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Xopowo H3BecTHo, 'ITO nosepxHOCTh Si 0'19Hh 'IYBCTBHTenhHS K napaM 

BOAbl H 0Kpy)I{810Ili9A: cpeJle. flo STOA: npH'IHHe fiOJl&BnSIIOillee OOnhWHHCTBO 

KpeMHH9BbiX nonynpOBOA~HKOBbiX npHOOpOB TpeoyeT 38WHTbl OT B03Jl9A:CTBHSI 

OKPY*aiOmeA: cpeAI>I. 

flpOB9A9HH8SI paOOTS no CT80HnH38UHH xapaKTepHCTHK Kp9MHH9Bh!X 

A9T9KTOpOB SIA9pHhlX H3ny'I9HHA: noKaaana, 'ITO 38WHT8 noBepXHOCTH ~ BHJle 

noKpbiTHSI naKOM, naCCHBSUHH, repMeTH'IHOrO KancynHpOB8HHSI, OKCHAHpoB&HHSI 

H T.A. SIBnSieTCSI He MeHee CnO)I{HOA: npooneMoA:, '19M. C03A8HH9 C8MHX aneKT-

poHHO-AI>IpO'IHbiX nepexonos. 

B HaweA: na6opaTopHH paapa60T8Hbl MeTOAbl nony'leHHSI OKCHAHbiX H na

KOBbiX noKpb!THA: TOpUOB Kp9MHH9Bb!X p-i- D- A9T9KTOpOB SIA9pHhiX Hany-

'19HHA:. 

B HSCTOSIWeA: CT8The HanaraiOTCSI peaynhTSTbl pa60Tbl no HccneAOB8HHIO 

38WHTHOrO A9A:CTBHSI OKCHJlHbiX nneHOK HS p-i-D- nepeXOJlSX KpeMH,H9BhiX 

A9T9KTOpOB OT B03A9A:CTBHSI BnarH. CywecTByeT H9CKOnhKO CnOCOOOB OKCH

AHpOB8HHSI KpeMHHSI. HaH15onee WHpoKo Hcnon~:>ayeTCSI TepMH'IeCKoell/ H 

sneKTpOXHMH'IeCKOe/2/ OKCHAHpOB8HHe. 

HaMH 6I>mo Hcnon~:>aosaHo aneKTponHTH'IecKoe nonHpoBaHHe H nocne

AyiOwee B HenpepbiBHOM npouecce SHOJlHOe OKCHAHpOB8HHe 60K0Bb!X noBepx

HOCTeA:-TOpUOB KpeMHH9BbiX p-i-D- Jl9T9KTOpOB/3/ B BOJlHbiX paCTBOpaX 

nnaBHKOBOA: KHCnOTblo 

3KcnepHMeHT8flbHbie pe3yflbT8 Tbl 

flpOBOAHnHCh HCCneJlOB8HHSI KpeMHH9BbiX A9T9KTOpOB p- i- D -CTpyK

Typbi, o6pa60T8HHbiX ABYMSI M9TOA8MH. 0AHH H3 M9TOAOB 06pa60TKH 6oKOBOA: 

nOB9pXHOCTH COCTOHT B TpaBneHHH B TaK HS3biBaeMoM TpaBHTene CP-4, 
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a apyroit - B SH~JlHOM oxeHJlHpOBSHHH B 1% BOJlHOM paeTBOpe HF KHenOTbi 

e ao6asneaHeM rnHuepHHB. 

Bee aeTeKTOpbi HMenH llnOIII8Jlb 2-3 eM2 H TOniiiHHY 0,4-0,5 eM. 

HaMH 6bin0 HeeneJlOB8HO IIOB8Jl8HHe JleTKTOpOB B 8TMoe4!epe e pa3nH'I

HbiM llpOUeHTOM BnS)I(HOeTH H BpeMeHeM BbiJlep)I(KH IIOJl H811pS1)1(8HH8M llpH 011-

peueneHHOit sna)I(HOeTH. 

