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1. y��s?R�*J��|�,F!�m��t�-f"", {�tkL~;5vkx2^%Ea* (*j"�/1�^), p�;5v32^"KK\%{�t�=~g-i=~tD (*j"�{/1l�ii) [1]. RDig~*J��2(�x�5.84|4y�A*_�,p*	�*J�E���4|�x�5.84|;m��n��X"" [2, 3], dp�A\�TI��|+i?:5O�X�b� [4, 5], Gk��4|;u5"QXrO�I`5[".�J�u�?:�}�, 8�5K?:�}��~�k�
�k**6r
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(A. L. Hodgkin) io�U (A. F. Huxley) vsn�=�nT.,�kH�Ps�ar%�,X�*%|���|f|IXr6!�^/�?R��[�X�CG [14] **Hr (W.

Rall) W��6!�^#l#-�RN���|=d [15] *I, bZXh��X��=dI6!iXr�^/�?R��[�l�UkS=~tD***J[O}��<O(�x�u"�ÆKe�J4|	��f.vs��;,4|A,LuZ5=��:P�X%�i>3s�'�, p�ZJt�	�:t�P�, DIM�E`, W�%X=d. S�f�X�||4u�;�5u5=�X**5=�|BA�	�|4R4��, 5.�4|�u�;�=>jhuX�S5=�4| [16, 17], �Nw�5=�4|, Jt�"1|4	��X�v"���T�4|	x-;�|+W�I� [18]. 5=�4|�	�E9�bZXX�5==d, u�i_D%|�#�4|5=*%(=Q��fv�3XXr*J�:t`X, bZXri-f�	�m?x�OEXr*J�|+82B,P_(�X`X, **�Y:t�,Ai�/T>*J�t}� [19], dp�P*J:t`Xu�[".?:�}��=di=x, Is55K��|+�xzx��tqX�M�,|+**mA!"K=~�B,.<O [20, 21].,��3x[5=�4|�|4	�UN, i\N��GtSmtv5=�4|	��X,��p1;Y	�, !G��^}�[e|qh}�iipC�{�Y	� [22, 23], 
.Æeb*�a�^}��65=X=**�P=d�=Qi�#g~M|xDs�5H�Mv[e|�3	� [24],bZ�p1;Y�aIbU;WHk95=�4||4u�jP%|, H{�5=S>D%|�p#, mztW�1?"QHP5=�4||4�Xu��Lx��KNijÆI���, B)�v�I|ZVMx5=%|�>D%|B�X�dh, Adq[5=�4|**%|Sh<4|`d�X�u�.

2. '℄V17q:_/S5=�4|�"+p�m|4`d, H{�5=S>D%| v�|4 [21], JÆTWDXr���xI	�ir%�4|;�s;�Y, �Gs|"�Tn~℄�>"", )V:|hx(h�Zl (G. Hinton) *�, �4|s�1 u�,I�*%�+O&2Ko%|1��	�?bIr3, p)V4|h�$|hi:|hOhh�Y\�1� (T.

Sejnowski) �*�, *J�UH;m�t�-f, ��,X%|X�, ���,Cf�xXrJ. 8p, E	jP*J�-f���K�tnpC�A�/5Xk,��;k[e|�[e-f�	�, �4w�,�%|V�i�#CG, dpvs5*O=}���#i=Q�4�4yr*FI [25], 9��s5Xr�, wpu�[�%|X�CGi=Q5=�x,A\[�>D%|�x�u�, �,6*v"X|aXKPXrXr*JCQ&X�:t`Xi�3, dp�P\rs�%�, ,Pw"�*J_(�X'z�f5O�, �"Pu�`5�J�u�?:5O�X�CG [26].�3,bZj21�^i7[�^}��%|=dS=QpX�X��#, �,6*XrXrs�5H'z�[e|�3, B��"P�P=dW�X�℄a, *9s�X�>[�u5, bZX�Ss��}3pm,m?hp�*J:t`X��,X��%|f|. {�,A\�TIh�s�1 ��/u�**=>�p<m�a�Xr�%���Q, �,6*KP�m5K�,�m=O�s�%�, bZKP�*%�^�**`5[�f5�#�xB, hp*J�[�f5O�. mz, 5=�4|"%*I^�g-*J�4|SRJ?



2 y E℄~: 7?d�5~ 135:5O4|��m [27], �j�4|�Xr-f�%|:�>:��3�X, jPs5RJ5=*?:5OK\�j�A�tD [28, 29]. t;Yk�:t�INL���21�^�[e|�u, bZCX�^}�IXr�^}��[e|�pC**<O"K�H-,�P�, tSmt�[�*1O1�4,�u"Q	�;Y:J"�4: u�:�,��;k�^}�[e|U��%|X�, !G: (1) Xu�;k�M��Ks�k8��m - u� (I&F) d�^}�[e|�Z�u\�*%w�%|X�S%(=x, u5BY5:�u�-f��}&;a [30, 31], r%umx*I�HP�-f��"v�}&;a��6 [32]; (2) C|uLO�u�R"��(sO�^}�, BX��9i%(��u�-fL"v�}&;a [33, 34], �pk9u(sOi�}[e|h�Ad"v��fKN�L�5k [35, 36]; (3) Xu�^}�iii/Mo9X (GC) iiA\�%|X� [22, 23], r%u�4|�XHP�^}��rspCiiSKP<Oii"Kj>H-�%��#�Y [37]; (4) Xuskm*�`Xx�%|X�, B:�u=>��^}�[e|XO, pms�%�W�uskm*�`X>Dvdp�^R"�%��2!�#�x [38–40]; (5) Xul��I��^��;kg���|k�#�x, �Xr:��^�#l5=<OW>uKP:� [41].Js�4: `5=Qi�#�^}��,kO5=�x, !G: (1) Xu�P�^'k�R&X%�?��}z - o�U�^}�[e|���B:5=�x, ��xOElp�f�/ - ?L=xjpKPm�j$, v5=P�Wi�"1%r.�dp�O#�[e|�f5k8/Zp1KP%e��a [42, 43]; (2) W�u#��}z - o�U�^}�[e|S!�a�	>*%p|h��x, ��x��"Pu�"�d?:�}�[e|=d���=xW>u�� [44]; (3) *�u5K GC �#pX&KPs�%��W��,�"PW�u{A-fMv GC iiH-�%|:�iKP�X�%(=x [45–47]; (4) �P�^&���"W, W�u�C&!nD�X�[��R - A�%�W��x, v=dW���D1, �R - A�W��x�nDACPX�94FP�f�C&!;�(q - A�W��x [48]; (5) W�ujzi��bZD7�rI:�}�U�, B>DP0R�s}��f, u5u"R[d�t}�, BZ{<;�Em}� [49, 50], �Xr�t}�H{��3ii�}�pCS<O"K�H-W>u[�CG [51].JO�4: CX�Ps��65=%|=dS%��#�x, !G: (1) g~u�^M�_(�m�fBu�);k_(�mx�, B��x�+�"P�RhXs�F�� [52];

(2)*�u�fR��iR��s�ar�#R9�x�%", W�uKPR9�["W*�5�ar�#�x, Bpms���u��x [53]; (3) W�u�^}��;k[e|�6*KPH_D�C&!`XI��8nD���'�_f [54, 55], r%u�-fyx&!b�;��"v�C&!2!�3�T? [56]; (4) W�u:�#l5=<O�N�4u	�N�^=d, B+RhXs���, �=d0Ju�fN�^=d�xY5:�#l�I�mZ|�Lj, dp�`5["."�?:�}�=dW>uY0 [57, 58]; (5) CXu~mR�X�R
.Æeb�*�a}�5==d, g~uM|xDiRhXs�5H�[e|�3, *�us�XIP%��XL6>:�p�, r
u5Ks�HP�^pFz}kS�Ij.a&KH-"K��� [24, 59].14AN�GtSmt,��p15=�4|	�;Y, "1�HP�^}�iipC�{�Y, �"1�*JebUX&X�65=X=�Y, )�vP�p1;Y, IbU;WH/9%|X=�X��#**%(=Qt�5=�4|�Xr�:�i�x�
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2.1. �dHÆBpb�dHC+-�pCS<O"K�H-�h<4|�	�LY"", �u��Xrh��[�<O, J"P���3ur-f�pC_( [60–62]. j�-fI/��G�, Gk��m�^}�-far�[e|�[IAX�^}��rs|iipC"%*I�Xr�^
��pCS<OH-�"1�,�Y, 8p�^}�-f�"1,��;k�!^A��I*[�[e-f, jP��"R��f�{�Y, �p�XKP�%|X�CG. tSmtXu�PR9� I&F d�^}�� GC iii�^"K�l�ii�p1"WXLd�ii"K�%iA\, B;9 GC ii�ÆaSl�ii�Æazs�H-, �KPHr%uX!{�Y [22, 23].

2.1.1. �>,x�C+�h
GCii�#��PpKvx�Q�f5|03XX3�ii, J�RD21�^��^7["K[e|9XH-�L��x"". �,�35�)5r�D1pKvx� GC�X3, **m5r�D1pKvx`V GC �X3, vi1IHP GC �T�;, �,BBpKvx�((�| (jP�|((�pKvx, 6*bZP-a�|((�5�X).

