
10 K()!J. 

Ofib8AMHeHHbiA 
MHCTMTYT 
RJUPHblX 

MCCneAOB3HMM 

AY6H3 

P14-85-690 

A .II.Ko63es, A .Kpas4MK, E .PYTKOBCKH 

Olln1'lECKOE 113JIY'lEHI1E~ 

H03SYlK.lI.AEMOE 3J1EKTPOHAMl1 8 Gd 

1 
PellaKTOp E.K.AKceHOBa. MaKeT H.A.KliceneBol1. 


HanpaBneHO B "lKYPHan 3KCnepI-1MeHTaIlbH0l1 

nOllnHcaHO II ne'laT b 27 .09 . 85. 

~op~a T 60x90/16. O~ceTHaR ne'laTb. Y'I.-H3A.nHcToR 0,69 . 1-1 TeOpeTI-I4eCK0l1 ¢113I-1KI-1 I1 
• 


rHpa* 360 . 3illcal 36772. 

H311aTenbCKH~ OTlIen 06DellHHeHHoro HHcTHTyTa AAepH~X HccneAo8aHH~. 

ay6Ha Mo'K08'KO~ 06naCTH . 1985 



BBe.g,eHHe 

CBe~eHHe nOBepXHOCTK MeTa~~OB TIpK 60N6aPAKPOBKe HX B BaKY,YMe 
3apa.eHHHMH qacTKQawK HHTeHCKBHO H3yqan OCb B nOCne~Ke .g,eCHTKneTHH . 
3KCnepHMeH'I'N 6lVTH Ha npaBlIetm Ha HCC 'le.g,OBaHHe CBO"CTB nepexO,WiOI"O 
M311yqeHHH. lIK60 ero oco6eHHOCTe~. CBH38HHHX C Bos6yz.g,eHMeu Kone6aHH~ 
311eKTpOHHO~ ~83WN B weT&nllax. EollbmKHCTBO Ha611C.g,aBmKXCH ~KTOB 
H81111I0 icQepmrn8.lllllee 06'h11CHeHHe B paNKax 'l'eOpHM nepexo.I!,HOI"O H311j'l{e­
KMH /1 . 

H3BecTHo. QTO nepexo~oe K3~yqeHHe B03KMKae'l' TIpH nepece~eHHH 
3apH.g,ow rpaHKqN pa3.g,ena AByx cpe.g,. B C~, Kor.g,a SapRXeHHaR Q8C'1'H­
~ C SSpfl.g,OW e .g,BHK8TCfI co CKOPOC'l'bll ". :; pc !fS Bf1KYYWa no HOpw~H 
It nOBepxuocTH we'1'8»1Ia , OnTHqeCKHe cBoRcTBa KOToporo xapaKTepHsycTCR 
KownneKcHoR .I!,KsneK'l'pHQacKoR npO~WOC'1'bll C , cneKTpanbHo-yr1l0BOe 
pacnpe.g,eneKMe tnlCJla ljio'l'OHOB , KcnycKaewmc B 'l'enecHHA yron cI.Q = 
2:1isin. 8 d fY B 3&,llJieA nony$pe, onpeAellHe'1'CIJ tflopwynoR : 

d 2N e 2.f3z siI'lZfjCQ!,2{)fi, (£.-I)(I-../32+fllc-sinZf)') 12 --=- ., (n
ciJ. dS2 !illt- c). (l -fl/C()!, 2 8}Z (cCO~,(Y+IE-sin~ti)(("'.f3;'c-sir,z87 . 

tIneH nepe.g, SHaKOW wo~nfl HIIee'!' WUCHWYW nOA yrJlOW t9 <: 450 • llonoK8­
HHe MSKCHwywa Bcaro yr1l0BOrO pacnpe.g,elleKMR aaBHCH'1', pa3yvee'1'CfI, H 0'1' 
.I!,K811eK~wqecKoA npo~WOC'1'H cpe~, 811 HflHHe KO'1'opoR j'l{H'l'YB8BTCfl 
nocpeAC'l'BOW SYpaXeHHIJ. C'l'ORmel"O nOA' SHaKO., KB~'1'a MO~lIf1. nnR KO­
HeQHHX 3H&qaHM~ ~ xapax'l'epHoR OC06eHHOC'l'bC yrnoBYX pacrrpeAe1leKKR 
nepexo,llJioro KsnyqeKftH RBnRe'l'CR yweHbmeHHe KK~HCKBHOCTH AO Hy'lfl no.g, 
yrllawH 0 H 90°. SKCnepHM8HT~bHWe pe3Y"bTa'l'Y, nOnyq8HHYe paanHQHHMH 
&BTOpaNH (eM. . HanpKllep, /2-4/). B OCROBKOM nOA'l'BaJm,J!.lUl'l' J( X&paKTep 
yrJlOBOrO pacnpeAe~eKKII, OIIHCYBa8MOrO IjiopuynoA (1). 

TeopeTHQeclH nepexo,llJioe HSnyq8HHe AOnzHO 6YTb nOnHOC'l'bll nKKeAKO 
nonIlpKSOBaHHHM. DOCKOllbKy '1'p88K'l'0PHR qaC'l'~ 8 odeKX cpe~ CtnI'l'ae'l'­
CfI npfIMollKHeRHOR, 311e~CKHR BeKYOp BOnHY HaXO~~CH B MOC.OCTH 
Ha6nCAeHHfI, ~. 8. II nnOCKOC'l'K, 06pa3yeMoA BenopoJl CKOPOCTH llaC'1'HQY H 
BOnHOmDI BeK'1'opoli. B 9KCnSpKlleHT&x K8.(S}[1)A8.B~CJl qac'1'HlU:lO nOJlIlpH30BaH­

if B PBIJoTr/41 lUl 1IIiIlII8lIB In., o6..1q"'Ul..o! 8.l8X'rpolUUOl C 8asprze1t 80 R8B. 
MaKCHWYII ;yI'J[ollOro paonp8,lte.leJllUl DlIY'I8IWI 0 AIWlol 1IOJIIIll 5000 A 
KaISJlII.g,a1ICJI nOA yrnoll 8 =00, Q'l'O "PH HeBYCOKoft CT8n8KK nOJlftPHaaqKH 
WOeT YJt&31I1IA'l'b Ha H8.JIIl1Uf8 81tJ1a,Ita 113nyqeHKJI , OISYCJIoBJleHHoro HHIAI 
WeX8HM3MOM. 



