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1 )P: ��nAG℄�Y�
(1) 
�m�7qÆ, g/�47o��� Diag(v) &�O� v &�5Ht�5℄[. 4

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


� A = P−1BP . m� A O B tIp)�, `��Uvx. 2;Y^tO�� {etA}t≥0 tld0�e. ~$ A t��\jt�eC9d�. F g�
t^�h� (�A�)

vn = (zn−1I −A)−1vn−1, n ≥ 1,Uj& (v0, z0), z n 8℄V& (vn, zn). !^^�t�}O
sC9�e�\jt�\O�. ��\jt�wO�\O�t2Dt (
#F &� (Rayleigh) ,).X�!z: 2021-01-17. (!!z: 2021-01-29.
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322 e s J L 50b� 1 O` z0 = 62 + 6.2i n v0 = 1√
7
1 V� (^Z 1 &*�& 1 tEjO�� z0 �C99eU�#�Iu	), 
_spt {Re(zn)}
12
n=0 t�N. o�jV: ` n = 8 hG, Re(zn) [�(E:M* maxj Re(λj) = 5. �^, 2;m��& vn → gmax.

� 1 �℄kD:u Nm� {Re(zn)}
12

n=0l� 2 ut {vn}
12
n=9 �2; �>A�:

� 2 P� {vn}
12

n=9 o gmax, +.!"b~��b~�a)6~�n)6~o5~+�� 2 utO� gmax !�5m, O&�.~t}}&p(�uC-; ��y& −v10. Fl −gmax-!t}O7O�t% 1 E*�, #�!
^AX!O��_sV{+*�. #� 2 |I, v9 �s:M −gmax; l −v10 #-l; v11 #��; v12 D���}. j6V vn → gmax! ���1: {vn}W�2?

(2) 
�\�X�7(O�<h�/Fp1A1���rÆ_�KEut�Er
: ℄[�r�1	�r��Uv#
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v, `uo���p|zXr
t��n#j. �<�g�W�E.F, �&jbe , 3h>�. LC-, a�ew(oI$��9*.

(i) Q�X����r��$ratf+� (Werner Karl Heisenberg) * 1925 _\Æ, mA}63 24z. }* 7 _wt 1932 _�d��5�r1 (w.'M&d1), �1℄M1
 “}�*���rt\G, �-y, Voq��t�t�aaHt�E”.�J “��l� (Albert Einstein) _”—

—1905 _, mA 26 zt��l�O&J4�[��\t�ERf3. }Y� 1 p3J../Ora�5�_(�(Ann. Physik) 	3� 4 p.., VW..�}Eh5�u(LN[: *�?	.�?�I�.n\��"k, V~Ah.F. {u “\��"k” t..�s� 1921 _d1.LC-, f+�td1O 1933 _;��t. �_�1tO�y�tq�! (Erwin Rudolf

Josef Alexander Schrödinger) n�atw�p (Paul Adrien Maurice Dirac), �1℄O “�E2��.t\t�DaH”. };�O���rt��PFU.���rtBÆ&��(,:

• w�p (Max Planck, 1918 _�d1): * 1900 _	Vr�02OH: 02s*O ν tZ�t�Rdj ε = ~ν, {u ~ &w�pEd.

• ��l�: * 1905 _	V\��"k.

• 0� (Niels Bohr, 1922 _�d1): * 1913 _	V2� (>R) K`, �M&B�eH
(Copenhagen) rgt7�.℄[�r\Æ* 1925 _, Q& 4 p�	e.., <) [38]:

• f+� [21] (1925 _ 7 < 29  �?).

•0� (Max Born, 1954_�d1) n'�m (Pascual Jordan) [4] (1925_ 9< 27 �?).

• w�p [17] (1925 _ 11 < 7  �?).

