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npennaraeTCH ME!TOll &bUlelleDil OT!le11bRWX KOMDOBeHT cneaTpa D03BT

pOHOB, pOlK!l81011lHXCH B pe3yllbT8Te pa3nH'IKbiX ~R3H'IecKBX npoaeccos 

RpB CTO/lKHOBeHHRX O'leBb T~ellblX HOHOB, T8KHX aax U + U.MeTOll OCHOB8R 

88 CyllleCTBeBHOM pe3/lH'IHK BpeMeB BCnyCKSHHSI 8TOMHOil B 5111epaoA 

KOMROHeHT cneaTpa R03KTpOH0B (ra ·!S.l0-2QcC B rll: 2;10- 14
c COOTBeTCTBeBHO) 

B nponecce CTOJIKHOBeRHll. 3TO noa&O/lSieT. p83/lK'IKTb aTOMHYIO- H BLtepayJO 

KOMDOHeHTbl C UOMOIUbiO ~KT8 TeHeil B 91tCDepi!MeHT8X H8 MOHOKpllCT811-

IlR'IeCKRX MRWeHRX, 06cylKll810TCII lltOHKpeTHble B8pB8HTbt- DOCTBHOBKK 

onbiTOB a aaaa oneaaa OlKBllSeMoro peayn&TaTa. 

Pa60Ta Bwno/llleH8 B na6opan>paB SlllepHbiX peaKJlllli OIHIH. 

Coo6mesae 06u.aaaea11oro aHCTII'I'JTa IIIU!PHWX l!ccne.aosaaal. .lly6sa 1978 

Kaun K.-H., Karamian S.A. P7 - 11420 
On a Possibility of Experimental Separation of "Quantum
Electrodynamical" Positrons in Collisions 
of Very Heavy Ions 

A method is proposed for the separation of the components 
of positron spectra due to various Physical processes in collisions 
of very heavy ions, such as- U + U.The method is based on the sub
stantially different emission times ( r a S 10-20 s and r • 2: 10 -l• s, 
respectively). of the atomic and nuclear components of the positrons 
spectrum in collision process. This allows one to discriminate 
berno-een the atomic and ruclear blocking in experiments \\ith 
single-crystal targets by using the channeling technique. A few 
concrete experimental- procedl.rtts and estimated results are 
discussed. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions. JINR. 

Communication of the Joint Institute for Nuclear Research. Dvbno 1978 

61978 06•ell•••••w• •JIC7'Jir'J'T IIJlepswx •ccnfiJlOBeDI /1y6sa 

1. BBE,4EHHE 

Hccne,IJ.osauue npou;ecca po:>K.neHHJI no3HTpouos B csepx
KPHTHqecKOM none .Il.BYX CTaJIKHBaiOIIJ;HXCJI JI,IJ.ep ypaHa npe,IJ.
CTaBnJieT 6onbWOH npHHIJ;HnHanbHbiH HHTepec ,IJ.nJI HJyqeHHJI 
KBaHTOBO- 3neKTPO.Il.HHaMHqecKHX 34Mile1<TOB B ycnOBHJIX oqeHb 
CHnbHbiX noneii. 0CHOBHble acneKTbl 3TOrO BOnpoca WHpOKO 
o6cy~,IJ.anHCb B nocne,IJ.HHe ro,IJ.bl Ha Me~.IJ.yHapo.IJ.HblX xou
cl>epeuu;HJIX no $H3HKe TJI~enbiX HOHOB H aTOMHbiX CTOnKHO
BeHHH H H3nO)I(eHbl TaK~e B pJI,IJ.e o630pHb1X CTaTeii, Hanpa
Mep B pa60TaX /1- 4~Pe3ynbTaTbl nepBLIX 3KCnepHMeHTanb
HbiX BCCne,IJ.OBaHHH no nOHCKY ll03HTpOHOB, BblnonHeHHbiX 
ua nyqxax ycxopeHHblX Bonos csaau;a a ypaua c 3Hepraeii 
4-6 M3B/HYKA. Haa6onee MOIIJ;HOro B HaCTOJIIIJ;ee BpeMJI 
ycxopaTenJI TJI~enblx aouos YHHnAK s ,LlapMmTa.IJ.Te, 6blnH 
ony6naxosauw B 1977 ro,IJ.y B pa6oTax I 5-7/, 3TH nepBble 
3KCnepHMeHTbl noKa3anH, qTO ll03HTpOHbl Ha6JIIO,IJ.a
IOTCJI B CTOnKHOBeHHJIX He TOnbi<O U + U,HO TaK~e Pb+Pb 
a Pb -t U, npaqey ceqeuae o6pa3oBaHHJI ax ue oqeub canb
uo 3aBHCHT OT CYMMbl aTOMHbiX qacen CTaJIKHBaiOIIJ;HXCJI 
qacTHU (Z 1 + Z2). H3Mepeauwe B 3THX 3KcnepBMeHTax 17/ 
nonHble ceqeHHJI pO~,IJ.eHHJI n03HTpOHOB npe,IJ.CTaBneHbl Ha 
puc. 1. 3p.ecb npase,IJ.euw Tax~e pe3ynbTaTw TeopeTaqecxoii 
pa6oTw /8/, B KoTopoii ,IJ.aeTCJI ou;euxa nonHwx ceqeuaii 
o6pa30BaHHJI n03HTpOHOB B cne,IJ.YIOUUIX npou;eccax: 

