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1. BBEJ],EHv1E 

nepcneKTIIIBH0CTb anMa3a KaK MaTep111ana nonynpOBOAHIIIKOB0£1 

3neKTp0H111K111 [1,2] 06ycnosn111saeT pacw111peH111e 111ccneA0BaH111£1 ::noro 

MaTep111ana, 'lT0 Tpe6yeT np111sne'leHlllfl H0BblX MeT0A0B 111ccneA0BaHlllfl. 

EAIIIHCTBeHHblM MeT0A0M, B HaCT0flW,ee speMfl, ~0T0pb1£1 M0)l(eT 6b1Tb 

111cnonb30BaH Anfl C03AaHlllfl Ha 0CH0Be anMa3a • pa3nlll'lHblX 

nonynp0B0AHIIIK0BblX np1116op0B, flBnfleTCfl III0HHafl IIIMnnaHTall,lllfl [3]. OAHaKO 

ner111poBaH111e o6pa3u,a np111MeCblO B X0Ae III0HH0£1 IIIMnnaHTau,111111 np111BOAIIIT 

TaK)l(e Ill K o6pa30BaHIIIIO A0n0nH111TenbHblX PaAlllaU,III0HHblX Aeq>eKT0B, K0TOpble 

M0ryT 0Ka3blBaTb KaK non0)l(I/ITenbH0e BnlllflHllle Ha pa6oTOCnoco6HOCTb 

nonynpoB0AHIIIK0BblX np1116op0B, TaK Ill 0Tp111u,aTenbH0e [4,5]. 

Y'llllTblBafl 3T0, 111ccneA0BaH111e III0HH0-IIIMnnaHTIIIP0BaHHblX anMa30B 

TaKIIIMIII Hepa3pywalOW.IIIMIII MeT0AaM111, KaK CB~-cpornnp0B0AIIIMOCTb Ill 

onTlll'leCK0e nornow.eHllle)npeACTaBnfleTCfl BeCbMa anyanbHblM. 

LJ,enblO HaCTOflW,e£1 pa60Tbl flBllln0Cb 1113y'leH111e BnlllflHlllfl 

BblC0K0TeMnepaTypHoro QT)l(l/lra Ha AeQ)eKTHYIO CTPYKTYPY IIIOHHO-o6nyl.leHHOrO 

anMa3a. 

2. METOAv1KA 3KCnEPv1MEHTA 

O6pa3u,b1 np111p0AH0ro anMa3a Tlllna Ila 06nyl.lan111cb np111 KOMHaTHo£1 

TeMneparype III0HaMIII s+ C 3Hepr111e£1 13.6 M3B Ill A030£1 1.25-10
15 

CM-
2

, 

~oHaMl/1 9+ C pacnpeAeneHH0£1 3Hepr111eCi 20 - 300 K38 Ill CYMMapHOCi A030Ci 

3·1014., c;i,,,-2 . 8b1coK0TeMneparypHb1Ci 0T)l(lllr o6pa3U,0B npoBOAlllnCfl B 

rpaq>IIITOBOM K0HTeCiHepe B BaKYYMe 10-4 
na. 3an111Cb cneKTpOB 

cpoTonpoB0AIIIM0CTIII Bbln0nHflnacb Ha ycTaH0BKe C 111cnonb30BaH111eM CB~

pe30HaTOpa, pa6orn10w.ero Ha 'laCT0Te 10 rru.. HepaBH0B6CHble HOCIIITenlll 

3apHAa B036y)l(Aan111Cb M0Ayn111poBaHHblM C 'laCTOTOCi 300 ru. CB6TOM B 

cneKTpanbH0M Alllana3oHe 250 - 700 HM. Per111cTpal.\lllfl Q)OTO0TKnlllKa 

ocyw.ecTBnf111acb B pe)l(ll!Me C!-1HXP0HH0ro A6T6KTIIIP0BaHlllfl. v1ccneAOBaH111e 

onTlll'l6CK0ro nornow.eHlllfl np01113B0AIIIJ10Cb Ha cneKTp0cjJ0T0MeTpe 

M-40. v13MepeHlllfl CB~-cpoTOnp0B0AIIIM0CTIII 

npo1113B0A111n111cb np111 TeMneparype 300 K. 