Kax 6binO IIOK838HO paaee B pa6oTe/3/, o6paTHbie TOKH Beex oKeHuHpO

BSHHhlX o6pa3UOB yMeHbiiiSnH HnH eoxpaHSinH eBOH 3118'18HHSI B Te'leHH8 

aeeKOnbKHX M8eSIU8B X paHeHHSI. 0HH Xp8HHnHeb B o6hlKHOBeHHbiX KOMHaTHbiX 

yenOBHSIX 6e3 HSIIpS1)1(8HHSI. 

nse IISpTHH o6pa3UOB - e TpSBneHHhlMH H OKeHJlHpOBSHHhlMH 

TOpUSMH XpSHHnHeb llpH 18 H 88% BnB)I(HOeTH B SKeHKSTope 6e3 HallpS1)1(8HHSI. 

B T8'18HH8 JlBYX MeeHU8B y HHX perynHpHO H3MepHnHeb BOnbT-8M118pHbi8 xapaK-

TepHeTHKH B KBMepe e 20% Bn8)1(HOeTb~. 

Bee oKeHJlHPOBSHHhle o6pa3Uhl IIOK838nH 3H8'1HTenbHY~ eTa6HnbHOeTb 

o6paTHbiX TOKOB H BOnbT-SMIIepHbiX xapaKT8pHeTHK 110 ep8BH8HH~ e TpaBne

HhlMH o6pa3U8MH. KpoMe TOrO 6binH HeeneJlOBBHbi BOnbT-BMII8pHbi8 xapaKTe

pHeTHKH TpaBn8HhlX H OKeHJlHpOB8HHhlX o6pa3UOB B 8TMoe4lepe e pa3nH'IHOit 

Bn8)1(HOeTbiD llpH llpHnO)I(eHHOM 38IIOpHOM HallpSI)I(eHHH BO BpeMSI xpaHeHHSio 

Ha pHe. 1 11oxaaaHbi sonbT-aM11epHbi8 xapaxTepHeTHKH aeTeKTopoB e 

Tpasne~M TOpUOM. Bee KpHBbi8 eHSITbi 11oene 10 MHH BbiJl8p)I(KH IIOJl HallpSI

)I(eHHeM U xp = 150 B B 8TMoe4!epe e eOOTBeTeTBYIDIIIeA Bna)I(HOeTbiD. 

no OIIp8JleneHHOrO 'KpHTH'tJ:eexoro' IIOn0)1(8HHSI BOnbT-8MII8pHbi8 X8p8KT8pHeTHKH 

IIOJl'IHHSI~TeSI 38KOHY i•kU 

HOeTb, TeM BhlWe a , HO 

orrpeueneHHOA Bn8)1(HOeTH a 

a 
rue 0,20 S a ~ 0,35. T.feM BbiWe sna)l(-

B llpoueeee Xp8H8HHSI IIOJl H8IIpS1)1(8HHeM H llpH 

IIOHH)I(88TeSI 1 rrpH6nH)I(8Sieb f K 0,20. 'KpHTH'Iee-

Koe' H8IIpSI)I(eHH8 38BHeHT OT Bn8)1(HOeTH H OT eoeTOSIHHSI IIOB8pXHOeTH1H81IpH

Mep1 'KpHTH'Ieexoe' H811pS1)1(8HH8 IIOHH)I(SeTeSI IlpH IlpoMbiBK8 aeTeKTOp8 

souo11posouaoA soaoA. Bo seex enyqaHx rroene U xp. sonbT-aM11epHbi8 xapax

a i • It U , rue a unH TpasneHbiX o6-TepHeTHKH MeHSI~TeSI 110 38KOHY 

p83UOB Beeraa 60nbW8 0,50. npH 6onee anHT8nbHOM XpaHeHHH IIOJl H811pS1)1(8-

HH8M a M8HSieTeSI - yBenH'IHB88TeSI HnH yMeHbiii88TeSI B 38BHeHMOeTH OT 

o6pa6oTKH HnH eoeTOSIHHSI IIOBepXHoeTH TOpUS Jl8T8KTopa. 
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Ha pHe. 2 11oxaaaHbi sonbT-aMIIepHbie xapaKTepHeTHKH aeTexTopa , 

OKeHJlHpOB811HbiM TOpUOM IlpH pa3HOit BnS)I(HOeTH H eoOTBeTeTByromeA o6pa. 

