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I. Bae.u.eHHe 

H3 acex TyronnaBKHX 0KHCll0B 0KHCb 6epunnHH o6na

.u.aeT caMoli H.u.eanbHOli KOM6HHauHeli MeXaHuqeCKHX, Ten

n0BbIX, JneKTpHqecKHX H x.u.epHbIX CBOliCTB. BbIC0KaH npoq

H0CTb npH C)KaTHH H pacTH)KeHHH, TennonpoB0.U.H0CTb, cpaa

HHMaH C TennonpoB0.U.H0CTblO MeTannoB, BbIC0K0e y,u.enbH0e 

conpoTHBneHHe B coqeTaHHH c ManblM nonepeqHLIM ceqe

.HHeM JaxBaTa HeliTpOHOB H 6onbWHM nonepe•IHblM ceqeHHeM 

pacceHHHH HX - ace 3T0 o6ycnoBnHBaeT ueuH0CTb 0KHCH 

6epunnux .u.nx npu6opoa .R.U.epuoq>HJHqecKHX JKcnepHMeHT0B. 

Yl qacTH0CTH, cTeKna C Il0KpbITHeM H3 0KHCH 6epunnHH 

6LmH 6bl oqeub noneJHbl .u.nx H3r0T0BneHHH 3epKanbHbIX 

ueiiTpoHOBO.U.OB. 

HecMOTpH ua WHp0KHe B03M0)KH0CTH npHMeHeHHH 3Toli 

0KHCH, 06na.u.a10LQeli TaKOli HCKnIOqHTenbHOli C0B0KYilH0CTblO 

q>HJHqecKHX H .R,!l;epHbIX CBOliCTB, B nHTepaType HMeeTC.R 

Mano .u.aHHbIX 0 TexuonorHH H3r0T0BneHHH nneH0K H3 3T0ro 

MaTepHana. 

B HaCT0.RLQee BpeM.R .U.ll.R H3r0T0BneHH.R nneH0K npHMe -

HHIOTCH cne.u.y10iuue MeT0.U.bI: 

1. ruopoAu:i xAopuoa 6epuAAUJ1 

Anbq>pe.u.cou /l/ ru.u.ponHJ0Ban xnopH.U. 6epHnnHH BeCl2 
B MomipuoM cooTuoweuHH 0,5 c BLIXO.U.OM-7Oo/o. MaTepuanoM 

Il0.U.ll0)KKH cny)KHna . .U.BY0KHCb ypaua {;0 2· libinH H3r0T0Bne

Hbl nneHKH TOlllQHHOli 1-8 MKM npH CK0p0CTH uaHeceHH.R 

2- 3 M KM/'I. IloKpbITHe npoquo .u.ep)KanocL }\a no.u.no)KKe, 
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HO nonyqanoch nauo nopHCThIM. HaraH/2/ Hcnonh30Ban 
nnn H3r0Toane1mn TaKHX cnoen rHnponHTHqecKoe pa3no)Ke • 
HHe BeC12 a aTMoc<l>epe m2 + Ar+ CO 2 ) HnH a aTMoc<!>epe 
m2 + Ar + NO). TaepnhIH BeC12 Harpeaancn no TeMnepaTyphl, 
6nH3KOH K TeMnepaType nnaaneHH.11 /370-410° C/, napbl 
nepeHocJinHch K nonno)KKe npoxomnuHM ra3oM II r11nponH· 
3oaanHch aonoH, nonyqaeMoii B peaKUHHX m2 + CO2 ) HnH 
<H2 + NO), np11 TeMnepaType 45O-12OO°C. OKHCh 6ep11n
nHn: uauocHnacb Ha KpeMnHeBble H KBapueable nonno)KKH. 
B n11ana3 one TeMnepa TYP 500- 800 ° C 

0
6hlnH nonyqeHbI 

npo3paqHble nneHKH TOnll\HHOH 5OO·5OOOOAc reKcarouanh· 
HOH CTPYKTypoH. OnnaKo He 6bmO no,CTHrHyTO BOCilpOH3BO • 
nHMOCTH pe3ynhTaTOB. 

