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6pyHHep f. H llp. 7 - 12202 

l13y'!eHHe 38BHCHMOCTH ce'leHHSI HOHH3aUHH K -o6onoqKH 

OT napaMeTpa CTOnKHOBeHHSI a coyaapeHHSIX Ni+Ni 
npH aueprHH 67 MaB 

3KcnepHMeHTanbHO H3y'!eHa 3BBHCRMOCTb HOHH3BUHH K -o6onoqKH 

oT napaMeTpa cTonKHOBeHHSI a coyaapeHRSIX Ni + Ni npH aueprHH 
67 MaB. Onucaua MeTOLIHKa perHCTpauHH MS!rKOro peHTreuoacKoro H3nyqeHHSI 

nyTeM HCCnellOBBHHH COBnaaeHHA cneKTpa 3TOrO H3nyqeKHH C pacceSIHHhlMH 
TSI>KenhiMH HOH8MH. nonyqeHhl 3KCnepHMeHTBnbHhle 3HaqeHHSI BepOSITHOCTK 
o6pa30BBHHSI K -aaKaHCHH anH ManhiX napaMeTpoa cTonKHOBeHHli B o6naCTH 

MeHbWe 100 <!>M. npoaeaeHO cpaBHeHHe 3KCnepHMeHTanbHb!X LIBHHb!X C pe-
3ynhT8T8MK pacqeTOB no KB83HMOneKynstpHOH MO,aenH. 

Pa6oTa BhmOnHeHa a Jla6opaTopRH gaepKhiX peaKuHll 0115111. 

Coo6weKHe 06beLIHHeHHoro RKCTHTyTa SIJlepHbiX uccneaoaauuA. lly6ua 1979 

Brunner H. et al. 

Investigation of the Dependence of the K -Shell 
Ionization on the Collision Parameter in the Ni+Ni 
Collision at 67 MeV 

7 - 12202 

An experiment has been carried out to investigate the depen
dence of the K -shell ionization on the collision parameter in the 
Ni+Ni collision at 67 MeV. The experimental technique used for 
detecting soft K -radiation in coincidence with the scattered heavy 
ions is described. The experimental results obtained for small 
values of the collision parameter in the region b ::; 100 fm are 
compared with the quasimolecular model calculations. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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1. BBE,l{EHHE 

