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DAHl-1M 1-13 c!JYHAaMeHTanbHbiX, HO He peweHHbiX AO c1-1x nop sonpocos 
COBpeMeHHO~ $1-131-1Ki-1 RBnReTCR npo6neMa B03Hi-1KHOBeHI-1R cneKTpa Mace 
aneMeHTapHwx 4acT1-14. Mw npeAnonaraeM, 4To ecn1-1 o6beAI-1Hi-1Tb 1-1AeD 
HenOKanbHOCTI-1 B3ai-1MOAe~CTBI-1R Ill 1-1 CTOXaCTI-14HOCTi-1 npOCTpaHCTaa 121 
C c!JnYKTya41-1e~ MeTpi-1Ki-1/ 3~TO 3Ta 1-1AeR MOmeT OKa3aTbCR none3HO~ 
np1-1 no1-1cKe nOAXOAa K peweHI-1D 3TO~ npo6neMw. Mw He C41-1TaeM, 4TO 
B AaHHO~ pa6oTe l-13naraeTCR OKOH4aTenbHaR CXeMa nOCTpOeHI-1R cneKT­
pa Mace 3neMeHTapHWX 4aCTi-14i HO HaM KameTCR, 4TO 3TOT nOAXOA 
MOmeT CTaTb OTnpaBHWM nyHKTOM AanbHe~WI-1X I-1CCneAOBaHI-1A. Mw 3Ha­
eM, 4TO BBeACHI-1e npeAnOnomeHI-1R 0 CTOXaCTI-14HOCTI-1 npOCTpaHCTsa/4/ 
Hei-136emHO npi-1BOAI-1T K i-13MeHeHI-1D MeTpi-1KI-1 npOCTpaHCTBa, Hanp!-1Mep, 
s nnocKoM cny4ae: 

s =x2-x>2-.s.=<[(x +ir)2-(x+b)2]>= 
0 0 L 0 

4 2 13. 2 -+ ->2 2 
/1/ 

= (d b w(b /f J[(x 0+ir) -(x +b) ] =s 
0
-r . 

TaKo~ Bi-1A I-13MeHeHI-1R MeTpi-1KI-1 o6cymAancR TaKme a pa6oTax 131. Ho 
eCTb APYraR B03MOmHOCTb: 

2 2 2 _, -+2 2 
s0 = x 0 -x --. sr =<[(x 0+r) -(x+ ib) J >=s

0
+P. 

/2/ 

3AeCb bJ.L =(r, b) - cny4a~Hbl~ aeKTop c pacnpeAeneH!-1eM w (b 2/P 2), 
YAOBneTsopRD~i-1M ycnOBI-1RM 

w(b
2/E 2

)>0, (d 4bw(b 2/P 2)=1, {d
4

bb 2w(b 2/f 2) -E 2. 

napaMeTp f xapaKTepl-13yeT Mepy ¢lnyKTya41-11-1 MeTpi-1Ki-1 /1-1n1-1 CTOXaCTI-14-
HOCTI-1 npOCTpaHCTBa/ 1-1n1-1 pa3Mep o6naCTI-1, BHYTPI-1 KOTOpO~ MOmeT 
npOi-1CX0Ai-1Tb HenoKanbHOCTb B3ai-1M0Ae~CTBI-1R Ill. 

PaccMoTpi-1M Tenepb 6onee o6~1-1~ cny4a~, KOrAa MeTpi-1Ka npocTpaH-
CTsa onpeAenReTcR cpopMynof1 ds = g#W· (x) dxvdx J.L. B TaKoM KPI-1BOni-1-
Hef1HOM npOCTpaHCTBe MW 1-1MeeM eCTeCTBeHHOe 0606~eH1-1e: 

) v J.L i I() v J.L • ds = g (x dx dx ... ds • = G x dx dx , 1 = A, E, 
J.LV L J.LV 

