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3~~eKT~ TeHeH H KaHanHpOBaHHR npH B3aHMOAeHCTBHH aapRmeH
H~X 4aCTH~ C MOHOKpHCTannaMH Aa~T 60nbWHe H pa3H006pa3H~e 803-
MOmHOCTH A~R HCCneAOBaHHR paAHa~HOHHOrO noapemAeHHR MOHOKpH
CTan~H4eCKOH CTpyKTyp~/t~UeHHOCTb 3THX MeTOAOB COCTOHT,B 4aCT
HOCTH, B TOM, 4TO OHH 4YBCTBHTenbH~ HenocpeACTBeHHO K MeCTO
no~omeHH~ aTOMOB B peweTKe MOHOKpHCTan~a. no3TOMY nony4aeMaR 
HH~OpMa~HR CBR3aHa npRMO CO CTeneHb~ ynOpRA04eHHOCTH MOHOKpH
CTan~a, OT KOTOPOH aaBHCRT BCe APYrHe ~H3H4eCKHe CBOHCTBa 
MOHOKpHCTan~H4eCKOrO TBepAOrO Te~a. 

npH HCC~eAOBaHHH noapemAeHHR KpHCTa~~H4eCKHX MaTepHa~OB 
nOA AeHCTBHeM 3apRmeHH~X 4aCTH~ B~RBneH~ TaKHe ~eHOMeH~, KaK 
paAHa~HOHHOe pacnyxaHHe, aMOp~H3a~HR, 6nHCTepHHr, paAHa~HOHHO
CTHMynHpOBaHHaR AH~Y3HR Ae~eKTOB H AP· 0AHaKO MeXaHH3M 803-
HHKHOBeHHR Ae~eKTOB, KO~H4eCTBeHH~e xapaKTepHCTHKH noapemAe
HHR, 3aBHCHMOCTb ero CTeneHH OT 3HeprHH H MaCCW 60M6apAHpy~
~HX 4aCTH~ e~e OCTa~TCR npeAMeTOM HHTeHCHBHOrO HCCneAOBaHHR. 

B AaHHOH pa6oTe c noMo~b~ 3~~eKTa TeHeH H3y4eHo noapemAe
HHe MOHOKpHCTan~a ~C~HAa ran~HR nOA AeHCTBHeM HOHOB 31p 

c 3HeprHeH 31 M3B H 40Ar - 24 M3R. r.T~RIATr!'! 3aAa4a .t~or.c.r1~::-:-:.. 
no~y4eHHble paHee AaHHble 12 •31 no B3aHMOAeHCTBH~ TRmen~X HOHO'L. 
C MOHOKpHCTan~aMH B AHana30He 3HeprHH 0,6-8,0 M38/HyKnOH C 
~enb~ no~y4eHHR CBeAeHHH 0 3aBHCHMOCTH noapemAeHHR OT Mace~ 
H 3HeprHH HOHa H OT THna MOHOKpHCTan~a. 

