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u�{�]Ô. ¢Ü���A��

P Diag (v) �±�þ v �é���é�Ý
. �

B = Diag (4 + 3i, 4− 3i, 3 + 2i, 3− 2i, 2 + i, 2− i, 5 + i),

P =



3 5 3 + i 2 3 1 3 + i

5 4 2 + i 4 5 1 i

3− i 2− i 5 1 + i 2 1 3 + i

2 4 1− i 2 i 1 2

3 5 2 −i 1 1 2

1 2 3 4 5 2 3

7 6 5 4 3 2 1


,

9 A=P−1BP . �, A ´ B ��qC�, l
üö�Ì. ·�¤'%�

´�+ {etA}t>0 ��ê­½5. §d A �ÃA�����¢Üû½. ¦

^�í£�_S�(��{)

vn=(zn−1I−A)−1vn−1, n > 1.

∗ù´ý<�. 3®uL���¥, Ñ�
nÌì¡¿Ö¿
�1ÔnÆ[�¥©Èi.

ÂvFÏ: 2021-01-17. ¹^FÏ: 2021-01-29.



Ð�� (v0, z0),1 nÚÑÑ� (vn, zn). 3%d{��:´¦�¢Ü��A

���A��þ. A���O�´A��þ�B�¬(~X¦^ Rayleigh

û).

ã 1´l z0 = 62+6.2 iÚ v0 = 1/
√

7Ñu,d? 1�©þ� 1�~�

�þ
 z0 �¢Ü��ö±�K?�p, �g¤��� {Re(zn)}12n=0 �ã

�.dã 1�±wÑ:l n = 8m©, Re(zn)Ò®�~�Cu maxj Re(λj) =

5. Ïd, ·��,Ak vn → gmax.

{Re(zn)}12n=0 : z0 = 62 + 6.2 i, z12 = 5 + i
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ã 1 A��¢Ü�%CS� {Re(zn)}12n=0

�ã 2 ¥� {vn}12n=9 r·���t'
:

ã 2 A��þ gmax �%CS� {vn}12n=9
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ã¥��þ gmax \
KÒ, ´�ò§�å:��m�²¡þ; Ó�/k

−v10. ;� −gmax þ��:´T�þ�1 1 �©þ,  ���_�¨�

�rÅg�ÑÙ§©þ. Xã 2¤«, v9 ®é�C −gmax;�−v10  þ�;

v11  eK; v12 2£5�:. wØÑ vn → gmax! g,��: {vn} Âñí?

2 
gþfåÆ��µ

ù�!I����:�Ì0�þfåÆzcuÐ¤¥�A�¡ã:

Ý
åÆ!ÅÄåÆ!üö�d5!
uþfåÆ�y�êÆ©|�,l

¥�±N¬�¤ïÄ�K�¿ÂÚd�.�!�¹�
{¤©z,���

y�^, ÃI[Ö. ¯¢þ, oÖ��B�?\e�Ü©.

(1) Ý
åÆ

þfåÆÌ�´�I�Werner Karl Heisenbergu 1925cMá�,�

�¦ØÕ 24�.¦u 7c�� 1932c¼ì��ÔnÆø (�©{¡�ì

ø). £� Albert Einstein c (1905), �� 26 ��¦´a¬Ë�Z;|Û

����
. ¦�
 1�Æ¬Ø©¿��I5Ônc�6(Ann. Physik)J

�
 4�Ø©,ù
Ø©�)y�Ôn¥n�¤Òµ©f$ÄØ!dÂ�

éØÚ1þfb`§Dy��©z. Ù¥“1þfb`”�Ø©I� 1921

cìø. ù�ùp, �&�[�%(Ñ¬k¤>Ä. ·�Ñ¬Ï�3ù¬

è/þÑyù��k¤��ME��Æ[.

ã 3 Werner Karl Heisenberg ¼ 1932 cìø
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�øc¡øy“¦éuþfåÆ�ME§AO/§ù��
��Ó�É/

/ª�uy”. d?9����øc�“List of Nobel laureates in Physics”,

Wikipedia.

Heisenberg �ìø´1�c (1933) â�u�. Óc¼ø�´Å/|

� E.R.J.A. Schrödinger Ú=I� P.A.M. Dirac.

ã 4 ã 5

Erwin Rudolf Josef Paul Adrien

Alexander Schrödinger Maurice Dirac

�øc´“uy�fnØ�#�õ�/ª”.

Ù¢, XÓ��é¯ò�w�: �c¦��´þfåÆ�Ì��zö.

þfåÆk°k±en µ

• Max Planck (ìø 1918): u 1900 cJÑçNË�úª: Ë�ªÇ´

ν �Uþ���ê� ε=~ν, Ù¥ ~ �ÊK�~ê.

• Albert Einstein (ìø 1921): u 1905 cJÑ1þfb`.

• Niels Bohr (ìø 1922): u 1913 cJÑ�f((�)�.. ¦�¡�x

�M�Æ���Ì.

Ý
åÆMáu 1925 c, ë� [38]. �k 4 �Ø©:

• Heisenberg[21] (ìø 1932) (1925 c 7 � 29 FÝv).

