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Oµ;Hon no Han6011ee HHTepecHbIX n aKTyanbHhIX npo611eM coBpeMeH

HOM .Hµ;epHOli (pHOHKH .HB1I.HeTC.H noncK H nccneµ;oBaHne .Hµ;epHoro Bew;e

CTBa B COCTO.HHHH C BOCCTaHOB1IeHHOli KHpa1IbHOli CHMMeTpHeM. O:iKnµ;a

eTC.H, 'ITO ycnomrn µ;11.H BOOHHKHOBeHlI.H TaKoro COCTO.HHH.H - KHpa1IbHbili 

cpaooBhIM nepexoµ;, MoryT 6bITh peanu3oBaHbI B 11060BbIX CT01IKHOBe

HlI.HX pe1I.HTlIBlICTCKlIX T.H:iKe1IbIX lIOHOB npu o6paooBaHlilI HarpeToro u 

c:iKaToro .Hµ;epHoro Bew;ecTBa B n;eHTpanbHOII 0611acTu. Bo3MO:iKHbIM cu

rHan KHpanbHoro cpaooBoro rrepexoµ;a Mor 6b1 rrpo.HBlITbC.H B crreKTpax 

nerrToHHhIX nap, uonyqaeMbIX lI3 aTux cocTo.HHlIM. IlpuHn;un BeKTop

HOM µ;OMlIHaHTHOCTlI yKaobIBaeT,'ITO aneKTpoMarHlITHOe none BOalIMO

µ;encTByeT C aµ;poHHOli cpeµ;on qepeo IIpOMe:iKyTO'IHbie BeKTOpHbie Me

OOHbI, CBOIICTBa KOTOpbIX (Macca, WliplIHa pacnaµ;a) 3aBHC.HT OT TeM

nepaTypbI 11 n1IOTHOCTH OKpy:iKarow;ero HX .Hµ;epHoro Bell.(eCTBa. 8To 

3Ha'IlIT, 'ITO pacnpeµ;eneHlI.H nenTOHHbIX nap no lIX lIHBapHaHTHbIM Mac

CaM 'IYBCTBlITe1IbHbI K TeMnepaTypHOli 3aBlICHMOCTH CBOIICTB aµ;poHOB 

B nnoTHOM .Hµ;epHoiI cpeµ;e. IIoaToMy nepBbIM waroM Ha IIYTlI 11cc11e

µ;0BaHH.H KHpa1IbHOro cpaooBoro rrepexoµ;a .HB1I.HeTC.H H3y'IeHHe CBOHCTB 

MeOOHOB npH KOHe'IHbIX TeMnepaTypax lI II1IOTHOCT.HX. 

B HacTo.Hw;ee BpeM.H Bee ew;e Tpyµ;Ho O:iKHµ;aTb 611mJKoro ycnexa B pe

weHHH aTOH oaµ;a'IH Ha OCHOBe CTaHµ;apTHOro narpaH:iKHaHa KBaHTOBOH 

xpoMoµ;HHaMHKH (KX.U), rroaToMy Haµ;e:iKµ;hI Ha rryTH ee peweHH.H CB.H

ObIBaIOTC.H C MOµ;e1IbHbIMH acpcpeKTlIBHbIMH Klipa1IbHbIMH KBapKOBbIMH 

narpaH:iKHaHaMH. OAHHM HO HHX .HB1I.HeTC.H narpamKHaH MOµ;enH HaM6y 

- Hoea-Jlaaueuo [HHJI] [1]. 8Ta Moµ;enb 0611aµ;aeT cyw;ecTBeHHhIM Heµ;o

cTaTKOM c TO'IKlI opeHH.H KX.U: oHa He orrHcbrnaeT MexaHH3Ma y~ep:iKa

HH.H KBapKOB. TeM He MeHee HMeeTC.H Haµ;e:-Kµ;a, ee MO)KHO lICII01IbOOBaTb 

µ;11.H nccneµ;oBaHlrn Ka'IeCTBeHHbIX 3aKOHOMepHOCTen CBOHCTB aµ;poHOB 

rrpn KOHe'IHbIX TeMIIepaTypax u nnoTHOCT.HX [2]-[5]. 8TOT OilTlI

MHOM ocHoBaIJ.c oµ;Hoi'I cTopoHbI Ha TOM, 'ITO Moµ;enb HHJI H ee Moµ;u

cpnu;upoBaHHbI_e Bepcnn, o6b.HCH.H.H rrpnpoµ;y cnoHTaHirnro HapyweHH.H 

KnpanbHOH CHMMeTpnn, µ;aIOT yµ;oB1IeTBOplITe1IbHOe OIIlICaHne MeOOHOB 

[2], [6]-[9], 6apHOHOB [10]-[12] n p.Hµ;a .Hµ;epHbIX rrpou;eccoB rrpu HHOKHX 

aHeprH.HX [3, 13], C ncno1Ib30BaHHeM MHHHMa1IbHOro 'IHC1Ia CB06oµ;HhIX 

napaMeTpoB, c µ;pyroiI CTOpOHhI, nMeeTC.H rrpeµ;cKaoaHne, rronyqeHHoe 

Ha ocHoBe MeToµ;a npaBnn cyMM KX.U [14], 'ITO ct>aaoshlii rrepexoµ; 

µ;eKOH<pai'IHMeHTa aa mKaJie TeMnepaTyp rrpeµ;wecTByeT Knpanb

HOMy <paoOBOMY nepexoµ;y, .HB1I.HIOll.(eMyC.H o6'beKTOM H3y'IeHH.H "TeMrre-



paTypHoii:" Mo;a;errII HMJI [4, 5, 15]. To ecTh MO)KHO npe;a;noJIO)KIITh, 

"'ITO cyw.ecTByeT o6rracTh TeMnepaTyp Me)K;a;y TO"'IKOII ;a;eKoHq>ai'IMeHTa 

II KIIpaJihHhIM q>a:JOBhlM nepexo;a;oM, r;a;e Mo;a;errh HMJI He npoTIIBope"'IIIT 

KX,Il;. 

B He;a;aBHeii: pa6oTe [16] npoBe;a;eHo IIccrre;a;oBaHIIe CBOIICTB Me;:30-

HOB II ;a;IIKBapKOB npII KOHe"'IHhlX TeMnepaType II 6apIIOHHOH IlJIOTHO

CTII ( XIIMII"'leCKOM noTeHn;IIarre) II IICCJie;a;oBaHhl ycJIOBII.ll B03HIIKHOBe

HII.ll KIIparrhHoro q>a:JoBoro nepexo;a;a. AHaJIII3 aToi'I pa6oThl noKa:Jarr, 

"'ITO pa3BIIBaeMhIH no;a;xo;a; M0)KH0 ycoBepweHCTB0BaTh TaKIIM o6pa-

30M, "'ITo6hI norry"IIITh 3aMKHYThIII caMocorrracoBaHHhln: MeTo;a; Haxo

)K;a;eHII.ll TeMnepaTypHhIX nonpaBOK. HMeHHO aTo II .llBJI.lleTc.ll n;errhIO 

;a;aHHOII pa6oThI, r;a;e q>opMyrrIIpyeTC.ll nocrre;a;oBaTeJihHhIII aHamm TeM

nepaTypl1on: 3aBIICIIM0CTlI aq>cpeKTIIBHhlX K0HCTaHT B3aIIMo;a;en:CTBII.ll II 

Mace O"; 71"-, p; a1-Me30HOB. CyTh pa6oThl COCT0IIT B IIH0M onpe;a;erreHIIII 

3aBIIC.llW.eII OT TeMnepaTyphl MaCChIMe3oHa, KOTOpyro Mhl Haxo;a;IIM II3 

ycrroBII.ll o6paw.eHII.ll B HYJih o6paTHoro Me30HHOro nponaraTopa. Ta

Koe onpe;a;erreHIIe Macchi 9KBIIBaJieHTHO CTaH;a;apTH0MY [17, 7, 8, 9, 16] 
T0JihK0 npII HyrreBoi'I TeMnepaType. IlpII KOHe"'IHhlX TeMnepaTypax pa.3-

HIIn;a B onpe;a;erreHlIII Macchi 6onoHa cpaBHIIMa no nop.ll;a;Ky BeJIII"'IIIHhl 

c caMoii: TeMnepaTypHoii: nonpaBKoii:, a aTo CKa:JhlBaeTc.ll Ha BeJIII"'IIIHe 

Macchi npII TeMnepaTypax II IlJI0TH0CT.llX B6JIII3II T0"'IKII q>a:JOBoro nepe

xo;a;a. CaMll Macchi onpe;a;err.llIOTC.ll nyTeM peweHII.ll CO0TBeTCTBYIOW.llX 

HeJIIIHeHHhlX ypaBHeHIIII. CTaTh.ll nocTpoeHa crre;a;yroW.IIM o6pa:JoM. B 
pa3;a;erre 2 o6cy)K;a;aeTC.ll npon;e;a;ypa 6onOHII3aIJ;llII II BhIB0;a; MaCC0BhIX 

q>opMyrr B Mo;a;errll HMJI npll HyrreBoi'I TeMnepaType Ha ocHoBe MeTo;a;a 

<pyHKIJ;IIOHaJihHOro IIHTerpIIpOBaHII.ll . 8TOT pa:J;a;err He co;a;ep)KllT opII

rllHaJihHhlX pe3yJihTaTOB ll npHBe;a;eH ;a;rr.ll Il0JIHOThl II3JI0)KeHII.ll II rry-q

wero noHIIMaHII.ll nocrre;a;yrow.ero. B pa3;a;erre 3 ;a;aHo o6o6w.eHHe Mo;a;errll 

HMJI ;a;rr.ll K0He"'IHhIX TeMnepaTyphl II 6apIIOHHhIX IlJIOTHOCTen: ll npIIBe

;a;eH pac-qeT TeMnepaTypHon: 3aBIICIIM0CTII Mace Me3oHoB. B pa:J;a;erre 4 
0 6cy)K;a;aeTC.ll TeMnepa TYPHM 3aBllCIIM0CTh KOHCTaHT Bt3aIIMo;a;en:CTBII.ll 

n WllpIIHhl pacna;a;a p - 11"11" • B pa:J;a;erre 5 cq>opMyrrnpoBaHhl OCH0BHhle 

BhlB0µ;hI. 
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2. CBoHCTBa Me::JoHoB npH HyneBoH 

TeMnepaType H IlJIOTHOCTH B Moµ;enH 

HH.11 

OcHOBOII Mo;a;errn HMJI .llBJI.lleTc.ll KIIparrhH0 - HHBapnaHTHhlII Mo

;a;errhHhlII rrarpaH)KIJaH C "'leThlpexKBapK0BhlMll B3alIMO;a;ei'IcTBII.llMlI.CO

OTBeTCTBYIOW.IIMll CKaJIHpHOMY, 

nceB;a;OCKaJI.llpH0MY, BeKTOpH0MY II aKCllaJihH0 - BeKT0pHoMy ceKT0paM: 

£,NJL = ij(i{}- Mo)q + ~[(ifAaq)2 + (ifAai,y5q) 2
] 

GI 

2 [(ifAa,µq) 2 + (ifAa1µ1s) 2
], (1) 

r;a;e Aa( a = 0, ... N) - reHepaTophl rpynnhl yHnTapHoi'I ClIMMeTpIIH -

su,(N), Mo - MaccOBruI _MaTplln;a. Jlarree ;a;rrH npocTOThl Mhl orpa

Hll"'lllMC.ll paccMoTpeHHeM ll30TOilll"lecKoi'I SU(2)-no;a;rpynnhl c U.ll d
KBapKaMn, npllHllMruI muo ::: mdo ::: mo. 