2. OKUCAe11ue MemaAAU'-leCK0Z0 6epUAAUJI 

liepHnn11ii pacnh1mmH c Monu6neHoBoH nonoqKH, noKpbI· 
TOH OKHCblO anJOMHHHH, Ha CTeKnHHHYJO nonno:»CKY npH Ba· 
KyyMe -10-

5 
MM pm. cm. 3a TeM cnoH 6epHnnH.11 o/J?cmmu 

CYXHM KHCnoponoM npH TeMnepaType 20-500° C 3 • bbl~H. 
nonyqeubl OKHCHhie cnoH c MHHHMam~HOH TOnll\HHOH 60 A. 
AHanorHqffbie pe3ynhTaTbl 6bmH nocTHrHyThl anonnhIM OKHC· 
neuueM TaKoro )Ke uanhmeunoro cnon: 6epHnnun: B aonHoM 
paCTBOpe OCHOBHOro <l>oc<!>aTa JMMOHH.11. 

rpyHep H M3nneHncTenT 4
/ HanhmHnH MeTannHqecKHH 

6epHnnHH a npHCYTCTBHH KHCnopona npH napuHanbHOM naa
neHHH - 10-2 MM pm. cm. Tonll.lHHa cnoea 6bma 100- 1000 A., 
IlOBepxuocTHoe conpOTHBneHHe 10 13OM-CM. 

3. Hcnape11ue 0KUCU 6epUAAUJI npu noM0UIU 
:JAeKmpo1111oii nyWKU 

Ta6neTKH BeO, npenaapHTenbuo OTO)K)KeHHhle npH TeM
nepa Type 1000 °C, 3aKpenn.11nHch B TaHTanoable oxna)Knae -
Mhle 3a)KHMhl. Ha noaepxHOCTh Ta6neTKH BeO 6bln c<!>o
KYCHpoaaH 3neKTPOHHbIH nyq, 3MHTTHpoBaHHbIH OKCHnHhIM 
KaTonoM. Harpea noaepxuocTH Hee HcnapeHHe nocTHra
nHCh npHnO)KeHHeM YCKOp.!IIOll.lero Hanp.!l)KeHH.11 3,7 KB. Ha
IlbmeHHe npoaonHnocb non naaneHHeM - 10 - 5 MM pm. cm., 
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TeMnepaTypa HaiihmHeMOH nonno)KKH (CsJ) cocTaann:na 
293 ° K. IlpH apeMeHH HanhmenH.11 1- 2 MUii nonyqanHcb cnon 
TOnll\HHOH 0,1 - 0,3 MKM, HH<!>paKpaCHble cneKTpbl KOTOpbIX 
HMenH xapaKTepHbIH MHHHMyM nponycKaHH.11 npH nnHHe 
BOnHhl 12,2 MKM /5,6/. 

4. Hcn0Abaoea11ue J10ep11Mx peaKt1uii 6epuAAUJI 

rycMaH / 7 / OilHCbIBaeT H3rOTOBneHHe MHUieHeH lO BeO 
MaccoH 5 .10-4 z, o6orall.leHHhIX no 94o/o 1°Be .CnoH nHponH· 
THqecKoro rpa<l>nTa, o6orall.leHHoro no 9Oo/o H30TonoM 1 :1c , 
6hm o6nyqeH 6bICTpbIMH HeHTPOHaMH. 10 Be nonyqancn: 
B peaKUHH 13C (n, a) lOBe. 

TaK KaK 6onhIIIHHCTBO H3 BbIUienpnaeneHHblX MeTonHK 
B CHny CBOeH cnO)KJIOCTH HenpHronHo nnn: HaHeCeHHH paBHO· 
MepHblX noKpbITHH ua BHyTpeHHHe noaepXHOCTH CTeKmIH· 
HbIX UHnHnnpoB 6onhIIIOH 1nnolllanH, 6hmO peUieHO 3KcnepH· 
MeHTanbHO npoaepHTb B03MO)KHOCTb npnMeHeHH1l nnJI 3TOH 
uenu HH3KOTeMnepaTypHoro nuponu3a 6epunnHeawx coneH 
ane<l>HTHqecKHX Kap6oHOBbIX KHCnOT, a qacTHOCTH MypaBbH· 
HOH H YKCYCHOH. XapaKTepHbIMH CBOHCTBaMH 3THX coneii 
::BnJIJOTCJI cnoco611ocTh B03rOHJITbCJI npH IlOHH)KeHHOM naa
neHHH H OTHOCHTenhHO HH3KOH TeMnepaType, a TaK)Ke • 
HH3Ka.11 TeMnepaTypa pa3nO)KeHHJI. OKHCnhI, nonyqeHHhie 

