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” §μ¢ Ö ¤¨´ ³¨±  ¤¢ÊÌ ¶ · ²²¥²Ó´μ ¸μ¥¤¨´¥´´ÒÌ ¸É¥±μ¢ ¢´ÊÉ·¥´´¨Ì ¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ¶¥-
·¥Ìμ¤μ¢ ¢ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´ÒÌ ¸¢¥·Ì¶·μ¢μ¤´¨± Ì ¨¸¸²¥¤Ê¥É¸Ö Î¨¸²¥´´Ò³¨ ³¥Éμ¤ ³¨. � ¸Î¥ÉÒ
μ¸´μ¢ ´Ò ´  ¶μ²ÊÎ¥´´μ° ¢ · ³± Ì ³μ¤¥²¨ CCJJ+DC ¸¨¸É¥³¥ ´¥²¨´¥°´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
Ê· ¢´¥´¨°, ¶μ§¢μ²ÖÕÐ¥° μ¶·¥¤¥²ÖÉÓ ¶μ²´ÊÕ ¢μ²ÓÉ- ³¶¥·´ÊÕ Ì · ±É¥·¨¸É¨±Ê ¸¨¸É¥³Ò,   É ±¦¥
± ¦¤μ£μ ¸É¥±  μÉ¤¥²Ó´μ. � ¸¸³μÉ·¥´Ò ¶·μÍ¥¸¸Ò ¶·¨ Ê¢¥²¨Î¥´¨¨ ¨ Ê³¥´ÓÏ¥´¨¨ ¡ §μ¢μ£μ Éμ± , ¨
¶·μ ´ ²¨§¨·μ¢ ´Ò μ¸μ¡¥´´μ¸É¨ ¶μ¢¥¤¥´¨Ö Éμ±μ¢ ¢ ± ¦¤μ³ ¸É¥±¥ ¸¨¸É¥³Ò, ¸¢Ö§ ´´Ò¥ ¸ ¶¥·¥±²ÕÎ¥-
´¨Ö³¨ ¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê ¸μ¸ÉμÖ´¨Ö³¨ ¸ ¢· Ð ÕÐ¥°¸Ö ¨ μ¸Í¨²²¨·ÊÕÐ¥° Ë § ³¨.

The phase dynamics of two parallel connected stacks of intrinsic Josephson junctions in high
temperature superconductors is numerically investigated. Based on the system of nonlinear differential
equations we simulate the current voltage characteristics as total and for each stack separately. We
investigate the processes with increase and decrease of the bias current and analyze the current behavior
in both stacks, associated with transitions between states with rotating and oscillating phases.

PACS: 74.20.-z
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‘¨²Ó´μ ´¨§μÉ·μ¶´Ò¥ ¢Ò¸μ±μÉ¥³¶¥· ÉÊ·´Ò¥ ¸¢¥·Ì¶·μ¢μ¤´¨±¨ (‚’‘�) μ¡· §ÊÕÉ ¥¸É¥-
¸É¢¥´´Ò° ¸É¥± ¢´ÊÉ·¥´´¨Ì ¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ¶¥·¥Ìμ¤μ¢ („�) [1]. ‘¨¸É¥³  ¸¢Ö§ ´´ÒÌ
¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ¶¥·¥Ìμ¤μ¢ („�) Ö¢²Ö¥É¸Ö  ¤¥±¢ É´μ° ³μ¤¥²ÓÕ ¤²Ö μ¶¨¸ ´¨Ö ·Ö¤ 
¸¢μ°¸É¢ ¢´ÊÉ·¥´´¨Ì „� ¢ ‚’‘�, ¢±²ÕÎ Ö · §²¨Î´Ò¥ ´¥²¨´¥°´Ò¥ ¨ ´¥· ¢´μ¢¥¸´Ò¥ ¸¢μ°-
¸É¢  [2,3]. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢´ÊÉ·¥´´¨¥ „� Ö¢²ÖÕÉ¸Ö ¶¥·¸¶¥±É¨¢´Ò³ μ¡Ñ¥±Éμ³ ¤²Ö
¸¢¥·Ì¶·μ¢μ¤ÖÐ¥° Ô²¥±É·μ´¨±¨ ¨ ¨´É¥´¸¨¢´μ ¨¸¸²¥¤ÊÕÉ¸Ö ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö [4].