• 0��f+�n'�m [3] (1925 _ 11 < 16  �?).0�K`uj�Z}, #��t_q�s*v, 
6Oo�g:ZBt. f+�y$\G�E�., nOF EC�uTE:Ypt\xHts*����qÆ���Z;voZB�. ^kVwJ�6*,0�t�_ 3 RAt4�*8. z�p2\.. [21] F tO�,Z�. }...qG}t�=0�, yw�V%r. 0�xm� , �6V�Ut�E,C�-O℄[P�. }yw,dr�'�mq�, YV-
z�. [4]. ^.Y_F ℄[. $^�H& “℄[�r”. �E�<w, };(�q� N�zo. [3]. V(�tzuq�6W�?, �&
Era. lw�ptzu�� (z(. [17])  �SR.E&℄[�r|zXt	�5�j1O�>℄[, VO�	�t`&Cxt3℄[.

(ii) .>X�
1926 _, q�!E�5�v.�(Phys. Rev.) -�,� “2�n*��rt1	�.” ([33],

1926 _ 9 < 3  �?), h\����rtz�waH —— 1	�r.~;�B1t	�aH&:

i~ψ̇(t) = (−γ∆+ V )ψ(t),^Z ψ̇ O ψ Y* t tod, Ed γ = ~
2

2m . &'j�, #3�-h�, ��2;E-�^Ed γ
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 V OCt, s��ok)Av*�?:

ψ(t, x) = e−
2πiEt

~ φ.^A, 2!Q)&
(−∆+ V )φ = 2πEφ =: Ẽφ,{u φ O,A%3Yt��?. 8� Ẽ & Em, ~Oz m E�\j (Z�), I�t�\O�&

ψm. VGV Z� (ψm, (−∆+ V )ψm) = Em(ψm, ψm) = Em,^ZF �^��: ∫

Rd

|ψm|2dx = 1.'jyk, .��*�\j Em t�\O�tKu! |ψm|2 T&9*��. VIm*F �y�\j#	t9*v%.

(iii) [�X�79K}`	V1	�rtm_hG, [&��bG��w�rtv#e [5]:

• q�! [34], 1926 _;

• Carl Eckart[19], 1926 _;

• w�p [18], 1930 _;

• -�d�4 (John von Neumann), 1927–1929_%t�p..��>e�� [39].

(iv) “'b4Æ”

1926_0�M ψm &9*1 (probability amplitude). 1954_}�d1t�1℄M1
 “}E���r!Ct	XzX, �-O�1idt��?Q”. ��, q�!`�7&:[#B�eHrg|GotU� “�xOS9-t” `�t?Q. ��l�Hk: “-|6o&�!”Æ_�tzXEbG, ���r�&(E9?tY�, �p*�,H�
Mwe�=���r.

• 0�k: “#
&�6����rbA, U6}��6����r.”

• ��l�k: “2mk���rtA%Æ�*℄�I�., l
�6G
.”

• )4 (Richard Phillips Feynman) �{* 1949 _�$(E& t)4��/H*K (lpE.3yD�.), /* 1965 _�d1. }k: “^kK�-n&(E��?I�., 26dq};Oh. lO, 2J2o�s�yk7&��?���.!”�j, gpE , Vw
{/7&8), <) [24].

(v) \�X��x5k�q�!V7*��5�!O, E. [35–36]u, }IV�Sp�E$T�9*oVt!Q, 7!Qt�\OoZ:M}t1	!Q. V���e�twnzX. 
#wC.�	�to^1�o/dQnwR`�., �& “q�!~*dQ”, ) [2, 30–31] �^u.F.,^IY, �&��3jy�dQ:

• SLE �.. �'3j7�?	 (^M* P. Lévy). <) [25] �^u.F;

• �x_�nid (plurisubharmonic functions) twR`. <) [20] �{u.F;

• 3j1�o/�,)4�*. <) [23, z 9 P] n [27] �^u.F;
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• ��9*, ��y�*7. <) [1, 32] �^u.F.E���r�KtFy, �;[J{!�>℄[�Iet�Q. �E�`
�O 1934 _�It'�mhd, ���~h��>℄[�. &�tO, "UOTt"1r�=I* 1964 _E�drIK�-�,��pY*Vwhdt...o)m_'�mhd!OzXt�;Q�. 1983_, Efim Zel’manovbG: '�mhd��nO 27't Alberthd,�*���r�}m��R,|�V�zXm&�g��.�_&,o'Ad,HC�.�OgE 27'. 6dp�? Zel’manov�� '�mhd?d� Burnside 1
, /� 1994 _'��1. Y*^hd, "UQAp 8 ���, {u& 1 �OY*��t� . 9\t��O [28].M_�, �_}�(�>���r, 
# PT �Mt (psuedo) ���r. <) [29] �^u.F.�>JJ, (o�E���r�Ehdrt_e�K. �C�V6*���r�[{8��Kt�Wdr*
.

