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Baeneuue 

B uacrmnuee apeMll nccneJloBaunll r.noouuoro KaTIIJima ll)lepHbiX peaKUnil: cmrreJa npoao
JlliTCll B )leil:Tepnil:-TIJ!ITHeBbiX CMeCliX B OCHOBHOM npn Hli3KHX TeMITepa1)1lax ll npn Hli3KHX 
)laBJJeHUliX. 0)lHaKO H3BeCTHO, 'ITO CKOpOCTb MJOOHHOro KaTIUUI3a 3aBHCIIT OT pl!Jla MaKpO-· 
CKOnH'leCKHX napaMCTIJOB, B TOM 'lliCJJe OT.TeMnepa1)1lbl (1), ITJIOTHOCTU ll OTHOCIITeJJbHOH 
KOHUeHTJlaUHH li30TOnOB BOJlOpO)la (Cp, Cd, Ct) B CMeCn (2). 

fuMepeune napaMCTIJOB MJOOHHOro KaTaJJli3a B 3aBHCUMOCrlf OT TeMITepa1)'Pbl If Bbi
COKOH nJJOTHOCTll COnpli)I(CHO C npoBe)leHUeM UCCJJe)lOBaHUH npn Bb!COKIIX )laBJJtmmiX, 'ITO, 

B CBOIO O'Iepe)lb, BJJe'leT 3a C06oil: C03)laHHe COOTBeTCTB)'IOIUHX yCTaHOBOK ll MUIUeHeil:. 
Han6onee BbiCOKHMH napaMe-rpaMn (JlaBneune n TeMITepa1)1la) o6nattann Mn!lleHn, ua KO
TOpbiX npOBO)lliJJHCb nccne)lOBaHllll B )leil:Tepnii--rpiiTneaoil: CMCCH B LAMPF [3]. 

):VIll npoae)leHllll HCCJJe)lOBaHHH B JlBOHHOH U TIJOHHOH CMeCH H3i>TOnOB BOJlOpO)la B 
P<l>JIQ-BHilli3<l> B 1995-97 rr. C03)laH KOMITJieKC o6opyJ10BaHllll, COCTaBHOll 'laCTbiO KOTO
poro liBJilleTCll TJliiTHeBal! MHIIICHb BbiCOKOro )laBJJeHllll (TMBA), o6ecne'll1Bai01Ual! 6eJO
nacuoe npoae)leune pa6oT npn ;iaaneHilliX cMecn J10 120 Mila n TeMnepa1)1lax ilO 800 K. 
Tpe6oaaHllll K KOMnJJeKcy npnae)leHbi B pa6oTe [4]. 

KoucrpyKUHH TMB)], 

K KOHCTIJYKUIUI TMBA npeJlnliBJiliiOTCll cneJlYIOIUHe -rpe6oaamlll: 
• pa6o'lee )laaneune JlO 120 Mila, pa6o'laH reMnepa1)1la 300~SOO K; 
• KOJJH'leCTBO MaTepnana MUIIICHH Ha nyni MJOOHa U npOJlYKTOB ll)lepHbiX peaKUUH )l0JI)I(H0 
6biTb MHHHMaJJbHO B03M0)1(Hb!M; 
• no ycnoanliM ¢mn'lecKoro 3KCnepnMe!ITa npn Bhi6ope MaTepuana MU!IIeun cyiUeCTayer 

orpaun'leune ua KOJJH'leCTBO npnMeceii nerKIIX 3JJeMeiiTOB (Z<30); 
• Kpnoreuual! 3anpaaKapa6o'leil: CMecli; 
• BOJlOpO)lHal! H TJliiTHeBal! npO'IHOCTb; 
• pattnaunouuaH 6eJonacuoCTh npn aKTHBHOCTliX -rplrrnll auy-rpn MH!IIeuu ilO 10 KKn; 

• pecypc pa6oTbi ue Meuee 200 qacoa; 
. •npO'IHOCTHal! Ha)le)I(HOCTb npn ypoaue )lOBepiiTeJJbHOil: aepOliTHOCrll 0,95 )lOJDKHa COCTaB-
Jil!Tb ~0,999999. . • . . . 

TM:BA (puc. I) npeJlCTaBAAeT co6oil: KOMITJJeKc yc-rpoij~a,. no3aoAA!OIUnx C)I(H)I(aTh 
-rpe6yeMoe no ycnoallliM 3KcnepnMeJrra KOJJn'lecTao H/Dff cMecii 8 aMny.rie npu 20 K c no
cneJlYIOIUHM ee uarpeaoM ilO 800 i<:. 3To no~aoJill~ nOJJY'IIITh .ri~aneune ilO 120 Mila npH 
MHIIliMaJJbHbiX KOJIH'leCTBax pattnOaKTliBHOrO raJa BO BCnOMOraTeJJbHbiX KOM.l'•IYHHKaUllliX ll 
o6eJonac1rri. npouecc Jan~nueulill Mnllleun. TMBA lf>yiiKunouanhHO call3ana c KOMITJJeKcoM 
no)lroTOBKH raJoaoii cMecn (KirrC) [5], l<oropbiil: o6ecne'liiaaeT: · · · 
• no)la~ a aMnyny TMBA pa6o'leil: cMecn c ypoaueM np.nMeceii =:; 10 -J o6beMHhiX .tion~ii II - . - . . . .: .. . . - - . 