�¤´¨³ ¨§ ¶·¨²μ¦¥´¨° ¢´ÊÉ·¥´´¨Ì „� Ö¢²Ö¥É¸Ö ¨Ì ¨¸¶μ²Ó§μ¢ ´¨¥ ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ-
´¨±μ¢ ±μ£¥·¥´É´μ£μ Ô²¥±É·μ³ £´¨É´μ£μ ¨§²ÊÎ¥´¨Ö ¢ É¥· £¥·Í¥¢μ° μ¡² ¸É¨ Î ¸ÉμÉ. ˆ§²Ê-
Î¥´¨¥ ¨§ μÉ¤¥²Ó´μ£μ „� μ¡² ¤ ¥É ³ ²μ° ³μÐ´μ¸ÉÓÕ, ¶μÔÉμ³Ê ¤²Ö ÔÉμ° Í¥²¨ ¨¸¶μ²Ó§Ê¥É¸Ö
¸¨¸É¥³  ¶μ¸²¥¤μ¢ É¥²Ó´μ ¸μ¥¤¨´¥´´ÒÌ ¶¥·¥Ìμ¤μ¢. �¤´ ±μ Ê¢¥²¨Î¥´¨¥ Î¨¸²  ¶¥·¥Ìμ¤μ¢

1E-mail: rahmonov@theor.jinr.ru



Œμ¤¥²¨·μ¢ ´¨¥ Ë §μ¢μ° ¤¨´ ³¨±¨ ¶ · ²²¥²Ó´ÒÌ ¸É¥±μ¢ ¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ¶¥·¥Ìμ¤μ¢ 1227

¢ ¸É¥±¥ ¶·¨¢μ¤¨É ± ·μ¸ÉÊ ¢Ò¤¥²Ö¥³μ£μ ¤¦μÊ²¥¢  É¥¶²  ¨ ¸´¨¦¥´¨Õ ¨´É¥´¸¨¢´μ¸É¨ ¨§²ÊÎ¥-
´¨Ö. …¸É¥¸É¢¥´´Ò³ ·¥Ï¥´¨¥³ ¶·μ¡²¥³Ò Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ¶ · ²²¥²Ó´μ ¸μ¥¤¨´¥´-
´ÒÌ ¸É¥±μ¢. Š·μ³¥ Éμ£μ, ¤ ´´ Ö ¸¨¸É¥³  ¸²Ê¦¨É ³μ¤¥²ÓÕ ¢ ·Ö¤¥ ¤·Ê£¨Ì § ¤ Î, ¢ Î ¸É´μ¸É¨,
¤²Ö μ¡ÑÖ¸´¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´μ μ¡´ ·Ê¦¥´´μ£μ ¸Ê¦¥´¨Ö Ï¨·¨´Ò ²¨´¨¨ É¥· £¥·Í¥¢μ£μ
¨§²ÊÎ¥´¨Ö ¨§ Bi2Sr2CaCu2O8 ¢ ·¥¦¨³¥ £μ·ÖÎ¥£μ ¶ÖÉ´  ¶·¨ Ê¢¥²¨Î¥´¨¨ É¥³¶¥· ÉÊ·Ò [5].

