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Opn aKcnepnMeHTanbHOM nccneaoBaHHH ¢yHaaMeHTanbHoro npouecca 

ljJH3HKH cna6biX B38llMOaei1CTBlll1 - 38XB8T8 MIOOHa B Boaopoae npeJl'bHBmiiOTCH. 

oqeHb BhlCOKlle Tpe6oBaHHH K qHCTOTe Pa30~6pa3HOPO BOaopoaa. nonyCTH-
. -6 . 

Mbie cyMMapHbie npnMecn He JlOmKHbi npeBbiiiiaTb 10 % o6'beMHoro coaep-

lKBHRH, 

06bJqHo ncnonhayeMbii1 B na6opaTopHol1 npaKTnKe cop6unoHHO-XHMHqec

KHI1 MeToa oqHCTKll BOJlOpoaa He n03BOnHeT nonyqHTb yKa3aHHyro qHCTOTy. 

npyPIJ:M B03MOlliHb!M MeToaoM HBnHeTCH KpHOPeH~ MeToa QqHCTKH1 n03BO-

. nHIOII!HI1 nonyqHTb Boaopoa Bb!COKOI1 CTeneHH qHCTOTbl 1 · oaHaK01 npaKTHqeCKOe 

era ocymecTBneHHe B ycnoBHHX aKcnepnMeHTa no aaxBaTy Mrooaa cBH3aHo 
' • • J • • • ' 

.c 6onbiiiHMH TexnonornqecKHMn !PYaHoc-r:HMH. B nocneaHne roabi ycneiiiHo 

pa3pa6aTb!B8IOTCH ycTaHOBKH anljlljly3HOHHOI1 oqHCTKH BOl!Opoaa C aocTaToqHQ 
I l/ · · 

, Bb!COKOI1 npOH3BDaiiTenbHOCTbiO nn¢1jly3HOHllb!l1 MeToa oqHCTKI! OCHOBall 
, . I 

Ha ceneKTHBllol1 cnoco6HOCTH Boaopoaa an¢¢yHanpoB~Tb qepea nannaanl1 

· H pHa cnnaBoB ua ero ocuoBe, o6iiaaaromnx 6onh1110I1 npoHnuaeMocTbiO no 

OTHOIIIeHHIO · K Boaopoay, 0pHMecn-~ra3::J06pa3Hb!X Bell!eCTB, HaxoaHII!HeCH B BO

aopone, 3aaeplliHB8IOTCH ana¢paPMOI1 H He npOXOaHT qepe3.Hee, nocTHPae-
',.~{~""1 • ·'fL ~'(;•'01 . ' . 

MaH q~cToTa Boaopoaa, nonyqaeMoro TaKnM cnoco6oM, oKa3hlBaeTCH nyq111el1, 
' -8 /2/ . . . 
qeM }Q % , nocTOHHCTBOM ycTaHOBKH C HCnOnb30B8l!HeM an¢1jly3HOHHOPO 

cnoco6a QqHCTKll HBnHeTCH T8Kllie ee !{OMnaKTHOCTb H npOCTOTa B 9KCnnyaT8UIUI, 

OaHaKo coaaaHne an¢¢yanoHHbiX ycTaHOBDK CBH3aHo c onpeaeneHHbiMH TexHo

nornqecKHMH TpyaHOCTHMH, B aKcnepHMeHTe no H3yqeHHIO MI0-3aXBaTa B BO

~opoae B03HUKna aononHUTenbH8H TpyJlHOCTb, yBH38HH8H C aeo6xoaHMOCTbiO 
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orpann'IBHhl'li rrpbTnBope~nB~ •. B 
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06ll8CTH !fC.60llhlllHX llBBliCHHH 06hi.'IHO .npen-

CKOpOC~li nn!jl!jly3HH OT_ llilBliBHH51"51Bri51ri~C51 IlonaraeTC51 1 'ITO 38BHCliMOCTh 

. !jlynKuncil: TonhKo pa3J-IOCTH nannenniJ:. ~ ·-.~ , rae~ - nanneime TCXHH'IBCKO

r~ B'onopona,_.~ - llilBliBIIliB D'IH!UCHHOI'O Bonopona, .Ll.151 ll8BliCHJiil:
1

• BhllllB. 
. . ' ~ ' • t• . 