• Max Born (ìø 1954) & Pascual Jordan[4] (1925 c 9 � 27 F Ýv).

• Paul Adrien Maurice Dirac[17] (ìø 1933) (1925 c 11 � 7 FÝv).
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• Born, Heisenberg and Jordan[3] (1925 c 11 � 16 F Ýv).

À��.¥Nõ*:§X>f�;�!ªÇ�§ÑØ´�±��*	�.

°Ü�Ï"ME��nØ§�´¦^3¢�¥²~�>��1Ì��ª

Ç!rÝ! 4z±9U���*	þ. â`ù«�{
u� Bohr ��

g 3 ����	ÑÚ. 1���MØ© [21] ¦^�´�L?n. ¦òØ

©x�¦�P� Born,��	Ñ�Æ. Born£gõF.+×Ñcö�A�

L¢Sþ´Ý
¦{. ¦���êÆ[ Jordan Ü�, �Ñþã1�©[4].

d©Äg¦^Ý
. dd½¶�“Ý
åÆ”.��õ��,¦�n<Ü�

�¤
1o© [3]. ùn<�¯�Ü�ØJn), Ï�Ñ3�I. � Dirac

�¯��A(1n©) [17] -<¯¯.

ykÝ
åÆ¤ïÄ�Ä�Ônü�´��Ý
, ù´�Ä��ä

k¢Ì�EÝ
.

(2) ÅÄåÆ

1926c, E. Schrödinger (ìø 1933)35ÔnµØ6(Phys. Rev.)þu

L
“�fÚ©fåÆ�ÅÄnØ”[33] (1926c 9� 3FÝv),uy
þ

fåÆ�1�«/ª—ÅÄåÆ.

Schrödinger �§�Ä�/ª�

i~
•
ψ(t) = (−γ∆ + V )ψ(t),

d?
•
ψ ´ ψ 'u t��ê. ~ê γ = ~2

2m . �{üO,XÃAOI�,±e

·�~Ñ�d~ê γ Ø�. XJ V ´¢�, ég,��Ä��©l):

ψ(t, x) = e−2πiEt/~ϕ.

d�, ��§C�

(−∆ + V )ϕ = 2πEϕ =: Ẽϕ,

Ù¥ ϕ ´��mÃ'�½�). UP Ẽ � Em, §´1 m �A��(U

?), �A�A��þ� ψm. ù�Ñ

Uþ
(
ψm, (−∆ + V )ψm

)
= Em(ψm, ψm)= Em,

d?¦^
8�z: ∫
Rd

|ψm|2dx = 1.
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{ü/`, òéAuA�� Em �A��þ��²� |ψm|2 À�VÇ�
Ý. ù��u¦^
�A��6Ä�VÇ�m.

(3) ü«åÆ��d5 (1926–1930)

lJÑÅÄåÆ��cm©,Òkõ<y²
ü«åÆ��d5[5]:

• Schrödinger[34], 1926;

• Clark Eckart[19] (24 �), 1926;

• Dirac[18] 1930.

• John von Neumann, 1927 – 1929 cm�õ�Ø©9o(5;Í [39].

(4) zc�Ô

1926 c Born ¡ ψm �VÇÌ (Probability amplitude). ¦u 1954 c

¼ìø, �øc�: Äu“¦3þfåÆ�¡�Ä:ïÄ§AO´éÅ¼

ê�ÚO)º”. ,
, Schrödinger l5vk�ÉXx�M�Æ�¤��

�@�“A�´° þ�”�Ú�)º. Einstein K`:“þ2Ø��f�”

zc5�ïÄ¤y²,þfåÆPk�~ ��S%,±�uõ ¶

[Ñ¡Ã<ýÃþfåÆ.

• Bohr `: “XJk<Ø�þfåÆá'§@o¦�½ØÃþfåÆ.”

• Einstein `: “·g�þfåÆ��mz�u2Â�éØ§��,Ø

²x.”

• Feynman (1918-88) ÏÙu 1949 cÚ?�~k^� Feynman ã
ª

¶u­ (��8ÿÃî�nØ), u 1965 c¼ìø. ¦`: “â`­.

þ�kn�<
)�éØ§·Ø��¦�´X.�´§·�·�±�

½/`vk<n)þfnØ�”

�N, ��8F, ù«G¹¿vkUC, ë�[24].

(5) þfåÆ�y�êÆ

Schrödinger Ñ�uÚOÔn, 3© [35, 36] ¥, ¦QÁãé���d

²;VÇ�Ñ��§§T�§�A�¦�U�C¦�ÅÄ�§. ùÚu


�þ��YïÄ. ~X�¡ò�J9��_ê��ÅL§Ú)¼.n

Ø, �k“Schrödinger *ÑL§”, � [2, 30, 31] 9Ö¥©z.

�d�', �kAaE��ÅL§:

• SLEnØ.��E�ÙK$Ä(8õu P. Lévy). ~X� [25]9Ö¥©

z.
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• õ­gNÚ¼ê(plurisubharmonic functions)�)¼.. ë� [20]9Ù

¥©z.

• E�ê��Åó� Feynman È©. ë� [23; 1 9 Ù] Ú [27] 9Ö¥

©z.

• þfVÇ, þf�Å©Û. ë� [1, 32] 9Ö¥©z.

