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1. BBE.D:EHHE 

Hccrreµ;yH Tpa.HccpopMar(HIO npocpm1e:ii conpoTHBJieHHH pacTeKaHHH (CP) npu m:30-

xpoHHOM OT:lKHre HMilllaHTHpOBaHHOro MaB-MH .HOHaMH miepTHbIX ra:JOB:KpeMHHH, 

6bIJIO o6Hapy:iKeHO [1,21, 'ITO TOJib~O B o6ny'leHHbIX MaJibIMH A<?:JaMH o6pa:Jn;ax nocne 

OTJl{llra paµ;Har(HOHHbIX µ;ecpeKTOB COilpOTHBJieHHe BOCCTa.HaBJIHBaeTCH µ;o ypoBHH IlOl];

JIOlKKH Bo BCeM HMnnaHTHpoBaHH0M crroe. B o6ny:eHHbIX 6onbUIHMH µ;~:JaMH o6pa:Jn;ax 

:JHa'leHHH conpoTHBJieHHH CHH:lKaIOTCH µ;o ypoBHH noµ;no:lKKH Ha y'laCTKe HMilllaHTHpO

BaHHOro CJIOH Me:iKµ;y IlOBepXHOCTbIO H o6naCTbIO npoeKIJ;HOHHOro npo6era. B OKpe

CTHOCTH npoexn;uoHHoro npo6era BHµ; npocpunH CP HMeeT. cnen;ucpu'lecxu:ii xapaKTep, 

:JaBHCH~HH OT TH.na H ypoBHH nerupOBaHHH noµ;no:lKKH KpeMHHH. B 06pru:3n;ax p-THna, 

HanpHMep, nocne BbICOKOTeMnepaTypHciro 0T:lKHra npoq>Hllb CP npuo~peTaeT BHµ;, xa

paKTepHbIH µ;M aaxopOHeHHbIX cnoeB C npOTHBOilOJIO:lKHbIM OTHOCHTeJibHO noµ;no:lKKH 

THilOM IlpOBOl];HMOCTH. 

Ilocneµ;y10~HMH uccneµ;oBaHHHMH [2] 6bIJIO ycTaHOBJieHo, 'ITO B KpeMHHH B oxpecTHO

CTH npoeKIJ;HOHHoro npo6era HOHOB HHepTHbIX ra:JOB nocrre BbICOKOTeMnepaTypHOH o6-

pa60TKH cpopMupyeTCH crro:ii: n-Tuna npoBoµ;HMOCTH. Ilpeµ;nonai;-anocb, 'ITO o6pa:JoBa

HHe aToro CJIOH o6ycJIOBJieHO reHepar(He:ii: BbICOKOTeMnepaTypHbIX TepMOl];OHOpOB (".Ho

BbIX µ;oHopoB"). 

KaK H:JBeCTHO, o6pru:30BaHHe TepMOl];OHOpOB B KpeMHHH CBH::38.HO C npucyTCTBHeM B 

HeM TexHonoru'!ecxo:ii: npuMecu xucnopoµ;a. B CBH:JH c aTHM J:paBHeHHe npocpune:ii: CP 

npu OT:lKHre 06P,!13D;OB xucnopoµ;ocoµ;ep:iKa~ero H 6ecxucnopoµ;Horo xpeMHirn, o6ny'leH

HhIX HOHaMH HHepTHbIX ra:JoB, IlO:JBOJIHJIO 6bl npOHCHHTb BOnpoc O npH'IHHe cpopMHpo

BaHHH n-ro CJIOj{ B OKpecTHOCTH HX npoeKn;HOHHoro npo6era. 

2. METO.D:HKA 8KCilEPHMEHTOB 

.D:nH HCC1Iel];OBaHHH 6bIJIH HCilOllb:JOBa.Hbl o6pru:3IJ;bl MOHOKpHCTaJIJIH'leCKOrO KpeMHHH, 

Bblpa~eHHoro MeToµ;oM 1IoxpanbcKoro (K.D:B-10, K8<t>-20, K8<t>-0,5), H o6pru:3D;bl KpeM

HHH BK.D:B-1, Bblpa~eHHoro MeToµ;oM 6ecTurenbHo:ii: :JOHHOH nnaBKH, ·KoHn;eHTpar(HH 

KHCnopoµ;a, H:JMepeHHaH I)'.O norno~eHHIO Ha µ;JIHHe BOJIHbl 9,1 MKM, COCTaBJIHJia nopHµ;Ka 

1018 cM-3 µ;M nepBo:ii: rpynnbl o6pa:Jn;<>B u He npeBbIUiana 2·1017 CM-3 µ;nH nocneµ;HHX. 

HMnnaHTar(HIO HOHOB 84Kr c aHeprite:ii: 210 MaB npoBoµ;unu Ha ycKopuTene Y-400 

(JI.HP HM.r.H. <t>m,poBa, OH.HM, r . .D:y6Ha) B µ;uana:JoHe cpn10eHcoB 1•1013 - 1·1014 cM-2
• 

HMnnaHTar(m<> HOHOB 129Xe c aHeprue:ii: 340 MaB npoBoµ;uJIH Ha ycKopuTene VICKS! 

