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BBEAEHUWE

IlepectanoBoYHbIe (DYHKIIUM 3aHMMAIOT BaXKHOE
MECTO B COBPEMEHHOM KBAHTOBOI TEOPUHU IOJISI, MO-
CKOJIbKY CBSI3aHbl C HEMHOTUMM HAOII01aeMbIMU BE-
JIMYMHAMU 3Toi Teopuu. IlepBhie ITepecTaHOBOUYHbBIE
COOTHOIIEHUST OBIJIM MOCTpOeHBI Jdupakom misg ¢o-
TOHOB, TOJYUHSIOIINXCS cTaTUCTKe bo3e-DiiH-
wrreitHa B [1]. 3arem [Maynu u Mopnax npencraBumm
B [2] anTKOMMYyTaTOp 1711 (pepmuoHoB. C boJiee 1mo-
JIPOOHBIM OITMCAaHUEM 3TOT AHTUKOMMYTATOp MO-
saBuics B cratbe Jupaka [3] (B cOBpeMEHHOM BUJIE
comepxuTtcd B [4], cMm. Takxke [5, 6]).

Kak ormeueno B [7], B paHHUX padboTax Mo KBaH-
ToBOIt Teopum 1oist [1—-3, 8—12], dyHkumu noms, a
BMECTe C HUMU U TepeCTaHOBOYHbIE (DYHKIIMU BBO-
JIVJINCh B COOTBETCTBUM C KOHIIETIINEI KBAHTOBAHUS
B BUJIE CYMM IO COCTOSIHUSIM, OIpEaeIsSIeMbIM BOJI-
HOBBIMU BEKTOPAMU, U JIUIIb 3aTEM OHU 3aMEHSIJIUCH
COOTBETCTBYIOIIMMU HHTeTpasiaMu. BriocienctBuu
TepecTaHOBOYHbIE (PYHKIIMU pacCMaTPUBaAIMCh B OC-
HOBHOM B BHUe MHTerpajioB (cMm., Hampumep, [13];
cMm. Takxke [ 14, 15]).

B Hacrosieit ctaTtbe MBI pACCMOTPUM aHTUKOM-
MYTaTOp, KOTOPBIi IMOSBISIETCS B BbIPAaXXEHUU JJIsi
pacrpeneaeHs 3JIEKTPOHOB CBOOOIHOTO ITOJISI PEJisi-
TUBUCTCKOI Teopuu Jupaka (cMm. [2—4]). OnHako, B
OTJIMYME OT M3YYaBIIMXCS IO 3TOTO0 MHTErpaibHBIX
aHaJIOrOB IIEPEeCTAHOBOYHOI (DYHKLIMU, MBI OyIeM
HUCCIeA0BaTh 3Ty (PYHKIIMIO B TOM BHIE, B KOTOPOM

! Pedepanvibiii uccredosamensvcekuii yenmp
“Uncbopmamuka u ynpasearenue”
Poccuiickoii akademuu nayx, Mockea, Poccus
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OHa Oblj1a BBeJeHA MepBOHAYaJIbHO, B TaK Ha3bIBae-
MOM AVWCKPETHOM MMITYJIbCHOM MpEeACTaBICHUM, T.C.
B BUJIE CyMMbI 10 BOJTHOBBIM BekTopam. [Ipu atom
MbI OyJ1IeM OCHOBBIBAThCs HAa (PU3NUECKMX O00OCHOBa-
HUSIX, TaHHBIX B [4], u OyneM cienoBaTh 0003Have-
HUSIM, BBEICHHBIM B [4].

IlepectranoBouHasgs D-QyHKIUS B TpPEeXMEPHOM
(Mo mMpoCTpPaHCTBY) WJIM, YTO TO K€ camoe, 4-X Mep-
HOM (110 MMHKOBCKOMY) BUJIE ONpEIeIseTCs BbIpa-
XKEHUEM:

D(F,t) =

=L i i Zexp(2mkx+kLy+kzj (D

ky=—ook,=—cok =—o0

smc—t\/k +k +k + i’

bl

c%’t\/kx KR

koL
o

B [4] moapoOHO nqoKa3bIBaeTCs CCAYIOLIee CBOI-
CTBO AaHTUKOMMYTAaTOpa CBOOOIHOTIO IIOIS PEISITH-
BUCTCKOU Teopuu Jdupaka D(7,¢) : ecau

—1) ()