To~cTaR MOHOKpHCTan~H4eCKaR MHWeHb ~C~HAa ra~nHR 06ny4i' 
~aCb npH KOMHaTHOH TeMnepaType KO~~HMHpOBaHHWM ny4KOM HOHOE 
HMeBWHM AHaMeTp 1 MM. 11cnO~b30Ba~CR B~BeAeHHbiH ny40K 4HK~OT 
Ha Y-300 na6opaTOPHH RAepH~X peaK~HH 011RI1. npw MO~HOCTH AO 
-1010 HOHOB c- 1 Harpea ny4KOM o6ny4aeMoro o6DeMa /H cpeAHHH, 
H HMnynbCHbiH/ He npeBbiWan HeCKO~bKHX rpaAYCOB COrnaCHO O~eH 
Ke. ny40K HanpaB~RnCR nOA yr~OM"' 4-5° K KpHCTan~orpa~H4eCKOH 
nnOCKOCTH (110) MOHOKpHCTa~na, npH 3TOM ABe ero OCH <111> 6w
~H OpHeHTHPOBaH~ nOA yrnaMH OKO~O 59° H 130°, a OCb <11 0 > 
noA yr~oM •95° no OTHoweHH~ K ny4Ky. YKaaaHH~e HHAeKc~ MHn~e 
pa OTHOCRTCR K rpaHe~eHTpHpOBaHHOH Ky6H4eCKOH peweTKe, o6pa3 
MOH aToMaMH Ga. YnpyropacceRHH~e HOHbl ~HKCHpoaa~HCb a npo~ 
ce o6~y4eHHR nnacTHKOB~MH TpeKoa~MH AeTeKTOpaMH, pacnonomeHH. 
MH a AHanaaoHe yr~oa pacceRHHR oT 45° AO 135~ TaKHM o6paaoM 
no~y4a~HCb TeHea~e KapTHH~ a yrnoaoM pacnpeAeneHHH ynpyropac·· 
CeRHH~X HOhOB, COOTBeTCTBY~~He onpeAeneHHOMy HHTepaany nnOTHC 
CTH A03~ HOHOB. npocMoTp AeTeKTopa noaaonRn onpeAenHTb npo
~H~b TeHeaoro MHHHMyMa, ero rny6HHY H yrnoay~ WHPHHy. 
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nyTeM o6ny4eHHR OTAeJ1bHWX y4aCTKOB MOHOKpHCTa~na pa3H~MH 
HHTerpanbHWMH nOTOKaMH HOHOB,a TaK*e AJ1HTeJ1bHOrO 06~y4eHHR OA
HOrO H TOrO *e y4aCTKa MOHOKpHCTa~na C nocneAOBaTe~bHOH 3aMe
HOH AeTeKTopoa YAaaa~cb npoc~eAHTb aaaHCHMOCTb rny6HHW TeHe
aoro MHHHMyMa x oT n~oTHOCTH A03~ o6ny4eHHR I. HcnonbaoaaHHWe 
B 3KCnepHMeHTe MOHOKPHCTan~~ RBnRnHCb ~parMeHTaMH OAHOH H TOH 
*e, eAHHWM o6pa30M o6pa6oTaHHOH MOHOKpHCTannH4eCKOH n~aCTHHW, 
HMeaweH OAHHaKoawe cao~cTaa no aceH nno~aAH. B npo~ecce 3KCne
PHMeHTa~bHOH pa60TW BWRBHJ1HCb cneAY~~He H3MeHeHHR, npOHCXOAR
~He c o6~y4aeMOH noaepxHOCTb~ noA AeHCTBHeM ny4Ka: 1/ o6paao
aaHHe TOHKOH yr~epOAHOH n~eHKH IAa*e npH npHMeHeHHH cop6~woH
Horo Hacoca AJ1R no~y4eHHR aaKyyMa a KaMepe/, 2/ B03MO*Hoe H3-
MeHeHHe HepOBHOCTH noaepXHOCTH nOA AeHCTBHeM o6ny4eHHR, 3/ yae
nH4eHHe K03~H~HeHTa BTOpH4HOH HOH-3J1eKTpDHHOH 3MHCCHH. noc~eA
Hee MOmHO 06DRCHHTb nORBJ1eHHeM Ha noaepXHOCTH MHKP006pa30BaHHH, 
cna60 CBR3aHHWX C MaTpH~eH, KOTOpWe Harpeaa~TCR ny4KOM H RB~R
~TCR HCT04HHKaMH TepM03neKTpOHHOH 3MHCCHH. 3TH H3MeHeHHR CO
CTORHHR noaepXHOCTH, BepORTHO, 3aTparHBa~T TOHKHH CJ10H no cpaa
HeHH~ C npo6erOM perHCTpHpyeMWX 4aCTH~, T.K. OHH He MeWa~T Ha-
6n~AeHH~ AOCTaT04HO RPKOH TeHeBOH KapTHHW. 

QnpeAeneHHe 4HCJ1a HOHOB, nonaBWHX Ha MHWeHb, npOH3BOAH~OCb 

Ha OCHOBe H3MepeHHOrO KOnH4eCTBa pacceRHHWX HOHOB B Hanpaane
HHH, He coanaAa~eM C KpHCTannorpa~H4eCKHM BWAeneHHWM Hanpaa
neHHeM. Pac4eTHWM nyTeM HaXOAHJ1CR BWXOA pacceRHHWX HOHOB AJ1R 
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4HC~O perHCTpHpyeMWX 4aCTH~ Aa~T BK~aA, KpOMe pacceRHHWX HOHOB, 

~ 
TaK*e RApa OTAa4H Ga H P. BWXOA RAeP OTAa4H B C~y4ae TOncTOH 

' MHWeHH BW4HCnRJ1CR cneAy~HM o6pa30M. CoOTHOWeHHe Me*AY 3HeprHeH 
C iRi 0 i 6 H npo6eroM npHHHMaeTcR a BHAe E = ( ~) , rAe i= 1 AJ"'R oM-

