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1. BBE,UEHHE ,· 

BLI~0Ko:i11eprer1flma.J1 1101111ai1 11Mnna11Ta111111 11p111JOi111T" ]{. C03JJ.a111110 · B 061,eMc TBep,nLIX 

Te~ CJIO)l{l!0fi MHorocnofinofi ,neq;~HTi!O-llpll;ICCIIOil, CTJlYl<TYPLl (1-4]. XapaJ(TCpnoll 'oco6en­

HOCTh~ TaKofi CTpyi<TypLI /IBR/leTC/1 cpop1111poaa1111c B 06ny•1acMmt' 1iaTep11ane, IiOAIIIMO ~o, 

qeqrr1,1x ,necpeRT0B, xapaKTepm,rx JJ.JI/1 .IIOJ;I!Ott 'ui.inna1;ia111111' C 061,1qnLIMII :inepr1111i.111 l!JIH 
3JICKTJlO~HOl'O o6nyqeirnll, 1rna3l!OJJ.IIOMC[lllh!X:' Tf>CHOIJOJJ.06111,i'x MaKpo,necpeHT0B. rr pe,nno-

,Jl(e1J11L1e· MOJJ.emi TpeRa npc,ncTaBnmoT ero HaH y31rntt. npoT1uKe1i11ul! MaRpoJJ.ecp~i<T, opncn­

;HpoB~~HLitt BJJ.on1, ~ianpaBnemrn ofo1yqe1111J1 ·u · corT011i1u1tt u~ nomrnaHaj1cuon11oro rniiypa, 

oKpymemrnro nnoTuolt ?60.JI0';IHOtt ·im6pomennux 113' ri1cKa ~T0Moe, 11a'xoJVIu111xcJ1 np.e111,1y- · 

iI1ecTBCHl!O B MeJKJJ.oyaeJihllh!X UOJIOIKCTi'1rnx [4,5]; , . . ·.. . . . . . , . , . . 

60:111,rnol! HHTepec '.npeJJ.cTaBnn'c-r H3J'ICIJIIC T[>CH0H, ccpopMi1po11a11nux IIOIIIILIM 06.nyqc-' 

IIHeM, 'B aJIMa3c :- '. nepcncKTIIBIIOM.' ~l4TC[>l!:rne Jl/111 M11Hp0.3JleHTp01111J{II. ' Omu,naCTCII; . qro ', 

:incKTponm,1c CBoltcTBa TpcKoo B amia3c: Motyr· U3Me111rn1c11 aumpoHoi.1 JJ.tta~1aao11e 6miro,napl! 

B03MmH1rncTH npcopamenirn KpucTann'11•1ecrmll pe111e1:,rn a11Ma:1a npu 06ny,1e111111 n 11enLil! 'pn.n 

yrnepoJUlhlX CTpyr<Typ c' IICTCTpa:i,np~;((!~l;llM~·1m11q111rypa11;111M11 aTO~!0B.' . ,' ,, ' ' ,' ' 

' U:en1, HaCTCll!!Uelt pa6orn 3aKJIIOq}uiac1, ~I13J'H!lllllf llf>OI\CCCOH JJ.Cq>CHT006pa:ioea1111ii 'B 
anMa3e, IlOJJ.BeprHyT0M '06ny:,,re'm110, lfOllaAi'u 11111i~m1 C: :-ineprncl!' ;335 M:in., ' '.''' ' ' 

' . ' • ' ' ' '> 

.2. METO.z:tHHA 3HCTIEPHMEHTA 
' . ' ', ' ~ .. . ,. !, '· 

O6pa31!hl Ilpl!p0JJ.HOfO a'.JIMa3a THJJa' Ja (H0,111,\;!IITJJaUIIJI aaoTa OllO~O W19 . ~~-J) 6LJJIII llM· 

JIJiaHTllpOBaHhl HOHaMH Ni 'c 3Heprneit :335 ~fall H IIIITepea11e cjJJ110e11~0~\'n 5' • 101,2-JJ.o ' '· 
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• TeMrrepaTypa', ROHTponupyeMail c'nOMOIIU,10 TepA;~napLI; B Tcqc1111c.'11Mn'nan­

Ta111111 ue npeemuana :300 K BhlCOHOTCMncpaTJ[>HLlfi ~Tlllllr o6n,yqcanLix o6paauoe npoe6-

JJ.IIJICJI, Brpacpl!TOBOM l{Ol!Tcttuep~ H nai1yyMc 10-4 Ha: 8IIP-~ccnc,noean11J1 o'i111~JI;lnJIHCL 

Ha cnc1<TpoMcTpe' "VARIAN" e X-.n11ana:i~11c, C11.rna1; OT 1101100 Cr.3+ :i;·ano1111oro o6pa31ta 

py61111a; .. pa3MCII!CIIHOfO B 'pc3ol!aTopc, IICIIOJIL3,0llaJIC/I JJ.Jlll ;{OIITpOJI/1 ,no6pOTl!OCTU II JJ.JIJI Rae 

JIU6poel{H aMJIJIHTYJJ.LI' Marn'11n1ott 'COCTall;;/1 IOU(ell II0Jl/1 CB lJ: )ln11' ll3Mepen~n ~6co.n:1cimol! 

. H011!\e1ITpa1111n Clll!IIOB B IICCJIC)),JCMLIX o6pa~uax IICIIOJlb30llilJICH:yrn~bl!Lil!' 3TaJiou.··, ,' 

•. KaTOJJ.OJIIOMHHecne1111HJ1 (IUI) a
1

J1Ma3a ~O:i6ym;1a11ac1, 11y<11mM.'., 3J1einpo110~ C ;neprneii 

121K3Btt IJJlOTII0CTLIO TOKa6 MKA/MM 2 11p11 Te~!lll'(lil'l'Ylie 80 1(11 penic;pH,poaan~~(, B CIJCJ{T-
pam:HoM JJ.llarraa~He :J0Q · 800 l(M: ! , , . . .. , , ' i ·.. . , 

Pacnpc,nen:e11u'c Ro1~ue~npai1u11 napaMarn1ri111,,;'i11·!1ITpci'u (ITI () 11 p~,n11~~110,11111,1x . ~eqic;,c. · 
TOH B I{J1 no r~y61111e' 06nyqe1111oro eno11 IIOJIY,'IPli~ l;OCJIOiil!IJM Jl(llJICill!~M anMa3a C ririMhn,11,io 