,t u I 
pa3DO)KeHHeM coneHHH3KOMODeKynJ1pHbIXOpraHHqecKHXKHC· 
noT npH TeMnepaType 300-500° C, oTnHqaroTCJI 6onhIIIOH 
ynenbHOH noaepXHOCTblO H CBJ13aHHOH C 3THM TeHneHl.{HeH 
K arperupoaaHHIO H cneKaHHJO. H3 KnaccHqec~oH KepaMH· 
qecKOH TeXHOnorHH H3BeCTHO, qTo ueKOTOpbie OKHCnhI, 
CMeUiaHHbie B He60DbllIOM KOnHqecTBe C OCHOBHbIM OKHCDOM, 
paCTBOPJIJICb B HeM, <l>opMHPYJOT noKanbHhie )KHnKHe <l>a3bl 
H TeM caMbIM coneHCTBYIOT npoueccy cneKaHHH. Mone
KYDhI aonhI, <l>aKTffqecKH TaK)Ke OKHCDbl, OTll\eilnJIIOll.{Hec.11 
BMeCTe C OKHCblO 6epHDDHJI npH TepMHqeCKOM pa3DO)KeHHH 
6epunnHeBbIX coneH Kap60HOBblX KHCnOT' non)KHbl aHano
rHqHo neHCTBOBaTh Ha B03HHKaIOll\YIO OKHCb. 

TaKHM o6pa30M, Mbl HCxonHM H3 npennono)KeHHJI, qTo 
HH3KOTeMnepaTypHbIH nnponH3 6epHnnHeBbIX coneH My· 
paBbHHOH H YKCYCHOH KHCnOT B ycnOBHJIX HeBhICOKoro 
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/ -s 0 -3 
1 BaKyyMa 10 - 1 MM pm. cm. 

rronyqnTh )J,0CTaToqHo rrpoqHhle n B TO 
MeTpnqecKne rrneHKn 0Kncn 6epnnnnH. 

)J,aeT B03M0)KH0CTh 
)Ke epeMH cTexno-

II. 3KcrrepnMeHTanhHaH qaCTh 

1. Ilpu2omoeAeHue coAeii 

IIpnroToeneune MypaBhnH0Kncnoro 6epunnnH ocywecT
BnHnoch pacTBopeHneM MeTannnqecKoro 6epnnnnH B My
paBhnHoii KncnoTe, oqm.QeHHOH rrp0MhIBaHneM qepe 3 noHH0 -
o6MeHHyro CMony ,IJ;ay3xc-SO. IIonyqaewniicH pacTeop clinnhT
poeancH OT MexaHnqecKnx 3arpH3HeHnii, BhmapneancH ua 
B0)),HHOH 6aHe, n rronyqenHaH conh )J,0IT0nHnTenhH0 oqnwa
nacb B03rOHKOH B BaKyyMe. Cy6nnMaT 6hrn HCilhITaH peHT
reHorpaclinqecKnM MeT0)J,0M ,ll;e6aii- lllepepa B KnaccuqecKoii 
ycTaHOBKe ~ ncrronh30BaHneM CuKa -n3nyqeHnH / ,\ = 
= 1,54178 A/ n XnMnqecKn rrpoaHann3npoBaH Ha C0)J,ep
)KaHne 6epnnnnH /B/. Conh 6hrna n)J,eHTHclim.i;npoBaHa KaK 
6epnnnnii MypaBhnH0Kncnwii ocHoeuoii Be 
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B KaqecTBe rrperrapaTa 6epnnnneeoii conn yKcycHoii 
KncnOThl ncrronh30BancH 6epnnnnii YKCyCH0KHCnhIH 0CH0B
HOH 3aB0)J,CKoro n3r0T0BneHHJI. TaK KaK rrpe)J,BapnTenbHhIH 
XHMnqecKnii auann3 Il0Ka3bIBan 3arpH3HeHHe YKCYCHOH conn 
rn)J,pO0KCnhlO 6epnnnuH Be {011)2 rroqTn Ha 25o/o, nCX0)J,HblH 
rrperrapaT MH0r0KpaTH0 BbIITapneancH ua B0)J,JIHOH 6aHe 
BMecTe C B0)J,HhIM paCTB0p0M YKCYCHOH KnCn0Thl. IIony
qeHHhIH rrpo)J,yKT paCTB0pHnCH B xnopocliopMe n clinnbTpoean
CH. KpncTannnqecKnii OCT a TOK rrocne BhmapnBaHHJI xnopo -
cliopMa 6hrn rrpoaHann3npoeau MeTo)J,oM ,ll;e6aii- lllepepa n 
n)J,eHTnclim.i;npoBaH KaK 6epunnnii YKCYCH0Kncni.1ii 0CH0B
HOH Be 4 O{CH 3 COO) 

