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1. Ilocne BBO,na a CTpoii HOBoro noKoJieHHH ycTaHOBOK co 

BCTpe'IHbIMH e -e -H e +e -ny'IKaMH npOH30WeJI orpOMHbIH CKa'IOK 

no 3HeprHH B CHCTeMe ueuTpa Mace. 3TO n03BOJIHJIO BbITIOJIHHTb 

pn.n cpyu,naMeHTaJibHblX 3KCnepHMeHTOB no npoeepKe KBaHTOBOH 

3JieKTPO.IlHHaMHKH: pacceHHHe MeJIJiepa H Jia6a, aHHHrHJIHUHH 
+ -e e -napbl B MIOOHHYIO H !pOTOHHYIO napbl, pO)K,IleHHe ~BYX 

H TpexnHOHHbIX, a TaK)Ke .IlBYXKaOHHbIX CHCTeM B OKpeCTHOCTH 

BeKTOpHbIX Me30HOB. 

O,nuaKo OCHOBHa.11 ueJib, KOTOPYIO npecne.noaaJIH npH C03,IlaHHH 
. + -

3THX MaWHH, COCTOHJia B H3yl.feHHH npouecca aHHHrHJIHUHH e e -
napbl B C -uel.feTHYIO CHCTeMy a,npOHOB B,IlaJieKOH epeMeHHno,no6-

HOH o6JiaCTH 

+ 
e + e a,npOHbl . /1/ 

Cel.feHHe TaKoro O,IlHO!pOTOHHOro npouecca npH 60JibWHX :meprHHX 
+ -

BCTpe'IHbIX ny'IKOB Be,neT ce6.11 KaK cel.feHHe aHHHrHJIHUHH e e -
napbI a napy TOl.fe'IHbIX qacTHU, T.e. na.naeT o6paTHO nponopuHo

HaJibHO Kaa,npaTy 3HeprHH a c.u.M. Ilo:JTOMY .no nocne.naero ape-

-MeHH llpH KOHCTPYHPOBaHHH 3JieKTpOHHbIX HaKOilHTeJibHbIX KOJieu, 

B OCHOBHOM, 3a60THJIHCb O IlOBbIWeHHH CBeTHMOCTH npu 3HeprHHX 

6 r.3B H HHJKe, a yaeJIHl.feHHe 3HeprHH B c.u.M. Ka3aJIOCb BTOpo

CTeneHHbIM. 

IlOJIO)KeHHe pa,nHKaJibHO H3MeHHJIO,Cb IlOCJie Toro, KaK o6aapy

JKHJI0Cb, 'IT0 B npoueccax po)K,IleHH.11 Ha BCTpe'IHbIX nyqKax Bb!COKHX 

:mepruii ,IlOMHHHPYJOIUYIO_ p0Jib HrpaeT ,nayxcpoTOHHbIH MeXaHH3M, 

T.e. cxeMa 

e + e -+ y*+ y*+ e + e ➔ e + e + a,np0HbI • /2/ 
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IlpHMe'!aTeJibHOCTb 3TOH cxeMhl B TOM, '!TO OHa ,naeT YHHKaJib
HYJO B03MOiKHOCTb 3KCIIepHMeHTaJibHOro HCCJie,noBaHHJI npoueccoB 
,nByxil>OTOHHOr_o po)K,neHHJI C -qeTHblX /B qacTHOCTH, CHJibHO 

B3aHMO,neiicTBYl01UHX/ CHCTeM 

y*(qJ) + y*(q2)- a,npOHbl _ /3/ 

2 2 
B o6naCTH q l ' q 2 ,:; 0 . B CBOIO oqepe,nb, npouecc /3/ MOiKHO 

OTHeCTH K pa3p.11,ny HaH6onee ii>yH,naMeHTaJibHbIX npoueccoB B ii>HJH

,Ke a,npOHOB. ,ll;eiicTBHTeJibHO, ero HCCJie,noBayHe n03BOJIHT BblJICHHTb 
0He06bl'!aHHO WHpOKHH Kpyr BonpocoB, / I a HMeHHO: aHOMaJIHJI 

A.nnepa H HH3K03HepreTH'leCKHe TeopeMbl anre6pbl TOKOB; il>YH.na
MeHTaJibHOe TTTT -BJaHMo,neiiCTBHe H npoBepxa pe3yJibTaTOB an
re6pbl TOKOB OTHOCHTeJibHO pa3HOCTH Mace 3ap.11iKeHHOro H HeiiT
paJibHOro nHOHOB; npoBepKa CP -HHBapHaHTHOCTH, YHHTapHOCTH 
H noHCKH C -qeTHbIX pe3oHaHCOB; q,yH,naMeHTaJibHOe yy -B3aHMO

,neiicTBHe, BKJia,n C -qeTHbIX a,npOHHbIX COCTOJIHHH B KBaHTOBYlO 
3JleKTp0,nHHaMHKy H npoBepKa rnnoTe3bl PCAC npH BbICOKHX 
3HeprHJIX H T.,n. 