111 onTlll'l6CK0ro 

·--~Joi-~. QC. 
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3. PE3YJlbTATbl 1,1 05CY)l(JJ,EHIAE 

"1Mnnmnau1,111 J,10HaM1,1 9+ C pacnpeAeneHHOVI 3Heprnevi 20 - 300 K38 

np1,1pOAHOro anMa3a np1,1eena K TOMY, 4TO B. crieKTpanbHOM A1,1ana30He 250-

700 HM rip1,1 1,13MepeHl,1S1X C 06nY4eHHOVI CTOpOHbl 0opa3UOB c)>OTOOTKJ11,1Ka 

3apernci-p1,1poBaTb He y,ri.anocb: · 8blCOKOTeMnepaTYpHblVI 0T)l(l,1f AO 1600°C 

TalOKe He np1,1een K BOCCTaHOBneHl,11Q c)>oTonpoBOAl,1MOCT1,1 B yKa3aHHOM 

cneKTpanbHOM A1,1ana30He. np1,1 perncTpau1,11,1 C Heo6nY4eHHOVI . CTOPOHbl 

6brno ycTaHoeneHo, 4TO t.1MnnaHTau1,111 1,10HaM1,1 9+ c pacnpeAeneHHOvt 

3Heprnevi 20-300 K38 He noen1,111na Ha c)>opMy cneKTpa 1,1 1,1HTeHCJ,1BHOCTb 

C8Y-c)>ornnpoBOA1,1MOCTl,1 np1,1 Afll,1Hax BOflH .CBblWe 250 HM. 3an1,1cb cneKTpa 

C8Y-c)>ornnpoBOA1,1MOCT1,1 06pa3ua anMa3a, 06nY4eHHOro 1,10HaMl,1 9+ C 

3Heprnevi 13.6 Ms8, AO 06nY4eHl,1S1 He np01,13B0A1,1flaCb: 

8 cneKTpax nornow,eH1,111 o6ny4eH1,1e np1,1eoA1,1T K eo3pacrnH1,1t0 
J 

nornow,eH1,111 so eceM A1,1ana3oHe· 1,1ccneA0BaH1,1S1, no11sneH1,1t0 w1,1p0Kovi 

nonOCbl 530 - 730 HM, o6ycnoeneHHOVI ueHTpaMl,1 GR 1,1 3H. OTMeTl,1M, 4TO B 

cneKTpax C8Y-c)>ornnposoA1,1MocT1,1 AaHHble .ri,ec)>eKTbl He 6blfll,1 

3aperncTp1,1poeaHbI. 

PaccMaTp1,1BaS1 noBeAeH1,1e C8Y-c)>ornnpOBOA1,1MOCTl,1 B cneKTpanbHOM 

A1,1ana30He 250 - 700 HM np1,1 0T)l(l,1fe, He06XOA1,1MO OTMeTmb cneAyt0w,ee. 

C ODKl,1rQM AO TeMnepaTYPbl 900°C C8Y-c)>ornnpOBOA1,1MOCTb B np1,1MeCHOVI 

06nacT1,1 BeAeT ce611 no -pa3HOMY AflS1 06nY4eHHblX o6pa3UOB np1,1 

per1,1cTpau1,11,1 C Heo6nY4eHHOVI CTOPOHbl 1,1 Heo6nY4eHHOfO o6pa3ua. 8 

Heo6ny4eHHOM 06pa3ue C8Y-c)>ornnpoBOA1,1MOCTb npaKTl,14eCKl,1 He 1,13MeHS1eT 

ceoevi l-1HTeHC1,1BHOCTl,1 BO BCeM cneKTpanbHOM. A1,1ana30He 1,1ccneAOBaHl,1S1. 

