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·BcrynJieHue -

11ccnenosanue ocnoBHhtx riapaMerpoa MIOonnoro Karaml3a acerila 6hmo mrrepeciioii 3ana:-
4eii: 3KcnepnMeHTaJibHOe Ii3yqenne :noro ianenn» a :ltmnKoii Dff c~tecu 6hiJIO rrpoaeneiio B 
LAMPF (CiliA) c uenhiO ahmcnemui ·norenunanhnoii ao3Mo:lKnocru uc'nonb3oaanu» -ero 
IIJIH np0113BOIICTBa 3Heprnll. Y CTpOHCTBO, rrpi!MeiDiBilleecH· B 3TOM 3KCne{initeHTe, OIIUCaHO 
s [I). 11ccneiosalin» no rrporpaMMe M!O·onnoro KaTanll3a a :lKiinKoii Dff cMecn 6imu rrpo~ 
aeneHhi rro3nHee TaK:lKe a PSI (liiaeiiQapn») c ncrronb3oaimneM ycral-toaKn; ·oimcim.noii- a' 
[2). 0rJIII411TeJ!bHOH 4epTOH HallleH ycraHOBKII HBJ!HeTCH ee KOMIIaKTHOCTb, 'ITO II03BOJ!HeT 
o6ecrre411Tb pemcrpawiiO rrponyKToB · M!OOHHOro · Karann3a (nei"rrpoitbi or- dt-cimieJa. 1i 
3JieKTpOHbi or pacnana MIOOHOB) a ycnoa1rnx 4-1t rem.terpnu. 

· }l.n» cm:iieMaTn'lec'Koro uccJienoaamm ·npoQeccoa MIO-KaTanU3a »nepHbtX peaKllliH 
cunr_e3a a cMec»x H3ororioa aonopona BID!f itpnreMneparype -22 K a 1Ia6oparopnit 
a:iepHbiX ripo6neM (llilll). murn pa3pa6~TaHa :lKHIIKOrpliTlleBaH MIUlleHb ()KTM), 'ycra
HaBJII!BaeMaH na =M10oniioi\1 Kaliane 680 M3B 4>a3orpcma OIUrn. )l{TM (p1ic.l)' pa3Meuiatrrc» 
B npOTO;fHOM reJilieaoM Kpm:iCTllTC If rrpenCTaBJ!HeT c66oii KOMIIm!KC Yln1JOHCTB, B Ko:_ropbiii 
BXOllllT aMnyna: A (piic.2) c 'cnCTeMOH 3anomiemrn 'ee pa6o;UIM rmoM (puc.3); CiiCTeMhlBa~ 
KYYMltpoaaHIIH II TepMOCTaTnpoaamm, a'TaK:lKe na6op rrpn6opoB, o6ecrre.:maamll1ini np~io.: 

-Konupoaanue 3Kcnepi1MeHTaJibHbiX rrapaMcrpoa. )l{TM rrpucoenmieitii _K ioli-tnneKcy rro~ro:: 
TOBKII ra30BOH CMeCn:(KiliT) [3}, pa6oTaKnueMy Ha OCHOBe IIaJIJ!aJilleBhiX qninbrpos; _o6ec
ne41IBa!OIUIIX qncroiy CMeceii 1130TOIIOB aonopona rrpu ypoBH_e ~imr.~~ceii ~(!IUecTB cZ> I :~e 
rrpeBblllia!OIUeM 10' "7. KonerpyKllllOHHbiH: Mlnepnan P.:nlllleHII ~. i-tepli<aaerom'a» 'c'ranh' 
12X 18Hl OT.' }l.n» Toro; 4T06bi' aitnOJ!Hli;b· BOJpoc~iie 1-pe6oaaHilH k 6e3on~c~o~~ ;Kch(; 
piiMeHroa i: pannoaKTuaHbtr.ni · imiepn'anaM:n npu · p'a3pa6mie ')KnlikoTPnnt~soii'· ~~iinenh:· 
6hiJIH npliH~Tbl cnetinaJibHbJe Mepbl no' o6ecrre4eHH!0'6e3asapliHHOii pa6o;~i"acex ~e:ar'Pe-' 
raT~B 1i cncreM. Ha n106oM ao3Mo)KnoM nyrn itpoimK~oaenna ~a3oo6p'cr3iioro .1-Pinua s' 
arMoc~epy npe;lycMinp_eno naa KOirrypa 3aiUnT~I~ qco6()e' ami~a~iie 6htno yi:l_en~~o o6e~-· 
ne'leHII!O 6e3onacHOCTIJ nepCOHaJia. KoHCTPYKllllOHHble oco6eHHOCrll )l{TM TaKOBbl, 'ITO B 
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CJ!y'!ae B03HllKHOBeHm! YCJIOBIIH, npn KOTOpb!X onepaTOp_He CMO:lKeT ynpaBJIHTb COCTOHHll
eM r.mlllenn, ·naaneniie ao acex o6beMax )l{TM lie npeBhiCIJT iionyernMoro 3Ha4enmi, u Ter:! 
caMhiM ne np~mener K ~mnnimoae1in~ aaapnii~;oii c1irya~nn. llpl! npm;KTnpoaann~ r.uillle~ 
nn 6l,£n Y4TeH onhrr Iicrihmtnnii :lKnn~orpm~u;aoii M~Illenu c aonopoJlHhiM oirna)Kllennef.t, 
pa3pa6o'fa~H-OH B 'mrri [4}. CxeMa 3KCnepitMeHTa ananont'liia o~ncaHHOH B Jlli6ore [5}. 

