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O6mue rrpHHUHJibl KBaHTOBOii Te_opuu JI0JI.11 cny>KaT OCHOBOH 

TeopeTH'lecKoro aHaJiuJa rrpoueccon cunbHoro BJaHMO.D.eiicTnu.11 

rrpu BbICOKHX JHepru.11x. Oco6y10 ponb rrpu JTOM urpaeT rrpe)].cTan

neHue 06 aMJIJIHTY.D.e pacce .IIHH.11 KaK e)].UHOH aHaJIHTH'leCKOH 4iYHKUHH 

4luJU'leCKHX rrepeMeHHbIX, KOT0pblM Mbl 06.11JaHbl H.H.Boron1060-

BY /l/. HMeHHO :no rrpe)].CTaBJieHue CJIY>KHT 4iYH.D.aMeHTOM, Ha 

KOTOPOM CTPOHTC.11 60JiblllllHCTBO JIO)].XO)].0B K orrucaHHlO BJanMo

)].eHCTBHii a)].p0H0B 60JibllIHX 3Hepruii. Cpe)].H Hallle)].lllllX Hau6onee 

lllllpOKoe rrpuMeHeHue CJie)].yeT 0TMeTHTb KBaJHJIOTeHuuanb~bJH 

JI0.D.XO.ll., npe.D.JIO>KeHHbiii A.A.JloryHoBbIM u A.H. Tanxenn)].Je 121 . 
',lJ,OCTOHHCTBa 3TOro MeTo)].a, C0'leTaIOmero CTporocTb 0CHOBHbIX 

JI0JIO>KeHHii KBaHTOBOH TeopHH JI0Jl.11 C narJI.11)].H0CTblO 4iH3H'leCKOH 

HHTeprrpeTaUHH, Bbl3BaJIH .K >KH3HH HCCJle)].OBaHH.11, 7B.11JaHHbie C ero 

KOHKpeTHl;,IMH rrpuno>Kenu.11MH /cM., HanpuMep, 3 / u MO.D.H4inKa

un.11Mu / 41 . KsaJHJIOTeuuuaJibHblH DO.II.XO)]. JI03B0JI.lleT npHBJieKaTb 

KaK 3MJIHPH'leCKHe, TaK H 3BpHCTH'leCKHe coo6pa>KeHH.11 0 xapaK

Tepe· BJaHMO)].eHCTBH.11 lJaCTHU. 

Ilpu onucauuu npoueccon B o6nacTu BbIC0KHX JHepruii na>KHoe 

3Ha'leHue HMee/T 3BpHCTH'leCKll.ll H)].e.11 rna)].K0CTH JIOKaJibHOro KBa-

3HJI0Teuuuana 5/. nocxo.D..11ma.11 K pa6oTaM ,l],.11,BnoxuHuena u 

A.A.Jloryilona C C0TPY.ll.HHKaMH. Ilpe)].CTaBJieHHe 0 rna)].K0M xa

paKTepe BJaHMO)].eiicTBH.11 rrpHB0)].HT K BeCbMa rrpocToii Ka'leCTBeH

HOH KapTHHe pacce.llHH.11 tJaCTHU B yKa3aHHOii acHMJITOTH'leCKOii 

o6nacTu. CornacHo JToii KapTnHe, pacceuna10muec.11 tJaCTHUbI 

B Ka>K)].OM aKTe B3aHMO.D.eiiCTBH.II coxpaH.lllOT 6oJibllIHe 3HalJeHH.11 

CBOHX rrpO)].OJlbHblX /B c.u.M./ HMJIYJibC0B, HCJibITblBa.11 He60JibllIHe 

rrorrepetJHbie 0TKJI0HeHH.11. MeTO)].bI, orrupa10muec.11 Ha 3TY KapTHHY, 

rronyqunu HaJBaHue rrpu6nu>KeHnii np.11MonuueiiHbIX rryTeii /TITITI/. 
PeJI.IITHBHCTCKa.11 4JopMyJIHpOBKa Illlll 6bIJia J)JI~pBbie )].aHa 

B pa6oTax ,l],y6HeHcKoii rpynnbI /cM., HanpuMep,'61 / Ha 6a3e 

4lyHKUHOHaJibHoro HHTerpuposaHH.11. Bb16op MeTo)].a He .IIBJI.lleTC.11 

cnyqaiiuocTb)O,. BrrepBbie rrpe)].JIO>KeHHbiii P .<l>eiiHMaHOM u H.H. Bo

ron1060BbIM 171, MeT0)]. 4iYHKUHOHaJibHOro HHTerpupoBaHH.11 KpaCHB 

H rrpHBJieKaTeJieH CBOeii B03MO>KHOH 4in3HlJeCKOii HHTepnpe_Tauueii, 
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Il03BOJUIIOllleil: ycTaH0BIITb CBH3b Me)l(,ny KJiaCCII'-IeCKHMII II KBaHT0-

