
HHJeKC 3624 

1; r /; 'l 11. t,. :h 11 ~,. 11 a e ,, " 1. us tis n" s 
EPEBAHCKHff (JJH3Hl./ECKJ1ff f , f-f £ Tf!TYT ----·-------~- -

E <PM-56 8( 05 ) -82 

P.O.AB AK.H i:l . A .0.AfAHbHHU, A.A.APMAf AHHH, 

n.r.APYTlOHHl l , 10.A.BAPTAHOB, f.A.BAPTA rIETHH, 

. ~ . .llJ\HJ\fY Jl}JH, A .f.YIC KAH.llAPHH, c .n. TA POHH 

VI C J ITJ\ I l 110 111 l bl [.;: 31\ 13 VIC fllM O:.: T M ::-.iHE PfE TW-lE C K VIX 

C I1E K TPOB 113Jl YY.L:: l lfll51 ::,nEKTPOllOB JI/\ 

MOHOKPl1C T AJ inE Af!MJ\:J A 

1; r /; '-l 11 "(, 19s2 EPEBAff 



© £pet1aHCICUU flJuaU'fCCICUU llHCTUTYT 19132 

McCJie.n;o:saHHe B3SHMO.n;ettCTBWI BHbOR03HepreTK'lHIDC 3ap!DReHHWC 

"l'.B.CTH~ c KpHCTaJIJJ.aMl!: npKBJie:&aeT K cede B noCJie,IVIee BpeMR: Bee 

OOJllilllee BmIIvJaHXe. IIepRO.ItJill£ecKaJI CTpJ'RTj'pi RpHCTaJIJia IIpHBO.ItJiIT 

R HHTeIJcI>epe~OHHHM aqrlieKTa.M B Top..!03HOM H3JJyl!emm peJiliTHBHCT­

CKIOC aapirJReHHIDC 'lac~. Teopzn ROrepeHTHoro TOpMoaHoro R3Jly1re ; 

mm (KTH)' pa3BRTaJI B [I,2] ' Ital( H3BeCTHO, HalllJia CBOe 3KCne­

pZMeHTaJil>Hoe llO,Il;TBepz,n;e!il'Ie (H.a!IpHMep [3,4J ). 0,ItHB.Ko, I<aR OT­

Me"l'.aeTCH B [5,6] , TeopWI K'IH B nepBOM oopHOBCKOM np:aClJimttemm: 

. TeOJ>lW B03MyllleHd; ( 2] HMeeT Orpamll{eHHoe IIpRMeHeHHe. 3To CB.II-

3a.HO c TeM, l£TO OHCTPWI 11ac~ aqrpeKTHBHo B3SHMO.n;eicTByeT co 

BCeMK aTOM'lMI!, ROTOpJ:le HaXO.IUITCH B 30He !fiopl>!Hpo:samm H3JJY'!e­

mm. IIpo.n;OJll>Hl:le paaMepu aToi aoHl:l (xorepeHTHaFI MKHa Baa.moo­

.n;eilcTB:w:r) onpe.n;eJl.RlOTC.II BeJil!'i:HHOil 

O c·" 2to i-x 
<.Kor ...., o ::t me;~ -x- , 

r.n;e 6 - MW!ID.Wll.Hllf!: nepe,DP.HHI:ll! HMIIyJll>c (B e~ me ) 

B.n;oJIL HallpaBJiemm .n;Bmltemm MeKTpoHa, X" El/ E o - oT!tocwreJIL­

HM aHepI'lII! H3Jly'JeHHoro WOTOHa, f o - HallBJI!>BaSi sHeprmr MeK..,. 

TpoHa. YBeJml!eHHe WIHHl:l SOHH WoIJMHPO.BaimS: H3JIY'1emm: IlpHBO.ItJiIT 
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K yBeJmlleHHll '!HCJia aTOMOB N"' ~rr.or / Q. (~ - DO¢TOIDID8Jl pemeTD~• 
KorepeBTHO y-qacTByDitHX B T0pM03HOM llUJ118mD, 11'.rO JIPllBOJPIT K 

HB.pymemm yCJIOBWI IIpHMeHHMOCTK 6opHO:BCKOI'O Iqlld.meBJIJI 

N!ei./t.c.« ~. (I) 