J ' •. , , • , , I ' , '. ' ' 

~~n11oro, Tpaencmrn (Ar, 5 K:iB): · · · 

3. PE3YJibTATbI. 11 OBCY}H,IJ;EHHE 

· Bucm<o:i11cprerHq11oe .11011uoe 06ny,1e1111e o6pa3l(OH amia3a·,:npiinoitttT K: 110J1B~c11u10 cna60-

a11H30Tpo1111Mx napaMarnl!TllhlX I(eI!Tpou, IIMC,IOll(IIX xapaRTepnLie CHHfJICTIILIC peao11a11c11L1e 

mrmm c g-cpar<TopoM, 6n113KHM 1< 240027;• 11 p11,na • C11J1L11oattmo~~n11L1~\ · JIIIHl!tt. (p~~-la). 

flpoae,neu~LIC pance IICCJICJJ.~Bal!l!II' aJ;M~3a,' 110/(lleprnyrnro HLICOH0311~prc~uq110My '.ll~lll!0MY ' 

o6nyqe111110, Il03B0JIIIJIU c,neJiaTli, Bl.!II0JJ., •/rci' Ta1rne. Clllll'JICTIH.fe Jllllll!H CBIIJJ.CTC.nLCTB}'IOT 0 

_1ia11wrnii J{Ba3UOJJ.HOMCpHhllj: TpCK006pa311~x CTpyH·i-'yp II ofiny';ICHIIOM eJI?C [6].· ·c11nL11oa1111'-

3oTpom1Me J3HHC JIHJIIIII 06;y~JIOBJ1e11L1 l!O/IIIJIC!IIl1"M, '11 pemeTI{;, a·JIMa3il pa,nnaI(HOHIILlX TO'IC'.,1; 

: © Otn.'.eitH/1cimi~'1 H11CT~T)'T 11nep11i.~x 'ttcCJI~~osan~',i; Jl.y6u~. 1995 ·:· 
' ,' '',, / , . ' ' .. 
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HhlX JJ.ClpCRTOB. fl pH lpJIIOCHCaX 5 • 1012 - 5 • 1013 CM- 2 na6JIIOJJ.aCMhlC, , ·CJia6oatt11JOTJ)Ol1Hhle 

flU: HMCIOT B eneKTpax 8f1P JJ.BC JIHHHH (y3KJIO ll lllllpORJIO), KaJKJJ.aJI ll3 KOTOphlX xapaKTC· 

p_H3YCTCJI aHH30TpOilHLIMII llHTCHCHBH0eThlO, nmpnuofi JlllHHH H eTCJICHI,IO acllMMCTpHH A/B, 

rJJ.c A H B - aMUJIIITY.nhl BhlCOKO- ll Hll3KOJI0JICBOH qacTJI CHHfJICTHOfi Jlllllllll CIICKTpa 8ITP 

(pHe.16). I,fayqeJIHC yrnoBott 3aBHCHMOeTH napaMcTpa A/B eBllJJ.CTCJII,eTBYCT O II0JIBJICHHll 

B 06nyqc11HOM enoc orrpeJJ.eJICHHOro uarrpaBJICHHJI, COBilaJJ.alOII!CfO e aanpaBJICHllCM l!MIIJiaH­

Ta11HH, KaK H B cnyqac HMrrnaHTal!HH nonaMH Ne H Cu c :ineprHett 1 MsB/a.e.M .. [6). 

ITocne o6nyqcmrn q>JIIOCHCOM 5 • 101.~ cM:-2 na6JI10JJ.aJiae1, TOJII,1{0 OJJ.Ha J3Ra.JI Cl!HfJICTHaJI 

JIHHHJI C rroqTH H30Tporruofi nmpnnolt. AuaJIH3 JJ.030BhlX 3aBHeHM0eTefi IIHTCHCIIBH0CTII ' JJ.O­

MHHHpyromefi CHHfJICTHOfi JIHHllH H eTCilCHH aenMMCTpHH A/B Il03BOJIHJI npeJJ.IT0JIOJKHTh, qTQ 

rrpaJ{THqecRH rrpH eaMofi BhlCOKOfi JJ.03C. BCJICJJ.CTBHC yBeJ!llqCHHJI IIJIOTHOCTH TpCJ{OB yme 11po­

HCXOJJ.IIT HX ncpeJ{phlTHC H qaCT11qnoe pa3pymeHHC. B npo11ecce :iroro BJJ.OJ!h nyTH HOiia o6-

pa3JIOTCJI uenpephlBHhlC MOJJ.1!cplll:i;11poBaHHhlC Rpl!eTaJIJIHqceKne erpyRTYPhl e HCTCTpa3JJ.PH· 

qecKol!: ynaKOBKOfi aTOM0B. <I>opMHpOBanne TaRHx CTPYKTYP MO)l{CT 6hlTI, 061,ncueno ene­

JJ.YIOII!IIM o6pa30M,' BhlCOK03HcprcTHqHJ,Ifi HOH llpll CBOCM TOpMOJKCHllll B KplleTaJIJillqecKofi 

pcillCTKC aJIMa3a, TCpl!ll 3Hcprlll0, npHB0JJ.HT K HapymeHHIO TCTpa3JJ.pHqeeKOfi MCJKaT0MH0l!: . 

KOHcpHrypanHH. B TOJKC BpCMJI 3JICRTpOHHhlC 3HeprerHqeeRHC JIOTepn Holla o6ycJiaBJ!llBalOT 

H nannqHc o6paTHhlX JJ.CcpCRT006pa3oBaHlllO rrponcceoB: peKpHCT3JIJIIIJalllllO H CIIM0OTJKHr. 