8 06nY4eHHbrx )Ke o6pa3uax perncTp1,1pyeTc11 cneAyt0w,ee. 8 Te4eH1,1e 

0T)Kl,1fa np1,1 pa3fll,14HblX TeMnepaTYpax 1,1HTeHC1,1B HOCTb C8Y-

c)>OTOnpOBOAl,1MOCTl,1 Ha OTAeflbHblX Y4aCTKax Ha41,1HaeT B03pacTaTb l,1fll,1 

yMeHbWaTbCS1, T.e. B pa3fll,14HblX cneKTpanbHblX o6naCTS1X np1,1MeCHaS1 

c)>OTOnpOBOA1,1MOCTb BeAeT ce6S1 no-pa3HOMY B npouecce 0T)K1,1fa (p1,1c.1 ). Ha 
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AaHHOM p1,1cyHKe . noKa3aHbl cneKTpbl CBY-c)>ornnpOBOA1,1MOCTl,1 B 

cneKTpanbHOM A1,1ana30He 250 - 400 HM 06pa3ua,06ny4eHHOF0 1,1QHaMl,1 s+ C 

3Heprnevi 13,6'r.Jl38 np;,, pa3fll-14Hb1X TeMnepaTypax 0T)Kl,1fa. Ta.Koe noBeAeH1,1e 

o6ycnoeneHo OT)l(1,1roM 1,1 Koaryn11u1,1e1-1· pa3nw1Hb1.x pi3Aviau1,10HHb1x Aec)>eKTOB. 

Ha1,16onee eepOS1THO, 4TO 3TO p_ec)>eKTbl Me)KAOy3eflbHOfO T1,1na 1,1 

co6cTBeHHb1e AEiq>eKTbl; KOTOpbre pacnonaral()TCS1 rny6)Ke ciio11 ocrnHOBKi-1 

1,10HOB•nernpyeMovi np1,1Mec1,1 6opa. OqHoeaH1,1eM AflS1 Tar<oro npeAnono)KeH1,111 

Cfly)Kl,1T TOT c)>aKT, 4TO np1,1MeCHaS1 c)>oTonpoBOAl,1M0CTb 1,1 ee 1,13MeHeH1,1S1·c 

0T)Kl,1fOM Ha1,16onee S1pKO Bblpa)KeHbl B o6pa3ue, nOABeprHYTOM 

BblCOK03HepreTl,14HOVI l,1MnnaHTaUl,11,1, 8 TaKOM 06pa3ue. cnovi BHYTPeHHl,1)( 

HanpS1)KeHl,1VI HaMHOfO w1,1pe, 4eM np1,1 06bl4HOVI l,1MnnaHTaU1,11,1, 8 TO )Ke 

epeMS1 w1,1p1,1Ha cno11, B KOTopoM pacnonaraeTCS1 np1,1MeCb 6opa, · np1,1 

1,1cnOflb30BaHl,11,1 BblCOK03HepreT1,14HOVI 1,1 · nOfl1,13HepreTl,14HOVI 1,1MnnaHTau1,11,1 

OKa3blBalOTCS1 cpaBHl,1MbIM1,1. Ecn1,1 6br np1,1 1,13MepeH1,1S1x C8Y 

c)>oTonpoBOA1,1MOCTl,1 B o6naCTl,1 250 - 700 HM npo1,1cXOAJ,1fl aHan1,13 Cfl0S1, B 

KOTOPOM HaxoA1,1TcS1 np1,1MeCb 6opa, TO cneAoeano 6br o)K1,1AaTb, .4TO np1,1 

0T)Kl,1fe 1,13MeHeHl,1S1 c)>oTonpOBOA1,1MOCTl,1 AflS1 o6pa3UOB, nOABePrHYTblX KaK 

nOfl1,13HepreT1,14HOVI 1,10HHOVI l,1MnnaHTa'-ll,1l,1, TaK 1,1 BblCOK03HepreTl,14HOVl,6yAYT 

CXOAHblMl,1, OAHaKO np1,1 1,13MepeHl,1S1X C8Y c)>oTonpOBOA1,1M0CTl,1 

perncTp1,1pyeMble 1,13MeHeHl,1S1 B cneKTpax C 1,13MeHeHl,1eM TeMnepaTypbl 0T)Kl,1fa 

6onee 3Ha41,1TeflbHbl AflS1 o6pa3ua, nOABeprHYTOfO BblCOK03HepreTl,14HOVI 

1,10HHOVI 1,1MnnaHTau1,11,1, KpoMe TOfO, ecn1,1 6bl np01,1CXOA1,1fl aHan1,13 Toro Cfl0S1, B 

KOTOPOM 3aneraeT np1,1MeCb, TO np1,1 perncTpau1,11,1 KaK C o6nyi.i~HHOVI, TaK 1,1 C 