1. CnouTaHBOM H HH.IJ.YUHPOBaHHOM po:>K.neHHH nolHTpo
HOB B CBepxKpHTHqecKOM HnH noqTH CBepxKpHTHqecKOM 
none .Il.BYX pacceHBaiOIIJ;HXCJI JI,IJ.ep, ecna 18 - COCTOJIHHe CO
OTBeTCTBYIOIIJ;ero KBa3HaTOMa JIBnJieTCJI B&KaHTHbiM jgf, 
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Puc. 1. IloAHble ce'leHUJI o6pa3oeaHUJI no3U111POHoe npu 
cmoAKHoeeHUJIX Pb + Pb, Pb + U u U + U e 3aeucuMOC111U 0111 
c111eneHu c6AuJICeHUR oeyx pacceueaJOU~UXCJI .110ep npu Ao-
6oeoM C1110AKH06€HUU /UAU npu 3aOaHHOU KUH€111U'I€CKOU 
3Hepzuu uoHoe e M.:JB/HYKA./. • - 3KcnepuMeH111aAbHble 
oaHHbie 

1 
pa6o111bl 171, Kpuebte - pe3yAb111a111bl 111eope111u'1ecKou 

Oij€HKU 81: ---- nOAHOe C€'1€HU€ CYMMapHOZO 3(x/JeK111a, 
- nOAHOe C€'1€HU€ "K6QH111060- 3A€K111p00UHQMU'I€CKUX" 

n03U111pOH06, - • - • - • - nOAHOe Ce'leHUe n03U11ipOH06 0111 
KYAOH06CK020 6036yJICO€HUJI JIOep. 

2. fipJIMOM o6pa30BaHHB 3neJCTpOHHO-n03BTpOHHbiX nap 

B KynoHOBCKOM none ~ayx Jl~ep ( "shak&-off of the vacuum po

lari zaUon ") I 101. 

3. 06pa30BaHHB 3lleKTpOHHO-n03HTpOHHbiX nap B3-3a 

BHyTpeHHeB: napHoi JCOHBepcuu y-nepexo~oa nocne JCyno

HoBcKoro B036y)l(~eHBJI pacceBBaiOIUBXCJI JIAep I ul. 
CpaaHeHBe onbiTHhiX AaHHhiX c pe3ynLTaTaMB TeopeTu

qecKHX OUeHOK noJCa3biBaeT, 'ITO 06Hapy)l(eHHhle 3Ha'leHBJI 

Ce'leHBJI o6pa30BaHBJI n03BTpOBOB B 3aBBCBMOCTb BX OT JCB

HeTB'IeCJCOB 3HeprBB na~aiOIUBX BOHOB JCa'leCTBeHHO corna

CYIOTCJI C npeACJCa3aHBJIMB TeopBB. 0AHaJCO OUeHJCa BKnaAa 
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H~epHOrO KYllOHOBCKOrO B036y)l(~eHBJI HOCBT TOllbKO Ka

'ieCTBeHHbiH xapaKTep. llo3TOMY ~nJI ~anLHeB:rnero, 6onee 

TO'·IHOrO BCCne~oBaHH.!l ll03BTpOHHbiX ClleKTpOB, KOTOpble 

CBHJaHbl C KBaHTOB0-3neKTpO~BHaMB'IeCKBMB 3~eKTaMB B 

CHllbHbiX llOllJIX, He06XO~BMO llpOBO~BTb HOBble 3KCne

puMeHTbl, KOTOpble ll03BOllBllB 6bl OT~enBTb 3TH 34»

<PeKTbl OT <i»HJH'IeCKOro <PoHa Jl~epHOrO KYllOHOBCKOrO B03-

6y)l(~eHHJI. B ~aHHOH pa6oTe npe~naraeTCJI MeTO~, KOTOpbiH 

MO)I(eT ll03BOllHTb OT~enbHO Ha6mo~aTb "KBaHTOBO- 3neKTpo

~HHaMH'IeCKHe" ll03HTpOHbl Ha <PoHe Jl~epHOrO KYllOHOBCKOrO 

B036y)l(~eHMJI. 

2. IIPHHUHII 3KCIIEPHMEHTAJibHOFO 
PA3/1,EJIEHH.Jl ATOMHOH /HJIH "KBAHTOB0-
3JIEKTP0/1,HHAMHlJECKOH"/ H .Jl/1,EPHOH 
KOMIIOHEHT ll03HTPOHHOFO CIIEKTPA 
MET0/1,0M TEHEH B 3KCIIEPHMEHTAX 
C MOHOKPHCT AJIJIHlJECKHMH MHlllEH.JlMH 

Hau6onee cymecTBeHHbiM paJnB'IBeM Me)l(~y aroMHOH 

H H~epHOH KOMllOHeHTaMB ll03BTpOHHOrO ClleKTpa HBnBeTCJI, 

no-BB~BMOMy, CHllhHOe OTllH'IBe MOMeHTOB BpeMeHH HX 

HCllYCKaHBJI B npouecce CTOllKHOBeHBJI. ATOMHble ll03HTpOHbl 

B03HBKaJOT npaKTB'IeCKH TOllbKO B MOMeHT HaB6onee CHnb

HOrO C6llB)I(eHBJI CTanKBBaJOIUHXCJI Jl~ep, T .e. 3a BpeMJI 

npe6biBaHBJI BX Ha paCCTOJIHBB, MeHbWeM "KpHTH'IeCKO

ro"l 12~3TO BpeMJI COCTaBnJieT npB KBBeTB'IeCKOH 3HeprBH 

na~aJOIUBX BOHOB, paBHOH npBMepHO 3HeprBB KynoHOBCKOro 

6ap&epa, r a -::;,10" 20c. MoMeHT apeMeHB ucnycKaHBJI Jl~ep
HoB: KOMnOHeHTbl n03BTpOHHOrO cneKTpa onpe~enJieTCJI Bpe

MeHeM )I(B3HB B036y)l(~eHHbiX COCTOJIHBH no OTHOilleHBJO 

K 3lleJCTpOMarHBTHbiM nepexo~aM, KOTOpoe Ha HeCKOllbKO 

nopJI~KOB 6on&We 'leM T a B npBMepHO paBHO T H ~ 10-
14

c. 