Šμ´ÉÊ· ¨§ ¤¢ÊÌ ¶ · ²²¥²Ó´μ ¸μ¥¤¨´¥´´ÒÌ ¸É¥±μ¢ „� ¢ ¸²ÊÎ ¥ N1 = N2 = 1 ¶·¥¤¸É -
¢²Ö¥É ¸μ¡μ° ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥¥ ±¢ ´Éμ¢μ¥ ¨´É¥·Ë¥·¥´Í¨μ´´μ¥ Ê¸É·μ°¸É¢μ ‘Š‚ˆ„. � ¢μ§-
´¨±´μ¢¥´¨¨ ·¥§μ´ ´¸´ÒÌ μ¸μ¡¥´´μ¸É¥°, μ¡Ê¸²μ¢²¥´´ÒÌ ¨´¤Ê±É¨¢´μ¸ÉÓÕ ¨ ¥³±μ¸ÉÓÕ
Í¥¶¨, ¶μ¤μ¡´ÒÌ ¢μ§´¨±´μ¢¥´¨Õ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¢¥É¢¥° ´  ¢μ²ÓÉ- ³¶¥·´ÒÌ Ì · ±É¥·¨-
¸É¨± Ì (‚�•), ¸μμ¡Ð ²μ¸Ó ¢ · ¡μÉ¥ [6]. „¢ÊÌ±μ´É ±É´Ò¥ ‘Š‚ˆ„Ò ³μ£ÊÉ ¡ÒÉÓ μ¡μ¡-
Ð¥´Ò ± ± ´  ¸¨³³¥É·¨Î´Ò¥, É ± ¨  ¸¨³³¥É·¨Î´Ò¥ ³´μ£μ±μ´É ±É´Ò¥ ¶¥É²¨, ±μÉμ·Ò¥
³μ£ÊÉ ¢±²ÕÎ ÉÓ É ±¦¥ ¢´ÊÉ·¥´´¨¥ „� (¸³. [7] ¨ ¸¸Ò²±¨ É ³). ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥
³Ò ¤¥³μ´¸É·¨·Ê¥³ ¶·μÖ¢²¥´¨¥ ´  ‚�• ¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê ¸μ¸ÉμÖ´¨Ö³¨ ¸ ¢· Ð ÕÐ¥°¸Ö
(R-¸μ¸ÉμÖ´¨¥) ¨ μ¸Í¨²²¨·ÊÕÐ¥° (O-¸μ¸ÉμÖ´¨¥) Ë § ³¨ [8,9].

1. Œ�„…‹œ ˆ —ˆ‘‹…��›… �…‡“‹œ’�’›

�²¥±É·¨Î¥¸± Ö ¸Ì¥³  ¸¨¸É¥³Ò ¨§ ¤¢ÊÌ ¶ · ²²¥²Ó´μ ¸μ¥¤¨´¥´´ÒÌ ¸É¥±μ¢ „� ¶·¥¤¸É -
¢²¥´  ´  ·¨¸. 1,  . �¥·¢Ò° ¸É¥± ¸μ¸Éμ¨É ¨§ N1 „�,   ¢Éμ·μ° ¨§ N2. �μ²´Ò° Éμ± Î¥·¥§
¸¨¸É¥³Ê ¥¸ÉÓ ¸Ê³³  Éμ±μ¢ Î¥·¥§ ± ¦¤Ò° ¸É¥± I = I1 + I2.

„²Ö μ¶¨¸ ´¨Ö ¤¨´ ³¨±¨ ¸¢Ö§ ´´ÒÌ „� ³Ò ¨¸¶μ²Ó§Ê¥³ ³μ¤¥²Ó CCJJ+ DC [8,9]. ‚ · ³-
± Ì ¤ ´´μ° ³μ¤¥²¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Éμ±¨ I1 ¨ I2 μ¶·¥¤¥²ÖÕÉ¸Ö ¢Ò· ¦¥´¨Ö³¨

I1 = C1
∂Um

∂t
+ Ic1 sinψm +

�

2eR1

∂ψm

∂t
, I2 = C2

∂Vl

∂t
+ Ic2 sin ϕl +

�

2eR2

∂ϕl

∂t
, (1)

£¤¥ Um ¨ ψm μ¶·¥¤¥²ÖÕÉ ´ ¶·Ö¦¥´¨¥ ¨ · §´μ¸ÉÓ Ë § m-£μ „� ¢ ¶¥·¢μ³ ¸É¥±¥,   Vl

¨ ϕl Å l-£μ „� ¢μ ¢Éμ·μ³. ‚¥²¨Î¨´Ò Ci, Ici ¨ Ri ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¨´¤¥±¸μ³ i = 1, 2
¢Ò· ¦ ÕÉ ¥³±μ¸ÉÓ, ±·¨É¨Î¥¸±¨° Éμ± ¨ ¸μ¶·μÉ¨¢²¥´¨¥ „� ¢ ¶¥·¢μ³ ¨ ¢Éμ·μ³ ¸É¥± Ì
¸μμÉ¢¥É¸É¢¥´´μ.