GA(x)=(d
4
bg (x +ir,i+h)w(b 2/f~=-1-(d 4pe1pxK (-p 2e2)g fp)./3/ 

J.LV j.tV 0 ( 2rr) 4 A J.LV 

a:v(X)= (d4b~v<xo+r, ;+i b) w(b 2/f 2)= _1_ Jd~ eipx KB(p 2e2) ~v<P). 
(217)4 
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- 2 g_ 2 2 2 2 . 2 2 2 
K A ( -p f ) = (2rr) r dp p w ( p I£ ) J 1 ( v- p p ) I v -p • /4/ 

22 2 2 2 2 2 2 2 K8 (p f )=(2rr) {dpp w(p ;e )J
1 

(,jp p )/,jp • /5/ 
2 2 ... 2 

P =Po -p . 

Hac I-1HTepecyeT TOnbKO TaKoi1 Knacc pacnpeAeneHI-111 w (b 2/£ 2
), AnFI 

KOTOp~X ~OpM~aKTOp~ /4/ 1-1 /5/ H8nRmTCR ~en~MI-1 aHani-1TI-14BCKI-1MI-1 
¢YHK~I-1RMI-1. TorAa MeTpi-14BCKI-1i1 TBH30p Q~V B /3/ MOlKBT 6b1Tb 3an1-1-
caH 8 81-1AB 

_ _a_:_ L . + . 
ax2 ax 2 

i 2 
G w= K1 ( £ D) g llv , 0,:: /6/ 

0 

rAe K A 1-1 KB - HeKOTOpbte o6o61.11eHHbte ~yHK~I-1111 ~ypbe, o6pa3bl Ko­
Top~x onpBABnRmTCR ~OpMynaMIII /4/ Ill /5/ COOT8BTCT8BHHO. 

Haw OCHOBHOi1 nocTynaT COCTOIIIT 8 TOM, 4TO n~6we $11131-14BCKIIIB 
seni-14111HW 1-1 ypasHeHIIIH $11131-14BCKIIIX CI-1CTeM KOHCTPYIIIPY~TCH c noMOI.llb~ 

MeTpi-14BCKoro TeH3opa G~v BII!Aa /6/. Hanpii!Mep, KBaApaT onepaTopa 
I-1Mnynbca npiiiHI-1MaeT BillA 

a2 A i 
"'2 p 2 =-G,Lv v dxil p ... r ax 171 

1-1 ero C06CT8BHHWB 3Ha4BHIIIH onpBABnH~TCH ypaBHBHI-1BM 

p2 'I' = m~'l' • !81 

3To HanoMI-1HaeT ypasHeHI-1e Knei1Ha-ropAOHa np1-1 £ ... o. Beni-14111Ha m o 
COOTBBTCTByeT HBKOTOpOMY Hai-1HI-13WBMY /1-1n1-1 HB803MY1.11BHHOMYI 3Ha4e­
HI-1m Maccw s cneKrpe Mace 3neMeHTapH~x 4acT1-14. 

noKameM Tenepb, 4TO 3HaK nn~c 1-1 MI-1Hyc s swpalKeHI-1HX /1/ 
1-1 12/ /1-1 COOTBBTCTBBHHO ~OpM~aKTOpW /4/ 1-1 /5// 1-1rpaeT ~YHAaMeH­
TanbHY~ ponb 8 npo~ecce pOlKABHI-1H 3neMBHTapHWX 4aCTI-14 KaK HBKOTO­
poe 803MYI.liBHI-1e /~nyKTya~IIIH/ MeTpi-'IKI-1 npocTpaHcrsa 1-1 speMeHI-1. AnH 
3TOrO paCCMOTpi-1M npOCTei1WI-1i1 cny4ai1, KOrAa MBTp!IIKa onpBABflHBTCH 
¢opMynaMIII /1/ 111 /2/. CornacHo ~opMyne /6/ 3TI-1 paseHCT8a MOlKHO 
3an1-1caTb B BAIIIHOM BI-1AB: 

s ->Sn=C1-af:U)s, 
0 l 0 

191 

rAe a - HBKOTOpOe 41-'ltno, 3aBIIICftl.liBB OT ~OpMW pacnpeAenBHI-1H 
w(b 2/f 2) 1-1 np1-1H~Ma~1.11ee ABa 3Ha4eHIIIH: OTPIII4aTenbHOe 1-1 nonomi-1Tenb­
Hoe, B 3aBIIICIIIMOCTI-1 OT 8~6opa MBTpiii4BCKIIIX

