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B uacToHmee npeMH 6onhwoe BHHMaHHe y,D;enHeTCH 
nonyqeuuro TyronnaBKHX MeTannuqecKHX nneuoK. TaK, ua
npHMep, OHH MOryT npHMeHHTbCH B nonynpOBO,II,HHKOBOH 
TeXHOnOrHH B KaqeCTBe KOHTaKTOB H 3negTpO,II,OB, r)J,e )J,O 
CHX nop HCllOilb3YIDTCH nneHKH H3 amoMHHHH H 30ilOTa/l / . 
Bo apeMH pa6oTbi nonynpoBO.IJ.HHKOBbiX :weMeHTOB ua Hx 
3JieKTpO,II,aX pa3BHBaiDTCH pa3nHqHbJe napa3HTHbie HBneHHH -
oKHcneuue, Bblropauue, ue)KenaTenbuwe npoueccbl, CBH3au
uwe c 3neKTPOMHrpauue:H. B HHTerpanbHbiX cxeMax Tuna 
MeT ann- OKHcen- nonynpoBO.IJ.HHK /MOll- TexuonornH/ y)Ke 
llpHMeHHeTCH MOnH6)J,eH B KaqeCTBe TyronnaBKOrO MaTepua
na 3neKTPO.D.OB /T- MOll -TexuonorHH/ /4/. 

llpe,II,nonaraeTCH, qTQ npH H3rOTOBneHHH 3neMeHTOB C 
BbiCOKOH llilOTHOCTbiD WHpOKOe npHMeHeHHe uaii:)J,eT H CaMbiH 
TyronnaBKHH MeTann- nonb$paM /TnJJ = 3410° C/. 

B 0T.D.ene HOBbiX MeTO.IJ.OB ycKopenHH pa3pa6oTaua H 
CKOHCTpyHpOBaHa BaKyyMHaH ycTaHOBKa ,II,ilH nonyqeHHH 
TOHKHX nneHOK C HCll0ilb30BaHHeM 3neKTpOHHo-nna3MeHHO
ro /3ll/ HCnapHTenH / 2 / ,MO,II,epHH3aUBH BaKyyMHOH CHCTeMbl 
noJaonuna nepeii:TH ua pa6oTy B 6eJMacnHHOM aaKyyMe npu 
,D;aaneuuu ue xy)Ke qeM 8 ·10-7 Top. 

llO,II,ilO)KKH H3 Me,II,H, anroMHHHH H KpeMU:fiH ycTaHaBnHBa
nHCb na.D. 3ll ucnapHTeneM ua awcoTe 100 MM. llpu ucna
peuuu TeMnepaTypa no,II,nO)KeK no)J,,II,ep)KHBanacb B .IJ.HanaJoHe 
oT 30°C .D.O 400° C. Heo6xo,II,HMO OTMeTHTb, qTo 6e3 
npHHY.IJ.HTenbHOH CTa6HnH3aUHH TeMnepaTypa llO)J,ilO)KeK no
BbiWanacb )J,O 1007160 °C BCne,II,CTBHe pa,II,HaUHOHHOrO Ha
rpeBa H Harpeaa OT 3$$eKTOB KOH)J,eHCaiJ,HH. 

llneHKH BOnbdJpaMa HaHOCHilHCb llpH pa3nHqHbJX pe)KHMaX 
pa6oTw ucnapuTenH. ToK uaKana TepMoKaTo.D.a MeHHncH 
B npe,D;enax I k = 25 7 35 A, TOK pa3pJI,D;a I P = 1,0 73,0 A 
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Puc. 1. Pa6o'lue xapaKmepucmuKu 3II ucnapumeAJI OAJI 
eoA&t/Jpa.Ma. 

H Hanps)KeHHe, 

= 2,0-:- 3,0 KB. 
no.n.aaaeMoe Ha aHO.IJ. - THreJib , U a :;: 

AHO.IJ.- THreJib 3arpy)KaJICB MOHOKpHCTaJIJIH'ieCKHM BOJib-

4JpaMOM 'IHCTOTOii 99,990/o. Ha puc. 1 npHae.n.eHbl pa6o'IHe 
xapaKTepHCTHKH 3II HcnapHTens. CxopoCTb o6pa3oBaHHB 

aonL4JpaMOBbiX nneHoK aapbHpoaanacb B npe.n.enax 150+
+-1500 1 MUH - 1. IlonyqeHHe nneHOK aonL4JpaMa, Hccne.n.oaa

HHIO KOTOpbiX DOCBBI.UeH~ :na pa6oTa, npOBO.IJ.HJIOCb C DOCTO

BHHOH CKOPOCTbiO 800 A .MUH -
1. 