,Il;JI.ll norry-qeHlI.ll aq>q>eKTIIBHOro ;a;ei'IcTBll.ll IICil0Jih3yeM MeTo;a; q>yH

KIJ;ll0HaJihH0ro lIHTerpllp0BaHlrn [17, 4, 7 t 8, 9, 16] nyTeM BBe;a;eHllH B 

npOll3BO;a;HW.llII q>yHKIJ;llOHaJI BCilOM0raTeJihHhlX 6030HHhlX norrei'I: CKa

JI.llpHoro - O"a, nceB;a;ocKarrHpHoro - <Pa, BeKT0pHoro - V,:', ll aKcIIaJihH0 -

BeKTOpHoro -A~,ll IIHTerpHpyH no rpaccMaHOBhIM qiepMllOHHhIM nOJI.llM. 

B pe3yJihTaTe Haxo;a;lIM aq>q>eKTIIBHOe ;a;eii:CTBHe B BH;a;e 

S[B] = -iNcSpln(i8 - Mo+ AaUa) (2) 

j d4x(2~[o-2(x) + ¢i2(x)] - 2~ 1 [V;(x) +A;(x)]), 

r;a;e ua(x) = aa(x)+i-y5cpa(x)+,µv:(x)+,µ, 5A:(x), B = a,</>, Vµ,Aµ, 
Ne =("'IIICJIO n;BeToB). 

YcrroBne 8S[.B]/ 8.Ba = 0 npn Ba = B~, r;a;e CHMB0JI '.B' 03Ha"'laeT 

K0HCTaHTHOe none, onpe;a;err.lleT COCT0.llHHe CIICTeMhl C MIIHllMaJihHhlM 

3Ha"'leHlleM noTeHIJ;HaJihHOII aHeprHlI. 8ToMy ycJI0BllIO y;a;oBJieTBOp.lleT 

KOHq>llrypan;H.ll: 

-i - V-µ - A··µ - 0 
'f'a - a - a - ' 

- ,o 
O'a = UaO"O, 

Henocpe;a;cTBeHHO ll3 ycrroBII.ll MlIHHMyMa crre;a;yeT ypaBHeHIIe ;a;rr.ll onpe

;a;erreHII.ll Macchi "cocTaBJI.llIOW.ero" KBapKa IIJIII cpe;a;Hero BaKyyMHoro 
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::3Ha'!eHira cxamrpHoro norr.sr ao. 8To ypaBHeHn:e B n:MnyrrhCHOM npe;o;

CTaBJieHn:n: HMeeT BH;D; 

J d
4k 1 

m - mo = iNcNJG --4 Sp-k--, m = mo - ao. 
(27r) - m 

(3) 

8cpcpeKTHBHOe p;eHCTBHe MO,KHO npep;CTaBHTh B Btt:p;e panJIO)KeHH.lI B p.srp; 

B OKpeCTHOCTH a = ao, p;o6aBHB K acpcpeKTHBHOMY p;eHCTBHIO KOHCTaHTY 

iNcSpln(i8- Mo+ >.oao): 

S[B] = -iNcSP 'E (-ir-\SFU'f 
n=2 n 

/ 

1 · 1 
- d

4 x(
2
G[a2(x) + </>2{x)] -

2
G

1
[V;(x) + A;(x)]). (4) 

3p;eCh sa(x) = aa(x) - b0a0
) eCTh OTKJIOHeHn:e CKaJI.llpHoro n·oJI.lI OT 

cpe;o;Hero ::rna'leHH.lI, U'(x) = >-a( bo + sa(x )) + Aa (i·r5</>a(x) + ,"V;(x) + 
1"15A~(x)), SF.= (i8- mf1

. 

B ypaBHeHn:n: ( 4) rrn:HeHHhie no norr.srM 'IJieHI,I OTCYTCTBYIOT: cxa

rr.srpHhie norr.sr n:n-na ycJIOBH.lI (3), OCTaJihHh!e - H3-3a CBOHCTB ,•MaTpn::u;: 

Sp,µ = Sp,s,µ = 0. · 
Y;o;o6Ho npoBecTn: npe;o;Bapn:TeJihHYIO KOHe'IHYIO nepeHopMn:poBKY 

Me:JOHHhIX norren B ..:..+ B(NcNJ )-½ HG, G' 4 G(NcNJ r 1
, G'(NcNJ )-1

. 

Tor;o;a KBa;o;paTH'IHhie, c n = 2 no noJI.lIM 'IJieHhI B ( 4),· KOTOpbie onpe

;o;eJI.lIIOT KHHeTH'leCKn:e H MaCCOBhie KOMnOHeHThl acpcpeKTHBHOro p;eH

CTBH.lI, MoryT 6hITh npe;o;cTaBJieHhI B Btt:;o;e: 

5!~) = 1 j (:~ 4 B(p)D(p)-1 B(-p), 

5 (2) 1 / d
4
p B ( )D( )-1,µv B ( ) 

A,V = 2 (27r )4 µ p p 11 -p , (5) 

5 (2) - 5(2} + 5(2) + 5(2) + 5(2) + 5(2) - s c/> V A M• 

r;o;e B(p) - aMnJIHTY;D;hI CKaJI.llpHhIX n: nceBp;OCKaJI.llpHhIX norren s n: </>, 
Bµ{p) - aMnJIHTY;D;hI BeKTOpHhIX n: aKCHaJihHO-BeKTOpHhIX norren V, A. 
5~ onn:chI:~3aeT CMellrnBaHn:e nceBp;OCKaJI.llpHhIX H aKCHaJihHO - BeKT0p

HhIX norren ( <P - A), H ero Mhl pacCMOTpHM nO:J,Ke. 
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OnepaTophI n-1 B ypaBHeHHH (5) co;o;ep,KaT HHTerparrhI neTJieBhIX 

;o;n:arpaMM, Henocpep;CTBeHHOe BhI'IHCJieHn:e KOTOphIX ;o;aeT crre;a;y10m;n:n 

pe:1yrr1,TaT: 

D-;l(p2) = 

D;l(p2) = 

Dvl,µv(p) = 

DAl,µ11 (p) = 

2I2(m2)[p2 ~ 4m2]- 4I0(m
2
) - ~' 

( 2) 2 (. 2) 1 212 m p - 4Io m - G, 
4 ' . . . . µ11 
3I2(m2)(p"p., - p2g~.,) + gG'' 
4 .. 1 · . 
3I2(m2)(pµp11 - p2g".,) + gµv(G, + 8m2 I2(m2)),. 

r;a;e, KaK 06hI'IHO, [17, 8, 7, 9], OCTaBJieHhI TOJihKO KBa;a;paTH'IHO - Io(m2),' 

n: rrorapn:q>Mn:'!ecKn: - I2(m2),pacxo;a;.srm;n:ec.sr HHTerparr1,1. 

YcTpaHeHn:e pacxoµ;.srl4n:XC.ll MHO)KHTeJiell B acpcpeKTHBHOM µ;en

CTBHH ( 4) ocym;eCTBJI.lleTC.lI nepeHOpMn:poBKOll norren 

R ! 
Bct,,s = Bct,,sZ;,cp, (6) 

r;a;e nepeHopMn:poBO'IHh!e Z-cpaKTop1,1 Haxo;a;.srTc.lI n:a ycrroBn:n [18] : 

an;,;(p2
) 

= 8p2 p2=0, 
z-1 c/>,s 

a ( 1 l "., + P"P
11 

in-1·".,C )) - --g -- AV p • 
8p2 4 mi V ' 2-0 

' p -

Z -1 
A,V (7) 

KoHCTaHThI B:laHMOµ;eHCTBH.lI KBapKOB C nepeHOpMHpOBaHHhIMH Me:JOH

HhIMH nOJI.lIMH B KBapKOBhIX neTJI.lIX Henocpe;a;CTBeHHO CB.lI:laHhI C z
cpaKTOpaMn: H C y"!eTOM npeµ;mi,pn:TeJihHOll nepeHOp;.rnp0BKH µ;aIOTC.lI 

Bhipa,KeHH.lIMH: 

2 
gc/>,s 

2 
gA,V 

= Zct,,s(NcNJ )-1 = (2I2NcNJ )-\ 
4 -1 

ZA,v(NcNJ r 1 = (
3

I2NcNJ) (8) 

Mo,KHO naMeTHTh, 'ITO Me)K;a;y CKaJI.llpHOll n: BeKTOpHOll K0HCTaHTaMH 

CB.ll:JH cym;ecTByeT coOTHolllemre giA = ~gL. <PopMyrr1,1 (6-7) onpe;a;e

JI.lIIOT CB06o;a;Hh!e '!aCTll cpyHKIJ;Hll I))n:Ha nepeHOpMn:poBaHHhIX 60:JOH

HhIX norren 

D -1 2 2 ·n-l,µ11 -( µ 11 2 "")+ 2 µv R;c/>,s = p - ms,c/>• R;A,V - pp - pg mv,Ag · 

5 



C MaccaMll, oaµ;aaaeMbIMll COOTHOIIIeHllHMll : 

2 1 2 Zv 
m</> = Z,t,(G + 4Io), mv = G'' 
m~ = 4m

2 + m;, m! =mi+ 6m
2

• (9) 

cf>opMyn~ (9) nony"<IeHbl 6eo y"<IeTa cMewnaaHHH Me)Kµ;y nceaµ;ocxa

nHpHbIMll ll 

aKCllMbHO-BeKTOpHbIMll MeOOHaMll. B pa6oTaX [9, 16] noxaoaHo, '<ITO 

µ;nH y"<IeTa CMeWHBaHllJI Heo6xoµ;nMO paccMOTpeTb "Heµ;naroHMbHbll:1
11 

-qneH s1}) B 3q>q>eKTllBHOM µ;encTBllll1 KOTOpbIII B llMilYllbCHOM npeµ;

CTaBneHllll llMeeT Bll;JJ; 

S1}) = t J (:~4[-4mq,R(p)p"A:(-p) + 
I I 

4m¢R(-p)p" A~(p)]Z] Z1 (il2(m2
)). 