0,WJaKO t BHXO,II; sa pa.MKH TeOpmI BO~mdt (JCBa8JIICJl!iCCJ111ec-

1roe IIpH6JmllteIDie KBaHTOBOii a.neKTPOPWD) IIOJfASHBaeT ( 5] 'TlTC 

KOrepeHTH!lii xapucTep B3a.llll!O,Il;eiicTlllll COxpaBSe'l'CSl • B yCJIOJmHX, 

KOr,na (I) HapymaeTCll. O!tasima.eTCH, 1ITO 0618.c'l'b Iq!llM8HHMOCTJil 

qic>:pMyJIH ,IµISI HHTeHCHBHOCTK KOrepeHTBOI'O BB.Jy'lemlH &JleR'fj>OHOB B 

1qrn:TaJLJle ropas,no umpe o6JlaCTlil nplDl8BDIOCTB caMOl'O 6o:PHOBCROI'O 

np116J1Demm. 

B :eacTOIDll8A ia6oTe npo:ee,;11;euo sxoneJ1D19BTUilloe J13Y118BH 

saepreTJrqeCKBX CDeK'fPOB BSJIY118111Ul UeK'fPOHOB c 8B8prll81 Eo= 

= 4, 5 raB B MOBO:KpllCTaJJJle aJDIElSa 11111 p8smAma Jl'.l&X BJie'l'll Q. 
OTHOCBTeJr&BO :KpllCTaJLJIJl1leCKOI OCll < IOO > • Yro.n: e :UMeBRJlCSI 

TaIGIM o618"0M, 'qTQ mmy.m,c 3JleKTPOB8. P. BCe ·- BBXOJtUCJI 

B IUIOCKOCTll ( OII) ("~KT plJ¥l n, cJ.. = 0, r;D;e cJ.. - yI'OJL Jil8Jr;Q' - . 
IIJIOCKOCTmlll (Po , < IOO > ) II {< IOO>, < QII;>)_; •• B xaqecTBe 

:pa,JtBaTOpa xcnom.soBaJJaCl> MOBOIClllCTUJ1111180WUI aJIMBSmul WJaCTBH­

Ra pa3MepaMl4 ( 2. 0 x 7. 0 x o .• I) w.f . llilpeK8il rpua. t j8CDOJU:m8H ... 

HWI nepnell,1tHley'JlllPHO K rryTJJ.cy 3JleKTPQHOB, Dllpll.U81l>B8 WlOCKOC'l'll 

(IOO), a ocH < OII> 11 <OU·> :gpllCT8JJA COMBJtUll c :eepTBK&IU>­

uoii 11 rop11soBTSJn.J1al oc.mm rom10Me'l'pa. rom101ao.rpneexoe yotrp0I .. 

CTBO Il03BOJDIJI0 C TO'lBOCTl>ll 4.5·1-0-5 !BJt• J181181Ul'l'l> yrnl BOxpyl' 

ro:pKSOHTSJll>HOi (Sr ) H BCPTJIRaJIJ,HOI (6& ) ood. IJ:rroit •SJ1Y118H­

HHX <IioTOHOB <l>oJMlllPOBSJICll KOJIJmMaTOpoM C pl_,.. O'l'BepcTBll 

(3,3 x 3,3) w.2 , pacnOJiozeHHHM HS paccTORJm·ID,6 .111 OT :gp•c­

T8JJJD111ec1t0:ro pa.wraTopi. 
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3HepreTH"<IeCKHe CTieKTpH H3MepJ17.lliCb rrapHJ:IM f - CileKTIJOMeT­

poM [7] , c HH.JKHeli aHepreTR'l:ecKoii rpa'Illl:(ett "' 60 MsB. 

IlpR H3Mepemm: cneKTPOB MOHHTOPllIJOBa.HHe TIIJOH3BO)J;l'Lll0Cb Ha 
O~a.KOBOe 3Ha.'!eIDie IIOJilIOH RHTeHCHBHOCTH, H3Mep!IeMoii KBaHTOMei­

P9M B:wu,coHa.. ,lJ..Jm: np:ime,D;eHIDl: H3MepeHllliX cneKTpoB Ha O.IJl!Ha.KO­

Boe tmCJIO B3a.RMO,D;eiicTBYJOillJiIX 3JleKTIJOHOB HCIIOJr&30BaJlliCb ,namrn:e 

IIO HCCJie,Il;OBaIDIIO opHeHTaJWOmIOH 3aBRCHMOCTH TIOJIHOH mrTeHCRBHOC-. 

