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Xopowo l:ISBecTHa ponb, KOTopyiO l:II'paiOT saml:ITHhie enol:! B Texuono

I'l:ll:l lf3~0TOBneHl:ISI KpeMHl:leBbJX IIOBepXHOCTHo-6apbepHblX AeTeKTOpOB SIAep-

/1/ . 
aoro nsny'leHl:ISI • Paspa6oTaHHbJe HaMn pauee crroco6bJ cTa6nnnsaul:lw 

noBepxuocTl:l p-i -n-KpeMHl:leBbJX AeTeKTopoB rrnocKoil KOHCTpyKunn cunaun

/2 3/ 
pOB8HifeM If OKCl:IAifpOB8HifeM ' IIpeAIIOnai'a~T HCIIOnb30B8Hife 38MifMOB 

C IIpOKnaAK8Ml:l AnSI rrpeAOXpaHeHUSI MeTannn'leCKifX aneKTpOAOB OT BOSAeH-
• 

. CTBifSI 38!lllfTHOI'9 peai'eHT8; 3Tif MeTOAbl OK838nlfCb HeyA06HbiMif lWSI IIOBepX

HOCTHo-6apbepHblX C'leT'llfKOB, TaK KaK O'leHb TPYAHO 38!lllfTifTb 30liOTOH' 

aneKTpOA, He IIOBpeAUB ei'O If He 3ai'pSI3HifB IIOBepXHOCTb. 

DpoBeAeHHble HaMif HCCneAOBaHHSI HeKOTOpblX 38!lllfTHblX IIOKpb!Tl:lll US 

Be!lleCTB Opi'aHU'leCKOH IIpllpOAbl IIOKasanH, 'ITO 6onee YA~6Hb1M H IlpOCTbiM 

· CIIOC060M 38llllfTbl IIOBepXHOC.Tif KpeMHifeBb!X IIOBepXHOCTH0-6apbepHblX C'leT

x/ 
'llfKOB SIBnsteTCSI IIOKpblTife rrepeXOAa KaHif~OnbiO • 

x/ . . . 
KaHU~Onb rr'peACTaBnsreT C060IO CMeCb CMOnSIHblX KlfCnOT COCTaBa 

Cl9H29C00H lf3 Knacca IlpOif3BOAHblX TeprreHOB. 0CHOBH8SI 1:13 Hl:IX - a6neTif

HOBaSI Kl:ICnOTa - COAepmnT Tplf llleCTl:l'lneHHbJX KOnbua: H:3C COOH 

'/ /c" ,.,cuz. 
H1C CH '-ell 

I I II 
Uz.c, /f, /c, 

ULCCH3 fll fHz. /CJ../3 
u~c, 4'c-CII . 

UC 'CH3 

TeMrrepaTypa rrnanneunsr KaHH~onu Kone6neTcsr B npeAenax 60-70°C. 
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O.oHHM H3. rrpeHMymecTB Ka!mcflonbHOI'O rroK_pbiTHSI rrepe.o arroKCH.OHbiMH 

II KpeMHHifOpi'aHH'leCKHMH CMOJlaMH,' JlaKaMH, o5bi'lHO rrpHMeHSieMbiMH JlJlSI 

Ueneif 3alllHTbi 0 SIBJlSieTCSI OTCyTCTBHe Bpe.QHbiX .Q05aBOK B BH.Qe OTBep)I{.QaiO

IllHX ai'eHTOB, HanonHHTeneif, ·. paCTBOpHTeneif, IIHI'MeHTOB, 3ai'p5I3HSIIOIIlHX 

IIOBepXHOCTb IIOJiyiipOBO.QHHKa. 

0IIHCaHHe MeTona. 