)J,JIJI ODHCaHHJI MeXaHH3Ma HOHH3a~HH BHyTpeHHHX 3JieKTpOHHLlX 

060JIO'IeK B CTOJIKHOBeHHJIX ,IJ;BYX TJIJKeJiblX HOHOB DpH CpaBHHTeJibHO 

ue6on~owoil 3HeprHH I E ,;;; 1 M3B/HYKAoH/ np&MeHJieTCJI o6bl'IHO 

TaK Ha3LlBaeMaJI MO,IJ;eJib KBa3HMOJieKyJIJIPHLlX op6&/ 1- 3•
1 

CorJiaCHO 

3TOB MO,IJ;eJIH rJiaBHYJO pOJib B o6pa30BaHHH BaKaHCHB B K-o60JIO'I

KaX CTaJIKHBaJOIQHXCJI HOHOB HrpaJOT 3JieKTpOHHble nepeXO,II;Ll, npo&c

XO,II;JIIQHe 6Jiaro.o;apJI Bpama TeJibHOB CBJI3H Me:lK,II;y 2pn--H 2pa- COCTO

JIHHJIMH KBa3HMOJieKyJI llpH MaJiblX paCCTOJIHHJIX Me)l(,ll;y pac

CeHBaJOIQHMHCJI JI,IJ;paMH. B paMKaX MO,IJ;eJIH KBa3HMOJieKyJIJipHLlX 

op6HT y.o;aeTCJI DOJIY'IHTb Ka'leCTBeHHO npaBHJibHOe ODHCaHHe DOJI

HLlX ce'leHHB HOHH3a~HH BHYTpeHHHX 3JieKTPOHHLlX o6oJIO'IeK H 

cneKTpoa KBa3HMOJieKyJIJipHoro H3Jiy'leHHJI. O.o;HaKo ,IJ;JIJI 6onee TO'I

uoro aHaJIH3a rpaHH~ np&MeHHMOCTH 3TOB MO,IJ;eJIH He06XO,II;HMO 

DpOBO,II;HTb H3MepeHHJI ,II;H~epeH~HaJibH~X ce'leHHB npo~eccaHOHH-

3a~HH, T.e. H3y'leHHe 3aBHCHMOCTH 3TOrO npo~ecca OT napaMeTpa 

CTOJIKHOBeHHJI pacceHBaJOIQHXCJI 'laCTH~. )J,JIJI 3TOrO He06XO,II;HMO 

H3Mep&Tb cneKTp coana.o;eu&il MJirKoro peHTreuoacKoro H3Jiy'leHHJI, 

HCDYCKaeMOrO DpH 3aDOJIHeHHH 3JieKTpOHHOB ,II;LlpKH BO BHyTpeHHHX 

aTOMHLlX 060JIO'IKaX, C pacceJIHHLlMH B npo~ecce CTOJIKHOBeHBJI 

Ha ODpe.o;eJieHHLlB yrOJI BOHaMH. Tpy,IJ;HOCTB B BCDOJib30BaHBH yKa-

3aHHOrO MeTO,IJ;a 3aKJIJO'IaJOTCJI B TOM, 'ITO 'IBCJIO peHTreHOBCKBX 

KBaHTOB, perBCTpBpyeMblX DpH O,II;HOM COy,IJ;apeHBB, O'leHb MaJIO 

Ha 3Ha'IBTeJibHOM WOHe CJiy'laBHLlX COBDa,IJ;eHBB. 

MeTo.o; coana.o;eHBB ,IJ;JIJI B3MepeHBJI .o;u~epeu~aJI&Horo ce'leHBJI 

BOHH3a~BB K -o60JIO'IeK aTOMHLlX 3JieKTpOHOB npBMeHJIJICJI ,11;0 CBX 

DOp ,II;OBOJibHO pe,II;KO B3-3a yKa3aHHLlX 3KCDep&MeHTaJibHLlX Tpy.o;

HOCTeB. H3BeCTHO BCDOJib30BaHHe 3TOrO MeTO,IJ;a B OCHOBHOM ,II;JIJI 

OTHOCHTeJibHO JierKBX HOHOB C He60JibWOB 3Hepr&eit 
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Hhle pe3ynLTaThl uaxo.zUITCJI B xopoweM cornacuu c npe,D.cKa3aHHJIMH 

Mo.nenu KBa3HMoneKynRpHhlX op6HT. TonLKO B nocne.nuee apeMJI 

noJIBHnHcb .naHHhle o .nuliMllepeuuuanLHhlX ce'ieHHJix HOHH3auuu K -
o6onoqeK B CTOflKHOBeHHJIX 6onee TJI:lKellbiX HOHOB 16-9/, KOTOpble 

xy:lKe cornacyiOTCJI c pac'ieTHhiMH H yKa3hiBaiOT ua BnHJIHHe .no

nonuuTenbHbiX MexaHH3MOB B npouecce HOHH3aUHH. 

B uacTOJID.leii: pa6oTe npoae.neuo H3Mepeuue cneKTpoB coana.ne

HHJI KX -H3fly'ieHHJI HHKenJI C pacceJIHHbiMH HOHaMH B CTOflKHOBe

HHJIX Ni +Ni npH 3HeprHH HOHOB 67 M:JB. 11ccne,D.OBaHHe ,D.pyrHX 

acneKTOB B036y)K.IJ.eHHJI peHTreHOBCKHX CfleKTpOB, HCllYCKaeMbiX 

B CHMMeTpH'IHhiX CTOflKHOBeHHJIX Ni+Ni, npOBO,D.HflHCb aBTOpa

MH HaCTOJID.\eH pa60Thl paHbWe 110- 121 . 

