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1. BBEJ(EHHE 

lIHTepec K BhICOKoaHepreTU"IHoii noHHOH nMrrrraHTaQnn (BIIH) orrpe;a;emreTc.H rrep

crreKTHBHOCThIO llCIIOJih30BaHUJI aToro MeTo;a;a B MUKpoarreKTpOHHOH TexHorrornn [1]. 
IIpenMy1.1.1ecTBo BHH □aKJIIO"IaeTc.H, rrpe)K;a;e Bcero, B BO□MO)KHOCTn BBe;a;emrn rrernpy-

101.1.1:ax rrpnMeceii Ha 60JibWUe rrry6nHhI, "ITO Il03BOJIJleT yMeHbWUTb UJIU llCKJIIO"IllTh 

;a;imTeJihHyro TepMoo6pa6oTKY, Tpe6yeMyro ;a;rr.H ;a;m;pqiy□noHHoro rrernpoBaHn.H o6'beMa 

rronyrrpoBo;a;HnKa. KpoMe Toro, llCIIOJib30BaHne UOHOB BhICOKUX aHeprnii o6ycrrOBJIUBaeT, 

B03MO)KHOCTb co□;a;aHUJI CKphIThIX rrpoBo;a;.HI.I.IUX nnn ll30JIUpyro1.1.1nx cnoeB, llCIIOJib3YJI 

oco6eHHOCTn rrpuMeCHhIX rrpoqinneii, q>opMnpyeMhIX B rrpoQecce TaKoro o6rry"IeHn.H. II 

HaKOHeQ, BHH Il03BOJIJleT peWUTb p.!I;a; rrpUHQUilllaJibHhIX BOIIpOCOB, Heo6xo;a;nMhIX ;a;rr.H 

yaeJIU'IeHUJI CTeIIeHn mITerpaQnn n co□;a;aHHJI TpexMepHhIX llHTerpaJib:(lhIX MUKpocxeM. 

K HaCTOJll.l.leMy BpeMeHn B pe□yJibTaTe PipOBe;a;eHHhIX nccne;a;oBaHllli y)Ke ycTaHO

BJieHo, 'ITO pocT aHeprnn UOHOB o6ycnOBJIUBaeT He TOJibKO KOJIU"IeCTBeHHhie ll3MeHe

HHJI rrapaMeTpOB llOHHO-llMIIJiaHTUpoBaHHOro CJIOJI (HarrpnMep, 6onee rrry6oKyro JIOKa

JIH3aQUIO llOHHo-nernpoBaHHOro CJIO.H), HO TaK)Ke Ka"IeCTBeHHhie ll3MeHeHUJI ;a;eq>eKTHO

rrpnMeCHOH cTpyKTYPhI Bcero o6ny"IeHimro crro.H [2-9]. C"!nTaeTc.H, "ITO rnaBHhie rrpn

"IUHhI pa□nn'Inii Me)K;a;y BHH (aueprn.H oKorro 1 MaB/a.e.M. n 6orree) n uoHHoii_ nMrrrraH

TaQneii c o6bI"IHhIMll aueprmIMll (;a;ec.HTKU n COTHU KaB) 3aKJIIO"IaIOTCJI B Ka"IeCTBeHHO 

llHhIX MeXaHU3Max B□anMo;a;eiicTBUJI Me)K;a;y BhICOKOaHepreTU"IHhIMll UOHaMn ll aTOMaMU 

MnweHU. 8To orrpe;a;errJieT, rrpe)K;a;e Bcero, crreQnq>nKy o6pa□oBaHnJI pa;a;naQUOHHhIX ;a;e

q>eKTOB, nx B□anMo;a;eiicTBUJI, a TaK)Ke oco6eHHOCTn rrpocTpaHCTBeHHoro pacrrpe;a;erre

HHJI KaK ;a;eq>eKTOB, TaK n llMIIJiaHTnpoBaHHOH rrpnMecn. 

Han6onee aKTYaJihHhIMU nccne;a;oBaHnJIMU B o6rracTn BHH J1BJIJ1IOTCJ1 Te, KoTophie 

rrpoae;a;eHhI Ha KpeMHnn. 8To CBJl□aHo, rrpe)K;a;e Bcero, c rrepcrreKTUBoii rrpaKTU"IecKoro 

HCIIOJib30BaHUJI pe□yJibTaTOB :lTUX pa6oT. KpoMe Toro, rrony'IeHHhie pe□yJihTaThI MO)KHO 

cpaBHHBaTb c xopowo ll□BeCTHhIMll ;a;aHHhIMll IIO ;a;eq>eKTOo6pa□oBaHllIO rrpn 'noHHOli 

HMIIJiaHTaQllll c o6hI"IHhIMll aHeprn.HMll. 

B HaCTOJll.l.leii pa6oTe nccrre;a;oBaHn.H KpeMHU.H, rro;a;aepruyToro BhICOKoaHepreTn"I

HOMY UOHHOMY o6rry"IeHUIO, rrpo;a;OJI)KaIOTCJI Ha rrpnMepe llMIIJiaHTaQUll UOHOB HUKeJIJI c 

aueprneii 6 MaB c QeJihIQ rrony"IeHH.!I _;a;arrhHeiiweii nHq>OpMaQnn 06 oco6eHHOCTJIX ;a;e

qieKToo6pa□oBaHn.H rrpn llMIIJiaHTaQHU UOHOB BhICOKUX aHeprnii. Bh!6op MeTo;a;a 8IIP 

;a;nJI nccrre;a;oBaHUH o6ycJIOBJIUBaeTCJI TeM, "ITO 8IIP JIB1IJleTCJI o;a;HUM Im Han6orree 'IY

BCTBUTeJibHhIX ll MQI.I.IHhIX MeTo;a;oB ;a;n.H n□y"IeHUJI KpncTaJI1IU"IeCKOH peweTKll ll ee U3-

MeHeHIIli IIOCJie BBe;a;eHIIJI ;a;eq>eKTOB, a TOM "IIICJie n c IIOMOl.l.lbIO IIOHHoro o6rry"Iemia. 

KpoMe Toro, 6oJibWOe KOJIII"IeCTBO 8IIP - QeHTpoB, o6ycrroBJieHHhIX KaK TO'Ie"IHhIMII 

geqieKTaMn, TaK n aMopq>HOH q>a□ oii, y)Ke ngeHTIIq>IIQllpOBaHhI B KpeMHUU. 8To cy1.1.1e

CTBeHHO o6ner"!aeT □a;a;a"Iy UHTeprrpeTaQun pe□yrrhTaToB, rrorry"!aeMhIX rrpu uccrre;a;oBa

Hnu KpeMHUJI, rro;a;BeprHyToro BHH. Hcrronh□oBaHue HaCTOJll.l.lero. MeTo;a;a rro□aonJieT 

Ha OCHOBaHUU wnpuHhI, q>OpMhI, llHTeHCUBHOCTll ll aHU30Tporruu rrapaMeTpOB JIUHUH 

8IIP [10] TaK)Ke ycTaHaBJIUBaTb rrpupo;a;y HOBhIX geqieKTOB, 06pa□yro1.1.1nxcJ1 B pe□yrrh
TaTe o6ny"IeHUJI KpeMHUJI. 

