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1. BBE,UEHHE 

Coop;amre CBepxpeweTKrr :meMeHTOB c paoMepaMrr HaHop;rranaooHa B 06'1,eMe norry

npoBop;HrrKoB .l!BJIJieTCH aKTyarr1,Heirweir oap;a"Iell COBpeMeHHOll 3/leKTpOHliKli. _HOHHO-

rry'leBaJI TeXHOJIOrrrH p;aeT nprrHI~rrnrraJIJ,HYIO B03MOlKHOCTJ, coop;aHrrH KBa3liO)l;HOMepHhlX 

(KBaorr-lD) TpeKonop;o6HhlX npocTpaHCTBeHHo-ynopHp;o'leHHhlX CTPYKTYP B TBepp;hlx 

Terrax, B TOM 'lliCJie B TaKrrX CBepXTBepghlX MaTeprrarrax, KaK arrMa3 rr Ky6rr'leCKIIll 

HliTPllll 6opa C nonepe'IHhlMli paoMepaMrr oTgeJIJ,Horo lD-3rreMeHTa, ygoBJie;BOpHIO

wero yKa3aHHhlM Tpe6oBa.HliHM. BnepBhle O B03MOlKHOC'l'li coogamrn ynopH/IO'leHHhlX 

KBaorr-lD - cTpyKTYP B cBepxTBepghlx MaTeprrarrax, T.e. o KOHCTPYKTrrBHoir, B CMhlcrre 

coop;aHrrH aTOMHoro ynopHgo'leHrrH, porrrr BhlCOK03HepreTrr'IHhlX rroHoB B nporrecce BOa

rrMogencTBrrH c Be~ecTBoM, coo6warroc1, B pa6oTax [1-5]. TaK, B pa6oTe [l] oco6eHHo

cTrr p;eq>eKT006paooBaHliH nprr BhlCOK03HepreTli'lHOll lIOHHOll liMITJlaHTarrrrrr rroy'laJirrCJ, 

MeTogoM KaTO/IOJlIOMliHecrreHrrrrrr, a B pa6oTe [2] crreghl TpeKOB BhlCOK03HepreTli'lHhlX 

IIOHOB Ha ITOBepXHOCTli aJIMaOa o6HapylKeHhl c ITOMOlllJ,IO CKaHrrpyrowero TYHHeJIJ,HOro 

MIIKpocKona. B pa6oTax [3-5] Ha ocHoBe rroy'leHrrH 8IIP 6hlJIO o6HapylKeHo, "ITO B 

MOHOKpliCTaJIJiax arrMaoa, IIMITJiaHTrrpoBaHHhlX lIOHaMn Megrr li Heomi. C 3Heprneir ~ 
1 M3B/a.e.M., uooTponHhle rrrrHrrrr 8IIP, o6HapylKeHHhle BpoorrycoM, Kop6eTTOM rr 

Bypry3HOM B arrMaoe nocrre Hli3K03HepreTII'IHOH (100 K3B) rrMnJiaHTarrurr [6] rr CBHOhl

BaeMhle c napaMarHliTHhlMli rreHTpaMU (III.J;) o6rracTeir aMop<J>rroarrrrrr [6-8], CTaHOBHTC.ll 



aHII::JOTpOIIHbIMl!. npn :)TOM aHII30TpOIIHbIMl! OKa3aJil!Ch KaK g-q>aKTOp, TaK II OCTaJih

Hbie rrapaMeTpbI, xapaKTepnnyIOll.ll!e ;o;aHHYIO lllIHIIIO, HarrpnMep, nmpnHa DH n CTeIIeHb 

acnMMeTpnn. B pa6oTe [5], a TaK:)Ke B pa6oTax [9-13] 6bIJilI BbICKa□aHbI n;o;en OTHOCl!

TeJibHO rrpnpO)l;bI nu, OTBeTCTBeHHhIX 3a Ha6JIIO)l;aeMbie aHII30TpOIIHbie Cl!HrJieTHbie lll!

HIIII, a llMeHHO rrpe)l;IIOJIO)KeHO, 'ITO IIO)l;Bl!)KHbIMl! nu MoryT 6bITh KBa3l!'laCTlIIIbI TlIIIa 

COlll!TOHOB, aHaJIOrl!'IHbie TOIIOJiorn'leCKlIM COlllITOHaM B TpaHCIIOJIIIarreTUJieHe [14-16]. 

CJie;o;yeT 3aMeTnTh, 'ITO crrerrmpn'IeCKIIii KBa□no;o;HoMepHbiii xapaKTep )l;BlI)KeHirn rra

pa.MarHIITHbIX KBa3lI'laCTIIII B cpe;o;e C aJieKTpOH-aJieKTpOHHbIMlI KoppemrrrmIMlI MO)KeT 

rrpO.!IBJI.!IThC.!I lI B p.!I;o;e ;o;pyrnx qmnn'leCKlIX CBOHCTB II .!IBJieHnii, HarrpnMep, B OTlllI

'IlllI <PYHKIIIIH qiopMbl penoHaHCHOll lllIHl!lI rrapaMarHHTHbIX KBa3lI'laCTIIII OT lI3BeCTHh!X 

qJYHKI!lill qJOpMbI penoHaHCHbIX lllIHHll nu B 3D-CIICTeMaX, TO eCTh qJYHKI!lill raycca. 

JiopeHrra, Jin6o cBepTKII raycca-JiopeHrra. 8KcrrepnMeHTaJihHOe o6Hapy)KeHne ;o;aHHoro 

q>aKTa .!IBlIJIOCh rreJibIO HaCTO.!Ill.leii ·pa6oTbI. 

2. METO,IIJ1KA 8KCnEPMMEHTA 

O6pa3l.lbl Ia npnp0.D.H0ro aJIMa3a HMnJJaHmp0BaJIHCb H0HaMH HHKeJJll C ::rneprnefi 335 M:;iB 

n HHTepnane cpmoeHCOB 5 • 1012 
- 5 · 1014 

CM-
2 

npH TeMnepaType 300 K. l13MepeH1-lll 

GnP rrpoBO)l;IIJIIICh Ha crreKTpoMeTpax 3- caHTHMeTpoBoro ;o;uarranoHa "Radiopan" n 

"Varian-E-Line". ,Ull.!I KOHTpOll.!I ;o;o6poTHOCTl! 6bIJJlI lICIIOllh30BaHbI JIHHIIII crreKTpa 

snP lIOHOB Cr3+ B CTaH;o;apTHOM o6panrre py6nHa, IIOMell.le_HHOM IIOCTO.!IHHO B penoHa

Tope TE102 - crreKTpoMeTpa. npn aToM py6nHOBbiii cTaH;o;apT rroMell.laJJC.!I B penoHaTope 

crreKTpoMeTpa TaKIIM o6panoM, 'IT06b! o6ecrre'IUBaJiacb JIUHellHOCTh OTKlllIKa lIHTeHClI

BHOCTlI I penoHaHCHoro rrorJIOll.leHII.!I yKanaHHOro o6panrra Ha lI3MeHeHue BeJil!'llIHbI Ma

rHHTHOll KOMIIOHeHTbI H 1 non.II CB'9: BO BCeM ;o;uarranoHe MOI11HOcTe11 CB'9:. 0Kananoch, 

'ITO ;o;rr.!I MOll.lHOCTeii CB'9:, ncrrorrh3yeMbIX B crreKTpoMeTpe "Radiopan", panMeI11em1e 

o6panrra B cepe;o;nHe 3a)l;Heii CTeHKH pe3oHaTopa y;o;oBJieTBOp.!IJIO yKa□aHHOMY ycrrOBl!IO. 