\ 

6apAHPY~~eH 4aCTH~W, i =2 AJ"'R RAPa OTAa4H. To~~HHa pa6oTa~e-
ro C~OR MHWeHH d BAOnb ny4Ka onpeAenReTCR peweHHeM ypaaHeHHR 

k2 1 t [ ~ (E o)-d] t 1 =I ~2 [ R2(ll)+pd] t~ /1/ 

rAe E 0- Ha4anbHaR 3HeprHR HOHa, l1 - noporoaaR 3HeprHR perHcT-
pa~HH RAPa OTAa4H AeTeKTopoM, k2 (8 2 ) awpa*aeT 3HeprHIO RAPa 
OTAa4H E 2 4epea 3HeprH~ E naAa~eH 4aCTH~w: E 2 =k2 (0i)·E 
p(O L ) - oTHoweHHe aarny6neHHR T04KH pacceRHHR no Hanpaanf
HH~ 2 perHCTpa~HH f H no HanpaaneHH~ naAa~~eH 4aCTH4W 8: p(O ~)= 't' 
BwxoA RAep OTAa4H paaeH: 

L p-6,03-10
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rAe :\11- TeneCHbiH yron perHCTpa4HH B Cp, J- nO~HOe 4HCJ10 HO
HOB, nonaBWHX Ha MHWeHb, p- rinOTHOCTb MHWeHH B r/cM 3 , A- MO-
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neKYilRPHbtH sec GaP e aT.eA. Maccbl, R1 (E0 ) H d- e CM. BenH-
4HHa M(IJ) Bb14HCI1ReTCR no $opMyne I 41: 

2 2 2 

M(()) 1,62BZ1 Z 2(1+y) 
10

-26 cM2 Mas2. - 1 =--· 3-L" . cp 131 
17 COSIJ 2 

Z 2 - aTOMHble HOMepa HOHa H OAHOrO H3 RAep MHWeHH, rAe Z 1 H 
At 

Y = Al! - OTHOWeHHe HX MaCCOBbiX 4HCeJ1. 

$yHKLtHH npo6er-3HeprHR AilR P H Ga e GaP 6bi11H onpeAeneHbl 
Ha ocHoee peaynbTaTos pa6oTb1 151. AnR Ar HcnonbaoeaHbl 3KcnepH
MeHTanbHble peaynbTaTbl16 • 71, npH nepec4eTe OT TOpM03Rutel1 cpeAbl C 
K GaP Y4TeHa 11 Z 2 -0CLtHI1111'1LtHR11

, yBeJ1H4HBaJOU(aR OTHOCHTeilbHYIO 
TOpM03HYIO cnoco6HOCTb yrnepOAa B '" 1 , 4 paaa. nony4eHHbli:1 TaKHM 
o6paaoM npo6er aproHa npHMepHo e ABa paaa 6onbwe, 4eM no pa-
6oTe151 AilR o6nacTH 3HeprHi1< 0,6 M3B/HYKilOH. TaKHe paanH4HR 

HHOrAa BCTpe4aiOTCI'I npH He60J1bWHX 3HeprHI'IX HOHOB, OHH MOryT 

061>RCHI'ITbCI'I 11 Z -OCLtHI1111'11..1Hel111 TOpM03HbiX noTepb, CBR3aHHOH 
c o6ono4e4HOH CTPYKTypol1 TOpM03RuterocR aToMa HilH aToMa cpeAbl. 

Ha PHCYHKe npHBeAeHbl aaBHCHMOCTH rny6HHbl TeHH oT nnoTHOCTH 
A03bl o6ny4eHHR x(l). nony4eHHble t:l AaHHOH pa6oTe, a TaKme pe-
3YilbTaTb1131. $yHK1..1HI'I )((I) I'IBill'leTCI'I KOJ1H4eCTBeHHOH xapaKTepH

CTHKOH CTeneHH noepelKAeHHI'I MOHOKPHCTa1111a TRIKeJlbiMH HOHaMH. 
B 6onbWHHCTee chy4aee $yHKLtHH )<'(I) MoryT 6b1Tb annpoKCHMHpo