3TH BpeMeHHble OTHOWeHBJI B npouecce CTOllKHOBeHBJI ~aJOT 

B OpBHUBne B03MO)I(HOCTb pa3~enBTb o6e KOMnOHeHTbl Me

TO~OM TeHeH B 3KCnepBMeHTaX Ha MOHOKpBCTannB'IeCJCBX 

MHWeHJIX. 
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Xopowo BJBeCTHo, 'ITO Ha ,nBB)I(eHue 3apH)I(eHHLIX qac

THU B MOHOKpBCTaJIJiaX OKa3biBaiOT CyiUeCTBeHHOe BOJ,neii

CTBHe opBeHTaUHOHHble 34lcl>eKTbl I 13~ B TOM 'IHcne 34lcl>eKT 

TeHeH, COCTOJIIUBH B B03HHKHOBeHHB MBHHMYMOB HHTeHCHB

HOCTH B HanpasneHBJIX KpBcTannorpa4JuqecKHX oceil B nnoc

KOCTeil ,l],JIJI npo,nyKTOB JI,nepHOH peaKUHB HJIH pacceJIHHH 

'laCTBU Ha MOHOKpBCTaJIJIB'IeCKOH MHWeHH. qyBCTBHTeJib

HOCTb HHTeHCHBHOCTH 34Mt>eKTa TeHeH K no3HUHH B MOHO

KpHCTaJIJie BCTO'IHBKa perHCTpHpyeMbiX 'laCTHU n03BOJIHJia 

C ycneXOM npBMeHBTb 3TOT 34Mi>eKT ,l],JIH H3MepeHBJI BpeMeHH 

npoTeKaHHH JI,nepHbiX peaKuaul 14,15/, a TaK)I(e ,nnH onpe.ne

JieHHH nOJIO)I(eHHH npHMeCHOrO aTOMa B MOHOKpHCTaJIJiaX C 

npHMeCHMH H KOJIH'IeCTBa ,ne4JeKTOB B nospe)l(,l],eHHbiX MOHO

KpHCTaJIJiaX / l6/, 11.3- 3a pa3JIB'IHJI BO BpeMeHB BCllYCKaHHJI 

"KBaHTOBO- 3JieKTpO,l],BHaMB'IeCKHX" no 3HTPOHOB B no 3BT

pOHOB napHOH KOHBepCBB JI,nepHOrO y- H3Jiy'leHHH B03HBKaeT 

B03MO)I(HOCTb npBMeHBTb MeTO,l],, OCHOBaHHbiH Ha 3IPIPeKTe 

TeHeil, .D.JIJI paJ,neneHHJI .nsyx nepe'IHCJieHHbiX npoueccos, 

KOTOpbie MOryT 6b1Tb OTBeTCTBeHHbl 3a B03HBKHOBeHBe 

n03HTp0HOB, Ha6JIIO,neHHbiX 3KCnepHMeHTaJibHO B CTOJIKHO

BeHHHX O'leHb TJI)I(eJibiX HOHOB. 

ATOMHble no3HTpOHbl B3Jiy'laiOTCJI npaKTH'IeCKH H3 y3-

JIOB pellleTKB, noCKOJibKY CMeiUeHHe CBCTeMbl B3aHMO,neii

CTBYIOIUHX Jl,l],ep B pe3yJILTaTe fBB,eH'-JI UeHTpa HHepUHH 

3a BpeMJI CTOJIKHOBeHBJI I -1 o- 1 CMI 17 MHoro MeHbllle aM

nJIBTY.D.bl KOJie6aHBH aTOMOB B MOHOKPHCTaJIJIH'IeCKOH peweT

Ke. KpoMe Toro, paccTOJIHHe Me)l(.ny B3aHMo,neilcTBYIOIUBMH 

HOHaMH Ha CTa,l],BB BCnycKaHHJI n03HTpOHOB TaK)I(e MaJIO 

I -1 CT 1 tMI no cpaBHeHBIO c aMnnuTy,noil Kone6aHHH a TOMOB. 

Jl,nepHble n03BTp0Hbl, B03HBKaJOIUHe B napHOH KOHBepCBB 

y-KBaHTOB KYJIOHOBCKoro B036y)l(,neHBJI, B3Jiy'laiOTCJI na6o 

Ha paCCTOJIHHB npo6era BOHOB B npouecce TOpMO)I(eHBJI 

B,nep oT,na'IH, xapaKTepHoe speMJI KOToporo r 
8 

,1Q-12c, 

JIB6o y)l(e nocne ocTaHoBKB B036y)l(.neHHoro .11,npa, ecnu 

BpeMJI )I(B3HB JI,nepHoro ypOBHJI npeBbllllaeT BpeMJI TOpMO· 

)l(eHBJI. Mo)I(HO o>KB,naTL, 'ITO 6onLWBHCTBO nap BHyTpeHHeil 

KOHBepCBB 6y,neT BcnyiUeHO B npouecce TOpMO)I(eHBJI Jl,l],ep, 

TaK KaK cpaBHBTeJibHO BbiCOKBM 3HeprBJIM y- Jiy'leH, He-

06XO,l],HMbiM ,l],JIJI napHOH KOHBepCBB, OTBe'laeT, KaK npaBBJIO, 

BpeMJI )I(B3HB no OTHOWeHBJO K 3JieKTpOMarHBTHOMY B3Jiy

'leHBIO T .H < 10-1t < T 
8

• 0TCIO,l],a CJie,nyeT, 'ITO n03HTpOHbl 
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H3 H,l],epHbiX npoUeCCOB 6y,nyT B3Jiy'laTbCJI H3 JII060H TO'IKB 

MOHOKpHCTaJIJIH'IeCKOH MHWeHH B npe,nenax paCCTOJIHHH npo-

6era H,D,ep JIB6o, npH HCnOJib30BaHHB TOHKOH MHllleHH H 

60JiblllOrO BpeMeHH T.H, TaK)I(e H3 06JiaCTH BHe MHllleHH. 