• Free 9*, ��0�;

• (3) q%*!Q, 8�4�v%, x�.;

• w�hd: C∗ (W , �� (Weyl), '�m, -�d�4) hdv;

• f+��, ���;

• (3��p;

• ���r�w;

• �� + �p: H�M, HC.Y*���w, MATLAB �F[O&���r4�t. EE, C6�8�wx�%+, #
Mathematica, Maple v
&�:^�A1#p.7%+� *���r. �.t��9*.�p: Eh9*.uto^1�o/dQ�wR`�., 6*m�MC// (Andrey Nikolayevich

Kolmogorov)* 1936–1937_tK�, �hH*���r.�&W*�w, ℄[�rEsFAyYe�Z*Ii
�. ���rzXe��u*1	�r, wU&�&�t*7K`
L. MW_�, �&�wtI8, ℄[�re&3_eM. 
#)
[22, 26].p^, 2;�V����r�drt8q�K, ���rme%{�{��X��Kt�Er
. "Ur;���rnOM�_tL, [p88tYj. |��'�VR<�N�a. �s
Michael Atiyah ��Ikd: “quantum (��)” �}�k
�O “a big word (�Eset�W�
Jtj℄)”. }&�E=J: ,Æ “��,drt�<”.

2 3?aR�6T?aR�, 
-��G:dR��pJ�u2t1
: B6℄[`&Cx? "UJptO�&℄[w�, A = (aij) EN
L2(µ) v%-O��t, U~E^v%-tx[OCt. �j℄�VE?d�:p?$, �&e�-erAF[rd. lLC/(#^. C�-, 7&T��^Av℄O.bE�#pSVVE>� µ.LC-, VE�KT��sFA%:o^ (reversible, 1936 _) −→ omM (symmetrizable, 1979 _)

−→ o�> (Hermitizable, 2018 _).
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1936 _, m�MC//YB�&G1�o/� (&G(5℄[) �I�o^e9a. &�tO: 7.th�n>)
� �q�! 1931 _t.P. 1937_, }zX~*dQ (�;�4%*w�) to^e. V[h%�Eho^1�o/dQ (�I��twR`) t\rm*
. [odv%	a, . “o^” �℄& “omM” t<�K�, O"U,uZ��=* 1979 _ Nt. gp 2018_, |&tzX
G*(�5H1t(5t℄[. �*1�o/dQ�}, ^Æ+O�	3�t. �^, Om�MC//�F.���r���ykO���r�$9*.; m�, .9*.,���rW`3�Op 20 K� 60 _hu�tL, <) [6–7] �{u|�.F. ��|&VWzX
G*Ct	a. 2018 _, 6*w�zXth�, "U�I�o�>℄[K`. 42 _�t

“omM” �.O2;I$���rt�:�, �O2;Ea�-Æ�tz�EN
. 7Jp, w�Sp “o�>” tu
�., F2;s��yI$���r.;� 1[10] (JP�, 2018 _) M3℄[ A = (aij) o�>, #
bE`>� µ = (µk) Fs�*8�� (i, j), & µiaij = µj āji (⇒ �5H1t&C).'jyk, x�℄[ (aij) (�>, l “m-” >� µ ew, ℄[ (µiaij) [N&�>℄[�.�pCt	a, “o�>” [N& “omM”. m µk ≡ 1 (f>>�) A��C�M�3�>	a,VIm*Z*f>At. �*3� ('�;) ℄[, ^A6bE (ut�) ���r. �&�*���r, µ =Gibbs �, $�&9*>�. ��y, ' µk ≡ 1 �℄[3G, �*1RdQ, �+Æ^<�$��OFe, o)C�� t#jÆ&&G. #�m�MC//|k: 9*.t� 
O�du09**7�CEt. |�. “�>” �N “o�>” &Æ{x�t��. �ktO: x�omMmJ2;�TF � 42_, lE℄[.� i*7��wdr�5�rupx*[��Y�. [2;|d, o�>K`E-
Frmu
O\t, Ojshtt\�/. j(	�: �M2;��wt��PFe�[OF omMno�>�., 
#) [10, 14–15].;W 2[10] (o�>i-�H) 3℄[ A = (aij) o�>, m�Hm�
�Æ+�ANÆ:

(1) �8�� (i, j), �U aij , aji �&�, �U aijaji > 0;

(2) �8��R#& (U3#�), �aÆ+NÆ.^Zh�?Q-
 (2) | pt�>R. # i 6= j, aij 6= 0, [�� i → j. V�, [&#&
i0 → i1 → · · · → in = i0. |-�RUVl~6�g�p�E�#&. “�aÆ+” ktO�*8�#-t#&, 
&

ai0i1 · · · ain−1in = āinin−1
· · · āi1i0 .�~^#&t�E!O�L aikik+1

t�P�v*~^&�!O�L�P�tQ#. �*(�5H1t(5t�\	a, VE�aÆ+^M*m�MC// 1936_tK�. "U,u�= 42_�t��PFOnh�b “�R#&”; s�Av, :pnh&A “o&a” � “(5a” tj�#&(o. VF2;ZS�ss8, �}od3�'. 
#) [6, z 7 P�z 11 P�z 14.5 <].#pwV>� µ? BW�<k} i0 /4 µi0 = 1. �w, �*8E j 6= i0, �p�Æ&
i0 → i1 → · · · → in = j, Ho�

µj =
ai0i1
āi1i0

ai1i2
āi2i1

· · ·
ain−1in

āinin−1

.2;�&�b�aÆ+n
V�>�>� µ tw�, ) [12, Algorithm 1].�&�� 2 tg:� , 2;�jj(�5/;F℄[t�\	a. 4 E = {k ∈ Z+ : 0 ≤
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k < N + 1} (N ≤ ∞). 2;4(�5℄[ T n;F℄[ Q aH#�:




−c0 b0 0

a1 −c1 b1
a2 −c2 b2

. . .
. . . bN−1

0 aN −cN



,�* T , (ak), (bk), (ck) & 3 E3dl�. �* Q, �
: ak > 0, bk > 0, 8

n&�. '℄[&G, ��
L

nR*�. E'�& T (�Q) ∼ (ak,−ck, bk).s_ 3[10] ((�5℄[o�>i-�H) (�5℄[ T ∼ (ak,−ck, bk) o�>, m�Hm�
�Æ+�ANÆ:

(1) �5H1t&C;

(2) ai+1 , bi �&�, �U{�&`.^A,

µ0 = 1, µn = µn−1
bn−1

ān
, n ≥ 1.yw, 2;.-� “ai+1 , bi �&�” 	a, �&^Ao*yZ�.E�n8$�.e�, ��o�>℄[ T ,;F℄[ Q e%tC-. a-yk, T $ 5 ECd�d�, Q $ 2 E`d� (v#y, 1 ECd�) d�. �UIa:8. 2;e|��~;&E�}, O�&�E��Ue%bEu7Y<: 8�Eo�>t T 
,NE;F℄[ Q vx

(&G�3G℄[), 3$.wU�� Q̃ ∼ (ãk,−c̃k, b̃k). I “9” tO, 2;o �E�dt`d� (ck) n uk := akbk−1 = |akbk−1| . Q̃ DHy,IV�. �Y*tO�
tj8�h:

b̃k = ck −
uk

b̃k−1

, b̃0 = c0.�j8�h�ODH. ^ZO�*H
b̃k = ck −

uk

ck−1 −
uk−1

ck−2 −
uk−2

. . .

c2 −
u2

c1 −
u1

c0

, 1 ≤ k < N.

