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I13BeCTHa Bb!COKaSI 'fyBCTBHTenbHOCTb KpeMHHeBOnHTHeBbiX p - 1 - 0 

JleTeKTopoa K snare u aceao3Mo)KnbiM 3arpH3HeHHHM. DoToMy JlnSI JlnHTenb

nofi ycnemnofi aKcnnyaTauuu aTux npu6opoa neo6xoJlHMa fiaJle~naSI 3arunTa 

HX nosepxHOCTH OT BpeJlHOI'O BnHSIHHSI BHelliHefi Cpe)lblo 

DpnMeHSieMbie JlnH 9THX uenefi nonnMepHbie MaTepuanbi a BHJle roTOBbiX 

KpeMHHfiOpi'aHH'f8CKHX H 9nOKCHJlHblX naKOB1 nacT, CMOn He BCei')la onpaBJlbl
\ 

BaiDT ce6SI acneacTaue ux anaro- u ra3onponuuaeMoCTH , neaocnpoH3Boau-

MocTu no CBOHCTBaM, a TaK~e H3-3a BpeJlHbiX npHMecefi, npucyTCTBYIDlliHX 

B HHX HnH Bb!JlenSIIDlllHXCSI B npouecce nonHMepH3aUHHo 

BBRJly TOI'0 1 'ITO noKa OTCyTCTBYIDT nHTepaTypHble JlaHHbie 0 TOM, Ka

KHe npHM8CH H B KaKOM KOnH'f8CTBe BnHSIIDT Ha napaMeTpbl npH6opa, MO~HO 

npeanaraTb Hcnonb3oaanue nonnMepHbix MaTep:~~anoa numb KaK anemnHx 

3alllHTHbiX noKpbiTHfi, o6ecne'l:HBaiDlllHX MexaHH'feCKH npo'fHbifi Kopnyc. BnyT-

peHHee ~e noKpb!THe, HaHOCSirueecSI HenocpeJlCTB8HHO Ha noBepXHOCTb npH-

6opa, JlOn~HO 6b!Tb H3 BemecT.Ba Bb!COKOfi 'fHCTOTbl H 6nH3KO no xnMH'fec-

KOMy COCTaBy K MaTepHany rronynpoBOJlHHKa. 

nocneJlnee o6ecrre'l:HT o6pa3oBaHHe ecTecTaennofi 3alllHTHofi nneHKH na 

IIOBepXHOCTH IIonynpOBOJlHHKa, SIBnSIIDllieficSI KaK 6b! IIpOJlOn~eHHeM 81:'0 KpH

CTannH'feCKOfi pemeTKHo 

3 



Cpean MHO)K8CTB8 C08J:liiH8HHii, COJ:lep)Kamnx B CB08M COCTaBe KpeM

HIIii, onncaHHhiM Bhiiiie Tpe6oBaHIISIM Han6onee noimo yaoBneTBOpSIIOT nonu 

opraHOCIInOKC8Hbl - C08}:lllH8HHSI 0 nocTp08HHbie II3 'IepeayromiiXCSI 8TOMOB 

KpeMHIISI n Kncnopoaa Si- 0 - Si 

11cxoaHh~M·u MOHOMepaMn anSI nonyueHnSI nonnopranocnnoKcaHOB SIBnSI-

IOTCSI anKlmranonncnnaHbl o6mefi cpopMynhl R n Si r 4 - n ' • rae 

R u r 111 - opraanqecKnn paanKan, - ranonn 

06pa6oTKa noBepxnocTn nonynpoBOJ:lHIIKa anKnnranonncnnaHaMII nony..,. 

quna nasBanne cnnannpoBaHnSI. CocTaB'nonnMepnoii nneHKn, nonyqennoii 

B peaynbTaTe CIInaHUpOB8HIISI0 38BIICIIT OT ycnoBIIH B38IIMOJ:l8HCTBIISI MOHO

MepoB. 06pa6oTKa noBepxHOCTII nonynpOBOJ:lHHKa CIInaHaMII npOBO}:lllTCSI 

npn orpaHU'I8HHOM KOnii'IeCTBe BOllbl ( TOHKHe BOJ:lHbl8 nneHKII 0 ·Bceraa 

OCTaiOmHeCSI .. Ha noBepXHOCTII nocne TpaBneHIISI) • B T8KIIX ycnoBIISIX MOne

Kynhl anKnnranonncnnaHoB noo'Iepeano pearnpyiOT c MoneKynaMn H 0 
. 11/ 2 

no nonnoii saMeHbi cnoSI BOJ:lhi npoayKTaMn rnnponnsa • B KoHe'IHOM nTo-

re 9Ta peaKUIISI CTyneH'IBTOH noniiKOH]:leHCBUIIII npiiBOJ:liiT K o6pa30B8HIIIO 

nneHKH nonnMepa [ R Si 0- l n m XHMII'IeCKH CBSI38HHOH C MaTepnanOM 

nonynpoBOJ:lHIIKa. 06pa60T8HH8SI TaKHM o6pa30M noBepXHOCTh npno6peTaeT 

rnapo!f>o6Hbl9 CBOHCTBa •. 