0TCIO,D,a CJie,nyeT, 'ITO aTOMHble no3BTpOHbl, H3Jiy'leH

Hble B HanpaBJieHHH KpHCTaJIJIOrpa4JH'IeCKHX nJIOCKOCTeH 

H oceil, 6y,nyT B nOJIHOH Mepe no,nBep)l(eHbl B03,D,eHCTBHIO 

ynopH,ll,O'IeHHbiX 3JieKTpH'IeCKHX noneH MOHOKpHCTaJIJia, H B 

yrnOBOM pacnpe,D,eJieHHH nOJHTpOHOB 6y,nyT HMeTb MeCTO 

TeHeBble MHHHMyMbi, HHTeHCHBHOCTb KOTOpbiX CBJI3aHa TOJIL

KO CO CTeneHbiO COBepweHCTBa MOHOKpHCTaJIJia. )..J,JIH H,D,ep

HbiX ll03HTpOHOB 34lcl>eKT TeHeH 6y,neT nO'ITH noJIHOCTbiO 

OTCYTCTBOBaTb, B03MO)I(Ha JIHlllb O'leHb cna6aH OCTaTO'IHaH 

OpHeHTaUHOHHaH CTPYKTypa B HHTeHCHBHOCTH B6JIH3H KpH

CTannorpa4JH'IeCKOrO BLI.D.eneHHoro HanpasneHHH Ja C'leT 

HJJiy'leHHX H3 BCero 06'beMa MOHOKpHCTaJIJia, B TOM 'IHCJie 

H H3 TO'IeK B6JIH3H OCeBbiX JIHHHH H nJIOCKOCTeH MOHOKpH

CTanna. )..J,JIH H,D,epHbiX nOJHTpOHOB B03MO)I(eH TaK)I(e 4JoHOBbiH 

34J4JeKT TeHeH B TOM cnyqae, eCJIH HX HcnycKaHHe npOHCXO

,ll,HT y)l(e H3 OCTaHOBHBlllHXCH H,l],ep, nOCKOJibKY HeJib3H HC

KJIIO'IHTb 4JuKcauu10 Ja TOPMO)I(eHHbiX H,nep B nono)l(eHHH Ja

MeHbl. )..J,oJIH TaKHX H,D,ep JaBHCHT OT COCTaoa, CTpyKTypbl, 

Ka'leCTBa, 'IHCTOTbl MOHOKpHCTanna H XHMH'IeCKHX CBOHCTB 

HMnnaHTHpyeMoro a TOMa. HeCMOTpH Ha TO, 'ITO HJJiy'leHHe 

ll03HTpOHOB H3 OCTaHOBHBlllHXCH H,nep HBJIJieTCH MaJIOBepOHT

HbiM I eM. Bblwel, 3TOT npouecc HeJILJH C'IHTa Tb nonHOCTLIO 

HCKJIIO'IeHHbiM. O,D,HaKo 3TOT 4JoH HeTPY.D.HO ucKJIIO'IBTb 

3KCnepHMeHTaJibHbiM nyTeM, npHMeHHJI TOHKYIO MOHO-

KpHCTaJIJIH'IeCKYIO MHllleHb C TOJIIUHHOH, MeHbllleH, 'leM 

npo6er H,nep OT,D,a'IH. 

TaKHM o6pa30M, HCHO, 'ITO nyTeM Ha6JIIO,neHHH 3IPIPeKTa 

TeHeH B yrJIOBOM pacnpe,D,eJieHHH noJHTpOHOB, B03HHKaiOIUHX 

npu 06Jiy'leHHH MOHOKpHCTaJIJIH'IeCKOH MHllleHH 83 T H)l(eJioro 

3JieMeHTa (U) ny'IKOM O'leHb TH)I(eJibiX BOHOB (U),MO)I(HO npo

H3BeCTH Ka'leCTBeHHYIO npoaepKy, HBJIJIIOTCH JIH o6paJyJO

IUHeCH B CTOJIKHOBeHHH U + U n03BTpOHbl B 60JiblllHHCTBe 

KBaHTOBO- 3JieKTpO,ll,HHaMH'IeCKHMH, HJIB OHH B03HHKaiOT B 

pe3yJILTaTe napHOH BHyTpeHHeH KOHBepCBH 3JieKTpoMarHHT

HOrO HJJiy'leHHJI H,D,ep. fiyTeM H3MepeHHJI HHTeHCHBHOCTH 

3IPIPeKTa TeHeH MO)I(HO nony'IHTb KOJIH'IeCTBeHHyiO HH4Jop-
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Mall,HIO 06 OTHOWeHHH HHTeHeHBHOeTeH ll03HTpOHOB H3 3THX 

,D.BYX npoiJ,eeeoB B TOM enyqae, eeJIH npoiJ,eeebl HMeiDT 

epaBHHMYID BepOJITHOeTb. 

3. B03M0)f(HbJE KOHKPETHblE BAPHAHTbl 
3KCIIEPHMEHT A H Ol.(EHKA O)f(lfAAEMblX 
PE3YJ1b TATOB 

~JIJI OIJ,eHKH B03MO*HOeTeH noeTaHOBKH 3KenepHMeHTa 

eymeeTBeHHbiM napaMeTpOM JIBJIJleTeJI ,D.OnyeTHMaJI llJIOT· 

HOeTb HHTerpaJILHOrO llOTOKa HOHOB ypaHa Ha e,D.HHHIJ,y 

nnoll{a,D.H MOHoxpueTanna. OnhiT 3KenepuMeHTOB /17/ noxa-

3biBaeT, qyo JIBJI.IIeTeJI B03MO*HbiM ,D.OBO,D.HTb HHTerpaJib • 

HbiH llOTOK TaKHX HOHOB, KaK 22 Ne , 27 Al e 3HeprHeH 

5· 8 M3B/HYKA., ,D.O 10 16J/cM 2npH uenOJib30BaHHH MOHO· 

xpueTanna U02 u nonyqaTh aee eme .noeTaToqHo rny6oxuB: 