B rrpoQecce 06cy)K;a;euHJ1 pe□yJihTaThI 8IIP-nccrre;a;0Bauuii KpeMmrn, o6rry"IeHHoro 

IIOHaMII BhICOKUX aHeprnii, COIIOCTaBJIJIIOTCJI C peoyrrhTaTaMII, rrorry"IeHHhIMII rrpu II□Me

peHIIII KOaq>q>UQUeHTa OIITU"IeCKoro OTpa)KeHUJI Ha aTUX )Ke o6pa□Qax [11]. BenII"IIIHa 



OIITlI'IeCKli µ;eTeKTlipyeMoro IIOBpe,Kµ;eHWI S orrpeµ;emmacb KaK lI:JMeHeH11e KO:Jq>q>lIIllI
eHTa OIITlI'IeCKoro oTpa,Kemur R/Rc, HOpM11poBaHHOe Ha BemI'IllHY HaCbII.U;eHlIH R;a/Rc 
(Re - Koacpcp11nneHT OTpa,KeHWI HerroBpe,Kµ;eHHOro KplICTaJillll'IecKoro KpeMHllH): 

S = (6R/Rc) / (R;a/Rc). 

B COOTBeTCTBlilI c µ;aHHbIM orrpeµ;erreHlieM S = 0 11 S = 1 OilllCbIBaIOT HerroBpe,Kµ;eHHOe 

KprtcTaJilllI'IeCKOe lI IIOlIHOCTb!O aMOpq>Hoe COCTOHHWI COOTBeTCTBeHHO. 
TaKoe cpaBHeHne rrorry'IeHHbIX peayrrbTaTOB rrpeµ;cTaBJIHeTCH µ;ocTaTO'IHO lIHTepe

CHhIM ll lIHq>OpMaTlIBHbIM, IlOCKOllbKY ll3MeHeHlie Koacpcpnn11eHTa OTpa,KeHWI onpeµ;errH
eTCH IllIOTHOCTb!O pa3lllI'1HbIX Blip;OB µ;eq>eKTOB, '!aCTb KOTOpbIX He o6rraµ;aeT napaMa
rHeTlI3MOM, a crreµ;oBaTellbHO, :ii:e MO,KeT perlICTpnpoBaTbCH C IlOMOI.U;b!O 8IIP. 

2. 8KCIIEPIIME_HT AJihHAH METO.IJ:lIKA 

. O6paanbI KpeMHlIH n-TlIIIa c oplieHTailliell (111} 11 yµ;errbHbIM corrpOTlIBlleHlieM B µ;n

anaaoHe 85-110 OM•CM 6bIJilI HMilllaHTnpoBaHbI lIOHaMll° 68 Ni2+ c aHeprneii: 6 MaB B 
llHTepBane cprr10eHCOB OT 5·1012 µ;o 2·1017 CM-2 nplI TeMnepaTypax MlillieHll OT 125 µ;o 

450 K. lIMilllaHTailWI np0Boµ;11rracb Ha ycKop11Terre yHnBepc11TeTa r.BoxyMa (repMa
HWI ). lIMnrraHTlipOBaHHbie o6pa3Ilbl KpeMHlIH lICCllep;OBaJillCb IlplI KOMHaTHOll TeMne
paType MeToµ;oM 8IIP B X-µ;nanaaoHe Ha cneKTpoMeTpe "Radiopan" . .IJ:irn KOHTporrx 
µ;o6poTHOCTll 11 TO'IHOll HaCTpORKll q>a:JbI 100 Krn Moµ;ylIHillilI MarHlITHoro IlOlIH lIC
IlOllb30BaJICH ClirHalI OT llOHOB Cr3+ :)TaJIOHHoro o6paana py611Ha, Haxoµ;mnerocH B pe-
30HaTope BMeCTe C lICCJieµ;yeMbIM,o6paanoM. TepMlI'IeCKlill OT)Kllr lIMIIllaHTlipOBaHHbIX 
o6paanoB npoBoµ;nrrcx Ha Boaµ;yxe B lIHTepBarre TeMnepaTyp 50 - 600°C B Te'1eH11e 15 

MlIHYT npn Ka)Kµ;OM 3Ha'1eHlilI TeMrrepaTypbI. 

3. PE3YJihTAThI II OBCY)K.IJ:EHIIE 

IlpoBeµ;eHHbie lICCJieµ;oBaHlIH c IlOMO!Ilb~ MeToµ;a 8IIP IlOKa:JaJill cyrnecTBeHHOe BllllH

Hlle TeMrrepaTypbI noµ;rro,KKlI lI cprr10eHca o6rry'1eHlIH Ha nponecc µ;ecpeKToo6paaoBaHHH. 
TaK, B crreKTpax 8IIP - o6paanoB, lIMIIllaHTlipoBaHHbIX np11 450 K, Ha6rr10µ;a10TCH paa
lIH'IHbie napaMarHlITHbie neHTpbI TO'Ie'IHbIX µ;ecpeKTOB, IIHTb ll3 KOTOpbIX 6billlI nµ;eH

Tllq>lIIlllPOBaHbI (pnc.la). TaK, neHTp Si-A4 rrpeµ;cTaBrrHeT co6oii: nrraHapHbin (110) 
TpexBaKaHClIOHHbill KllaCTep ( CillIH s = 1/2, ClIMMeTplIH C2v) npeµ;II0lI0)KllTCllbH0 B 
OTpnnaTeJibH0M aapxµ;oBoM cocToHHlilI [12]; Si-Pl -: HenrraHapHbin nHTlIBaKaHclioHHbin 
KJiaCTep ( CillIH S=l/2, ClIMMeTplIH C1h) B 0Tp11naTellbHOM aapxµ;oBOM C0CTOHHllll .[13]; 
Si-P3 - rrrraHapHM (110} TeTpaBaKaHClIH B HenTpaJibHOM aapxµ;oB0M cocT0HHllll [13]; 
a TaK)KC Si-A6 [12] 11 Si-B2 [14], aT0MHM CTPYKTypa KOT0pbIX erne He ycTaHoBrreHa. 
Bee nepe'IlIClleHHbie IlCHTpbI paHee y)Ke Ha6rr10µ;anlICb B crreKTpax 8IIP HenTpOHHO -
o6rry'1eHHOro KpCMHllH, a B lI0HH0 - o6rry'1eHHOM KpeMHlllI TaKlie neHTpbI, KaK Si-A4 11 
Si-A6, aaperncTp11poBaHbI. BrrepBbre. Ilpn µ;aHHoii: TeMnepaType nMnrraHTan1111 ( 450 K) 
Si-Pl, Si-A4 11 Si-A6 crreµ;yeT paccMaTplIBaTb KaK nepBlI'IHbie µ;ecpeKTbI, TaK KaK µ;rrx 
lIX o6pa30BaHHH Tpe6yeTCH 0T)Klir o6rry'1eHHbIX o6pa3Il0B KpCMHlIH nplI TeMrrepaType 
6orree 400 K [15]. KpoMe Toro, B CIICKTpax 8IIP aaperncTplip0BaHbI lllIHlilI NCl 11 
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NC2, o6yenoBneHHhle To'Ie'IHhIMII rrapaMarHIITHhIMII ~eHTpaMu HemrneeTHOH rrpupop;hl. 