cho 6bIJIO IIO)l;TBep)K)l;eHO rrocpe;o;cTBOM perncTparrnu naBIIClIMOCTII l(H1) O)l;HOBpeMeHHO 

ABYX o6pa□IIOB py6nHa - Bbillieyrrm,,rnHyToro n )l;OIIOJIHHTeJibHoro, IIOMell.leHHOro Ha KO

rreH'!aTOM ;o;ep)KaTerre. ,Uep)KaTeJib BCTaBJI.!IJIC.!I B penoHaTop TaKUM o6panoM, 'IT06bI 

KOJieHo, pa□Mep KOTOporo COCTaBJI.!IJI ~ 5 MM, 6bIJIO HarrpaBJieHo B)l;OJih ropn30HTaJib

HOii OCH, _rreprreH)l;HKYJI.!IpHoii IIOCTO.!IHHOMY MarHIITHOMY IIOJIIO H. npn :)TOM )l;OCTl!

ranocb yMeHhwemre aMIIJIIITY)l;hI MarHIITHoii KOMIIOHeHTbI CB'9:-rrorr.!I H 1 B 3.4 pana. 

Hann'!ne JIIIHeiiHoii 3aBlICIIMOCTH (puc.1) Me)K;o;y lIHTeHCl!BHOCT.!IMlI rrorJIOll.leIIll.!I 060-

lIMlI o6panrraMII CBII)l;eTellbCTBYeT O Jil!HellHOCTII OTKJilIKa CTaH;o;apTHoro o6panrra Ha 

l!3MeHeHHe H1. 8To II ;o;ano B03MO)KHOCTh lICIIOJih30BaTb pe30HaHCHbie JilIHlilI o6panrra 

py6nHa ;o;rr.!I Kann6poBKII oTHOCIITeJihHoii Berrn'IIIHbI MarHnTHoii KOMIIOHeHTbI H 1 CB'9:

rrorr.!I, a TaK)Ke ;o;rr.!I TO'!Hoii HacTpoiiKn cpanbI B'9:-Mo;o;yll.!Irrnn. TeM caMbIM 6blrro o6ec

rre'leHo KoppeKTHOe ImMepeHne KplIBbIX HaChlll.leHII.!I lI cpanoMOAYJI.!IIIlIOHHbIX 3aBIICIIMO

CTeii pe30HaHCHbIX cnrHaJIOB B n3y'laeMbIX o6panrrax. 3aMeTHM, 'ITO lICIIOJih30BaHHe B 

rrpoMbIWJieHHbIX crreKTpoMeTpax Kann6poBaHHbIX aTTeHIOaTopoB CB'9:-MOll.lHOCTlI He 

o6ecrre'!llBaeT KOppeKTHbIX lI3MepeHIIli KplIBbIX HaCbill.leHn.!I BCJie)J;CTBlie cyll.leCTBeHHOll 

naBHCIIMOCTll KOacpqinrrueHTa CB.!I3H KaK OT ypoBH.!I CB'9: - MOll.lHOCTlI, TaK II OT 0rreK

TpH'-1eCKlIX xapaKTepnCTlIK HCCJiep;yeMbIX o6panrroB. 

A6cOJIIOTHbie 3Ha'-!eHII.!I acpcpeKTlIBHOll KOHIIeHTparrnn CIIlIHOB orrpep;eJI.!IllllCh rryTeM 

corrocTaBrremrn crreKTpon nccrrep;yeMbIX o6panrron co crreKTpoM Kann6poBaHHoro yrorrh

Horo aTanOHHoro o6panrra. 
·2 

npoqmrrn pacrrpe)J;ClICHil.!I XapaKTCpI!CTl!K nu ITO rrryfome 6b!lII! IIO:I)"'ICHhl C IIO

MOll.lhIO MeTop;a noHHoro pacIIbIJICHII.!I rrpu perncTpamm crreKTpoB GnP rroc:rc Ka)K;:roro 

CH.!IToro crro.!I. MoHHOe pacrrhlrremre rrp0Bo;u1:roch B BaKyyMHOII ycTaHOBKC BYn-4K c 

lICIIOJih30BaHUCM l!OHOB aproHa II KIICJiopo;:ta C 0Heprne11 5 KaB rrpu TOKe 0.1 MKA. B 

yKaJaHH0M pelKHMe CK0p0CTb pacnblJJeHltll o6pa3l.lOB aJJMa3a C0CTaBJJl!Jla OT 0.5 )].0 3 MKMl'I. 

Tonmirna HJy'laeMblX o6pa3UOB K0HTponnposanacb C T0'IH0CTblO 0.3 MKM. 
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lfHTeHClfBHOCTb l1, 0TH. e.u. 

PHc. l. COOTHOllleHHe OTHOCHTenbHbIX HHTeHCHBHOCTeH pe3oHaHCHOro norno111eHm1 nu. 
Cr3+ B CTaH.!(apTHOM o6pa3(le py6HHa (lo) 11 o6pa3(le py611Ha, noMe111eHHOM Ha 

rop1130HTailbHOH OCH TE102 pe3oHaTopa Me)KAY ny,-rnoCTllM11 Marn11THOH 11 

3neKTpw-1ecKofi KOMnoHeHTbI CBll-nonll (11). ~Hana3oH H3MeHeHHll MOlllHOCTH CBll -

0-25 AE 

3. PE3YJibTATbI 

KaK coo6I11aJIOCh n pa6oTC [17], IIMIIJiaHTal.llI.!I B aJIMa3 IIOHOB HIIK<'Jl!I c ;mcprm•ii 

335 MaB rrpnBop;nT K IIO.!IBJieHnIO B crreKTpax GnP crra6oamm<>TponHhIX 1·11Hr:r<'THhIX 

JIHHHii B o6rraCTH g-cpaKTOpOB B6mmn g = 2.0027, COOTBCTC'TBYKlll.ll!X )J;OMJIHIIPYK>ll.llU! 

nu, aHallOrH'-IUh!M Ha6llIO)J;aBWllMC.!I B [3-5], II Ha6opy CpaBHl!TC'JlbHO Ma:IOIIUT<'H<"II

BHbIX, ClIJihHOammoTpOIIHhlX lllIHHii, COOTBCTCTBYKlll.lllX pa111mrr110HHbIM TO'l<"!Hhll\l ;:xc

cpeKTaM J)CWCTKII allMcma. ,Il;OMlIHIIpyKJll.lHC CJia60aHII30TJ>OIIHbie nu C OOlllH"ThKl 11;n1c

HCHII.!I g-cpaKTopa B6rrnnn g = 2.0027 rrpn q>lIK)CHCax 5·10 12 , 5-10 1:1 C'M- 2 rrp<'::ICTilBJICUh! 