Koitc~pyKL(IUI JKTM. .• 

AMnyna· Mnllletni A· (pnc.2)
1 nM~eT llllJIIIHIIPll'lecKY~Q cpopr.ty, itap)l)KHhiii nnaMerp, 25 MM, 

BbicoTa llitmmnp,iqecKoii 4aCTI~ 60_ MM, Tonmnna i:TeHKn,0,4 MM . .D;onyc~aeMoe ~aanenne a 
aMnyne MHllleHn 53,2 K.r/cM2

, naanemie pa3pyllienn» 156 -Kr/cr.l. qepe3 rpy6KY G.· nnaMer
poM 8 MM, nmmoci 800 MM U TOJIIUU~OH CTeHKil 0,5 ~tM aMnyna MIIJlleHU A CBSI3aHa C CliC
TeMOH HJMepeHHH nasn.eHIIH II- KOJIII~eCTBa ra30BOH CMecu (pnc.3). 3Ta_ IIOIIBOW!Il{IDt rpy6~a 
npOXOllliT 4epe3 nefnepneBbiH 06beM renneaoro pecppmKepaTopa ll CJIY:lKIIT TeiiJI006MeHHli
KOM Me)Klly npoMe:lKJTO'IHhir.t .xnanareHTOM- nei"rrepneM n napaMn pa6o'IeiicMecn ll30TO-· 
no a aonopona a ar.tnyne )l{TM_ AMnyna 3anonHHercx cMeChiO )KllilKux mmonos aonopona, 
pa6oTaer na npnnQime KonnencaQm)nnoro oxna:lKlleHUH n no3BOMeT ynep:lKI!BaTh TeMnepa-. 
rypy ~~ecn c To~noCTh!O O,lKannarraJone aonopon~hiX ~e'Mneparyp (oKono 22 K) ... B03-
MO?J<HO ynep";<a~lleB aMIIYJII? ~OB II !'a30B~IX CMeCeii _npn Ter.:m~parype BIIJIOTb )lO Kp!ITII~ 

. :·. ~ r ~bloti:iilt~:~~-n.~ c~-:nil'JT. ~1 ~ ml~lfiidl liCCJ!e)£~~1Ul!!i 
ij SViSJl~IOTEKA 
,(......._.~ ' ' ._..,_ 



qeCKOH TeMneparypbl ,Aefriep!!.)J (-38 K) II C HJIOTHOCTbiO ~a3a HOpli.AKa 0,1 OT HJIOTHOCTII 
)J(I!,Aicoro BO.Aopo,Aa. Orpnl.lan!nhHbie MIOOHhi, nocrynaiOmne 113 MIOOHHoro KaHana ¢a3o
TPOHa, njJOXO.imr '1epe3 CTeHK)' aMnyJI_hi, OCTaHaBJil!BaloTCll B )J(li,AKOH CMeCll li30TOHOB BO
,AOp(ma Ii KaTaJil1311pyiOT li,AepHbie peaKI.Illll. CIIHTe3a. KOHCTaHTa nepeMelllllliaHIIll CMeCII 
BfiYTPII aM:nynhi Miimemi coCTaBJilleT He 6onee 15 Mlmyr, 'ITO IICKJIIO'!aeT paccnoeHne CMecn· 
B aM:ny.rie 1i o6nerqacr BhiXO.A 

3
He oT pacna,Aa TpliTIIll B raJosyiO <jlaJy. }J,nll yc~opeHIIll JBa

i<yawm pa6o'leii cMecii s KnrC i< .AO_ifhilliK)' aMnynhi npnnaliH Tennonposo.A E (pnc.2), Ha 
_KOTOpbiH naMoTaH iiarpesaTeJib H2. 

CncieMa nniepenmi )jaBJieHHH u KoJiwu~CTB:i raJoBoii cMecu 
' .. v' 

CnCTeMa 113MepeHim ,Aas.rieHI!ll II KOJIIl'leCTBa raJOBOil CMecn (pnc.3). CMOHTilpOBaHa Ha 
¢naHI.IesepxHero Ko~a Mnme!fll. J(aaneHIIe s· MllmeHII KOHTponupycrc.)J TeH30MCTp11'1e
cKnMn M<lHOMeTpaMn Tnna "Can¢11p" M1 n DM (pnc.3). YnnoTHeHifH 8 ucnonHUTCJihHhiX 
MeXaHII3Max ''Camjmpos" He npe,AHa3Ha'!eHbl ,AJ!ll pa60Tbl C IBOTOnaMII BO,AOpOAa, HOJTOMY 

