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Tp~xqacTuqnoe .KYJJOHOBcxoe Bs~:imo,n;eAcTBHe qacnm; B Teopim aToMHHX H 
• • - ~ • ~ , '· < • • ' ~ • • ' • • , • ~ ,,' ' 

JI.Z(epHldX CTOJIKHOBeHHA • npO.Z(OJDRaeT llpHBJJexaTJ, x ce6e oco6oe BHHMaHHe 

Ha npoTJIJKe~~H. imor~x JleT' [1-_6]:: llm~pec It ,Z(aHHOit npo6Jie~aT~e .~~e 
6oJJee »o:ipoc B CBJISH c B08MOJKHocT1,10 onpe.neJJeHHJI acTpoq>HSHqecxoro s~ .· . . .• ··, . " .. ··: J. '•-''-<•· • •• ,. '" ·, 

<t>axTopa us pea.JU(Hit xyn:oHoBcxoro ·pasBaJJa. JJenmx JI.Z(ep B noJJe 6LicTporo 
' ' .. ~ . - . . . - . . . ~~ . , , '-" .. "' ,, . . . .. . . . 

MHOro:iap.11.Z(HOro HOHa,. ItOTOplidt MOJKHO paccMaTpHBaTJ, . xax HCToqnux. BHp-
TyamHI,IX q>OTOHOB [7-9]. .ll,~ .BJ,IqHCJleHHJI aMllJIHTmJ,1 RYJIOHOBCKO~ paa
BaJJa Beo6xo,n;mm 3BaTJ, aCHMUTOTIIKY TpexqaCTHqnoit RyJJOHOBCitOit BOJIHOBOit 
<l>Y~, xor.na OTHomeHHe paccToSIHHJI MeJKJlY ,ll,BYMJI qacTHD;aMH, o6paso
Ba»miwuCJI JI pe:iym.TaTe pasBaJia, K paccTOJIHHJO ,Z(O Tmeiioro HOBR BaMHOI'O 
~~mme e.Z(H~ni,I. Taxaa: aonmronma _61.ma'uaiilieua B pa6oTe [10] . .ll,JJJI H8-
BJ1e1IeHHJI .adpoq>H3Hqe~oro S-)<t>axrop~' neo6Xo,n;HMO npaBHJJJ,HO 'pacc~TaTJ, 

' '"! ,; .. ·• ',,. ·,·,.·,•·'. i ' ., •• • ., ' -.•. 

aMllJIHTY)zy B ItHHeMaTH1Iecxott o6JJaCTH, B xoropoa· OTHOCHTeJIJ,BaJI 3HeprH.11 
CTaJIItHBaJO~HXCJI 1IaCTHI( COCTaBlllleT COTHH MsB, a OTBOCHTeJIJ,BaJI19BeprHJI 

• ' ' . '. ••. • • I "; • ' . ' ',' '! , • • • ;· ' ' ;,·. ' .' . ~ . - _; ' '~t l , 

pasJJeTaIO~XCJI qacTHD; nocJJe pasBaJJa. HMeeT sua11eHHe, Jiem.am;ee B npe.ne-
, ,,~ >''I ,~·· ·\'.:.'. ' .. ~ ~··;; •. ,-~, -· ~ _"" ,• ~ _.• ··;. ", ~- ,· ,"' 

JJax 1-100 It9B, T.e. B o6JJaCTH cBepXHHsKHx sHeprutt B MacmTa6e JI.Z(epuoit 
.<t>usmm. ()6J,IqHO npu u:iyqe~HH p~aKD;Hit RBasHynpyro~ pasBaJia Jierm HO
Bon'~ IIOJle TJIJReJioro' HOBa npHMe~eTCSI M~,l\ HCUt?BllJ,IX BOJii{ JI- q>OpMax 
c llOTeHD;Ha~~H Haqam,u~~-~ ioHeqHoro'xaHairoii.' B pa6oTe [ll(oUHCaJIJ,I 

,ll,Be npon;e.nypLI BLI1IHCJieHHJI_aMIIJIHT~ MeTO)l;OM HCRallterumx BOJIH, ROTOpLie 
IIOJJY'IHJIH • HasBaHHJI Bepcutt· Baypa :e: AycTpeHa. B n~pc:e::e: Baypa JIBHllM 

Be,Z(OCTaTKOM JIBJJJieTCJI; npeHe6pemeHHe B3aHMO)l;eitCTBHeM MeJKJlY o6pasoBa
BfilHMHCJI B pesymTaTe pasBana· q>parMeHTaMH, a n MeTO.Z(e AycTpeHa cyMMa , 
llOTeHD;HaJIOB B3aHMO,Z(eitCTBHJI o6pasOBaBIDHXCII q>parMeHTOB C THJKem.w: HO
HOM sa1rnHJieTCJ1 Ha onTnqecRB1t noTeHD;HaJI, qro Taruxe JIBJIIIeTCJI ueo6ocuo
naHHLIM. B ·. 060:e:x MeTo,n;ax .· OTHOCHTeJThHOe ,ll,BHJKeHHe q>parMeBTOB OllHCLIBa

eTCJI nJIOCKHMH BoJIHaiiu~ ~ npe.ncTaBJJJieTCJI uenpaB:e:mHLIM HS-sa HaJI111DJJI 
,D;amHo,n;eitcTByromero RYJIOHOBcxoro · irOTeHD;HaJia: , ' , · · 

