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BBenemrn 
TToBepXHOCTHo-6apbepHble JleTeKTOpbl H3 KpeMHH.11 p -Tana He HaumH 

noKa WHPOKOro npHM0H0HH.II )ln.11 perHCTpaUHH .IIJlepHblX H3nytieHHH H3-3a To

ro, qTo HeT JlOCTaToqHo npoCTOH H Ha)lemHOH MeTOJlHKH HX H3rOTOBneHH.II. 

Mem)ly TeM, p -KpeMHHH 06btqHO nyqwe oqmueH OT npHME!Ceit, 6onee O)lHO

po)leH no JlHaMeTpy cnHTKa H, HaKOHeu, Jl0WeBne KpeMHH.11 n -THna. 

B noBepXHOCTHo-6apbepHblX JleTeKTopax H3 p -xpeMHHS! MOmHo o6ecne

qaTb 6onee Bb1c0Ky10 HanpstmeHHOCTb co6apa10mero anexTpaqecKoro non.11, 

qeM B a11anoraqHbIX Jl0TeKTOpax H3 n -KpeMHH.11, a 9TO cymeCTBeHHO npH 

cneKTPOMeTpHH CHnbHO HOHH3yJOll!HX qacTHU, TaKHX, HanpHMep, KaK OCKOnKH 

t:teneHH.11 H T.11menb1e HOHbl. 

KpoMe Toro, accnet:tOBaHHe Bb!Ilp.11Mn.1II0ll!HX CBOACTB Ha noBepXHOCTH 

KpeMHH.11 p -THna t:tonmHo cnoco6cTBOBaTb 6onee rny6oKOMY nOHHMaHHJO 

npoueccoB Bb!Ilp.llMneHH.11 noBepXHOCTHblMH 6apbepaMH. 

06aop H BbI6op MeTOQHKH 

il-6,9/ 
B pa6oTax C)lenaHbl nonbITKH HCnOnb30BaTb nonomHT0nbHble 

CBOHCTBa p -KpeMHH.11 )lnSI nonyqeHH.11 noBepXHOCTH0-6apbepHblX )leTeKTOPOB 

BblCOKOI'O KaqecTBa. Pa3miqHbl0 cnoco6bl H3f'OTOBneHH.11 TaKHX t:teTeKTOpOB 

CBOASITCSI, ITO cymeCTBY, K cne)lyJOll!HM TpeM: 

a) HBITbtneHHe nneHKH MeTanna Ha npe)lB8pHTenbHO npoTpaBneHHYIO no-

. /1-3/ 
BepxHOCTb Kpe'\1HllSI 
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6) OKHCneHHe noBepxHOCTH KpeMHHH B KOHUeTpHpOBaHHOii aaoTHOii KHC-

/3 4 9/ /5/ 
noTe ' ' unu B paap,H/le KHcnopoga c nocnegyJOillHM HanhmeHHeM Me -

Tanna; 

B) agcop6UHH MOneKyn BemeCTBa, cogep)l(alllHX 

CaMhie xopoume peaynbTaThI nony'le.llhI MaTb!O 

/3 6/ 
aMHHHhle rpynnhI • 

/4/ 
H llP. ABTOpbl 

Hcnonb3OBanH MeTO/lHKY, OCHOBaHHY!O Ha OKHCneHHH noBepXHOCTH KpeMHHH 

B KOHUeHTpHpOBaHHOii a30THOii. KHCnoTe - _H Bhl/lep)l(Ke B /leHOHH30BaHHOii BO/le 

C nocnegyJOillHM HanhmeHHeM nneHKH amoMHHHH. ITOMHMO xopOillHX cneKTpo-

( 
. 2 

MeTpH'leCKHX CBOiiCTB /leTeKTOp C nnoma/lb!O 20 MM HMen paapemeHHe 

-30 K9B gng a -'laCTHU C 9Heprueii 5,5 MaB) 9TH geTeKTOpbl o6naganH CTa-

6HnbHOCTb!O B Te'leHue /lnHTenbHOro BpeMeHH. 