Heo6ny4eHHOVI CTOpOHbl cneKTpanbHbre 3aBl,1C1,1MOCTl,1 CBY 

c)>oTonpOBOA1,1M0CT1,1 B np1,1MeCHOVI o6naCTl,1 AOfl)KHbl 6b1Tb nOX0)Kl,1Ml,1, Ho np1,1 

perncTpau1,11,1 C8Y - c)>ornnposoA1,1MocT1,1 c o6ny4eHHOvt crnpoHbl c)>ornoi-Kn1,1Ka 

B cneKTpanbHOM A1,1ana30He 250 - 700 HM 3aperncTp1,1posaTb He YAaflOCb .. 

np1,1 ysen1,14eH1,11,1 TeMnepaTYpbr AO 1000°C Ha scex o6pa3uax, KpoMe 

o6ny4eHHoro BblCOK03HepreT1,14eCK1,1Ml,1 J,10HaM1,1, 

c)>oTOnpoBOA1,1MOCTb nepecTaeT per1,1cTp1,1poeaTbCS1. Ha 

np1,1MeCHaS1 

06pa3ue, 

nOABeprHYTOM BblCOK03HepreTl,14H0VI 1,10HHOVI l,1MnnaHTau1,11,1, np1,1 3TOVI 

TeMnepaType c)>OTonpOBOA1,1MOCTb c)>1,1KC1,1pyeTCS1 fll,1Wb Ha41,1HaS1 C 310 HM 1,1 
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MeHee (CM. p1-1c. 2). H1-1 ee xapaKTep, Hl-1 ee l-1HTeHCl-1BHOCTb He 

l-13MeHSIIOTCSI np1,1 yeenW·leHl-11-1 TeMnepaTypbl OTIKl-1ra A01500°C. np1-1 3TOM B 

cneKTpax norno11,1eH1-1S1 Hl-1KaK1-1x 1,13MeHeH1-1'1 o6Hapy,KeHo He 6blno. 

AaHHOe noeeAeH1-1e np1-1MeCHOH cpoTonpOBOAl-1MOCTl-1 B Te4eHl-1e 

l-130XPOHHOro OTIK1-1ra B03MO:>KHO 06bSICHITTb, yYITTblBaSI cneAYIQmee. Bo-

nepBblX, OAHOH 1-13 oco6eHHOCTeH MeTOAa CBY-cpornnpoBOAl-1MOCrn 

siensieTCSI TO, 4TO AaHHaSI MeTOAl-1Ka pernCTp1-1pyeT c1-1rnan OT o6nacTe'1 

KPl-1CTanna C 60nbWl-1M epeMeHeM }Kl-13Hl-1 HepaBHOBeCHblX HOCl-1Tene'1 3apSJAa. 

Bo-eTOpblX, np1-1 Bb1COK03Heprern4HOH 1-1MMaHTal.l"11-1 AecpeKTHblH cno'1 

pacnpocTpaHsieTcsi Ha 6onbwy10 rny61-1Hy Kp1-1CTanna, ropa3AO rny6:>Ke, 4eM 

np1,1 06b1YHOH l-1MnnaHTal.(l,11-1 Kl-1nOaneKTpOHBOnbTOBOro Al-1ana30Ha. B-TP8Tbl-1X, 

npoeeAeHl-1e BblCOKOTeMnepaTYpHOro OTIKl-1ra YM8HbwaeT KOnl-14eCTBO 

co6crneHHblX AecpeKTOB B Kpl-1CTann1,14eCKOH peweTKe o6pa3Lta. npr..1 900°C 

npo1-1CXOAl-1T nonHblH OTIKl-1r OAl-1HOYHblX BaKaHCl-1H. Aanee , cneAyeT 

np1-1H1-1MaTb BO BHl-1MaH1-1e cpaKT en1-1siH1-1si noeepxHOCTl-1 Ha CBY-

cpomnpOBOAl-1MOCTb anMa3a, KOTOPblH 3aK1110YaeTCSI B nosieneH1-11-1 a 

3anpemeHHOH 30He HOBblX aneKTpOHHblX COCTOSIHl-1H np1-1 peK0HCTPYKl..(1-11-1. 