GC ��,3?�Xv;k�Q=d���X� [63, 64]. U=�, GXJ"1pKvxv�Q=d;℄a"h��h6*bZ;IJs1pKvx�_(IPM, ��,wJs1pKvxjJ"1pKvxK9X�� [65, 66]. p1pKvx��"1�F�9XH- (J"1pKvxjJs1pKvx�9X��) 6*bZTp1pKvx�.vI5=�>. GCii�#(�N~sDP�4|**{H4|�X (G-fh�|, $|:|, �4|i^�4|) ; [67, 68].jPs^5r�f, -p1pKvx x1(t) i x2(t), H,��Q (AR) =d;~G1
x1(t) =

∑

k>0

aAk x1(t− k) + ǫA1 (t),

x2(t) =
∑

k>0

dAk x2(t− k) + ǫA2 (t),
(2.1){; ǫA1 i ǫA2 �=� x1 i x2 v AR =d�[h (℄a"h). �u:�5r x1(t) i x2(t)"K� GC iiH-, �,�"P0��p1pKvx�gm�Q (JR) =d,

x1(t) =
∑

k>0

aJkx1(t− k) +
∑

k>0

bJkx2(t− k) + ǫJ1,2(t),

x2(t) =
∑

k>0

cJkx1(t− k) +
∑

k>0

dJkx2(t− k) + ǫJ2,1(t),
(2.2){; ǫJ1,2 � x1 v;I x2 ^v_(�gm�QZ|�[h, ǫJ2,1 � x2 v;I x1 ^v_(�gm�QZ|�[h [67, 69]. E` x1 i x2 �N3k�Z|, -H,�((i�hLApK5�. 8� x2 *F x1 � GC ii� Fx2→x1

, � x1 *F x2 � GC ii� Fx1→x2
. �KG1X3:

Fx2→x1
= ln

Var
(

ǫA1
)

Var
(

ǫJ1,2
) i Fx1→x2

= ln
Var

(

ǫA2
)

Var
(

ǫJ2,1
) (2.3)



2 y E℄~: 7?d�5~ 137{; Var
(

ǫA1
) i Var

(

ǫA2
) �=� AR =d; ǫA1 i ǫA2 ��h. �Q�haru x1 i x2v AR =d;�Pa^v_(℄a6	p:XO�℄aY5�. Var

(

ǫJ1,2
) i Var

(

ǫJ2,1
) �=;~ JR =d;�[h ǫJ1,2 i ǫJ2,1 ��h. J,aruvdp�P x1 i x2 ^v_(IjJ,6	p:XOt℄ap�℄aY5� [65, 66]. GX Var

(

ǫJ1,2
) MP Var

(

ǫA1
)

, �/9 x2�^v_(6*�PW,j x1 ℄a�Y5k, �", x2 j x1 K9XtD. (>R0��,

Fx2→x1
i Fx1→x2

^����,p6�p;A0"BBP|,�.;=>��F&K9XtD [65, 67].jPm^5r�pKvxp�, {xi(t)}
N
i=1(N > 2), p1pKvx xi(t) i xj(t) "K��"v9XtDH-, 6O+%PJ,"K�%i9Xii�Ki9Xii (pdpSJO1pKvxK9XtD). �u&�9XtD��IP%iii, blWD`V GC I:� [66], �[PIG1: jP {xi(t)}

N
i=1 ;A0p1pKvx xi(t) i xj(t), `V�Q=dKG1;~

xi(t) =
∑

l>0

aAi,lxi(t− l) +

N
∑

k 6=i,j

∑

l>0

aAk,lxk(t− l) + ǫAi (t),

xj(t) =
∑

l>0

dAj,lxj(t− l) +

N
∑

k 6=i,j

∑

l>0

dAk,lxk(t− l) + ǫAj (t),

(2.4)

�\� “`V” �*X!�Q��PFK{JpKvx {xk(t)}
N
k=1(k 6= i, j) �^v_(5��. �"P, �,6*W�J,�`Vgm�Q=d:

xi(t) =
∑

l>0

aJi,lxi(t− l) +
∑

l>0

bJj,lxj(t− l) +

N
∑

k 6=i,j

∑

l>0

aJk,lxk(t− l) + ǫJi,j(t),

xj(t) =
∑

l>0

cJi,lxi(t− l) +
∑

l>0

dJj,lxj(t− l) +

N
∑

k 6=i,j

∑

l>0

dJk,lxk(t− l) + ǫJj,i(t).

(2.5)

��| (2.4) i (2.5), �,6*�=X3� xj *F xi i� xi *F xj �`V GC ii:

Fxj→xi|{xk}k 6=i,j
= ln

Var(ǫAi )

Var(ǫJi,j)
i Fxi→xj |{xk}k 6=i,j

= ln
Var(ǫAj )

Var(ǫJj,i)
. (2.6)v�| (2.4) i (2.5) ;, xi(t) i xj(t) �`V�Qi`Vgm�Q^��P{HpKvx

xk (t)(k 6= i, j) �^v_(�. 9�, GX xi i xj z3I{JpKvxT3, G%`V�Qi`Vgm�Q�[hZ=B, - Var(ǫAi ) = Var(ǫJi,j), Var(ǫ
A
j ) = Var(ǫJj,i). 9��,>:

Fxj→xi|{xk}k 6=i,j
= 0 ** Fxi→xj |{xk}k 6=i,j

= 0, - xi(t)[xj(t)] �^v_(jP xj(t)[xi(t)] �℄a&K�P. ��, GX xi(t) i xj(t) "K�9XtDIeP xj i xi �%i9X=~tD, Gu xi(t) ai{HpKvx {xk(t)}
N
k 6=i,j �^v_("x, CI xj(t) �^v_(6*�"PF�j xi(t) �℄a, - Var(ǫJi,j) < Var(ǫAi ) i Fxj→xi|{xk}k 6=i,j

> 0.
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2.1.2. m�{w�!�n I&F dHjP"1!^ NE 1b	d�^i NI 1,3d�^��PR9�"��m� I&F�^}�, {vH6�I*[1�[e|G1:

dVi,Q
dt

= −GL(Vi,Q − ǫL)−GE
i,Q(Vi,Q − ǫE)−GI

i,Q(Vi,Q − ǫI),

dGE
i,Q

dt
= −

GE
i,Q

σE
+ SQE

NE
∑

jE 6=i

∑

k

AijE δ(t− TjE ,k) + IEi,ext,

dGI
i,Q

dt
= −

GI
i,Q

σI
+ SQI

NI
∑

jI 6=i

∑

k

AijI δ(t− TjI ,k) + IIi,ext,

(2.7)

{;vf i �}�;J i 1�^, Q = E, I ;~�^�Rd, Vi,Q �=>�^�A?R�. J i 1�^�Rd Q ∈ {E, I} dpBKb	dR9 GE
i,Q i,3dR9 GI

i,Q, **Fj>�{VR� ǫE i ǫI . GL i ǫL �	R9i	R��{VR�. GXJ jE 1b	d�^�RBZ_f�L5J i 1�^ (- AijE = 1), J i 1�^�b	dR9Z�C
SQE (b	d�^�l�ziiÆa), Azb	dR9 GE

i,Q *pK�a σE (P. GXJ
jI 1,3d�^�RBZ_f�L5J i 1�^ (- AijI = 1), J i 1�^�,3dR9Z�C SQI(,3d�^�l�ziiÆa), Az,3dR9 GI

i,Q *pK�a σI (P. IEi,ext = fE
∑

l δ(t− TF,E
i,l ) i IIi,ext = fI

∑

l δ(t− TF,I
i,l ) �J i 1�^i��xtb	di,3dH6"��I, {�Ri��=� µE i µI , Æa�N� fE i fI , �\�,8 TF,Q

i,l�J i 1�^i�:� Q Rd	E�I;�J l 1�Rp:, p δ `%;~'1�Rp:6*;�^ Q Rd�R9-K�C fQ. �uN4�T, �,+0�b	dxt�I, B�
µE = µ, fE = f . I&F �^[e|��Z|G1: J j 1 Q Rd��^�A?R� Vj,Q���| (2.7) iw��, %:&:|( Vth. 6{&:|(�p:, ��^Z�jh"1[tR� (-u�"1R"�, Q Rd�*9� jQ ��^�J k 1�Rp:8� TjQ,k), {; Q = E(Q = I) ;~��^�b	d (,3d) �^. Az, �R"�_fZ��uFK{=ii�l�z�^7[�[e|5�, 7�l�ziiÆaI 5{j>R9. ��, }��l�iipCI�� A = (AijQ ) I6!, {; AijQ = 1(AijQ = 0) ;~"v (L"v) � Q Rd�*9� jQ ��^:J i 1�^�ii. dp, Vj,Q ZvJ j 1 Q Rd��^u�R"�zA1:A1R�( VR B��"1'jL>x τref �pK.=fP�P��}z -o�U=d [14], I&F=d (�| 2.7)t�"1N�=d, {%(=Q:a9B, dp�OrH:��}z - o�U=d!^����}�[e|5H [30, 31, 33, 42, 70]. 9�, I&F =d+N~sDP*�a�^}�[e|�=QI	�}�;_(�X��Y [24, 71–76]. I&F =d (�| 2.7) �Y%v�r*�z�CG1, +#�upK�r*, j>R9�r*�pK�8% (ms−1), z+G1 [77]: GL = 0.05 ms−1, ǫL = 0,

ǫE = 14/3, ǫI = −2/3, Vth = 1, VR = 0, σE = 2 ms, σI = 5 ms, τref = 2 ms. J,j>�hX|Y%(�: GL = 50×10−6Ω−1cm−2, ǫL = −70 mV, ǫE = 0 mV, ǫI = −80 mV, Vth = −55 mV.