TeHeBOH MHHHMYM X = 0,2-0,3. ~JIJI HOHOB ypaHa MO*HO 

O*H,D.aTb, qTO npe,D.eJILHbiH HHTerpanbHbiH nOTOK 6y,D.eT 

HH*e yKa3aHHOH UHiiJpbl, O,D.HaKO e yqeTOM B03MO*HOeTH 

OT*Hra nOBpe*,D.eHHOrO MOHOKpHeTaJina noene o6nyqeHHH 

ana B npoueeee ero ! 18/Mo*Ho np.e.nnono*HTL, qTo H ,D.JIJI 

HOHOB ypaHa ,D.OllyCTHMbiH llOTOK HOHOB 6y,D.eT HMCTb nopJI· 

,D.OK 10 lSJ /CM 2. 3Ta ll,HiiJpa H 6y,D.eT uenOJib30BaHa B ,D.aJib • 

ueiiwux oueuxax. 

34J4lexT TeHeii ,D.JIJI no3HTpoHoB u JJieKTPOHOB 6bln H3y· 

qeH B JKenepHMeHTe /19/,B KOTOpOM Heene,D.OBaJIOeh npoeT· 

paHeTBeHHOe paenpe,D.eneHHe n03HTpOHOB H JJieKTpOHOB, 

H3JiyqaeMbiX Jl,D.paMH pa,D.HOaKTHBHOrO H30TOlla 
64

Cu.a6HTbiMH 

B MOHOKpHeTaJIJI Me,D.H. libiJI Ha6JIIO,D.eH xopOWO Bblpa*eH· 

HbiH MHHHMYM HHTeHeHBHOeTH ,D.JIJI n03HTpOHOB e llOJIHOH 

WHPHHoii Ha nonoauue rny6HHbl t/1 Y2"' <a{J 1, r.ne t/1 1 - xpHTH· 

qeexuii yron xauanupoaaHHJI, Bblquen.lleMbiH no IIJopMyne 

,D.JIJI penJITHBHeTexux qaeTHU I 19/ : 

2 ' 1 'h t/1
1 

= (2Z
1 

Z 
2
e t2 p vd) 

r.ne P • HMnynhe qaeTHUbl, V • ee eKopoeTL, d • pae· 

eTOJIHHe Me*.D.Y aTOMaMH ,D.Jl.ll Bb16paHHOH OeH MOHOKpHeTaJI· 

na, Z 
1 

H Z 
2 

• 3ap.II,D. .II,D.pa aTOMOB MOHOKpHeTaJIJia H qae· 

THIJ;bl. 

8 

;'I 

j 

I 

~JIJI JJieKTpOHOB Ha6mo.naneJI MaKeHMYM HHTeHeHBHOeTH 

B HanpaaneHHH xpueTannorpaliJuqeexoii oeu, ero yrnoaaJI 

WHPHHa 6blna HeeKOJibKO MeHbWeH, qeM 1/J'h ,D.JIJI ll03HTpOHOB. 

B .nanhHeiiweM 6blno HJyqeHo TaK*e xauanupoaaHae 

ll03HTpOHOB H 3JICKTpOHOB B o6naeTH JHeprHH qaeTHU 

1-2 M3B/20(tornaeHo npaauny o6paTHMOeTH/ l:Y'napaMeTpbl 
MHHHMyMa HHTeHeHBHOeTH, H3MepeHHOrO ,D.JIJI KaHaJIHpOBaHHX 

qaeTHU B reoMeTpHH paeeeJIHHJI ua 6onLwoii yron, .noll*· 

Hbl eoana.naTL e napaMeTpaMH TeHeaoro MHHHMyMa. lloJ· 

TOMY ,D.JIJI Oll,CHKH yrJIOBOH WHpHHbl TeHeBOrO MHHH~yMa 

uenonbJyeM aenuquHy, xoTopaJI 6Lma nonyqeua /20/ npu 

u3yqeuua xauanupoaaHHJI noJHTpouoa e JHeprueii 1 M3B 
B TOHKOM MOHOKpHeTaJIJIC 30JIOTa, paBHYID 1/J lh = 2,5" ,D.JIJI 

OeH <110>. 3Ta UHIIJpa HCeKOJlbKO HH*C O*H,D.aeMOH H3 pae· 

qeTa: <a{J 
1

"' 4°, qTo o6'LJleHJleTeJI 119/, rnaBHbiM o6pa30M, 

3HaqaTeJILHOH aMnJIHTy,D.OH KOJie6aHHH B MOHOKpHeTanne 

30JIOTa. 
J1.3MCHeHHC BCJIHqHH Z H d llpH nepeXO,D.C K MOHO· 

KpHeTanny, eo.nep*ameMy ypaH /HanpuMep, uo2 I, He 

npuae.neT K 3HaquTeJihHOMY H3MeHeHmo yrna ~'l. KpoMe 

Toro, npu pa6oTe e no.norpeaoM MOHoxpueTaJIJia B npoueeee 

o6nyqeHHJI /eM. BbiWe/ aMnJIHTy,D.a KOJie6aHHH aTOMOB B pe· 

weTKe MOHOKpHeTanna 6y,D.eT TaK*e BeJIHKa. lloJTOMY 

B ,D.aJILHeHWeM ,D.JIJI OUeHOK npHMeM BeJIHqHHY ~~ 'h = 2 °. 
lloexonLKY yrnoBaJI wupuHa TeHeBoro MHHHMyMa epaa-