HaH6onee HHTeHcHBHO npouecc /2/ nccne,noBanc.11 TpeM.11 rpyn
naMH / 3 / • Bbl'IHCJieHHe noJIHbIX ce'!eHHH ,nm, KOHe'!HblX COCTOJIHHH, 
co,nepiKaIUHX µ - , TT - H K-napbI npH- 3HeprHJIX 2 H 3 r3B, 
IlOKa3aJIO, '!TO OHH CpaBHHTeJibHO BtlJIHKH /T. e. 60JibWe HJIH nopH,nKa 
nonHoro ceqeHHH o,nHoil>oToHHOro npouecca /1/ npn Tex iKe 3Haqe
HHHX 3HeprHii/ H pacTyT C pOCTOM 3HeprHH ny'!KOB. bhlJia pa3BHTa 
KHHeMaTHKa npouecca, ycTaHOBJieHa CBJl3b Ha6n10,naeMbIX ce'!eHHH 
C aMnJIHTy,naMH yy -pacceHHHJI Bnepe,n B npe,ncTaBJieHHH cnH
paJibHbIX aMnJIHTy,n H qep~3 HHBapHaHTHbie aMnJIHTy,nbI H oueHeHa 

B03MOiKHOCTb H3MepeHHH 3THX. BeJIH'IHH B JaBHCHMOCTH OT 3qxpeK
THBHOH MaCCbI poiK_naromeiicH a,npOHHOH CHCTeMbl H OT KBa,npaTOB 

Mace BHpTyaJibHbIX il>oTOHOB. BMecTe c TeM 6i.inH no,npo6Ho pa
Jo6paHhl TaKHe ,neTaJIH, KaK yrnoBoe pacnpe,neneHne n yrnoBa.11 
l<OppenHUHJI; '!TO MOiKeT OKa3aTbCJI cyiueCTBeHHbIM ,nnH BbI,neneHHJI 
co6LITHH, o6ycnoBneHHbIX ,nByxil>oTOHHbIM MeXaHH3MOM Ha il>oHe 

o,nHoil>oToHHoro npouecca /1/. 
IlO'ITH O,nHOBpeMeHHO C pa6oTaMH hi noHBHJIHCb cTaTbH / 4

-.
61, 

B KoTophlx o6cyiK,nanHch eme ,nBa cnoco6a Hccne,noBaHHJI npouecca 
/3/. IlepBbIH H3 HHX npe,nnaraeT ncnonb30Ba Tb o6o6meHHhlH 3il>il>eKT 
IlpHMaKOBa / 4/, T.e. npouecc, B KOTOpOM TIY'IOK ii>oTOHOB CTanKH
BaeTCH C BHpTyanbHblM il>oTOHOM KynoHOBCKOro nonn 3ap.11iKeHHOH 
MHWeHH z H o6pa3yeT CHCTeMy a,npoHOB . . 

y + Z - Z + a,npoHhl . /4/ 
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EcnH 3HeprHJI HaneTaromux il>oTOHOB MHoro 6onbwe 3il>il>eKTHBHOH 
MaCCLI po)K,naromeiic.11 a,npoHHoii cncTeMbI, To npouecc npoxo,nuT 
C O'!eHb Manoii nepe_naqeii HMnynbca, H BHpTyanbHhlH il>oTOH MOiKeT 
paccMaTPHBaTbCH KaK peanbHhIH. XOTH, B o6meM cnyqae, aMnnn
Ty,na npouecca /4/ BKnlO'!aeT B ce6.11.KaK KynoHOBCKYJO 'laCTb, TaK 
H H,nepHyro, TeM He MeHee, npu 6oJibWHX 3HeprHJIX BKna,n KynoHoB
CKOH qaCTH cTaHOBHTCJI ,noMHHHPYlOIUHM, HeCMOTPJI Ha .no6aBO'IHbIH 
il>aKTOP a =1/137 no cpaBHeHHlO c BKna,noM OT n,nepHOH qacTH 

aMnnHTY.nLI. _OCHOBHOH pe3YJibTaT aHanHJa 3qxpeKTa IlpnMaKOBa 
CBO,nHTCJI K YTBepiK,neHHlO, '!TO npH ManhlX nepe,naHHblX HMnYJibcax 
no OT,naqe MHWeHH MOiKHO cy,nHTb O BenH'IHHe nonHoro ce'!eHHH 

,nByxil>oTOHHoro poiK,neHHH a,npOHOB /3/. . 
BTopoe HanpaBneHHe, B KOTOpOM MOryT 6bITb nony'leHLI 3KCne

pHMeHTanbHble ,naHHbie OTHOCHTenbHO npouecca /3/, - 3TO HCCJie -
,noBaHHe 3neKTPOHHO- n93nrpoHHOH aHHHrHnHUHH B a,npOHbl C Bhl,ne -
JieHHhIM y -KBaHTOM / 5•61: 