Hoe H3nyqe HHe. CTeneHb nonHPHa~H aaBHCKT 0'1' BKnaAa ~MX rrpoQ8C­
COB reHepa.l\HH HanyqetUUI H COCTOmiHR nOBepXHOC'l'HOrO cnOIl , M3 K01'oporo 

CBeT BNXOAHT B BaKYYN (3arp1!3HeHHOCTK, mepoXOBaTOCTK), a TaKEe ero 

TOnmKHN. HenOJTHPK30B~ KONnOHeHT 06HQHO OTHOC1IT R TOPN03HOMY H3­
nyqeHKI). /5/, nllNKHec-qeKQlfH KJTH 061J1CH1IIl1' HaJTKllHeW Ha nOBepxHOCTH 
wepoxoBaTocTe~ /4/. 

J1KHe~HaR 3aSKClOlOCTb SNXO,D.a nepexo,D.Horo K3nyqeKH1I 0'1' 3Hepr KH 

~aCTKQH B Hepen1lTHBHCTCKOR 06JTiCTM 'l'axxe CQMTaeTCII xapaKTepHHN npH3­
tmK ON 3Toro IIBJTeHK11. B pa60Te 6/ Ha 3TOW OCHOB8HKK nepexo,D.Hoe H3JTy­

qeHHe OT,D.eJl llnOCb OT TOpN03Horo npH HCCJTe,D.OB8.HKH CBe~eHHII cepe6pmioR 

WHmeHK, 06J1yqaewoR aJle KTpOHIUIH. 
CneRTp nepexo,D.Horo H3nyqeHK1I B COOTseTCTBHK C ¢opNyJloR ( I ) xa­

paKTepH3yeTc1I rurasHoR 3aBHCHMOCTbll BHAa ciA /...1 Mil H8AHcneprHpyJl­
meR cpe,Itli. B peMbHOY cJlytl8.e OH B ToR KJlK HHOA CTeneHH ,D.$pwHpyeT­

C1I aa CqeT AHCne~'H. 3RcnepHMeHTanbHO Ha6n~,D.anKCb cn8KTpH Mil WHO­
T'KX MeTMJlOB /3- 4 : Be, 1'1;;. • lit! , "v.' , w ,Zn, 119 ' Cd , In-. 
\.vi, Ta , Pi , ill.{ • B 60JTbmKHCTae cnytl8.ea TeopeTHQeCRaR 3aBHCHMOCTb 

nO,D.Tae~aCb, T.e. HHTeHCKBHOCTb CHKMaJIacb C yB8J1KQeHHeM AnHHH 

BOlIHbl. )],JIll 1'8.RHX MeT9.JIJTOB. KaK Be, !1!J' lie K 119 Ha ifJOHe MaBHO 
cna,D.allmKX c neKTpOB Ha6JTIl,D.aAKCb OT,D.eJTbHH8 ,D.OBOJlbHO Y3KKe MaKCH~. 

AaTOpy mn'9.JIKCb OIDfCWla'l'b TaRKe cnelCTpy a paYKaX TeopHH nepexo,D.HOT'O 

K3nyqeHHR, a TaKXa C yqeTow B036YMAeHKR K pacnaAa nOBepxaOCTHYX H 
060eMHYX rura3MOHOB. 

COBepmeHHO He06YQHYR xapaKTep ,wei cneKTp K3~8HK1I raAOJlKHHe­
BoR MHmeHH, HR6JI1lAaBmKRC1I B pa60Te 15 . B ~ana30He MKH BO~ 0'1' 

3?00 ,D.O 5800 A6YJlO 06HApyz8HO meCTb WaRCHMYNOB C DOJlymHpHHOR OKono 

150 ~. ABTOPY HCCJTe,D.OBMK H ~e xapaKTepHCTKKH H3~eHHR MR O,D.HO­
1'0 H3 N8.KCKyYWoa Ha ,lVIKHe BOlIHbl .A. = 4800 H. \1H'I'eHCHBHOcTb H3.rryqeHHII 
JTKHeRHO BoapacT9.JIa C yaeJTKtleHHeW sHeprKH 3J1eKTPOHoB 0'1' 6 ,D.O 20 KsB , 

CTeneHb nOJlHpKa~K 6HJ1a ,D.OBonbHO SHCORoR H COCTaBJlRJla 0'1' 35 ,D.O 50%. 
B yrJlOBON pacrrpe,lteJleHHK Ha6)J1),D.aAclI MaKCKMYU no.ll yrnow 700 . AnTopi 
npH1IlJIH It 3aKJllltJeHHIl, tJ'l'0 Bce KCcn8,lt0B&HHHe xspaIt'l'epHC'I'Hlm .llonyCltall'l' 

mrrepnpeT8.QK1l 3'l'OrO OneHHIt RaK nepexo,D.Horo K3Jtyq8HHIt. )],JIR o6D1!cHe­

HHII coeRTpa KW OOTpe60B9.JIOCb upe,llOOnODTb, 1l'l'0 ,ltMcoepcHOHHaR KpHBaK 
raAOJlKHHlI KWeeT BeCbwa cnoJlHilR BK.ll C ll1ITbll XapaK!'8pKC'I'KlleCnnnr 1l8.C­

TOTaMH B BMAKMoR H yn&~one"oBoR 06J1acTSX coeRTpa. 