~a30BbiH COCTaB nneHOK HCCJie.IJ.OBaJICB Ha peHTreHo

.IJ.H4JpaKTOMeTpH'ieCKOH ycTaHoaxe ZEISS, cTpyKTypa noaepx

HOCTH - Ha CKaHHpyro{UeM MHKpOCKODe JSM-35, XHMH

qecKHH cocTaB onpe.n.ensncs MeTO.IJ.OM ynpyroro pacces

HHB 3 He. 
XapaKTepHCTH'ieCKHe peHTreHO.IJ.H4JpaKTorpaMMbl Ha no

JIHKpHCTaJIJIH'ieCKHX DO.IJ.JIO)KKaX H3 Me.IJ.H H aJIIOMHHHB H MO

HOKpHCTaJIJIH'ieCKOH DO.IJ.JIO)KKe H3 KpeMHH1l, opHeHTHpOBaHHOH 

·a DJIOCKOCTH<III>, npe.IJ.CTaBJieHbl Ha puc. 2-4. IlpoBe.IJ.eHHbiH 
aHaJIH3 noxa3an, 'ITO nony'ieHHble nneHKH aonL4JpaMa o.n.Ho-
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<lJa3Hhl, 'KpHCTaJIJIH3YIOTCJI B 06'LeMHO -ueHTpHpOBaHHOH Ky-

6H'IeCKOH pemeTKe a - W H xapaKTepH3YIOTCJI Bhlpa:>KeHHOH 

TeKcTypHOCThiO B HarrpaaneHHH 1110 I . 
llpeUH3HOHHLIH MeTO~ CHJITHJI peHTreHO~H<lJpaKTOrpaMM 

II03BOJIHJI C XOpomeii TO'IHOCTbiO orrpe~eJIHTb IIOCTOJIHHYIO 

pemeTKH aonL<lJpaMa. B 3aBHCHMOCTH OT TexHonorH'IeCKHX 

YCJIOBHH OHa H3MeHJIJiaCb B rrpe~enax a = 3,16273,167 _,.i, 

llpHCYTCTBHJI {3 -<lJa3LI BOJib<lJpaMa, KpHCTaJIJIH3YIOI.QeHCJI 

B IIpHMHTHBHOH Ky6H'IeCKOH pemeTKe, HJIH MeTaCTa6HJibHOH 

<lJa3LI BOJih<lJpaMa, KpHCTaJIJIH3YIOI.QeHCJI B rpaHeUeHTpHpO

BaHHOH Ky6H'IeCKOH pemeTKe, KaK OIIHCaHO B pa60TaX / 3 •4 /, 

He Ha6JIIO~aJIOCb. 

TeMIIepaTypa IIO~JIO:>KeK BO BpeMJI KOH~eHCaUHH He BJIHJI

Jia Ha o6pa30BaHHe ~pyrHX <lJa3 BOJib<lJpaMa, XOTJI B pa6o

Te/4/ OHa JIBJIJIJiaCb OIIpe~eJIJIIOI.QHM <lJaKTOpOM. 3TO MO:>KHO 

06'LJICHHTb TeM, 'ITO aTOMbl BOJib<lJpaMa IIOJiy'laiOT OT 3ll 

HCIIapHTeJIJI TeiiJIOBYIO 3HeprHIO 3Ha'IHTeJihHO 60JiblliYIO, 'leM 

Tpe6yeMaJI ~JIJI <ba30BhiX rrepexo~oa. Harr£HMep, ~JIJI rrepe

xo~a{3-W->a-W OHa COCTaBJI.IIeT 0,7 3B/ /. 
B pa6oTax 

15•61 
OTMe'laeTCJI, 'ITO ~JIJI IIJieHOK a- w 

xapaKTepHa BeJIH'IHHa OT~eJihHLIX KpHCTaJIJIHTOB B ~Haiia30He 

1500- 2500 A. Ha puc. 5 rrpe~cTaaneHo o6pa3oBaHHe 

OT~eJibHhiX KpHCTaJIJIHTOB Ha IIOBepXHOCTH TOJICTOH BOJib

<lJpaMOBOH IIJieHKH IlpH ee IIOCJIOHHOM HapacTaHHH /TOJII.QH 

Ha IIJieHKe IIOp.II~Ka 5 MKM/. BeJIH'IHHa OT~eJibHhiX KpH

CTaJIJIHTO:S ~OCTHraeT 5000- 10 000 A.Ha puc.6 xopomo 

BH~HO pa30pBaBWYIOCJI IIJieHKy BOJib<lJpaMa Ha 'ceJieKTHBHO 

rrpoTpaaneHHoii rroaepxHOCTH KpeMHHJI B rrnocKOCTH <III> . 
XHMH'IeCKHH aHaJIH3 IIJieHOK BOJib<lJpaMa IIPOH3BO~HJICJI 

