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. 1. BBe,l(eHHe 
llpo6JieMa npSIMOH H pescmaHCHOH HOHH3aUHH .. MaJl03JleKTjXJHHHX aTOMOB 

Y,1tapoM 6HcTpux aJieKTpoHoil npe,l(CTaBJIHeT IIJYHAaMeHTaJILHUK HHTepec B 
KBaHTOBOK . TeClPHH . CTO.RKHOBeHHK[ 1 ] H B H3y4eHHH CTPYKTYPhl 
MaJioqacTffqH1,1x CHCTeM-c KYJIOHOBCKHM B3aHMO,l(eHCTBHeMC21 • · · 

BaJ:HHM 8TanoM. TaKHX HCCJie,l(oBaHHH HBHJIOCI, OCYBteCTBJieHHe 
B sKcnepHMeHTax 3pxap){oMC 3] Ce.,2e)-peaKUHH Ha aTOite reJIHH. Tpoiittue 
,1tH4nliepeHuHaJII,HL1e ceqeHHH (T,llC) H ' COOTBeTCTBeHHO TJ)OKHl:le 
,l{HMJepeHUHaJILHHe · o6o611teHHL1e CHJIH OCl{H.1.IHTOpa (T)tOCO) _ npHMOH 
(e.,2e)-peaKUHH; H3MepHeMue. B ·couna.-aT~LHLIX aKcnepHMeHTaxC 3~ 
XapaKTepH3YIOT yrJIOBUe pacnpe.11:e.nemm ' paCCeHHHOro H ·BL16HTOro 
a.iieKTJ)OHOB .. npH ~HKCHpoBaHHHX 3Ha4eHHHX -nepe,l(aHHOro ~MilYJILCa ff 

3HeprHH BLl6HTOro SJieKTJ)OHa H HMeJOT., KaK npaBHJIO.,. THnwmyo . fPOPMY 
KPHBLIX . C ABYMH fiHKaMH. 0,l(HH H3' OHKOB Ha31,1B~ KBasHyripyrHM., OH 
o6ycJioBJieH IipHMHM B3aHMOAei-icTBHeM IlaJtaIO•ero aJieKTpoHa c aTOMHUM H 

- . , , I 

HanpaBJieH npHMepHO B,l{OJII, BeKTOpa nepe,&;aHHOl'O HMfiYJILca Q. )tpyroii 
. - ' . . . . . 

flHK., HanpaaJieHHLIH.npoTHBOflOJIOJ:HO BeKTOPY Q., Ha3L!BaDT OHKOM OT,l{a4H., 
. OH onpe,l(eJIHeTCH B3aHMO,l(eKcTBHeM Me,l{JieHHOro HCfiYBteHHOro 3JleKTpoHa C 

0CTaT04HLIM HOHOM •. 

. IlocJie,l{Hee BpeMH YAeJIHJIOCI, cepLeSHoe BHHMaHHe Bonpocy o. 
npHMeHHMOCTH nep:soro 6opHOBCKOro : npH6.ineHHH C IUill) .. K ~nHcaHHIO 
(e.,2,e)-peaKUHH npH OOJII,filffX SHeprHHX na.-alll{ero SJleKTpoHa (Eo~4KsB)., 
TeopeTH4eCKHe oueHKH[ 4l fi0Ka3a.BH., tlTO npH TaJ<HX SHeprHHX SqiqJeKTLI 
OOMeHa H BKJla,lt BLICmHX' nopH)tKOB OpeHe6peJ:HMO MaJlLI. A B pa6oTe[S] 

npo,l{eMOHCTpHpoBaHo., ~TO SKcnepHMeHTaJILHHe ,l(aHHL!e no T,llC H TJlOCO npH 
~ . . - . : , - . 
onpe.11:eJieHHLIX KHHeMaTH4eCKHX YCJIOBHHX XOJ)OIIO OnHCYBallTCH pacqeTaMH B 
riEn~ IlOJIYlleHli HHTepecaue ,l{airnue[6

]., KacaDllHecH llYBCTBHTeJII,HOCTH T)lC 
H T)lOCO DPHMOH HeCe;2e)He+ peaKUHH ic MO,l{eJIK,c;pYKTYPH aTOMa reJIHH. 