+ e + e ➔ y + a,npOHbl . /5/ 

Ilocne,nHHH npouecc xapaKTepn3yeTc.11 TpeTLHM nopn,nxoM no no

CTOHHHoii TOHKOH CTpyKTYPhl, H no3TOMY, XOTH ero ce'leHHe npn 
3HeprHJIX ny'IKOB B HeCKOnbKO r3B JHa'IHTenbHO MeHbWe nonHoro 
ce'!eHHH npouecca /3/, B o6nacTH yMepeHHbIX 3Heprnii npouecc 

/5/ 6onee CYmeCTBeHeH. 
II. ,ll;uccepTaUHH COCTOHT H3 BBe,neHHJI, Tpex rnaB H 3aKJllO'le

HHH. 
Bo BBe,neHHH Kpa TKO o6CyiK,nalOTCH: npHHUHn aBTOMO,nenbHO

CTH h I B nenToH-a,npoHHLIX H cnnhHbIX BJaHMo,neiicTBHHx; Te ope -
TH'leCKHe H 3KCnepHMeHTaJibHbie pe3yJibTaTbl, nonyqeHHble B 06-

JiaCTH HCCJie,noBaHHH OCHOBHLIX HenHHeHHblX 3il>~~,TOB KBaHTOBOH 
3neKTpo,nHHaMHKH - pacceJIHHH CBeTa Ha CBeTe ; pacna,n O,nHoro 
il>oTOHa Ha ,nBa H cnHJIHHe ,nByX il>oTOHOB B o,nHH B 3neKTPOMarHHT

HOM none .11,npa~ KOrepeHTHOe pacce.11Hne B xynoHOBCKOM none .11,n
pa; COBpeMeHHbie HanpaBneHHH nccne,noBaHHJI ,nByxil>oTOHHblX rny-

60KOHeynpyrHX npoueccoB. 
IlepBaH rnana /§§ 1-3/ co,nepiKHT: KHHeMaTH'leCKHH aHanH3 

npouecca /5/; HCCne,noBaHne BKna,nOB .nnarpaMM, -COOTBeTCTByro
IUHX KOHe'!HblM COCTOHHHJIM C npoTHBOTIOnOiKHbIMH 3ap.11,nOBhIMH 
'!eTHOCTHMH; o6cyiK,neHHe B03MOiKHOCTH 3KcnepnMeHTanbHOrO HJ

MepeHHJI CTPYKTYPHbIX il>YHKUHH, onHCbIBalOIUHX a6cop6UHOHHYJO 
'!aCTb aMnnHTy,nbI pacceHHHJI CBeTa Ha CBeTe Bnepe,n; 063op npo

CTeiiweii napTOHHoii Mo,nenH Ha npHMepe npouecca rny6oKoHeynpy

roro 3neKTpopo)K,neHHJI Ha npoToHe; KpaTKoe o6cYiK.neHHe peJynL
TaTOB, OTH0CHIUHXCH x npo6neMe aHanHTH'!ecxoro npo,noJ1iKeHHJI 
MaCWTa6HO-HHBapHaHTHbIX il>YHKUHH npouecca aHHHrHJIHUHH e + e --
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napbl B a,llp0Hbl c BbI,lleneHHbIM npoT0H0M B o6naCTb rny6oJCOHeynpy
roro 3nexTpopo,K,IJ;eHH.H Ha npoToHe B paMxax pa3nH'IHbIX MO.lleneil:; 
oueHJCa ceqeHHJI npouecca /5/ B aBT0M0.llenbH0M npe,llene. 

Bo .BTOpoil: rnaBe /§§ 4-7/ paccMaTpHBaIOTCJI: pe30HaHCHbie 
3(p(peJCTbl B npouecce pacceJIHH.H cBeTa Ha cBeTe, o6ycnoBneHHbie 
o6pa3oBanneM H nocne,llyIOII.IHM pacna,llOM HeJC0T0pbIX C -qeTHbIX 
CHCTeM; npouecc aHHHrHnJIUHH e + e - -naphl B nceB,llOCJCanJipHblll 
Me 308 H (pOTOH npn nonHOH 3HeprHH uaqanbHbIX ny'IJC0B, 6nH3KOH 
K MaccaM BeKT0PHbIX Me30HOB; o6pa30BaHHe f -Me30Ha B npo-

+ - + -uecce aHHHrHnJIUHH e e -napbl B CHCTeMy TT TT H (pOTOH B6nH3H 
MaCCbl cp -Me3oHa; pe3oHaHCHbIH 3(p(peKT aHHHrHnJIUHH.llBYX (pOTO
H0B B f -Me 30H C nocne,llyIOII.IHM p0)l(,lleHHeM 11 + 11 - - CHCTeMbl. 

