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3a.ua'la CHCTeMaTH'leCK0ro amwuI3a xapaKTepHCTHK B3aHMO.lleIICTBHSI :meMeHTap- ' 

HhlX BO.llOPO.llOIIO.ll06HI,IX aT0M0B C BeIUeCTB0M rrpIIo6peTaeT oco6y10 'aKTYaJihH0CTb B 

CBSIJH c rrpe.urroJiaraeMhIM rrpoBe.uem1eM Ha SPSLC CERN 3KcrrepHMeHTa [1] rro Il3Me

peHIIIO BpeMeHII )KII3HII IIII0HIISI io B 0CH0BH0M lS-cocTOSIHIIII C T0'IH0CThIO ~ 10 rrpo

ueHT0B. Oco6oe'BHIIMaHIIe .ll0Jl)KH0 6b1Th y.ueJieH0 TIUaTeJibH0MY pac'leTy II0JIHhIX ce

'leHIIll B3aIIMO.lleiicTBIISI TIII0HIISI B 1S-cocTosrHIIII c aToMaMII Mnrnem1 afgb,nocKOJihKY 

Heonpe.ueneHHOCTh B 3Ha'leHIIII 3T0ll BeJIII'IIIHhl HarrpsrMyIO BX0.llHT B ornu61<y II3Mepsr

eMoro BpeMeHII )KII3HH (2] no~O"i~ = ~(To~) ( no-'IIICJI0 aT0M0B MUllieHU B e,llIIHIIUe 

061,eMa,v II ,-cKopocTb II JI0peHu-qiaKTOp aT0M0B IlllOHIISI). • 

; B 6opHoBCKOM npu6Jiu)KeHIIII BeJIII'IIIHa afgb pacc'IIIThIBaJiach B pa6oTax (3,4],npu

'leM B IIOCJie,llHeft aHaJIII3IIp0BaJiaCb 'IYBCTBIITeJibH0CTh 3Ha'leHIISI 3TOII BeJIU'IIIHbl K 

Bbl6opy M0.llef(II aT0MH0ro qiopMcpaKTOpa MUllieHH (Mo,lleJib ToMaca-<l>epMII, M0.lleJib 

XapTpII-<l>omi.). IIocKOJihKY B 3Kcrrep11MeHTe rrpe.urroJiaraeTcsr HcnoJihJ0Baane MIIrne

Heft c Z » 1, Ba,KH0e JHa'leHHe rrpno6peTaeT y'leT rrorrpaB0K K peJyJihTaTy 6opHoB

CKoro rrpn6JI11)KeHIISI .llJISI aigb, o6ycJIOBJieHHhIX BKJia.ll0M MHoroqioTOHHhIX o6MeHoB. 

8Ta Ja,lla'la M0)KeT 6h1Th perneHa B paMKaX 3IlKOHaJibHOro -rrpu6JI1!lKeHIISI. 

CorJiaCHO (5] IT0JIHble ce'leHIISI B3aHMO.lleliCTBHSI aT0M0B ITH0HHSI C aToMaMII Beme

CTBa B 3TOM rrpII6JIU)KeHirn .uaIOTCSI Bblpa,KeHIIeM 

0"~1~ = 2Re J d2bd3rlWn1m(r')l2f(b, s), 

f(b,s) = 1- exp[i(x+ - x-)1, 
- e J"" ~ 2Z e

2 1"" · b± X± = x(~±) = ,;-- U(yb'i. + e2)d( = -"- ln-n(p)pdp, 
·· nv -oo nv b± p --- - - rv la"" b± = lb±lib± = b±s/2;s= r- -tu; n(p)pdp = 1. 

. V O · 

(1) . 

B 3T0M Bhlpa,Kemrn U-3KpaHupoBaHHhlfi: KYJIOHOBCKHft rroTeHunaJI aToMa MnrneHIIj 

n(p )-rrJIOTHOCTh pacrrpe.ueJieHIISI 3JleKTp0H0B B IIJI0CK0CTH rrpnueJibH0ro rrapaMeTpa 

(rrJIOCKOCTII,opTOroHaJibHOll CK0p0CTH IIH0HHSI v);b II s-- rrpoeKUHH pa.unycoB-BeKTO

poB R (paccTosrnue Me)K.uy uenTpaMH TSI)l(eCTH aToMa MIIrnenn n rmomrn) u.r (pac

CT0SIHHe Me)K.llY 7r+ II 7!'- ) Ha ITJI0CK0CTb rrpuueJibH0ro rrapaMeTpa;Wn1m-BOJIHOBaSI 

qiyHKUIISI rruonnsr B cocTOSIHIIII nlm. llJisr rrpoHJB0JihHhIX nlm pac'leT BeJIH'IHHhl 

a~1!,, corrpsr,KeH c .uociaTO'IHO Tpy.uoeMKHMH pac'leTaMH Ha 8BM. O.uHa1m rrorrpaBim 