HaMH 6LIJia IIOCTaBJieHa sa.naqa xoppeKTHOro YlleTa RyJJOHOBCKOro BSaH
Mo,n;eitCTBHJI Tpex sapmemmx qacTHD;'B •ItOiiequmi· cocTOllllHll' ,itmi peaxn;:e:tt 
xyJJoHoBcxoro pasBaJia nerKHX .11.nep B none TJDReJioro MBorosapB,lUloro :e:oua B 
ItHHeMaT:e:qecxolt o6JiaCTH 9Hepr:e:A, r.ne B03MOJJWO H3BJieqJ, aCTpOq>HSHqecRHtt 

S-<lJaRTOp. 



2 AMnJIHTy~a KYJIOHOBCKoro paaBaJia 

HsnecTHo, qro npn yrJiax OTRJI0Hemra n;eHTpa Mace pasnaJIHBarom.eroCJI a,npa 
B IlOJie TIDReJIOro HOHa B npe,zi;eJiax OT 2 ,zi;o 10° BRJla'A a,zi;epnoro BSaHMO,ll;ett
CTBH.11 Ha pas:iiaJI·a,npa SIBJIHeTCJI MaJILIM~ PasBaJI npOHCX0.l(HT Iipn 6om;mmc 
npnn;em.m.rx 'napaMeTpax, r,zi;e OCHOBHYIO pom, nrpaer KYJIOIIOBCROe' BSaHMO
,zi;ettCTBHe MeJl{,llJ' HaJieTarom.ett qaCTHI\Eltt · n TJDKeJII,IM HOHOM • B ,zi;am11ettmeM 
6y;neM pacCMaTpHB3.TJ, Hepe30HaHCHl>Itt pas:eaJI HaJieTaromett tiaCTIIIUil B Il0Jie 
i.am:eJio~ im:e:a ~a Ana cppanleHTa :e: orpamrqHMCJI paidi<aun Tpex11acTnqHoro 
no,n;xo,n;a; T.e~ 6y.n;eM pacCMaTpHBaTI, 6ie,n;yro~tt npon;ecc pasBaJia: 

' 
(1 + 2) + 3 -+ 1 + 2 + 3, .. (1) 

r,zi;e_ (1+2) :__ c:sasrumoe COCTOHHH~ Jier~ 'IilCTHD;,l n 2, 3 - TJDKeJililtt l.l~O~
sapHAHHtt HOH • BsaHMo,n;ettCTBHe MeJl{,llJ' "!acrnnai.ni 1 H 2 (Vi2) BKJI10qaei- 'n 
ce6H. KaI{ KYJIOHOBCKOe (½~)' TaK _H aAepHoe' (V tr) _BSaHMQZ(ettc:1;:e~e. qac::X.nn;a 
3 .. nsaHYo,zi;ettcinyeT c qacT~aMi .1 n 2_ nocpeACTB<>M. ''l;<>m.KO xyJiononcxoro 
. B3a.HMO,ll;ettcTBHH. . 

Ilpon;~~c. (1) y,no6H~ paCCM!lTpHBaTJ, B CHC~Me n;eHrpa Mace "laCTHD; C ne-
' . . .. . ,, ' ,' . . ' . ' . . ~it' >: : ; ,, ~ ~ ! ,; 

pexo,n:01.1 K ooop.l(HilaTaM -!Jxo6n. O6oaHa"IHM qepes r pa.l(Hyc-nexrop, OilHClil-
Barori:unt OTHOCHTeJILHOe ABIDiteHHe "1aCT11ii 1 H 2, ·a "Iepes ii.- pa.l(HyC~Bei<rop 
oTnocnrem.Ho~ ABIDRenHH qacT~ 3 i iieiITpa Mace qacTnn; 1 n 2. IloJIHLrlt 
raMHm.TOHHllll rpexqacrll"IHott cucreMlil Mo.irui~ aanncan, B nu.lie 

'r '. '< , 

H = T12 + Ta+ ViJ. + V2a + Vi.2, (2) 
. '• 

r,zi;e ·T12 - KHHeTuqecKaH _sneprHH. OTH0CHTem.Horo: ABIDileHHJ!, qac:THD; 1 H 2, 
Ta - KHH~H"IeCKaH 3HeprHH OTHOCHTem.Horo ABIDKeHHH qacTHD;lil 3 H. naplil 
(1+2);· . '·• . . 

T12 = -.6.12/2µ12, Ts= -.6.s/2µa, 

µ12 = m1m2/m12, µ3 == m12m3/(m12 + ms), 

.mv-,Mac<:a v-11: "laCTHD;lil1 .V = 1,2,3,m12 = m1 + ni2. 