BblMII npe,ncTaBJieHHHMII 0 ,!l;Bil)l(eHIIII II coy,napeHIIII qacTIIII. 3CTO 

o6c-roHTeJibCTBO II np11Beno K co3,naH1110 IIIIII, K0T0pbie 11c11onb -

30BaJIIICb ,!l;JIH IICCJie,noBaHIIH MH0rIIX HBJieHIIH, IIP0IICX0,!l;HlllIIX 11p11 

y11pyroM pacceHHIIII BbIC0K03/J7preT11qecKIIX qacTIIII II B 11po11eccax 

MH0)l(eCTBeHH0ro p0)l(,!l;eHIIH B • MeTO,!l;bl IIIIII II0Jiyq11JIII B II0CJie,n

Hee BpeMH ,naJibHeil:wee pa3BIITIIe. B qacTH0CTII, 6naro,napH 3TIIM 

np116JIII)l(eHIIHM 6bIJI 113yqeH pH,n TeopeTIIK0-noneBbIX MO,neneil:, 

IIP0II3Be,neH yqeT 6onee llIIIP0K0ro KJiacca ,n11arpaMM, pacCM0TpeHbl 

pa3JIIIqHbie aCIIMilT0TI1qecK11e o6JiaCTII. B 3TOH CBH311 0TMeTIIM 

o63opl91, B K0T0P0M IIP0Be,neH IIHTepeCHblH aHaJIII3 11p116JII1)1(eHIIH 

II IIX CBH311 C KBa31IKJiacc11qecKOH a1111poKCI1Ma1111eil: II 0IITIIqecKIIMII 

M0,neJIHMII pacceHHIIH qacTIIII. 

C ,npyroil: CT0P0HbI, BCTana 3a,naqa 06 o6ocHoBaHIIII IIIIII, 
Tpe6y10maH paCCM0TpeHIIH o6naCTII IIX np11MeHIIM0CTII II pa3BIITIIH 

,!l;JIH 3TOH 11en11 C00TBeTCTBYIOlllero MaTeMaT11qecKoro a11napaTa. 

HaCT0HlllaH ,n11ccepTa1111H Il0CBHllleHa q,opMyJIIIPOBKe HeK0T0pb!X 

11p116JIII)l(eHHbIX MeT0,!l;0B KBaHTOBOH Teop1111 II0JIH, 11,neil:HO CBH3aHHbIX 

C KBa31III0TeH1111aJibHblM Il0,!l;X0,!l;0M II IIIIII, II IIX llpIIMeHeHIIIO 

K IICCJie,noBaHIIIO pa3JIIlqHbIX 11po11eccoB B · aCIIMilTOTIIqecKOH 

o6nacTII BbIC0KIIX 3Hepr11il:. )];11ccepTa1111H C0CT0IIT 113 BBe,neHIIH, 

Tpex rnaB, 3aKJIIOqeHIIH II Tpex IIPIIJIO)l(eHIIH. 

Bo eeeOeHUU ,naeTCH KpaTKIIH o63op pa6oT, He11ocpe,nCTBeHH0 

CTIIMYJIIIP0BaBllIIIX' np0B0,!l;IIM0e ,nane e IICCJie,noBaHIIe. 

B nepeoii zAaee ,n11ccepTa111111 /§ § 1 ,~/ paccMoTpeHhl MeT0,!l;hl 

K0HTIIHyaJibH0ro IIHTerp11poBaHIIH B Teop1111 II0JIH, 1103B0JIHIOUIIIe. 

npe,ncTaBJIHTb B 3aMKHYT0M BII,D;e KaK Il0JIHbJe ipyHKIIIIII rp11Ha

II aMIIJIIITY,D;bl pacceHHIIH, TaK II CYMMbl 011pe,neneHH0ro KJiacca 

,n11arpaMM. TaKIIM o6pa30M, 3TII MeT0,!l;bl y)l(e caMII 110 ce6e MoryT 

CJIY)l(IITb IICT0qHIIK0M pa3JIIIqHbIX 11p116JIIl)l(eHIIH. 

IlepBblH 11aparpaq, H0CIIT BBO,!l;Hb!H xapaKTep, B HeM 113JiaraIOTCH 

0CH0BHbie 11,neII npIIMeHeHIIH MeTo,na K0HTIIHyaJibHoro IIHTerp11po

BaHIIH B KBaHTOBOH Teop1111 Il0JIH. 

BTopoil: 11aparpaq, Il0CBHllleH II0JiyqeHIIIO K0HTIIHyaJibHblX 11pe,n

CTaBJieHIIH ,!l;JIH BepllIIIHHOH ipyHKIIIIII II aMIIJIIITY,D;bl Me 30H-HYKJI0HH0-

ro pacceHHIIH B paMKax Mo,nenn S: int = g·: tjJ + tjJ ¢·:ho/. Ilpe)l(,ne 

Bcero, Hail:,neHO Bbipa)l(eHIIe B BII,D;e q,yHKIIIIOHaJibHOro IIHTerpana 

.nn» 11onnoil: qiynK111111 rp11Ha G(p, q I¢) HyKnona B 3a,naHH0M Bnew

neM II0Jie <p (x). B 3T0M Bbipa)l(eHIIII B HBH0M BII,D;e OTqJaKTOPH30-

BaHbl qJieHbl, C00TBeTCTBYIOlllIIe 11epeH0PMllp0BKe BaKyyMa, pa,nHa

llll0HHblM 11011paBKaM K HYKJIOHHOH JIIIHJ!H H 3qJqJeKTy B3aIIMO,D;eil:

CTBIIH HYKJI0Ha c BHellIHIIM II0JieM. ,ll;anee neo6xo,n1IMO nepeiiTH 

Ha MaCC0BYIO II0BepXH0CTb II IIPQBapbIIp0BaTb Hy)l(H0e qncno pa3 

110 II0JIIO <p (x) ql)'HKIIIIIO rp1111a 'G. 
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B pe 3yJibTaTe II0JiyqaIOTCH Bbipa)l(eHIIH ,!l;JIH BepllIIIHHOH qiyHKIIIIII 

II aMilJIIITY,D;bl Me3oH'-HyKJI0HH0ro pacceHHIIH. 01111 MoryT 6bITb 

- IICII0Jib30BaHbl npn 113yqeHIIII BblCOK03HepreTIIqecKIIX acIIMIITOTIIK; 

a TaK)l(e 11p11 11ccne,noBaHIIII 11po6neMbl aBT0M0,D;eJibH0r0 IIOBe,neHIIH 

cTpyKTYPHbIX qiyHKIIIIH HyKnona 111/. 3a,naqa oco6eHH0 y11pomaeTcH, 

eCJIII orpaH11q11BaTbCH 113yqeH11eM cyMMbI Jllllllb 011pe,neneHHO

ro Knacca rpaq>oB <l>eii:HMana. B qacTH0CTII, B ,n11ccepTa1111u 11p11-

B0,D;HTCH 11puMep 11onyqe'HHH na OCHOBe o6mHx· ·Bl,Ipa)l(eHHH 11pe.n

CTa1meHHH ,!l;JIH CYMMbI rpa¢JoB BH,D;a 

K 
~ 

r q 

Cc)OTBeTC1:BYIOlllaH a,~mmny.na F paBHa ,.. , t, 

g2 +oo 
' ' 2-·· . · • ; :· 2 

-i(s-m xOc-{J+i(u-m XO <tJ 
F ( p, k ; q, r) = -· -4 f d t e 

(2rr) -oo 

+ 2 t; 
2 

a ( t; 
2

) + 2 k (I> ( t; 1 , 

+oo 2 +no 
f[ov] expl-i1.. fdt;ldt;/rl-2t;la( :1)+ 

-oo 2 --oo ' .•· ... ' - . ; . 1 
t )-2k<l> (t;

2
, tf<2{v(rj)d-q1\, 

. 2 

rne -; 

a(t;J~ pO(-t;}+qO(t; ), 

<I> rt; , t J = 0 rt; -t J min~ l t; I , i t i l , 

s _.;, (p +kl; ti =(q-k/; 

/1/ 

'/2/. 

. Cnc.:xyet 110,nqepKHYTb, on11aK0, t{T0'•B CHJIY 0TCYTCTBHH paJ-,• 

BHTOii TeXHlll<lt BbJ'{HCJieHHH noc r,aroqH0 06U1HX.KBa,npaTypqiyHKIIHO

HaJ1bHbJe nuTerpaJibl HBJIHIOTCH "BClllblO B ce6e" B TOM CMblCJIC, 

qTb: o6hlt{H0 H3BJIC'{CHHe HeoGXO.!lllMOH HHqJOpMaIIHH npHXOL\HTCH 

llp0B0.!lllTb II0JTallH0 C II0M0lllbKl TOH HJIH HHOH a11npOKCHMa1IHOHHOH 

11pouenypb1. 
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Br:zopaJ1 211aea ,11.nccepTaum1 co,11.ep)KHT H3JIO)KeHne npn6JIH)KeH

HbIX MeT0,11.0B BblqHCJieHHH IPYHKUHOHaJibHbIX HHTerpaJIOB H HX npn

MeHeHHH K HeKOT0pbIM 3a,11.aqaM. rnaaa C0CTOHT H3 Tpex napa

rpaqioa /§§3-5/. ·• 

TpeTHH naparpaqi IlOCBHIUeH Henocpe,11.CTBeHHO pa3BHTHIO Me

T0,11.o·a IlpHfiJIH)KeHHOrO qJyHKUHOHaJibHOI"O HHTerpHpOBaHHH, H,11.eHHO 

CBH3aHHbIX C IIIIII H Il03B0JIHIOIUHX HaHTH nocne,11.oaaTeJibHYIO 

CHCTeMy nonpaBOK K OCH0BH0MY npn6JIH)KeHHIO. 

MaTeMaTnqecKaH nocTaHOBKa 3a,11.aqn BbirJIH.11.HT cne.riyromnM 

o6pa30M. 

Tpe6yeTCH HaHTH qiyHKUHOHaJI Il[ V] H3 COOTHOIIIeHHH 

ell[vJ=expli- f :i; 322-I ellrr[v] = e 
ov 

llrr[v] 
/3/ 

r.r1e rr[v] - 3a,11.aHHbIH <PYHKUHOHaJI, a ~ - HCKaH IPYHKUIUI .r1ayx 

nepeMeHHbIX. 