K peJyJihTaTy 6opHoBcKoro rrpu6JIII)KeHHSI .llJISI afgb MoryT 6b1Th Bhl'IIICJieHhl ana- · 

JIHTII'leCKH c .ll0CTaTO'IH0 BhICOKOll CTerreHbIO T0'IH0CTH. 8To o6yCJIOBJieHO TeM, 

'ITO xapaKTepnhle pa3Mepb1 aT0Ma IIH0HIISI B 0CH0BH0M C0CT0SIHIIII (R,r ~ - 1
- = 

mffa 

2 x 10-11
cM) MH0ro MeHbllie xapaKTepHbIX pa3MepoB aTOMa BeIUeCTBa (R ~ ~ ~ 

, meaZJ 
5 X 10-9 z-1/3). 

llmI Il0Jiy'leHIISI aHaJIIITII'leCK0ro Bblpa,KeHIISI II3 (1) HeOfiXO.lllIMO Bhl'IIICJieHIIe IIH

TerpaJI0B BII.lla 

I(s) = f f(b,s)d2b ~ t" d,f> fo
00

bdbf(b,s,cos,f>), 

I 

(2) 



r,ne COS<p = ~. Y ,no6HO pa.36.HTI, o6Jia~Tb HHTerpHpOBaHIIll: no BeJilJ<UIHe npHUeJibHOro· 

napaMeTpa b na .nBe qacTH: 

1) bo $ b $ 00 ( coy.napeHIUI C 6om,IIIHMH npHUeJII,Hl,JMI-l napaMeTpa!'.1H), 

2) o·::; b $ bo (coy.nap~HHH c MMhlMH np.nuenI.HhIMH napaMeTpaw1). 

IlpH3TOM BeJIH"<IHHa b0 npHHa,nJie,KHT HHTepBany R" « bo « R. 
. PacCMOTpHM CHa'laJia 0611acTb 60JibIIIHX npHUeJibHbIX napaMeTpOB. pa.311arag B 

pH.n pa.3HOCTI, !pa.3j BXO.llHlil,YIO B ( 1), noJiy'IHM 

- - - s2 dx s2 
X+ - X- = x(b+s/2) - x(b- s/2) = svx(b) + 0(b6) =~db cos¢+ O(b

6
), 

. [2,r [':,0' 1rs2 100 dx(b) . s2 

. I1(s) = lo d<p lbo bdbf(b,s,cos¢) = 2 ( bo bdbldbl
2 + 0(b6)] = 

. -ro db [oo s2 . R b2 
21rs2772[lbo -,;I lb n(p )pdpj2 + 0( b6 )] = 21rs2,72[li~ b/ l + 0( Ro2 )]. (3) 

B 3TOM Bhlpa,KeHHH R = v [!,, a BeJIH'IHHa v onpe.nenaeTCH HJ ycJIOBHH 

Loo R 100 · ze2 
ln-b n(b) n(p)pdpbdb = 0, (v ~ 1), 17 = -"-. 

o b · nv _ 

Ilepe:ii:.neM Tenepb K paCCMOTpeHHIO BKJla,na 6J1HJI{HX coy.napem1ii:. QqeBII.llHO, 

'ITO B ~Toil: 0611acTH npuueJII.HhlX napaMeTpoB (b :5 b0 ) MO,KHo npeHe6peq1, 3cj_J<peK-
. . . ~ 

. TaMH 3KpamrpoBaHH8; KYJIOHOBCKOro noJIH g,npa HeJHa'!HTeJlI,HI,JM ( ~ Fi) 'IHCJIOM 

. 3JieKTpOHOB, HaXO,llHIUHXCH B Henocpe.ncTBeHHOH 6JIH30CTll OT H.npa, II C'IHTaTI., 'ITO 

X+ - X- = 217ln~. Tor.na Bhlpa,I<eHne ,nJIH qiyHKUHH npocj_JHJIH B :non: 0611acTi1-npu

HHMaeT CJie,nyIOIUHH BH.n: 

r(:.b ;;'I - - (b+)2i11 . F( .. ·2· )- -i17 Ltd -i11(1 )i11 'u . ,s1 -1--b =-m772 1l-i77,l, ,-u -If( . )!2 xx -x -1--, 
- 1 - i77 0- + ux 

(4) 
. r.ne. 

bi 2bs 
u=--1=--~--

b2_ lb - ;;212 

llcrron1,3yg rrpe.ncTaBJieHHe ( 4), MO)KHO IIpOHHTerpHpOBa Tb Bb1pa.,Kem1e ( 1) B 06J1aCTII 