TaK, IlpOBCJJ.CHHhlC Ol!CHRH TCMllcpaTyp1,1 B o6naCTH TpeKa B rrpo11eece BhleOJ{03HeprCTHquoro 

o6nyqcHHJI aJIMa3a HOJiaMH Ar, Kr, Xe [7] IlOKa3hlBaIOT, qTo OHa MOJKCT JJ.OeTHraTb BCJIHqHH 

:3900, 6:300 H 8000 K C0OTBCTCTBCHHO. ITpnqeM B nponccee oeTMBaHHJI o6naeTH TpeKa B 

HCH 'npoHCXOJJ.l!T 'peKpHeTaJIJIH3al.\HJI C o6pa30BaHHCM MOJJ.lllpHl!llPOBaunol!: eTpJKTJPhl, eo­

CTOJIII!CH H3 aTOMOB yrncpOJJ.a. B 11po11eeec peKpHeTaJIJil!3al!HH aT0Mhl Kpl!eTaJI.irnqecRo.tt 

pcrneTKll CBJl3hlBalOTCJ! MClKJJ.Y eo6ofi B onpeJJ.eJICHHOH noeJICJJ.0BaTCJ!hH0CTll, o6pa3yl! KOHcpH-

. rypa11n11, ITOJJ.06Hhle yrnep0JJ.HhlM l.\CJIOql{aM Kap6HJJ.OB, HJ!ll cpopMHPYll eJIOJKHhlC eTpJKTypHhlC 

o6pa3oBaHHJI, uarrpHMep, cpynnepcHhl [8,9]., 

l1ecJICJJ.OBaHlll! IlOBCJJ.CHHJI illHpl!Hhl CllHfJICTHhlX JIHHHH 8ITP 11pn OTJKHre IlOKa3aJ!ll HCMO­

HOTOHHhlil: xapaKTep ec ll3MCHCIIHJI e pocTOM TCMrrepaTyphl (pHc.2). B HHTCpBaJie TCMilC­

paTyp 650-700 °C illHpl!Ha JlllHHH B03pacTaCT OT 5,:3 JJ.O 7,7 re H 3aTCM yMen1,maeTeJ1 JJ.O 

:J,:J re B o6JiaCTII TeMrrepaTyp 750-850 °C. TaKOC JIOBCJJ.CHHC illHpHHhl JlllHHH JIBJIJICTCJ! JJ.O· 

Ka3aTCJILCTBOM Toro, qTo eOOTBCTeTBJIOII!HC ITU o6yenoBJICHhl KBa3HqaeTHl.\filill, HallpRMep, 

THlla COJIHTOHOB . .[(JIJ! 06M<in1,1x ITU:, HMCIOII!HX rny6oKl!C ypoBHll B• 3anpcmcuHofi 30HC ll co­

JJ.CpJKaII!JIX o6opBaHHhlC eBJl3H (HanpnMep, l!CHTp Si-G8 B KpCMHHH' [10)), TaRoe IlOBCJJ.CHllC 

mHpHHhl JIHl!llH HCB0JM0XH0, ' .[(JIJI l!CHTpOB, COJJ.CpJKaII!HX o6opBaHHhlC CBJl3H, H3MCHCHHC 

illHpHHhl JIHIIHH npn OTJKHfC HC3naqnTCJII,HO H HC MOJKCT 6MTI, HCMOHOTOHHhlM B JII060M cny­

qac. C JJ.pyrofi eTOpQHhl, napaMarHHTHLIC RBa3H'laeTHl.\hl, l!MCIOII!lle TaKme rny6oKne ypoBHH 

B 3a11pemeHHOfi 30He, o6JiaJJ.alOT 6onee illHpOKllM pacnpeJJ.CJICHHCM BOJIHOBOH cpyHRl.\HH (JJ.JIJ! 

TOJIOJ!0fHqeem1x COJIHTOHOB B IIOJil!al!CTHJICHC, uarrpHMcp, BOJIROBaJI. cpyHKl!Hll OXBaTMBaCT 

JJ.O 45 aTOMOB yrnepoJJ.a [11]). KpoMe TOro, KBa3HqaeTHl.\hl JIBJIJ!IOTel! IlOJJ.BH)l{HhlMH B npe,11e­

Jiax paenpCJJ.CJICHlll! BOJIHOBO.tt cpyHKl!HH. 8To 011peJJ.CJIJICT HX BhleOKJIO qyBeTBllTCJ!hH0CTI, I{ 

eTpJJ{TypHhlM nepecTp0il:KaM TpCKOilOJJ.06HhlX o6naeTei:t, Bhl3hlBaCMhlX, BepOJITHO, aKTl!Ba11nel:t 

JJ.BHJKCHHJI BaRaHCHH npH OTJKl!re. 

TaKHM o6pa30M, llpHHHMaJI 'BO BHHMaHne BhlillC eKa3aHHOC H yqnThlBaJI JJ.aHHhlC no ne­

CJICA0B3HIIIO RHHCTHRH' HaChlII!CHHJI H CJIHH0B0.tt JJ.HHaMHRH CHHfJICTHOi:t JIHHllll, pe3yJII,TaThl 

ROTOphlX 6yJJ.YT ony6JlllROBal!hl Il03JKC,MOJKHO eJ].eJiaTI, BhlBOJJ., qTo J3Ka.JI Cl!HfJICTHaJI JIHHHJI 
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B cneKTpax 9IIP o6ycJIOBJieHa pe30HaHCHI>IM II0rJI0IIIeHHeM Ha nonBHJKHhlX KBa3H'laCTHUaX, 

npe.zi;noJI0JKHTeJThH0 C0JIHT0Hax, B HeTeTpasnpw1eCKHX KBa3H0)J;H0MepHhlX MOJJ;Hq>HUHpOBaH­

HhlX CTPYKTypax, a nrnpomUI JIHHHJI JIBJJJieTCJI, BepoJITH0, xapaKTepHCTHK0il HHnHBHJJ;yaJih­

HhlX TpeK0B. 