8 CJiyqae, KOr,11.a j; = - 1 0 ( e 1 -t 2), 3Ha'-ICHIIe 

v= O onpe,11.enHeT, cornacHo q,opMyJie 

exp IJ [v ] npn 

J[
"' ] llrr[v] I 1 f de 82 I llrr[v] 
uv e = exp - s - e 

4·i ov 2(e) V= 0 
/4/ 

qiyHKUHOHaJibHbIH HHTerpan no rayccoaon Mepe. ,I],JIH ynpomeHHH 

3anncn ,11.encTane ,11.nqiqiepeHunaJibHoro onepaTopa 6y,11.eT o6o3Ha

qa TbCH 3HaKOM ycpe,1:1HeHHH KaK B /3/. 
<l>yHKUHOHaJI 1T [ V] ' Boo6me roBOpH, npOH3BOJICH. O,1:1HaKO .[IJIH 

HarJIH,11.IIOCTH 6y,1:1eM cqnTaTb, qTo OH COOTBeTCTByeT cyMMe CBH3-

HbIX ,[IHarpaMM, co,11.ep)Kall{HX O.[IHY 3aMKHYTYIO HY.KJIOHHYIO neTJilO 

C npoU3B0JlbHhIM qHCJIOM KOHUOB BHeumero MC30HHOrO ITOJIH. 3TO 

IT03BOJIHCT npOB0,11.HTb paccy)K,11.eHHH, HCITOJib3YH TepMHHOJIOrHIO 

o6hI'-IHhIX qieHHMaHOBCKHX ,11.narpaMM. 

Ilpe,1:1nOJIO)KHM Teneph, '-ITO CTPYKTypa 1T [v] TaKOBa, '-ITO HMeeTCH 

napaMeTp MaJIOCTH, CBH3aHHhIH C HYKJIOHHOH neTJie:ii. 8 3TOM 

CJiyqae cymeCTByeT annpoKCHMaUHOHJ!aH npoue,nypa, KOTOPYIO Mhl 

Ha3hrnaeM' KOppeJIHUHOHI;IOH H corJiaCHO KOTOpo:ii HIUeM TI [ ,, ] B au

,[le pa3JIO)KeHHH no qncny 3aMKHYThIX HYKJIOHHhIX neTeJih 

IJ = !,n nn, 
r.11.e ,11.nH II 

n 

6 

nonyqaIOTCH Bhipa)KCHHH ! 12! 

/5/ 

'IJ =ii'' I 

IJ 
n 

1 
nl 

1 -
IJ = - (172 

2 2 

rr11 

_2) 
TT , .,, 

CBH3HaH '-IaCTh 

/6/ 

OTMeTHM, '-ITO B II n ,naeT BKJia,ll. Jlllllih CBH3HaH t.taCTh 

cyMMhI acex rpaqios c n - neTJIHMH. • 
O6pbIBaH pHJJ. /5/, Mhl noJiy'-IaeM npu6JIH)KCHHOC Bb!pa)Kelrne 

J].JIH qiyHKUHOHaJia II, cnpaae,ll.JIHBOe, e CJIH J].JIH Jil06hlX n ~ 2 

1T n 
CBH3HaH 
'-IaCTh 

n 
<< 1T 

HCCBH3HaH 
'-IaCTh 

/7/ 

l1cnoJih30Bam1e II 
1 

=ii .BMeCTO TI aHanornt.tHO annpoKCHMa-

UHHM, BBe.[leHHhlM B /IJ~JIH HCCJie,noaaHHH nmlipaKpaCHhIX acHMn-

TOTHK. 
Mo)KCT CJIY4HThCH ll TaK, '-ITO B Teopun HMeCTCH MaJihlH 

napaMeTp, CBH3aHHhIH C Me30HHOH JIHHHenr TO ecTh B03HHKaIOIUHH 

npu aaphHpoBaHHH q>yHKUHOHana rr( V] .. Tor,1:1a MO)KHO npoaeCTH 

pa3JIO)KCIIHe no '-IHCny JIHHHH, coe,ll.HHHIOIUHX pa3Hhle neTJIH. 3Ta 

npoue.11.ypa ocymecTBnHeTcH c noMOI.UhIO qiy11KuuoHaJihHoro qiyphe -

npeo6pa30BaHHH B npocTpaHCTBC ' TOKOB .,, (t) u Ha3hI,aeTC' 

1/. 1/. -npu6nu)KeHHCM. 8hl'-IHCJICHHH npHBO.[IHT K qiopMynaM 
12

•
14 

I J 

II= 1 11 n~O n+l , 

-
II = grr' 

1 

i g 2 
n2~-2-f :1;r oii_ 2 ov ) ' ... 

