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Ilpep;cTaBnemxe o cnap1rnamm aneKTpOHOB H.no.srnnemm ~eJIH B aneKTpOHHOM crieK

Tpe .!IBJIJieTCJI o6~enpIIHJITbIM B TeopHH CBepxnpoBO)l;HMOCTH [1]. Op;HaKO B CJiy'!ae 

BbICOKOTeMnepaTypHbIX cBepxnpoBO)l;HIIKOB (BTCII) cnpaBep;JIHBOCTb ero HHorp;a nop;

BepraeTcJI COMHeHHIO. MHorO'IHCJieHHble aKcnepHMeHTbI, B TOM 'IHCJie 0KCnepHMeHTbI 

no TYHHeJibHOH cneKTpOCKOilllII [2] ll 0KcnepHMeHTbI no pe:JOHaHCHOH q>OT00MHCCHH [3], 
IIO)l;TBep)Kp;aIOT npaBHJibHOCTb 0Toro. npep;CTaBJieHHJI. Op;HaKO B p;pyrHX CJIY'IaJIX, HanpH

Mep B 0KcnepIIMeHTax no lIH<ppaKpacHoii cneKTpOCKOnHH CBepxnpoBO)l;HHKOB [4], no.11B

JIJIIOTC.!l YKa:JaHHJ.I Ha TO, 'ITO ~eJib B 0JieKTpOHHOM cneKTpe He Ha6nrop;aeTCJ.I. IloaTOMY 

npep;cTaBJIJieT lIHTepec paCCMOTpeTb BO:JMO)KHOCTH HCCJiep;oBaHHJ.I ~eJIH C noMO~bIO 

II HeiiTpOHOB. KpoMe Toro, TYHHeJibHaJI cneK'rpOCKOnllll II pe:JOHaHCHaJI q>OT00MHCCHJI 

II03BOJIJIIOT IICCJI~OBaTb xapaKTepHbie )l;JIJI CBepxnpOBO)l;HHKOB CBOHCTBa TOJibKO B6JIH::3H 

IIOBepXHOCTH. HeIITpOHbI )Ke no:JBOJI.!IIOT npoBeCTH HCCJiep;oBaHHe B 06'beMe Be~eCTBa, 

II B 3TOM CMbICJie JIBJIJ.IIOTCJ.I CaMbIM.JA06HbIM lIHCTpyMeHTOM )l;JIJ.1 HCCJiep;oBaHirn ~eJIH B 

cneKTpe aneKTpOHOB BTCII. 

IlpII pacceJIHIIII )l;OCTaTO'IHO 6bICTpbIX HeIITpOHOB Ha aneKTpouax HeiiTpOHbI :JaMe

)l;JIJ.IIOTCJ.I. EcmI npu 0TOM Tpe6yeTCJ.I e~e noTpaTIITb 0Hepruro Ha pa::3pbIB aJieKTpOHHOH 

napbI, TO :JaMep;JieHIIe yBeJIII'IIIBaeTCJ.I, 'ITO, B. npIIHD;IIne, MO:lKHO BbIJ.IBHTb C nOMO~bIO ' 

pe:JoHaHCHbIX p;eTeKTOpOB H MeTO)l;IIKII BpeMeHH nponeTa [5]. 8KcnepHMeHTbI no II:JMe-' 

peHIIIO TeMnepaTypHbIX C)J;BIIrOB HeiiTpOHHbIX pe:JOHaHCOB [6] noKa:JbIBaIOT, 9TO TaKaJI 

MeTO)l;IIKa no:JBOJIJ.leT )l;OCTII'Ib )l;OCTaTO'IHOH 'IYBCTBIITeJibHOCTII. 

B p;aHHOH pa6oTe Mb! paccMOTpIIM pacceJ.IHIIe HeiiTpOHOB Ha CBepxnpOBO)l;ll~IIX aJieK

TpOHax, BbIJICHUM C KaKOH aHeprIIII nap;aro~IIX HeiiTpOHOB BO:JMO:lKHO Ha6JIIO)l;eHIIe pa::3-

pb!Ba KynepoBCKIIX nap, onpep;eJIIIM nonHoe ce'!eHIIe pacceJ.1H1rn II yrnoBoe pacnpep;e

JieHne paccellHHbIX HeiiTpOHOB II TeM caMbIM BbIJ.ICHIIM, HaCKOJibKO peaJibHbI 0KcnepII