· HBCKOllhKliX aTMoc¢ep, · naHHhiB· paann'IHhiX anTopon pacxonHTC51;· TaK; .cornac-: 
14i . ' ' . . . . . . . . . . -. . -·-

HO · ... 1 B BblpB)K,BHllli -llll51 . yKOpOCTH nnljlcpyann . COllCp)KliTC51 MHO)KHTEillh - y P, . .'
1

. 

/5/ .. . . . . . 
a COI'liBCHO , B Db!pa)KBHHII ll11,51 CKOpOCTI~ ):IH<jl!jlya~n IlO~Bn51BTC51 -~lllCH, 'cype-

, ' . . . '. . . . 16/. . .' . ' 
Mmunil:cH_.K nymo rrp11 69nh~nx 3HB'ICHH51X P1 • B pa6_oTe , . _..n~6monanoch 

TBK)KC HOMCHCHIIB_ XapaKTepa 38BIICIIMOCTH CKOpOCTII nn!jl!jlyann O_T ·naBnBIIHH · 

''I?, Ilpli IlOC'f:OHiiiiOM ~epenane (P
1 

'::"P
2
)c li3MBHBIIHCM 

B naci:oHmeil: pa6oTe orrncbmaeTcsr nn#y3nonJia51 
: 0 ~ I• • • . ' ' ' 

TBMilCpBTY.P• . ." . 

ycTaJionKa c·nanna~· 
-... ···: 

J:IIIBBb!M ljJHllhTpOM II HpHBOllHTCSI IlOliY'ICHHblC. npn CC 3KCrrnyaT8UliH llBHI!biB. 

, · 0 CKOpOCT>{ an!jJ!jlyoHH IlpH J:IBBnCHllli J:IO .40 ll;MO~qJep, ··* ,\ . . ' .. . . . 

•'+'-

:-,~ . Koac~pyKunsr arrnapaTa n~¢!jlyanonnoil: O'lliCTKn nonopona nao6pa)KBHa 
' . ~ -: . . . '·. ' . . . . 

na 'pnc. ·I. ArrnapaT IlpBllCT8Bll51BT co6oil: BaKyyMHy~ KaMepy I, BllyTpH KO-, 
. . . . . . . . . ~ ' . . . 

Topoil: rroMeuien nn¢!jlyanonahiH sneMenT, ~;·svpenaTenn ·2 n Tennonble· 3Kpa-.,. '• :· ' •. . . . . 

llbl 3e fepMBTll38Ull51 BBKYYMIIOH KBMCpb!. IlpOH3BOllliTCSI C IlOMOIUhiD. MeTan.,.· . ~ . . . . . ' . . . 

· ·nn'lecKoro yrrn.oTHBHliS! . 4, B · Hli)KHHil: ¢naaeu. BaKyyMa"on· KaMe phi. BMOHTnp~on.a
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n·. TOliiUliHOH 0, I MM, p831.1BlilBHHhlX .MC)KJ:IY '¢naauaMn 6 ~' CpBllHHM IKOlllleK.-:- . \ 

T~pOM 7, ,,ila.imani):BBbiB: MBM6pal!bl .I;!S~OTOBliBllblli3 
. . . . . . . . . . . -~ .. 

·+ 10% Ag · + 5~5% Ni ), xapaKTepncTliKii'KoToporo 

crinana (84,5% Pel + 
. . . . J6J-

nccnenonanncb a· • 

· .. · .: fepMBTII38UIISI 'MB.M6paH 1Ip0113BO.!IHTC51 ·rryTBM CTSII'liBBI!llSI !jlnaHilBB llliiHllhKa

, • · ·Mn, B cpe.cinnil: ~onne~T~p BMonTirponairhi nne 1-e:pMorrapbi 8;' on~ii-ua ·K~To_::. 
• • t • • • 

,' pbiX rrpei:maana'leHa nnH, aBToMaTn'lecKoro perynuponannsr.,TeMrrepaTyphi,. ppy.:. · 
.:,_ . ' . . ... . 

.. ~ !:l.lSI; KBK .KOHTpOllhH8H1 · llliSI Cl!I'H8llll38Ullll IlpBBbllllBHliSI. TBMilBpaTypb! B pa-' 

'. 

4 ·'. 
:. 

.~
·r' .. ;: t I • •" 

' ' 

... ' 

·.,, 
, .. 
. . , · .. · 

·~ ... ' 

. ~~ 

,, 

·: ? 