['11: H3JIY'IeH>IH [ 8] . 
Ha pnc.I npe,D;CTa.BJieHl:l pesyJn.Ta.TH nsMepeHRR: aHepreTH'!ecKoli 

sa.mrcHMOCTH OTHOCHTeJ!bHOli mrTeHCID3HOCTH 'J / 'J i'Je?. ( j ~3 - mrTeH-. 

CHBHOCTb H3Jly-qeHHHX <IioTOHOB IIPH ,nesopReHTllpOBaHHOM KPHCTaJ.!Jle) 

npH pa3Jllf<l:HHX opHeHTanKJIX K,PHCTaJJJia . ( 6l = 0,4; 0,6; 0,8; I,2;i 

I, 4 Mpa,n) • CWiomHHe K,PHBHe npoBe,D;eHH no aRcrrep:m.~eHTa.7Il>HHM TO'!­

RaM. ,lJ..Jm: SHepreTR'l:eCKHX cneKTIJOB npH e = I,2 H @ = I,4 Mpa.u 

6wm pacc'!HTaHH TeopeTR'l:ecKe:e cneKTP!l KTI1 c ~eTOM a1{crrepnMeH­

TaJlbHHX qaxTopOB (yrJIOBaH pacxo,ItKMOOT:& 3JleKTPOHOB, KOJJJIIDl[a-

xnm :ra: T.,n.) Ilp:e: 6 = O,I Mpi,n, r,D;e 6 - pesyJll>TllPYJOIIi3JI yrJio-

Ba.JI pacxo~OCT:& 3JleKTPOHOB, COCTOmnasI H3 Ha.tJaJll,HOM pacxO,Il;R·· 

MOCTJiI H pacxo,ItHMOCTH, CBII3a.HHOH c MHO:..'OKpaTHHM paccemmeM, Teo­

pltff xopomo ODRCHBaeT aKcnepHMeHT (PBC.2). llCTIOJib3yf:I 3TO 3Ha'!e­

Hlle 6 ' paCC'Il!Ta.HH OTHOmeHIDI MaltCID.fBJ!bHOtt HHTeHCRBHOCTJII K 

mITeHCHBHOCTH H3JIY'!eIDm: 3.JieKTIJOHOB IIPll ,D;esopaeHT}lpOBaHHOM 

K,PHCTaJLlle :lma.x /Jae~ NlR: pa3J!R'illlix mmoBHX aueprm1 ~TOHOB 

(nyHKT}lpHa.Ji K,PHBaH fill plm.I). IlpH 9 ~ 0,8 Mpa,ll; Ha6.JDQn:aeTCf:I 

sa.MeTHoe IlO,IJ;a.BJ!eIDie KOrepeHTHHX MaltCE:MYMOB HHTeHCJ/IBHOCTK. Illi­

ROBHe 'Ia.CTR B cneKTpa.X SHa'!HTeJIDHo YlllBJlllIOTM. Bemr<w .... T-Ja no)..(aB­

JieHHR: B MiKClIMyMe Nlff cneRTpa c mmoBoii aHeprneli ~=650 MsB 

cocTB.BJIR:eT 'j ~kc / 'Jreop = 0, 61. Ilpn 6 = 0, 125 Mpa,D; Teopua B 
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oomeM OIIlIC!:lBaeT axcrrep:1meHTaJU,HID1 crrexTp, KpoMe 06.Jlacrn xore­

peHTHoro MaKcm.lYl.,ia (pnc. 3) . 0THOilleIDie a:iwrrepHMeHTa.JI:hHOro 11 

TeopeTH'I8CKoro 3Ha'IeHI'll liHT8HC.IIBEOCT8M B J\l8.KCID-1~'1AaX B 3TOJ,! CJ!Yt­
-qae COCTaB.JIJI8T 0,76 ± 0, G4 , KOTOpoe cor.JiacyeTCJI c rrpe,ll.CKaaaHH­

m.rz: paOOT!:l [ 9] . TaR.aq KapTHHa Ha6.iu<maeTC.ff TaIOKe ,IVIR SHepreTH­

'I8Cl"'v ro crreRTpa rrpn e = 0 ' 4 Mpa,ll.. B 3TOM CJiy"rae TeopeTII"!ecrurli 

pac-qe ·;:- np;; 6 = C, H 1.rpa,n: x op ouo ormcl:lBaeT axcrrepmieHTaJU,Hlle 

D:aJ-lHb!e; Kpo;.,ie 06.na.CTH ROI'e~ieETHOrO I.JaRCID..ryMa (pHC. 4) • 

,IJ.pyron xapaxTep:Hoi-i ocoe5em-ioc:::b1G a:iiepreTH"Iecrou: cueRTpoB 

HB.11.FieTC.f! pocT HHTeHC1!BHOCTei1 P.R3ROSH8p:'8'l'll'ieCKHX (E '15 < 300 MaB) 