Ja)lauuoro MoneeyAApuoro cocraaa u nocneJlYIOIUYIO ee 3aaeyaun10 nocne npoae)leHllll 

3KcnepnMeHTa; 
• BaKYYMHpoaauue rexuonornqecKnx o6neMOB u nonocreii MHIIIeuii; . . 
• mMepeuue II noMep)l(aune pa6oqnx napaMe-rpoa MnllleHH (Jlaaneuue, a'aeyyM II reMne-

pa1)1la). __ ....... ~ • .,. .. 
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J:IY'IOK 

K KIJTC t TIO,llll•a (3B3JCY3JIHll) H/D!f cMecu 

KKIIrC 
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YTHJIH331UUI 

llHij><j>yiWIPytollleii 
H!DffcMecH 

Puc. 1. CxeMaTH'IeCKoe ll3o6piDKeHHe TMB,ll 1 - aMnyna; 2 - OXJia)J;HTeJih; 

3 - KO)!()'X; 4 - KonnaK; 5 - Harpesarenu; 6 - TepMonaphi; 7 - )l;aT'IUK )l;asneHu.ll; 

8 - BeHTHJIII Bb!COKOrO )l;aBJieHilll; 9 - npeo6pa30BaTeJib MaHOMeTpH'IeCKUM 

TepMOnapHbiM; 10- 3KpaHhl TeiiJIOOTPIDKa!OJliHe; 11 - eMKOCTb BOJlOpOJlHa.ll; 

12 - peeyKTop BOJlOpO}l;HbiH; 13 - MaHOBaKYYMMeTpbl 

TMBA BKJIIO'IaeT s csoii cocras aMnyny 1, OXJia)J;HTeJib 2, KO)!()'X 3, KonnaK 4, )l;Ba 

HarpesaTeJill 5, TPU TepMonaphi 6, )l;aT'IHK .nasneHllll 7, .nsa neHTUJill BhiCOKoro )l;asneHu.ll 8, 
npeo6paJosaTeJib MaHOMeTpU'IeCKUH TepMonapHblM 9 (TIMT-4M), 3KpaHhl TenJIOOTPa)KaiO

IliHe 10, eMKOCTb BO.llOpO)l;HyiD 11, peeyKTOp BO)l;OpO)l;HblH 12 II MaHOBaKYYMMeTpbl 13. 
OcHOBHhiMH cunoBbiMH JJieMeHTaMII aMnynhi (puc. 2) .liBJiliiOTCll BKJia)lhiiii 1 u Kop

riyc 3, BhiiiOJIHeHHhie n3 BOilOPOilOCTOiiKoro CIIJiasa XH40M,n;TIO-ll,l1,. 
. }l;n.li nOBbiiiieHII.ll yJleJibHbiX npO'IHOCTHblX XapaKTepl!CTIIK aMrryJia Bb!IIOJIHeHa nO 

npuHI.Iuny aBTOCKpenneHHoro cocy)l;a · [6], WUI qero · BKJia)lhiiii c BHYTPeHHUM o6beMOM 

16,5 CM
3 

yCTaHOBJieH B KOpnyc C rapaHTllpOBaHHblM HaTllroM. HeCyllla.ll CIIOC06HOCTbltMrry

Jibl, no pe3yJihTaTaM liCIIhiTaHliH ee MaKeTOB B UCXO)l;HOM COCTO}!Hilll, COCTaBJilleT 

P=477MTia, 'ITO no)J;Tsep)K)laeT ee npO'IHOCTHyiD Ha)le)KHOCTh ~0,999999 ·npn yposHe .no

sepiiTeJihHoii sepo.l!THOCTII 0,95. Ha nosepxHoCTu A BKJia}lhliiia BhiiiOJIHeH P.liJl npOJlOJibHhiX 

naJos n i.IIIJiliHJlpnqecKJIX KaHaBoK. Hapy)KHbie nosepxHoCTn BKJiaJlhiiiia A u li rrOKpbiThi 

HIITpll)l;OM TliTaHa TOJIJllliHOH - 5 MKM. flO nOKpbiTlle· HaHeCeHO C I.leJibiO C03)l;allll.ll BO)l;O-
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pOJlHOrO 6apbepa ITO nJIOJlla)lli KOHTaKTa Hap}'ii<HOM IIOBepxHOCTII BKJia}lbliiia II BHYTPeHHeii 

IIOBepXHOCTII KOpnyca [7]. 3cpcpeKTIIBHOCTb H pa60TOCIIOC06HOCTb TIOrO nOKpbiTilll IIO)l;

TBep)K)leHa npn UCCJie)l;OBaHUHX cneUUaJibHO pa3pa6oTaHHblX )lJUI TIOM I.leJilt MaKeTOB, HMH

TilpyiDJlll!X KOHCTpYKI.IliiO aMnyJihl. 

ny'IOK 

MIOOHOB 

Hz s oxna)li!TeJib 

K KnrC 

2 

,------------------. 
: YTUJill3lJllllll Jli!!IJ!IJYH.IIU-: . 

r: py10m:eii H/Dtr cMecu; : . 
1 Hz u3 oxna)l!ITeJill 1 ·------------------• 
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Puc. 2. CxeMaTu'!eCKoe u3o6piDKeHue aMnyJihi TMB}l;: ·1 - sKJiailhiiii; 

2,4,5- TPY6Ku; 3- Kopnyc 

Ha puc. 3 npnse)l;eHhi PeJYJihTaThi JTliX uccne)l;OBaHnii. Bu)l;HO, 'ITO HaHeceHne no

KpbiTllll ll3 Hl!TPll)la THTaHa yMeHbiiiaeT npOHliKHOBeHHe ll30TOIIOB BO)l;OpO):Ia B 3 - 5 pa3. 

