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BBEAEHIII E 

IIIccnE!AoBaHlo1e npoX O>t<.A eHIo1A penATIo1BIiICTCKIiIX aTOMOB 'Iepe3 Bell.leCTBO n03BonReT 

1i13 Y 'laTb MexaHIiI3M B3a IilMOAe~CTB I-IA COCTaBHblX CIiICTeM npl-1 BblCOKIiIX 3Hepr1ilAX . OCO

6 0 e 3H a'leH l-le I-1MeKlT onblTbl C npOCTe~WI-1MIiI aTOMaMI-1, COCTOAll.Il-1MIiI 1i13 3neMeHTap

HblX 'I aCT 1-1 U, CBA3aHHbiX KynoHoBcKI-1M nOTeHUl-lanOM: e- p, e-e+, Il-TT+ 1-1 T.A. 

B 3TOM cny'lae OAHa 1-13 B3aI-1MOAe~CTBYKl UU1 X CI-ICTeM - 3neMeHTapHbl~ aTOM - Onl-1Cbl

Ba eTCR TO'lHO, 'ITO YMeH bwaeT nor peWHOCTI-I COOTBeTCTBYKlll.lI-IX TOOpeTI-I'IeCKIiIX pac'Ie

TOB. 

B HaCTOAll.Iee BpeMA OCHOBO~ TeOpeTI-1'1eCKOrO aHanl-13a Ce'leHI-1~ B3aI-lMOAe~CT

BillA 3neMeHTap HbiX aTOMOB C aTOMaMI-1 Bell.leCTBa cny>t<I-1T HepenATI-1BIIICTCKOe 60p

HOBCKoe npH 6 m1>t<eH lll e . 3TO nplil6nlil>t<eHl-1e npl-1MeHI-1MO npl-1 ycnoBlII1-1 P12M » E , 
. max 

rAe P - IiIMnynbc HaneTaKl ll.ler O 3neMeHTapHoro aTOM a C MaCCOH M , a Emax - MaK

CI-1ManbHaA 3HeprlllA CBR31i1 3neKTpOHOB B aTOMe MI-1WeHI-1 . npIIIMeHI-1MOCTb HepenATI-1

BIiICTCKoro nOAxoAa nplil BblCOKI-1X 3Heprl-1RX 06ycnoBneHa npeo6naAaHI-1eM BKnaAa 3neKT

PIo1 '1ecKOH 'IaCTIo1 B3aIilMOAe~CTBIiIR B nOnepe'lHble Ce'leHI-1R 1 11 . B TaKOM npl-16nl-1>t<eHI-1I-1 

reOpl-1R n"PeACKa3blBaer npocryfO 3Heprerlo1 '1eCKYKl 3aBI-1CI-1MOCTb Ce'leHI-1~ B3aIo1MOAelil

CTBIo1A 1 2 : 

a 1 (T) = (701 I {3 2 = a01 y 2 (y 2 _ 1) -1 _ (1) 

3.1leCb f3 - CKOPOCTb HaneTatoll.lerO aTOMa B na60paTopHoIiI CI-1CTeMe, T - er~ KI-1

HeTI-1'1ecKaA 3Heprl-1A, a 1 - nonHoe Ce'leHl-1e I-1nl-1 Ce'leHl-1e nKl6oro B03MO>KHOrO Ka

Hana B3aI-1MOAe~CTBI-1A, a 01 - aCI-1MnTOTI-1'1ecKoe 3Ha'leHl-1e COOTBeTCTBYKlll.lerO ceIIe

HI-1A, Benl-1'1I-1Ha KOToporo 3aBI-1CI-1T OT Tl-1na CTanKI-1BaKlll.ll-1XCA aTOMOB . AnA aTOMa BO

AopOAa, B3al-1MO.llelilcTBYKlll.lerO c aTOMaMI-1 nerKI-1X 3neMeHTOB, 3aBI-1CI-1MOCTb (1) Bbl

nonHAeTCA, Ha'lI-1HaA C 3Heprl-11-1 B HecKonbKo M3B. OTCYTcTBl-1e nOrapl-1cPMI-1'1eCKOrO po

CTa Ce'leHI-1H, xapaKTepHoro AnA B3al-1MOAelilcTBI-1A 3apA>KeHHb1X 'IaCTI-1U C aTOMaMl-1, 

CBA3aHO C 6blCTPblM cnaAOM nOTeHUl-1ana nonA HaneTaKlll.lerO aTOMa Ha 60nbwI-1X 

paCCTOAHI-1AX • 

.0.0 HaCTOAll.IerO BpeMeHI-1 3KCnepl-1MeHTanbHbie AaHHbie 06 aTOM-aTOMHbIX COYAa

peHI-1AX OrpaHI-1'1I-1Banl-1Cb 06naCTbto CpaBHI-1TenbHO HI-13KI-1X 3Heprl-1li1 . MaKCI-1ManbHOe 

3Ha'leHl-1e y = 1,2 6blno AOCTl-1rHYTO B 3KCnepl-1MeHTaX C aTOMaMI-1 BO.llopOAa 13 / . 

npl-1 TaKOM y -cPaKTope Ce'leHl-1e B3al-1MOAeHCTBI-1A BOAopoAa C Bell.leCTBOM ell.le 

B '" 3 pa3a npeBblwaeT aCI-1MnTOTI-1'1ecKoe 3Ha'leHl-1e. 1113~_1epeHH ble C 10-npoueHTHoIiI 

TO'lHOCTbKl 13 -51 Ce'leHI-1R B3al-1MOAeJitcTBI-1A BOAopoAa C aTOMaMI-1 nerKI-1X 3neMeHTOB 

cornacytoTCA C paC'IeTHbIMI-1. n03TOMY OTHOCI-1TenbHaA TO'lHOCTb 100b MO>KeT C'II-1TaTbCA 

BepxHelil OUeH Kolil norpeWHOCTI-1 TeOpeTI-1'1eCKI-1X paC'IeTOB . B 06naCTI-1 y» 1 BO

npoc 0 npOBepKe 3HepreTI-1'1ecKoJit 3aB~1CI-1MOCTI-1 (1J_ ILLO'lHOCTI-1 Bbl'lI-1CnReMbIX aCI-1Mn
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OTWI e<::K \IIX Ce'l eH\II~ U 01 OCTaeTCR OT K pblTbiM. n03TOMy 3KCnep\ll M eHTanbHSR 

p osepKa TO'lHOCT\II On\llCaH\IIA STOM-STOMHbIX npoLleccos n p .., TaKioIx y -cPaKTOpax 

p eACT3Bn ReT 3Ha'l\llTenbH bl~ Io1HTep ec. 

BblXOA B HOBYIO 3HepreTII1'fecKYIO 06naCTb n03BOnAeT Ha6 m o,llaTb HOS ble OCO-

l 
eH HOCT\II 3TOMHbiX COYAapeH lII~ . TaK, n p lil 60nbwlll x y -cP3KTOp 3X Ka'leCT8eHHO Me

A eTCR X3paKTep B3aIllMOAe~CTB \II R aTOM a C KOH,IleHClilpOe aH HblM se~eCTBOM . S p3

'OTe 161 6 b lno 06pa~eHo BH\IIMaH \IIe Ha TOT cPaKT, 'ITO nplII ,IlOCTaTO'lHO 6 0 nbwlll x 

~a'leH\IIAX Y speMR t npOxO)l(JleHlIIA 3TOMa M e>K,IlY A B YMR nocneAOS3TeJ1bHblM\II 

eynpyr \llMIil CTonKHOBeHIiIRMIil M O>KeT CT3Tb MHo ro M eHb we xap3KTepHor o 3TOMHO

o speMeHIiI B na60paTopHOH CIiICTeMe r = yr 0 ,TO eCTb 

/ yr 0 « 1. (2) 

B aTOM cnY 'Iae BepOATHOCTb n pOXO>KA eHIIIR aTOMa 'Iep e3 cnOH Be~eCTBa OK33bl 

'aeTCR 60nbwel1, 'IeM cneAyeT 1113 06bl'lHOH 3Kcn OH eHLllilanbH OH 3SB\IICIilMOCTIil . T aKoe 

~neHllle 6 b ln o Ha3saHO B 16 1 c Bep xnpOHIIILlaeMoCTblO . 

AnA n03 I11 TpOH\IIR, 0 6 03H a'laeM OrO Aanee A 2e ,xapaKTepHoe aTOMHoe BpeMA 

0= 4,8 • 1017 
C, AlllIIHa cBo 6oAHoro npo6era B yrnep oAe A= 0,1 M K M III y cn oBltl e 

2) Bb lnOnHReTCR Y>Ke npltl y ... 100. 
TeopliIR B3alilMoAeHCTBIiIA ynbTpapenRTIIIBIIICTC K Io1X aTOMOB n03111TpOH\I1R C Be

~ 
ecTBOM c$opMynltlpoBaHa B pa60Tax 1 7.8~ KOn\ll'lecTseHHbIH paC'IeT / SI nO Ka3 3J1, 

o Y>Ke nplll TOn\.14HHe nneH Kill L = 2,5 A OTKnOHeHltle OT 3KcnOHeHLlHanbHoro 3a

OHa nOrnO\.14eHliIA AOCTlilraeT 100%, n03TOMY Y 'leT RBneHIiIR c sep x n p OHHuaeMOCTIiI 

06XOAIiIM AnR nonY'leH IiIR npaBlilnbHoro 3Ha'l eHIiIA A 1i13 AaHHblX n o o cna6 n eHlilIO 

[ 

'IKa A2e B nornOTIilTenAX . 