.··· ,· "·:·: _;,· ·~ 

'-~·i._.·:' , .. '' 
·-· .: '. ,, ',..l.:·r.,. 

I 

. .... ··• 
,:\ ',,, .... 

.\ 

· .. 
:, .. : { ·.~ ~,_. .. -

.... ;.; 

; .~ 

' . 
•' 

. ~' 



. - •, 
; .. 

... ,· 

-·· :COKHX. ll8Bn~HHSIX B nHTepaType ~ ,. 

ionblllliX /lUBnBHHH 06!;l'IHO IlpBil-

itPtPY3H~ OT'IlUBnBH~sr:~BriSie~CSI 
.. ~\C'J\ r<1jl0\ ['-. <0\ 

'· .. 
rae· P, .- llliBneime TCXlUI'IBCKO-

lOPO':~• .n.1n Aarineniiii,._)3hjllle_ 

opon pacxollnTcsr~· :i;K; c'ornac-; · 

:::o~~P)I{~~~n ~no)l{~ie~& -~ v F; .··• · 
¢¢yam1 rrosrnnneTcn qnen, 'cTpe-

. ' .. /6/ .. ·:: ,. .. 
. B pa6_oTe . :. ·_.Ha6moaanoc& 

'PDCTii llMcfJtPY3HU .~.T ~~Bn(lljlHI. 
:·' .. .. 

eiieHHCM TBMrrepaTyp •. · .' . . 

·ano~uian yc_TanonKa c · rran~-~~.:. 
Ipll ee aKcrrnyaTaunn llBHHhie 

ICTKH BDilDPDil';i ll306pa)I<BH8 

y-~Hyr6· KaM~py 1, · nnyTpH Ko.;.. 

BaTemi ·2 n TerrnoBbte· aK.pa- · · 

t~'! _ .. 
I . . ' 

. ~ 

•,., -..... 

!···· 

.. 
:· .. '' 

• J ~ ' 

:' \ 

. ~ : ·. 

-- ·_ ' " fl ,i_-_ ' ' ' ' . 
,}" ... t,., • 

>HHor~ .a/!eMeHTa, a Ta.K>Ke. . . , I ···· : 

wrr~p~· . .Untjl¢y3noHHbi~ an~.~e~r : ~ , . . . 

IBDilHTCSI'. C IJOMOlllb_IO. MeTan..,..· . 
. . . 

~~YYMH~o~· KaMepb(~_M?HTnp'p_B_a-

MBM6paH 5, llll8MBTpOM 150MM 
' - , I • ' ' 

H~~;Mll · 6 ~, c pBilHHM 1 Ko-~n~K.~. 

·,,. 

· ... ·. 

>1. H~ c~naBa_( 84:B%: P.c/ +. _·. 
· · .... · · · . ·. ·• ... is/,. 

poro · ncc:nelloBanHc& B ·. -~ 

TSirHB~misr • ~·naHiie~· wrrHn&Ka-

re:p~~n~pb~ 8;' ~ll~~- ~3- ·K~To~~ 
'. ~ . ' : .. , . . ' ·.: .. . '', . . ~' 

'nHpOB8Hllst:;:reMrrepaTyp~11 . !J:PY-

BbillleHnsr_ ieMrrepaTypbi B ~a-
.. -\ 

I. I. \ 

''- 1. 
-~· 

' .. 

~: ' . . 

/, 

~ 
/ 
/ 

~: ... 

J1 
u 

.. CJ 
'/ u 
'/ <( 

, ... 

/ :I: . ::::::::==-c.: . 

., 
' 

CJ 
a 
~ 

.. 

;E 
Q) 

!-< 
0.. 

. •, 

Q) • " :r . 

. -

. ·· ..... 



ro ~----------~--------------~ 

~ 
~ ,0.5 
£: 
t:3' 
t; ...._ 

c 

o. 

1 

10 20 

P2 (am) 

30 40 

Puc. 2. 3anncnMoCTb rrponano.unTenbHOCTH rranna.unenoro cpnnbpa oT 
HHSI BO.UOpO.U8 P

2 
H8 BblXO.[le, KpHB8SI 1 H3MepeHa IIpH TeMIIepaType 

KpHB8SI 2 - rrpH 12Q°C, 
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6o'IeM o6'beMe na.u _aa.uanHoii:, 

. H~M no KaHanaM B. cpe.uneM 
> > ' 

If OTBO.UifTCH K_Tpy6KaM, BBa 

· .. npuMeceii:, H~KOIIHBWifXCSI Y, II! 