2. 3KCIIEPHMEHTAJlhHA.JI METO,lfHKA 

3KCnepHMeHT npOBO.D.HllCJI Ha BbiBe,D.eHHOM llY'IKe TJI:lKellbiX HOHOB 

UHKnoTpoua Y-300 Jla6opaTopua JI.D.epHbiX peaKUHB 011.HI1. llpuu

uunuanLHaJI cxeMa 3KcnepuMeHTa H3o6pa:lKeHa ua puc. 1. 11oHbl 

N; ":·· f 220MM l70MM ~ [f 
..J._ 4 5 

6 

Puc.1. IlpUHijUnuaAbHa.R cxe.wa :JKcnepu.weHma OAJI U3MepeHUJI cneKm
pa coenaoeHuii peHmzeHoecKux KBaHIIIOB c pacce.RHHblMU noo onpe
OeAeHHblM YZAOM UOHQMU. 1, 2 - KOAAUMUIIIOp nep6U'IHOZO ny'IKa, 
3 - MUWeHb, 4 - KOAbijeBaJI Oua(Jpaz.wa, 5 - OemeKIIIOp pacce.RHHblX 
UOH06. 

60Ni 4+. ycKopeHHhle uaKnoTpouoM .no 3Hepruu 67 M:JB, npoxo-

.D.JillH 'lepe3 KOflllBMaTop .D.llBHOH 220 MM, COCTOJID.\HH B3 .D.BYX 

,D.Ba4lparM ,D.HaMeTpOM 2 MM, B nona,D.anH Ha MeTannH'ieCKYIO MBWeHb 

H3 HHKenJI TOflll.\BHOH 560 MKZ/c.w 2
. PacceJIHHhle aTOMaMH MBWeHB 

HOHhl MOrnH npOXO.II.BTb 'lepe3 KOflbUeByiO ,D.BacllparMy B3 alliOMBHHJI 

C OTBepCTBeM WHpBHOH 1 MAC B ,D.eTeKTOp ,D.flJI perBCTpaUHB HOHOB. 

4 

.. 

HepacceJIHHhiH llY'IOK TOpM03HllCJI B alliOMBHBB KOllbUeBOH .D.Bjll)par

Mhl. l.fOHhl, npOXO,D.JIBWHe qepe3 OTBepCTHe ,D.BacllparMhl, perHCTpBpo

BallHCb ra3ouanonHeHHhiM /naphl weTauona no.n .naaneuaew 13 Top/ 

flaBHHHhiM C'ieT'IHKOM/13 : ycTpOHCTBO H cxewa flO,D.KlliO'ieHHJI KO

TOporo noKa3aHhl ua puc. 2. )J,aaneuae a C'leT'IBKe cTa6unH3Hpoaa

nocb c noMOD.\biO 3neMeHTa llenLTe. llpa uanpR:lKeHHB ua c'leT'IBKe 

680 B H .naaneaaa 13 MM p•.c•. K03cWIBUBeHT ra3oaoro ycaneHBJI 

COCTaBnJin npawepHO 10 3 ~ 10 4 . BXO,D.HOe OKHO C'ieT'IBKa BhlflOnHe

HO B3 cllonbrH TBTaHa TOflll.\HHOH 2,3 MKM. CneKTp HMflYllbCOB pac

CeJIHHhiX llO.D. yrnOM 13° BOHOB, KOTOphiH perBCTpBpOBaflCJI 3TBM 

2. 
1 

2 

2 

5 2 

3 5 +680VUg.A. 
~ 1KQ 

I 
Puc.2. Yc•poiic•eo u cxe,wa noOKAIO'IeHUJI zaaoHanoAHeHHozo oellleK
•opa pacCeJIHHblX UOH06. J - KOAbije6aJI OUa(JpazMa U3 QAIOMUHUJI, 
2 - U30AJIIIIOpW, 3 - 6XOOHOe OKHO U3 IIIOHKOU (/JOAbZU IIIUIIIUHa, 
4 - Kopnyc oe•eKIIIopa, 5 - co6upa10111Uii aAeK•poo, 6 - npueoo 
Hanp.RXeHUJI, 7 - KOHIIIQKIII OAJI CHJIIIIUJI CUZHQAQ. 
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C'leT'IHKOM, ITOKa3aH Ha puc. 3. PeHTreHOBCKHe KBaHTbl, HCITYCKae

Mble DpH CTOllKHOBeHHRX HOHOB HHKenB C aTOMaMH MHWeHH, peru

CjpHpOBanHCb repMaHHeBbiM ,neTeKTOpOM C 'IYBCTBHTenbHbiM 06'be

MOM 200 MM ,.; 7 MM. Pa3pemeHHe 3TOrO ,neTeKTOpa COCTaBnBnO 

oxono 250 :JB ,nnR peHTreHOBCKHX KBaHTOB c 3HeprHeB: 14 K:JB. 
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Puc.3. CneKmp uMny.lla.coa oemeKmopa pacce.RHHI>IX uoHoa. 

