MOCKOBCKHMI TOCYyIapCTBEHHBIM TEXHUYECKHU YHHBEPCUTET

uMm. H.D.baymana

B.M. Heposusbiit, B.W. ['upm

IHPOEKTUPOBAHUE BAKYYMHbBIX
CUCTEM CBAPOYHbBIX YCTAHOBOK

PexomMeHnnoraHo pencoseToM MI'TY mMm.H.3.BayMaHa B KauecTse

yuebHOT'O nocobud

NznaTenscTero MI'TY mm.H.3.BaymaHa

2001



BEK 30.61:34.52
H54

PeueunseHnTr: C.C.BosgkoB, B.M.AMIOJIELCKMUI

H54 Heposuemt B.M., Twpw B.UM. [lpoekTupOBaHUE
BaKYyyMHEIX CHUCTEM CBapPOUHEIX YCTaHOBOK: Yueb.mnocobue.-
M.: Vsg-Bo MI'TY mMm.H.3.BaymaHa,2001.-40 c.,wnnu.

B yuebOHOM TOCODUM MBJIOKEHH [IPUMHUMUILE I[TOCTPOEHUS BAKYYMHBX
CUCTEM CBaAPOUHHX YCTAHOBOK, B KOTOPHEX MCIIOJL3YETCs paspexeHue oo
1-10-3 [la, Cc ydUYeTOM CIHeUMOMKM TeXHOJIOTMUECKMX IIPOLIEeCCOB (BJjek-
TPOHHO-JIydeBasa U Iuddby3MOHHASA CBapKu, HamMka M T.I.) .

IJaHb XapaKTEePUCTUKM BaKyyMa KakK BallMTHOM Cpelbl, IpaKTUUeCcKHue
PEKOMEeHIaUMM I10 PalMOHAJIbLHOMY BHOOPY BaKyyMHOM CXEMbl, METOIUKU
[IPOEKTHOTO WM TIIOBEPOYHOTO PAaCueToB, I[IPMBEINEHE HeODXOIMMEIE IJId
pacueTa XapaKTepuCcTUkM Hambojiee YacTO MCIIOJNbL3YEeMBIX HACOCOB UM Ba-—
KYYMHEIX arperaToB, IaHHHE 10 Tas0colIepxXaHuio obpabaThiBaeMbIXx MaTe-—
pPMaJsioB M HaATEKaHMIO ral3a B padouyin KaMepy.

IOns cTyneHToB 5 M 6 KypcoB “O6opyIOBaHME U TEXHOJIOTUS CBa-—
POYHOTO HOpomsBOICTBa”.

Mi. 5. Tabm. 8, Bubamorp. 11 HazB.

BEBK 30.61:34.52

Penakuus 3aka3Hoi nuTepaTyphl
BsauecynaB Muxamnoemud HepoBHBII
BanenTnH Mocmubosmu I'mpiur

3aBenyromas penakuueit H.1. Kosanesckas

Penakrop E.K. Kowenesa
KoppexTop
¢ MI'TY um. H.9.baymana. 2001
[Monmucano B evyars ®dopmar 60x84/16. bymara tum. Ne 2

Iley.m. Ven.neu. . Vy4.-u3m.u.
Tupax 50 k3. Uza. Ne . 3akaz No C

WznarensctBo MI'TY, Tunorpadus MI'TY.

107005, Mocksa, 2-s baymanckas, 5.