HegocTaTKOM npegno)l(eHH-Oii M9Tb!O H llP• MeTO/lHKH HBnHeTCH cnO)l(HOCTb 

M.llorocTyneH'laTOii npouegypbl TpaBnemrn H OKHCneHHH, a TaK)l(e 6onblllOii 

pacxog XHMH'leCKHX peaKTHBOB BhICOKOii 'IHCTOThl, 

Hau6onee npocToii cnoco6 nony'leHHH BhmpHMnHJOillHX CTPYKTyp Ha no

BepxHoCTH p -KpeMHHH 3aKnJO'IaeTCH B HaHeCeHHH nneHKH MeTanna,HMe10me

ro MeHblllY!O: no cpaBHeHH!O C KpeMHHeM, pa6oTy Bh!XO/la. B 9TOM cny'Iae 

nepexog aneKTp-oHoB us MeTanna B KpeMHHii cnoco6cTByeT o6paaoBaHHJO 6apb

epa Ha rpaHHUe paagena. ITO/lXO/lHillHM MeTannoM gng 9TOii uenH HBnHeTCH 

an!OMHHHii, npHMeHeHHe KOToporo B Ka'IeCTBe BblllpHMnHJOillero KOHTaKTa H_Me

eT eme PHll npeHMymeCTB, CBH3aJIHhIX C gpyrHMH CBOiiCTBaMH 9TOro MeTan-

/ 4/ . 
na : MeHblllaH TOpMO3HaH cnoco6HOCTb, a cnegoBaTenbHO, MeHblllHe noTepH 

9HeprHH. H MeHblllHe qinyKTyauHH noTepb BO BXO/lHOM OKHe; MeHblllaH, no 

cpaBHeHHJO c aonoToM, cBeronpoHHuaeMOCTbi ny'lmee cuenneHHe nneHKH c 

KpeMJIHeM j ycToii'IHBOCTb K pTyTHhlM napaM H gp. 

B nOHCKaX llO/lXO/lHilleii npocToii MeTOllHKH HaMH 6bmO H3rOTOBneHO 

15 /leTeKTOpOB nyTeM HCnapeHHH an!OMHHHH B BaKyyMe Ha npoTpaBneHHy!O 

B CMecH KucnoT ( 1 HF : 3 HNO 
3 

) noBepXHOCTb KpeMmrn. KaK H cne/lOBano 

O)l(HJlaTb, anJOMHHHii B KOHTaKTe C KpeMJIHeM gan xopomHe BblllpHMnH!OlllHe 
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xapaKTepHCTHKH, H aeTeKTOpbI HMenu xopowee paspeweHne. OaHaKo nonY'10H

Hb1e TaKHM o6pa30M CTpyKTypbl OKaaanHCb H0CTa6unbHblMH BO - BpeMeHH npu 

xpaHeHHH HX Ha B03Ayxe B na6opa TOpHbIX ycnOBHSIX. 3To BHAHO H3 puc. 1. 

5 

2 

1 

0 fOO I 0 
HGnpl>«IHUI, 8 

Puc. 1. l13MeHeHHe co BpeMeHeM BOnhT-aMnepHblX xapaKTepHCTHK ,t\eTeKTO

pa, H3f'OTOBneHHOf'O Hanhin0HH0M amOMHHHSI Ha noaepXHOCTb .KpeMHHSI 6ea 

3aWHThI: 1-cpaay nocne H3f'OTOBneHHSI, 2 - cnyCTSI 2 cyToK, 3 - cnyCTSI 

10 cyTOK, 4 - cnyCTSI 20 cyTOK. 

qepea 2-3 AHSI nocne H3f'OTOBneHHSI KaqeCTBO nepeXOAa 3aMeTHO ynyqwaeT

CSI. 0AHaKO qepea 8-10 AHeii BHA xapaKTepHCTHKH M0HSl0TCSI:BM0CTe C yMeHb

W0HHeM o6paTHOf'O TOKa Ha HaqanbHOM yqaCTKe pe3KO yMeHbWaeTCSI Hanpsi

)1{0HHe npo6osi, H A0T0KTOp CTaHOBHTCSI HenpHI"OAHhlM AnSI ucnonb30BaHHSI. 