3þfåÆuÐ�@Ï,<�Ò¹¢'��Ý
a���é�.��

;.~f´ 1934 Ú?� Jordan �ê, åã±§�O��Ý
a. k�

�´, )ö1��4�ÆP�Qu 1964 c35êÆ?Ð6þuL
��

'uù«�ê�Ø©. ���c Jordan �ê�¹�§Ý. 1983 c, Efim

Zel’manov y²: Jordan �ê�õ�´ 27 �� Albert �ê, éuþfå

Æ
ó�,��,¤±ù�ïÄg´�k4
. 2019ck *lw�,�

unØ�´k3 27 �. Ø�ÛÏ? �´ Zel’manov, ¦A^ Jordan �ê,

)û
 Burnside ¯K, ¼ 1994 c Fields Medal. 'ud�ê, )ö���

8 �Ö, Ù¥k 1 �´'uÚO�A^. �#���´ [28].

Cc5, �,å
���þfåÆ, ~X PT é¡� Psuedo þf

åÆ. ë� [29] 9Ö¥©z.

c[��§B�uyþfåÆéy�êÆ�ã�K�. e¡�Ñ


uþfåÆ½ÉÙ�ÝK���
êÆ©|.

• Free VÇ, þfÜ6;

• (E) �©�§, Hilbert �m, ÌnØ;

• �f�ê: C∗ (W , Weyl, Jordan, von Neumann) �ê�;

• Heisenberg +, þf+;

• ���AÛ;

• þfåÆO�;

• þf+AÛ: �é¡, �u.

'uþfO�§MatLab �@Ò´�þfåÆ�O�. y3, �Øõz�

«­�^�§X Mathematica§Maple�Ñk;�Ö70�XÛòT^�

A^uþfåÆ. �©�e�Ü©ò!�: y�VÇØ¥��_ê��

ÅL§9)¼.nØ, 
u Andrey Nikolayevich Kolmogorov u 1936 c

Ú 1937 c�ó�, ���uþfåÆ.

Ï�JuO�, Ý
åÆ3é��ÏS�õ?u�ZG�. þfå

ÆïÄ�õ8¥uÅÄåÆ, �ökrkå�©Ûóä| . C
c5,

�Ï�O��?Ú§Ý
åÆ�kE,�³. ~X� [22, 26].
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�d, ·�£�
þfåÆéêÆ���K�, üÆ��mp�p

Ï!�ÓuÐ�{¤¡ã. )öÆSþfåÆ�´Cüc�¯,É���

��À,¤±P¹eù�!±øVg. P�M. Atiyah±cQ`L: “Quan-

tum”é¦5`�,´“a big word (��é��!J±P¹�üc)”. ¦k

���: ïá“þf�êÆ�é�”.

�!l��Ý
����Ý
, �OOK({¡�O)Ú�ÌÝ


£�Á�ù�¯K:�oÝ
äk¢Ì?)ö���´��Ý
�f, A =

(aij)3, L2(µ)�mþ´g��,@§3d�mþ�ÌÒ´¢�. �N\

éù�)�¬a��", Ï��[þ�Æ�@ÒÆL. ¯¢¿�Xd, ¢

Sþ, vk=��Öw�\´Ä�39XÛéÑù�ÿÝ µ?

¯¢þ, ù�uÐ²{
é��m:

�_ (reversible, 1936 c) −→��¡ (symmetrizable, 1979)

−→��� (Hermitizable, 2018).

1936c, A.N. KolmogorovÄkék�ê��Åó (k��KÝ
)Ú?


�_5Vg. k��´: T©�mÞÚ(�ÑÚ^
 Schrödinger 1931 c

�©Ù. 1937c,¦ïÄ*ÑL§ (��ý��©�f)��_5. ùÒm

8
y��_ê��ÅL§(½����)¼.) �#Æ�©|. Ò�ê

�m�/,ò“�_”ÿ2�“��¡”�XÚó�,´)ö�û�ÍP�u

1979 c�¤�. �� 2018 c, ¤k�ïÄÑ�u�é�����K�Ý


. éuê��ÅL§
ó, d^�´gÄ÷v�. ù�, ´ Kolmogorov

�@òþfåÆ!(�/`´ÚOåÆÚ\VÇØ;�,,òVÇØ�Ú

OåÆý���´��� 1960c�¥��¯,ë� [6, 7]9¤Ú©z. ,


¤kù
ïÄÑ�u¢��/. 2018 c, 
u�{ïÄ�I�, )ö

Ú?
���Ý
óä. 42 cc�“��¡”nØ´·�?\ÚOåÆ�

v�<§�´·�3ISþáv�1��¤J. v��, �5é�“��

�”�²1nØ, ¦·�ég,/?\þfåÆ.

½Â 1 (� 2018 [10]). ¡EÝ
 A = (aij)���,X�3�� µ = (µk)

¦�éuz�é (i, j), k µiaij = µj āji(⇒ é�����¢).