(r.BepJIHH), T0JILK0 B 00.ItlI0lKKH K.1{6-10 B )I.Hana30He cpmoeHCOB 1,05. 1011-6,7. 1013 
CM-

2
• 

Ha HMilllaHTHp0BaHHbIX o6pa:Jn;ax 6bIJIH 1mroTOBJieHbl KOC~e UIJIH$hl C yrnoM, 6JIH::3-

KHM K 1 °, H npoBeµ;eHbl µ;ByX:JOHl];OBble H:JMepeHHH CP Bl];Ollb IlOBepXHOCTH Kocoro 

UilIHq>a. 

O6pa3U.LI, HMilllaHTHpOBaHHble MHHHMaJibHbIMH H MaKCHMaJibHbIMH 1];0:JaMH, noµ;Bepra

JIHCb OT:lKHry B Te'leime IlHTHaµ;n;aTH MHHYT B µ;Hana:JoHe TeMnepaTyp 250-1000°C B 

aTMOCq>epe a:JOTa. Ilocrre Ka:iKµ;o:ii: TepMoo6pa60TKH KOCOH UIJIH<I> o6HOBJI.IIJICH H npoBo-

µ;HJIHCb noBTOpHble H0MepeHHH npo4>nn.11 CP. · 



3. 8KCIIEPHMEHTAJihHhIE PE3YJihTAThl 

Ha puc.l npeACTaBneHbI AO0OBbie oaBllCllMOCTll pacnpeAeneHllJI CP no rny6um~ llM
rutaHmpoea1rnoro CJ!Oll JV!ll Cfl)"lal! l!MrutaHT3llllll KpeMHllll p-T11na npOBO,II.HMOCTII (KJJ.E-10) 

129 
IIOH3MH . Xe. C pOCTOM ,II.OJLI IIMrutaHTallHII Ha6mo,IJ.aeTCll BOJpaCTaHHe CP BO 

BC'eM llMilllaHTllpOBaHHOM. cnoe u ylienn'IeHlle rny6llHbI o6naCTll IlOBbIWeHHOfO conpo

TllBITeHllJI. CKopocTh uoMeHeHlfJI CP B KOHI~e npo6era 6onhwe, tJeM B Apyrux o6nacTJIX 

llMilnaHTiipOBaHHoro cnox. AHanorll'IHbIH xapaKTep uoMeHeHllJI npoqmne:ii CP c Aooo:ii 

Ha6ITIOAaeTCJI ll AITJI llOHOB 84Kr. Bo BCex cny'Ial!X, HeoaBllCllMO OT Tllna npOBOAllMOCTll, 

ypoBHH nerupoBaHlfJI IlOAlIOlKKll II MaccbI llOHOB, conpoTllBITeHlle llMilITaHTllpOBaHHOI'O 

cnox BbIXOAllT Ha HaCbIII.\eHlle npu6nll3llTenbHO npll OAHOll ll TOH JKe Benll'IllHe. 

Ilpll ll0OXpOHHOM OTlKllre o6pam~oB, llMnnaHTllpOBaHHbIX llOHaMll 129Xe, npll qm10eHce 

l,05·1011 CM-2 C pocTOM TeMnepa-rypbI Ha6nIOAaeTCJI MOHOTOHHOe yMeHbWeHlle conpo

TllBITeHlfJI BO BCeM llMnnaHTllpOBaHHOM cnoe, a npll TeMnepaTypax BhIWe 400°C conpo

TllBITeHlle llMilITaHTllf>OBaHHoro cnox yMeHbWaeTCJI ;rto ypoBHJI IlO;r(ITOlKKll. 

. .IJ:nx qm10eHca llMilITaHTaD;llll 6,7•1013 CM-2 Ha6n10gaeTCJI 6onee CITOlKHhlll xapaKTep 

uoMeHeHllJI npoqmne:ii CP c TeMnepaTypo:ii (puc.2,3). Ilpu noBbIWeHllll TeMnepaTypbI 

OTlKllra conpOTllBlleHlle IlOHlllKaeTCJI B cpegHe:ii 'IaCTll npoqmnx C nocneAyIOrtillM yMeHb

weHlleM B npunoBepxHoCTHo:ii o6nacTll ll B KOHD;e npo6era. OTlKllr npu TeMnepaTypax 

BbIWe 600°C IlpllBO):lllT K yMeHbWeHlllO COilpOTllBm!HlfJI ):10 ypoBHJI IlOAITOlKKll Ha ytJa

CTKe OT noBepXHOCTll AO o6naCTll npoeKD;ll0HHOro npo6era. B OKpeCTHOCTll npoeKD;llOH

Horo npo6era npoqmnh CP npuo6peTaeT BIIA, xapaKTepHbili gnx oaxopoHeHHbIX cnoeB 

C npOTllBOilOITOlKHbIM OTHOCllTenhHO nognOJKKll TllilOM npoBOAllMOCTll. HenocpeACTBeH

Hbie ll0MepeHlfJI Tllna npoBO):lllMOCTll C IlOMOII.\hlO TO'Ie'IHOI'O TepMO0OHAa IlOKa:3aITll n

Tllil B o6nacTll MeJKgy MaKcllMYMaMll conpoTllBneHllJI. Ha6n10gaeMbie MaKCllMYMbI CP 

B OKpecTHOCTll npoeKD;llOHHOI'O npo6era AOITlKHbI paccMaTpllBaTbCJI B 0TOM cny'Iae KaK 

KOMileHCllpOBaHHbie nepeXOAHbie o6naCTll OT O):IHOI'O Tlllla npoBO):lllMOCTll K gpyroMy. 