IiaJiaJIIOBLIM ff. era COTPYAHKKaMH[T] 6Y.IO npe,l{.nOJ:eHo HCl10.Bl,30BaTJ:, . . . ' 

'MeTO,&; COBOa,lteHHH .,l(JIH ynpaa.lleHHH COOTHO■eHHeM BKJlaAOB npHMOH ·ff 

P€30HaHCHOH HOHH3allHH aTOMa. Pacqera.,. npoBe,l(eHHLle HMK ,l(JIH a TOM~ 
re.JIHH., IlOKa3aJIH.,. t{TO npH MaJILIX 3Hat{eHHHX nepe,l(aHHOro HMnYJII,Ca 
( Q

2
=0.1a. e.) HHTePlJepeHitHH Opml()H H .pe30HaHCHOH aw.1HTyJ( HOHHsau~H · 

CHJII,Ha., '.H npo!IJHJII, pesoHaHca HMeeT .. aclUOleTpWIHyij rlK>PMY., •.. a npe 

OO~I,IIIHX 3HaqeHHHX Q (Q2=10a.e.) B nHKe OT,J;atlH ~BTOHOHH3al{HOHHl,IH 
npouecc ,l{OMHHHpyeT HaA flPHMWI BLl6HBaHHeM., tlTO npHBO,l{HT K · 
CHMMeTpH4HOMY npofJHJIIO pe30HaHca B · ~YHKUHH ·yrJIOBOH KOppeJIHUHH 
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pacceHHHOro 11 smeKTHPOBaHHoro SJJeKTPOHa. 
r116KOCTI, MeTOAa COBnaAeHl111 B H3y4eHl111 pesoHaHCHOH HOHH3aU1111 

aToMa reJJHH 6HJJa npOAeMOHCTpl1pOBaHa B 3KcnepHMeHTaX BattrOJIMa [SJ 

Ha np11Mepe Bos6ymAeH11H 11 pacnaAa 1P 11 1D AHC npH sHepr11Hx naAaIDil\ero 
3JJeKTPOHa 200 11 4003B. 

B 3Tl1X 3KCnepHMeHTaX, a TaKllte B nocJJeAYIDII\HX pa6oTaX aBTOPOB( 9] 
6JJH3KO pacnoJJOllteHHHe ( 2s2p) 1P 11 ' ( 2p2 ) 1D AHC He 6UJJl1 paspemeHl:J. B 
pa60Te[ 7 ] npeAnOJJaraJJOCh, 4TO BKJJaA 1D AMC npeHe6pellt11MO MaJJ. 
HeAaBHO SKcnep11MeHTaJJhHHe HCCJieAOBaHl1H B STOl1 o6JJaCTl1 cneKTpa reJJl1H 
6HJJ11 npoAOJJllteHu c 6oJJee xopomHM sHepreT114ecK11M paspemeHHeMC 10 , 11 J. 
B STHX SKcnep11MeHTaX 1 p 11 1 D AMC Ha6JJIOAaJJHCh KaK SHepreT111IeCKl1 
paspemeHHUe CTPYKTypu. 

TeopeT114ecK11e oueHKH npoilJ11JJe11 AMC B ( e, 2e)-npoueccax aa aToMa 
reJJl1H npOBOA11JJOCh AJJH 1P AHC B ITEIT TOJII,KO B npeAnOJJOllt8Hl111 
1130JJl1POBaHHOCTl1 pesoHaHCOB[ 6 ], t{TO He BC8I'Aa onpaBAaHO. 

B pa60Te[ 12J paccMaTpHBaJIOCh BJl11HHl1e B3aHMOAeHCTBl1H 

nepeKpUBalOil\11XCH 1 P 11 1 D Ha qJOPMllPOBamrn pesoHaHCHOH CTPYKTYPU, 
COOTBeTCTBYIDil\el1 B030YlltAeHl1IO ( 2s2p) 1P pesottaaca B He( e,2e) He+ 

/ 

peaKUHH B YCJJOBHHX np11MeHHMOCTH ITEIT. 
B AaHHOM pa6oTe MU npOAOJJlltaeM 11CCJJeAOBaHHH 11HTepilJepeHUH11 11 

COOTHOmeHH11 BHXOAOB STl1X 6JJH3KOJJelltall\11X 1 p 11 1 D AMC B pesoHaHCH011 
110Hl13aUHH reJJHH YAapoM 6HCTPUX 3JJeKTPOHOB AJIH ffiHPOKOH o6JJaCTl1 yrJJa 
3llteKU1111 np11 paSHUX 3HatieHHHX APYr11x Kl1HeMaTHtieCKHX nepeMeRHUX. MH 
npoBOAHM pesyJJI,TaTH AeTaJJI,HOro H3YtieHHH yrJIOBLIX saa11CHMOCTe11 npHMUX 
npouecCOB 11 pesoHaHCHUX 1P 11 1D BKJJaAOB B T~OCO np11 pa3HHX 
3HatieHHHX SHeprn11 B030Yl!tAeHHH 11 nepeAaHHOro 11MDYJJI,Ca. KpoMe TOI'O, 
o6cyl!tAaeTCH BOnpoc O BU6ope OnTHMaJII,HUX 3Ha4eHl111 Kl1HeMaTl14eCKl1X 
nepeMeHHUX AJIH ynpaaJieHHH COOTHOmeHHHMl1 BHXOAOB 1P 11 1D AHC. 