&�l� (b̃k) ew, "� N Q̃ tRG. V	h��}Æ+: �8� k, ck ≥ |ak|+ |bk|. m℄[&GA, nh T +mI (m≫ 1) h� T . �w,  





c̃k ≡ ck;

ãk = ck − b̃k, k < N ; ãN =
uN

b̃N−1

, # N <∞ ,V	, ãk t��nO�& Q̃ 
nt�
.
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.;W 4[10] (w�) �*8�E T ∼ (ak,−ck, bk), n� ck ≥ |ak|+ |bk| ��� k NÆ, H T,#-RGt;F℄[ Q̃ ∼ (ãk,−c̃k, b̃k) vx (�&G℄[, �&I��\j).^>
px'js���6}. Ot, �Eltdr>
6Hh�'=, ��
&8qYhnH�e (�Z*x?, `�o~K). �jV^>
6'j, nhJJ&p ãk n b̃k &`. `��j6VV�}. ^Z, 2;DlV�EY*}. VO"UnQk [16] * 2014_Spt�w h)�. G��E3℄[��;%*w�. !#k A, 2;�RG�Evxw� Ã. !�OF �xZZ�nid h: Ah = 0 �xZZNÆ. �*℄[	a, ~. A t|&
n)&�; �*%*w�	a (
#q�!w�), ~.,ML�&�. �*R�t(�5℄[ T , �n!QVI�'jt�;C*!Q. {||d, )<dt�;%*/C*!Q/3�?. |Zl$tOw
�?, V�l “GXE�”. E 2014–2018 _%, "UI�d�_
�, �g*ZSp h t9lt,
H.EE, F -
RGt)� T → Q̃, 2;oYVs'jt,
H:

h0 = 1, hn = hn−1
b̃n−1

bn−1
, n ≥ 1.v#y,

h0 = 1, hn =

n−1∏

j=0

b̃j

/ n−1∏

j=0

bj, n ≥ 1.^H,C-'j, �O�`t1wk. "#�-
t b̃k hI�, "�jV {hn} ,|G�t T tY<Ct-Æ&3B, |�WXe�)O^�
*ZSpaH#^"9t Q̃. �m�-lV: h)��&wPe. ~.Gx�.g�se|�t “,M” LfW, he�*�ty�dQt;N1��;�4w� (<)�.z 4 <).sVV�t>
O(E6"�t. "U�wQ�,�(E6�b�: 2018 _ [10] t2bG,

2020 _ [11] t�Eg:bG.

3 Vfd���rnY^�*x (*Æx). �*&G℄[, x��*. ��nhk)3�℄[. �<GV(�5℄[�*xtDHi-�H. $vxe, nhYVY* Q ℄[	ati-�H; F �� 4 �osVo�> T t�*xi-�H. Z+ = {0, 1, 2, · · · }. 4 Q̃ ∼ (ãk,−c̃k, b̃k). ��
µ̃0 = 1, µ̃k =

b̃0 · · · b̃k−1

ã1 · · · ãk
, k ≥ 1.� L2(µ̃) & Z+ -Y*>� µ̃ u!o�tCid|RNtv%, {E Y��& ( · , · )µ̃. $z

2 <�d, Q̃ omM, Vv#*$�_` (Q̃f, g)µ̃ |��tw�&�� (�Q#). nO^Ah�l�w�t��/. 2;|Y^t&�E. {�&�eU: ~$3�Æ+ (−Q̃f, f)µ̃ < ∞ tid f ∈ L2(µ̃)RN.{�O�RU: ~$`&&G
LtidQN..�Ew�*-�& Q̃max n
Q̃min. &�U!(, 2;x
�� [9, 11] t�
>
.;W 5 (1) 4 ∑∞

k=0(µ̃k b̃k)
−1 <∞. H Spec(Q̃min)(:= Q̃min tx) �*m�Hm
lim
n→∞

n∑

j=0

µ̃j

∞∑

k=n

(
µ̃kb̃k

)−1
= 0.
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(2) 4 ∑∞
j=0 µ̃j <∞. H Spec(Q̃max) �*m�Hm

lim
n→∞

∞∑

j=n+1

µ̃j

n∑

k=0

(
µ̃k b̃k

)−1
= 0.