8Tu JIIIHIIII o6nap;aIOT aHI!:JOTporrueii wupI!Hhl u IIHTeHeI!BHOeTu, 'ITO,B rrpIIHUUIIe,rro

:JBOlllleT yeTaHOBI!Tb IIX aTOMHYIO eTpJKTYPY, HO :JTO y)Ke BhIXO)l;IIT 3a paMKII p;aHHbIX 

uecnep;oBaHuii. 

B erreKTpax 8IIP - 06pa:1uoB, o6ny'IeHHhIX rrpu TeMrrepaType 350 K, rrpaKTII'IeeKu 

y2Ke HeBO:JMO)KHO pa3lIIl'IRTb eurHanhl OT pa3lIIl'IHhIX rrapaMarHIITHhIX ~eHTpOB Benep;

eTBI!e ywupeHII.H eooTBeTeTBYIO~IIX UM JIIIHIIH u IIX rrepeKphITII.H. 3p;eeb Ha6nIOp;aeTe.H 

xapaKTepHa.H E - JIIIHR.H [16] e aHil:JOTpOIIHhIMII wupuHOH II q>opMoii. Bo:JHIIKHOBem1e 

E - JIIIHIIII YKa:Jh!BaeT Ha Ha'IanO q>opMupoBaHI!.H eIIllbHO pa:1yrrop.H)J;O'IeHHhIX (Ho Bee 

e~e He aMopq>HhIX) o6naeTeii, B KOTOphIX TO'Ie'IHhle p;eq>eKThl Tep.HIOT eBOII IIH)l;IIBII)J;y

aJibHhle eBoiieTBa Il:J-:Ja IIX B:JaUMO)J;eHeTBR.H. ,Il;n.H epaBHeHR.H Heo6XO)l;IIMO OTMeTI!Tb, 

'ITO B 06pa:1~ax KpeMHII.H, o6ny'IeHHhIX rrpu :JTOH TeMrrepaType, OIITI!'IeeKI! p;eTeKTII-.. 
pyeMoe rroBpe,Kp;eHue p;oeTuraeT :JHa'IeHR.H 0.13 B MaKeuMyMe ero paerrpep;eneHII.H rro 

rny6uHe o6ny'IeHHOro erro.H u )J;O:JOBa.H :JaBI!eI!MOeTb BeJII!'IIIHbl OIITU'IeeKI! p;eTeKTIIpy

eMoro rroBpe,Kp;eHII.H S Ha :JTOH rny6uHe rrepexop;uT II:J ey6nuHeiiHoii B eyrrepnuHeii:Hy10 

[li]. 
Ilocne IIMrrrraHTauuu 06pa:1~0B KpeMHR.H rrpu 300 K B erreKTpax 8IIP Ha6n10p;aeTrn 

euHrneTHa.H JIIIHII.H e Il:JOTpOIIHhIM g- q>aKTOpOM 2.0059±0.0002 u ena6o aHI!:JOTpOIIHOll 

WI!pI!HOH (.6.H = 6 re rrpu HI! (111) u .6.H = 5._5 re rrpu HII (110) ), eBugeTeJibeTBYIO~a.H 

0 q>opMI!pOBaHIIII aMOpq>HOH (pa:Jhl. ,Il;anbHeii:wee yMeHbWeHue TeMrrepaTyphl IIMIIJiaHTil

pyeMoro KpeMHII.H p;o 210 K u p;anee )J;O 125 K rrpIIBO)J;IIT K BO:JHIIKHOBeHI!IO Il:JOTpOIIHOll 

euHrneTHOll JIIIHIIII ( pue.16). 8Ta JIIIHII.H I!MeeT q>opMy, KOTOpa.H OIII!eh!BaeTe.H q>yH

KUUeii: JiopeH~a, g- q>aKTOp 2.0055±0.0002, WI!pIIHY .6.H = 5 re u o6yenOBJieHa rra

paMarHIITHhIMII ~eHTpaMI! B aMopq>HOM KpeMHIIII. 

Ha pue.2 )J;ll.H q>nIOeHea IIMIIJiaHTauuu IIOHOB HI!KeJI.H 2·1014 eM-2 epaBHI!BaeTe.H :Ja

BI!eI!MOeTb o6~eii: KOHUeHTpa~u rrapaMarHIITHhIX ueHTpOB Nnu OT TeMrrepaTyphl IIM

IIllaHTIIpyeMOH IIO)J;JIO)KKI! e pe3JllbTaTaMII, rrony'IeHHbIMII rrpu Il:JMepemu1 KO:Jq>q>IIUil

eHTa OIITI!'IeeKoro OTpa)KeHJX.H B MaKeIIMyMe rrpoq>Ull.H p;eq>eKTOB. ,Il;aHHhle KpI!Bbie OTpa

)KaJOT q>aKTI!'IeeKI! 0q>q>eKTIIBHOeTb BBep;eHI!.H p;eq>eKTOB B KpeMHI!lll o6ny'IaeMhlll rrpu 

pa3HhIX TeMrrepaTypax. Bup;Ho, 'ITO ey~eeTByeT Koppen.H~II.H Me,Kp;y 0TIIMII )J;BJM.H KpI!

BbIMII B o6naeTI! TeMrrepaTyp 125-210 K, rp;e rro p;aHHhIM 8IIP uoHHa.H IIMrrnaHTaUR.H 

IIpI!BO)J;IIT K eIIJIOWHOll aMopq>u:J~IIII. Cnep;yeT OTMeTI!Tb, 'ITO )J;ll.H TeMrrepaTyp rrop;

JIOlKKI! 125 u 210 K BeJIU'IIIHa OIITI!'IeeKU p;eTeKTIIpyeMoro IIOBpelK)J;eHI!.H S 6onbwe :JHa

'IeHI!.H 0.1 BO BeeM enoe, o6n:y'IeHHOM BhleOK00HepreTI!'IHhIMII IIOHaMu HI!KeJI.H (11]. Ilpu 

TeMrrepaTypax, Ha'II!Ha.H e 300 K u Bh!We, o6~a.H KOHUeHTp~R.H rrapaMarHIITHhIX ~eH

TpOB yMeHbWaeTe.H ena6ee, 'IeM BeJII!'IIIHa s. 8To eBI!)J;.eTeJibeTBJeT O TOM, 'ITO MeTO)J; 

8IIP o6nap;aeT BhleOKOH 'IyBeTBI!TeJibHOeTbIO K HaJII!'IUIO rrapaMarHIITHhIX p;eq>eKTOB, 

o6yenoBJieHHhIX KaK aMopq>HOH q>a:Joii, TaK u TO'Ie'IHhIMII p;eq>eKTaMII, B TO BpeM.H KaK 

MeTO)J; Il:JMepeHI!.H K00q>q>uuueHTa OIITU'IeeKoro OTpa,KeHR.H Hau6onee 'IJBeTBI!TeneH K 

aMopq>Hoii q>a:Je. 