TO U3MEPEHUS IUIOTHOCTU 3JEKTPOHHOTIO 3apsiia B
Toukax (7',¢") u (¥",t") He BAWSIOT OPYT Ha Apyra, u
Hao0o0poT. 3anuuieM GyHkuuio D(r,t) B BUIe

e k =

—1

DF" —F', 1" —1) =0,

3)

DF.1) = ZL—z i sm(ct\/k + ko),
c\/k +k0
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rie k ecTb BOTHOBOI BEKTOp IIMHBI |k| = k =
= %\/kj + ky2 + kf; ki, k,, k, — mo0ble LieTbIe YKca,
ky = 2m™<,
h

m ecTb Macca 2JIEKTpOHa, ¢ — CKOpOCTb CBeTa, h —
noctostHHag [1nanka. 3gech L ecTb HOPMUPOBOUYHEBIM
MHOXWTENb, TIPENCTaBISIOIINNT INIMHY pedpa Ky0a, B
KOTOPOM 3aJaHbl COOCTBEHHBIE (PYHKIIUM OIepaTo-
POB BHEPIUU-UMITYJIbCA, YIOBJICTBOPSIONINE YCIIO-
BUSIM TIEPUOANYHOCTU Ha CTEHKaX 3Toro Kyoba. Yuc-
JICHHBIC 3HAYEHUSI 3THX KOHCTAHT IJIsT 2JICKTPOHA Ta-

KOBBI: K :%:2.6 x 108w, 7 = 22,107 < L <106 m

21
c = 2.9 x 10% M/cex. 3aMeTUM TaKXe, YTO HOPMUPO-

BaHHasA KOMIITOHOBCKasda IJIMHA BOJIHbI 9JICKTPOHAa

A=l =24x10"u
ko

HPOCTPAHCTBEHHO—UO,Z[HOMEPHI)IFI
CIIYHAU

Botom ciyyae k, = k, = 0, Te. k = kax,kx—ue—

21
JIbIE YMCIA, kr = Ik X, oTcroga

+oo 2nkxsmct (2:) k2 +k§

S \/(2") K+ kG
L

3ameHsis B nocienHei ¢popMmyie k, Ha K U BBIHOCS 3a

3HaK paavKaia MHOXUTEIb 2%5, MoJry4aemM

i ik smc%ﬁt\/k2 + k]2
e ,
czf“\/k2 K

D(x,t) =

C))

L=

rae
koL
k=202 5
1T (5)
Broinenssa B (4) cnaraemoe ipu k = 0, HaxoguM
D(x.t) = 1 sin ctk,
L ck

sin chn WK+ k' (6)
czf“\//& i

Paccmotpum dynkuuio D,y (x,t), tne N — Hatypaib-
HOE YM1CJIo, BUIa

=
+= cosZn—
Rty
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1 sinctk,
D,y(x,t) = ——-0L
v (X, 1) L( k0)4/v+1
’< o smc2—nt\/k2+k12 (7
+ZZcos2n— L
k=1

AN+1"
L ((:%’Wk2 + kf)
O4yeBUIHO PaBEHCTBO
d4N D (
v (X, 1) = D(x,1).
dr*"

OnpenenuM KoJIM4eCTBO Hyneill dyHkuum D,y (x,f)

Ha uHtepBane t, <t <¢,. IlpencraBum D,y(x,f) B
CJIefyIOolIeM BUIE

D,y(x,0) = (sinctk, + F(2)), )

4N+1
0)

e

kx koL
F@ =2 E cos2m—=

4N +1
—_— X
Wk + k
AN+
X s1nc2; wi + k2 = 2(@j x ©)

21

4N +1
2
1 kzj cos 21tkL s1nc2Lnt\/k2 + klz.
1

4N+
ITockonbky B (9) byHKIMS (k2 + klz) 2 yObIBaeT
MOHOTOHHO C BO3pacTaHueM k, TO 1is1 | F(¢)| ¢ yaeToM
(5) mosyyaem OLICHKY:

Fol=2| S k) T (@)M <
21

k=1

x;(kz

(10)

4N+l o

4N+
2 +j(u +kD) 2 dul.