{ü/`,�,Ý
 (aij)���,�“�þ”ÿÝ µ��,Ý
 (µiaij)

Ò¤���Ý

. ò�¢��/, “���”Ò¤�“��¡”. � µk ≡
1 (þ!ÿÝ)�ò£¢é¡½E���/, ù��u?uþ!0�. é

8



uÃ¡(�!�)Ý
, d�Ø�3(²ï�)ÚOåÆ. Ï�éuÚOåÆ,

µ = Gibbs �, 7½�VÇÿÝ. Ó�/, e µk ≡ 1 �Ý
Ã�, éuê

¼L§, ¿�XdXÚ7½r�«ý, ��¢SA^�d�4�k�, ~

X=�uD/¾�.. XÓ Kolmogorov ¤`: VÇØ�A^Ñ´ÏL²

­VÇ©Ù5¢y�. ¤±ò“��”�¤“���”k4­�¿Â.¢Ã�

´: �,��¡g�·�®²¦^
 42 c, �3Ý
Ø!�¼©Í!O

�êÆ!ÔnÆ¥Ð��A�vk�o'5. Ò·�¤�§���óä

3þã�Æ�¥Ñ´#�§́ ��m��#+�.^BJ9: �C·�é

O��Ì��z��Ò´¦^��¡Ú���nØ, ~X� [10, 14, 15].

½n 2 (����O. � 2018 [10]). EÝ
 A = (aij) ���, ��=�

eãü^�Ó�¤á.

1) éz�é (i, j), ½ö aij � aji Ó�", ½ö aijaji > 0.

2) éz���4´ (�ÒÃ �), �/^�¤á.

d?I�)ºþã 2) ¤^��ã(�. X i 6= j, aij 6= 0, ÒP�

i→ j. ù�, Òk4´ i0 → i1 → · · · → in = i0. ¤¢��öD�§Ø�¹

?Û��f4´. “�/^�”`�´éuz�Xþ�4´, Ñk

ai0i1 · · · ain−1in= āinin−1 · · · āi1i0 .

=÷d4´�����Ã� aikik+1
�ë¦È�u÷d´���Ã�ë

¦È��Ý. éu�é�����K�AÏ�/, ù��/^�8õu

Kolmogorov (1936). )ö�ûP� 42 cc�Ì��z´�I�y“��

4´”. éõ�ÿ, $�u�Iu�“o>/”½“n�/”�ü�4´B�.

ù¦·�U
r�é�,�)�êÃ¡�.~X� [6;1 7Ù!1 11Ù9

1 14.5 !].

XÛ�ÑÿÝ µ? k�½ë�: i0¿� µi0 = 1. ,�,éuz j 6= i0,

?À�^´ i0 → i1 → · · · → in = j, K��

µj =
ai0i1
āi1i0

ai1i2
āi2i1

· · · ain−1in

āinin−1

.

·��k�y�/^�Ú¦Ñ��zÿÝ µ ��{, � [12; Algo-

rithm 1].

��½n 2 ���A^, ·�5wwné�/)«Ý
�AÏ�/.

� E= {k∈Z+ : 06k<N+1} (N 6 ∞). ·�½Â/ªþ�Ó�ü�Ý
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T Ú Q (¡�)«Ý
)Xe:

T

Q
=



−c0 b0 0
a1 −c1 b1

a2 −c2 b2
. . .

. . . bN−1

0 aN −cN


,

éu T , (ak), (bk), (ck) � 3 �EêS�. éu Q, �¦: ak > 0, bk > 0, z

11Ú�". eÝ
k�, ��¦"11Ú�u". ~{P� T (½Q)∼
(ak,−ck, bk).
íØ 3 (né�Ý
���z�O. � 2018 [10]). né�Ý
 T ∼
(ak,−ck, bk) ���, ��=�eãü^�Ó�¤á.

1) é�����¢;

2) ½ö ai+1 � bi Ó�", ½ÙÈ��.

d�,

µ0 = 1, µn = µn−1
bn−1
ān

, n > 1.

��§·�òÑ�“ai+1 � bi Ó�"”�/, Ï�d��©¬?n.

3UY�\�c, 5¿���Ý
 T �)« Q �m��O. oÑ/

`, T d 5�¢ê�û½, Qd 2��ê� (�d/, 1�¢ê�)û½. ü

ö�å$�. ·��¤±r§��3�å, ´Ï�uy
üö�m�3

É�'X: z������ T Ñ�,�)« Q �Ì (k�½Ã�Ý
),

Ã�ò�öP� Q̃ ∼ (ãk,−c̃k, b̃k). �“ ”�´, ·��^ü�®���

ê� (ck) Ú uk := akbk−1 = |akbk−1| ò Q̃ wª/L«Ñ5. �'��´

eã�üÚS�:

b̃k = ck −
uk

b̃k−1
, b̃0 = c0.

�üÚS�o´wª. d?´ë©ª

b̃k = ck −
uk

ck−1 −
uk−1

ck−2 −
uk−2

. . .

c2 −
u2

c1 −
u1

c0

, 1 6 k < N.

10



k
S� (b̃k) ��, N´�¤ Q̃ ��E. ùpI��:^�: éz� k,

ck > |ak|+ |bk|. �Ý
k��, �I^ T +mI (m� 1) �O T . ,�§·c̃k ≡ ck;ãk=ck−b̃k, k<N ; ãN =uN
/
b̃N−1X N <∞,

ùp, ãk ��{�´Ï� Q̃ 1Ú��¦.

e¡´�©¡��“#À�”���(J.