6
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2. Onucauue 3KcnepuMeuma 

CxeMa YCTaH0BKn )J.nJI HaHeceHnH 0Kncn 6epnnnnH Ha 
BHyTpeHHIOIO IT0BepXH0CTh CTeKnHHHhIX unnHH)J,P0B IT0Ka-
3aHa Ha puc. 1. 
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Puc. 1. CxeMa ycmauoeKu. 1,2 - ua2peeameAu; 3 - ucmo<1-
HUK uanblAeHu.11; 4 - 1,11iituuop, ua noeepxuocmb Komopo20 
uauocumc.11 nAeHKa. 

CTeKnHHHaJI Tpy6Ka, rrpe)J,BapuTenbH0 TWaTenhH0 npo
MhlTaJI pacTB0p0M anKannqecKnX cynbclionaTOB, xp0MITHK0M 
H BO)J,OH, coe)J,nHeHa qepe3 a30THYIO noBynIKy C CHCTeMoii 
BaKYYMHblX HaC0C0B. McTOqHHK, CO)J.ep)Kawuii C00TBeTCT
BYIOWYIO oprauuqecKylO conh, pa3Meweu B rrpoTnBonono)K
H0M K0HUe Tpy6KH. Bo BpeMJI 0TKaqKH CHCTeMbl TY qacTb 
Tpy6KH, K0T0paH )J,0n)KHa Il0KphlBaThCJI OKHCHOH nneHKOH, 
Har_peeaIOT )),0 TeMnepaTypbl pa3no)KeHHJI conu 
/300-400° CJ. IlporpeB npu 0)J,H0BpeMeHH0M BaKyyMHpo
BaHHH noMoraeT rrpoueccy oquweHHH cTeHoK Tpy6h1. Ilocne 
Toro KaK B CHCTeMe ycTaH0BHTCJI )J,aBneuue -10-5MM pm. cm. 
u TeMnepaTyp~ Ha CTeHKaX Tpy6bI )J,0CTnrueT TeMrrepaTypbI 
pa3no)KeHHH, HaquHaeTcH uarpee ucToqHHKa 6epunnueeoii 
conn )J.0 TeMrrepaTyphI ee cy6nnMauuu /120-240' C/. Oca)K
)J.eHue MoneKyn BeO Ha BHyTpeHueii rroeepxuocTn CTeKnHu
uoii Tpy6bI orrpe)J,enHeTCJI B3aHMO)J,eHCTBHeM MypaBhHH0-
KHcnoro HnH YKCYCH0Kncnoro 6epunnHH c rroeepxH0CTblO 
CTeKna. 3neKTpuqecKH HeiiTpanhHhie MoneKynw oprauu
qecKoii conn rrpH rrpn6nH)KeHHH K IT0BepXH0CTn CTeKna 
BCTyITalOT B 30HY )J,eHCTBHJI cnn rrpHTH)KeHnH, Bhl3BaHHhIX 
MrH0BeHHbIMn )J,nIT0nhHhIMn M0MeHTaMn rroeepXH0CTHhlX aTo
M0B n MoneKyn, clin3nqecKn a)J,cop6npy10TCH .Ha rroBepx
H0CTn CTeKna n TepMnqecKn BhipaBHnBalOTCH C IlO)J,n0)KKOH. 
Cne)J,CTBHeM Harpeea MoneKyn conn HBnHeTCH nx )J,nccouna
u;nH B 0KnCh 6epnnnnH, B0)J,y, 0KnCh yrnepo)J,a n )J.pyrne 
yrneB0)J,0p0)J,Hhle coe)J,nHeHnJI. ra30Bhie rrpo,I\yKTbl Herrpe-
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pbIBHO OTKa•rnBalOTC.11 H3 pa6oqero npocTpaHCTBa, H OKHCb 

6epHJIJIH.II oca:>KJJ,aeTC.11 Ha CTeHKax B BHJJ,e KOMilaKTHOro, 

npo'IHO npHKpenJieHHoro K CTeKJIY IlOKPLITH.11. 