'6JIH3KHX coy.napenaii no yrny u npnuen1,H0My napaMeTpy: 

\ 

I2(s) =· f
2

" d<p to bdbf(b,s) = I ( -i~ )l
2 

[1 dxx-i11 (1- x)i11 ..\(b0,s,x), (5) 
, lo . . lo . . r 1 - 277 lo _ -

- 2 1 bo [2,r 2bs = ~t[ 
..\(bo,s,x) = lo bdb lo d<p(b-s/2)2 +2bsx 2 V(0,s,t) 

1 '
1 

V(0,s,t)] 
--+n---'---'-

V (b0 , s, t) V(bo, s, t) 

· 2 2 2(l ·b2))1/2 s2 
w+(w +st - ·w= 2b2+---;t=2x-I. 

V(b, s, t) = . _ s2(l _ b2) ' 2(1 - 2t2) 

2 

1'\ 
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Ilpene6peraa B ..\(b0 , s, t) BemI'IIIHaMH, ncqe3a1oumM11 B rrpe.nene ~ ➔ 0. rrony'IHIII 

- s2 
• b~ .s2 

. ,,\(b0 , s, x) = ?(1 - 2x)lln 2 ( ·) - l + 0(-l2 )]. 
- sxl-J ~ 

B pe3y111,TaTe BeJIII'llIHY I2(s) MOlKHO rrpe.ncTaBJITI. B c11e.ny10me111 BJI.ne: 

h(s) = 21rs2772(ln bo + l - Re[1t,(I + i17) - ij,(l)]]. 
s • 

(6) 

TaKHM o6pa3oM, cyMMapHhlH BIWa.n OT coy.napeHHfI C 6mIJirnMJI JI .naneKHMH 'rrpu

ueJII,HI,JMH napaMeTpaMH I(s) = I1(s) + h(s) HMeeT BH.ll 

I(s) = 21rs21,2[ln~ + l - Re[1,b(l + i17) - l'(l)]]. 
s 

(7) 

r.ne tf.,(z) = --~/~(•>. l111H HaXO)K,UeHIIH nomJOro ceqem1g a-Io~ neo6xo.nIJlllO corn,a.cHo 

Bhlpa)KeHHIO (1) ycpe.nHHTI, Bhlpa)KeHIIe (7) no BOJlHOBbllll cjJ.}'III-UIIHl\l OCHOBHOro co

CTOHHHH aToMa: 

a-!~~= 41r1,2(s2
) 100[ln: - Re['l/•(l + i17)- d·(I)]]. 

,r . 

(8) 

(s2
) 100 = j I t/J(r)100 l

282<!3r,R" = l/1Rr..,, ~ I. 
IIonpaBKa K 6opHOBCKOMY npu6mrn,en1110 Ja c•ieT 1111wrocjJ0To11111,1x 061-1en0B (BTO

poe cnaraeMoe B (8)) no cBoe11: cTpyi-Type cxo;,i,;a c cj,op1-1ymum EeTe-Enoxa nna 
HOHHJauuoHHhlX n0Tep1,· [6] 11 cj_JopMyJJal\111 Ee_Te-MaKcm1oirn .n,1l! TOJ>MOJHoro 113ny

'IeHHH H pmr-(.lleHHH nap B KYJlOHOBCKOM none aTOMa (7]. lb ee npe.ncTa.BJleJUIH B BII.ne 

pg,na 

Re[1,b(l + i77) - tf.,(1)] = ;,2 E k(l-.:2 ~ 7 
2) 

k=I I 

BII.llHO, 'ITO·B (8) Y'ITeHI,J Bee B03MO)KHI,Je MHoroqioTOHJ!bie o6MeHbl.l.Jucne11no 3TH 

nonpaBKH He MaJII,J: TaK, uanpHMep,eCJIH B Ka'leCTBe l\lIIIIIenn 11cnoJ1b3.0BaTI, TaifTaJJ 

(Z=73), KaK 3TO IIJJaHHpyeTCH B ,3KcnepnMeHTe [I], TO BKJia,a B (8) OT MnorocpoTOH

HblX o6MeHOB . COCTaBJlHeT BeJlH'IIIHY ~ 7 npoueHTOB, TaK '!TO !IX y<!eT HBJlHeTCH 

Heo6xo.nHMI,JM npn onpe.nenemrn BpeMem1 )KHJni', Bo.nopo.norro.no6uux a-ToM0B 1_13 3Kc

nepnMeHTOB ua g,nepHI,JX MHIIIeHHX. 

