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A H H 0 T a U H g 

C liOMOLUbiO Ll!iciJciJY3HOHHOH KaMepb! B Mai'HHTHOM !lOne 9KCrrepHMeHTanbHO H3y

qeH pgn !L -Me3oaTOMHbiX rrpoueccos B sonopone. nonyqeHbi cnenyJOLUHe KonHqecT-

seHHbre naHHbre: ceqeHHe yrrpyroro paccegHHH p /L -Me308TOMOB H8 IIpOTOH8X 

+0 4 -19 2 
a = ( }, 7 

0
•
5

) •}Q CM ; BepogTHOCTH rrepeXB8T8 
pp - • 

/L -Me30H8 OT !IpOTOH8 nei!Tpo-

H8MH H CnO)I{Hb!Mit gLlp8MH ( C H 0 ) , rrepeCqHT8HHbie K IInOTHOCTH )I{HLlKOI'O BOLlO-

+0,34 10 -1 
,\d =(0,95_

0 21
) 10 ceK H 

• 
pona, 

+Q 8 10 -1 
,\z=(1,2_

0
•
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)•10 ceK ; sepoHTHOCTb o6-

pa30B8HHg Me3oMoneKyn pp !L 
• +0 8 6 -1 

s )I{HLlKOM sonopone ,\PP!L = (0,6_0: 5 ) •10 ceK • 

3KcrrepHMeHTanbHbre 3HaqeHHg ,\d , ,\PP/L H A z Y LlOBneTBOpHTenbHO cornacyJOT-

CH C TeopeTHqeCKHMH, qTO !IO.UTBep)I{Ll8eT rrpaBHnbHOCTb rrpenrronaraeM biX B T eOpHH 

MexaHH3MOB rrpoueccos. CeqeHHe a OKB3BnOCb 6nH3KHM K TeopeTHqecKOMy 3Haqe-
pp 

HHIO, paccqHT8HHOMy 6e3 yqeTa CBepXTOHKOH CTpyKTypbl Me308TOM8 P/L 1 0LlH8K01 

He HCKnJOqaeTcg B03M0)1{HOCTb 6b!CTpb!X rrepeXOLlOB B HH)I{Hee COCTQgHHe C TIOnHbiM 

crrHHOM Me3oaToMa F = 0 • 

BbmonHeHHoe B HBCTogweii pa6oTe onpeneneHHe a6conJOTHoil senHqHHbi ,\ d oT-

Kpb!B8eT BC.3:vi0/KHOCTb H8XOLlHTb a 6conJOTHble sepogTHOCTH uenoro pgna !L -Mone-

KyngpHhrx npoueccos, Hcrronb3yg ee KaK MacwTa6. 



I. B B e A e H H e 

3xcnepHMeHT8nbHOe H a yqeHHe CBOACTB pe8KUHH 38XB8T8 OTpHU8TenbHhlX 

30HOB npOTOH8MH 

p.+p-+n+v 
( I ) 

MO)!{eT A8Tb B8)!{Hble CBe.geHHSI AnSI TeOpHH cna6b!X B38HMO.geli.CTBHA. B TO )!{e BpeMSI 

.go nocne .gHero apeMeHH peaKUHSI (I) OTHOCHTCSI K qHcny npaKTHqecKH HeHccne.goaaH

HbiX npoueCCOB cpe.gH S!BneHHli. 1 CBSI38HHblX CO cna6b!M B38HMO.geli.CTBHeM 06biqHblX qac

THU. TpyAHOCTb peWeHHSI STOH aa.gaqH o6ycnoaneHa He TOnbKO Manoli. aepOS!THOCTbiD 

YK838HHOA pe8KUHH 1 HO H B oqeHb 6onbWOH Mepe ycnO)!{HeHHSIMH 1 KOTOpbie BHOCSIT B 

HHTepnpeTBllHID Henocpe.gcTaeHHO nonyqaeMbiX Ha onbiTe peaynbTaTOB paanHqHbie Meao-

, /I-3/ 
aTOM .tbie H MeaoMonexynSipHbie scpcpeKTbi 1 npe.gwecTBYIDll!He eli. • KaK 6bmo no-

/ I 4/ 
K838HO B TeopeTHqeCKHX pa60T8X 

1 
1 BepOS!THOCTb peaKUHH (I) 38BHCHT OT CnHHOBo-

ro COCTOSIHIHI CBepXTOHKOH CTpyKTypbl 1 B KOTOpOM H8XOAHTCSI pp. -Me308TOM BOL!Opo-

I9 3 
.a a ( F "' 0 HnH F == · l ) 

1 
If npH nnOTHOCTSIX ao.gopo.aa 6onbwHx I 0 g.gep/ eM 1 a ax-

B8T /l -Me30HOB L!On)!{eH HL1TH 1 B OCHOBHOM 1 H3 HH)!{Hero COCTOSIHHSI Me308TOM8 C 

F=O ( F - nonHhlli. cnHH MeaoaToMa). 

B epoSITHOCTb aaxaaTa 

aepoSITHOCTn o6paaoaaHHSI MeaoMoneKyn 

B BOL!OpO.ge Cyll!eCTBeHHO 38BHCHT T8K)!{e OT 

/5-7/ 
pp /l ( ,\ ) 1 T8K K8K CnHHOBOe COCTOSI-

ppp. 

HHe T8KHX Me30MOnexyn OK83biBaeTCSI 8HanorHqHblM CMeCH COCTOSIHHA f "' l H f"' 0 • 

Oco6yw BB)!{HOCTb npHo6peTaeT nosToMy sKcnepHMeHTanbHOe onpe.geneHHe aenHqHHbi 

,\ PPIL H nonyqeHHe cae.aeHHli. o aepoaTHOCTH nepexo.aoa 

a f,.o. 

pp. H3 COCTOSIHHSI f == l 

IL - MeaoMonexynapHbie npoueccbi onpe.genSIIDT TBK)!{e KaTanHa a.gepHbiX peax-

/8-IO/ 
p. -Me30H8Mh B CMeCH H30TOnOB BOAOpo.ga 1 H XOTSI OCHOBHbie SKCnepH-

M e HTanbHbJe cpaKTbi xaqecTaeHHO cornacywTca· c TeopHeli. 1 .ganbHeli.wHe onbtTbi no onpe-

.aeneHHID T8KHX aenHqHH 1 K8K BepOS!THOCTb nepexo.ga 

TpOHy 1 aepOS!THOCTb 06p830B8HHSI Me30MOneKyn pdp. 

/l -Me30H8 OT npOTOH8 K neli.

H BepOSITHOCTb SI.LlepHOH peaKUHH 

a sToli. MeaoMoneKyne T8K)!{e npe.acTaanHIDT HHTepec. BBHAY aKTyanbHOCTH nepeqHcneH

HbiX npo6neM Ha cpaaOTpOHe 0vi5H1 6bin nOCT8B.'1eH pS!A OnbJTOB no HCCne.aOB8HHID Me-

308TOMH biX npoueCCOB1 npOTeKBIDll!HX B BO.gopo.ge H .geli.TepHH. 8 S'rHX OnbiT8X HC110nb-

30Banac b AHcpcpy3HOHH8SI K8MP.pa BbiCOKOrO LlBBneHHSI B MarHHTHOM none. 
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B H aC TOHLUeil pa6oTe coo6wa!OTCH pe3yllbT8Tbi 1 noily'ieHHbie s nepsoA cepHH 

OTibi T OB , OTHOCHLUHXCH K H3y'ieHHIO pacceSIHHSI Me308TOMOB p jL H8 npOTOH8X 1 Onpe.oe-

lleHHIO sepOHTHOCTeH n e pexo.oa jL -Me30H8 OT npOTOH8 K .oeATpOHy1 06p830B8HHSI 

Me30M01leKyll PP/1 H nepexsaTa /1 -Me30H8 OT npOTOH8 CllO)I(HbiMH SI.Op8MH, 

2. Ce'ieHHe pacceSIHHSI p IL -Me308TOMOB so.oopo.oa Ha npoToHax 

H ne~ If -Me30H8 H8 CJ10)1(Hble S!.Opa 

CeqeHHe p acce SIHHH Me3oaTOMOB PIL H8 npOTOH8X TeopeTH'ieCKH 6bl110 Bbl'iHClle-

/2 6/ 
HO B pa60T8X ' , 0Ho MO)I(eT 6b1Tb Bblp8)1(eHO 'iepe3 .OllHHbl pacceSIHHSI a 

g H au 

CHCTeM L f PIL + P B CHMMeTpH'iHOM (a ) 
g 

H 8HTHCHMMeTpH'iHOM ( au) COCTOSIHHH 

OTHOCHTellbHO nepeCT8HOBKH npOCTp8HCTBeHHb!X KOOp.OHH8T npoTOHOB, npH 3HeprHSIX 

B C,U,H •. Me308TOM8 P/L , 3H8'iHTellbHO 60llblUHX 3HeprHH CBepXTOHKOA CTpyKTypbl 

Me3oaToMa so.oopo.oa 

HMeeT BH.O 

r.oe 
2 2 '•1 ( 

k = 1 
112 

c >> c ( c =- 0,2 eV ) 
0 0 

17pp 

PIL + P .. PIL + P 

411 ( ~ 1 

2 
ag 

+aTl<7 
g 

+ 3 
4 

, ce'leHHe pacceSIHHSI 

a 2 ) 
u 

(2) 

(3) 

/4/ 
0.QH8K0 1 K8K 6blll0 TIOK838HO B TeopeTH'ieCKOA pa6oTe 1 Me308TOM pj.L 38 

-9 
BpeMH 2•1 0 ceK, COCT8BllHIOlUee OK OliO 0,001 speMeHH )I(H3HH jL - Me30H8, 

B pe3yllbT8Te CTOllKHOBeHHH C npOTOH8MH H 6naro.oapS1 MeX8HH3My ~nepeCKOKa' 1 .0011-

)l(e>l nepeXO.OHTb H3 COCTOSIHHSI CBeXTOHKOA CTpyKTypb! f, 1 B COCTOSIHHe f,. 0 

Pe3ynbT8Tbi H3MepeHHSI .oenonSipH38UHH IL -Me30HOB B )I(H.OKOM so.oopo.oe 
/11/ 

nO- BH.OHMOMy, He npOTHBOpe'iaT T8KOMy nepexo.oy, 

AnSI Me3oaTOMOB PIL B COCTOSIHHH f .. Q 

::ITO ceqeHHe B blp8 )1(8eTCSI cpOpMylloA: 

a(O)= 411( 
pp 

a ,. + 3a 
__,____!!. 