HcnOJJh3yeMUl1 B AaJihHettmeM qJOpMaJJH3M H3JJaraeTCH B pasAeJJe 2, ~ 

MOAeJJI, CTPYKTYPH aToMa 11 onHCaHHe np11BeAeHU B pa3AeJJe 3, AaJiee, B 
pasAeJJe 4,o6cyxAaIDTCH pesyJJhTaTH. 

2. il>opMaJIH3M 

T~OCO nepeXOAa B KOHT11HYYM AJIH CJJytiaH ABYX B3aHMOAettCTBYIOII\HX 
AHC, B036YXAaeMUX B npouecce (e,2e), MOI'YT 6HTI, npeACTaBJieHH( 12

•
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f(Eb,eb,Q)=C(Eb,eb,Q)+ ap(Eb,8b,Q}ep+bp(Eb,8b,Q) 
1+e2 

p 

ad(Eb,8b,Q)ed+bd(Eb,8b,Q) 
+ 2 +G(Eb,Sb,Q) • 

1+ed 
( 1) 

3.n;ecb napaMeTpH ai, bi, C, G RB~R!OTCR fllYHKUHRMII OT SHeprtt11 (Eb), 
yr~a szeKUHH 8 H nepeAaHHOro HMITY~bca Q. 

2 
cc Eb,eb,Q) =~ITd1r1 2 (2) 

-TAOCO ITPRMOH HOHttsau11tt aToMa. 

_ 2 • i ' ai(Eb,Sb,Q)-EQ Re{Tdir(Eb,8b,Q)Tres(Eb,8b,Q)[qi(Q)-1J} ( 3) 

-napaMeTpH, onpeAe~Rromtte acttMMeTpttro npofl)tt~ett Y4HTUBaeMux B pac4eTax 
1P H 

1D pesoHaHCOB. A Be~H4HHH bi(Eb,eb,Q) B BUpaxeHHl1 (1) 
11HTepnpeTl1PY!OTCR 06H4HO KaK "BUXOAH" STl1X pesoHaHCOB. 0Hl1 co.n;epxaT 
c~araeMHe, o6yc~OB~eHHHe HHTepfllepeHuttett MeXAY aMIT~HTy.n;aM11 ITPRMOH 11 

pesoHaHCHOH 110Hl13aUl111 11 3aITHCHBa!OTCR B flJOpMe 

~ 

bi(Eb,eb,Q)=~{IT1 12[q2i(Q)+1J+2Im[Td*
1 

Ti (q
1

(Q)-1)J}. (4) 
~ res r res 

IToc~eAHHH 4~eH B fllopMy~e (1) OITHCHBaeT HHTepfllepeHUHOHHY!O 
aMIT~11TYA ABYX pesoHaHCOB H onpe.n;e~ReTCR c~e.n;y10m11M BHpaxeHtteM: 

EQ2[(1+e ed)Re(Td* TP Z)+(e -ed)Im(Td* Tp Z)J p res res p res res G(Eb,8b1 Q) 
2<e!+1)(e!+1) 

r.n;e Z=1+qp(Q)qd(Q)+1(qp(Q)-qd(Q)), 

e1=(E-E;es)/r1, 

4aCTb 

(5) 

( 6) 

r 1 , ei -m11p11Ha tt no~oxeH11e pesottaHca 1P tt~11 1D. qi(Q) -npofl)11~1Hutt res 
11H,l!;eKC pesoHaHca, E=Eo-Ea=Eb+I -ITOTepRHHaR npo~eTaromttM s~eKTPOHOM 
SHepr11R. I -ITOTeHUHa~ HOHH3aUH11 aTOMa re~HR. 

B STHX fl)OpMy~ax Tdir npe.n;cTaB~ReT co6oH aMIT~l1TYAY ITPRMOH 
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HOHH3aUHH aTOMa. BH6paHa CHCTeMa KOOPAHHaT, rAe OCb z HanpaB~eHa 
BAO~b BeKTOpa nepeAaHHOro HMITY~bCa Q, H Tdir onpeAe~ReTCR 
BHpaxeHtteM[ 6 J 

Tdir= ~ tL(Eb,Q)PL(cos8b), ( 7) 
u 

rAe napautta~bHaR aMn~HTYAa paBHa 

_ 2~2 16L tL-- 2 (21+1) e IE L(Q). 
Q b 

( 8) 

3.n;ecb PL(coseb)- ITO~HHOM ~exaHAPa, 3AeCb eb-yro~ sxeKUHH, 
onpeAe~ReMHH yr~OM MeXAY HanpaB~eHtteM BeKTOpa kb H OCb!O Z,o603Ha4eH 
KaK eb. 1-KBaHTOBOe 4HC~O nepe.n;aHHoro yr~oBoro MOMeHTa. 

J
TOO . 