(3) 4 ∑∞
k=0(µ̃k b̃k)

−1 = ∞ =
∑∞

j=0 µ̃j . H Spec(Q̃min) = Spec(Q̃max) (�*. �-y, m
∞∑

i=0

µ̃i

∞∑

j=i

(
µ̃j b̃j

)−1
= ∞A, >.NÆ.�E, (�5℄[��*�'�;�4w�, �UtULOu
t. m�, F h)�o�2;��,ML, �^�E�.. |����1, ^At�nid h OB6? 2;6Z�;Spd
 [13]. II�8, �*℄[	a, -
t “(�5” Æ+o���. �8�o�>℄[vx*NE;F℄[tx.�W 6 3℄[ A = (aij) Y* µ o�>, v#y

Diag(µ)A = AHDiag(µ), AH := Ā∗m�Hm
Diag(µ)

1
2ADiag(µ)−

1
2&�>℄[.$^sd, Y*�>℄[t8��./w�fo|�po�>℄[. (Eo`tO, 2; [10]�I�.�U$qE�}tw�, )) [14]. II�8, �&\mM�w� [15].

Householder+I �*8�Em×m�>℄[ H ,bE�E�℄t�2[l� {Uj}
m−1
j=1Fs U :=

∏m−1
j=1 Uj &%℄[� T := UHUH )NC�Mt(�5℄[.V�, 2;spo�>℄[ A ∼ �>℄[H ∼ (�5℄[ T ∼ ;F℄[ Q̃ ,^Z “∼” & “vx”. I�><) [12, §4].;F℄[�.&Æ,6t��, ��t^w6�*W${ _N
. 
#"UV���Yt�F�p.P, n�.;FdQ, �,V�& 137 � [8].`xo! (Carl Gustav Jacob Jacobi) 1846_t..w},℄[t�\1
�T�� 175_.

2000 _U,�mr,KQ�w�(Comput. Sci. Eng.) iV$9a5�zX| (Amer. Inst. Phys.)n IEEE �w�X� (IEEE Comput. Soc.) �qvp�7t 20 K�t 10 ew�, {u℄[�\1
tw�N 3 E, mut�E[O;;2t Householder )�. �^, EV!Ct�pI8
�e6�. EE, 2;�T�3o�>℄[ A E3 L2(µ) -txv�*N;F℄[ Q̃ EC
L2(|h|2dx)-tx.�&&�Q�t*$,o��.#-C|�dt�*xti-�Hv.II�8, 2; [12] �T No�>℄[t�C�E�\jtw�, /�'Q. j(	�, 	*q�!!Q,�*���r, ���wO�EsN_t�/. �&�� i�. (density functional theory,IYK�� 1998_d���r1), &p0 15 w%+ ({u 10 wB)). 2;yh	*℄[�rt\J��ZE���r�w!C�sI�\IK.



330 e s J L 50bp^, 2;�T���+s&��tK�. �J�C|
tÆ_eO, {C�& “q�!t5” vUL. �CO�C�	ptq�!|6:[t “B�eH Q”. 0�* 1927 _ 9 <	V
“{5e2�”: “��`&1��Qe,m℄ZB~;AO��e,6ZB~;A�1taHbE.VM&1���e, 
�*℄�pw!HZB~. ” VOpE&m5�r�|:[t[�?Q. #�|
,q�!pn6Z:[,O�&}
sV&w^�rt+q. �_"U)p�p.Pk “B�eH Qn��”. |�kO “Æ_eO”, �}
6". e���Tjp, 	T2;t&�, 1	e3Æ6*3>R, l/(��y�e. `V}j, ��l�O�t. 2;tx�R, F tONw “+1” �b, GV���t<k*$ *Z>. #�TI, h�Sl,r/fWR�. x��� *ZB, llN6~31��Qe. px�7&�0^�.�Mt\^ [37, p. 71] D_�� |ψ|2 oZB, l ψ 6�. ` ψ p |ψ|, nz-��� eiθ.EE, 2;o��p�h�|2t��\O��h {vn}

12
n=9 >At1
. `O�&VE1
"U;hG�Wmk3℄[��.|2tUL.

�	,2!