·.J OTOIIOB. JoBe,JJ;emrn HH3K03HepreTff'IEOi1 -qacnr crreKTpa O'leHb CJiae5o 

38.BHCHT OT OplieHTaIJ,IDr RpHCTa.'IJW. H np:r yBeJIIFieH!-Lll yrJia e , Ha­

'fl!IHM c e = I ... I. 2 1:!p:l,ll;. ITJ;BKTlI'IeCRH He !1TeH.iI8TCJ!. Ha p HC • 5 

rrpe,JJ;cTaBJieHbl TeopeTWiecKHe cneKTPbl IQ!I 6 = 0, I H ol. = C .JJ:JliI 

yrJIOB BJieTa aJieRTpoHOB 8 = 0,4; 0,6; 0,8; I,O; I ,2 ; 50 MJ>l3.,ll.. 

JLa;-:te IIIJM CHJibHOM pa30p1:I8HTaI.J,Hl'l yr.JIB. 8 ( () = 50, r:J.. = 0 - 00bl'q­

Hlle yCJIOBxlli ITJIOCIWCTHOI'O KaHa.JIBPOBa.IDIB 3.'18KTPOHOB) B HH3K03H8~ 

reTxr<IHOM i:racTli crreRTPa Ha.OJllQil;aeTC.fI aaueTHllli pOCT HHTeHC.IIBHOCTH 

ROrepeHTHO· H3.JIY'l8HH!:lX cpoTOHOB. 3TOT qaRT CBH,JJ;eTeJI:bCTBYeT 0 

cymecTBO:BaHllli HHTeHCl'lBHOro li3JJy'IeHIIB 3.J18RTpOHOB rrpH !11l3.JI!:lX 

yr.11ax BJieTa OTHOCliTeJI:bHO I<JlHCTa.JJJIOrJ;BiPH'leCROii ILJIOCROCT~I [ro 1 
B ,11.0CTaTOlffiO IIDipoKOM ~auaaone yrJIOB OTHOCliTeJrbHO ocn RpliCTaJIJla. 

Ha plic.6 rrpHBe,JJ;eH!:l H3MepeHH!:le aHepreTWiecIUie crreRTpl:l rrpu 

yrJiax BJleTa aJieRTpoHOB OTHOCliT0Jll,HO ocu Kp11CTa.JIJia pal?>Hl:U1M 

8(Br) = O; 0,12; 0,2; 0,6 Mpa,11.. ,lI.J1ll STUX li\0 yr.'IOB BJieTa rqm­

Be;ri:eHbl paCC'!lITaHH!:le Rplillll:le ITO Teop:im .KTI1 rrpn ~ = G,I MJ>l3.,ll.. 

YT!e IIpl'l e~ el(f'~ 0,2 Mpa,n;, r,n;e eKp- :KpHTlr<IeCIOOi yrOJI oceBoro Ka­

HaJIBpO:aaHIDI, pacxo)i{.UeHHe MelK,IIY TeopHe . n aRcrrepm.1eHT0111 crruto-
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B:IITCH arr.a 'Il1Te~"U:Hll11l . 

:lBe.rr:1i:i:emre 6 B Teop enr-recICIX pac'IeTax (y"IeT opue r-rTar.;;m:rn:o:J: 

3aBucin.rocTII yr.JIOB ;moroKpa1•rroro pacceHHHH [II] ) y1.reHb!!!aeT pac-

XO?.,Ilemrn i·«eli\lJY Teop:vre it I! SKCUep.mr.eHTO}.l II:pl1 f} = G, 2 !.1pa,JJ;, o.z;.rra--

KO, i1oJrF.OC'i'biO He llCK..i:rIO'IaeT ee ( pl1C. 7). 