B rnaBy III /§§ 8-10/ B0WnH: H3n0)l(eHHe MeTo,lla 3KBHBa
neHTHbIX clioToHoB ua npnMepe npouecca rny6oxou'eynpyroro 
3neKTpopO)l(,lleHHJI Ha npoTOHe H ero npHMeHeHHe JC BbIB0.llY CB.H3H 
Me)l(.llY nonHhIMH ceqenHJIMH npoueccoB /2/ H /3/;o6cy,K,IJ;eune Bo
npoca 0 npHHUHnHanbHOH B03MO)l(H0CTH ua6nro,lleHHJI Ha BCTpe'IHhlX 

+ -e e -nyqKax .llHCJCYTHPYIOil.leroc.H B nocne,llnee BpeM.11 npouecca rny-
6oxoueynpyrorol\ pacce.HHH.H 3nexTpoua ua cpoTouuoil: MHweun;cpop
MynnpoBKa ycnOBH.H nonO)l(HTenbHOH nonyonpe,lleneHHOCTH B BbIC0K0-
3Hepre TH'leCKOM YY -pacce.HHHH Bnepe,ll H BblB0.ll orpaHH'leHHH 
/B BB.Ile uepaBeHCTB/, HaKna,llbIBaeMbIX 3THM ycnoBHeM Ha CTpyx
TYPHbie cliYHKUHH npouecca /3/. 

B 3aKnIO'leHHH npHBe,lleHbl 0CH0BHbie pe3ynbTaTbl, nonyqeHHble 
B .llHCCepTaUHH. 

III. MaTepHan, H3nO)l(eHHblll B .llHCCepTaUHH, pacripe,lleneH no 
naparpa(paM cne.llYIOII.IHM o6pa3oM. 

§ 1. B .HH3WeM nop.H,llKe no 3neJCTpoMarHHTH0MY B3aHMO,lleHcT
BHIO npoueccy /5/ C00TBeTCTBYIOT .llBa THna ,llHarpaMM. )];Be ,llHa
rpaMMbl nepB0ro THna 1,nHCbIBaIOT BHeWHee H3nyqeune 

+ 
e + e ➔ y * + y ➔ y + a,llpOHbl ' /6/ 

npn KOTOP0M KOHeqHblH cpoTOH po,K,D;aeTC.H B pe3ynbTaTe qncT0 
3neKTP0MaruHTHOro B3aHMO,lleHCTBHJI Me)l(,lly uaqanbHbIMH 3neKT
P0HOM H no3HTP0HOM, a a,llpOHHaJI CHCTeMa 06pa3yeTCJI B npouecce 
pacna,lla BHpTyanbnoro clioToHa y* . )];narpaMMa BToporo Tuna 
xapaKTepn3yeT BHYTpeHnee po,K,IJ;eHHe 

+ 
e + e ➔ y* ➔ y + a,llp0Hbl ' /7/ 

+ -
T.e. npouecc, B KOTopoM HaqanhHaJI e e -napa aHHHrnnnpyeT 
B BHpTyanbHbIH (pOTOH y*, pacna,llaIOII.IHHC.H ila CHCTeMy a,llp0H0B 
H peanbHblH (pOTOH. B 3apJ1,llOBO-CHMMeTpHqH0M 3KcnepnMeHTe 
HHTepcliepeHUH.H Me)l(,lly 3THMH THnaMH ,llHarpaMM OTCYTCTBYeT, TaK 
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'ITO da / e- + e + ➔ y +a,llpOHb1/= da /e-e +➔ y* +y ➔ y+a,llpOHbI/+ 
+ da / e-+e+➔ y* ➔ y+a,llpOHbI/. CeqeHHenpouecca/6/Bbipa)l(aeT
c.H qepe3 nonHoe ceqeHHe anunrnn.HUHH e+e~napbI B a,llpOHhl/1/. 
3TO, B CB0IO oqepe,llb, 03Ha'laeT, qT0 (pOH BHeWHero T0pM03Horo 
H3ny'leHH.H B npouecce /5/ M0)l(eT 6bITb BbI,lleJieH. 

§2. IloKa3aHo, qTo . .llHcl>cliepeHUHanhH0e ceqeune npouecca /7 /, 
npocyMMHpoBaHH0e no BCeM ,llonycxaeMbIM 3aK0HaMH coxpaHeHH.H 
a,llp0HHblM C0CT0.HHHJIM, Bbipa)l(aeTCJI qepe3 a6cop6UHOHHYIO qacTb 
p µv>w aMnnHTY.llbl pacceJIHH.H. CBeTa BHpTyanbHbIM (pOTOHOM 

Bnepe,ll. BennqHHa p µv>..a 3aBHCHT OT 4-nMnynbC0B BHpTyanbHoro 
( q) H peanbH0ro ( q ') (pOTOHOB. lb ycnOBHH rpa,llHeHTHOH HH
BapHaHTHOCTH, 3pMHT0BOCTH H p T - HHBapHaHTH0CTH cne,llyeT, 
qTo TeH3op p µv>w Bb1pa)l(aeTcJ1 qepe3 qeTbipe BemecTeeHHhie 