BBEIOEHME

IOl COBPEMEeHHOTO 3Tala pasBUTUA MallMHOCTPOEHMA M Opubopo-
CTPOEeHMS XapaKTepHa TeHIOEeHUMS pPacCllMPeHMsS HOMEHKJIATYPH MCIIOJIb—
3yEeMEIX KOHCTPYKILMOHHBIX MaTepHuaJioB. Bce OoJibllee IMPUMEHEHME Haxo-—
IOAT BBICOKOJIETMPOBAHHEIE, TYT'OIJIABKME CIIJIaBbl, KepaMMKM, KOMIO3ULIU-—
OHHBEIE, CJIOMCTHE, CIEeUEeHHEEe U IOpyI'Me MaTepuaJibl Kak B OIHOPOIHOM,
TakK M B Pas3HOPOIHOM COUETaHUSaX. B BTOM CBA3M IIPU BHIIOJIHEHUUU
CBapPOUHBEIX OlepaumMy M MoIubuKauuM paboumx MNOBEPXHOCTEM YCJIOXHSIT-—
ca OpoOJeMH OpT'aHM3aluuM IPOLEeCCOB TEePpMOMEXaHMUECKOT'O BO3OEMCTBUA
Ha MaTepuali, OCODOeHHO B BEICOKOTEMIIEPATYPHOM o00JjlacTHU.

OnmHa wm3 npobjieM - 3ammrTa oO6pabaTeHBaeMOI'0 MaTepuaja OT BO3—
IeCTBMA aTMochepHOT'O BO3AOyXa. 9ITa BajJada OCOOEHHO OCJIOXHAEeTCH
npm paboTe C XUMMYECKM aKTMBHEIMM MeTaJlJlaMM M CclljlaBaMM. BO MHOTUX
cydasax TpalIMLMOHHBIE CIHOCOOB 3allMTh (MHEPTHBIE M BOCCTAHOBUTEJIb-—
HBEIE T'a3bl, pPasHooOOpa3Hele QJIIOCH) IO TEM WM MHBM IPUUMHAM HEe YIOOB-—
JIETBOPSIT YCJIOBUAM IMIPOM3BOACTBA. K UMCIy TakMx IIPUMUMH MOXHO OT-—
HECTM HEIOCTATOUYHYK XUMMUECKYI UMCTOTY Cpeld (HajlmMuue OKUCIIUTEe-
Jiel) , TPYyIOHOCTM C BOCIPOM3BOANCTBOM YCJIOBMM ODOpabOTKM M3-3a IpaK-—
TUMUECKOM CJIOXHOCTM I[IOCTOSHHOTO KOHTPOJIS 3a COCTABOM Cpens B 30HE
00paboTKM, BBICOKYK CTOMMOCTB 3allMTHHEIX I'a30B, SBHaAUUTEJIbHEIE 3aTpa-
TEl Ha JOCTaBKy OaJiJIOHOB M T.n.

Bo MHOTMX cJydasdx OITMMAJIbHEIM, a B pgale CJydaeB UM EeOUMHCT-—
BEHHBIM aJIbTEPHATUBHBIM PeEIIeHMEM MOXET SBUTHCS MCIOJIB30BaHME Ba-
KyyMa, obecrneuuBawnumero 60o0Jiee BHCOKYK CTEeleHb SallMThE MaTepuajia B
npouecce o00paboTKM, JEerKOo IOONAKIEIOCH OIepPaTUBHOMY MHCTPYMEH-—
TaJIbHOMY KOHTPOJIO M aBTOMaTM3aLMM DTOM OlepaluM, CIOCOOCTBYIEMY
AKTUBHOMY PadUHMPOBaHMIO OOpabaThHBaeMbIX I[IOBEPXHOCTEM OCOOEHHO B
HarpeToym =30He. Bce 5TO, B KOHEUHOM CUeTe, [IOJIOXMUTEJIBHO CKa3bl—
BaeTCsa Ha KadecTBe IIOJIydaeMEIX COeIMHEHMM M, YTO OCOOEHHO BaXHO,
— Ha BEICOKOM CTabMIJIBHOCTU pPEe3yJbTaTOoB.