YcTpaHeHne sg) ocyl.L\eCTBllJieTCJI nepeHopMHpOBKOlI nonen: 

A'µ(p) = Aµ(P) - >.ipµ</>(p ), · <PR = q,1R z-½, 

>. = V6~ 
m2' 

A 

m2 
z = 1-6-2' 

mA 

(10) 

KOTOpaJI npllBO}J;llT K nonpaaKaM K MaccaM ll 3<p<peKTllBHOll KOHCTaHTe 

7rqq-aoa11Mop;encTa1ur 

2 2 z 2 2 z 4 2 2 2z-1 
m</> = m<I>' , m& = m<I>' + m , 9,t,• = 9,t, . (11) 

Cao6oµ;H:E,IMll napaMeTpaMn MOp;enn HBllJIIOTCJI TOKOBaJI Macca mo, 

KOHCTaHTbI CBJIOH G, G', perynJipnoyIOI.L\HlI napaMeTp B HHTerpanax 

I 0 (m2), I 2(m2). BbI6epeM Hx,ncxoµ;JI HO cneµ;y101.L\HX ycnoani'I: 

(1). illnpnHa pacnaµ;a p --+ 71"71" onpeµ;enJieTCJI KOHCTaHTOH gpn = 
2gv = 2gp• Ifo 3KcnepHMeHTa cneµ;yeT, "<ITO g;,,,,J47r ~ 2, 96, cneµ;oaa

TenbHo, 

I2(m2) ~ (2471")-
1

• (12) 

(2). MaccbI nceaµ;ocxanJipHoro H aex,TopHoro MeaoHoB B (9) oTo

)K;J];ecTBnJIIOTCH C MaCCaMH 71"-ll p-MeOOHOB: 

m,t, = m,,,, mv = mp. 
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(2). Macey COCTaanJIIOI.L\ero KBapKa MO)KHO nony"<Ill'I'b HO COOTHO

WeHllH ronbµ;6eprepa - TpenMaHa : 

m=f,,,g,,,, f,,, = 93, 3M3B/c2, 
2 2 2 -1 

g,,, = 3gPZ , 

11 <J>opMynbI (12). IlpeHe6peraJI ( <P - A) ;.cMewnaaHHeM, Haxoµ;uM 

m = 234M3B / c2. Ecnn y-qecTb ( P. - A )-cMew1rnaHHe, oTo)Kµ;ecTBnJIJI 

B (11) ffi,t,• H 9,t,• c <pno11-qecKoi'I Maccoi'I H KOHCTaHTOII CBH.311 71"-MeooHa, 

H llCilOllbOOBaTb 3KCnepHMeHTMbHOe OHa"<J:eHIIe µ;nJI MaCCbl a1 -Meooirn, 

npHHJIB ffiA = ffia1 ~ 1,27r3B/c2 [20], TO m ~ 276M3B/c2. Teope

Tll"<J:eCKaJI <popMyna m! ~ m; + 6m2 C llCil0llb30BaHHeM 3KcnepnMeH

TaJlbHOro oHa"<IeHHJI µ;nJI MaccbI p-Me:JoHa 770M3B/c2 npeµ;cxaobIBaeT 

m = 350M3B/c2. Y"<IeT KOH<paiiHMeHTa, KOTOpbIII oTcyTcTayeT B Mo

µ;enH HIIJI, MO)KeT H:JMe'HHTb 3TY ou;eHKy. ,[(nJI onpeµ;eneHHOCTll KOH

KpeTHbie pac"<J:eTbI MbI npoaoµ;HM C Maccoi'I COCTaBnJIIOI.L\ero KBapKa,pa

BHOlI 280M3B /c2. 

(3). KoHCTaHTa CBJI3ll G n Macca TOKOBoro xaapxa mo oaµ;aIOTCJI 

Maccoii 71"-MeooHa n napaMeTpoM o6pe:JaHttJI A, KOTOpbiii, B ca010 o-qe

peµ;b, MO)KeT 6bITb Hai'Iµ;eH H3 ypaBHeHllJI (12). 3Ha"<IeHlle napaMeTpa 

o6peoaHHJI A H1 cneµ;oaaTenbHO,oHa"<J:eHHe napaMeTpoa G' H mo,· oaan

cnT OT cnoco6a nepeHopMupoaKH. B µ;aHHoi'I pa6oTe MbI He o6cy)Kµ;aeM 

3TY aaBHCHMOCTb, IlOCKOllbKY JIBHOe 3Ha"<IeHue 3TUX napaMeTpOB Hecy-

1.L\eCTBeHHO µ;nJI nocneµ;y10ll{ero o6cy,Kµ;emrn TeMnepaTypHoii :JaBHCH

MOCTll CBOHCTB Me30HOB. 

. 3. Mo~eJib Hl1J1 npH KoHe-qHoH 

TeMnepaType 

H IlJIOTHOCTH 

Bee Ba)KHei'Iwue TepMO;JJ;HHaM11"<J:eCK1Ie CBOJICTBa CHCTeMbI MoryT 

6bITb nony"<IeHbI _na CTaTHCTH"<J:ecxoi'I cyMMbI Z = Tre-f3(H-µ;N;), rµ;e 

H - raMHllbTOHllaH ClICTeMbI H µ;, N; - 06061.L\eHH_bie noTeHIJ;HMbI H 

COOTBeTCTBYIOU{Ue HM onepaTOpbI coxpamIIOU{UXCJI 3apH;JJ;OB. CTaTH

CTll"<J:eCKaJI cyMMa MO)KeT 6bITb npeµ;cTaBneHa a BHµ;e q>yHKIJ;HOHMbHoro 
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IIHTerpana [19] II gmr Moge1rn HIIJI IIMeeT BIIg 

/3 

Z = j 'Dq'Dqexp[j dr j d3x(.CNJL + µN)], 
0 

aHaJIOrII'!HhIM Bbipa2KeHIIIO gmr npomJBog.snu;ero q:>yHKD;IIOHaJia B eBKJIH

goBOM nocTpaHCTB.e npII HyneBo:ii: TeMnepaType II nnoTHOCTII. OrpaHII

'!eHIIe Ha o6nacTb IIHTerpIIpOBaHirn: no BpeMeHHOM KOMilOHeHTe II aH

TIInepIIogII'IeCKIIe rpaHII'IHbie ycnOBII.!I gn.H q:iepMIIOHHbIX none:ii: BegyT K 

MOgIIq:>IIK·au;IIII q:ie:ii:HMaHOBCKIIX npaBIIn gIIarpaMMHOM TeXHIIKII [19, 21]. 
lIHTerpIIpOBaHIIe no BpeMeHHOM KOMnOHeHTe ::3aMeH.HeTC.!I gIICKpeTHbIM 

cyMMIIpO~aHIIeM 

J d
4
k i J d3

k 
(27r)4 - /3 ~ (27r)3' 

(13) 

rge T, µ - cooTBeTCTBeHHO TeMnepaTypa H XHMH'-IecKHM noTeHn;IIan, 

C lICnonb:JOBaHHeM TeMnepaTJpHbIX q:>yHKD;lIM rpHHa gn.H cpepMHOHOB 

[21]: 

5!3 = 1 
-A--, 
k-m 

k0 - iwn · + µ, Wn = 

k = (iwn + µ,k), 

(2n + l)7r 

/3 
1 

/3 = T' (14) 

,Il;rr.H cyMMHpOBaHlrn no )];lICKpeTHblM 3Ha'-JeHlI.!IM 13HeprHH Mhl IIC

non1,nyeM MeTO)]; KOHTypHoro lIHTerpHpOBaHH.!I [23]. CyTb ero B na

MeHe cyMMbI B (13) KOHTYPHbIM HHTerparroM B KoMnneKCHOM ko nno

CKOCTH. Tpe6yeMbie gHcKpeTHbie 3Ha'-JeHH.!I 13HeprHH p;aIOTC.!I non10caMH 

cpyHKD;HlI ( exp(f3k0 ) + l )-1 
Ha MHHMOM OCH. 8ToT npHeM nonBon.HeT 

BbigeJIHTb lI3 cyMMbl TeMnepaTypHO - HenaBHClIMYIO rropeHn; - lIHBapH

aHTHYIO '!aCTb, COBnagaroru;yro c o6bI'-IHhlM lIHTerparroM B eB~OBOM· 

npocTpaHCTBe gn.H cny'IaJI T = 0, µ = 0, H KoHe'-IHYIO TeMnepaTyp

HYIO nonpaBKY, cogep:amru;yro BKrrag1,1 cocTO.HHHM c norro2KHTeJibHOM lI 

oTpHn;a TeJibHOM aHeprHeii. 

YpaBHeHHe "m:enH" (3) npH T #- 0, µ #- 0 npHHHMaeT BHg 

l J d3
k 1 

m* - mo= -NcNJG/3 ~ (27r)3Spk- m* · (15) 

8 

\ 

·p 

CyMMHpoBaHHe B npaBoi'x '!aCTH (15) gaeT 

l "°'f d3k /3 ~ . (27r)3(k2 - m*2r1 = ·J d
4

k i (27r)4(k2-m*2)-1 

+ J d3k 1 
(211:)3 2wk N( wk), 

1 1 1· 
N( W) = ef3(w-µ) + 1 + ef3(w+µ) + 1' wk= (k2 + m*2 )2. 