-

0

0.2

0.4

0.5 1.0

−0.2

0.4

1.0 0.5

−

−−

g̃

ṽ9

� 3 ṽ9 ("b~); ṽ10, ṽ11, ṽ12 o g̃ �yy� (5~)� 2 DI, �O� {ṽk}
12
k=9 OEo	. o	�1	, 6�8)K ‖eiθnx‖ ≡ ‖x‖. 2;EE�o	��: .8�O�W�~tz�E*� ṽ := v

v(0) . V�, 5 EO�&Q�t}}: C~-t 1. .x_�wt 5 EO�}V�, sV� 3. W ṽ9 /jq���, {+O��3o)tC-.LC-, ṽ12 , g̃ IC 10−14. �}e, V�O�RN��Mpt�5 (Qa) )�. �*G�t
vn−1 n�
 zn−1, I

w = (zn−1I −A)−1vn−1.m�, w t05E6�* vn−1 t05, `��hdQu, 05EE). ���Et^��Ql
v = w

‖w‖ 6�8) w t05.�p�C|
t)�o�>℄[ → �>℄[ → C�M[ → ;F℄[ ,Y)�8oZ8)F�, lu%�8O%)�, 68)F�, n8)05 (�3�_). �wm��pC L2 �*<.p^, 2;�TGV�1��Qet�w!9��t?Q. �w�8E��tC L2(|h|2dx)-, V,1	�rt#	v% �6�! �w;F℄[ Q̃ tx (Z>), ��3h pid h t0



3z KQ�: ���sues℄U6 3315. ��E3 L2(µ) -Z>o�>℄[ A, m�OE3tK�	, |F t Householder )��O3t. O[VW)�s3B, l
�&�wQl, ao?K` [12]. �^
�7&y�e. V�,2;D_����l�t “-|6o&�” O�t.�&�<t>), 2;kGV	t “o�>” ,z 1 < (2)(v) |	�t “(�>” e%tC-. #
�pC℄[	a, “o�>”�O “omM”,V��*ut����r; *O “(�>”��*(ut����r. wUtxEe�d	{�O3t. `��t5�j, V�+Æ “(�>”�e, h!�Gs. V`Oz 1 < (2)(v) |	�t “PT ” �Met7$. �.|�It “o�>”, VI�*ut����r, x��6O�&Cxt�e�, loT& “�>” ���t�℄.

4 tD (�< �:d) n�
(1) zXq�!w� L = 1

2∆+ V (VOdrY�, ,�Ct5�Y�IC�5m) tE !�O Feynman-Kac ��:

Ttf(x) = Ex

{
exp

[∫ t

0

V (ws)ds

]
f(wt)

}
,{u (wt) O*�7�?	, ~EO3���.  ~�zXxet, x&60K�, o:6�NM.e�dq, q�!w�&���r�;, E_� 95 z. MÆ_�, FG^w�t.F6�{d.l�*���r|Y�tx�*1
, ^2;|d>
/6�. 
#k, 2;7ZSpa#��

5 ti-�H.

(2) �C�	�t h )�	N�zXq�!w�t�w\!�:

L =
1

2
∆ + V → L̃ =

1

2
∆ + b̃h∇,{u h &�nid: Lh = 0, h 6= 0 �xZZNÆ. V�, L2(dx) -t L vx* L2(µ̃) :=

L2(|h|2dx) -t L̃.EEk)��t%*w�. 4 aij , bi, c, V : Rd → R, /� a = (aij)
d
i,j=1, b = (bi)

d
i=1. ��

dµ = eV dx � L = ∇(a∇) + b · ∇ − c. YBOo�>i-�H.;W 7[13] (JP�, �C., 2020 _) k) Dirichlet &�. w� L Y* µ o�>m�Hm
aH = a �

Re(b) = (Re(a))(∇V ),

2Im(c) = −
(
(∇V )∗ +∇∗)(Im(a)∇V + Im(b)

)
.{_Ovx%*w�.;W 8[13]  D(L) ,I L E L2(µ) ut��/, /4 h: Lh = 0, h 6= 0 �xZZNÆ.H (L,D(L)) , (L̃, D(L̃)) vx:

{
L̃ = ∇(a∇) + b̃ · ∇,

D(L̃) =
{
f̃ ∈ L2(µ̃) : f̃h ∈ D(L)

}
;{u

b̃ = b+ 2Re(a)1[h 6=0]
∇h

h
, µ̃ := |h|2µ.

dell
文本框
和 $c$ 为 ${\Bbb R}^d$ 上的复、而 $V$ 为其上的实函数

dell
线条

dell
铅笔



332 e s J L 50b. [11, 13] *-GV�3(�5℄[n�'�;3%*w�tx�*i-�H. D��),^!O.&e�K�vi N.