PS30HaHcHWR X8paKTep cnex~ K3nyqeHHR, B036~eworo SneltTpoHa­
MH B 'l'aAOnKHHH, nJlHllqllIIKMbHo OTnJf1l8llIllKRcll 0'1' IiCMe.llOB8HHNX paHee 

cDeKTpOB ~HX MeTannOB, o06~n HaC npoBeCTH AOnOnHH'l'enbHOe Rccn8­

AOBaHK8 cBoRcTB H3JJyqeiIJI Gel. 3ItC08pt01eK'N DpOBO~JIHCb Ha lOOIIeHH ,.c~ 
Do~sOB8BBoi B pa60Te 15/, KOTOPyD JIIl6e3Ho ap8.ll0CTaBHn HaM K.llonftH­
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CKM, HO npH 60nee BYCOKKX 3HeprKJIX 3J1eKTpOHoB H C nOMOmbll KHOR NeTO­

,D.KKH • 

MeT08ffKa 3KCnepKWeHTa 

CBoRcTea Ka~eHKIl HCCne,D.OBMHCb c nONOWbll yCTaHOBKK, no~06Ho 

onHcaHHoR paRee 6/. llyqOK 3neKTpoHoB 0'1' YCKopHTenll Hanp8BJlllnClI B 

~epy, 060PY,D.OBaHHyD ,D.JT1I KCcne,ltOBaHHR pa3J1KtJHHX xapaKTepKcTHK K3ny­
tleHH1I . p.mmeHb NOrJla nOMeQiTbCII B QeHTpe KaMepY TaR, Q'l'oClY IIy1'lOK 
3J1eXTpOHoB nona,D.aA no HOpMMK K ee nOBepXHoCTK, nK60 YBO,D.KTbC1I C 

TpaeKTOpKK nyqxa npH H3NepeHKH ~oHa. CseT, KcnycKae~ NKmeHb~ no,D. 
paaJlHtIHIDIH yrJlawK Ha6nll,D.eHHR B 38.,ltHeR nOJly~pe. C n ONOlllbll napbl no­

Bopamllm.lllltlXCR aepKan aanpaBJIRJICII Ha axoJlHYll meJl b MOHOXPOM8TOpa 6e3 
ero nepelolemeHHJI . llepe,D. Bxo,D.HoA UlBITbIl WOHoxpowaTopa HaxO.lV'JTHCb KBap­

QBaaft JlKH38 C ¢ OtcyCHHM paccT01lHHeN 100 NU, aH&JIK3&TOP nOJTRpK3aqKK H 
,D.K8IfJparMa, orpa,tnNHBaIlIII8JI TenecRbTR yron ,D.O BeJlHtlKHN 2,3xIO~ cpo 

CBeT, KcnYCKae~ YKmeHbll nOA ~KCHpOBaHHHN yrnoN aa6nll,D.eHKII 
(NOHHTOp~ KaHan ) , 6ea paaJlOll\eHKII a cneKTp BHBO,D.KJICIt H3 Kawep!>l Ha 

$OTOKaTOA ifJOTOyMHO~TeJlIl rrpK n ONOIIIK naps HenO,D.BHXHHX 3epKM. Kax B 

NOHHTOPHON, TaR K B cneRTpONeTpKtJe CK OM KaHMax H3J1yqeHHe perKCTpKpo­
BanOCb C nOMOlllb~ ¢OTOYVHO~TeJle~, pa60TaIl~X B peZHwe CQeTa OTAe Jl b­

HI:lX ¢OTOHOB. 
TaKKB xapaKTepHCTHRK K3nyqeHKR, Raft yrJTOBHe pacnpeA9J1eRH1I, 

sHepreTKlleCRHe 3aBHCHMOCTM , Cne ltTpi HC CJle AOBaJlKCb B HenpepYBHON pe­
~e, T.e. npH nOcT01lHH0W 3a BpeWII 3Kcn03H~H TOKe nyqxa Ha MH~eHK. 

~TeJlbHOCTb BpeweHK 3aTyXaHH1I K3J1yqeHKR RCcne.llOaanaCb npH pa60Te 
YCTaHOBKH B HwnynbcHow pelDOl8, KOTOpIiA OCymeCTBJTRJlCII cne,D.y1lmKW 06pa­
SON. "3 HenpepuBHor o nyqxa 3J1eXTpoHOB C n OMOmbll OT~OH1lDmMX nnacTKH 

H .JtHa4lpar w ¢O}:*KpOBanlfCb CryCTXK MHTen bHOCTbll ~ 2 HC, ,wTopHe 
C qaCTOTOA 10 Mrq 60w6ap~BanH WRmeHb . H.nyJl bCY C ifJoToyuHoZHTenR, 

COOTBBTCTByDlIIKB OT.lleJlbHHN 3BperHcTpHpoSaHHHN ifJoTOHaW, nocJle ifJopwKPO­
BaHHII aanycK9.JIK KaH8JI "cTap'!''' BP8M8lUlWlBTY,ItHOl'O ltOKBep'!'epa, a K.a 
KaHaJT "cTon" nocTynaJTK KWnyJl bCY, C$OpwHpOB8HHHe M3 CHayCOH,llMbKOT'O 

