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 :;<=>?@A, B?A ><C;D EA>?>F@GE?FB=>HFI  ?AHG F EA?=@JFGKG, F;L=MC=LNI  EO?PL  QFH>GJFF, >AA?<=?>?<=@@A, EA?=@JFGKG FKF ?AHG @G >AL= @=RM A@G, @= AEF>N<G=?>C  SK=L=@?GM @NL  ;GHA@AL  TLG F;-;G ;@GBF?=KD@AR M AKF SK=H?M A?A@FB=>HAUA EM A<=V=@FC  ?AHA< <VAKD 

V=@VM F?A<. W
 M GXA?= EAHG;G@A, B?A 

V<OIHALEA@=@?@GC  LAV=KD @=RM A@G, >A<L=>?@A M =YGZ[GC  ;GVGBF QFH>GJFF EA?=@JFGKG F ?AHG, 
VA>?G?AB@A OVA<K=?<AM F?=KD@A AEF>N<G=? S?O  ><C;D, @= EM =?=@VOC  @G HAMM =H?@A= AEF>G@F= ?AHA< @G AHA@BG@FCI  

V=@VM F?A<. \<OIHALEA@=@?@GC  LAV=KD  >M G<@F<G=?>C  > LAV=KDZ M G>EM =V=KP@@AUA JFKF@VM FB=>HAUA 
V=@VM F?G F >A>M =VA?AB=@@AR >ALN. 

 ]^_`abca d^ebf: EA>?>F@GE?FB=>HF= ?AHF, EA>?>F@GE?FB=>HF= EA?=@JFGKN, V<OIHALEA@=@?@NR @=RM A@, M G>EM =V=KP@@NR @=RM A@. 
 

1. gbahaija. 
 k

 lmnopqrsptuvw oxuys zrmnv{rr o|upt{rv}v r}r u|mv tv n|sp tp~q|tv spu|�|s patch-clamp r�spq��u, n||u�punu�ptt|, o|nunrtvour�pnmrp u|mr (���
) r}r o|upt{rv}� (���), �����vps�p nxssvqt�s �p~nu�rps o|ox}�{r~ nrtvon|�. �qr lu|s, pn}r r�spq��un�  ���

 r ��� tv |�t|s tp~q|tp � |�rtvm|��w xn}|�r�w nursx}�{rr, u| �nuvyu �|oq|n |� rw ��vrs|�v�rnrs|nur. �uv rnm|sv� �v�rnrs|nu�, � �vnut|nur, |mv���vpun� tp|�w|�rs|~ � o|ox}�{r|tt�w s|�p}�w tp~q|tt|~ vmur�t|nur, uvmrw mvm |ornvtt�p � qv�|uvw [1-4]. 
k

 lurw s|�p}�w vooq|mnrsrqx�un� lmnopqrsptuv}�t�p ���
 (oq|�|�rs|nur), ����vtt�p �p~nu�rps nrtvour�pnmrw mvtv}|�, xoqv�}�ps�w |�t|urot�sr qp{pou|qvsr. 

�vups �nuvyu �v�v�v | �|nnuvt|�}ptrr ���.  
  k

 nvs|s �qx�|s oqr�}r�ptrr n���� ���
 r ��� |orn��vpun� u|�p�t�s }rtp~t�s �vm|t|s �sv (1-u|�p�tv� s|�p}�), n}p�x��rs r� qvnns|uqptr� tp~q|tv mvm u|�mr, �p� x�yuv p�| oq|nuqvtnu�ptt|~ nuqxmuxq�. 

k
 lu|s n}x�vp �p~nu�ptt�sr |mv���v�un� 2 ovqvspuqv, tvoqrspq, �qpspttv� o|nu|�ttv� sps�qvt� tp~q|tv τ  r oq|�|�rs|nu� sps�qvt� G . 

��tvm| oqr o|o�ump vooq|mnrsrq|�vu� n���� lmnopqrsptuv}�t�w ���
 r ��� [5] o|��|q|s G  oqr r��pnut|s τ , o|}x�vpun�, �u| ��� (�rn.1�, oxtmurq), �|nnuvt|�}ptt�~ r� lmnopqrsptuv}�t|�| ���

 (�rn.1�, u|�mr) n o|s|��� s|�p}r, nr}�t| |u}r�pt |u r�spqptt|�| (�rn.1�, m�v�qvurmr). 
 �rn.1.  
 �|nuvu|�t| u|�tx� n���� s|�t| o|}x�ru�, o|nuq|r� st|�|m|so|tptutx� s|�p}� tp~q|tv n| nuqxmuxq|~, oqr�}r�ptt|~ m qpv}�t|~. 