TaKoe noBeAeHHe AeTeKTOpOB MO)l{Ho06~SICHHTb TeM, qTo npH xpaHe

HHII HX B peaynbTaTe aACOp6UHH aTOMOB H MOneKyn H3 OKPY*aI011Ieii cpeAbl 

noaepXHOCTHblH cnoii KpeMHHSI npuo6peTaeT AbipoqHyIO npOBOAHM?CTb. 3To 

npl!BOAHT K nosianeHHIO Ha rpaHHUe M0)KAY MeTannuqeCKHM aneKTPOAOM H 

Ol'KpblTOH noaepXHOCTblO KpeMHHSI CHnbHOf'O aneKTp\fqeCKOf'O nonsi, cnoco6-
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/7/ 
CTBYlOIIleI'O IIOBepXHOCTHO~ npo6010 • Tipe.1wonox<e1me O J:lblpo•moii: npoao-... 
llHMOCTH IIOBepXHOCTHOI'O cnog xopowo cor-nacyeTCH C peaynbTaTaMH,IIO~-

• 6 /8/ 
'10HHblMH Ha IIOBepXHOCTHO- apbepHb!X .neTeKTOpax 113 n -KpeMHHH 

TaKHM o6pa30M, IlpOCTOH cnoco6 HailhineHHH amOMHHHH B Ka'leCTBe Bbl

IlpHMnmomer-o KOHTaKTa 6e3 JlOIIOnHHTenbHOH o6pa60TKH IIOBepXHOCTH p -KpeM

mrn TaK>Ke HMeeT cymeCTBeHHb!H HeJ:lOCTaTOK - cnHWKOM KOpOTKOe (2-3 He

.nen11J "p.peMH >KH3HH" .neTeKTOpoa. 

Paapa6oTaHHbIH HaMH cnoco6 H3I'OTOBneHHH .neTeKTOpOB CO'leTaeT 

.nocTOHHCTBa 06e11x on11caHHhIX Bhiwe MeToaHK. · OH npocT, o6ecne'IHBaeT BhI

coKy10 paapewa10my10 cnoco6HocTb H .nn11TenbHy10 cTa611nbHOCTb xapaKTep11c

THK. 

. MeTOJ:lHKa H3I'OTOBneHHH ~eTeKTOpOB 

.Ung H3I'OTOBneHHH .neTeKTOpOB HCIIOnb30BanHCb nnacTHHbl KpeMHHH 

c y.nenbHblM COilpOTHBneHHeM OT 300 AO 25000 OM•CM, Tonm1rnoi!: 1-2 MM, 

Bbipe3aHHbl9 napannenbHO nnocKOCTH [ 111] 

TinaCTHHbl wnmpoaanHCb C 06e11x CTOpOH Ha nopOWKe OKHCH anlOMHHHH 

C pa3MepOM 39pHa 7 MKM, 0MH'l9CKHH. KOHT8KT HaHOCHnCH XHMH'l9CKHM 

0 Ca>KJ:l9HHeM HHKeng Ha wnmpoBaHHYlO IIOBepXHOCTb ( .nng TOnCTb!X nnaCTHH) 

HnH TepMnqecKHM ncnapeHHeM aonoTa a·aaKyyMe Ha npoTpaaneHHy10 noaepx-

HOCTb (.nng TOHKHX nnaCTHH): 

TpaaneHHe IlpOBOJ:lHnOCb · c:i6h!'IHb!M cnoco6oM a CMeCH KHCnoT ( J HF: · . 