4 

npH TennOBbiX 3HeprHSIX ( f < < f ) 
0 

2 
) . (4) 

.llllHHbl pacceSIHHSI a H 
/2 6/ 

a Bbl'iHC1lSI1lHCb B pa60T8X 
1 

, npH 3TOM .01ISI a B 06eHX 
g u u 
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1/ -11 
o; (a 9LlHH"U8X a - -2 55 10 CM) v n IL- 'Tl e2 • • I pa6oTax nony'IeHbi 6nH3KHe 3H8t{9HHSI au "' 

!.L /61 
B TO Bp9MSI K8K B B9llH'IHH9 a H86llJOLl89TCSI 60llbW09 p83llHt{H9 (corn8CHO ) aa ""- 1}; 

/2 / g 0 

COr'll8CHO l ag "' -17 ). 3TO p83llHt{H9 M0)1(9T 6biTb CBSI38HO C T9M 1 '{TO M930M0ll9 

Kyna pp !.L HM99T BHpTy8llbHbiH ypoB9Hb C 9HeprHeH 1 6nH3KOH K HynJ0 1 H B ycnOBHSIX 

p930H8HC8 B9llH'IHH8 a OK83b!B89TCSI B9CbM8 'IyBCTBHT9llbHOH K npHHHM89MbiM B 9THX 
g 

pa6oTax npH6llH)I(9HHSIM. CywecTBeHHO, qTo B Bhipa)l(eHHH (4) CKll8LlbiB8IOTCSI LlllHHbi 

pacceSIHHSI 1 HMeJOLUHe p83Hb!H 3H8Ko B pe3ynbT8T9 B9llH'IHH8 a(O) MO)I(eT OK838TbCSI 

PP x) 
3H8t{HTenbHO M9Hbwe, 'I eM cooTseTCTByJOwee 3H8t{eHHe a npH k = 0 • B 9TH X 

pp 

YCllOBHSIX Cp8BHeHH9 9KCnepHM9.HT8llbHO H3MepeHHOrO 3H8'I9HHSI C9t{9HHSI C p8Ct{9THblM 

Ll89T nyTb LlllSI OU9HKH npaBHllbHOCTH COOTB9TCTBYJOLUHX T90p e TH'I9CKHX npH6llH)I(9HHH 

11, TBKHM o6pa3oM, LlllSI nony'IeHHSI cseLXeHHH o pacnpeLXeneHHH Pl.! -Me308TOMOB no 

CnHHOBbiM COCTOSIHHSIM HenoCp9LlCTB9HHO nepeLl p8Cl1 8Ll0M M930H8 HllH 38XB8TOM ero 

HYKllOHOM. 

MeTOLl. .LlnSI 9KcnepHM9HTanbHoro onpeLXeneHHSI T8Koro ce'IeHHH MO)I(eT 6 bi Tb 

Hcnonb30B8H cneLlyJOLUHll MeToLl. B CHny csoel! aneKTpoHeii:TpanbHOCTH Me3oaTOM Pl.! 

LlBH)I(YLUHHCSI B BOLlOPOLl9 npHMepHO C Tennosol! CKOpOCTbiO, 6yLleT npOXOLlHTb 38MeT

Hbl9 paCCTOSIHHSI ( LlH<1JcpyHLlHpOB8Tb) OT TO'IKH CBOero 06p830B8HHSI LlO paCn8LlB !.L -

.\ 1930H8. noaTOMY npouecc 1.1. - e -pacn8Ll8 H8 <1JoTOrpa<1JHS!X B LlH<1J<1Jy3HOHHOH K8Mepe 

Ll0ll)I(9H Bblr'llS!Ll9Tb T8K 1 'ITO H8'I8ll8 TpeKOB 9ll9KTpOHOB pacn8Ll8 H9CKOllbKO CM9LU9Hbl 

no OTHOW9HHIO K KOHU8M TpeKOB OCT8H8BllHB8IOI.l.lHXCSI 

K810ll.lHX T8KHM o6pa30M npOCB9TOB M9)1{LlY Tp9K8MH 

CHT OT pS!Ll8 cp8 KTOpOB 1 H B TOM 'IHClle OT C9'I 9HHSI p8CC9SIHHS!o KaK 6y Ll9T BHLlHO H3 

Ll8llbH9HW9r'0 1 HM9HHO HCCll9LlOB8HHSI pacnpeLl9ll9HHSI 38cpHKCHpOB8HHbiX H8 cpOTOCHHM-

K8X npOCB9TOB no LlllHH8M H n03BOllSIJOT onpeLlellHTb 9TO C9'I9HH9o 

.LJ.Hcpcpy3HOHH8SI K8Mepa C ee 1:1 Ll~CSITKH p 83 6onee HH 3 KOH nnOTHOCTblO BOLlOPOLl81 

'19M nllOTHOCTb ero B ny3blpbKOBOl! K8Mepe 1 C03Ll89T O'I9Hb Bblr'OLlHbl9 ycnOBHSI LlllSI OT

'I9TllHBOr'O Ha6niOLleHHSI H H3MepeHHSI T8KHX npocseToB. OcHOBHOH TPYLlHOCTbJO B noLXo6-

Hb!X OnbiT8X S!BllSI9TCSI T0 1 '{TO 6narOLl8pS1 npHCYTCTBHJO B K8Mepe SILl9p yrnepOLl8 H KHCllOpo-

X) /12/ 
.LJ.m1 npHHSITb!X B pa60T9 3H8'I9HHH napaMeTpOB 

(O) 6 N H N I I ceqeHHe a pp ll8r'OLl8pS1 c,Iy'Ia HOMY C0Bll 8Ll9HHJO ag 

HO M8llb1Mo 0LlH8KO B CBSI3H C OTM9'I9HHOH H90f f.l 9Ll9ll9P.liOC TbJO 

06CTOSIT9llbCTBy H9llb3SI npHLl8B8Tb cepbe3H0r'O 3118t{GHHSI 0 

a c -1 7 3 H a = 5 25 g • u I I 
::.. 3a nonyqanocb aHoMan b ·

u 
B BellHt{HHe a 9TOMy 

g 
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,a a, BXO.OSIUlHX B COCTSB MeTHllOBOrO C11HpTa, HS 11pouecc p&CCeSIHHSI ( 2) H8Kl18,llb!B&eTCSI 

,apyroli 11pouecc - nepexB&T jJ. -Me30HOB OT 11pOTOHOB K 9THM S1.llp8M 0 KOTOpb!l oy,aeT 

11pHBO.OHTb K HeKOTOpOMy yMeHbll19HHIO B9llH'IHHbl npOCB9TOB0 nepB8SI '18CTb BblllOllHeH

HbiX HaMH Ol1biTOB obma 110CBSIWeHa o11pe.aeneHHIO ce'leHHSI pacceSIHHH ( 2) no IL- e 

p8CI18.08M C 11pOCB9T8MH H O,llHOBpeMeHHO C 9THM H8X0)K,ll9HHIO BepOSITHOCTH IIepeXB8T8 

IL -Me30HOB Ha CllO)f{Hbie g,apa. 

nocT8HOBK8 Ollb!TOBo 
/13/ 

JlHtP<kt3HOHH8SI K8Mepa C ,llH8M9TpOM paooqel 00l18CTH 

380 MM 0 110M9Ul9HH8SI B MarHHTHOe 110119 7200 apCT9.0 1 OOllY'I8l18Cb IIY'IKOM 1T H jJ. -

Me30HOB c HM11ynbCOM 260 M-as/c. TopMo*eHae IL -Me3oHos H nornomeHHe TT 

M930HOB 11pOH3BO,llHl10Cb M9,llHblM lPHllbTpOM TOlllllHHOI 11,5 CM H CT9HKOI K8M9pbl 

(8 MM CT8llH).npHM9Cb 1T -Me30HOB 1 OCT8H8BllHB810UlHXCSI B K8Mepe, onpe,ael1Sil18Cb 110 

OTHOCHT9llbHOMY 'IHClly O.llJ;IOllY'I9Bb!X 3893.0 0 Bbi3B8HHb!X 1T -Me30H8MH 11pH H8110l1He-

HHH K8M9pbl rel1H9M 0 HllH p83,ll9l19HH9M OCT8HOBOK 1T H IL -Me30HOB a so.aopo.ae 

11yTeM H3MepeHHSI cpe.aHero pa.aayca KpHBH3Hhi Ha onpe.aeneHHoA .anaHe TpeKa. 3Ta 

11pHMeCb B pa3llH'IHb!X Ollb!T8X COCT8Bl1Sil18 1-5%. KaMepa H8110llHHl18Cb BO.OOpO,llOM 0 

KOTOpbiA Ob!n O'IHI.U9H OT 11pHMecel N
1 

, 0
1 

, H
1

0 H ,ap. nyTeM 11ponyCK8HHSI 

qepe3 llOBYlllKH C CHllHKareneM H 8KTHBHpOB8HHb!M yrneM 1 0Xl18)K,ll9HHb!M .00 TeM11epa-

Typb! )KH,llKOrO 830T8o 3KCI103HUHH llpOH3BO.llHl18Cb npH .llBYX 3H8'19HHHX .ll8Bl19HHH BO-

,aopo,aa. AH8l1H3 O,llHOrO H3 00p83UOB HCI10llb3088HHOrO H8MH TeXHH'I9CitOro BO,llOpo,aa 