III. 3KcnepHMeHTaJILHhle pe3yJILTaTLI 

Bo ecex cnyqa.11x 6LIJIH nonyqeHLI npo3pa'IHLie nneHKH 

C XOpOWeH aJJ,re3HeH K IlOJJ,JIO:>KKe H B 3aBHCHMOCTH OT TOJI-

1.1.\HHhl cno.11 nu6o coeceM 6ecueeTHLie, JIH6o cna6o oKpaweH

HLie COOTBeTCTBYlOI.l\eii HHTep4>epeHUHOHHOH OKpaCKOH. IlneH

KH OTJIH'laJIHCb nyqweii CMa'IHBaeMOCTblO noeepxHOCTH ,'leM 

CTeKJIO, 'ITO JJ,aBano B03MO:>KHOCTb onpeJJ,eJIHTh rpaHHUY nneH

KH B cnyqae 6ecueeTHOCTH nony'leHHOro CJI0.11. Cnoii 0KHCH, 

CH.IITLIH c IlOJJ,JIO:>KKH, 6LIJI HCilbITaH peHTreHorpa4>uqecKHM 

MeT0JJ,OM ,D,e6aii- Illepepa. IloJiy'leHHLie JJ.H<i>paKUHOHHbie nH

HHH COOTBeTCTBOBaJIH JJ.HcppaKUHOHHLIM JIHHH.IIM reKcaro

HaJILHOH OKHCH 6epHJIJIH.11. 

CKopOCTb o6pa30BaHH.II nneHKH COCTaBn.11na OT 10 JJ.O 

100 A/MUH H perynupoeanacL TeMnepaTypoii B03rOHKH 

HCXOJJ,HOro npenapaTa. IlOHH:>KeHHe CKOPOCTH KOHJJ,eHCaUHH 

yBeJIH'IHBaeT eepO.IITHOCTb 3axBaTa OCTaTO'IHhlX ra30B B 

BaKaHTHLIX TO'IKaX KpHCTaJIJIH'leCKOH peweTKH 0KH~H. 3a

XBa'leHHLie ra3LI 3aTpyJJ,H.lllOT JJ.BH:>KeHHe KOHJJ,eHCHPYlOI.l\HXC.11 

aTOMOB B HapacTalOI.l\eM K0HJJ,eHcaTe H TeM caMLIM npe

Il.llTCTBYlOT "3aJie'IHBaHHlO"JJ.e4>eKTOB CTPYKTYPLI. ECTb OCHo

BaHH.11 npeJJ,nonaraTL, 'ITO HMeHHO Il03TOMY C yMeHLWeHHeM 

CKOpOCTH HaHeceHH.11 OKHCHoro CJI0.11 Ha6nroJJ,anocL HapacTa

HHe ero nopHCTOCTH. 

,D,n.11 onpeJJ,eJieHH.11 TOJII.l\HHLI nneHKH o6pa3eU 6opHoro 

CTeKna c HaHeCeHHOH Ha ero noeepXH0CTh IIJieHKOH 13e0 
noMel.l\aJic.11 B nyqoK HeHTPOHOB .nuaMeTpoM 50 MM I puc. 2/. 
CornacHo peaKUHH 

1 i Be+ J n ➔ ~ Li + iHe ,B CTeKne B03HHKaeT 

a -u3nyqeHHe c 3HeprHeH E O• IlpoxoJJ,.11 CJIOH m_ieHKH, a -
H3Jiy'leHHe Tep.11eT qaCTL 3HeprHH LlEa = E o-E i / E i - 3Hep

ru.11 npoweJJ,wero CJIOH IlJieHKH H3Jiy'leHH.II/, K0TOpa.11 H .IIBJI.11-

JiaCL MepOH TOJII.l\HHhl nonyqeliHOH nneHKH. 

)J,n.11 3HepreTH'leCKOH KaJIH6pOBKH CHCTeMW HCilOJib30-

BaJIHCh TOHKHH cnoH 6opa TOJII.l\HHOH -500 A, eaKYYMHO 

HaHeceHHLIH Ha aJilOMHHHeBylO MHWeHL, H 06pa3eu 
6 LiF / 9/. 