B nnTepaType onncaH cnoco6 cnnannpoBaHIISI BnnaBH.hiX KpeMHneBbiX 

anoaoB auMeTunauxn_opcunaHoM n, MeT~nTpnxnopcnnaHoM 

nonnMepnsauneii npn TeMnepaType 200-250°C B Te'IeHne 

c nocnenyromeii 

'2 3/ 
2-X 'I8COB 0 

• 

TIOCKOnbKY anSI. KpeMHII8BbiX J:liiOJ:lOB p-i- II - CTpyKTyphl TaKOH 

anuTenbHbiH BhiCOKoTeMnepaTypHhiii narpeB ne:)KenaTenen 
1
:ns-sa npncyT

CTBIISI B nux nnTHSI, Mhl npoBenn uccneaoBaHne cTa6nnna'upyromeii cnoco6-

HOCTII nneHKII noniiMepa, nony'IeHHOH B IIHhiX YCJIOBIISIXo 

4 

l • 

,I 

Onncanne· MeToa 

B pa6oTe ncnonbs.oBanncb K.(J3MHIIeBbiE 

Typb11 nony'IeHHhle M8TOJ:lOM KOMnencaunn 81 
' l. 

p -Tuna nyTeM apeiicpa uonoB nnTnSI B ane1 

xoaa. 

11cxoaHhiM MaTepuanoM anSI u~roToBne 

KpHCTannn'IeCKIIH KpeMHIIH p -Tuna. l1c1 

pasuoB, nonyqeHHhle us 5-Tn cnnTKOB KpeMJ 

npoTHBnenneM ( p ) 

( T ) 

II BpeMeHeM )Kl!3HII 

8KcnepnMeHTanbHhle o6pa3Uhi nMenu cp 
. 2 

maabiO ( S ) oT 2,5 no 3,5 eM u Tonmun, 

1,5 -+ 3 MM. 

OuenKa Ka'l:eCTBa npn6opoB rrpoBoannac 

nsMepennoro rrpn HaiipSI)KeHnn CMemeHIISI 10( 

CnntmnpoBaHIIoie o6pa3Uhl cpaBHIIBannc 

o6pa6oTaHHbiMII B CTanaapTHOM Tp8Bl!Tene 1 

noane)Kanli o6pasuhi, nsroToBneHHhie us oaw 

MeToanKa cnnannpoBaHJiSI aaKniO'Ianacb 

CBe)KeTpaBneHHhie o6pa3Uhl o6pa6aTbJB, 

nn6o B cMecn l: 1 anMeTunanxnopcnnana (CI 

cnnana CH Si a 3 B Te'l:eHne 5-6 MIIHYT 
3 

17°C. 11cnonb30Banncb TonbKO. cBe)Kerrepern, 

n CH Si Cl nerKo rroaJ:IaiOTCSI oqncTKe 
3 3 

0 
70,0 u 65,7 C cooTBeTCTBeHHo. BuanMhie c1 

noBepXHOCTII 06pasuai·T8K KaK 9TO MO)KCT 

ponnoii nneHKn nonnMepa. 



coaep~alllHX B CBOeM COCTaBe KpeM

nonHO yaoBneTBopstiOT nonn · 

nocTpOeHHbie H3 'IepeayiOIIIHXCSI 8TOMOB 

nonyHeHHSI nonnopraHOCHnOKCBHOB SIBnSI-

f' - ranona 

R n Si f' 4 - n' 

Ill 
rae 

_,l 

anKnnranonacnnaHaMn nony~ 

CocTaB'nonnMepHofi nneHKH, nony'leHHofi 

38BHCHT OT ycnOBHfi B38HMoaefiCTBHSI MOHO-

nonynpoBoaHnKa cnnaHaMn npoBoanTcst 

BOAhi ( TOHKne BoaHore nneHKH, Bceraa 

TpaBIIElHHst). B TaKnx ycnoBnstx Mone .. 

npnBoanT K o5pasoBaHHIO 

_, XHMH'IeCKH CBSI3aHHOfi C MaTepnanOM 

o5pasoM noBepxHocTb npno5peTaeT 

CHnaHHpOB8HHSI BnnaBH_hiX KpeMHHeBbiX 

n MeTnnTpnxnopcnnaHOM 
·' - -

200-250°C B Te'leHHe 

c nocneay10mefi 
12,3/ 

2-X '18COB • 

anoaoB p-i- n - cTpyKTyphi TaKofi 

HarpeB H~~enaTenea na-sa npncyT

cnoco5-

B IIHhiX YC:nOBIISIXo 
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OnncaHne· MeToaa 

B pa5oTe HCnOnbSOBanncb KpSMHHeBbie aeTeKTOpbi p -1- 0 CTpyK

Typhlt nony'leHHhie MeToaoM KoMneHcaunn aKuenTopoB 5opa B KpeMmin 

p -Tuna nyTeM apefi!fla IIOHOB nHTIISI B aneKTpH'IeCKOM none p- 0 - nepe .. 

xoaa. 

l1cxoaHhiM MaTepnanOM anSI H3rOTOBneHHSI aeTeKTOpOB cny~Hn MOHO-

KpiiCTannH'IeCKHfi KpeMHHfi p -Tuna. l1cnhiTaHHSIM noaBeprnncb 40 o5-

pa3UOBt nony'leHHbie H3 5-TH cnHTI(OB KpeMHIISI C pasnH'IHhiM yaenbHbiM CO-

npOTHBneHHeM ( p ) 

( T ) 

II BpeMeHeM ~II3HH HeOCHOBIIhiX HOCHTenefi .TOKa 

3KcnepnMeHTanbHhie o5pa3Uhi HMenn !f>opMy nnocKnx nnacTHH c nno-
- 2 . 

maabiO ( S ) OT 2,5 ao 3,5 CM II TOnlllHHOfi 'IYBCTBHTenbHOrO i -cnost 

1,5 -t 3 MM0 

OueHKa Ka'l:ecTBa npH5opoB npoBoannacb no Benn'IHHe o5paTHoro ToKa, 

II3MepeHHOrO npH Hanpst~eHHH CMemeHHSI lOQ Bo. 

CnnaHnpoBaHHoie o5pasuhi cpaBHHBanHcb c KOHTpon!>Hh!MH o5pasuaMn, 

o5pa50T8HHb!MII B CTaHaapTHOM Tp8BHTene 1:2 HF:HNO 3 ,CpaBHeHHIO 

noane~ann o5pasuor, nsroToBneHHhie us oaHoro n Taro ~e cnnTKa. 