K dumcny CBapOUYHEHIX [IPOLECCOB, BeIeHMEe KOTOPHX LejlecoobpasHOo,
a B OIpelleJIeHHBIX CJydasaxX TOJBKO M BO3MOXHO B YCJIOBMAX BakKyyMma,
oTHOCATCH IOUOdy3MOHHAA U DIEKTPOHHO-JIydeBad CBapka, HalJaBKa,
HalbpJIeHMe, »OyT'oBas CkBapkKa C OOJIEIM KAaTOoIoM, Hawka M T.n. Ha cbo-
POUYHO—-CBAPOYHEIX OIllepaluMax HaxOOAT IIPUMEeHEeHMe BaKyyMHBE [IPUCIIO—
cobJieHu .

B »Kx0OJOTMUECKOM acCHeKTe M C NO3MUMM TpeOOBaHMM OXPAaHE Tpyna
VCIIOJIb30BaHMe BaKyyMa TakKXe MOXeT IIPMHECTM 3HAUUTEJIbHBE pPe3yJib-—

TaThI.



OmHakKO IJId TEeXHOJIOTMUEeCKOM peayimzaumm 3TOTI'O criocoba 3BaluUTH
Tpe6yeTcsz O60pyHOBaHMe, B KOHCTPYKLUVNM KOTOPOI'O IOOJIXHBI YYMTEIBATH—
ca Kak OCODeHHOCTUu O6pa6aTbIBaeMOl"O MaTepmajjla M CaMOoI'o m3nejin4dg,
TaK " CH@LI,M(I)MK& KOHKPEeTHOI'O CBAPOYHOI'O IIpolecca. [locyienHee 06—
CTOATEJIb— CTBO CTaBUT MHXEHEePOB—CBAPIUIMKOB IIlepen HeOoOXOOMMOCTBIO
CO3IaBaThb ClIlelMaJiu3MpOBaHHOE O@OPYJIOBaHMe it I'paMOTHO @)OpMyJ’H/I—
PoOBATH Tpe6OBaHM5—I JI4 KOHCTPYKTOPOB, IIPOEKTUMPYEMEBIX BaKYyyYMHEIE
CHUCTEMEI N O60py,JIOBaHMe.

[looroToBKaA B TEeXHUYECKOM YHUBEPCHUTETE MHXEHEepPOB—MEXAHMKOB B
obJlacTM MexXaHUKU TBEepOooro Tejla, XMOKOCTVM M TI'a3a tes M3ydYeHmMmAa (IL)I/I—
SBVIKM VI TeXHUMKM IIOJIYUYEeHMA Pa3peXeHHEX TI'a30B (BaKyyMa) ABJIAETCHA
HernoJiHOM. Ha YCTPpaHeHMe CyleCTBYIIeI'O Hpo6ena B TIpOoI'paMMax I1o4O—
I'OTOBKNM VHXEHEPOB—CBApPIUIMKOB B 3TOM obJjacTu u HallpaBJIEHO HaCTOA—
mee nocobme. OTO TeM OoJee uenecoo(ﬁpasz&o, dTO YX& Ha IIPpOTAXEeHNMU
MHOTMX JieT CTYIE€HTBI BHIIOJIHAIT MHOI'OUWMCIJIEHHBIE KYPCOBEE WM OUIIJIOM—

HBIE IIPOEKTHBI, B KOTOPEIX IIPOEKTUMPYITCHA 3JIEMEHTEl BAaKYyyYMHBIX CHCTEM.