< 2k ((1 + k)

IMocnennnit narerpan u3 (10) oueHUBaeTCs ClIeayIO-
1M 00pa3oM:

o 4N+1d 1 4N+l
j(uz+k1 u J-(w+k1 2 gy =
1
4N+ |~
1 1 272 | =
_21_4N+1(W+k1) 1
2
_4N-1
1+k) 2% .
4N—1( R

ToMm 513 2023



46 KAPAILIYBA

Otcrona 1yist | F(¢)| umeem:

N 4N +1 )
Foy<2| K| 7 e k) o
1+ k; 4N -1
4N+ (n
YIS U I 1+k
1+ k& 4N -1

Ilpu N = 2+[k12] CIIpaBeUIMBBl HEpaBEHCTBA

2
N1+ 1k
4N

41+ k7); mms (11)

g%;4N+1>

4N+ 4N+ 4N+l

1 2 < §e 2(l+kl § < 2
1+ kf 3 3 3’

ciaenoBatenbHO, GyHKUMS Sinckyt + F(f) u3 (8), u
BMecTe ¢ Hell dyHkuus D,y (x,f), UMEET Ha TIpoMe-
XyTKe (%,,1,) HE MEHbILE, YeEM

ucko -1
T
Hyneit. Orciona u u3 (6)—(7) dyakuus D(x,?) uMmeeT

Ha (f,,1,) HE MEHBbIIIE, YeEM

8 _
|F(r)| < 3(1

2
bh=lapg 14N =" la gy —9—4("2‘]—]“]
T

T T
HyJeil. B yacTHOcTH, Ha uHTEpBaie (f,,7,) €CTb MO
KpaiiHell Mepe ouH HylIb hyHKUUU D(x,1), ecliu

2
b= la g > 9+4(@j :
T 27

Takum o6pa3oM, MbI JOKa3aJIu TEOPEMY

Teopema 1. ITycmo . — Komnmonoeckas OnuHa 601-
Hol anekmpona. Pyuxyus D(x,t) umeem Ha npome-

acymxe (t,,1,) NO Kpaiineii mepe 00UH HyAb, NPU YCAO-
8uuU, 4Umo
f ot >k, L (12)
¢ Tmch

HPOCTPAHCTBEHHO—UTPEXMEPHI)IPI
CIIYYAU

PaccmorpuM anTMKOMMyTatop JlMpaka B BuUIe
(1). UmeeT MecTO

Teopema 2. ITycmb A — KOMRIMOHOBCKAA OAUHA 80N~
Hbl aekmpoHa. Pyuxyus D(7,t) umeem Ha npome-

acymke (1,,1,) no KpailHeil mepe 0OUH HYAb, NPU YCAO-
8uUU, Mo
c nck

JHoxazamenvcmeo meopemst 2. Boigenss B (1) cna-
raemoe ¢ k, = k, = k, = 0, nosy4aem paBeHCTBO:

JOKJIAJIbI POCCUMCKOW AKAJEMUU HAVK. MATEMATUKA, UH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUSA

sin ¢ == 2n kt sin etk
L'DF,f) = +G() =204 G, (14)
2 cky
L
rac
kx+k,y+k,
G@) = ZZZ exp [2n M)
k +k +k 20

sin ¢ 2% t\/k = (15

c%‘\/kx e

ITockonbky dyHkumsa D(7,f) — BelleCTBeHHas, a

KOMILJIEKCHO COMpsixkKeHHas K Heit (yHkims D(7,1) ¢
HEll coBNanaer:

~DFED =

——oo ——oc =0

smc—t\/k I o

- D(77t),
cfn\/kx I+ K+ R

u3 (14)—(15) cnenyet, uto (pyHkius G(f) — Belle-

CTBEHHasl, T.€. IPX BEIECTBEHHBIX / IPUHUMAET Be-

IIECTBEHHbIEC 3HAYEHUsI, U K Heil TIpUMEHUMBI MO -

XOIbI TIpenbIIyIero maparpada. [1ycTs, Wist KpaTKo-

CTH,

o() = %0 | Gy, (16)
cky

torna Hynu D(¢) asnsitoresd Hynsimu D(7,t). [lyctb N —
HaTypajibHOe uucjio, N = 2, u

sin ctk,
4N +1
0

D,y () = + Gyn (), (17)

i (S

Gyn() = ZZZ exp(2mk Xkt k, ZJ

k +k +k #0

smc—t\/k I+ KR

X

4N+
(cz—n\/kx Kk )

L
OuyeBUOHO, YTO

4N
L, (1) = D).