06CY)l(JlaeMbl~ 3cPcPeKT CBepxnpOHIiILlaeM OCT Io1 HMeeT B CBOei1 OCHOBe 60nee 

\.14ee RBneHlile Heynpyroro 3KpaH\IIpOSaH\IIA, Ha Heo6xoAIiIMOCTb Y 'leTa K OToporo 

8ApoH-AAepHblx B3aIo1MoAe~cTBHAX YKa3bIB3J10Cb e~e S KOHue 6 o-x rOAos 19 
KcnepHMeHTbl C ynbTp3penAH 1s IiICTCK\IIM\II 3neMeHTapHblM\II aTOM3MIiI S np\llHUlllne 

0 3S0nAIOT H3y'l\llTb M e xaHIiI3M Heyn pyr o ro 3K p aH\IIpOSaH HR S c nY'l3e. KorA33neMeH 

~PHble aKTbl B33111MOAEMCTBItIA onpeAenAIOTcA Ha\ll60nBe H3Y'l eHH bIM 3neKTp o M3r

~THbIM B3aHMoAeHcTsHeM. 

3 KCnepltlMeHT311bHble HCcne,llOB3H HA C ynbTpapenRH1BIo1CTCK HMH aTOM3MIiI BO

f PoAa orpaHH'IeHbl 1i13-3a CnO>KHOCTH nony'leH\IIR TaKHX aTOMOB . Lilcnon b3ye

r 
b l ~ B HacTOR\.14ee speMR MeTO,ll 06.a.HP K\II YCKOPeHH bl X \IIOHOB H B TOH KHX nneH 

ax n 03sonABT nonY'laTb aTOMbl BOAOPOA3 C aHepr Hel1 A O HecK onbKHX COTeH MaS . 

o .nY'IeHHe arOMOB C 60nee BblCOKOH 3H ep rHeH CBR 3 bl S3eTCA C MeTOAOM aneKT pOH ' 

ro OXna>KAeHHA ny'lK3 npOTOHOB. 3THM MeTOAOM nonY'IeHbl 3TOMbi BOAopOAa 

E = 15+85 Ma8 1101 . 06CY)l(JlaBTCA B03MO>KHOCTb C03.a.3HHR YCKopHTenA npoTo

B Ha aHeprHIO AO 7 ra8 1111 C aneK TpOHHblM OXn a>KAeHHeM, KOTOPb l11 MO>KeT cny
I1Tb HCTO'lHHKOM aTOMOB BO,llopoAa. 

CY \.148CTBeHHOe YBenlll'leHHe y -cPaKTopa B03MO>KHO npH nBpBXO,lle K aTOM aM, 

CT 
/ 
OR\.14I1M \11 3 3neMBH TapHbiX 'IaCTI1U 60nee nerK\IIX, 'IBM npoToH. 8 3KCnepHMeH
12,1 31 

x 6 blnH 3aperl1CTpl1pOBaHbi 1'r1l-3TOMbl. B03HHK31O~\IIe npH pacna,lle 

f ~ -M830HOB . 3HepreTH'I8CKOe p3Cnpe,lleneHHB 3H1X aTOMOB HMeno MaKCHMYM 

~ 

B paHOHe y = 150, HaH60nbwee 3Ha'leH\IIe y ",390. OC06eHHO B blCOKHe 3Ha'leHIIIR y 
,IlOCT\IIr a lOTCR np\ll reHepaLl \ll ", penAT\IISIiICTCKIIIX aTOMOS n03\11TpoH\II R A2e ' IiIM elO\.14\11 X 

M any lO Maccy nO KOR. TeOp en l '1 ecK\II \113y'leHHbI MI-I ItI CTO'lHHK3M .11 penA TIiISIiICr CK\IIxA 2e 
RsnAIOTCA pac naAbl / 141 

TTO ... Y + A 2e• 

peaKLI\IIIiI cPOTOp0>K,IleH\IIR ' U)- 1S 

y + A ... A 2e + A 

iii 3neKTpopO>K,IleH\IIA l 19 , 20 
l 

e + A ... A 2 e + e + A _ 

3TI1 npoueccbl n03BonAIOT reHep\llpOBaTb n03\11TpOH\IIIiI C y-cPaKTopaMIiI ,IlO 10 5 . 

(3) 

(4) 

(5) 

K HaCTOA\.14eMY speMeHIiI s \IIHTepSane 800 ~ y ~ 2000 /2 11 3aper\llCTplilposa

Hbl A 2e , B03H\IIKalO\.14\11e B pacna,lle (3) . 

Uenb HaCTOA\.14eH pa60Tbi COCTOIiIT s onpe,lleneHIiIIiI nonHoro Ce'leHIiIA B3aIilMO

,Ilel1CTS\IIR A 2e C aTOMaM\II yrnep0,ll a nYTeM \113MepeH\IIR K03cPcP\IILI\IIeHTa nponycKa

H\IIA aTOMOS n03\11TpOHIiIA yrnepO,llHblM\II nneHKaM\II np\ll 800 .s; y .s; 20 00. 3Ha

'I eH \II A y -cPaKTOPOS B \IIccneAyeMoH 06naCTIiI Ha Tp\ll nOpA,IlKa npeSblwalOT MaKC\II 

ManbHYIO Ben\ll'l\llHY y , np\ll KOTOPOH paHee \113Y'Ian\llCb S3a\llMO,lleHCTS\IIA aTOMos 

C aTOMaM\II. 

l.CXEMA 3KCnEPLilMEHTA 

Lil3MepeH\IIR nposo,ll\lln\llCb Ha KaHane penATIiIS\IICTCK\IIX n03\11TpOH\IIeS 12 2,23 / yc_ 

KOp\llrenA Y-70 LilHcT\IITYTa cP\II311K\II SblCOK\IIX 3Hepr\ll~. Lilcnonb30sanacb cxeMa reHe

paLl\ll\ll iii AeTeKTlilpOSaH\IIR n03\11TpOH\IIeS (P\llc .1). On\llCaHHaR s /2 11 . 

PUC. 1. CxeMa YCTaHo8Ku: 

a) cxeMa KaHana : P - ny
'10K npOTOH08; M - nne

HO'IHaR MuweHb; n - no

znOTUTenb; Kfl - Konnu

MaTOp; H - ZOpU30HTanb 

Hoe MaZHUTHoe none; ,4 -
CTanbHble oua¢paZMbl; K

KOH8epTOp U3 nneKcuzna

ca; 6) cxeMa pacnonoJKe

HUR MaZHUTa U oeTeKTopo8 : 

CM - nOflloca MaZHUTa 

Cn73; BK - 8aKyyMHaR 

KaMepa; ,4K1,,4K2, ,4K3

~ , _ _ '~ H ' 

~.,. ~:€l:rLf;:p - 1@ 
C

j 

", -- - ~ 

a ~ 

S/'f R 

1 

.11 

f'''' 
~'" 

naKeTbl opeiJ¢o8b/X KaMep; . V 6 
$1, S2 - CL/UHTUnnRL/UOHHble C'leT'IUKU; ~1,C2 - Za308b1e 'IepeHK08CKue C'IeT'IU

KU; rM  y -MOHUrop, nM  n008UJKHbliJ }I -MOHUTOp. 
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M I1W eHb B BI1Ae yrnepoAHO~ nneH KI1 TOn~I1Ho lit '" 0.4 MKM BBO/li'1n aCb 

BO BHyT peH HVlI1 npOTOHHb l~ n y 'lo K C :1HeprVlelit 70 r3B B npAMon"'H e~HoM npoMe>t<YT

!~ e Y -70 . YnbTpapenAn!B~ CTCKHe n 0 311TpoHHH 06pa30 B biBanHcb B pe3ynbTaTe pacna

Aa (3) 17° -Me30HOB, B03HHKatO UJ,I1X B MI1 W eHH. n031i1TpoHHH nonaAan l1 B K aHan, 

pacnonO>t<eHHbl~ n OA yrnoM 8,4 0 
K npoToHHOMY nY'iKY H npl1CoeAl1HeHHbl~ K sa

KYYMHO~ K aMepe YCKopHTenA 6e3 neperopoAo K. AnHHa Kaf-:ana - 4 0 M . YrnoBoH 

aKcenTaHC K aHana 3aLlaBanc A K OHI1'l eC K HM KOm"II1M aTo poM, p acno n O>t<eHHblM B 10M 

OT MHweHH, 11 COCTaB n An 3,8 '10-5 cp (Lll1aMeTp ny'iKa B K OHue Ka Han a - 30 CM) . 

Ha'l anbH aA 'l aCTb KaHana 3KpaHI1poBaHa OT pacceA HH blX M arHI1THbl X none~ 

YCKopHTenA. 3 K paHI1pOBKa CH H>t<ana BenH'lI1HY 3TI1X noneiii AO 3Ha'leHl1 ~ MeHee 

0,5 3. A n A BblBOLla 3apA>t<eHHb1X '1aCTHU 1'13 nY'lKa nepneHAIilKynApHo OCIII KaHana 

Ha A nl1He '" 23 M c03AaHO OAHo pOAHoe ropH30HTanbHoe M ap-IIilTHoe none HanpA

)l(eHHOCTbtO 56 3 ( o 'll1 UJ,atO~ee none) . npl1 3TOM 1113 ny'l K a BblBOAHlll11Cb 'I 3CTIII l.\bl 

C HMnynbcaMIil AO 3 r 3 B/c, B TO >t<e BpeMA n03111TpOHIIIIII C HMnynbcaMI1 AO 2,5 r3B/c 

npOXOAl1ll111 0611aCTb nonA 6e3 AIIICCOl.\lIIal.\1II11 Ha cB060AHbie e+, e - . K aHan 3aBep 

w aeTCA Ba KYYMHo~ KaMepo~, nOMe~eHHo~ B 3a30p cneKTpOM eTplII'IecKoro M arHIII 

Ta C n - 7 3 (H = 4600 3 ) . BblxO/lHOe OKHO (200x40 CM) BaKYYMHolit K aM epbl 1113ro

TOBneHO 1113 AtOpantOMI1HHA TOn~I1HO~ 0,8 MM. 

nepeLl MarHHTOM Cn-73 pacnonO>t<eHO yCTPO~CTBO BBOAa KOHBepTOp a 

H3 nneK Clllrnaca Ton ~I1HO~ D,92 MM (2, 7. 1 0-3 pa/ll1aUIIIOHHo~ AnHHbl) . BBeAeHHbl1it 

KOHBepT Op n epeKpblsan Ce'leHl1e KaHana H ABnAnCA HCTO'lHIIIKOM e+e--nap, reHepH

POB3HHblX y -KBaHTaMH nY'IKa. TaKHe napbl I1CnOnb30BanHCb /lllA onpeAeI1eHIIIA 

nOIlO)l(eHI1A nY4 Ka y -KBaHTOB Ha BXOAe B MarH"'T, a TaK>t<e AnA onpeLleneHHA T04

HOCTHblX xapaKTepHCTHK H 3q,q,eKTIIIBHoCTIil AeTeKTopOB. npOCTpaHCTBeHHoe p acnpe

LlelleHllle y - K BaHTOB 11 A2e Ha Bxo/le B MarHIIIT COBnaAatOT. 