KaK BllgHo uo pucyHKa, xapaKTepHhr:ii Bll):I pacnpegeneHllJI coxpaHJieTcJI ll npu TeMne

paType OTlKllI'a 1000°C. C pocToM TeMnepaTypbI Ha6n10µ;aeTcx TOllhKo yMeHbWeHue 

pacCTOJIHllJI MelKAY rpaHIID;aMll p-n-nepexdgOB oa C'IeT·"):IBlllKeHllJI"' Brny6h 6nll:JITeJKa

lI.\eli rpaHll~hI OT noBepxHOCTll .. 

Ha puc.4,5 npegcTaBireHhl KpllBbie pacnpegelleHllJI CP ·g HMnnaH'i'HpoBaHHhIX llOHaMll 
84Kr o6paou;ax K.I{E-10 nocne oTJKnra •npu BbICOKllX TeMi.cepaTypax: · .I{n.ir ;rtoohI llM

nnaHTau;un 2,56 • 1013 c1C\ \·KaK ll npll llMIIllaHTaD;llll llOHaMll•,129Xe, B OKpe·cTHOCTll 

npoeKD;IIOHHOI'O npo6era o6panyeTCJI crrou ri-'Tllna npoBO):lllM0~Tll, KOTOpblu cyJKaeTCJI 

C pOCTOM TeMnepaTyphl OTlKllI'a. Ilpn 3TOM OHa'IeHllJI conpOTllBneHllX-B il-cnoe CHatJana 

y6bIBaIOT, a oaTeM BoopacTaIOT. C pocToM AO0hl llMnnaHTau;uu wupuHa cnox n-Tuna 

npoBoguMocTll y:iienu'InBaeTc.li; ,npelK)l;e scero, oa ctJeT ~Bll:iKeHlfJI Brny6b, ero npailou 

rpaHllD;hI. .IJ:na qmrbeHca 101:' c'r,[2 oTJKur·npu TeMnepaTypax Bhlwe 800°C conpoBoJKga

eTcJI HeogHopOAHhIM BOopacTaHlleM conpoTllBlleHllJI B npeAenax n-cnox, 'ITO npllBO):lllT· 

K' ero pangeneHinO'. Ha Aiie o6nacTu. IlepBal!'. lla :Hux' pacnon6JKeHa l'l · oKpecTHOCTli ·pac

C'IHTaHHoro-npoeKu;uoHHoro•npo6ertt,, a BToprur pacnoiioJKeHa Ha'ytJaCTKe'MeJKAY 30:n 
35MKM. .,·:· :, .. ,,·,, ·: •; .,.. ._-:, '· ,,.,, ..• ,•.:,,_. ·,;· 

IfHOli xapaKTep ll0MeHeHllJI npoqmneu CP rrpu:· m:mxp'oHHOM. OTlKllre KpeMH.lrn; Ile; 

Tllna, llMilllaHTllpoBaHHOI'O llOH.aMH 84Kr. B Hll0KOOMHhIX o6paou;ax K8<t>-0,5 C pocTOM 
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Pnc.l. Pacnpe,IJ.eJieHHe conpOTHBnemrn pacTeKaHHH B 3aBHCHMOCTH OT rny6n:HhI HMIIJiaH

THpOBaHHOfO n:oHaMH 129Xe c :rneprn:ett 340 M3B cnoH B KpeMHHH p-Tnna ,n;JIH 'leTh!pex 

cpmoeHCOB o6ny'leHHH: 1.1·1011 , 6.3•1011 , 7.2,·1012 H 6.7-10
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Pnc.2. Pacnpe,n;eneHHe conpoTHBJieHHH pacTeKaHHH B 3aBHCHM0CTH OT rny6nHhI HMIIJiaHTH

poeaHHOI'O n:onaMH 129Xe c 3neprneii 340 M3B npn cpmoeHce 6. 7, 10
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p-THila IIpH TeMnepaTypaX OTJI{HI'a 400, 500 H
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PHc.3. Pacrrpe,ZJ;eJieHHe C0IIp0THBJieHHH pacTeRaHHH B 3aBHCHM0CTH OT rny6HHbl HMIIJiaHTH

poBaHHoro H0HaMH 129Xe c :rneprHell 340 M3B rrpH cpmoeHce 6.7 • 1013 CM-2 CJI0H B RpeMHHil 

p-THrra rrpH TeMrrepaTypax ornrnra 700, 800 H 1000°C 
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P11c.4. Pacnpe.ZJ:eJieHne corrpoTHBJieHilH pacTeKaHirn B 3aBHCilM0CTH OT rJiy6HHbl HMIIJiaHTH

poBaHHoro HoHaMn 84Kr c 3HeprHell 210 1faB rrpH cpmoeHce 2.6_.• 1013 CM- 2 CJI0H B 06pa3uax 