2.1.3. b�dH-��ZA#�HP GC iiS}��l�ii�""j>pX6*YTtSmt"	�:t [22, 23], v,n;, t);k! GC �"�P;k-f�CG6*DIqh I&F �^�



2 y E℄~: 7?d�5~ 139;k}��l�iipC�`9. jP"��m� I&F [e-f, R"��u=Hk (STC)�R"��uk(��x(�+N~DP	��R-f�l�iipC [78, 79]. ��^ j:�^ i �R� STC X3�:

V̂i|j(τ) = 〈V̂i(Tj,k + τ)〉k, (2.8){; V̂i(t) = Vi(t) − E[Vi(t)] �((�|. Tj,k ��^ j �J k 1�Rp:, �[;&|I�| (2.7) FX3 (��4�T, �\HP�^ j i�^ i �Rd Q ��f(k�), 〈·〉k��P k �k(, -�j�^ j �FK�Rp:�k(. (>R0��, STC dp!^uI�^ j ��R*[p:�f5_(**�^ i ��>_( [78, 79]. 9�, ��*[S�>�X3vC�|aXZ{A��^ j :�^ i �9XiiH-. �"�4, ��*[S�>H-6O;9u"v��^ j :�^ i �l�ii, - Aij = 1. 9�, R�S!� STC UkOE+DPX I&F }�-f;9Xiiil�pCii"K�g-.

o 1 jjqD+S�T\iT". (A) q2d�_L,#w�d�_ 1 ;d�_ 2 A3Gm�jj. (B) *d�_~�[ GC �$?;A:Yjj�� G = (Gij). k (A) G�Ad�_~�, (C) S�T": V1(t)

(qTt<), V2(t)(wTt<); (D) d�R>e<A\iT": ǫA1 (t)(qTt<), ǫA2 (t)(wTt<). �og�Z1�8 [23] <!3?;.jPn 1A ;p1�^[-, �^ 1 i�^ 2 "KvO1Ld[e|&X1 (R�(;Gn 2A-C F~) �R� STC(V̂1|2(τ) i V̂2|1(τ)) (;Gn 2D-F F~. 7� STC �X3 (�| (2.8)), GX�^ i HP�^ j �FK�Rp:k(z��> V̂i(Tj,k + τ) v
τ > 0 p�4N�|(, �6*/�^ j ��^ i �l�	�^, �� 〈

V̂i (Tj,k + τ)
〉

k>�v 0 (�� [78–80]. 8p, Gn 2D-F F~, jPFKn 2A-C ;j>F~�[e|&X,6 τ > 0 p, R� STC V̂1|2(τ) i V̂2|1(τ) v τ fMp^z5�u4N�|(, "zA\ τ j



140 7 ? ' ~ 2021 VE*z, 8H(P:|. �|� STC (; (V̂1|2(τ) i V̂2|1(τ)) 6O℄~\p1�^"K�ii�)F� [80, 81]. 4�, In 1A F~}�l�iipC;9, }�+!^"1��^ 1 :�^ 2 �2Fii. 9�, p�r%�r% V̂1|2(τ) z5�S V̂2|1(τ) R4��|(;, �L�sXB&K��^ 2 :�^ 1 �l�ii. %KXIXr, �"5H�IPR�pKvx V̂1(t) B���_f,-R�_f�KK:�=HpKma, V̂1 �ZIXO�Sa�^vXO=Hg. �"�4, IP�^ 1 ��^ 2 �l�	�^, V̂2(t) r*|aXS V̂1 �^v=Hg. 9�, ��|xu V̂2(t) S V̂1 �ZIXO=Hg. ��=HkZ;5� V̂1|2(τ) v τ > 0 �K�|(;, �pZ%"Hqh�^ 2 :�^ 1 �Kl�ii.�PX!�h,R� STC V̂1|2(τ)��|UkSR�_f,a�K:pK=Hk3�=H. �"5H�uu�,, GX?�>�^"K��sl�iipC, �>��#&K=Hk�pKvx, -��_f. p�R0��, bZ AR =d (2.1) >:�[hpKvx ǫA1 (t)i ǫA2 (t) ���_f [65, 66], -+K-p�=Hk. 9�, �,I	�[hvx ǫAi i ǫAj �
STC:

ǫAi |j(τ) = 〈ǫAi (Tj,k + τ)〉k. (2.9)Gn 2G-I F~, 6 τ > 0 p, [h STC ǫA2 |1(τ) BKS V̂2|1(τ) R4�nD, �/9u"v��^ 1 :�^ 2 �l�ii. pS V̂1|2(τ) Ld��, ǫA1 |2 v τ > 0 &Xf503X�|,��;9uL"v��^ 2 :�^ 1 �l�ii. �"pX;9, �P[h_f� STCnD6*Y5Hqhp12Fii��^"K�l�iipC.IP[h_f� STC 6*DPY5HRa�^"K�l�iipC, 8H, �,��g?, [h_f"K� GC iipC��O�Pg~�[e|qh}�iipC��3.� V̂1(t) S V̂2(t) � AR =d (2.1) �u, �,6*CX V̂1(t) S V̂2(t) �P[h ǫA1 (t) i ǫA2
(t) [82, 83] ��[k(=d;~:

V̂1(t) =
∑

k>0

Pkǫ
A
1 (t− k) + ǫA1 (t),

V̂2(t) =
∑

k>0

Qkǫ
A
2 (t− k) + ǫA2 (t),

(2.10){;, Pk i Qk �l-%. Az, Z�| (2.10) .I V̂1(t) S V̂2(t) � JR =d (2.2), �,6*>: ǫA1 (t) i ǫA2 (t) �gm�Q=d:

ǫA1 (t) =
∑

k>0

âJkǫ
A
1 (t− k) +

∑

k>0

b̂Jkǫ
A
2 (t− k) + ǫJ1,2(t), (2.11a)

ǫA2 (t) =
∑

k>0

ĉJkǫ
A
1 (t− k) +

∑

k>0

d̂Jkǫ
A
2 (t− k) + ǫJ2,1(t), (2.11b){; ǫJ1,2(t) i ǫJ2,1(t) � V̂1(t) S V̂2(t) �`{ JR =d;�[h (2.2). (>R0��, �|

(2.11a) i (2.11b) 6*bZmMs{x#r. �x, �,6*C| ǫA1 (t) i ǫA2 (t) � AR =d:

ǫA1 (t) =
∑

k>0

âAk ǫ
A
1 (t− k) + ǫ̃A1 (t),

ǫA2 (t) =
∑

k>0

d̂Ak ǫ
A
2 (t− k) + ǫ̃A2 (t),

(2.12)�| (2.11), (2.12) �=;~u ǫA1 (t) i ǫA2 (t) �gm�Qi�QZ|. 7� GC �X3, �,K FǫA2 →ǫA1
= ln

Var(ǫ̃A1 )

Var(ǫJ1,2)
i FǫA1 →ǫA2

= ln
Var(ǫ̃A2 )

Var(ǫJ2,1)
. R0: ǫA1 (t) i ǫA2 (t) ^���_f. 9�,



2 y E℄~: 7?d�5~ 141

o 2 Me\f~'YAV�. q2
ed�_DyA~� (o 1A) wMeI7�Jj�2A\f~<6: -	�P µ = 0.3 ms−1[(A),(D),(G),(J),(M)], <LP µ = 0.8 ms−1[(B),(E),(H),(K),(N)], E	�P
µ = 2.0 ms−1[(C),(F),(I),(L),(O)]. I7�J�b f ∼ 0.02 ms−1. kQ�PSQeA\f~'Y, �-��+2\f~6s: (A)(B)(C) S�T": V1(t)(qTt<) j V2(t) (wTt<); (D)(E)(F) S�AS#��v>Il [�} (2.8)]: V̂1|2(τ )(�Tt<) j V̂2|1(τ )(qTt<). (G)(H)(I) �\iAS#��v>Il [�} (2.9)]: ǫA1 |2(τ )(�Tt<) j ǫA2 |1(τ )(qTt<). (J)(K)(L) �')$s?;A�R.' b̂Jk (LT
“+�O), ĉJk (wT “×�O) ++K-k?AY��5 Yk = rk/Var(ǫ

A
2 )(“�”), Zk = r−k/Var(ǫ

A
1 )(“ ◦”).

(M)(N)(O) /< GC ) FV1→V2(wT “*�) IQm�jj�b S Aa', ++t�Rn)< (qTt<).�og,dZ1�8 [23].



142 7 ? ' ~ 2021 V
AR =d (2.12) ;�-% âAk , d̂

A
k (�|, - ǫ̃A1 (t) = ǫA1 (t), ǫ̃

A
2 (t) = ǫA2 (t), �"H-#�u GC�KG1L5k:

FV2→V1
= FǫA2 →ǫA1

i FV1→V2
= FǫA1 →ǫA2

. (2.13)��| (2.13) 6!, 9XiipC�5!^P��[h ǫA1 (t) i ǫA2 (t) ;. i1I, �,Z�P[h� STC X9XiipCil�iipC"K�H-.�3�,q9 I&F }��HP[h� GC r#;&|, B/9{S[h ǫA1 �ǫA2 �~=HK3�g-. jB| (2.11a) qMpd{ ǫA1 (t− l) � ǫA2 (t− l), l = 1, 2, · · · , B+x�, �,6*>:HP âJk i b̂Jk �Hr (U. Yule)- �8 (G. Walker) �| [82, 83]:

Var(ǫA1 )â
J +Rb̂J = 0,

RTâJ +Var(ǫA2 )b̂
J = r+,

(2.14){; R = [rij ] �R�h�� (^8 rij = E[ǫA1 (t)ǫ
A
2 (t+ i− j)]). âJ = (âJk), b̂

J = (b̂Jk) **
r+ = (rk), j k = 1, 2, · · · , .;xFr, {; âJk, b̂

J
k ** rk = E[ǫA1 (t)ǫ

A
2 (t− k)] .;�QFr;�J k 1^8.R4�,�,j�| (2.11b)qMpd{ ǫA1 (t− l)� ǫA2 (t− l), l = 1, 2, · · · ,B+x�, �,6*>:HP ĉJk i d̂Jk �Hr - �8�|:

Var(ǫA1 )ĉ
J +Rd̂J = r−,

RTĉJ +Var(ǫA2 )d̂
J = 0,

(2.15){;xFr ĉJ = (ĉJk), d̂J = (d̂Jk) ** r− = (r−k), j k = 1, 2, · · · . ĉJk, d̂
J
k ** r−k =

E[ǫA1 (t)ǫ
A
2 (t+ k)] .;�QFr;�J k 1^8. #r�| (2.14) i (2.15) 6*>:�Q-%:

âJ = −RKr+, b̂J = Var(ǫA1 )Kr+,

ĉJ = Var(ǫA2 )Hr−, i d̂J = −RTHr−,
(2.16){;�� K = [Var(ǫA1 )Var(ǫ

A
2 )I−RTR]−1 , �� H = [Var(ǫA1 )Var(ǫ

A
2 )I−RRT]−1, �\� I�2��.G	F!, �| (2.11) �r6*bZ#rmMs{�Y>:. I�, v�| (2.11a) qMpd{ ǫA1 (t), �| (2.11b) qMpd{ ǫA2 (t), B#x�, 6>:

Var(ǫA1 ) = rT+b̂
J +Var(ǫJ1,2),

Var(ǫA2 ) = rT−ĉ
J +Var(ǫJ2,1).