CosoeynHOCTh yKaJaHHhiX KaHan oil .n noKphrrllll · C03):1aCT saeyyMnpyeMhiii so.nopOJ:IHhiii 

6apbep, npe):IOTBpaJlla!OlllliM ,tincpcpYJUOHHOe npOHUKHOBeHue pa6oqeJi CMeCll 3a rrpe]:leJihl 

aMnynhi u asToMaTn'lecKn noshiiiia!OJllllii paJlHa!.IHOHHyro 6eJonacHOCTh TMBA npu ee JKC

nnyaTa!.luu c TPIITniico.nep)KaJlleii CMeChiO. B TO )Ke speM.ll KaHaJihi IicnoJib3y!QTC.ll WUI ox

Jla)K)leHII.ll pa6oqei{ CMeCH. B 3TOM cnyqae qepe3 HJIX npOXO):IliT )Kli):IKliM BO):IOpOJ:I, KOTOpblM 

nocrynaeT ll3 oXJia.ivrreJlll (pnc. 4) no TPY6Ke 4 (puc. 2) u so3spaJllaeTC.ll s OXJia)J;HTeJih no 

TPY6Ke 5, repMeTH'IHO JaKpenneHHOii K Kopnycy 3. 3saeya!.lilll.pa6o'leii CMecu 113 aMnyJihJ 

ocyJlleC'i'BAAeTC.ll no Tj>y6Ke 2. 
Ha puc. 1 OTPIDKeHhl OCHOBHhie KOHCTpYKTlfBHble JJleMeHTbl Ml!IIIeHH, o6ecne'IH

Ba!Ollllle paJlUa!.IHOHHO 6eJonacHyro JKcnnyaTa!.IIIIO TMB}l;. AMnyna u oXJia):IHTeJih. pacno

JlO)KeHhi B KO)!()'Xe 3 (puc. 1), BHYI'PeHH.ll.ll n.OJIOCTb KOTOpOrO COe):IHHeHa C BaeyyMHOM CliC

TeMOH KJirC. Ko)!()'X KOHCTpYKTHBHO COCTOHT ll3 sepxHeii II HII)f(Heii '!aCTeii, COe):IHHeHHblX 

Me)K)ly co6oii cpnaHI.IeBhiM COe):IIIHeHHeM. B Hll)f(Heii qa(:-ru KO)!()'Xa BbliiOJIHeHa Bhi60pKa C 
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UeJihiO MUHUM113aUIIH KOJIH'ICCTBa MeTaJIJia B.30HC MIOOHHOrO ny<IKa. Bee JJieMeHTbl KOJKYXa 
BbliiOJIHCHbl H3 CTaJIU I2XI8HI0T. BaKJ'YM BO snyrpenneii IIOJIOCTU KOJKYXa KOHrpOJIUpy
eTCH npeo6pasosareneM MaHOMerpuqecKnM TepMorrapHbiM 9 (puc. I). 
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Puc. 3. 3asncuMOCTh rrpoHnuaeMOCTI1 so.nopo.na oT TeMnepaTYPhi 

npu pa3Jili'IHbiX IIOKpbiTHHX BKJI<l.nblllla MaKeTa 

Ha KOJKYX yCTaHOBJieH KOJIIIaK4 (puc. I), BbliiOJIHeHHblii U3 CTaJIII I2XI8HIQT. 

Ero BHYTPCHHAA IIOJIOCTb C006IUaeTCll C 60KCOM KIJrC. Bo BHYTJ>CHHeii IIOJIOCTH KOJIIIaKa 
paCIIOJIO){(CHbl BCHTHJIII BbiCOKOro ,naBJieHllll 8 (Ppa6.=500 Mila) U TCH30MeTJJU'ICCKIIif ,UaT'IHK 

.nasnenHH 7. BeHTUJIII o6ecrre'IUBaJOT nepeKpbrrlle BHYTPeHHero o6beMa aMnyJihi nocne ox
na~enHH s neil pa6o'leli cMecu n perynupyeMbiii rrepenycK noii cMecn n3 aMnyJihi s KIIrC 

IIp!I ee JBaKYaUHII. Y rrpaBJICHIIC BCHTI1JIHMH BbiBC,UCHO Ha Hap~HYJO nosepXHOCTb KOJIIIaKa. 

YKasaHHhie seHTHJin u ,naT'lnK paspa6oTaHbi s P<l>JII.(-BHI1l13<1> II 6esOTKa3HO JKcrrnyaTH

PYJOTCll Ha rrpoTli){(CHIIII .nJIIITCJihHoro rrepuo.na speMeHu. 

Harpes aMnyJihi o6ecrreqnsaercl! HarpesaTeJieM 5 . (puc. I),. pa3MemeHHhiM BHYTPll 

rneCTHCJI()HHhiX pa.nnauuoHHhiX TerrnooTPa){(aJOIUHX JKpa~os I 0. P~Haunoimhie JKpaHbi 
II03BOJIHIOT IIOJIY'IIITb .nocraTO'IHO .pasHoMepnoe pacrrpe,neJieHue TeMnepaTYPbi aMnyJihi u 

rrpeiiHTCTBYJOT Harpesy KOJKYXa BbllliC 343 K. 
Brrpouecce OXJI~eHnll aMIIyJihi rrpoMe)f(}'TO'IHhiii XJia,nareHT (so.nopo.n) KOHTaKTII

pyer C yqaCTKa!.m Maruerpaneii, 3arpH3HCHHb1Mll ,nn<jJ<jlyH.UHpYJOIUIIM TPIITIICM. JlOJTOMY 
.nJill ero pa3MCIUCHHH IICIIOJib3YeTCH OT,UCJibHaH CMKOCTb II .. KOHeTJJYKTIIBHO OHa COCTOIIT 113 

