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ilnH yMeHbllleHHSI TOKOB yTe'l:KH KpeMHHeBb!X n-i-p - neTeKTOpOB 

51
.uepHb!X H3nyqeHHil He06XO,UHMO o6pa60T8Tb riOBepXHOCTb T8K 1 'iT06bi ycTpa

H!iTb HHBepcHOHHbiil: en oil: Han p - o6naCTbJO I 1 I, rrpH 9TOM CKopoCTh rro

BepxHOCTHOH peKOM6HH8UHH ,U6mKH8 6hiTb MHHHMBnhHOH. 

VIs pa6oThi 12 I H3BeCTHO, 'iTO rroBepxHOCTHYJO rrneHKy c pe3KO Bbipa

lKeHHOH rrpOBOnHMOCTb!O p - THIT8 MOlKHO rrony'iHTb rryTeM o6pa60TKH o6-

pa3U8 B KHIT51llleil: neHOHH30B8HHOil: Bone HnH rryTeM ero o6pa60TKH B 6HXpo

M8Te H8TpH51. B pa6oTe 131 OTMeqaeTCH, 'iTO o6pa60TKOH B 6HXpOM8Te H8T

pH51 P- KpeMHHSI MO)I{HO pe3KO CHH3HTb CKOpOCTb riOBepXHOCTHOil: peKOM6H

H8UHH. flo MHeHHIO 8BTOpOB 9TOH pa60Tbl 1 OKHCnHTenbHO- BOCCTBHOBHTenbHbiH 

riOTeHUIIBn, B03HHK810IUHH B CHCTeMe, H3MeHHeT TIOBepXHOCTHbiH TIOTeHUHan 

TBKHM o6pa30M
1 

'iTO HeOCHOBHbie HOCHTenH TOK8 TOpM0351TC511 He noCTHrag 

+e +3 
noBepXHOCTH. CHcTeMa 6HxpoMaT-xpoM ( Cr 

2 
0 

7 
: Cr ) yMeHh!llaeT cKo-

pocTb riOBepXHOCTHOH peKOM61iH8UHH B peaynbTaTe peaKUHH 

Cr ++++++ + 3 e Cr+++ , 

T.e. ClinhHOOKHCnSJJOIUHH 6HXpOM8T CKnOHSieT peaKUHIO K BOCCTBHOBneHHIO 

llleCTHBaneHTHOrO HOH8 XpOM8 38 C'ieT H3Bne'l:eHHSI 9neKTpOHOB H3 TIO_Bepx

HOCTH KpeMHHSI. B 9THX ycnOBHSIX H3-38 riOTepH 9neKTpOHOB TIOBepXHOCTb 

CTBHOBHTCSJ p - THTIB. 
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Uen& ~acTo.s~meA pa6oTbl - BaATH ycnoBH.51 o6pa60TKH KpeMHHea&rx 

n -i - P - .neTeKTopos s BO.ltHOM pacTsope 6uxpoMaTa Kanu.s~, 'IT06bl nony'IHT& 

CT86HnbHble HH3KHe o6paTHb19 TOKH. 

06pa6orKa o6paauoa :~ 

LleTeKTOpbl, H3I"OTOBneHHb19 no T9XHOnOI"HH
1 

OrrHCSHHOft B pa6oTe/4 /, 

TpSBHnHCb B CM9CH HN03 :HF (10:1) B Te'leHHe 4 MHHyT. nocne TpaaneHH.51 

o6pa3Ubl rrpH6nH3HTenbHO MHHYTY rrpOMbiBanHCb B ll9HOHH30B8HHOft BOlle H 

cpaay rroMemanHCb B 1% pacTaop K 
2 

Cr
2 

01' BpeM.s~ Bbillep:lKKH o6paaua a 

p8CTBOpe B OCHOBHOM Orrpe.nen.51eTC.51 TeMrrepaTypoft paCTBOpa. C DOBbiWeHH-

eM TeMnepaTypbi COKpamaeTC.51 Bp9M.51 Bbi,ltep:lKKH. 

Ha pac.1 noKaaaHa i38BHCHMOCTb nnoTHOCTH ToKa OT speMeHH Bbl.ltep:lK

KH s pacTsope 6axpoMaTa Kana.s~ npa TeMnepaType 30°C. Ha SToro pHcyH

Ka BH.ltHO, 'ITO .nng pa3HbiX o6paauoa OfiTHManbHOe BpeM.51 Bblll9P:lKKH paa

nH'IHO. Lln.s~ scex accne.noaaHHhiX o6paauoa orrTHManbaoe apeM.s~ Bblllep:lKHT 

B paCTBOpe 6HXpOMaTa KanH.51 npa T•3)°C Kone6neTC.51 OT 10 llO 15 MHH. 