MeHTbI no Ha6nrop;eHIIIO cBepxnpoBO)l;ll~ero cnapIIBaHIIJ.I c nOMO~bIO HeiiTpOHGB. Ilpu 

0TOM KpOMe pacceJ.IHIIJI Ha CBepxnpOBO)l;ll~IIX aJieKTpouax ueo6xop;IIMO :JHaTb lI pac

ceJ.IHIIe Ha HecnapeHHbIX aJieKTpoHax npOBO)l;IIMOCTII. PacC'IIITaB 0TO paCCeJ.IHIIe, MbI 

MOll(eM :Jaop;Ho p;aTb OD;eHKY BKJiap;a aJieKTpOHOB npoBO)l;IIMOCTH B ce'!eHIIe uarpeBaHIIJ.I 

YJibTpaXOJIO)l;HbIX HeiiTpOHOB [7]. 

2 KHHeMaTHKa pacceJIHHJI 

Mb! 6yp;eM IIccnep;oBaTb paccellHIIe Ha HerroKaJIII:JOBaHHOM aneKTpoHe, o6nap;aro~eM HM

nyJihCOM II KIIHeTII'IeCKOH aHeprueii. PacceJ.IHIIe Ha JIOKaJill:JOBaHHbIX aJieKTpOHax pac

CMaTpIIBaJIOCb B pa6oTe [8]. PaccMOTpIIM KIIHeMaTIIKY pacceJIHIIJI. BJAeM C'IIITaTb 

cBepxnpoBO)l;JI~IIii aJieKTpoH cBo6op;uoii '!acTHD;eii c aueprIIeii, MeHbllle aHeprIIII <l>epMII 

Ha BeJIII'IIIHY ~emI 6. IIpII pacceJ.IHIIlI 0JieKTpOH )l;OJI:lKeH 06J.1:JaTeJibHO noJiy'IIITb 60Jib

lllF.ll IIMnyJihC, KpOMe Toro, Bceii CIICTeMe )l;OlI:lKHa 6bITb nepep;aua aueprHJI, o6ycno

BJieHHaJI pa::3pbIBOM napbI II paBHaJI 6. BbillCHIIM cua'Iana, KaKoii MIIHIIMaJibHoii auep

rIIeii )l;OJIJKeH o6nap;aTb ueiiTpOH. ,Il;JIJ.1 0Toro BOCnOJib:JyeMCll :JaKOHaMII coxpauemrn IIM

nyJibCa. 



IIycTb Ha'larrbHblII IIMnynbc HeJITpoHa paseH k, a IIMnynbc aneKTpoHa p, Torµ;a cyM
MapHblJI 11Mnynhc p = k + p. B CllCTeMe ri;eHTpa Mace IIMIIYllbC HeJITpoHa paBeH 

Qn = k- PM/(m + M) = (mk-Mp)/(m + M), 

a llMIIYllbC aneKTpoHa -

Qe = -qn = -(km - pM)/(m + M). 

Ilocne paCCellHll.lI IIMIIYllbCbl B CD;M paBHbl q~ = -q~, II IIX Benll'IIIHa onpeµ;emreTCH 

Im C00TH0IIIeHll.!I 

q!/2m + q!/2M = q:2 
/2m + q~ /2M + 6, (1) 

Im K0Toporo cneµ;yeT 

q: = (q;- 2mM6/(m + M))112. 

B na6opaTopH011 ·c11cTeMe IIMnynhc aneKTpoHa nocne pacce.!IHll.!I paseH 

p: = q: + Pm/(m + M). 

MMnynbc p' npIIHIIMaeT MaKc11MarrbH0e □Ha'leHirn 11p11 q~ II P. IIoaToMy, 'IT06bl 6blno 
B0:JM0lKH0 paCCellHlle C p' > P, Heo6xoµ;IIMO BblII0nHeH11e Hepa.BeHCTBa 

Pm/(m + M) + q~ > p. (2) 

IIoµ;enIIM o6e 'laCTII Ha p 11 11epe11µ;eM K 6ropa□MepHbtM BemI'IIIHaM k = k/p, 6 = 
2m6/p2 II m = m/M. HepaBeHCTBO (2) M0JKH0 npeµ;cTaBIITb B Bllµ;e 