½n 4 (�{. � 2018 [10]). éuz�� T ∼ (ak,−ck, bk), �� ck >

|ak|+ |bk|é?¿ k¤á,K T �Xþ�E�)«Ý
 Q̃ ∼ (ãk,−c̃k, b̃k)�
Ì (ék�Ý
, =k�ÓA��).

d(Jq�{ü�4<yØå. ´�§��Ð�êÆ(JØ=I�

{'§��¦k��SºÚ��5 (=?u.�,l
�*Ð).�wÑd

(JØ{ü§�I���Û ãk Ú b̃k ��ºl½ÂwØÑù�:. d?,

·�2�Ñ��'�:. ù´)öÚÜRu 2014 cé���« h C�

[16]. �½��EÝ
½���©�f. 'X` A, ·���E���Ì

�f Ã. �{´¦^C�??NÚ¼ê h: Ah = 0C�??,éuÝ
�

/§§ò A �¤k1ÚC�"; éu�©�f�/ (~X Schrödinger �

f),§ò ³�z�". éu8c�né�Ý
 T ,NÚ�§D�é{ü

����©�§. ¯¤±�§éuCXê����©/�©�§, ¿ÃÏ

). ¤U�"�´Ï¦A), ù��“<K©O”. 3 2014–2018 cm, )ö

Q�Lügãå,���Ué� h��Ð�L�ª. y3,¦^þã�E

�C� T → Q̃, ·���Ñé{ü�L�ª:

h0=1, hn=hn−1
b̃n−1
bn−1

, n>1.

�d/§

h0=1, hn=
n−1∏
j=0

b̃j

/ n−1∏
j=0

bj , n>1.

dªL¡þ{ü§%´;.�ê��. bXrþã� b̃k �?�, N´w

Ñ {hn} �¤�½� T �'X¢�þ4�E,, ¤±J%�c¤@o�

§ÑvUé�y3ùoÐw� Q̃. A�AO�ÑµhC�PkÊ·5. §

ò�ÌnØ�5é�(6�“ ³”�üØ§��±IO��ÅL§�)

¤�½��ý��f (ë��©1oÜ©).

11



�Ñù��(J´�~ØN´�. )öc��uL
n�ØÓy{:

�y 2018 [10]¶ü���y² 2020 [11]).

n!lÑÌ

þfåÆ�'%lÑÌ (©áÌ). éuk�Ý
, ÌolÑ. Ï
�

I�ÄÃ¡Ý
. �!�Ñné�Ý
lÑÌ�wª�O.d�Ì5§�

I�Ñ'u Q Ý
�/��Y. ¦^½n 4, d§�á=�Ñ��� T

�ÌlÑ5�O.

· Z+ = {0, 1, 2, · · · }. � Q̃ ∼ (ãk,−c̃k, b̃k). ½Â

µ̃0 = 1, µ̃k =
b̃0 · · · b̃k−1
ã1 · · · ãk

, k > 1.

P L2(µ̃) � Z+ þ'uÿÝ µ̃ ²��È�¢¼ê¤�¤��m, Ù~^

SÈP� (·, ·)µ̃. d1 2!®�, Q̃��¡,ù�dud�g.
(
−Q̃f, g

)
µ̃

¤½Â��f�g� (g�Ý).�´d�I��½�f�½Â�.·�¤

'%�kü�. Ù����ö: §d÷v^�
(
− Q̃f, f

)
µ̃
< ∞ �¼ê

f ∈ L2(µ̃) �¤. Ù�´��ö: §däkk�| �¼êÜ¤. òü�

�f©OP� Q̃max Ú Q̃min. �Öö�B§·�­ã�g [9, 11] �eã

(J.

½n 5 ([9, 11]).

(1) �
∑∞

k=0

(
µ̃k b̃k

)−1
<∞. K Spec

(
Q̃min

)
(:= Q̃min �Ì) lÑ��=�

lim
n→∞

n∑
j=0

µ̃j

∞∑
k=n

(
µ̃k b̃k

)−1
= 0.

(2) �
∑∞

j=0 µ̃j <∞. K Spec
(
Q̃max

)
lÑ��=�

lim
n→∞

∞∑
j=n+1

µ̃j

n∑
k=0

(
µ̃k b̃k

)−1
= 0.

(3) �
∑∞

k=0

(
µ̃k b̃k

)−1
= ∞ =

∑∞
j=0 µ̃j . K Spec

(
Q̃min

)
= Spec

(
Q̃max

)
�l

Ñ. AO/, �
∞∑
i=0

µ̃i

∞∑
j=i

(
µ̃j b̃j

)−1
=∞

�, (Ø¤á.
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Ï~, né�Ý
éAu����ý��f, üö��¯´²1�.

�,, ¦^ h C��4·��K ³�, £8Ï~nØ. ¤±g,�¯,

d��NÚ¼ê h ´�o? ·�ØÈcâé��Y. �NNd?Ñ��

YØJ [13]. �?�Ú§éuÝ
�/, þã�/né�0̂ ��±�K.