(2.17)Z�| (2.16) .I (2.17) Bpm GC �X3| (2.3), 6>:

FV2→V1
= − ln(1− rT+Kr+) i FV1→V2

= − ln(1 − rT−Hr−). (2.18)jP[h ǫA1 (t) i ǫA2 (t) ~=HfM��D, -jPA0 i, j, rirj ≪ Var(ǫA1 )Var(ǫ
A
2 ), �� Ki H (6�4� I/Var(ǫA1 )Var(ǫ

A
2 ). 9�, �| (2.16) ;��Q-% b̂Jk, ĉ

J
k 6�4�:

b̂Jk ≈
rk

Var(ǫA2 )
i ĉJk ≈

r−k

Var(ǫA1 )
. (2.19)Gn 2J-L ;�%(pX��, �| (2.19) W>u I&F }�1�Q-% b̂Jk, ĉ

J
k �r��4;&|. vn 2J-L;�,Kg:, b̂Jk ≈ 0, ĉJk 6= 0. 7� GC X� [64–66], -% b̂Jk �Km;9-



2 y E℄~: 7?d�5~ 143fL"v��^ 2 :�^ 1 �9XtD. p�|-% ĉJk �;9-f"v��^ 1 :�^ 2 �9XtD. �"9XiipCS}��l�iipC="0. 7�X3, [h~=H rk {A���^ 1 ÆIp:XOS�^ 2 ^vp:XO�~=Hk. 9�, rk i r−k:�up1�^"K�*[S�>H-. �"k8d�6*I JR =d��Q-% b̂Jk, ĉ
J
kF[5 (G�| (2.19)). �"P, p1�^"K� GC ( [�| 2.18] 6*+�4�:

FV2→V1
≈

rT+r+

Var(ǫA1 )Var(ǫ
A
2 )

i FV1→V2
≈

rT−r−

Var(ǫA1 )Var(ǫ
A
2 )
. (2.20)X!H-XuHPR�� GC i[h~=H"K�g-.i\, �,X�P[h� STC S[h"K~=H�H-. IP I&F }���RSA1[e|Uk, �^�'1�Rp: T1,k(T2,k) ��[h ǫA1 (ǫ

A
2 ) ��(�'j(�f*P{Hp:, Gn 1C–D F~. 9�, [h ǫA1 (t) i ǫA2 (t) 6*�4�FH8 δ `%, -

ǫAi (t) ≈ −hi
∑

k δ(t − Ti,k), i = 1, 2, {; h1 i h2 �Q"�9a. �P�"�4, [h�
STC(2.9) 6*;~�:

ǫA1 |2(τ) ≈ −
rτ
h2ν2

i ǫA2 |1(τ) ≈ −
r−τ

h1ν1
, (2.21){; ν1 i ν2 �=��^ 1 i�^ 2 �k(�R�. I�| (2.20) i (2.21), jP τ > 0,R�_f GC ( FV1→V2

6= 0 BFP[h STC ǫA2 |1(τ) 6= 0, FV2→V1
= 0 BFP ǫA1 |2(τ) = 0.9�, �|�[h STC 6*Y5�{A�9Xii�pC. p�R0��, [h STC ��|5HS�^"Kl�iipC=H, Gn 2G-I F~. 9��,6*/, 9XiipCr�:�u I&F �^}��l�iipC, Gn 1A–B F~.mz, �,T� GC (S�^"Kl�iiÆa S(S = SQE � S = SQI) "K�H-. p�R0��, STC ǫA2 |1(τ) j>��I�^ 1 �R#u� ǫA2 � 5r. v I&F }�-f (2.7) ;, �" 5rv τ .fM�py, �4�Sl�iiÆa S x�.. 9�, pm�| (2.20) i (2.21), �,6*X GC (Sl�iiÆa�s�H-:

FV1→V2
∝ S2. (2.22)n 2M-O;9, vO�Ld�[e|&XM,%(s�;9 GC il�iiÆa"KK�4�s�H-, �p��uX��| (2.22). �8X!T��j��+"v2Fl�ii�p1�^�}�, 4�*Xp�6*qN:)Fl�ii**7[�^Cx��^}��f.(>ÆT��, I�RSA1[e|;�� δ d�[hzgpCXu STC S[h~=H (2.21) pC"K�g-, ��� I&F �;k[e|;, GC iipC6*I��_f�

STC F:��HU`9. GC (Sl�iiÆa S "K��4s�H- [n 2M-O] m?Cxu I&F }�;9XiiipCii=�m���.

2.2. D�?	%YO��8&\*J&J_(�X�s[h�RT**9,.�*JB!i%_<O^�I�t�!^*r�^�}�I>3'h. vCQ
.&J&X, aG
.Æ#eb (V1), xRÆ#�tS*Jeb�^&���K"j"�A\, B�I�^7[�[��|I�5 [84] . !^v�Q7[�^�[=|;�Æ#_f�+
.Æeb�L5*J9,.�&X, J,�"Pr!B�m?ITnh�[�h� [85]. 7[�^2!xt_(�}|v*J;�lu



144 7 ? ' ~ 2021 V8 [86]. �ur�Qyx&!b��7[�^2!ir!x�, "��lA��s��x��ar�^7[�p<[e|�>. vZ-�0nT;, M|xD1 >:u�:u�, Bx<H>DP li�j�[�	�; [87]. aG, R�8&:w (VSD) 1 6*v,<KipK�7�1ar V1;E9Nu�*Jeb{> [88, 89]. ��spM|xD:�S21�^RhX8�=pm��x�RD��*Jebu[�<O**6;k��,�3W>up. 8p, jP�QM|xDs�Kg5H, J,O�Gk{A V1 }�[e|��,Uk�eb}�;r%��l�ipC�3%Xus�FKg�p<[e|�[? �Q^��lA��%�_��4|�Y. `9�3�, s�5H�lm�, Ld�5H"K�HgH-L�Æ, dpLds���s�%��Q, ZJ,�)�mxX=j$��F."�, u, Ss�tXr.fp, =Q� V1 }�-fbl!^�{e/�{�^, %(=Q�5=r��l*. �,bZ�m~mR
.Æebb��*rs�%�,CXu*�a V1��s�^}�5==d, dp`5uB:=xI	��jxav'hÆ#_(MaA!p� VSDM|xDs�Kg:� V1 p<[e| [24], =QpX4~�,�=deb}� (MCN) 6*rH:�"-xM|xDs��Kg5H [90–93]. �P%(=QiX��#, �,�"P;9,s�FKa�<K,a=H�eb[e|�>*{XiS1^pKZ|"K�Ljw5HS
N- D� -D- ^ZÆ< (NMDA) R9[e|Uk}3=H, NMDA �9�<Km|�pK���l��m�3%*H%Xu V1 �p<[e|=|. dp�,�ÆT*�, "QA��s�p��IP%��XL6|x�p�, pL�Peb}��[e|k8. aG,  d�D8.;�7[�^�{>�hL&KP�Ij.aÆa�k8, �IPD8!^��^%Efm,I�f5k(P>�pX [90, 92]. �x, s�W��m?0Ai�zg�D��;℄SD�j/�pC����f5k(|x�pX. 9�, �Ps�%�� V1}�[e|�65=X=�Xrs�5H'z�%X�3W>uA�Y0, aGk9Lds�5H"K�HgH-, &�eb[e|�kS%��XL6,I�p�B, dp�~mR*{H�*Æ#Oe�=|[�� V1 }��[e|	�W>u[�X�bai6h�s�`5.