OLieHUM CHU3Y KOTMYECTBO Hyseil D,y (7), nexammx
Ha UHTepBaie (,,1,). Kak u Bblle, nojyyaem
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@, () = W(sm ctky + (cky)" 1'Gyy (1), (18)
CKy
npu4yem
(ko)™ ™ Gy (1)) <
4N +1
< ky = AN+ (19)

b
2,2, 2. 2
K2+k2+k220 2—n\/kx +k, +k, +k
L
rae

_4N+H

W = ZZZ(k +ky kI +ED 2

k +k +k #0

OuenuMm W cBepxy. Beigenum B W ciaraemele ¢
2 2 2
I<k,+k, tk <3,

a OCTaJIbHBIE cllaraéMble OOBEAMHUM B cymmy W,.
IMonyanm

4N+l 4N+l
W=61+k) 2 +12Q+k>) ? +
(20)
+8G+k) * +W,,
rac
_4N+1
Wy= Y (l+k +k +k) 2. (1)

kyt+ky+k2>4
Ouenum cymmy u3 (21). IIlpyHumasi Bo BHUMaHUE,
4TO k)f +ky2 +kz2 =4, 1, cJIefoBaTeIbHO, XOTSI OBI
onHo u3 uucen |k,|, |k, |, |k | 6Gombuie 1, a Takxe, uto

k., k,, k, TPUHUMAIOT OTPULIATEIbHBIE W MOJOXM-
TeJIbHBIE 3HAYEH M, HAXOIUM

4N +1

Wy<3-8> 3 > (ki+hk +k:+k) .

kx> 1k>0k>0

(22)

B (22) cnaraemble o k, ¢ pocToM k,, MOHOTOHHO YOBbI-
BaloOT, IIO3TOMY

o 4N+1
m$24ZZI(u2+ky2+kf+Ez) 2 du <
k,=0k =01
4N+
1222[@; KL+ K+ RY 2 dit =
k,=0ic=01
4 4N-1
= (I+k, +k;+k°) 2 =
Py
24 =
. 1+k2+kY 2+ 23
4N—1k,,>0[( 24 R (23)

_ana
+ > (+ky +kl+kY) 2 ]s

k>0
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24 -
((1+k§+k2) 2 4

4N -1/=

=

_4N-1
j(1+k + kv 2 dv]

st mocienHero uHTerpaia u3 (23) umeeM

_4N-1
I(l+k +k v 2 dv =

Lo _ana
:J‘(1+k2+ky2+v2) 2 dv+
0

= B ,Mdz
+j(1+k2+kf+v2) 22X
1

=
14

4N -1 _4N-3

<(+k’+k) 2 + (2+k +ky) 2.

4N
OTtcrona

4N-1

24 ~2 2T,
—1;(2(1% +kp) 2+

| _an3
+——Q+k k) 2=
v 3 ) J

4N -1

24 1[2(1+1€2) > 4

<

=

_4N-3

Q+k) 2 +

4N 3
4N-1

+2I(l+k +w') 2 dw+

_4N-3
2
+4N 3J.(2+k +wd) dwj.

ITocienHue mBa MHTErpana OIEHWBAIOTCS ITOTOOHO
BBILLIETIPUBEICHHBIM:

_4N-1 _4N-1

j(1+k +w’) 2 dw= j(1+k +w?) 2 dw+

- B _Md 2
a2 et 2O
1

2w

=

BRI _aN-1

<(1+k 2 +§J(1+k2+w2) 2 gw’ =
1

4N-1 _4N-3

=1+k) 2 +4N1_3(2+1€2) 2
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AHaJIOTUYHO
oo _ _4N-3 4N
j(2+k2+w2) Y gw=Q+k) ? +
0
! 4N=s
BG+k) ?.
4N -5
Takum oOpazom, noaydyaem miss W, cienyooliyio
OLICHKY:

+

4N—1
w,<—24 l4q+2 7 +
AN -1

_4N-3
4 2

+ 2+ ik’
4N—3( )

+ (24)

AN-S
+ 1 G+i% 2 |
(4N - 3)(4N -5)
N3 (20) u (24) Haxooum
4N+1 4N+

W<6(l+k) 2 +12Q+k°) ? +

4N+l

+83+k) 2 +

6 AN
% _+/ T+
4N —1

B 4N-3
Q+k) * o+

N 96
(4N —1)(4N -3)

4N-5

+ 24 G+ 2.
(4N —1)(4N —3)(4N -5)
ITockonbky N = 2, To mokKazaTejau CKoOOK B (25) —