��tvm|, �|noq|r��p�ptrp nuqxmuxq� tp~q|tv s|�pu ��u� n�p}vt| u|}�m| �}� tp�|}��|�| m|}r�pnu�v tp~q|t|� r�-�v n}|�t|nur  �v�v�r, r �v�p � n}x�vp }rtpvqr�v{rr xqv�tptr~ �v�v�v n�|�run� m rtup�q|-�rzzpqpt{rv}�t|sx xqv�tptr� [6], m|u|q|p ��}�pun� ���rn}rup}�t| �qp�spqt| n}|�t�s �}� oqrsptptr� � o|ox}�{r|tt�w s|�p}�w. 
�

 �qx�|~ nu|q|t�, o|�q|�t|p |ornvtrp tp~q|tv ��}�pun�, �| st|�|s,  r���u|�t�s, o|nm|}�mx mvm � ���
, uvm r � ��� |uqv�pt� u|}�m| rtup�qv}�t�p n�|~nu�v nrtvour�pnmrw u|m|� r rw l}pmuq|u|tr�pnm|�| oq|�p�ptr� �| n|s�. � u|sx �p, �v n}|�t|nu�� s|�p}r |nuv�un� nmq�u�sr ovqvspuq�, r�qv��rp |nt|�tx� q|}�  � rnm|s|~ n���r. 
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�|lu|sx x�v�t|~ r o|}p�t|~ |mv�v}vn� 2-�-u|�p�tv� s|�p}� tp~q|tv, n�|���v�n� m nrnupsp |��mt|�ptt�w �rzzpqpt{rv}�t�w xqv�tptr~ �u|q|�| o|q��mv. �u|�� oq|�ps|tnuqrq|�vu� no|n|�t|nu� lu|~ s|�p}r vooq|mnrsrq|�vu� n���� ���
 r ���, � lu|~ nuvu�p |tv nqv�tr�vpun� n �|}pp n}|�t|~ s|�p}��, n|nu|��p~ r� {r}rt�qr�pnm|�| �pt�qruv n u|�p�t|~ n|s|~. �� nqv�tptr� �x�pu �r�t|, �u| n o|s|��� 2-�-u|�p�t|~ s|�p}r �q�� }r s|�t| �|nnuvt|�ru� nrtvour�pnmr~ u|m tv m|t{p �pt�qruv, �tv� ���

 tv n|sp, t| ��� tv n|sp �|nnuvtv�}r�vpun� �|nuvu|�t| u|�t|. 
�vups, o|n}p o|��|qv ovqvspuq|� 2-�-u|�p�t|~ s|�p}r (��xw ovqvspuq|�) m lmnopqrsptuv}�t�s ���

 r ���, s� x�r�rs �|nuvu|�t| w|q|�x� vooq|mnrsv{r� lurw mqr��w, v o| tv~�ptt�s �tv�ptr�s ovqvspuq|� ns|�ps nx�ru� |� x�v}ytt|nur �p~nu�x��rw nrtvon|� |u n|s�.  
 

 
2. ������	
���. 

 
V - sps�qvtt�~ o|upt{rv}, |un�ru��vps�~ |u xq|�t� o|upt{rv}v o|m|� (� �|}�uvw, V); 
G - oq|�|�rs|nu� sps�qvt� tp~q|tv (ohm 1− );  

sG - oq|�|�rs|nu� sps�qvt� n|s� (ohm 1− );  

ir  - x�p}�t|p tv p�rtr{x �}rt� �txuqrm}pu|�t|p n|oq|ur�}ptrp (ohm cm 1− );  
τ - �qpspttv� o|nu|�ttv� sps�qvt� (s);  

τ/tT = - �p�qv�spqt|p �qps�;  
λ - wvqvmupqtv� �}rtv {r}rt�qr�pnm|�| �pt�qruv (cm);  

λ/xX = - �p�qv�spqtv� m||q�rtvuv ��|}� |nr �pt�qruv;  
L - �p�qv�spqtv� �}rtv �pt�qruv;  

)0,(0 TVV = - sps�qvtt�~ o|upt{rv} tv n|sp (V);  
),( LTVVL = - sps�qvtt�~ o|upt{rv} tv nrtvonp (V);  

irR λ= - �w|�t|p n|oq|ur�}ptrp o|}x�pnm|tp�t|�| {r}rt�qr�pnm|�| �pt�qruv; 
RLGd /1= - oq|�|�rs|nu� �pt�qruv (ohm 1− );  

)1exp()( TTITI p αα −= - nrtvour�pnmr~ u|m tv nrtvonp (A), ��p pI - vso}rux�v, α - �p�qv�spqtv� �qpspttv� o|nu|�ttv�;  

0

1

=∂
∂−=

X
c X

V

R
I - ���

 tv n|sp (A). 