5 Nj	�..���rt	�5�j1`�>�Kpo�> (℄[�w�), &Z> (x) 	N���t*$ (;F℄[), VWa���rtx?>R. F �nid.g,MLt℄[�w�tx	�&6g,MLU, V&zXg,MLt℄[�w�tx�.	N�\�V, I�yD;�\w� [12]. '�}e, �.	N�oZ�&I�� t���rt\$R�\x.n\w�.

6 HJj�o'oZ�:p|X, &p"UY^}8(�
t���r. {C, "U��_tK�&�Æ�H: �OwSq}I)tdrK` ($^I$�\jT�), 6*9*.,���rt3�; �O|/JT��"��.ty�K`. �Uo<) [6–7], wUo<) [7, z 10 P] �{u|�.F. [E�|d, Roland L’vovich Dobrushin �ÆOa�-dr`O��?	�^��th�U (20 K� 60 _hu�), 2�g(EUn};tk-. E2;*���r (Æx*(ut�) zX!O�� 10 _ew (1988 _�), m&��Y_%1};tAv, 2�6�mC
7}:hGtAvO.r�j����r. }��[V�, k: “6Ot. �&2;tR*Ox\,Æ���rtdr	X, |�6h�rs����r. m�, [�t����rtdr	X�R=��2;��se. �&, EEa�-�&605�r���dr, |��G2;set��. ” oZj��6_9 Dobrushin, l�j&60�dq Yakov Grigor’evich Sinăı, }w��!$^�Æ.��&d�_ (1988_n 1997_) EMlmer�2, *-$};���T. };w��
mp&9amr9t��9J (Dobrushin: 1993 _, Sinăı: 1997 _).

2020 _t���1 (Abel Prize) F2�Jpy�drMW_|�stxe1L: a�dr�q� (IMU) .YB� dr<l1 (Carl Friedrich Gauss Prize)) ��G��� (Kiyoshi

Itô, 2006 _); ���1Bw(_��G��/rU Sathamangalam Ranga Iyengar Srinivasa

Varadhan (2007_), Ya. G. Sinăı (2014_) n Hillel Furstenberg, Grigorĭı Margulis (2020_).w��*-* 1989 _n 2001 _mp9amr99J. 71pEQ��� 18 _. ��/rUN%*e�. 2pV	, 2�-:
V4,ut�o,, };
I�d2. �A, 6LJ}m_3#t�
u, �&�,mp9amr99J. V_E"-�>Ab���, W-
|
t�,�/ldr�e�, E9atW�& 6 ,e�: Varadhan n}tl' Daniel W. Stroock (2m_%9to=) * 1995 _mp; Rick Durrett (2007 _mp) I&2t���.��Yd^v, /�
1987 _In26�d9�uq�LR; Thomas M. Liggett (2008 _mp) I&2tz���.��Yd^v; ^��& Frank L. Spitzer (1981 _mp) n Harry Kesten (1983 _mp). {u
Dobrushin n Spitzer *-O��9�rgt�g. Dobrushin �n2q�6
�u�q�LR
(1995 _6�; 1998–99 _i
). -
 8 �u& 7 �%1d�P=�er, {u Spitzer * 1984_�Dobrushin * 1988 _*-I
� 45 
t%1, H& Sinăı *ZN
. �o,9a9J%1d2a�_.2IYd�p “:Z�=”t.P,�,* “Æ_9�:�”,�.foE2tE���uSp; E�� [6–7] u�oSp2;e%3#q�t��
b. VW.P�����EaY�j��=no';U	|[ptv�. 2�VW=';:
6O.�{ "U�^
��E��j,�d�A: /r=�er (2019 _ 6 <), �P=�er
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A New Mathematical Perspective of

Quantum Mechanics

CHEN Mu-Fa

(1. Research Institute of Mathematical Science, Jiangsu Normal University, Xuzhou, Jiangsu,

221116, P. R. China; 2. School of Mathematical Sciences, Key Laboratory of Mathematics and Complex

Systems (Ministry of Education), Beijing Normal University, Beijing, 100875, P. R. China)

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