Y4ITTblBaSI ManylO T?n11,11-1Hy o6pa31.l0B (-0.1 MM), cneAyeT OJKl-1,qaTb o6mero 

CHl-1JKeHl-1SI cpOT04YBCTBITTenbHOCrn no BCeMy cneKTpMbHOMY Al-1ana30Hy. 

B CBeTe BbIWeCKa3aHHOro M0JKHO 06bSICHl-1Tb cpaKT 1-1CYe3HOBeHl-1SI 

CBY-cpomnpOBOAl,'IMOCTl-1 a ciieKTpanbHOM A!,1ana30He 250 - 700 HM npl-1 

AOCrnJKeHl-11-1 TeMnepaTypbl 1000°C cneAyl011,11-1M o6pa30M. np1-1 900°C 

npo1-1CXOAl-1T OTIKl-1r CTPYKfYPHblX AecpeKTOB BaKaHCl-10HHOro rnna BO aceM 

06beMe KPl-1CTanna. 3TO 06ycnoen1-1eaeT CHl-1:>K8Hl-1e l-1HT8HCl-1BHOCrn 

np1-1MeCHOH cpornnpoeOAl,'IMOCTl-1, Bbl3BaHHOH 3Tl-1Ml-1 Ae<J>eKTaMl-1. 

OAHOBpeMeHHO C 3Tl-1M CHl-1JKaeTCSI o6masi cpOTOYYBCTBl-1TenbHOCTb o6pa3Lt0B 

anMaaa, Bbt3BaHHasi peK0HCTPYKl.ll-1e'1 noaepxHocrn. 3Tr..1 ABa npouecca 11 

npl-1B0ASIT K TOMY, YTO . np1-1MeCHaS1 cpornnpoaOAl-1MOCTb nepeCTaeT 

perncTp11poaaTbCSI. OAH8KO anMa3, o6nyY8HHblH BblCOK03HeprernYHblMl-1 

1-10HaM1-1, noaaonsieT perncTp1-1poaaTb c1-1rnan CBY - cpomnpoaoA11Mocrn a 

Al1ana3oHe OT 310 HM 1-1 Mettee. 3To 06bSICHSleTCSI TeM, YTO np11 

BblCOK03HepreTl-1YHOH 11MnnaHTal.ll11-1 cno'1 PaAl-181.ll-10HHblX HapyweHl-1H 

pacnpOCTp8HSleTCSI Ha ropa3AO 60nbWYIO rny611Hy Kpl-1CTanna, 11 C03A8HHble 
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np1-1 BblC0K03HeprernYHOH l-10HHOH "1MnnaHT81.ll-111_ PaAl-1al.ll-10HHble AecpeKTbl' 

SIBnSIIOTCSI 6onee TepMOCTa611nbHblMl-1. 

4. BblBOAbl 

O6nyYeH11e anMaaa 110HaM11 s+ c pacnpeAeneHHOH aHeprne'1 e 

Al1ana30He 20 - 300 K3B npl1B0Al-1T K T0MY, YTO CBY - Q>OTOnpOBOAl-1MOCTb B 

cneKTpanbHOM A1-1ana3oHe 250 - 700 HM nocne 06nyYett1-1si np11 perncTpal.ll-11-1 

c o6nyYeHHOH CTOpOHbl nepecrneT perncTp1-1poBaTbCSI. OTIKl1r AO 

TeMnepaTYPbl 1600°C He BOCCTaHaan1-1aaeT l-1CXOAHYIO cpopMy cneKTpanbHOro 

pacnpeAeneHl-1SI CBY - cpoTOnpoBOAl-1MOCrn. np11 3TOM np11 pernCTP81.ll111 

nocne 11MM8HTal.l"111 C tteo6nyYeHHOH CTOPOHbl Hl-1K8Kl1X 113MeHeHl1H B cpopMe 

cneKTpanbHOrO pacnpeAeneHl-1SI C~Y - cpoTonpOBOA11MOCTl1 06Hapy,KeHo He 

6blnO. 