1
$0pM /1/ 1-1 /2/ /lllfll-1 B 

COOTBBTCTBIIII-1 C BW60pOM ~OpM~aKTOp08 14/ 1-1 /5//. TOrAa paBeHCTBO 

2 

j 
j 

{ 

I. 
I 

~ . . ' 

< =-=,- = ·~~~ ~~~ - ., ' 

!81 s AaHHOM cny4ae AaeT cneAym1.11ee ypasHeHI-1e: 
I 

2 2 d 2 4 P -m 0 -atp =0, 

KOTOpoe I-1MBBT A8a peWBHI-1H: 

P ~" m ~( 1 + am5£ 2) 

1-1 

P:"' 1l(a£2
) -mg (1 +amg£2

). 

3AeCb nonolKeHo, 4TO m0 f<<l. Ecnllla>O,To o6a peweHI-1H I-1Me~T nono­
lKI-1TenbHoe 3Ha4BHI-1B, 4TO COOTBBTCTByeT nOHBnBHI-1m /pOlKABHI-1~/ AO­
nOnHI-1TBnbHOi1 4aCTI-1~bl c Maccoi1 nopHAKa 1 I (af2)- mi> 0, np11' 3TOM 
nepsoHa4anbHaH Macca m 0 s pe3ynbTaTe ¢nyKTya411111 MeTpi-'IKI-1 npl-1o6-
peTaeT Many~ A06asKy, nponop~I-'IOHanbHy~ ~f 2• Ecn11. a<O, To sTope­
MY PBWBHI-1~ COOTBBTCTByeT 4aCTI-1~a TaXI10HHOrO Tl-1na, TO BCTb 4at­
TI-1~a C MHI-1MOi1 MaCCOi:\. 

0TMBTI1M, 4TO B Hawei1 CXeMe 3i1HWTBi1HOBCKOe COOTHOWBHIIIB MBlKAY 
3HeprHei1 Ill HMnynbCOM 4aCTIII~W npHHI1MaeT BI-1A 

-+2 2 2 2 1 4 2 
Ey = VP +mo(1 + ar mo)"" Eo+ --am of • 

2E 0 

)._ ... 2 2 
l<.:o= v P + mo • 

s 4acTHOCTH, AnH 3Heprl-11-1 noKoft 

0 2 1 2d2 Ee = m 0 c ( 1 + 2 a m0 t ) , 

B KnaCCI-14BCKOM npeAene 

... 2 1 2 
Er = ..1L:_ ( 1- -am2f ). 

2mo 2 o 

' TaKHM o6pa3oM, Mw BHA11M, 4To TonbKO ~opM~aKTopw T11na /5/ Mo­
ryT OnHCaTb cneKTp MaCC 3fleMBHTapHbiX 4aCTI-1~. 113 ypaBHeHHH /8/ 
Mbl nony4~BM ycnOBI-1e Ha KBaHTOB'CIHIIIB Mace: 

m~- p 2 K (p2 f 2 ) = 0. 

0Ka3btsaeTcH, 4TO napaMeTpbt m 0 ,£ 
AOCTaT04Hbl AflH nony4eHIIIH cneKTpa 
3Toro paccMoTpi-1M npocTwe cny4a1-1: 

1101 

- 2 2 
111 BI-1A ~opM¢aKTopos K (p f ) 

Mace Ha6n~AaeMwx YacTI-1~. AnR 
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1. wl(y2)= { 7T-2c4y-2(1-y2)-112, 

0. 