B cneKTpax KJI II0CJie o6JiyqeHHJI H0HaMH HHKeJJJI npHCYTCTByeT xapaKTepHaJI nJJJI aJIMa3a 

nrnpomIB A-noJioca c MaKCHMYM0M Ha nJIHHe B0JIHhl 450 HM [12). lfaoxpoHHhlil 0TJKHr o6-

pa3Ua, o6JiyqeHHoro no cpmoeHca 5 • 1014 cM-2 , o6ycJiaBJIHBaeT II0JIBJieHHe B cneil.Tpax 

KJI pa3JIHqHbJX 0IITHqecKHX ueHTp0B (pHc.3). HaH60Jiee 3aMeTHhle H3MeHeHHJI B crreKTpe 

· Ha6mona10TCJI rrocJie Harpeaa o6pa3Ua CBLIIIIe 600 °C, Karna 3HaqHTeJibHO B03pacTaeT HH­

TCHCHBHOCTL A-rroJIOChl (oqeaHnHo, B pe3yJibTaTe OTJKHra qacTH necpeltTOB, 0TBeTCTBeHHhlX 

3a· 6e3bl3JiyqaTeJibHYIO peKOM6irnaunro ). B nHaIIa30He TeMrrepaTyp 600-700 °C II0JIBJJJIIOTCJI 

a3oTconepJKaniJie ueHTphl c nJIJIHaMJI B0JIH 6eccpOHOHHhlX JIHHJIH 575; 503,2; 389 H 638 HM 

[13). Heo6xonHMo 0TMeTJITh, qTQ a3oTconepJKaIIIJili ueHTp H3 c nJIJIHoli B0JIHhl 6eccpoHOHHoil 

JIIIHIIII. 503,2 HM II0JIBJJJieTCJI B CII~KTpe KaTonoJIIOMHHecueHUHII aJIMa3a II0CJie 0TJKJira rrpH 

TeMrrepaType Ha 500-600 °C HHJKe Toll:, K0T0paJI Heo6XOJJ;HMa nJIJI II0JIBJieHJIJI 3T0ro ueHTpa 

B crreKTpax 6e3a30THhlX aJIMa30B TJIIIa Ila II0CJie IIMIIJiaHTaUJIH II0HaMH a30Ta [14). Bepo­

JITH0,. 3TO CBJl3aHo C TeM, qTo rraphl· aT0M0B a30Ta, conepJKaIIIJieCJI B HCXonHoM 06pa3ue TJIIIa 

Ia, o6JierqaroT rrpouecc o6pa3oBaHJIJI rrocne o6nyqeHJIJI JI OTJKHra TaKoro cJI0JKHoro a3oTco­

nepJKaIIIero ne<peKTa, RaKJIM JIBJJJieTCJI ueHTp H3. IIocJie 0TJKJira CBhlIIIe 900 °C Hcqe3aeT 

ueHTp 389 HM, qTO xopomo cornacyeTCJI .c rrpencTaBJieHHJIMJI o ero 
0

MeJK)J;oy3eJihHOli rrpHpone 

H, C00TBeTCTBeHH0, 0 BhlC0KOil rronBJIJKH0CTII 3T0ro necpeKTa [15). YaeJinqeHJie TeMrrepaTyp 

0TJKJira CBbIIIIe 1000 °C IIp!IB0nJIT K II0JIBJieHJIIO a crreKTpe KJl H0BLIX ueHTp0B 717 u 707 HM, 

IlpH'leM, eCJIH rrepBhlli JI3 H:HX II0JIBJJJieTCJI paHbIIIe, TO BTopon, B03HHKaJI II0CJie OTJKJira 

rrp!I 6oJiee· BhlC0KJIX TeMrrepaTypax, BCK0pe CTaH0BJITCJI 6oJiee IIHTeHCIIBHhlM. 9TO roaop!IT 

0 TOM, qTQ )J;Be naHHhle 6JIJI3KO paCIIOJIOJKeHHhle JIJIHIIH He o6ycJIOBJieHhl rrepexonaMJI MelKJJ;y 

pa3Hb!MII ypoBHJIMII 0JJ;Horo JI Toro JKe ueHTpa, a 0TH0CJITCJI, aepoJITH0, K pa3Hb!M ueHTpaM. 

B HHTepBaJie TeMrrepaTyp _1200-1300 °C rrpom:'xonJIT .yMellbIIIeHJie HHTeHCHBH0CTH MH0rHX 

ueHTp0B. OnHoBpeMeHHO C 3TIIM pe3KO yMeHbmaeTCJI cpaKTOp )le6aJI-BaJIJiepa nJJJI HJIX, qTo 

cauneTeJibCTBYeT 06 ycHJieHHH. 3JieKTpOH-!pOHOHHoro B3aHMonel!:CTBJIJI. -)laJibHeilIIIJili 0TJKHr 

BIIJI0_Tb no 1400 °C npHB0)J;HT K poc:ry HHTeHCHBH0CTH. npaKTHqeCKJI acex ueHTp0B. Ilo­

CK0JibKY HHTeHCHBH0CTb A-noJIOChl npH 3T0M H3MeHJieTCJI He3HaqHTeJibH0 n, BepoJITH0, qJICJI0 

KaHaJI0B 6e3bl3JiyqaTeJI:1,HOil peKoM6HHaITIIII 0CTaeTCJI Ha npeJKHeM ypoBHe, TO M0JKH0, BH­

nnMo, roB0plITb 06 yaeJIHqeHHII K0HUeHTpaUJIJI ueHTp0B JIIOMHHecuenunJI. 

· C ueJibIO JI3yqeHJIJ1 CTPYKTYPhl JIOHHo-o6JiyqeHHoro cJioJI H3yqaJIOCb pacnpeneJieHne no 

rny6JIHe HHTeHCJIBH0CTII pa3JIJiqHbJX 0IITJiqecKHx ueHTpoB, II0JIBJJJIIOIIIJIXCJI a o6JiyqeHHOM 

aJIMa3e ncicne OTJKnra rrpH 1400 °C (pHc.4). BHJJ;Ho, qTo B npocTpaHCTBeHH0M _pacnpeneJie­

mm K0HUeHTpau1ur BCeX ueHTp0B KJI Ha6JI10naeTcJI CJIJibH0e-ee yMeHbIIIeHHe B CJI0e MeJK)J;y 

20 n 28 MKM. IlpJiqeM MHHIIMYM K0HUeHTpauuJI HaX0)J;HTCJI Ha rny6HHe 27,7 MKM, qTQ 

C00TBeTCTByeT MaKCIIMYMY JinepHoro T0pMOJKeHHJI H HaJIJiqJIIO 3necb 6oJibillOro K0JI!fqecTBa 