ABYM.!I KOMIIOHCHTaMH (ynKoii - I, mnpoKoii - II) B penoHaHCHbIX ('II('KTpax (pnc.l B 

pa6oTe [17]). B penyrrhTaTe nMrrrraHTarrm1 5 • 1014 cM- 2 B crrcKTpax GnP HaorrK>;:xa

nacb O)l;Ha KOMIIOHCHTa, COOTBCTCTBYIOll.la!I )l;OMIIHIIJJYKlll.llIM nu B 06:iaCTJI g = 2.0027. 

lllnpnua yKanaHHoii KOMIIOHCHThl 6bIJia l!30TpOIIHoii. KaK OTl\lC''Ia.'IO("h B [17]. ;:xoanBbI(' 

□aBHCl!MOCTH cyMMapHOil l!HTCHClIBHOCTlI lUIHIIIi l II II )J;OMHHI!pyK>ll.lllX nu II <"T<'II('ffll 

acUMMeTpuu (imunu In II npn q>nKJcHcax 5•1012 , 5·10 13 cM-2 ) .!IBll.lIK>Trn KoppennpoBaH

HhIMH. ,UonoBa!I 3aBl!CHMOCTh .!IBJI.!ICTC.!I cy6mmeiim>ii B IIHTPpB,lJI!' 5·10 12 5·101'1 n,-2 II 

3 



CTaHOBl!TCJI cyrreprrnHei'rnoii B l!HTepBarre q>moeHCOB 5·1013 
- 5·1014 CM- 2

. B TO lKe BpeMJI 

CTeIIeHb aCl!MMeTpllll cymecTBeHHO B03pacTaeT Ha rrepBOM y'laCTKC l!HTCpBarra q>lIIOCH

COB lIMIIJiaHTllpyeMblX llOHOB lI yMeHblllaeTCJI, rrpnBOl:(JI B pe:JyllbTaTe K rrpaKTII'leCKll 

ClIMMCTpll'IHOli llllHlilI, Ha BTopoM y'laCTKe YKa:JaHHOro llHTCpBarra. CrregyeT :JaMeTIITb, 

'ITO Ha gaHHbIX y'laCTKax MeHJieTCJI TaKlKe xapaKTep HaCbill]eHl!JI llllHlIH MI!KpOBOJIHO

BOH MOllJHOCTbIO (pnc.2, 3). ITp11 MaJiblX µ;o:Jax KpIIBbie HaCblllJCH11.i HOCJIT cy6rr11HeHHbII1 

xapaKTep (pnc.2). ITpII'leM xapaKTepHo, 'ITO :JaBIICl!MOCTb l(H1 ) JIBJIJieTCJI aHarroril.:i:

HOH grrJI y:JKOH II rnI1poK011 KOMIIOHCHT (pilc.2). ITpII q>rr10eHce 5-1014 cM-2 KpIIBaJI Ha

Cbill]emrn JIBJIJieTcJI cyrreprrIIHCHHoii, aHarroru'!HO Ha6rr10gaBrneiicJI B [5,13] p;rrJI ~ 1-M;ciB 

I!MmiaHTa.u1111 (puc.3). ITpII 3TOM o6HapylKeHO , 'ITO xapaKTep HaCblll]eHl!JI CllrHarra, 

)lCTCKTllpyeMoro B KBagpaType C IIOJICM MOl:(YlIJIIIllll, JIBJIJICTCH TaKlKC cyrreplll!HCHHbIM 

(puc.3, KpIIBaJI 6). Borree Toro, o6e :JaB11c11MocT11 I(H1) 11 lq(Hi) cooTBCTCTBCHHO µ;rrJI 

CltrHaJIOB, perucTpllpyeMblX B q>a:Je II KBagpaType C IIOJICM MOAYJIJIIIllll, Il)J;CHTll'lHbI, TO 

CCTb MaTeMaTl!'lCCKll MoryT 6bITb OIIl!CaHbl 0/J;HOH II TOH lKC q>yHKIIl!Cll. 

B pe:JyJihTaTe 11:Jy'leHl!JI 1moxpoHHoro OTlKI!ra 6wrra o6HapylKeHa,·KaK coo6marrocb 

B [17], cymecTBCHHO HCMOHOTOHHaJI :JaBI!Cl!MOCTb lllllpl!Hbl CI!HrlICTHOH lll!Hllll c pocTOM 

TCMIIepaTypbl OTlKl!ra (puc.4 B pa6oTe [17]). ITpu 3TOM ll:JMeHCHl!JI lllllpl!HbI OKa:JaJIUCb 

3Ha'IUTCllbHbIMll B OTllll'llle OT BCCX ll3BCCTHbIX ITU C rrry6oKUMll 3HepreTU'leCKUMII 

ypoBHJIMll B :Jarrpell]eHHoii :Jone, B TOM qucrre µ;rrJI ITU, rrapaMarHUTHbIH arreKTpoH KO

Topbrx lIOKaJill:JOBaH Ha o6opBaHHOH CBJI:Jll, HarrpuMep, ITU Si-GS, q>ocq>op-BaKaHCUJI 

B KpeMHUII [18], :JaMeTHbIX ll3MCHCHllll lllllpl!Hbl pe30HaHCHbIX lll!Hllll C TeMrrepaTypoii 

OTlKUra l:(JIJI KOTOpb!X He Ha6rr10µ;aJIOCb. 

HapJIµ;y C gaHHb!MII no II:JY'ICHIIIO rrpoq>IIJIJI pacrrpeµ;erreHUJI lllllpl!HbI lll!Hllll .ti.H, 

TaKlKC coo6maBlllIIMIICJI B pa6oTe [17], l!HTepeCHbIMll rrpeµ;cTaBJIJIIOTCJI µ;aHHbie, rrorry

'IeHHb!e B HaCTOJill]Cll pa6oTe B pC3YllbTaTe IICCJieµ;oBaHIIJI TaKI!X xapaKTepI!CTUK pe:Jo

HaHCHOll lll!Hllll yKa:JaHHhIX ITU, KaK UHTeHCIIBHOCTb I II q>yHKIIUJI q>opMbI npu rrocrroii

HOM CHJITUII o6pa:Jrra, l!MIIJiaHTUpoBaHHOro q>lIIOCHCOM 5·1014 CM- 2 II OTOlKlKCHHOro npII 

TCMIIepaType 1400°C (pIIc.4, 5). KaK BIIll;HO ll3 puc.4, \JaBUCIIMOCTb IIHTCHCIIBHOCTII rra

paMarHUTHoro rrorJIOll]CHIIJI C TOllllJlIHOH yµ;arreHHOro CJIOJI JIBJIJICTCJI HeMOHOTOHHOll. ITpII 

3TOM o6pamaIOT Ha ce6JI BHUMaHIIe µ;Ba yqaCTKa pocTa IIHTeHCIIBHOCTII B l!HTepBarrax 

- 19-27 MKM u 31-34 MKM. XapaKTCpHo, 'ITO MaKCIIMYM l!HTCHCUBHOCTII µ;ocTuraeTCJI 

npu rrocrreµ;onaTeJibHOM yµ;arreHuu crroeB o6pa:Jrra µ;o rrry6IIHbl 27.8 MKM (pIIc.4). 8To 

COOTBCTCTByeT MaKCUMYMY rrpoq>UJIJI pacrrpeµ;erreHUJI lllllpl!Hbl µ;aHHOll lIIIHllll [17], a. 

TaKlKe npoeKI.IH0HH0MY npo6ery H0H0B 27.7 MKM, pacc•utTaHIIOMy cornaCHO TRIM-90. 
OTMCTHM TaKlKe C00TBCTCTBHe MelKJly ,'\0II0JIHHTeJJbHOii cryneHbKOii Ha rny6u11e - 32 MKM, 

npesuwa10meii npoeKTHBHbiii npo6er, s npocpmre pacnpe,'\enemrn wupHHbI rru11uu 

II MaKCUMYMOM Ha 3TOH lKe rrry6uHe B pacrrpeµ;erreHUII IIHTerparrbHOH l!HTCHCIIBHOCTII. 