3 HNO 
3 

) B Te'leHHe 2-3_ MnHyT. 3aTeM Tpaa1iTem, paa6aangncg Jl9HOHif30-

BaHHofi BOJ:lOH,H B ee IIOTOKe o6paaeu OKOH'laTenbHO IlpOMbIBancg. 

Tiocne npOMhIBKH nnaCTHHhI ocywanHcb qmnbTpoaam,Hoi!: 6yMarofi, 11 cpa

ay >Ke Ha npoTpaaneHHYlO IIOBepXHOCTb 3aI'OTOBKH Hanhmgncg cnoi!: Kp9MHHH 

2 
TOnlllHHOH 15-20 MKI'ICM • Hanhin9HH9 Ilp_OH3BOJ:lHnOCb C BOnbcppaMOBOH CIIHpa-

. -5 . 
nH a BaKyyMe - 5•10 MM pT. CT, B .nanbHei!:weM Ha HailhineHHyIO nneHKY 

KpeMHHH HaHOCHnCH TaKHM )1{9 cnoco6oM cnoi!: anIOMHHHH TOnlllHHOil: 
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2 
15-20 MKI'ICM • HO H0CKOnbKO M0Hblllefi nnomaJlH, '10M nnomaJlb KpeMHHe-

BOH nneHKH. KoHTaKTHbie ~bIBOJlbl H3 M0JlHb!X npoaonoqeK .ITPHKneHaanHCb 

K o60HM aneKTpOJlaM C ITOMOlllbIO npOBO)lS!lllefi cepe6psrnofi naCTbI. 

CrpyKTypa, KOTopan nony'l'.aeTcn a pe3ynbTaTe acex onepauHfi, c~eMa

TH'leCKH H306pa~eHa Ha PHCyHKe 2. 

hum Si 

Si p-nn 

PHc. 2. CxeMaTH'leCKaH CTpyKTypa Jl0T0KTOpa, H3I'OTOBneHHOI'O no rrpe)lnara

eMofi MeTOllHKe. 

XapaKTepHCTHKH JleTeKTopoa 

BenH'IHHa o6paTHOI'O TOKa Jl0T0KTOpa H XOJl BOnbT-aMrrepHOH xapaKTe

PHCTHKH 'laCTO orrpellenHIOT pa3pelllaIOlllYIO CITOC06HOCTb Il0B0pXHOCTH0-6apb

epHblX ll0T0KTOpOB IlpH KOMHaTHOH TeMnepaType. 

Ha pHC. 3 IlOKa3aHbl THITH'l'.Hble 3aBHCHMOCTH o6paTHOI'O TOKa H3I'OTOB

neHHblX llE!T0KTOp0B OT Harrpn~eHHH CMellleHHH. XapaKTepHOH oco6eHHOCTbIO 

HBnneTCH CKa'lOK o6paTHOI'O TOKa rrpH ManbIX Harrpn~eHHHX H 6onb!llOH yqac

TOK HaCbllll0HHR, rrpOCTHpaIOlllHHCH JlO 300-400 BOnbT. ITnaBHblH XOJl BOnbT

aMrrepHblX xapaK TepHCTHK H BhlCOKHe HarrpmKeHHR npo6on, aepORTHO, o6ycnoa

neHJ,I HHBepCl!OHHblM cnoeM IlOJl nneHKOH H8Ilbin0HHOI'O KpeMHIHI, KOTOpaR 

BblCTynaeT 113-noa nneHKH MeTanntt'-10CKOI'O aneKTpOJla ( CM. pHC, 2). 
II,, 
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PHc. 4. 11sMeHeHH9 co BpeMeHeM o6paTHOI"O TOKa H3I"OTOBneHHblX .QeTeKTO

pc>B. Harrp51)K9.HHe CMeIUeHH51 BO BCex cnyqa51X - ioo BOnbT. 
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Heo6XOAHMO OTMeTHTh, qTo noBeAeHHe o6paTHoro TOKa B AeTeKTOpax 

Jf3 p -KpeMHH.11, H3rOTOBneHHh!X n.o npeAnaraeMOH M9TOAHKe, BO MHOrOM 

COBnaAaeT C IlOB9A9HH9M A9T9KTOpOB, H3rOTOBneHHhIX H3 KpeMHH.11 n- T1ma. 