L13MeHeHl-1SI B cneKTpMbHOM pacnpeAeneH1111 CBY 

cpornnpoaoA1-1Mocrn a npoLtecce on1<11ra AO TeMnepaTYP 900 - 1000°C 

CBSl3bl88IOTCSI C OTIK11r0M 11 KOarynS11.ll1ei1 pa3nl1YHblX PaA1181.ll10HHblX 

AecpeKToa, pacnonara1011,111xcsi, no ace'1 eeposirnocrn, rny6JKe cnosi 

TOpMO:>KeHl1SI "10HOB. OCHOB8Hl1eM AJ]SI A8HHOro npeAnonoJKeHl1SI SIBnsieTCSI TO, 

YTO am 113MeHeH"1SI Ha1-16onee SIPKO BblpaJKeHbl B o6pa31.le, o6nyYeHHOM 

110HaM"1 Bb1COK"1X 3Heprn'1, rAe cno'1 PaAl181.l"10HHblX HapyweH"1H ropa3AO 

6onbWe, np11 3TOM w11p11Ha cnosi TOpMOJK8Hl1SI 110HOB B o6pa31.l8, 

n0AB8PrHYTOM BblCOK03HepreTl1YHOH 1-1MnnaHT81.ll111 11 non11aHepreTl1YHOH 

OK83bl88IOCSI cpaBHl1MblMl-1. L13MeHeHl-1i1 B cneKTpanbHOM pacnpeAeneHl111 

CBY-cpoTOnpOBOAl-1MOCTl-1 Heo6nyYeHHoro o6pa31.l8 He npo11cXOAl1T. 

npr..1 113MepeHl,1SIX CBY - cpomnpOBOA11MOCTl-1 np11 TeMnepaTYpe 900 -

1000°c Ha6nlOA88TCSI nonHoe l-1CY83HOB8Hl1e CBY - cpornnpOBOAl-1MOCrn B 

cneKTpanbHOM Al-1ana30He 250 - 700 HM AJ]SI o6pa31.lOB, "1MnnaHrnpoBaHHblX 

1,10HaM11 s+ c pacnpeAeneHHOH 3Heprne'1 20 300 K38
1 

11 

H811MM8HTl-1POB8HHOro o6pa31.l8. CBY - cpomnpOBOAl-1MOCTb B o6pa31.l8, 
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P~c. 1.· · CneKTpbl CB'-1-cpo-ronpoaoAVIMOCTIII a11Ma3a, V1Mn11aHrnpoaaHHoro 

VIOHaMVI B+ C 3Heprnevi 13.6 MsB VI A030Ci 1.25·1015 CM-2, npVI pa3JlVl4HblX 

TeMnepa:rypax OT)!(Vlra: 3AeCb 1 - nOCJle VIMnJlaHTal\VIVI, 2 - TaTll< = 400°C, 3 -

TaTll<= 500°C, 4 - TaTll< = 800°C 
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PVIC.2 CneKTp CB'-1-cpoTonpOBOAVIMOCTVI a11Ma3a, 0611Y4eHHOro VIOHaMVI B+ C 

3Heprneei 13,6 MsB VI A030VI 1.25·1015 CM-2 VI OTQ)K)KeHHOro npVI 

TeMnepaType 1100°C 
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0611y4eHHOM VIOHaMVI B+ C 3Heprnevi 13,6 MsB, perncTpV1pyeTC51 npVI AJlVIHax 

BOJlH MeHee 310 HM, npVI 3TOM VIHTeHCVIBHOCTb cpoTOOTKJlVIKa yMeHbwaeTC51 B 

ABa pa3a VI , OCTaeTC51 HeVl3MeHHOC\ AO TeMneparypbl 0T)KVlra 1500°C. TaKoe 

yMeHbWeHVle cpornnpOBOAVIMOCTVI B yKa3aHHOM cneKTpailbHOM AV1ana3oHe, 

BVIAVIMO, 06yc110011eHO CHVl)KeHVleM 06LJ.(eei cpOT04YBCTBVITeJlbHOCTVI o6pa3L\a, 

KOTOpoe 518Jl5leTC51 CJleACTBVleM peKOHCTPYKL\VIVI noaepxHOCTVI a11Ma3a { 111}. 

AaHHasi pa6o.Ta 4aCTVl4HO 6b111a npo¢V1HaHcV1poaaHa a paMKax npoeKTa 

INTAS-94-1982 VI rpaHTa Pcl>ct>l/1 95-02-04885 a. 
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