2.2.1. *J���,js�Kg� V1 &X�hX= [24, 75], {*MSv VSD s�;Kg:�eb&X
(j 8 × 8 mm) ��a=d [90–93]. �&Xt�"1s�/a, hA!^%�{1�PR9�"��m�*%�m - u��^. =deb}�I 75
�b	d�^i 25
�,3d�^kx, J,(qH�Nv/aX. Gn 3A F~, jP�^ i, {<Kv98� xi, J�K�Fz}�XFb θi, FK�^7�{�Fz}baCxR4�r�pC, dp'1�^i�Ix`*X[ (LGN) �	E�I [94, 95]. �^ i �[e|IG1�| (2.23) F~:

d

dt
Vi = −gL (Vi − VL)− gEi (Vi − VE)− gIi (Vi − VI) + ψ (Vi) (2.23){;, ψ (Vi) = gL∆T exp [(Vi − VT) /∆T] ;~�^a[tR�jh�R�, jP�^Y%�hX+(, �,yDQ"�2�6>: [77]: 	R9 gL = 0.05, 	R� VL = 0. b	di,3d�{VR��=� VE = 14/3 i VI = −2/3. 6 Vi &:|( Vth = 4.375 p8�1I�p:,8zZ Vi A1� VR = 0, �^L>x`� τref = 2 ms. gEi i gIi �=�b	di,3dR9. gIi I A Rd� γ-Æ�V< (GABAA) kx, {<KtD�aj� 250 µm , v�



2 y E℄~: 7?d�5~ 145}�M�^"K�'�A�ii. gEi I α- Æ� -3- �� -5- D� -4- 8n{?< (AMPA)Rd� gAi i NMDA Rd� gNi kx [96]. gAi = gA,S
i + (1 − Λ)gA,L

i + gDi , {; gA,S
i (gIi) �Id| (≤ 250 µm) �3Fdk�'�ii�b	d (,3d) �^�7, p gA,L

i �I�K=4XFbg�m| (∼ 1, 500 µm) b	d�^�7. �� Λ ;~f�Vb	dR9;
NMDA �[F���. [97]. gDi I (i)LGN �	E�I, IÆ#nD;�afM� Gabor�# ({*Mv 0.1◦ ∼ 0.3◦, <Ki�v'a 1.5 ∼ 2.5 1Dx) *[ [90–93]; (ii)V1 }�;�'	zg�I. NMDA R9 gNi = ΛgN,L

i + gN,S
i !G�KXFm|iii3Fdk�d|ii�p�Ib	d�^�7�R9. AMPA i NMDA �[�f|<K=~tD6*Wx

gλ,Li = Sλ
i Σxj

ΣlK
L (dij)H

(

θ̄ − θij
)

αλ (t− Tj,l), {; λ = A,N, dij = |xi − xj |, H �\�N= (Heaviside)`%,B� θij = |θi − θj |, θ̄ ≈ π/16(� −10◦ : +10◦ �}�). AMPAi GABA�[�d|=~tD6*Wx gλ,Si = Sλ
i Σxj

ΣlK
λ,S (dij) α

λ (t− Tj,l), {; λ = A,G. <Kh`%+�,1`% [98, 99], {;d|=~tDR� Kλ,S �<K�a� σA = σG ≈ 250 µm,f|=~tDR� KL �<K�a� σL ≈ 1, 500 µm. pKh`% αλ (t− Tj,l) +� α `% [95, 100], {XipK�a� τAr = 0.05 ms , τGr = 0.05 ms , τNr = 0.6 ms, 1^pK�a�
τAd = 5.0 ms , τGd = 10 ms , τNd = 80 ms. �^ i � LGN 	E�IX=�H6Z|, {�Ii�� fLGN

i = f̄ + Iv ⋆ K
LGN, {; Iv �xtÆ#nD, KLGN �p< �h`% [101]. f̄�'1�^i��`���H6�N�'	�Rvx�tXi�, J�DI#��,�

MCN ;'1�^�KSs�ar"0�u�Ri� ('7k(u�jO1R"�). R0:, �,HP V1 �}�X=B&K0� V1 ��[�bXpC_(, 9�=6PZFKb�C:"1k4�BP� “)h�=d, ��X=�`9�0�:sp VSD M|xD�_far��xD&X;FKR�5��hi, �!^ueb;#lO:&;b�FK�^�|1l�R�i#l[tR��_( [102]. �uSs� [90–93] ar�p<[e|tXr.f,�,yDl��IIt�s�ar�'1D8��>�X=, ��IS gTV/gL x.a, {;
gT ;~���D8!^�'1�^ i �hR9 (gL + gEi + gIi) "i, p V ;~����D8!^�'1�^ i �R� Vi "i. �u-f	�D8*Mjs�p����, �,WD�D8m*�<K�a+� 0.25 mm, mM�<K�a+� ∼ 0.04 mm [93], j+X�<K�a, {F!^�FK�^l��I�k((t���a�D8��> [90, 92]. v MCN =d=Q�%��#;, �,WD VSD h�s�;�pKW�i� (∼ 100 Hz) i<Keb&XO= (8× 8 mm) ItXr.f.

2.2.2. JnJM�h-��uR� V1 s�;xt�#�>�}�[e|UkF<^�r!i2!_�, �,ZX!X=�x>:� MCN p<[e| ([-pCGn 3A F~) Ss��h.f, dpj%��X�Z|�z3o�s�;�PI, *1�,`/T�.f�pX.

2.2.3. ;(ÆBp�,�3.f MCN is�; V1 �R��>�<K[e|. IP{>��ai<K�NOEDI:�Æ#MaA!;�7[�^[e|U�, 9��,WDs�;�℄tPI,vÆ#nD;�afM�C�j.a1� Gabor �#�5z, j 200ms �pKfM, Z'1
“D8�1��{>v�j.a1HPFKLd���tf5k(, �\� “D8�1�R.P VSD s� [90] ;�M|xDD8*{v MCN ;�=>�aF�#��^7[. Gn
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3BF~, �,� MCN;Æ#�#Nu{>�<KO=ipCSn 3C;�s�Kg"0.�L`{� Gabor Æ#�#�afM, {�Z"j"�'a 3mm �eb�*9a [91, 93] z�A\, v=debX�<K*M�~� ∼ 0.5 mm, 4�,� MCN i~mR V1 jh�{>�<K�a(℄*j01b1, �;9*r� V1 �^bZ<K=~tDI2!SÆ#�#KH�_f, �Q_f+DP'hÆ#MaA! [90, 92, 93]. �x, Gn 3D i E F~, �,=d�>�<K�NSs�R4�6*bZs�,1`%Qm.�u	�_z.U�i7[�>�62k, �,aru'1D8�1��>5�. Gn
3F F~, �,=d�~uR4PY0�7 [90] J��,;n 3a i b **Y0�7 [92] ;�n 4b �5H: jP�Km*_z.�D8�1�9Yh (SD), (i) vÆ#�#"viL"�p��D1� SD &K4Nh8, B� (i i) v�p��D1, SD ApK0}^�tX�, -
SDSÆ#�#Æa�H. S21�^;u5�[tR�u�%��hSk(u��*Mx�.�pX=., 7[�^{>4}Lo��"Uk. 8p, �,*�, D8�1��>;
SD *MSÆ#�#Æa�H��k (Gn 3F F~) SD8*M�z+KH, pD8*M%XuM|xD VSD s�;'1D8F_#��^�%E*M [90, 92]. �uf9�"N, �,yDLd<K�a�D8 (<K�afM�D8!^fZ��^, B��>�vD8MF!^��^�{>k(>:�) I	��>�f5U�. �,u5, �Km*�_z.�D8�1� SD ApK5�G1: Gn 3G F~, GXD8�$jE* (aGs� [90] ;yD� 1/4 mm), �>� SD r*|aXSÆ#�#Æa�H,p6D8�$rM (aG 1/32 mm)p, �>� SD �AÆ#�#Æa�Cp�*.Gs� [93, 103] F~, 6%��#;�D8�$f* (aG 1/4 mm) p, D8��>!^Æ#�#Nuiu{>�%�1�^��>k(; v���D1, �^u�[jh�D[�L9H�, �pjhu0}SÆ#�#Æa�H� SD. 4�, 6D8�$fM (aG
1/32 mm) p, D8��>~!^Z%1 (∼ 20) z��^��>k(. v���D1, D8�1;��^���K=4�Uk, B�SÆ#�#%i=H, 9� SD 5>&KPÆ#�#Æa. ��S"	�s�KgpX"0, -jP21�^I/, [tR�u�%��hSk(u��*Mx�. [104, 105], p"	s���f6*.t�D8�$+mMp�%:�D. ��s�, �,�	�u MCN ;FKD8v�1��; Z- V1��>��N. Gn
3H F~, �, MCN ;�ZV�D8�1��>�"�3a�N (i) �4,1�N (ii) S�#�H. p��GY0�7 [90] ;�J��,n 3c i d F�~�s�Kg"0. 8p, �,*���,1�N~IP;℄%:XX, 9�'1D8�1��>�%�1�^{>�k(, B��HPpKf (∼ 200 ms) �huk(. p%(=Q�u5, �, MCN ;Lp�jY%�hT��6*�lF.H>:���,1�N.IP�>�<K=Hk�j7[�^r!jhr*��� [106, 107], 9��,v
MCN ;aru<K=Hk, J�bZ*xj�D8�1"K��Vt�5r, pJ,�>"K�Hgt�95r, B�HP�V=B�FKxj�D8+k(p�>�. n 3I ;s;4~uÆ#�#"viÆ#�#L"v�f1�=H`%, �SY0�7 [90];�n 2f iJ��7 3e;�s�pX�l�m. �,�%(=QpXis�KgpX^�K*1U�:(i)Æ#�#"viÆ#�#L"v�f1, <K=HpC&K4Nh8, B� (ii) <K=HpC"vYp, uhv ∼ 500 µm �, ;5�<K"K�Kf,=Hk, ;℄zJiX, �x<K=Hz5�m|�a�(P. v MCN ;, �,u5<K=Hk��QU��IP AMPA �[
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o 3 (A) >e+Kf~� (MCN) HD: >ef~�A=L+N� ∼ 8×8 mm, �L ∼ 16×16 �G{~AYG=PO (�sqD), =LOAT:9v��2d�_GhdAYG. �S4GelA
ej-4e>�uEA=L�b�>J�TjqTd/J<�, +udNSA{g<�T<^d�_�L>e�G{~AYGAn�W>�uE, �<^d�_J�Qud<^A{g<A#2�TNd/J:9. (B