HanpRa8HKlI, Hcnonb3yeworo ,lVIR npepYB&HKR nyqxa sn8KTpoHoB. TaKHM 06­

paaoN, c nOMOmbll NHOr OX8H8JlbHOrO aMnJIKTy,D.Hor o aHaJIH3aTopa MOKRO 6YJlO 
aa6nll,ltaTb CTaTKC~H~eCKH YCp8,llHeHHYll 3&BHCHWOCTb BpeweHH 3&,D.epKKH 

ifJo!'OHOB , HcnymeHHWX WKm8Kbll, OTHOCK~eKbHO MOMeH'l'& nO~1I Ha Hee 

cryc~Ka 3neKTpOHo B. 
OnTKQeCKaR CHc~eMa cnexTpOMeTpKQ8CXOro ~a COAepKK~ qenHA 

PIIA 0Tpa&&mmMX M npenONJT1IIlmKX nOB8pxHOcTeR, qTO 06YCJlOBHJlO nOKBnBKHe 

B HeR C06CTBeHHOR nonRpM3ymmeR cnOC06HOCTH, K3M8H1t1lmeRcR no cneKTpy 
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~ c yr now Ha6nD~eHKR. COOTBeTCTByDWK9 nOrrpaBKH BHOC~n~Cb Ha OCHoaa­ B STOW cnyqae COCTaBnRno 0'1' 20 RnPM 
H~H Kan~6poBO~ ~3wepeHHA , BHllOnHeHHNX C nONOmbD Bonb¢pawoBoR HHTH ). = 3800 R~o 80 R!1pl'l .A = 6000 A. 
AHBWeTp ON 0 , 1 MW , nowemeHHoR B ~eHTpe KaNePN nepneHAHKynRpHo nnOCROC­
TH Ha6n l>~eHHA'. BwIo npoBepeHo , tlTo HaKan9HHM HKTb qMnHH,IUlH't8cRoR 
~opuH K3~aeT no a3KNYTY HenOnA'pH30~ CBeT. 

CneKT~bHaA' KanH6pOBKa WOHoxpoNaTOpa ocymecTBITRnacb no nKHKHW 
pTyTK c nOWOlllbl> ITIlWTlN CMili . 

CBe,eHKJf 06 OOTlftleCKHX napaweTpax Gd WOlDiO HaRTH B HeCRonbKItX 
pa60Tax I 7-I9/. Pe3ynbTaTU, no~eHHHe pa3~ aBTopawR, He cor ­

nacyDTCft W9~ co6oA. P~cxo~eHHe , nO-BH~Owy, 06bBCHReTCA' C~CT­
seHHHN BnHftHHeU c noco6a nPHrOTOSn9HKR 06pa3QOB H YCIIOBKR 3KcnepHV9H­
Ta Ha pe3yn bTaTY M3W8peHKR OOTMQ8CKRX napaweTpoB. QT06y M36eaaTb 

OHHen9HIUI nOB8pxHOCTlf, aBTOpY ~9HY 6WIH npOBO~Tb H3.IIepeHH.R 00­
THQeCKKX napaweTpoB B aTWoofJepe KHepTHHX ra30B . 

B HamHX 3KcnepKW9HTax KaKKe-1TH60 W8pY npDTHB OKHcn9HHR He npe~­
npHHKNBnHCb. rrO~rOTO BKa nOB8pxHOCTH NHmeHH COCT ORna B Tm&TenbHoR no­
ITHpoBKe C npKU8HeHH8M a6pa3HBKYX nopomKOB K nOClleAYl>~M npoMYBaHHH B 
3TKITOBOM CnH~ . HaK OTM8qanOCb B pa60T9 /20/ , nonHpOBKa rrpHBOAHT K 

06pa30B!lHHJ) H&KJ!ena B oOBepxHoC'l'HON en08 TOIIIllHHOA OKOIIO 50 MJIlI, 3H&­
tlKTeJn.HO npeBHIIlBDIIeY r ny6HHY, C KO,"Opol! CBe'!' 81Q8 BYXO~T B BaKYYl'. 

CIT9~osa~nbHo, OCTa8TCR HeRC~t s ~OR CTeneHH OOTMQ8CKH8 napawe'!'­
pi Gd. , nOJIyq8KHH9 B pa60TU 7- 19 , MOry'!' mpaxT8pH30BaTb c BoAcT­

sa nOBepxHocTR HCnO'b~81I01II H&MK lOOIIeHJI. Bee 118 OTWeTHM, ttro KpHBYe 
AHcnepc.KH H3 patloT I - 19/ H»el>'!' nn&.BHldl xaparr8p R He COAepIIa'!' 

K&IOIX-JIlf6 0 oco6eKHOCTeA ,0 , ceM .JU«U]8.30H8 BOIIH, AIIB KOTOpiX Ha6.dlA8-­
JIlfCb MILKCIDIYW B pa60Te 15 . 

CneAfeT o'!'weTHTb, qTO B npoQecce 8KcnepKWeHTOB, BYnonHJf8MYX B 
HenpepYBHOli pemwe npH 'l'OKe nyqKa OKono I wttA, HA DOB8pxHOCt'H YHIIeH1l 
s M8Core nOnAAaHKR nyqxa Ha6.dl~OCb H3weHeKH8 OTpBKeHRR CBe'l'a. CneA 
n:yqxa H8.6.dlA&JTCR K8.K Ha Gd YH1I8HR, T8.lt H H& Hi • H8. KOTOpoA 61VtH 
BYIlOJlHeHIl KOK'i"pOJlbHY8 HSMepeHHR BBXO,lt& nepexoAJforo 8SJJyqemUI. 