. MeToanKa cnnaHnponannst saKniO'Ianacb B cneayiOmeM. 

CBe~eTpaBneHirhie o5pa3Uhi o5pa5aTbiBanncb B anMeTnnaHxnopcnnaHe, 

nn5o B CMecn l: 1 anMeTnnauxnopcunaHa (CH 
3

) 
2
Si a 2 J1 MeTHnTpnxnop-

cnnaHa CH Si a 3 B Te'leHne 5-6 MHHyT npll TeMnepaType He Bhiiiie 
3 

11°C. l1cnonhsonanncb TonbKO cBe~eneperHaHHhie peaKTHBhi. ( CH ) Si Cl 
. 3 2 2 

nerKo rroaaaiOTCSI O'IllCTKe neperoHKofi rrpu TeMnepaTypax II CH Si CI 
3 3 

70,0 II 65, 7°C COOTBeTCTBeHHOo BnaHMble cneahi Bnar·u He aorrycKanHCb Ha 

noBepXHOCTII o5pasua; ·T8K KaK 9TO MO~CT IIpiiBeCTH K o5p!lSOBaHIIIO HeoaHo-

poaHofi nneuKn nonnMepa. 

5 



06pa3eu noMemancR B cneuuanhHyro Te~noHoByro cTpy6uuHy c nonu

aTuneHOBhiMn npoKnanKaMu, KOTOpbie 3amumanu HHKeneBbie aneKTpOllbi 

oT napos xnopncToro sonopona, BbiJlenRromuxcR B xone peaKunu. 

ITocne o6pa6oTKH B pacTBope cunaHOB o6pa3Uhl cTaBHnHcb Ha·cym-. " 

" ; " 0 
~y (nonuMepu3auuro) B noToKe B03llYXa npu TeMnepaType 60-70 C. BpeMR 

nonHMCpR38UHR COCTaBnHnO 2-205 ~aca. 
_,! 

3KcnepUMCHTaiibHbiC pe3ynbT8Tbi H HX o6cy>KJlCHRC 

Ha puc. 1 "noKa3aHo R3MeHeHue sonhT-aMnepHoli: xapaKTepucTRKR 
x/ 

o6pa3ua N915 [ 4 ] nocne ·cunaHnposaHHR llRMeTnnnuxnopcunaHoM. AHa-

norutJHaR KapTnHa Ha6nronanacb Ha scex o6pa3uax 6e3 rrcKnrotJeHnR. 

CTa6unu3upyromue KatJecTBa 3amnTHOli: nneHKR nonuMepa, nonytJeHHOli: 

B pe3ynbTaTe cunaHnposaHnR, nposepHnHCb B pa3nH'lHhlX ycnosu~x. 

1. 11CITbiT8HUe Ha JlnRTenbHOe XpaHCHHe B HCBKniD'lCHHOM COCTORHRR, 

ITo~ne npell:~a o6pa3Uhl cunaHHposanucb u ocTasanHcb nponon>KnTenb-

Hoe BpCMH H8 B03llYXC KOMH8THOfi TCMnepaTypbi npu Bn8>KHOCTR~ R3MCHRromeli:

CR oT 30 no 80%. CpaBHHTenbHbie naHHbJe no cTa6IInH3auuu o6paTHbiX 

TOKOB TpasneHilhiX u cunamrposaHHbiX o6pa3uo~;~, Ha6nronashmecg B TaKRX 

ycnoBRRX 0 npuseneHbi B Ta6nuue 1. 

2. 11CITbJT8HRH TepMU'lCCKOfi R aneKTpH'lCCKOfi rrpO'lHOCTU 

nonHCRnOKC8HOBOfi nneHKR 

I13BCCTH00 'ITO KpeMHUli:opraHR'leCKRC nonRMCpbl OTnR'l8IDTCR TepMO-

" 111 rr R aneKTpOCTOUKOCTbiD • pCJlCT8BnRnOCb HHTepeCHbiM ITpOBCpRTb 9TR 

csoli:cTBa Ha nonytJeHHoli: HaMR aamuTHoli: nneHKe, ucnonh3yR.npouecc 

Jlpeli:~a. 3TO _ B8>KHO ITOTOMy0 'ITO OKRCH8R nneHKa 0 o6pa3yromaHCR Ha Tpas-

x/B · 6 · KB8JlpaTHbiX CKO K8X yKa3aH HOMep CnUTKa 0 H3 KOTOporo B3RT 
o6pa3eu. 

6 

J i 

l !, 

! [ 
' 

I 

• 

Ta6nuua 1 

BnuRHRe nnuTenbHoro xpaHeHRR Ha Bo3~ 

TOKR p-i-11 KpCMHHCBbiX nep 

C NJ j f(oM CM)=44& JIUTOK : : ) · 
'C(MK CeK}:ff()() 

Nr OoparHtlii - BpeMR oopa• 
o6pa3!¥1 TOI( p-l-n xpaHe- p-l·n 

• /1() nepexoda HUR daiiO CJIUTKy (H'l't.lfr~!"'~ ·('lac) HeHuJ 

*0 3.0 . 2256 . 
.: 

4 6.0 2016 ~ 

® 6.1. 1920 J 

7 
~ 
3.9 1920 12 

9 3.5 1320 12 

@ 4.5 -· 1920 4 

11 6.5 1920 5 
@_ 5.8 1920 4. 