-E) w�- MCN(B) jt� (C)[�Z1�8 [90] Aru�i!3 (�1GL 2006, Macmillan Publishers

Ltd)] <, 8��$�$#w g2AMe���jGLk/b (Q.�$�$M#w g2Al)A?) l)?;AA?�bA=L�O. (B) j (C) A=LA?Jt	-2a'Rn, �>?; (D) j (E) [�Z1�8 [90] Aru�i!3 (�1GL 2006, Macmillan Publishers Ltd)]. (B-E) A=L/b>e. (F) >kQMe�$�$�b (MeTAt<) A��<�Ln+`{/AE9�2A SD BqL6�[}. wTs<<�Me�$�$�b��AkQqLl)A SD ). (G) qLl)A SD vs. �$�$�b, MeT:9MeE9+N (�℄E9�2{,A�n+`{/AE9). (H) �[ Z- WÆ ())� 0, �i� 1A6Æ), �- MCN AA?w�$�$#w�� (�T��g) j�$�$M#w�� (wTd/)  g2A�O. LTt</<:ZA-2�O. (I) w�- MCN <, kQ�$�$#w g (EwT:9) j�$�$M#w g (E�T:9) 2=LIha'B=L�WA6�, wGL��<, ykAE9�2#LA=L>Il�IQ|�WAa'. s<<�A� NMDA �\A=LuE�b,�e}q?;A�$�$#w g (EwT:9) j�$�$M#w g (E�T:9) 2A=LIha'B=L�WA6�. (J) �-
MCN <?;A#	���E� K (wMeAWR��}?;AC} (2.24) <A') �qY). N � �<zEA~0O'. N = ∞ ��6As$qY (qTt<). x Gw −1 mm j 1 mm #L�4; gW x = 0�2A K A)_�}. (K) [[���E� (J <AwTs<) T�- MCN <A?At	-2a'Rn
(D) ! q�, ?;A�- MCN <An�1B W. (L) [[s$A�6���E� (J <AqTt<)T�- MCN <A?At	-2a'Rn (D) ! q�, ?;As$�6An�1BW. �og,dZ1�8 [24].�3Fdk��|iiS NMDA �[�`Ff|iipmv"�fx�pX. �u�9�"N, �,Z NMDA �[�m|<K�a (m
 ∼ 1, 500 µm) PM:S AMPA d��<K�a (∼ 250 µm), �p<K=H�m|(P�pCKmu, +KGn 3I(r;) F~, d|JiXR�#�. 9�, �, MCN ;<K=H�m|(PR��5�I NMDA l�ii�<Km|=~tD�ap;��. �pX;9, NMDA `Fii6O�%X V1 ;Kg:�=HpC��v��hX�3 [90, 103].Gn 3B, F, H i I F~, �,� MCN 6*rH:�s�;Kg:��^7[�> [90, 92], aG<KHg�N�K�m|�a, **v"	s�:t [90] ;Kg:�~mRv



148 7 ? ' ~ 2021 VLdÆ#�#Æa1'h Gabor�#Ma�;5.	?s�:t;	�u V1;7[�^�>GkDPMaÆ#_f��Y, **_D7[�^�=HpC>:uMaY5am*�1�m?r!O�, B��;k� [90]. (>R0��,'1D8�1��>^�,1�NA�5r,�1"K��>�R�h�� ΣSÆ#�#Æa�H, Gn 3F, Hi IF~. 9�,�PY0�7 [90];FWD�m*48x,�,�6*7��,MCN;7[�^�>�f5pCI�>m?r!O�. �3�,7�=QpX,6*>:48"�3a`% P (x|ωi)�s�,1`%, - P (x | ωi) =
1

2π|Σ|1/2
exp[− 1

2 (x− µi)
⊤
Σ−1(x− µi)], i = 1 � 2, {; x j>PKg:�7[�^�> (D8�1��>), ω1i ω2 �=.;Æ#�#L"viÆ#�#"v�pR�f, µ1 = 0 i µ2 = µ ���;vX!pR�f1�=jk(�> (v�,��#;, =jk(�>*�^�P-Æ#�#L"v�f1����k(�>"z>:�(). {�, vs�;�sz"Æ3z}1�m?r!O�6*7� P (ω1 | x) i P (ω2 | x) "K�=j*MI5X, {; P (ωi | x) j>Pz�"�3a`%. mz, 7�) 1x�, �,6*Zz�"�S48"�g-�I, BX39Y`=`% gi(x) = lnP (x | ωi)+lnP (ωi)− lnP (x).�pm?r!O�V5�5X g2(x)− g1(x) = W⊤x− 1

2µ
⊤Σ−1µ+ ln P (ω2)

P (ω1)
��f, {;W�m?0A [108], JIW = Σ−1µ 5�. ��45=S��, 6*yD���D� K B_D

Σ−1 = K⊤K I�>R�h���S Σ−1, p K 6*7�7[�^�>�<�w5=>: [108]. �, MCN ;yD 0.25 mm <K�a*M�7[�^k(�>I;~s�;'1D8�1�ar�>, dp MCN ;DP%��#�<K*M�z}Ss�;=d [90]. 7��, MCN ;��>, n 3 J i K �=4~��5=>:�"����D� K(|x|)(n 3J ;�vSr;) im?0A W. 6*�ÆH.:, v K(|x|) ;"v"1<Kz/�;℄
<pC, p�90 W jh�=>� “A%.$�pC. �QU�^SY0�7 [90] ;n 3c i d;F~�s�pX"0. �r%r!*Jeb7[�^�>�m?%_O�WD��R4Ps�Kg:��-f&���K�;℄
<pCL�GX�QpC��v*Jeb�[e|Uk;, J,��v<O03�r%? 8p, v*1T�;, �,k9 K iW F�K��Q;℄
<pC^�%��XL6|x�p�.�,o�Ss� [90] z3=d�%��XZ|, bZ*1�x5=���D�:

K(x) =

∫

K̂(q) exp(iq · x)dq
∫

K̂(q)dq
(2.24){; K̂(q) �iX;����D�, J�bZiw S(q) �k�7�8%I>:�. 7��H

(N. Wiener)- Z� (A. Y. Khinchin ) XX, S(q) �=H`% C(x) �� 5. GY0�7 [90] ;�n 2f iJ��,;�n 3e F~, jar>:�"�<K=H`%�hk��X,*�>*%f|�Qm`%: Cor(|x|) = exp [−ρ0|x|]; {; ρ0 �QmY%. v3Fdk�E`1, yD�*%dQm`% Cor(|x|) C|s�`% C(x). �PX!%��XPI, �,X�X6*r#H5=� K(x), {pX�: 6 x = 0 p K(x) = 1; 6 |x| 6= 0, K(|x|) = 0. ���/, r#>:��5�"����D&K;℄
<pC, pn 3J ;�s℄p;��/9u�"N. �sX, 	?s� [90] ;�;℄
<pCI�| (2.24);��%(5=�K:VQ�. ����"N, Gn 3JF~, �,WDLd*M�VQPmI5=���D�. 6*�ÆH.:, A\VQPm�PM, ;℄
<pCp\&K;℄
<pC��5%:Lh2�. 9�, v�, MCN i V1 s�;, ��;℄
<pCBL�P�^}��[e|Uk, J~~�I%(��;�K:VQ�p;��. yDr#>:��5� K(x), �,6*�>Gn



2 y E℄~: 7?d�5~ 149

3LF~�r#�5�m?0AW. 6*�ÆH.:,A%.$pCv�5�W ;Lu"v.9�, v%(5=����D�im?0A;.:��Q<Kz/pC�%��X;yDK:VQ�,I�pX, pL�P V1 }��Mvr!�3. (>"W��, vY0�7 [90];, K(x) iW �pX�v�Ps�%�QmF>:�*%`% Cor(|x|) ��X�hq9>:�, �*%dQm`%�Y0�7;�##r K(x) iW ��N, vzw%��X;LuyD`{s�%�, p�,�X!�#��A�Y0�7 [90] ;�=d�%��XZ|, 9��,�%|p��	DP`Y0�7;�pX: *%QmZ|SK:VQ��X%�m?90 K(x) iW jhu<Kz/pC. mz, �,*�A\D8�a�PM, SD Lu`PÆ#�#Æa (n 3G), �pjPfMD8#k(p�>�_f, m?r!O�Lu�`Y0�7 [90] ;W:�;kO�.

2.2.4. W(ÆBp�u�"Pur<Km|`Fii�pCil���, �,�	�u MCN ;Æ#�#Nu{>�pKUk. v�\, �,ZpK[e|WDSY0�7 [92, 93] "��j<K�hk(��xI�h%��#. �,v�1��Z|;aru7[�^{>�k((i9Yh, 9�J,%Xu7[�^2!�62k.�Gs�;Kg:� [90, 92], �, MCN[e|;, �>�k((*M+%PÆ#�#�Æa, p SD vpKX=jtXL5, B�r*|aXSÆ#�#�Æa�H, Gn 3F F~.n 4A 4~uv�,� MCN ;, ;�
, (s�,1Qm;℄��� 0.5 mm �,GY0�7 [92, 93] F~) �PLdÆ#�#Æa1�Q"��>ApK�5�. �PY0�7 [93] ;�%��#�x, �,Z�>ApK5��Z|��p1R�. J"R� (-Xikf) �Æ#�#,{z�	 200 ms pKfM��>; JsR��1^kf, ���>v&:(z�lRpK5��Z|. '1kf��>^WDG1�&1x (Logistic) `%-Qm,