KaHaJI0B 6e3bl3JiyqaTeJibHOli peKOM6HHaUJIII. l1HTepecno OTMeTHTh, qTo ueHTp 638 HM [16) 

rrpncyTCTByeT T0JibK0 B CJioe, rne noMHHIIPY~T 3JleKTp0HH0e TopMoJKeHHe, K0Topoe, oqeaHnHo, 

oKa3LIBaeT onpeneJJJIIOIIIYIO poJib Ha ero rroJIBJieHJie. UeHTP c nJinHoli B0JIHhl 6eccpoHOIIHOlt 

JIIIHIIJI 415 HM, TaKJKe KaK · A-rroJioca, JIMeeT oqeHb MaJiylO HHTeHCHBH0CTb BO BCeM o6JiyqeH­

H0M CJI0e. · OnHaKo !IX HHTeHCJrBH0CTb pe3K0 B03pacTaeT II0CJie ynaJieHHJI HapyrneHH0rO CJI0JI 

H noc1:1IraeT 3HaqeHJIJI, xapaKTepHoro nJJJI Heo6Jiyqennoro KpnCTaJIJia anMa3a. 9To orrpene-
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JIJleTcJI TeM, '!TO BpeM/1 lKH3HH HepaBH0BeCllhlX II0CHTeJieli 3apJina B 06nyqe1111oli 0611acTH He 

BOCCTanaBJIHBaeTCJI no llCX0,UH0ro ypoe1111 ,name npll TeMneparype 0TJKHra 1400 °C. 

Cpae1rnaa11 pacnpe,uencntte K0HUenTpaUHH A-nonocbl no rny6m1e o6JiyqeHHoro GIOJI· B 

OTOJKJKeHHOM H IIC0T0llllKCJIII0M TI0CJIC llOHIIOH HMIIJiaHTaUJIH o6pa3[(ax, M0lKII0 OTMeTHTh, qTo 

,uaJibll/1/1 rpaHH[(a ,uecpeKT110ro C,10JI HC CMemaeTC/1 IIOCJie' BhlC0K0TeMrrepaTypHoli o6pa60TKH 

ll HaXO,UllTC/1 Ha rny'6HHe 28 MKM. 9To CBH,UeTCJILCTByeT 06 0TCYTCTBllll IIHTeHCllBH0fO pa,UH­

fillHOHHOro B03,UCHCTBIIJI 11, CJie,U0BaTeJILII0, 11113KOif CTene1m ,uecpeKTHOCTH KpHCTaJIJIJ!qecKoli 

pellleTKH ·anMa3a a 06nacT11, 11axo,QJII1Ieltc11 rny6me o6JiacTH ~iaKCHMaJILnoro ,ue4leKT006pa30_ 

BaHH/1. B 110Jlb3Y TaJ{OfO :JaKJIJoqeIJ~/1 roaopHT T~KlKC TO, '!TO B .3TOM CJI0e II0JIH0CTblO 

BOCCTaHaBJIHBaeTCJI HHTenc11e11ocTb IleHTpa 415 HM. TeM He MeHee Ha rny6HHC, npeBblllla­

lOJ[(eli 28 Ml{M, 11a6JI10,uaerrn pC3K0e yeeJIHqe1me K0H[(eHTpa[(llll [(CHTpOB 503.2; 575; 707 H 

717 HM. TaK, HanpHMep, 11e11Tp 503,2 JIM npHCYTCTByeT .. .U0 rny6Hllbl 35 .MKM, qTo ua 7 MKM 

rny6me ,uaJibHeii oT noeepxuocTH rpanH[(hl pa,utta[(HOHH0-11apyllle1111oro CJI0/1. 3To He M0-

meT 6b!Tb o6ycJJOBJJCJIO !-ICHJCCTBCIIHblM ynrnpeHHCM npo!pHJJII,' CBJI3aHHhlM C oco6e11HOCT/IMII 

npHMCJI/ICM0li MCTO,UHI{H. noc,1olinoro TpaBJJCHll/1 06JJy 11cnHh!X o6pa3l(OB;-naHpl!Mep, C HC0,U­

HOpO,UHOCTblO Tpaene11H11. B 3T0M -cJiy•iac KoH11e11rpa1111JI Hcex l(CHTpoe KJI ,uo,1m11a 6u,1a 

6!,1 Me,uJJeHuo yMeHLillaTbCJI erny6b o6pa31(a. O,unaHo ll 11ame~1 rnyqaf', KaH BH.UHo' 11:i. p11c.-!. 

na6mo,uaeTC/I pe:moc }'MCl!J,IllCHl!e K0III(CHTpa[(llll 3TllX l(CIITp0B. 

,l.l,a11111>1li 3qicpeKT M0lKCT 61>1TJ, 061,11cHe11 npH llCII0,11,!IOBallllll M0/(CJJH TpCl{0R0I'0 Hana,1ll­

poBaHHII, l{0Topag 61,u1a npe,UJJO}KCHa R pa6oTe [17). CTpll TPCK0ll0M KaHaJJHpollaJIHll HCKOT0-

pa11 qacTb HMflJJaHTHpycMbIX aT0M0B nona,uaeT B TpCKll, yme C03)J;aHHhlC npenu.u.vIIIHMII 

HOHllMll,'ITO H o6ecneqlle_aeT IIX 6oJJee rny6oKOC npollllKII0BeHHe ll 06JJyqaeMy10 nonJJomKy. B 
Ka'!eCTBe_aJJbTCpHanienoro eapHaHTa 061,11cHCllll/l [I0JIBJJellll/1 llCHTp0B KJI na TaKHX rny6H­

nax MOJKCT CJJJlKllTb nttcpcpy3HOHIIOC npmrn_KH0llCHllC KaK 0TJJ;eJJbllhIX BaKaHCllli, Tai{ ll ,uecpeK­

TOB 3a npeneJJhl o6JJaCTH MaKCHMaJJbl!0f0 .zi;ecpeI{Too6pa30Ra!IH/I. QqeBH,!(HO, 'ITO 3T0 M0llleT 

HMCTb MeCTO B ycJJ0BllJIX BhJC0K0I'0 YP0BI!/1 110Hll3a[(l!ll.ll JI0KaJJbJJ0f0 Harpeea l<pHCTa.1.111•1e­

CKOli pellleTKH. K comaJICHHIO, C,UeJiaTb onHo3Ha'!llhlli Bh!6op B II0JJb3Y on11oro ll3 /IRYX 3TllX 

eapHaHTOB He upencTaBJIJICTC/1 B03M0JKIIJ,JM, II0CK0JJbKY JIIOMHHCCl(Clll(ll/1 l(CIITpa, conep111a-

mero HMI1JJa1rrnpoea1111hlli Hlll<CJih, ne Ha6JJ10naJiach. , ... 