IIcnon1,ny.H cooTHOIUeHHe, cnpaBep;nHBoe gn.H n106oii cxeMbI peryJI.HpH-. 

nan;HH 

Io(m*2) ~ Io(m2) + (m*2 - m2)h(m2), 

II ypaBHeHIIe "ru;enII" p;n.!I HyneBOM TeMnepaTyp1,1 (3), HaXO)];IIM q:>yH

KD;II0HanbHYIO naBIIClIMOCTb MaCChl COCTaBn.!IIOIJ.J;ero irnapKa OT TeMne

paTyp1,1 lI XlIMH'-JeCKoro IlOTeHD;HaJia: 

*2 2 1 2 m 2 J d3
k 1 ' 

m = m - -m (1 - -) - 2g NcNJ ----N(wk), 
2 ¢, m* ¢, (27r)3 2wk 

(16) 

Ha puc. 1 noKanaHa TeMnepaTypHalI naBHClIMOCTb MaCCbl cpepMH

OHa npH p;Byx nHa'!eHlI.!IX XlIMH'IecKoro noTeHn;Harra, µ = 0, 200 MaB. 

BHgHo, 'ITO npH T ~ 200 MaB Ha6n10p;aeTC.!I no'-ITH cKa'-!Koo6pa::moe 

yMeHbIUeHHe Macc1,1, HnH KHpanbHhIH cpanoBhlH nepexop;, '-ITO onHa'-!aeT 

BOCCTaHOBneHHe KlipaJibHOll ClIMMeTplIH. 

HarrH'-!He cpeµ;1,1 oTpa:ameTC.!I Ha cBoiicTBax MenoHoB, nocKOJihKY, c 

O)];HOM CTOpOHhI, OHlI .!IBn.!IIOTC.!I KOJineKTlIBHblMlI COCTO.!IHlI.!IMlI cpepMH

OHOB C naBHC.HIJ.J;eii OT TeMnepaTyp1,1 Maccoii, C p;pyroii - cpyHKD;lilI pac

npocTpaHeHH.!I Me::30HOB B cpeµ;e OTnH'-IaIOTC.!I OT cpyHKD;lill pacnpocTpa

HeHH.!I B BaKyyMe, cnep;oBaTeJibHO, OTnlI'-IHbIM 6yp;eT H lIX aHepreTH'-Je

CKlill cneKTp - naBHClIMOCTb aHeprHH OT HMITyrr1,ca. 

IIponaraTOpbl Me:JOHOB npH KOHe'-JHbIX TeMnepaTypax lI ITJIOTHO

CT.!IX BbI'-IlICJI.HIOTC.H no Toii 2Ke cxeMe, '-ITO H npH HyneBoii TeMnepa

Type lI nnoTHOCTlI, HO C y'-IeTOM MO)];lI(plID;HpOBaHHbIX npaBHn pac'-IeTa 

neTneBhIX p;HarpaMM. B penynhTaTe, B o6paTHhIX nponaraTopax Me

noHOB IlO.!IBJI.HeTC.!I p;ononHHTeJibHbIH, rropeHn;-HeHHBapHaHTHhlll '-JJieH, 

uc'-!enarom;Hii B npeµ;erre T - 0, µ - 0, KOTop1,1ii 0Tpa2KaeT BJIII.!IHHe 

HarpeToii cpep;hl Ha aHepreTII'-Ie_cKHH cneKTP MenoHOB. 
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CKan.HpHble H nceeµ;ocKaJI.HpHhie MeOOHhL 

PacCMOTpIIM CHa'laJia CKaJIJipHbie II nceBgOCKaJIJIPHble Me□OHhl, KO

TOpble Mbl B p;MbHeHilleM 6ygeM o6onHa'1aTb KaK o- II 1r COOTBeT

CTBeHHO. IIepeHopMIIpOB0'1Hbie Z-q>aKTOpbI gJrn O-· II 7r•Me□OHOB Ha

xogJITCJI np ea<HlIM cnoco6oM: 

_
1 

_ 8(LimT=oD;,~(p)) 
z",<7 - ap2 p2=o 

(17) 

IIepeHOpMIIpOBaHHble no npaBmry (17) nponaraTOpbI, c y'leTOM ypa

BHellnJI p;Jrn ~eJm: II onpegeneHIIH (9) MOa<Ho npegcTaBIITb B cnegyro~eM 

Bnge: 

DR~1r(Po,P) = p2 
- m;!!::... + g;NcN1(.6.1r(Po,P) + 4C(T,µ)), (18) 

' m* 

DR~,r(Po,P) = Dn\(Po,P) - 4m*
2 (1 - lg;NcN/.6.,r(po,P)), 

rp;e q>yHKI.J;IIII .6.,r n .6.,r I1Me10T cnegyro~IIH JIBHbIH BIiµ;: 

1 /00 p2 
.6.,,(p0 ,p) = rr2 lm• k(w)dwN(w)(-1 + 8lplklnlp), (19) 

1 100 .0.,r(po,p) = 2 dwN(w)lnlp, 
7r m• 

1 100 
1 4C(T,µ) = 2 k(w)dwN(w), k(w)=k=(w2 -m*2

)
2

, 
7r m• 

R+(Po)R+(-po) _ 2 

VJ = R-(Po)R_(-po), R ± (po) = p + 2pow ± 2jplk . 

.II:nJI onpegeneHIIJI naKoHa p;I1cnepcI1I1 Me□oHoB E = E(p) MbI Bblnon

HJieM aHaJilITll'leCKOe npogona<eHile OT MHIIMbIX p;IICKpeTHbIX □Ha'leHIIH 
HyneBOH KoMnoHeHTbl BHelliHero IIMilYJibca p0 = 2rrinT K peaJibHbIM II 

HenpepbIBHbIM p0 = E + i8. 
PaccMaTpIIBaJI'. .0.,r lI .0.,r ' Mbl BIIAIIM, 'ITO aTII q>yHKI.J;IIII nMeIOT Ta.Ka<e 

MHlIMYIO '1aCTb, IlOCKOJibKY Bblpaa<eHI1e noµ; □HaKOM norapilq>Ma CTaHO

B~ ' OTpnu;aTeJibHbIM npn □Ha<JeHIIJIX nepeMeHHOH IIHTerpnpoBaHIIJI, 

nea<a~nx B npegenax: 

~ ~

m*2 
Po - IPI ::; 2w ::; Po + IPI 1 - - 2-. . p 

10 

\. 

r 

IIoaToMy Bbipa:arnHmr gmr q>yHKI.J;IIH .6." II .6.,r MOa<Ho narrncaTb B BIIge 

.6.1r(Po,p) 

.6.,r(po,P) 

1 roo p2 
= 7r2 }m. k(w)dwN(w)(8lplk(lnl1f,,I - i1re(w)) - 1), 

1 roo 
= 7r2 lm• dwN(w)(lnl1f,,I- i1re(w)), (20) 

• e(w) = ~ ~ 0(w + !Ply 1 - --;i- - Po)B(po + IP!yl - --;i- - w). 

HynII o6paTHbIX nponaraTopoB, KaK q>yHKI.J;IIH E(p), onpegeJIJIIOT 

naKOH gI1cnepcI1I1 Me□oHOB. B o6meM cny'lae pemeHI1eM ypaBHeHIIJI 

n-1(po,P) = 0 (21) 

JIBJIJieTCJI KOMnJieKcHoe '1IICJio p0 = E(p) + i-y(p ). PeaJibHM '1aCTb cooT

BeTCTByeT gI1cnepcI1n, xapaKTepHoii gnJI pacnpocTpaHeHIIJI B nnoTHOH 

cpege. MHIIMM '1acTb onpep;enJieT pacnap; (nornomemae) Me□OHHoro co

CTOJIHIIJI npII pacnpocTpaHeHIIII B cpege. 

3Ha'1eHile aHeprnII Me□OHa npII HyJieBOM □Ha<JeHlIII npocTpaHCTBeH

HbIX KOMnoHeHT IIMnynbca E{O) Mbl onpep;enJieM KaK Macey Me□oHa. B 
TO a<e BpeMJI ecTeCTBeHHO onpegeJIIITb pa□HOCTb E 2(p )-p 2 KaK aq>q>eK

TlIBHYIO Macey Me□oHa, naBI1CJimy10 OT npocTpaHCTBeHHbIX KOMilOHeHT 

IIMnynhca. 

TaKIIM o6pa□oM, ypaBHeHile (21) aKBUBaJieHTHO CllCTeMe CBJI□aHHbIX 

ypaBHeHIIH p;nJI p;Byx Hen□BeCTHbix:E(p) II -y(p). B npep;nonoa<eHnn 

-y ~ E ypaBHeHnJI gnJI nnoHa, HanpnMep, UMeIOT Bug 

E;(p) 

-y,.(p) 

2 2
1n 2 ( ) = p +m,.--g,,Re .6.,,(po,p)+4C(T,µ) .. ,(22) 
m• Po=E+,,. 

1 2 ( o ) = 2E ( )g,.Im .6.,,(po,P) + D,.(Po,P) • 
,,. p po=E 

3p;ecb Mhl y-qnu TaKa<e TeMnepaTypHo - He□aBUCUMbIH MHUMbIH BKJiag, 

T.e. MHIIMYIO '1aCTb nonJipunau;noHHOH p;uarpaMMbI npu T = 0. CyMMa 

MHUMbIX BKJiap;oB "MopJI", T.e. COCTOJIHUH C aHeprIIJIMU,He npeBbIIllaIO

~UMU rpaHU'1HOH aHeprun <t>epMn, II cpep;bl gaeTCJI Bbipaa<eHneM 

( * 0 ) 1 2~m*
2 

( ) Im D"(Eo) + D,,.(Eo) _ = --
8 

E0 1 - -E2 1- N(Eo/2) . 
. P-0 rr o 
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<PaKTOp B eKo6Irnx B rrpaBOII '9:aeTII OTpa)KaeT BJIII.lIHIIe epep;bl Ha 

Bepo.lITHOeTb paerrap;a Me3oHa 1r --t qiJ.. B eIIny rrpIIHUIIrra ::mrrpeTa 

IlaynII paerrap; He MmKeT rrponexop;HTb B eoeTO.lIHirn, Y)Ke oaH.lITbie 

p;pyrHMII cpepMIIOHaMII, Bepo.lITHOeTb )Ke oarronHeHII.lI ypoBH.lI e 0Hep

r11eii E orrpep;en.lleTe.lI BemI"iIIHoii N(E) = n(E) + n(E). rp;e n(E) = 
(exp(E - µ) + 1)-

1 
11 n(E) = (exp(E + µ) + 1)-

1 
eeTb cpyHKUIIH pae

rrpep;eneHH.lI )];JI.ll cpepMIIOHOB II aHTHcpepMIIOHOB eOOTBeTeTBeHHO. 