~ 

f. . f{oMCM)=200. 
JIUTOK 1/t 2: 

. T{f'IKceK) Ht uJ 

1 20.0- 3192 21 

® 20.0 3432 2: 

® 16.0 3432 1S 

4 23.0 348 4~ 

® 18.0 . 3432 21 

6 26.0 3288 41 

1· 12.0 3288 91 

® 16.8 ~432 18 

8 15.5 .1992 2: 

® 16.0 3432 1~ 

'--'* Kp!JIKKOM oooJHat.~eHbl· cu. 
· Hupo6aHHble o5pa3t.{bl. 

7 



5 cneunanhHYID Te~noaosyro cTpy6unHy c nonn-

KoTopbte saummann HHKeneBbte ::meKTpOllhi 

ahmensnomnxcSI a xoae peaKuim. 

pe cnnaaoB o6pasuhx cTaBnnncb Ha- cym

npn TeMn~paType 60-70°C. 1 BpeMSI 

2-2,5 -gaca. 

"' 

p~synhTaTbi n HX o6cy:lKaeane 

xapaKTepncTnKn 

cnnaanpoBaHnSI anMeTnnanxnopcnnaHoM. Aaa

aa BCex o6pasuax 6e3 ncKnro'leHnSI. 

samnTHOH nneaKn nonnMepa, nonyqeaaoil 

, npoBepSinnch B pasnn'IHhiX ycnoBH_SIX. 

TenbHOe Xpaaeane B HeBKnro'leHHOM COCTOSIHllll. 

cnnaanposanncb n ocTaBanncb npoaon:lKnTenb

TeMnepaTyphi npn sna:lKHOCTH~ nsMeaSiromeil

aaHHbte no cTa6xr1msaunn o6paTahxx· 

o6pasuo~;~, aa6moaaBi!lnecSI B TaKnx 

aneKTpll'leCKOH UpO'IHOCTH 

nOKC8HOBOH nneHKll 

nonnMepbi OTnll'l8IDTCSI TepMO

llHTepeCHbiM npoBepHTb 3TH 

samnTaoil rrneHKe, ncnonb3yH.npouecc 

'ITO OKHCHBSI nneHKa 1 o6pasyromaSICSI Ha TpaB-

X YK838H HOMep CnHTKa, H3 KOTOporo B3SIT 

6 

l 

- i 

i 

,l 

I • 
1 

I 
\ 

· Ta6nHua 1 

BnHSIHHe anHTenbHoro xpaHeHHSI Ha Bosayxe aa o6paTHhte 

TOKH p-i-n KpeMHH8BbiX nepeXOllOB 

' 

. 

C NJj f(OM CM)=4480,343CJ 
AUTOK : : · . ; 

'C(MK CeK):ff()() 1850 

"' OopaTHtliJ · BpeMR OoparHw r~ 
o6pa3v;t TOK p-l-n xpaHe- p-i·n nepexo-

no nepexodtt. HUR da nfxAt.XPtt.· 
CJIUTKY CHifXf'lJ!'Hilq ·('lac) HeHUR ( l'fKa) 

*0 3.0 . 2256 3.0 

4 6.0 2016 9.1 

® 6.1 1920 7,8 

7 3.9 1920 12.0 
~ 

9 3.5 1320 12.0 

@ 4.5 1920 4.0 

11 6.5 1920 5.5 

®. 5.8 1920 4.8 

C.nuroK J/1 2 : 
f(DMCH)=200. . 

' T{rrtK CtK) Ht l/31'ttptHO 

1 20.0· 3192 20.5 

® 20.0 3432 22.5 

® 16.0 3432 19.0 

4 230 348 48.0 

® 18.0 . 3432 20.0 

6 26.0 3288 46.0 

7 12.0 3288 90.0 

® 16.8 3432 18.5 

8 15.5 . 1992 22.7 

® 16.0 3432 18.0 
-----

'* Kp!J1KKOM otfo3Hat~eHbl· cuna -

HUpo6aHHble oopa~l{bl. 

7 



I 

_,< 

~ 0) 
l:S 
'lc: 

~-r-) 

Q;) ~- co . lO .. -.:t- (') 

.; : ~ ~ 

.? . 

(\,J ~ 0 

'-0 

::i 
0 t f5 

g 
-.:t-

g 

0 
0 
(\,J 

g 
~ 

""" . :s: 
(Q .:.:. 

- El 
2:'t' 

'(]) 
c:a 1:: ::s () 
(I) 0 
:g_t:: 
\0--
0 Ill .. 
0 II: 
f., :s: 
0 a: 
Ill c:a 
(]) Ill 
:s: 0 a: c. 
::E :s: (]) a: 
c.c:a 
:.: t:: :s: 
c:a () 
:.: (]) 

~ t:: 
() () 
:s: 0 
c. t::. 
<D..
E-<\0 :.: 
ctj .... 
c. II: 
c:a :s: 
~ a: 
II: (]) 
c:a t:: a: Ill 
c.C:O 
(]) c. 
t:: E-< 
::E (]) 
c:a t:: 
-~ g 
~ t:: 
0..-
lil c:a . -.. 
U. 
:s: 

0.. 

• 

'I ., 
j 

l 

I • 
. ~ . 

neaaoM p -1 - n ~ nepexoae noa aeiicTBHe~ 

,B npouecce. apeiiifla, 'I8CTO_ DpHBOllHT._ K Hl 

oopaTHbiM TOK8M H HH3KHM HanpiDKeHHHM 

aToM aTane iwanonHna Obi. aaa'IHTenbHO 1 

HcnbiTaHHR no aToMy · nyHKTy npono. 

06pa3Ubi cHnaHHponanHCb nocne llH!fliflyam 
. 0 . . . 

npn TeMnepaType 110 C H aanpmKeHHH O' 

nnnrocTpHpyeT Ha~eaeane oopaTHoro TOKl 

oopa3UOB B npouecce apeiiifla.·B TaonHUe 

cnnaanpoBaHHbiX H TpanneHHbiX oopaauon, 

110°C H DpH KOMH8THOJi TeMnepaType. 