2. 
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V{2 = z1z2e~/r, V:f1 = z1zse2/ I R-,\2r':I, ViJ = Z2Z3e2/ I R+,\1rl, 

,\1 = mi/m12, ,\2 = m2/m12, ms>> m12, 

Zv -:-- sapaA v-tt qacTnn;lil •. 
Bno,n;a KYJIOH0BCKH:11 "OilTH"IeCKH:11" noreHD;HaJI B3aHMQZ(ettcTBHH CHCTeMlil 

(1+2) c "laCTHn;ett 3 (½c), sammieM aCHMilTOTH"IeCKHtt raMHm.TOHHaH Ha-
' .. 

qaJII,H0ro COCTO.HHHJ[ B BHAe 

Hi = T12 + Ts + Vi.2 + ½c, 
l C 2/' ½ = z12zae R, Z12 = Z1 +' Z2. 

AMnJIHTy.n;a. peaKD;HH onpe~eJIHeTCJI BF,IJ>ruReHHeu: 

Mi/~< '11)-) I .6.¼ I <l>~+) >, 

r,zi;e .6.¼ = H - Hi= ViJ. + V23 - ½c• 

BoJIHOBiile cpyHKD;~, '1ft) H <!>~+) y.D;0BJieTBOpHIOT ypaBHeHHHM 
' 

H'11)-) = (E1 + E12)'11)->, 

Jt~~+) = (Ei - e12)~~+>;· 

r,zi;e 

(3) 

(4) 

(5) 

{6) 

Ei = kl/(2µs), E1 = kj/(2µ3), · E12 = k?2/(2JJ.12), 

ki(k,)- OTHOCHrem.Hliltt HYilYJil>C CHCTeMiil (1+2) n qacTHn;I,I 3'B naqam,nou: 

(xoHE~"IHOM) cocTOHHHH , k12 - uunym.c orHocnTem.Horo ABIDKelQI.II "!acrm:i; 1 

H 2 IlOCJie pasBaJia, e12 - 3HeprH.11 CBH3H'CHCTew..r (1+2):' ·, 
,lJ;JIH BI,IqHCJieHHH aMilJIHTy,zi;Ll ( 4) HCilOJII>ayeM BI,IpaJReHHe ,ll;JIH BOJIHOBOit 

cpyHKD;HH, HBJIHIO:m,ettCJI pemeHHeM ypanHeHHH (5): · 

~~+)(r, R,) -=: 
1

(()12{r'Jezp{ikiR)Ni(rJi)F(-irJi, 1, i(k~R -Jdi.)), (7) 

r,zi;e 
~i = z12e2zsm12/ki, Ni( '7i) = exp( -1r /211i)f(l + i1Ji), 
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F{a,b,x) - BLIJ>OlR,ll;eHHan: nmepreownpH'IeCRaJI qiymuura, r(x) - rama:a
q>ymmIDI. <l>ymmIDI <1'12(r) onHCI,IBaeT CB.113aHHOe COCTO.llHHe CHCTeMLI 11acnm; 
1 H 2. 

BoJIHOBYJO q>~JO W')-) ROHe1IHoro COCTO.llHH.ll B031>MeM B aCHMnTOTH'Ie
CROM Dime cornacHo pa6ore [10]. ,l(etkTBHTem.Ho; H3-3a HaJIH11IDI- :mcnonen
~am.no y6ma10m;e:it BOJIHOBO:it q>ymuum CB.113aHHOrO COCTOJIIlH.11 <p12(r) npH 
BLI1IHCJieHB1I aMIIJIHTY,Zl;I,I ( 4) 06JiacT1> HHTerpHpoBaHIDI no r orpaIDJ1JHBae-rcir 
06nacn10 3Ha1Ie~ r << l/1t12, r,n;e K-12 = y'2µ12f:12 . 3na11enue npm:i;em~ 
HOI'O napaMeTpa IIPH RYJIOHOBCROM pa3BaJie peam.Ho Ha MHOI'O 6om.me, 1IeM 
1 / K-12; II03TOMY BLIIIOJIHJleTC.11 ycnoBHe r / R < < 1, 'ITO Heo6xo.n;HMo ,n;Ji.11 HC
nom.3oBaHH.11 aCHMIITOTH1Iecxo:it RYJIOHOBCRO:it BOJIHOBOit q>yHH~. 3aMeTHM, 
'ITO MOlKIIO BIIOJIHe npeHe6pe% .11,n;epIII,IM B3amA0,11;eitcTBHeM ½1 B ROHe'IHOM 
cocro.11HB1I_ H3-3a xyJioHoBcxoro 6ap1>epa ( sHeprH.11 OTHOCHTeJIBHoro ,n;BIDJreHH.11 
E12 1IaCTm:J; 1 H 2 B HCCJie,n;yeMott RHHeMaTH'Iecxott o6JiaCTH COCTaBJI.lleT He 
6oJiee coTHH xaB ). Mcnom,3ye!ian: aCHMIITOTHRa c T01IHocnro ,n;o O(1/R) 