.HaKOIIliTCJibHOro pe3epsyapa, 3aKJIJO'ICHHOrO B 3aiUIITHblii Ko,Kyx;ra30BbiX Marnerpaneii II 
apMaTYPbl (seHTnneii). HaKonHTeJihHhiii pesepsyap .no csonM npo'IHOCTHhiM xapaKrepncrn

KaM Il03BOJIHeT peaJIH30BbiBaTb pa6o'lee ,naBJICHIIC BO,UOpO,lla B ero BHYTPCHHeii IIOJIOCTII ,UO 
0,2 Mila H36hiTO'IHhiX. HaKomrreJihHhiii pesepsyap, rasoBhie Maruerpann 11 apMarypa 3a

KJIJO'leHbi s JaiUIITHhiii BaKJ'YMHpyeMhiii repMeTH'IHhiii KOJKYX. KOHTPOJib .nasnemrn so 
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BHYTPCHHeii IIOJIOCTI1 HaKOIII1TCJibHOrO pe3epsyapa ll BaKYYMa B 3aUliiTHOM KOJKYXC o6ecne

'IIIBaeTCH MaHOBaKJ'YMMeTpaMU I3. 
OXJia~en11e rrpoMe)f(}'TO'IHOro XJia.narenTa ocymecrBJIHeTCH ){(11,UKI1M renueM c rro-

MOIUhJO CIICTCMbl TCpMOCTaTI!pOBaHIIH, OIII!CaHHOif B pa6oTe (8]. 

CucreMa oXJIIDKJteuuH 

OXJI<mirreJih (puc. 4) rrpe.nnasHa'leH .nJIH C){(l!){(eHmi so.nopo.na, ncnonb3yeMoro npu oXJia){(

.uennn pa6oqeif CMecu s aMnyne .no 20 K. Bo.nopo.n OXJI~aercH ){(I!.UKIIM reJIIICM. B cocras 

OXJI<l.niiTCJIH BXOMT Kopnyc I, TPY6Ku 2 u 3, rnryuepbi 4 11 5 II pa.nnaunoHHhiii OTPa){(aTeJih 

6. Kopnyc cocrmrr 113 ,nsyx ne coo6maJOIUIIXCH Me~ co6oii nonoCTeii A n 6. B rroJIOCTII 

6, rrpe,nHa3Ha'lenHoii .UJIH uupKYmiUim remlll, pasMeiUeHa Me.UHaH TPY6Ka 2. Ilo,naqa so.no

po.na B noJIOCTh A ocymeCTBJilleTCll qepes rnryuep 4, K KOTOPOMY no.ncoe.nnnHerCH Marncr-

K KTirc 
,------------------. 
• YTIIJin3aul1ll .nH<jl<jlyn.nu·• 

,..-----------•: pyiOllleH W0ff CMecu; : 
: H2 113 OXJIMHTen£ : 
·------------------· 4 A 3 He 

.----He 

TepMOHarpesaTenh 

Tpy6Ka aMnyJibl 

H2 H3 aMnyJihl H2 B aMnyny 

Puc. 4. CxeMaTII'leCKoe 113o6pa){(eHne oXJia.nnTeJill TMBJJ:: I - Kopnyc; 2,3 - Tpy6Kn; 

4,5 - rnryuephi; 6- oTpa){(aTeJih 
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pll.llb OT BO.IlOpO,!lHOH eMKOCTH, ilo.na'la reJU!ll B nOJJOCTb li oeymeCTBJJlleTell 113 eoey.na 
):(bloapa qepeJ rpy6KY 3, a JBaKYaQnll - '!epeJ lll'fYQep 5. ):(Jill yMeH&llleHI!ll JHeprernqeeKIIX 
noTep& np11 npose.neHIIH npoQeeea oXJJa)K)IeHHll Ha Kopnye I ycraHosJJeH orpa)l(aTeJJ& 6. Bee 
JJJeMeHTbl OXJJa.IliiTeJJll, KpOMe rpy6KH 2, 1!3rOTOBJJeHbl 113 CTII.llll I2XI8HIOT II eoe.niiHeHbl 
Me)I(.Ily eo6oif esapKoif. CnCTeMa oXJJa)K)IeHIUI npe.nHaJHa'leHa .IlJJll nepeso.na pa6oqeif eMeell 
113 raJ006paJHOH <lJa3bl B )l(ll.z:IKy!Q. 

8 Ka'!eCTBe npoMe~O'IHOro TenJJOHOeiiTeJJll nenOJJbJyeTell BO,Z:IOpO,Z:I (-80 eM3), no
.nasaeMblH B nonocrn JI, ):( 11 A no Mamcrpa.rrn li iiJ so.nopo.nHoif eMKOCTII II (eM. p11e. I). 
KoHcrpyKTHBHO 3TH nonoCTn o6he.Ili!HeH&L Oxna)I(,Z:IeHIIe so.nopo.na npo11exo.nHT B noJJOCTII 
):( npu npoKa'!Ke 'lepeJ nonocr& r reJJIIll 111 eoey.na ):(bloapa. Bo.nopo.n a nonocrn ):( 11 renuif 
B nOJJOCTII r .IlBH~ell B npOTIIBOnOJJO)I(HbiX HaripasJJeHI!liX. 113 nOJJOCTII r reJJIIH Y.IlaJJlleT
ell a raJroJJ&.nep. noene oXJJa)K)IeHHll )I(II.IlKIIif so.nopo.n 111 nonocru ):( CTeKaer no rpy6Ke )I( 

n 3anoJJHlleT nonocr& A aMnyJJ&I, 'ITO o6eene'IHBaeT nepexo.n pa6o'leif eMeell u3 raJoo6paJ-
. HOM a )l(lf.z:IKyiQ ¢aJy. 113 aMnyJJ&I oxna)I(,Z:IaiOll{uif so.nopo.n no rpy6Ke M HanpaBJJlleTell a no

JJOCTb JI OXJJa.IlHTeJJll II CTeKaeT B nOJJOCTb ):( Ha nOBTOpHOe OXJJa)K)IeHue, peaJIH3Yll, TaKliM 
o6paJOM, lliiPKYJJIIPY!QlliiiH pe)I(IIM. 