6oTK8 IIOB8pXHOeTH OKeHJlHOil rrneHKOit. Kax BHJlHO H3 pHe. 2, XOJl KpHBbi 

JlO H 110ene orrpeueneHHOrO 'KpHTH'Ieexoro' H811pS1)1(8HHSI p83n:lf'IHbi. no 'KpH 

0.211 
THqeexoro' H81IpS1)1(8HHSI i • It U , a6eon~TH08 3H8'19HH8 06paTHOrO TOK 

Mano 38BHeHT OT BnS)I(HOeTH HnH JlOIIOnHHT8nbHOit o6pa60TKH IIOB8pXHOeT: 

OKeHJlHOit rrneHKOit. noene 'KpHTH'I8eKoro' H811pS1)1(8HHSI BOnbT-8MII8pHbi8 X8• 

paKTepHeTHKH IIOJl'IHHSI~TeSI 38KOHy -It u 0,6 

06paTHbi8 TOKH eoxpaHSI~T eBOH 3H8'18HHSI B T8'18HH8 8-qaeOBOit BhlJl8P· 

)I(KH IIOJl H8IIpS1)1(8HH8M H IlpH BbieOKOit BnS)I(HOeTH. 

EbinH rrpeanpHHHTbi sxe11epHM8HTbi 110 o11peueneHH~ oiiTHManbHbiX yeno· 

BHit OKeHJlBUHH TOpUOB. 

0KeHJlHpOB8HH8 11pOH3BOJlHnOeb T8K1 KSK OIIHeSHO B pa60Te/3/. C yse· 

nH'I8HH8M BpeMeHH OKeHJl8UHH IlpOIIOpUHOHanbHO yBenH'IHBaeTeSI TOniiiH118 OK• 

eHJlHOit llneHKH/4/. noene OKeHJl8UHH TOpUOB Jl8TeKTOpa B H8KOTOphlX enyqa. 

SIX eHHManaeb 'ISeTb OKeHUHOit rrneHKH IIyTeM eTpaBnHBSHHSI B ena6oM Tp8• 

BHTene 1 HF : 10 HNO a • 
Kax BHJlHO H3 pHe. 2, ToneTaSI OKCHJlHBSI rrneHKS e IIpOTpasneHHOit IIOBepX· 

HOeTb~ o6nauaeT ny'IWHMH 38IIIHTHbiMH esoiteTBSMH 110 epaBH8HH~ e 11811p0• 

Tpasneaaoa. 

C yM8HbW8HH8M T)nWHHbl OKeHJlHOit rrneHKH BOnbT-8MIIElpHbi8 xapaKTepH• 

eTHKH Jl8T8KTOpOB YM8Hblli8~T eBO~ eTS6HnbHOeTb BO Bp8MSI Xp8H8HHSI 110~ 

H8IIpS1)1(8HH8M BO BnB)I(HOit 8TMOe4lepe. PHe. 3 Hnn~eTpHpyeT 38IIIHTHbl8 esoit

eTBS OKeHJlHOA llneHKH. Ha TOM )1(8 pHeyaxe 38M8TeH upeA!ll o6paTHOrO TOK~ 

B T8'18HH8 Bp8M8HH xpaHeHHSI IIOJl H81IpS1)1(8HH8M. 3HS'IHT8nbHblit upeit!ll HB6n~· 

uaeTeH y Jl8T8KTOpOB e TpaBneHHbiMH HnH 38iUHIII8HHbiMH TOHKHMH OKeHJl• 

HbiMH rrneHKBMH TOpUBMH. Y Jl8T8KTOpOB e TOneTOil OKeHJlHOA rrneHKOA upeit~ 

H83H8'1HTenbHblit. Y IlnOXO IlpOTpasneHHbiX Jl8T8KTOpOB HnH Jl8T8KT0p0Bo HM8• 

~IIIHX H80JlHOp0JlH08 OKeHJlHOe IIOKpbiTH81 X p8H8HH8 IIOJl H8IIpS1)1(8HH8M B ye

nOBHSIX 110BbiW8HHOil BnS)I(HOeTH IIpHBOJlHT K Jlpeit!lly H HapaeTSHH~ o6paTHbl' 