B ;1.aHHOli pa6oTC Tal{)KC 6h!JJO H3yqcHO npocrpaHCTllCIIII0<' pacnpeneJJCllllP ll3M<'IH'IIII/I 

IllHpllHhl CllHl'JICTH0li JIHHllll ilU llOIIHO-MO/.lllqJH[lllpOBa\11(bIX crpy1nyp 110 rny6HII<' 06,1y•Il'II­

HOI'O CJIOJI B aJIMa3e, 0TOlHJHCIIII0M /.10 1400 °C. Ilocl{OJlbl{Y ll!!MCll!'llll<'.lllllplllll,1 JIIIIIIIII •1y­

BCTBHTCJJhHO I{ B3aHMoneiiCTBlllO IIU [6), TO OHO C00TllCTCTBycT II ll:lMCIICHll[O l{0llll<'IITpa[lllll 

IIIJ:. CJJ·cli.oeaTeJlbJJO, ll3J'ICHHC npo!pHJI/1 pacnpeneJJCilll/1 lllllpllllbl Jil!Hllll B .na11110M c,1y•iae 

IIBJI/leTC/1. MeronoM ,um1 H3y'!e111111. pacnpene11eH1111. HoHl(eHTpa[(HII I IU no rny6HIH'. 06;1y'!PH­

noro CJI0/1. MaHCHMYM IIJJ0TH0CTll 3Tl!X MO,UllqlllllllPOBilllllblX crpy1<Typ, 06pa:101lallllh1X B 

npo[(ecce, o6Jiy'leHH/I tt fl0CJIC,QJIOU(ero 0TJUllra, HaX0,UllTC/1 Ila rny6m1e 27,7 MHM (puc·.5). 

3TO coenanaeT c TeopeTH•1ecKHM pac•1eToM eentt•mHhI Rp (TRIM-90) H coorneTcTH)'<'T 06-

JJaCTH MaKCHM_aJILHoro necpc1noo6pa3ollaH1111 B npoqrnJJc 1w11rpoe !{JI. O;u1ami 311a•1<'IIH<' 

pa36poca npoCHTllBllbIX npo6erclll, II0Jl)"!Clll!OC 11:1 /(a1111oro pacnpeJ(('Jl('llll/1, paHH/l('TCII 

4,8 MKM, 'ITO 3Ha'IJITeilbHO: npeH0CX0/.lllT TC0pCTll'IPCHllli pac•[CT ( I ,:ls MHM ). Iltt/(110 TaHllH'. •no 

npocpHJJh pacnpeneJJCJlllJI H0Hl(CIITJJa[lllll III~ acHMMCTJlll'l<'II ll llM('('T '/\Ila ''xllOCTa", 0/(HII 

ll3 ROTOJ>hIX paCJJJJOCTpa1111cTCJ1 na rny6m1y KpllcTaJJJia /10 50 MKM, a ltpyroli - Ii II0H<'JJXII0-

CTll. ~1Tll oco6cn11ocT11 M0}l{l[O 061,11cnttTh, IIpllll/lll H pac•I<~T :~cjHjlf'HTM ll0llll0l'O Ha11a1111po-

1la1rn11 110 TJ>Cl{aM, qrny1nya[lll/lMH :1ap11,1oeoro C0C:T0/llllj/1 Holla [17,11'] ll 0CTilll0lllill •iacn1 

5 



x550 

A 

B 

a 
x550 

2000 30,00 4000 5000 

6 

3300 3320 3340 · 3360 

H, re· 

Pnc.l. lfacTh crreKTpa 8ITP anMa:ia, o6nyqeHHoro noHaMH Ni c 3Heprnell: 335 M3B: · 

a)' q>JIIOeHC 5 • 1014 CM-2, qaCTOTa CBq·IIOJIH- 9390,05 Mru, 'laCTOTa MO.ZJYJIJII{llll.:... 

25 icfu, Mannrruoe none · . Ho napannem,lio IIJIOCICOCTII o6paJua [110); 6) • qimoeHc 5 • 10
13 

CM-
2

, 

qacTOTa CBq~noJIH.....:. 9317611 Mru, qacTOTa MO,!JJ'JIHI{llll-100 Kru, MarHHTHOe none Ho 
neprreH,umymIpHO IIJIOCKOCTll o6pa:ina [100) 
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Pnc.2. 3aBllCllMOCTh nmpHHhl CllHrneTHOll: JlllHllll aJIMa.3a, llMIIJiaHTllpOBaHHOro llOHaMll_ 

Ni c 3Heprnell: 335 M3B, oT Te~rrepaTypLI OTJKHra 
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Pnc.3. 3aancHMOCTh HHTeHCHBHOCTH RJl~eHTpoB B anMa:ie THna la, nMnJiaHTHpoaaH_HOM 

llOHaMll HllReJIJI C 3Heprnell: 335 M3B npll qimoeHce 5 ., 1014 CM-
2
, OT TeMnepaTypLI OTllUira: . 

a) 1- 503,2 HM, 2-575 HM, 3-638 HM; 6)1 1-A-nonoca;2-389 HM, 3-707 HM, 4-717 HM 
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Pnc.4. Pacrrpe.n;enemre no rny6nHe aJIMa3a, nMIIJiaHTnpoeaHHoro nonaMn Ni c :rneprnell 

335 MaB rrpn cpmoeHce 5 • 1014 CM- 2 n OTOJKJKeHHoro .n;o TeMrrepaTyphl 1400 °C, IIHTeHcn­

eii:ocTn 6eccpOHOHHhlX nnnnll neHTpoB KJI: a)· 1- 503,2 HM, 2- A-rronoca; 6) 1- 415 nM,2-. 