�¨¸. 1.  ) ‘Ì¥³  ¶ · ²²¥²Ó´μ£μ ¸μ¥¤¨´¥´¨Ö ¤¢ÊÌ ¸É¥±μ¢ ¤¦μ§¥Ë¸μ´μ¢¸±¨Ì ¶¥·¥Ìμ¤μ¢; ¡) ‚�• ¤²Ö
¸²ÊÎ Ö N1 = 1 ¨ N2 = 1
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�¡μ¡Ð¥´´μ¥ ¸μμÉ´μÏ¥´¨¥ „¦μ§¥Ë¸μ´  ¤²Ö ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¸É¥±μ¢ § ¶¨¸Ò¢ ¥É¸Ö
¢ ¢¨¤¥

�

2e

∂ψm

∂t
= Um − α1(Um+1 + Um−1 − 2Um),

�

2e

∂ϕl

∂t
= Vl − α2(Vl+1 + Vl−1 − 2Vl), (2)

£¤¥ α1 ¨ α2 μ¶·¥¤¥²ÖÕÉ ¶ · ³¥É· ¸¢Ö§¨ ³¥¦¤Ê „� ¢ ¶¥·¢μ³ ¨ ¢Éμ·μ³ ¸É¥± Ì ¸μμÉ¢¥É-
¸É¢¥´´μ.

�¥·¥°¤¥³ ± μ¡¥§· §³¥·¥´´Ò³ ¢¥²¨Î¨´ ³, ´μ·³¨·ÊÖ ¢·¥³Ö t ´  ¶² §³¥´´ÊÕ Î ¸ÉμÉÊ
„� ¢Éμ·μ£μ ¸É¥±  ωp =

√
2eIc2/(C2�), ´ ¶·Ö¦¥´¨¥ Å ´  V0 = �ωp/(2e), ¢´¥Ï´¨°

Éμ± I Å ´  ±·¨É¨Î¥¸±¨° Éμ± Ic2 „� ¢Éμ·μ£μ ¸É¥± . �¥·¥¶¨¸Ò¢ Ö Ê· ¢´¥´¨Ö (1), (2) ¨

ÊÎ¨ÉÒ¢ Ö, ÎÉμ ¸Ê³³Ò ´ ¶·Ö¦¥´¨° ¢ ¶¥·¢μ³ ¨ ¢Éμ·μ³ ¸É¥± Ì · ¢´Ò
N1∑

n=1
Un =

N2∑
k=1

Vk,

¶μ²ÊÎ¨³ ¸¨¸É¥³Ê ´¥²¨´¥°´ÒÌ Ê· ¢´¥´¨°:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

ψ̇m = Um − α1(Um+1 + Um−1 − 2Um),

ϕ̇l = Vl − α2(Vl+1 + Vl−1 − 2Vl),

U̇m = (I − Ic sin ψm − μψ̇m − V̇l − sin ϕl − βϕ̇l)/C,

V̇l =
N2∑
k=1

B−1
lk

[
N1(I − sin ϕk − βϕ̇k) −

N1∑
n=1

(Ic sin ψn + μψ̇n)

]
,

(3)

£¤¥ C = C1/C2, R = R1/R2 ¨ Ic = Ic1/Ic2,   β = R−1
2

√
�/(2eIc2C2) ¨ μ = β/R ¥¸ÉÓ ¶ -

· ³¥É·Ò ¤¨¸¸¨¶ Í¨¨ „� ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¸É¥±μ¢ ¸μμÉ¢¥É¸É¢¥´´μ. �²¥³¥´ÉÒ ³ É·¨ÍÒ B
μ¶·¥¤¥²ÖÕÉ¸Ö ± ± Blk = C +N1δlk, £¤¥ δlk Å ¸¨³¢μ² Š·μ´¥±¥· . ‘¨¸É¥³  Ê· ¢´¥´¨° (3)
·¥Ï ¥É¸Ö Î¨¸²¥´´μ ³¥Éμ¤μ³ �Ê´£¥ÄŠÊÉÉ  Î¥É¢¥·Éμ£μ ¶μ·Ö¤± . ‚ ·¥§Ê²ÓÉ É¥ ´ Ìμ¤ÖÉ¸Ö
· §´μ¸É¨ Ë § ψm(t), ϕl(t) ¨ ´ ¶·Ö¦¥´¨Ö Um(t), Vl(t) ± ± ËÊ´±Í¨¨ ¢·¥³¥´¨ ¢μ ¢·¥³¥´´μ³
¨´É¥·¢ ²¥ [0−Tmax]. „²Ö ´ Ìμ¦¤¥´¨Ö ¸·¥¤´¥£μ §´ Î¥´¨Ö ´ ¶·Ö¦¥´¨° Ūm ¨ V̄l ´  ± ¦¤μ³