C n eKTpoM eTpl1'leCKIilIit MarHIIIT Cn-73 KpaeBblM noneM pa3Banl1Baer aTOM no

3111Tp OHlilA III pa3BOAVlT 06pa30BaBWI1eCA e+ 11 e - B ropVl30HTanbHO~ nIlOCKOCTIil. 

3 neKTpOH VI n03HTpOH perHCTpl1PYtOTCA /lBYMR TeneCKonaMIII, COCTOA UJ,i'1 MI1 1113 Apelit

cjJOBblX KaMep (,lJ,K) , CUI1HTHnnAUHOHHbl X (S ) 11 'IepeH KOBCKHX (~) C'lenI1KOB. 

\.1M n y nbcbl n03HTpOHH eB, perl1CTpHpyeMblx YCTaHoBKoi/t /2 11 , HaxoAATCA B HHTep

Bane 8 0 0 72000 M 3B/c. 

A peH$lBble K ltMepbl Ka>t<Aoro TenecKona cOAep>t<aT no 6 nI10CKoCT eiii C cVlr· 

HanbHblMVI n pOBOn OKaMI1 B ropVl30HTanbHo~ (X ) 11 BepTIilKallbHoH (Y) nnOC KO

CTAX . CI1CTeM3 C"beMa I1HcjJo p Mal.\1111 C AK n03Bon AeT perVlCTplilposaTb s OAHOM C0 6 bl

T"'VI AO /lByX '4acTVll.\ S K a)l(AOM f111e'le c n eKTpoMeTpa / 24 / . 

nOTOK A2e S KaHane nponopUHOHaneH nOTOKY Y· KBaHTOB. MOHHTopVlpoBa· 

HVle nY'4Ka Y -K BaHTOB OCYUJ,eCTBllRI10Cb pscnOnO)l(eHHblM Ha OCH KaHana TelleCKO

nOM (rM) CUHHTl1nI1AUHOHHbIX C'I eT 'lI'lKOB co CBI1HUOBblM KOHBepTopoM P83MepOM 

2x2 CM. n O/lBI'I>t<HbIl1 T enecKon C'I eT'II1KOB (nM) aHanOrVl'4HOM KOHCTPYKUHH CllY

)l(Vln ,QllA onpeAeneHHR n onO>t<eHHR nY'4Ka Y -K8SHTOB BO BpeMR H3MepeHHH. 

,llnR nonY'4eHHR /laHHbIX 0 B3aVlMOAeHCTBHH penATI1BVlCTCKHX n03V1TpoHl1eS 

C BeUJ,ecTBOM B H8'1anbHOH 'IaCTVI KaHana 8 2,2 MOT MI1WeHH pacnonO)l(eHO YCTpoHCT

BO BBOAa B nY'40K yrnepO,QHblX nornOTVlTeneH. nornOTMTenH npe/lCTaBllfUOT C060H 

yrnepO/lHble nneHKH TonUJ,HHOH OKono 0,1 MKM (21 ±1) MKr/cM2 ), nOIlHOCTbtO 

4 

nepeKpblBatOUJ,lIIe Ce'4eHl1e nY'lKa. nlleHKVI 6blllH apMHpOBaHbl MeTannVl'lecKI1MVI HH

TAMI1 Al1aMeTpOM 40 MKM. nll0 UJ,aD.b, nepeKpblBaeMaA HI1TAMIII, COCTaBllAlla 5% 
OT Ce'leHIIIA ny'lKa. 

npl1 B3alllMoAeHcTBVIVI C 8.TOMOM yrnepoAa n03V1TpoHVlH VloHVl3yeTcA VlllH B03

6y>t<,QaeTcA. B036Y)I(AeHHbiM n03111TpoHVI~ C HMnYllbCOM 60nee 230 M3B/c AIIICCOLlIIIVl

pyeT B O'lIllUJ,atOUJ,eM nOlle KaHalla Ha e + VI e -. TaKI1M 06pa30M, Bce npoB3aVlMo/leH

CTBOBaBWVle C nornOTVlTelleM n0311TpOHI1111 C IIIMnYllbcoM 6011bwe 230 M3B/c npe

BpaUJ,atOTCA B cB060AHbie e + H e - , KOTopble BblBOAATCA Vl3 nY'IKa O'lVlUJ,atOUJ,IIIM 

MarHVlTHblM nOlleM. CpaBHeHVle 'II1Clla 3aper~l1cTplilpoBaHHbl x n0311TpoHVles B Vl3Mepe

HI1AX C norllOTVlTeneM VI 6eJ norllOTIiiTellA n03BOllAeT nOllY'lIllTb nOllHoe Ce'leHVle B3al1 

MO/leHCTBIiiA penATVlBVlCTCKI1X aTOMOS A 2e c yrllepO/lOM. 
~ 

2. C\.1CTEMA C60PA '\.1H <1>OPMA lJ,1-1 1-1 \.1 npOlJ,EAYPA 

\.13MEPEHI-1V1 

31leKTpOH VI n03I11TpOH. B03HVlKatOUJ,He nplll /lHCCOUHaUVlI1 A2e B none Cn-73, 

06naAatOT PAAOM xapaKTepHblX npVl3HaKOB, n03BOIlAtOUJ,IIIX BblAenVlTb 3TVI napbl 

113 cjJOHa, HecMOTPA Ha TO, 'ITO 'IHenO n03111TpOHHeB Ha 9 nopAAKOB MeHbwe KOlll1 

'IecTBa Y -KBaHTOB B nY'IKe : 

1. Yr nbl TpeKOB e+ 11 ,e- OTHOCIiiTellbHO ropH30HTallbHoH nllOCKOCTH Mallbl 

H paBHbl Me>t<AY C060H, a npOAOn)l(eHIIIA TpeKOB HanpaBlleHbl B MVlweHb. 

2 . TpeKI1 VlCXOART Vl3 O/lHOH TO'lKI1 (TO'lKVI AHCCOLlHaLlHIII), pacnOnO)l(eHHO~ 

B6nl1311 BXOAa S MarHI1T B 0611acTH Ce'leHI1A KaHana, rAe npOxO/lI1T ny'loK y-KBaH

TOB. 

3. I-1Mnyllbcbl 3I1eKTpOHa H n03111TpoHa paBHbl Me>t<AY co60H. 

B AeHcTBVlTellbHocTVI 3TIII YCll0BI1A BblnOnHAtOTCA TOllbKO npIll611V13V1TellbHo 

Vl3-3a Hanl1YHA MHoroKpaTHoro paCCeAHI1A H KOHeYHO~ TO'lHOCTH 113MepeHH~, 'ITO 6y

/leT paCCMOTpeHO Aallee. KpVlTep1ll11 oT60pa, cooTBeTCTBYtOUJ,l1e nepe'lI1CllE!HHbIM npVl 

3HaKaM, 'IaCTIII'IHO IIIcnollb3ytOTCA y>t<e npl1 opraHIII3aUVlI1 TpVlrrepa AllA YMeHbweHIo1A 

YI1CI1a 3anlllCblBaeMbiX Ha MarHI1THYtO lleHTY C06bITIilH . 

TpHrrep nepBoro ypOBHA q,OpMlllpOBanCA npVl cOBnaAeHVlI1 CVlrHall0B CUI1H
\' v 

TlilllnALlllloHHblX III 'lepeHKOBCKHX C'IeT'lI1KOB: (Sl C )·(S2 c.;. nplil 3TOM 3cjJcjJeKTIIIB
1

HO BblAenAIlVlcb 311eKTpOH-n03I1TpOHHble napbl. TpHrrep BToporo YPOBHA Bblpa6aTbl 

BallCA 6blCTPblM npoueccopOM (Y -npoueccopOM)1 25 1 , KOTOPbl~ aHallH3V1poBall HH
-+ 

cjJopMal!ll1tO 0 BepTHKanbHblx KOOp/lI1HaTaX TpeKos. Y-npoLleccoP oT6V1pall JaKl1e 

C06bITIIIA, Kor Aa e+ VI e perlllCTplilpOBanVlCb He Me~ee yeM B 'IeTblpex Y-nll0

CKOCTAX Ape~cjJOBbiX KaMep Ka>t</lOrO TellecKona H Y-KOOp/lVlHaTbl pa311I11'1aIlIllCb 

He 6011ee yeM Ha 4 CM (Vlcnollb30BaHbl CBo~cTBa ropH30HT311bHOCTI1 TpeKOB III BbllleTa 

1113 OAHOH TO'lKVI no Y-KOOPAIo1HaTe). BpeMA peweHVlA Y-npoLleccopa - 8 MKC,.. 
K03cjJcjJVlLlVleHT nOAaBlleHVlA cjJoHa - '" 12. 