IE L= GI UE L(r)jL(Qr)<~1 (r')~o<r,r')> ctr. 
b i O b s 

(9) 

3.n;ecb ~o<r,r') 11 ~1s(r)-BO~HOBHe flJYHKU11H OCHOBHOro COCTORHHR aTOMa 
re~HR 11 OCTaT04HOro 110Ha; jL(Qr)-fl)yHKU11R Eecce~R; UE L(r) -BO~HOBaR 
IPYHKUHR sxeKTHpyeMoro s~eKTPOHa B no~e HOHa He+. b OHa HaXOAHTCR 
pemeHtteM pa.n;tta~bHOro ypaBHeHHR illpeA11Hrepa[ 6

] C rpaHH4HHM yc~OBtteM 

np11 r~. 1X ) UE L~s1n(kbr-2 +6L, 
b 

3.n;ecb kb-BO~HOBOe 4HC~O BH6HTOro s~eKTPOHa, 6L-flla3a pacceRH11R-~YHK
UHR UE L BH611paeTCR TaK, 4T06H BHITO~HR~OCb yc~OBl1e opToroHa~bHOCTl1 
Ha4a~bH8ro 11 KOHe4HOro COCTORHHH aTOMa re~11R. A~R pesoHaHCHHX 
aMIT~l1TYA, Y411THBarom11x 1P.11 1D•pe30HaHCH, 

T1 =tL PL (Cos8b), res 1 i 11=1, 12=2. 

TAC cBRSaHH c TAOCO t< 3 > cooTHomeHtteM[sJ 

ct3o k f 
----= 2~
dE dQadQb k0 EQ2 

( 10) -~ 

(11) 

C ue~b!O npe.n;cTaB~eHHR 411C~eHHHX pesy~bTaTOB BBeAeM COKpameHHHe 
o6osHa4eHl1R. 0603Ha4HB B qiopMy~e ( 1) TAOCO 6es y4eTa 
HHTepfl)epeHUHOHHOro c~araeMOI'O G 4epe3 fO, a· BTOpoe 11 TpeTbe 

5 
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c~araeM!le pesoHaHCH!lX BK~a.n;oB 1P 11 1D AMC KaK V 11 W COOTBeTCTBeHHO, 
3anmneM f B B11,l\e 

f=fO+G, 
r.n;e fO=C+V+W. 
faKEe BBe,l\eM TAOCO fP 11 fD OT,l\e~bHo ,l\~H 1P 11 1D AMC: 

fP=C+V 
fD=C+W 

,: 12) 
t 13) 

(14) 
\15) 

OTMeT11M, tITo B onT11tiecKoM npe,l\e~e ( Q..O) TAOCO B KBa311ynpyroM 
n11Ke (8b=0°) 11 n11Ke OT,l\a411 (8b=180°) CTpeMHTCH K O,l\HOMY 11 TOMY ~e 
npe,l\e~y, nponop1..1110Ha~bHOMY onT11tieCKOH c11~e OCI..111~~HTOpa fo[ 5 J_ 

3. Mo.n;e~b 11 Bll411C~eHl1e 
HaMl1 s.n;ecb B3HT!l MO,l\e~b 11 nporpaMMll pactieTa, OTTeCTl1POBaHHlle 11 

11cno~b30BaHH!le B npe.n;H.I\Yll\11X pa6oTax( 6 , 12 J. !Ip11 3Hepr11Hx s~eK1..11111 
Eb>20sB 3Kcnep11MeHTa~bH!le ,l\aHH!le no TAOCO 11 TAC npHMOtt peaKI..11111 
xopomo on11cuBaIOTCH pactieTaM11( 6 J B Mo.n;e~Hx DZ,CR,6H IV 1s. 3,J:1ec1:, s -

BO~HOBaH IPYHKI..111H 3~eKT11pyeMoro 3~eKTPOHa, KOTopaH HB~HeTCH 
pemeH11eM pa,l\11a~bHOro ypaBHeH11H illpe.n;11Hrepa B CTaT114eCKOM noTeH1..111a~e. 
B pactieTax ( 6 ' 12 ] B Ka tieCTBe IPYHKI..11111 OCHOBHoro COCTOHHl1H 6bl~l1 
11cno~b30BaH!l O,l\HOKOHqll1rypa1..1110HHaH ,l\BOHHaH 3eTa-qiyHKI..111H[ 14 ](DZ),O,l\HO-
KOHqJl1rypa1..1110HHaH pyTaH-xapTp11-qlOKOBCKaH IPYHKI..11-iH [ 15 ] ( CR) l1 
mecT11napaMeTp114ecKaH IPYHKI..111H X11~~epaacac 16J ·(6H). B 06osHatiett1111 
Mo.n;e~11 U KO,l\11pyeT BO~HOBYIO IPYHKI..111!0 ocTaT04Horo 110Ha re~11H. HaM 
Ka~eTCH, 4TO qiyHin.\11.ff X11~~epaaca ( 16 J ( 6H) ~ytime .n;pyr11x ( DZ, CR) 
@YHKI..111M on11cuBaeT Kope~~HI..11111 s~eKTPOHOB B OCHOBHOM cocTOHHl111 aToMa 
np11 l10Hl13al..11111 era 3~eKTpoHaMl1, l1 no3TOMY ,l\~H pactieTOB Mil 
11cno~hS0Ba~11 Mo.n;e~h 6HIU!S. 