Ï £¥ ¡ §μ¢μ£μ Éμ±  ³Ò ¶μ²Ó§Ê¥³¸Ö ¢Ò· ¦¥´¨Ö³¨ Ūm = 1/(Tmax − Tmin)
Tmax∫
Tmin

Um(t) dt

¨ V̄l = 1/(Tmax − Tmin)
Tmax∫
Tmin

Vl(t) dt, £¤¥ Tmin ¨ Tmax ¥¸ÉÓ ´¨¦´ÖÖ ¨ ¢¥·Ì´ÖÖ £· ´¨Í 

¨´É¥·¢ ²  Ê¸·¥¤´¥´¨Ö ¶μ ¢·¥³¥´¨ ¸μμÉ¢¥É¸É¢¥´´μ. �·¨ ÔÉμ³ ¢ ¶μ¸²¥¤´¨Ì ¢Ò· ¦¥´¨ÖÌ
Î¨¸²¥´´μ¥ ¨´É¥£·¨·μ¢ ´¨¥ ¶·μ¢μ¤¨É¸Ö ³¥Éμ¤μ³ ¶·Ö³μÊ£μ²Ó´¨±μ¢. �μ²´μ¥ ¸·¥¤´¥¥ ´ -

¶·Ö¦¥´¨¥ ¢ ¸¨¸É¥³¥ ¢ÒÎ¨¸²Ö¥É¸Ö ± ± Ū =
N1∑

m=1
Ūm ¨²¨ V̄ =

N2∑
l=1

V̄l.

„²Ö μ¶·¥¤¥²¥´¨Ö ‚�• ¢ μÉ¤¥²Ó´ÒÌ ¸É¥± Ì, É. ¥. § ¢¨¸¨³μ¸É¥° Ū(I1) ¨ V̄ (I2), ³Ò
¢ÒÎ¨¸²Ö¥³ I1 ¨ I2. Š ± ¨§¢¥¸É´μ [9], ¢ · ³± Ì ³μ¤¥²¨ CCJJ+ DC Î¥·¥§ ± ¦¤Ò° „�
¸É¥±  É¥Î¥É ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨° Is, ±¢ §¨Î ¸É¨Î´Ò° Iqp, ¤¨ËËÊ§¨μ´´Ò° Idif Éμ±¨ ¨ Éμ±
¸³¥Ð¥´¨Ö Idisp. ‚ ´μ·³¨·μ¢ ´´ÒÌ ¢¥²¨Î¨´ Ì ÔÉ¨ Éμ±¨ ¤²Ö ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¸É¥±μ¢
μ¶·¥¤¥²ÖÕÉ¸Ö ¢Ò· ¦¥´¨Ö³¨ Im