 
3. �
����	
	��� ��

�� �
�����. 

 �q|nup~�v� 1-u|�p�tv� s|�p}� tp~q|tv (|�|�tv�vpsv� tv qrnxtmp mvm “model 1”) |nt|�vtv tv �vm|tp �sv, n�����v��ps o|upt{rv} )(TVV =  r u|m I : 

G

I
V

T

V =+
∂
∂

. �vm xo|srtv}|n� �| 
k�p�ptrr, luv s|�p}� tpx�|�}pu�|qrup}�t| |orn��vpu n���� u|mv r o|upt{rv}v, r�spq�ps�w tv n|sp, � n}x�vp nursx}�{rr x�v}ytt�w |u n|s� nrtvon|�. 

 
4. ��

�� ��	
	��� ���� � �����
��	
����� 

�
����. 

 �vnns|uqrs s|�p}� tp~q|tv [6], n|nu|��p�| r� n|s� r p�rtnu�ptt|�| {r}rt�qr�pnm|�| �pt�qruv n nrtvon|s tv m|t{p (“S-D”). ��|}�{r� o|upt{rv}v ),( XTVV =  |orn��vpun� xqv�tptrps: 

0
2

2

=+
∂
∂−

∂
∂

V
X

V

T

V
      (1) �vnns|uqrs ��p mqvp��p �v�v�r �}� xq.(1) n qv�t�sr �qvtr�t�sr xn}|�r�sr: 
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A) �qvtr�t�p xn}|�r�, n||u�punu�x��rp qp�rnuqv{rr ���, u.p. o|upt{rv}v )0,(TV , rsp�u �r�: tv n|sp -- 








∂
∂+=

∂
∂

= T

V
VGR

X

V
s

X 0

; tv nrtvonp -- )(TIR
X

V

LX

=
∂
∂

=

. 

B) �qvtr�t�p xn}|�r�, n||u�punu�x��rp qp�rnuqv{rr ���
, u.p. u|mv 

0

1

=∂
∂−=

X
c X

V

R
I , m|tnuvurqx�u u|u zvmu, �u| o|upt{rv} tv n|sp zrmnrqxpun� tv xq|�tp o|upt{rv}v o|m|�: 

0)0,( =TV ; tv nrtvonp -- )(TIR
X

V

LX

=
∂
∂

=

. �}� |�|rw �v�v� tv�v}�t|p xn}|�rp ��}�pun� tp�|�sx�ytt�s: 0),0( =XV . 
 �p�ptr� �v�v� tvw|��ptr� ��� r ���

 n o|s|��� s|�p}r “S-D” oqr�p�pt� tv qrn.2. 
 �rn.2.  
 

5. ����������
����� ��

��. 
 �qr qvnoq|nuqvtptrr |u nrtvon|� m n|sp, �|�sx�ptr� o|upt{rv}v �|}��x� �vnu� �qpsptr qvnoq|nuqvt��un� o| x�v}ytt|~ |u nrtvonv �vnur �pt�qruv, � m|u|q|~ qvnoqp�p}ptrp o|upt{rv}v �}r�m| m }rtp~t|sx. 

�tv�ru, tp}rtp~t|p qvnoqp�p}ptrp ��}r�r nrtvonv tp nr}�t| �}r�pu tv rtupqpnx��rp tvn ���
 r ��� n|sp. �|lu|sx |oqv��vtt|~ ��}�pun� }rtpvqr�v{r� xqv�tptr�. 