f{.[{B-10 KpeMHilH IIpH TeMrrepaTypaX 0TJKHra 700, 800 II 900°C 
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Pllc.5. Pacrrpe,ZJ;eJieHile corrp0TilBJiellllH pacTeKaHilH B 3aBHCHM0CTII OT r;1~·61111hl HMn;ia11n1-

poBaHIIOl'O nonaMn 84Kr c 311cprnell 210 M3B npn cpmo<'IICC 1.0 • l0 14 
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Pnc.6. Pacnpc;\CJie1me conpoTHBJie1i'1111-pacTCKal111JI B :laHHCHM0CTII OT rn_vf>11111,1 HMn;1a11n1-

poRa1111oro 11011aM11 84 Kr c 3IIeprnell 210 M3B 11pn cpmoc11cc2.(i -10
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Pttc. 7. PacrrpeneneHHe corrpoTHBJieHHJI pacTeRa_HHH B 3aBHCHMOCTl1 OT rny6tt!lhl JfMI1JiaHTJf

poaa11Horo nonaMn 84Kr c :rnepmeli 210 M3B rrpn cpmoence 1.0 • 1014 cM-2 cnoH B 06pa3uax 

K8<l>-0,5 (n-rnrr) RpeMHJfil rrpH TeMrreparypax OTJl(Hra 400, 500, 600 n 700°C 
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Pl1(:.8. flpoqmm, pacnpeneJieHJfH yneJihHoro corrpOTHBJieHJfH B BhlCOl{OOMHOM KpeMll1111 n-

Tl111il (K.'➔<l>-20), 06nytJeii110M 11011aMH 84Kr c 3Heprneli 210 M3B no cpmoencoa l.~·1014 ii 
:1.0. I 011 CM-2 II OTOJl{)KCIIIIOM 11p11 TeMrreparype soo0c 
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TeMrrepaTyphI corrpoTirnlleH.11e IIMIIlla.JITilpoBaHHOrO CJIOH yMeHbwaeTCH C 6onbweii CKO

pocTbIO B rrpnrroBepXHOCTHOll o6naCTII (pnc.6,7). Ilocne TepMoo6pa6oTKII (600°C) CP 

.lTOII o6naCTII BOCCTaHaBlIIIBaeTCH µ;o ypoBHH rroµ;nolirnII, HO coxpaHHIOTCH IIOBbIWeHHbie 

3Ha"IeHIIH corrpOTIIBlleHIIH B OKpecTHOCTII rrpoeK~IIOHHoro rrpo6era . .IlnH o6paa~oB; IIM

rrnaHTIIpOBaHHbIX MeHbWeii µ;oaoii, MaKCIIMyM corrpOTIIBlleHIIH HaXO~IITCH Ha rnyfome 

27 MK~, IIMIIllaHTilpOBaHHbIX 6onbweii. µ;oaoii - H'a.6n10µ;aIOTCH µ;Ba MaKCn:MyMa corrpo

TIIBlleHIIH Ha rny6nHe 27 II 32 MKM. 0TJKIIr rrpII 6onee BbICOKIIX TeMIIepaTypax rrpIIB.0/:IIIT 

K IIOlIHOMY BOCCTaHOBlleHIIIO corrpOTIIBlleHIIH IJOBpeJKµ;eHHOro IIMilllaHT~IIeii ClIOH He-

3aBIICIIMO OT p;03bI IIMIIllaHTa~IIII. 

Cneµ;yeT OTMeTIITb, "ITO IIOlIOJKeHIIe o6nacTeii IIOBbIWeHHOro CP B OTOJKJKeHHbIX IIpII 

TeMrrepaType 600°C o6paan;ax K8<t>-0,5 coBmi.µ;aeT c ~onolKeHIIe~ ~6nacTeii n-Tiirra 

rrpoBogIIMOCTII B oTOlKlK~HHhIX rrpII BhICOKIIX TeMnepaTypax o6paa~ax KJJ:B..'..10. 

Ha pnc.8 npeµ;cTaBneH TIIIIIl"l'.Hblll rrpOq>Illlb pacrrpe~eneHIIH 'yµ;ellbH~ro corrpo
0

TIIBlle

HIIH B BhICOKOOMHOM KpeMHllll n-Tnrra (K8<t>-20) nocne IIMIIllaHTfillIIII · iroHaMU 84Kr n 
' I • • • • • • 

oTJKnra rrpn TeMrrepaType 800°C. KaK Bnµ;Ho na pncyHKa, rrpoq>:1fllb He coµ;ep)KIIT 06-

nacTeii KOMIIeHC~IIII II HBJIHeTCH. xapaKTepHbIM µ;JIH aaxopoHeHHbIX Il30TIIIIHhIX CJIOeB 

c IIOBbIWeHHOll OTHOCIITeJibHO rroµ;JIOlKKII IIpOBOp;IIMOCTbIO. 06IUIIH BIiµ; ripoq>IIJIH co

xpaHJieTCH II rrpn 6onee BbICOKOTeMIIepaTypHbIX o_6pa60TKaX .. 06JiaCTb. IIOBhIWeHHOll 

rrpoBOµ;IIMOCTII paCIIOJIOJKeHa B OKpeCTHOCTII rrpoeK~IIOHHOrO IIpo6era, "ITO XOpOWO BII

p;HO µ;nH MeHbWeii µ;oah! ~MrrnaHTa~IIII . .IlJIH 6onbwe:ir µ;oah! IIMIIJiaHTa~= Ha6n10µ;aeTCH 

yaKnii IIIIK corrpoTnBJieHIIH Ha rny6nHe rrpoeK~IIOHHoro npo6era. 