((mk - f>)2 
- 6(m + 1))112 + m(k2 + 2kp + 1)112 > 1 + m, (3) 

rµ;e p - eµ;IIHll'IHbllI BeKT0p Bµ;onb HanpaBneHII.!I Ha'lallbH0ro IIMIIYllbCa aneKTp0Ha. JleBM 
'laCTb MaKCIIMallbHa 11p11 

kp = -k, 

0TKyµ;a cneµ;yeT 

((mk + 1)2 - 6(m + l)]1f2 + m(k -1) > 1 + m, 

II npn 6/4 < 1 nony'laeM k > 6/4m + 1, IInII 

k2 > (6+4m)2/16m2. (4) 

B pa□MepH0M Bllµ;e nopor peaKD;IIII Ha'IIIHaeTCH C 

E > E,(6 + 4m)2 /16m, 

rµ;e 6 II m II0-IIpeJKHeMy 6enpa□MepHbt. IIocKOllbKY Ha'lallbHM t1Hepr11.1I aneKTp0Ha ne
)KIIT B6nII:Jll aHeprIIII <l>epMII, TO nopor peaKIJ;llll M0JKH0 ori;eHIITb Bellll'IIIHOJI 

E > EF(6 +4m)2/16m. 

Ecn11 6 = 0, 01; EF = 1 aB, nony'laeM Ea > 0, 018 aB. Ilpu EF = 0, 1 aB; 6 = 0, 1 
nony'laeM Ea = 0, 125 aB. ·· 

'---
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3 ;r:::(HcpcpepeHIJ;HaJibHOe Ce"'!eHHe 

Ori;eHIIl\l Tenepb Ce'IeHIIe pacce.!IHII.!I. IIoTeHri;IIarr MarHI!TH0ro B:JaIIMOµ;e1'icTBII.!I C oµ;HIIM 
aneKTp0H0M paBeH 

v(r - r') = --yµna'H(r - r'), H(r - r') = (V(µ,R/ R3]]. (5) 

YpaBHeH11e Illpeµ;1rnrepa, 0IIIICblBaIO~ee pacce.!IHI!e HeltTpOHa Ha CB060µ;HOM aneKTpoHe 
C y'leT0M cnap11BaHirn M0JKHO npeµ;cTaBl!Tb_ B BIIµ;e 

(6n + 6,/m - v(r - r') - 1-£1 + E + k2 + p 2 /m]<I>t/J(rn, r,) = 0, · (6) 

rµ;e ra.MIInbTOHIIaH 1-£1 II aHepr1rn E 0TH0C.!ITC.!I K CIICTeMe, B K0Topy10 BX0µ;IIT paccMa.
TpIIBa.eMbltl :meKTpOH II K0T0pM 0III!CblBaeTC.!I BOllHOBOII cpyHKD;I!eI'i <I>' v( r) - II0TeHD;liaJI 

(5), IIPll'ICM 1-li, E II V 0THeceHbl K ti 2 /2M. BBeµ;eM 0TH0Cl!TenbHble K0opµ;1rnaTbl r II 

Koopµ;1rna.Tbl ri;eHTpa. T.!IJKeCTII R CIICTeMbI HelITpOH-tliieKTpOH: 

r_= rn - r,, R = (rn + r,m)/(1 + m). 

B tlTl!X Koopµ;1rna.Tax ypa.BHeH11e (6) nepeIII!IlleTC.!I B BIIµ;e 

umr 

{(Vr + Vn/(1 +m)]2 + [-Vr + Vnm/(1 + m)]2/m

v(r) -1-£1 + E + k
2 

+ p 2 /m }<I>t/J(rn, r,) = 0, 

(6r/µ + 6n/(1 + m)- v(r) -1-£1 + E + k2 + p 2 /m)]<I>t/J(r, R) = O. (7) 

rµ;e BBeµ;eHa acpcpeKTIIBHM Macca. µ = m/(m + 1 ). Byµ;eM IlCKa.Tb B0llH0BYIO cpyHKD;IllO 
HeiiTpOHa. II aneKTp0Ha B BIIµ;e 

t/J(r, R) = exp(iPR)¢(r), 

Torµ;a ypa.BHeH11e (7) 11epem1I1IeTc.!I cneµ;y10~IIM o6pa□Ol\f: 

[6r/µ - v(r)-1-£1 + E + k2 + p 2/m - P2/(1 + m)]<I>¢(r) = 0, 

nnu 

[6r - µv(r) - µ1-l1 + µE + q2]<I>¢(r) = 0. 