PeSynbTaTY HccneAOBaHKR CBoAcTB HagyqeHHR 

ilpe~eTOW 3KcnepHW8HTanbHOrO HCCn8AOBaHHR 6un, llpeKAe Bcero, 
cneK'l'p K3JIY1mKHR, B036~uoro 31letrrpOHaMH B Gci , nOCKonbKY no pe­
SynbT&T&II pa6o'fW / 15/ OH xwe8T pesOH8HCHIiA xapaxT8P, ae BCTP8qaBmHA­

CR paHge npH HCCneAOBaHHH DepexOAKOro K3~yqeHHB. CneKTp HSMepRnCR 
npH sH8prHH 3J18KTpOHOB 200 RaB nOA yrJlOW Ha6.dlA8HHR 8 = 500 11pH He­
H3W8HHOA lIHpHH8 BYXoAfiolll 1IIEIITH UOHOXPOW&TOpa. Cnenp&JIbHOe pa.3pemeRRe 

\ 	 '"2...al o.so" J
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PRc. I. 	CneKTp M3JlyqeHHR, 
B036yl1,l\aeworo /"d
311eKTpOHaMH B ~ • 

KaK BYIAHO Ha pHc. I, cneK'l'p c o,neplEI'lT 

ceWb Q8TKO aypall8~ waxCl'lwyNOB Ha AJrH­
Max BOJlH: }.~ = 3780 A, .A~ = 4120 R, 
),3 = 4300 t )'1 = 4520 ~. ).s =4800 t 
)., == 5350 t )7 = 5750 A. ilOJlymHpKHa 

W&KCHWYVOB COCTaBnReT rrpHwepHo IOO-I50~, 
a DOllo.aHHe meCTK 1'13 HHX ~OBOlTbHO TO~O 

COBITaAa8T C nOITO~eHHew NaKCH~OB,Bnep­
Bye Ha6JlD~aBlIIHXCJI B pa60Te / 1 /. Ha 
pHc.I nOK&3aH cneKTp, cHBTYA npH opHeH­

T4qMH ~H3aTopa nonnpH3aqKH Ha nponycK&HH9 BOITH C 3ITeXTpHQeCKHW 
BeKTopoM B nJlOCKOCTH Ha6mD~eHHft, npH nepneHAMKYnRpHoR OpHeHTaqKK 
8Ha1!HS&TOpa nonnpH3aqMH c neKTp rrp6KTHQeCKK H9 OTnHQaeTcR. 3 TO CBH­
AeTenbcTByeT 06 OTCyTCTBKK 3aweTHoro BKJlaAB ll KHeRKO DOJlHpK30BaHHOrO 
K3nyqeHKR, reHepupy8woro B rrpDQeccax, AJrR KOTOpYX K&np!I.BneHHe BeKTO­
pa CKOPOCTH ~acTRqY cywecTseHHo. 

~eTBnbHOe HCC~e~OB&HHe CTeneHH noHftPH3&QKH H3ITyqeHHR rrpOBOAK­
.7I0Cb npR HswepeHHH yrJlOBYX pacnpe,neneHHA. BwIH H3wepeKY yrnoBYe pac­
npeAen8HHJI HsnyqeHHft npH 3HeprHH 31le~HOB 110 K3B AnR !pex H&H6o­

Jlee HH'!'eHCHBHHX W8.ltCHwyII0B ).~ • J s H ),. 
Be9 yrnOBY9 pacnpeAelleRH.R oeM BHA, &H&­

1l0rHtIHJlI:l 	 nOKa3&KHOWY H8. pilc.2 AJrR .A j" 
3JtcneplUleHTanbHY8 'l'OtmH npH 06eKX 0pHeH­

T8llKax 	aH&nHSaTopa nOJlA'pH~, CKOppeK­
rHpoBBHHHe H& H3W8K8HMe ~C'l'BBTenbHocTK 

YCTaHOBKH, noaTCR H& ol1JfY KpHByD, Q'l'0 
nOATB8~T OTcyTcTBHe nongpH80B&HHOrO 
KOwnOK8HT4 H3J1yq8HHJI no~ pa3J1KqHyJ1H yrJla­
UK R&6mD~eRRR C TOqHOCTb~ AO 3KcnepKM8H­
TanbRYX 	 OmH60K. B qe.7loM yrJlOB08 paCllpeA8­
neHH8 B ~ocTynHow AJrR H3M8peHKJI ~ana30H8 
yrnoB xopomo OIDfCysae'l'CR 38.KOHOM naw68p­

Ta, xapaKTePH3Y1>~M ~~KO-CB8T~8CR 
nOBepxHOC'l'H: 

!v'(eJ 	_ CO~ f) . (2 ) ~ 	 -;;{oj ­

t o" " ..........:!' j" "'j'j!j!j !j!j!

" !I ""e1W 
- -

j ! ' ! '!' !'I' 


'2 0..6 

gOb ° 0
E. I10d! 
l·S!50 A-B 0..•

J 
0.2 

OO ' !idd , I I ""j " "" ' j " 
0. 15104560 

9(!PlbJ 

PKc.2. 	Yr Jl080e pacnpe,ne­
Jl8HM8 )f3~eHHR B 

Gd . JlB.HH8 - aaKOH 11aw­
6epTa, 3Kcnep1Dl8HTBnbHY8
TOQXK - H3~yqeHRe BOnK C 
3neKTpH~CJCHM a6KTOpow , 
nnOCl[Oct'H aa6.dlA8HHR (0) 
H B nepne~~RPKQR K 
HeR nnOCl[OCTH ( A ). 

Ha pKc. 2 3&KOK ]aw6epra BOCnpoR3BO~T JlKHHB, a 3Kcn8pRMeH'l'anbHHe 
'l'oqu HOpmpoB8.HH • HeA nOA yrJlOW 500 • Heo6xoAHwO O'N8'!'HTb, qTO npIf 

H3wepeHHH yrJlOBmc pacnpeAeneBHR AJrR Ka.,ttOf'O yr1l4 H8.6.dlAeHHlJ RCCneAD­
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B8.JJCR yqacToK cneKTpa 86nH3H N8KcKYYMa, 

,Il,OCTaTO~ ,Il,nR Toro, qT06y y6e~TbcR, 

qTO K3yepeHHR yr'JlOBOrO pacnpeAeJIeIDII'!.. ~ .. .60(1 npOBO,ll,HTCR B COOTBeTCTByDWeM MaKCHMyNe. 
~ WK BbIIlO1THeHH if3NepeHKR aaBlfCH­
~400 