Ha pnc.9 npeµ;cTaBJieHbI KpIIBbie pacnpeµ;eJieHIIH ygeJibHOro corrpOTIIBJieHIIH B KpeM

HIIII p-Tnrra, BbiparueHHOM MeToµ;oM 30HHoii IIJiaBKII, rrocne IIMIIJiaHTa~nn noHaMII 84Kr 

n BhICOKOTeMnepaTypHoro OTlKilra. Ha rnyfome npoeK~IIOHHoro rrpo6era Ha6n10gaeTCH 

OCTpbIH IIIIK COIIpOTIIBJieHirn, KOTOpbIH OTlKnraeTCH IIpII 6onee BbICOKIIX TeMrrepaTypax. 
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Pnc.9. Ilpoq>HJih pacnpenenemrn yneJILHoro conpoTHBJieHHJI B RpeMHHH p-r:e:na, BLiparueH

HOM MeT~/tOM 30HHOii nnaBKU, o6nyqeHHOM UOHaMH 84Kr C 3Hepnre.lt 210 M3B H OTOJKJReH

HOM npH TeMnepaTypax 800 II 9QQ°C 
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4. OBCY)K,Il;EHIIE PE3YJihTATOB 

YBem1'!eHI1e corrpoTHBJieHlill p- H n-THIIOB KpeMHll.ll rrpn llMIIJiaHTallllH o6ycnoBJieHO 

3aJCBaTOM CB06oµ;m,1x HOCHTeneii 3ap.11µ;a Ha ypoBHH paµ;nannoHHhIX µ;eq>eKTOB[
3

]_ Bcneµ;

CTBlle aToro pacnpeµ;eneHne CP npn MaIThIX µ;ooax oTpaJKaeT xapaKTep HaKonneHII.ll 

µ;eq>eKTOB no rny61rne llMnliaHTllpOBaHHOro ClIO.ll. A Ha6moµ;aeMa.ll 6oJibllla.ll CKOpOCTb 

pocTa CP B KOHlle rrpo6era CBnµ;e;elibCTByeT O npen~ymecTBeHHOM BKJiaµ;e B µ;eq>eK

Too6paooBaHlle .11µ;epHoro MexaHll3Ma noTepb aHeprnn. 
C pocTOM p;03hl Bee 6onbllla.ll -qacTb CB06op;Hh!X HOCllTeneii 3ap.11µ;a CB.ll3h!BaeTC.ll Ha 

µ;eq>eKTHhIX ypoBH.l!X. 8ToT nponecc 6yµ;eT nponcxoµ;nTh µ;o Tex nop, noKa Bee HOCH

Tenn He 6yµ;yT 3aXBa'leHhl Ha µ;eq>eKThl ll nonynpoBOp;HllK CTaHeT KaK 6h! co6CTBeHHh!M. 

BenII'lllHa corrpOTllBJieHll.ll npn aTOM 6yµ;eT llMeTb op;HO ll TO JKe 3Ha'!eHlle He3aBllCllMO 

OT ypoBH.ll nernpoBaHll.ll n Tllna noµ;nolKKll. Ha6moµ;aeMoe yBenn'leHne rny6HHhI o6na

CTH llOBh!llleHHOro conpOTllBJieHH.ll C poCTOM p;03hl llMIIliaHTannn OTpaJKaeT YlllHpeHHe 

µ;eq>eKTHOro ClIOJI nn6o CBJI3aHO C µ;pyrnMll aq>q>eKTaMH BhICOKOaHepreTll'lHOll llOHHOll 

nMnnaHTannnl4l. 
TepMoo6pa6oTKa IIMITJiaHTllpOBaHHhIX o6paonoB KpeMHll.ll B µ;nanaooHe TeMnepa

TYP OT 100 p;o 600°C COIIpOBOJKp;aeTC.ll ll3MeHeH:lleM COCTaBa pap;IIallllOHHhIX p;eq>eKTOB 

ll nocTeneHHhIM llX llC'le3HO~eHlleMl3l, a ll3MeHeHne npoq>nneii CP .l!BlI.lleTC.ll oTpaJKe

HlleM aTllX nponeccoB Ha paoHhIX rny6nHaX HMllliaHTllpOBaHHOro ClIO.ll. B llMllJiaHTll

poBaHHhIX MaIThIMH p;o3aMll o6paonax KOHlleHTpann.11 paµ;nannoHHhIX µ;eq>eKTOB HeBe

lIHKa II. llX nepecTpOHKa ll OTlKllr tlaKaH'lllBaIOTCJI llpll TeMnepaTypaX Bbillle 400°C. 