KOrO BO.UOp0~81 I1pOif3BOJllfTCS 

TOp,KaMepbl. .nucflcfly31fOHHOro :: 

·.uopo.ua OTKS'IIfBaiOTCSI, .uucpcflya 

>Ku.nKifM·· aaoToM. Hcnonbo~eM 
na paanocTb .uannennii: He. 6o'J 

6oqero o6DeMa .uo . .uan~enuSI . 

Koro no.ti~po.ua noBb!Wano~b n 
o6'beMe0 TaKHM o6paaoM, 'ITOI 

·, 
ro no.uo~o.ua If Ha cTopone_'II 

· na . 10 aTMoccflep. OrrTHManhHb 

. cfli:rnbTpa cocTaBnSIIOT 450 ·· -+ i 

· i3o.uuTenbHOCTb n~nna.unenoro· 

orrb1ra . HaMH 6bma Bbi6~aHa 1= 

WeHHe .· IIJ901f3DO.UifTenbHOCTH IIJ 
' ' ' . . l . > ~ 

po.ua,qTo He SIBnHnocb·cymect 

ponb 'IHCTOTbl nonyqaeMoro. 13 

pOCbl) If Ha co.uep?i<8Hife llpyr: 

aHanlf38 'c IIOMOWblO npH6opa 

roT, 'ITO .UnH o."mweHHoro BO.UC 
> 0 > > > > 

120 C, a co.uep>KaHue rrplfMecl 

H a puc •. 2 npe.ucTanneHi>l aanll 

oT .uanneimst · Ha Bbl~o.u.e cflnnbt 

nepaTypbl rrpu rro.unep>KifBaeMo 

• 10 aTMoccflepaM. flpune.ueHHble 

CHMOCTb rrpOH3BO.UHTenbliOCTH 
. 0 > 

120 C. CKopoCTb nucfJcpyaHH no 

/' 
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xnai:tuesoro ljlxmbpa oT /lBBne- . 
· · 280°C, 1eaa rrp~ TeMrrepa:rype 

·' 

6olJeM o6'beMe HBil _38/lBHHoli. TeXHH'IeCKHfi BO/l0pO/l1 nOilBB~eMb!H K MeM6pa

H8M no KBH81I8M B Cpe/lHeM KOJIJieKTope, llH!jlljlyHilHpyeT qepe3 'MeM6paHbl · 

u · oTBOilHTC~ K · Tpy6KaM, 'ssapeHHhiM B BepxHufi u ·Hn:amufi ljlnaHilhi. 0TBO/l. 

npuMecefi, HBKOnHBWHXC.II y MeM6p8Hbl C He6oJibWUM KOJIH'IeCTBOM TeXHH'Iec...; 
' ' . ,. ' 

.KOI'O BOilOPOil8'1 . npOH3BOllHTC.II -.fro Tpy6Ke 1 ·BMOHTHpOBBHHOfi •B cpe)lHHfi KOJIJieK...; 

. Top.KaMepbi. i:tHijJ!jlyaHoHHoro sneMeHTa llJI.H TexHH'IecKoro H O'IHIIlennoro so- · 

llOPOila oTKB'IHBSIOTc.H llH!jlljlyauciiinbiM HacocoM qepea nosywKy, oxna~JlaeMyiO 
>i<HilKHM· aaoToM. HcnonbayeMhie · nannallHeBbie llHaljJparMbi 6biJIH paCC'IHTBHhi 

Ha .p83HOCTb llBBJieHHfi He 6o'nee 20 BTMOC!jlep. nosTOMY npn: '38ITOJIHeHHH pa-

. 6oqero o6'beMa llO. llBB~eHH.H 50 aTMocljJep ~asneHn:e Ha. cTopoHe TexHn:'Iec

Koro BOilOPOilB nOBb!WBJIOCb nocTeiTeHHO no Mepe pOCTa ll8BJieHH.II B pa6olJeM 

06'beMe1 TBKHM o6p830M, 'IT06b! p83HOCTb ll8BJieHHfi Ha CTOpOHe TeXHH'IeCKO~ 
' ·, ' 

ro BOJlOpO/lB U .Ha CTOpOHe 'IllCTOI'O BOilOpO/la B 111060fi MOMeHT He npeBhi!Ua-

na . 10 aTMocljlep. OnTHManbHhie 3Ha'IeHH.H pa6o'IHX TeMnepaTyp nannalln:e·soro 

ljJHJibTpa COCTBBJI.IIIOT 450 of 500°C/
3

/ • npH noHU~eHHH .TeMnepaTypb! :npon:a-

: · BO/lHTenbHOCTb nannallHesoro· ljJHnbTpa yMeHbWaeTc.H. OllHaKo no ycnoBH.HM · 
.. ··... . . . 0 . 