MOCTif BNXO,Jl8. 1f3JTY'f6HHH nOA yrn oN $ =j ·.~.. ......... = 4 0 0 OT 3HeprKIf 3ne~OHoB AnR yqacTKa~200 ·. .. cneKTpa mHplfHoR 200 R, cO,llepMamero NaK­· . . .. ....... . 
CHMyN ).!;' nOKa3aHJil,1e HS pRc. 3 3Kcne­a 80 120 160 200 

[I.oB) pKMeHT8JlbHNe TOtlKH AnI'! Gd HyeDT 3Hatm­
PHe . 3. 	3asHCI'IMOCTb BhlXO.1\S. Te~b~ p836poc, HO TeN He NeHee BOC­

1'13JTY'feHifH C AnHHOII npOH3BO,ll1!T R8HO H6JnlHeRHyD 3HepreTlflteC­
BOJlKY ) =4800 ~ 01' 3Heprifif KyD 3aBI1CifNOCTb. ,IVtH cpaBHeRHR Ha pHc. 33JleKTpOH08 AnR Gd (. ,)( ) 

if IVi (.a • 0 ). 113nyqeHHe I1pif8eAeHY pe3ynbTaTY I1CC~ e,llOBaHl1H 113 JIy­
8 0 nH C 3neKTpHtleC/UtM BeK­


1l6HKR Ha Ml11DeHII rl3 IV'i ,Il,nl'! Tex lIIe 3Kcne­TOpOY 8 DJlOCKOCTJII Ha6nD,Il,e­

HHR - • , A , B nepneH,Il,if­ pHNeHT8JlbHNX YCJlOBHA. OPRMaH, H8JlOllleH­

KynRpHOR K Hell nnOCKOCTif -

HaR Ha 3KCnepl1MeHTaJtbHH6 T O~I1, COOT­X , 0 . ]ifHifR - TeopeTl'l ­
'leCKaR 3aBHCHMOCTb BhlXO,lla BeTcT8YVmHe H3nyqeHHD, nonRpH30BaHHOMY
nepexOWloro H3nyqeHHH. B l1JTOCKOCTH 

Ha6n D,Il,eHHR, npe,llCT8B.I!ReT c 0601\ TeOpeTif ­
" ~JI'I f"" " .. , 1" f ' I Iii ' t , f I rr-rrrr-rT .", 

'lecKyD 	3HepreTH'leCKyD 3aBHCHMOCTb BHXO­ ox.! ; •• " , ~ .;0 '0 . 

AS nepexo~oro H3nyqeHHR. CTeneHb I ~ )l. I.'"I ,A'"(.,, 1 
f ,.

nOnRpH3a~H H3nyq6HHR HS !Vi COC TaBnH­ J ,~l 

eT 	50-?~, a HHTeHCHBHOCTb cOxpaHBeT .. ..,.. .~ 

nHHellHUn POCT 80 BceN HCCne,ll,08aHHOM 

3HepreTKqeCKOM ~ana30He , HO Ha YPOB­

He B 2-3 pa3a NeHbmeM, 'leN HHTeHCif8­
PHc.4. 	 ~nIfTenbHOCTb 38.TyXa­HOCTb H31TyqeHHH Ha Gd . 

HHH H3nyqeHHH, B03­
TaKHM 06pa30W, pe30HaHC~ cneKTp, 6yxA8.6woro 3n8KTpo ­

H8.W11 8 Gd .yrnCl 81ie pacnpe,ll,eJleHHH, nO,ll,tnfHJrnDlHeCH 

3aKOHy ]aw6epTa, OTCyTCTBHe nonKpH3~H, HenHHe~HaR 3Hepr eTHQeCKaR 

3aBHCHWOCTb BliXOAS H3nY'feHHII Ha <Jd. H8XO,ll,llTCIi B OqeaHWlON npOTH BOpe­
qKH co CBOl\CT8awH nepexoWloro H3JlyqeHifH H HweDT rrpH3HaKH, n0 3BOnmD­

lllHe KHTepnpeTKpOB8Tb 3TO HBneHHe KaK KaTO,ll,On()NHHeC~eHW'D, Pem,aJ)mHe 

apryweHTY B nOJlb3Y TaKoR ifHTepnpeT~H 6YJlH nonyqeKY npH H3we peHifif 

BpeweHH 3aTYXaHHR if3nyqeHHH. 

Ha pHc.4 nO Ka3aH 8peMeHHoR cneKTp M3nyq6HHH, B036~Noro 

cryCTKawM 3neKTpoH08 AnHTenbHOC1'hD OKono 2 HC H8 n08epXHoc TH Gd 
NHmeHH. Bpew6HHoR cneKTp H3MepeH nOA yrnow H86nD,Il,e~H e = 250 npH 

3HeprMH 3n6KTpoH08 I IQ K3B B MaKCMNywe Jt3 = 4300 A co cneKTpanhHHN 

paapemeHHew ;:1) = 30 X I1pH opHeHT~JII aH8.JJJII3aTopa nonRPH~H H8 
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nptlllYI'n/uulII lIilnil f" n lloKTpHQeCKI1M BeRTopoM B nnOCROCTH Ha6J1 D,Il,eHlffi. 