=z����Ý
�Ìu,�)«Ý
�Ì.

Ún 6. EÝ
 A = (aij) 'u µ ���, �d/

Diag(µ)A = AHDiag(µ), AH := Ā∗

��=�

Diag(µ)1/2ADiag(µ)−1/2

���Ý
.

dd��, 'u��Ý
�z�nØ/�{þ�òÿ����Ý
.

�~�B�´3© [10] ¥, ·�Ú?
òüöÍÜ3�å��{. q�

[14]. �?�Ú, �k[�¡z�{ [15].

Householder C�. éuz� m ×m ��Ý
 H, �3��í2���

Ý
S� {Uj}m−1j=1 ¦� U :=
∏m−1
j=1 Uj �jÝ
� T := UHUH C¤¢

�!é¡�né�Ý
.

ù�, ·���

���Ý
 A∼��Ý
H∼né�Ý
 T ∼)«Ý
 Q̃,

d? ‘∼’ �‘�Ì’. �õ[!� [12; §4].

)«Ý
nØk4´L�È\,Z��Ö�ØvuÂ\��¤J.~

X`)öù��f������©Ù§�?Ø)«,uLÑ5k 137�[8].

XJl C.G.J. Jacobi 1846 c�Ø©�å, Ý
�A�¯K®²{


175 c. 2000 cÐ, 5�Æ�ó§O�6(Comput. Sci. Eng.) rÑd{

IÔnïÄ¤ (Amer. Inst. Phys.) Ú IEEE O�Å�¬ (IEEE Comput.

Soc.) éÜµÀuÙ� 20 ­V� 10 ��{. Ù¥Ý
A�¯K��

{Ó 3 �, �¥���Ò´ffù� Householder C�. Ïd, 3ù�¡

�?Û?ÚÑ5�Ø´. y3§·�®²rE���Ý
 A 3E L2(µ)

þ�Ì�Óu,)«Ý
 Q̃ 3¢ L2(|h|2dx) þ�Ì. Ï�k
�Ó�I

e, �±?ØXþ¡¤�L�lÑÌ��O�. �?�Ú§·�®²�

¤���Ý
�c¡A�A����{§¿®?§ [12]. ^BJ9§Ä

u Schrödinger �§§éuþfzÆ, þfO�´��é¤Ù�+�. ®

13



k“Density Functional Theory” (¼ 1998 cì��zÆø)µk�� 15 «

^� (Ù¥ 10 «�¤). ·�Ï�ÄuÝ
åÆ�#�{�U3þfå

ÆO��¡���õ#?Ð.

�d§·�®²�
��ék¿Â�ó�.£�c¡¤ã�zc�Ô,

Ù¢�k “Schrödinger�c”��¯. e¡´c¡®J�� Schrödinger¤

Ø�É� Copenhagen �º. Bohr u 1927 c9 �JÑ“pÖ5�n”: “>

fäkÅ!â�­5,�\*	§��¥âf5,Ø*	§��±Å�/

ª�3. ù¡�Å!âéó,�6u\±Û«�ª*	§.” ù´�8��

ÔnÆ.¤�É�DÚ)º. Xc¤ã Schrödinger �kØU�É, ´Ï

�¦ú�ùk«%nÆ���. 2019c)ö����©Ù`“Copenhagen

�ºkK
”. ¤±`´“ zc�Ô”§�:ÑØb. �[�®²w�§U

ì·��´f§ÅÄ5
uE(�§v�`. �Ø´5g�Å5. lù:

w§Einstein ´é�. ·��ÌÓ�§¦^�´,«“ÈÅ”Eâ, �Ñ


Ú��ë�Ie§̂ u*ÿ. XÓì�§I�ÏéÐ �!üØæN. �

,Ó�^u*	§�Ð�ØV�Å!â�­5. q��vkõ���Ø

�.

3�C�#Ö [37; p. 71] 2grN |ψ|2 �*	, � ψ Ø,. l ψ �

|ψ|, ��Ñ
Ïf eiθ.

y3,·��±£��mÞ¤ù��A��þS� {vn}12n=9t'�¯

K.�´Ï�ù�¯K)öâm©@ýg�EÝ
9�©¤ù��¯. ã

2w«,Ã�þ {ṽk}12k=9 ´3^=. ^==ÅÄ,Ø¬UC� ‖eiθnx‖≡‖x‖.
·�y3r^=�K: òz��þØ±§�1��©þ ṽ := v/v(0). ù

�§5��þk�Ó�å:µ¢¶þ� 1. ò­�z�� 5��þxÑ5,

�Ñã 6. Ø
 ṽ9 �N l
	,Ù§�®Ã����O.¯¢þ, ṽ12 �

g̃ �� 10−14. �ó�, ù|�þ�¤�|Cq���(�/)C�. éu�

½� vn−1 Úí£ zn−1, ·

w = (zn−1I −A)−1vn−1.

�,§w�Ë�~ØÓu vn−1 �Ë�§l
S�L§¥§Ë�~3C.,


Ï~�8�z§S v = w/‖w‖ Ø¬UC w �Ë�.