0<y<1, 

y.? 1 • 

2- { 7T-2 f-4(2+JL)(1+f.!)(1-y2)f.!,JL>-1,0<y<1, 
2. w

2
(y )-

0 y ~ 1. 

$opM(jlaKTOp~ /5/, COOTBeTCTBy~~~e 3T~M pacnpeAeneH~flM, paBH~ 

- 2 K 1(p2~2) ==sin (yp2f2/ 2) 

(yp2€2/2)2 

K2(p2e2)=4:fr(&tJL) J2+f.! (vp22 e) 

cv~>-2~2> 2+JL 
/11/ 

A 

KcTaT~, OTMeT~M, 4TO onepaTop HMnynbca P , no~TpoeHH~R c noMo~b~ 
o6o6~eHHoR $YHK4HH K (j/2 ~2), (jlypbe-o6pas ~oTopoR onpeAenfleTCfl 
$OpM¢a KTOpOM (ft1 (p2 £ 2)) l/ 2 B CTaT~4eCKOM npeAene Po-+ 0, cosnaAa­
eT c onepaTopoM ~Mnynbca, HccneAo~aHH~M e pa6oTe 161 e paMKax rM­
noTe~~ 0 KBaHTOBaHHH TpeXMepHoro npOCTpaHCTBa i. ·TorAa ypaBHeHHe 
/10/ e cny4ae K 1 (p2 f~ npHo6peTaeT BHA 

rn ~ - (2/ f 2 ) [1 -cos( v p 2f 2)] ~ 0. 

nonarafl rn 0=v2/£, nony4~M ycnos~e KBaHTosaH~fl 

cos(yp2 f 2)=0. 

0TC~Aa M~ MMeeM CeMeHCTBO 4aCT~4: 

vP; ==rnn =(1/f)(r +11n), n=O,l, •••• 

Bo BTopoM cny4ae ypasHeH~e /10/ AaeT 

rn g - p 24 r(3+1l) 2 ll( yp2 t2)_2_f.! J2+1l ( v p2 t2)"' 0. 

nonomMs 3AeCb rn0 =0, nony4~M KBaHTosoe ycnosHe ~r ~· 

J cv~ft o, 
2+1-1 

4TO COOTBeTCTByeT HeKOTOpOMy CeMeRCTBY 4aCT~4 C MaCCaMM 

rn =(1/f)j2+JL,n' n n =·1,2, ... ·; 

rAe j 2 - HynH ¢YHK4H~ 5eccenR .I2+Jl (x).· +Jl,n 

4 

~ 
. 
•' 

It 

~J 
1 
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M~ C4~TaeM, 4TO OCHOBHafl /nepBOHa4anbHafl/ (jlnyKTYa4Mfl MeTp~K~ 
nopOmAaeT HeKOTOpoe CeMeHCTBO 4aCTM4, HO BHOBb pOmAeHH~e 4aCT~-

4W 3Toro ceMeRcTea e ~so~ o4epeAb MoryT eos6ymAaTb MeTp~Ky 
npOCTpaHCTBa, BCneACTB~e 4ero B03MOmH~ BTOpH4H~e /A04epH~e/ 
(f>nyKTYa4~~ MeTp~KH, KOTOpbie cnoco6Hbl pOAHTb APYrHe CeMeRcTBa 
4acT~4 ~ T.A. TaKeR npo4ecc sos6ymAeH~fl MeTpHK~ aHanorM4eH 4en­
HOH peaK41-11-1 aToMHoro flApa. B pesynbTaTe TaKHX nocneAOBaTenbHbiX 
/cepHHHbiX/ (f>nyKTya4HR nony4HTCfl cneKTp Mace Ha6niOAaeMbiX HaMH 
4aCTH4. OKas~saeTcfl, 4TO Anfl YAOBneTBOpHTenbHoro onHcaHHfl o6-
ll\ero XOAa CneKTpa Mace 4aCTI-14 HaM AOCTaT04Hbl ABe OCHOBHble (f>nyK­
Tya4HH r-ieTpHI<I-1, CBfl3aHHble C pOmAeHHeM 1T -Me30Ha, npOTOHa 1-1 HX 
COOTBeTCTByiO~HX napTHepOB. 3aTeM Tpe6yeTCfl, 4T06~ npOH30WnO 
HecKonbKO BTOPH4H~X IA04epHHX/ sosMyll\eHHH MeTpHKH, swswsaeM~x 