110K838l1 0 'ITO 8TOMH8SI KOHU9HTp8UHSI 11pHM9CH ,aeiTepHSI B H9M COCT8Bl1H9T 0,007%. 

nepBbie ,llB8 011b!T8 Bblll0l1H9Hbl npH .ll8BlleHHH 22,7 8TM
1 

HO 11pH p83Hb!X ltOHUeH

Tp8UHSIX SI.Oep C H 0 1 OUeHH138BlllHXCSI no TeMnepaType HCTO'IHHK8 11apa HllH 110 

T9M11epaType H KpHTH'IeCKOMy 11epeCb!l.U9HHIO sepxHel '18CTH 'IYBCTBHT9llbHOI OOll&CTKo 

TeM11epaTypa HCTO'IHHK8 11apa B nepBOM 011b!T9 Obin8 +2°C, BO BTOpOM 011b!T9 -15°C • .Ll8a 

nocne.aHHX onhiTa c.aenaHbi npa .aasneHHH so.aopo.aa 5,0 aTM, c yMeHbllleHHOA 11osepx-

o 
HOCTbiO acnapeHHH HCTO'IHHKa 11apa, TeMnepaTypa KOToporo 6hma 0 C. KpoMe Toro, 

B 110Cl19,llHeM 011b!Te KOHUeHTp8UHSI CllO)i{HbiX SI.Oep Obin8 yBellH'I9H8 38 C'I9T .ll008Bl19-

HHSI 22 MM Hg so3.ayxa. 

Pe3;YllbTaThi Ol1biTOB_, Oc::osHbie pe3ynbTaTbi Ol1biTOB H ycnoBHH ax BhmonHeHHH 

11pase.aeH1:>I a Ta6naue. 

Bo acex Ol1biTax Haonro.aanMCb HapH.ay c o6bi'IHhiMH IL e - pacna.aaMH cny'laH 

C '19TKHMH CM91.U9HHHMH H8'18l18 Tpelta 9l19KTpOH8 paCI18~8 OT KOHU8 TpeKa OCT8HOBKB-
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werocSI IL - Me3oHa pa3MepoM OT nonywHpHHhi TpeKa ( - 0,25 MM) .oo 3,5 MM. Ha 

pHC. 1a npe.OCT8BIIeH npHMep T 8 KOI'O CIIy'l8SI 1 IIOIIY'l9HH h 111 B OIIbiTe 1. JliiHHa npocBeT8 

pasHa 2 MM. KaK BeiiH'lHHb l IIpOCB e TOB 1 TaK If 'l8CTOT8 HX IIOSIBIIeHHSI 1 IIpt!Be .QeHHBSI B 

KOIIOHKe 7 1 38BHCSIT OT KOHUeHTp8Ul-IH CI!O)!{Hb! X SI.Qep H OC06eHHO CHI!bHO OT .[18BIIeHHS!o 

B ycnoBHSIX so.oopo.o8 c Manoii npl!MeCbiO .oeiiTepHSI ( TexHH'leCKH i1 so.oopo.o) STH npo

cseThi o6ycnosneHhi .OH¢¢y3Heii Me3 0BTOM8 PIL 38 BpeMSI .oo p acn8.08 HIIH nepexsaTa· 

IL -Me30H a CI!O)!{Hb!M S!.OpOM. nepexo.o IL -Me30HOB H 8 CI!O)!{HbJe S!.Opa npOHCXO.Oll T 

OTHOCHTeiibHO 6hiCTpO , 0 'leM CBH.QeTe iibCTBYIOT CIIe.OyiOWHe H86IIIO.[l8BWHeCSI H8MH 

s<tJ<lJe KThl: 

1) noSIBIIeHHe OCTaHOBOK /L -Me30HOB, He COIIpOBO)!{.Qa!OWHXCSI SIIeKTpOHHhlM 

p8CII8.00M, H IIOSIBIIeHHe 3Be3.0 C O.OHOii HIIH 6onee TSI)!{9I!b!MH 38pS!)!{eHHb!Mlf 'l8CTHU8-

MH ( KOIIOHKB 8), o6yCIIOBII9HHbiX SI.OepHbiM 3aXBaTOM /L -Me30HOB CI!O)!{Hb!M S!.OpOM. 

2) YlcnycKaHHe sneKTpOHOB O)!{e. 4acTo H8'l8IIO Tpe Ka sneKTpOH8 pacna.o8 ( B cny

'laSIX C 1IpOCBeT8MH) COIIpOBO)!{.QaeTCSI 'leTKOii NTO'lKOiiN 1 T.e. CKOIIIIeHHeM I'pyiiiibl Ka-

IIei!b p a3MepOM 0 03-0 06 MM (pH C o 16) • 48CTOT a IIOSIBIIeHHSI STHX,. TO'leK .. 38BHCHT OT 

KOHUeHTpBUHH CI!O)!{Hb!X SI.Oep ( KOIIOHK8 8) H 06bSICHS!eTCSI 0 IIO-DH.OHMOMy, KOpOTKOIIpo-

6e)!{HhiMH sneKTpOH8MH O)!{e , B03HHKBIOWHMH npH K8CK8.0HOM nepexo.oe 

B036y>I<.QeHHbiX ypOBHeit Me30aTOM OB C Hmf 

30Ha c Me3 oaToMa PIL 

0 , nocne nepexsaTa Ha HHX 

Jlm1 BbiSICHeHHil IIOCIIe.QHero 06CTOS!TeiibCTBa ( MaiiOC TH SHepi':.:t:H SIIeKTpOHOB O)!{e) 

6h!II IIOCTaBIIeH OIIbiT 6e3 Mai'HHTHOI'O IIOIISI B TeX )!{e yCIIOBHSIX 1 'ITO ll OTihiT 3. EbiiiO 

H.09HTH<lJHUHpOB8HO 43 IL -e -p8CII8.[18 1 B 10 H3 KOTOpb!X H8'!:8IIO Sl!eKTpOH8 OT 

pacna.oa IL -Me30H8 conpoBo)!{.oanocb BH.OHMoii .. TO'lKOii .. . TonbKO B 3-4 cny'l8SIX 

H3 BCeX 43 !L-e - p a cn a .QOB Heiib3SI 6biiiO HCKIIIO'lHTb npHCYTCTBHe BTOpOI'O 3II9KTpOH8, 

npo6er HIIH MHOI'OKp8 THO e p8cCeS!Hll9 KOTOpOI'O YK83b!B8IIO 6bi H8 TO, 'ITO ero 8HeprHq 

cywecTBeHHO 6onbwe 10 Kss (npo6er B KaMepe 6onee 2 MM). 3ToT ¢aKT 03H8'laeT, 

'ITO llOCIIe nepexo.oa 1L -Me3 0H a K S!.Op8M C HIIH 0 60IIbWHHCTBO HCIIyCKaeMbiX 

npv. STOM sneKTpoHOB O )i{e HMeiO T sHeprHJO MeHbwe 10 Kss. 

Ha6niO.oeHHSI STHX sciJ¢eKTOB r.oaBOIISIIOT on pe.oenHTb sepostTHOCTb n e pexB8'Ill 

IL - Me30HOB HB CI!O)!{Hb19 Sl.Op8. dT8 38.[la'la OKa3biB8eTC Sl .OOCTaTO'lHO -rpy .OHOH BCI!f~.Q

C TBH e Manocn; a¢<1:JeKT8 H CI!O)!{HOCTH K.09HTHlyH: KaUllH C IIy'laeB nepeXB8Ta. nosTOMy 

6hiiiO KCII OI!b30BaHO HeCKOI!bKO CIIOC060B onpeneneH KSl 3'!'0it BepOSITHOCTll 0 
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B nepBOM onhlTe BepoHTHOCTb nepexBaTa onpeaenHnacb no rpopMyne: 

A' cq 
z 

A 0 nocT,a 

nile- nocT,a 
(5) 

rae A~ - BepOHTHOCTb nepeXB8T8 ll - Me30H8 OT npOTOH8 K CJIO)!{Hb!M HapaM B raso-

o6pa3HOM BOaopoae; 

OnhlTOB 1 H 2 H q 

C - KOHUeHTp8UHH CJIO)!{Hb!X Haep ( KOJIOHK8 3) i q = 1 ami 
6 -1 

= (5,02/22,7) =0,22 anH onbiTOB 3 H 4 ; A 0 =0,452 • 10 ceK -

BepOHTHOCTb pa~naaa ll -Me30H8 0 nocT;" 'iHCJIO OCT8HOBOK 
u ll - MesoHOB 6es sneKT-

poHos; n 
lle 

- 'iHCJIO ll-e 

HOCTH 11aepnoro saxaaTa 

- /14/ 
pHMeHT81IbHO B pabOTe 

a= c 0 ;Ac HA0 -sepoHT-
A saxB;+- A 0 saxa. sax a. saxB . 

ll -MesoHoB yrnepoaoM 11 KHcnopoaoM, HalaeHHhle sKcne-

- pacnaaoa; 

3TOT cnoco6 onpeaeneHHH npeanonaraeT, 'iTO aepoHTHOCTH 

nepexaaTa /l -Me30H8 H8 Hapa C H 0 oaHH8KOBbl, 

B ocTaJibHb!X -rpex onbrTax aenH'iHHa A' cq On!Jeaengnacb cneayiOLUHMH MeToaa
z 

MH: 

1) no qacToTe noRBneHHil O )Ke - sneKTpOHOB B Haqane TpeKa sneKTpoHa p acnaaa 

B npeanOJIO)!{eHHH, 'iTO BHaHM8H "TO'!Ka" nORBJIHeTCH npH K8)!{aOM nepexBaTe /l -Me·-