MeTO~OM yrrpyroro pacce.HHHJI 'laCTHU 
3 He, YCKOpeHHLIX 

3JieKTpocTaTH'IeCKHM reHepaTopoM ~o 3HeprHH E = 
= 3,0 M3B. Ha puc. 7 rrpe~cTaaneH 3HepreTH'IeCKH:ii crreKTP 

pacce.HHHLIX 'laCTHU /yron pacce.HHHJI 135° I OT rrneHoK 

BOJIL<lJpaMa Ha Al H Si. rro~JIO:>KKax. ITo xapaKTepy crreKTpoa 

MO:>KHO cy~HTb 0 HaJIH'IHH IIpHMeCeH B IIJieHKaX B 3aBHCH

MOCTH OT TeXHOJIOrH'IeCKHX YCJIOBHH KOH~eHCaUHH. Ha'laJIO 

rJiaBHhiX IIHKOB B CIIeKTpe COOTBeTCTByeT 3HeprHH 'laCTHU, 

OTpa:>KeHHhiX OT IIOBepXHOCTH IIJieHKH. 3Ha'IHTeJILHa.H lliHpHHa 

3THX IIHKOB CBJI3aHa C IIOTep.HMH 3HeprHH B CaMHX IIJieHKaX. 

ITo rroTepJIM 3HeprHH B rrneHKax 6LIJIH orrpe~eneHLI aenH'IH-
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Hbl HX Ton~HHbl c TO'IHOCTbiO ±10 A, KOTOpble c .AOCTaToq

HOH TO'IHOCTbiO COBnanH C aHanOrHqHbiMH BenH'IHHaMH, 

nony'leHHbiMH npH H3MepeHHH I<Bapo;eBbiM ,L\aT'IHKOM. 

..... 
Puc. 5 a,6. IloeepxHocmb eoAbrjjpaMoeou nAeHKU Ha noOAox-~ 
Ke U3 QA10MUHUJI npu pa3AU'IHbiX yf:leAU'IeHUJIX. , 
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HaH60llbWHH HHTepec ,AllH HaC npe,ACTaBnHnO CO,Aep~a
HHe B nneHI<aX KHCllOpO,Aa, Tal< KaK C ero npHCYTCTBHeM 

CBH3aHO o6pa30BaHHe H CTa6HllH3aUHH f3 -W3/c xapai<TepHbiM 

pa3MepoM KPHCTannHTOB nopH,AI<a 50-:-200 A. <l>a3a 8- W 
HBnHeTcH csepxnpoBO.AH~eil npH TeMnepaType Tc = 4,0 K 
I a - W nepexo,AHT B csepxnpoBO.AH~ee cocTOHHHe npH T c = 
= 0,011 K 13(. llpose,AeHHaH KonH'IeCTBeHHaH oneHI<a ,AnH 
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KHcnopoAa yKa3waaeT Ha Manoe COAep~aHHe ero B nneH
Kax: AO 1,2 amoM %. Ha o6pa3oBaHue .f3 -W cymecTBeHHoe 
BllHHHHe OKa3hiBaeT napu;uanhHOe AaBneHHe KHCllOPOAa B 
KaMepe H CKOpOCTh KOHAeHCai.J;HH /COOTHOWeHHe "'HCna "'aC
THU BOnblppaMa H KHCllOPOAa Ha ITOAllO~Ke/. Ilony"'eHHe 
"'HCThiX OAHO$a3HhiX nneHOK a- W B HaWeM cnyqae HBHllOCh 
cneACTBHeM BhlCOKOH CKOpOCTH KOHAeHCai.J;HH BOnh$paMa 

10 tvlKM 

Puc. 6. lloeepxHOC11lb pa3opeaHHOil nAeHKu 6UAb~paMa Ha 
nOOAOJKKe U3 KpeMHUJI. 
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Puc. 7. 3Hepzemut.tecKuil cneKmp pacce.RHHbiX t.tacmut~ He om 
nAeHOK 60Ab~paMa Ha nOOAOJKKaX U3 aA10MUHUJI U KpeMHUJI 
U 01/l t.tUC1/lbZX nOOAOJKel<. 

H Manoro napu;uanhHoro AaaneHHH KHcnopoAa a pa6ol.feM 
o6'heMe. B ma6AUfle npuaeAeHo coAep~aHue npuMeceii a 
nony"'eHHhlX nneHKax aonh$paMa. 

Ta6nuua 

MaKCHManhHhie 3Hal.feHHH npuMeceii, coAep~aiUHxcx 
B nneHKax aonh$paMa 

3neMeHT c N 0 Nb 

CoAep~aHHe a am.% 0,8 0,6 1,2 1,6 
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Hanuque HH06HR B nneHKaX CBR3aHo C npHMeHeHHeM 
B 3Il HCnapHTene TepMOKaTO,li;OB H3 HH06HeBOH npOBOnOKH. 
EcTeCTBeHHO, ucnonL30BaHue sonL~paMosoro TepMoKaTo
.n;a ll03BOnHT llOnHOCThlO HCKniOqHTh CO,ll;ep)f(aHHe HH06H.H 
B KOH,ll;eHCaTaX. 