B Ta6~111..1e 1 np11Be,l\eH11 .n;aHH!le pa3Hl1X aBTOPOB ( 17 ) ,l\~H xapaK
Tepl1CTl1K Hl1~attm11x 1 P 11 1 D AMC re~1rn 11 3aBl1C11MOCTl1 npoqi11~bHOro 
11H.n;eKca Q OT nepe.n;aHttoro 11Mny~hca. 

Ta6~.1.XapaKTepl1CT11Kl1 Hl1~attm11x 1D 11 1P AMC B re~1111 

E r *100 II~O~l1~bHl1M 11H~eKC g(Q) 
AMC res res Q a.e. 

(3B) ( sB) 0 0.4 0.8 1.2 1.6 2.0 
[29) [29) (25) (24) 

(2s2p) 1P 60.13 3.8 -2.8 -2.37 -2.06 -1. 75 -1.61 -1.68 
(2P2 ) 

1D 59.91 7.2 - -0.149 -0.073 -0.138 -0.297 -0.529 
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4. Pesy~bTaT!l 11 06cy~.n;eH11e 
Pesy~bTaT!l 11cc~e.n;oBaHl1H 11~~IOCTPl1PYIOTCH Ha p11c. 1-7. Ha p11c.1 

noKasaH!l TAOCO f,fO 11 BK~a.n; c~araeMoro 11HTepqiepett1..11111 G KaK IPYHKI..111H 
OT yr~a s~eKI..11111 8 (OTC411TaHHOPO OT HanpaB~eHl1H na,l\aromero 3~eKTPOHai 
B OKpeCTHOCTl1 no]o~eHl1H 1P 11 1D AMC np11 nepe.n;aHHOM l1Mny]bCe 
Q=1.6a.e. JiepB!le pesK11e MaKCl1MYMl1 TAOCO OTBe4aIOT KBas11ynpyroMy 
n11Ky. Bl1,l\HO, 4TO C]araeMoe 11HTepqiepeHU1111 G Ma]O B llil1POKOM 11HTepBa]e 
Kl1HeMaTl14eCKl1X nepeMeHH!lX. C]e,l\OBaTe]hHO, 3Ha4eHl1H TAOCO "f 11 fO 
BecbMa 6]113Kl1 Me~.n;y co6ott. 

Ha pa3Hl1X y4aCTKax cneKTpa yr]OBaH 3aBl1Cl1MOCTb pe30HaHCHl1X BK]a
,l\OB 1p 11 1D AMC (V 11 W) Cl1]bHO MeHHeTCH B 3aBl1Cl1MOCTl1 OT Be~l1411H 
nepe,l\aHHoro l1Mny]hCa (P11C.2). B6]11311 no]o~eH11H 1P AMC (E=60.123B) 
np11 pa3Hl1X 3Ha4eHl1HX nepe.n;aHHoro 11Mny~1ca tQ=0.4, 1.6, 2a.e.) 

... 
I>, 

0.92 

Cl: 0.73 .. 
•s.. .,, 

• 0.54 q_ 
0 
::: 0.34 

0.15 

1.02 
°I'>, 0.92 

.. °' 0.82 
's.. 0.72 

~ 0.61 
c., 0.51 e o.41 

-· 0.31 
0.21 

---------------------------------- -, 
CV r, 

I \ 
/ I 

E=59.92 3S i 

Q.16•.•· 1 

I I fP 
,_A, 
I 

f fO i 
- - -·! 

0 

V f' E=60.123B ··1 
I 0-1., a.e. i 

p ! 
0 ! 

0 f ! 
-:-..--:.=--i 0.10 . 