KaK BHllHO H3 TaonHUbij CHnaHHpOBa 

TOKH B 2 ,... 3 paaa MeHbWI!e DO cpaBHeHHI . . 
Ha T0 1 'ITO DOnHCHnOKC8HOB8H nneHKa llOE 

nepexoa B npouecce apeiiifla, cnocoocTny~ 

:m:eCTKHX pe:m:HM8Xo 113MepeHHH oopaTHbiX 

apeiiifla OpH KOMH8THOJi TeMhepaType,.DOK 

c npeai-IllYIIIHMH peaynhTaTaMH anR pRaa 

p83Ubl 7 ( 1 ) t 8 ( 1 j t 9 ( 1 _]., 10 ( 1 

9TO CBH38HO C H3MeHeHHHMH. B CTpyKType 

aeiiCTBHeM :meKTpHt.IeCKOrO UOnH H BbiCOK 

Ha6nroaeaue aa oopaauaMH B Te_'IeHI 

paTHbie TOKH cnnaanponaliabiX oopaauon u 

H~IMH BO BpeMeHH~ 

nnH BblHBneHHH B03MO)!(HbiX Hapymei 

meamnx B npouecce apeii4Ja, o6pa3Ubi no.o 

DyTeM DOrpyX<eHHH iiOO'IepellHO B CDHpT, < 

II BOllODpOBOllHyro BOlly DpH KOMH8THOii Te 

aeHbi THDII'IHbie 'II3MeHeHHH oopaTHOrO Tot 
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neHHOM p-i-0-:- nepeXo):(e DOA ):(eiiCTBHeM . TeMnepaTypHoro OKHCneHIUl 
• 

B nponecce. Apeiii}Ja, 'ISCTO, npHBOAHT K HH3KHM pe)I{HMSM Apeiii}Ja ( 6onhiiiHM 

o6paT~biM TOKSM HHH3KHM Hanpsi)l{eHHS!M)o 3amHT8' p ~i -0- nepeXOAS Ha 

aTOM aTane noaBonHna 6bi aHa'IHTen&Ho noBhiCHTh cxopoCTb. Apeiiljla •. 

J1CObiT8HHSI no 9TOMY. nyHKTy npOBOAHnHCb cneAyiOIIIHM o.6pa30Mo 

06paanhi cHnaHHpoBanHcb nocne AHI}JI}JyaHH · nH'rHSI H cTaBHnHcb Ha Apeiiljl 
. 0 . . . . 

npH TeMnepaType 110 C H HanpH)I{eHHH o6paTHoro cMemeHHSl 500 B. PHc. 2 

HnnrocTpHpyeT HaMeHeHHe o6paTHoro TOKa cnnaHHpoBaHHoro H TpaBneHHoro 
~ . . -" . 

o6paanoB B nponecce Apeiii}Ja.· B Ta6nHne 2 'npi;!ACTaBneHbi o6paTHbie TOKH 

CHnaHHpOBSHHbiX H TpaBneHHbiX o6pa3UOB 0 H3MepeHHbl9 _B KOHil9 Apeiii}Ja npli 

110°C H npH KOMHSTHOii TeMnepaType •. 

KaK BHAHO H3 Ta6nHilb1 0 CHnaHHpOBSHHbJe. o6pa3Ilbi HM9IOT o6paTHb19 

TOKH B 2 - 3 paaa MeHbiiiiie no cpaBH9HliiO C TpaBneHHbiMHo 8To yK83biBaeT . . 
HS TO, 'ITO nonHCHnOKC8HOB8Sl nneHKS AOBOnhHO XOpOIIIO 38IIIHII189T p- 1-0-

nepexoA B nponecce npeiiljla, cnoco6CTBYSI npoBeneHHIO npeiil}la npH 6onee 

)1{9CTKHX pe)I{HMax. 11aMepeHnR o6paTH.biX ToKoB, npoBeneHHbie cpaay . nocne 

npeiii}Ja npH KOMHSTHOii TeMhepaType, fiOKa3anH H9KOTOpoe HeCOOTBeTCTBHe 

c npenblllYIIIHMH peayn&TaTaMu nnH pSina o6paanoB {eM. Ta6nHilY 2, o6-

paanbi 7 [ 1] , 8 [ 1 I , 9 [ 1 )., 10. [ 1 ] , 6 [ 3 )_, 10 [3 ] ) • BoaMO)I{HO, 

STO CBSl38HO C H3M9H9HHSlMH. B CTpyKType nneHKII0 npOHCXOllSIIIIHMH DOll 

neiicTBneM aneKTpn<~ecxoro rronH H BbiCOKoii TeMnepaTyphi. 

Ha6nroneHHe aa o6paanaMn B Te'leHne 6 Mecs:~neB noxaaano, 'ITO o6-

paTHbie TOKH cnnaHnpoBaHHbiX o6paanoB H nocne npeiiljla ocTaroTCSI cTa6un&-

H~IMH BO BpeMeHHo 

llnH BbiSlBneHUSl B03MO)I{HbiX HapyiiieHIIii B nneHKe. nonnMepa, npoHC

III9lliiiHX B nponecce npeiii}Ja, o6pa3Ilbl· OOABepranHCb 5-MUHyTHOii o6pa60TKe 

nyTeM norpy)l{eHHSl noo'lepenao B cnHpT, ane:roa, Tonyon, AHCTIInnHpoBaHH_YIO 

H BOAODpOBOllHYIO BOllY npn KOMH8THOii T_eMnepaType. Ha pnc. 3 npnBe

ll9Hbl THnii'IHbl9 ·uaMeHeHHSl o6paTHOrO TO~a TpaBneHHOrO H cnnaHHpOBBHHOr.O 
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0 