30H8 Ha CJIO)!{HOe 11ap0, ,llnR Bb!SICHeHHH CnpaBeL(JIHBOCTH STOrO npeanoJIO)!{eHHH 6biJI 

nOCT8BJieH onbiT
1 

B KOTOpOM B BOaopoa npH aaBneHHH 21 8TM ao6aBJIHJIOCb 3% Raep 

C H 0 ( C0
2

). C uenbiO ysenH'ieHHH BeJIH'iHHhl npOcBeTOB B K8Mepy ao6aBJIHJIOCb 

T8K)!{e 5% aell:TepHH (cM,pasaen 4), 8 STOM Ollb!Te OKOJIO 95% /l -Me30HOB 1 H8XOaH-

LUHXCH na op6HTe dll -MesoaToMa, sa BpeMH ao pacnaaa 6y ayT nepexaaTbiB8TbCH 

11apaMH yrnepoaa H KHcnopoaa. Yls Hai!:aeHHbiX 40 cnyqaee c anHH8MH npocBeToa, 

60JibLUHMH 1 MM, no Kpall:Hell: Mepe, 5 37 Ha'iano TpeKa ane KTpona pacnaaa conpoBo)!{

aanocb BHaHMOll: .,TO'iKOll:" • 3TOT rpaKT YK83b!B8eT H8 T0 0 'iTO He MeHee, '!eM B 90% 

scex cnyqaea nepexoa Ha cno)!{HOE Hapo conpoBO)!{aaeTCil HcnycKaHHeM aneKTpoHa O )!{ e , 

2) no BeJIH'iHHe A' cq 
z 

1IY'i8MH B OnbiT8X 2,3,40 

3) no BeJIH'iHHe A~ cq 

B Ollb!T8X 2 ,3,4, 

OnbiT8 1 H COOTHOLUeHHIO '·UICJI8 3Be3a C BHaHMblMH 

Ollb!T8 1 H COOTRO!.LleHHIO KOHUeHTp8UHH CliO)!{HbiX 11aep 

0Kasanocb, 'iTO sHa'ieHHH aepoHTHOCTell: nepexsaTa na cno:iKHbre 11apa, nony'ieH

Hbre pasnH'iHbiMH cnoco6aMH, y aoeneTBOpHTenbHO cornacyiOTCSI Me )Kay co6oi!:, 3To 

s onpeaeneHHOll: Mepe noaTaep)!{aaeT npaBHJibHOCTb caenaHHbiX npaanono)!(<JHHI H oue-
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HOK OTHOCH T BJibHb!X KOHU€HTp8UHt\ CJIO>KHb•X S!.aep. B KOJIOH K e 9 Ta6JIHUbl npase.aeHbl 

Hi1ll.lJGHHbie 3H8'1 8HH5! BepOHTHOCTei\ nepeXB8T8, DpH'18 Y! .lJJIS! Ol!b!TOB 2,3 H 4 .lJi ,Hbl 3Ha -

'!eHHH, ycpe.aHeHHbie no eceM MeTo.aaM ax o npe.aene HHH. YKa3aHHbie norpeluHOCTI1 

y'IHTb!B810T K8K CT8THC TH'18CKH 8 OWH6KH 1 T8K ll Heorrpe.aeneHHOCTif B H.lJ8H1'rlcfJHK8IU1H 

C06biTHH If B onpe.aeneH!flf KOHUeHTp8Uifl1 CJIO)KH blX. Sl.!lep. 

~3MepeH!1H nJIHH rrpOCBeTOB Dp0H3BO.!li1 JIH =b Herrocpe~CTBeHHO HB ¢oTOl1JieHKG 

11p11 DOMOWH MHKpOCKOll8 Y~M-22 C 50-KpBTHb!M yeem!'!8HHeM (MaCWTa 6 C'!.>eMKH llpll 

¢oTorpa¢HpOB8HHkl 1 : 1 5) • ~3M8pSlJiliCb .lJJllfHbl npoeKUifll I' Ha ropH 30H T8JibHY JO 

llJIOCKOCTb paCCTOS!Hk!i! OT H8'18JI8 TpeKa 9JieKTpOH8 pacna.aa .lJO KOHU8 TpeKa Me30H8 

C yqeTOM ITOJIJW11pHHbl TpeKa p. -Me30H8, np11 9TOM HCKJIJO'l8Jli1Cb CJIJ'1811 , B KOTOph!X 

.lJJIHH8 npoeKUiflf TpeKa 9JI8KTpOH8 MeHbW8 5 MM, H e 'l8TKO BH.!l8H CBM 9JI8KTpOH HJIH 

TO'!KB OCT8HOBKH p. - Me30Ha rrepeKpbiTB CKOITJI8HH8M KBl18Jib, CeTt:oJl, ¢oHOBb!MH Tpe -

K8MH H .ap . TaKme 6b!JIIf OT6poweHbl CJIJ'l8H , B KOTOpb!X npoceeT 6hin 

Bb!3B8H MeCTHOH He'lyBCTBHTeJibHOJl 06JiaCTb!O B6JIH311 OCTBHOBKH p. - Me30Ha (e 9 THX 

p. - Me30H8 JTOIIblilBeTCH K KOHUY npo6era H 9JieKTpOH "CMOT-

paT" B TO'!Ky OCT8HOBKH) . 

nocTpoeHnwe T8KHM o6pa30M pacnpe.aeneHHSI npoeKUHA nepec'laTweanncb B pacnpe-

.lJCJieHHSl 110 lfCTHHHbiM .lJJIHH8M HpOCB8TOB, H B HHX BBO.!llfJIHCb l10Hp8BKH, J'lHTb!B8JOW>fe 

.lJOJIJO CJIJ'I 8eB C npOCBeT8Mif, H e H86JIJO.lJ8eMyiO 113- 3a KOHe'!HOJl li1Hp11Hbl TpeKOB . Jlnll 

OIThlTOB 2 If 3 9TH pacnpe.aeJieHHSl ITOKB38Hhl H8 pHC, 2. ~3 9THX pacrrpe.aeneHHA He-

KJIJO'IeHO H8CKOJibKO ¢oHOBhlX CJIJ'!BeB, '!HCJIO KOTOphlX OU8HifB B JIOCb B cneUH&JibHhlX 11 3 -

MepeHHSlXo 4B:CJieHH hle 3H8'leHHH cpe.lJHHX KBB.!lpBTOB .lJJIHH npOCBeTOB Dp!1B8.!leHhl B 

KOJIOHKe 11. Olila6KH e STHX 3Ha '! e'HHHX y'lHTbiBBJOT Heonpe.aeneHHOCTb OT BKJIJO'l e HHH 

B pacnpe~eneHHH He6onbliloro '!Hens coMHHTeJibHhlx cnyqaee. 

Haii.aeHHbie na onbiTe eeJIH'IHHbi >.' cq , If z 1103BOJIS!!OT Onpe.aeJIHTb C8'18Hife U pp , 

Jlei1CTBI!TeJibH0 1 eCJIIf pp. - M€308T OMb! liMeJOT TeiTJIOBbl€ 3Heprlili , TO cpe.aHliii KBa.a-

paT .lJJI!iHbl IIpOCB8TOB CBSl38H C ltoScp4JauaeHTOM .aa¢¢J3Hli l) 

BO.lJOpo~e CO OTHOWeHH€M 

l 
r.ae = A0 + ,\' cq. 

z 

6 Dr 

pp. -M e30B T OMOB B 

(6) 
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8 CBOIO O'lepe.ab 

!) 
177 v 

32 "i '1 d (7) 

r.ae v - Cp9.UHS1S1 CKOpOCTh OTHOCHT9JlbHOrO .UBIOK9HIH! pp. If - 'ilfCJIO 
3 

npOTOHOB B CM , a Q d 9CTb ycpe.aHeHHOe flO MaKCB9JIJIOBCKOMy pacnpe,ueneHHIO 

3Ha'lenHe ce'leHHS1 nepenoca: 

Qd 

00 j 2 
J v exp (- -~)Qdv 
O 2K 1 (8) 

( 2;T ) 

Bxo.a11Wa11 e (8) eenH'lHHa Q pasHa Q = 277J (l-cos8)a (8) sinO d8 

a (8) d 0 - J].HcpcpepeHtiHaJibHOe C9'l9HHe puCC9S1HHS1 pp. -Me30aTOMOB B BO.aopo.ae; 

rn = ~~1:z- npHee.aeHHaS1 Mace a 
\1. + M:z 

p p. H MOJl9KYJibl ll 
2 

; T - cpe.aHI111 Tervmepa-

Typa ~a3a. 

TaK KBK e peanbHOM eo.aopo.ae pacceS1HHe PP. -Me308TOMOB npOHCXO.UHT He H8 

cso 6o.aHbiX npoToHax, a Ha MoneKynax H 2 , TO e .aeiiCTBHTeJibHOCTH 3.aecb e Kaqe-

c. Tl3e eenH'lHHbi a (8) Heo6xo.aHMO Hcnonb3oeaTb .ancpcpepe nuHaJibHoe ceqe~IHe pacce11-

HHS1 M93 08TOMOB pp. Ha MOJieKynax ~I 
2 

• YKa38HHYJO eenH'lHHy HeTpy.aHo Bbi'lHCJIHTb.. 

ecnH H3 B9CTHO ce'leHHe pacce~HHS1 pp. H a ceo6oDHbiX nporoHax. Pac'leT MO>KeT 6biTb 

npOII3D9tleH M9TOtlOM TIC9BJl0fiOT9HUH8Jl8 0 J.!CllOJib3yeMOrO npa p8C'l9Te p8CC9S1HJ.IS1 

M9tlJieHHWX H9HTpOHOB H8 MOJieKynax. 