0.00 ' ' j 'I.. ' 300° -0.10 

0 

P11c.1.3aB11c11MocT11 Bhlxo.n;oB TAOCO f, fO, fP 11 fD OT yr~a s~eK1..11111 e 
np11 pa3Hb!X 3Heprl1HX B036YX,l\8Hl1H E 11 Q. Yro] 8 OTC411TaH OT 
HanpaB]eHl1H na.n;aromero 3]eKTpoHa. 
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~HH GOT yr~a a~eKUHH 0 npH pa3HHX 3Ha4eHHHX atteprHH B036yx
AeHHH H nepeAaHHoro HMny~bCa Q. Yro~ 0 OTC4HTaH OT HanpaB~HHH 
naAaro~ero a~eKTPOHa. 
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Pttc.5.3aBHCHMOCTH pesoHaHCHHX BK~a,11.0B V, W H c~araeMoro HHTepwepeH
~HH GOT yr~a 3~eKUHH B o6~aCTH nHKa OT,11.aYH npH pa3HHX 3HaYe
HHflX 3HeprHH B036y~.n.eHHfl EH nepe,11.aHHoro HMny~1ca. 
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pesoHaHCHHH BK~a.n. W Bec1Ma Ma~ no cpaBHeHHID C Be~H4HHOH V ,11.~fl ~IDOHX 
yr~OB 3~eKUHH B o6~aCTH o6oux mlKOB (Puc.2r,.n.,e). 8TO 03HaYaeT, 4TO 
pesoHaHCHHH BK~a.n. ~ D AvlC ~OKa~H30BaH B OKpecTHOCTH ~Hlllb CBoero 
no~o~eHHfl l EN59. 91sB). Hao6opOT, 1 P Al1C HMeeT .n.ocTaToYHO cH~bHHH 
XBOCT u B TOYKe no~o~eHHH 1D Al1C. ~~fl Ma~Hx (QN0.4a.e.) u 60~1mux 
( Q>2a. e.) 3HaYeHHH nepe,11.aHHoro HMny~1ca B6~tt3H no~o~eHHfl 1D Al1C 
pesoHaHCHHe BK~a,11.H V H W HMeIDT cpaBHHMHe Me~.n.y co6ott 3Ha~eHHfl npu 
~IDOHX yr~ax 3~eKUHH 8 B KBasuynpyroM nHKe (Puc.2a,2B). EcTeCTBeHHO 
B 3THX CHTYaUHflX 1P H 1D Al1C CH~bHO nepeKpHBaIDTCfl. 

IIpu cpe,11.Hux sHat1eHHHX nepe,11.aHHoro ttMny~1ca ( QN1. 6a. e.) B 
OKpeCTHOCTH no~o~eHHfl 1D Al1C pe30HaHCHHH BK~a.n. W npuMepHO Ha 
nopfl,11.0K Be~H4HHH 60~1me pesoHaHCHoro BK~a.n.a VB HeKOTOPOM HHTepBa~e 
yr ~a 3~eKUHH BOKpyr KBasuynpyroro mma l PHC. 26) • B 3THX yc~OBHflX 
pesoHaHCHHe BK~a,11.H V H w BMeCTe C CH~hHHM WOHOM npHMHX npoueccoB 
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Pttc.6.CneKTP pesoHaHCHHX BK~a,11.0B V, w H c~araeMoro HHTepwepeHUHH 
npH pa3HHX 3Ha4eHttflX yr~a 3~eKUHH eb H nepe,11.aHHOtO HMny~1ca Q. 
Yro~ 8bOTC4HTaH OT HanpaB~eHHfl BeKTopa nepe~aHHoro HMny~1ca Q. 
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np11BO,l\HT K CJIOlltHOH ac11MMeTpl14HOH CTPYKType T,UOCO f 11 fO B yr JIOBOM 
11HTepBaJie (-25°<8b<25°) BOKpyr KBas11ynpyroro n11Ka (P11c.3a,6). 

B 06JiaCTl1 n11Ka OT .11a 411 npogiwm 1 P 11 1 D Al1C I KaK npaBl1JIO 1 

npOHBJIHJOTCH[ 12 ] )\OCTaT04HO 1130JI11poBaHHbIM.v! .vi C.v!MM8Tp.vlllHblM.vl. 0,l\HaKO 

Bapbl1POBaH11eM Kl1HeMaTl14eCKl1X YCJIOBl1H OKa3l1BaeTCH B03MOlltHl1M 113MeHHTb 
COOTHOIIIeHl1H 11X Bl1XO,l\OB. Ilp11 8TOM C yBeJ1114em1eM nepe.11aHHoro 11MTTYJibCa 

T,UOCO npHMl1X npoueccoB 6!1CTPO cna.11aeT ,l\JIH JIJ00!1X yr JIOB 8lKeKUl111 
( P11c. 4). BMeCTe c -TeM )\JIH 60Jib!IIl1X nepe.11aHHl1X 11MTTYJibCOB ( Q>1,6a. e.) 

B6Jil1311 TTOJIOlKeHl1H 1D Al1C pe30HaHCHl1H BKJia,l\ W .v!MeeT HeKOTOpbltt 

rJiy60Kl1H npoBaJI B n11Ke OT,l\a411 (8b=180°) (P11c.5a,6,B). 3TO 

o6yCJIOBJieHO B3al1MHOH .11eCTPYKTl1BHOH l1HTepipepettu11ett CJiaraeM!1X adsd 11 

bd B pe30HaHCHOM BKJia,l\e W. BH,l\HO, 4TO B 'n111<e OT)la411 ( 8b =180J) 