TOKOB 6e3 uaebiW8HHH. 
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Q6~HCHeHHe pe3ynbT8TOB 

PaccMOTpHM KpeMHHeBblft p-i- D -AeTeKTOp C OKCHAHpOBaHHbiM TOpUOM, 

K KOTOpOMY npHno*eHo sanopHOe HanpH*eHHe U o B OTCyTCTBHe sapHAB 

Ha noBepXHOCTH AeTeKTOpa o6paTHhlft TOK 1 B OCHOBHOM 1 HBnHeTCH TOKOM reHe

paUHH B o6nacTH o6'beMHoro sapHABo PacnpeneneaHe noTeHuHana Ha nosepx

HOCTH OKCHAHpOBaHHOrO Topua noBTOpHeT pacnpeAeneHHe noTeHUHana B 06'be

Meo C ysenH'IeHHeM TOniUHHbl OKCHAHOft nneHKH Ha TOpUe AeTeKTopa KpHBBH 

naneHHH noTeHuHana Ha nosepxHoCTH nepexona cTaHOBHTCH 6onee nonoroA. 

noBepXHOCTHOe none yMeHhlliBeTCH C yaenH'IeHHeM TOnlliHHbl nneHKHo 

EcnH o6paseu HBXOAHTCH B BTMoctflepe C Bb!COKOA BnB*HOCThl01 TO 

AO npHnO*eHHH sanopHoro Hanpg*eHHH OKCHAHBH nosepXHOCTh C an

cop6HpOBaHHblM Ha Heft cnoeM BOAbl HaXOAHTCH B paBHOBeCHH C Bn8)KHOA 

aTMoctflepofto nonh3YHCh MOAenhiO Atalla H Ap_f5/ 1 JlOfiYCTHM, 'ITO 

n 0 -nnoTHOCTb HOHHbiX nap Ha noBep~HOCTH. EcnH npHnO*HM K o6pasuy 

3aiiopHoe HanpH*eHHe, TO nonO*HTenbHbie sapHAbl 6yAyT ABHraTbCH K p -()6-

naCTH, a OTpHUaTenhHbie - K D -o6naCTHo CenapaUHH HOHOB 6yAeT nponop-

UHOHanbHa 

rne fl.+· H fl. 

dE 
D {fJ. +fl. )-or-, 

0 + - ox 
(1) 

- fiOBepXHOCTHBH nOABH*HOCTh nono*HTenhHbiX H OTpH

dE 
UaTenbHbiX HOHOB COOTBeTCTBeHHO, a a;- - rpanHeHT nonH. Ha pHco 4 

IIOKa3aHO cxeMaTH'ieCKOe pacnpeaeneHHe HOHOB-sapHAOB HB noBepXHOCTH 

p - n -rrepexoaao BosMo*HOCTb Taxoro pacrrpeaeneHHH rroxasaHa B pa6oTe1 6t 0 

CHnOBbie nHHHH nosepxHoCTHbiX aapHAOB aaxaH'IHBaiOTCH qacTH'iHO Ha sapHaax 

IIOBepXHOCTH, a qaCTH'IHO - Ha HHAYUHpOBaHHhlX HMH sapHAaX Ha BHyTpeHHeft 

IIOBepxHOCTH nepexona • .3TH HHAyUHpOBBHHbie 3apHAbl paCiliHpHIOT o6naCTh 

06'beMHOrO sapHAB nepeXOABo ~ A ecnH IIOBepXHOCTHbie sapHJlbl AOCTBTO'IHO 

BenHKH, TO HHBepCHOHHble CnOH 00p83YIOTCH C o6eHX CTOpOH nepeXOJlB. B 

3TOM cnyqae o6paTHbift TOK 
a 

- k. u rne a ~ 0,5. 