638 HM,t .. 3- 575 HMj B) 1- A-IIOJIOCa, 2- 389 HM, 3- 707 HM_, 4- 717 HM 
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HOHOB Ha nyTH ceoero TOpMOJKeHIIII, o6ycJIOBJieHHOll HX ynpyrHMH coy.n;apeHHJIMH c aTOMaMn 

KpHcTaJIJia aJIMa3a. Cne.n;yeT TaKJKC Hl\leTb B BHJJ.Y B03MOJKHOe ll3MeneHHe cpopMhl IlpO!pHJI/1 

KoHneHTpanHH ITU H3-3a BJIHJIHHJI TpeKoB na HX nepepacnpe.n;eJieHHe B nponecce TepMil'Ie-

cKol! o6pa6oTKH. · · 

4. BhlBO)];hl 

8ITP-HCCJIC,D;OBaimn MOHOKpHCTaJIJIOB ·aJIMa3a, H,MIIJiaHTHpOBaHHhlX HOHal\lH Ni C 3Heprnel! 

335 MaB IIOKa3aJIH, 'ITO TaKoe BhlCOK03HepreTII'IHOC HOHHOC o6JiyqeHHe IlpHBOJJ,IIT K cpopMH­

poBaHHlO Tpenono.n;o6111,1x 0/J,IIOMCpllhlX HeTeTpaa.npHqecnHX CTpyKTyp. 

npH OTJKHre o6nyqeHHhlX _o6pa3UOB o6HapyJKeHbl cyll(eCTBCHHhle HeMOHOTOl!Hble H3MeHe-. 

Illl/1 urnpHHhl CHHrJieTHOll JIHIIHH 8 nP. 8TH oco6e1111ocTH 06'bJICIIJ!lOTCJI B. paMnax MO,UCJIH. 

llO.IIBHlKHLIX nBa3HqacTHI\ COOTBCTCTBYlOll(HX nu. Tana/I. MO,UeJib, B O~JIHqHe OT MO.UeJIH 

o6opBaIIHhlX CBJl3ell, II03BOJIJ!eT o6'bJICIIHTb H3MCIICIIHJI 111Hp111Ihl JIHHHII nan CJieJJ,CTBHe Bhl­

conoll qyBCTBl!TCJib!IOCTH rrapaMCTpOB nu I{ nepeCTpoline onpyJKalOll(HJC .aT?MOB (JJ.BHJKeHHC 

Bana11cHli u T.JJ..) ll3-3a 60Jib111oro pacnpe.nene11un eo;1111oaoll qiy11nn11u naa311qacT11n H 11x 

JJ.Bl!)!{el!~/1 B,UOJib acell JJ,JIHllhl, 1\10,Ullq>HUIIPOBal!HOli CTpynTyphl. 

vlccne.noaa11un 06nyqe1111oll Bhlcono311epreTHqHhlMU uonaMu 1111neJJJI o6nacTn aJIMa3a Me­

To.n;aMII 8ITP II KJI nona3anu, qrn ona npe.n;CTaBJIHeT co6oll CJIO)!(Hym MHorocnoltnym .ne­

q>eKTHYlO CTpy1nypy. MaHCHMYM npoq>HJI/1 pacnpe,neJICHll/1 nu, COOTBCTCTBYIO!l(IIX MO.Ull­

q>UUUpOBallllhlM CTpynTypaM, coena.n;aeT c .o6nacThlO Manc11MaJibHoro .neq>e1noo6pa3oea1mn 

B KJI H cooTBCTCTByeT Bhlq11cneH110My c ITOMOll(hlO TRIM-90 MancnMyMy noTepb aneprnH 

Ha n.nepHoe TOpMOJKCHIIC. Han11q11e neHTpOB KJI rny6JKe o6JiaCTII MaHCIIMaJibHOro .ueqien- . 

T006pa30BaHIIJI, TaHJKC nan aCHMMCTp!!H IlpOq>IIJI/1 nu B rny61111y RpUCTaJIJia, MOryT 6b!Tb 

CBJI3allhl C TpeROBhlM RaHaJI!!pOBaHl!CM. "XaocT" l{OIIUC!!Tpan1111 nu I{ Il~Bepx11ocTU onpe.ue­

JIJICTC/1 OCTaHoBnoli qacTH 1101108 na nyTII CBOe~o TOpMCl)!{Cl!HJI, o6ycJIOBJICIIHOli HX ynpyrHMII 

coy.n;apeHl!JIMII C aTOMaMI! Rp!!CTaJIJia. aJIMa3a; 
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fi\Y6UHA, MKM 

P11c.5. fipocTpaHCTBCHIIOC pacnpe,D;CJICIIIIC ROIII\CHTpan1111 nu MOJJ,llqJl!UllpOBaHHhlX 

CTpyRTYP B aJIMa3e, 111\IIIJiaHTllpOBaHHOM np11 q>mocnce 5 •. l014 CM- 2 II 3aTeM OTO)!{JKCIIIIOM 