3Ha4ett11e W saMeTHO MeHbme pesottattcHoro BKJ1a.11a V, ·4eM np11 yrJie 

sxeKUl111 150° AJIH o.11ttoro 11 Toro JKe Q (P11c.6a,B 11 66,r). 0.11HaK~ np11 
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P11c.7.3aBl1Cl1MOCTb Bl1XO,l\OB 1P 11 1D Al1C OT yrJia 8l!teKU1111 8 B o6JiaCTl1 

n11Ka OT,l\a411 np11 pa3Hl1X 3Ha4eH11HX nepe.11aHHOro 11MTTYJibCa Q 11 

3Hepr1111 B036YlltAeHl1H E. 
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60Jlb!IIHX nepe.11aHHl1X 11MTTYJibcax ( Q=3a. e.) pe30HaHCH!1e BKJla,!{!1 W 11 V 
cTaHOBHTCH TTO'ITl1 0.1(11HaKOBl1Ml1 ( Pl1C. 6r. ) • B CJiy4ae MaJil1X ipOHOB npHMllX 

npoueccoB aume OTMe4ettttoe n0Be.11ett11e pe20Hattcttoro BKJ1a.11a np11Bo.1111T K 
TOMY, 4TO yrJIOBble pacnpe.11eJieH1rn T,UOCO f 11 fO 11MeJOT MaKCl1MaJlbH!1e 

auxo.11u np11 (P11c.76,B,r) onpe.l(eJieHHOM 11ttTepaaJ1e yrJia szeKu1111 no 

OTHOmeHl1JO K TTl1KY OT,l\a411. CJie,l\OBaTeJibH0 1 npl1 60Jlbill11X nepe.l(aHHl1X 
111,myJibcax ( Q>2a. e.) AJIH 11sMepemrn auxo.11a 

1 D AYIC tta1160J1ee 

6Jiaronpl1HTH!1Ml1 HBJIHIOTCH 11HTepBaJI!1 yrJia s:xeKUlm np11Mepo 55°-25°. 

.. 1el!ta1I111e Cl1MMeTpl14HO OTHOCl1TeJibHO n11Ka OT.l(a411. 

3aKJJJ04eH11e 

B pa6oTe 11ccJie.110BaHl1 11HTep~epeHU11H 11 noae.11ett11e Bl1XOAOB nepeKpl1-

BaI01!111XCH 1 P 11 1 D Al1C, 11X COOTHOIIIeHl1H B saB11Cl1MOCTl1 yr Jia 8llCeKu1m np11 

pa3Hl1X 3Ha4eHl1HX .11pyr11x Kl1HeMaTl14eCK11X nepeMeHHl1X. IIpoBe.l(eHO 

.11eTaJibHOe pacCMOTpeHl1e ipOHOB npHMl1X npoueccoB 11 pe3oHaHCH!1X BKJia.l(OB 
1p 11 1D AHC (W 11 V) np11 pa3Jil14Hl1X 3Ha4eHl1HX 3Hepr1111 B036yz.11eHl1H 

(E), yrJia 8l!teKU1111 (8b) 11 nepe.11aHHOro 11MTTYJibCa (Q). 
Ham11 pac4eT!1 noKasuaaJOT, 4TO cJiaraeMoe 11HTepipepettu1111 MaJio B 

!II}lpOKOH o6JiaCTH Kl1HeMa Tl14eCKl1X nepeMeHHl1X. B 06JiaCTl1 KBas11ynpyroro 

n11Ka np11 sHa4eH11Hx nepe.11aHHoro 11MTTYJibca 1.2a.e.<Q 11 Q~2a.e. B 
OKpeCTHOCTl1 TTOJIOllCeHl1H 1D AYIC pesoHaHCHble BKJia,l\!1 W 11 V cpaBH11Ml1, 11 

Bl1XO)\l1 1P-11 1D-pesoHaHCOB Cl1JlbHO nepeKp!1BaJOTCR. 
Ilp11 3Ha4eHl1HX nepe.11aHHOro 11MTTYJibCa 11 yrJia 8llCeKU1111 1.2~Q<2a.e. 11 

-25°<8b<25° B6Jil1311 TTOJIOllCeHl1H 1D Al1C pe30HaHCH!1H BKJia.1( w )\OCTaT04HO 

BeJil1K no cpaBHeHl1JO C BKJia,l\OM V. 
B 3Tl1X ycJIOBl1HX Bl1XOA B T,UOCO f np1106peTaeT CJIOZHYJO pesottaHCHYJO 

CTPYKTYPY- B 06JiaCTl1 n11Ka OT)\a411 Bl1XO,l\l1 1 P 11 1 D AHC ,l\OCTaT04HO 
H30Jil1POBaH!1, HO 11X COOTHO!IIeHHH 3aMeTHO Bapbl1PYIOTCH B 3aBl1Cl1MOCTl1 OT 