B llMITJiaHTllpOB~HHhIX 60JiblllllMH µ;ooaMll o6paonax, coµ;epJKamnx BbICOKYIO KOHneH

Tpannro p;eq>eKTOB, :JTll nponecCbI 3aKaH'lllBaIOTCJI IIpII TeMnepaTypaX Bh!llle 600°C [
5
] 

( CM. pnc.6,7). AHanorll'!HhIM o6paooM o6'b.l!CH.lleTC.ll paoHa.ll CKOpOCTb BOCCTaHOBJieHllJI 

conpOTllBJieHHJI B npnnoBepXHOCTHOll o6naCTll, rµ;e npeo6naµ;aroT npoCTh!e ll30lillpO

BaHHhle µ;eq>eKThll61, H B OKpecTHOCTll npoeKllHOHHOrO npo6era, rµ;e cocpeµ;oTO'leHbI 

o6nacTn cKonneHnii paµ;nannoHHh!X µ;eq>eKTOB. 
,II;anbHellI11ee llOBhlllleHlle TeMnepaTypbI OTJK:llra npHBOp;llT K q>opMnpoBaHllIO B Kll

cnopoµ;ocoµ;epJKar.qeM KpeMHllll lIOKalibHOrO ClIO.ll n-Tnna npoBOp;llMOCTll. O6naCTb noKa

lIII:Jannn aToro ClIOJI Haxop;llTC.ll B oKpecTHOCTll npoeKllllOHHOro npo6era llMITJiaHTllpO

BaHHhIX noHoB, TaK 'ITO B o6paonax K,II;B-10 06paoyroTc.11 cTpyKTYPhl Tnna p-n+ -p, 

a B o6paonax K8<1>-20 - CTPYKTYPhl Tnna n-n+ -n, cTa6nnhHhre n npn TeMnepaType 

1000°c. 
Ilpn BhICOKOTeMnepaTypHOM OTJKllre 6eCKllClIOpoµ;Horo KpeMHll.ll HII'lero noµ;o6Horo 

He Ha6nroµ;aeTC.ll. OcTphlii nnK conpoTllBlieHllJI, perncTpnpyeMbIH B o6nacTn npoeK

llHOHHoro npo6era nocne OTJKnra npn 800°C (pnc.9), nc-qmaeT npn 6onee BhICOKllX 

TeMnepaTypax. IloaTOMY OH, BepoJITHo,. CB.ll3aH C HellOlIHhIM OTJKllrOM paµ;nannoHHhIX 

µ;eq>eKTOB n (nnn) HellOlIHOll aKTIIBanneii BbITeCHeHH0r~ 6opa. 

IIo npnBeµ;eHHhIX pe3ylibTaTOB cneµ;yeT, ·<J:TO npoJIBJieHlle aneKTPll'IeCKOll aKTIIBHO

CTll cnoeB KpeMHll.ll,B. OKpecTHOCTll npoeKllHOHHoro npo6era llOHOB llHepTHbIX ra:JOB 

nocne BbICOKOTeMnepaTypHOll o6pa6oTKll o6ycnOBJieHO BhICOKllM coµ;epJKaHHeM TeXHO

norn'leCKOll npHMeCH KllCJiopoµ;a. 
. 'Mbr C'lllTaeM, 'ITO npoJIBJieHHe aneKTpll'leCKOll, aKTllBHOCTll B µ;aHHOM cny-qae o6ycno-

BJieHa reHepanneii TepMoµ;oHopoB. 
KaK lltlBeCTHO, cymecTBYIOT µ;Ba TIIna TepMOJ:IOHopoB[7], K nepBOMY THny OTHOC.l!TC.ll 

TepMO)IOHOphl, KOTOphle q>opMnpyIOTC.ll nyTeM µ;JIHTelibHOll TepMoo6pa6oTKll KllCJiopo-
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ri;ocoµ;epJKar.qero KpeMmrn B o6nacTH Te11,mepaTyp T = 450°C. Ilpn TeMnepaTypax Bhlllle 

600°C :JTU )IOHOpbI OTJKIIraIOTCJI. B µ;nanaooHe TeMnepaTyp T = 550 - 800°C q>OpMI!

pyeTC.ll BTopoii Tllll TepMOAOHOpOB - "HOBh!e" AOH0phl. "HoBbie" J:IOHOphl o6paoyIOTCJI 

Bcneµ;cTBI!e npen1m11Tannu Kncnopoµ;a, Bhlµ;e:rnromeroc.11 1m MeJKµ;oy3e:rbHoro nonoJKe

au.11. CKopoCTb reHepannu aTllX µ;oHopoB cymecTBeHH0 BhlpacTaeT C pocTOM KOHlleH

TpannH neaTpoB npenunuTan1m Kncnopoµ;a, KOTOph!Mn MoryT 6h!Th ;:ioHophl nepBoro 

Tima, yrnepoµ;, KnacTepbI T0'Ie'!Hh!X µ;eq>eKTOB[7l_ 

Hcxoµ;.11 U3 npeµ;nonoJKeHnJI o reHepannxi TepMogoHopoB, B03M0lKHa cne;:iyroI11a.11 nH

TepnpeTan11.11 pe3ynhTaToB µ;nJI noµ;noJKeK p-Tima, HanpuMep. Ilpn TeMnepa-rypax OT

JKnra MeHbllle 600°C XapaKTepHhlll BI!J:1 npoq>UJI.ll C0IIp0TIIBlieHil.ll pacTeKaHI!.ll C 3aXo

poHeHHbIM n-- cnocM He Ha6nroµ;aeTC.ll II3-3a Henmrnoro OTJKIIra paµ;nannoHHhlX ;:ieq>eK

T0B. Ilocnc OTlKIIra paµ;nannoHHbIX µ;eq>eKTOB CTaITO B03M0lKHhIM Ha6nroneaue II3MCHe

Hlill C0IIpOTIIBJieHil.ll pacTeKaHIIJI, o6ycnoBneHHbIX reaepanneii: "HOBhrx" TepM0;:(0HopoB. 