HHTeJibHO Mana, TO JKenepHMeHT no H3MepeHHID napa-

MeTpOB 3TOrO MHHHMyMa ,D.OJI*eH BblnOJIHJITbe.ll e XOpOWHM 

yrnoBbiM pa3peweuueM. B qaeTHoeTH, ueo6xo.nBMO B3-

MepJITb BHTeHeBBHOeTB n03BTpOHOB B MaJibiX BHTepBaJiaX 

TeneeHoro yrna, T.e. npB HB3KOH eB~Toeune perHeTpuyro· 

meii annapaTypbl. TaxaJI noeTaHoBKa JKenepuMeHTa 6y.neT 

onueaHa HB*e, Ha3oBeM ee .nu4J4lepeuuuanLHbiMB H3Mepe

HB.IIMB. lloeKOJILKY eeqeHBe o6pa30BaHB.II n03HTpOHOB He 

oqeHb BeJIHKO ( eornaeHO /7/ ,D.JIJI eTOJIKHOBeHBJI U + U npB 

3HeprHB BOHOB 6 M3B/HyKA. OHO eoeTaBJI.IIeT -10-27
c.M 

2 ~. 
TO MOryT B03HBKaTh Tpy,D.HOeTB B o6eeneqeHBB .no· 

eTaToquo BbleOKOH eTaTBeTuqeeKOH ToquoeTH pe3yJIL· 

TaTa .nu4J4JepeHuuanhHbiX B3MepeHBH. lloJTOMY paeeMoTpHM 

euaqana B03MO*HOeTh npOBe,D.eHBJI BHTerpaJILHbiX H3MepeHBH 

e u;eJILIO npoBepKB eaMOrO liJaKTa HaJIBqBJI BJIB OTeyTeTBBJI 

TeHeBOrO MBHBMyMa. 
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a/ HHmezpaAbHble U3MepeHUJI 

B TaKHX H3MepeHH.JIX HMeeT CMbiCJI onpe.n.eJIHTb HHTeH

CHBHOCTH llOTOKa ll03HTpOHOB B KOHyce C paCTBOpOM, pao

HbiM lllHpHHe TeHeBOrO MHHHMyMa Ha llOJIOBHHe rnyfiHHbl, 

T.e. 2° o HanpaaneHHH, coona.n.awmeM c KpHcTannorpaliJu

qecKOH OCbiO, H B CJly'iaHHOM HanpaBJieHHH. CxeMa TaKoro 

3KcnepuMeHTa npe.n.cTaoneHa Ha puc. 2. PaccTO.IIHHe OT 

ny40K UOHOb 
L -

E ·6 MJb/HyK~OH 

I· 10 11 uoHob/ceK 

0•1cM 2 

MOHOKpUCfO~~u4eCKQII MULUeHb 

(ct. 5Mlp/CM2, (/!?: 1 CM2) 

=1000MM 
HOnpabAeHue KPUCTOMO-

1pacpu~ecKOU ocu MU LUeHU Go 

gereKTOP 

nOJUTPOHOb 

ZOMMO- KbOHfbl 

l1 Go= 2° 

JAeKTPOHHO- OnTU4eCK011 
cuqeMa gAll paJgeAeHull 

et e- U If- KbOHfOb 

Puc. 2. llpUHl#UnuaAbHaJI cxeMa 3KcnepuMeHma c o6bl'lHbiM 
oemeKmopoM no3umpoHo6 - uHmezpaAbHblil Memoo Ha6A10-
0eHUJI. lloKa3aHa cxeMamu'lecKu rjjopMa meHu OAJI no3umpoHo6 
U 3AeKIIIpOH06. 

MHllleHH .LJ.O ,neTeKTOpa BblfipaHo· 1000 MM, C TeM 'iT06bl 

npH pa3Mepe H3JiyqaJOJ.UeH o6JiaCTH MHllleHH 10 MM yrJIOBOH 

pa36poc 6b1Jl MaJl DO cpaoHeHHIO C yrJIOBOB lllHpHHOB TeHH. 

BLI6upa.ll TeJieCHbiB yron perHcTpau.uu paBHbiM 10-3 cp, 
llOJIY'iHM llOJlHOe qucJIO OTC'ieTOB ll03HTpOHOB B .LJ.eTeKTOpe 

10 

~ 

.. 
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llpH ceqeHHH a = 10-2tM:;HHTerpaJibHOM nOTOKe HOHOB 

C HCnOJlblOBaHHeM 1 CM ~HllleHH l = 10 16a TOJlJ.UHHe pa-

6oTatomero cno.11 MHrneHH x = 5 M z/ cM 2 ("' 10 19] I cM 2 ) ypaHa, 

npH OTCyTCTBHH 3<MJeKTa TeHeB, T.e. B CJiyqaBHOM Hanpao

JleHHH: 

N = alXf"' 101. 
r.n.e f - reoMeTpuqecKa.ll 3<1MtleKTHBHOCTb. 

fipH HaJIHqHH ,nocTaToqHo rny60KOB TeHH (x ,.0,2) 'iHCJIO 

OTCqeTOB npH H3MepeHHH B HanpaBJieHHH KpHCTaJIJIOrpaliJu

qeCKOB OCR 6y,neT npHMepHO B 3-3,5 pa3a MeHbllle, T.e. 

"'3·10 3. fipHBe,neHHOe Bblllle qHCJIO OTCqeTOB OTHOCHTC.JI 

KO BCeMy 3HepreTH'iCCKOMY cneKTpy n03HTpOHOB. EcJIH 

,neTCKTHpytoJ.Ua.ll CHCTCMa o6na.n.aeT cneKTpOMeTpH'ieCKHMH 

CBOBCTBaMH, TO npe,nCTaBJl.JICTC.JI B03MO)l(Hb1M npoaepHTb 

MCXaHH3M npou.ecca B 3aBHCHMOCTH OT 3HeprHH ll03HTpo

HOB. 