Bbi'llicneHaS1 eenaqaH Qd v.n11 pacce11HHS1 pp. -M e3oaToMoe, Haxoa11WiiXCS1 

e cocroi1Hiili F=O , na MoneKynax opro- a napaeoaopoaa an11 v =2,7 ·to5 
CM/CeK 

a TeMuepaTypbi T=242°K (ycnoeaS1 Hawero onbiTa) npaeoa11r K p e3yJibTaTy: 

( Qd )napa= 0,6 lf>p (Qd )opro= 2 a PP 

a an11 craTHCTIJ:'lecKoll: CMecn opTo- a napaeoaopoaa ( 3/4 

'2 d .::: 1,6 a 
pp 

114): 

( 9) 

( 10) 

v1Cl10Jlb3YH COOTHOW9HJ.IS1 ( 6), ( 7) J.l ( 10 ), H8XOL!J.IM Bblp&>t<eHHe L!Jlll 011p9tl9119HHH 

ce'leHIJ:H: 
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l,l v 
app ? ~ (>.o +A; cq ( 11 ) 

Bbi'lHCJleHHbie no 3TOlt 4JopMyne Ce'leHHSI a Ha OCHOBe yKa3aHHbiX B KOJlOHKe 9 
- pp 

\ ' 2 
H 11 3Ha'leHHlt "z cq H r npHB9LJ.9Hbl B nOC;I9LJ.119M CTOn6ne Ta6.'1HUbl, 

3, 06Cy)KLJ.9HHe pe3yJlbTaTOB OnbiTOB no Onpe.ueneHJUO C9'l9HH51 

app. H nepexaaTy Jl -Me30Ha CJlO)!(HbiMII. 51D.E_8MH 

-2 
1. CpaaHeHHe ce'leHHlt a , Bbi'lHCneHHbiX no Halt.ueHHbiM 3Ha'leHH51M r 

pp 
H A' cq 1 nOK83biB89T1 'iTO a4J4JeKT paCC951HH51 Me308TOMOB p Jl H8 CJlO)!(HbiX 51D.p9.X 

z 
Man, T8K KaK OH He np051BJl519TC51 npH H3M9H9HHH KOHU9H':'paUHH CJlO)!(HbiX 51D.9p HJlH 

D.8SJleHH i1 BOD.OpOLJ.a, Hap51D.Y C 3THM MO)KHO OTM9THTb1 'iTO r 2 H3M9H519TC51 6onee 

pe3KO npH H3M9H9HHH nnOTHOCTH BO,QOpOD.a, '19M 3TO cne.uyeT H3 D.H4J4Jy3HOHHOlt 

4JopMyJlbl ( 11) ( HanpHMep, B OnbiTe 3 Mbl Ll.OJl)!(Hbl 0)KHLJ.aTb Ha OCHOB8HHH ( 11) yae-

JlH'l9HH51 ;2 B 5 pa3 no cpaBHeHHIO C OnbiTOM 1, a He B 13 pa3 1 K8K 3TO nonyqeHO 

3KCnepHMeH T anbHO ). Bcne.ucTaHe aToro anSI BhiCOKHX H HH3KHX nnoTHOCTelt ao.uopo.ua 

nonyqaeTCSI p a3HHU8 B Bbl'lHCJl9HHbiX C9'l9HH51X, no-BHD.HMOMY 1 3TO pa3JlH'lH9 !i9Jlb351 

06bHCHHTb nonHOCTbiO B03M0)!(Hb!MH H9Y'lT9HHbiMH 3KCnepHM9HTaJlbHbiMH norpeillHOCTSIMH, 

EcnH 3TO pa3JlH'lH9 .uelkTBHT9JlbHO Cyill9CT '-' Y9T1 TO OHO M0)!(9T 6b!Tb o6yCJlOBJl9H0 1 Ha-

npHMep, CJl9Ll.YIOillHMH I1pH'lHH8MH: 

a) Pll - M9308TOM HM99T Ha'laJlbHYIO 3HeprHIO nop51D.K8 Vx) 
1 e , cyilleCTBeH-

HO npeBblill8IOillYIO T9llJlOByiO (0,02 e V ), H Ce'l9HHe paCC9HH51 paCTeT C yMeHbill9HH9M 

CKOpOCTH, 8 3TOM cnyqae I1pHM9HeHHe Ll.If4J4Jy3HOHHOrO npH6JlH)KeHHH Ll.Jl51 pacceHHH51 

Pll -M e3oaTOMOB npH HH3KHX nnoTHOCTSIX H 2 ( 5 aTM) MO)KeT oKa3aTbCH He coaceM 

onpaa.uaHHbiM 1 TaK KaK apeMH .uo pacna.ua HnH nepexaaTa 6y .ueT cpaBHHMO c ape Me-

HeM 3aMe.uneHH51 D.O TellJlOBOA CKOpOCTH ( D.JlH 3HeprHH Pll leV 'lHCJlO CTOJlKHOBeHHlt 

-19 2 
p JL + p Ll.O 3aMe.uneHHH COCTaBnHeT OKOJlO 6, B TO BpeMH K8K Ll.Jl51 a "" 1•10 CM 

pp 
5 

H V Tenn.=2•10 CM/CeK 'lHCJlO CTOJlKHOBeHHlt D.O pacna.ua HJlH nepexaaTa paBHO 5), 

6) · p ll -Me3oaTOMbi MoryT HaxoD.HTbCH B .uayx COCTOHHHSIX F ,Q HJlH F"' 1 , 

x) 
EcnH nepexo.u ll -Me3oHa c BbiCOKHX op6HT Ha K-op6HTy Me3oaToMa npoHc-

XOD.HT B $.e3ynbTaTe CTOJlKHOBeHHlt c MoneKynaMH H 2 , KaK 3TO 6bino OTMe'leHo BaltT

MaHOM I 1 I, T O qac Tb aHeprHH CB513H MoneKynhi H 2 (oKono 1 e V ) 6y.ueT nepe.uaaaTb-· 

C51 p JL -Me308TOMy, 
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Ce'leHHSI ynpyroro pacceSIHHSI B KOTOphlX OTnH'l8~TCSI npyr OT npyra B 5-10 pa3 . 8 

3TOM cnyqae COOTBeTCTBy~WHM Bbi60pOM CT8THCTH'leCKHX BeC OB 3THX COCTOSIHHJ:i 

MO)I{HO y UOBneTBOpHTb nony'leHHbiM H8 On biTe 3H8'leHHSIM ;-2 • 3TH KB'leC TB e HHbJe 06bSic-

HeHHSI B03MO)I{ HOJ:i p83HHUhl B BenH'lHH8X Ce'leHHJ:i npH llBYX naaneHHSIX MOT'yT 6hlTb 

npoaepeHbl nHWb npH nanbHeJ:iweM nOBbiWeHHH TO'lHOCTH nonyqaeMbiX H8 OnbiTe aenH-

'lHH H aHanH38 pacnpeneneHHSI p~ - Me308TOMOB no nnHHaM npo6ero s . 

.[lnSI Cp8BHel!HSI 3KCnepHMeHT8nbHOT'O a6con~THOT'O 3H8'leHHSI Ce'leHHSI a C 

-19 2 ~ 
TeopeTH'IeCKHM Mbl HCITOnb3yeM BenH'IHHY 1,7•10 CM 1 nony'leHHY~ B OnbiTe C Bb!CO-

KHM nasneHHeM BOUOpona H HH3KOJ:i KOHUeHTp8UHeJ:i CnO)I{H bi X Sinep ( Ollb!T 2), T 8 K K8K 

npHMeHeHHe UHcpcpy3HOHHOJ:i cpopMyn bi B 3TOM cnyqae 6onee onpaBU8HO ( 'IHC llO CTOnKHO

BeHHJ:i p~ + p OKOllO 40), 8 3cpcpeKTbl OT CllO)I{HbiX S!Uep M8llbl. 3TO 3H8'leHHe llOCTa-

-1 9 2 /6/ 
TO'IHO xopowo cornacyeTcSI c aenH'IHHOJ:i 3•10 CM , nony'leHHOJ:i Ko3HOM H np. • 

-19 2 
OnHaKo aenH'IHHa 3•10 eM pacC'lHTaHa 6e3 y'leTa caepxTOHKOJ:i CTPYKTypbi Me3oaTo-

Ma p~ • tCllH BOCnOllb30B8TbCSI llllHH8MH p acce SIHHSI a ~ +5 H a = -11, HaJ:ineHH b!Mif 
u g 

K03HOM If np., TO ce'leHHe B COCTOSIHHH C f= 0 , p8CC'lHT8HHOe no cpopMyne ( 4) J 

p 8 BHO a(O) 1.10-
2

0 CM
2 

H OTnH'l8eTCSI OT 3KCnepHMeHT8llbHOT'O B _, 20 p 83 \ npH 

pp / 2 / (0) -20 
au =+5 H ag = -1 7 , npHaeneHHbiM a p a6oTe , aenH'lHHa app < 10 ) . llnSI 

-:--.:rnaCOB8HHSI TeopeTH'leCKOT'O Ce'leHHSI pacceSIHHSI B COCTOSIHHH Me3 08TOM8 Jli.L F = 0 

C 8KCnepHMeHT8llbHblM llpH 38U8HHOJ:i llllHHe paccestHHSI a = +5 ( B B bl 'lHCneHHH KOT0-

/ 2/ /6/ u 
poJ:i HeT 38MeTHbiX paCXO)I{lleHHH Me:»<ny H ) , He06XOllHMO llOllO)I{HTb a llH60 

g 
paBHbiM +3, nH6o paBHbiM - 30. BenH'IHHa a =+3 npennonaraeT HBnH'lHe a cHcTeMe 

g 
PPf.L CBSI38HHOT'O ypOBH51 H K8)KeTCSI ll03TOMY M8llOBepOS!THOH ( XO TSI H naeT M B JiyiO 3e

mi'lHHY Ce'leHHSI C nepeXOUOM B HH)I{Hee COCTOSIHHe CBepXTOHKOJ:i CTpyKTypb l ) . BenH'lHHe 

a g ~-30 H~ HCKll~'l8eTCSI T e OpeTH'leCKH 1 HO npenCT88nsteTCSI CllHWKOM 60llbWOJ:i . 