IloJiy'leHHhle cneKTPhl a-qacTHU npHBeJJ,eHbl Ha puc. 3. 
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Puc. 2. CxeMa U3MepeHUJI 1110/lUIUHbl no1<pbl1IIUJI no eeAu
'-IUHe UOHU3QIJUOHHblX no~epb a - '-IQC1IIUIJ. J - UCCAeoyeMblU 
06pa3e11; 2 - 06pa3e11 LiF ; 3 - 1<peMuueeb1u oe111e1<111op. 

O6pa6o·TKa "cneKTPOB H Bhl'IHCJieHHe noTepb KHHeTH'leC -

KOH 3HeprHH a -qacTHU npoBOJJ.HJIHCL Ha 3BM E3CM-4 

no cTaHJJ,apTHOH MaTeMaTH'leCKOH nporpaMMe. IlporpaMMa 

onpeJJ,en.11na nono:>KeHHe nHKa, cooTBeTCTBYIDI.l\ero a -qacTH

uaM c 3HeprHeH E O H3 peaKUHH 10 B(n,a) 
7 Li, H nono

:>KeHH.11 nHK0B, cooTBeTCTBIIOI.l\HX a -qacTHUaM c 3HeprHeH 

E I H3 peaKUHH 
6 Li (n, a) H H TPHTOHaM c 3HeprHeH 

E 
2 

H3 TOH :>Ke caMOH peaKUHH. IloTepH 3HeprHH a -qacTHU 

B uccne,D,yeMoM cnoe L'.lE = (E 
0

- E. ) BLI'IHCJI.IIJIHCL H3 co-a I 
OTHOWeHH.11 

<E2-E1) 

(k2- kl) 

OTKyJJ,a 

LlEa 

rJJ,e E 0 = 

(E0 -Ei) 

(ko- ki ) 

<E2-E1) .. 
----:. (ko - ki ), 
(k2-k1)' 

1471 1<3B, E1 = 2050 

, 

1<3B, E 2 = 2730 1<3B, 

(.ii g 
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Puc. 3. I. Annapamyp11&1u cneKmp a - U3Ay~e11wi om ~ucmozo 
6op11ozo cmeKAa +6 LiF. 1 I. Annapamyp11&1u cneKmp a -u3-
Ay~e11u.R om cmeKAa, n0Kp&1mozo c.11oeM Bev+ 6 LiF. 
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E i - 3Heprm1 a -qaCTHl( ua BhIXO.ll;C HJ CTCKJia, IIOKphITOro 

rrneuKo:u: BeO; k
0

, ki , k 
1

, k 
2 

- noMepa Kananon, cooT

BCTCTBYJOillHX 3neprHHM E0 , E i , E 1 , E 2 • Tonll.lHHa 11ne11KH 

x Bhl'-IHCJIHJiaCb 110 cpopMyne /10/ 

EO-~Ea 
dE -I 1 

(--) dE =--i\Ea, 
d(px) a KP /1/ 

r.D,e 

dE BeO 1 dE Be dE o 
K = (-) = -[(-) + (--) ], 

dx a 2 dx a dx a /2/ 

dE A 
p - rrnoTHOCTh, ( d-;z-) a - y.zi;enhHhIC HOHHJaJJ;HOHHhIC IIOTepn 

3HeprHH .D,JI.JI a -qacTHl( B BCll.lCCTBC A, 

dE Be 
3na'-ICHHH ( dx )a ( dE ) 0 /] 1 l !t · . 

H dx a ,cornacno' ~, ,H JHa'-leHHH 

dE BeO 
(~ )a , Bhl'-IHCJICHHhlC 110 cpopMyJie /2/' llpHBC.D,CHhl B ma6.t1. 1. 