HMeeT BHA · -
W')-){r,R) -t W')-)a{r,R) = t/Jt{R)(f')e:::p(iktR)N31(TJ31)N23('723) X 

xF(i7731, 1, -i(k31R+k31R.))F(i7723, l,-i(k23R-k23R)k (8) 

npu r/R-t O, 
r,n;e '731 = z1z3e2µ3ifk31, '123 = z2z3e2µ23/k23, 

N31('731) = exp(-1r/27731)I'(l - i7731), 
N2JC'123) = exp(-1r/27723)r(1- i7723), 

k'· _ m,{m12+m•)f _ ---1:!!:L-k · 
3l - (m1+m3)m12 t m1+m3 12• 

k A = _ 7n2(m12+m3)f _ ---1:!!:L-k 
2S (m2+m3)m12 t · ~+m3 12, 

'Pt~R)(r) ~ BOJIHOBa.11 q>ymuura OTHOCHTeJII,HO;O, ~~eHH.11 11acT~ 1 H_ 2-c 

Y1IeTOM BJIHJlHH.11 RYJIOHOBCROI'O noJI.11 _1IaCTm:i;LI 3, ?i2(R) = k12 + a(R)/R -
noxam.mnf HMIIym,c 11acT~ 1 H 2 Ha paccTO.llHHH ROT 11acTH~ 3, 11eJIH1IHHa 
a onpe,n;eJI.lleTC.11 BLipaJReHHeM! , ' 

a= '731A2(R+k31)/(1+Ri31)-7723>.1(R-k23)/(1-Ri23), 
r.l{e b = b/b. 

4 

. (9) 

i .. , 

,>' 

l 
l 

) 
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Tax xax B paccMaTpHBaeMott iurneMaTH1IecxoA o6nacTH k12 << kt, TO .l{JI.11 

OTHOCHTeJlliHLIX HMnym,coB 6y;n;eT cnpane,n;JIHBO COOTHOIDeHHe 

k31 ~ (mi/m12)kt, k23 ~ -(m2/mdkt, (10) 

a ,n;JI.11 RYJIOHOBCKHX uapaMeTpoB cnpaBe,n;JIHBa oneHRa 

T/31 ~ (zi/z12)'1t, '723 ~ (z2/z12)'7_t, (11) 

r,n;e '1t = i12z3e2m12/kt • 
Tor,n;a BLipaJReHHe (9) MOJRHO _3aUHCaTJ, B BH,ll;e 

a~ µ12'1t/Z12(zi/m1 - z2/m2)(R+ kt )/(1 + Rkt ). (12) 

HaJIH1IHe a/R B BLipaJReHHH ,ll;JI.11 JIOKaJlliHOI'O umym,ca CB.113aHO C TeM, 
'ITO 11acTHIU,l nocJie pa3BaJI~ 6y;n;yT no-pa3HOMY ycxopJITJ,C.11 B noJie TJIJReJIOI'O 
uona, nosToMy OTHOCHTem.HLiit HMnym,c ,n;oJDReH MeHJ1T1>C.11 B 3aBHCHMOCTH OT 
R. 9TOT 1IJieH He 6y;n;eT ,n;aBaTI> BKJia,n;a B CJiy1Iae paBeHCTBa OTHOIDeHHA 3ap.11,n;a 
x Macce o6pa30BaBmHXCJI qiparMeHTOB. 9Ta acHMnTOTHKa 6y;n;eT Bepna npn 

r/R << 1 ~ 1 arl /R << 1. 
BoJIHOBa.11 q>yHRnH.11 'Pt~R)(r) y;D;OBJleTBOp.lleT ypaBHeHHIO 

(T12+ ½'i-qMR)/(2µ12))t/Jt~fi)(r) = 0. (13) 

Pa3JIOJRHM 'P~-)(R)(_ r) no creneH.llM a/R npH ycJIOBHH I a/RI< k12 H cirpa-
ftl . 

HH'IHMC.11 ,n;BYM.11 neJiBLIMH 11neHaMH. Tor,n;a HMeeM _ 
tp~-)(R~)(r) ~ 'Pict- (r) + _R;y'/c~ tp(/c~-)(r). (14) 

q12 tl 12 12, 

tpt)(r) - KYJIOHOBCRa.11 BOJIHOBM q>yHIUUIJI1 HMeIOill;a.11 Dim 

t/Jt;(r) = exp(ik12r)N12('112)F(i'112, 1, -i(k12r+k12r)). __ 

' ' 

(15) 

Tax KaR cym;ecTBeHHLiit BKJia,n; B HHTerpaJI BHOCHT o6JiaCTJ, r ~ 1/ K-12, a 
k12 << K-12, TO MOlKllO c11HTaT1>, 'ITO k12r << 1 . B TaROM cnyqae npH 
BWIHCJieHHH rpa,n;HeHTa MOJKHO upene6pe1II> BKJia,ll;OM H OT 3RCilOHeHTLI, H OT 
rnnepreoMeTpn11ecxoit <l>YHKnffH. I'pa.n;HeHT 6epeTC.11 Tomxo OT N12('112). B1,1-
1IHCJI.ll.ll rpa,n;HeHT n no,n;cTaBJl.ll.ll B ( 14), IIOJIY'IHM 
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t/J~-,c·n_>(r) ~ [1 +ak12TJ12/Rk12[1r /2+ht,(1-i,,12)]Jtt,kt->cr>, 
N ~ 

r,ll.e t/J(x) - Jiorapuq>1,.mqecIUUI npousBO,lUla.JI OT raMMa-q>ymu:um. 
:qeaJI nepexo,D;a ~ ¼ pasJiomm.t. no CTeneHHM r /R : 

~¼ = H - Hi= V:f1 + ½t- v;c = Z3e2 Ll,m c2i~1) X 

x[(~1)1(m2/m12)1z1 + (mi/m12)1z2]:;t➔:.Yi:n(r)Yim(R). 