s1 = sin ψm, Im
qp1 = μUm, Im

dif1 = μ(ψ̇m −Um), Im
disp1 = U̇m,

I l
s2 = sin ϕl, I l

qp2 = βVl, I l
dif2 = β(ϕ̇l − Vl), I l

disp2 = V̇l. ˆ¸¶μ²Ó§ÊÖ ÔÉ¨ ¢Ò· ¦¥´¨Ö,
³Ò ´ Ìμ¤¨³ Éμ±¨ I1(t) ¨ I2(t) Î¥·¥§ ± ¦¤Ò° ¸É¥± ± ± ËÊ´±Í¨¨ ¢·¥³¥´¨. � ¸¸Î¨É ´´Ò¥
§´ Î¥´¨Ö Éμ±μ¢ Ê¸·¥¤´ÖÕÉ¸Ö ¶μ Éμ° ¦¥ ¸Ì¥³¥, ±μÉμ·ÊÕ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ¤²Ö Ê¸·¥¤´¥´¨Ö
´ ¶·Ö¦¥´¨Ö. ‚ ·¥§Ê²ÓÉ É¥ ³Ò ¶μ²ÊÎ ¥³ ¸·¥¤´¨¥ §´ Î¥´¨Ö Éμ±μ¢ Ī1 ¨ Ī2, μ¶·¥¤¥²ÖÕÐ¨¥
‚�• μÉ¤¥²Ó´ÒÌ ¸É¥±μ¢, ¶μ¸±μ²Ó±Ê ´ ¶·Ö¦¥´¨¥ ¢ μ¡μ¨Ì ¸É¥± Ì Ê¦¥ μ¶·¥¤¥²¥´μ.
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‚ ´ Ï¨Ì · ¸Î¥É Ì ³Ò ¶μ² £ ²¨, ÎÉμ ¢¸¥ „� ¢ μ¡μ¨Ì ¸É¥± Ì ¨¤¥´É¨Î´Ò, É. ¥. C = 1,
Ic = 1 ¨ R = 1. 	 §μ¢Ò° Éμ± ¨§³¥´Ö¥É¸Ö ¸ Ï £μ³ ΔI = 0,0001. ‚·¥³¥´´μ° ¨´É¥·¢ ²
¸μ¸É ¢²Ö¥É 0−2000 ¸ Ï £μ³ 0,05, ¨ Ê¸·¥¤´¥´¨Ö ¶·μ¢μ¤ÖÉ¸Ö ¢ ¨´É¥·¢ ²¥ 50−2000. � 
¢¸¥Ì ·¨¸Ê´± Ì ´ ¶· ¢²¥´¨¥ Éμ±  Ê± § ´μ ¸É·¥²± ³¨. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¢ÒÎ¨¸²¥´¨Ö
¶·μ¢μ¤ÖÉ¸Ö ¶·¨ ¶ · ³¥É·¥ ¤¨¸¸¨¶ Í¨¨ β = 0,2 ¨ ¶ · ³¥É·¥ ¸¢Ö§¨ α = 1 [10]. ˆ¸¸²¥-
¤μ¢ ´¨Ö Ë §μ¢μ° ¤¨´ ³¨±¨ μÉ¤¥²Ó´μ£μ ¸É¥±  „� ¶·μ¢¥¤¥´Ò ¢ · ¡μÉ¥ [9] ¨³¥´´μ ¶·¨
ÔÉ¨Ì §´ Î¥´¨ÖÌ ¶ · ³¥É·μ¢. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢Ò¡μ· ±μ´±·¥É´μ° ¢¥²¨Î¨´Ò ¶ · ³¥-
É·  ¤¨¸¸¨¶ Í¨¨ β ¨ ¶ · ³¥É·  ¸¢Ö§¨ α ¢ ¤μ¸É ÉμÎ´μ Ï¨·μ±¨Ì ¨´É¥·¢ ² Ì ´¥ ¢²¨Ö¥É ´ 
± Î¥¸É¢¥´´ÊÕ ± ·É¨´Ê Ö¢²¥´¨°, · ¸¸³ É·¨¢ ¥³ÒÌ ¢ ´ ¸ÉμÖÐ¥° ¸É ÉÓ¥.

‚ ¸²ÊÎ ¥ N1 = N2 = 1, ¶·¥¤¸É ¢²¥´´μ³ ´  ·¨¸. 1, ¡, £¤¥ ¶·¨¢¥¤¥´Ò ‚�• ¸¨¸É¥³Ò
(total) ¨ μÉ¤¥²Ó´ÒÌ „� (1 ¨ 2, ±μÉμ·Ò¥ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¸μ¢¶ ¤ ÕÉ), §´ Î¥´¨Ö ±·¨É¨Î¥-
¸±μ£μ Éμ±  ¨ Éμ±  ¢μ§¢· É  ¤²Ö ¸¨¸É¥³Ò · ¢´Ò Ê¤¢μ¥´´Ò³ §´ Î¥´¨Ö³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
¢¥²¨Î¨´ ¤²Ö μÉ¤¥²Ó´ÒÌ „�.