OTpHUlIaTeJIbHbIE UMClIa, U KaXOylo CKOOKY u3 (25)
MOXHO 3aMEHUTh MEHBIIITUM YUCIIOM, 8 UMEHHO YKC-

(25)

soMm | + k2. Torna BMecTo (25) momyyaeM

5 _4N+1 96 5 _4N+1 "
W <26(1+k’) 2 +—2-(+k>) 2 A+k)+

( ) 4N—1( ) 2 ( )

6 4N+ y

+ 2 A+8) 2 A+ +
(4N —1)(4N -3)
4N +1
24 -

+ A+i 2 A+,
(4N —1)(4N - 3)(4N -5)

CrenoBaTelbHO, TIpaBast yacTh B (19) ynoBiaeTBopsieT

COOTHOIIIEHUIO

FAN+ K’ 2
Pw < K| (26)
1+k
rae
2 2 2
B=26+961TK yoelth 1tk
AIN-1 TAN-T4N-3 " (y

72 72 72
Sy LHE 1+E 14k

+ .
4N -1 4N -3 4N -5
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M3 (26), (27) 1eTKO BUAETH, YTO €CJIU B3SITh N TaKUM,
4TO
N =3+[2k%), (28)

rae [a] 3HaunT Henyo yactb yncnaa, 7o N = 2 + 2k°,
4N +1=8(14k%), AN-1=7(1+k%), 4N — 3 =
= 5(1+/€2), 4N -5=3(1+ 152), M, CII€I0BATEIbHO,

B<26+961+961. 1104111 <43,
7775 77753

Kpome Toro, yuantriBas (28)

4N+ -
. 41472
G s N
1+ & 1+ &
4(1+/€2)1n[1 ]
=e 1+k < e_4‘

IMonmcraBnsist 3TV OLIEHKY B (26), HAXOIUM

KV TW < 43e” (29)

4 < 43 .
49

ITpu N, ynosaetBopstoieM (29), byHkuus O, (r) us

(18) umeeT Ha MpOMEXYTKE (%,,7,) HE MEHBILE, YEM

T

Hyneit. Orcioga u u3 (16)—(17) caenyer, yto PyHK-
ums D(r,t) umeer Ha (¢,,1,) HE MEHbLIE, YEM

tb—tack0_1_4N;ucko—]3—8k~2

1L s

Hyneit. B vactHOCTH, ecnu

~9 2
> 1348k _ 13n 2kl

tb - t
‘ cky cky e

(30)

TO Ha UHTepBaJe (¢,,1,) ectb Hy’Ab D(7,1). N3 (30) cne-
JIyeT YTBEPXKIEHUE TEOPEMBL.

Teopema nokazaHa.

3ameuanme 1. Cpasnenue oyenox (12) u (13) noka-
3b16aem,, YMo NPU UCHOAbI0BAHUU NPUMEHEHHO20 Memo-
0a oyeHKu 8peMeHH020 UHMeP8Ana, coO0epicaweco Hyb
nepecmanoeo4Hol PYHKUUU, 0151 MPEeXMEPHO20 CAYyHas
oueHKa okazvleaemcs meHee mouroii. OueHka ¢ mpex-
MEPHOM cayHae NOAYHUAACH Obl HECKOAbKO AYYUle, eCal
opams HemHo20 meHbutee yucao N, yem 6 (28).

SAKJIIOYEHHME

CyiectBoBanue Hyseil aHTukoMmyrartopa Ilay-
m—Wopnana—/upaka (BHYyTpU CBETOBOTO KOHYCA)
0o0cyXnajioch cpeau (pU3MKOB (HarpuMep, Ha IIIKO-
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JIe-KOH(pepeHIMM Mo MaTeMaTH4yecKoil (usuke B
benrpane “5th Mathematical Physics Meeting: Sum-
mer School and Conference on Modern Mathemati-
cal Physics (Belgrade, Serbia, July 6—17, 2008)”) kak
aHoManusl TeopuM Jlupaka, BCJIEICTBUE KOTOpPOii
JIOJDKHA peain30BbIBAThCS HeHalomaeMasi aHU30-
TPOMHUSI MpOCTpaHCTBa MuHKOBcKoro. Ilpu stom
KaXI0e HOBOE cllaraeMoe MEHSIET pacCIIOJIOXEeHUE
HYyJIell MepeCTaHOBOYHOM (DyHKIIVU.