orrbiTa HaMH 6bma Bhi6pana pa6o'Ia.H TeMnepaTypa ljJHnbTpa 120 C. YMeHb-

weHue nj?lOU3BO/lHTenbHOCTH npHBO/lHJIO K yBeJIH'IeHHIO BpeMeHU O'IHCTKU BOilO-:'·: . ·' ' . 

polla, <iTo ne .HBn.Hnocb cymecTBeHHhiM npH npoBelleHHH sKcnepHMeHTa. KonT

ponb 'IHCTOTbl nony'IaeMoro BOilOPOilB npoH3BOilHJIC.II Ha Bna'~HO~Tb {no TO'IK.e·· 
. -

poch!) H Ha CO/lep~aJin:e llpyrHx npn:Mecefi xpoMaTorpaljJuqecKHM MeTO/lOM . ... . .. . .• . /7/• . . . 
. aHann:aa c ITOMOIIlb!O npn:6opa OM-0004 .• PeaynbT8Tbl KOHTponH ITOK83b!Ba-

IDT, 'ITO Jln.H O'IH!IleHnoro_ Bo/lopo/la TO'IKa pocbx · ne~HT .HH~e aHa'IeHH.H -

l20°C, a CO/lep~aHHe npuMe~efi ~e npeBhxwaeT 10 · o6'beMHoro COilep~aHn.H. 
Ha puc •. 2 npellcTasneHhi aaBHCHMOCTH npoH3BOilHTenbHOCTH ycTaHoBKH Q . ' ) . . . 

OT llBBneHH.II Ha Bb!XO/le ljJHJibTpa .P2 , • H3MepeHHble ll1I.H llByX 3H8'IeHHfi TeM- . 

nepaTyph! npn: nollllep~HBaeMofi nocTo.HHHoli paaHOCTH llaBnenufi P1 -~, paBHofi . 

. 10 BTMocljJepaM. npn:BelleHHb!e llBHHhie YK83b!BBIOT Ha Cyl!leCTBeHHyiO 38BH

CHMOCTb rrpOH3BO/lHTenbfiOCTH YCTBHOBKH OT /l8BJieHHH P
2 

rrpH TeMnepaType 

120°C. CKopoCTb llH!JJijJyan:u BO/lopo/la npu sT~fi TeMnepaType nallaeT 6onee 
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-'!eM B 2 pasa· IIpH H3M9H9HHH Jl8B1l9HHSIP2 OT'0 JlO 40 aTMoccpep •. OpH TeM-::·. 
·.. . 0 •. . .. ' ·.• . . ' . "· .. '. 

~epaType 280 C Ha6monaeMoe rroHH)KeHHe rrpoHsBon~TenbHOC7H c ysenHqe-

.·.HHeM P
2 

Bbipa)Keao B MeHblllel% cTerreaH. CpenaHe senH'iHHhi rrpoHSBOJlHTen&-:: 

HOCTH yCT8HOBKH B HHT9pBane nasneHHH 0-50 aTMOCcpep IlpH TeMIIepaTypax 
0 . . . 

· 280 H 120 C H IIOCTOSIHHOM rreilerrane P1 -~ , paBHOM lO aTMoccpepa.M, 

'?OCT.aBnSI1lH COOTBe-x:cTB9HHO 0, 72 n,aTMIMHH ~. 0,148_ no'a.TM/MHH. · 

~·,. ABTOpbi Bbipa)KaiOT 6naro~apaocTb K.A. Eal%qepy, A.T. BacHm~aKo, 

r.H •. CenHB8HOBy, A. H. <I>HnHrrrro'sy ·sa .rrone3Hbl9 o6cy)KJleHHSI,·· a TaK)K9 . 

M.M. Kysaeuo:By. H .. J.Lt,f, llfaMcyTnl-lacmy sa 6onbmol% '!PY!l rrpn HsroTosne.aHH 

yCT8HOBKH,. 
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