2 
(pyHKUHH p i ( q ) , 3aBHC.Hll.lHe OT .llBYX HHBapHaHTOB - KBa,llpa Ta 

MaCCbl BHpTyanhHoro (pOTOHa q 2 
H nepeMeHHOH v"' q q~ onpe

,llen.HIOil.leil: 3Heprnro peanhnoro clioToHa B c.u.M. HaqanhHoii napbI. 
O6cy)l(,llaIOTCJI 3KCnepHMeHTbl, B K0T0PblX MoryT 6b!Tb H3MepeHhl 
3TH (pyHKUHH, a TaK)l(e n·onpoc 0 BbI,lleneHHH ceqeHHJI BHyTpenHero 
po,K,D;eHHJI /7 / Ha (pOHe BHeWHero TOPM03Horo HJnyqeHHJI /6/ 
H o6pa3oBaHHJI (pOTOHOB B pe3ynbTaTe· pacna,lla p0)l(,llaIOII.IHXCJI B 
npouecce /1/ 11° -Me3oHoB. 

§3 nocBJIIl.leH 6onee ,lleTanbHO~y-aHa1IH3Y npouecca /7/. lf3 
M0,llenH BeKTOpHOH ,ll0MHHaHTH0CTH cne,llyeT' qT0 Me)l(.llY ceqeHHJIMH 
npouecca /7/ H npouecca, oTnnqaromeroc,i oT Hero JaMeHoil: K0-
HeqHoro (pOTOHa BeKTOPHblM Me 30H0M 

e + e 
+ y* ➔ V + a,llp0HbI , /8/ 

CYil.leCTByeT npocTa.H CBJI3b. Ilocne ycpe,llHeHH.H no non,ipn3aUH.HM 
HaqaJibHblX H K0HeqHblX qacTHU npouecc /8/ onHCbIBaeTC.H .llBYM.H 

-(VJ 2 -(VJ 2 
CTPYKTYPHbIMH il>YHKUH.HMH W J ( q , V) H W 2 ( q , v) . B npe,lleJie 

q 2➔C:O, X=q 2/2v, cpHKC.,KOTOPhlH B c.u.M: 31IeKTPOHHO-n03HTPOHHOH 
napbl C00TBeTCTByeT 6onbWHM 3HeprH.HM H ,ll0CTaTO'IHO )l(eCTKHM 

K0He'IHblM (pOTOHaM ' 6e3pa3MepHbie CTPYKTYPHbie (pYHKUHH 

W (pJ(q 2, v) 
1 

V - (p) 2 
H --

2
W2 (q ,v) 3aBHC.HT, cornacHo npeH-

mp 

unny aBT0M0,llenbHOCTH, nHWb OT nepeMeHHOH X (1 < X < 00 ).B npe,ll
non0)l(eHHH cnpane,llnHB0CTH aHannTnqecKoro npo,ll0n)l(eHH.H B 06-
nacTb r11y60K0Heynpyroro 311eKTpopo,K,D;eHHJ1 Ha neKT0pHoM Me30-

He 
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e + V ➔ e + a,np0Hbl /9/ 

nonyqeHa CBH3b ceqeHBH npouecca/7 / c MacwTa6Ho-BHBapuaHTHbl

<pJ 
MH ipyHKUHHMH F i ( X) npouecca /9/ 

da 

dx 

3 
211a 

q 2 X 3 

_z_ [F 'P'(x) + 
2 1 

4y 
p 

I F <p!(x}] 
- 2 6x 

B paMKax npocTeiiweii napTOHHoii Mo,nenu 

F 'P'(x) 
2 

2 X 

9 1 - log x 

2 
[ (1-x) 

x{2 - x) 

F <pi (x) 
1 

I 
2x 

I I 

2 (I - x)2 

F 'P'rx) 
2 

/10/ 

lnx(2-x)+(l+x) 
2 

2 

,lJ;nH ceqeHHH l1a, cooTBeTCTBy1muero BHTerpupoBaHHIO /1O/BBH

TepBane /1,l - 1,3/, Haii.a;eH0 3HaqeHBe 10-35 - 1O-36cM 2
. 