·pe311HOBbie npoKJia,AKII 6hiJIII 3aMeHeHbi Ha Me,AHhie npoKna,AKil, o6ny)J(eHHbie cnn.asoiVi By
,Aa. }J,nll ysenn'!eHII.)J o6naern· I~3Mep.)JeMbiX ,AasneHnil 6e3 noTepu TO'IHOCTII 113MepeHull Bbi-
6paH ,An¢¢epeHI.IIfaJibHblH' MaHOM~il'leCKIIil_ npeo6pa3osaTeJib (DM) nma "Can¢up". c 
AnanlnonoM H3Mepeinlll oT -1 .AO +0,5 aTM. iiacno!nnmi xapiurrepncniKII JToro npn6opa 
n03BO~llioT pa6oTaTb npn·,Aasnemm .AO 160 aTM. OTPi~l.laTeJibHall KaMepa cpasHeHHll OM 
COe,AIIHe.Ha C CIICTeMOH IIO,AnOpa. llo~nop OCyLneCTBJillerCll yrneKIICJibiM raJOM Jl3 6aJIJIOHa 
B II KOHTPO~llpycrcli MaHOBaKyyMMCTpaMII MV1, MV2. ,[(aBJJeHiie HaCblllJeHHblX rmpos COz 

· npii KOMHaTHOll TeMneparype. IIOJBOJ!lleT IIO,AHIIMaTb cpaBHIITeJibHOe ,AaBJJeHHe B CIICTeMe. 
no,Anopa ,AO 55 aT~. llpn 3aMopa)KiiBaHIIII yrneKIIC~OTbl B .6MJIOHC B c IIOMOllJbiO )J(ll.AKOro 
aJOTa yAaeTCll IIOJIJ'!IITb ;iasJJeHIIe B CHCTeMe.nom'Jopa He Bblllie 10-2 Topp, TaKII~l o6pa30M, 
npn I13~epeHIIII nepeKpbiBaeTCll sech' A'nanaJOH ,AaBJJeHIIif B aMnym; )l{TM. B CIICTeMe fiOA
nopa npe.AycMoTpeHa Mimu:-q>anb. 3anonH~HI_;ll 6annoHa B yr~eKIICJJbiM raJoM 11 O'!llb-rK11 
COz oT H113KOKI~IIlllliiiX KOMnoneHTOB~ CnCTeMa 113MepeHHll AasneHHll 11 Koml'leCTsa raJo

. soii .cMecn TaK)J(e co.ilep)J(IIT 6y¢epHbi~ o6beMhi BVI H BV2 0,35 1i I n cooTBCTCTBeHHO, 
'ICTbipe' BeHTIIJill u :TPIITlleBbie KOMMJHIIKal.\1111. Ey¢epnbie o6b_eMbi ri03BOJJHIOT pa6oTaTb 
npn ,AaBJieHIIII ,AO 46 aTM. Ba)KHo 3aMCTIITb; 'ITO B cnyqae asapllll BaKYJMHOil CII.CTeM~I ,Aa~~ 
neHile s aMnyne MllllieHn npi1 ee oTorpese tie npeshiCIITAoriycrn~oro 6naroAailll 6y¢epHbiM 
o6beMaM. B l.leJillx 6e3onacHoCTn na scex JTamlx pa6oTbi, BKJJJO'Iitll speMll 3Kcno3n.l.lllll Ha' 
ycKopnTene, seHnlnb o6bervla'BVI f!a nyrn 11~oionos m aMnynhi oCTaeicll OTKpbiTbii;I~ llp1l 
JKcn03lll.llf.)JX c MaJibiM · KOJIII'IeCTBOM pa6o'leii cMecn ,AJill 6eJonacHo~m .AOCTaTO'IHO 6y¢ep
Horo 06beMa BVI. 06mee KOJIII'IeCTBO raJOBOii CMeCH B aMnyne MO)J(CT cocraiiJJliTb He 5o
nee 35 n npn HOpManbHhiX ycnoBHllx. Iiy¢epHbiil o6beM BV2 OTKpbiBaeTcll ,AJJll o6ecne'leHIIll 
6e3onaCHOC'fll JKCn0311QIIH C MaliOll KOHI.Iempal.IHeii TpiiTIIll II OTHOCIITeJibHO 60JJblliiiM KO-

- Jlll'leCTBOM raJOBOll CMeCH .. TaKIIM o6pa:30M, np11 BHe3anHOM BbiXOAe • paOO'Ieii CMeCII il3 
aMnynbt )l{TM .ziasneHne ll cuCTeMe He npesbiCHT 40 aTM. BeHTIIJJll no3somllo~ oTceKaTb 
6y¢epHhie o6beMhr.nooqepeAHO II llcnonb30BaTb nx s Ka'!eCTse MepHbiX o6beMos AJill 113Me
peHnll KOJJil'!ecTsa CMeCII 1130TOrlOB BOAOpOAa npll 3anomieHim aMnyJibl MllllieHII. 
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CncreMa OXJia~emm 