Bhlpa)KeHI!e (8) HBJ1HeTCH OCHOBHI,JM pe3)'JlbTaTOM nacTOl!UleiI pa6oTI,J. OHo 

cnpaBe,UJIHBO He TOJJI,KO ,llJIH IIOJIHI,JX ceqeum'i B3il-HJIIO.lleJICTBllll aTOl\lOB I1HOIIHH B -
OCIIOBHOM COCTOHHHH C aToMaMH MHIIIeHH, HO ll .llJlH I10J1HblX ce11e11m'i B3aJIMO.neii

CTBHH Jll06I,JX Bo.nopo.norro.no6HI,JX ~TOMOB II HX BOJ6y;,i.;,neHIJhlX COCTOHHIIII C a.T0Ma11111. 

MHIIIeHH, npu ycnoBHH, 'ITO pa3MepI,I BO,nopo.nono.no6m,1x a.TO:\I0R ropa.3,no illeHbWe , 

pa.3~epOB aTOMOB MHIIIeHH. IlpHMepoM Ta1rnx CIICTCl\l MoryT cny;1-;I1Th aTOJ\Ibl, co

CTOHII.Ufe HJ [{+ [(- H p P, pa3Mephl KOTOJ)b!X ropa3JIO MPIIl,111{' pa.JMepoB aTOMOB 

IIHOHHH, 'ITO Il03BOJJHeT HCIIOJll,JOBaTb rrony 11e1moe Bhllll(' Bblpa;,i.;e1me .llJlH pacqeTOB 

He TOn&KO OCHOHHblX COCTO.llHH!J. ~1;MXft.'f0,l)jQB JIO II u~"y;i-;ne,mwx COCTO.llHHH. 

""· •.. _.a. -I\ .... --:otl"!:° I e.,~'b!'.ilc.i.!, hu,™U m,,.,~,J/ • 
l! rul-ft;!folX UCCJifltOl.lim!l 
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l3 paMKaX 3HKOHaJibHOfO npH6J1H)l(eH1JSI IIOJI}"IeHO aHaJIHTH'IeCKOe BblpIDKeHHe 
.LIJI~ flOJIHblX cet.JeHHH KYJIOHOBCKOfO B3aHMO,!leHCTBH.ll BO.UOp0.!lOIIOito6HblX aT0;_,,08 C 
aTOMaMH MHWeHH. TToKaJaHO, 'ITO }VISI KOMITaKTHblX aTOMOB (pa3Mep1,i KOTOpblX 
MHoro'MeHbWe pa3Mepoe aTOMOB MHWeirn) nonpaBKH, K 6opHOBCKOMY rrptt6JimKeHmo' 
rio ceoeii CTpYKTYJle CXO)l(H c cpopMynoii EeTe ...:_ EnoxaM.ll HOHHJaUHOHHblX rroTepb 
B BemecTBe H cpopMyJiaMH EeTe ,_:_ MaKCHMOHa M.ll. rnpMO3Horo mnyqemui H 
o6pa30BaHllil, rrap B KyJIOHOBCKOM none an>Ma. TT pH pacce.l!HHH Ha MHWeH.llX C 
60JibWHMH . Z 3TH ITOIIpaBKH CTaHOB.llTCSI cyIUeCTBeHHblMH, H HX yqeT SIBJI.lleTC.ll 
11eo6xo,nHMblM rrpH onpe.neneHHH epeMeHH )l(H3HH eo.uopo.uorro.uo611b1x; aToMoe HJ 

' . , 

3KcnepHMeHTOB ~a .ll,LlepHbIX MHWeHSIX. I 
. ·/; ' ' 

Pa6orn _Bbmo11tte11a B Jla6o~aTOpHH .ll.!lep11bIX npo611eM 01151H. 

, I , . . ,· . . 

ITpenpHHT 06oeJ11meHH~ro HHCTmyra llJlepHLIX ucCJJeJJOBaHHii. Jly6Ha, 1997 
f , ,, 

• 'nepeeo.n aenipoe 

Voskresenskaya O.o.; Gev~~kyan S.R., Tarasov A.V. 
The Total Cross. Sections for lnter~ctiori of Hydrogenlike Atom~ 
with the Atoms of Matter · · · ·· 

P2~97-18 

, • Inthe framework of eikonal approxim~tion we obtain~d the analytical expression 
for the total cross sections fo~ the Coulomb interaction of hydrogenlike atoms with 
matter. It is shown that for the compact atoms (the ones which sizes are much smaller 
than the sizes· of at~ms in the target) the corrections to'the Born approximation by 

·• its structure are similar to the Bethe ....::. Bloch formula for the· ionization losses and . . 

to the Bethe - Maximon expressions for the bremsstrahlung and production of pairs 
in the Coulomb field of atom. In the case of scattering on the targets with large Z 
these corrections are· substantial, and they are important in the det_ermination of 
hydrogenlike atoms lifetime, in the experiments· on nuclear targets. 

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