)],JI.JI Bhl'-IHCJICHHH TOJlll.lHHhl IIJICHOK 6bIJIU HCIIOJlh30Baua 

ycnOBHaH BCJIH'-IHHa IIJIOTHOCTH BeO p = 2, 7 Z•CM - 3 • 

Ha:U:.D,CHHhIC TOJlll.lHHhl IIJICHOK uaxO.D,HJIHCh B .IJ;HarraJOHC 
0 

, 150-5000 A. lionee TOJICThIC CJIOH HJroTaBJIHBaJIHCh TOJih-

KO B HCKOTOphIX CJiy'-laHx. libIJIO H3Mepeuo H3MCHCHHC TOJI

ll.lHHhl IIJICHKH 110 Mepe y.zi;aJICHH.JI OT HCTO'-IHHKa HCXO.IJ;Horo 

paCllhIJI.JICMOro 11pe11apaTa IIPH paBHOMCpHOM pac11pe.zi;CJICHHH 

TCMIICpaTyphI B.IJ;OJih IIC'-IKH. IlpH TCMllepaType cy6nHMaJJ;HH 

conH 240° C H TeM11epaType paJJIO:>KCHHH 380° C YMCHLIIIe

HHe TOJlll.lHHhl CJIO.JI B.ll;OJih .IJ;JIHHhl IIC'-IKH OIIHCbIBaeTCH ypaB

HCHH.JIMH: 

a/ y = 2,1,10 3
• e-0, 02 x /JJ.JIH 6epHJIJIH.JI MypaBhHHOKHC-

3 -0 05x Jioro/' 
6/ y = 4,8· 10 • e ' /.D.JIH 6epHJIJIH.JI YKCYCHOKHCJioro/, 

r.D,e X - paCCTOHHHe .zi;o HCTOO'-IHHKa 11pe11apaTa B CM, y -
TOJill.lHHa 11onyqaeMoro cnoH B A. 
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. 3aaHCHMOCTb noTepb 8HepI"'lili a-'laCTliU OT aenH'lliHbl 8TOll 8HepI"'lili <Ea) AnSI Be' 

0 Ii BeO /1 o,1 1/ • " 

Ea (dE)Be 
dx a 

(dE )o 
dx a 

( dE) BeO 
dx a 

( dE;._)Be 
dx a 

( dE) o 
dx a 

(J!E )BeO 
dx a 

(keV] . Williamson [MeV• cm 2- g- 1] Northcliffe [MeV. cm 2 • g-1] 

l471 1,760 1,500 1,6300 1,650 . 1,716 1,683 

1400 1,810 1,532 1,671 1,686 1,810 1,748 

1250 1,916 1,600 1,758 1,760 1,7600 1,7600 



rpa,I\HeHT TOJI~HHbl OKHCHoro CJIO.R MO)KHO perynHpoBaTb 

pacnpe,I\eneHHeM TeMnepaTypbl a o6~eMe neqKu. CooTBeT

CTBYIO~HH TeMnepa TYPHbIH pe:>KHM 6bln HaiiAeH 3KcnepHMeH

TanbHO H COCTaamm 0,6° C•CM-l ,IJ;JIJI 6epunmrn MypaBbHHO

KllCJioro H O, 9° C, CM - I ,IJ;Jl.R 6epHJIJIH.R YKCYCHOKHCJioro npH 

TeMnepaType cy6JIHMaUHH 170 ° C H MaKCHMaJibHOH TeMne

paType neqKn 400° C. 
XapaKTep CTpyKTYPbI noaepXHOCTH nonyqeHHblX nneHOK 

B 3aBHCHMOCTH OT COCTO.RHH.H IlO,IJ;JIO)KKH H YCJIOBHH HaHe'ce -

HH.H 6bIJI HCCJie,IJ;OBaH 3JieKTP0HHbIM MHKp0CKOilOM. B 60Jib

WllHCTBe cnyqaea 11cnoJib30Banocb yaenuqeuue 3100-BOOOX. 
rna,I\Ka.H Ha BH,IJ; noaepxHOCTb CTeKJia IlO,IJ;JIO)KKH 0Ka3bIBaeTca 