H113KOTeMneparypHall 'laCTb yCTaHOBKII npe.ACTaBJilleT co6oii npOTO'!Hbiil remieBbiii Kpno
CTaT C XOJJO,AHOll MOllJHOCTbiO ~ 10 BT II npoMe~O'!HblM TennOHOCIITeJJeM - ,AeiirepneM. 
llpOTO'!Hblll Tlln rennesoro KPI.IOCTlJTa Bbi6paH AJ!ll o6ecne'leHilll Ha,Ae)J(HOcTIIIi 6e3onaCHO
CT!I )l{TM B JKCnnyaTal.lml, a TaK)J(e .AJill ynpomeHI!ll ee KOHCIJ>YKl.\1111. Koml'leCTso )J(IIAKoro 
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.AeiiTepHll s npoMe~O'IHOMTennoo6MeHHnKe o~ono 70 c1113, ,AasneHne napos 0,45 aTM npn 
TeMneparype --:21 K. CnCTeMa oxna~eHnll npeAHaJHa'leHa AJill. C)J(H)J(emm H30Tonos sono
poAa s aMnyne MllllieHil n·AJinTeJJbHOro (--:10 'lac) noMep)J(aHim ¢nKcnposaHHOii TeMnepa
'I)'Jlhi aMnyJJbl MllllieHH . C TO'Il!OCTbiO 0,1 K B i:IHanaJOHe TeMneparyp )J(Ii,QKOro BO,AOpO,Aa.· 
r ennesbiii Tennoo6MeHHnK T 1 (pnc.1) csapeH n3 TPex ope6peHHhiX BHHT<lM o6e<meK, BCTas
neHHbiX .Apyr s .Apyra [6]. 3ToT Tennoo6MeHHIIK HaxomiTcR il o6beMe npoMe~o'!Horo 
xna,~;~areHTa. Ha ero nosepxHOCTII KOH,AeHCIIpycrc.)J .AeiiTepnii n CTeKaeT smi3; r,Ae oxna~a
CT KOHAelicawmHHYJO TPY6KY G. CxeMa CTeH.Aa 'cnCTeMbi oxna~emm )J(IIAKOTPIITIIesoii 
MilllieHn 113o6pa)J(eHa Ha pnc.l. B CTeHAe pacnoJJo)J(eHbl: 6annoH c renneM, pecyKTop PHe, 
cocy.A ,[(hiOapa D c )J(II,AKHM renneM, cn¢oH C, pacxo,AoMephi remm R, MaHoM~hi M, KOM
MJHI!Kal.ll!ll n AeiiTeplleBal! mmHR, coeAIIHliiOlllal! pecnsep PEC c Tennoo6MeHHHKOM Tl 
MllllieHII. CTeH,A IIO,AKJIIO'IeH K OTKa'IKe. llyrb OCHOBHOrO KpnoareHTa (renllll) HOKaJaH Ha 

pncyHKe cq>enKaMII. rennilll3 AhiOapa D non nasneHneM nepeTeKaer no cn¢~HY C, npo
XOAIIT '!epe3 remleBblll TeriJI006MeHHIIK Tl, HaxO,AllllJIIHC.)J B 06beMe C ,AeiiTeplleM- npOMe
)J(yrO'IHbiM XJJaAareHTo;.,;·JaTeM qepe3 TennoofiMCHHIIK T2, OXJI~aeT Me~Hblll pa,AIIal.IHOH

Hblll JKpaH RS 11 c6pachiBaeTcll s raJroJJh,Aep. lli6hiTO'IHoe ,Aaam!HIIe s .ren11esoM: .Abmape 
C03,AaeTCll peAyKTopo~'PHe, pacnoJIO)J(eHHOM ·Ha CTeH,Ae CIICTeMbl OXJI~emrn )l(TM .np11 

noMOllJH 6a.iwoHa co C)J(aThiM renneM. }J,n.)J yMeHhllieHnll paAIIal.IIIOimoro Harpesa MHIIIeH~ 
3aKJJIO'Ie.ia' s BaKYJMHhrii ~o~ 'c ncncinh3osaHIIeM 3KpaHHO-BaKYJMHoii 1130AAI.1Im. Tenno
o6MeHHIIKII M;1rueH11 o6M:cnaHhr TPel\f.)J· CJIOliMII aniOMHH113nposaHHoro Malmapa TonmnHoii 
20 M~M 3a IICKnlo'!eJiiieM CaMOH aMrlYJJI:'I Mllme.iu. . . . . . . .. . ' 

Oco6eHHocrn B~KyyMnoii. cncreMLI .. 
~ . ' . - . 

CnCTeMa BaKYJMnposamm )l{TM (pnc. I) coCTonT 113. BaKYJMHOii Marllcq>aJIII, BaKYJMMerpa 
V, saKyyMHoro 6y¢epHor_o o6beMa B'v3, BaKYJMHoro Ko~a ren11esoro KpHoCTaT~ ¢op

7 
sarcyyMHoro Hacoca F c aJoTHoii n<.myiiiKoii n a:6cop6l.IIIOHHbix .AHOAHhiX pa3pli.AHhiX sl.rco
KosaKYJMHbrx Hacocos N nma HOP,[(-100 (p11c.l). CIICTeMa BltKYJMliposa~nR no3~0~CT 
TpeHI!pOBaTb 