B&IeoTa rpy6Ku )I( u eyMMapHoe ee'leHIIe naJoB, o6paJYIQIUHX OXJJa)I(,Z:IaiOlliYIQ no
aepxHOCTb noJJOCTH A aMnyJJ&I, B&I6paHbi e yqeroM Heo6xo.niiMOro rn.npoCTaTH'IeeKoro .nas
JJeHHll II eKOpOCTll npOTOKa BO,Z:IOpO.Ila. HarpeB BO.IlOpO,Z:Ia B e,riy'lae ero KpHCTII.liJJH3aQIIH B 
noJJOCTH ):( o6eene'IHBaeTeJI HarpesaTeJJeM K, BC1poeHHbiM B Kopnye rpy6Kn )I(_ CTeneH& 
OXJJa)I(,Z:IeHI!JI BO.IlOpO.Ila B OXJJa.IlHTeJJe KOHrpOJJIIpyeTell no ,Z:IaBJJeHI!IQ HaebJll{eHHbiX napOB 
MaHoBaKYYMMerpoM MI. 

CucTeMa uai"peoa 

HarpesaTeJJb B (eM. p11e. 2) e MaKeiiMII.llbHOif MOlliHOCTbiO 500 BT no3BOJJlleT HarpesaTb aM
nyny .no 800 K 11 o6eene'II!Baer no.n.nep)l(aHI!e rpe6yeMoif TeMneparypbi B Te'leHIIe seero 
JKenepiiMeHTa. KOHCTPYKTIIBHO HarpesaTeJJb npe.r:\CTaBJJlleT 113 ee6JI .nse_ KOaKel!aJibHO pae
noJJO)I(CHHbie pa3pe3Hble BTYJJKII 113 KBapQeBOrO CTeKJJa, B 3a30p Me)I(.Ily KOTOpbiMII yCTaHOB
JJeHa HarpesaTeJJ&Hall en11pa.rr&. Y npasneHI!e HarpesaTeJJeM oeymeCTBJJlleTell np116opaM11 
KIIrC. ):(Jill yMeHbllleHHll JHepreTII'IeeKIIX noTepb npn Harpese Kopnyea aMnyJJ&I II yMeH&
llleHHll rpa.niieHTa TeMneparypbi no ero .IlJJHHe Kopnye ycraHOBJJeH B pa.niiaQIIOHHOM JKpaHe. 

Ba•cyyMuponanue TMB):( 

BaKYYMIIposaHIIe TMB):( (p11e. I) oeymeCTBJJlleTCll BaKYYMHbiM o6opy.nosanHeM, BXO.IllllllliM 
a eocras Knrc. 

BaKyyM11posan1110 no.nseprawTell: 

• BHyrpeHHllll nOJJOCTb aMnyJJbl II ee raJOnO.IlBO.Illlll{lle KOMMYHIIKaQHH nepe.n 3anOJJHeHl!eM 
IIX pa6oqeif eMeebiO; 

• BHyrpeHHliJI nOJJOCTb KO~a; 

• nOJJOCTI! II raJOBbie KOMMYHIIKaQIIll OXJJa.IlHTeJJll, npe.IlHaJHa'leHHbie II .IlJJll YTIIJJH3aQllll 
.nn¢¢YH.IliiPYIQllleif TPHTllifeo.nep)l(ameif pa6oqeif eMeel! 113 aMnyJJbi npll ee Harpese; 
• BHyrpeHHIIH 06beM 3all{HTHOro KO~a BO.IlOpO,Z:IHOH eMKOCT~I. 

\· ilepe.n Ha'laJIOM pa60Tbl npOl13BO,Z:IIITell BaKYYMIIpOBaHlle BHyrpeHHeif nOJJOCTll KO-
~a .no OCTaTO'IHOro .naBJJeHI!ll He 6onee I na. KOHrpOJib BeJJII'IHHbl OCTaTO'IHOro .naBJJe
HIIll Oeyll{eCTBJJlleTell npeo6paJOBaTeJJeM MaHOMerpl!'!eeKIIM TepMonapHbiM, BXO.Illlll{l!M B 
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eocras TMB):(. nepe.n 3anonueu11eM aMnyJJbi pa6o'leif eMee&w ocymeCTBJJlleTCll OTKa'IKa ra-
3osoif epe.Ilbi ll3 ee BHyrpeHHeif nonoCTI! 11 KOMMYftHKaQHH .no seml'!l!Hbl. He 6onee 

2 . w· na. OTKa'!Ka oeymecrBJJlleTell np11 TeMneparype aMnyJJ&I 573 ... 623 K, np11 JTOM KOMMY-
HnKaQnH TaK)I(e nporpeBaiOTell JJeHTO'IHbiMII HarpeBaTeJJliMII. 