TaK, B o6oux cnyqa.11x Ha6n10AaeTc.11 nocTeneHHOe yMeHhweHHe o6paTHoro 

TOKa B TeqeHJfe nepBblX H9CKOnhKHX AH9H nocne Hanhin9HH.II MeTannuqecKoro 

aneKTPOAa. KpoMe Toro, Ha HeKOTOpb!X AeTeKTOpax Ha6n10AaeTC.II .IIBneHH9 

rHCTepe3HCa npH np.11MOM H o6paTHOM XOAe Hanp.11lK9HH.II, qTo yKa3h!BaeT Ha 

Hanuque MeAneHHh!X noBepXHOCTHhlX COCTO.IIHHH. 

BonbT-aMnepHb!e xapaKTepHCTHKH usroTOBneHHhIX A9T9KTOpOB B Teqe

HHe AnHTenbHOro Bp9M9HH npaKTHqeCKH He H3M9H.IIIOTC.II (puc. 4). 

Ha pHc. 5 noKa3aHa SaBHCHMOCTb 9MKOCTH OT o6paTHoro CM9IU9HH.II. 

EMKOCTb H3Mep.11nacb c IlOMO!UblO npu6opa 1111EB-12 Ha qacTOTe 400 Kru. 

B pa6oqefl: o6naCTH Hanp.11lK9HH.II CM9IU9HH.II H3M9H9HH9 9MKOCTH MOJKHO npeA

CTaBHTb np.llMOil: nuHueil: c HaKnOHOM - 1 /2 ( B norapmt>MuqeCKHX KOOPAHHa

Tax), qTo xopowo COBilaAaeT C XOAOM 6apbepHOH 9MKOCTH nepexoAa C pes

KHM rpaAH~HTOM KOHU9HTpauHH npHMeceii, 

10 100 500 
1tonp11KeHue CHew.eH"• . . , I 

PHc. 5. Bom,T-eMKOCTHa.11 xapaKTepHCTHKa, 
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.Umt unmocTpaUH@ cneKTPOMeTpH'leCKHX CBOHCTB nony11eHHbIX A9TeKTO-

. 241 A . 
pon Ha puc. 6 npHBeAeH cneKTP a -11acTHU m • Paapeuraromasi cnoco6-

,' ' 
HOCTb COCTaBnSieT 19 K9B, IIIYMbI aneKTpOHHOI'O TpaKTa H AeTeKTopa -· 14 K9B. 

Co6CTBeHHoe paapeureHHe AeTeKTopa u = v uJ3 M-u2I'eH cocTaBnSieT 13 Kan. 

Hauny11uree co6cTBeHHOe paapeureHue, AOCTHI'HyToe C 9THMH A9TeKTOpaMH, 

2 
COCTaBHnO 9,7· K9B Amr AeTeKTOpa nnomaAbIO 30 MM • 

Ba)KHbIM napaMeTpOM cneKTpoMeTpH'19CKOI'O AeTeKTOpa SIBnSieTCSI Ton

lUHHa BXOAHOI'O OKHa, KOTopaSI MO)KeT AaBaTb 3aMeTHbIH BKnaA B 9HepreTH

qecK·oe paapeureHue. BepxHuii npeAen AnR <jJnyKTyauuii:, CBR3aHHhIX c noTepeii: 

9Hepl'HH BO BXOAHOM OKHe, MO)KHO nony'IHTb, HCKnro'laSI H3 nenH'IHHbI co6-

CTBeHHOI'O paapeureHHSI ¢nyKTyaUHH, CBSI3aHHhie co CTaTHCTHKOH o6pa30BaHHSI 

nap ( - 3 K9B) H nepeAa'leii aHeprHH npu ynpyroM pacce RHHH (- 6 K9B). 