£�c¡¤ã�C�

Hermitizable Ý
→ Hermite Ý
→¢é¡Ý
→)«Ý
,

Þ!�üÚ�UUC�Ý§�¥m�Ú´jC�§ØUC�Ý§�UCË

� (�Eõg). ����,£�¢ L2 ��IX.
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��ÈÅ!

ã 6 ṽ10, ṽ11, ṽ129 g̃A�­U.�N lö(�> þ!m> e)ö� ṽ9

�d§·�®²�Ñ
¤¢Åâ�­5(�¡�Åâ��5)��«

'�g,�)º. ���Ú3Ú��¢ L2(|h|2dx)þ,ù�ÅÄåÆ�6

Ä�m��ØÓ! O�)«Ý
 Q̃ �Ì(*ÿ), g,ÃI^�¼ê h �

Ë�. ,
3E L2(µ) þ*ÿ���Ý
 A, �,´3E�­.p; ¤¦

^� Householder C��´E�. ¦+ù
C�éE,, ��,kO�§

S§á�)�.[12]. Ïd�,vk�Å5. ù�,·�2�g@½ Einstein

�“þ2Ø��f0́ é�.

��ùÜ©�(�§·�`²ùp�“���”�1�Ü©!1 2!1

(5) ^¤J9�“���”�m��O. XJò�¢Ý
�/§“���”=

´“ ��¡”§ùéAu²ï�ÚOåÆ. u´“���”éAu�²ï�

ÚOåÆ. �ö�Ì3�õê�¹e´E�. lþf��Ýw§ù¿�

X“���”��§I\±��.ù�´1�Ü©!1 2!1 (5)^¤J9

�“PT ”é¡5��d. �©¤Ú?�“ ���”§D�Au²ï�ÚO

åÆ§�,�Ø´Pk¢Ì���a§��À�“��”��g,�ÿ2.

o!�©(Schrödinger!�Ì)�f

ïÄ Schrödinger �f�ü«êÆ�{

1)ïÄ Schrödinger�f L = 1
2∆ + V (ù´êÆ�{,�c¡�Ôn

15



�{���ÎÒ)�~^�{´ Feynman-Kac �+:

Ttf(x)=Ex
{
f(wt) exp

[∫ t

0
V (ws)ds

]}
,

Ù¥ (wt)´IOÙK$Ä,§~´Ã.�+. ^§5ïÄÌ5�,�kØ

�ó�, �JØ�¤õ. �[��, Schrödinger �f�þfåÆ
), 8

c (2021)® 95�.Czc5,z�d�f�©zØOÙê. �éuþfå

Æ¤'5�ÌlÑ¯K§â·�¤�(J¿Øõ. ~X`,·�vUé�

/X½n 5 ��O.

2)c¡®J9� h C�Jø
ïÄ Schrödinger �f��«#�{:

L =
1

2
∆ + V → L̃ =

1

2
∆ + b̃h∇,

Ù¥ h �NÚ¼ê: Lh = 0, h 6= 0 (a.e.). ù�, L2(dx) þ� L �Ìu

L2(µ̃) := L2(|h|2dx) þ� L̃.

y3�Ä����©�f. � a = (aij)
d
i,j=1, b = (bi)

d
i=1 Ú c� Rd þ

�E!
 V �Ùþ�¢¼ê. ½Â dµ=eV dx 9 L = ∇(a∇)+b ·∇−c. Ä
k´����O.

½n 7 (��o7� 2020). �Ä Dirichlet>.. �f L'u µ����

�=� aH = a 9

Re b = (Re a)(∇V ),

2 Im c=−
(
(∇V )∗+∇∗

)(
(Im a)(∇V )+Im b

)
.

Ùg´�Ì�©�f.

½n 8 (��o7� 2020). ± D(L) L L 3 L2(µ) ¥�½Â�, ¿� h:

Lh = 0, h 6= 0 (a.e.). K (L,D(L)) �
(
L̃, D(L̃)

)
�Ì:L̃ = ∇(a∇) + b̃ · ∇,

D(L̃) =
{
f̃ ∈ L2(µ̃) : f̃h∈DDD(L)

}
;

Ù¥

b̃ = b+ 2Re(a)1[h6=0]
∇h
h
, µ̃ := |h|2µ.
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© [11, 13] ©O�Ñ
Ené�Ý
Ú����E�©�f�Ìl

Ñ�O. w
´�§d��þk�þó����¤.

(å� �©òþfåÆ�Ä�Ônü�l��ÿÐ���� (Ý
½

�f), �*ÿ (Ì) Jø
Ú��Ie ()«Ý
), ù
áþfåÆ�.

�(�. ¦^NÚ¼êò� ³��Ý
½�f�Ì=z�Ø� ³�

ö, ù�ïÄ� ³��Ý
½�f�ÌnØJø
#å». �A/�

)
#�{ [12]. {
ó�,�©Jø
�U¬k�õA^�þfåÆ�

#e�!#ÌØÚ#�{.

�P Nõ*l�U¬a�Û%, �Û)ö'%å���1�þfåÆ.