Tplllrrep TpeTbero ypOBHA cjJOPMI1pOB3nCA npl1 nOllo>t<IIITellbHOM peWeH,lII11 

MVlKponporpaMMHpyeMoro npoLleccopa (Mn n ) / 26 / , KOTOPblH aHallH311poBam IIIH
-+ -+ 

q,opMaUliitO 06 X -Koop,QIIIHaTax TpeKOB: 0 Halll11'lIllH TpeKOB e + ¥I ,e- B X -nnoc-

KOCTAX, npH6nl13HTellbHoM paBeHCTBe yr110B c:/J +' dJ _ TpeKOB C OCbtO KaHalla , 

5 



.... 

a TaK)f(e 0 6m130CH1 X -KOOPAI1HaT Ha BXOAe B MarHI1T. 80 BpeMA c6poca Ha MI1 

weHb Mnn no Vnpou.\eHHoMY anrOpl1TMY oT611pan C06bITI1R, BBOAA Kpl1Tepl1H 

rP+ ~ rP_. 8peMA peWeHI1A Ha 3TOM 3Tane - 700 MKC, K03cPcPI11111eHT nOAaBneHI1A 

cPoHa - "" 2,2. 8 naY3e Me)f(AY c6p ocaMI1 C nOMOUJ,blO 60nee T04Horo anrOpliITMa 3TI1 

)f(e ycnOBI1A HaKnaA-l'IBanl1Cb 60nee )f(ecTKO 11 BBOAl1nOCb OrpaHI14eHI1e Ha B.bl'!I1CnAe

MYIO pa3HocTb X-KOOPAI1HaT TpeKoB Ha BXOAe B MarHI1T . 8peMA peWeH I1A 

B naY3e - 2,5 MC, K03cPcPIIIlII1eHT nOAaBneHI1R - == 2 ,5. TaKI1M 06pa30M, npl1 oT60pe 

C06blTI1H C nOMOUJ,blO ~nn I1Cn0J;lb3YIOTCA CBoHCTBa paBeHcTBa I1Mnynbc9B III BblneTa 

'!aCTI1U 113 OAHOH TO'!KI1 no X -KOOPAIIIHaTe. 06a npolleccopa - YnpolleccoP 

11 M nn - 06pa6aTbiBalOT IIIHlPopMalll11O TonbKO 0 HOMepax cpa60TaBWI1X npOBonOK . 

C06b1T11A , npoweAWl1e Bce Tpl1 YPOBHA oT60pa, 3anl1CblBanl1Cb Ha MarHI1THYIO 

neHTY . AnA Ka)f(AOrO 1113 HI1X OCHOBHaA I1H¢OPMallI1A B 06beMe 81 weCTHaAlIaTl1pa3 

pAAHoro cnOBa COAep)f(ana HOM epa Cpa60TaBWI1X npOBonOK 11 BpeMeHa ApeH¢a 

B KaMepax, aMnnl1TYAbl 11 BpeMeHa nOABneHI1A Cl1rHanOB ClII1HTI1nnAUI10HHbiX 11 'Ie

peHKOBCKI1X c'!eT'lI1KOB, Anl1TenbHOcTb I1HTepBana BpeMeHI1 Me)f(AY AaHHblM 11 npeA

weCTBYIOUJ,I1M C06blTI1AMI1 11 411cnoy -KBaHTOB, 3aperl1CTpl1pOBaHHbix TenecKonoM 

y -MOHI1TOpa (rM) B 3TOM I1HTepBane. 

CI1CTeMa c60pa I1H¢OpMalll1l1 n03BonRna npl1HI1MaTb 11 3anl1CblBaTb AO 600 co

6blTI1H 3a 1I11Kn YCKOpl1TenA 11 HaKannl1BaTb OKono CTa rl1CTOrpaMM AnA KOHTponA 

pa60Tbi annapaTypbl B xOAe Ha60pa CTaTI1CTI1KI1 127/ . 

Benl1411Ha c6poca npoToHHoro nY'!Ka Ha MI1WeHb nOAAep)f(I1BanaCb Ha ypOB 

He 10 11 c-
1 

(Anl1TenbHOcTb c6poca 0,8 +1,5 c) 11 OrpaHI1411BanaCb 3arpY3KaMI1 

ApeH¢oBbiX KaMep ( ~ 10 
6 

c-
l 

) _ ~HTeHCI1BHOCTb nonHoro nOTOKa y ' KBaHTOB 

B KaHane COCTaBnAna npl1 3TOM "" 6 ' 10 7 c-
l 

• CpeAHee '!l1cno Tpl1rrepOB l'ro 

ypOBHA paBHRnOCb == 1,5 ' 10 3 C -1 . nOAaBneHl1e ¢OHOBbIX C06blTI1H npollecco

paMI1 CHI1 )f(anO '!l1cno 3anl1CblBaeMbiX Ha MarHI1THYIO neHTY C06bITI1H AO == 35 l / UI1Kn 

npl1 r c6poc= 1,5 c. 

~3MepeHI1A C BBeAeHHblM nOrnOTI1TeneM 11 6e3 nOrnOTI1TenA 4epeAOBanl1Cb 

AnA YMeHbWeHI1A CI1CTeMaTIII'!eCKI1X OWI160K. Kanl16pOBKI1 C BBeAeHHblM KOHBep

TOPOM npOBOAl1nl1Cb npl1 pa3HbiX 3Ha4eHI1AX I1HTeHCI1BHOCTI1 nY'!Ka AnA onpeAene

HI1A 3aBI1CI1MOCTI1 3¢¢eKTI1BHOCTI1 11 T04HOCTHbiX xapaKTepl1CTI1K YCTaHOB KI1 OT 3a

rpY3KI1. nOnO)f(eHl1e nY4Ka CI1CTeMaTI1'!eCKI1 KOHTpOnl1pOBanOCb C nOMOUJ,blO nOA' 

BI1)f(HOrO MOHI1TOpa. 

3 . PEKOHCTPYKll~A C06bIT~V1 ~ ~AEHTWtl~KAll~A A 2e 

Oc06eHHOCTbIO nOCTaHOBKI1 3KCnep l<lMeHTa AB11AeTCA OTC'YTCTBl1e TpeKOBblX 

AeTeKTopOB nepeA cneKTp OMeTpl<l4ecKI1M MarHI1TOM . n03TOMY npl1 reoMeTpl14eCKOH 

peKOHCTpYKUl111 C06blH1H 11 onpeAe11eHl111 I1MnY11bCOB npeAn011ara110Cb, 4TO Bce 3a

perl1CTplilpOBaHH ble KaMepaMI1 4aCTI1l1bl I1CXOAAT 113 MI<IWeHI1, paCn0110)f(eHHOH Ha OCIII 

KaHa11a . 

C nOMOUJ,blO M o.aenl<lpOBaHI1A A11A 4aCH111, Bbl11eTalOUJ,I1X 113 MI1WeHIII, C Y4eTOM 

TonOrpa¢111<1 MarHI1THOrO n011A Cn-73 6blna HaHAeHa aHanl1TI14eCKaA 3aBI1CI1MOCTb 

I1MnY11bCOB 11 KOOpAI1HaT e + 11 e - Ha BXOAe B MarHI1T OT napaMeTpOB TpeKOB 

6 

Ha Bblxo.ae "'3 MarHI<ITa. \!t c nonb3YA 3TY 33BIIICI1 M OCTb, .anR K a)f(AOH 4aCTI<IlIbl n o c lle 

p eKOHCTpY K lIl111 TpeK a B B bl XOAHOH 4aCTIII YCTaHOB KI1 M O)f(HO onpeAelll1Tb ee I1MnYllbC 

11 KOOPA I1H3Tbi H3 Bxo.ae B MarHI1T 128 / , 
\I13-3a Hanl1411A rOpl130HTall bHo H c ocTaBnAIOUJ,eH HanpR)f(eHHOCTI1 nonA Cn-73. 

KOTopaR He V 411TbiBanaCb n pl1 MOAen I1pOBaH 1111 , He06xOAI1MO K OppeKTl1pOBaTb napa

MeTpbl TpeKOB. 3Ha4eHI1A nonpaBOK 6bln'" onpeAeneHbl 3KCnepl1MeHTanbHO C I<ICnOnb

30BaH I1eM e + e--nap, pO)f(AeHHb IX B KOHBepTope, 11 Onl1CaHbl aHanl1TI14eCKOH 3aBI<I' 

CI1MOCTblO OT KOOPAI1HaT 11 I1Mnynbca 4aCTI1l1bl 12!V. 
AnA BblAeneHI1A n0311TpOHI1eB 11 nOAaBneHI1A ¢oHa BBOAl1nl1Cb Kpl1Tepl111 oT60pa 

C Y4eToM xapaKTepHblX AnA npl13HaKOB 1 11 2. npl13HaK 3 - paBeHcTBo I1Mnynb'A 2e 
COB e+ 11 e- - I1CnOnb30BanCA Ha nocneAHeM 3Tane AnA OKOH4aTenbHoro BblAene

HI1A n0311TpOHI1eB nocne npl1MeHeHI1R Bcex APyrl1x Kpl1Tepl1eB. 