.LJ.eTeKTOp peHTreHOBCKHX ny'leH HaXO,nHllCR BHe BaKyyMHOH KaMepbl 

H 6bln OT,neneH OT Hee 6epHnnHeBbiM OKHOM TOlllUHHOH 0,3 MM. 

CoBna,neHHR peHTreHoacxoro KX -u3ny'leHHB c pacceRHHbiMH HOHa

MH perHCTpHpOBanHCb C ITOMOIUbJO CTaH,napTHOH 6biCTpo-Me,nneHHOH 

cxeMbl coBna,neHHH H 3aiTHCbiBanHcb B naMRTb 3BM THna TPA- i. 

O,nHoapeMeHHO perucTpupoBancB o,nHHO'IHbiH cneKTP pacceRHHblx 

ITO,n ,naHHbiM yrnOM HOHOB HHKenB. l:J.T06bl ITO B03MO:>KHOCTH CHH3HTb 

'IHCnO cny'laHHbiX COBITa,neHHH, HHTeHCHBHOCTb nepBH'IHOrO ITY'IKa. 

ycTaHaBnHBanu He Bblme o,nHoro HaHoaMnepa. B Hawux H3MepeHHRX 

CKOpOCTb C'leTa peHTreHOBCKOrO ,neTeKTOpa He npeBbiWana 

100 UMn./c H ,neTeKTopa pacceRHHbiX HOHOB - 50 UMn./c. fipH 

3TOM 'IHCllO COBna,neHHH COCTaBnBnO llpHMepHO O,nHO C06biTHe 

6 

l 

J 

B ceKyH,ny, a OTHOWeHHe HCTHHHbiX COBITa,neHHH K cny'laHHbiM 6blnO 

He Xy:>Ke 'leM TpH. BpeMeHHOH cneKTp, nony'leHHbiH C ITOMOIUbiO 

cxeMbl 6blcTpblx coBna,neHHH, noxa3aH Ha puc. 4. BpeMeHHoe 

pa3perueHHe CXeMbl - 25 HC, 'ITO npH perHCTpai.{HH O'leHb MRrKoro 

peHTreHOBCKOrO H3lly'leHHR HHKenR RBnReTCR XOpOWHM pe3yllbTa

TOM. JleBbiH ITHK Ha puc. 4 co,nep:>KHT HCTHHHble COBITa,neHHR, a npa

BbiH npe,ncTaBnBeT co6oB: cny'laHHble coBna,neHHR OT cne,ny10mero 

HMITYllbCa 'laCTHU UHKllOTpOHa, llpHXO,nRIUero B COOTBeTCTBHH C qac

TOTOH UHKllOTpOHa Ha 200 HC IT03:>Ke. 
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Puc.4. BpeMeHHoii cneKmp, no.llytteHHI>Iii c noMOUII>IO cxeMI>I 6a.JC111PI>IX 
coanaOeHuii. 

3. PE3YJJbTATbl 3KCIJEPHMEHTA 

CneKTP coBna,neHHH xapaxTepHCTH'Iecxux KX - nyqeB: HHKenR 

c pacceRHHbiMH no.n yrnoM 15° uoHaMH noxa3aH Ha puc. 5. 
fipHBe,neH TaK:>Ke 3aperHCTpHpoBaHHbiH O,nHOBpeMeHHO C HHM CITeKTp 

cny'laHHbiX coana,neHHH . .D.nR nony'leHHB 3aBHCHMOCTH Bblxo.na KX

ny'leH OT yrna pacceBHHR HOHOB 6blnO Bbi'IHCneHO OTHOWeHHe 'IHCna 
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Puc.S. CneKIIIP co6naoeHuii xapaKIIIepuciiiU'IecKozo KX- U3Ay<~eHU.R 
HUKeA.R C pacce.RHHbiMU noO YZAOM 15 ° UOHQMU /a/ U cneKIIIp 
CAy'laUHbiX C06naOeHUU /6/. 