Ta6nil:ua' 2 

CpaBtmTenbHbie ll8HHbie no H3MepeHHIO o6paTHblX TOKOB -
CHnaHHpOBaHHbiX H TpaBneHHbiX o6p83UOB B KOHUe.npe_fl:clJa 

- P(onc") =4480, 3430 · 
CnuroK 1{!1: -_-- : · • 

.. 'f(HKCtK)•11001 850 

.... Nt BpeffR 06p_aTHIIIii Till( {J6ptlTHblli Tfll( p-i·n 
o6pa3u,a apetirpa p·i·n nepexoiJa nefJixoiJa nocne 

no 'i!_ocne cJpelitPtl cJpet14Ht(l(t11fHQT. 
CJIUmK!J (I/O C) T~tto•c (ma). rel'lnepar. ( I'IKa)) 

® 113 1.0 25 

4 113 4.0 8~2 

5 ( 100 5.5 23.0 

® 100 3.5 12;0 

7 100 7.0 7.0 

® 100 1.8 9.5 

9 100 5.0 6.0 

@ 100 3.0 ·10.0 .. 
11 100 ~.5 8.0 

@ 100 3.0 8.0 

13 100 7.0 . 26.0 

14 111 - 3.0 . 31.0 

@ 111 3.0 20.0 

16 111 3.0 15.0 

® 111 . 2.0· 10.0 

c . f(OMCM)=1105, 1710 
JlUTOK J/1 3: ' . . . 

'((MtCCeK)= 900, 1100 

5 211 9.0 . ·12.0 
-

® ·211· 5.5 1GB 

6 211 8.0 11.5 

® 211 5.5 13.0 
L... 
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Ta6nB:ua 2 

e ,[laHHble no H3Mepemno o6paTHblX TOl'tOB 
H TpaBneHHblX o6pa3UOB B KOHUe.Llpe.itcpa 

f(o"clf} =4480, 3430 
1/H: : 

"C(HK ceK)=1100 1 850 

Bpel'fR 
tlpeurpa 

{'lac) 

113 1.0 

113 4.0 

100 5.5 

100 3.5 

100 7.0 

100 1.8 

100 5.0 

100 3.0 

100 ~.5 

100 3.0 

100 7.0 

111 - 3.0 

111 3.0 

111 3.0 

111 2.0· 

.25 

8.2 
23.0 

12:0 

7.0 

9.5 

6.0 

·10.0 

8.0 

8.0 

31.0. 

20.0 

15.0 

10.0 

Jll J: f(o~clf)=1105,, 1110 

T'CM~rceK)= 900, 1100 

211 

211 

211 
211 
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8.0 
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10 
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.11.5 

13.0 
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o6pa3UOB nocne TaKnx o6pa6oToK. CnnaHnpoB 

KaKn~-nn6o 6onhmnx ll3MeHeHnfi o6paTHoro To 
. ' ' 

TSHHH B OTnll'IHe OT TpaBneHHbiX • 

OporpeBaHne npn6opoB npn TeMnepaT.ype 

HOH BnS~HOCTll 95% B Te'leH~e Tpex cyTOK no 

o6paTHblX TOKOB y CHnaanpoBaHHblX o6pa3UOB 

meHne · y TpaBn~HHhiX (eM. Ta6nnuy 3). 

3. 11cnb!TaHHSI npn HH3Kll 

OpaKTn'lecKaSI pa6oTa c Si ( Li ) p -1 

C M:1oroKpaTHbiMH pe3KHMH H3MeHeHHSIMH TeM 

-180°C. 

B aTnx ycnoBHSIX Ba~a conaMepnMOCTh 

pacmnpE!HHSI KpeMHHSI. n .Maiej:mana aamnTHoro 

HHSI MeXaHn'leCKllX. HanpmKeHHHo 

CTa6nnhHOCTh paaMepoB. nonncli:n.oKcaHot 

naMeHeHnn TeMII,epaTypbi npoBepSinach nyTeM 

paunfi, 06bi'IHO npnMeHReMbiX B pa6oTe c neTt 

10_.6 
CnnaHnpoBaHHhiH · p6paaeu noMemancSI B E 

' ' ' ~::;. 

MM pT. cT. n oxna*.uancSI B. aefi no: T 

3aTeM B KaMepy Bnyc~anCSI: BOanyx KOMHaTHOl 

TaTe qero Ha noBepxHocTn o6paaua ~oHneHCHJ 

I13MepeHnd, nJ~~~neHHbie nocn_e Ka~ilO 
noK~aann cymec,:rBeHHhiX H3MeHeHnii: nq ·TOKYo 

llpyraSI ria'pTllSI npn6~pOB1 COCTO~lllSSI ·.~ 

neHHhiX o6paauoB, norpy)K'anach Henocpenc:rseiJ 

no 5 MnHyT. nocne Ka~oro norpy~~HHSI o6p 

TeMnepaTyphi n naMeps:innch nx o6paTHbte ToK 

npo2onnnoch Bhtnep~BaHne: o6paauoB B BonoJ 

5 MnHyT. PeaynhTaTbi aTnx ncnhiTaHnii: npnBE 
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o6pasuoB nocne TaKnx o6pa6oToK. CnnaHnpoBaHHbie o·6pasubi He nposiBmmn · 

KaKnx-nn6o 6onbmnx nsMeHeHnfi o6paTHoro ToKa B npouec~e TaKnx ncnhl-

T8HHH B OTnH'IHe OT TpaBneHHbiX. 