Ha pue.3 rrpep;eTaBneHa )J;030Ba.H :JaBUeI!MOeTb KOHUeHTp~I!II rrapaMarHIITHhIX ueH

TPOB N=, eo:1p;aHHhIX B KpeMHIIII rrpu TeMrrepaType IIMrrnaHTauuu 400 K. CpaBHe

Hue ee e BeJIIl'IIIHOll IIOBpe,Kp;eHI!ll s, Il:JMepeHHOll OIITI!'IeeKI!M MeTO)l;OM B MaKeuMyMe 

rrpoq>un.H p;eq>eKTOB, rrpu 0Toii ,Ke TeMrrepaType IIMrrnaHTauuu rroKa:JbIBaeT xopowee 

eOOTBeTeTBI!e MelKp;y HIIMII B 'rrpep;enax q>nIOeHeOB 5 • 1012 
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llbIX µ:o::3ax (MeHee 1013 CM-2
) KOHUeHTpan1rn µ:ecpeKTOB (KaK ITapaMarHlITHbIX, TaK lI 

OITTlI'leCKlI µ:eTeKTHpyeMbIX) pacTeT ITpoITopnuoHarrbHO cpmoeHcy, '!TO COOTBeTCTByeT 

o6paaoBaHlIIO 11 HaKOITlleHlIIO :JlleMeHTapHb!X µ;ecpeKTOB B ITpeµ:errax OT)J;ellbHbIX, HeB3a

lIMOµ:eiicTBYIOIUlIX KaCKaµ:oB CTOlJKHOBeH11ii. C poCTOM cprrroeHca, Ha'!lIHM C 5 -1013 11 

BITlJOTb p:o 5·1015 CM-2, B )J;030BOll 3aBlIClIMOCTlI KOHUeHTpanu11 ITapaMarHlITHb!X neH

TpoB, TaK :iKe KaK lI 3Ha'!eHlrn BelllI'llIHbl OITTlI'!eCKoro ITOBpe:iKµ;eHlIH S, Ha6rrroµ;aeTCH 

ITO'ITl1 roplI30HTa.'IbHOe ITllaTO. HarrH'!lie TaKoro ITllaTo o6ycrroBlllIBaeTCH )J;OMlIHHpyro

ll!lIMlI ITponeccaMlI peKOM6HHan1m TO'!e'!HbIX µ;ecpeKTOB ITO cpaBHeHlIIO c ITponeccaMlI 

o6paaoBaHlIH KrracTepoB TO'!e'!Hb!X µ;ecpeKTOB. He6orrhwoii :iKe HaKlJOH MO:iKeT 6b!Tb 

o6~HCHeH pOCTOM KOHUeHTpanuu µ;ecpeKTOB lI3-3a pacwupeHlIH lIOHHO-o6rry'!eHHOro 

ClIOH c pOCTOM cpnroeHca. O'1eBII)J;HO, '!TO peKOM6IrnanuH TO'Ie'!Hb!X µ;ecpeKTOB 11MeeT 

MeCTO He TOllbKO B ITpeµ;enax lIH)J;lIBlI)J;JallbHbIX lIOHHbIX TpeKOB. Ilpu TaKlIX cprrroeH

cax lIMITl!aHTanuu cpeµ;Hee paCCTOHHlie Me:iKµ;y TpeKaMlI yMeHbWaeTCH µ;o 1.5-2 HM. A 

Ha TaKOM pacCTOHHlil1 y:iKe CTaHOBlITCH B03MO)KH0ll peKOM6IrnanuH Me)K)J;Y µ;ecpeKTaMlI 

113 coceµ;HlIX TpeKOB,· '!TO lI ITp11BO)J;lIT K )J;allhHeiiweMy yMeHbWeHl1IO CKOpOCTlI 11X Ha

KOITl!eHlIH. KaK CBHµ;eTel!bCT~YIOT pe3JllbTaTbl pa60Tbl [11), rp:e ITp11BO)J;HTCH !J;030Bble 

3aBlIClIMOCTlI Bel!lI'llIHbl s )J;lIH paaHbIX TeMITepaTyp 11MITl!aHTanuu, :JTO oco6eHHO 3a

MeTHO ITPH TeMITepaTypax 6onee 350 K. Ilpu MeHhWlIX TeMITepaTypax HMITrraHTanuu 

(125, 210, 300 lI 350 K) TaKoe ITl!aTO B )J;030BOll 3aBl1ClIMOCTl1 BelllI'lllHbl OITTlI'!eCKoro 

ITOBpe:iKµ:emrn s ITpaKTlI'!eCKlI OTCJTCTBOBalJO. HaKOITl!eHue paµ;11an110HHbIX µ;ecpeKTOB B 

:JTOM crry'!ae lIMel!O ITpaKTl1'!eCKlI mrneiiHblll xapaKTep 11 ITplIBO)J;lil!O K ITOl!HOll aMop

cp1manuu 3a C'!eT o6pa30BaHl1H Kl!aCTepoB TO'!e'!Hb!X µ;ecpeKTOB 11 pocTa aMopq>Hb!X 

o6rracTeii y:iKe ITp11 cprrroeHce 1014 cM- 2
. Ha'!HHM c cpnroeHca 5·1015 , B cITeKTpax 8ITP 

IT_OHBl!HeTCH ClirHarr OT ITapaMarHlITHbIX neHTpOB, o6ycnoBJieHHbIX aMopcpu3anueii. Ilp11 

:JTOM C poCTOM cpnroeHca lIHTeHClIBHOCTb :JToro ClirHana, TaK )Ke KaK H 3HatJeHHe Bel!H

'llIHbl s, pe3KO B03pacTaeT lI BbIXO)J;lIT Ha HaCbll.UeHue y:iKe ITp11 cpnroeHce 3· 1016 CM-2 . 

Bee :JTO CBHµ;eTel!bCTByeT O pocTe KOlllI'!eCTBa aMopq>HbIX o6nacTeii lI cpopMHpOBaHlilI 

aMopcpHoii cpaabI B o6ny'leHHOM lIOHaMlI HlIKel!H crroe. Ifo puc. 3 BlI)J;HO, '!TO ITOHBl!eHJie 

curHarra 8 ITP, cBuµ;eTe_l!hCTBJI01Uee o Ha'!arre ITponecca aMopcpu3anuu, cooTBeTCTByeT 

3Ha'!eHlIIO Bel!lI'llIHbl s, paBHOll 0.1. .IJ:nH cpaBHeHlIH CTOlIT OTMeTlITh, '!TO ClirHal!, 

CBH3aHHblll C aMopcpHoii cpaaoii, µ;eTeKTlipOBalJCH c ITOMOIUh!O :Jl!eKTpOHHoro µ;ucppaK

TOMeTpa Ha o6pannax KpeMHlIH, l!Merowux B penynhTaTe l1MITl!aHTanm1 lIOHOB Au C 

:JHepr11eii 5 M:JB [17] CTeITeHb OITTlI'!eCKoro ITOBpe:iKµ;eHlIH s, paBHYIO 0.23. 

lfo )J;030BOll 3aBlICIIMOCTlI CJMMapHoii KOHI.~eHTpanuu ITapaMarHlITHbIX neHTpOB Nnu 
TaK:iKe BlI)J;HO, '!TO aMopcplmanuH He ITplIBO)J;lIT K ee )J;OITOl!HlITel!bHOMY pocTy (puc.3). 