CrenyeT OTMETUTD, YTO JaXKe €CJIM CyMMa COCTOUT
M3 ABYX CjlaraéMBbIX BUIa YiIeHOB psaa (3), nobasie-
HUE TPETHEro OYEHb OCJIOXKHSIET OIpeae/ieHe HOBO-
o MECTOIOJIOXKEHUS HyJIel Takol cyMMbl. Koraa ke
CYMMUpPYIOTCS MWJIJIMOHBI ClIaTraeMbIX, IIPOLIECC
onpeneneHnus1, KaKk U3MEHWIOCh MECTOIOJIOXEHUE
HYyJIei CYMMBI € TOOaBJIEHUEM €ILIe OMHOTO ClaraeMo-
r0, CTAHOBUTCH 3aNPEACIbHO CIIOKHBIM.

Kak m3BecTHO, B KBaHTOBOI TEOPHU TOJST CBO-
OOIHBIX (PepPMUOHOB IIJIST TOTO, YTOOBI IIPOBECTH HE-
3aBUCUMOE U3MepeHue (CKaxkeM, IUIOTHOCTU (dep-
MMOHHOTO 3apsiaa), HeOOXOIUMO W JOCTaTOYHO BBI-
nonHeHue yciioBus (2). JlomycTuM, 4TO MMEETCS
KOMIIBIOTEP CO CBEPXITaMSIThbIO, KOTOPHIii, 3Hasl BCe
IaHHbIe 0 BceneHHOIM, TTomcumTa, 9YTo HyJTb ITO BpeMe-
HU TepecTaHOBOYHON (DyHKIIUU OyneT B MOMEHT 7'
OmHaxko, cienylomuii KBaHT BpeMeHU MeHSIeT pac-
TOJIOKEHUE HyJIeil, M yXe uepe3 KBaHT BpeMEHU B
MOMEHT t"" (OYeBMIHO, YTO KBAaHT BpEeMEHU — 3TO MU~
HUMaJIbHOE BpeMsl 1100010 uzmepeHus) pyHkius (3)
OymeT MMeTh OTJIMYHOE OT HYJIS 3HaUYeHUE, a 3HAYNT,
HE3aBUCHMOE U3MepeHNe HEBO3MOXHO. Tak 4To Hy-
JIU y NepecTaHOBOUYHOM (PYHKIIMU €CTh, a HE3aBUCH -
MBbI€ U3MEPEHUS C UX MCTIOIb30BAaHUEM TIPOU3BECTH
HEeBO3MOXHO. C pyroii CTOpOHbI, CAMO HAJIMYME HY-
Jieit 110 BpeMEHHOI TepeMEeHHOM ¢ Y aHTUKOMMYTa-
TOpa CBOOOITHOTO IO (hepMUOHOB JIMpaKa, TOIK-
HO MMETh KaKOW-TO NOMOJHUTEIBLHBINA (PU3NIeCKUit
CMBIC]L.

3aMeTuM, 4TO UCCAeA0BaTh KOHEUHYIO OOBIIYIO
CYMMY CO CjIaraéMbIMHM ITIOJTOOHBEIMU YjieHaM OeCKO-
HeuHoro psiaa (1) cmoxHo (cM. [16]), u ymecTHO uc-
clieqoBaTh Takylo pyHKuIo B Buae (1) wiu (3) ¢ ato-
OBIMU 1IEJIBLIMM, ITOJIOXKUTEILHBIMA W OTPULIATEIIb-
HBIMU, 3HAYECHUAMM Kk, k,, k,, a caM OECKOHEYHBI
psio paccMaTpuUBaTh KaK NpUOIMKEHUE aKTyaIbHOM
OOJIBIIION KOHEYHOUN CYMMBI.

B nanpHeiiiem npennosaraeTcs UCCIe10BaTh aH-
tTukommytatop Ilaynn—WMopnana—Jupaka Ha HyIu
10 TIPOCTPAHCTBEHHBIM IIEPEMEHHBIM. 3/1eCh BO3HU-
KaeT MHTEPECHBIM BOIIPOC O CYMMHUPYEMOCTHU psaa
(3). Eciu cymmupoBaTh ero 1o KyoaM (Kak Ipeamno-
JIarajaoch B [4]) wiu mapaM, TO 3TO OyAEeT pacxomsi-
muiicsa psa. IloatoMy ecTecTBEHHO CyMMHPOBAaTh
ero Mo TakKuM MPOCTPAHCTBEHHBIM (pUTypam, KOTO-
pbic OyOyT OIIPEAeIsSITh YCIOBUS CXOOUMOCTH 3TOTO
psina.