Ha pac.2 noKaaaao BnH.51HHe TeMrrepaTypbl pacTaopa 6axpoMaTa KanH.51 

Ha BenH'IHHy o6paTHbiX TOKOB ,lteTeKTOpa. 06paaeu B paCTBOpe Bblllep:lKH

B8eTC.51 B Te'leHHe 15 MHH. 

nocne Bbi.nep:lKKH B pacTaope 6HxpoMaTa o6paaeu ononacKuaaeTC.51 

lleHOHH30B8HHOA &O.ltOA, BhiCyWHB8eTC.51 !fiHnbTpOBanbHOA 6yMaroA H DOMe-

lll8eTCH B SKCHK8TOp. 

Cpaay nocne o6pa6oTKH o6paTHhie TOKH o'leHb 6onbwae, eo nocTerrea

Ho YM9HbW810TCH H 'Iepea CYTKH CT8HOBHTCH CT86HnbHhiMH. npa CyWKe o6-

pa3UOB I"OpH'IHM B03.ltYXOM npouecc CTa6HnH38UHH TOKOB yCKOpHeTCH. 

OIIbiTHbie peaynbTBTbi H o6cy)ICJ.leHHH 

06pa6oTKa c.nenaea 6onee 'leM Ha 20 o6paauax nnomallbiO oT 1 llO 

5 CM
2 

H TOnlllHHOA KOMfieHCHpOBBHHOA nHTH9M o6naCTH OT 1 llO 2,5 MM. 

4 

B Ta6mme 1 npaae.neH&I o6paTH&Ie TOKH 9 .neTeKTopoa .no H nocne o6-

pa6oTKH B 6HXpOM8Te KanHH. 

K nepBOH rpynne OTHOCHTCH o6pa3Uh1 1 KOTOpbie nocne MHOI"OKpBTHOI"O 

nepeTpaBnHBaHH51 B CP-8 HMena nnoxae BonbT-aMnepH&Ie xapaKTepHCTHKH. 

Oocne o6pa60TKH B 6HXpOM8T9 KanH51 o6paTHhl9 TOKH T8KHX ,lt9T9KTOpOB 

38M9THO CHH)K810TC51o 

Ko BTOpOH rpynne OTHOC51TC51 o6p83Uhl 1 HM9Bll1He XOpOillHe BOnbT-aM

nepHbie XapaKTepHCTHKH nocne TpaBneHH51. 06pa60TK8 T8KHX 06pa3UOB B 

6HXpOM8T9 K8nH51 He ll8eT 38M9THOI"O CHH:lK9HH51 o6paTHhiX TOKOB. 

0peHMYill9CTBO o6pa60TKH B 6HXpOM8Te COCTOHT B TOM, 'ITO npouecc 

ny'lllle KOHTponapyeTCH H, cne.noaaTenbHO, Bepo51THOCTh nony'leHH51 nnoxax 

peaynhT8TOB H8MHOI"O M9Hblll91 'leM rrpH 06b!'IHOM TpaaneHHH C nocne.nyJO

IllHM KHll51'19HH9M. 

0Kaaanocb, 'ITO y o6paauoa, o6pa6oTaHHhiX a 6axpoMaTe, cTa6Hnh-

HOCTb TOKa BO BpeMeHH H BO Bn8)KH0A 8TMOC4Jepe H8MHOI"O ny'llll9 1 '19M y 06-

pa60T8HHhiX B KHll511ll9A BO,lte. 

Ha pac.3 noKaaaH&I aonbT-aMnepH&Ie xapaKTepHCTHKH o6paaua N9159, 

H3MepeHHhl9 B 8TMOc4Jepe C Bn8)KHOCTbiO OKOnO 90% B 38BHCHMOCTH OT Bpe

M9HH Bhi.nep)KKH. B npoMe)KyTKH BpeMeHH Me)KJlY H3MepeHHHMH o6paaeu Ha

xoaancg noa Harrp51:lKeHHeM 100 B. HaMepeHH51 CllenaH&I npH TeMnepaType 
0 ~ 

T = 24 C. Ha pac.3a - aonbT-aMnepH&Ie xapaKTepHCTHKH nocne TpaaneHHH a 

TpaBHTene CP-8 c nocneayiOIUHM KHrr51'1eHHeM; Ha pac.36 - nocne o6pa6oTKH 

B 6HXPOM8Te KanHSI. 

Ha pac.4 rroKaaaHa aaBHCHMOCTh o6paTHhiX TOKOB rrpH paanH'IHhiX Han

p51)K9HH51X Jl9T9KTOpa JW63 OT BpeM9HH .BhiJlep)KKH BO Bna:lKHOA 8TMOC4Jepe. 

nocne o6pa6oTKH a BOJlHOM pacTBope K
2 

Cr
2

0
7 

o6paaeu B Te'leHHe 6 Mec51-

ueB XpaHHnC51 B KOMH8THhiX ycnOBH51X1 IlOCne '191"0 6&In 110M91ll9H B K8Mepy 

c rroa&IIlleHHOA Bna)KHOCThiO (OKano 90%), rlle npoBOllHnHCh H3MepeHH51. B 

rrpOM9)KYTKH BpeMeHH M9)KJlY H3MepeHH51MH o6pa3eU H8XOllHnC51 llOJl Harrp51-

)K9HH9M 100 B. 
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B 6onhWHHCTBe cnyqaes cTapeHHe nonynposoaHHKOBbiX np11.6opos Ga-