npH Ha6JIIO,I\eHHH B 3JieKTpOHHblH MHKPOCKOil B BblCWeH CTe -

neHH ,IJ;eqleKTHOH: CilJI0WHbie 0,IJ;HOPO,IJ;Hble o6JiaCTH HCKa)KeHbl 

uapanHHaMH, KpaTepaMH, 6oJibWHMH u MeJIKHMH B~ICTyna

MH. ,D;eqieKTbl, Ha6JIIO,IJ;aeMbie a CTPYKType noaepXHOCTH 

nneHKH OKHCH 6epHJIJIH.H, MO)KHO 06~.HCHHTb HMeHHO 3THMH 

MaKp0HecoaepweHCTBaMH noaepXHOCTH CTeKJia H Hepery

JI.HpH0CTbIO ero CTPYKTYPbI /npHCYTCTBHe peKpHCTaJIJIHJa

UH0HHblX ueHTpoa/. B KapTHHe COCTO.HHH.H noaepXHOCTH 

OTpa)KaIOTC.H H pa6oque YCJIOBH.H 3KcnepHMeHTa: npaKTH

qecKa.H HeB03MO)KHOCTb H36e)KUTb 3arp.H3HeHH.H BHyTpeHHeH 

nonepxH0CTH Tpy6bl qacTHqKaMH IlbIJIH, a TaK)Ke OTHOCHTeJib

H0 HeBblCOKHH BaKYYM, KOTOpbIH He HCKJIJOqaeT HaJIHqH}I 

a,I\COp6HpOBaHllblX ra30B. 

IIneHKH TpaBHJIHCb 40o/o , qiocqiopHOH KHCJIOTOH a Teqe -

HHe 2,5 MUH npH KOMHaTHOH TeMnepaType. CHHMKH Tpaa

neHHblX noaepxHOCTeH IlOKa3blBaIOT aepO.HTHOCTb nepneH

,IJ;HKYJIHPHOH opHeHTHPOBKH KpHcTannuqecKOH OCH C no oT

HoweHHIO K IlJIOCKOCTH IlO,IJ;JI0>KKH. 3epHHCTOCTb nneHOK onpe -

,IJ;en.HeTC.H TeMnepaTypoH IlO,IJ;JIO)KKH, CKOpOCTLIO HanLIJieHH.H 

H TonmHHOH nneHKH. 

BJIH.HHHe B03HHKa10mux BHyTpeHHHX Hanp.R)KeHBH Ha 

CTPYKTYPY nJieHOK ua6JIIO,IJ;aJIOCL TOJILKO y T0JICTbIX IlOKPLITBH 

H npo.HBJI.HJIOCL B o6pa30BaHHH TOHKHX TpemHH B,IJ;OJIL rpaHHU 

Jepeu. 
,ll;JI.H KaqecTaeHHOH oueHKB cnoea BeO 6blJIB ucnon1,-

3oaaHbl cneKTpbl nponycKaHH.H HHqipaKpacHoro BJnyqeHHH 

c ,IJ;JIHHOH BOJIHLI 5-14 MKM. HuqipaKpacHLie cneKTpbl nony

qeHHblX cnoea HMeJIH xapaKTepHbIH ,IJ;JI.H BeO MaKCHMYM 

nornomeHH.H a o6naCTB 12-13 MKM. 
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'PinyJibTaTw 3KcnepHMeH'raiibiioii 'npoaepKH noKa3aJIH 
B03MO>KHOc'T'i.' npHMeiieHHH IlHPOJIH3a MypaBbHHOKHCJioro H 
yKC}'CHoro 6epHn'.JIHH KaK TC'xHO.riorH1-IeCKH HeTpe6oaaTeJib
HOH MCTO,IJ,HKH ,IJ,JIH H3,rOTOBJieHHH cnnowHhIX noKpbITHH H3 

· OKHCH 6epimnirn Ha cTeKJie. BapbHpoaaHHCM ocHOBHhlX 
ycnoaHii · HanhIJieHHH H KOH,IJ,eHcauHH ·;cKopocTh ao3rOHKH 
coneii, ,IJ,aBJICHHe B CHCTeMe, xapaKTep H TCMnepaTypa 
'no,IJ,Jio>K'K11/ MO>KHo MeHHTL i3 WHpoKOM ,IJ,Hana3oHe xapaK
TepHCTHKH CTPYKTYPhI, a TeM CaMblM H CBOHCTBa IlJieHOK, 
Bbl6Hp~H KOMriJieKC iH3HKO-TeXHOJIOrHqecKHX napaMeTpOB 
a COOTBeTCTBHH c npC,IJ,'bHBJieHHhlMH Tpe6oaaHHHMH. 

6.riaf'O,IJ,ap'HM B.11.JlyutHKOBa 38. l.{eHHble COBeTbl H 3a 
noc·TOHHHYlO IlOMOll.th npH 'ablilOJIHCHHH ac'ex 3KCnepHMeH
ninhHblX pa6oT. 
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