8To onHa'!aeT, 'ITO B ITponecce TpaHccpopManuu KpeMHHH, coµ;ep:iKawero B penynhTaTe 

lIOHHOro o6rry'leH11H rnaBHhIM o6paaoM TO'le'IHble µ;ecpeKTbl u Kl!acTepbI TO'!e'IHbIX µ;e

cpeKTOB, B KpeMHHii, coµ;ep:iKalUIIll aMopq>Hbie o6naCTlI, o6wee 'llICl!O HeCITapeHHbIX :Jl!eK

TpOHOB OCTaeTCH ITplI6l!lI311Tel!bHO oµ;uHaKOBbIM, T.e. KOlllI'!eCTBO HeCITapeHHbIX :Jl!eK

TpOHOB B TO'!e'!HbIX µ;ecpeKTaX paBHO KOl!lI'!eCTBY HeCITapeHHblX :JrreKTpOHOB aMopcpHoii 

cpaabI. TaKM oco6eHHOCTb µ;ecpeKToo6paaoBaHlIH ITpeµ;cTaBJIHeTCH BeCbMa lIHTepecHoii 

u Tpe6yeT )J;allbHeiiwux uccneµ;oBaHlill B :JTOM HaITpaBJieHlilI )J;l!H OITpeµ;eneHHH, HBl!HeTCH 

lllI OHa o6weii naKOHOMepHOCTb!O BI:II:I lI 6yµ;eT l!lI lIMeTb MeCTO ITplI lICITOllb30BaHlill 

lI0HOB paal!lI'!HbIX Mace lI :JHepruii. Ilo KpaiiHeii Mepe, :JTO HBl!HeTCH CITpaBep;lllIBbIM )J;l!H 

paccMaTplIBaeMoro Cl!J'IM lIMITl!aHTanuu lIOHOB HlIKel!H c :JHeprueii 6 M:JB. 
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Heo6xoµ;HMO OTMeTlITh, '!TO B )J;030BOll 3aBlIClIMOCTlI KOHUeHTpan= ITapaMarHlIT

HbIX neHTpOB TOl!bKO aMopcpHoii cpaabl B lIHTepBarre cpnroeHCOB OT !>·1015 µ;o 5•1016 CM-2 B 

OTlllI'!lie OT cyMMapHoii KOHUeHTp~lI ITapaMarHlITHbIX neHTpOB Ha6nroµ;aroTCH 3Ha'!lI

Tel!bHbie lI3MeHeHIIH, COCTaBl!H!Oll!lie ITplIMepHO ITOpH)J;OK BelllI'llIHbl. Ilpu6l!lI3lITel!bHO 

TaK )Ke ll3MeHHeTCH B µ;aHHOM lIHTepBarre lI BelllI'llIHa OITTlI'!eCKlI µ;eTeKTHpyeMoro ITO

Bpe:iKµ;eHlIH S. 8To CBHµ;eTel!bCTBYeT O ITpaKTlI'!eCKlI O)J;lIHaKOBOll 'IJBCTBlITel!bHOCTlI 

:JTlIX MeTO)J;OB K CTPYKTYPHbIM ITepecTpoiiKaM, ITPOlICXO)J;Hll!lIM B KplICTalll!ll'!eCKOll pe

weTKe ITplI o6ny'!eHlilI B yKaaaHHOM lIHTepB~e qmroeHCOB. 

l:InBeCTHo, '!TO conµ;aHHble B ITponecce lIOHHoro o6ny'leHHH paµ;uanuoHHble µ;ecpeKTbl 

OT:iKHraIOTCH ITplI paal!lI'!HbIX TeMITepaTypax, KOTOpble 3aBIICHT OT TlIITa KOHKpeTHOro 

µ;ecpeKTa. TaK, B pa6oTe [18] OT:iKlir paµ;uanuoHHbIX µ;ecpeKTOB B KpeMHlilI, o6ny'!eHHOM 

lIOHaMlI HIIKel!H c :JHeprueii 6 M:JB, uccneµ;0BalJCH peHTreHoµ;ucppaKUlI~HI!bIM MeTO)J;OM, 

KOHTponupyIOIUIIM ll3MeHeHIIe ITOCTOHHHOll peweTKlI ~a. BbilIO ITOKaaaHo, '!TO KplIBM 

BOCCTaHOBlleHlIH ITepuoµ;a peweTKlI ~a lIMeeT µ;Ba xapaKTepHbIX TeMITepaTypHbIX lIH

TepBarra 350-550 K u 650-850 K. AHarroru'!Hoe ITOBep;eHue ITplI OT:iKure Ha6nroµ;anocb u 

)J;l!H KpeMHlIH, lIMITl!aHTlipOBaHHpro lIOHaMH, lIMeIOIUlIMlI :JHepruro KlilJO:Jl!eKTpOHBOllbTO

BOro µ;uaITaaOHa [19]. 8To CBII)J;eTel!bCTBYeT O TOM, '!TO pHµ; paµ;uanuoHHbIX µ;ecpeKTOB 

B6lJlI3lI ITOBepXHOCTlI KpeMHlIH, lIMITl!aHTlipOBaHHOro BbICOKO:JHepreTlI'!HbIMlI lIOHaMlI 

HlIKenH,He ClillbHO OTlllI'!aeTCH OT µ;ecpeKTOB, o6paaoBaHHbIX HlI3KO:JHepreTlI'!HbIMlI lIO

HaMlI B o6naCTlI MaKCHMyMa Hµ;epHoro TOpMO:iKeHlIH. 8To MO:iKeT CBlI)J;eTel!bCTBOBaTb 

0 TOM, '!TO B ITponecce lIMITl!aHTan= lIOHaMlI HlIKel!H C :JHeprueii 6 M:JB B KpeMHlill 

µ;a:iKe B ITplIITOBepXHOCTHOll o6naCTlI, rµ;e )J;OMlIHHpyeT :Jl!eKTpOHHOe TOpMo:iKeHue, 06-

paaoBaHue µ;ecpeKTOB CKopee o6ycnOBlleHO Hp;epHbIM TOpMo:iKeHlieM, '!eM :Jl!eKTpOHHbIM. 