BHCHT OT CBOMCTB OKHCHOrO naCCHBHpyrowero cnog Ha HX nosepXHOCTH.CTa-

6HnH3Hpy!OWee CBOMCTBO OKHCHOM nn~HKH onpeaengeTCH ee CTpyKTypofi, HanH

qHeM npHMeCefi, TOnWHHOM H Llp. /5/. 

l13BeCTHO, qTO OKHCH8H nneHK8, o6pa3yiDW8HCH nocne CT8HA8pTHOrO 

XHMHqeCKOrO TpasneHHH KpeMHHH·, npeACTaBnHeT C060M BeChM8 IIOpHCTyro 

H pbiXnyro CTpyKTypy, KOTOpag COBepweHHO He 38TpyAHSieT AOCTYIT KHC

nopoaa II. BOA hi K nosepXHOCTH KpeMHHH /6/ o C HanHqHeM T8KOM HeCOBep

weHHOM nneHKH CBH38Hbl B OCHOBHOM HeCTa6HnbHOCTb H HeBOCnpOH3BOLlHMOCTb 

xapaKTepHCTHK nonynpOBOLlHII.KOBbiX npH60pOBo 

B HaweM cnyqae npeasapHTenhHOe TpasneJme B cMeCM H NO 
3

: H F ( 10:1 ) 

H3-38 Manofi CKOpOCTH TpaaneHHH Ll8eT XOpOWO ITOnHpOB8HHYID IIOBepXHOCTbo 

np11. o6pa60TKe B CHnbHO OKHCnHIDWeM 6HXpOMaTe, aepOHTHO, C03A8IDTCH 

ycnOBHH anH HapaCT8HHH 6onee nnOTHOM H COBepweHHOH no CTpyKType OKHC

HOM nneHKH, BnHHIDWeH Ha ee CTa6HnH3HpyromHe CBOMCTBa. 

BbiBO/!bi 

06pa60T8HHbie B BOAHOM paCTBOpe 6HXpOM8T8 KanHH no OnHC8HHOMy 

cnoco6y AH¢¢y3HOHHO-Apefi¢oBbie KpeMHHeBbie n-i-p AeTeKTOpbl MMeiDT, 

KBK npaBHnO, HH3KHe H CT86HnbHble BO speMeHH o6paTHbie TOKH H 6onee 

cTa6HnbHhie no cpasHeHHro c o6pa6oTaHHhiMH o6bJqHbiM cnoco6oM aeTeKTopa

MH XapaKTepMCTHKH BO ana~HOM B03LlyXe. 
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PHC.1. 3aBHCHMOCTb nnOTHOCTH o5paTHOrO TOKB OT epeMeHH BbiAeplKKH 
B pacTeop~ 5HxpoMaTa KanHH npH TeMnepaType T ~ 30°C. KpH
eaH 1 - AnH o5paaua NJ334; KpHBBH 2 - AnH o5pagua N963. HaMe
peHH H TOKOB npOBOAHnHCb npH TeMnepaType T = 20 C. 
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PHc.2. 3aBHCHMOCTb o6paTHOrO TOKa AeTeKTOpa NJ160 OT TeMnepaTypbl 6B
XpOM8THOro pacTaopa. ~peMH BhiAepJKKH 15 MHHyT. TeMnepaTypa 
H3MepeHBH TOKa T = 20 C. 
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P!fc .3a. BonbT-aMnepHbie xapaKTeplfCTlfKH o6paaua ·N>159 nocne TpaaneHHSI 

a CP-8 c nocneuyiOll(HM KHUSiqeHHeM; HaMepeHhi a aTMoccj>epe c 
BnaJKHOCTbiO 90%. Ha KpHBbiX yKaaaHo apeMSI BhiAepJKKH ao anaJK
Hoii aTMoccj>epe nou HanpSIJKeHHeM 110 aonbT, 

Puc.36. BonbT-aMnepHbie xapaKTeplfCTHKH o6paaua N>158 nocne 15 MHHYTHoii 

06pa60TKH B 6HXpOMBTe KBnHSI; H3MepeHbl B TBKHX JKe ycnOBHSIX, 
KBK HB PHC,3a, 
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Pnc,4, 3aaHCHMOCTb o6paTHoro ToKa, npH paannqHhiX HanpSIJKeHHSIX ueTeK

Topa N>63 qepea 6 MeCS!UeB nocne o6pa6oTKH a K2 Cr 2 0 1 OT Bbi
uepJKKH UOA HBUpSIJKeHHeM B BTMOCcj>epe C BnBJKHOCTbiO 90%. Ha KpH

BblX yK838HO H8llpS!lKeHHe, npH KOTOpOM H3Mepgngg TOK. Bo BP5MS! 
H3MepeHHSI TeMnepaTypa yaenHqHnacb OT T a 18 c AO T = 20 c. 
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