�¨¸. 2.  ) �μ²´ Ö μ¤´μ¶¥É²¥¢ Ö ‚�• ¤²Ö ¸²ÊÎ Ö N1 = 1 ¨ N2 = 3; ¡) Éμ ¦¥ ¸ ³μ¥, ÎÉμ ¨ ¢  , ¶·¨
´ · ¸É ´¨¨ ¢´¥Ï´¥£μ Éμ± ; ¢) Éμ ¦¥ ¸ ³μ¥, ÎÉμ ¨ ¢  , ¶·¨ Ê³¥´ÓÏ¥´¨¨ ¢´¥Ï´¥£μ Éμ± 
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„²Ö ¸²ÊÎ Ö N1 = 1, N2 = 3 ‚�• ¶·¨¢¥¤¥´Ò ´  ·¨¸. 2,  . ŒÒ ¢¨¤¨³, ÎÉμ §¤¥¸Ó
±·¨É¨Î¥¸±¨° Éμ± ¸¨¸É¥³Ò Ê³¥´ÓÏ¥´: ¸¨¸É¥³  ¶¥·¥Ìμ¤¨É ¢ ·¥§¨¸É¨¢´μ¥ ¸μ¸ÉμÖ´¨¥ ¶·¨
I = 1,54, ¢ μÉ²¨Î¨¥ μÉ I = 2 ¢ ¸²ÊÎ ¥ N1 = N2 = 1. ‡´ Î¥´¨Ö Éμ±  ¢μ§¢· É  É ±¦¥
· §²¨Î ÕÉ¸Ö ¢ ÔÉ¨Ì ¸²ÊÎ ÖÌ. —Éμ¡Ò μ¡ÑÖ¸´¨ÉÓ ´ ¡²Õ¤ ¥³Ò¥ μ¸μ¡¥´´μ¸É¨, ³Ò ¶μ± §Ò¢ ¥³
¨Ì μÉ¤¥²Ó´μ ¶·¨ Ê¢¥²¨Î¥´¨¨ ¨ Ê³¥´ÓÏ¥´¨¨ Éμ±  ´  ·¨¸. 2, ¡, ¢ ¸μμÉ¢¥É¸É¢¥´´μ.

“³¥´ÓÏ¥´¨¥ ±·¨É¨Î¥¸±μ£μ Éμ±  ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ μ¡Ð Ö ¥³±μ¸ÉÓ ¢Éμ·μ£μ ¸É¥± 
³¥´ÓÏ¥ (¢ ¸¢Ö§¨ ¸ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ ¸μ¥¤¨´¥´¨¥³ ¥³±μ¸É¥°),   ¥£μ ·¥ ±É¨¢´μ¥ ¸μ¶·μÉ¨-
¢²¥´¨¥ (¢ ´ Ï¥³ ¸²ÊÎ ¥ ¥³±μ¸É´μ¥, RC = 1/(ωC)) ¡μ²ÓÏ¥ ¶¥·¢μ£μ. �μÔÉμ³Ê ¶·¨²μ¦¥´-
´Ò° Éμ± É¥Î¥É ¡μ²ÓÏ¥° Î ¸ÉÓÕ Î¥·¥§ ¶¥·¢Ò° ¸É¥±, £¤¥ ¢¸¥£μ μ¤¨´ „�. �·¨ ¤μ¸É¨¦¥´¨¨
Éμ±μ³ Î¥·¥§ ÔÉμÉ „� ±·¨É¨Î¥¸±μ£μ §´ Î¥´¨Ö μ´ ¶¥·¥Ìμ¤¨É ¢ R-¸μ¸ÉμÖ´¨¥, ¨, ÎÉμ¡Ò ¢Ò-
¶μ²´Ö²μ¸Ó Ê¸²μ¢¨¥ · ¢´ÒÌ ´ ¶·Ö¦¥´¨°, μ´ Ê¢²¥± ¥É §  ¸μ¡μ° ¨ ¢Éμ·μ° ¸É¥±, ¢ ±μÉμ·μ³,
¢ ¤ ´´μ³ ¸²ÊÎ ¥, ¶·μ¨¸Ìμ¤¨É ¶¥·¥Ìμ¤ ¢ ·¥§¨¸É¨¢´μ¥ ¸μ¸ÉμÖ´¨¥ ¤¢ÊÌ ¨§ É·¥Ì „� ¸É¥± .
„ ²¥¥, ±μ£¤  Éμ± Î¥·¥§ „� ¢Éμ·μ£μ ¸É¥±  ¤μ¸É¨£ ¥É ±·¨É¨Î¥¸±μ£μ §´ Î¥´¨Ö I2 = 1, μ¸É ¢-
Ï¨°¸Ö ¢ O-¸μ¸ÉμÖ´¨¨ „� ¶¥·¥Ìμ¤¨É ¢ R-¸μ¸ÉμÖ´¨¥. �·¨ ÔÉμ³ ¶·μ¨¸Ìμ¤¨É ¶·Ò¦μ± ¶·¨
VI = 9,93 ¸ ¢¥É¢¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¤¢Ê³ „� ¢ R-¸μ¸ÉμÖ´¨¨, ´  ¢¥·Ì´ÕÕ ¢¥É¢Ó ¢ ÉμÎ±¥ ¸
VII = 11,15, £¤¥ ¢¸¥ „� ´ Ìμ¤ÖÉ¸Ö ¢ R-¸μ¸ÉμÖ´¨¨.