06 :JTOM )Ke CBHp;eTellhCTByeT ITOHBl!eHue ITapaMarHIITHbIX neHTpOB aMopcpHoii cpaabI B 

KpeMHl1lI, o6ny'!eHHOM p;o cpnroeHca 2·1014 CM-2 ITPlI TeMITepaType 300 K. B ITpOTlI

BOITOlJO)KHOCTb :JTOMY lICITOl!b30BaHHe ITPlI lIMITl!aHTanlilI 60l!bWlIX 3Ha'!eHuii · :JHepruu 

li:OHOB, KaK, HaITplIMep, B cny'!ae lIMITl!aHTanlilI lIOHOB HlIKel!H c :JHeprueii 335 M:JB [20], 

He ITplIBO)J;lIT K ITOHBl!eHlIIO aMopq>HbIX o6nacTeii B KpeMHlilI, o6ny'!eHHOM µ;o TaKoro :iKe 

cpnroeHca. Ilpu lIMITJiaHTanuu HOHOB 6opa c :JHeprueii 13.6 M:JB [21] cITl!Oll!HM aMop

cpunanuH He ITPOlICXO)J;lIT BO BCeM lI3J'!eHHOM lIHTepBarre cpnroeHCOB 1013 - 2·1015 CM-2 • 

B :JTOM Cl!J'!ae 3aperlICTplipOBaHO lllIWb Ha'!alJO ITponecca aMOpq>H3anun, 06JClIOBl!lI

BaI01Uee ITOHBJieHue B cITeKTpax 8ITP. E - l!lIHlilI [16]. Bee :JTO CBup;eTel!hCTByeT o 

TOM, '!TO ITplI BMI:I, Korµ;a :Jl!eKTpOHHble ITOTepH )J;OMirnupyroT Haµ; Hp;epHbIMH, B cny'!ae 

lICITOllb30BaHHH :JHeprHii MeHee 1 M:JB/a.e.M. BKl!ap; Hp;epHbIX ITOTepb B ITponecc µ;ecpeK

T006pa30BaHHH Bee ewe )J;OCTaTO'IHO Bel!HK ITO cpaBHeHlIIO C lIOHHbIM o6ny'!eHHeM C 

:JHeprueii 6onee 1 M:JB/a.e.M., ITPH KOTopoM ITpoHcxop;HT IToµ;aBneHHe ITponecca aMop

q>Hnanuu • .IJ:eiicTBHTel!bHO, TeopeTH'!eCKHe pac'!eTbl, ITpOBep;eHHble C lICITOllb30BaHlieM 

ITporpaMMbl TRIM-90, ITOKa.3bIBaIOT, '!TO TOllhKO 81.5 % :JHepreTH'!ecKux ITOTepb HOHOB 

HHKel!H, lIMeIOIUlIX Ha'!allbHYIO :JHeprHIO 6 M:JB, TpaTHTCH Ha lIOHH3aUlIIO peweTKH lI 

3TH :JlleKTpOHHble ITOTepH )J;OMlIHHpyroT Hap; Hp;epHbIMH Ha 60l!hWeii ITOl!OBHHe ITpoeKTlI

BHoro ITpo6era HOHOB, paBHoro 3.05 MKM. Oµ;HaKO TaKOll ypoBeHb :Jl!eKTpOHHbIX ITOTepb 

Heµ;ocTaTO'IHO BbICOK )J;l!H ITOp;aBJieHIIH ITponecca aMopcpmJanHH, KaK :JTO HMeeT MeCTO 

ITPH o6ny'!eHHH lIOHaMH c :JHeprHeii 6onee 1 M:JB/a.e.M., Korµ;a :Jl!eKTpOHHble ITOTepH 

CO(,TaBl!HIOT ITpaKTH'!eCKH 99 % OT cyMMapHbIX ITOTepb :JHeprHH. 
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·BoccTa.HOBrremxe rrep1Ioµ;a peweTKlI rrpll TeMrrepaTypax 350-650 K 06'b.llCIDieTC11 oT

)KllrOM p;lIBaKa.HCllli (19], a B o6rracTlI 650-850 K - µ;OMlIHlIPYIOilllIM OT)KllrQM IIOlllIBa

Ka.HClIOHHbIX KOMIIlleKCOB (22]. KaK 6blll0 IIOKa:Ja.HO paHee (11,18], rrpaKTll'IeCKlI IIOllHOe 

OTCYTCTBlle HaKOIIlleHll.11 µ;eq>eKTOB c pocTOM qlllIOeHCa o6rry'IeHlI.II, perlICTpllpyeMoe rrpn 

TeMrrepaType MUilleHlI 400 K, TaK)Ke Ha6rr10µ;aeTC11 lI rrpll 6orree BblCOKlIX TeMrrepaTy

pax. 8To CBnµ;eTellhCTByeT O Hallll'Illll rrpouecca aHHllrllll.lllllllI paµ;llaulIOHHbIX µ;eq>eK

TOB, BBO.I(UMl,JX nptt UOHHOH ttMWiaHTaunu. J,faseCTHO, '!TO yJKe npu TCMneparype 350 K 
npottCXO.I(HT OTJKttr CTa6ttJJbHblX MCJK.I(Oy3eJJbHblX KOMWICKCOB [23]. B pa6oTe [19] 
6blll0 TaK)Ke ycTa.HOBlleHo, 'ITO KOHUeHTpaull.11 3TlIX KOMIIileKCOB cpaBHlIMa C KOHUeH

Tpau1Ieii: rrpeBarrllpyIOilllIX, ycTOli'IlIBblX µ;eq>eKTOB BaKa.HClIOHHOro TlIIIa - µ;lIBaKaHCllli. 

ThKlIM o6paaoM, BIIOllHe Bepo.11TH0, 'ITO rrpll TeMrrepaTypax 6orree 350 K rrpoueccbl a.H

Hllrllll.llUlllI c BaKa.HClIOHHblMlI µ;eq>eKTaMlI (µ;lIBaKaHClI.!!MlI) o6ycrroBlllIBaIOTC11 lIMeHHO 

Me)Kµ;oy:JellhHbIMlI KOMIIlleKCaMlI. 

B µ;aHHOli _pa6oTe : llccrreµ;oBallc.s:! TaK)Ke lI30XpOHHblli OT)Kllr rrapaMarHlITHblX ueH

TpOB aMOp!pHOH .. ipa3hi B KpeMHtttt, o6nyqeHHOM ttOHaMtt HttKeJJJI .1(0 <pmoettca 2 . 10 14 CM - 2 

npu TeMnepaType 125 K. Ilpe.I(CTaBJJeHHaJI Ha puc.4 KpttBaJI xapaKTeptta Mll 0T-

)K1Ira napaMarHlITHblX ueHTpOB aMopq>HbIX o6rracTeii: B lIOHHo-o6rry'IeHHOM KpeMHlllI lI 

B aMopq>HbIX rrrreHKax (24,25]. YcrroBHO µ;amiy10 KplIBYIO MO)KHO paaµ;errlITb Ha µ;Ba TeM

nepaTypHbIX lIHTepBarra: 350-550 lI 750:._900 K. C'IlITaeTc.11, '!To B nepBoM lIHTepBarre 

rrpolICXOp;lIT OT)Kllr 1morr1IpoBaHHbIX o6rracTeii aMopq>HOli qla:JbI llllll )Ke OT)KllraIOTC.11 