3neKTpOHHO- onTuqecKa.ll cucTeMa I puc. 2/ CJiy)l(HT .LJ.JI.II 

OT60pa n03HTpOHOB C U.CJlbiO yMCHblllCHH.JI liJoHa H liJoKyCH· 

pOBKH ll03HTpOHOB BCeX 3HeprHB Ha .LJ.CTCKTOp. 3Ta CHCTeMa 

MO)l(eT 6b1Tb CKOHCTpyupooaHa TaKHM o6pa3oM, qTo6LI oT

KJIOH.IITb H liJoKyCHpOBa Tb B .LJ.pyrOM HanpaBJlCHHH TaK)l(C 

3JleKTpOHbl. TaKHM o6pa30M, HMCCTC.JI B03MO)l(HOCTb H3Me

p.11Tb O.LJ.HOBpeMeHHO 3<MJeKT TCHCB ,nJI.JI n03HTpOHOB H 3JlCKT" 

pOHOB, qTo MO)l(CT CJIY)l(HTb ,nonoJIHHTeJlbHOB npoaepKOB 

MexaHH3Ma npou.ecca, ecnu cymecTBeHHbiM .IIBJI.IICTC.II np.II

Moe o6pa30BaHHe nap B KYJlOHOBCKOM none CTaJIKHBaJOJ.UHXC.JI 

.11,nep I 10/. Bo3Mp)l(HO, npH HJMepeHHH 3<WleKTa TeHeii .LJ.Jl.ll 

3JlCKTpOHOB noTpe6yeTC.JI eme o,nHH ,neTeKTOp n03HTpOHOB, 

BKJIJOqeHHbiB Ha COBna.n.eHH.IIX, C U.CJibiO OT6opa 3JleKTpOHOB, 

o6pa3oBaHHbiX npH po)l(.neHHH nap • 

6/ ,4urjjrjjepeHijUQAbHble U3MepeHUJI 

CxeMa TaKHX H3MepeHHB npe,ncTaaneHa Ha puc. 3. 
B OTJlHqHe OT HHTerpaJibHbiX H3MepeHHB 3,D,eCb npe,D,ycMaT

pHBaeTC.II nonyqeHHe liJopMbl TeHeaoro MHHHMyMa .LJ.Jl.ll pe

rHcTpHpyeMhiX no3HTPOHOB. MarHHTHa.ll CHCTeMa 4 cJiy)l(HT 

He ,nJI.JI liJoKyCHpOBKH n03HTpOHOB, a KaK aHaJIH3aTop 3Hep

rHH qacTHLJ.. EcnH ,D,eTeKTop 5 .IIBJI.IIeTc.ll O.D.HOBpeMeHHO 
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Puc. 3. llpuHijunuaAbHa}j cxeMa :JKcnepuMeHma c no3UijUOH
Ho- ~yecmeumeJZbHbiM oemeKmOpOM - ougigiepeHijUQJZbHbiU Me
moO Ha6JZ100eHUJI. lloKa3aHa cxeMamu~ecKu giopMa meHu OJZjj 
n03UIIIpOH06 HQ BXOOe 13 MQ2HUIIIHbiU QHQJZU3amop U HQ BbiXO
oe U3 Hezo OJZJI OBYX :JHepzuu ~acmuij. 1 - KOJZJZUMamop, 
2 - MUIUeHb, 3 - OUagipazMa, 4 - MQ2HUIII, 5 - n03UijUOHHO
~YBCIII6UI/IeJZbHbiU oemeKmop, 6 - OemeKmop QHHU2UJZjjijUOH

HbiX y - KBQHIIIOB, 7 - 3QIJIUI/Ia. 

cneKTpOMeTpHqeCKBM H n03Hl.I,HOHHO-qyBCTBHTe11bHhiM /KaK, 

uanpHMep, nonynpOBO~HHKOBhiH n03Hl.I,HOHHO-qyBCTBHTenb

HhiH KpeMHBeBbiH ~eTeKTOp/, TO nOJIB11JleTCJI B03MO)I(HOCTb 

B3MepBTb l})opuy TeHeBoro MHHBMyMa cpa3y ~11JI n03BTpo

HOB acex 3Hepruii:. Ilpe~cTaBnJleTcJI uenecoo6pa3HhiM B 

~aHHhiX H3MepeHBJIX BMeTb pa3Mep B3nyqaiO~ero nJITHa 

MHWeHH == 1 MM npB paCCTOJIHBB OT MBWeHB ~0 ~Hai})parMhl 
3 oKono 150 MM ~nJI o6ecneqeHBJI Hennoxoro yrnoaoro 

pa3peweHBJI 3KCnepuMeHTa. Yrnoaoii: BHTepaan 1\0 B Me~BaH-

12 
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J. 

Hoii nnocKOCTH MarHHTa ~o~eH 6h1Tb 6onhwe nonHoii wu

PBHhl TeHH, HanpuMep "' 5°· )J.nJI nonyqeHBJI ~BaMeTpanb
Horo ceqeHBJI TeHeaoro MHHHMyMa yrnoaoii: HHTepaan B 

nepneH~BKynJlpHOM HanpaBneHBH ~OJl)l(eH 6h1Tb 3HaqBTe11hHO 

MeHbwe j .. O,:t'+0,5° /. Ecnu )l(e 3TOT yrnoaoii: BHTepaan 

yaenuquTh, TO npoaJoii:~eT ycpe~ueHBe TeHeaoro MBHH

MyMa no aJBMyTanhHOMY yrny, T .e. Jarpy6neHue H3Mepe

HBJI. O~HaKo ecnu npH 3TOM ucnonhJOBaTh ~ayxKoop~HHaT

Hhlii n03Bl.I,HOHHO- qyBCTBHTe11bHhiH cneKTpOMeTpBqeCKBH ~e
TeKTOp, TO MO)I(HO nonyqBTb 06beMHYIO KapTBHY TeHB ~11Jl 

Ka)I(~OH 3HeprHB n03BTpOHOB, T.e. C~enaTh B3MepeHHJI 

6onee nonHhiMH. 