(16) 

IloTeH-

(17) 

Ilo,D;CTaBJIJIJI (7),(8),(16) u (17) B q>op~yny ( 4) ,!l;JI.H aMIIJIHTY)J),I, IIOJiyqHM 

Mif = zae2 i:1,m c2f~1)[(-1)1(m2/m12)1z1 + (mi/m12)1z2] x 

x(J drt/Jt;"(r)r1<p12(r)Yi~(r)) fR>R..;.[1 + a.k12TJ12/Rk12 X (18) 

X [1r /2 + itf,(1 + iT712)JlNi(TJi)N31 (TJ31)N2aCTJ23)F(-iTJa1l, i(k31R + k31R)) X 
...... . .... ............ ""dii. 

xF(-iTJ2a, l,i(k23R-k2aR))F(-iTJi, 1, i(kiR-kiR))exp[i(ki-kr)R]Y1m(R)Wf-T. 

H:nrerpupoBaHHe no R 6epeTC.11 OT Rrnin ,!l;O ~- Bemiquna Rmin BLIDHpaeTCH 
Tax, qro61,1 MOJKHO 6HJIO HCIIOJIJ,30BaTJ, acHMIITOTHqecRoe BHpaJRCHHe ,!l;JIH Ry
JIOHOBCRHX BOJIHOB.IdX q>yHJm;ua. Brum,D; o6JiaCTH r / R > I B snaqenn:e HHTe
rpaJia no r npene6pe1H.11Mo MaJI us-sa naJIHlJBJI rro,D; HHTerpaJioM aRcrroHeH:qH
am.no y6Ll1laroinea q>yHR:qHH <J'12(r). 

.l];JI.H rrpocroTH paccMoTpHM cnyqait RHHeMaTHRH, Ror,ll.a HMrrym,cLI k12 H k1 
nepnen,D;HRJJI.HPHJ,I, a k12, ki, kt JieJKaT B O,lUIOit nJioCROCTH. Koop,D;HHaTHYIO 
ocL z Bhl6epeM B,D;om, k1, a ocL x - B,D;om. k12. 9roT cnyqatl: n:so6paJReH Ha 
puc.1. 

IIocJie 3aMen1,1 RJJIOHOBCRHX q>ynR:qHtl: n:x ac11MnT0Tn:qecRHMH BHpaJReHH
JIMH nonyqHM : 

M· _ 4r M(12) M(3) 
1t - L/,m 21+1 Im Im 1 

Mf!2) =I (-1)1z1(m2/mi2)1 + z2(mi/m12)1 I x 
X f drtp~-)•(r)r1<p12(r)Yi;,_(r), 

"ll 

(3) 2 dR • ... ... ... • ...... 
M1'[' ... = zae fR>R,,,;,. Jl+ie:cp(-i(kt - ki)R + lTJiln~~ - ki-19) x 

· x (1 +ak12TJ12/Rk12[1r /2+it/J(l +iTJ12)]lexp[iTJrln(krR+kr R)]Y1m(R). 
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(19) 

(20) 

(21) 

' 1 
J 

1 
' 
IJ 

z -< • o I 
kf 

)<. 

I<,. '·.,'Iii 

~ 
-/ 

fl ------,,, 
/ 

--/ 
/ 

), 

PHc.1. KnHeMaTIIRa paccMaTpnBaeM.IdX peam1,ni1. 0 - yroJI pacce.HIIHJI. 

KaR BH,lUIO H3 (20), Mf!2) npe,!l;CTaBJI.HeT co6oit 3JieMeHT MaTp:uqnoro ne
pexO,ll.a, ROTopHit no CBoeit CTpJRType anaJioruqeH MaTpHlllIOMY aJieMeHTY E1 
aJieRTpn:qecRoro nepexO,ll.a. 

TaR KaR paccMaTpHBaeTCJI 06J1acT1> MaJil,DC yrJioB · pacceJlHBJI 11 1,1aJil,DC sHa
qenlltl: k12, To np11 6ommHX aneprHHX croJIRHoBeHHJI :u:omJio C'qlITaTI>, "ITO 
ki ~ kt H ½i ~ TJt• YquTI,l]laJI ro, qro Jiorap11q>M ,!l;OCTaTO'tlH~ Me,n;JieHHO Merur
ro_inan:CJI <I>~. no~ 
TJiln(kiR - fJi.) + TJtln(ktR + k1R) ~ 2TJtln(ktRsin0n), 

TenepL BLipam.eHHe (21) MOJKHO JierRO IIpOlIHTerpllpOBa.TL no asHMyTam.-
HOMY yrJIY pa,D;Hyca-BeRropa ii.. . . . 