Kpl1Tepl111 oT60pa BBOAl1nl1Cb n o cneAYIOUJ,I1M napaMeTpaM C06blTI1H \I<IH,Il.eKCbl 

11 2 OTHOCATCR K n0311TpoHY 11 3neKTpoHY cooTBeTcTBeHHo) : 

~X = Xl - X 2 - pa3HocTb X'KoOpAI1HaT Ha BXOAe B MarHI1T; 

~Y = Yl - Y2 - pa3HocTb Y'KoOPAI1HaT Ha BblXOAe 113 MarHI<ITa (Ha BbIXOA

HOH MeM6paHe BaKYYMHoro TpaKTa) ; 

el, e2 - OTKnOHeHI1A yrnoB TpeKOB B BepTI1KanbHOH nnOCKOCTIII OT HanpaB' 

neHI1A Ha MI1WeHb. 

AnR n0311TpOHI1eB ~X , ~Y , °l ' f)2 AOn)f(Hbl paBHRTbcR HynlO. 8 AeHCTBI1Tenb' 

HOCTI1 OHI1 OTnl14Hbi OT HynA 113'3a Hanl1411R MHoroKpaTHoro paCCeAHI1A, HeT04HOCTI1 

113MepeHI1A KOOPAI1HaT ApeHIPoBblMIII KaMepaMI1, norpeWHOCTI1 B 113MepeHI111 11 y'!eTe 

TonOrpa¢1111 MarHI1THOrO nonR . Benlll41<1Ha ~Y onpeAenReTcR Ha -BbIXOAe 113 MarHI1Ta, 

a He Ha BXOAe, 4T06bl I1CKnlO411Tb Bnl1RHl1e Ha Hee MHorOKpaTHoro paCCeAHI1R Ha Bbl

XOAHOH MeM6paHe. 

AnA OlleHKI1 pa3pewalOUJ,eH cnoc06HoCTlil YCTaHOBKI1 no ~ , ~Y , 01 ' f)2 

11 Bbl60pa 411cneHHbiX 3Ha4eHI1H Kpl1Tepl1eB OT60pa 6blno npoBeAeHo MOAenl1pOBaHl<le 

pacnpeAeneHI1H no 3TI1M Ben11411HaM, npl1 KOTOPOM Y411TbiBanocb MHoroKpaTHoe pac· 

CeRHl1e B BeUJ,ecTBe 1<1 c 06cTBeHHaA T04HOCTb ApeH¢oBbiX KaMep. MOAenl1pOBaHl1e npo· 

BOAl1nOCb OTAenbHO AnA e+e- ·nap OT AI1CCOl.\l1alll111 n0311TpOHI1R 11 AnR nap, reHepIII

pyeMblx y -KBaHTaMI1 Ha KOHBepTope. B nocneAHeM cnYl{ae Y4111Tb1BanaCb AIIIHaMI1 K a 

06pa30BaHI1A nap. C p aBHeHl1e MOAenl1pOBaHHblX 11 3KCnepl1MeHTanbHO nonY 4eHHbiX 

pacnpeAe11eHI1H no ~, ~Y, () 1 ,°2 A11A nap KOHBepCl111 nOKa3a110 xopowee 

COr11aCl1e, 4TO RBl1110Cb AOKa3aTe11bcTBoM AOCToBepHocTIII pac4eTHoH OlleHKI1 pa3pe

walOUJ,eH cnoc06HoCTI1. 8 Ta611 . l npIIIBeAeHbl T04HOCTHbie xapaKTepIIICTIIIKI1 YCTaHOBKI1 

npl1 HeCK011bKI1X 3Ha'!eHI1RX I1MnY11bca. 

Pa3peWeHI1e no Ka>KAOMY 113 napaMeTpOB ~i (f == I ~ ,~Y, ° 1 , 62 \) 3aBI1

CIIIT OT I1MnY11bCOB III xapaKTepl130Ba110cb OTKnOHeHl<leM a f i ' B npeAe11ax KOToporo 

COAep)f(I1TCA 68% C06blTI1H B pacnpeAeneHl11<1 no f i . >KecT KOCTb Kpl1TepliiA OT60pa 

no napaMeTPY f i onpeAe11AeTCA AonYCTI1MblM 3Ha4eHI1eM napaMeTpa B eAI1Hl1l1aX aft : 
I ~ I < a x a6x' I ~Y I < ay a6y' 

Ie I < all. Uf) , \ e 2 I < a ()2a() 2 ' 

(6) 

i . {ll 1 

rAe a f i - Bbl611paeMblH ypoBeHb )f(eCTKOCTI1 KpliiTepl1A. 
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Ta6nUlIa 1. T04HocTHbie xapaKTeplllcH1KlII YCTaHoBKIII . 1 - napbl OT KOHBepclII1II 

Y ' KBaHTOB, 2 - Mo,a.enlllpOBaHlIIe KOHBepClII1II y-KBaHToB, 3 - Mo,a.enlllpOBaHlIIe 

pa3Bana A 
2e 

P, M3B/ c 500 700 1000 

9,7±0,4 6,7±0,3 5,2±0,2 

"t:;x , MM 2 9,8± 0,4 7,5±0,4 4,5±0,3 

3 8,6±0,2 6,5±0,2 4,3±0,1 

8,9± 0,4 6 ,5±0,4 4,5±1,3 

"t:;y ,MM 2 8,O± 1,0 6,2±0,3 4,4±0,2 

3 2,23±0,11 1,71 ± 0 ,06 1.19±0,04 

4 ,O± 0,1 2,4±0,1 2 , t±0,1 

"e ' Mpa/l 2 3 ,8±0,1 2,7±0,1 1,8±0,1
1.2 

3 3,28± 0,13 2 ,53±0,07 1,73±0,06 

50nbWO~ BKna/l B 4l11CnO ci>OH OBbIX C06b1TIII~ BHOCAT e+e- 'napbl, B03HIIIKalO~lIIe 
nplll nOna/laHIIIIII y ·Kl3aHTOB nY4Ka Ha CTeH Kill KaHana . 3TO npOIllCXO/lIllT nplll CMe~e' 

HIIIIII IIICT04HlIIKa 4aCTlIIU C OCIII KaHana, 'ITO B0 3MO>l<HO 1II3'3a HeKOTopblX oc06eHHOCTe~ 

HaBe,a.eHIIIA nY4Ka Ha nneH04HYIO MlIIweHb nplll CHlII>I<eHlII1II IIIHTeHCIIIBHOCT\II nY4Ka 

B Konbu e YCKopIIITenA. AnA YMeHbweHIIIA TaKOrO ci>oHa 6blnlll oT6poweHbi C06blTlIIA , 

KOTOPblM cooTBeTcTByeT IIIHTeHCIIIBHOCTb ny HlII>I<e onpe/leneHHOro ypOBHA . nOTeplII 

A 2e nplll 3TOM COCTaBlIInlII MeHee 4 %. 

KpoMe BbinonHeHIIIA ycnoBIII~ (6) Tpe60Banocb, '-!T06bl Koop,a.IIIHaTbl 4aCTlIIU 

Ha Bxo,a.e B MarHIIIT nplllHa/lne>l<anlII 06nacTIII, 4epe3 KOTOpylO npO XO/lIllT nY40K. 

~3 OKOH4aTenbHoro aHanlll3a 6blnlll IIICKnlO4eH bl C06bITIIIA, B KOTOPblX TpeKIII e+ III e
IIICXO/lAT 1113 TO~ 06naCTlII nY4Ka, r/le Ha6nlO/laeTCA nOBblweHHbl~ ci>OH. nplll3TOM nOTe

plil nponopUIIIOHanbHbl YMeHbweH1II1O nnO~/l1ll ce4eHlIIA ny4Ka III COCTaBnAIOT 24%.A 2e 

OCTaBwlIIecA C06blTlIIA aHanlll3l11pOBanlllCb no Benlll4l11He 


2(P 1 - P2 ) 
( (7)


(Pl + P2 ) 


r,a.e III - IIIMnynbcbl e III e COOTBeTCTBeHHO . n03I11TpOHIIIIII, ,a.IIICCOUIII\IIPO·P 1 P 2 
+ 

BaHHbie B none cn· 73 , /lOn>l<Hbl rpynnlllpoBaTbCA B pacnpe,a.eneHIIIIII no ,n o~ nepeMeH' ' 

HO~ B y3KIII~ nlllK B6nlll3111 Hyn.A , Benlll41<1Ha CTaH/lapTHOro OTKilOHeHIIIA B pacnpe/lene

HIIIIII no !, nonY4eHHaA nplil MO/lenlllpOBaHIIIIII C Y4eTOM pa3pewalOli~eii cnoc06HOCTlII 

Puc. 2. PacnpeiJeneHue C06bITUU, Ha- N , 

6paHllbix 6e3 noznOTUTenR, no (: 


a - a X = 2, ay=aO = a0 '" 3

l 2 

iJnR nonHOZO Ce'leHUR KaHana, 6 

aX = a y = aO = a 02 = 2,5 iJnR ce-

I 


'1eHUR KaHana 6e3 06nacTU c nOBblweH


HblM ¢OHOM. 

BaHIIIH He Y'lHTbIBanHCb OTMe4eHHbie pa


Hee B03MO>l<Hbie CMe~eHHA HCT04HHKa 


4aCTHU C OCH KaHana ('ITO npHBo,a.\IIT 


K norpewHOCTH B onpe/leneHHH HMnynb


COB), a HlK>I<e HeTO'lHOCTH B H3Mepe


HHH Tonorpa¢HH MarHIIITHoro nonA. 


Ha nOnO>l<eHHH nlllKa A2e CKa3bl

BaeTCA TO'lHOCTb IOCTHpOBKH ,a.pelil¢o

BblX KaMep; 06~\II1iI nOBopoT CHCTeMbl 

KaMep Ha 1 Mpa,a. np\llBo,a.HT K H3MeHe

HHIO Bbl4HcnAeMbiX 3Ha4eHH~ PI H P 2 Ha ±0,3%, nplll4eM 3HaKH nonpaBOK ,a.IlA 

PI H P 2 pa3Hble , nOCKonbKY T04HOCTb IOCTIIIPOBKH nY4we 1 Mpa,a. TPY/lHO,a.OCTH>I<H

Ma, yron nOBopoTa YT04HAncA npH 06pa60TKe /laHHbIX OnTII!MH3aU\IIelii nonY4aeMoro 

pa3peweHHA no BenH4l11He ( H COCTaBHn MeHee 1 Mpa/l . 