Ha pne. 1 rrpIIBep;eH pe3yJibTaT pae'9:eTa 3aBIIeIIMOCTII Mace a- II 7r

Me30HOB OT TeMrrepaTypbI. IlyHKTIIpHbie mIHHII COOTBeTeTBYIOT .pae

'9:eTy 0TOII oaBIICIIMOCTII no rrpn6nmKeHHbIM cpopMynaM [5, 16]: 

m 
m*2 = --m2 

7r m* ,,., 
*2 - *2 + 4 .2 m,,.-m,,. m. 

Ho pneyHKa BII)];HO, '9:TO eaMoeorn<\eOBaHHbIII pae'9:eT rrpIIBO)];UT K He

MOHOTOHHOII oaBUeUMOCTU MaeCbI 7r-MeOOHa OT TeMrrepaTypbI B OKpe

eTHOeTII T0'9:KII m; = 2m;, KOrp;a OTKpbrnaeTe.lI KaHaJI paerrap;a MeOOHa 

Ha KBapKH. 8To rrpuBO)];IIT K peoKoMy uoMeHeHHIO xo;a;a KpIIBOII. Ilpu 

;a;aJibHeiiweM yBeJIII"ieHUU '!'eMrrepaTypbI Maeea IIIIOHa BHOBb rrpo;a;on

)KaeT paCTU uo-oa yMeHbllieHU.lI MaCCbI eocTaBJI.lIIOIIJ;ero KBapKa. Eenu 

OTBJie'9:be.lI OT HeMOHOTOHHOro IIOBep;eHII.lI KpIIBOH rrpu m; ~ 2m;, TO B 

n;eJIOM Ka'tfeeTBeHHOe IIOBep;eHne oaBUCUMOeTII m;(T) B o60IIX eny"iMX 

b)];UHaKOBO - Maeea pacTeT C yBeJIU"ieHUeM TeMrrepaTypbI. O;a;HaKO BU

p;Ho, '9:TO 0TOT poeT )];JI.ll TO"iHOro peweHU.lI (ypaBHeHue (23)) CUJibHee, 

TaK. '9:TO paOHOeTb _B orrpe;a;eneHHII MaCebI IIIIOHa B6JIIIOU KpIITII'tfeeKOII 

TeMrrepaTypbr MmKeT ;a;oeTuraTb BeJIII"iIIHbI ~ lOOMeB. IIpu"iIIHa He

MOHOTOHHoro IIOBep;eHU.lI m;(T) rrpu m; ~ 2m; coeTOUT B OTCYTCTBUU 

MexaHIIOMa y;a;ep)KaHun rrnapKoB B Mo;a;enII HHJI. IIoaToMy ecnn cpa3a 

p;eKOHcpaiiHMeHTa )];eIICTBHTeJibHO orrepe)KaeT cpaoy BOCCTaHOBJieHH.lI KlI

panbHOII eHMMeTpnn, TO MO)KHO HaAe51ThOI, '9:TO TaKoe rrpep;eKa::JaHIIe 

Mo;a;enH HHJI ;a;eiicTBUTeJibHO ocyrn;ecTBJI.lleTe.lI u,rro-Bup;uMoMy,Mo)KeT 

6b!Tb UOBJie'tfeHO HO 3KerrepHMeHTa. 0TMeTUM TaK)Ke, '9:TO TaKoe HeMO

HOTOHHOe IIOBep;eHne MaeCbI Me30Ha B oaBHeHMOCTH OT TeMrrepaTypbI 

rrpe;a;eKaObIBaeTC.lI TOJibKO )];JI.ll 7r-Me30HOB. Y oeTaJibHbIX MeOOHOB Macca 

rrpeBbIWaeT Macey p;Byx KBapKoB ;a;a)Ke rrpn HyneBoii TeMrrepaType, rro-

0T0My )];JI.ll HHX OTCyTeTByeT rropor paerra;a;a, KOTOpblll rrpHBO)];lIT K He

MOHOTOHHOMY IIOBep;eHHIO. 

J:lanee, Ha pne. 2, rrpHBep;eHa oaBIIeHMOeTb MaeebI IIHOHa OT TeM

rrepaTypbl rrpu cpuKeupoBaHHOM rrpocTpaHeTBeHHOM HMIIYJibCe MeOOHa, 

paBHOM 300MeB. Bn;a;Ho, '9:TO eTerreHb HeMOHOTOHHOeTn oHa"inTeJibHO 
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HU)Ke, '9:eM rrpu HyJieBOM rrpoeTpaHCTBeHHOM IIMIIYJibee. Pe□KIIII IIUK B 

OHa'tfeHIIU MaCCbI IIHOHa B rroporOBOII T0'9:Ke m; = 2m; o;a;eeb II0'9:TH 

He rrpO.lIBJI.lleTe.lI. 8To, TIO-BH)];HMOMY, eB.lIOaHO e TeM, '9:TO IIOJIHM 0Hep

run MeooHa B·0TOM cny-qae oHa"inTeJibHO 6onbwe Maeebr u rrpn pewe

HIIII eaMoeornaeoBaHHbIX ypaBHeHIIII BOOHIIKHOBeHHe )J;OIIOJIHHTeJibHOro 

MaCWTa6a - KOHeTaHTbl pacrra;a;a /,r B noporoBOII T0'9:Ke m; = 2m;' 

o;a;eeb He rrpo.lIBJI.lleTe.lI eTOJib oaMeTHO. 

Ha pue. 3 noKaOaHa oaBHeHMOeTf, MaCCbI 7r-MeOOHa OT rrpoeTpaH

eTBeHHOro HMnyJibCa rrpH cpHKCHpOBaHHOM OHa'tfeHHH TeMnepaTypbI, 

paBHOM 150MeB, II XHMH'tfecKoM noTeHn;nane,paBHOM 200MeB. Bu

p;Ho, '9:TO OTKJIOHeHHe OT o6bI'9:HOII peJI.lITHBIICTCKOII OaBHeHMOeTH m 2 = 
E 2 

-: p 2 p;OBOJibHO cyrn;eeTBeHHoe. Ho pucyHKa MO)KHO oaKJIIO"iHTb, '9:TO 

acpcpeKTHBHlliI Maeea IIHOHa B epe;a;e yMeHbWaeTC.lI e yBeJIII"ieHneM era 

npocTpaHeTBeHHOro HMny~bca no'ITH JIHHeHHO B HHTepBane OHa'!eHHH 

npocTpaHCTBeHHoro HMnynbca OT p ~ 150MaB ;a;o p ~ 400MeB. IlpH 

MeHbllilIX OHa'!eHIUIX npoeTpaHCTBeHHOro HMnynbea oaBHeHMOeTb 60-

nee CJia6aJI II nO'ITH lIC'Ie3aeT B npep;ene p --t 0. 3aMeTHO TaK)Ke, '9:TO 

oaBHeIIMOeTb MaeebI IIHOHa OT rrpoeTpaHeTBeHHOro IIMIIYJibea eTaHO

BlITC.lI HeeKOJibKO 6onee cna6ou npn yBeJIH'IeHHH OHa'!eHH.lI HMnyJibCa 

BbIWe 400MeB. 

.I(n.ll eKannpHbIX Me30HOB TeMnepaTypHM oaBIIeIIMOeTb Maeebl, rro

ny'IeHHaJI nyTeM caMocornacoBaHHoro MeTo;a;a,Ka'!eCTBeHHO He oTJIH'Ia

eTe.lI OT peoynbTaTa pae'!eTa no rrpn6nm1rnHHbIM cpopMynaM, rrpnBep;eH

HbIM Bblllie, BO BCeM IIHTepBaJie TeMnepaTyp. B o6oux eny'IaJIX Bll)];HO 

peoKoe yMeHbllieHHe Maeebl a-MeOOHa BCJieACTBHe - yMeHbllieHH.lI MaeCbl 

coeTaBnn10rn;ero KBapKa, n OT'IeTJIIIBbIH MHHHMYM, KOTOpbIH o6bI'IHO 

accou;1111pyeTcJI c KnpanhHhIM cpa30BhIM rrepexoµ;oM [5, 16] . .I(anee Macca 

eKaJI.llpHoro MeOOHa yBeJIH'IHBaeTC.lI II CTaHOBHTe.lI IIO'ITH paBHOH Maeee 

7r-Me30Ha, '9:TO Hap.llp;y C yMeHbllieHHeM Macebl TOKOBoro KBapKa .lIB

JI.lleTC.lI noKa3aTeJieM BOeCTaHOBJieHH.lI KHpaJibHOH CIIMMeTpHII. Mo)KHO 

OTMeTHTb, 'ITO BOCCTaHOBJieHHe KHpaJibHOH eHMMeTpHH Ha MeOOHHOM 

ypoBHe np01Icxo;a;1iT Y)Ke npn 3Ha'!eHH.lIX MaCCbI eOCTaBJI.lIIOIIJ;ero KBapKa 

rropn;a;Ka 50MeB, T.e. oHa'IHTeJibHO npeBb1wa10rn;Hx Macey TOKOBoro 

KBapKa mo. PaoHHI.:J;a B OHa'!eHH.lIX Mace )];JIH a-MeOOHa, noJiy<IeHHbIX 

no npH6JIH)KeHHbIM cpopMynaM n rryTeM peweHH.lI caMocornaeoBaHHbIX 

ypaBHeHIIH, 3aMeTHO rrpOHBJI.lieTC.lI npH TeMnepaTypax,rrpeBbilliaIOill.lIX 

lOOMeB,u ;a;ocTnraeT CBoero Han6onbwero 3Ha'!eHII.lI ~ 40MeB B TO'!Ke 

MHHHMyMa, IIOJIO)KeHIIe KOTOporo B o6onx CJIY'IaJIX IIO'ITH He OTJIH'!a

eTe.lI. 
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BeKTOpHble H aKCHaJlbHO-BeKT0pHbie MCO0Hbl 