Ù¢, )öA�c�ó�kü^Ì�: �´Ïé�x�C�êÆóä (d

d?\A���O), 
uVÇØ�ÚOåÆ���; �´uÛ�²L�

`znØ��Å�.. cö�ë� [6, 7], �ö�ë� [7; 1 10 Ù] 9Ù

¥¤Ú©z. Ò�<¤�, Roland L’vovich Dobrushin ìè´ISþêÆ

lúnz$Ä£8g,�mÿö (1960 c�¥�), ·���~¹�¦�

�ÿÑ. 3·��ÚOåÆ(X­u�²ï�)ïÄ�
 10 c�� (1988

Á), �·kÅ¬Äg�¯¦���ÿ, ·=Ø4�¡�¦��: \�m

©��ÿ, ´Ø´Æ
NõÚOåÆ. ¦�fÒ�
, `:“Ø´�. Ï�

·��8I´­#ïáÚOåÆ�êÆÄ:, ¤±ØI�ÆéõÚOå

Æ”. “�,,"��5ÚOåÆ�êÆÄ:6�þfé·��Ïé�.�k,

y3ISþ®kØ�ÔnÆ[�ÃêÆ, ¤±��·�é���Ï”. \

�¥Nõ<�UØ�� Dobrushin,��UØ�<�� Yakov Grigor’evich

Sinăı, ¦�5�\\dìè. �<k3üg (1988, 1997) 3#d��Æü

ù, ©Od¦�è<Ì±. ¦��5�Ñ�À�{I�Æ��	7�¬

(Dobrushin: 1993, Sinăı: 1997).

Ï� 2020 c� Abel ø, ¦·é���ÅêÆC
c¤¼��­�

ø�: IMU òÄ3A^êÆ Gauss ø�u� K. Itô (2006)¶Abel øk�

ng�u��+�Æö Sathamangalam Ranga Iyengar Srinivasa Varadhan

(2007), Ya.G. Sinai (2014) Ú Hillel Furstenberg & Grigorĭı Margulis (2020).

�ü<©Ou 1989 Ú 2001 c�À{I�Æ��¬. Tø�8��ø 18

g. �+�ÆöÓ 1/6. ù�ùp§·AOa-ùÊ ¥�co ,¦�Ñ

Q�L·. Ó�,ØB�å�c� �Ó1¥§®kõ �À{I�Æ�

�¬. ùg3�þc[�y
�e§Øþã¤ã�ü �ÛdêÆ[�

	§3{I�¿�k 6  �õ. Varadhan Ú¦�Ðl Daniel W. Stroock
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(·�c�{���)uÓc (1995) �À, Rick Durrett (2007) (Q�·�

ü�=©;Í�LÖµ, ¿QÚ·��L{¥Ü��8 (1987)), Thomas

M. Liggett (2008) (Q�·�1��=©;Í�LÖµ), Frank L. Spitzer

(1981) Ú Harry Kesten (1983). Dobrushin Ú Spitzer ´�!{üÆ��+

E. Dobrushin Ú·Ü���
�¥Ü��8 (1995 c��; 1998-99 c�

1). þã 8 <¥k 7 <�¯L���: Spitzer (1984, 45 U), Dobrushin

(1988§45U),=k Sinăı�U¤1. co {I�¬�¯L·Iõg. ·

Q�L��“a�P�”�©Ù§uLu“zc��a~”,ü©þ�3·�

Ì�¥é�; 3;Í [6, 7] ¥��é�·��m� Ü��Ãõ~y. ù


©ÙJÁ
�<3IS!	NõP�Ú*l�@p¤É��Ë>. ·

éù
�l��,a-Ø¦.

��: )ö±dKA�3±eü �wLµô����Æ (2019 c 6 �), �®�

��Æ1��3`D�Æ)êÆÛÏg-E (2019c 7�),¥��êÆ¤(2020c

9�). )ö©%a�eã� �Çµ�L�!¢��!4�!�p^!/®�!N�

°!Ü²����Ú9���. Ó�a�±þ�ü �]Ï. �ö�a��R?6

�Nõ�BïÆ, J,
�©��Ö5.

��ïÄ��I[g,�ÆÄ7�(�8Ò: 11771046, 12090011)!I[­:ï

uOy(�8Òµ2020YFA0712900)!��Ü/V�60ï�Æ�Úô�p�`³Æ

�ï�ó§�]Ï.
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Birkhäuser.

[31] Nagasawa, M. (2000). Stochastic Processes in Quantum Physics. Springer Basel

AG.

[32] K. R. Parthasarathy, K.R. (1992). An Introduction to Quantum Stochastic Cal-

culus. Springer Basel AG.

[33] Schrödinger, E. (1926). An undulatory theory of the mechanics of atoms and

molecules. Phys. Rev. 28(6): 1049–1070 [D�c�öA�©Ù�nã].
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Abstract In the study of the algorithm, we encounter the following problems:

besides the real symmetric matrices or complex Hermite ones, what is the

larger class of matrices having real spectrum? The latter is one of the two

characteristics of quantum mechanics; the other one is the volatility. The

well-known “centennial war” is about whether the solution of wave equation

exists “randomness”. We will introduce the explorations of the past few years

with an unexpected result. It should be noted that many branches of modern

mathematics originate from quantum mechanics. It can be imagined that the

new perspective touches on more than just a few small topics.

Keywords Statistical physics; quantum mechanics; Hermitizable matrix,

new spectral theory
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