3Ha4eHl1H Kl1HeMaTH4eCKl1X nepeMeHH!1X. ,l\JIH 3Ha4eHl1H nepe.11aHHOro 
HMTTYJibCa 1. 6a. e. ,.;,Q B OKpecTHOCTH TTOJIOXeHl1H 1 D AHC yrJIOBble 

3aBl1Cl1MOCTl1 T,UOCO f 11 fO HMeJOT MaKCl1MaJibHlle Bl1XO,l\l1 np11 yrJiaX 

sl!CeKu1111 np11Meptto 125° <8b <155°. TaK11M o6pasoM, 11sMepemrn auxo.l(a 
1 
D 

AYIC ueJiecoo6pa3HO npOBO,l\11Tb np11 OOJ!b!IIHX nepe.11aHHl1X 11MTTYJibcax 

( Q>2a. e.) B onpe.11eJieHHOM 11HTepBaJie yr Jia 3JCeKU1111, KOTOPl1H CJlerKa 

MeHHeTCH C B03pacTaHl1eM nepe.11aHHOro 11MTTYJibCa. 
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P4-91-129 
BblXOA pe30HaHCOB e H~ (e,2el, He+ peaKu1111 

, B 3ae11CHMOCTH. OT yrna 3>KeKU11H 

8 pa6C>Te B nepeOM 6opHOBCKOM np116ni-t>KeHl111 HCCJleAOBaHbl 11HTep-

cf>epe~U11R Ill COOTHOWeHI-IR BblXOAOB nepeKpb188IOLU11XCR 1P 11 1D asTOl10Hl13a

Ul10HHblX cocTORHi-tH (Al,1C) ~ He (e,2e) He+ peaKUi-tH ~ 3as11c111MOCT~ OT yrna 

. 3>KeKUHIII B W11POKOH o6nacrn Kl1HeMaTH'leCKl1X nepeMeHHblX. no1<a3aHO, 'ITO 

s 06nacT1+ Kea3111ynpyroro n11Ka cyLUeCTBYeT «:>6naCTb yrnos a>KeKUHH, AJlA KO· 

TOJ)blX npH onpeAE!JleHHblX KHHeMarn'leCKHX ycnoBHAX pe30HaHCHble BKnaAb_l• 

Jp· · 111 1D Ali1C · npi1soART · K cno>KHOH acHMMeTpH'IHOH CTPYKType s cnet<Tpe 

TpOHHbiX AHcf><fiepeHUHanbHblX CHJl OCUHJlJlRTOpa. 8 flHKe.OTAa'IH 3Tl1 pe30HaHCbl, 

KclK npaeimo, AOCTaTO'IHO'l130J111poBaHbl, Ill COOTHOWeHl-1A HX BblXOAOB aaMeTHO 

Bapbi-tpytoTCR B 3asr.1CHMOCTH OT 3Ha'leHl1H KHHeTH'leCKI-IX nepeMeHHblX. · 

Pa6oTa ei.monl-ieHa e
0

fla6opaTOp1-11,1 Teopern'lecKoi1 cf>11311K11 _0111AVI. 

Coo6meaHe 06oe.ttHH~om '!HCTHTyTa JUJ;ePff~IX HCCJI E!,ll0B8HHH. ,lly6Ha, 1991 

nepesoA r.r.CaHAYKOBCKOH 

Lhagva 0. et al. P4~91-129 
The Yield of Resonances in.the He_(e,2e)He+ Reaction. 

Dependening on the Ejection Angle 

· In ·the first Born appro~imation the interfer~nce and relation of the yields •

of overlappi~g 1P a~d 1 D autoionization.states (AIS) in the He(e,2e)He+ reac

tion in the dependence on the ejection angle in a wide range of kinematic vari-

,. ables are considered. It is shown that in the quasi-elastic peak 'region the_re exists 

. a region of ejection angles for which at certain kinematic situations the resonance 

contributions of the 1 P and 1D AIS lead to the complicated asymmetrfo struc-. . . , . 

. ture in the spectrum triple. differential oscillator strength_s. _In the recoil peak 

these resonances, as a rule, are fairly isolated and. the relation of their yields 

varies noticeably dependening on kinetic variables. · 
. -, ' 

The investigation has been performed at the Laboratory of Theoretical 

Physics, JINR. 

·communication of the Joint Institute for Nuclear Research .. Dubna 1991 

----:---:-::--"--'-----:-----:---~~~=:-::::=:::::::=-· rt~;-~_,"/ .. ,:~- -~ --~::,::4_=-"'=--=1":::·;;;:::· -;::. :::~::_,.._-.. -=-'.;-~-.-,-.- ..,.,...,._-..... )~~-,.-_:-, ~11 
;'fil:,-Y_'.'.;:~ l·,✓•.'' }:_,_,,.,<::',:'._fl(/..~_'·'' • -~: _ _:- ... :- :· 
:T!'·-~.7..:}~ ':;ff . C -(~~:;;-' ~ :-:"':.:;· --~ ':; :_""'v' 