B µ;narraooae TeMnepaTyp 700-800°C Bo;:ipacTaeT BKnaµ; µ;oHopoB B Moµ;nq>nKannro Bnµ;a 

npoq>nn.11 conp0TIIBlICHII.ll pacTeKaHII.ll: cnoii: n-Tuna paClllIIp.l!CTCJI, aero C0IIp0TIIBlICHIIC 

yMeHhlllaeTc.11. Ilpu 6onee Bhrcokux TeMnepaTypax (BHe o6nacTn reHepannn "aoBhlx·· 

µ;oHopoB), Hao6opoT, Ha6nroµ;aeTc.11 cyJKeHue cno.11 n-Tiura 11 Bo3pacTaii:ue ero conpo

TIIBneau.11. 8To nponcxoµ;nT BClICJ:ICTBlIC '!aCTil'lHOro paopylllCHllJI "HOBbIX" r(0HopoB. 

IIonHoe paopyllleHne "HOBbIX" J:IOHOpOB BOtlMOlKHO nyTeM paCTBopemrn npenumITaTOB 

KIIcnopoµ;a IIpII TepMoo6pa6oTKe (T = 1300°C) [71_ 'ITO o6'bJICH.l!CT Bh!C0KYIO TeMnepa

Typayro CTa6IIlibHOCTb IIp0B0J:l.ll!.qIIX ClI0CB B 0KpeCTH0CTII npoeKllIIO'.HHoro npo6era. 

AHanorn'!Hb!C paccyJKµ;eHII.ll cnpaBCJ:llIIIBbl u ):Ill.II o6paonoB n·-Tlma. O):maKo CTpyK

TYPhl TIIIIa n-n+ -n Ha6nroµ;aIOTCJI T0JibK0 B BbIC0K00MHhIX o6paonax K8<1> 20. B HJ!;)

K00MHbIX o6paonax K8<1>-0,5 BhICOKilll ypoBCHb rrernpoBaHll.ll II0):IJI0lKKII HP II03B0,,.lleT 

nx Ha6rrroµ;aTh B npocpnn.11x CP. 

Ilpn o6cyJKµ;eHIIII npupoµ;hl aneKTpOHHOll IIp0B0p;IIM0CTI!, C T0'IKII 3pCHll.ll BlIII.l!HII.11 

KIIClIOpoµ;a, oaK0H0MepHo BOtlHUKaIOT B0IIpOChl 0 rrpU'IUHe f'f' lI0KaJibHoro xapaKTCpa 

II BhICoKoii: cKopocTII 06pao0Baau.11 "aoBh!x" µ;oHopoB. B caMoM gene, pacrrpPµ;cm'Hm· 

KUCJiopoµ;a IIO TOJII.qUHe CTaHµ;apTHOll nnacTIIHhl KpeMHII.ll M0lKH0 C'IIITaTb 0I(Hopo;i:HbIM. 

B TO lKC BpeM.ll AOH0pHa.11 IIp0BOAIIM0CTb Ha6nroµ;aeTC.ll T0JibK0 B ClI0(' B 0Kp<'CTH0CTII 

npoeKnnoHHoro npo6era. KoaneHTpa.11u.11 µ;oaopoB B crroc µ;ocTnraf'T ;:iaa'reHnii II0JHiri;Ka 
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oa 30 MIIHYT OTlKIIra rrpu 700 - 800°C. ,Un.11 q>op11,mpoBaHl!.!I TCpU0JJ;0H0p<rn, 

KaK npaBUlIO, Tpe6yeTC.ll 6orree AlIIITClibHa.ll TepMoo6pa6oTKa (µ;cc.!ITKII 'HlCOB). 