noene npose.neHI!ll npoQeeea OXJJa)I(,Z:IeHHll pa6o'leif eMeeH OXJJa)I(,Z:IaiOUlllif ao.nopo.n 
Y.IlaJJlleTell B BO.IlOpO,Z:IHYIQ eMKOCTb. 3asepllleHne JTOH OnepaQIIH KOHrpOJJHpYIQT no noKaJa
HIIliM MaHOBaKYYMMerpa MI. ):(a.rree BO.IlOpO,Z:IHall Marl!crpll.llb li e nOMOIUbiO BeHTHJJeif H ll p 
nepeso.nHTell B pe)I(HM OTKa'IKll .IlJJll yruJJl!3aQHll .nH¢¢YH.IlliPYIQllleif 113 snyrpeHHeii rionoe-. 
Tll aMnyJJbi · npn ee Harpeae rpHTIIifeo.nep)l(ameif eMeeH. Ko~ so.nopo.nHoii eMKOCTu II 
BaKYYMHpyerell .no ocraTO'IHoro .naaJJeHHll He 6onee I na. KoHrpoJJ& oeyrueCTBJJlleTeJI no 
noKaJaHIUIM MaHoBaKYYMMerpa M2. 

lhMep11TeJJbH3H CIICTCMa 

113MepirreJJ&Hall euCTeMa TMB):( o6eene'IHBaeT KOHrpOJJ&: 
• .nasneHI!ll pa6oqeif eMeen; 
• TeMneparypbi pa6o'leif eMee11; 

• BaKYYMa BHyrpeHHeif nOJJOCTH KO~a. 
):(aBJJeHne pa6o'leif eMeen s aMnyne perncrpnpyeren .naT'!HKOM .nasneHHll TeH30MeT

pnqeeKoro Tllncl e BepXHliM npe.IleJJOM li3MepeHIUI I 50 Mila (norpelliHOCTb 0,8%). 
BaKYYM BO BHyrpeHHeif nOJJOCTll KO:n-')'Xa KOHrpOJJIIPYCTCll npeo6paJOBaTeJJeM MaHO

MerpH'IeeKliM TepMOnapHbiM. 
TeMneparypa KOHrpOJJnpyerell rpeMll TepMonapaMn 6 (pne. I). ):(ae 113 HHX KOHTaK

TnpywT e KopnyeoM aMnyJJhi n oeyruecTBJJliiOT KOHrpOJJh ee TeMneparypbi. Tperhll, paeno
JJO)I(eHHall BHe 30Hbl .neifCTBHll pa.nnal(l!OHHbiX TenJJ00rp3)1(aiQIUHX JKpaHOB, liBJJlleTell KOH
rpOJJbHOH n o6eene'IIisaer H3Mepeune TeMneparypbi B 30He npoxo)I(,Z:IeHHll'npoBo.IlOB li3Me
piiTeJJbHOif n miTawmeif enCTeM. npn onpe,~:~enemm TeMneparyphi pa6o'!eii eMeen s al\myJJe 
npl!HliTO .IlOnyll{eHue, 'ITO npu yCTaHOBl!BllleMell CTaTII'IeeKOM pe)I(IIMe TeMITeparypa KOpny
ea aMnyJJbl e 60JJblliOH CTeneHbiQ TO'IHOCTII npn6JJlf)l(aeTell K . TeMITeparype JTOH eMeen. 
TepMonapbi n3rOTOBJJeHbi n3 TepMOJJJeKrpO.IlHOii H30JJnposauuoii nposoJJOKll ,~:~naMerpoM 
2 MM rpa,~:~ynpoaKn "xpoMeJJh-aJIIOMeJJb" s 3amnTHOM '!eXJJe 113 Hep)l(asewrueif cra.rrn. Maeea 
enall HeJHa'IHTeJJbHa, 'ITO o6eene'll!BaeT MaJIYIO nOCTOJIHnyiO BpeMeHII TepMOnapbl. 

PemcrpaQl!ll TeMneparypbl np0113BO,!IIITell Qn¢p0Bh!M npu6opOM l.W-770I, KOTOpblH 
nOJBOJJlleT li3Mepl1Tb eurHII.ll J.,!l.e. TepMonapbl B ,!lllaiTaJOHe TeMneparyp OT Munye 200°C ,!10 
nJJIOe 1300°C. ilpe,!leJJhHall liHcrpyMCHTII.llbHall norpelliHOCTb li3Mepennii eoCTaBJJlleT: npn 
TeMneparype MHnye 200°C - ±5,6°C, npu TeMneparype 0°C - ±4,0°C ll ripn Ter:meparype 
nnwe 600°C - ±5,6°C. 

ilpn60pbl, perucrpllpY!Qll{lle ,!laBJJeHl!e ll TeMneparypy, IIMeiOT OrpaHl!'IIITeJJII npe
,!leJJhHbiX 3Ha'!eHIIH, npn npeBhillleHl!ll KOTOpbiX aBTOMaTit'leeKll OTKJJIO'IaeTCll ITHTaHlle Ha
rpeBaTeJJll. IIpoTOKOJJnposaHIIe H3Mepenllif se,~:~erell e 'noMOlllhiO KOMIThiOTepa eiiCTeMbi as
TOMaTnJaQim KnrC. 