NOKJIAIbl POCCUMCKOMN AKAJJEMUU HAVK. MATEMATUKA, MH®OPMATHUKA, TTPOLIECCHI YITPABJIEHMUS

10.

11.

12.

13.

14.

15.

16.

CITMCOK JIMTEPATYPbBI

. Hupax I1.A.M. K co3naHuo KBAaHTOBOI T€OPUHU TOJISI.

Mocksa. Hayka. 1990. The Quantum Theory of the
Emission and Absorption of Radiation // Proceedings
of the Royal Society of London. Series A. 1927. V. 114.
Ne 767. P. 243—-265.

. Hupax I1.A.M. K co3nanuio KBAaHTOBO1 TEOpUU MOJISI.

Mocksa. Hayka. 1990. Discussion of the infinite distri-
bution of electrons in the theory of the positron //
Mathematical Proceedings of the Cambridge Philo-
sophical Society. 1934. V.30. Ne 2. P. 150—163.

. Jordan P., Pauli W. Zur Quantenelektrodynamik la-

dungsfreier Felder // Zeitschrift fiir Physik. 1928. V. 47.
P. 151—-173.

. Hlughgp JI. KBanToBast mexanuka. Mzmanue 2-oe. 13-

nareabcTBO MHOCTpaHHOI JnutepaTypbl. MockBsa.

1959.

. Karatsuba E.A. Zeros and points of discontinuity of the

commutator function of the free Dirac field // Journal
of Physics: Conference Series. 2008. IOP Publ. V.128.
Quantum Information and Foundations of Quantum
Theory. P. 012015:1—11.

. Karatsuba E.A. The Commutator Function of the Free

Dirac Field in the Discrete Representation and its Ze-
ros // Pacific Journal of Applied Mathematics. 2008.
V. 1.Ne 2. P. 37-55.

. boeoarobos H.H., Illupxos JI.B. BBenmeHue B TeopHio

KBaHTOBaHHLIX TToyieii. MockBa: “Hayka”, 1984.

. Hupax I1.A.M. K co3naHunto KBaHTOBOI T€OPUU TOJISI.

Mocksa. Hayka. 1990. On the theory of quantum me-
chanics // Proceedings of the Royal Society of London.
Series A. 1926. V. 112. P. 661—677.

. Hupax I1.A.M. K co3naHunio KBAHTOBOIi TEOPUU MOJISI.

Mocksa. Hayka. 1990. On the Annihilation of Elec-
trons and Protons // Mathematical Proceedings of the
Cambridge Philosophical Society. 1930. V. 26. P. 361—
375.

Fermi E. Quantum Theory of Radiation // Rev. Mod.
Phys. 1932. V.4 P. 87—132.

Pauli W, The Connection Between Spin and Statistics //
Phys. Rev. 1940. V. 58 P. 716—722.

Pauli W. Relativistic Field Theories of Elementary Par-
ticles // Rev. Mod. Phys. 1941. V. 13. P. 203—-232.

Schwinger J. Quantum Electrodynamics. I. A Covariant
Formulation // Phys. Rev. 1948. V. 74. P. 1439—1461.

Mercati F, Sergola M. Pauli-Jordan function and scalar
field quantization in k-Minkowski noncommutative
spacetime // Phys. Rev. D. 2018. V. 98. P. 045017.

Daging Liu, Furui Chen, Shuyue Chen, Ning Ma Calcu-
lating Pauli-Jordan Function // European Journal of
Physics. 2020. V. 41. Ne 3. P. 035406.

Karatsuba A.A., Karatsuba E.A.Physical mathematics
in number theory // Functional Analysis and Other
Mathematics. 2011. V. 3. Ne 2. P. 113—125.

ToMm 513 2023



50 KAPAILIYBA
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AND ITS ZEROS ON TIME INTERVALS
E. A. Karatsuba“

4 Federal Research Center “Computer Science and Control” of Russian Academy of Sciences,
Moscow, Russian Federation

Presented by Academician of the RAS I.A. Sokolov

Estimates are obtained for time intervals containing the zero of the Pauli-Jordan-Dirac anticommutator in a
discrete representation in the spatially one-dimensional and three-dimensional cases.
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