§4. IlpB 3HeprBHX, npeBbIWalOIUBX nopor po)K,ll;eHHH qacTBU, 

Macca K0T0pbIX 60JibWe MaCCbl 3JieKTp0Ha, peJyJibTaTbl KBaHTOBOH 

3JieKTp0,ll;BHaMBKB HY)K,D;alOTCH B MO,ll;HlpBKaUBB, yqBTbIBaroiueil:, qT0 

lpOTOH M0)KeT B3aBMO,D;eil:cTBOBaTb C JII06oii qacTuueil:, BMeroiueii 

JapH,11; HJIB MarHBTHbIH M0MeHT, B qT0 HeK0T0pbie HeiiTpaJibHbJe 

qacTBUbl / 11°, 7/, f H T • .a;./ pacna.a;aroTCHHa,D;BaipoTOHa. B §4 BbI

qucJIHIOTCH BKJia,D;bl HH3WBX a.a;p0HHblX COCTOHHBH 11° H 7/ B pac

CeHHBe CBeTa Ha CBeTe / 9/ • C ToqKB 3peHBH yqeTa a.a;poHHblX no

npaB0K npouecc yy -pacceHHBH oco6eHHO BHTepeceH TeM, qTo 

3TB nonpaBKB BMelOT TOT )Ke nopH,D;0K no nOCTOHHHOH TOHKOH 

CTPYKTYPbl a , qTo B HB3WBH qJieH TeopBB B03MYIUeHBH ,ll;JIH npouec

ca yy ➔ yy B KBaHTOBOH 3JieKTp0,ll;BHaMBKe. BKJia,ll;bl 0,ll;HoqacTBq

HbIX a.a;p0HHblX COCTOHHBH cyiueCTBeHHbI npB 3HeprBHX, 6JIB3KBX 

K MaccaM C00TBeTCTBYIOIUBX qacTHU. CaM npouecc npB 3T0M CTa

H0BBTCH pe30HaHCHbIM, T.e. ,D;Ba lpOTOHa aHHHrBJIBPYIOT B Heil:i

paJibHYIO CBJlbH0 B3aBMO,D;eHCTBYIOIUYIO qacTBUY, a nocne.a;HHH 

pacna.a;aeTCH Ha .a;Ba ipoToHa. 

IloKaJaHo, qTo X0TH B cxeMe peJoHaHcHoro pacceHHBH MaKcu

MaJibHoe ceqeHHe cooTBeTCTByeT npoueccy, u.a;yiueMy qepe3 o6pa-

30BaHHe napano3BTP0HBH / a pea."" 2· 10 - 2° CM 
2 
/, .a;uipipepeHuu

aJibH0e ceqeHBe npB ycpe.a;HeHBH no 2"/o HeM0H0XP0MaTBqHoCTH 
-31 2 

nyqKa CTaH0BHTCH nopH.a;Ka 6.10 CM /cTepa.a;, T.e. HeMH0rBM 

8 

/ 

l 

-32 2 
60JibW_e BKJia.a;a OT 3JieKTp0HHOH rreTJIH /1,7.10 CM /cTe~a.a;/ 

npu TOH )Ke 3HepruH. B6JIB3H Mace 11° H 7/ -Me30H0B a 7T = 

=l,1.1O - 24
cM 2 H a 7/ =O,1.1O-26cM 2 • IlpH ycpe.a;HeHBB no 2o/o 

HeM0H0XP0MaTBqH0CTB lpOTOHHoro nyqKa a710 
=l,2.lO-

30
cM 

2 
, 

a 7/ =2,5.10-3° CM 
2

, qTo Ha WeCTb II0pH,ll;K0B npeB0CX0,ll;HTqBCT0 

3JieKTpoMarHBTHbIH BKJia,11; IIPB TOH )Ke 3HeprHH. 

B §5 paccMaTp1rnaroTcH K0HKpeTHLie KaHaJibI npouecca /5/, _ 

B K0T0pbIX B K0HeqH0M C0CT0HHBB BMeCTe C lpOTOHOM po)K,ll;aeTCH 

nceB,D;OCKaJIHpHbIH Me30H. CeqeHHH TaKHX npoueccoB ,ll;0CTBraroT 

MaKCBMaJibHbIX 3HaqeHBH npH 3HeprHHX BCTpeqHbIX nyqKoB, 6nu3-

KHX K MaccaM BeKT0pHbIX Me30H0B, T.e. B pe)KBMe, y.a;o6HOM ,ll;JIH 

3KcnepuMeHTaJibHoii: npoeepKB npe.a;cKa3aHBii SU (3) -cHMMeTpuq

Hhrx Teopuii H MO.a;eneii co CMeWBBaHBeM 0TH0CHTeJibH0 WBPBH 

pa.a;BaUB0HHbIX pacna.a;oe BeKT0pHbIX Me30H0B Ha nceB,D;0CKaJIHp
Hhle /ll-l3/. 

§6. CyiuecTByeT 6o_JibWOe K0JIBqecTB0 3KCnepuMeHTaJibHbIX 

.a;aHHbIX H TeopeTuqeCKHX apryMeHT0B B II0Jib3Y cyiuecTB0BaHHH 

CKaJIHpH0ro pe 30HaHCa B CBCTeMe .ciBYX IIH0H0B, o6brqHo Ha3bIBae -

Moro S-, 7/ o+ HJIH € -Me 30H0M. IlpHMOe HCCJie,D;0BaHBe 7T 7T 

B3aBMO,D;eiicTBBH B peaKUBHX pacce HHHH • 11 - Me 30H0B Ha 7T - Me 30 -

Hax conpH)KeH0 co 3HaquTeJibHbIMB TPY,D;H0CTHMB. Cpe,nu KoceeHHbIX 

MeT0,ll;0B HaB6onee o6HJibHble .a;aHHbie 0THOCHTCH K peaKUBH 11 N ➔ 
➔ 211N. TaKOH no.a;xo,n 6a3BpyeTCH Ha runoTe3e 0,ll;H0Me30HH0ro 