Ha pHc.2 npe,a.cTaBneHbl pacnpe.a.eneHIIIA C06blTlIIH no ( B 1II3MepeHHAX 6e3 no

rnOT\IITenA . n\llK B oKpecTHocTH ( = 0 cci>opMlIIpoBaH napaMIII, B03HHKlilHMH npH ,a.IIIC 

COUHaUHH n03I11TpOHlIIeB. KonH4ecTBo n03l11TpOHi-ieB NA Bbl'lHCnAnOCb KaK pa3HocTb 

4l11Cna C06blTHlii B 06nacTH m1Ka (& = 0,06) H 'llllcna ¢OHOBbIX C06blTlIIIiI Ncp no,a. 

nIllKOM. Ncp onpe,a.enAnocb nYTeM annpOKCIIIMaUlII\II pacnpe,a.eneHIIIA no coce,a.HHM 

C n\llKOM HHTepBanaM WI1PIllHOH & cp = 0,10 C nOMO~blO nonHHOMa BTOpolii CTeneliH. 

MaKcHManbHoe KOn\ll4ecTBo n03HTpoHlIIeB B 1II3MepeHHAx 6e3 nOrnOT\IITeneH 6bl

no Bbl,a.eJ,eHO npH a X = 2, a y = aO 1 = at12= 3 B non HOM ce4e~IIIIH KaHana (plllc.2a) 

\II COCTaBHno NA = 275 ±36. CooTHoweHHe 3¢¢eKT/¢oH NA / Ncp = 0,32. KonH4ecT

BO n03HTpOHHeB YCTOH4HBO K Bbl60py wara rlllCTorpaMMlIIpOBaHIIIA no (, cnoc06y 

annpOKC\IIMaUHIII ¢oHa H Ben\ll'lIllHe 6.( cp . Ben III 4111 H a CTaH,a.apTHoro OTKnOHeHHA 

B pacnpe.a.eneHIII\II no ( COCTaBHna (J ( '" 0,015 ±0,003, 'ITO COBna.a.aeT C nplll 

] 

A 2e 
Be,a.eHHbIM Bblwe paC4eTHbiM 3Ha4eHHeM. 

YBenH4eHHe >l<ecTKOCTH KplIITepHeB (6) n03BonAeT ynY'lWHTb OTHoweHHe 

3<f>¢eKT/q,oH ueHo~ HeKoTopolii nOTepH 4l11Cna n03I11TpoH\<IeB . TaK, npH af = 2,5 

\II oT6paKoBKe C06bITHH \113 4aCT\II Ce'leHIIIA KaHana C nOBblweHHblM ¢OHOM NA='t82±26, 

NA/N cp = 0,42 (pHc.26). 
KoppeKTHocTb npoue,a.YPbl Bbl,a.eneHIIIA A2e npoBepAnacb Ha CTaTHCT\il4eCKOM 

20IJ 

r 

IIJG 

E : 1f.Il..:.!ll 
(P, • p.) 

YCTaHOBKIII, npaKTlII4ecKlII He 3aBlIIClIIT OT IIIMnynbcoB III COCTaBnAeT "( '" 0 ,014. 

B /le~cTBIIITenbHocTIII "( MO>l<eT 6blTb HecKonbKo 60nbwe, TaK KaK nplll MO/lei;lIIpo' 

MaTep\llane, 3aBe/lOMO He co.a.ep>I<a~eM n0311TpOHHeB. Bo-nepBbIX, Oblna oopa60TaHa 

\IIH¢OpMaUHA C e + e - -nap3MH OT KOHBepTOpa. nonY4eHO 3Ha'leHlIIe OTHoweHHA 
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3cjJcjJeKT/cjJOH NA / NIP = -0,04 ±0,0 3 _ BO-BTOPbIX, 3H a11H3HpoBanHcb C06bITHA 113 OC

HOBHOrO CTaTHcTwlec Ko ro MaTep Ha11a, YllO B11eTBOpAtoLllHe BCeM KpHTepliiAM o T60pa, 

KpOMe OllHOrO : oT6Hpa11IilCb C06 blTliiA C 6011bWO~ Be11WIHHO~ flY (flY > 3 (jt..). ,llnA 

Ta KHX C06 bITIiIH NA / NIP = -O,04± 0,05. T aKI1M o6 pa30M, IiIcno11b3yeMaA npo~eAypa 

BbIAe11eHIiIA A 2e He HaXOAIiiT n031i1TpOHlileB TaM, rAe IiIX He A011>KHO 6blTb. 

4. PE3YnbTATbl 101 0 6 CY>K,llE HIo1E 

,lll1A onpeAe11eHHA K03cjJcjJHUlileHTa nponycKaHIiiA nOTOKa n03HTpoHHeB, naAato

LllHX Ha yr11epoAHYto n11eHKY, C06bITHA, 3aperHCTplilpoBaHHbie npH H3MepeHIiIIiI 6e3 no

r110THTe11A iii C nor110TIiITe11eM, pa36li1Ba11HCb Ha TPIii CTaTHCTIiI'IeCKH He3aBIiICHMbie rpyn

nbl C pa3HbiM COOTHoweHHeM Me>KAY 3cjJcjJeKTOM iii cjJOHOM. Pa36HeHlile BbIn011HA110Cb 

no Be11HYHHe 

r = jt~J +(~)2 + ( 0:1 r + ("8: )2 .(j t. y 
1 2 

Pa361i1eHHe npOBOAIiI110Cb TaK, YT06bl B Ka>KAOH rpynne OKa3a110Cb npHMepHO paBHoe 

'IIiIC110 n03HTpOHHeB (Ta611.2). 

K03cjJcjJIiIUHeHT K nponYCKaHHA nYYKa A2e Bbl'lIilC11A11CA B Ka>KAO~ rpynne He

3aBIiICIiIMO no cjJopMY11e 

Ta6nuua 2_ Pe3Y11bTaTbl 06pa60TKIiI A11A pa3Hbix AHana30HOB p 

II III 

O:s r < 1,6 1,69 < 2,5 2,5:sr <3,3 

64,4± 10,5 68,2± 14,6 60,0± 18,9 
6e3 nor110THTe11A 

NA 
42,6 ± 1,5 136,8±2,7 236,0±6,4NIP 

Nn 
11,9±7,6 1 O,9± 13,2 8,8± 16,6A

C nor110THTe11eM 
Nn 

44,1±1,5 141.1 ±4,6 231,0±6,0IP 

N n 
A

K=-R 0 ,253±0,168 0,219±0,270 0,201 ± 0,384 

NA 

to 

n 
NA R,K 

NA 


n 
rAe NA ' NA - 'IIiIC110 BblAe11eHHblx B JlaHHO~ rpynne n031i1TpOHlileB ,B H3MepeHIiIHx 

C nor11oTHTe11eM iii 6el Hero COOTBeTCTBeHHO; R = 1,37± 0,07 - K03cjJcjJHUlileHT, Y'llil' 

TblBatoLllIiIH pa311IilYHe B nOTOKax Y -KBaHTOB B 3THX 1i13MepeHHAx. 83Ha'leHHH R Y'l_ 

TeHa 3aBHCIiIMOCTb 3cjJcjJeKH1BHoCTlii YCTaHOBKIiI OT IiIHTeHCIiIBHOCTH ny 101 nor110LlleHHe 

n031i1TpOHlileB B ceTKe, apMlilpytoLlle~ yr11epOAHYto n11eHKy. 

1013 Ta611.2 BHllHO, 'ITO 3HayeHIiIA K, n011yyeHHble B pa3HbiX rpynnax, cor11acytoT

CR Me>KAY C060H. 6bl110 npOBeAeHO ycpellHeHlile Be11HYIiIH K H3 nepBblX ABYX rpynn , 

'ITO Aa110 cp.eAHeB3BeweHHoe 3HayeHlile K03cj:Jcj:JHUHeHla nponYCKaHHR 

K = 0.24 ± 0.14. (8) 

PacnpeAe11eHHR C06blTliI~ .no f A11R rpynn 1 101 2 npHBeAeHbl Ha pHc.3. iI1Hcj:JOP

MaUHR 1i13 rpynnbl 3 npH ycpeAHeHIiIH He YYIiITbIBa11aCb 1i13-3a CYLlleCTBeHHO XYAWHX cjJO
HOBblX yC110BIiI~. 

,lll1R Hepe11RTHBHCTCKHX aTOMOB A2e K03cj:Jcj:JIiIUHeHT nponYCKaHHR K 'Iepe3 
C110H BeLlleCTBa T011LllIiIHO~ '" paBeH 

K = exp(-A/ ",O ), (9) 

rAe "'0 = A/((jtot No P ) - A11HHa cB060AHoro np06era A 2e B BeLlleCTBe 

C aTOMHblM BeCOM A iii n110THOCTbto p, No - YIiIC110 ABoraAPo, (j tot - n011Hoe 

Ce'leHHe B3alilMoAeHcTBHR A2e C BeLlleCTBOM. 