�}� lu|�| oqp�o|}|�rs, �u| qvnoqp�p}ptrp o|upt{rv}v ��|}� �pt�qruv }rtp~t|, u.p.  LXTVLXTVXTV L )()1()(),( 0 +−= . 
 �vnns|uqrs �v�v�x B, u.p. n}x�v~ zrmnv{rr o|upt{rv}v tv n|sp, 00 =V . �q|rtup�qrq|�v� xq.(1) o| m||q�rtvup X , o|}x�rs xqv�tptrp �}� o|upt{rv}v tv oqv�|s m|t{p �pt�qruv: 

c
L

L II
dt

dV
V

RL +=






 +
2

. �|nm|}�mx � lu|s n}x�vp RLVXVRI Lc −=∂∂⋅−= 1 , u| s|�t| tv~ur u|m tv nrtvonp I , �tv� u|m tv n|sp cI : 

c
c I

dT

dI
I

2

3

2

1 −−= .     (2) �vnns|uqrs, upopq�, �v�v�x A, u.p. n}x�v~ qp�rnuqv{rr ���. �|nm|}�mx, o| oqp�o|}|�ptr�, o|upt{rv} }rtppt o| X , u|  RLVVI Lc )( 0−−= . 
�}� o|upt{rv}v tv n|sp rspps xqv�tptrp 

(�qvtr�t|p xn}|�rp �}� xq.(1) tv m|t{p 0=X ): 

RLG

VV
V

dT

dV

s

L )( 0
0

0 −
=+ .     (3) �tup�qrqx� ��|}� �pt�qruv xq.(1) r x�ru��v� xq.(3), o|}x�rs xqv�tptrp �}� o|upt{rv}v tv oqv�|s m|t{p �pt�qruv: 

IRLVV
RLG

V
dT

dV
L

s
L

L ⋅+−







+−=+ 2)(

1
2 0 .   (4) �rnupsv xqv�tptr~ (2-4) |oqp�p}�pu n���� ��� 0V  n ���

 cI . 
�vor�ps py � �r�p |��mt|�ptt|�| �rzzpqpt{rv}�t|�| xqv�tptr� �u|q|�| o|q��mv: 








 +−=







++








++ c

c

ss

d

s

d I
dt

dI

G
V

G

G

dt

dV

G

G

dt

Vd
3

1
2324 0

0
2
0

2
2 τττ ,  (5) ��p RLGd /1= - oq|�|�rs|nu� �pt�qruv. �v�v}�t|p xn}|�rp: 00 =V , 00 =dtdV .  

 �vm �r�t| r� �rn.2, �v�v�v� ���rn}ptt�~ o| s|�p}r “S-D” u|m cI , ���rn}ptt�p o| 2-�-m|so|tptut|~ s|�p}r (“model 2”) u|m I  r o|upt{rv} LV  tv oqv�|s m|t{p �pt�qruv �|�|}�t| 
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nr}�t| |u}r�v�un� |u o|}x�ptt�w � s|�p}r “S-D”. 
��tvm| �|nnuvt|�}ptt�~ ���, u.p. o|upt{rv} 0V , o|}x�vpun� �}r�mrs m “rnurtt|sx” ),( LTV , n|n�ruvtt|sx o| s|�p}r “S-D”. 

 
6. ����� ����
���
�������� ��� � ���. 

 �}� u|�|, �u|�� xnuvt|�ru� n o|s|��� 2-�-m|so|tptut|~ s|�p}r n���� lmnopqrsptuv}�t�w ���
 r ���, tp|�w|�rs| o|�|�qvu� m|lzzr{rptu� s|�p}r. �qv�tptrp (5) |�}v�vpu �np�| uqps� ovqvspuqvsr τ , sG  r dG . �x�ps n�ruvu� o|nu|�ttx� �qpsptr sps�qvt� τ  r��pnut|~. 

�|��v o| �vqp�rnuqrq|�vtt�s tv n|sp |�t|�| tp~q|tv � |�rtvm|��w xn}|�r�w nursx}�{rr ���
 r ��� tv~�ys nrso}pmn-spu|�|s oq|�|�rs|nur sG  r dG  uvmrp, �u|�� s|�p}� o| r��pnut|sx ���

 �|nnuvtv�}r�v}v �� ���, tvr�|}pp �}r�mr~ (� ns�n}p rtup�qv}�t|�| m�v�qvur�t|�| |um}|tptr�) m lmnopqrsptuv}�t|sx.  
 ��}r o|�|�qvt� ovqvspuq� o| �vtt�s lmnopqrsptu|� [5], oq|�p�ytt�w tv orqvsr�t|s tp~q|tp |�}vnur 