eaHbl npRMOH IlHHHer:i X(l) = xo+ rl, rAe r noKaableaeT CHilY noepem
AaiOutero B03AeHCTBHI'I TR>Kenoro HOHa. 0TMeTHM, 4TO Aill'l B3aHMOAel1-
=-r:::;.~;-: ¥! -r 401'&:- ;;c;;u::;;; r;(:tGiiV:...;viiO iM~nowcnViC ii~Un~DV~nuV. /] x/ ,7r 
B o6naCTH MailbiX I, a B CJ1y4ae MOHOKpHCTanna GaP Ha6J110AaeTCI'I 
CKOpee npOTHBOnOilOIKHOe noBeAeHHe T04eK B6J1H3H I =0. JTO pa3IlH-
4He MOIKHO CBR3aTb CO CBOHCTBaMH MOHOKpHCTa11110B. no4TH nOJlHOe 
OTCYTCTBHe CB060AHbiX 3IleKTpOHOB B 4HCTOM GaP 3aTPYAHReT o6-
paaoBaHHe KOMneHCHPYIOU(ero 3JleKTpOHHOro o6naKa BOKpyr nOJlO>KH
TeJlbHOrO 3apRAa HOHa B OTJ1H4He OT MeTaJ1J1H4eCKOH cpeAbl. no Mepe 
06Jly4eHHI'I npOHCXOAHT AHCCOLtHai..IHI'I HeKOTOpbiX MOJleKyil GaP H B 
061>eMe nORBili'IIOTCI'I CB060AHbte 3JleKTpOHbl. no3TOMy B Ha4ane o6ny-
4eHHI'I GaP noepe>KAaiOutee AeHCTBHe HOHa oKaableaeTcR 6onbWHM. Ha 
APYrOM R3b1Ke, TaKoe 061>RCHeHHe COCTOHT B pa3J1H4HH KHilbBaTepHbiX 
noTeHLtHailOB 4aCTHLtbl, ABHIKYuteHCI'I B MeTaJ1IlH4eCKOH H HeMeTaJ1J1H4e
CKOH cpeAax. 

B Ta611HL.te nepe4HCileHbl 3Ha4eHHR r, nony4eHHble npH H3y4eHHH 
B3aHMOAeHCTBHI'I TRIKeJlbiX HOHOB C MOHOKpHCTannaMH. BHAHO, 4TO 
noepemAaiOutee AeHCTBHe HOHa aaMeTHO eoapacTaeT c yeenH4eHHeM 
MaCCbl HOHa H C yMeHbWeHHeM ero 3HeprHH. 3TO n03BOJ1ReT npeAnO
IlOIKHTb Ha11H4He KOppeJ11'1LtHH noepelKAeHHI'I C RAePHOH TOpM03HOH cno
C06HOCTbiO HOHa B BeuteCTBe MOHOKpHCTailJla, KOTOpyiO B npOCTOM 
npH611HIKeHHH MOIKHO C4HTaTb npOnOpLtHOHaJlbHOH npOH3BeAeHHIO 
Z12z ~E-1 y. B Ta611HL.te npHBeAeHO OTHOWeHHe r /Z~ z ~E-ly. 
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0Ho He CHilbHO OTilH4aeTcR AilR ecex H3y4eHHbiX cny4aee. CneAoea
TeilbHO, nOATBePIKAaeTCI'I onpeAeileHHal'l KOppeJli'II..IHI'I noepe>:<AeHHR 
MOHOKPHCTaJlJla C RAepHOH TOpM03HOH CnOC06HOCTbiO HOHa B BeuteCT
Be MOHOKpHCTaJlna. no3TOMy MOIKHO C4HTaTb, 4TO MeXaHH3M B03HHK
HOBeHHI'I Ae$eKTOB COCTOHT B BblfiHBaHHH aTOMOB H3 Y3110B peweTKH 
KyJlOHOBCKHM noneM 6oM6apAHPY~HX TR>KeJlbiX HOHOB. 

OcHOBHbiM peaynbTaToM pa60Tbl RBilReTCR nony4eHHe aaBHCHMOCTH 
rny6HHbl TeHH OT nJlOTHOCTH A03bl )((I) npH 06Jly4eHHH MOHOKpH

CTaJlJla GaP HOHaMH P H Ar H ycTaHOBJleHHe KOppeJli'II..IHH CTeneHH 
noepelKAeHHI'I MOHOKpHCTai1J1a C RAepHOH TOpM03HOH cnoco6HOCTbiO 
HOHa B BeuteCTBe. 

ABTOpbl 6naroAapHbl r.H.$nepoey H IIJ.U.OraHeCRHY aa HHTepec 
K pa6oTe, r.OTTO aa npeAOCTaBJleHHe MOHOKpHCTaJlna GaP, rpynnaM 
HOHHOrO HCT04HHKa H 3KCnnyaTai..IHH LtHKilOTpOHa Y-300 aa nony4eHHe 
ny4KOB HOHOB C HYIKHbiMH napaMeTpaMH. 
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3aBHCHMOCTb H3MepeHHbJX 3Ha'leHHH rny6HHbl TeHeBoro 
MHHHMYMa OT nJlOTHOC TH A03bl o6Jiy'leHHH: a/ W + 40Ar 
AJIH KPHCTamwrpa¢H'IeCKOH OCH <iJ 1>13{ 6/ GaP+ 31p 
<110>; B/ GaP.,. 40 Ar- <110>; r/GaP+ 40Ar- <Ill>. 
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Ta6nHI.\a. Pe3yJlhTaThl H3MepeHHR CTeneHH paAHal.\HOHHOro 
nospe)I(AeHHR MOHOKpHCTaJIJlOB 