C IIOMOillh!O 3TOft MOAenH MO*HO 06'bHCHHTb HalliH pesynbTaTbl, H9CMOT

pH Ha TO, 'ITO HCnOnhsyeMbl9 HBMH AeTeKTOpbl HMeiOT p-i- D -CTpyKTypy o 

Tax KaK OCHOBHOe naAeHHe IIOTe HUHana npoHCXOAHT HB i-P- nepeXOAe, TO 

rrpeanonaraeMyro Monenh oTHocHM K HeMy. 
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npeAIIOIIO*eHHe, 'ITO HapacTaHHe o6paTHbiX TOKOB IIpH IIOBbiilleHHOft Bna*

HOCTH CBH38HO C IIOBepXHOCTHhlMH yTe'IKBMH, ManosepOHTHO, TBK KQK B npo

THBHOM cnyqae Henh3H 06'bHCHHTb pesynbTaTbi 1110K838HHbl9 Ha pHC. 3 ( KpHBag 1) • 

Ha 3TOM pHCYHKe BHAHO, 'ITO 38MeHa BTMOCtflepbl C 88% ana*HOCTh!O Ha 12% 

BnB*HOCTh IIpH coxpaHeHHH o6paTHOrO HBfiPH*eHHH Mano H3MeHH9T o6p8THhlA 

TOK OKCHAHpoBaHHoro o6pasua. M o Atalla H ap. rrpeanonararoT paccMaTpH

BaTb OKCHAHYIO nneHKY KBK AH3n9KTpHK M9*AY nosepXHOCTHbiMH H HHAYilHpo

BBHHbiMH sapHJlBMH. B aTOM cnyqae MO*HO o61>HCHHTb KpHB:bie Ha pHc. 3. 

C fiOHH*eHH9M Bna*HOCTH C 88 AO 12% Aecop6UHH BOAbl fiOHH*89T no

BepXHOCTHYIO MHrpallHIO H nepBoHa'ianhHO CKonneHHbie 3apH,Ilbl-HOHbl OKB*YT

CH H30nHpOBaHHhlMH Ha CBOHX MeCTBX. B 38BHCHMOCTH OT TOnlliHHhl nneHKHt 

HanpH*9HHH 1 npH KOTOpOM xpaHHnHCb o6pa31lbi, H BpeMeHH penaKCaUHH 3apHAOB 

o6paTHblft TOK Ha TpasneHHbiX H OKCHAHpOBaHHbiX o6pa3UaX M9HHeTCH BO Bpe

M9HH no-pa3HOMy. 

Ancop6HposaHHaH nneHxa Ha nosepxHOCTH o6pasua, cymecTByromaH so 

Bna*HOft aTMOCtPepe, no-BHAHMOMy, HBnHeTCH TOnbKO npH'IHHOft nOABH*HOCTB 

HOHOB nOll .ll9ftCTBH9M ropH30HTanbHOft COCTaBnHIOilleft nonH Ha nOBepXHOCTB. 

HHa'ie Henb3H o6'bHCHHTb TOT tPaKT, 'ITO Ha TpasneHHhlX o6pasuax .ao 'xpH

TH'iecxoro' HanpH*eHHH a noHH*aeTcH npH BbiAep*xe o6pasua non HanpH

*eHHeM H npH onpeAeneHHOft IIOBbiWeHHOft Bna*HOCTHo noHH*eHHe a MO*HO 

o6'bHCHHTb 1 HMeH B BHAY ManeHbKYIO fiOCTOHHHYIO penaKCBUHlO y OKCHJlHOA 
,t' 

nneHKH Ha TpaaneHHbiX Topuax. 

nocne 'xpHTH'iecxoro• HanpH*eHHH Ha nnoxo npoTpaaneHHbiX o6pasuax 

38MeTHO yBenH'ieHHe a npH BbiAep*Ke noa HanpH*eHHeM H nOBbiilleHHOA 

ana*HOCTHo BepoHTHo, npH'IHHoft yaenH'ieHHH a HBnHIOTCH noKanhHhle 

npo6oH H Tennoaoa pasorpeBo npH CHHTHH lliYMOBbiX xapaxTepHCTHK Ha nnoxo 

rrpoTpaaneHHhlX o6pasuax H Ha o6pasnax c ToHxoa oKCHAHoft nneHxoa MenxHe 

npo6oH Ha6nroaanHcb TonbKO B rrepBoM cnyqae. 