TaKHM o6pa30M, pa3pa6oTaHHas MeTo.n;HKa .n;aeT B03-
MO)f(HOCTh nonyqaTL nneHKH BOnh~paMa, KOH,ll;eH~HPYIOlllHeCS 
c 6onLiliHMH cKopocTHMH; OT 150 ,n;o 1500 A MUH-~ Hc
napeHHe BOnh~paMa H3 3Il HCnapBTens JIPOH3BO,li;HTCH B 
6e3MacnsHOM BaKyyMe npu ,n;asneHHH He xy)f(e qeM 
8·10-7 Top. 

IlonyqeHHhle nneHKH sonL~paMa o.n;Ho~a3Hhl (a - W) , 
TeKCTYPHhl B -HanpasneHHH 1110 I , nocTosHHaH pellleTKH 
a= 3,16371,367 ~-

MaTepuan H TeMnepaTypa no.n;no)f(eK He oKa3hlBaiOT 
cy~ecTBeHHoro BnHHHHH Ha CTPYKTYPHhle csoilcTBa KOH
.n;eHcaToB. 

Pa3Mephl oT.n;enLHbiX KpHcTannHTOB B nneHKax ,n;ocTH
raiOT 5000 - 10000 A. 

06~ee co.n;ep)f(aHue npuMeceil B KOH.n;eHcaTax sonL~pa
Ma MeHLille, qeM yKa3aHo B aHanoruqHLIX pa6oTax ,n;pyrux 
asTopos. Co,n;ep)f(aHue KHcnopo,n;a He npeBhliiiaeT 1,2 am.%. 

B 3aKniOqeHHe aBTOphl 6naro,n;apsT coTpy.n;HHKOB 3H 
CAH B lipaTucnase R.lllun.n;epa H <1>.3axapa 3a noMOll.lh 
npu CHHTHH peHTreHo.n;u~paKTorpaMM H coTpy.n;HHKOB HTK 
CAH B lipaTHcnase M.Kosaqa H R.AH.n;pHKa 3a noMo~L 
llpH HCCne.n;oBaHHH llOBepXHOCTH o6pa31.{0B Ha CKaHHpyiO~eM 
MHKpOCKOne. 
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PyKonucb nocmynuAa e U30ameAbCKUU omoeA 
13 (JeepaAJI 1976 zooa. 

Y CJIOBiUI 06MeHa 

llpenpBHThl B coo6~eHBJI OHJIH pacchlnaiOTCJI 6ecnJiaTHo, Ha ocHoBe 

B3aBMHOrO 06MeHa, YHBBepcBTeTaM, BHCTBTyTaM, Jia6opaTOpBJIM, 6B6-

JlBOTeKaM B Hay'IHhiM rpynnaM 6onee 50 cTpaH. 

~ flOMHMO peryJIJipHOH paCChiJIKH B nopJI,li;Ke o6MeHa,H3,ll;aTeJlhCKBH 

OT,ll;eJI elKerO,li;HO BhlnOJIHJieT OKOJIO 4000 OT,ll;eJILHhiX 3aHpOCOB Ha Bbf· 

cLIJixy npenpHHTOB B coo6~eHBH OHJIH. B TaKBX 3anpocax cne,ll;yeT 

06JI3aTeJlhHO yKa3LIBa.TL HH,ll;eKC 3anpaWBBaeMOrO H3,ll;aHHJI. 

A~peca 

llHCLMa no BCeM BonpocaM o6MeHa ny6JIBKaUBJIMB, a TaKlKe 3anpo-

CLI Ha OT,ll;eJILHble H3,ll;aHHJI CJie,ll;yeT HanpaBJIJITL no a,ll;pecy: 

101000 MocKaa, 

TAa6Hblil nO'II/JaMIII, n/JI 79, 
H3oameAbcKuil omoeA 

06~eOUH€HH020 UHCTIIUIIJYTIIQ 

JIOepHbiX UCCA€006QHUU. 

A,ll;pec WJJI nocLIJIKB Bcex ny6JIBKaiJ;HH B nops,li;Ke o6MeHa, a TaKlKe 

,li;JIJI 6ecnJiaTHOH nO,li;HBCKH Ha Hay'IHLie lKYPHaJILI: 

101000 MocKaa, 

TAaaHblil no..,maMm, n/R 79. 
Jlay'IHO-TII€XHU'I€CKQJI 6U6AUOIIJ€KQ 

06~eOUH€HH020 UHCl/IUTIIYT/10 

JIOepHbiX UCCA€006QHUU. 