µ;eq>eKTbl Ha rpaHlIUe aMopq>Hblli crroii:/KplICTaJill, B TO BpeM.11 KaK BO BTOpOM lIHTepBarre 

y)Ke OT)KllraeTC.!I CIIllOillHOli aMopq>Hblli crroii:. IIplI 3TOM µ;eq>eKTbl, q>opMlIPYIOilllleC.!I B 

rrpouecce OT)Kllra B rrepBOM TeMrrepaTypHOM lIHTepBarre, rrpeµ;cTaBll.llIOT co6oii: B <>CHO

BHOM µ;eq>eKTbl BaKaHClIOHHOro lI Me)Kµ;oy:JellbHOrO Tllrra, KOTOpble o6rraµ;aIOT BblCOKOii: 

rrop;BlI)KHOCTbIO. 8To lI o6ycrroB~lIBaeT lIX B:JalIMOµ;eii:cTBlle c OCTallbHbIMlI CTa61Illb

HbIMlI µ;eq>eKTaMlI, lIMeIOWlIMlI 6orree Bb!COKYIO TeMrrepaTypy OT)Kllra. B rrpouecce Ta

KOro B:JalIMoµ;eii:cTBll.11 rrpolICXOp;lIT rrepecTpoii:Ka 3TlIX µ;eq>eKTOB, 'ITO IIplIBOµ;lIT K lIX 

µ;arrbHeii:weMy pacnaµ;y. 

KaK lI:JBeCTHO, B µ;eq>eKTHOli CTPYKType KpeMHlI.!I, rroµ;BeprHyToro KaK0My-rr1I60 pa

p;llaulIOHHOMy BO:Jµ;e:ii:cTBlIIO, C Te'IeHlleM 'BpeMeHlI IIpOlICXOp;.!IT CTpJKTYPHble lI:JMeHe

HlI.11 He TOllbKO rrpll IIOBblilleHHblX TeMrrepaTypax, a µ;a)Ke lI IIplI KOMHaTHOli. 8To B 

:JHa'IlITellbHOii: CTerreHlI o6ycrrOBlllIBaeT KOHe'IHOCTb cpoKa pa60TOCIIOC06HOCTlI norry

rrpoBOgHlIKOBbIX IIp1I6opoB (µ;llogoB, TpaH3lICTOpOB lI T.g.). B HacTO.IIWeii: pa6oTe 6blll 

1IccrregoBaH rrpouecc caMoOT)Kllra rrpll 300 K B Te'!eHlle 48 MernueB rrapaMarHlITHhIX 

ueHTpOB, co:JgaHHbIX BbICOK0:3HepreTlI'IHbIMlI lIOHaMlI HlIKell.!I. Ha pllc.5 lI:J06pa)KeHa :Ja

BlIClIMOCTb aqiq>eKTlIBHOCTlI caMOOT)Kllra K,<1><1> OT TeMrrepaTypbI lIMIIlla.HTaulllI. BerrlI

'IlIHa K,<1><1> rrpeµ;cTaBll.!IeT co6oii: OTHOilleHlle KOHUeHTpau= rrapaMarHlITHbIX ueHTpoB, 

CO:Jga.HHblX lIOHHOli lIMIIllaHTaUlleii:, K KOHUeHTpaUlllI OTlIX )Ke ueHl'pOB B o6rry'IeHHblX 

o6paauax rrocrre ux xpa.HeHlI.11 B Te'IeHne 48 Mec.1111eB rrpll KOMHaTHo:ii: TeMrrepaType. 

BllgHo, 'ITO Ha1I6orree ocpq>eKTlIBHO caMOOT)Kllr rrpoxoµ;lIT B o6paauax KpeMHU.!I, lIMe

IOWUX MaKClIMallbHOe paayrrop.11go'IeH1Ie KpnCTalllllI'IecKOli peweTKlI, lI IIpO.!IBll.lleTC.!I B 

peKplICTallllU:JaUlllI aMopq>HbIX o6rracTeii:. TaK, HaIIplIMep, KOHUeHTpaulI.11 rrapaMarHlIT

HbIX ueHTpOB B o6paaue, lIMIIlla.HTllpOBaHHOM rrpll 125 K, yMeHhillllllaCb B 3.4 paaa. C 

poCTOM TeMrrepaTypbl lIMIIllaHTllpyeMoro KpeMHlI.!I CTeIIeHb aMopq>lI:JaUllll yMeHbilla

eTC.11 ll, KaK yKa:JblBallOCb Bblille, IIplI TeMrrepaType 400 K CllrHarr, CBllgeTellbCTBYIOilllIR 

0 Hallll'Illll aMOpqJHOli q>aabl, IIOllHOCTbIO lIC'Ie:JaeT. BllgHo, 'ITO rrpll 3TOM CHlI)KaeTC.11 
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Pttc.5. 3aBHCHMOCTb JcjlcjleKTHBHOCTH CaMOOTlKHra K>4>4i 061Ueil KOHUCHTJ)aUHH 

napaMarHHTHbJX UCHTpOB PaJIHaUHOHHblX ACcjJCKTOB OT TeMnepaTypbl o6nyqaCMblX 

o6pa3UOB KpCMHHR. TeMnepaTypa CaMOOTlKHra • 300 K, epeMR - 48 MCCRUCB. 
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TaKJKe acpq>eKTllBHOCTb npou;ecca caMOOTlKllra. 8To npllBOAllT K TOMY, 'ITO KOHD;eH
Tpaum1 TO'le'lHhlX napaMarHJiTHhIX ueHTpos B KpeMHHH, HMnJlaHTHposaHHOM npH 
450 K, yMeHbwaeTCll TOJlbKO s _1.4 paJa. TaKOii xapaKTep HJMeHeHHll KOHUeHTpauim na

paMarHllTHbIX u;eHTpOB B pe:JyllbTaTe caMOOTlKllra MOlKeT 6bITb o6'bJICHeH TeM, 'ITO 
3TOT npou;ecc AOMllHnpyeT, npelKAe BCero, B CllllbHO pa:1ynopJIAO'IeHHbIX o6nacTJIX, JIB
:IJIJOll.lllXCJI aMopq>HbIMll. B TO )Ke BpeMJI TO'Ie'!Hble Aeq>eKTbI, 06JiaAaJI B onpeAelleHHOll 
CTeneHll CTPYKTypHbIM ynopJIAO'IeHlleM, IlOABepraJOTCJI CaMOOTlKllry npn KOMHaTHOll 
TeMnepaType B :JHa'IllTellbHO MeHblliell CTeneHll. 

4. 3AKJII0"9:EHHE 

MeTOAOM 8IIP 6blllll ll:JY'IeHbl paAnaD;llOHHbie Aeq>eKTbI B KpeMHllll, llMTIJiaHTllpO
BaHHOM noHaMn 68Ni c aHeprueu 6 MaB B Anana:10He cprr10eHCOB o6rry'IeHnJI 5 • 1012 

-

2·1017 CM-2 npn pa3llll'IHbIX TeMnepaTypax MllllieHll. ,UaHHbie 8IIP cpaBHllBaJil!Cb C 
;.aHHbIMll, norry'IeHHbIMll MeToAaMll ll:JMepeHl!JI Koacpcpnu;neHTa OilTll'IeCKOro OTpalKe
HllJI ll peHTreHOBCKOll Allq>paKD;llll. ,UrrJI o6pa3D;OB C MaJiblMII AO.JaMll II TeMnepaTypou 

HMnnaHTaUHH 450 K 6hlnH 'uneun11puuuposauL1 napaMarnHTHbie ueuTphl Si-A4, Si-Pl, 
Si-P3, Si-82 u Si-A6; npii'leM ueuTphl Si-A4 u Si-A6 6LIJIH JapemcTpHposaHhl s 
IIOHHo-o6rry'IeHHOM KpeMHllII BnepBbie. ,UrrJI 6orree HII3KllX TeMnepaTyp llMTIJiaHTa[(llll 
cneKTpbI 8IIP noKa:JbIBaJIII HaJIII'IIIe aMopq>HOll q>a:JbI. 