V
Q
(t) = P

(

1 + exp
[

−λQ
(

t− tQhalf

)])−1

,{; Q = r � f(r i f �=.;Xii1^kf) , tQhalf j>P�>&:("�FppK,

λQ 6!�>5��U�, P �'�Æ#�#Æa1�>�(. n 4B �~uXii1^�p1R��[e|�Qm, {;��f�f;~ tQhalf . 48, trhalf A\Æ#�#Æa�^Dp�C, p tfhalf �LAÆ#�#Æap 5, �Q%(pXXkHSs�pX�m [93]. vY0�7 [93];, Xikf tr10 �B0pKX3�Qm�>&:{(�a� 10% Fp��pK.R4H, 1^kf tf10 �B0pK��>vÆ#�#tJz�(1^ 10% Fp��pK.n 4 C i D �=4~u�, MCN ;�>�Xii1^kf�B0pKiU�. 48, tf10 i
λf =j`PÆ#�#Æa, pA\Æ#�#Æa��Æ, tr10 PMp λr �C. d�, �QpXSY0�7 [93] ;�n 2c i d F~�s�ar��#"0.G1F!, v�, MCN �1^kf, [e|L��p<m�a� NMDA `F=~tD���, 9�v=d;, J�Æ#�#tJz�"��KmpK (∼ 80 ms) �a�R9Rd.9�jPLd�Æ#�#Æa, �,v[e|�>1^kf>:�B0pKiU�^=d. �x, vs� [92] ;u5, VSD �>�pK=H�KpKm�k (pK�a� ∼ 50 : ∼ 120 ms)U�, B�vÆ#�#"viÆ#�#L"v��D1, ��=HkU�4}Luh5�. �,R0:�S NMDA �[�pK�a"0. 8pvÆ#�#,{kf, Xikf�[e|L���R AMPA �[#uif�V NMDA �[`Fii���. A\Æ#�#Æa��C,



150 7 ? ' ~ 2021 V

o 4 (A) w�- MCN �g'Y<, kMe�$�$�bAR#�A?BqLA6�. (B) k (A) <A?�i�'2ya'Rn. (a)<YA�g�g�><�w��$�$�b2, Yjj2_lgAA?';|Æ)#�A�2. (C) j (D) �'2ya'RnAA?AYj (LT) j2_ (wT) lgA�� (C) jV� (D) u��$�$�bAa'. (E) j (F) w�- MCN(E) jt� (F) <, Me�$�$�bwMeE9�2AR#�A?BqLA6�A�'2ya'Rn [!3�[Z1�8 [93] Au7 (�1GL 2009,

Elsevier)]. (2q=bo<A,lnWik?Qn3�A?<^A�2, qnGik?Q�WA?<^ngA�2. w�℄, �-p�Z1�8 [93] <zEA'��$QJ, w6Y�$�$�b2Aq=o��vwt	-2Rn<^E�AN�Æ� 0.5 mm, y�Æ� 3.0 mm A�-<D2E9�2BqL6�ARn.�og,dZ1�8 [24].
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V1}�[e|�{>pKZCB, p�R4Pv21�^	�;Kg:��D [109, 110]. 9�, A\Æ#�#Æa��C, Xikf�B0pKZPZB�U��=>H�C.n 4E hpu�,� MCN ;�>�p<pC, {;�%��X�|o�SY0�7 [93];z3=d�Z|. LdÆ#�#Æa�p<�>�=4~�"12`�an, �,�pXSn 4 F F~�s�KgpX"0.

3. .G|�e,�
Px[u5=�4|t�[b�`d|4�X�UN, bZx[t*mtv��X�L$	�;YIk95=�4|jP%|, H{�5=S>D%|�r�p#,mz, tx["1HP5=�4|�XÆI	�`?**?U��"Q1?�Ti?x.

3.1. f=r2Tltpm1?�	�[�**5=�4|	��X�u�%�,hpu5=�4|ÆI6�[u��"Q	�MF*�F, �[G1:

(1) ��{U06pXtIQ-��8&\*J$Jnt�{}�: IP�4|�s�*[�|4, 9�X�=d�X**%(=Q��,r*|aXp�}3pms�, v�s� - =d - X� -5=�~[�CG;,W+X��#i5==Q��x,i�DD�[e|-f*ks��ks(qf5�X-f�KNI	�*J�^}���f	�CG, 0ePu�g~*J�^}�vtpCi<OH-�=ju	X�**`5j�-f�,P��=x, 	�*J�t}�X�[O_(pC**J,v}�-f;��C�sUk, ��th�}�X�[e|_(*h��:�, **h�<OS}�pC�9XH-�RaW>m	�%|V�i5=CG.�4|,a�"1m�amb�	��|4, !^u�H1�a�Vab<5�8�a�),SH0��1�a�21�^�/�?R��[�:b1�a��^}��
��-f[e|��1�a�*J�[-f�pCS<O�**�uKb�X�I_f:��_fA\H-�℄X|s�	�B. pLdb��	�℄*�%|X��LN=d, aGVab<5�8�a�[e|:�℄*�%|:���*A�[e-f�L, p�^}�[e|�"b��	�℄*�%|V�fm��*���|�f|Iz5, xPuK*J�[}��<O	�S�K�a+kX�h��X	�"K. �"�4*J�[e|h�����"1p<m�a��Y, aG|+i82�℄�pK�a�b7:�>e/:^iT�r., p��XZ|℄*�/�M�5�8�a}�:�^��R=|, u:�^}�;k�-fb�. 9�HP�4|�	����7�s;�Y�u, Ld��Y℄*��xh8r*, 4h[�`�>��vXk�XrHr
s�5H���X, OE�=>�X�=d;�H�"X�%|pC, fxjs�5H��3k�Xr (aG7u�Æ3s�5H"K�Hg���H-B), B���%|pC;W�[�O+s�M��℄a, �"P*9s�Iu5[�5H, -bZ�s�;>:�"05HI��=d��L"05H;j=d�h�"Pm�, W,=d�u	k. h"%|X=�X��#�%(=QSs�p�3�g-, fx"1=~`℄���
�.

(2) ��JMU0~dHÆBp�Z�<[\�: �P�^CX�*O=}�[e|



152 7 ? ' ~ 2021 V�=Q��p�`5B:=xUOs5. ��9�xt_(v*J;bl��&�b��hC:�X�, p"�'1b���^
�=d��!^%n{e/X�{1�^�=~tD, '1�^a!^\�t�<K#lpCiU8�l��[SVab<. �z�H6!�^v#li�_f*�m:jh[tR��L5{J�^�Z|, s;X�j>��"1p<'k�g���|k. Gk7��^[e|�UN, `5}�[e|=Q�B:,P�5=�x"%*I�5=�4|;"1A��	��F.GX�xK�aI6!�^}�[e|�Uk,aG_D[X|X�0��^}�;?R�"�3a�N`%���, tSmtv	x:t;	�u6!�^}�[e|�[X|�|�5=�x, W�uOEDI�X}�[e|;�5m1�^dP�R�_8�V�%(=x [111, 112], v���X, �"P�jhu"QbZ0���0� d�=d	�
.Æeb[e|�:t [113]. 8pj9"��[e|&XI/, �^}�[X|j>�g���|�p�9K�jkH`5B:=x, ��9�"�4��|�1t`V!^�^��R�, p�R�O�;k<|&KP�|�r, �"�4�s��^-f�X_(p, �^S�^"K�[e|�=~Hg�, ��y>?R�"�3a�N`%v=<KXLuOEN��"�`%, p;5�,�`% (X�X�%BP=~Hg��^�1%), Gk�j���[dg���|`5B:=x��"1(>	���F [114, 115].

(3) ��9 U0~dH-��ÆBp{�L�j�ZpAF: *J�X_(p��℄*:!^*r�^�}��[, p�21�^�[e|�|,a���;k�, 9���^}�I/, J�"1,��;k[e|-f. �s5j*J�^-f���,��;k}�[O����3kXr, �p�RD[�%|X�S�#�x, aG�
,�<K;}���[e|�0kpC, [e|L5r, **pC�XkB, 	��^-f�R�t}��
�k�jxt�#�>�8&k, xO[e|h��U�W+**[O	>kBh�<O�%|:�.�3,�f�[e-f�#�x~	DPD���D, Gku�*J�t}��R-f�X��#�x�(>	���F. {�, -yyD d�z�xKb��[X|X�I6!�^}�[e|U�p, �p�u�[�%|pCi�x, ��9��f�[X|X�+ODI�X�^"K[e|�Hg��MHg��D, pvs;�^}��7[2!_(p, �^"K�[e|�=~Hg�, 9�Gkv�f5�X;�f�[X|X�CGy>OEZ�^"K�[e|Hg0��-��"1(>	���F. u0�:*J�}�pC�ApK���,aGv|+�uhA5��D1,{[e|XO��ApK���. 8p, �f6![e-f�Xk�X�CG�XvpK%P�"��D1, pjP*J�t}���Lh���[O�[e-f, "�4J�#jPxt�#��IOE#�=j"0�{>, �"�4JO�#jPxt�#�5�K=6�8&k, 9�Gk:�{�XkS8&k��"1(>	���F. mz, E	s�Xrm�P�KX� ���X%���x, aGHgk�#�9XH-B, J,�X�CG����jfX?�[-X�, aG;k,1%�, 4�jP�^}�-f�s�ar%���^℄*�;k�,1�[e|Z|, 9�"�I/, WD�Q�P��#�x>��jP%��r
�(>�[�. �[I/, jP�^}�����;k[e-fjh�%�, �f�%��X�x��6h, j>�p�>�Gkr
B^�(>	���F, p�Q^r�p�v�(K�e/u�3[�%|X�CG.