�·¨ Ê³¥´ÓÏ¥´¨¨ ¢´¥Ï´¥£μ Éμ±  (·¨¸. 2, ¢) ´ ¡²Õ¤ ¥É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¥ ¶¥·¥±²ÕÎ¥-
´¨¥ „� ¢μ ¢Éμ·μ³ ¸É¥±¥ ¨§ R-¸μ¸ÉμÖ´¨Ö ¢ O-¸μ¸ÉμÖ´¨¥, μÉ· ¦ ÕÐ¥¥¸Ö ¢ ´ ²¨Î¨¨ É·¥Ì
¢¥É¢¥° ± ± ´  ¶μ²´μ° ‚�•, É ± ¨ ´  ‚�• ¸É¥±μ¢ (¶Ê´±É¨·´Ò¥ ²¨´¨¨). �É³¥Î¥´´μ¥
· ´¥¥ ¶·¥¢ÒÏ¥´¨¥ ·¥ ±É¨¢´μ£μ ¸μ¶·μÉ¨¢²¥´¨Ö ¢μ ¢Éμ·μ³ ¸É¥±¥ μÉ´μ¸¨É¥²Ó´μ ¶¥·¢μ£μ
¸± §Ò¢ ¥É¸Ö ¨ §¤¥¸Ó. �·¨ ¶¥·¥±²ÕÎ¥´¨¨ ¸É¥±μ¢ ¢ ¸μ¸ÉμÖ´¨¥ ¸ ´Ê²¥¢Ò³ ´ ¶·Ö¦¥´¨¥³
´ ¡²Õ¤ ¥É¸Ö Ê¢¥²¨Î¥´¨¥ Éμ±  Î¥·¥§ ¶¥·¢Ò° ¸É¥± ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ Ê³¥´ÓÏ¥´¨¥ Î¥·¥§
¢Éμ·μ°.

‚ § ±²ÕÎ¥´¨¥ μÉ³¥É¨³, ÎÉμ μ¡´ ·Ê¦¥´´Ò¥ μ¸μ¡¥´´μ¸É¨ ‚�•, ¸¢Ö§ ´´Ò¥ ¸ ¶¥·¥Ìμ-
¤ ³¨ ³¥¦¤Ê ¸μ¸ÉμÖ´¨Ö³¨ ¸ ¢· Ð ÕÐ¥°¸Ö ¨ μ¸Í¨²²¨·ÊÕÐ¥° Ë § ³¨, Ê± §Ò¢ ÕÉ ´  ´ -
²¨Î¨¥ ´μ¢ÒÌ Ö¢²¥´¨°, ¸¶¥Í¨Ë¨Î¥¸±¨Ì ¤²Ö ¤ ´´μ° ¸¨¸É¥³Ò, ¢ Î ¸É´μ¸É¨ ´  ¢Ò´Ê¦¤¥´´μ¥
¶¥·¥±²ÕÎ¥´¨¥ μ¤´μ£μ ¨§ ¸É¥±μ¢. �Éμ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ ¨§³¥´¥´¨¥ ´ ¶·Ö¦¥´¨Ö μ¤´μ£μ
¸É¥±  Ö¢²Ö¥É¸Ö É·¨££¥·μ³ ¤²Ö ¨§³¥´¥´¨¨ ´ ¶·Ö¦¥´¨Ö ´  ¤·Ê£μ³. �¥¸³μÉ·Ö ´  Éμ, ÎÉμ Éμ±
Î¥·¥§ ¢Éμ·μ° ¸É¥± ´¥ ¤μ¸É¨£ ¥É ±·¨É¨Î¥¸±μ£μ §´ Î¥´¨Ö, μ´ ¶¥·¥±²ÕÎ ¥É¸Ö ¢ R-¸μ¸ÉμÖ´¨¥
¶·¨ ¶¥·¥±²ÕÎ¥´¨¨ ¶¥·¢μ£μ. �Éμ ¸¢μ°¸É¢μ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´μ ¤²Ö Ê¶· ¢²¥´¨¨ ¶μ-
¤μ¡´Ò³¨ ¸¨¸É¥³ ³¨.
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