.3KciiepHM9HTanbHbl9 pe3yiibTaTbl Ha pHCo 1 H 2 noKa3biB8IOT, 'ITO aHOAHOe 

rron:v.:poaaHHe H rrocneayrowee aHoAHoe OKCF..AHpoBaHHe TopuoB xpeMHH9BbiX p-i-n 

AeTeKTOpOB HBnHeTCH yaa'IHbiM M9TOAOM 38lliHTbl noaepXHOCTH AeTeK-

TOpa OT o6pa30BaHHH HHBepCHOHHbiX cnoeB H K8HanOB Ha fiOBepXHOCTH B 

ycnOBHHX nOBb!lli9HHOft Bna*HOCTHo OnbiT noKa3biBaeT, 'ITO ny'illiHMH samHT

HhlMH CBOftCTB8MH o6naaaeT TOncTaH OKCHAH8H nneHKa, 11pOTpaBn9HHaH CBepxy, 
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a 8HOLlHOe nonHpOB8HHe SIBnSieTCSI XOpOlliHM MeTOLlOM O'IHCTKH noaepXHOCTH 

TOpU8 OT DOCTOpOHHHX npHMeceA H aarpS13HeHHA. 
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4. C.n.JitlaMHHOBB, n.n.Ot:!biH811. "'3neKTpOXHMHH 1 TOM. 2 Bbln. 3 ( 1966). 

5. M.M.AtaJJa, A.R.Bray, R • .fAndner. Proc. lEE, vol. 1.06, Part B 
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PyKonHcL nocTynHna B HaaaTenLCKHA oTaen 

21 ~eapanH 1968 roaa. 
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PHc. 2. 06paTHbie BOnbT-aMrrepHbie xapaKTepHCTHKH KpeMHHeooro 
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p-i-a-neTeKTopa c auonuo-oKCHllHpoBauuhiM TopuoM. KpHBaH 1 -
ToncTaH oKcnnaas rrneHKa, rrpoTpaaneuaas caepx~ u· =150 
IIOcne 10 MHH BbiJlepJKKH IIOll HaiipSIJKeHHeM B 8TMOCcflepe C 

2% Bn8JKHOCTbiO; KpHB8SI 2 - TO JKe, 'ITO H KpHBaSI 1, HO B aT

Moctflepe C 88% BnaJKHOCTbiO; KpHB8SI 3 - TO JKe, 'ITO H KpHB8SI 2, 
HO IIOCne TpasneHHSI o6paaeu llpOMhlBanCH BOllOIIpOBOllHOA BOlloA; 

KpHBaSI 4 - TO JKe, 'ITO H KpHBaSI 2, HO IIOCne OKCHJlaUHH o6pa- . 

aeu He TpaBHnCH, IIpOMhlBancH BOJ]OilpOBOllHOi! BOllOA; KpHBaSI 5.
TpasneHHbiA o6paaeu B aTMoctflepe c 2% BnaJKHOCTbiO rrocne Bbi

nepli<KH 10 MHH IIOJ] HallpSIJKeHHeM 150 B. 
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PHC. 4. Mo.uenb COCTOSIHHSI fiOBepXHOCTH OKCH.IlHpOB8HHOrO rrepexo.ua; 8 - 6e3 

H8flpS!JKeHHSI BO BnaJKHOft 8TMoclflepe; 6 rrpH ITpHnOJKeHHOM H8-

ITpS!JKeHHH BO Bn8JKHOft 8TMoclflepe. 