AHarrU:J q>yHKIIUII q>OpMbl IIOKa:Jarr, 'ITO crreKTpbI rrorJioll]eHI!JI Oill!Cb!BaIOTCJI q>yH

KIIIIeii, crraµ;a10mei'1 Ha KpbilibJIX cymecTBeHHO 6onee Meµ;rreHHO, '!eM q>yHKIIUJI JiopeHrra, 

T.e. q>yHKIIUCH, KOTOpaJI MOlKCT 6bITb Ha:JBaHa cyrreprropeHIICBOll (pIIc.6a). 0:HTepe

CHbIM rrpeµ;cTaBJIJICTCJI II:JMeHeHite q>yHKIIUII cpopMbI IIHTerpallbHOro CllrHarra norrrome

Hlrn rrpu YAaJieHUII CJIOeB IIMIIJiaHTUponaHHOro y'laCTKa o6pa:JIIa (puc.5) . .IJ:o 28 MKM 

npoIICXOll;l!T Herrpepb!BHOC YMCHblllCHIIC OTKlIOHeHUJI q>yHKIIIIU q>opMbI OT rropeHrrenoii. 

B IIHTepnarre 28-31 MKM q>yHKIIIIJI <pop Mb! JIBJIJICTCJI rrpaKTil'ICCKll lIOpCHIICBOH (p11c. 7 a). 

ITpl! )'.laJibHeiirneM CHJITUII CJIOeB OT 31 µ;o 46 MKM rrpOI!CXOll;llT yBeJII!'leHIIe OTKJIOHe-
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H1/H16, oTn. e,u. 

Pttc.2. 3aBttCI-IMOCTb OTHOCttTeJibHOH I-IHTeHCI-IBH0CTl-1 pe30HaHCH0ro nornomeHttl! 

.l{0MI-IHI-IPV!OlUI-IMl-1 nu B o6pa3Ue aJIMa3a, ttMnJiaHTttpoBaHH0ro I-I0HaMtt Ni (335 MaB, 

5. 1013 CM-2) OT aMnJIHTY.l{bl MarHI-ITHOH K0MnoHeHTbl H, cBq-nOJil!: a - Y3Kal! 

K0MTI0HeHTa, 6 - WttpoKa.l! KOMTI0l-leHTa. OTHOCttTeJibHble I-IHTeHCI-IBH0CTl-1 JII-IHI-IH a II 6 
H0pMttpoBaHbl rnirnM o6pa30M, 'IT06hi I-IX 3HatJeHtt.l! nptt H1/H1° = 0.07 C0Bna.l{aJil-1 (H16-
3HatJeHtte H1 npII 0 .1{6) 
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H1/H1°, oTu. e,u. 

Pttc.3. 3aBttCI-IMOCTh OTHOCIITeJihHOH I-IHTeHCI-IBH0CTl-1 pe3oHaHCH0ro nornomeHl-1.l!_' 

.l{0MIIHIIPV!OlUlIMII nu B o6pa3Ue aJIMa3a, I-IMIIJiaHTl-lp0BaHH0rO II0HaMl-1 . HIIKeJI.l! 

335 MsB, 5 . 1014 cM-2): a- nornomeHHe, pemcrpIIpyeMoe B qia3e c nOJieM BbicoioqacToTHOH 

(Bq) 100-Kru · M0.l{yn.11u1111; 6 - norrromeHIIe, perncrpHpyeMoe B KBa,n;RaType c noneM 
Bq 100-Kru · M0.l{YJllJUHH. OTHOCHTeJihHhie HHTeHCHBH0CTH JIHHHH\a II 6 H0pMIIponaHhl 

TaKHM o6pa30M, 'IT06bi HX 3Ha'leHH.l! npH H11H1° = 0.22 C0Bna,naJIH (H1° - 3HatJeHHe H, 
~O~ I . 
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PHc.4. 3aBHCHMOCTb 0TH0CHTeJibHOH HHTerpaJibHOH HHTeHCHBH0CTH pe3oHaHC!:IOr:Q 

nornomeHH.SI OT T0JimHHbl y.[(aJI.SleMOH HMnJiaHTHp0BaHHOH HHKeJieM (335 M3B, 
5. 1014 

CM-
2
) o6JiaCTII B o6pa3ue, 0T0)IOKeHH0M rrptt 1400° C 
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:~ ·= 20~ -4~ 

I 
.Q. c,:I 
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c,:I = 
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IO C. 

~ o,~ 0 
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' 
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' 

30 I ra~ccuau 
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r Jiy6uua, MKM 

PHc.5. 3aBHCHMOCTb napaMe-rpa 6, xapaKTepH3yIOmero 0TKJI0HeHHe cpopMbl 

Ha6JIIO.[(aeMOH JIHHHH OT JIOpeaueBOH, OT TonmHHbl y.[(aJieHHoro CJI0.SI B o6pa3ue, 
HMITJlllHTHp0BaHH0M H0HllMH HHKeJI.SI (335 M3B, 5 .- 1014 cM-2) H 0TOl!OKeHH0M npH 

I 400°C. 6 - aMnJIHTy.[(a 0TKJI0HeHH.SI H0pMHp0BaHHOH Ha e.[(HHHUY npoH3B0.[(HOH 

Ha6JJIO.[(aeMOH pe30HaHCHOH JIHHHH OT nopeHUIIaHa npll 3Ha'leHIIII (Ho-H)/~Hpp = 1.5 

6 
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MarHHTHoe noJJe, re 
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0. 4 
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o.o\. I I_ 
I u I r··- '••·· 

II 

-100.0 -10.0 o.o 50.0 IOO.O 1~r.~1 

MarHHTHoe noJie, oTu.e.a. 

Puc.6. CneKTp 3IIP aJIMaJa, IIMnJiaurnposaHHOro H0HaMII HIIKeJI.si (335 M3B, 

5 • 1014 
cM-

2
) u 0Tm1OKeaaoro np11 1400° C, qacTOrn no~.si CBll - 9537.8 Mru, qacToTa 

MO.UYJISIUIIII - 25 Mru: a) IIHTerpaJibHbIH cneKTp, 6) .umpcpepeHUHaJJbHLIH cneKTp s cnoe 

4.1 - 7 .1 MKM. I - raycc!IaH, II - nopeHUIIaH . 
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MarunTuoe none, re 
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MarunTuoe none, OTH.e.!J.. 

PHc.7. CneKTp 3IIP a.rrMa3a, HMnnauTnpoaaHHoro noHaMH HHKeJI.SI (335 M:aB, 

5 14 -2 o c · 10 CM ) If 0TO)IOKeHHOro npH 1400 , qacTOTa Il0JIH CBq - 9539.5 Mru, qacT0Ta 
M0.!lYJIHUlfll - 25 Mru:. a) HHTerpa.rrbHhlll cneKTP nocJie y,aa.rreHHH o6nyqeHHOro CJI0H 
TOJILQHHOH 29.4 MKM, 6) .ampcpepeHUlfaJibHhlll cneKTp a cnoe 28 - 29.4 MKM. I - rayccnaH, 

II - nopeHUHaH 
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MarunTuoe none, re 
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M3fHUTHOe none, OTH.e,!J,. 