Bpewoliliotl I: 11t!1!'I'P, IIn6pn....YA npll nepneH~KYJlKpHOA oplieHT~rI aHa.J[If3a­

TOP/}, IInnllpWlnl~HI, HNOJ! IlJiDJI OrllllHh1A BHA. Ha PliC.4 xopomo BH,nHO, 'lTO 

OC llfl l!lIyll 'lite"!'!> lIaJly',etlIolH COCTaBJlB6T Kor.mOHeHT c o Bp8MeHeW 38TYXaHHH, 

3H/llll1'1'flf" " 0 IIpf'Hlltlll/UJlUHN nep"o,ll, Cn e,ll,088.HHJJ crYCTKOB 3n8RTpOHOB, paB­

Hl.IA ro " r. , If T(I.)lhKO HeCKOJlhKO npo~eHT08 · lrn,.eHCrlBHOCTrI npl1lCO,ll,ifTCR Ha 

6~OTIJO 	:1Il'J'YXIII~Ill ICOMllOHeHT co BpSMSHeM SaTJ'X8HRfl MSHSS 10- 9 
C (cpoH 

Ha 	 pl1e.'l 1I1j11'1'«'I1). 

DpnW'1 II\'I'yxluLHn N6An6KHOr O Kor.mOHeHTa CJIH1Dl(QY BenHKO no cpaSHe­

HHI) f" ,lVIHTnllhli lWThll n8pexO,ll,HOro 1f3JTY'f8HHR. Cne,ll,08aTe.rrbHo, TOnKOBaHHe 

K3JlY"Olillil. II no6y-.naoNoro 3neKTpoH8JlJII B Gd , KaK nep6xo~oro nonRO­

CTbD 11 CIIJIIlI,IMTl' ,1. BpeNH 3aTyX8.HIfH NeAneHHOrO KONnOHeHTa 3Hatm'l'eJlbHO 

npeBoCXO)~T Tax.e BpeNR XI13HH B036~eHHHX COCTORHKR aT ON08. Ho KpK­

TePl1n ,n..~HTlln toMOCTl1 3aTyxaHHH He HaKnaAYBa8T Ha JTDNKHeClIe~D lIteCTKKX 

OrpaHI11,10llHA eo CTOPOKY 60nblllHX BpeNeH. B KOH,Il,eHcKpoBaHHWC CpeASX 

npoL\eCC IIUI' IIOl!leJil1ff If 1t3JTY'f6HKH 3Hepl'lfl1 I1pOXO,ll,HT qepe3 PHA sTanoD, 

I1plflteN H(lKnTopN8 1t3 I«fX Noryr KN6Th M8.JJ;yD BepORTHOCTb. 11 ,Il,8~CTBif're.Tlb ­

HO, 8 HOKOTOPUX KCnOJlb3yeNYX Ha npaKTI1Ke n()NItH~OpaX ,Il,nKTeJlbHOCTb 

aaTyXaHJllfl K8TOAOnDNHH8C~eHqHH ,Il,OXO~T AO HeCKOnbKHX ceKYH,Il, . 

qTo K8.Ca8TCR 61icTpo 3aTyxaD~ero KONnOHeHTa, TO ero cBoAcTBa 

rl3-38. WaJIOCTH BKJla,ll,8 ,Il,eTanbHO He HCCJle,ll,OBaJlIfCh, a IfweDWM6CR ,Il,aHHli6 

He n03BOJlHllT CAenaTb 38Krrl)qeHHe 0 weXaHH3we ero 8036~eHHn. 

TaKltw 06pa30W, G d - nOKa e,ll,HHCT8eHHYA W8T8.JJn, R3JIYli8mI8 KOTOPO­

ro B mHpoKoR CneKTpaJthHoR 06naCTI1, B036~w08 SJleKTpOHaNH, nO~K 

lIenHKOW 06~ffCRffeTCR RaTO,ll,OJl~WHHeC~eHllHell. H8 KCKnDqeHO, qTO A8TaJIh­

Hoe I1CCne,ll,OB8HHe CBoRcTB H3nyqeHI1H C I1pKBneQeHH6U KpHTepHH AnHTen h­

KOCTH 38.TyX8HHff WOllST nPlB6CTH K 06HapYJleHHD CYIIl6CTBeHHoro BIUT8.,Il,8 

n()NHHecqe~B B K3nyq6HHe ~rHX NeTannOB, 8 cneKTpax KOTOpYX Ha6JT1l­
AanKCb peaOH8HCY. 

ABTOpY 6JlarOAapHH W.M.~y 38 none3HH8 06C~6HHR If ~eHHHe 
3awetUUilfB. 

JI.lfT8pa!Ypa 

I. 	rKHa6ypr B.n., ~K ~.M . !3~, 1946, 16 , c.I5. 

2. 	 l{o6388 A.n.• MJIIXaJIHK C., PyTKOBCKIf E.• ~K I1.M. !MI, 1972, 15, 
c.326, 

3. 	~ 'rank A.L., Ar"kD...,..l I::. 'r ., £JlrkJlOl1 H.ll. , Phys . Hov ., .l'J1>2 , ,L2b , fJ . l~47 . 

4. 	ApY'fiIIJlIl ~.P. H JW. li3'l~. 1972 • 62. 0.1263. 

7 



5. 	 Bocrsch l!. , Hadel off C. , ~uerbrl.!y G. Z.Phys.Lk., 1961 , ~6~, !>.46~. 

6. IJoersch l!. , bberstp111 P., Fritzsche D., Sauerbrey G. Z . Phy~ik , l%~ , 

Ul7 , p.9/ . 

7. Iil2rickOClff H.J., Araka'''iI ~ . 'I'. , Birkhoft R. IJ. 

1' .1.1)3 . 

8. lJJ.Nat:do H. P., (;Oland A. N., Phys .Rev. , J.971, 

9. Arakawa E.T., lIurickoff Il.J ., Birkhoff R. D., 

Phys . P.ev ., 1965, A.13"/ , 

B4 , p . 1700 . 

Phys .Rcv . u.tt.,1964, 12 , p.319. 

IO. 	 BUrkel: U ., StWmann W. Phys .SlaL. SoI . 1965, 12, p.853 . 