HCTHHHhiX COBRa,IJ,eHHB, nocne ICOppeiCUHH ero Ha 3cWleiCTHBHOCTh 

H TeneCHhiB yron peHTreHOBCICOrO ,IJ,eTeiCTOpa,H 'IHCna O,IJ,HOBpeMeH

HO 3aperHCTpHpOBaHHhiX HOHOB, pacceRHHhiX RO,IJ, ,IJ,aHHhiM yrnoM. 

llonyqeaaag TaiCHM o6pa30M yrnosag 3aBHCHMOCTh swxo,IJ,a KX -

nyqe:ii 6wna Tpaacq,opMHpOBaHa B 3aBHCHMOCTb OT napaMeTpa 

CTOHICHOBeHHR B COOTBeTCTBHH C COOTHOWeHHeM ,IJ,HR pe3epq,op,IJ,OB

CICOrO pacceRHHR. l.lDCICOHhiCY Mhl H3MepRnH pacceRHHe TOHhlCO 

RO,IJ, OTHOCHTeHbHO 60HhWBMH yrnaMH, TO npeae6peranH npH 3TOM 

3414leiCTOM 3ICpaHHpOBICH ICYHOHOBCICOrO ROTeHUHana H MHOroiCpaTHhiM 

pacceRHHeM B cpaBHHTeHbHO TOHCTOB MHWeHH. 

H3 nonyqeaao:ii 3aBHCHMOCTH P (b) swxo.IJ.a KX -nyqe:ii sw-
x 

'IHCnRnach sepoRTHOCTh o6pa3oBaHHR saxaac&:ii B K - o6onoqxe 

c &cnonh30BaHBeM lllopMynw P(b) = Px (b)i(ux , r,IJ,e wx- sw-

XO.IJ. 4J,moopecueacHH aa K - o6onoqxe. Cornacao pa6oTe/ 14/ swxo.IJ. 

8 

4ln10opecueacaa u) k, 3aBHCJIII.IBB soo6we ewe oT qacna saxaacsii 

BL-H M-o6onoqxax,ae MeHJieTCJI 6onhwe qeM aa 20% .IJ.HJI pa3HhiX 

KOH~i~HrypaUHB 3HeKTpOHOB DO BHeWHHX o6onO'IKaX. J-13- 3a 6onbWHX 

CTaTHCTH'IeCKHX OWH60K B onpe,IJ,eneHHH p x (b) Mhl npHHJillH ,IJ,HJI 

('Jk Taxoe >Ke 3Ha'leHHe, xax .IJ.HJI aeiiTpanJ.aoro aToMa. KpoMe 

Toro, Mhl npe.IJ.nonarana, 'ITO 'IHCno saxaacHii B L -o6onoqxe 
/2 5/ 

He MeHJieTCJI CHllbHO C napaMeTpOM CTOllKHOBeHBJI "• 

llony'leHHaJI TaKHM o6pa30M BepOJITHOCTh o6pa30BaHHJI BaKaH

CHH s K -o6onoqxe P(b) B cTonKHOBeHHJIX Ni +Ni npH 3HeprHH 

67 M:JB npe,IJ,cTasneHa Ha puc. 6. Pac'leT yxa3aHawx Ha pHcyHKe 

3KCnepHMeHTanhHhiX norpeWHOCTeB npOBO,IJ,HHCJI C yqeTOM TOllhKO 

50° 
torn, 

P!bl 

0.5 

Y roA PACCEfl H ~ fl 81\ad' 
20° 10° 
I 
I 

\t 
50 I. 0 

Ni+ Ni (67M3f>) 

---

30 

OL-------~~------~--------~~ 
0 100 

nAPAMETP 

200 300 

CTOJ\KHOBEHlo1fl b!10-13cM) 

Puc. 6. Bepo.RIIIHOCJI& o6pa3oaaHU.R 6aKaHcuii 6 K - o6oAO'IKe P (b) 
npu CIIOAKH06eHU.RX Ni +Ni 6 o6AaCIIIU b ;$. 100 <f>M. Kpu6&1e -
pe3yA&IIIalll&l pac<~eiii06 no MoOeAu K6a3UMOAeKyA.RpH&IX op6u111. 