4acT~4aMH K -MesoHos, A- , I-, E -r~nepoHos, pomAeHHbiX yme 
B pesynbTaTe nepBOHa4anbHOH (f>nyKTYa4HI-1 MeTpHK!-1. 

~TaK, npeAnonaraeTCfl, 4TO ABa OCHOBHWX 803MYil\eHHfl MeTpHKM 
~npeAenfl~TCfl cneAY~Il\~MM (f>opMynaMH: 

rnCl) =(1/0 11(_! +n), 
n 2 

rn(l)c 
(1/0 = =90 M3B,n=0,1, ... , 

(2) 
rn =(1/£)j 1 • 

n 20-, n 
2 

1/f = 36,138 M3B, n = 1,2 ..• , 

rAe j 2o-!-. n o6osHa4aeT n -A nonomMTenbHbrR Hynb (f>yHK4M~ 5eccenfl 
2 ' 

J2~ (x) /6!. COOTBeTCTBY~Il\MH cneKTp Mace 4aCT~4 npHBeAeH B Ta6n. 1 

/3Kcnep~MeHTanbHwe sHa4eH~fl B3flT~ ~3 pa6oTwl71j. 
Ao'-lepH~e sosMyll\eH~fl MeTp~K~, Bbl3brBaeMble 4aCTM4aMH K -MesoHa, 

A-, I-, E -rHnepoHoe onpeAenfl~Tcfl (jlopMynaMH 

m~) = (1/ft) j 2o-t.n i .= K,A, I, E, 

rAe 

1/ e K= 19,07 M3B; 1/ fA =43 M3B ;1 /fl = 46 M3B; 1/f E = 50,66 M3B, 

a cooTBeTcTBY~~~e cneKTpw Mace noKasaHw e Ta6n.2. 
nocKonbl<y MaCCbl K -Me30Ha' npoTOHa' A-' l-' E -r~nepOHOB 

paBHbl no nopflAKY Ben114~Hbl, Mbl C4HTaeM, 4TO Anfl H~X <J>opM(f>aKTOpbi 
~OnmH~ 6~Tb eA~HW, a COOTBeTCTBY~Il\He 3Ha4eH~fl napaMeTpa 1/t 
AOnmH~ B03pacTaTb np~ ysen~4eH~~ Mace 4aCTI-14. 3TO ecTeCTBeHHO, 
TaK Kar< Anfl pomAeH~fl 4acT~4bl c 6onbwoR MaccoR Tpe6yeTCfl 6onbwafl 
KPHBI-13Ha R=l/f npocTpaHCTBa HnH Man~e 3Ha4eHHR e. Aanee MW sa: 
Me4aeM, 4TO sw6op ¢opM(f>aKTopoe /11/, on~c~ea~ll\MX cneKTpw Mace 
4aCTH4, B AaHHOM cny4ae He flBnReTCR eA~HCTBeHHWM H B03MOmHW 
APYrHe (f>opMbl (f>nyKTya4HH MeTpMKH /cooTBeTCTBeHHO pacnpeAeneHH~ 
w(b2jf2) HnH Bbi6HpaeMOMy (f>OpM(f>aKTOpy/. 0cTaeTCR OTKpbiTblt-1 $YHAa-

5 
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MeHTaJlbHbiH BOnpoc 0 eAHHCTBeHHOCTI-1 Bbi60pa cpopMbl cpnyKTYal\1-11-1 MeT­
pVIKI-1, on1-1c~sa~~eR cneKTp 4aCTVIL\, AilR 3Toro, no-BVIAVIMOMy, Tpe-
6yeTcR APYrOH CIJI-131-14e6KVIH npVIHL\VIn, KOTOp~M M~ He pacnonaraeM 
8 HaCTOR~ee BpeMR. 