II. 	Cram L.S., Arakawa I:: .'J., Phys.Hev., 1'16/ , 153, p.455. 

12. 	 Brandreier A.J., Jr, Arakawa 1::.'1'., Z.Physik, 1970 , 239, p .33/. 

13. 	 IbbberstciJl P., Sauerbrey G. Phys .Lett., 1-970 , 3J.A, p.3211 . 

14. 	 BraUlldiooier A.J., Jr, Arakawa E.'r., Opt.cmrn. J910 , 2 , .., . 257 . 

15. 	 Mlchalak S., Nguyen Chau , Po l anslu. K., Acta Phys. Polon . 1982, A61 , 

p.39 . 

16. 	 Ko6ae8 A.n. O~. P13-10585, Ay6Ha, 1977. 
17. 	 HHH3eB ~.B .• HoeRoB M.M. mMM, 1970,30, c.214. 
18. 	 Ersk1ne J.L. , Blake G.A. , FlaLen C.J. , J.OpL.SOc .Am . , 19/4, 64, 1332. 

19. 	 Petrakian J.P., N.Al&rned Mokhtar, Fraisse I{ . J.Phys. f' : Metal Phys., 19 77 , 

7( 1l) , p .243J.. 

20. 	 HHHaeB t.B., HOCK08 M. M. mMM, 1971, 32, c. II89. 

PyxODBCI> nOCTYIIWl8 B liI3MT8.Ill.Cxd OT~eJl 

25 C8HTJi6pg 1985 rOM. 

8 

Ku6JeB A.n. I KpaB4HK A•• PYTKOBCKH E. P14-85-690 
OnTk4ecKoe H3nY4eHHe , B030Y*AaeMOe 3neKTpOHaMH B Gd 

npHBeAeHw pe3ynbTaTw HccneAOBaHHR pa3nH4HWX xapaKTepHcTHK H3nY4eHHA , B03­
6YllC,llaeMoro 3neKTpoHilMH B Gd. B cneKTpe H3nY4eHI1A Ha6nlOAaeTcR ceMb MaKCI1MYMOB 
Ha A"HHaX BonH: 3780, 4120, 4300, 4520, 4800 , 5350, H 5750 ~. YrnOBwe pacnpe­
AeneHHR cneA~T 3aKOHY flaM6epTa . nonApH3a~I1A OTCYTCTByeT , 3HepreTH4ecKaR 3a ­
OHCH~CTb OWKOAft k3nY4CHHft B AHana30He 3Heprl1H 3neKTpoHOB 80-200 K3B HOCHT 
HP"H'tl'i4.IWi1 ;It""';' II. '''po ,linn CPol8HeHotfi H3MepeH!I 3HepreTI14eCKaR 3aBHCHMOCTh 8b1XO,Qa 
""II" ~"AllotQ ,. lIlY"IIHI1I! C AJ1HHOH BonHbI !jaOO A Ha MI1WeHH 113 Ni. BblXOA H311Y4eHI1I1 
B NI JUmr '.111) p.e ,eT C JHl'prl1ei4 311eKTpoHoB I HO HHTeHCI1BHOCTb ero B 2-3 pa3a 

',d. H1Mt'peHHe BpeMeHH 3aTyxaHHA H3nY4eHHR B Cd nOKa3ano HanH411e 
"0,."1)11.,11' [ apl:io4CHe... 3aTyxaHI111, oTnH4alOlllHMcA Ha HeCKonbKO nopAAKoB. Oc­

HOlltlO'" aK1I(l1I • HJIl),4oHl1e, B036yllC,llaeMOe 3neKT~OHaMk 8 Gd. BHOCHT Ko...nOHeHT 
C ....0 1'40 ..11.. lJiJlV"'."H"', 3Ha4HTel1"HO 60nbwHM 10- c . Bce HCClleAOBaHHble CBOHCTBa 

4"T 06~AcHeHHR B paMKax TeOp1111 nepeXOAHoro ~311Y4eHHA, HO AO­
'~HIO 113nY4eHHA B Gd KaK KaTOAonIOMHHec~eH~HI1. npHpo,Qa Ko...no­

TYXBHHA,MeH"WHM 10-9 C, He BWACHeHa. 

Pa(">O 'lI ....'\lW".H., II na6opcnopHH HeHTpOHHOH ~H3I1KH OHRH 

II""""" " T ll(he,Q)lHeHHoro HHCTMTYTB If.Q,epHWlt II Ccne.Q,O"1OIA • lly(\HII 1985 
~----

nepeaOA ."mr PBAOBOH 

Kobz"v A . 1' . , II,.vchyk A•• RutkOIoIsk i E PI4-85-690 
Optical R.,II" Ion Generated by Electrons in Gd 

The rt''I,dtt o( InvestIgation of spectra , angular distributions, energy 
dependI'II(l' ,!lid dllmplng t ime of optical radiation generated by 80-200 keV 
electro"a III Gd are presented. In radiation spectrum t'lere were 7 maxima ob­
serv.'tl un H8a, "120. "300 , "520 I 4800 I 5350 and 5750 A wave 1eng ths. The an­
gular dl.t , Ibutlons follow the lambert law, the polarization is not observed. 
The m I urt'mc:nt of radiation time damping In Gd has shown that there were two 

lit having damping time which differ by a few orders. The main contri ­
lo the radiation generated by electrons in Gd Is due to the component 

hillllflli damping time considerably longer than 10-7 s. All the radiat i on pro­
p("nlt·:, Investlgat~ cannot be explained within lhe framework of the theory 
or trBn~l tlon radiation, however may be 
The mJllcr'of the component with damping 
c l edr 

The Ifl v('u 19.tlon has been performed 
Physic" JINR. 

interpreted by cathodoluminiscence. 
time less than 10- 9 5 is not yet 

at the labora tory of Neutron 
. 

Prepri nt of the Joint In.titute for Muc:le.r lea.arch . Dubna 1985 

http:J.OpL.SOc.Am
http:Phys.P.ev
http:Z.Phys.Lk