IlpH imTerpupoBaHHH no On na,u;o HMeTL B BH.ll.Y, qro R ne ,!l;OJDReH 6HT:& 

napaJIJiem.HLIM kt 11 aHTlIIlapaJIJiem.HLIM k,', T.e. neo6xo,!l;m,lo HClUIIO'qlITL 06-
JiacTJ. CHJII'YlliIPHOro nanpaBJieHHJI. IIoaTOMY no yrny. On HHTerp11poBme 
orpaHH~aeTCJI o6JiaCTLIO OT Omin ,ll.O Oma:x., xorop1,1e BLIDllpaIOTCJI Tait, 11ro61,1 
BI,IUOJIHHJIOCL YCJIOBHe TJJ/(kJRminsinOn) << 1. . 
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Tor,n;a ,D;JJJI M[;! HYeeM: ~--- , 
M(3) = 21rz (-1)KimJ(2l+1)~l-!ml)I J00

• d~ 18"'."" d8 sin0 e:cp(i(k·cos0 -Im 3 (I+ ml) R,,.,,. Jif=t' 9,,.,,. R R . , 

-k1 )Rcos0n+ 2ir1Jln(k1Rsin0n) )P,m( cos0n)[Jm( :c )- ii tg~dJm( :c) / d:c], (22) 

r,n;e .Jm(:c) - <I>yim.rura BecceJJJI, 

:c = kiRsin0sin0n, k = (m+ I m 1)/2, 

G = JJ.12TJ12TJ1/z12k12(zi/m1.;... z~/m2)[1r/2 + iv,(1 + iTJ12)]. 
,l].JJJI JmrerpupOBamJJI no ymy Un BOcnom,syeMCH aCHMnTOTH1IeCRHM pa3JIO

meHHeM q>ymm;im BecceJJJI H ee nponsBO,D;Hofl: c To1IHocT1,10 ,n;o 0(1 / R), no

CJie qero MOlKHO JierKO BLI1lllCJIHTJ, JmTerpan no MeTO.ZIY CTa.JUIOHapHo:tt: q>a3hl. 

,IIPH ,D;a.HHI,IX KJmeMaTB"qeCKHX ycnoBIDIX. roqxa CTa.JUIOHapHo:tt: q>ashl oRasa

JiaCI, 6JIH3KOit K 11" /2. HHrerpan no R MOlKHO on;eHBTI, B acHMnTOTK'IeCKOM 

npn6JIH1KeHBB. B nrore nonyq:HM 

M[;! = Ai~/ R!;;;~'1•(kisin0)2
-

2
'1i [cos(k;Rminsin0-m1r /2)- (23) 

- iG / RminSin( k;Rminsin0 - m,r) J, 
r,n;e Aim - H3BecTJThiit noCTO.llHm.IA MHOJRllTeJII,. Ha,n;o ID,{eTI, B BB.ZIY, qTo Rama 

acBMnTOTBqeCKaH on;eHKa cnpaBe,n;JIHBa npn yCJioBHH, _'ITO cos(k;Rminsin0 -
m1r/2) n sin(k;Rminsin0 - m1r/2) OTJIH1lllhl OT HYJIJI. 

B TaKOM me npH6JIH1KeHHH MOlKHO on;eHBTI, aMnJIHTy,zr,y 6es norrpaBKH a/R 
K BMnym,cy k12, H B3JITI, OTHomeHBe ceqeHnfl: C yqeTQM B 6es yqeTa a/R 
,n;JI.H cnyqaJI ,n;nnom,Horo nepexo,n;a. l.Jro6LI c,n;eJiaT1, xaqecTBeHHyro on;eHKY 

cos2,sin2 H cos-sin OT_apryYeHTa (kiRminsin0- m,r), saMeHHY nx cpe,Zl;HHYH 

3HaqeHBJIMH. B pesym,TaTe 'rronyqffy oitoHqaTem,Hyro xa11ecTBeHHYIO on;eHKy 

X = du<0>/du<0
) :"" 1+ I JJ.12TJ12TJJ/Z12k12Rmin(~-- ~) x' 

X [1r /2+iv,(1 +iTJ12)] 12 • (24) 

Hs 3TOit 4>opMym.I BB,D;HO, qTo npH yBeJIHqeHBH 3HeprHH CTOJIKHOBeHHJI. H 

aaeprHH paaJieTa 06pasy10m,nxCH -qacTnn; :eKJia,n; TpexqacTH1IBLIX a4>4>exToB, 

CBJ13aHHiilX C ycxopeHHeM qacTBD; B IIOJie TJllKeJioro BOHa, yYemmaeTCJI. 9TOT 

a4>4>eKT TaKIKe 3aBHCHT OT pasHOCTH OTHomeHHJI sapJI,D;a K Macce pasneTalO

m.BXCH qacTnn;: qeM 6om,me aTa pasaocn, TeM 6om,me a<t><l>eKT. 