/8/ 

O6JiaCTh npuMeHHMOCTH T/ ;T/ i - npH6JIH)KeHHH He wupe, qeM 

KOppeJIHUHOIIHOrO, HO ero HCil0Jlh30BaHHe MO)KCT cymecTBeHHO 

ynpocTHTb BhIKna,nKH. 
Cne,nyIOIUHH naparpaqi /§4/ noCBHIUeH npnMeHeHHIO pa3BHThIX 

npu6JIH)KCHHH K HCCJie,ll.oBaHHIO MOJ].eJIH B3aHMo,neHCTBHH HepeJIH

THBHCTCKOH t.taCTHUbl C KBaHTOBaHHblM cKanHpHbIM noJieM. C OJI.HOH 

CTOpOHbl, 3Ta MOJ].eJih no3B0JIHCT ,neTaJihHO npocJieJ].HTh npuMeHeHIIC 

IPYHKUHOHaJihHblX MeTOJ].0B H ,naTh oueHKY o6naCTH HX npnMeHHMO

CTH. C ,npyron, - oHa npe,ncTaBJIHeT H caMOCTOHTCJihHblH HHTepec 

H y)Ke MHOrO neT npHBJICKaeT · BHHMaHHe qJH3HKOB. l1MeHHO Ha 

npnMepe 3TOH Mo.11.enn H.H.Joron1060B cqiopMynnpoaan caou Ka

HOHH'-ICCKHe npeo6pa3oBaHHH 1 sf. nonyqnBWHe i(aJibHenwee,pa3BH

THe a He.11.aBHHX o/i67Tax E .II.Cono.11.oBHHKoaon, A.H. Taaxenn.11.3e 

u O.A.XpycTanes.a 16 no Teopnn cnm,Hoil,caa3n. 
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.. raMII.llhTOHIIaH CIICTeMhl rrpe,LICTaBJUieTCH B BII,Lle 

1 1 + + 
H=--L'i, +-2 wk(bkbk +bkbk)+ 

2µ 2 k 

➔➔ ➔➔ 
ik r -ikr + 

+gI(Ake bk+A*e b ), 
k k k 

/9/ 

r.[le f' - pa.D:IIYC -BeKTOP qacTHIJ,hI, bk II b 1- orrepaTOPhl YHIIq

TO)l(eHIIH II pmK.[leHHH KBaHTOB CKaJUipHoro IIJJIH, wk - qaCTOTa 

k- oil: HOpMaJihHOii MO.LlhI 3Toro rroJIH. B pa6oTe 17 I 6hJJIII rronyqeHhI 

KOHTIIHyaJihHhle Bhipa)l(eHIIH .[IJIH ¢YHKIJ,IIH rpIIHa B KOOp,LIIIHaTHOM 

H IIMIIYJihCHOM rrpe,LICTaBJieHIIHX II B KOrepeHTHOM 6a3HCe. B qacT

HOCTH, 6hJJIO rroJiyqeHo BaKyyMHOe cpe,L1Hee ¢yHKIJ,HH rpHHa B. 

rrpe,LICTaBJieHHH, r ,Lie IIOJIHhJH HMIIYJihC CHCTeMhl :f eCTh C - qHCJIO 

➔ ➔ ➔ + 
p = - i V r + I k bk bk 

k 

llMeHHO, 

(H-E)G = 1, 

<'G11 

➔2 

• oo - ;r(& _ P . 
-·1 J dr e 2fl- 1 c) 

0 

T SJ 

x exp I -g2 I I Ak ( J ds1 J ds2 x 
k O 0 

xe 

s1 

f d7](W 

s2 

. 1 
c- - E - - I wk• \!l - 2 k 

~ +..J: ti!(1J» 

➔ T 
J[Bv]

0 
x 

/10/ 

/11/ 

IlpnMeHeHHe arrrrpoKCHMaIJ,HOHHhIX rrpou.e.D:YP §3 K BhlqHcJieHHIO 

¢YHKIJ,HOHaJihHOro HHTerpaJia B /11/ rrpHBO.[IHT K CJie.[lyIOIIJ,eMy 

Bhipa)l(eHHIO .[IJIH BaKyyMHOro cpe,LIHero ¢YHKIJ,HH TpHHa 

p2 2 
<'G> =2Plnkl[--g I 

0 nk 2µ k 

1; ;2 
nk =wk - --+ -, 

µ 2µ 

2 I A k J c- -1 
--+Inknk-\!l+id' 

Qk k 

r.D:e P In) - rryaccoHOBCKHe BepoHTHOCTH 

8 

/12/ 

~ 
{ 

'I . r·. 

I. 
[., 
,. 
j 

:('/ 

\ ', 

\' ,' 
\ 

- n 
Pink} =Ile-nk(iik) k 

k nk! 
nk=&2 1Akl2 

2 • n 
k 

/13/ 

~JIH 3HeprHH tiio OCHOBHOro COCTOHHHH CHCTeMhJ H rrepBOH 

rrorrpaBKH Oli,0 K Heil: nMeeM 

ti, 1 ➔2 
0 = - p 

2µ 

2 
2 JAkJ 

- g 2---, 
k Qk 

2 

30 = _!__(/2 k IAk I / =_!__ 2 p2 
0 2 k ~ 21/ µ k µ 

r.D:e rrapaMeTp 7/, orrpe,LleJIHe,MhIH ypaBHeHneM 

➔ 

11P=g 2 Ik 
k 

1Akl
2 

n2 ' 
k 

/14/ 

/15/ 

COOTBeTCTByeT .[IOJie rromrnro HMIIYJihCa CHCTeMhl, rrepeHOCHMOH 

KBaHTOBaHHhIM rroneM. B 3TOM HeTpy.D:HO y6e.[IHThCH, HCIIOJlh3YH 

orrpe.[leJieHHe IIOJIHOro HMIIYJihCa IlOJIH rr= I k nk H BCIIOMHHaH, 
k ·-

qTo B HaIIIeM rrpH6JIH)l(eJIHH cpe,LIHee qHCJIO KBaHTOB nk ,LlaeTCH 

¢opMyJioil: / 13/. QqeBH.[IHO, qTO 3TH rrpn6JIH)l(eHHH crrpaBe,LIJIHBhl 

IIpH YCJIOBHH MaJIOCTH 7J<< 1. 
C IJ,eJih)° HJIJIIOCTpaIJ,HH paCCMOTpeHa KOHKpeTHaH MO.[leJih IIOJIH -