B 3aKJ1~4eHV!e OTMeT~M, 4TO HaC He YAVIBJlReT pac~enneHV!e Mace, 
CBR3aHHOe C BHyTpeHHVIMI-1 KBaHTOB~MI-1 41-1CJlaMI-1, TaKVIMI-1 KaK sapRA, 
cnVIH, VISocnVIH, 4apM 1-1 T-A· B HaweR cxeMe M~ He Y4Ill-1 3TI-1 KBaHTo­
s~e 41-1C~a, 1-1, CJleAOBaTeJlbHO, cpnyKTYal\VIR MeTpVIKI-1 He 4jBCTBI-1TeJlb­
Ha K 1-13MeHeHI-1~ 3Ha4eHVIH 3TVIX 41-1CeJl. no3TOMY M~ CBR3~BaeM HeKo­
TOp~e 3Ha4eHVIR MaCe 1-13 TeOpeTI-14eCKOrO 8~41-1CJleHVIR C HeCKOJlbKVIMI-1 
0!11-13 KVIMI-1 K HVIM 3KCnepV!MeHTaJlb HbiMI-1 BeJli-141-1HaMI-1. 

ABTOp B~pamaeT VICKpeHH~~ 6naroAapHOCTb r.C!J.EcpVIMOBY sa nones­
H~e o6cymAeHVIR 1-1 coseT~. 
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HaMcpai1 X. 
CToxaCTH'lHOCTb npocTpaHCTBa, ~nyKTya~na MeTpHKH, 
ICDBHTODBHHe MaCC ::meMeHTapHblX '!aCTH~ 11 HX ClleKTp 

P2-82-752 

11pe,c;nmKeHa cxeMa nocTpoeHna cneKTpa Mace 3neMeHTapltbiX 
'!BCT!i~ D paMICaX I'lillOTe3bl 0 CTOXaCTH'!HOCT!i npOCTpaHCTBa 1i ~nyK­
TYBIJ;IiH MeTpliK:H, B Haweil CXeMe npo~ecc pO)I(,!l;eHHH 3neMeHTapHbiX 
'lBCTH~ pBCCMaTp!iBaeTCH KaK HeKOTOpoe B03My~eHHe /~nyKTya~na/ 
MeTp!iiCH npOCTpaHCTBa H BpeMeHH, llpH 3TOM 3HHWTeHHOBCKOe COOT­
HOWeliHe Me)l(p;y 3Heprneil H HMnynbCOM tiaCTH~bl H3MeHaeTCH, J10CT- _ 
poeH OOOO~eHHblH onepaTop HMnynbca H Hailp;eHbJ KOHKpeTHbie BH,IJ;bl 
~OpMbl lPllYKTya~HH MeTpHKH, p;aro~e B03MO)I(HOCTb OllHCaTb ClleKTp 
Mace liaomop;aeMbiX tiacTH!.i, 

PaooTa BbmonHeHa B JlaoopaTopnn TeopeTnt:recKoil ~H3HKH OIDIH. 

npenpHHT 06beAHHeHHOrO HHCTHTYTa RAePH~X HCCneAOBaHHH, ~y6Ha 1982 

Namsrai Kh. P2-82-752 
Stochasticity of Space, Fluctuation in Metric, 
Quantization of Elementary Particle Masses and their Spectrum 

A scheme of construction of spectra of elementary par­
ticle masses is proposed within the framework of the hypothe­
sis of stochasticity of space and of fluctuation in metric. 
In our scheme the process of creation of elementary particles 
is regarded as some perturbation (or fluctuation) of space­
time metric and at this the Einstein . relation between the 
energy and momentum of a particle is changed. Generalized mo­
mentum operator is constructed and concrete forms of fluc­
tuation in space-time metric,giving the possibility to desc­
ribe the spectra of observed particle masses, are founded. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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