· CucreMa pa.nuaQnoHnoii 6e1onacnocru 

B eooTBeTCTBnn e yeJJOBIUIMll npose.neHIUI JKenepnMeHTa cyMMapnall aKTitBHOCTb rp1rr1rn B 
aMnyne MO)I(eT ,~:~ocrnraT& IO KKn. C yqeroM JToro a KOHCTPYKlliOO TMB):( 6biJJII3aJIO)I(eHbi 
TexHn'leeKne pellleHnll, o6eene'll!Bai0Ullle ee pa.nnaQHOHHO 6eJonaenyw JKennyaTaQIOO. 
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CaMbiM KJlHTH'IHbiM 3JieMeHTOM KOHCTIJYKUHH TMB,[( c TO'IKH lpeHHll ee paullaUII
ouuoii 6e3onaCHOCTll liBJ!lleTCll aMnyJia, fiOCKOJibKY CMeCb ll30TOnOB BO,nopo,na B Heii MOJKeT 
uaxo,nHTbC.ll npn TeMnepaTYPe 800 K n ,naaneunn .no 120 MTia. Bcne.nCTane .nH<P<l>Y3HH '1epe3 
CTeHKY TPHTHii MOJKeT BbiXOAIITb Ja npe.neJibi aMnyJibl. ,[(Jill ucKJIIO'IeHHll 3Toro liBJieHull 
Kopnyc aMnyJibi (eM. pnc. 2) BbinOJIHeH ,nayxcnoiiHbiM, c opranuJal!ueii Ha rpauHue pa3,nena 
:3TIIX CJIOeB cneL{llaJibHOH BaKYYMllpOBaHHOH nOJIOCTH ,[(, U3 KOTOpOii npOI13BO,l{HTCll OTKa'IKa 
,nH<lJ<l>yH,nnpywmeii ll3 BKJiaJlbima aMnyJibi pa6o'lei1 cMecn: B TO JKe apeMll Kopnyc aMnyJibi 
nMeeT npO'IHOCTHbie xapaKTepnCTHKH, noJBOJ!liiOIUUe coxpaHl!Tb ero l!eJIOCTHOCTb npu pa3-
pymeunu yCTaHOBJieuuoro B nero BKJiaJlbima. B noM cnyqae pa60'Iall CMeCb no BaKYYMll
pyeMbiM KananaM YTlfJIHJnpyercll KTirC. AMny~\l n oXJiauHTeJih pacnonoJKeHbi a repMeTU'I
HOM JaiUHTHOM BaKYYMnpyeMOM KoJKyxe, 'ITO o6ecne'lnBaer ynmu1auu10 TPIITllll KTirC B 
CJIY'Ia.l!X ero HeCaHKL{llOHllpOBaHHOrO npOHUKHOBeHI!ll BO BHYTPeHHIOIO nOJIOCTb KOJKyxa. 
TaKuM o6pa30M, B TMB,[( KOHCTpyKTnBHO ua nyTU B03MOJKHoro nponnKHOBenull TPHTUll uJ 
BHYTPeuueii noJIOCTH aMnyJibi B aTMoc<lJepy opranuJoaauo TPll py6eJKa JaiUUTbi: CTeHKll 
BKJiaJlbiWa aMnyJihi; CTeHKu Kopnyca aMnyJibi u ao,nopo.nHoro o6beMa; CTeHKU JaiUJITHOro 

KOJKyxa. 
ra30Bble KOMMYHUKaL{HII, npe,nHa3Ha'leHHbie ,!{Jill no,na'lll pa6o'!ei1 CMeCII 113 Krrrc B 

aMnyny TMB,[(, o6opy,noaanbi ABYMll py6eJKaMu JaiUIITbl. B Ka'leCTae BToporo py6eJKa nc
nonb3yeTc.ll KOJinaK TMB,[(, coe,nnHeHHbiii c 6oKcOM KTirC. Tiim 3TOM TPy6onpoao.n MeJKey 
KIIrC n TMB,[( JaKJIIO'IeH B repMeTH'IHbiii MeTannopyKaB c pa6o'IHM ,naaneuueM 4 MTia. 

BTopbiM py6eJKOM JaiUHTbi ocHameua n Marncrpanb 1i (pnc. 1 ), npe,nna3Ha'leHHall B 
o.nnoM lf3 peJKnMOB 3KcnnyaTaunn ,nJill YTnmnaunu .nn<P<lJyH.nupywmero 113 aMnyJibi TPHTllll. 

PeJyJibTaTbi ucnbiTannii u JKcnJiyaTauun TMB)]; 

B npouecce OTPa6oTKH MHmeun npoao.nnnncb pa3HoCTopounne nccne.noaannll 3JieMeHTOB 
ee KOHCTIJYKLlllll Ha MaKeTax. Tipn ,nll<lJ<lJyJllOHHb!X IICfibiTaHllliX 6bJJIO yCTaHOBJieHO, 'ITO 
MaKCl!MaJibHall BeJI!f'lllHa npOHliL{aeMOCTII ,neiiTepllll '1epe3 BKJ!aJlbllli aMnyJibl COCTaBJilleT 

2·10
4 

CM
3 
/c·aTM

112 
npn ,naaneunn 100 MTia n TeMnepaTYPe 873 K. TipoHHKHoaemtll .neiiTepnll 

3a npe,neJibl KOpnyca aMnyJibl, np11 LfYBCTBHTeJibHOCTll MeTO,l{IIKll Ha ypOBHe 2·10'9 CM3 /c, 06-
HapYJKeHO He 6biJIO. 

Tipn onpe.neneuuu uecymeil cnoco6noCTn aMnyJibi nocne 200-'lacoaoil Bbi,nepJKKu 
no,n .naaneuueM ao,nopo.na 100 MTia npu TeMnepaTYPe 873 K .nayx MaKeTOB aMnyJibi c TOJI
munoil CTeHKll ua 2 MM MeHbme mTaTHoii .naaneuue pa3pymenull coCTaauno 340 u 
315 Mila. ,[(aBJieHue pa3pymeHllll lliTaTHOH aMnyJibl B liCXO,l{HOM COCTOliHllll COCTaBliJIO 
447 MTia. Bo acex TPex cnyqaHX pa3pymenne BKJiaJlbima npon30illJIO 6e3 pa3repMeTn3aunu 
Kopnyca aMnyJibi. 