Pnc.8. CrreKTP 3IIP a.rrMaJa, HMIIJiaHrnpoaaHHoro noHaMH HHKeJIH (335 M:aB, 
14 -2 5 • 10 CM ) If 0T0)K)KeHH0f0 npH 1400° C, qacT0Ta II0JIH CBq - 9536.1 Mru, qacT0Ta 

M0.!lYJIHUHH - 25 Mru: a) HHTerpa.rrbHblll crreKTp II0CJie y.aa.rreHHH o6nyqeHHOro CJI0H 
TOJILQlfHOH 46.4 MKM, 6) .ancpcpepeHUHllJ'IbHhlll cneKTP a cnoe 46.4 - 53 .3 MKM. I - rayccHaH, 

II - nopeHUHaH 
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Hl!JI q>yHKD;llll q>opMbI, 0p;HaK0 yMe B llH0M HarrpaBJieHl!ll, a lIMeHH0 B HarrpaBnemm 

rayccOBOH q>yHKD;lll! qiopMbI, K0T0paJI p;0CTl!raeTCJI IIpl! 46.4 MKM (pl!c.Sa). OKa::ianoch, 

'!To p;llq>q>epeHD;l!aJihHhIH crreKTP 8nP, T.e. crreKTp oTp;eJibHoro cnoJI, rrony'leHHhIH B 

pe::iynhTaTe KOMIIhIOTepHOH o6pa6oTKl! yKa::iaHHOH l!HTerpanbHOH ::iaBl!Cl!M0CTl!, o6na

p;aeT aHan0rl!'IHbIMl! CBOHCTBaMll - p;l!q>q>epeHD;l!aJibHbIH crreKTp l!MeeT cyrrepnopeHri;eBy 

<pbpMy Ha Ha'laJJLHOM yqacTKe (pttc.66), npaKTH'leCKH JIOpeHI.1esy q,opMy s CJIOe 28-29.4 MKM 

(puc.76) H rayccosy q,opMy s cnoe 46.4-53.3 MKM (pttc.86). 

·M::iy'leHne Kl!HeTl!Kl! 0TMl!ra l!HTeHCl!BH0CTl! Cl!HrJieTHOH Jll!Hl!ll, Koppennpy101.1.1eu C 

KOHQeHTpa11ueu .. JIOMHHHPYIOIIIHX nu. B- o6pa3Qe, HMilJiaHTHpOBaHHOM !pJIIOeHCOM 5 · 1014 
CM-

2
, 

nbKa3aJJO, 'ITO H3MeHeHHe HHTeHCHBHOCTH 11aHHOll JIHHHH TaKJKe Ha6JIIOJlaJIOCL B 

o6pa::iri;ax, l!MIIJiaHTl!p0BaHHbIX l!0HaMn C :meprneu ~ 1 M0B/a.e.M., HarrpnMep, l!0HaMl! 

Mep;n ( CM. pnc.2 B [19]). KaK 0TMe'laJI0Cb B [19} II [17}, cy1.1.1ecTByeT TeMrrepaTypHbili 

l!HTepBan KoppeJIJID;l!lI Kl!HeTl!Kl! 0T)Kl!ra K0HD;eHTpari;nl! nccnep;yeMbIX nu: l! Kl!HeTl!Kl! 

0TMIIra BaKaHCIIH, cooTBeTCTBYIOI.LllIX rronoce GRl B crreKTpe KaTop;oJIIOMIIHecri;eHD;IIII. 

8To rrpoJIBJIJieTcJI B. TOM, 'ITO B o6nacTII TeMrrepaTyp 600-800°C rrpoIICX0)l;IIT pe3K0e 

yMeHbllleHl!e IIHTeHCIIBH0CTII Cl!HrJieTHOH Jll!Hllll, C0BIIap;aro1.1.1ee co CTap;l!eli 0TMIIra Ba

KaHCIIH B aJIMa:Je. Cnep;yeT, op;HaKo, :JaMeTIITh, 'ITO eCJil! 0T)Kl!r BaKaHCIIH :JaBeplllaeTCJI 

p;o ~ 800°C II0JIH0CThIO, TO nu:, C00TBeTCTBYIOI.LIIIe CIIHrJieTHOH JIIIHl!l!, coxpaHJIIOTCJI 

'!aCTII'IH0 p;o MaKCl!MaJibHbIX TeMnepaTyp 1400°C. Bonee Toro, Ha"'ll!HaJI C ~ 900°C, 

l!HTeHCl!BH0CTb CIIHrJieTHOli Jll!Hl!l! II0'ITII He MeHJieTCJI lI 3q>q>eKTIIBHaJI K0HD;eHTpaUIIJI 

B cnoe ~ 10 MKM B6Jil!3l! MaKCIIMyMa K0HD;eHTpari;l!II B:Jal!MOp;eHCTBYIOI.LIIIX nu: coxpa

HJieTCJI Ha yp0BHe ~ 9· 1019 CM-
3

• 3aMeTIIM, 'ITO CaM q>.aKT coxpaHeHl!JI nu:, CBJI:JaH

HbIX C IIOHHO-MO)l;llq>IID;llpOBaHHbIMII CTPYKTypaMII, B p;ocTaT0'IH0 BbICOKOH 0qiq>eKTII

BHOH K0HD;eHTpa1.11m CBl!p;eTeJibC~ByeT 0 BbICOKOli CTa6lIJibHOCTlI '!aCTl! 06pa::iy101.L1l!XCJI 

CTpyKTYP· 

4. OBCY)K,Il;EHIIE PE3YJibTATOB 

CoBOKYIIHOCTb nony'leHHbIX pe::iyJihTaT0B M0MeT 6bITb o6'bJICHeHa Ha 0CH0Be npep;

JIOlKeHHOH B [2-5} K0HD;eIII.IIIll q>OpMl!poBaHlIJI B aJIMa:Je B pe::iyJihT~Te BbIC0K03Hepre

Tl!'IHOH IIMIIJiaHTaD;llll KBa3II0)l;H0MepHbIX y_nopJip;0'IeHHbIX TpeKonop;o6HbIX CTPYKTYP, 

T.e. q>opMl!pOBaHl!JI yrnepop;HOH q>a:JbI C OTJil!'IHOH OT sp3 ru6pl!p;II::ia1.1l!eli Xl!Ml!'leCKl!X 

CBJI:Jeli C y'leT0M npl!p0p;bI p;0Ml!Hl!py101.1.1IIx B cneKTpax 8nP Cl!HrJieTHbIX Jll!Hl!li C o6na-· 

CTblO II:JMeHeHIIJI g- q>aKTopa B6Jil!3l! g = 2.0027 KaK o6ycJIOBJieHHbIX pe::ioHaHCHbIM no

rno1.1.1eHIIeM Ha II0)l;Bl!)KHbIX KBa:Jl!'!aCTlll.laX Tl!IIa C0JIIIT0H0B [5, 11-13]. ,Il;eHCTBIITeJibHO, 

cy6nl!HeliHbIH xapaKTep ::iaBl!Cl!M0CTl! UHTeHCl!BH0CTl! CIIrHana napaMarHIITH0ro norno-

1.1.1eHUJI OT M0I.LIH0CTl! CB1I npl! MaJihIX q>nIOeHcax (pIIc.2) II cynepnlIHeHHhIH xapaKTep 

3TOH 3aBIICl!M0CTl! rrpl! q>JIIOeHce 5· 1014 CM-2 M0lKeT 6bITb o6'bJICHeH, aHanorl!'IH0 [13}, 

p0CT0M K03q>q>IIl.ll!eHTa napaMarHl!THoro rrorno1.1.1eHIIJI C pocT0M aMIIJII!TYAhI Ml!Kp0B0JI

H0B0ro II0JIJI, peanl!::JYIOI.LleMCJI B cny'!ae gocTaT0'IH0 p;lIIIHHbIX y'laCTK0B HenpepbIBH0-

CTH TpeKOilOJI06HLIX CTpyKryp, COCTaBmIIOIQHX comacHO 011em:Ce [13] He Mettee 

0.1-1 MKM. TaKHM o6pa30M, y'laCTKH HenpepLIBHOCTH MOJIH!pHIIHpOBaHHOll q,a3LI B o6pa3Qe, 

l!MIIJiaHTl!pOBaHHOM q>JIIOeHCOM 5 • 1014 CM-2 ' JIBJIJIIOTCJI p;ocTaT0'IH0 npoT~lKeHHbIMU, 

B TO BpeMJI KaK npl! q>JIIOeHcax 5 • 1013 lI 5 • 1012 CM-2 0Hl! ::iaBep;0M0 MeHhllle yKanaH

HOH BeJIII'IIIHbI. ,Il;IICKpeTHOCTb° Cl!CTeMbI KBa:Jl!0)l;H0MepHbIX o6pa::ioBaHl!li npll MaJibIX 
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p;o::iax cornacyeTCJI c p;aHHhIMII ll:JY'leHl!JI acl!MMeTpl!l! npmmBO)l;HOH pe::JoHaHcHm'i: ill!