poHa/IS,lB , .[IJIH KOTOpoil: BhJqncJieHhl 3HeprHH OCHOBHoro COCTOH

HHH CHCTeMhl H rrepBaH rrorrpaBKa K Heil:. OKa3hIBaeTCH, qTo 

IIOJiyqeHHhie ¢opMyJihl crrpaBe.[IJIIfBhl .[IJIH Me.[IJieHHhIX qacTHIJ, B Teo -

PHH CJia6oii CBH3H H 6hICTphIX - 'B TeopHH yMepeHHO-CHJlhHOH 

CBH3H /17/. B IIOCJie.[IHeM cnyqae COCTOHHHe CHCTeMhl HMeeT 

KOHe•rnoe BpeMH )l(H3HH. B KOHIJ,e rraparpa¢a o6Cy)l(.[laIOTCH Bhicrnne 

rrorrpaBKH II B03MO)l(HOCTh OilHCaHHH CJiyqaJI CHJihHOH CBH3H. 

C pa3BHThlMH BhJIIIe arrIIfOKCHMaIJ,HOHHhIMH rrpoIJ,e,LlypaMH Tecuo 

CBH3aH orrepaTOPHhIH Me TO.LI 
19

•201 perneHHH KBa3HIIOTeHIJ,HaJihHhJX 

ypaBHeHHH KBaHTOBOH Teopnn IIOJIH, ,H3JiaraeMhlH B IIHTOM rrapa

rpaqie. 

PaCCMOTpHM KBa3HIIOTeHIJ,HaJihHOe ypaBHeHHe C JIOKaJihHhIM 

KBa3JfIIOTeHIJ,IIaJIOM .[IJIH aMIIJIHTY.Llhl pacceHHHH CKaJIHPHhIX qacTHU. 

T ( p, p '; s) ~ g V ( p - p '; s J + 

J ➔ ➔~ ➔ -• T ➔ ➔ , + g d q K (q , s) V ( p - q; s J, r q, p ; s), 
/16/ 
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r.ne p Ii p' - 0TH0CHTeJihHhie HMilYJihChl qacTlill B CHCTeMe 

ueHTpa Mace B na'Ia.UhHOM Ii K0He'-IH0M C0CT0HHHHX, a S=4(ii
2
+m

2
)= 

=4(p' 2+m 2 )Jl.npo ypaBHeHHH K (<J2; s) Mhl Il0Ka KOHKpeTH31ip0B8.Th 

He 6y,neM. 
OnepaTOPHhlH MeT0.U Il03B0JIHeT CBeCTH ypaBHeHHe /16/ K ne·-

JI0KaJihlI0MY .nmp$epeHUHaJihH0MY ypaBHeHHlO 

e 

W(1;;J';s) W(?:-,;';s)-iP't'_., 

= l+gL [ v(i-";s)e 
r 

r.ne 
" ➔ 2 
Lr =K(- Vr s), 

; P'~ 
]e /17/ 

/18/ 

a aMilJIHTy,na pacceHHHH CBH3aHa C rl>YHKUHeii: W C00THOIJieHHeM 

. 1 ➔ -:t' ➔➔, g i (p-p ) W(r;p ;s) 

T(p';p';s)=-:::-:J Jdre V(r;s)e /19/ 
(211) 

p aCKJia,UhIBaH w B pH.n w = n~ g n w n II orpaHH'-IHBaHCh nepBhIM 

/19/ · 
'IJICH0M pa3JI0)KeHHH, Il0Jiy'laeM npH6JIH)KeHHoe Bhipa)KeHHe 

,UJIH aMilJIHTY.Uhl pacceHHHH B $opMC /19/, r.ne BMeCT0 W CTOHT 

gW
1

, np11'1eM 

➔➔ 

.. •, J ➔ ➔ [ ➔ _..,. , 2 -iq r 
W

1
(r;p;s)= dqV(q;s)K(q+p) ;s}e • /20/ 

lloJiy'ICHH0e Bhipa)KeHHe M0)KeT 6hITh HCil0JihJ0BaHo .UJIH Ha

X0)K,UeHHH BhICOK03HepreTH'leCKOH aCHMilT0TIIKH aMilJIHTY.Uhl, a 

y'leT $yHKUHH W 
2 

, • • • .naeT nonpaBKII K 0CH0BHOMY 'IJICHy. 