Hcrronb30B~ncS! HaCbiiileHHbiif paCTBop :KauH!jlonH· B n~a)l{nbi rrep_erHali

HOM · 9THJ10BQM CIIHpTe •. 8KCIIepHMeHTbl IIpOBOnHJIHCb Ha nHijlljly3HOHiiO-npeif-. 

ljlOBblX IIOBepXHOCTH0-5apbepHbiX C'leT'lHKaX, a TaK)I{e ua c:eT'lHKaX, H3I'o

TOBJleHHbiX H3 Kp~MHH5I n-THIIa C ynenbHblM COIIpOTHBJleUHeM· OT 300 no 
. .· 

20000 OM.CM H BpeMeHeM )I{H3HH HeOCHOBHblX HOCHTeneif. TOKa IIOp5InKa 
. . · · . . 11 I 

500 MKCeK. ITocne H3I'OTOBnenHR neTeKTopoB no H3BecTnoif Texnonoi'HH 

H3Mep5Inii?b BOJlbTaMIIepllbie xapaKTepHpTHKH o5pa3UOB H IIpOBOnHJiaCb. o5-

pa50TKa HX KaUHijlonbiO. CrrHpTOBbiif pacTBop KaHH!fjonH ronKHM cn~eM nauo

CHJICR Ha IIOBepXHOCTb. o5pa3Ua. IT OCJle Bbinep)I{HBa!IH5I. B .. Te'leHHe UeCKOJlb-. 

KHX 'laCOB ua Boanyxe o5paaeu cymHJICR. CymKa rrpoBOAHJiacb B nByx pe*H~ 

Max: 
•, 0 . • . . 

1 - IIpii TeMIIepaType 40 C B Te'leJme CyTOK B 3aCTOifiiOif aTMOCijlepe. 

Boanyxa; 
. . 0 . ;·. 

2 - IIpH TeMrrepaType 60-70 C B Te'leHHe 1-2 ~aCOB C IIponyBKOif 

Boanyxa; 

8 pe3yJlbTa·Te UpOBeneHIIblX HCrlbiTaiiHif 5b1Jl , Bbi5paH BTOpOif CUOC05 .· 

cymKH KaK: Menee rrponon*HTeJibllbiif H na!OillHif 5onee nane*noe rroKphiTHe • 
. ·' ' 0 .. . . . . .. . . 

. KanHijlorib IIpH 60-70 C naxonHTC5I B pa3MSII''le!IHOM COCT05IH~H, He npeii5IT-

CTBYSI BbiXony_ rrapoB CIIHpTa. 8 IIepBOM CJly'lae IIJleUKa KaUHijlOJlH HMeJia 
. . . 

neljleKTbi B ·BHne rryabipbKOB ( rrapoB crrHpTa, cH:onHBIIlHXCsi non nnenKoif), 

KO~Opble riei'KO BCKpbiBaiOTCSI IIpH MeXaiiH'leCKOM B03neifCTBHH, Uapymag 

UeJlOCTIIOCTb ·rroKpbiTHSI. 
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8KCll9PHM9HT8nhHbl9 peaynhT8Tbl ll HX 'o6Cy)KneHHe 

--Cpaay rrocne aaaeceHHSI aa o6paaeu KaHncjlonu o6paTahifi TOK P-n-rre..;. 

P.eXona pe3KO B03p8CT89T1 llpOSIBnSISI,HeCT86HnhHOCTb na)Ke llpU HU3KUX H8-

llpS!)K9HHSIX cMemeHHSI, Docne Bhinep)KK_u o6paauoa aa aoanyxe a Te':leuue ae

cKonbKUX 'l8COB Ha6monaeTCSI H9KOTOpOe CHU)K9HU9 o6paTHblX TOKOB (puc, 1 ). 