IlporpeBaHne npn6opoB npn TeMnepa1'ype 45°C B ycnoBHSIX OTHOCnTenb

HOH Bn8*HOCTH 95% B Te'ieHne Tpex cyTOK noKasano HeKOTOpOe CHH*eHne 

o6paTHbiX TOKOB y cnnaHnpoBaHHhiX o6pasuoB n pesKoe Heo6paTnMoe yxyn

meHne . y TpaBneHHhiX (eM. Ta6nnuy 3). 

3. l1CnbiT8HHSI npn HH3KHX TeMnepaTypax 

IlpaKTH'IecKaSI pa6oTa c Si ( Li ) p-1-0 JJ.eTeKTOpaMH CBSI38H8 

C M'·JOrOKp8THbiMH pe3KHMH H3MeHeHHSIMH TeMnepaTypbl OT KOMH8THOii 11.0 

0 
-180. c. 

B aTnx ycnoBHSIX Ba*Ha consMepnMocTb Koa¢¢nuneHTOB TepMn'iecKoro 

pacmnpeHHSI Kpe~mnH n ·.!'faTepnana samnTHoro noKpbiTHSI .JJ.[IH_,npe_JlOTBpame

HHSI MeX8HH'ieCKHX HanpS1*9HHfio 

CTa6nnbHO~Tb pasMepoB. nonnc:UnoKcaHoBoft samnTHofi nneHKH Iipn 
·~-~ 

H3MeHeHHH TeMnepaTypbi npoBepSinaCb nyTeM BOCnpOH3Be)leHHSI UHKna one-

paunfi1 o6hi'iHO npnMeH'SieMbiX B pa6oTe c JleTeKTopaM:H. 

CnnaHnpoBaHHhifi .o6paaeu noMemanc.s~ B BaKyyMHYIO KaMepy c JlaBneHneM 
' . . ~ \,·. . 

10_.6 MM pT. CT. H oxna>KllanCSI B Hefi JlO, TeMnepaTypbi mHJlKOrO 830T8e 

3aTeM B KaMepy BnycKancH: B031lYX KOMH8THOfi TeMnepaTyphii·"B pesynb

TaTe qero Ha noBepxHocTn o6pasua KoHneHcnpoBanacb Bnara. .. - ':. . 

l1sMepeHna, nJ~BeJieHHbie riocn.e. ia~Jlofi iia aTn·x onepaunfi, He 

noKaaann cymecTBeHHhiX naMeHeHnfi nq ·ToKy. . " ,·. 

llpyraSI riapTHSI: npn6opOB1 COCT~~lli8SI ; H3 cnnaHHpOBSHHbiX H TpaB-

neHHhiX o6paauoB, norpy:lianacb HenocpeJlCTBeHHO .a :)!mJlKHfi. ~soT; 5 paa 

no 5 MHHYT• flo~ne K8*JlOrO norpy*~HH~ o6pa3Ubi JlOBOJlHnHCb JloO KOMH8THOfi 

TeMnepaTyphi n nsMepsinncb nx o6paTHbie T~Kn~· ITo' Oif~H'i.aH~I\ TepMounKna 

npoBoJlnnocb BbiJlep*MBaHne~.o6pasuoB B BOJlonpoBOJlHOfi. Bolle~ B ;re'ieHne 

5 MHHYT• PesynbT8Tbi 3THX HCnbiT8HHfi npnBeJle·Hbi B Ta6nHUe 4. 
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_,1 

Ta6mma 3 

Bnmmne sna>KHOCTR Ha o6paTHbie "ToKH, KpeMHReBbiX p-i-n -rrepexonos 

1{: 06p_aTHbiU TO!( J MKa 
oopa3u,a ' 

no flocne 6.bldtpx. nocne x.pa-
CJIUmK!J Ha'lanttt." 72Yac npu "~~ IH_eHull Ha 

U OTH. 6Jia¥H. 9, 6opgx. 72Y« 

4 . 6.6 9.5 14 

®. 
/ 

10.5 7.5 7.8 

9 4.3 11.3 16.7 

@) 8.2 5.5 6.5 

14 ·19.8 ~100 ~100-: 

® 12.3 "92 8.6 

.16 23.5 37.5 28.5 
' 

® 8.7 8.8 . 6.7 

14 

"Ta6nnua. 4 
Pe3ynbT8Tbi RCIIbiTaHRH cnnaHnpoaa~IHbiX KpeMH 

rrpn Hll3KRX TeMrrepaTypax 

Nt 06parHblii ro~ 
o6pa3qa woc.ne ~ -Kpa ! fl no Hcttll1,.Jib- THOZO UC!Ib(J Oi 
CJlUTK!J Hb/U 61Ku~a30rt & 

6 10.0 8.0 

10 8.0 5.5. 

12 6.8 5.7 

15 12.0 8.0 

17 8.0 10.0 

15 



-" 

e .TOKH KpeMHH9BbiX p-i-n -nepeXOJlOB 
Ta6nnua .4 

Pe3ynhTaTbi ncnhiTaHHSI cnnaHnpoBaHHbiX KpeMHneBbiX 'p .:...i-n-nepexoAOB 

npn HH3KHX TeMnepaTypax 

Nt OoparHbtii roK, ·. nKa 
o6pa3qa 1noc.ne 5 -xpa 1 nocne S I"'UH. no Hctlllt..Jib- TH020 UC!Ibll o5p_a5orKU 6 
C.nUTKY HbtU 61KUOK.a30rt 6oaonpo6. GiNk 

9.5 14 
6 10.0 8.0 8.5 

7.5 . 7.8 
10 8.0 5.5. 6.0 

11.3 16.7 
12 6.8 5.7 6.0 

5.5 . 6.5 
15 12.0 8.0 8.0 

=-100 :.-100' 
17 8.0 10.0 14.0 

.92'. 8.6 

37.5 ·1285 
8.8 6.7 

14 15 



llpyrHe H3MepeHHH 

llns: OU9HKH BnHHHHH CHnaHB:pOBaHHH Ha sneKTpo¢HaB:qeCKH9 CBOHCTBa 

IIOB9pXHOCTH HCIIOnb30BanCH M9TOU KOHTaKTHOll pa3HOCTH IIOT9HUHanoB 

(KPI1} 141• . 