Hl!l! l! )];030BOH :JaBl!Cl!~OCTl! l!HTeHCl!BH0CTl! norno1.1.1emrn [17}. 3aMeTl!M TaKlKe, 'ITO 

OTMe'leHHaJI BbIWe np;eHTl!'IH0CTh n cyrrepmrne11HOCTh ::iaBucnMocTeu I(H1) n l
9
(H1) 

(puc.3) COOTBeTCTBeHH0 )l;JIJI curHaJI0B, perucTpupyeMbIX B qia::ie II KBar1paType C rro::re:.1 

Mop;yJIJil.llllI, Ha6iIIO)l;aJIUCb BrrepBbie. C Op;Hoii CT0p0HbI, 3T0 CBU)l;eTeiibCTByeT 06 u;i;eH

TU'IHOCTU nu:, 0TBeTCTBeHHbIX 3a o6a Cl!rHana. C gpyroH CT0p0HbI, 3T0 YKa:JbIBaeT 

Ha MexammM q>OpMnpoBaHUJI KBap;paTypHoro curHana, OTJIU'la!OI.LllHICJI OT U3BeCTHoro, 

o6ycnoBneHHoro rrpucyTcTBUeM nu: c p;Jil!HHbIMl! BpeMeHa~l! rrapaMarHl!THoii pe:raKca

l.llIU lI l!MeIOI.LIUMU, KaK rrpaBl!iI0, UHYIO rrpupon;y B cpaBHeHlU! C nu:, ,:teTeKTnpyeMbIMl! 

ogHoBpeMeHHo B qia::ie c noneM B1I-MogynJI1.1uu. Bo::iHUKHOBem1e cynepnopeH1.1eBoii q>yH

KI.IUU q>opMbI M0lKeT 6bITb Ka'leCTBeHH0 nOHJITO Im cnep;y101.1.1ux paccylKn;eHl!U. M::iBeCTHO 

(cM., HanpuMep, [20]), 'ITO 3aTyxaHue nonepe'IHOH HaMarHl!'leHH0CTU M0lKeT 6bITb arr

npoKCUMI!pOBaH0 B Cl!CTeMe K0Op)l;l!HaT, Bpa1.1.1a101.1.1eiicJI C pe::ioHaHCHOU 'laCTOTOJ°! Wo. 
cnep;y101.1.1HM BhrpalKeHHeM: 

I 

M(t) = exp [ f(-r - t)?j.,(r)dr), 
0 

(1) 
rp;e 

?j.,(r) = ([H'(r),M+l[M_,H'(O)])/h2(M+M-), (2) 

M+, M_ -noBhII1Ia101.1.1He lI noHHlKa101.1.1ue onepaTopbI nonHoii norrepe'IHoii Hai,,mrHII~reH

HOCTl!, yrJIOBbie CK06Kl! 03Ha'IaIOT TepMU'leCK0e ycpegHeHl!e, H' - oncpaTop B0:JMYI.Lle

Hl!JI, orrpep;enJieMbIU CIIl!H-Cnl!H0BbIMl! H/nu6o CBepXTOHKl!Ml! B3al!MOJICiiCTBl!JIMll, JIB

Hhiii Blip; KOToporo B p;aHHbIX Ka'IeCT~eHHbIX paccylK,:teHl!JIX 3Ha'leHIIJI He l!MeCT. ilBI!lKC

HUe rrapaMarHl!THbIX KBa:Jl!'IaCTl!D; 6yp;eT npl!B0):\l!Tb K MO):\YiIJil.ll!lI H', T. f'. B K0HC'IH0M 

C'IeTe K 3aBIICIIMOCTII OT BpeMeHII 1/,( T ). 8Ta ::iaBl!CIIM0CTb BO BCCX l!3Bt'CTHbIX c::iy

'IaJIX JIBJIJieTcJI cT;neHHoii, HanpIIMep, ?j.,( T )~t-1/ 2 B cny'rne reu::ieH6eproBCKI!X mrneiim>· 

ueno'Ie'!HbIX CUCTeM [21}. JlerKo noKa:JaTb, 'ITO ecm1 1/,(r) ~ t.° C -2 ( 0 ( 3/2. TO 

Mb! nony'IUM cynepnopCHl.leBy q>yHKI.IIIIO q>opMbI, Ka'IeCTBeHH0 rrogo6HyJO Ha6rr1011anroii 

B IICcnegyeMbIX 06pa::i1.1ax IIpII IIMIIJiaHTari;uu q>JI!OeHCOM 5 • 1014 CM- 2. 

,Il;JIJI o6'bJICHeHl!JI xapaKTepa lI3MeHeHl!JI l!HTeHCl!BH0CTl! 8nP - norJI0I.LICHl!JI ll q>yH

KD;lUI qiopMbI npu nocJIOllHOM CHJITl!l!-CJiep;yeT npl!HJITb BO BHl!MaHlJC CJl!'AYIOI.LI<'<'. :,,Jp. 
TO)l;l!Ka nocnoi"rnoro CHJITl!JI JIBJIJieTCJI pa::ipyI1Ia101.1.1eii, l!, CCJIII pacrrpe):ICJICHI!~ no rrry

farne, HarrpuMep K0HD;eHTpari;l!l!, Jil!6o p;pyrux xapaKTepl!CTIIK, KacaIOI.LII!X("JI T0'IC"!HbIX 

p;eq>eKTOB_, MOlKeT 6bITb II0JIY'IeHO BII0JIHe ap;eKBaTH0, TO, 'ITO KacaeTCJI np0TJilKCH

HbIX o6'beKT0B, KaKl!MII JIBJIJIIOTCJI TpeKl! II co::ip;aHHbie B)l;0llb TpeK0B ynopJIJI0'H'HHbI<' 

1D-cTpJKTJpbI, caM MeTop; BH0CI!T II3MCHeHUJI B CBOllCTBa TPCK0B II B )'.:ll!HaMIPIC'CKI!f' 

xapaKTCpl!CTIIKII nu; KBa:JII'IaCTIII.I, o6pa..,oBaHHbIX B ;!Tl!X CTPYKTypax. KpmH' Toro. 

cnep;yeT Y'Il!TbIBaTb nu;, co::ip;aHHbie Ha noBepXH0CTII B pe::iyJihTaTe lI0HHoro pacnh!:I('

HIIJI, l!Me101.1.1ne, no HallleMy MHeHuIO, Ty )Ke npnpop;y, 'ITO lI )l;0MlIHI!py101.1.1ue nu:, co

::ip;aHHhie l!MnJiaHTari;IIeii, op;HaKo - l!Hbie )l;lIHaMH'ICCKl!C xapaKTepnCTHKll BClICJICTBII(' 

p;ByM~pnoro xapaKTepa HX pacnpcp;eneHl!JI. C y'IeToM cKa::iaHHoro Ha6mogaeMoe ll3Me

Hemie qiopMbI JllIHlll! no rny6nHe npep;cTaBJIJieTCJI HaM o6ycrroBJICHHb)},! YMf'HhlIJ('Hll('M 

Y'IaCTKOB )l;Bl!)KeHl!JI KBa:JlI'IaCTUI.I, npnB0)l;JII.LleM B KOHC'IHOM C'ICTC K l!X Jl0Kamma1.11111 

Ha 60JibllllIX rrry6HHax ~ 46 MKM, 'ITO II C00TBCTCTBJCT raycc:0Bo1i qiopMe iIIIHlll! [21]. 