8binep)KK8 llpll TeMrrepaType CYIIIKU B03BpamaeT o5paTHble TOKH K CBOUM 

llp9)KHUM 3H8'l9HHSIM unu nenaeT HX M9Hblll9 UCXOnHhlX (pH~. 1 ,2) • ,UanbHefi

lllee 38M9THOe ll0Hll)K9HU9 o6p8THbiX TOKOB rrpoucxonUT B T9'19HU9 rrepBblX 

3-5 naefi rrocne aaaeceHUSI aamuTuoro rroKphlTHSI (puc. 2), Oco6eauo aua

':lHTenbaoe CHH)KeHue o6paTHhiX TOKOB ua6monanoch y rrpu6opoa, uaroToa

neHHbiX H3 HH3KOOMHOrO n -KpeMHUSI (puc, 3), 

CTa6unhHOCTh o6paTHhiX TOKOB n ITOBhillleHue aarrpSI)KeHUSI rrpo6oSI .o6paa

uoa C K8HHcjJOnhHbiM ll0Kpb!Tll9M naiiO B03MO)KHOCTb CYlll9CTB9HHO ·yny':llllllTb 

pa3pelli810lllYJO C!TOC06HOCTb KpeMHU9BblX !TOB9pXHOCTH0-68pbepHbiX C'19T'lii

,KOB, Ha puc, 4 !TOK838H ClleKTp OT _a -'18CTUU 
238Pu, CHS!Tblll C Kpeii!HIIeBbl:\1 

C'l9T'IHKOM !TpU KOMH8THOH TeMITepaType no ll rrocne !TOKpb!TliSI ero !TOBepx

HOCTU KaHncjlonbJO,BonbTaMrrepHhie xapaKTepncTnKH aToro o6paaua rrpencTaB

neHbi Ha puc. 2. 

B rrpouecce H3MepeHHSI auepreTH':lecKoro paapellleHHSI rrpn auaKnx TeM

rrepaTypax (no -100°C) aa6n10nanocb pacTpecKnaaaue aaiuuTuoii rrneHKII. na

sa p83HUUbl B K03cjlcjlnUH9HT8X T9pMH'19CKOrO paCIIIUpeHUSI KpeMHJISI II K8HII

cjlonn, BonbTaMnepHhie xapaKTepUCTHKH rrpu aToM ocTaaamicb 6ea annnl\tbiX 

H3Meueaufi (puc. 5), B uenSIX npenoTapameHUSI B03MO)I{HhiX aecTa6nnbHocTei1 

o6paTHoro TOK8 1 CBSI38HHblX ·c pa3pb!BOM nneHKU 1 o6pa3Ubl !TOKpbiB8ni!Cb no

BepX K8HUcjlonu TOHKHM cnoeM 3lTOKCH8HUnHHOBOli CI\IOnbi ( Hllii9C9Hll9 3lTOK

CHnHofi CMOnhl H9!TOCpencTB9HHO H8 H938llllllll9HHbJii p- n -rrepexon llpllBO.'lllT 

K aeo6paTUMOMY yaenn':leHUJO o6paTuoro TOKll). 8rroKcnnHbiii iweli o6ecrre'ln-. . . 
aaeT norronHuTenbHYJO Mexauu-qecKyiO 3amuTy p :- n - rrepexona. Bonb TallmepHiHI 

XapaKTepUCTHK8 ll pa3p91I1810lll8SI C!TOC06HOCTb C'leT'lliKOB llpll 3TOI\I OCT8JOT

CSI 6e3 H3MeHeHUii (puc, 5,6), 
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J,MKQ 

t : 
'2 

100 200 300· .!tOO 500 
----'--U,& 

Puc. 1. 06paTflbie ·aonbTaMrrepHbie xapaKTepUCTUKU KpeMHUeaor'o C'!eT'IUKa 
N95 rrocne. paanuqHbiX o6pa6oToK: a - rrocne T'paaneHuSI; 6 - rrocm~ aaxuuThl· 

· KaHu(jJonhro u 24 •racoa aa aoaJlyxe: a - nocne cy'ru~u rrpu 4ci°C; · 

/ 

1,/'fKa 

I : 
OtfpaJeq .hfff, n-mun 
.f•10KOI1, S=2c,.,z 

1~. . ~ ~g. I 
"*' 1 a 9 ' :~- · .. , 

100 200 300 . . 400 . 500 
-u.s 

··,, 

Puc. 2. 06paTHbie aonhTaMrrepHbie xapaKTepucTUKU KpeMHUeBOI'O rroaepxaocT~ 
Ho-6aphepHoi'o cqeT'IUKa N9ll: a - rrocne·· TpaaneHuSI; 6 - rrocne aaxuuThi ' · 
KaHU{jJOnbiO H cyruKU; B - rrocne 5-JlHeBHOI'O XpaHeHHSI Ha B03Ayxe. 
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J,·MKA 

1 20 ' \ \ 
101-

. ·,.. 
)( 
I. 