B .UHCCepTUUHH B Ka'-leCTBe C00TBeTCTB)IIOIUero npHMepa BhI6paHO 

ypaBHeHlle JloryHOBa-TasxeJIH,U3e, npH'ICM rJia~HaH 'aCHMilTOTHKa 

IlPH YCJI0BHII rJia,UK0CTH KBa3Hil0TeHUHaJia 0ilHChIBaeTCH JHKOHaJih

HOH '$opMyJIOH, a yqeT• W 2 npHB0.UHT K Il0HBJieHHlO nonpaBOK 

oTHOCHTeJihHOii: neJIH'-IHHhI 1 I ys. 1 1 
l1 

,t, - 6 . 21 
Cil0JihJ0BaHHe ~eHHMaH0BCK0r0 npe0 pa3o~arH' 

1 
IlOJBO-

JIHCT BBeCTII HHTerpHpoBaHHe no TpaeKT0PHHM 
120 

H ycTaHOBIITh 

CBlllb onepaT0pH0ro MeTo.na C $yHKUHOHaJihHhlMH annpoKCHMa

UllllMII npe.Ilhl.UYIUHX naparpa¢oB. TeM caMhlM OilHChIBaeMhIH MeTO.U 

IT0CJICJ.0BaTeJihH0 0Tpa)KaeT K0HUeilUIIIO npllMOJIHHeHHhlX nyTeii:, 

palll!ll KaK II npe.nnoJI0)KeHHe 0 rJIU.IlK0CTII BJaHMO)leHCTBHll. 

Bonpocy 0 BblCOK03HepreTll'ICCK0M Il0Be)lCHHH aMilJIHTY.Ilhl pac

cellUllll B M_0)leJIH, COOTBeTCTBYIOIUeH CHHryIIHPH0MY BJaHMO)lCH

c rn1110, nocBHIUeHa mpembJI 2ila6a /§ §6, 7 / .uuccepTaUHH. 

10 

B Ka'leCTBC o6'hCKTa HCCJie,nonaHHJI BhI6paHa aMilJIHTy,na pac

ce JIHHJI .nsyx CKaJIJIPHhIX HYKJI0H0B B M0,UCJIH ff.Int = g': t/J + t/J ¢ : . 
B npeHe6pe)KCHHH pa.nnaunoHHhIMH nonpanKaMH H 3aMKHYThlMH 

neTJIJIMH. B IJICCT0M naparpa$e paCCM0TPCH B0ilpoc 0 B03M0)KH0CTH 

Mo.nn¢nKaunn ?AraraT0p0B BHpTyaJihHhlX qacTHU no THny_ k i k J = 
npn6JIH)KCHHJI 

3 
• Ilpn 3T0M HCil0Jih3YlOTCJI Il0HJITHJI t -nyTeH 

THKTOil-yJioca 1221 H p -nyTeii:, TO CCTh MH0)KCCTBa JIHHHH, B npo

naraTOpbl K0TOphIX nxo,nHT BHemHne HMilYJihChI. OTMCTHM, I qi;o 

Il0HHTHe f-nyTeii: 6hIJIO TaK)KC BBC)ICH0 H pa3BHT0 B pa6oTaX 
231 

• 

1ITO )KC KacaeTCJI p -nyTeii:, TO, B 0TJIH'IHC OT f-nyTeii:, HBJIHIO

IUHXCJI T0il0JI0rH'-ICCKHMH xapaKTepHCTHKaMH rpa¢a, HX pacnono

)KCHHe 3aBHCHT OT KOHKPCTHOH paCCTaH0BKH HMilYJihC0B HHTerpn

ponaHHJI. B paccMaTpnnaeMhIX rpa¢ax nocne.nHne M0)KH0 paccTa

BHTh TaK, '-IT06hI p -nyTH C0BilaJIH C napoii: JII06hIX t -nyTeH, HC 

o6pa3yIOIUHX 3aMKHYTYIO IlCTJilO. MO)KHO .IJ;0Ka3aTh / 24 / CJIC.IJ;YIOIUHC 

YTBCP)K.IJ;CHHH. 

1. IlyCTh 3a)laH rpa¢, TaKOH, '-ITO BKJia.n B ero rJiaBHYlO 

acnMilT0THKY .naeT napa f-nyTeH, HC HMCIOIUHX o6meii: JIHHHH. 