C Y'leTOM He3KcnOHeHUHa11bHOCTH nor110LlleHIiIR Y11bTpape11RTIiIBHCTCKHX n03H

TpOHlileB K03cj:Jcj:JHUHeHT K B pa60Te / 8/ napaMeTpH30Ba11cR B BHAe 

K = ((V", o)exp(-,v", 0), (10) 

rAe cj:JYHKUHR ((", 1"'0) B HHTepBa11e 0.5:S AI ", 0 :s 4,5 3alJ,aHa B/8/ Ta611H

ue~ H annpOKCHMHpOBaHa HaMill B 3TOM >Ke IiIHTepBa11e n011HHOMOM 

f(V ", 0 ) = 1,037 + 0.51 (V", 0) + O,086(,v",0) 
2 

+ O,047(V",0)
3 

( 11 ) 

3Ha'leHHR cj:JYHKUHIiI f(V", 0) BbIYHC11eHbl B '
f8 

. 
f 

B paMKax TeopHliI, Hcn011b' 

3ytoLlleH 3~KOHa11bHoe npH611H>KeHHe. AHa11H3 npOXO>KAeHIiIA Y11bTpape11RTHBIIICTCKHX 

A 2e 'Iepe3 BeLll6CTBO 6e3 Hcn011b30BaHIIIR 3~KOHa11bHoro npH611H>KeHHR 129 / nOKa3a11, 

'ITO npH T011LllHHax nor110THTe11e~, npliIMeHRBWHXCA B AaHHO~ pa60Te, u6.a nOAXOAa 

AatoT A11R BenHYHHbl K COBnaAatoLllHe pe3Y11bTaTbl. 

iI1cno11b3YR ycpeAHeHHoe 3KcnepHMeHTa11bHOe 3Ha'leHHe K H cj:J0PMY11bl (10), 
111) A11R yrnepoAa, n011yyaeM 

+ 7 2 +16 -19 2A =(12_ ) MKr / CM , lT =(18_ 6 ) . 10 CM I sroM. ( 12)o 6 tot 
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n p H 95-n poueHTHOM ypo s He AOCTosepHOCTH HHTeps an 

3THX SenH'fHH cy w,eCTseHHo wHpe : 

+18 
A 0 = (12_ 12 ) Ml<r/cM 2, G to t 

+00 -19 2
=(18_ 10) .10 OM I aTO M. 

3Ha'feHH~ 

( 13) 

~cnonb30BaHHble S 3KCnep HMeHTe yrnepoAHble nneHKH cOAep>t<al1H 10"10 npHMe

CIo1 KHcnopOAa (OT Beea y r nepoAa) H MeHee 1% npHMecH KpeMHIo1A H 60n ee TA >t< enbiX 

3neMeHToB*. C Y'feTOM npHMeee~ nonY'feHHOe 3Ha'leHlo1e (7 tot cneAyeT YMeHb wl>1 Tb 

Ha 2%. 
3Ha'leHHA K.'\ 0 H (7 tot 6blnH onpeAeneHbl TaK>t<e AJlA APyroM cepHH H3' 

MepeHIo1i1. npeAwecTBoBaBw eM onHcaHHO~. B 3TOM BapHaHTe onblTa Hcnonb30BanaCb 

66nbwaA anepTypa KaHana, 60nee WHpOK I1~ IoI M nynbCHb l ~ AHana30H MarHHTHoro 

cn eKTpoMeTca, BABoe Tonw,e 6blna yrn epoAHaA nneH Ka - nornOTHTenb (46± 
±1 M Kr/CM ) . B 3THX ycnoBHAX OTHOWeHHe 3<1l<lleKT/<IloH OKa3anOCb 3H a'llolTenbHO 

xy>t<e. 'I eM B HacToAw,e~ pa60Te, a YCTaHOBneH HaA nneHKa pa3pywana nO'lTH Bce no' 

**3HTPOHIo1H npH H3MepeHIoIA x c norn OTHTeneM . n onY 'feHHble B nepBOM BapHaHTe onbi 

Ta 3H a'leHIo1A 
( 14) 

K = O,04± 0,28 , + 28 2
'\ 0 = (7 - 7 ) Ml<r/oM , 

+00 - 19 2 
G tot =(28_23).11.0 o M / aToM 

He npOTHBOpe'laT p e3ynbTaTa M (8) . (12) AaHHoM pa6oTbi. 

PaccMoT plo1M, KaKl1e npoueeCbl B3aHMoAEM cTBHA A2e C Bew,ecTBoM ASIOT 

BKnaA B H3MepeHHoe Ce'feHHe G to t. HanOMHIoI M. 'ITO YCTaHOBKa p er lolcTpHpyeT 

TonbKO n03HTpoHHH B OCHOBHO M COCTOAHHH, TaK KaK B036y>t<AeHH ble A ~e ' KOTO

p ble Io1cnYCKalOTCA B pacnaAe (3) C BepOATHOCTblO '" 17%, a raK>t<e B03H HKalOw,IoIe 

npH B3aHMoAe~CTBH H A2 e C nornow,alOw,eM nneHKoM, AIoICCOUHHPYIOT B O'fHw.alOw,eM 

MarHIo1THOM none H 06pa30BaBwHeeA e + 11 e - BblBOAATCA 1013 KaHan a. BepoATHOCTb 

nepexOAa A2e B pe3ynbTaTe B3aHMOA~CTBHA C BelUeeTBoM B OCHOBHoe COCTO AHIoIe 

HeBenHi<a; ee y 'feT MO>t<eT YMeH bWIoITb H3MepAeMYlO Ben l1'fHHY K He 60nee 'feM 

Ha 2% ***. 
OCHOBHOM BKn8A B nonHoe Ce'feHlo1e B3alo1MoAeMCTBI1A G tot AalOT ABa npouecca : 

B036y>t<lleHHe 101 110HH38Ulo1A n03HTpOHIoIA: 

A2e + C -> A 26 + C (C ... ) , (15) 

A2e + C .. e + + e - + C (C·) • (16) 

rAe C ... - B036y>t<AeHHb1H Hl1H 1010HM30BaHHblH aTOM yrnepoAa• 

*COCT88 nneHOK 5btn uccnedos8H M.naueKOM no MeTOOUKtI 130 • 

**TonUluH8 noznOTUTellR 6btn8 8bl6pSHa UCXOOR U3 TeopeTU'Iet:KOlO 3Ha'ieHUR 

(7 ~ I l l , VMHwezoCl1 KO 8peMeHU np06eOeHUR 3KcnepuMeHT8. 

*n03UTPOHW 8 pacnad8 (3) 05p 83YIOTCR 6 38 1 -COCTOIIHUU. 3SMBTUM, YTO ce

'ISHUR 83auMooeiicT8uR n03UTpOHUH 8 COCTORHURX 
S81 U 180 C S8U1fJCT80M OOUHII:

K OSbl I l l . 
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CornaCHO 13 11 CelieHl-1e 1-10H1-13aU~ 1-1 A2e Ha yrnep0,!le COCTasnAeT O,7 a to t 

celieH~e s036y>t<,!leHI-1A - '" 0,3 a tot· OueHKa APyrl-1x K aHanos S3aI-1M O,!leikTBI-1A 

n OKa3bl saeT I-1X npeHe6pe>t<~Mo Many to ponb. Ynpyroe paCCeAHl-1e A2e Ha aTOM e 

S nepBOM 60PHOSCKOM npl-16nl-1>t<eHI-1I-1 3anpe ll.leHO COXp aHeHl-1 eM 3apA,!lOSOCl lieTHOCTI-1 . 

nepeX O,!l A2e 1-13 OPTO- B napaCOCTOAHl-1e 1 11 , npoueccbl B036Y>t<,!leHI-1A 1-1 1-10H1-13a

UI-1 I-1 A2e C I-1cnYCKaHl-1eM CPOTOHOS 1 321 , aHHl-1rl-1nAUI-1A n031-1TpOHa B aTOMe yrnepo

,!la IIIMetOT BepOATHOCTb Ha lieTblpe 1-1 60nee nopA,!lKOB HI-1>t<e, lieM BepOATHOCTb (15) 

III (16). 

TeOpeTl-1lieCKOe I-1CCne,!lOBaH l-1e B3aI-1MO,!leHCTBI-1A penATI-1SI-1CTCKOro n031-1TpOHI-1A 

C aTOMaMIil 6blno BnepBble npe,!lnpl-1HATO B pa60Te 133 1, TOliHbie cpopMynbl ,!lnA Bbllil-1C

neHI-1A Ce'leHI-1H B cnYliae, KOr,!la aTOMbl Sell.leCTBa OCTatOTCA B OCHOSHOM COCTOAHI-1~ 

(KorepeHTHaA liaCTb Ce'leHI-1H (J coh ), nonYlieHbl B pa60Tax 134·361 *. YlieT B03

6y>t<,!leHIIIA 1-1 1-10HI-13aUl-11-1 aTOMOB Bell.lecTBa 134 1 (HeKorepeHTHaA '1aCTb Ce'leHI-1.;1 

alncoh ) CYll.lecTBeHHO YBenl-1'1I-1BaeT 3Ha'leHHe (J ttht • B oc06eHHOCTI-1 AnA aTOMOB 
. h a cob

nerK~X :meMeHTOB : ,!lnA Z '" 6 a inca '"' 0,93 a . ASTopaMI-1 3T~X pa60T 

,!lnA onl-1CaHI-1A aTOMOB Bell.leCTBa npl-1MeHeHa MO,!lenb TOMaca - <l>epMI-1. 60nee TO'lHOe 

On l-1CaHl-1e nonY'laeTcA np~ ~cnonb30BaHI-1I-1 MeTO,!la XapTpl-1 - <l>oKa. npl-1 3TOM ,!lnA 

S3aI-1MO,!le.;1cTSI-1A ynbTpapenAT~Bl-1cTcKoro n031-1TpOHI-1A C yrnepO,!lOM nonYliaeM 

th 2
A 35 MKr / CM , O'th = 5,7.10-19 cM 2 / aToM • ( 17) 

o tot 

TaK KaK TO'lHOCTb Sbl'lI-1CneHI-1A nonHoro Ce'leHI-1A S3aI-1MO,!leHCTBI-1A BO,!lOpO,!la 

1-1 n03~TpOHI-1A C ,!lpyrl-1MI-1 aTOMaMI-1 O,!lI-1HaKOSa, TO BepXHAA oueHKa norpeWHOCTIil 

npl-1Be,!leHHblX TeOpeTl-1liecKI-1X Senl-1lil-1H. KaK ~ ,!lnA BO,!lOpO,!la. COCTasnAeT MeHee 10",{,. 