PacceJIHHM B0nHa 0IIIICblBa.eTC.!I cpyHKIJ;IIer'i 

Otp = µ j G(r - r')v(r')¢(r')d3r', 

rµ;e G(r) - cpyHKIJ;Irn lprrna 

G(r) = <I>:[6r - 1t1-l1 + µE + lt1<I>a, 
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lloACTaBirn (9) B (8), nony'lllM 

Euf, = j exp(,q'r)M(Q)d3q'/(211-)3(q12 + µ6. -q2- ze), 

rAe 6. - nepeAa.HHM c11cTeMe :1Heprm1, a 

M(Q) = µ j v(r)exp(zQr)d3 r = 41rµr0 F(Q) (10) 

- MaTpU'IHbIH :1neMeHT nepexoAa, Q = q - q' - nep~a.HHbIH IIMilYllhC, ro - aMnlIUTYAa 
MarHIITHoro BOaIU.IOAeiicTBllJI HeiiTpOHa C 3lleKTpOHOM, a F(Q) - q>OpM<paKTOp: 

F(Q) = (unu. - (unQ)(u.Q)/Q2
), 

KOTOpbiii A1U1 Ol{eHKII MOlKHO annpoKCIIMIIpoBaTb eAUHUI{eii. 
IIOTOK Ha AeTeKTOp, pacnOlIOlKeHHbIH BAaJIH OT paccen:BaTeJIH no OCH z' OTHeCeHHblll 

K nnoTHOCTU naAaIO~ero noTOKa, paBeH ce'leHinO pacceHHHH 

u = j j j exp(z(q'r- q"r))M*(Q')M(Q)d2r• 

(d3q',f3q''/(21r)6 (q 12 + µ6. -q2 - ze) · 
q112 + µ6. - q2 + ie)dxdy(q~ + q1)/2k. 

liHTerp11pOBa.Hlle no KOOPAIIHaTaM AaeT 

(21r)26(qff- qf1)exp(z(q~ + q1)z). 

MHolKHTellh 
1/(q12 + µ6. - q2 - ze)(q'12 + JL6. - q2 + ze) 

npeACTaBJIHeTCH B BHAe 

l/(q"2 
- q12 + ze)(l/(q'2 + µ6. - q2 - ie) - 1/(q'12 + µ6. - q2 + ze)). 

Ilocne IIHTerp11poBa.HHH no q" Ce'leHlle (11) annpOKCHMn:pyeTCH BbipalKeHHeM 

du= 2µ 2r~6(q12 + µ6. - q2)d3q' /k. 

(11) 

(12) 

,II;anee, Heo6XOAHMO ycpeAH.IITb no Ha'laJibHOMY COCTO.IIHIIK) 3lleKTpOHOB npoBOAHMOCTH 
ll y'leCTb pacnpeAeJieHn:e ux'B KOHe'IHOM COCTO.IIHllll. tho npHBOAHT K AOnOJIHllTeJibHOMy 
IIHTerp11pOBa.HllK) B (12) BHAa 

d3pfi(p)(l - h(p'))/N, (13) 

rAe N-HopMa 

N = j d3pf1(p). 
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B cny'lae HopMMbHbIX :llleKTpoHoB fi(x) = h(x) = J(x) - q>epMIIeBcxoe pacnpeAene
HIIe 

f(p) = 1/{exp(-(p~ - p2)/mT) + l}, (14) 

a T - TeMnepaTypa o6pa::Jl{a, OTHeceHHM K f,,2 /2M. 
BepHeMc.11 Tenepb x BbipalKeHIIK) (12), nponHTerpn:pOBaHHOMY B COOTBeTCTBllll c 

(13). Y'ITeM, 'ITO 

q' = k' -P/(1 + µ), p12 =p2 +m(w-6.), w = k2 -k12
• 

3aMeHnM IIIITerpupoBaHn:e no q' IIHTerpn:poBam1eM no k', B proyJihTaTe nony'laeM 

du= 2 j d3pµ 2r~6(q12 + µ6. - q2)d3 k'/1(P)(l - h(p'))/Nk. (15) 