TaKHM o6pa3oM , 3KcnepHMeHTan bHOe 3Ha'leHHe a 
pp 

ce'!eHHSI, pacC'fHTBHHOJ:i 6e3 y'leTa caepxTOHKoro pacwenneHHSI. Ho 3TO He HCKmoqaeT 

B03MO:>K H OCTH 6biCTpblX nepeXOUOB F = 1 .. F = 0 • Eonee onpenene HHbie 38Kn~qe-

Hl'ISI BepOS!THO y U8CTCSI cnen8Tb npH ll8llbHeJ:iweJ:i TeopeTH'leCKOJ:i OUeHKe B03 MO:>KHbiX 

3H8'leHHJ:i llllHH pacce stHHSI 

pacnpene neHHstx npo6eroa 

a H 
u 

2. ~exaHH3M nepexaaTa 

a 
g 

H llOB bJWeHHH TO'lHOCTH B iiOnyqaeMbiX H8 Ollb!Te 

~ -Me30HOB OT stnep BOUOpona CllO :>KH b!MH S!Up8MH 

6 bin p8CCMOTpeH OUHHM H3 8DTOpOB (C.r.) H npH 3TOM OK838110Cb, 'ITO 60JibW8SI 
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sepostTHOeTb nepexsaTa HApaM~ C ~ 0 esst3aHa e Han~q~eM nepeeeqeH~H Me3oMo-

neKynstpHbiX T epMOS S e~eTeMe P/-1 Z ( een~ 3apstA HAp a z~ 3). YKa3aHHblH Me xu-

HHa.! 06bsteHsteT TaKMe Ha6niOAaeMyiO Ha OnbiTe ManyiO sen~qHHY eeqeHHH nepexsaTa 
116 111 

/-1 - Me30HOS K He ' (noeKOnbKy S eHeTeMe p1-1He OTMeqeHHOe BbiWe nepeee-

qeHHe TepMOS OTeyTeTsyeT), .LJ.eTanbHOe paeeMOTpeHHe noKa3biSaeT, qTO /-1 -M e30H 

nepexsaTbiSaeTeH OT npOTOHOS S OeHOSHOM Ha Me30aTOMHbie ypOSHH e rnaSHblM KSaH-

TOSblM qHenOM n = 4 Anst yrnepoAa H n = 5 Anst KHenopoAa. nosToMy noeneAyiOLUHC 

KaeKaAH~e nepeXOAhl Me30aTOMOS Ha OeijOSHOe eoeTOHHHe e sepOHTHOeTbiO , 6n~3KOH 

K 100% , AOnMHbl eonpOBOMAaTbest SbineTOM OAHOI'O ~n~ HeeKOnbK~X 0Me ::meKTpo-

HOB e 3HeprHeH HeeKOnbKO KeV , 4 aeTOTa nostsneH~H B~AHMhlX S Haqane TpeKa aneKr 

poHa "ToqeK", a TaKMe HX pa3Mep, HaXOAHTe>I S eornae~H e npeAnOMeHHblM MexaHH3-

MOM nepexoAa. 

PaeqeT noKa3wsaeT TaKMe, qTo eeqeH~H nepexsaTa 1-1 - Me30HOS stApaM~ 
-12 3 

(TV = 1,3 •10 eM leeK AnH yrnepOAa ~ UV = C ~ 0 npHMepHp OAHHaKOSbl: 
-12 3 

2•10 eM leeK AnH KHenopoAa, a sepOHTHOeTb nepexsaTa /-1 -Me30HOS HApaM~ 
10 -1 

C H 0 (npH nnOTHOeT~ MHAKOI'O BOAOPOAa) pasHa A z =5•10 eeK , 3KenepHMeH-

TanbHast senHq~Ha Az Anst MHAKOI'O SOAOpOAa, S bl q~eneHHast no 3HaqeH~IO A~ cq 

HaAAeHHOMy S nepsOM OllhlTe H3 eOOTHOWeH~H 

' - ' , '\1 M~AK, 1 "z- " 2 cq _ 
~ ra3. cl 

( 12) 

pasHa 
10 -1 

•10 eeK , 8 eOOTHOWeH~H ( 12) A =(1 2+0,B) 
z ' -0 5 ~M~AK, ~ ~ ra3, - q~ena 

3 • 
npOTOHOS S eM Anst M~AKOI'O H ra3006pa3HOI'O SOAOpOAa eOOTSeTeTSeHHOi 

C
1 

= (0 ,002:~·~~6;) - KOHUeHTp<.lUHil >IAep C ~ 0 s nepsoM onbiTe, Een~ np~HHTb so 

' 
SH~MaH.IIe np~6nHM8HH;..j~i xapliKTep paeqeTa 1i norpeWHOeTH OnblTH blX AaHHbiX, TO MO>K-

HO C'iH TaT b, qTQ 3TO 3HaqeH~e A 
z H8XOA~TeH S pa3yMHOM eornae~~ e TeopeTHqee KHM, 

:,'qeT pe3 ynbTaTOS HeAaSHO S biiTOnHeHHbiX OnbiTOS no n e pexsaTy /-1 -M e30HOS HApa-
1 171 

M~ Ne no3sonsteT, no-saAHMOMy, SbieKa3aTb A a Me 6onee o6 w ee 3BKniOqeH~e, 

qTo sepostTHOeTH nepexsaTa 1-1 -Me30HOS OT SOAOpOAa nerKHM~ HAp8M~ MeHstiOTest 
1 171 

He eHnbHO OT HApa K HApy, .LJ.eAeTS~Ten bHO S 

3 
HaAAeHo, qTO OTHOWeH~e 

\v / (Ao+A ) =(9,5+3) •10, 0TeiOAa, Henonb3YH onpeAeneHHYIO 
e PPI-I - +1,4 10 -1 

A (eM,pa3Aen4), nonyqaeM A =(1,0 
06

),10 eeK 
PP/-1 Ne - , 

HaMH senHq!1HY 
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4, OnpeJJ.eneHHe aepoS!THOCTeii nepexoJJ.a If -Me3oHa OT npoToHa 

K J].eHTpoHy H o6p830B8HHS! Me30MOlleKyn ppg 

npH nepeXOJ].e p. -Me30H8 OT Me308TOM8 B0Jl0 p0Jl8 K JJ.eHTpOHy B p e 8KUHH 

Pll + d -+ dp. + p \ 13) 

06p83YlO lllHik SI M e308TOM dp. nonyqaeT BCneJJ.CTBHe p83llH'HISl llpHBeJJ.eHH biX MBCC 

/8/ 
pp. H dp. aHeprH!O 45 e'V • KaK H3BeCTHo, e onbiTax Anbaapeua H JJ.p, 6hino 

06Hapy)KeHO, 'ITO Me308TOM 

pOJle OKOllO 1 MM, 

dp. C TBKOH 3HeprHeii HMeeT npo6er B )KI{JlKOM BOJlO-

3TOT cpa KT ll03BOITS!ll HBJleS!TbCSl, 'ITO npH Jl8BlleHHH I'83006pa3HOI'O BOJJ.Op0Jl8 

B JlHcpcpy3 HOHHOii KaMepe OKOITO 20 8TM npo6er Me308TOM8 dp. 6y }leT CYlli~CTBeHHO 

60llbll!HM H T8KHM o6p830M llOS!BITSleTCSl cpaBHHTellbHO nerKHH Cll0C06 onpeJJ.eneHHSl 

aepOS!THOCTH nepexoJJ.a ( 13) . 

noCT8HOBK8 9KCnepHMeHT8 C JJ.eiiTepHeM 6blll8 8H 8llOI'H'l HOii OllbiTy 1 (cM,p83 -

JJ.en 2), KOHUeHTp8UHSI JJ.eiiTepHS! B BOJJ.OpOJJ.e 6 b!ll 8 llOJJ.06paHa B ClleUHBllbHO IIOCTaB

lleHHbiX OIIb!TBX H COCT8BllSlll8 0,44%, DblnH IIpHHS!Tbl M e pb!, 'lT06bi H36e)K8Tb 60llbll!OI'O 

.dB rrpOXOJlSlllXHX qepe3 KBMe py 'l8CTHU, KOTOpbie 38Tpy JlHHllH 6hi HJ].eHTHcpHKBUH!O 

C 06biTHii C nepeXOJl OM H 8 JJ.eiiTepHll, Y!CIIOllb30B8HHb!R B OilbiTBX I'83006p83Hb!H J].eii:TepHil 

6b!ll Tlll llTell bHO O'lHll!eH OT TpHTHSl, H IIpHMeCb B HeM TpHTHSI COCT8Bll Slll8 MeHbllle , '!eM 

-14 
5•10 BTOMH biX JlOITeii, 

Ha 10 000 cpOTOI'pBcpHS!X 6blll0 HBiiJ].eHO OKOllO 800 cnyqaea , H3 KOTOpb!X OKOITO 

IIOllOB HHbl 6blllH 06bi'lHb!MH p. - e -paCII8Jl8MH, a OC T 8llbHbi e HMellH IIpOCB e Tbl Me )KJlY 

KOHUOM OCT8HOBHBWei'OC~ p. -Me3oHa H 9neKTpOHoM, JJ.OCTHraewHe 10-1 5 MM, H a 

pHC , 3 IIpHBeJ].eHbl J].B8 IIpHMepa T8K11 X cnyqaeB C rrpOCB e T BMH 7 H 11 MM o 

PacnpeJJ.ene HHe 341 cnyqag no JlllHHBM rrpoeKUHH npocaeTOB I' HB ropH30HT8 llb-

H yio nnocKOCTb c I'> 1 MM rro K a3aHo Ha pHc, 4 (3a Bbi'leToM cpo Ha cny q aen c rrpocae

T8MH OT JlHcf~:l;y3HH BTOMOB pp. ) , Ha 3TOM )Ke pHCYHKe Illl8BHOR KpHB OR HaHeceHO 

pac'leTHOe p acrrpeJJ.en e HHe rrpoeKu» ii JJ.ITHH rrpocaeToa. 0Ho rrony'leHo Ha OCHOBe p a c-

rrpe neneHHSI HCTHHHbiX JlllHH npOCBeTOB, . IMe!Oll!ei'O BHJl: 

dn 
dl 

A exp I bl - ~ [ exp ( bl) · ; 
vo b 

( 14) 
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rne b = ~~ 'i01) 
. 3 