B pa60Tel
7l rrpeµ;nonaraeTc.11, 'ITO KJiacTepbI BaKaHCU0HHhIX µ;cq>eKTOB B o6ay'I<'HHO!'.i 

Heii:TpoHaMn KpeMHIIII ycK0p.l!IOT reHepannro "HOBbIX" µ;oHopoB. 1foBeCTHO TaKlKe. 'ITO 

HeHTpOHHOe o6lIY'IeHIIe ycK0p.lleT npenurrnTannro KUCliopoµ;a181. Ilpn IIOHHOii IIMII:IaH

Tanuu 06paoyroTc.11 TaKIIe JKe Timh! paµ;uannoHHhlx µ;cq>eKToB, KaK 11 rrpn m·iiTpoH

HOM o6ny'leHIIII, a llX K0HllCHTpanu.11 MOH0T0HH0 BoopacTa.CT OT II0BCpXH0CTll Brny6b 

lIMIIliaHTIIpo~aHHoro cno.11, µ;ocTnra.11 MaKCIIMaJibHoro tlHa'ICHII.ll B 0KpPCTH0CTII npoeK

lllI0HHoro npo6era. Hcxoµ;.11 lltl aToro, B IIMIIJiaHTnpoBaHH0M ClI0(' cneµ;y<'T 0lKIIr(HTb 

ycKopeHHyro npenrmnTanuro KIIcnopoµ;a. Heoµ;Hopoµ;Hoc pacrrpeµ;cncmie n<'HTpoB IIJH', 

nnrrnTannu, KOT0phIMII MoryT 6h!Tb KnacTepbI paµ;nannoHHbIX ACq>CKTOB, o6'b.!I("HlH'T 

noKannaannro n-cno.11 B oKpecTHOCTn npoeKnnoHHoro rrpo6era. 

O6paooBaHne ABYX cnoeB n-TllIIa rrpoBO/J;IIM0CTII rrocne BbIC0K0TCMIIepaTypHoro 0T

lKIIra KpeMHII.ll, IIMIIliaHTIIpoBaHH0ro 6oJibWIIMII /J;03aMII H0H0B 84Kr. 0TpalK,H'T ;:i:Byx

ClIOHHOe pacnpeµ;eneHne paµ;nanuoHHhIX p;eq>eKTOB . .I{Byxcnoiimic pacnpeµ;cncHIIP ;:icq>eK

TOB Ha6nrop;aCTC.ll rrpu µ;03ax HMllliaHTannu, CO0TBeTCTBYK>mnx IICJH'Kpb!TIIK) Tpa<'KT0-

pnii: IIOH0B, lI .l!BlI.lleTC.ll peoynbTaTOM nonap;amrn II0H0B B pam~c C03)l;aHHhlf' TP<'KII (' 
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MeHblllen IIlIOTHOCTbIO BellleCTBa. Ilogpo6Ho aTOT Borrpoc 6ygeT paCCMOTpCH B 0TJJ:eJib-
HOM coo6weHlUL . 

5. 3AK.1UO'IEHHE 

O6Hapy)l(eHa lIOKaJibHllil arreKTpll'IeCKllil aKTllBHOCTb_ CJIO.S! KpeMHll.S! B oKpeCTH0CTll 

rrpoeKllllOHHoro npo6era ll0HOB llHepTHbIX ra□OB rrocrre BbICOKOTeMnepaTypmiro 0T

)l(llra. YcTaHOBJieHo, 'ITO □arrry6rreHHhlll npoB~JJ:.SI!lllln crron l!MeeT n--Tlln npoB0JJ:llM0CTll 
ll o6yc.'IOBJieH BblCOKllM cogep)l(aHlleM B KpeMHllll TCXHOJIOrll'IeCKOll IIpllMeCll KllClI0poga. 

8rreKTpOHHllil npOBOJJ:llMOCTb ClIO.S! BO□HllKaeT B pe□yJibTaTe reHepallllll "HOBblX" JJ:0H0-
poB B JJ:llana□OHe TeMnepaTyp 55Q-8QQ°C ll coxpaH.HeTC.S! IIpll 6orree BblCOK0TeMnepa
TypHblX o6pa60TKax. Jl0Kamma11ll.SI "HOBbIX" JJ:0H0poB B oKpeCTHOCTll IIp0CKllll0HHoro 
npo6era o6ycrroBJieHa HeOJJ:H0pOJJ:HbIM pacnpegerreHlleM B llMIIJiaHTllpOBaHH0M crroe 11eH
TpoB npellllill!Tallllll KllCllopoga - □apOJJ:blllleii: "HOBblX" AOH0p0B, K0TOpb!Mll .S!Bll.S!IOTC.S! 

KJJaCTepbl p3,11Hal1HOHHblX ,!lecpeKTOB. 

KaK crregyeT ll□ pe□yllhTaTOB pa60Tbl, JJ:ll.S! acpq>eKTllBHoro q>opMllpOBaHll.S! "HOBbIX" 
JJ:0H0pOB B llMIIJiaHTllpOBaHHbIX CJIO.S!X KpeMHll.S! Heo6XOJJ:l!Ma BblCOKllil K0HI.1eHTpa11ll.SI 
KllClIOpoga ll BbICOKaJI IIJIOTHOCTb CTPYKTypHbIX HapyllleHllll pellleTKll. B° CB.S!□ll C 8TllM 

o6pa□OBaHlle □arrry6rreHHblX IIp0BOJJ:.S!lllllX CJIOeB crregyeT O)l(llJJ:aTb nocrre llMIIJiaHTallllll 
ll OT)l(llra KllCJIOpOJJ:OC0JJ:ep)l(awero KpeMHll.S! JII06b!Mll T.S!)l(eJibIMll llOHaMll. 

Pa6oTa BhlnorrHeHa Ha ocHoBe q>llHaHcoBon noggep)l(Kll cpoHga INTAS, HOMep rpaHTa 
"INTAS-94-1982" . 
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