# (8em ) J7 (8pm ) (Lnd)” +(1+160) 5
-NI=-N [ (1+n8) ~(1+1do )’ |

Average kinetic energy of a particle moving in the field of a polariza-
tion-modulated electromagnetic wave of circular and linear polarization in
the absence of the initial particle velocity. Let us consider the values of the
average kinetic energy of a particle moving in the field of a polarization-

modulated wave in circular and linear polarization in the absence of the initial
particle velocity:

vo=0, ®,(0)=D¢, =—o(1+nd)zo/c
qA)l(O):qA)()l:—(,o(l+ldo)Zo/C,
then constant ., %, has this form:
qbox | & ]n( )

Ay =—"" sin @y, +
® | 2=y l+na

N N _ )
+81;M Ty Jn (8em ) J1 (8pm ) in(®0n_®01)+ ©)
n=_NI=_N no—1a
5AM N T, (8em) 1 (8pm) . (= s
Oy, + D ,
ZNI_Z_: 2+na + log Sm( on Ol)
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b NoT,(d —
Xy:i—q 0y > Jn (O ) ( FM)cosCDo,,+

A

O |,._Nn l+na

+8A_M % % Jn (8em ) J1 (8pm )

2 n=-=Nl=-N Vl(AX—l(AX()

+5,;M % % ]néSFMA)]Z(SAPM)
ne—_NI-—N 2+na + log

cos(®y, —Doy) + (6)

cos (CTDOn + Cibol ) .

Substituting constants (6) into equation (5), the constant takes the following
form:

po L) | 8 T )

4 ,Y2m2 n=-—N (1+I’ld)2
By NN 1+n6)” +(1+1é )
#2AM S Y R (Brm ) J7 (Beu) (Lrno) + (1 1G0)
n=-Nl=-N [ (1+na) = (14160 ) |

Having obtained all necessary constants, let us consider the case when the
particle moves in the field of a polarization-modulated electromagnetic wave
of circular polarization.

For circular polarization have by, = by, =b/ V2 , and

, 1/ 320(1+46p)+16u6? i
=mc- — +
2 16(1+6p) 16(1+6p)

v

y S % Ji (8em ) JZ (8pm )
f ey () (1ot |

4282 IZV: Ji (8em ) J7 (8pm ) (1+n&)2+(1+ld0)2
AM

A2 2
= ()T (s (1416 ) |

)

where ¥ = € —mc? is the energy of a particle without considering its rest energy;
o= qzbz/(yzmz) = 2q21k2/(nm2c5) .

The next step is to consider the case when the particle moves in the field
of a polarization-modulated electromagnetic wave of linear polarization. For line-
ar polarization have by, =b, by, =0, and
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Y=
=me2 B {120+ uT + nM - 160(n0+2) .
4 2200 +4J6p0+4  \2u0+4J6pu0+4  2u0+4+/6p0 +4
(8)
Here
N 2
o= 3 ]n(5FM)2+
n=-N 2 (1+na.)
&y NN 14168 ) +(1+160 )
R N T JC S G R
n=-NI=-N [(1+nd)2—(1+za0)2}

T =

N Ji(s 54 N N
> ! ( FAM2+ ALY X Ta(8em) T} (Bem)
n=—N (1+n&) 8 L-_NI=-N

X(1+nd)4+6(1+nd)z(1+l&0)2+(1+ld0)4
I .
[ (1+na) = (1416 ) |
From the obtained formulas (7), (8), we will construct graphs of the

dependences of the average kinetic energy of a particle on the radiation intensity
and the depth of the amplitude, frequency and polarization modulation of an

electromagnetic wave to trace the tendency towards a change in the energy
characteristics of particles from these parameters (Figure) (graphs created
in Mathcad 15).

V¥, MeV Y, MeV
1
3t 6L
2
2+ 4
1k 2
0 2 4 6 DAEW 0

a

Energy dependences of a charged particle:
a is on the electromagnetic wave intensity for linear polarization (1),
and circular polarization (2); b is on different types of modulations of a circularly (1'-3")
and linearly (I-3) polarized wave (I — amplitude; 2 — polarization; 3 — frequency)
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The figure shows that the energy of a charged particle depends linearly
on the wave intensity and quadratically on the amplitude modulation depth,
therefore, radiation modulation contributes more to the energy characteristics
of the particle than the intensity, which is one of the reasons for the importance
of the problem of achieving high modulation depths, as presented in [23].

Thus, one can resort to increasing the intensity or amplitude modulation
depth of an electromagnetic wave to obtain high-energy particles; however,
one can control the particle energy by manipulating the frequency and polari-
zation characteristics of the accelerating radiation.

Conclusion. Thus, in this work, a detailed analysis of the motion of a charged
particle in the field of a polarization-modulated electromagnetic wave was pre-
sented. Expressions for the momentum, velocity, coordinates were obtained
and then the obtained expressions were averaged over the oscillation period.
Expressions for the average kinetic energy for circular and linear polarization were
also obtained. The graphs of the dependences of the average kinetic energy on the
radiation intensity and the amplitude modulation depth are presented. The energy
properties of a charged particle depend on several parameters of radiation, namely
on its intensity, the depth of amplitude modulation, the polarization type, etc.
Note that in the absence of amplitude and frequency modulation (55nm =0,
J.(8em) =1, a=0), formulas (7), (8) are transformed to the form of particle mo-
tion in the field of a plane monochromatic wave presented in [15].
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