06MeHa B 3aK0HH0CTB 3KCTpaII0JIHUHH BepWHHHOH 'PYHKUHB f N7T7T 

C00TBeTCTBYJOIUeii KOHCTaHTOH CBH3B. O6cy)K,D;aeTCH npouecc / 6, 7/ 

e + e + ➔ y + 7T - + 7T + /11/ 

KOTOphlii 6onee y.a;o6eH ,nnH peweHHH Bonpoca o cyiuecTB0BaHHH 

( -Me30Ha. IlpeHMyIUeCTBO HCII0Jlb30BaHHH rrpouecca /11/ ,ll;HK

TyeTCH KaK IIPOCTOTOH ,ll;HHaMHqecKoro H KHHeMaTuqecKoro aHanu-

3a, TaK H TeM o6CTOHTeJibCTBOM, qTo OH no -cyiuecTBY HBJIHeTCH 

e,D;HHCTBeHHbIM npoueccoM, B K0T0P0M M0)KH0 Ha6JIIO,D;aTb pacna.a; 
+ 

c ➔ 11 - 11 • Ilpouecc /11/ 0IIHCbIBaeTCH ,D;BYMH THIIaMH ,ll;HarpaMM: 

,ll;BYMH .a;uarpaMMaMH, C00TBeTCTBYIOIUHMH BHeWHeMy T0pM03H0MY 

H3JiyqeHHIO, H 0,ll;HOH .a;uarpaMMOH·, COOTBeTCTBYIOIUeii BHyTpeHHeMy 

po)K,ll;eHHIO. B 0TJIHque OT ,D;HarpaMM BHyTpeHHero po)K,ll;eHBH .a;ua

rpaMMbI BHeWHero T0PM03Horo H3JiyqeHBH nonyqaroT BKJia,11; T0JibK0 

OT H30BeKT0pHbIX gJOTOHOB. B KaqeCTBe TaKoeor_o Hau6onee y.a;o6eH 

rp -Me30H, TaK KaK B pacna.a;e rp ➔ € + y gJOTOH YH0CHT B 3aBH-

CHM0CTB OT MaCCbl ( -Me30Ha /700-1 000 .M3B/ 3HeprHIO OT 

200 ,11;0 300 M3B, T.e. HBJIHeTCH ,ll;0CTaToqHo )KeCTKHM, TaK qTo 

M0)KHQ B0CII0Jlb30BaTbCH peuenT0M, 0IIHCaHHbIM B §2, H JIHKBH,ll;H

poeaTb lpOH BHeWHero T0pM03Horo H3JiyqeHHH. IloKa3aHo, qTo 

B npocTeiiweii KBapKOBOH M0,D;eJIH, r .a;e ¢ H € - Me 30Hbl 0IIHCbIBa -. - + 
IOTCH 0CUHJIJIHT0pHbIM II0TeHUBaJI0M, ceqeHBe npouecca e + e ➔ 

➔ € + Y paBH0 10-2 - 10-3µB. 
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§ 7. CeqeHHJl npoueccoB po)K,IJ;eHHJl a,npoHOB Ha BCTpeqHbIX 

nyqKax /2/ BeJIHKH B o6JiaCTH MaJiblX 3il><l>eKTHBHblX Mace a,npoHHhlX 

CHCTeM. Il03TOMY BCJie,n 3a O,nHHoqHbIM po)K,IJ;eHHeM a,npOHOB HaH· 

6onee ,nocTy.JIHbIM B 6nmKaiiweM 6y,nymeM 6y,neT npouecc aHHHrH· 

JIHUHH JlBYX qJOTOHOB B IlHOHHYIO napy /Io( 3TOT npouecc, B qacT· 

HOCTH, y ,no6eH JlJIJl HCCJie,noBaHHJl HeKOTOpbIX C - qeTHbIX pe 30HaH • 

COB, HanpHMep f H f' ·Me30HOB. PaccMaTpHBaeTCJl pe30HaHc· 

Hhiii npouecc 

Y + Y ➔ [ ➔ 17 -+ 17 + /12/ 

CorJiaCHO rHnoTe 3e BeKTOpHoii JlOMHHaHTHOCTH, MaTpHqHbie 3Jie • 

MeHTbl pacna,noB / ➔ 2y H [ ➔ 2p° CBH3aHbl npoCTbIM COOTHO· 

weHHeM. IlpHHHMaeTCJl rHilOTe3a YHHBepcaJibHOCTH, corJiaCHO KO" 

Topoii KOHCTaHTbl pacna,noB f ➔ 2 p0 H f ➔ 217° COBna,naroT. 