11

'IIICTbte" 06beMbl MllllieHH, a HMeHHO aMnyny MIIIIIeHn, 6y¢epHbie -~6beMbl II 
nepenyCKHbie MarUcq>aJIII AM 1130TOIIOB BO,AOpO,Aa Ha ypOBHe BbiCOKOro BaKYJMa 10·7 TOpp 

c HarpesoM. llepen 3anonnenneM MHllieHII 1130TonaMII BO.Aopo,Aa arvlnyna n ra3osbre KOMMJ
HIIKal.lllll AOJI)J(Hbi AaBaTb HaTeKanneHe Bhime, qeM 104 Topp/qac. 06beM MllmeHn, 3anon
HlleMbiii 1130TOHaMII BO,AOpo,Aa, 6y<jlepHbie 06beMbl II KOMMJHIIKal.IHII TpeHIIpyiOTCH B Te'!e~ 
Hne ,Aec»TKOB qacos c IIarpesoM npn .¢~p~arcyyMnoii OTKaqKe F, a 3aTeM. Ha yposHe Bhrco
Koro saKYJMa·a6cop6l.IIIOHHhiM IiacocoM HOP,[(-100. Onepaivui npon3BOAIITCR AO Tex ~op, 
IIOKa HaTeKaHIIe B 06beMax He CTaHeT MeHbllie 104 :ropp/qac .. KOlfTPOJJb llaKYJMa ocymeCT

BJ!HeTCll TepMonapHbiM. MaHO~eTpll'lecimM npeo6pa30BaTeJieM .llMT-4M n.npn6opoM 
Bl1T~3. J(anee aMnyna Mnmemi n CIICTeMa3anonHeHIIH CThiK)'eTCH K KIIrC. llp11 3anpaBKe 
MIIIIIeHII TPIITIIeBbiMII CMeCliMll J()IH o6ecne'!eHif.)J 6e3onaCHOCTII nepCOHaJia Jllflllm <jlopBa
KYJMHOH OTKaqKn OTCeKaeTcH 11. Ha Iiee CTaBIITC.)J 3arnymKa. ,[(Jill noMep)J(aHnH BaKYJMa na 
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ypOBHe 10 TOpp B. BaKYJMHOM KO~e KpiiOCTaTa MHIIIeHI! II 06ecneqemm TeHJI01130AAl.\llll 
ren11eBhiX Marncq>aneil, Tennoo6MeHHUKOB u caMoil aMnyflhi npu Kplloreimbli TeMnepary
piD:: llcncim,3yiOTC.)J Te )J(e HOP.[(hi 1i saKYJMH·rur Marncq>anh. Henocpe.ACTBeHHo c saK)iyM
Hoii CIICTeMoil coeniiHeii 6y¢epHhiii o6beM 300 n (BV3 p11c.1). BaKYJMHhiii.o6-i.eM BTOporo 

KoHrypa c yqcroM BV3 TaKOB, !ITO npu asapniiHOM BhiXO,Ae scero KOJJH'IeCTsa u3oTonos 
soi:iopo.Aa 113 MiimeHII i1 .AeiiTepuesoro Tennoo6MenHiiKa, nasneHue s HeM He6yAeT.npe
BhlmaTb 50% OT aTMoc¢epHoro. B npo1.1ecce 3KcneyaTal.lnil MllllieHn saKYJM s. cncTeMe 
o6ecne'lllliaer onHH 113 Hacocos N, u'ropoii H3.miX pe3epsHMii. Bbr6op :IToro T~Ina·~acocos 
CBll3aH C TeM, 'ITO OH He TPefiyeT <jJOpBaKYJMHOrO 06beMa II 3<jJ<jleKTUBHO OTKil'lnBaeT 1130-

3. 



TOnbi Bonopona. K BaK)'YMHoil CIICTeMe noncoenHHeH nrraHOBbiil a6cop6ep AB (puc. I). OH 
npe,!1Ha3Ha'leH ,!IJill ·aBTOH.OMHOrO nOrJIOIUeHI!ll .CMeCII I130TOnoB' BO,!IOpO~a, CO.llep)((aLUeil 

TPIITI!il, npn aBapnu nepBoro KOifl)'pa 3amnTbi)KTM (eM. naJiee). 3ToT a6cop6ep Bbmon: 
· HeH B BII.lle 1.1IIJIJiH.llp114ecKoro cocyna n3 · Hep)KaBeiOmeil craJin 11 3anonHeH -inTaHOBbiM ra-

3onorno1-u.feneM. Cop61.1l!OHHall eMKOCTb TIITaHOBOro a6cop6epa COCTaBJilleT OKOJIO 2000 JI 

li30TOnO·B BO,!IOpOJUi IIpll HOpMaJibHbiX yCJIOBllliX , a o6mee KOJIIJ'leCTBO 1130TOnOB BO,!IOp(ma 
c yqeTm.i neiln!pilll npoMe~o'lHoro TeiiJioo6MeHHnKa He 6onee I50 n. TaKnM o6pa30M, 

np11 BbiXOne na)((e Bcero conep)((amerocll B MllmeHu Bonopona BO BTopoii · KOHTYP 3aiUIITbi 
,!laBJieHIIe B HeM nOCJie nOrJIOIUeHllll He npeBbiCIIT 10·3 TOpp, .fro COOTBeTCTByeT OCTaTOLfHOiJ 

aKTJIBHOCTll nopli.!IKa CTa Kn TPHTllll, a,!ICOp6np(>BaHHOfO Ha CTeHKaX BaK)'YMHOil CIICTeMbl. 
' '.J . 