MccrreAOBaHllJI KOHD;eHTpa[(llll napaMarHIITHblX u;eHTpoB B :JaBllCIIMOCTll OT cprr10eHca 
llMTIJiaHTa[(llII IlOKa:JaJIII, 'ITO npII TeMnepaType o6rry'IaeMbIX o6pa3Il;OB, paBHOll 400 K, 
cymecTByeT npoTJilKeHHbill AO.JOBbill IIHTepBan (HnlKe cprr~eHca aMopcpnnao;IIII), B npe
ri;errax KOTOporo o6mee KOllll'!eCTBO napaMarHIITHbIX paAIIau;noHHblX Aeq>eKTOB Nun He 
MeHJieTCJI. Ha OCHOBaHIIII AaHHblX OTlKnra paAIIa[(IIOHHbIX Aeq>eKTOB npeATIOrraraeTCJI, 
'ITO Hll3KaJI CKOpOCTb o6pa:JoBaHIIJI Aeq>eKTOB B npeAellaX :JTOro IIHTepBana onpeAelIJI
eTCJI aHHllrIIJIJID;llell MelKAOY:JellbHbIX KOMillleKCOB ll AllBaKaHCIIll. Berrn'IllHa N nu OCTa
eTcJI nocTOiIHHOH AalKe npn 6orree BbICOKIIX q>nJOeHcax, rAe npoIIcxoAnT aMopq>ll:Ja[(IIJI, 
XOTJI BKJiaA, o6ycrroBJieHHblll napaMarHl!THbIMII u;eHTpaMII aMopq>HbIX o6rracTeii, B03-
pacTaeT TaK lKe, KaK II Berrn'IIIHa OilTII'IecKoro IlOBpelKAeHl!JI s, 'ITO YKa:JbIBaeT Ha 

Bb1c0Ky10 'IYBCTBllTerrbHOCTb MeTOAa 8IIP K cTpyKTYPHbIM nepecTpouKaM, npoIIcXOAJI
ll.lllM B KpllCTaJillll'IeCKOH pellieTKe npII llOHHOM o6rry'IeHllll. 

,UaHHaJI pa6oTa BbmorrHeHa npII q>IIHaHCOBOll TIOAAeplKKe q>OHAa INTAS, rpaHT Ho
Mep "INTAS-94-1982". 
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;_HMnna11rnpoea11110M Ho11a~H 1mi<e.1rn c ii,,eprtteH 6 M~B "· · 

. : . ~ ~ : 
. . ,. . . .·. . ·. ,• .· .· .· .. . . ' ·. ·- 68 .• 

- O6pa3Ubi KpeMHH51 < 111> 6b1Jm: HMl1Jla11rnpoea11b1 H<?llaMH Ni. c :mepr11eii 
6 . f\138: npH. paJJJ;l411blX Tei.inepaTyp·ax . B ~HTepBane _-cpmoe!ICOB . 5 · J012 -

2. 1617cM:...2. LI:~11i11bte.3IlP, ·.ua'mmtte'np51Mble CB~L(e!IH51 o. cymesTl_lYIOUUix T~nax 
.uecpeKT0B, COHOCTaBn5110TC~ C Jl~llllblMl1 no HJMellellHIO _Ko3ci>cfluu11eH'rpa OnTH4ec-
. KOl'O 0Tpa)l(elm51, • o6ycno~eHIIOrO BBe,UellllblMl1 H~nnaHTaU;feii pa,IUta,Ul10llllbl~1H 
~ecpeKTaMH.- B. cneKTpax 3nP lla6J110~alOTCi-nmiim n.siTH pa3nl!4Hb1X,. T04~4ll:blX. 
;:iecpeKTOB/(Si-A4, Si-Pl, Si,-A6, Si~B2, Si-:--P3) :11 c11r11an OT a~10pcp11oro 
MaTep11ana. Pe:iynhTatbi 11ccne.u0Ba11@ 3np cornacylOTc~ C ;:{oJOBOH 11 TeMnepaTyp-

.•- . _, :.. , . . •. . - . . . . . -- ' ~ . 
HOH 3aBHC11MOCT51Ml1 OnTl14eCKl1 .ueTeKTHpyeMblX noape)K.[leHHH H l111Tepnpernpy10TC51 
c 11cnonhJO~aiii.teMMoienu,.a cooTBeTCTBHH c ~tnopoH .ue¢e'KToo6paJoaaime onpe
.uen_51~;c.ii pe~o~6uiiau11di T04e'!llbl~ .uecpe~T~B, o~pinoeamlblX B _npe.uena; 0T,'lenb~ 
llblX ·KaCKa,[lOB CTOnKIIOBelHIH. . 

· ·Pa6oTa BbinoJI11~11ae Jla6opaTOpHH 51,uepHbtX.peaKu11ii 11M.f.H,<!>nepoaa OIUIH .. 
• •. • ., •• • ·, .- , : • - J ~ • ~ •-" ., .~ :. ' . • • 

Coo6iue1rne 06oe)IHHe1111d~o llHCTll'tyra llJtep11ux HCCJJe.uo;;rui11if Jly6;1a, 19% 

nepeao.u aeTopoa · . 

. Varichenko v.s: et- al. .. 1'14-96-230 
Defect Production in Silicon Implan(ed. by. N_ickel Ions 
with Energy of 6 MeV · · · 

.... ·'. 

<111> silicon has b~en implanted with 6 MeV 68 Ni ions'at,v.arioui; temperatures· 

in a flue·n~e range fro~ s·. io12 to 2,.1017 c:m-2.'EPR d~ta givjng direct inf6rma~ion 
about. existing type of detects ·are comparea ~ith._results of measurements or optical 
reflectivi_ty 'change due to ~adiationdefects formed 1b__y ion implantation: EPR lines 
of five different point defects: (Si-A4; Si--'-PI ,' Si-A6~ Si:,...B2, Si-:-P3) 

. and: of: ~~riiorphous( material· are obseryed. Resuits of. EPR· investigations 
are in agre~i:nent _with dose and temperatui'e 4ev.endences. of optically detected . 
damage and iriterpretated using a rriod~I in which a defect production is determined t 
by reco~bination of point defects produced witliin the individual collision cascaqes. 

· · · The i~vestigation h'as be.en. performed at the. Fl~ro.v Laboratory 'of Nuclear 
Reactio~s, JIN.R. _ ,. 
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