HoH 12c * 22 Be"' 40 .lr "' 31p 40 .lr 40 Ar 

3HepriUI 81 174 24 31 24. 24 

MHmeH& uo2 • • GaP GaP GaP 

HanpaBJleHHe <IIO> <III> <Ill> <IIO> <liO> <III> 
perKC'IpaQHH 150° 161° 161° 950 95° 5e,5o 

TOJDqHHa CJIOJI 

urcu-2 5,8 3,3 2,25 0,84 1,02 0,95** 

r(t25%), 
r~-18 c..Z 

2,8 9,0 196 IIO IIO 120 

r/Z~z~-1f • 
1o-20 ctl- MaB 

1,48 2,37 1,21 3,53 1,48 1,62 

* /2,3/ Pe3yJlhTaTbJ pa6oT . Bsep;eHbJ HeKOTOphle yTo"!HeHHH, B "!acT-
Ho ..... '"T:I' rRR'-:a~J..rf..I'J..Jt:J." ro_ !-',..._'"!~""~ __ n_!::: ~0!!_~•-•.•.•.n•.•. '" ............. ,,.... ....... ,.,....~ ... ~ ~-~ ..... .- e:!~~-- --- 40A .. 

'.,.,..... -- - -- -- ---- - .. ~ ........ ....,._.. ... .._.J:.I. '-&.&.V'-VV.l.I.V'-J..t'J. ••• 

no ,o,aHHbJM 16 •11• 

** ITpHBep;eHO 3Ha'leHHe, OTHOCH~eeCH K perHCTpal.\HH pacceHHHhlX 
HOHOB 40 Ar, HCKJlJO'IaH Hp;pa oTp;a'IH Ga H P. 
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PyKonHCb nocTynHna B H3AaTenbcKHH OTAen 
5 MaR 1982 fOAa. 

ByrpoB B.H., KapaMHH C.A. 
Pap;HaUHOHHoe nosfteEp;eHHe MOHoKpHcTanna GaP 
HOHaMH 31 p H 0 Ar 

P14-82-325 

C 1.\eJlbJO KOJlH'IeCTBeHHOrO HCCJlep;oBaHH.!I pap;Hal.\HOHHOro no
BpeEp;eHH.!I MOHOKpHCTaJIJlhl ~C~Hp;a raJlJlHH 06JIY"!aJlHCh HOHaMH atp 
c :meprHeH 31 M3B H 40Ar - 24 M3B. YnpyropacceHHHbJe HOHhl 
~HKCHpOBaJIHCh B npOI.\ecce 06JlY"!eHH.!I JlJlaCTHKOBbJMH TpeKOBbiMH 
p;eTeKTOpaMH AJIH nonY'IeHHH TeHesoif KapTHHhl. ITpocne~eHa 3aBH
CHMOCTh rny6HHhl TeHeBOrO MHHHMYMa OT JlJlOTHOCTH ,11;03hl 06JlY"!eHHH 
B HHTepsane OT 2 •J013 CM-2 p;O 2 •J015 CM-~ YcTaHOBJleHa KOppena-
1.\H.!I JlOBpeEp;aJO~ero p;eHCTBH.!I HOHa C BeJlH'IHHOH ero Hp;epHOH Top
M03HOH CJ10C06HOCTH B Be~eCTBe MHmeHH, 

Pa6oTa BbmonHeHa B lla6opaTopHH Hp;epHb~ peaKI.\HH OHHH. 

Bugrov V.N., Karamian S.A. 
Radiation Damage of GaP Single Crystal 
with 31p and 4°Ar Ions 

Pl4-82-325 

The single crystals of gallium phosphide are irradiated 
by 31 P ions with 31 MeV energy and 40Ar- with 24 MeV in 
order to obtain the quantitative information on radiation 
damage. Elastic scattered ions are fixed by plastic track 
detectors during the irradiation to record the blocking pat
tern. The dependence of the blocking-minimum depth on irra
diation fluence at the interval from 2·Jd 3cm-2 up to 
2 ·I015 cm-2 is followed. The correlation between the ion 
damage action and nuclear stopping power of the ion in the 
target substance is established. 

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