IIocxollbKY 
q2 = 2µ(k 2/2 + p2 /2m - P 2/2(1 + m)), 

TO apryMeHT 6-q>yHKI{lllI B (15) MO:lKHO npeACTaBIITb B BIIAe 

µ(w - 6. + p2 /m - (p + Q)2 /m) = µ(w - (Q2 + 2pQ)/m), 

rAe w = k2 
- k 12

• OTCK>Aa M0:lKHO HaiiTn: ABalKAbI Allq>q>epeHI{llaJibHoe ce'lem1e 

(16) 

d2u/dfl,dw = k'µr~ j d3p8(w - 6. - (Q2 + 2pQ)/m)/1(p)[l - h(p')]/Nk. (17) 

B cny'lae CBepxnp0BOAHHKOB npn:MeM, 'ITO 

fi(p) = B(p2 < p} - m6.), 

h(p') = 1/{exp(-(p} - p12 )/mT) + 1}, 

IIpon:HTerpn:poBaB no yrllaM dnl,, nony'IIIM 

rAe 

d2u/dfl,dw = mµri(1rk'/2kQ)I, 

I= f dp2B{(m(w - 6.)- Q2]2/4Q2 < p2}/i(p)(l - h(p')]/N, 

N = 41rp}/3. 

Annpoxc11Mn:pyeM / 2(x) = B(x > xp), T0rAa I MOlKHO npeACTaBllTb B BHAe 

I = (3/41rpp) j dxB{x < (m(w - 6.) - Q2
]
2 /4Q2

}. 

B(x < 1- m6.)B[x > 1- m(w - 6.)], 

rAe Bee HMnyllbCbl Bbipa:lKaK>TCH B eAIIHIII{ax PF· IIpon:OBeAeHl!e gByx noCJieAHIIX 8-. 
q>yHKI{IIH MOlKHo oann:caTb KaK 

m(w - 26.)6(x - 1), 

Ilo3TOMY Beeb llHTerpan CBOAIITCH K Bbipa:lKeHHK) 

I= O{[m(w - 6.) - Q2
)
2 /4Q2 < l}m(w - 26.). 

OKOH'laTellbHO, noCK0llbKY µ ~ m, HMeeM 

d2u/dfl,dw = (3/8)m3(k'/kpiQ)riB{[m(w - 6.) - Q2
)
2 /4Q2 < l}(w - 26.). (18) 
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4 ·· O:a;eHKa yrna pacceJIHIUI 

OrpaHII'JeHirn Ha yrorr paeeeirnmr onpe;a;emrroTeJI HepaBeHeTBOM 

[m(w - 6)-Q2
]
2/4Q2 < 1 (19) 

B apryMeHTe 0-q>yHK~IIII. Bbll[eHIIM, B K·aKOM )l;Ilctila:JOHe yrJIOB II nepep;aHHhIX :meprlIII 
ee'JeHIIe paeeeHHIIJI OTJIII'JHO OT HYJIJI. 

Ilpn ·::iap;aHHo:ii :meprrm na;a;aro~ero He:iiTpoHa 

Q
2 = k'

2 + k 2 
- 2k'keos i'J = k 2[2 - w/ E - 2/1 ._ w/ Eeos i'JJ ~ (ki'J) 2• 

YerroBne (19) npnBop;nT K 

[m(w - 6) - (ki'J)2
]
2 < (2ki'J)2. 

lfo norry'JeHHoro HepaBeHeTBa npn m(w - Li)~ 1 crre;a;yeT, 'ITO 

m(w _:_ 6) < (kt9)2 < 4, 
Ililll npII6JIII:lKeHHO 

0 < i'J·<-2pF/k. 

5 °C.JHCJieHHaJI o:a;eHKa ceqeHHJI . 

By;a;eM e'JIITaTh, 'ITO w - 26 ~ 6, Tor;a;a k'/k ~ 1 II 

<fu/dfJdw = (3/S)(m
2 /Q)r~0{[m(w - 6)- Q 2]2 /4Q2 < l}m6. 

MHTerp~ J dfJ / Q = J 2-rri'Jd{) / Q ;a;aeT 4-rr / k 2 ; Y'IIIThIBasr, 'ITO 

(m/M)(2M/n-2)6/p} ~ 6/EF, 

r;a;e Bee BeJIII'JIIHhI B::lJIThI B 6e::ipanMepHOM BIIp;e, norry'IaeM 

du/dw = (3-rr/2)(m/M)2(i/k2)r~(6/EF), 

r;a;e Bee BelIII'JIIHhI IIMeIOT 06bI'JHYIO panMepHOeTb. ,Il;onoJIHIITeJihHOe IlHTerpIIpOBaHIIe 

no w ;a;aeT e~e o;a;IIH MHO:lKIITeJih 2M 6/ri2, B pe::iyrrhTaTe IlOlIHOe ee'JeHIIe npe;a;eTaBJIJI
eTeJI BeJIII'JIIHo:ii 

u = (3-rr/2)(m/M)2r~(6/EF)(6/E). 