Ilpn lI3Y'lCHlilI BJilIRHlIR cpe;a;hl Ha CBOHCTBa BCKTOpHhIX lI 

aKCliaJibH0-BCKT0pHbIX MC.30H0B, ;a;anee o603Ha'laeMblX COOTBCT

CTBCHHO KaK p lI a1, B03HlIKaeT He6oJibllIOC ycJI0)KHCHlie, K0TOpoe BHO

ClITCR nopeHD;CBblMlI lIHµ;eKCaMlI, nocKOJibKY, BOTJIWIHe. OT (9), q>yH

KD;lIR pacnpocTpaHemrn BCKTOpHOll 'laCTlID;bI CCTb, B o6meM cny'lae, 

MaTpnn;a pa3MCpHOCTlI 4 x 4 no nopeHD;CBbIM lIHp;eKCaM. Ilpn HaJilI'llilI 

cpe;a;hl MaTplI'IHM CTpyKTypa nponaraTopoB BCKTOpHbIX lI aKCliaJibHO

BCKT0pHbIX MC30H0B OTJilI'lHa OT IIMeIOmnx nopeHrt;-K0BapnaHTHYIO 

qiopMy Bblpa:lKCHlIH ( 6) , noaToMy Mhl BBeµ;eM lIHoe, OTJilI'!Hoe no 

q>opMe, onpe;a;eneHne KOHcTaHT Z, no cyTn, o;a;HaKo, c0Bna;a;a10mee c 

(7). 
O6paTHhle nponaraTOpbl p lI a1 MC30HOB ;a;a10Trn q>opMyJiaMlI 

-in-1,µv( ) - i_ '°'f d3k </>~~(k,p) µv_!:_ 
p,a1 Po,P - /3 L;- (211-)3 (k2 - m*2)((k - Pl- m•2) + g G' 

1 µv_ 
pµv + g G'' _ p,a1 (23) 

r;a;e pµv(T,µ) = pµv(T = 0,µ::::; 0) + P5". PaccMoTplIM q>yHKD;lIIO pac

npocTpaHeHlIR ;a;nR p.Me3oHa. KaK lI B cny'lae CT-lI 7r-MC30HOB, nopeHn;eBa 

HHBapnaHTHOCTb HapyUieHa cpe;a;on, BCJieAC'I'BHe 'lero nom1p1man;noH

HM MaTpnn;a pµv(po,P) He RBJIReTcR nopeHrt;CBhIM TCH3opoM. O;a;HaKo 

0Ha MO:lKCT 6bITb npe;a;cTaBJieHa B Bn;a;e [23, 24]: 

pµv(po,P) ~ o:(po,p)Pt + f3(po,p)Pfv, 

r;a;e npoeKrt;lI0HHble onepaT0pbl ·uMeIOT CBOllCTBa, 

p,00 _ pOj _ p,iO _ O p,ij _ i:i,j _ pipi 
T_T_T_• T-u , 

p2 

µv PµPv µv µv µv µv 
PL = -2- - g - Pr . pµPL = p,,Pr = 0, 

p 

Pf" PLov = -Pi,vµ, Py" Pr QV = -Pr,vµ' 

C noMombIO KOTOpbIX MO)KHO onpe;a;ennTb q>yHKD;lIH 0: lI /3 : 
2 

f3(p0 ,p) = Lpoo p2 , 
1 2 

o:(po,p) = -2(Pµµ + P2poo). 
p 
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(24) 

{25) 

j 

~ 
i 

i1 
:) 

B OTC)'TC'l'BHe cpep;bI (T = µ = 0) nonRpn3an;noHHbill onepaTop 

HMCCT Bllp; 

Po,,v(p) = (P,,r - gµv)P(p2), 
p 

cne;a;oBaTenbHO,B aToM cny'lae o: = /3. 
MaTpnn;a, o6paTHM K (23), onpe;a;eJIRCTCR ll3 ycnoBlIR 

Dµv -l nvo = s; lI lIMCCT Bn;a; 

D 
µv _ 1 pµv 1 pµv _l_pµpv 

P - 2T+/3 L+ 2 2' o: - µo - µo 2 µo P 

1 
2 =-. µo - G' (26) 

lI3 aToro onpe;a;eneHHR BHp;Ho, 'ITO q>yHKD;HH 0: II /3 onpe;a;eJIRIOT 3a

KOH ;a;ncnepcuu µ;JIR '!aCTHD;, Haxo;a;RmHXCR B COCTORHH.HX C npoµ;OJibHOH 

lI nonepe'IHOll non.HplI3an;neiI COOTBCTCTBCHHO. 

KaK n npe:lK;a;e, 3p;ecb Heo6xo;a;uMo npoBecTn nepeHopMnpoBKY, 'ITO 

;a;enaeTcR aHanorn'lHO cny'laIO co cKan.HpHbIMlI '!acTun;aMH. Ilpn T = 
µ =0: 

1 
o:(p) = f3(p) = co{p2

) = - 3Pµµ, (
8co(p2

)) 

Zp -1 = 8p2 p2=0 

IlepeHopMnpoBaHHhIH nponaraTop p-Me30Ha HMeeT BHµ; 

f)µv = 1 pµv + 1 Pf". 
P p2 + g~o:• _ mp2 T p2 + g~/3• _ m/ 

3;a;ecb BCJIH'lllHbI o:* = 0:.- Co II /3* = /3- Co o603Ha'!aIOT TeMnepaTypHo-

3aBlICHMhle nonpaBKll. AHanorH'lHO ;a;n.H a1 -MC30Ha: 

f)µv _ • 1 p.µv 
a1 - p2 + g2o:• - mp2 - 6m*2(1 - fg;),*) T 

{27) 

1 · µv 
+ p2 + g2f3• - mp2 - 6m•2(1 - fg~,\•) PL . 

IlpnBeµ;eM .HBHble Bbipa:lKCHlI.H ;a;n.H BCJIH'llIH o:*(po,P), /3*(po,P) n 

,\*(po,p): 

o:*(po,P) 

/3*(po, p) 

1 (Pµµ( . ) , p2 poo( )) = - 2 /3 Po,P + p 2 /3 Po,P ,. 
2 

= P2pgo(Po,P), 
p 
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P/jl'(p0 ,p) = ---;- /
00 

k(w)dwN(w)(-1 + A1ln1/J), (28) 
-rr lm• 

P3°(po, p) = - : 2 1: k( w )dwN( w) (-1 + A2ln1/J + B 2lnry), 

1 100 >.;(Po,P) = --2 k(w)dwN(w)ln1/J, 
8-rr m• 

m 2 + p2 /2 w2 + p2 
/ 4 pow 

A1 = 4klpl ' A2 = 2klpl ' B1 = B2 = 2klpl' 

1/J _ R+(Po)R+(-po) 'T/ _ R+(Po)R_(-po) 
- R_(po)R_(-po)' - R_(po)R+(-po)' 

B rrpeµ;ene p -+ 0 rrpoµ;onbHaJI 11 rrorrepe'!HaJI Macchl coBrra

µ;aroT [23, · 24], 'ITO cneµ;yeT H3 CBOIICTB orrepaTopoB P!j,", Pf", a TaK,Ke 

H3 l1HBap11aHTHOCTH OTHOCHTenbHO 3-MepHbIX Bpaw.eHHH. Ilocneµ;Hee 

:3KB11BaneHTHO YTBep)Kp;eHHIO pij '.:::= t5ij. PaBeHCTBO O:' = /3 MO)KHO 

TaK)Ke rrpoBepHTb Herrocpep;CTBeHHO, B3.flB rrpeµ;en p - 0 B COOTBeT

CTBYIOlIJ;HX Bbrpa;,KeHMJIX. Pe3ynbTaT TaKoB: 

00 1 p
2 100 

( 4 k( w) p5 ) p{J (p-+0)=-22 k(w)dwN(w) 1+-
3 2 4 2 

-
2 4 2

, 
'Tr Po m • Po - W Po - W 

2 100 
4w

2 + 2m* 2 
P5µ(p-+ 0) = - 2 k(w)dwN(w) 

2 2 -rr m• p0 - 4w 

O'!eB11)];HO, 'ITO :3Tl1 Bbipa)I(eHH.fl yµ;oBneTBOpJIIOT paBeHCTBy 

(p2 /p2)p30 = (-1/2)( P/jl' + (p2 /pz)P3o). 

TaKHM o6pa.30M, Mb! rronyqaeM Bbipa)KeHH.fl µ;n.n rrepeHOpM11pOBaHHOro 

rrporraraTopa B rrpeµ;ene p -+ 0: 

pµv pµv 
Dµv( 0) _ T + L p-t - ' 

P P5 - m~ + gic•(po) 
(29) 

c*(po) = 2 100 
4w

2 + 2m*2 

-
2 

k{w)dwN(w) 
2 2 3-rr m• Po - W 

YcnoB11e P5 - m; + g;c*(po) = 0 rrpII po = m; + i7p orrpeµ;emieT 

TeMrrepaTypH0-3aBHCHMYIO Macey II KOHCTaHTY pacrraµ;a p-Me30Ha. 

CooTBeTCTByrow.ne ypaBHeHH.fl aHanorn'!HbI ypaBHemrnM (23) µ;n.n -rr

Me3oHa. Ha pIIc. 4 rrpnBeµ;eH pe3ynbTaT '!HcneHHoro pacqeTa µ;n.n Mace 
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P-11 a-Me30HOB rrpn pa3HbIX 3Ha'leHMJIX XHM11'lecKoro IIOTeHIJ;Hana. TaK 

)Ke, KaK 11 B cnyqae CKan.npHbIX H rrceBp;OcKan.llpHbIX 'laCTHD;, Mb! BH)];HM 

BOCCTaHOBneHne K11panbHOH CHMMeTpH11 B TOM ,Ke 11HTepBane TeMrrepa

TYP, .'ITO rrpo.HBn.HeTc.lI B rrpII61III)KeHHOM paBeHCTBe :JHa'!eHIIH Mace ar 

II p-Me:JoHoB. MacwTa6 H3MeHemrn B 3Ha'!eHirnx Mace qacTIID; 3p;ecb 3a

MeTHO MeHbWe, 'ITO o&,.ncH.HeTC.lI OTHOCIITenbHO 6onbwoiI Ben11'IIIHOH 

Mace P-11 a1 -Me30HOB no cpaBHeHIIIO C Maccoll COCTaB]I.lIIOI.I..J,ero KBapKa. 