��1 �roo|mvsov. �p�x}�uvu� o|��|qv ovqvspuq|� r �|nnuvt|�}ptr� ��� oqr�p�pt� tv qrn.1. 
kr�t|, �u| mv�pnu�| vooq|mnrsv{rr n���r ���

 r ��� n o|s|��� 2-�- m|so|tptut|~ s|�p}r (“model 2”) �vsput| ���p, �ps n o|s|��� 1- m|so|tptut|~ (“model 1”). �qr lu|s, tv~�ptt�p oq|�|�rs|nur �}� 2-�- m|so|tptut|~ s|�p}r tvw|��un� � qvsmvw �|�s|�t�w �tv�ptr~ �}� �vtt|�| urov tp~q|t|�. 
�|�}vnxpun� n �p~nu�rup}�t|nu�� r u|u zvmu, �u| �tv�ptrp dG  �}� u|qs|�t|�| u|mv �|}��p (qrn.1B), �ps �}� �|��x��v��p�| (qrn.1A), u.p. �|}��pp dG  n||u�punu�xpu �|}pp �}r�m|sx m n|sp qvno|}|�ptr� u|qs|�t�w nrtvon|�, u.m. 

( )LrG id λ/1= , ��p L  - wvqvmupqt|p qvnnu|�trp |u �p~nu�x��rw nrtvon|� �| n|s�. 
�tv�ru, s|�p}� s|�pu ��u� uvm�p rno|}��|�vtv �}� |{ptmr x�v}ytt|nur nrtvon|�, ��� vmur�t|nu� �|srtrqxpu � qp�rnuqrqxps|s nr�tv}p. 

 
 �����	
��
. 

 �vmrs |�qv�|s, � tvnu|��p~ nuvu�p o|mv�vt|, �u| 2-�- m|so|tptutv� s|�p}� tp~q|tv, |�}v�v� �np�| uqps� ovqvspuqvsr r |orn��vpsv� |��mt|�ptt�s �rzzpqpt{rv}�t�s xqv�tptrps �u|q|�| o|q��mv, �|nuvu|�t| u|�t| s|�pu |orn��vu� n���� ���
 r ���, �u| �p}vpu lux s|�p}� oqrsptrs|~ � o|ox}�{r|tt�w s|�p}�w tpq�t|~ umvtr r � s|�p}�w npup~ r� sv}|m|so|tptut�w tp~q|t|�, n|�}vn|�vtt�w n �vtt�sr lmnopqrsptuv}�t�w o|}x�txuqrm}pu|�t�w (patch-clamp) qp�rnuqv{r~. �pv}r�v{r� 2-�- m|so|tptut|~ s|�p}r tp~q|tv � o|ox}�{r|tt|~ s|�p}r vmur�t|nur m|qm|�|~ umvtr oqp�nuv�}ptv � qv�|up [4]. 

 �	
��

 �
��������. 
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 �) �� ����, 0=X      
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 ���.1. 
�������������� 

���
 �� �����
����������� �
���� 

���
 � ����	�
 

2- �- ������������ ��	���: � – 	�
 ������	�
	�� ��������; 
�

 – 	�
 ��
������ ��������. 
�������� 

���
 � 

���
, ��
�����
�
������� �� �	��� ���
��� � �	�������� ������
� ������
��� [5] ( �������
 ����
 � ���	
�����, ��������������), � ����� ��������������� 

���
 � ����	�
 2 -�

- ������������ � 1- ������������ ��	���� ( �������
 � ������
��
 �����, ��������������). ���	����� ��
����
�, �
� �����
������� ms 20=τ , 	�
 
2- �- �������� ��	���: � - mkS 1.3=sG , mkS .73=dG ; 

�
 - mkS 1.3=sG , mkS 15=dG ; 	�
 1- ������������ ��	���: � - mkS 17=G ; 

�
 - mkS 31=G . 

 
 ���.2. 

�������� ����
��
 ����� � ����������� �� ����� ( �) � �
���� 
(
�

) �
������ 	��	
���, ���������� �� ��	��� “S-D” � �� 2 - �-������������ ��	��� (“model 2”). ��
 2 - �- ������������ ��	��� ��	�����
 ��� 
���

, �. �. cI , ����� ���������������
 ��� �� ����� 	��	
��� I , ����� – 
���

, �. �. 0V . 
��
����
�: 1=L , VRI p 1.0= , 10=α , 

3.0=sGR . 
 
 

 