\ - ~wcno n p oTOHOB a CM ; a - ce ~eHw e ynpyror ~ pacceHHHH 

aTOMOB d11 Ha npOTOHax, nei\TpOHaX H CnO }KH blX HLlpax , npHHI!MaBweeCH paBHb!M 

-21 2 / 2 / 
7•10 CM ; 1/ - LlOnH 3 HeprHH Me30aTOMa d11 0 T ep HeM aH npH OLlHOM CTOnKH0 -

6 
BeHHH 1 T/ =0,45; Vo- Ha ~ anbHaH CKOpOCTb Me30aTOMa d11 , paBHaH 6 ,6 •1 0 CM/CeK ; 

,\ - CyMM a BepOHTHOCTei\ nepexBaTa 11 -M e30Ha C nei\TpOH a Ha CnO)KIIble HLlpa C II 

0 H Bep OH THOC TH CB060Ll HO r O pacnana 11 - Me30 H a 0 npHHHMaBW 3HCil p3BHOH ,\ 

6 -1 
1,5·10 ceK , npw pac~eTe pacnpen e neHJHI (14) npennonaranOCb, ~TO d11 -Me3o-

aTOM TepHeT CBOIO 3HeprHJO TOnbK O npH CTOnKHOBeHHH C npOT OHBMH , H TilK KaK npH 

T8KOM p3CC e HHHH B0 3MQ)f( H0e OTKnOH eHHe OT era nepBOH 8 q anbHOrO H80p8Bn e HHH He npe 

Bb!W8eT 30° B n a6opaTOpHOH CHCTeM e 1 CqHTanOCb1 qTQ OH LlBH:>!<eTC H no npHMOH, 

KpoMe Taro y~HTbJBanoc b 1 ~To nyTb, npoiineHH biH d11 - Me308TOMOM, onpenenHeTCH 

He T OnbKO 3aMenneHH eM , HO T8K )Ke BpeMeHeM no p acnana HnH n e p exBaTa 11 -Me3oHa 

Ha CnQ)K HQe HLlpO, Vl3 pHC, 4 MQ )K H Q BHLl e Tb0 qTQ Ha6nJOnaeTCil KaqeCTB e HHOe COrna

CHe pacqe THOrO H li3MepeHHOrO pacnpeneneHHH, npli OnpeneneHHH BepOHTHOCTH nepe

X0Ll8 11 -M e30Ha OT npOTOH8 K neiiTpOHy B CYMMapHoe qwcno T a KH X CJ1y~aeB 6blnl1 

BHeCeHbl H 8 H6onee cyweCTBeHHble nonp8BKH: nonp8BK8 H8 He3cpcpe KTHBHOCTb H 36nJOLle

Hiill cnyqaeB C npOCBeTaMH ( + 17%) , cpOH nO)KH b!X C06biTHH ( -8%) If BKnan OT 06JJaCTH 

c I' < 1 MM ( +4% ). 8 pe3ynbT8Te 6bJnO Haiine Ho, qTo OTHow eHne ~11 cna 11 - M e30HOB , 

n e p e wenwwx Ha neiiTepwii, K qwcny He nepewen WHX paBHO 1,12 :!:_0,11 8, 0Tcio.aa Bepo-

' +g,51) 6 -1 
llTHOCTb n e p exona Pl1 + •I -. <4L + p COCTaBnHeT \1,45- ,32 10 CeK , .Llenn 3 TO 

3 H aqeHHe H a KOHUeHTpa UHIO nei\TepHH If yMH O)Ka5! Ha CO OTHOW e HH e nnOTH OC T eH :>!<HLlKOrQ 

w ra3oo6pa3Horc Bonopona, . nonyqaeM cneny10wee 3Ha q e Hw e nnR BepoHTHOCTH n e p e -

XOLl8 11 - Me30Ha OT npOTOHa K neltTpoHy B )KHL!KOM BOLlOpOLl e : 

+0,34 10 -1 
Ad= (0,95_

0 21
) •10 ceK • 

• 
nonyqeHHOe 3KCnepHMeHTanbHOe 3Ha~eHwe Ad xopowo cornacyeTCH C Ben!fqHHOH 

10 -1 
1,1 4 •10 ceK , p acc qHTaHHoii n o M e Tony yioqHeHHoro anwa6aTHqecK oro npw6nH *e-

/ 18/ / 6 / 
HHH EenReBbiM H np. , a T a K .>Ke Kc>3 HOM H np. 

3HaHw e a6coniOTHoro 3HaqeHHR Ad , wrpa10wero 6onbWYIO ponb, H an pwMep , 

B HBneHHRX K8TanH38, oco6eHHO ueHHO ewe H TeM, qTQ OHO OTKpblB8eT nyTb LlnH 

OnpeneneHHH npyroli B8)KHOH LlnR Me30MOneKynHpHOH cpH3HKH BenH~HHbl 1 a HM eHHO 1 

BepOHTHOCTH 06pa30B8HH5! Me30MOneKyn PPI1 B )KHLlKOM BOLlOpOL!e, Ll eiiCT9HTenbH0 1 

18 17 I 
B HeCKOnbKHX pa60T 8 X ' 

• 

3 
OnpenenHnCR B b!XOLl p e8KUHH d11 + p -. !Je + 11 
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B 38BHCHMOC TH OT KOHU e HTp8UHH JleHTepHS! H H8XOJlHnOCb cneJlyiOWee OTHOllleHHe 

.\ d I ·( .\o + .\PPIL) • Ha116onee JlOCTOBepHbie naHHbie nnH 3Toro OTHOllleHHSI 6binH 

W u,+,.-1-,0M/ 17 / • 0!' He Jl8BHO nony<reHbl "'t''t' ' Halllen 1 'iTO 

+ ,\ PPIL 

+6,2 
( 8,9 -3,6 

3 
10 

noJlCT8BnSISI CIOJl8 senH'iHHY HaJiJleHHOrO H8MH 3Ha'ieHHSI ,\ d 1 nony <raeM a6coniOTHYIO 

sepoSITHOCTb o6pa3osaHHSI Me3oMoneKyn PPIL B :>KHJlKOM sonopone 

+0,8 6 -1 
,\ PP" ( 0,6 ) 10 ceK. 

,.. - 0,5 

3 To 3 Ha<reHH e cornacyeTCSI 5 

/5/ XI 
lllTeHHOM 3 Ha<reHHeM 

npenenax OlllH60K C p 8CC 'iHTa HHbiM 3 enbJlOBH<reM H rep-

6 -1 6 ··1 
1,3•10 ceK 11 cywecTBeHHO MeHbllle senH'iHH 6,5. 10 ceK 

6 -1 /6/ 171 
11 9·1 0 ceK , Bbi'iHcneHHbiX KosHOM 11 np. 11 By 11 np. 

/ 17 I 
Jlanee H8 OCHOBe pe3ynbT8TOB pa60Tbl 1 npHHSIB JlnSI HaitJleHHOrO H8MH 3KCne-

,\ 
PPIL 

ee senH<rHHY no sepxHeli OlllH6Ke , MO:>KHO cnenaTb 

o ueHKY sepxHero 3H8'ieHHSI a6coniOTHOH senH<rHHbl BepOSITHOCTH o6~830BaHHSI Me30Mone-

Kyn pd/L 5 :>KHJlKOM sonopone. EcnH norrycTHTb, <rTO sepoSITHOCTH nepexona IL -Me-

6 -1 
.:O•·')'id OT n pOTOH a H JleHTpOH8 K HeOHY 0JlHH8KOI'Ibl 1 TO nonyqaeM A p J/L < 0,6.1 0 CeK • 

CneuyeT yKa3aTb, 

/9/ 
AlllMOpa 11 u p. 

'iTO 3 T O 3H8'ieHHe He ITpOTH BOpe<rHT OUeHKe, cneJlyiOWel!. H3 OITbiTOB 

6 - 1 
A pd/L > 0,2•10 CeK 1 HO CHnbHO p aCXOJlH TCSI C oueHKOH 

7 -1 
,\PJIL > 10 ceK , nony<reHHOH 

/10/ 
JleHTepHeBOH K8Mepe 

npH HCCn e JlOB8HHH K8TanH38 SIJlepHbiX pe8KUH H B :>KHJlKO-

5. 3 a K n 10 q e H 11 e 

B pa6oTe 3KcnepHMeHTanbHO onpeneneHbi HeKOTOpbie KOnH<recTBeHHbie xapaKTe

pHCTHKH pHJl8 Me308TOMHbiX npoueccos B sonopone. XoTH nony<reHH8SI senH<rHH8 ceqe-

HHSI p a cceSIHHSI PIL -M e3oaToMa Ha npoToHax a 
pp 

6nH3K8 K O:>KHJlaeMOMy TeopeTH-

qecKOMY 3 H a <reHH IO c e<reHHSI 1 paCC'iHTaHHOMy 6e3 y'l.eTa CBepXT OHKOH C TpyKTypb! 1 BOITpOC 

6 -1 
nony<reHo 3 H a <re HHe ,\ =1,5• 10 ceK nnH <rHcna HJlep sono-

22 PPIL 6 -1 N =4,2•10 ; BenH'iHH 8 ,\ = 1,3•10 CeK OTHOCHTCSI K 
PPIL 

COOTBe T CTByeT pa60'iH M • C nOBHSIM :>KHJlKOBOJlOpOJlHOH K8Me pblo 

x) B 6 /5/ 
pa oTe 

3 
pOJla B CM 0 p8BHOrO 

22 
\1 =3,5• 10 0 KOTOpoe 
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0 sepOHTHOCTH nepeXO~OB F"' 1... f., 0 ocTaeTcH OTKpbiThiM. 6onee onpe~eneHHbie 