3a apeMll npoae.nenllll .nnHTeJibHbiX n MHOronnaHOBbiX ncnhrrannii n 3KCnepnMeHTOB 
Ha <Pa3oTpoHe JUITI Ol1Jil1.nnHTeJibHOCTbiO 150 '!acoa nonyqeHbi cne.nywmne pe3yJibTaTbi. 

OXJia)J(,l{eune Mnmenn OT KOMHaTHOil TeMnepaTYPbi .no 20 K JaHnMaeT 2 '!aca n TPe-
6yer 10 mrrpoa JKn,nKoro renllll. ,ll,nll O'IHCTKH B KIIrC n nocneey10mero cJKnJKeHHll 16,5 n 
pa6o'lei1 CMecn TPe6yercll 40 MHH. Harpe a Mnmeun oT 20 K .no 800 K 3anuMaeT 1 ,5 'laca. 

Ha puc. 5 npuBe,neH cneKTP 3JieKTPOHOB OT pacnaua MIOOHOB, OCTaHOBliBlliliXCll B 
MllllieHU. liJ Hero Bll,l{HO, 'ITO KOHCTIJYKLlllll MUllieHU lf npuMeHeHHbie B Heii KOHCTIJYKLlllOH
Hbie MaTepllaJibl n03BOJ!liiOT C ,l{OCTaTO'IHOH 3<lJ<lJeKTHBHOCTbiO npOBO,l{HTb ll.!{epHO
<lJH3ll'leCKUe li3MepeHllll MIOOHHOrO KaTaJill3a ll,nepHbiX peaKL{llll CliHTe3a. 
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Puc. 5. BpeMeHuoii cneKTP 3JieKTPOHOB pacnaua: 
a) Mumenb Janonueua .neiiTepueM npH.llaaneuuu 100 MTia u TeMneparype 300 K; 

6) nyCTall MHllieHb 

3aKJIIO'Jenue 

Ha MIOOHHOM KaHane <Pa3oTPoHa JUJH OIUIH c Hcnonb3oaanlleM TMB,[( npose.llena cepull 
3KcnepuMeHTOB no uccne.llOBaHMIO MIOC>Huoro KaTanuJa ll.llepHbiX peaKUIIil CIIHTe3a B nJIOT
uoii CMecu li30TonoB ao,nopo.lla np11 TeMnepaTYPax .llO 800 K. ,[(aanen11e pa6o'leil CMecn npn 

3TOM .noCTurano .no 120 Mila. B npouecce 200-'lacoaoil 3KcnnyaTaumt TMB,[( HnKaKIIX OT
Ka30B B ee pa6oTe He Ha6JIIO.llaJIOCb. 

ABTOpbi BbipaJKaiOT 6naro.llapHOCTb: H.IO.KoCTpiiKUHoil 11 A.H.KOCTIOKOBY 3a oTpa-
6oTKY Texuonor11il uaneceflllll" noKpbiTllll HHTPI!AOM nrraua 11 nai!Kn Y3JIOB TMB,[(; 
JI.A.Tio,nce3epl!eBy Ja OTPa6oTKY Texnononm csapHbiX coe.n11HeH11i! Y3JIOB TMB,[(; 
H.B.Aca6oay, H.B.A<lJauacbeBy, AJ1.6enlleBy, r.<t>.l>eJilllliKIIHy, C.B.3.iiaTOyCTOBCKOMY, 
IO.M.CyMapoKoay .M JI.H.CTe<lJaHoaoii 3a noMOJUb B ll3rOTosneHIIn TMB,[(; 

A.H.MaKYmenKo, A.,[(.MaTBniil!y 11 H.H.CyxoMY Ja noMOIUb s Bbl6ope KOHCTIJYKI!IIii uarpe
BaTeneii 11 nx TexHonornu c6opKu; A:A.napaMoHoay· Ja OTPa6oTKY MeTOAIIKII TeMneparyp
HbtX 113Mepenuil; B.M.TiepmuHoil n .C.B.Kypnl!biHY Ja noMOIUb np11 pa3pa6oTKe K,[(; r:-: . . 

!A.B.B.nosu'leHKo' Ja[mMqmbnpu Bbi6ope omnMaJibHOii KOMnOHOBKII OXJiaJliiTeJill TMB,[(; 

r.H.Kapl!Kl!Hy n B.H.TiaHbKUHy • Ja pa3pa60TKY KOHCTPYKLllfll so.nopo,nnoii eMKOCTII; 
H.HTpa<lJoay, AM.,[(eMHHy, BT.KneBI!Osy, C.B.Me.nse.lliO. B.A.Ha3apoay. 
B.H.Tipl!HII'IHHKoBy u A,H.Tiyra'leay Ja nOMOIUb npn npoae.neHim <PYHKUIIOHaJibHbiX 11 
KplloreHHbiX IICnbrranllii TMB,[(. Oco6y10 6naro.llapHOCTb aaTopbi BbipaJKaiOT pyKoso.nnTe
JIIO npOeKTa npo<lJ. TIOHOMapeay JI.lf. 3a nOCTOliHHOe BHIIMaHIIe ll nOMO!Ub B pa60Te. 

Pa6oTa Bbmonneua np11 <P11naucoaoii noMepJKKe MHTQ (npoeKT N~25-95). 
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