llTa:r: , sa.1.1eTHOe pacxoJK,nemre r.Ieli\DY Teopue~ K'EI a :mcrrep1>:::.:eH­

T&1:hmLCT ,r;a.HRJ:ll,JH H8.'IllliaeTM c yr.TIOB BJieTa ::JJ18KTPOHOB OTHOC:I'i'e-Tu 

HO OCH< 100 > t} <66),S PaCXOJK,!J;e;rne Teo:_cmr C 3I<CIIepm.1eH':'Ol' B ;n:­

TepBaJie yr JI OB f)l(p < e < 6 8 Kp !.10.i?J!O 06'h.'ICHI!T:& H8.ITirtrn:e::J OpIIeH'J.'au;;-I­

OHHO:it 3aBHCHMOCTli yrJIOB MHOrO:Kpa.THOro paccemm:n: [n] n .ro-r:;a;.;:1-

qec1GIM rro,n;aBJiemreM KOrepeHTHblX Ma.Imm :yr.mB IllITeHCRBHOCTII [ 9 J . 
IlpH Ma.JIHX yrJiaX BJlPTa e !E 81(p xapaKTep .ltBWK0HHR MeR~OHOB cy-

111eCTB8HHHM o6pa30M K3MeH.A:eTCJI H STO rrp.IIBO.n;HT K aaMeTHm.iy "~JI!f­

'IHIO crreRTpa li3.JIY'IeHWI OT KOrepeHTHOro TOpMOSHoro crreRTPa [ 12 , 13] . 
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PRC. 7 

IO 

PHc.I 

ITO,IUJHCH K PHCYHKAM 

i:mepreTH"!eC!Gie cneitTPH H3JiytJ:eHWI OOI9RTPOHOB rrpH yr.nax 

BJieTa OTHOCHTeJlbHO OCH< 100> , :paBHH!1llf e = (0,4; 0,6; 

0,8; 1,2; I,4) Mpa,n. CII.JI0111HHe KpHBHe rrpoBe.n;eHH rro 3RC­

rrepm.1eHTaJlbHHM TO'l{Ka.M. IIyHKTHpHM eyHBaJI - TeopeTwiec-

rure 3tta '!elm.ff J m o.x ; Jae ~ 

PH;::. 2 3HepreTHtJ:ecrolli crreKTP H3JlytJ:eHIDI ,JJ,Jili 9 1,2 Mpl,Il;! 

CrrJiolJJH8.ff RP:il!Bafi - TeopeT"AtJ:ecitaJI. 

Pi!rc.3 3HepreTKt!ecK!rll: crreKTP H3JiytJ:eHIDI ,JJ,Jili G = 0 ,6 Mpa,n. 

CIIJioll!Hhle RIJ!IBHe - TeopeTH't!emme ,JJ,Jili 6 =( G, l R O, 125) 1,ipa,n; 

Tue. 4 3uepreTHtiecrorii: crreKTP H3JlytJ:9HKll ,JJ,Jili e = O; 4 MJ.:>a.,n. 

CIT.710ll!Hble ey:mme - TeopeTif'!ecKHe ,JJ,Jili 6 

0,16; 0 , :1:8) ~ipa..n. 

(G,l ; 0, 14; 

P.Ac. 5 Tecpern-qecIGm crreKTphl UMY'Iemm 3JieKTpoHOB rrpH yrJiax 

BJieTa CTHOCUTe.JTJ-HO 0c:r, paBHHX (j = (0,4 ; 0, 6 ; 0,8 ; I ,u ; 

l, 2 ; 50) r,ipa,n;. 

PKc.6 liH3Ko:meprerntJ:emo:e cneK'l'IJlI H3-r y-qemm sJieKTpouoB rrpn 

yr.11ax BJieTa OTHocuTeJr:r,Ho oc.11< 100> , ~ 8 =, G; 0,12; 

0,20; 0,60; M:pa,IJ;. KpRBl:le - :pac'!eTH no Teoprrn ICi. 

Pac. 7 I:IIrn1<0:mepreTlil"!eClifill crreKTP !!3JIY"I9HWI M9KTpOHOB rrpH 

e = 0, 20 Mpa,n:. CII.JIOIIIHHe KplrnHe - TeopeTJ~tJ:eCKH3 ,nJ1H 

6 =(0,10; 0,12; 0,14~ 0.16; Utl8) 1,ipa,n:. 
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