BMecTe C H30TODHqecKOH HHBapHaHTHOCTblO 3TO npHBO,nHT K Bbl" 

BOJlY, qTo g f ➔ 2p 0 = g f ➔ 17 +17 -, T.e. HeH3BeCTHaH KOHCTaHTa 

g I ➔ iy BhlpaiKaeTCJl qepe3 IlOCTOJIHHYIO g f ➔ 17 + 17 -

KoHCTaHTa g + /->17 17 onpe,nenxeTcH no 3KcnepHMeHTaJibHO 

H3BeCTHOH WHPHHe /150 M3B/ pacna.na' f ➔ 17 + 17 - IloKa3aHo, 

qTo r (f ➔ 2y) =8 K3B, (1 (E = m,) =3.lO-
29

cM.
2 

B §8 o6cyiK,naeTCJl npn6JIHiKeHHe Beii3eKKepa- BHJibJIMCa B npH· 

MeHeHHH K JlBYXqJOTOHHbIM npouecca~ po)K,IJ;eHHJl a,npOHOB /3/. 

§9. 3,necb o6CyiK,naeTCJl B03MOiKHOCTb HCCJieJlOBaHHJl rny6oKo-

Heynpyroro 3JieKTpopmK,neHHJl Ha qJOTOHHOH MHWeHH ' 

e + y ➔ e + a,npoHbI • /13/ 

Ilpouecc /13/ HBJIHeTcx t ·KaHaJioM npouecca /5/ H BMecTe c HHM 

IlOJIHOCTblO OilHCbIBaeT a6cop6UHOHHYIO qacTb aMnJIHTYJlbI paccex

HHJI Bnepe,n peaJibH0ro qJOTOHa Ha BHPTYaJibHOM. IloJiyqeHa oueHKa 

Ha ceqeHne /13/ B CJiyqae C ·HeqeTHhlX a,npOHHbIX CHCTeM. B paM· 

Kax npH6JIHiKeHHJl 3KBHBaJieHTHblX qJOTOHOB Haii,neHa CBJ13b JlHcpcpe

peHUHaJibH0ro ceqeHHH npouecca /2/ B peiKHMe, Kor,na O.nHH B3 

pacceHHHblX 3JieKTP0HOB perBCTpBpyeTCJl Il0Jl 60JibWHM yrJI0M 

K HaqaJibH0MY nyqKy, C C00TBeTCTBYIOIUHM JlHcpcpepeHUHaJibHhlM ce-' 

qeHBeM npouecca /13/. B npe,nnonoiKeHHH cnpaee.nJIHB0CTB Mo.nene 

BeKTOPHOH Jl0MBHaHTH0CTH H npBHUHila aBT0MOJleJibH0CTH Il0Ka3aHo, 

11To npe E =3 r3eH I q 2
. I =I r:rn 

2 I q 2 • MaccaBBpTyaJibHoro - min 

lpOTOHa/u,01,(ee ➔ ee+aJlp.)=10-35 CM: 
10 

r 

', 

§IO. CcpopMyJIHpoBaHO TaK Ha3bIBaeMoe YCJI0BHe Il0JI0iKBTeJib• 

HOH nonyonpe,neJieHHOCTH / i 5/ B BbIC0K03HepreTHqecK0M yy • 
pacceHHHH Bnepe,n H Haii,neHbl orpaHHqeHHH, HaKJiaJlblBaeMble 3THM 

YCJIOBHeM Ha CTPYKTYPHbie cpyHKUHH. IloKa3aHO, qTo HMelOT MeCT0 

CJie,nyromne H T0JibK0 CJie,nyIOIUHe HepaBeHCTBa 

"' J (W "'a) J J IT' T J 
w TT ::'._ 2 TT + w TT ::'._ 2 , TT /14a/ 

T a Ta T 2 
€ w rw + w + w J > €rw + n: J , 

SS TT TT TT , TT TS 
/146/ 

Ta 
€W W >€(W 

TS ST TS 

T 2 

W TS ) ' /14B/ 

2 · 2 
Sign q Iw ST ~ 0 ' Sign q 2 w TS ~ 0 ' /14r/ 

2 -
r,ne q i - MaCCbl BHpTyaJibHbIX qlOTOHOB, w TT ' w TS H T.,n. -

CTpyKTYPHbie cpyHKUHH npouecca yy -::pacceHHHJl Bnepe,n, a 

2 2 
€ = Sign q 

1 
• Sign q 

2 
• 

3KcnepHMeHTbl C HeilOJIHPH30BaHHbIMH nyqKaMH "He pearHpy-

a 
IOT" Ha CTPYKTYPHbie cpyHKUHH w TT B 

Ta 
W TT B Il03T0MY ,nJUI 

onpe,neJieHBJl nopH,nKa 3TBX ¢YHKUBH Il0Jie3Hbl HepaBeHCTBa 

] T 

w > - I w I 
TT - 2 TT 

] 2 T 2 
(W ss W TT+ 2 W TS W ST ) ~ (W TS ) • 

OCHOBHble pe3yJibT8,Tbl, HCilOJip3OBaHHWe B JlHCCepTaJUIB, ony-
6JIHKOBaHbl B pa6oTax / 6 ,B,9, l4, 1'/. 
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