Ka'leCTBeHHaJI KapTIIHa TeMrrepaTyp,HOH 3aBIICIIMOCTII Mace BeKTOp

HbIX II aKCIIMbHO-BeKTOpHbIX Me30HOB OT1IH'!Ha OT rronyqeHHOH B pa-

6oTe [16]. B TO BpeM.lI KaK pe3ynbTaT aTon pa6oTbI µ;aeT y6brnaromee 

rroBeµ;eHIIe µ;n.H MaccbI p-Me:JoHa, caMocornacoBaHHbIH MeToµ; orrpeµ;ene

HII.fl MaCCbI, IICII01Ib30BaHHbllf B HaWeH pa6oTe, µ;aeT rrpoTIIBOII01IO)K

Hbill pe:JynbTaT. 

Cneµ;yeT,O)];Haim, OTMeTIITb, 'ITO B µ;aHHOM cnyqae rrpeµ;rronmKeHIIe 0 

MallOCTII MHIIMOll '!aCTH "f /, a1, COOTBeTCTBYIOI.I..J,eH pacrrap;y p, a1 -t qij_,B 
:JHa'!IITenbHOH CTerreHH ycnoBHO. HarrpnMep, wnpu:Ha pacrraµ;a p -+ qij_, 
orrpeµ;en.neMaJI KaK 

-4 Im (co(P ).+ c*(p)) B cu:cTeMe rroKO.lI p-Me3oHa HMeeT BH)]; 
mp ~=mf 

1 
g2 4m*2 :i 2m*2 

W(p-+ qq) = l;-rrm;(1 - N(m;/2)) (1 - m*2 ) (1 + m*2 ): 
p p 

TeMrrepaTypHaJI 3aBI-ICHMOCTb aTon Benu:'lHHbI rrpIIBeµ;eHa Ha pnc. 5. 
,na)Ke rrpII 6onbilll1X 3Ha'leHH.lIX TeMrrepaTypbl 11 XHMII'lecKoro IIOTeHn;H

ana, Korµ;a B1IIIJIH11e rrpIIHD;IIIIa Ilaynn Ha Bepo.nTHOCTb pacrraµ;a p -+ qij_ 
3Ha'll1Te1IbHO, WIIpu:Ha W(p -t qij_) 11MeeT TOT )Ke rrop.ll)];OK BelllI'llIHbI, 

'ITO 11 Macca p-Me3oHa. IlocKonbKY B Moµ;em1 HIIJI p-Me3oH JIBmieTC.lI 

"rrpoµ;yKToM" B:JaIIMoµ;eiicTBHJI KBapKoB, a aKcrrepHMeHTanbHOe 3Ha

qeHne MaCCbI p-Me30Ha HaMHoro rrpeBbIWaeT Macey COCTaBll.flIOI.I..J,ero 

KBapKa, KaK cnep;CTBHe, Mb! HMeeM CB.lI3aHHoe COCTOJIHIIe, o6paTHOe 

BpeM5I )KH3Hl1 KOTOporo Toro )Ke rrop5Ip;Ka, 'ITO H ero Macca. lIHbIMlI 

cnoBaMII, II3-3a OTCYTCTBIIJI B MOp;en11 HIIJI MexaHII3Ma KOH<panHMeHTa 

p-Me:JOH OKa.3bIBaeTC5I Kpaiiue uecTa6IIITbHbIM . "9:eTbipexcpepMHOHHOe 

B3alIMO)];encTBlle C rronmKHTenbH0ll KOHCTaHTOH CB.fl3H npIIBO)];HT K B03-

HlIKHOBeH11IO CBJI3aHHOro COCT05IHII5I, HO B "µ;ononueuIIe" Mb! rronyqaeM 

TaK)Ke II o6paTHbIH npon;ecc, nocKonbKY HeT HIIKaKIIX ocHoBaHHH npe

He6peraTb Me30HHbIM pacrraµ;oM, ecnII Mb! Il01Ib:JyeMC5I TeMrrepaTyp

HbIMlI cpepMIIOHHbIMII cpyHKD;HJIMH rpHHa. 
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4. 8q><peKTHBHaJI KOHCTaHTa CB.HOH 9p1r1r 

8qi<peKTIIBHaJI KOHCTaHTa CB.II3II gp,r,r onpe;a;eJrneTC.II B Mo;a;enII Tima 

HIIJI [9] KBapxoBoii neTneii c op;HIIM BeKTopHbIM II p;ByM.H nceB;a;ocxa-

11.HpHbIMII KOHQaMII. 

KpoMe·Henocpe;a;cTBeHHoro p---+ 1r1r nepexo;a;a, npe;a;cTaBneHHoro p;II

arpaMMoii p1Ic. 6, B Mo;a;e111I [9] cyw;ecTBYIDT Tax:a<e nepexo;a;1,1 Tima 

p __. 1r(a1 __. 1r) II p __. (a1 __. 1r)(a1 __. 1r), o;a;HaKO IIX y'IeT He CKa3bI

BaeTC.II Ha 3Ha'IeHIIII napaMeTpa gp,r,r [9]. IIoaTOMY Mbl cocpep;OTO'IIIM 

BH1IMaH1Ie Ha npoQecce p1Ic. 6. 8Ta p;IIarpaMMa COOTBeTCTByeT 'IneHy 

·s ( 1 vµ \ a 1 . 5 ,I.. \ a 1 . 5 ,I.. \ a) 
Z p .

8 
/µ a A .

8 
Z1 'f'aA .

8 
Z/ 'f'aA 

z -m z -m z -m 

B pannmI<eHIIII <pyHKQIIOHanbHoro ;a;eTepMIIHaHTa Mo;a;e111I HIIJI. 

'IT061,1 onpeµ;enlITb TeMnepaTypHyIO 3aBIICIIMOCTb KOHCTaHTbI gp,r,r,· 
Mhl Bhl'Incn1IM aTy ;a;uarpaMMY, no111,3y_gc1, npaBnnaMil ( 13). IlplI aToM 

BKna;a; He3aBH~eiior. TeMnepaTyp1,1 'IaCTU p;IIarpaMMbI annpoKCIIMU-

pyeTC.II ee pacxo;a;.HUJeiic.H 'IaCTbIO [9]. • 

KaK <nMe'l8JIOCh, HaJIJl'IHe c~ uapymaer Jiope~-HJIBapmurmOCTb reopHH.Ho 
B CIICTeMe IIOKO.II p-Me30Ha ;a;omKHa coxpaH.HTbC.II IIHBapnaHTHOCTb OT-

. HOC1ITe1IbHo 3-MepHbIX Bpaw;eHnii. IIocKon1,Ky B aTon cncTeMe oTc'IeTa 

p;1IarpaMMa 3aBUCIIT OT p;Byx 1IMnyn1,coB p 1 , p 2 , p 2 = -p1 , cooTBeT

CTBYIDW:IIX IIIIOHaM B KOHe'IHOM COCTO.IIHHII, O'IeBIIp;Ho, ycnOBIIIO 0( 3) 

UHBap1IaHTHOCTII y;a;oB1IeTBOp.HeT nlllllb KOM61IHaQ1I.II 

ri ~ (P1 - P2i,j = 1,2,3. {30) 

Yc1IOB1Ie coxpaHeHH.II IIllOHHoro TOKa B CHCTeMe IlOKO.II p-Me3oHa 

IIplIBO;D;IIT K HyneBOH BpeMeHHOH KOMIIOHeHTe ro = 0. 8To yc1IOB1Ie, 

C O'IeBII;D;HOCTblO BbIII01IH.IIIOllJ;eec.H IIplI T = µ = 0, coxpaH.HeTC.II TaK;f(e 

II IIplI KOHe'IHbIX TeMnepaType II II1IOTHOCTII, 'ITO MO;f(eT 6bITb npoBe

peHO Henocpe;a;cTBeHHbIM BbI'IHC1IeHHeM. 

lI3 ycnOBII.II (30) HaxOp;IIM o6m;IIH BII;D; BepllIIIHbI r:.,,..,,. IIplI HyneBOM 

3-MepHOM IIMny111,ce p-Me3oHa: 

j _ j ( ! 2 1 )) r -2gp(p1-p2) 1+
6

gp.,,..,,.NcN1 •2 _
4 

•2 F13(qo,q, 
mp m.,,. 

{31) 

m* 
qo = P1 o = P2 o = _P, q = P1 = -p2. ' '. 2 
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Ilp.HMOH pac'IeT nplIBO;D;IIT K cneµ;y10w;eMy pe3y111,TaTy: 

00 

(21r)2F13(q0 ,q)=2(2q2+q2)J(w2 -m*2)½dwN(w) 2 \ ·c 
. q0 - w + zu 

m• 

(32) 

q2 Joo ( ) (( 2 ) R+ ( qo) ( )) + 4qolql • N w dw q - 2wqo ln R_(qo) - q0 --. -q0 

m 

q2 Joo ( .R{ qo) • R+( qo) ) 
--2 -1-1 N(w)dw ·clnR ( ) - (qo--. -qo) ' 

qo q qo + w + iu - qo 
m• 

R(qo) = tq2 + ij2 + qow 

8qi<peKTIIBHaJI KOHCTaHTa CB.II31I, 

gp.,,..,,.(T,µ) = gp.,,..,,.(0)(1 + -4
9 

•2 ! 4 
•2 F11(qu,q)), 

mp rn.,,. 
(33) 

IIMeeT xaK pean1,Hy10, TaK II MHIIMYID 'IaCTII. MHIIMaJI 'IaCTb cooTBeT

CTByeT KBapKoBoii neTne c KBapKaMII Ha MaccoBOH noBepxHoCTII. IIo

cK0111,xy TeMnepa TypHo-HenaBIICHMbIH BKna;a; annpoKCIIMIIpyeTC.H pac

xoµ;.Hw;eiic.H 'IaCTblO p;IIarpaMMbI n,c11eµ;oBaTe1IbHO,He co;a;ep)KIIT MHIIMOH 

'!aCTII, BKna;a; OT MHIIMOH TeMnepaTypHon nonpaBKII B a<p<peKTIIBHYID 

KOHCTaHTY CB.II3H npeHe6peJKIIMO MM. Ha p1IC. 7 IIplIBe;a;eHa TeMnepa

TYPHM oaBHCHMOCTb pean1,Hoii '!acTII a<p<peKTIIBHoii KOHCTaHThl CB.H3H 

µ;mI ;a;Byx OHa'IeHHH XIIMH'IeCKOro IIOTeHQHana. Mb! BII;D;IIM, 'ITO IIplI 

TeMnepaTypax, 6111I0Knx K TeMnepaType qianoBoro nepexo;a;a,aqi<peKTH

BHM KOHCTaHTa CB.II31I µ;oBonbHO peOKO y6bIBaeT. 