.llO TCMIICpaTyphl 1400 °C 

9 



JIHTEPATYPA 

1. B.C.Bapl!'IeHKo, A.IO . .ll,11.n;i,rn, A.M.3al!ueB 11 .n.p. ITperrpl!HT OH.HM Pl4-88-44, 
.ll,y6Ha, 1988. 
2. V.S.Varichenko, A.M.Zaitsev, A.A.Melnikov et.al. Nucl. Instr. and Meth. in Phys. 
Res., B94, 1994, p.259. 
3. V.S.Varichenko, A.M.Zaitsev, J.K.N.Lindner et.al. Nucl. Instr. and Meth. in Phys. 
Res., B94, 1994, p.240. 
4. B.C.Bap11qeHKo, A.M.3anueB, A.A.MeJihHIIKOB H .n.p. CBepxTBep,n.b!e MaTepttam,1, Nl, 
1989, c.3. 
5. R. Spohr.' Ion Tracks and Microtechnology. Principles and Applications, Vieweg Ver-
lag, Braunschweig, 1990. , · 
6: D.P.Erchak, V.G.Efimov, A.M.Zaitsev et.al. Nucl. Instr. and Meth. in Phys. Res., 
B69, 1992, p.443 
7. A.Yu.Didyk, W.R.Fahrner, Th.Fries'et.al. Preprint of the·JINR El4-94-366, Dubna, 
1994: 
8. L.T. Chadderton, D. Fink, H.J. Moeckel et.al. Rad. Eff. and Def. in Solids, 127, 1993, 
p.163. 
9. D.Fink, L.T.Chadderton, F.Hosoi et.al. Nucl. Instr.· and Meth. in Phys. Res., B91, 
1994, p.146 . 
10. G.D. Watkins, J.A. Corbett.' Phys. Rev., 134A, 1964, p.1359. 
11. M. Mehring, P. H~fer, H. Kass, A. Grupp. Europhys. Lett., 6, 1988, p.463. 
12. N:Yamamoto, J.C.H.Spence,' D.Fathy. Philos.Mag., 49; 1984, p.609. 
13. A.M. 3anueB, A:A. rttnnii:yc, B:C: BaBHJIOB. <I>TIT, 16, 1982, c.397. 
14.' V.S. Varichenko, A.M.· Zaitsev; V.F. Stelrriakh. Phys. Stat. Sol.(a), 95, 1986, p.K25. 
15. · A.T.Collins, S.C.Lawson. J.Phys.C., 1, 1989, p:6929. 
16. G. Davies, M.F. Hamer. Proc.R.Soc., London; 'A348, 1976, p.285. 
17. A.M.Zaitsev, S.A.Fedotov, A.A.Melnikov et al. Nucl. Instr. and Meth. in Phys. 
Res., B82, 1993, p.421. . 
18. A.F.Burenkov, F.F.Komarov, S.A.Fedotov. N_ucl.Instr.arid Meth. in Rhys. Res., B67, 
19~2, p.30. 

/' 
f, 

' r 
\· 
i'.' 

', 
j·,' 
I'• 
1,-

~ 1 •: . 

Bapi1,ie11Ko' B'.C. 11 up. , . 
3ITP II KaTOJl()JIIOMlllleCue11uirn necpeKTOB B .UIMa3e, 
0611yqeu110M II0llaMII '1111Kem1 C :rnepnieii 335 MJB' 

Pl4-95-180 

MeTona~~11· 3ITP II Kan,no11mM1111ecue11m111. 1ny,1e110 necpeKrno6pa30Ba1111e 
B 11p11pon110~1 ,UIMa3e; 06J1y,1e1111mi 11011aM111111KeJrn c Ji1epri1eii 335 MJB, B 111nep­
Bai1e '!l03 5- J0 12 - 5· JO 14 CM-2. floKa3allO, 'ITO TaK0e BblCOKOJllepreT11'IHOe 'im1111oe 
0611y,1~1111e np11iiowrr K cpop~111p0Ba111110 ~io;i11cp11u11p0Ba1111b1x TpeKon~)JJ.0611b1x 0~110-

. Mep11i,1x cTpyK-ryp c 11e-reTpaJ!lp11'1ecKoii Koopm111aw1eii a-rmHrn: ITp11ponaCBY-11po­
Bc1n11Moc·1·11 B Mo.ri11cp11~11p<rnm111blX c-rpyKTypax 06J1y'lel11lblX 106pa3UOB '96cy)l-;naen:ll 
B paMKax J10nem1 II0!lBlf)l-;l(hlX KBa311'laCTIIU coorneTCTBYIOLIUIX 11apaMan11rrnblX 
µe11Tp()B.' Oco6e1111ocni '~ac11penene111rn KOIIUCll'rpau1111 '11apaMantl1TllblX .uefrrpoB, 

. C0OTBeTcrnym11u1x '11011110-MOllllcpllUllpOBallllhlM CTp,YKTypaM, II ue1npoB KaT0!lO­
J1iOM11llec'ue11u1111' HO rnyforne 06J1y,1e1111oro 'cmrn, ofrbllClllllllTCll, TpeK0BhlM Ka­
,mu111poB,U1l1eM II oc;rn11bBKoii '.lllCTII im110B ua 11yrn cB·o~ro n1pMO)l-;e111rn; 06yc.r10B-
11e1i11oii IIX y11pyrnM11.coynape1;llllMII ~ aniMa~iu KpllC'IWIJla ,Ul~ta3a~· . ,, 

• ,·' • ' . ' ' _I :· 

' ' Pa6cmi Bhlll0Jllle11a B Jla6oparnp1111 ll!lepllhlX peaKUllii II~~- r.H:<l>.11epom1 0115Il1. 
' '.''., ,,', '. ,, ,• ' ' I' 
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Coo6u1ei111e 06bcw111c1111oro IIIICTIITyra,-llJlCpllb~X IICl:1Ci!OllalflliL Jly611a. 1995 

flepeilO!l aBT0p0B •· 

Varichenko V.S. et al.. . . , , . . . P 14-95~ I 80 
EPR. and CathodoiuminesJence of befeJts ' ' ' ' ,, ' 

'in Dia1nond Irradiated_by Nuckel Ions with En~rgy of335 MeV •, ,: ; 
•,.' .' c..:/ ,,••,.,_,,_'.,, , •,,, , ', •,i I::•','•, '.,,, ', 

, 'Defect production inrnitiiral diamond irradiated by 335' MeY Ni' ions 
i,ithin a dose range' of 5-10 12 ~ 5-!0 14 cm-2, has beeri' ~tudied by EPR 
and. cathodoluminescence technique/>_' it' is; show~ the high' eneigy ion irradiati<1n 
leads.: to the: appearance of m.odified track '. like one-di111erisiomil . structures 

. with nontetrahedral coordination of atoms. A i11echanism of 111icrowave conductivity 
:in modified strnctures of im1diated samples'discussed in fomie l)f a model of nrnbile 
quasi~particles of_corresponding parain'agnetic;centres •. ,Pe~uli,1r1ties of concentr;llion 
di~tributiohs · of paramagnetic centres corresponding · t(1; ion-inodified structures 
and, cathodoluminescence . centre~ . thn1ugh'· the · irradbied layer arc 'connccteil. 
w_ith track channeling and stopped of a p,irt of ions b~c'ausc of their elastic co His ions.·· 
with lattice at~)ln's dtiring:ion stopping. ' ' . ' ' I . 

. \ . 

The invesiigation has been performed' at the Fleniv Llborat(1ry 'oLNt1clcar 
.Reactions, JINR. ·1 ' · · , · • · 
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