B BLlpalKeHHH (l) :no COOTBeTCTByeT He3aBHCHMOCTH 1jf (1:) OT BpeMeHH "t. 
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JiopeHI~eBa q>opMa JUIHIUI ll Heo6bl'IHOe JIBJieHue B03paCTaHllJI llHTeHCllBHOCTll llH
Terpa.'IbHOro curHana rrpu )];OCTIIlKeHllll TOJlll.lllHbl yµ;aneHHOro CJIOJI, COOTBeTCTBYIO
meii ;i;mrne rrpoeKTllBHOro rrpo6era llOHOB, CBJI3bIBaeTcJI HaMll C ycuneHIIeM B3allMO

;i;eiicTBllJI MeJKµ;y OT)];eJibHbIMll lD-aneMeHTaMll CTpyKTyp, o6pa3oBaB!UllXCJI rrepBoHa

'!a.'lbHO B pa3Jill'IHbIX TpeKax. MexaHII3MOM, rrpIIBO)];Jill.lllM K ycuneHIIIO YKa3aHHoro B3a
llMOp;eiiCTBllJI MOlKeT 6blTb yBeJIU'leHlle rrepeKpbITllJI p-3JieKTpOHHblX op6IITaJieii aTO
MOB, rrpnHap;nelKall.lllX pa3Jill'IHbIM lD-aneMeHTaM ll3-3a, HarrpnMep, ;i;a.'IbHeuwero CHJI
TllJI HarrpJilKeHIIR rrpu rrpu6JIIIlKeHllll p;aHHoro CJIOJI K II0BepXHOCTll. Torua xapaKTep 

;J;BlllKeHllJI KBa3ll'laCTllU CTaHOBllTCJI TpexMepHbIM, 'ITO IIO aHanoruu c 3D- CllllHOBOll 
;i;nq>q>yaueii B reii3eH6eproBCKllX MarHIITHbIX CllCTeMax [21] )];OJllKHO COOTBeTCTBOBaTb 

;mpeHUeBoii q>yHKUllll q>opMbI. PocT JKe llHTeHCllBH0CTll rrpe;i;cTaBJIHeTCJI HaM o6ycno
BJieHHbIM B03pacTaHIIeM 'lllCJia aKTOB rrorJIOll.leHIIJI O)];HllMll ll TeMll JKe HOCIITeJIHMll Cllll
HOB 3a BpeMJI CllllH-peweTO'IHOR penaKcauuu BCJie)];CTBlle cyll.leCTBOBaHIIJI rrpJIM0ro Ka

uana rrpeo6pa30BaHIIJI CllllHOBOR 3Hepruu B KIIHeTII'leCKYIO aHaJIOrll'IHO o6cyJKp;aBwe

MYCH B [13, 22]. 
B Il0Jlb3Y Toro, 'ITO Ha6JIIOp;aBWaHCJI q>opMa JlllHllll o6ycnoBJiena KoppeJIJIUllJIMll, CBJI-

3aHHbIMll C )];BlllKeHneM KBa3ll'laCTIIU, II He JIBJIJieTCJI peaynhTaT0M rrpucyTCTBllJI III(, 

COOTBeTCTBYK>ll.lllX JlllHllJIM nopeHueBOll q>opMbI C pa3Jill'IHbIMll WllpIIHaMn, CBllp;eTeJib
CTBYK>T peaynhTaTbl µ;uqiq>epeHUIIaJihHoii o6pa6oTKII crreKTpoB 8IIP rrpu rrocnoiiHoM 

CHHTlllI llM_IIJiaHTllpOBaHHOro y'laCTKa o6paaua. .[{eiiCTBIITeJihHO, q>OpMa JlllHllll, co
OTBeTCTBYK>ll.lllX OT)];eJibHbIM CJI0JIM Ha Ha'laJibHbIX rny6uHax, TaKJKe cyrrepnopeHUeBa 

(pIIc.6), T. e. Ta JKe, KOTopyK> IIMeeT IIHTerpanbHoe rrornomeHIIe µ;o rrocnoiiHoro CHHTIIH, 
orrpeµ;enJieMoe, ecTeCTBeHHO, III(, q>opMIIpyeMblMII B6JIII3II MaKCIIMyMa K0HUeHTpaUIIll. 

IIpII 3TOM BeJIII'IIIHbl OTKJIOHeHIIJI 8, ll 8,ff, xapaKTepII3YIOll.lIIe COOTBeTCTBeHHO q>opMy 

JIIIHIIll rrpurroBepXH0CTHoro CJIOJI II cyMMapHoro IIMIIJiaHTllpOBaHHoro y'laCTKa, 6JIII3KII. 
8TO 03Ha'IaeT, 'ITO B CJiy'!ae, ecJIII 6bl q>yHKUllJI q>opMbI mipep;eJIJiiiaCb cyrrepII03IIUIIeu 
JillHIIH nopeHUeBoii q>opMbI c paanII'IHbIMII wIIpIIHaMII oT cTaTII'IHhIX, rny6oKIIX III( 
HeCKOJihKIIX TIIIT0B, coOTHoweHIIe IIX KouuenTpauIIu B rrpIIrroBepxHOCTHoii u rny6IIHHoii 

o6JiaCTJIX )];OJllKHO 6bITb TaKJKe 6JIII3KllM. Cnep;oBaTeJibHO, q>opMa JIIIHIIII OT)];eJibH0ro 

CJIOJI Ha rny6uHe B6JIII3II MaKCIIMyMa TaKJKe )];OJllKHa 6blna 6bl 6bITb cyrrepnopeHueBoii 
cpopMoii B OTJIII'IIIe OT Ha6n10;i;aeMoro :JKcrrepIIMeHTaJibHo nopeHUimHa. 

PeayJibTaTbl HaCTOJill.leii pa60Tbl C y'leTOM pa6oT [2,23], B KOTOpbIX coo6ll.laJIOCb 06 
o6uapylKeHIIll B IIMIIJiaHTIIpOBaHHOM BbICOK03HepreTll'IHbIMII IIOHaMll KpllIITOHa aJIMa3e 

KpaTepOB )];IIaMeTpOM OT 3 µ;o 20 HM, CBJI3bIBaeMbIX C TpeKOM OT)];eJI~Horo IIOHa IIJIII He
CKOJlbKIIX IIOHOB B O)];HOM MeCTe IIOBepXHOCTll, Il03BOJIJIIOT KOHKpeTII3IIpOBaTb MO)];eJib 

TpeKa B anMaae c TO'IKII apeHIIJI ero XIIMII'lecKou cTpyKTyphl. OcuoBou, cTpoIITeJibHbIM 

aBeHOM KBa3II-1D - cTpyKTYP, rro HaweMy MHeHIIK>, MoryT cnyJKIITh C-C- 3BeHhJI, xa
paKTepHble )];JIJI OCTOBa IIOJIIIaueTIIJleHa. B Il0Jlb3Y TaKoro rrpe;i;rroJIOlKeHUJI yKa3bIBaeT 

C0BIIa)];eHue g-q>aKTOpOB COJIIIT0HOB B IIOJIIIaueTIIJieHe [14-16] c g-q>aKTOpaMII )];OMllHII

