
�¨áì¬  ¢ ���, 1997, â®¬ 23, ò 1 12 ï­¢ àï

07

�«¨ï­¨¥  ¬¯«¨âã¤­®© ¬®¤ã«ïæ¨¨ á¢¥â®¢®£®

¯®â®ª  ­  ¨­â¥àä¥à¥­æ¨î í«¥ªâà®­®¢:
íää¥ªâ � à®­®¢ –�®¬ 

c© �.�. �£¥¥¢, �.�. � ¢ë¤®¢

�¨§¨ª®-â¥å­¨ç¥áª¨© ¨­áâ¨âãâ ¨¬.�.�. �®ää¥ ���, �.-�¥â¥à¡ãà£

�®áâã¯¨«® ¢ �¥¤ ªæ¨î 28 ®ªâï¡àï 1996 £.

� áâ âì¥ ¯®«ãç¥­ë ¢ëà ¦¥­¨ï ¤«ï ¨§¬¥­¥­¨ï è¨à¨­ë æ¥­âà «ì­®£®

¯¨ª  ¢ íää¥ªâ¥ � à®­®¢ –�®¬ .

� ¢à¥¬¥­¨ ®âªàëâ¨ï íää¥ªâ  � à®­®¢ –�®¬  (���) [1] ®á­®¢­®¥
¢­¨¬ ­¨¥ ¨áá«¥¤®¢ â¥«¥© ¡ë«® á®áà¥¤®â®ç¥­® ­  ¨§ãç¥­¨¨ ä §®¢ëå

å à ªâ¥à¨áâ¨ª í«¥ªâà®­­ëå ¢®«­ ¢ ¯®áâ®ï­­ëå ¢® ¢à¥¬¥­¨ ¬ £­¨â-
­ëå ¯®«ïå [2], â®£¤  ª ª ¢«¨ï­¨î ¯¥à¥¬¥­­®£® í«¥ªâà®¬ £­¨â­®£®

¯®«ï ­  ��� ¯®á¢ïé¥­® «¨èì ­¥áª®«ìª® ¯ã¡«¨ª æ¨© [3–6]. � à ¡®â¥

[4] ¡ë«® ¯®«ãç¥­® ¢ëà ¦¥­¨¥, á¢ï§ë¢ îé¥¥ ãè¨à¥­¨¥ æ¥­âà «ì­®£®
¨­â¥àä¥à¥­æ¨®­­®£® ¬ ªá¨¬ã¬  ¨§-§  ¢«¨ï­¨ï í«¥ªâà®¬ £­¨â­®£®

¯®«ï á ç áâ®â®© ω,  ¬¯«¨âã¤®© á®§¤ ¢ ¥¬®£® ¨¬ ¢¥ªâ®à­®£® ¯®-
â¥­æ¨ «  A0 ¨ áª®à®áâì í«¥ªâà®­®¢ v. �â¨ ¨áá«¥¤®¢ ­¨ï ¡ë«¨

¯à®¤®«¦¥­ë ¢ [5–6]. � ­ áâ®ïé¥© à ¡®â¥ ¢ à ¬ª å ®¡áã¦¤ ¥¬®©

¢ [4–6] ¬®¤¥«¨ à áá¬®âà¥­® ¢«¨ï­¨¥  ¬¯«¨âã¤­®© ¬®¤ã«ïæ¨¨ (��)
á¢¥â®¢®£® á¨£­ «  ­  ¨­â¥àä¥à¥­æ¨®­­ãî ª àâ¨­ã ���.

�à¥¤áâ ¢¨¬ ¢¥ªâ®à­ë© ¯®â¥­æ¨ « A ¢ ¢¨¤¥ [7]:

A = A0(1 +m cos Ωt) cosωt, (1)

£¤¥ m = ∆A/A0 — ª®íää¨æ¨¥­â ¬®¤ã«ïæ¨¨, Ω — ç áâ®â  ¬®-
¤ã«¨àãîé¥£® á¨£­ « . � ª ¯®ª § ­® ¢ [4], ¨­â¥àä¥à¥­æ¨ï ¤¢ãå