11aMeps:nacb KPn noeepxHoCTH KpeMHHeBoro o6paaua nocne paa

nnqHbiX XHMHqeCKHX-l o6pa60TOKo 

PeaynbTaTbi naMepeHHfi npencTaBneHbi ·Ha pHc.4.11a pucyHKa BHUHbi 

6nnaKHe aHaqeHHH KPn cHnaHHpoeaHHclli H TpaeneHHOii: noeepxHocTefi, ne

mamHe B HHT9pBane 0,5-0,7 Bo 8To o6CTOHT9nbCTBO.rOBOpHT 0 TOM, 

qTo B peaynbTaTe·cHnaHnpoeaHHH Ha noeepxHoCTH nepexona o5paayeTCH 

nneHKa 0 -THIIa IIpOBOUHMOCTHo 

3aMeqaTenbHbiM CBOHCTBOM aamHTHoro IIOnHCHnOKCaHOBOrO IIOKpbi'I:HH 

HBnHeTCH ero TOHKaH CTpyKTypa, qTo nano B03MOmHOCTb C yCIISXOM IIpB:Me-
/5/ . 

HHTb M9TOU CBSTOBOrO 30HUa UnH OIIpeneneHHSI TOnmHHbi p- , t-

Il: n - o6nacTeii: cHnaHHpoeaHHhiX o5paauoe Bo BpeMsr npeii:¢a. 

BbiBOUbi 

ilpeUCTaBneHbl peaynbTaTbi IIO CTa6unHaaUHH IIOBepXHOCTH KpSMHHe

BbiX p-i- 0 · UST9KTOpOB M9TOUOM CHnaimpoBaHHSI. 

iloKaaaHo, qTo rronH:cHnoKcaHoBasr rrneHK~, rronyqeHHasr rrp11 TeMrre-
. 0 • 

paType rronHMepnaauHH 60-70 C, c ycrrexoM aamHmaeT p -1-n- rrepexon 

B rrpouecce UnHTenbHOrO xpaHeHHSI. B HSBKmoqeHHOM COCTOSIHIIIIo 

iloKa3aHa 3HaqHTSnbHO nyqmasr CTa6HnbHOCTb o5paTHb!X TOKOB 

cnnaHIIpOBaHHb!X o6pa3UOB BO BpeMeHH IIO cpaBH9HHIO C. TpaBneHHbiMHo 

llpoeeneHbi HCIIbiTaHHH TepMnqecKoii: u sneKTpuqecKoii: npoqHoCTH 

aamHTHoro rroKpbiTnsr .. , Hcrronbaysr rrpouecc npeii:¢a. · ·OTMeqaiO'fcsr 5onee 

BbiCoKue pemuMbi npeii:¢a nnsr cH:naHupoBaHHbiX p-i-n- rrepexonoe 

IIO cpaBH9HHIO C TpaBneHHbiMUo 
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H3MepeHH51 

cHnaHHpOB8HH51 H8 aneKTpo¢H3H~eCKHe CBOHCTB8 

MeTOn KOHTBKTHOH p83HOCTH ITOTeHUHanoB 

KpeMHHeBoro o6paaua nocne paa

~ 

npencTaBneHbi ·aa pHc.4.11a pncyaKa BHaHbl 

cHn8HHpOB8HHOH H TpaBneHHOH TIOBepXHOCTeH,ne

- 0, 7 B. 8TO o6CT051TenbCTBO . rOBOpHT 0 TOM, 

aa noBepxaocTn rrepexona o6paayeTCH 

381IlHTHOrO ITOnHCHnOKC8HOBOrO ITOKpbl'l:H51 

a ... nvT<"'T'ypa, ~To nano B03MO)I{HOCTb c ycnexoM npnMe-

/5/ . 
aoana . nnH onpeneneHHH TonmHHbi p- • t-

oBaHHbiX o6paauoB BO BpeMH npeH¢a. 

BbiBonbi 

Tbl ITO CTa6nnH38UliH noBepXHOCTH KpeMHHe-

KcaaoBaH rrneaKa, rrony~eHHaH rrpn TeMrre-

60 0 • 
-70 C, c ycrrexoM aamnmaeT p -1-n- rrepexon 

XpaHeH:IHI. B HeBKniO~eHHOM COCTOHHHH. 

nbHO ny~II1851 CTa6HnbHOCTb o6paTHblX TOKOB 

BO BpeMeHH ITO Cp8BHeHHIO C. TpaBneHHb!Mllo 

TepMH~eCKOH H aneKTpH~eCKOii rrpO~HOCTII 

ncrronbayH rrpouecc npeH¢a. · ·OTMe~aiOTCH 6onee 

rrepexonoB 
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YcTaHoaneHa BbiCOKaSI cTa6nnbHOCTb cnnaHnpoBaHHbiX o6pa3UOB 

K B03JleiiCTBHIO HH3KOH TeMIIepaTypb11 IIOBbiiiieHHOH. Blla)I{HOCTH 1 a TaK)I{e 

K pSIJlY Opi'aHII'IeCKIIX peareHTOBo 

l13MepeimeM KPIT rroKa3aHo, 'ITO cnnaHnpoaaHne crroco6cTayeT o6pa-

30BaHniO ua rroaepxuocTn nepexona nneHKII n -Tnna npoaonnMocTn. 
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