Cne~yeT, o~HaKo, 3aMeTBTh, qTo oueHeHHoe Bhlwe ~nJI 

BHTerpanhHhiX B3MepeHHii qucno oTcqeToB Ha onpe~eneH

HhiH yrnOBOH BHTepaan 6y~eT B ~Bi})i})epeHl.I,HanbHhiX B3Me

peHHJIX TeM )l(e caMhiM. YMeHLWeHBe pa3Mepa nyqKa He 

npBBe~eT K CHB)I(eHHIO BHTerpanhHOrO nOTOKa BOHOB, no

CK011bKY, OCy~eCTB11JIJI TpaHC11Jll.I,HOHHhle nepeMe~eHBJI MH

weHB, MO)I(HO BCn011b30BaTh nonHyiO nno~a~h MOHO

KpBCTanna. 

TaKBM o6pa3oM, ~u~epeHuuanhHhle B3MepeHBJI no cxe

Me puc. 3 He npHBO~JIT K noTepe CTaTBCTBKB. IJpOB3BO~Jl 
COOTBeTCTBYIO~Be CYMMHpOBaHHJI, nonyqaeM TOqHO TOT )l(e 

pe3Y11bTaT, qTo B B HHTerpanbHhiX B3MepeHBJIX. Ho npB 

Ha6ope ~OCTaTOqHoro qucna OTcqeTOB MO)I(HO npOB3BeCTB 

B3MepeHBe i})opMhl TeHB B nonyqBTb K011BqeCTBeHHYIO BH

I})opMal.I,BIO o BKna~e palnBqHhiX npoueccoB B Ha6nro~aeMoe 
ceqeHBe o6pa30BaHHJI n03BTpOHOB B 3aBBCBMOCTB OT BX 

3Hepruu. B 3KcnepHMeHTax no KonuqecTBeHHOMY onpe~e

neHBIO cpe~Hero cMe~eHHJI BCTOqHHKa qacTBU B3 Y311a 

peWeTKB B3MepeHHJI ofihlqHO Bhln011HJIIOTCJI/14(nJ}JI ~BYX B11B 

Tpex B~eHTBqHhiX oceii: O~HOBpeMeHHO. Ilo3TOMY npB KOnB

qeCTBeHHOH nOCTaHOBKe 3I<CnepBMeHTa, no-B~HMOMy, uene

C006pa3HO HMeTh ~Be O~BHaKOBhle CHCTeMhl perHCTpal.I,BB 

no3BTpOHOB, pacnonolKeHHble no~ pa3nHqHhiMB yrnaMH K 

nyqKy HOHOB B HanpaBneHHJIX ~BYX B~eHTHqHhiX KpBCTanno

rpal})uqecKBX oceii: MHmeHB. 
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4. 3AKJIIOfiEHHE 

llpe,IJ,llO>KeH MeTO,IJ,, OCHOBaHHbiH Ha J!WleKTe TelfeR, 

.II.llB 3KcnepaMeHTanLHoro ycTaHoaneHBB xapaKTepa Mexa

HB3Ma npo:necca o6pa30BaHBB IT03BTpOHOB B CTOllKHOBe

HBBX O'leHL TB>KellbiX BOHOB. BbiiTOllHeHbl O:QeHKB B03MO>K· 

HOCTB ITOCTaHOBKB 3KCITepHM~HTa B O>KB,IJ,aeMbiX pelynL

TaTOB B peanLHbiX ycnoaaxx. MeTO.IJ. ,IJ,aeT npJIMYIO BHtllop

Ma:QBIO 0 MeXaHB3Me npouecca B He JaBBCBT OT TO'IHOCTB 

Mo,IJ,enLHbiX pac'leTOB BKna,IJ,a B.IJ.epHbiX npo:neccoa, 'ITO oco-

6eHHO Cyi:QeCTBeHHO ,IJ,llB CTOllKHOBeHBH U + U npH 3HeprBBX 

oKono 6 M3B/HYKA. anH Bblwe. 

llpeJJ.cTaanxeTCB :nenecoo6pa3HbiM Hapx.IJ.y c npe,IJ,no>KeH

HLIM 3,IJ,eCL HOBbiM 3KCITepaMeHTOM npo,IJ,On>KaTL HCClle,IJ,o

BaHBJI 3aBBCBMOCTH Ce'leHBB o6pa30BaHHB IT03HTpOHOB OT 

J!WleKTBBHOrO B,IJ,epHoro Japx,IJ,a ,IJ,BOHHOH aTOMHOH CHCTeMbl. 

Haa6onee BHTepeCHbiM JIBllJieTCJI o6ny'leHBe BOHaMB ypaHa 

6onee TB>Kenblx MaweHei, Tai<HX I<ai< Cf, ana ,IJ,a>Ke yci<ope

HBe aoHoB Cf JJ.llB accne,IJ,oBaHBJI cacTeMbl Cf + Cf, Kai< 3TO 

npe,IJ,naraeT r.H.$nepoB. BbiiTOnHeHHe ,IJ,aHHoro KOMITlleJ<Ca 

3KCITepBMeHTanLHLIX BCClle,IJ,OBaHBH MO>KeT ,IJ,aTL JICHYIO BH

tllopMaUHIO 0 I<BaHTOBO- 3lleKTpO,IJ,BHaMB'IeCI<BX J!Wlei<TaX B 

ycnoaaxx caepxcanLHbiX nonei. 

ABTOpbl Bblpa>KaiOT 6naro,IJ,apHOCTL ai<a,IJ,eMBKY r .H.$ne

poay Ja ITOCTOJIHHLIH BHTepec I< ,IJ,aHHOMy HanpaBneHBIO 

BCClle,IJ,OBaHBB B ITllO,!J,OTBOpHLie o6cy>K,IJ,eHBJI B3llO>KeHHbiX 

BOITpOCOB. 
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