8 

3 PesyJILTaTLI 'IIHCJieHHLIX pacqeTOB H JilX auaJIH3 

l.JHCJieHHLie pacqeThl 6hlJIH BLIIIOJIBeHhl )l;JI.H peaKD;Hit pasBaJia: 
6Li +40 Ga--+ a+ d +40 Ga, 
6 Li + 208 Pb --+ a + d + 208 Pb, 
1Li + 40 Ga --+3 H + a +40 Ga, (25) 
1 Li +208 Pb -+a H + a +208 Pb 

. · . ' 
160 +208 Pb --+12 G + 0 +208 Pb. 

9HeprnJI CTOJIKBo:e_eHHJI E; H8MeH11Jiac1, B np~,n;eJiax OT 100 .zi;o 500 MaB, 
OTHOCHTeJII,HaJI 3BeprnJI E12 pasJieTaIOIIJ,HXCH 4>parMeHTOB Jiemana B rrpe.zi;eJiax 
OT 10 .zi;o 100 xaB. 

3aaqeHHe Rrn1n Bhl6npan9c1, H3 YCJIOBHJI I a I /(11:12R) << 1. IlonyqeHHhle 

pesyJIJ,TaThl rrpe.zi;cTa:enem,1 Ha pnc.2 - 5. Kax BH.zi;Ho ns pnc.2, npn paaBaJie 
6 Li Ha 40Ga BKJia,D; ipexqacTH'lHLIX KYJIOBOBCRHX 34>4>eKTOB, CBJI3aHHhlX C 

npaBHJIJ,BI,IM BOOOpOM aCHMIITOTHKH TpexqacTH'lHOtt KYJIOBOBCKOtt BOJIBOBOtt 
<l>YHKD;HH, JIBJI.HeTCH MaJILIM. Ilpn pacm.enJieHHH aToro me JI,D;pa Ha 208 Pb 
a4>4>eH.T CTaHOBHTCH 6oJiee 3aMCTHHM, 'lTO BH)n!O H3 cpa:eHeBHJI pnc.2 .. H 3., 

1. 10 ~ ' . . . . . 

X 

1.05 

1. 00 

.95 

100 

40ca t 6L1 ,ex, d 140ca 

£12,JC>B 

100 E;;M,s·· ' 

PHc.2. Oi'nomenne' AlI<p<pcpc1uurniinIJLIX CC'lCIIHtt C Y'lCTOM H 6b3 yqc~a a/R 
. ,nJI.H peaKi:urn KB<13llYil{>yroro pa:i:eana 6Li+ ◄ 0 c.;, '.:...+ a+d+ 4°Ca . ' 
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X 

I. 10 

1. 05 

1. 00 

.95 

100 

208pb l6Ll,~,dl208pb 

100 

Puc:3:0T;omeinie }:(llqJqlepeiinnamnhlX ce~1enni1 C J'IeTOM l'[ 6e:i y11eTa ii/R 
}:(11.H pearuurn RBa3nyrrpyroro pa3BaJia 6Li+208Pb -t a+d+208Pb 

OtieBH.ZnIO, TITO 3TO CB.H3aHo c 6onee CHJIJ>HI.IM BJill.llHHeM 11011.H uona 208 Pb. 
IlpH }']leJIHtieHHH pa3HOCTH (zi/m1 - z2/m2) ~q>q>eKT lIOCTJC:K?peHH.H CTaHO

BHTC.H HaCTOJII,KO 6oJIJ>mHM, TITO ero o6Jl3aTeJIJ>HO Ha}:(0 YTIHTLmaTh IIpH paanane 

(pucA). 0. neo6XQZOIMOCTH Taxoro YtieTa JKa3bIBaeTC.H ~ pa6oTax 110 axc11e

pHMeHTam.uoMy HCCJie}:(OBclHHIO.Pa3BaJia 6 Li [12] H 7 Li [13]. B pa6ore [13] 
c.ne11aHbl rpy6ble on:eHKH BJIH.IIHIDI 11ocTycxopeHHH H 6bIJIH 11onyTieHbI IIpOTH

nopetIHBile pe3ym,TaTbI 110 BJIH.HHHIO KY1IOHOBCKOro 3q>q>eKTa lIPH o6pa6oTKe 

3KCliepHMeHTaJIJ>HbIX ,naHHbIX., ,Ilo-BH.ZJ;HMOMY, 3TO CB.H3aHO C TeM, TITO OTieHb 

Tpy.nuo Bbl.ZJ;eJIHTL o6nacTL cnepXHH3KHX anepru:n: 110 E12• Ramu pe3ym.Tan,1 

He11ocpe.ncTBeHHO yxa3bIBaIOT Ha Bam.HOCTL yqeTa lIOCTycxopeHH.H. Puc.5 lIO

Ka3IlBaeT, TITO lipH KY1IOHOBCKOtt .ZJ;HCCOD;Han;HH 160 uccne.nyeMlilit 3q>q>eKT JIB-

11.HeTC.H 6onee Cyn:\ecTBeHHLIM, TieM 11pu ,ZJ;Hccon:uan:HH 6 LLBce pacTieThI 6:i.iJIH 
. . ' . . 