3AKflIOYEHt.1E 

B ,!laHHOH pa60Te nonY'leHo Ce'leHl-1e S3a1-1Mo,!leikTBI-1A aTOMOB C Bell.leCTBOM npl-1 

y -cpaKTopax, Ha TPI-1 nOpA,!lKa 60nbwl-1x. lieM B npe,!lbl,!lyll.lI-1X 3KCnepl-1MeHTaX no aTOM

aTOMHblM cOy,!lapeHI-1AM (pl-1cA). t.13MepeHHoe npl-1 y ~ 10 3 nonHoe Ce'leHl-1e B3al-1

(16 +16-, -19 2 
MO,!leHCTBI-1A aTOMOB n031-1TpOHI-1A C yrnepO,!lOM paBHO O'tot ·= _~) ·10 CM / aToM 

1-1 He npOTI-1BOpelil-1T aCI-1MmoT~'1ecKOMY 3Ha'leHl-1tO 0' th 5,7. 10-19 CM 2/aToM. 
tot 

BMecTe C TeM nonY'leHHblH pe3ynbTaT He I-1CKntOliaeT Hanl-1'1I-1A ,!lpyr~x MeXaHI-13MOS 

1-10HI-13aUl-11-1 I-1nl-1 B036Y>t<,!leHI-1A ynbTpapenATI-1BI-1CTCKI-1X aTOMOS S cpe,!le. np1-1S0,!lAll.I1-1X 

K CYll.leCTBeHHOMY YBenl-1lieHl-1tO CelieHI-1A. 

*Hau60nee nonHoe paccMoTpeHue KozepeHTHozo 83auMoOeucT8uR 3neMeHTap
HblX penRTu8ucTCKUX aTOM08 C 06bl'lHb1MU aTOMaMU oaHO 8 pa60Te 136~ B3aUMooeu

CT8ue ynbTpapenRTU8UCTCKUX aTOM08 n03UTpOHUR C KpUCTannaMU paCCMOTpeHO 
8 / 37.38/ . 
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PUC. 4. 3S8UCUMOCTb nonHOZO CelieHUR Ifr

83suModeucT8uR penRTu8ucTCKUX aTO, 
M08 n03urpOHUR C yznepooOM OT KUHe

10" 

TUliecKOU 3Hepzuu, 8blpaJKeHHo/J 8 MSC.. 
cax nOKOR HaneTa/O~ezo a TOMa 
(T = y - 1). CnnowHsR nUHUR - Teope
TU'I8CKaR 3S8UCUMOCTb; • - pe3ynbTiiT i.--[ ~ 
oaHHo/J pa6oTbl. CTpenKo/JoTMelieHa 06- IO-M .t
n8CTb (y < 1,2) , uccneo08sHHaR 
8 onblTax no 838UMooeUCT8U/o aTOM08 

i'J -II I , ! " • • 1 " ...eI " . .... ., ...... ,! II." .III.e . , • ....! 
eooopoOs C yznepoooM /S-5 10-.1 JI) -6 Ifrl JI). 1/1 1 Jl)6 IfIJ .... 

r- ' 

ASTOPbl Sblpa>t<atOT 6narO,!lapHOCTb 6 .6.Ml-1ll.1eHKO, B .AJf{a6I-1U KOMY, H.A .Bna

,!l~M I-1 POSOH, A.M.Xa3I-1HCY, A.n.K y posy, fl .H.KoponeBY. A.K. KynI-1KOBY. IO.A .YeH

uoey, T.A .6noXI-1HueSOH, H .A.Kan I-1Ii I-1 HOH, B.n.KypO'lKI-1 HY 3a nOMOll.lb n p~ nO,!lro

TOBKe 1-1 npOSeA8H1II1-1 3Kcnep~MeHTa, T .C.rpl-1ranaws l-1 n~, A. t.1 .rpl-1ropbeey . 

3.t.1 .Manbuesy 3a nO,AAep >t<KY pa60Tbl, M.naHeK Y, B .M.nnOTKO , B . B.An~3a,!le, 

r .>KaB3aHxopnoo, t.1.A.lOrnaH,!lOSY, B .n .3penOBY 3a nOMOll.lb nplll ~3rOTOBneH~1II 
yrnepO,!lH bl X nneHOK , onpe,!leneHIII~ I-1X ton ll.l~ Hbl III npIIIMeceH ,!lpyrlllx 3n eMeHTOB, 

C.B.Me,!lBe,!ltO, O .H.Ka3a'leHKO 1-1 sceM COTpY,!lHIIIKaM t.1U Ot.1 A t.1 3a o6ecne'leHllle 0 6 · 

pa60 TKIII 60 nbworo 06'beMa 3KCnepl-1 MeHTanbHoH III HCPOPM aUIIIIII, n. IO.K pyrnosoH, 

H .B. Bnaco e y 3a nOMOll.lb S C03,!laHI-1111 nporpaMM 1-1 06pa60TKe pe3ynbTaToB, A .B.Tapa

cos y, A.C.n aKY, C.MpYB 'II-1 HCKOMY, 6.r.3axaposy, A.M.Xa3I11Hcy 3a non e3Hbie 06

CY>t<,!leHIIIA 1-1 KOHcynbTaUIII ~, 6 .M ;nOHTeKopBo 3a SHI-1MaHl-1e K pa60Te 1-1 c.r.nnaCTI-1

HI-1HOH 3a ocpopMneH;.,e CTaTbl-1. 
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PYKom1Cb nOCTynlillla B 1i13,1laTeJlbCKIiI~ OT,Ilell 

11 OKTA6pA 1988 rO,lla. 

A<paHacbcB n.r. HLlp . 	 Pl.88·74] 
113MepeHHc celfeHHH B3aHMoncHCIBliH YJIbTpapenHHIBHcTCKHX 
aTOMOB n03HTpoHHH C ymeponoM 

113McpeHo nOJIHOC celfeHHe B3aHMoLleHcTBHH YJIbipapeJIHTHBHCTCKHX aTO' 
MOB n03HTpOHHH (A 2e ) C aTOMaM" yrncpoLla . HCTOlfHHKOM A2e HBIlHeTCH pac· 
nm HeHTpaJIbHOrO nHOHa TTo ... y + A 2e' B HCCJleLlOBaHHOM )J:l-lanaJOHe HMnyJlb' 
COB y,<paKTOPbl aTOMOB (800 < }' < 2000) Ha TpH nOpHIJ,Ka TlpeBblWaJIH 3Halfe· 
HHH, LlocTHrHYTble B npyrHx 3KCTlepUMeHTax no H3YlfeHH1O aTOM·aTOMHbIX COYLla· 
peHHH. B 3TOM HHTepBane y ,<paKToPOB celfeHHe IJ,on)J(HO paBHHTbCH cBoeMY 
aCHMTlTOHllfecKoMY 311alfCHIlIO. nonHoe CC4eHHe B3aHMon;eHcIBHH paBHo at t = 
= (16 ~1:) . 10 -19 CM 2 /aTOM. 113MepeHHOC 3Ha4eHHC nonHoro ce4eHHH He npgH!' 
Bope4HT paC4eTHOH BCJIHlfHHe a~~t = 5,7·\0 -19 CM 2jaTOM, Y"HTblBalOll(eH KY' 
JIOHOBCKoe B3aHMOLleHCTBHC A2e c yrJIepOAOM. B TO lI<e BpeMH conOCTaBJIeHHe 
3HalfeHHH Utot H CI ~~t He HCKJII04aeT CYll(eCIBOBaHHH IJ,pymx MeXaHH3MOB 
HOHH3aUHH HJIH B036Yll<L\CHHH YnbTpapemnHBHcTcKHX A 2e BellleCTBOM, IIpHBO· 
LlHll(HX K CYll(CCTBCHHOMY YBcJlH4eHlIiO ce4eHHH . 

Pa60Ta BbtnOJlHeHa B JIa60paTOptm HAepHblx np06neM OHHH. 

npeIlpmfT 06"e,nHHeHHoro HHCTHTYT8 lLIlepHblX Hccne,nOBaHHH . .lly6H8 1988 

nepeBoLl O.C.BHHorpmoBoH 

Afanasiev L.G. et 31. 	 Pl·88·741 
Measurement of Cross Section of Positronium Ultrarelativistic 
Aiom Interaction with Carbon 

Total cross section of positronium ultrarelativistic atom (A 2e ) interaction 
with carbon atoms has been measured. Neutral pion decay TTo -> was a y + A 2e 
source of A2e . y ·factors of atoms (800 < y < 2000) in the momentum range 
investigated were by three orders more than the values measured in other expe· 
riments on atom·atom collisions. In this range of y·factors the cross section has 
to be e~ual to its asymptotic value. The total cross section measured equals atot = 

= (I 6 ~ ~). 10 -19 cm 2jatom. The total cross section value obtained does not 
contradict the calculated value of U~~t = 5, 7·\0 -19 crn 2jatom taking into ac· 
count the Coulomb interaction of A2e with carbon . At the same time the compa· .' 
rison of a tot and a ~t does not exclude the existence of other mechanisms 
of ionization or excitatIOn of ultrarelativistic A2e by matter leading to a 
considerable cross section rising. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
lINR. 
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