CTaTHCTH'IeCKHX OWH60IC B onpe,IJ,eneHHB 'IHCna HCTHHHhiX COBna,IJ,e

HHB, norpewHocTeii B onpe.IJ.eneHHH a6conJOTHo:ii 3cWleKTHBHOCTH 

repMaaaesoro ,IJ,eTexTopa H aeonpe,IJ,eneHHOCTH yrna pacceRHHJI 

HOHOB H3-3a KOHe'IHhiX pa3MepOB nyqxa H ICOHbUeBOB ,IJ,HalilparMhl 

,IJ,HJI perHCTpaUHH pacceJJHHhiX HOHOB. Ha puc. 6 ROKa3aHhl TaK>Ke 

TeopeTH'IeCICHe ICpHBhle sepOJJTHOCTH p (b), paCC'IHTaHHble no 
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MO,II,ellH KBa3HMOlleKynapHhiX op6HT. CnnowHaA KpHBaA B3ATa H3 

pa6oTw Taynb6epra H ,11,p/ 3 ' nocne cooTBeTCTBYIOmero MacwTa6-

Horo npeo6pa30BaHHA ,ll,llA CHMMeTpH'IHOB CHCTeMhl Ni +Ni npH 

3HeprHH 67 M3B. lliTpHxoaaHHaa KpHBaJI nony'leHa ,ll,ll.ll 3TOii: )l{e 

CHCTeMhl B pac'leTaX 3repa H ,11,p/ 11.'. TeopeTH'IeCKHe KpHBhle 

P(b) noKa3waaiOT aepoJITHOCTb 3lleKTPOHHhiX nepexo,II,OB H3 2prr

B 2 pa- COCTOAHHe H3- 3a apamaTellbHOB CB.Il3H 3THX ypOBHeii: B Kaa-

3HMOlleKyn.llpHOB MO,II,ellH ,ll,ll.ll a,II,Ha6aTH'IeCKHX CTOllKHOBeHHB C npe,ll,

llOllO)I{eHHeM, 'ITO B 2prr -coCTO.IlHHH KBa3HMOlleKyllhl o6pa30Ba

naCb o,II,Ha ,ll,hlpKa a Ha'lane npouecca cTonKHOBeHHA. 3KcnepHMeH

T&llbHwe 3H&'IeHH.Il p (b) npH b "1 00 cf>M 3Ha'IHTellbHO npeahiWa

IOT pac'leTHhle. KpoMe Toro, HaMe'laeTca poeT 3KcnepHMeH

TanbHhiX 3Ha'leHHB C yaenH'IeHHeM napaMeTpa CTOllKHOBeHH.Il B o6-

naCTH, r,11,e cornaCHO npe,II,CKa3aHH.IlM TeOpHB ,II,Oll)I{HO Ha6niO,II,aTbC.Il 

yMeHbWeHHe 3Ha'leHH.Il p (b). ll0,11,06Hhle OTCTynneHH.Il OT npe,ll,

CKa3aHHB 'IHCTO KBa3HMOlleKyn.llpHOB MO,II,ellH Ha6niO,II,allHCb He,ll,aBHO 

a pa6oTe/ 7 /. llony'leHHwe H&MH npe,ll,aapHTenbHhle ,ll,aHHwe o aenH'IH

He P(b) a cHCTeMe Ni+Ni npH 3HeprHH 67 M3B Tpe6yiOT 6onee 

,ll,eTanbHOro H3y'leHHA 3&BHCHMOCTH P(b) a wHpOKOM ,II,Hana3oHe 

H3MeHeHH.Il napaMeTpa CTOllKHOBeHH.Il. 

ABTOphl awpa)l{aiOT 6naro,ll,apHOCTb n . .Hpaqy. 10. PIO,II,Hrepy. 

M.HoBHUKH, IO.rpa~oay H Y.BpyxepT3aii:~ep 3a noMomb npH npo

ae,ll,eHHH 3KcnepHMeHTa H o6pa6oTKe pe3ynbTaToB, a TaK)I{e rpynne 

3KCnnya T&UHH Y- 300 3& nony'leHHe ny'IKOB ycKopeHHhiX HOHOB 

HHKell.ll. 
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