PYK>ll.lIIX III(, Ha6n10;i;aeMbIX B llMIIJiaHTIIpoBaHHOM aJIMa3e, II o6ycJIOBJieHHOM KBa3II

'!aCTllUaMII, rrpeµ;rroJIOlKIITeJibHO TaKJKe COJIIITOHaMII. Cne;i;yeT 3aMeTIITb, 'ITO 3JieMeH
TapHble q>parMeHTbl, C0OTBeTCTBYK>ll.llle OCTOBY IIOJIIIaueTUJleHa, 'neJKaT B OCHO~e KOH
CTPYKUIIII Ty6yneHOB, 'ITO p;aeT B03MOlKHOCTb rrpep;JIOlKllTb KOHCTPYKUIIIO '!aCTll TpeKa 
B BII;J;e rronoii ll3HYTPII Ty6yneHorro;i;o6Hoii CTpyKTYPhI, o6pa30BaHne KOTOpoii JIBJIJieTCH 
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3Heprent'!eCKII 6onee BLirO.llHblM B ycnOBllllX IIMilJlaHTau1111 IIOHaMII C 3HeprnllMII 1-5 M:.B/a.e.M., 
'!eM, Hanp11Mep, peKpUCTaJIJIUJau,111 B CTpyKrype anMaJa. 

5. BbIBO.[{bl 

Ffoy'!eHIIe 8IIP B o6paauax MOHOKpIICTaJIJIII'leCKOro aJIMa3a, IIMIIJiaHTIIpoBaHH0ro 
IIOHaMII HIIKeJIJI C 3HeprIIeii 335 MaB, rrpoBep;eHHOe B HaCTOJlll.leU pa6oTe, IIOKa3aJIO, 
'ITO q>opMa JIIIHIIii ;i;oMIIHIIPYK>ll.lIIX III( JIBJIJieTcJI cyrrepnopeHueBoii, T. e. crra;i;a10U1eii 
Ha KphlnbJIX 6onee Mep;neHHO, '!eM q>yHKUIIJI JiopeHua. 

IIony'!eH p;IIq>q>epeHUIIaJihHbIH crreKTp 8IIP OT OT)];eJibHbIX cnoeB o6pam~a. 
BrrepBble Ha6n10;i;anacb cyrrepJIIIHeRHaH 3aBIICllMOCTb IIHTeHCllBHOCTII JlllHIIll )];OMII

HIIPYIOll.llIX III(, perucTpupyeMoii B KBap;paType c rroneM B"9:-Mop;yJIJIUIIII, c pocTOM 
aMIIJIIITY)J:bl MIIKp0BOJIHOBOro II0JIJI. 

O6HapylKeHO Heo6bl'IHOe B03pacTaHIIe llHTeHCIIBHOCTII IIHTerpaJibHOro CllrHana 8IIP 

AOMIIHIIPYIOll.lllX ueHTpOB B o6naCTll MaKCIIMyMa JIµ;epuoro TOpMOlKeHIIJI rrpn IIOCJIOHHOM 
CHJITIIII. 

YKa3aHHhle oco6eHHOCTll o6'bJICHJIIOTCJI Ha OCH0Be rrpe;i;noJKeHHOll pauee KOHUeIIUllII 
q>opMIIpOBaHIIJI KBa3llO)];HOMepHbIX yrropJI)];O'leHHbIX CTPYKTyp rrpu BbICOKO:mepreTII'l
HOR UMIIJiaHTau1rn aJIMa3a ll C y'leTOM rrpupop;bl AOMIIHIIpylOll.lllX III( KaK IIO;J;BlllKHbIX 
KBa3ll'laCTIIU. 

Pa6oTa BLIIIOJIHeHa rrpu qmHattcosoj:j noJLUepxKe !pOH.lla INTAS, rpaHT HOMep 
"INTAS-94-1982". 
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Bapl1'1e11K9 B.C. Hap. . .. . P14-96-232 
napaMarnHTllble CBOHCTBa aJJMa3a, 

· HMn.n~UIH!pOBai11ioro Bb;COK0311~p~TJllleCKHMH IIOHaMH HIIKeJHI • 
, ,., . ~-.' ··.~ ·-. =· ., . . ' ,. . : - - ,- '" 

. . li'.3~eHHe '3fip .·a . arJMa3e, · HMnna11if1p~B;HHOM . HOl1aM~. 1m~eJH1 C . 3liepmeii 
335 !vfaB; noKa3aJJO, 'lTO c~11rneTllllil JlHlimi AO~!HIIHpylOIUHX napaMi}l]IHTHblX ·ue11-

. TpOB (OU) HM,e,eT cpopMy, KOTO!)llil ~p)KeT 6blThHa3Bal~a 2ynepnopelluenoii 6Jiar~aap51 
iiarJH'lHIO KpblJlbeB/HMelOW.HX 6oJlbwyID UHTe1lC:Hiii10CTb;-~eM ·y 1iopeiim1~ma. hony~. 

:'leH_bl .n11cpcpepeHumlJJbHble c~eKTpbl 3f!P, T.e; CTl~KTpblOTAeJJbll~IX C:JJOeB m.mna11-. 
THpOBa1i11ciii. o6nacfrit.. Hccneao13aHO . pacnpeaenemte. 06nY4e11110ro CJJ051 ·i<ollue,rr-. 

. pau1111:_AOMHHHpyroiiiux nu. Ocq6e111rnq11 ,necpe~ioo~pa:iosal~H~ 'B. 06JJY4ellllOM . 
aJJMa3e o6b51CIIHIOTCli. 11a OCIIOBe .. KOIIUemiHH cpopMli))pBa1111~: KBa3i1omm~1epHblX 

· .. , - , .. . . - ... , ... , , - . - , , , - ·~ . · ... 

CTPYKTYP npH BblCOK03HepreTll'lllOW HMnna11TaUHH aJ!Ma3a. C y'leTOM .np11pOAbl 
AOMHHHpylOUJ.HX · nu KaK. IIOABH)KllblX. KBa3H'lacTim.. . . . . 

> - - , • ' • ; -~ , 

• • Coo6i;~;t~e o'/n,eriHHe1i'11oro H.nc:rn-ryra ll.!ICPllh~X HCcne/lO.BaJIHii: lly611a. J ?96. 
' " ' ~ ~ I . 

' 

· Oe~eBOA aBTOp~B 

-Varichenko. V.S. et al. 
. Pararnagnetic Pn:iperties .•~ . 
of Dian_10nd Implanted with High E~ergy ~i. Ions 

~ • < • " • '. • • ' • • • ~- • 

•. EPR investigations ·of diamond- implanted with 335 MeV nickel ions have 
demonstr:ated that singlet line of do~ina'nt paramflgTletic c~ntr~s (PC) has. a shape. 
which can ·be described as a sup_er-Lorentz because of mor_e intensivewings then 

. Lorenzian: Differential spectra characterisi~g. each. l_ayer ·of irradiated region have. 
been obtained. Depth distribution profile of concentration of dominant paramagnetic 

1cent~es,h~s been also studied·. PecuHaritie~ tif defect:productio~ in irrndiated diamo~d 
anfdiscussed in.terms oflow-dimensiona.1 structures formed•in diamond by swift.: 

· ions taking.into accountor_igin· of do111inant PC as mol?ile quasi-partides;_ ~- .• . 
,- ~ ' . " . '. ,,.- . - ) . . - . ' ---- ,... 

. . The· investigation has .been perf~ailed ai the ·Fl~rov Laboratory of .~uclear·. 
·Riactfuns; JINR. •.. ·• 

/· 
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