7 

\ 
\ 
\ 

\ 1 \ . _. 
J:.--:...-oz 

3 -, 
8 9 

st-n-mun 
f.=300 01"1· Cftl 
S=2c,.,2 

N'l or5pa3qa 

·Puc. 3, 3aa'leHuSI o6paTHOI'O TOKa Tpex o6pasuoB us n -KpeMHUSI c 
.. =;o300'oM, CM, CHS!l.;bie. npu 100 B - /lO samuTh'I KaH~cponhJO ( KpuBaSI 

200 .B ;_ riocne 381UUTbl KBHUcpOnbiD . (KpUBBSI 2) ; npu 200 13 - nocne 

xpaHeH~SI '( KpUBBSI 3 ), 

qucAor---------~------~--------~------~------~ 
· omcvemol Ot!pa~q N:t1, n-mun 

6traHa.te S=tcM2 =10KoM ZJipu t"20°C 
· 1

700

1-:-. ----,----,--5-,4....:9-s-.-a-J ..--....:::....:.::..:-L....:.!!~!:!.s-,4-95.!:.!:!.....!...~6~J:........j. 

500 

300 

230 230 

p 
1); npu 
H'eJlenn 

. Puc. 4. CneKTp a -'lacTuu 
238 

Pu , CHSITbiH c KpeMHHeBhiM noBepxaocT
_ao-6apheJlHbiM ctieT'll!K~M N911 ·npH KOMHaTHOil. TeMnepaType; a - /lO noK-, 
pbiTUSI Katm'cponhJO; 6 - nocne noKpbiTHSI KaHucponbJO •.. 
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~MKA 

I :~, t 
flol'ne noc.ne 0)f(./1Q)K• 

11-KOHIIipOnl/ di?HIIfl tJ0-100"C 

10 20 30 

o-. 

40 

/lpet1tpo!111u numue&ul 
otfpaJtt..t. N: 21, U•SD 
W=31'f/'f S=1,Sc,.,z 

--o---0 t . 
· flocne nolfpbiiTI_lJII 

3nOifC'. Cl'f0.170lJ 

so 60 
1/HU xpaHeHUR 

Puc. 5. 11sMepeHrrH o6paTHoro TOKa o6pasua Ng2J a npouecce xpaHeHI!SI, 

R,KeV 

136 
32 

28 

24 

' . 

Oopa.Jel.( N:210, n-mun 
238n · 

.fJ=6 KOM rU· t=20°C 
S= fatZ 

1 

2 
20 

16l_~~~~~~~~~2~ooo~~~~~~~~~ 
100 JOO 

---U;G 

Puc. 6. 3aBHCHMOCTb SHepi'eTH'ISCKOI'O paspellleHHSI OT HanpSJ)K9HHSI CMellle

HHSI Ha .09T9KTOpe: 1 - .00 38IUHTbl KaHMQJOnbJO; 2 - nocne 381IlMTbi KaHM
t!JonbJO H snoKCHAHOH CMonou. 
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Ha6mo.oenne 3a o6pa3UaMH a Te"'enne nonyTopa neT noKa3ano, 'ITO 
.,, 