TepMocTaTuposaune 

TeMneparypaaMIIYJibl MllllleHII npu HaJIHLfllll B. Heil )Klf,!IKOil. <fl~bl_II30TO~OB BO.!IOpO.lla on

peneJilleTCll c TOLfHOCTbiO O,I K B nuana30He OT 20 .!10 30 K no naBJieHIIIO HaCbiiUeHHbiX na-· 

. poB nei!Tepllll B KOH.lleHcaiinoHHOM TepMOMeTpe (CT p1Ic.I,2) MaHOMeTpoM M2_ (nltanaJ(m 
JI3MepeHllll 5 aTM). Dpn HaxO)((,!IeHUII B aMnyne )l{TM fa30BOil CMeCJI (TeMm;paTypa, 6mn

Krul K KpiiTI!'leCKoil ,!IJill neihepull) TeMneparypy ra3a B aMnymi MO)((HO Ol.leHHTb no noKa3a

HIIliM Tep~orrapbi TCI(p11c.2). TepMonapa TC2 (p~Ic.2) HCriOitb3oBaJI~Cb Mll onpeneneHilll 

TeMneparypbi pannai.IHOHHoro JKpaHa RS (p11c.I ,2) B npo1.1ecce MeTO.!IH'lecKJIX KpnoreHHbiX 
ucnbiTaHnil. TepMonapa TC3 (pnc.2) ncnoJib30~aJiaCb rrpn JBaKyal.lim cMecu mon:i~oB so~ 
noponas KnrC .liJill KOHTPOJill TeMrreparypbi HarpesaT~Jill H2 (pHc.2). Bee TPII TepMonapbi, 
B 3aBIICliMOCTH OT COCTOl!Hllll BaK)'YMa B KO)((yxe KpllOCTaTa, nOKa3biBaiOT TeMneparypy. C 

TOLfHOCTbiO 5 K, IIOJTOMY OHII. He liCIIOJib30BaJil!Cb ,!IJill li3MepeHHll TeMneparypbi, a CJIYlKIIJIII 
.!IJill KOIJTPOJill 3a cocrmiHueM cncreMbi 11 HanpasneHneM npo1.1eccos. CucreMa TepMocranJ; 

. poBaHnll )l{TM nOBTOplleT CXeMY TepMOCTa6nml3al.(llll, OrmcatiHyiO· B [7] . .[l,.nll 3ani!Cil JKC-

nepuMeiiTMhHbiX napaMeTpOB (pnc.4,5,6), B TOM LfiiCJie II TeMneparypbi, iicnOJib30BahaCb 
CXeMa, _Oni!CaHHall B [8]. . 

Oriepaunn n pemuMbi )I(TM 

)l{TM II03BOJillcr npOI13I30i:UITb KOHTpOmlpyeMbiM o6pa30M CJienyiOIUile onepai.(IIII. 

• On(aqKa aMnyJibl Ml!IJJeHl!, 6y<f>epHbiX 06beMOB II BaeyyMHOfO KO)((yxa MIIIJJeHII. 

• 3anonHeHHe aMnyni.I MIIIJJe~J! )((II.!IKHMii 113onin:iM11 sonopona u ux cMecliMII 113 Knrc. 
Ha'puc. 4a IIOKa3aHbl BpeMeHHble 3aBHCHMOCTll napaMtrrpOB COCTOliH.llll (csepxy ,!laBJie

HIIe no MI, CHII3Y TeMneparypa no CT) CMeCI! ll30TOnOB so.ziopona B aMnyne njm ee 3a
nOJIHeHI!II. (yqaCTOK AB) u· BbiXO,!Ie Ha cratSHJibHblll TeMrieparypHbiil. pe)((l!M :(yLfaCTOK 
BC). . . . . .. . ' . ·, ... 

• DoJIHOe YnaiieHne ll3 MHmeHII CMeCII ll30TOIIOB B~nopona. Ha puc. 4b nOKa3~Hbl BpeMeH~· 
.. Hbie 3asncnMocrn rrapaMCTPOB cocroHmill ( cBepxy -nasnemie·no M I, em By TeMneparypa 

no TCI) cMecu 1130TonoB sonopona s·aMnyne npn JBaryal.lllll cMecn B 6y¢epHbiH o6beM 

. (yqacroK DE) 11 nocmKe cMecu Ha :ypaHosyiO nosylliry Knrc (yqacroK FG): MoMeiii'bi 
' BpeMeHIJ E. li F.COOTBeTCTBYIOT BKJIIOLfeHIIIOHarpeBaTeJil! H2 .!IJill JBaryaUIIII II noca,!IKII 

CMeCII. 

• noiUiep)((aHIIe TeMneparypbl IICCJienyeMoil )((IJ,!IKOii CMeCll IIJOTOnOB BO,!IOpona BTeLfeHne 
cealica Ha ycKo)mrene B pailoHe 22 K. c TO'lHOCTbiO ·o, I K. Ha pnc. · 5 cuepxy noKa3aHa 

speMeHHall 3aimcnMOCTb naBJieHnll B aMnyne no MaHoMeTPY DM, 'cHii3y ::_ TeMneparypbi' . - : . - ' - ~ . . . ' 
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aMnyJibi no KOH.LleHcaunoHHOMY TepMOMeTpy CT B TeLfeHue 3Kcno311Ullll MllllieHn -Ha 
ny'IKe MIOOHOB. 