Tor.na acHMilT0THKa 3T0ro rpa¢a He H3MCHHTCJI, CCJIH paccTaBHTh 

HMilYJihChl HHTerpnpoBaHHJI TaK, 'IT06hl p -nyTH C0BilaJIH C f-ny

TJIMH, a 3aTeM np0H3BCCTH CJie.zi;y10111y10 MO.IJ;H$H;Kaumo nponaraTo

poB, 3aBHCJIIUHX OT BHCIJIHHX HMilYJihC0B p 

1 1 

('J.k.) 2 +2p'J.k. -m~+ic 
l l } 

2 p 'J.k 
1 

+ ii c 
/21/ 

TO CCTh npeHe6pe'-lh MaccaMH Ii Ilp0H3BC.IJ;CHHHMH HMilyJihC0B 

HHTerpHp0BaHHH. -

2. EcJIH )Ke napa I -nyTeii: HMCCT 06111y10 JIHHHIO, TO aCHMn-

T0THKa rpa$a cosna.naeT c acHMilTOTHKOii: pe.11y11nponamwii .1:iuar

paMMhI, nonytJaeMOH H3 nepBOHa'-laJihHOH °CTJ1rHBaHneM o6meii 

JIHHHH B T0'-IKY n YMHO)KCHHOH Ha $aKTOP (± -!,). 3HaK /+/ BhI6Hpa

eTCH, Kor.na BHCIJIHHC HMilYJihChl B 06111eii: JIHHHH HMCIOT o.nunaK0B0e 

HanpaBJICHHe, a 3HaK /-/ - B o6paTHOM CJiy'-lae. K pe.11yuHp0BaH

H0MY rpa$y npHMCHHM0 yTBCp)K.IJ;CHHe I. C Il0M0IUhlO 3THX YTBCp)K

.IJ;CHHH B 3T0M H B cne.nyIOIUCM, CC.IJ;hM0M, naparpa$e paccMoTpeHa 

CTPYKTypa '-IJICH0B, HapylllaIOIUHX 3HKOHaJihHOC npe.ncTaBJienne aM -

IlJIHTY.IJ;hl. Bo3M0)KHOCTh Il0HBJICIIHH :raKHX 3KCTpa -qJieH0B 0TMC -

qanach B pa6oTe /2s/. 
. BhIBe.IJ;eHhl C00TH0IJieHHH, CBll3hIBaIOIUHe 3HKOHaJihllhlC H uc-

3HKOHaJihHhIC BKJia)lhl B aMilJIHlY.UY pacceHHHJI, paCCM0TpeHhl THilhl 

He3ii:KOHaJihHhIX I -nyTeii: B CTapIJIHX nopH)lKax. 

B ueJI0M pe3yJihTaThl TPCThCH rJiaBhl Il03B0JIHIOT 0606111H1 b 

H.IJ;ClO npHMOJIHlleHHhIX nyTeii:, .non0JillllH ee npe,ncTaBJICIIHCM 0 

B03M0)KH0M H3MeHeHHH "copTa" tJaCTllllhl, HeCYIUCH 60JihlllOH HM -

II 



rrynhc. llHbIMH. cnonaMH, MbI npe,n;cTanmi:eM ce6e npouecc B3aHMo
,n;eil:CTBHJI KaK pacceJIHHe ,D;BYX tJaCTIIU, uecymHX 6onbIIIOH HMnynbC. 
H HCIIb!TbIBalOIUHX Manbie OT,n;atJH IIpH H3Ily<IeHHH BHpTyanb~_bIX 
KBaHTOB, TaKHe tJaCTHUbl ycnOBHO Ha3oBeM "nH,n;HpylOIUHMH". Ilpn 
3TOM "copT" nn,n;npyromeil: qacTHUbI ue q>HKCHpyeTcJI, To ec.Tb, 
HapJ1,n;y c npoueccaMH, Kor,n;a 6onbIIIHe HMIIYilbCbl rrepeHOCJITCJI 
Ha'lanbHhIMH HyKnottaMH, Heo6xo,n;HMO }'tJHTbIB~Tb _H KOHKypHpyromii:e 
rrpoueccbI, B KOTOpbIX·, HaIIpHMep, HYKTIOH H3nyq_aeT )KeCTKHH 
Me30H, rrepe,n;aBaJI eMy IIO'ITll Beeb CBOH 6onbIIIOH Ha'lanbHblH 
HMIIYilbC. OcHOBHOH acHMIITOTHtJeCKHH qneH aMIInHTY,D;bl pacceJIHHJI 

' ' 
rronyqaeTCJI OT Tex BH_pTyanbHbIX rrpoueccOB, B_ K0TOpb!X.nH,n;Hpyro-
maJI lJaCTHUa H3IlY'l!l,eT ¥HHHManbHOe lJHCno KBaHTOB H, cne,n;oBa:, 
TenbHO, HCIIb!TbIBl:leT MHHHManbHYlO OT,n;atJy. . 

8 KOHUe rnaBbl HaMe'leHu· B03MO)l(Hb!e rry_TH ,n;anbJ!eHIIIel"O 
H3y'leHHJI 3aTpoHyTblX B ,n;nccepTaUHH BOIIPOCOB. 

B 3aKAI011e1lUU H3IlO)KeHbl _OCHOBHbie BbIBO,!l;bl rrpoBe,n;eHH_oro 
uccne,n;oBaHHJI. . . . ' ' . [' ~ 

IlpUAOXeHUJI co,n;ep)KaT. pe3ynb.TaTbl, IIOMeil(eHHe K0TOpbIX. B 
OCH0BHOH TeK,CT Hap,yµrn.no Ohl . riocne~OBaTenb~0.CTb H,3IlO)Kettu~. 

OcHOBHbie pe'3ynbta.Tbl Jl~CcepTaUHH, 6irnu ~rry6nHKOBaHbl' B pa-
6oTax l10,12 ,14,17,19, 20, 24 I tt ,n;oKnaJlhiBanttcb Ha .aceco!OjHbIX. 
H Me)K,n;yHap0JlHblX KOHq>epeHUHflX' ceMHHapax 'H'.wKona;, ;la 'ce.CCH~X ' 
051<1> AH CCCP. 
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