í«¥ªâà®­­ëå ¯ãçª®¢, ¤¨äà £¨à®¢ ¢è¨å ®â ¤¢ãå é¥«¥©, ®âáâ®ïé¨å
¤àã£ ®â ¤àã£  ­  à ááâ®ï­¨¨ d, ®¯à¥¤¥«ï¥âáï ¢¥à®ïâ­®áâìî P ¢¨¤ 
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�¤¥áì e — § àï¤ í«¥ªâà®­ ; ~ — ¯à¨¢¥¤¥­­ ï ¯®áâ®ï­­ ï �« ­ª ;
c — áª®à®áâì á¢¥â ; τ — ¢à¥¬¥­­®́© ¨­â¥à¢ « ¯®¯ ¤ ­¨ï ¢ ®¤­® ¨ â®

¦¥ ¬¥áâ® íªà ­  í«¥ªâà®­®¢, ¤¨äà £¨à®¢ ¢è¨å ®â à §­ëå é¥«¥©;
ωe — ã£«®¢ ï ç áâ®â  í«¥ªâà®­­®© ¢®«­ë. �®¤áâ ¢«ïï (1) ¢ (2),
¯®«ãç¨¬

P =
1

2

{
1 + cos

[
R · F (t) +

1

2
R · F (τ) − ωeτ

]}
, (3)

£¤¥

R =
2evA0

~ω
, (4)

F (t) = sinωt+mω

[
sin(ω − Ω)t

ω − Ω
+

sin(ω + Ω)t

ω + Ω

]
. (5)

� §«®¦¨¬ ¢ëà ¦¥­¨¥ (5) ¯® ¯ à ¬¥âàã ¬ «®áâ¨ Ω/ω. �®£¤ 

¯®«ãç¨¬

F (t) = sinωt+ 2m

[
sin Ωt · cosωt−

Ω

ω
cos Ωt · sinωt

]
. (6)

�­ «®£¨ç­®¥ ¢ëà ¦¥­¨¥ ¨¬¥¥â ¬¥áâ® ¤«ï F (τ). �á«¨ ¨á¯®«ì§ã-
¥âáï áå¥¬  ¤¥â¥ªâ¨à®¢ ­¨ï, ¯à¨ ª®â®à®© § ¯¨áë¢ ¥âáï ­ ª®¯«¥­¨¥

¤¨äà £¨à®¢ ­­ëå í«¥ªâà®­®¢ ¢ ª ¦¤®© â®çª¥ íªà ­ , â® ãá«®¢¨¥,
®â¢¥ç îé¥¥ ¯®«ã¢ëá®â¥ æ¥­âà «ì­®£® ¬ ªá¨¬ã¬ , ¥áâì [4]

ωeτ −

[
R · F (t) +

1

2
R · F (τ)

]
max

=
π

2
. (7)

�®¦­® ¯®ª § âì, çâ® £« ¢­ ï ¯®¯à ¢ª  ª äã­ªæ¨¨ F (t), ¢ë§¢ ­-
­ ï ¬®¤ã«ïæ¨¥©, ¥áâì (−2mΩ/ω) ¨, á«¥¤®¢ â¥«ì­®,

Fmax(t) ∼= 1− 2m
Ω

ω
. (8)

�®¯à ¢ª®© ª äã­ªæ¨¨ F (τ) ¬®¦­® ¯à¥­¥¡à¥çì, â ª ª ª ωτ ï¢«ï-
¥âáï ¬ «®© ¢¥«¨ç¨­®©. �®£¤ , ¯®¢â®àïï ¢á¥ ¢ëª« ¤ª¨ à ¡®âë [5],
¯®«ãç¨¬ ®â­®á¨â¥«ì­ãî ¢¥«¨ç¨­ã ã£«  ¤«ï æ¥­âà «ì­®£® ¤¨äà ª-
æ¨®­­®£® ¯¨ª 

θ − θ0

θ0
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4

π

evA0

~ω
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Ω

ω
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π

4

ω
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)
. (9)

� ª¨¬ ®¡à §®¬, �� á¢¥â®¢®£® á¨£­ «  ¯à¨¢®¤¨â ª áã¦¥­¨î

æ¥­âà «ì­®£® ¤¨äà ªæ¨®­­®£® ¯¨ª .
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�à¥¤áâ ¢«ï¥â ¨­â¥à¥á à áá¬®âà¥âì ¢«¨ï­¨¥ �� ­  ª®­âà áâ-
­®áâì ¤¨äà ªæ¨®­­®© ª àâ¨­ë. �®¢â®àïï ¢ëç¨á«¥­¨ï à ¡®âë [6],
¬®¦­® ¯®ª § âì, çâ® ¯®áâ®ï­­ ï (­¨§ª®ç áâ®â­ ï) á®áâ ¢«ïîé ï