(4) ��U06pXtZ3��h��{4Z3���a&�E: E	A\[1 i



2 y E℄~: 7?d�5~ 153[�x�u�, s�XlIlmHOE�31b��+*J�[�_f [116], aG��I|�JR_f**<Oh�A�ar���_fB. p�Qs�%�IP℄*��^%ECm,���K,��mS)7k(�Uk, �j�Rds�%�, Gk`5O�
KP�<K�^�=x, -
:C1�<Ky�Q%��KP�%**^D, �(>	���F. 9�"P,0�:*J�[O	>kU�, �Qs�%�j>�[e|��vLh���, �mpK.BL�*5Krm�f�#�x (aG�Q�#**m*48F5) ;jar%���#, aGk�kU�B. ��"�dpk��baI., -k�%���,rrZ, �j��M�,�s�%�, ��6*_D{'�k�{JU�I�+=H_(�W+��(>	���F.u, ar�iik�TIKWx��4|	�;�"1=N�Y [117], �\�ii:!G�-fMR�^"K��XpCii, �!G_Df5�x�Xar��^_fj>�pKvx>:�KP�<Oii. p6!�^"K�iiH-�r8�%|V���}�n (����r), 	�Gk:��QnF�K�f5U�, **v6;k�A5�D1�QiiH-n�U�Gk5�, =>HGkS}��[e|<OUkg-�I��(>	���F. mz, v	4T�%|X�v�pW:�, �^}�-f�s�ar%���(�o�u�P�%��#�x�CG, Gkw"s�%��UN, K��x�`5[d�%��#�xK�x�s�%��#"1h[�	��F, ��Z�"Pq[%|if5|�u�.

(5) ��"zKU0~^o�#PpiAF�\�: E	?:�}�WD���=|�iwdpB�VQd�|, �s;X��P�^ d���R�Sxt�IR�"K��5(;H-I`5�, plIlm�	�;9, �s�^9mWD�2!�|�VQ�R"�vxpB� d���R� [118], 9�"�d�}�9i�?J�^}��:t�X, G�^/�?R���;k�Q�&:|(z�u�R"�**u�R"�z�L>x�(B, �QUky>"�d�}��K�X�t_(�Oe, 	�h�"�d�}��_(2!�3, aG'�2!B, Z�`5RJ?:�}�W>A��	�3�.�x, 6	?:�}��|+�x�"h�{F�C, �LvrmUXA!;, ��x+�96*rHF�6	�?:�}�, 8p�|+�xS*J�-f�|+x�=hef, H{v<eKPkiA!~�k�4. pE	rms�;9�^"K�iiÆa�A\�^"K�[e|XOuh5�, -�^-f�6;k|+�3, ��3*9\h��^-f�|+i�l, �py>h��^}���:C�F��pC. u, *J�^-f;"v\*r�{Eii, p�QiiF#u���[+B���X/1�*;,�P	�^-fIs5_(�W+, aGz}kR0B, �p*[�-f9CKP�|+, 9��h��^-f6;k`Xi{Eii�Uk�u, pms�X�u5, m?>:J�u�["."�d?:�}���l�x, lp5K?:�}��m
, ��(>	���F.9�"P, *J;"v\LdRd��^, ��IR�����fI/, 6*Kb	d�^S,3d�^, p��^a�RhXUkI/, �^O6*��rmaRd.A\�4|s�:��Lhu�, 	�Ld��^RdHP*J�^}�[e|�T>�x�u�TI�4|�"1=+	��F. pjPLdRd��^{i��I��m�|L=d, �p{j>�_(2!�|�L=d, 9��!^#l0kpC**RhXUk��s�^X=�u, pm�4|s�I�"Pu5�^#l�I_f�5=x��(>	���F, �jPXr�^�KP_(2!**`5[".?:�}��=d
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3.2. p6R�Nuh[I/, �4|�X�i5=�4�	�=jPs��4�	�I/�9zi"Mrm, �\4�A�`9�X�i5=�4�	�?b=jPs��4�	�?b%rO=I/�Mrm, �4|s��4�?U�,8Xi�fh<4|S�?U��=|*dM8, p�h<4||4S��?U�=|(�=j.fx�. {K�4|X�i5=�4�?U��D�m8Ld, p�*eu�, �"�4vPR45=�4|���`d|4Fp��'	�l�4�LEzV, �5=�4|I., GX,��X�S5=�:t���s:js�K*9i�utD�	, u���f�P�%|X�S5=�x*x,��#	�?bLO�:v*5K�X�i�x-r%�Y, p�>�7��Y�p�I�
�x, e/rmpyp�u�[�%|X�S5=�x. {6O℄*�	�:�=jfN,G�j�^}�[e|=Q�A�Z|*A�g���|�%(B:rx�j=>�;k[e|�|tX��#�W��#�x��Xs��=Q%��pKvx�#�x��xK�a�#�^}�����ksO-f�f5e|�x�0�*J�t}�OE,P�L_(�s	SF��xB, 9��#	�?bKf�%|i�X�'	, p����E	h<4|S�'	�l1�	�?bFLUm�. pjP%|i�XS�'	�l1�	�?bI/, ��5=�4|�	���K=6*�_�, 9�J�#	�?bOEXr�4|�h<4|�X��&pC, OEbI�4|s��/n, ��z�t�s�5H;Wk�,8�X��3,OE��s�|A�	�3�i`�V�,p�QS�f%||4;;5���&pC**%|AlD�3�iV�^=hef, p+Ks:�QUO#�%X'	�	�?bv	��YpL�tVs�, OE�(�4|�XH℄�A��4|�Y,�p�"XpK�4|X��l, p����E	%|��XS�'	�l1�	�?bFLUm�.RP�, )V�sn�=�nT.
,{, I	x�1� (A. P. Sloan) �z�izx�1�� (J. Swartz) �z�^PnRF,O�	�FXX��4|;℄, bZ&;%|��X|�:||i5=�4|B�X��T?U, �H,W>����PH,Vd:5=�4|	�. vZ-�OnT;, �Q;℄�u%�;�T?U, {;tm5v(�x�5=�4|�X��9. �`K_, ℄F��5uGo1Q5=�4|;℄�#�.5=�4|;℄B. =.fI/, E	;V�,O�	�F�4wR4�X��4|;℄,)�ZI;V�OX�X��4|;℄, ~1��T?UiRT5=�4|u��)AA!. (>"W��, RP5=�4|C5k4�|4A�k, ;Vw�5u"Q*dx�|h�E��5=�4|	T�, aGT2+�F5=SB!�4|�x|O,��*|5=SX��4|�x|OB. t�I$X\`b*|*I, �gmVMx�4|�XSA, 'TT�qMv`*��5=�4|Z3�, bZ�!VMxs��4|SX�5=�4|�X�!;SA|�;, x��5=�4|�u��"dz*?U, �pKP�ji�V�J5�**[".?:5OjP5=�4|�X�?Up#.�TI, VA,{KPC*j%|B��|4�hI, BZ%||4�d[i4	�u�Wi:VA��p#�b�. s|"zTV!h=u��[".?:5Ou�O�	W�, q[?:5OS�4|�B!4|�ra4|�℄X|�%|��4|�̂ �|B=H��|4�`dEm, CÆ;�?:5O=x�=du��%|��X�	�. s|"�Tzo, 4
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gm3Xu�HPCÆ%|4|	�:t��	, ��*�, %|�84|���, ��A*1 �[u����. �CÆ>D%|i%|�>D	�,  �%|*`d4|	�. pVA84|�z
�s5P"&%|AW��;V%|�vsn"�=�3%X�t3�+k�E9, yv"��|T�`u%|^^SB�z, �Z�OnT�u�, %|^^�zv|4u�O��|4�FT��|4i�X`��T?U��	�
�� V�Fn%|A��B�4u�uA�tD. ��"P!�&X%||4ksu�, VA84|�z
%|^^�z�9Mk, �s|"zT,{`^^%|;℄BE, �BE*CX`�kM!�mti	��L-, �jL$%|*{`d�X�SY, bZm�f|�| `�	T�[, ;9T�?�I|4	Æ, !�%|S{H|4�%|3� K�`dEm. aGVA^^%|;R;℄ �i,�u5=�4|SY-x| �[, KPHq[u5=�4|t�`d|4�y�.fXF!, 5=�4|S{J[b`d|4�u�R4, "�4.;\4|u��q�i%�, �"�4vA|4;|�`1, ?U��3�=|, 4|	���/US, 4	xX�n`[-BO4y\%*�FIi_�. 8p, vVA�w�m�4	hIf�1, vN*3t| d>�T�Ad[e1,tI_,;V�5=�4|**%|Sh<`dB|4�X"XK\M9�		i)�ÆI.� 5 g k
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Abstract

Computational neuroscience is an emerging interdiscipline and first appeared as a spe-

cific research field in the late 1980s. It is aimed to solve important scientific issues in neu-

roscience through mathematical modeling, theoretical analysis, and numerical simulation.

On the one hand, neuroscience experiments provide the basis for the development of new

mathematical models, theories, and algorithms. On the other hand, it is helpful to reveal

mechanisms underlying experimental phenomena and discover new scientific laws through

mathematical and quantitative analysis. The US Brain Initiative and the European Hu-

man Brain Project were both launched in 2013, while the Japan brain/minds project was

launched in 2014. Recently, the China Brain Project (“One body, two wings”) has also been

approved by the State Council as one of the Innovation 2030 Major Science and Technology

Projects. The investigations of brain and its related brain-inspired artificial intelligence are

significant frontier sciences and have the leading strategic position of national competition

in research and development. Because of this, computational neuroscience is regarded as a

bridge between brain science and artificial intelligence and plays more and more important

roles in frontier sciences and national strategic needs. The development of computational

neuroscience may advance neuroscience, mathematics, physics, statistics, computer science,

artificial intelligence, and other natural sciences and engineering disciplines. In addition, it

can integrate the advantages of different disciplines to complement each other, and achieve

important scientific breakthroughs.

Keywords: computational neuroscience; computational modeling; scientific comput-

ing; neuroscience; artificial intelligence.
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