•· .[(o6~BJieHIIe 1130TOnOB BO.LIOpO.Lla B aMnyny MI!IJJeHII II 'laCTI!LfHal! JBall.-yaU!Ill 1130TOnOB 

BO.!IOpO.Lla 113' aMnyJibl. Ha puc. 6 noKaJaHbl BpeMeHHbie 3aBI!CIIMOCTII napaMeTpOB CO
CTOliHIIll ( csepxy naBJieHIIe no M I, nocepemme - TeMneparypa no TC I, CHII3Y TeMnepa

rypa no CT) cMecn'II3oTonos sonopona B a~.myne. YLfaCTOK HI Ha puc.6 cooTBeTcTByeT 
'laCTII'IHOiJ JBaKyaUIIII 1130TOnOB BOnopona 113 aJI.IIIYllbl. 

• OTorpeB MllllieHu 110 -38 K (yLfaCTOK·IJ· puc. 6) II n.O.Llllep;KaHue JToil TeMneparypbi 
(yLfaCTOK JK puc. 6). . . 

Pa.unauuoHHaSI 6eJonacHOCTb 

no ycnoBIIliM. JKcnepHMeHTa B a~myny MllllleHII. Heo6xonnMo no11aBaTb Tpllniii, a TaK:lKe· 

cMecu 1130TonoB Boilopo11a: conep,Kamne Tpiii-uil: npu4eM 'cyMr-:tapliall a~~.:.rusHOCTb 8 al.1ny
Jie II ra30B~;~ ~antCTp~JiliX M;IIlleHII MO;KeT 110CTHraT~ 10 KKII. 06ecneLfeHIIe Tpi!TiteBOil 

6e3onacH~ci-u npu JKCnJiya~aumt )l{TJ\1 CB0111ITCll K Hei.IonyllleHu~ n~n~naliwi raJoo6pa3-

Horo TPIITIIll B anmc¢epy .. KoHTponb' 3a ncmsneHiieM cJie.rion Tplli'Ii5i B anmc¢epe npom
B0111ITCll cocTopoHhi Knrc .. CucreMa:pannauuoHHOii 6e3onacHOCTII co11ep)K11T ·11sa ypoBHll 

3all111Tbl OT B03MO)((~Oro npOHIIKHOBeHIIll TPII~Ifll B anmc<f>epy .. nepBbiil ueJibHOMeTaJIJIIILfe
CKllil KOHTyp 6e30II<lCHOCTII BKJIIO'laeT B. CeOll: a~myny r-:mweHIIA:'(piiC. ].2). ueHTpaJJbHVIO 

Tpy6ry Te~JI006MeHHII'Ka (] (pnc.1,2). C011ep)((11MOe CIICTeMbl 113MepeHIIll 11aBneHII~ II KO~II
LfeCTBa fa30BOiJ CMeC11.(p1IC.3).Tp11TIIeBbie MariiCTpanu, al\.myna II TenJIOOOMeHHIIKII MIIIJJe
HII, ,;CIIOJIHIITeJibHhie i..iexaH113MblMaJIO~terpliLfeCKIIX np~o6pa'3oBaTeJieil M I II DM (p1Ic.3). 

6y¢epHbie.o6beMbi BVI 11 BV2 (p11c.J) pac~onmKeHbi 8 Ball.yYMHo-nnoTHbiX KmKv:xax. Ko

TOpbie BMecre c saKyyMHbiM 6y¢epHbtJI.} o6beMoM BV3 (p11c.l) u BaK)'Yll.tHbiMII Ma;IIcTpanli
Mil cocTasn~IOT BTopoii.KoHryp 3auiuTbt. Ko1.1MyHIIKawm sTop.oro ·KoHrypa 6e3onacm)cm 

BbinOJIHeHbl 113 Hep:ti<aBeiOil11jX.Tpy6 .lllla~ieTpOM 14 11·30 MM;CTOfllltiiHOil CTeHOK He l.;eHee 
I MM II M~aJIJIOpyKaBOB II ~ri11ep)KaT . BblCOKOBaKyyMHbie : B°CH~IIJIII II; <f>Topon,1aCTOBbie 

ynJIOTHeHIIll. 06beM Baii.)'YMHO~nJIOTHOrD KO)((yxa CIICTeMbl 113MepeH1Jll .LliiBJieHI!ll II KOJIIILfe
CTBa ra3oBoii cMecn coe111111e~ 'c aTMoc<f>epoli 6oKca Knrc. BeHTIIJiu CIICTeMbt mMepeH;Ill 

.[(Y-1 0- ue.iibHOMcranmi'IecKne c cHnb<f>ouoM c 11BOHHbiMII creHKaMII. 0HII paccLfuTaHbi Ha 
,!laBneHI!e 110 200 aTM II TeM~eparypy 110 200° C lliTOKII BeHTIIJieiJ CIICTeMbl 113MCpeHIIll 11a'B
JieHIIll II KOJIII~ecTBa fa30BOjf CMCCII, npOX011liiUIIe· 4epe3 BaK)YMHO-nJIOTHblif pyOe:lK, OTn~
llllpOBaHbl II ynJIOTHeHbl C IICnOJib30BaHIICM <f>Toponna~OBbiX BTYJIOK. 