11pone.n;eHbI ppu 6om,mux 3Ha11eHH.HX Rrru:n.• PaayMeeTC.H, 'ITO aq>q>eKT .ZJ;OJilKeH 

B03paCTH IIpH MeHbmHX paCCTO.HHHHX. 

IO 

X 

5 

4 

.i 

3, 

2 

0 

100 

40ca l 7LI .~. t i 40ca 

100 

Puc.4. OTHomenHe ,nmpcflepeun:nam,m,rx ce11eIInii c Y"!CTOM H 6e3 y<ie:ra ii/R 
.ZJ;1I.H pealU(nH RBa:mynpyroro pa3Bana 7Li+ 4°Ca -t 

3H +a+ 4°Ca. AIIa

norHtIIIhli1 peaymTaT IIOJiy'leH ,!(11.H pea1iriHH 7Li+ 208Pb ~ 3II +a+208Pb 

I .4 208pb i!6o.~. 12ci208pb 

X 1.2 

1.0 

100 

£ 12,nB 

£- M,s· :·:·, \.:• .. 
100 " , 

Puc.5. OTHome1me ,nmp<fJ<;peiinnaJTLIIIJX ce:11enni1 c y'leToM n.6c3 y<IeTa c7/R 
}:(JIJI pealU(HH R11~3HYIIPYrOro pa3BaJia 160+208Pb -t 

12C+ a+ 208 pf> 
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Hs Hamme xaqecTBeHHLIX ou.eaoR MOlKHO cp;eJiaTI, BLIBOA O BalKHOCTH npa
BHJThHOro BLIDOpa aCHMilTOTHXH TpexqacTHqffOil: BOJIHOBOtt <l>Y~H ROHeq
Horo COCTOJIHHH. Maaqe HenpaBHJThm.dt BLIDOp 3TOtt aCHMilTOTHRH MOJRer 
npHBeCTH R HeBepHoMy saaqeHHIO acTpOq>H3HqecROro S-q>aRTOpa npH H3BJie
qeHHH 3TOro q>aRropa H3 peaRIJ.Hil: RYJIOHOBCROro pasBaJia H,ZJ;ep. 

,Ll.aHHaH pa60Ta no,zmep.HC.HBaJiaCL HeMeIJ.RHM aayqao-uccJie,ZJ;oBaTemcRHM 
o6m;ecTBOM, rpaHT N 436 USB - 113 - 1 - 0 • 
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NibT E.O._H AP,· 
ACHMIITOTHlleCKaSI ou;eHKa BJIHSIHH.SI TpextiaCTHlIHbl:X 
KYJIOHOBCKHX 3q>q>eKTOB Ha pa3BaJI JierKHX si.u;ep . . . . , . 
B IIOJie MHOro3apSIJJ.HOro HOHa. 

?4-95-170 

Ll:Jisi peaKu;nii: KBa3ny11pyroro pa3Bana Jierirnx si.u;ep Ha .a;Ba 3apsi)KeHHhIX 
q>parMeIJTa B KYJIOHOBCKOM 110.lie T.SI)KeJIOm MHOro3apSIJJ.HOI'O HOHa, pa3,1eTa
IOIIJ;HXC.SI CO CBepXHH3KHMH 3HeprttSIMH; BbIIIOJIHeHa aCHMilTOTHlleCKa.SI OIJ;eHKa 
OTHOIIIeHHM. JJ.Hq>q>epeirn;HaJibHblX. celleHHii: C ytieTOM H. 6e3 ytieTa Tpex
llaCTHlIHbIX KYJIOHOBCKHX 3q>q>eKTOB. IloKa3aHa Ba)KHOCTb ytJeTa ycKopeHHSI. 
q>parMeHTOB IlOCJie pa3BaJia. 

.. . 

· Pa6oTa BhlnoJIHeHa B Jla6op~TOpHH TeopeTtttiecKoii: q>H3HKH HM. H.H.Eoro-
mo6oBa 0115111. · 

IlpenpHHT Q~e,i11H~H~OI'O 11.HCTHTYTa ll/1epHblX HCCJie/10Ba!IHl1. )J.y611a, J 995 
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Ah E.O. et al. •P4-95-l 70 
Asymptotic Estimation of the Influence 
of Three-Body Coulomb Effects on the Break up 
of the Light Nucleus in the Field.o(the Multicharged Ion 

F~r the reactions of quasF-elastic break~p of light nuclei into two charged 
fragments in the field of a heavy ion and flying away with extra low energies the 
asymptotic.estimation .of the ratios of the differential cra'ss sections with arid 
without taking into account three-body Coulomb effects is carried out. The 
importance of the accounting accelerations of fragments after break up in the 
field of heavy ion is shown. · ' 

· The investigation has been performed at the Bogoliubov. Laboratory of· 
Theoretical Physics; JINR. . . . 
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