. "o~paT~ble .TOKH B HHX OCT8J1HCb 6e3 cyrueCTBeHHhlX l;3M~HeHHH . ( pHC, 7), 

CTa6HJ1H3HpyJOIUee CBOHCTBO KaHUcponu MO)I{HO .06'hSICHHTb, ecnH yqeCTb, 

'ITO BbliipSIMJ1SIIOIUlle xapaKTepHCTHKH IIOBepXHOCTHOI'O 6apbepa KOHTponupy-

IOTCSI, B OCHOBHOM, IIOBepXHOCTHbiMH COCTOSIHHSIMH K8K 6hiCTpblMH, T8K H Me.[l

neHHblMH ( HX THIIOM, .OOHOpHbiM HJ1H aKUeiiTOpHbiM, IIJ10THOCTb!O, 8Hepi'eTH"'eC

.KHM IIOJ10)KeHHeM)/
4
/, 

noaepxnocTHbie cocTosrnusr onpe.oensrJOT noaepXHOCTHhiii noTenuuan 

.. 
. nonynpOBO.OHHK8 He .. TOJ1bKO IIOA MeTannuqeCKHM aneKTpO.OOM, HO H Ha CB0-

60.0HOH noaepXHOCTllo 0Kpy)I{8101U8SI cpe.oa, SIBJ1SISICb. npll"'HHO~ H3MeHeHUll Me.O

nenHhlX IIOBepXHOCTHbiX COCTOHHUH, MeH.SieT H3I'H6 8.Hepi'eTU"'eCKUX 30H 

.Y IIOB~pXHOCTH, 'ITO, B CBOIO O"'epe.Ob, BJ1HSieT i1a IIJ10THOCTb 6b!CTpblX COCTOSI

. null. ToT cpaKT, q:ro y 6onbmnncTaa npn6opoa, · noKphiThiX Kaiin¢onbJO, U3Me-

. !IeHHSI o6paTHblX TOKOB npene6pe)I{UMO M8J1hi, I'OBOpHT 0· TOM, 'ITO K8Hll\j.lO.rib 

B03.0eiicTsyeT na Me.oneHHhie cocTosrnnsr, co3.oaaan na noaepxnocTu cTa6nnb-. 

Hhlii onTnManbiihlii .::'apsr.o. l13-3a cno)I{HOCTll cocTaBa Ka.nncponn Tpy.ono ycra

HOBHTb MeXaHH3M ·aTOI'O B03.[leHCTBUSI, 1Jan6onee BepOSITHO, 'ITO npouecc cym-

... . ' 
, • KH conpoao)l{.oaercsr oKncnenneM .oaoiinhiX casr3eii a MoneKynax Kann¢onn. , . . . 

. 8 OKHCJ1eHHll. MO)I{eT y"'aCTBOB8Tb KaK KHCJ10pOA B03.[lyxa,, T8K IL Kl!CJ10pO.:l, 

, . ,. a.oc6p6npoaaJIHhiH na .noaepxnocTn KpeMeHnsr n onpe.oensrJOWI~ii, a ocnoano:-I, 

3ap_sr.o a·. Me.oneJIHhl~ cocronJiifsrx. Bo3MO)KJIO TaK)I{e, 'ITO cra6unn3npyiOmee 

BJ1liSIHHe K8HHcpOnH H8 IIOBepXHOCTHblft IIOTeHUH8J1 CBSI38HO C npncyTCTBIIeM 

B qocTaBe KaJincponb!IOI'O 
. ' . .... 0 

.(Kap~onnnbaoii - C ._ OH 
' .• ' 

IIOKpbiTHH nonnp.HbiX cpyHKUHOH8J1bHblX I'pynnnpOBOK 

) , KOTOpbie MOI'YT CHJ1bHO 1131\leHUTb COCTOH!Ille 

IIOBepXHOCTH·IIOnynpoBO.OHHKB, 

. Dpo_ae.oeJIHhie ~ccne.ooaaJinsr no3aonsrJOT peKOI\teH.ooaaTb ucnonhaoaa

nne.-KaJIHcponn .[lJ1Sl IIOBLIWeHHSI Ha!le)I{HOCTH KpeMHUeBhlX noaepXHOCTH0-6apbep-. 

HbiX C"'eT"'liKOB~ 

·g 

·. 
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2 

1 

4 8 12 16 20 24 
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BO BpEiMeHH, 
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