TaKIIM o6panoM, eCJIII npIIHJITh BeJIII'JIIHy 41rr5 paBHO:ii 16, TO npII 6/ EF ~ 0, 1 II 
6/ E ~ 1 IlOJIHOe ee'JeHIIe paeeeHHIIJI He npeBhilliaeT 0,1MK6. 

,Il;rrJI eonoeTaBJieHIIJI e paeeeJIHIIeM Ha :JJieKTpomri:: npoBOp;IIMOeTII HOpMaJihHOro Me
Tarrrra, 6 B noerre;a;HeM Bbipa:lKeHIIII erre;a;yeT ::iaMeHIITh Ha T, B pe::iyrrhTaTe norry'JaeTcJI 

u = 61r(m/M)2r~(T/EF)(T/E). (20) 

IlpII T ~ 6 :JTO ee'JeHIIe TO:lKe He npeBhilliaeT 0,1MK6. 0THOeIITeJihHhIH :Jq>q>eKT OT 
eBepxnpoBOp;JI~IIX :JJieKTpOHOB nponop~IIOHaJieH e~e OTHOllieHIIIO IllIOTHOeTll eBepxnpo
BOp;JI~IIX :JJieKTpOHOB K IllIOTHOeTII HOpMaJihHhIX, KOTOpoe ::laBIIeIIT OT 0 '1'eMnepaTyphI II ,. 
MO)KeT ;a;onoJIHIITeJibHO eIIJihHO yMeHhllIIITh BKrra;a; eBepxnpoBOp;JI~IIX :JJieKTpOHOB. 

6 

6 HarpeBaHHe YXH Ha aneKTpoHax npoBo~HM0-

CTH 

PaeeMoTpIIM paeeeJIHUe yrrhTpaxorrop;HbIX HeiiTpoHOB (YXH) Ha arreKTpOHax npoBO;a;11-. 

MoeTII. 3;a;eeh IIMeeT MeeTo eooTHomeHI1e k << PF· Ilepep;aHHbl:ii llMnyrrhC MO:lKHO o~e
HI!Th Bem1'!11Hoii Q ~ -k', a noeKOJihKY k' ~ k, TO, cooTBeTCTBeHHO, nepe;a;aHHM 
aHeprrrn w ~ -k'2 • Ce'IeHI1e paeeeJIHIUI Teneph npe;a;cTaBJIJieTCJI B B11;a;e 

u = 2 j d3pµr~6(k'2/µ- 2pk'/m)d3k'/(p)[l - f(p')]/Nk. 

0Tero;a;a ;a;rrJI ;a;uq>cf>epeH~llarrhHOro ce'JeHIIJI CJie;a;yeT Bblpa:lKe1111e 

d3u/d3k' = 1rmµr~ j dp20(k' < 2pµ/m)f(p)[l - f(p')]/Nkk', (21) 

r;a;e p'2 = p 2 
- mk'2, a B Ka'reeTBe f(x) np1m11MaeTeJI paenpe;a;errem1e <t>epMu (14) . .IJ;m1 

npn6rrmKCHHOlI o~eHKII llHTerparra BoenOllh::lYCMeJI annpoKenMa~ueii 

/(p)[l - /(p')) ~ exp[-lp2 - p}l/mT)/4. 
I • 

Tor;a;a Bhipa:lKem1e (21) np1rne;a;eTeJI K Bu;a;y 

d3ujd3k' = 1rm2µTr~0(k' < 2pFµ/m)/4Nkk', 

noerre •1ero ;a;rrJI norrHoro ee'Jemur paceeJIHilJI norry'IaeM Bblpa:lKem1e 

u = (3/2)-rrr~m 2(T/EF)(pp/k), 

11 BKrra;a; B Koacf>cf>u~ueHT noTeph T/ = ku / 4-rrb, r;a;e b - KorepeHTHasr aMnmITy;a;a Jip;epHoro 
paeeeJIHlUI, eocTaBJIJieT 