¢¥à®ïâ­®áâ¨ ¤¨äà ªæ¨¨ Pd.c. ¨¬¥¥â ¢¨¤

Pd.c. =
1

2

{
1 + cos(βωeτ)J0

[
R

(
1− 2m

Ω

ω

)]}
, (10)

£¤¥ β = 1− ωR/2ωe. � ª¨¬ ®¡à §®¬, ª®­âà áâ­®áâì ¨­â¥àä¥à¥­æ¨-
®­­®© ª àâ¨­ë

K ≡ (Pd.c.max − Pd.c.min)/(Pd.c.max + Pd.c.min)

¥áâì

K =

∣∣∣∣J0

[
R

(
1− 2m

Ω

ω

)]∣∣∣∣ . (11)

�âáî¤  á«¥¤ã¥â, çâ®, ª®£¤  §­ ç¥­¨ï ¯ à ¬¥âà R(1−2mΩ/ω) < 2.40
(íâ® ¯¥à¢ë© ­ã«ì äã­ªæ¨¨ �¥áá¥«ï J0), ã¢¥«¨ç¥­¨¥ mΩ/ω ¯à¨¢®¤¨â
ª ã¢¥«¨ç¥­¨î ª®­âà áâ­®áâ¨ ¨­â¥àä¥à¥­æ¨®­­®© ª àâ¨­ë. � ¨­â¥à-
¢ «¥

2.40 < R(1− 2mΩ/ω) < 3.84,

â. ¥. ­  à áâãé¥¬ ãç áâª¥ äã­ªæ¨¨ |J0[R(1 − 2mΩ/ω)]|, ­ ®¡®à®â,
à®áâ mΩ/ω ¯à¨¢®¤¨â ª ã¬¥­ìè¥­¨î K ¨ â. ¤. �â® ¢ëâ¥ª ¥â ¨§

®áæ¨««ïæ¨®­­®£® å à ªâ¥à­  äã­ªæ¨¨ �¥áá¥«ï: ­  ”¯ ¤ îé¨å”
ãç áâª å |J0| ã¢¥«¨ç¥­¨¥ mΩ/ω ¢ë§ë¢ ¥â à®áâ ª®­âà áâ­®áâ¨, ­ 
ãç áâª å à®áâ  |J0| — íää¥ªâ ®¡à â­ë©.

� ª¨¬ ®¡à §®¬, �� ¢ë§ë¢ ¥â áã¦¥­¨¥ æ¥­âà «ì­®£® ¨­â¥à-
ä¥à¥­æ¨®­­®£® ¬ ªá¨¬ã¬  ¨ ¯à¨ ¬ «ëå §­ ç¥­¨ïå R < 2.40 —
ãá¨«¥­¨¥ ª®­âà áâ­®áâ¨ ¤¨äà ªæ¨®­­®© ª àâ¨­ë ���.

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­-
â «ì­ëå ¨áá«¥¤®¢ ­¨© (£à ­â ���� 95–02–04064- ).

�¯¨á®ª «¨â¥à âãàë

[1] Aharonov Y., Bohm // Phys. Rev. 1959. 115. N 3. P. 485–491.
[2] Peshin M., Tonomura A. // Lecture Notes in Physics. 1984. V. 340. P. 3–

152.
[3] Roy S.M., Singh V. // Nuovo Cimento. 1984. V. 79. N 4. P. 391–409.

�¨áì¬  ¢ ���, 1997, â®¬ 23, ò 1



12 �.�. �£¥¥¢, �.�. � ¢ë¤®¢

[4] Lee B., Yin E., Gustafson T.K., Chiao R. // Phys. Rev. A. 1992. V. 45.
N 7. P. 4319–4325.

[5] �£¥¥¢ A.H., � ¢ë¤®¢ C.�. // �¨áì¬  ¢ ���. 1995. �. 21. P. 23. C. 71–
73.

[6] �£¥¥¢ �.�., � ¢ë¤®¢ C.�. // �¨áì¬  ¢ ���. 1996. �. 22. �. 4. �. 70–
72.

[7] �®â¥¬ª¨­ �.�. � ¤¨®ä¨§¨ª . �.: �§¤-¢® ���, 1988. 260 á.

�¨áì¬  ¢ ���, 1997, â®¬ 23, ò 1