SaKITIO'I9HHH no 3TOMy nOBO~y BOSMO:>KHO y~aCTCH C~enaTb Ha OCHOB9 ~aiTbHel!:wero 

HsyqeHHH pacnpe~eneHHl!: p~ -MesoaTOMOB no ~nHHaM npo6eros H TeopeTH'I9CKoro 

yTO'IH9HHH ~ITHH paCC9HHHH ag H au • Hal!:~eHHbie sHa'leHHH Ad A A pp~ H Z ~o-

CTaTO'IID XOpOWO CornacyJOTCH C paC'I9THbiMH H no~TBep:>K~aiOT npaBHITbHOCTb npe~

ITO:>K9HHblX B T90pHH M9XaHHSMOB npOUOCCOBo 0~HaKO nOBblW9HHe TO'IHOCTH 3KCnepHMeH

TaiTbHblX SHa'I9HHl!: 3THX B9ITH'IHH H B OC06eHHOCTH sepOHTHOCTH o6paSOBaHHH M9SOMOne-

Kyn pp~ B )KH~KOM BO~OpO~e HBITH9TCH He06XO~HMblM B CBHSH C npo6neMol!: saxsa-

Ta ~ -MeSOHOB npOTOHaMHo 

HaMeTHBweecH npoTHBope'IHe s oueHKax senH'IHHhi A pd~ , nonyqeHHhiX HS 

3KCnepHM9HTOs, BbliTOJJH9HHblX C BO~OpO~OM npH Marro .It npHM9CH ~el!:TepHH H C :>KH~

/.10/ 
KHM ~el!:TepHeM C ~!.<\ITOl!: npHM9CbiO BO~Opo~a • , MOrno 6bi yKBSbiB8Tb Ha BOSMO:>K-

HOCTb HOBOrO M9XaHHSMa KaTaiTHS8 H n03TOMy OnbiTbl no Henocpe~CTB9HHOMy onpe~e-

neHBIO Ap~ B HaCTOHW99 Bp9MH OC069HHO HHT~peCHhi. 

ABTOpbl nonb3yJOTCH cnyqaeM BbipaSHTb rny6oKyiO 6naro~apHOCTb fl,6,3enb~OBH'IY S 8 

U9HHbl9 ~HCKYCCHH 1 KOnneKTHBY OT~ena CHHXpOUHKITOTpOHa H B OC069HHOCTH T ,H. ToMHnH

HOl!: H E.Y1.Pos8Hosy sa o6ecne'leHHe xopowel!: p860Thi ycKopHTenH s HMnynbCHOM pe :>KH~ 

Me, E.M.Ky'IHHCKOMY, H.n. 88cHnHcToay, A.B.6p:>KecTOBcKol!: H E.A.KypqescKol!: 

S8 BbliTOITH9HH9 p860T no O'IHCTK9 ~el!:TepHH OT TpHTHH, na6opaHTK8M ll.KpaCHOCno-

6o~uea0l!:, T .Ca:>KHeaoA H IO.Cal!:KHHol!: sa noMOWb s npocMoTpe cpoTorpacpHl!: H HSMe-

peHHHX. 
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a) 6) 

PHc. 1. <t>oTorpacpHH 1.1 - e - pacnanos B sonopone (on hiT hi 1,2). 
CMeWeHHH Me)KllY Ha'IanOM TpeKa aneKTpOHa pacnana H KOHUOM 
ocTaHOBHBweroc.H ll -Me3oHa o6ycnosneHhi llH¢cpy3HeA Pl.! -
Me30aTOMa. 

a) B Ha'Iane TpeKa aneKTpOHa pacnana HeT BHllHMOA "TO'IKH"; 

6) s Haqane TpeKa aneKTpoHa pacnana Ha6monaeTCH BHllHMaH 
"TO'IKa" (aneKTpoH O)Ke). 
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5) 
PHc. 2. Pacnpe.aeneHHe 'iHCJia cnyqaea fl. - e - pacna.aoa a ao.aopo.ae no 

.UliHH8M npOCBeTOB. 

a ) .aaaneHHe H
2 

22,7 aTM (onhiT 2) 

6) .aaaneHHe H
2 

5,0 BTM ( onhiT 3). 



\ 

a
) 

6
) 

P
H

c
. 

3
. 

¢
o

T
o

rp
a

c
p

H
H

 
1-1

 
-

e 
-

p
a

c
n

a
.a

o
s
 

B
 

s
o

.a
o

p
o

.a
e

 
c 

n
p

H
M

e
C

b
iO

 
.a

e
A

T
e

p
H

S
I.

 
C

M
e

lU
e

H
H

S
I 

M
e:

>K
.ll

Y
 

H
a

q
a

n
O

M
 

T
p

e
K

a
 

::
m

eK
T

pO
H

a 
p

a
c
n

a
.a

a
 

H
 

K
O

H
U

O
M

 
O

C
T

a
-

H
O

B
H

B
lll

ei
'O

C
S

I 
1-1

 
-M

e
3

o
H

a
 

o
6

y
c
n

o
s
n

e
H

b
i 

n
p

o
u

e
c
c
o

M
 

P
I-I

+ 
d-

+ 
dj.

t +
 p

 
H

 
n

o
cn

e
.a

yJ
O

lU
H

M
 

n
p

o
6

e
ro

M
 

dl
l 

-M
e

3
o

a
T

o
M

a
. 

a
) 

B
 

H
a

q
a

n
e

 
T

p
e

K
a

 
sn

e
K

T
p

O
H

8
 

p
a

c
n

a
.a

a
 

H
e

T
 

B
H

,ll
H

M
O

A
 

*T
o

q
K

H
w

; 

6
) 

s 
H

a
q

a
n

e
 

T
p

e
K

a
 

s
n

e
K

T
p

o
H

a
 

p
a

c
n

a
.a

a
 
H
a
6
n
~
.
a
a
e
T
C
S
I
 

B
H

.ll
H

M
aS

I 

"T
o

q
K

a
' 

( s
n

e
K

T
p

O
H

 
O

:>
K

e
).

 

1\
.)

 



N 

40~ 

30 

tO 

0 f J 5 7 

22 

9 It IJ 

22, 7aTM Hz 

0,44;.: ]}2 

15 !7 19 

e~ {MM) 

PHc . 4 . Pacnpe.neneHHe no npoeKUHRM .nnHH npocseTos 'IHCna cnyqaes 

d1-1 - MeaoaToMos, o5paaosaswHxCH a npouecc e PI-I+ d ... ¥+ p 
( Pq = 22 '7 8TM' Cn = 0,44%) . nnaBH8R KpHB8SI - p8C'!9THOe 
pa~npe.neneHHe (eM. Te!<CT) . 



23 

n H T e p a T y p a 

I. H.E . 3enbllOBI1'i, c.c.repwTeiln, ffi3T<P, l§.. 821 ( 1958 ), 

2. i!,E .3enbiiOBI1'i, c.c.replUTeiln (o63op) Ytf?H, 71, 581 (1 960) . 

3, 'f.Prirnakoff. flevs .\1od.Phrs., 31, 802 0959); S.\Veinberg. Phys.Rev.Lett., 4, 575 (1960); 

L.l\olfenstein, V.L.Telegdi. Proceedings of the 1960 \nnual Intern. Conference 01 !ligh Energr Physics 

at flochester, p. 529, p. 713. 

4, C,C,repwTeiln. )f<3T<P , ~ 463 ( 1958). 

5, H.E.3enbll0BI1'i I c .c.repwTeiln. )!\.3T<P. ~ 649 ( 1958). 

6, S.Cohen, 11.L.Yudd, fl.J.!1iddel. Phys.l1ev., 119, 397 (1960). 

7, Ta-Yon Wu, '1.L.flosenbergand 1 f.Sandstrom.~ucl.Phys. , 16,432 (1960). 

8. L. W.Alvarez et a!., Phys. Rev., 105,1127 (1957); \f. Cresti, K .Gottstein, \.If. flosenfeld and :r. K. Ticho. 

fleport UC11L 3782, p.8, 1958 (unpublished) . 

9, \. \shmore, Fl. ",lordh agen, K.Strauch and fl. \1. Townes. Proceedings Phys. Soc. (London) 71, 161 (1958). 

10. J.G.Fetkovich, T.'f.F'ields, G.T1.Yodth, ~1.Derrick. Fhys. Rev. Lett., 4, 570 (1960). 

I 1. A.E . VlrnaTeHKO, n . E.EropoB, E.Xanyrra, Ll.YynT9M, )!<.3T<P , ~ 894 ( 1958). 

12, C,C,repwTeHH, )!\.3T<P, ~ 1309 ( 1959), 

13. lO.A.6ynaroB , C ,BI1KTop, B,ll,.[l )KenerroB, n.<P,EpMonoB , B.I-1.MocKanea. MaTe
p!ianbr Koncj•epeHUI.fli no KaMepaM BHnbcona, ll11cpcpy3110HHb!M 11 rry3 blpbKOBb!M KaMe
p aM , .[ly6Ha, 1958, )!<3T<P 1 ~ 734 ( 1960 ) • 

14, J.C.Sens. Phys. Rev., 113,679 (1959). 

15, \.F. Weightman. Thesis, Prins ton 1949; Phys. flev., 77, 521 (1950). 

16. O.A.3ailMI1llOpora, M.M.KyniOKI1H 1 E,noHTeKopBo, P.M. CynSJeB, A.l-1. <P11n11rrnoB, 
B.I-1 .UynKoB-CI1THI1KOB , lO,A.Wep6aKOB, npenp11HT 01-1511-1, Ll-678, Lly6Ha ( 196 1 ) 

17. \1.Shiff, preprint EFI~S-61-33, fleport 351, June, 1961. 

18 B.E.EenSJeB, c.c.repwTeiln, E.H.3axapbeB, C,J J.noMHeB, )K3T<P, ;rL 

PyKonHCb nocTyrruna B 113ll8TenbcKI1H oTncn 
23 OKTSJ6pSJ 1961 rona, 

1652 ( 1959 J, 