PeJyJihTaThi ucnhnannii u JKcrwyaTau•m JKTM 

Depe,ll C60pKOH MIILUeJHI OTBeTCTBeHHbie Y3Jibl 6biJIII IICnbiTaHbl Ha 1130biT()'IIIOe !l3BJieHIIe II 

Baii.)'YMHYIO nJIOTHOCTb. 3aXOJia)((lfBaHIIe MI!WeHII OT KOMHaTIJOil TeMneparypbl .'lO B0110pO.Ll
HOiJ C npoMe)II.)'TO'IHbiM a30TIIbiM OXJia:lK.LleHifeM 3atmMaeT OKOJIO ].5 'JaCOB. ,lJ,.nH nO.Llllep;Ka

HIIll TeMneparypbl Ha ypoB.He .-22 K Tpe6yeTCll He OOJiee,Tpex JIUTpOB :lKII11KOrD reJII!ll B 'laC. 

8 npouecce nOMCp)((aHJill BO.!IOpO.LIHOif TeMneparypbl Mlfllleflll OKa3aJIOCb; 'ITO TeM
neparypa CMeCII 1130TOnOB B0110pona B ·al\.!Il)'Jie MIIUleHII A CIICTeMaTII'IeCKII npCBbiiJJaCT 
TeMneparypy KOH,!IeHCaUIIOHHOiJ Tpy6Kif G. 3Ta pa3H11Ua TeMnepaTyp 3aBIICIIT TOJibKO OT 

1130TOnHOro II MOJieryJillpHOro COCTaBa CMeCII B a~myne II .riOCTIIraeT 3 K. Op11 JanOJillCIIIIII 
aMnyJibi 'IIICTbtMII moTonaMu sonopona (H1 umt D1) pa3H11Ua TeMneparyp Tpy6Ku G 11 al\.t
nyJibi He npeBbiillaeT 0,1 K. Ha p11C.7a nOKa3aHa KOHUe~TpaUIIOIIH3ll 3aBIICIIMOCTb CTaUIIO
HapHOrQ TenJIOBOfO J<f><f>eKra [8] OT KOHUet!Tpaumi 11eHTep1151 B 11BOHifbiX HepaBHOBecuoiJ 
(Kpy)KKII) II paBHOBeCHOiJ (KBanpaTIIKII) CMeCliX C BO.LIOpO.!IOM. Ha p1IC. 7b nOKa3aHa KOHUeH-
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TpaUIIO~Ha51 3aBIICIIMOCTb CTaUIIOHapHOfO TeTIJIOBOfO JQJQJeKra OT KOHUeHTpaUIIII Tp11TI151 B 
paBHOBeCHbiX 2lBOifHOif C neifTeplleM (TpeyroJibHIIKII) II TpOifHOif (pOMOIIKII II 3Be32!01JKII) -

CMeC51X C neiiTeplleM II B02l0p02l0M_ 3KCnep11MeHTaJibHbie TOlJKII, OTMelJeHHbie Ha p11CYHKe 

7b pOMOIIKaMII, COOTBeiCTBYKlT KOHUeHTpaUIIII BO!lOpO!la B TpOifHOii CMeCII OKOJIO 30% , a 
3Be32!04KaMII - OKOJIO 60%_ 

B pa6041IX ycJIOBII51X Ha6nKlnamicb HeJHalJIITeJibHbie 6pocKII saJo.-yyMa, KOTOpbre o6b-

51CH51KlTC51 OTra:.KIIBaHIIeM XOJI02lHbiX CTeHOK re.niieBbiX Marncrpaneif II TeTIJIOOOMeHHIIKa np11 

CMeHe pe:.KIIMOB OXJia:.K!leH!Ill. B TelJeHIIe BCero BpeMeHll ceaHCa Ha QJaJOTPOHe JU!fl ( 150 
lJaCOB) see Y31lbl )KTM noKa3aJIII CBOKl HMe:.KHYKl paBOTY. . 

~ " ~ ' > • 

Asn)pbr Bbipa:.KaKlT 6naronapHOCTb JI.Ii. ronosaHosy 3a· noMOll.lb np11 pa3pa6oTKe 

KoHcTpyKUIIII Tei1Jloo6MeHHIIKa )KTM, A..ll Kommy, B.B. <l>uJiblJeHKosy 3a ueHHbie cose

Tbl npu o6cy:;KJleHllll npoena MllllleHII, M.M. neTpOBCKOMJ, A.n. ·Kycrosy, A.E. AnoJIJIO

HOBy, A.H. rpa<jJosy, B.B. PaKaJIKl II A.H. llleseHIIHY 3a TIOMO!l.lb np11 IICTibiTaHIIliX :.KIIJ.I
KOTpiiTlleBoii MIIWeHll. 

Pa6oTa BbiTIOJIHeHa npll noMep:.KKe MHTL.{ (rpaHT N~025-95) .u P<l><l>l1 (rpaHT · 
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