II0111,oy.Hcb Bbipa)KeHJieM (31 ), Mbl MOJKeM Bbl'IIIC1IIITb llIIIpIIHY pac-

na;a;a W(p1r1r), · 

Wp.,,..,,.(T,µ) = Wp.,,..,,.(O/;"/T'µ) m~ (m*!- 4m";) ½ 
9p,,.,,.(0) m*2 m2 - 4m2. , p p p, 

(34) 

TeMnepaTypHaJI oaBn:CIIMOCTb KOTopon onpe;a;en.HeTc.H TeMnepaTypHon 

3aBHCIIMOCTblO Me30HHbIX Mace H KOHCT8.HTbI CB.HOH gp,r,r(T, µ). Pe-

3Y1IbTaT pac'IeTa npIIBep;eH Ha p1IC. 8. Bn:µ;Ho, 'ITO C IIOBbillleHIIeM 

TeMnepaTyphl 11IHp1IHa pacna;a;a y61,rnaeT. 8To o6ycnoBneHo KaK yMeHb

llleHIIeM µ;onycTIIMOro !pa30Boro 061,eMa, TaK II yMeHbllleHIIeM a<p<peK

THBHOH KOHCTaHThl CB.H31I. TaKIIM o6panoM, B paMKax Moµ;enlI HIIJI 
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BJIIIJIHIIe cpep;bI, Ha npon;ecc pacna,o;a p ----+ 1r1r npoJIBJIJieTCJI B penKOM 

yMeHbllICHIIII BepoJITHOCTII :3TOI'O npon;ecca npII noBbIIIIeHIIII TeMnepa

TypbI II nJIOTHOCTII. 

5. 3aKJII0'9:eHHe 

B 3a1c;no1Ieuue OTMCTIIM, 'ITO npoBe,o;eHHbIII HaMII caMocorrracoBaHHbIII 

aHamm TeMnepaTypHOII naBIICIIMOCTII Mace MC30HOB B Mo,o;errII HaM6y -

J,foua-Jla3HHHO no,o;TBep,o;IIrr cymecTBOBaHIIe q>anOBOI'O nepexo,o;a C BOC

CTaHOBJICHIIeM KIIpaJibHOII CIIMMeTpIIII, npe,o;cKanaHHOI'O B npe,o;b1,o;ymIIx 

pa6oTaX. O,o;HaKO B HaIIIeM crry'lae BOCCTaHOBJieHIIe KIIparrbHOII CIIM

MeTpIIII npe,o;cKa3bIBaeTCJI npII MeHbllIIIX 3Ha'leHIIJIX TeMnepaTypbl II 

XIIMII'lecKoro noTeHn;IIarra. KpoMe Toro, noKanaH HeMOHOTOHHbIII pocT 

MaCCbl nIIOHa npII nOBbIIIIeHIIII TeMnepaTypbI, CBH3aHHbIII C OTKpbITIIeM 

KaHarra pacna,o;a nIIoHa Ha KBapKII. 

IlpII paCCMOTpeHIIII BeKTOpHbIX II aKCIIaJibHO - BeKTOpHbIX Me30HOB 

BbIJICHIIJIOCb, 'ITO npII CTaH,o;apTHOM Bbl6ope napaMeTpOB Mo,o;errb npe,o;

CKa3bIBaeT 60JibllIYIO IIIIIpIIHY pacna,o;a p - qij_, no nopH,o;Ky BeJIII'IIIHbI 

c0Bna,o;a10my10 c Maccoii p-MenoHa. 8To CBJinaHo c oTcyTcTB~eM KOH

qiaiiHMeHTa B Mo,o;errII HMJI II HBJIJieTci cepbenHoii Tpy,o;HoCTbIO ,o;aHHOII 

MO,o;erru, nocKOJibKY npaKTII'IeCKH HCKJIIO'!aeT B03MO)J(HOCTb IIHTepnpe

Tan;IIII KOJIJieKTIIBHbIX MenOHHbIX Bon6y)Kp;eHIIH B BeKTOpHOM II aKCII

aJibHO - BeKTOpHOM ceKTOpe KaK peaJibHbIX BeKTOpHbIX II' aKCH3JlbH0-

BeKTOpHbIX Me30HOB. JJ:rrH npeo,o;orreHIIJI :3TOH Tpy,o;HOCTII Heo6xo,o;IIM 

,o;1rnaMII'ICCKIIII nanpeT pacria,o;a Me30HOB Ha KBapKII (IIJIII BBe,o;eHIIe KOH

q>aIIHMeHTa KBapKoB ), · 'ITO HBJIHeTCJI Bbixo,o;oM na paMKII cTaH,o;apTHOH 

Mo,o;errII HMJI. BonMO)KHbie nyTH peIIIeHIIJI GTOH npo6rreMbI MoryT 6bITb 

Haii,o;eHbI Ha OCHOBe no,o;xo,o;a "KoHq>aHHMIIpOBaHHbIX KBapKoB" 1 pan

BIIBaeMbIX B pa6oTax [25], IIJIII ,o;pyrIIx 6orree peaJ11ICTII'IHbIX MO~en:eii: 
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PIIc. 1. TeMnepaTypHM naBIICHMOCTb MaCCbI cocTaBJIJIIOIUero 

KBapKa m*, II Mace 1r-II o--MenoHoB npII µ = 0. CnrroIIIHble JIIIHIIII 

COOTBeTCTBYIOT pac'leTy Ha OCHOBe CaMocorrracoBaHHOI'0 MeTo,o;a, nyH

KTIIpHbie - pac'leT no npII6JIII)KeHHbIM qiopMyrraM [5, 16] 
m(p), MaB 
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PIIc. 2. 3aBIICIIMOCTb Maccbl 7r-MenoHa m;(p) = ( E 2 - p 2 ) 2 OT TeM- , 

nepaTypbI npII q>IIKCIIpoBaHHOM nHa'leHIIII IPI = 300MGB ( cnrroIIIHM 

JIIIHIIJI) II IPI = 0 (nyHKTIIpHM JIIIHm1). 
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Pn:c. 3. 3aBHCHMOCTb Macci:.1 1r-Mea0Ha m;(p) = ( E 2 - p 2
) 2 OT 

npocTpaHCTBeHHoro n:Mnynbca IPI, npn: q>n:Kcn:poBaHHbIX TeMnepaType 

T = 150MaB H XHMH'ieCKOM noTeH~n:ane µ = 200MaB 
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Pn:c. 4. TeMnepaTypHM oaBn:CIIMocTb Macchi a1-MeaoHa (BepxHn:e 

KpHBble) ll 

p-Me:JOHa (HmKHIIe KpHBbie). CnllOWHM llHHUlI COOTBeTCTByeT 3Ha'ie

HHIO µ = 0, 
nyHKTHpHM - :JHa'ieHn:IO µ = 200.MaB 
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Pn:c. 5. TeMnepaTypHM aal}HCHMOCTb wn:pn:Hbl pacnaµ;a W(p --t 

qij). CnllOWHM JlllHUlI COOTBeTCTByeT :JHa'ieHHIO µ = 0, nyHKTHpHM -

oHa'!eHn:IO µ = 200MaB 
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Pn:c. 6. ,0:IIarpaMMa pacnaµ;a p --t 7r7r. 
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PRC. 7. PeanbHaJI ~aCTh Reg;1r1r acpcpeKTRBHOH KOHCTaHThl pacna;a;a 
(p -t 1r1r) KaK cpyHK~Rjl TeMnepaTyphI. CmmwHrut JIMHRji - pac~eT npR 
µ = 0, nyHKTRpHM - npR µ == 200MaB 
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PRc. 8. TeMnepaTypHM naBMCRMOCTh WRpRHhI pacna;a;a W(p -t 

1rn ). CnrrowHM JIRHRjl - µ = 0, nyHKTRpHM - µ = 200MaB 
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fyJiaMOB T.11., THTOBA.11. 
0 CBOHCTBax Me30HOB npn KOHeqHoft TeMnepaType H IlJIOTHOCTH 
B MOAeJIH HaM6y - lfoHa-Jla3HHHO 

P2-93-463 

11cCJieAyeTC.sI 3aBHCHMOCTb CBOHCTB Me30HOB npn KOHeqHbIX TeMnepal'ypax 
n IlJIOTHoCT.six Ha ocHoBe MOAeJIH HaM6y - 11oHa-Jla3HHno. AHan:n3 npoBeAeH 
C IlOMOID;bIO caMOCOrJiaCOBaHHOl'O IlOAXO;qa AJI.sI Haxo~eHH.sI TeMnepaTypHbIX 
nonpaBOK, KOTOpbIH TOJibKO npn HyJieBOH TeMnepaType H IlJIOTHOCTH COBnaAaeT 
co CTatt;qapTHbIM. B pe3yJihTaTe o6Hapy)I(eHo KOJinqeCTBeHHOe H KaqeCTBeHHOe 
OTJIHqne B 3aBHCHMOCTH Mace a-, :re-, p-, al -Me30HOB OT nonyqeHHOl'O B npe;q-

bIAYID;HX pa6oTaX. 11cCJieAyeTC.sI 3aBHCHMOCTb OT TeMnepaTypbI 3cpcpeKTHBHOH 
KOHCTaHTbI H mnpHHbI pacna;qa p ➔ :rc:rc. 

Pa6oTa BhlilOJIHeHa B Jla6opaTOpnn TeopeTnqecKoft cpn3HKH HM. H.H.Boro
nro6oBa 0115111. 

IIpenpttHT Oth.e;ittttemmro HHCTHcyTa 11;1epHblX HCCJie;ionaHHH, ,!fy6Ha, 1993 
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Gulamov T.I., Titov A.I. 
Meson Properties at Finite Temperature and Density 
Within Nambu -Jona-Lasinio Model 

P2-93-463 

The properties of mesons at finite temperature and density are studied 
within the Nambu-Jona-Lasiniomodel. Theanalisys is done by means of the 
selfconsistant way, which is equivalent to the standard one only at zero 
temperature and density. As a result, a qualitative and quontitative difference 
in a, :re, p, a1 meson masses in comparison with previous works is found. Also 
the temperature dependence of the effective coupling constant of p ➔ :rc:rc decay 
is studied. 

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