no~C'IHTaHHaSI TaKHM o6pa30M, 9Ta BenH'IHHa AnR HaUIHX AeTeKTOpOB COCTa:

BHna OT 6 AO 10 K9B. TaKaR oueHKa IlOATBeP*AaeTCR H H3MepeHHRMH noTepb 

9HeprHH B MepTBOM cnoe, CAenaHHbIMH npH pa3nH'IHbIX yrnax naAeHHSI 

a -'laCTHU Ha nonepXHOCTb AeTeKTOpa. 3cpcpeKTHBHaR TOnlUHHa MepTBOI'O cnosi, 

H3MepeHHaR TaKHM cnoco6oM, COCTaBuna AnSI pa3nH'IHblX AeTeKTOPOB OT 12 

AO 25 K9Be 

Ha AeTeKTOpax · nnomaAbIO 100 MM
2 

6hmo nony11eHo paapeureaue 25-

35 K9B, npH'leM 9Ta BenH'IHHa onpeAensinacb OAHOpOAHOCTbIO HCilOnb3OBaH

HOI'O MaTepuana, a He myMaMH neTeKTopoB. 

Puc. 7 unnrocTpupyeT BO3MO)KHOCTH cneKTPOMeTpHH aneKTpOHOB. Paa-
. 109 

peureuHe no 9Hepl'HH nng KOHBepCHOHHbIX aneKTpOHOB Cd H 137 Cs COCTaB-, 

nSieT OKOno 14 K9B. 

.Upyrofi Ba)KHOH xapaKTepHCTHKOH cneKTpOMeTpH'leCKHX CBOHCTB cny)KHT 

3aBHCHMOCTb paapeureHHSI OT Hanpg)KeHHSI CMeIUeHHSI. Ha puc. 8 noxaaaHa 

9Ta aaBHCHMOCTb nng Tpex paanH'IHbIX neTeKTOpOB. llIHpOKOe nnaTO (npu

MepHO OT 25 no 200-300 BOnbT) llO3BOnSieT cneKTpOMeTpHpOBaTb paanH'IHhie 

•'laCTHUbI B nocTaTO'IHO IIIHpOKOM nuanaaoae 9Heprufi C BbICOKOii: paapeuraromeii 

cnoco6HOCTbIO. 
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PHc, 6, CneKT1' n -tiaCTHil 241 Am • .lleTeKTop nnomaAhJO 30 MM , Hanpsr-

)KeHHe CMeIIteHHSI - 300 BOnbT, 

3aKn10tie1me 
_/ 

Paspa6oTaHa npocTaSI MeTO/lHK8 HSrOTOBneHHSI nosepXHOCTHo-6apbep

HbIX geTeKTOpOB HS KpeMHHSI p -THna. HanhmeHHe TOHKOil nneHKH 
2 . 

(15-20 MKrlcM ) KpeMHHSI nepeg HaHeCeHHeM anJOMHHHesoro KOHTaKTa nos-

BOnHno riony'IHTb CTa6unhHyIO. BbmpsrMnsr10my10 CTPYKTYPY C xopOWHMH aneK

TpHtieCKHMH H cneKTpOMeTpH'IeCKHMH CBOilCTB8MH, 

BenH'IHHa MepTBoro cnOSI nonytieHHbIX geTeKTOpOB He npeBbIWaeT 

25 K3B gnsr a -tiaCTHil C 3HeprHeil 5,5 Mas H He BHOCHT cymeCTBeHHoro 

BKnaga B aHepreTutiecKoe paspeweHHe, 
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ABTOpbl 6naI'OJlapllbl aK8Jl0MHKY r.H.ct>nepoBy sa HHTepec K 9TOii: pa6o

Te H IlOJlll0p>KKY, a TaK>Ke COTPYllHHKY H3 KHnP 3o 3eH CaMy, npHHHMaBine

MY y~acTHe B pa6oTe Ha ee Ha~am,HoM aTane. 
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