T/ = (3/8)(r~kT/b)m2(T/EF)(PF/kT)-

3;a;eeh BBe;a;eH uMnyrrhc Tenrronoro HeiiTpoHa 

kT = /2MT /ri2 ~ PF· 

MHo:lKUTeJih r5kT/b ~ 10-4 , MHO:lKllTerrh T/EF ~ 10-2
, nooToMy BKrra;a; arreKTpoHoB B 

KO:Jq>q>II~HeHT noTeph YXH MO:lKHO o~eHHTh Bem1•mHoii T/ ~ 10-12, 'ITO npeHe6pe:iKIIMo 
MaJIO no cpaBHeHHIO e ;a;pyrUMil noTep.llMil. 

7 3aKJIIOqeHHe 

IIponep;eHHOe uccrrep;OBaHlle noKanbIBaeT, 'ITO MarHIITHOe B::lallMOp;CIICTBlle HeiiTpOHa 
e :JJieKTpOHaMU MO)KeT npunop;l!Th KaK K panpbIBY KynepoBeKIIX nap, TaK 11 K Harpe
BaHUIO YllhTpaxorrop;HbIX HeiiTpOHOB, O)l;HaKO ee'JeHne paeceJIHlUI HaCTOllhKO l\laJIO, 'ITO 

Ha6nro;a;aTh :JTlI :Jq>q>eKTbl npu cy~eeTBYIO~l!X l!HTeHCllBHOCTJIX HeiiTpOllHbIX IICTO'IHII
KOB npaKTH'IeeKil ueBO::lMO)KHO. 
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, l,1rHaTosw1 B.K.; flyll11,1K0B B.1,1, P4-91-142 

Bo3MO>KHocrn 1,1ccneAOBaH1,1R csepxnposoARlllei1 ll1en1,1 
, . 

C noM0lllblO Hei1Tp0H0B 

Teopern11ecK1,1 paccMoTpeHo pacceRH1,1e Hei1TpoHoB Ha 3neKTpoHax nposo

A1,1MocT1,1 B HOpManbHblX, MeTannax 1,1 Ha cnapeHHblX 3neKTPOHax B csepxnpo• 

BOAH1,1Kax: Hai1AeH nopor 3Heprn1,1 Hei1TpoHos, Ha111,1HaR c KoTOporo MO>KHO 

B1,1AeTb lllenb B cneKTpe Heynpyroro pacceRHl,1R .' OueHeHa Ben~'ll1H
0

a ce11eH1,1R 

Heynpyroro pacceRHl,1R c pa3pb1E10M 3neKTPOHH_oi1 napb1 (0,1 MK6) ·s BTCn, 

era yrnosaR w1,1p1,1Ha 1,1 3Heprern11ecKaR 3as1,1c1,1MoCTb. Aaei-cR TaK>Ke oueHKa,, 

BKnl!Aa 3neKTP0HOB npoBOAl,1MQCT1,1 B Har"pesaH1,1e ynbTpaxon0AHblX Hei1TP0", 
HOB (T/ ~ 10- 12 ). , . , 

Pa6<>Ta BbmonHeHa ,s fla6opaTOp1,11,1 He~i-poHHoi1 cp1,131,1K1,1 O1,1Al,1'. 

,\ 

., ! 

Coo6LtleHHe O6-Le,i:tHHeHHoro HHCTHTyTa 11,nepHLIX•HCCJH!,llOB8HHH. Ily6Ha 1991 
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/ nepeBoA aBTOpOB 

, lgnatovich V.K., Lushikov V.I. 

A Possibilitv to Investigate the Superconducting Gap 

: ;,.,,ith the Help of Neutrons • 

The neutron scattering on conduction electrons in normal metals •and 

paired ,electrons in superconductors is theoretically considered. The mini~al, , 

energy, a,t which the superconducting gap in the spectrum of inelastically scatte-' 

'red, neutrons can be seen, is found. The value of the inelastic cross secti~n for 
; ' ; • ' ' < - l ' • 

breaking of an electron pair in HTSC, (< 0.1 µb), its angular width and energy 

dep~ndence is estimat~d: The contribution of c~nd~ctio~ electrons;of metals 

to heating of ultrai:old neutrons is also estimated (T/ ~ 10- ,1 2 
). , 

- i', ,, . ' 

The investigation has been performed at the Laborator,/of Neutron Physics, 
JINR. . . . , , , , , .. <. ', 
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