1. BAKYYM KAK 3$$EKTUBHAS 3AIMTHASA CPEIA
IJIsI CBAPOYHEIX IIPOLIECCOB

BakyyM — B3TO COCTOSHME Pa3pPEeXeHHOI'O I'asa, IPpM KOTOPOM HaBJe-
HYEe €eTI'0 SBHAUUTEJIBHO HMXe aTMochepHOTO. KOIMUeCTBEHHOM XapaKTepu-—
CTUKOM BakKyyMa CJIyXUT abCoJioTHOe znarBJjieHue (p). CrTeneHb pa3pexe-
HYHA, IOOCTHUIaeMas B OTKAauMBAEMOM KaMepe, OIpenesigeTcd paBHOBEC—
HEIM OaBJIEHMEM, YCTaHaABJIMBALILMMCSI OO IOEMCTBUEM IBYX MIPOTUBO—
IIOJIOXHEIX I[POLECCOB: OTKAa4UkM I'ala C I[IOMOWBK HACOCOB M HATEKAHUA
ero dYepes HEeIJIOTHOCTM, a TakXe B pesyJibTaTe Ia300TOeJIEHUS OT
CTEHOK KaMeprel, M3 MaTeprajla TEXHOJIOTMUYECKUX IIPUCIOCOOJIEHUN U
CBapMBaEeMBIX M3ZeJMuy B paboueMm oOweMe. B CBA3M C 3TMM B BaKyyMHOM
TEXHUKE MCIOJb3YyeTCS INOHATME “IMHaMMUMUEeCKUM BaKyyMm’” .

CBoOMCTRBa IOMHAMMUECKOI'O BakKyyMa KaK XMMUUECKM MHEPTHOM CpeIsl
ONPEeneaiTCsa IJIaBHBEIM O0pa30M MAaJIEIM COHOEPXaHMEM TakKMX BPEOHBEIX C
NIO3MUMM BEIOEeHMUS CBAPOUYHBIX IIPOLECCOB IpMMecey, KakK KUCJIOPOn,
asoT, BONOPOX M IHapel BOIB, B eIMHMIE OOBeMa BaKyyMHOM KaMEDEHL.
[lpencrTaBjieHME O UMCTOTE Cpenel B BaKyyMHOM KaMepe UM €€ SBallMTHEX
CBOMCTBAX MOXHO I[OJIyYMTBH COIOCTaBMB KOJMUECTBO DTUX IIpUMECeN B
enmHMLEe OOBEMa BaAKYyMHOI'O INPOCTPAaHCTBA C UMX KOJIMYUECTBOM B MHEPT-—

HBIX T'a3ax B eIuHMUIle oObeMa NpM aTMOoChepHOM IaBJeHUM (Tabdi.l).

Tabauua 1. AproH raszsoobpasHems (I'OCT 10157-79)

[lokaszarTesb Hopma 1mjsa copToB
ObweMHas moJd, % Breicummm [lepBEIM
aproHa 99,992 99,987
KucJjopomna (He OoJiee) 0,0007 0,002
asora (He 6HoJee) 0,006 0,01
MaccoBas KOHLEeHTpaluMs BOOAHOTO Iapa IpKu
T= 293 Ku p = 0,1 Mla, 1/m3 0,007 0,01

PesyJbTaTe pacueTa CcoCTaBa aTMOCheph M KOJMUEeCTBa IIPUMMECeV B
eIMHMIIE BaKyyMHOT'O TIIPOCTPAaHCTBa IoKa3uBalT (puc.l.), UYTO maxe
IpM OTHOCUTEJIBHO “IJjoxoM” BakyyMe IOCTUTaeTCsa MaJioe COoIepXaHue
npuMecey B eamHMle obwbema. Tak, OpM IaBJEeHUM B KaMepe, pPaBHOM
1,3 Ila, conmepxaHue IIpUMecCey MeHblle, dYeM B apIl'OHe BECIIETO CcopTa
(kmcjiopona B 2,5 pasa, az30Ta B 6 pas MeHbIe) .

CocTar OCTATOUHOM Ta30BOM Cpelb B BaKyyMHOM KaMmepe Oonpeness-—

eTcsa MHOIMMM OGaKTopaMM: COCTaBOM BO3OyXa, HaTeKaHueM, Iecopbumen
TasoB C obOpabaThBaAeMBIX MaTepMaJsioB, IIPUCIOCOOJIEHUM U IIOBEPXHOCTEM

KaMepre, CIocofoM OTKAUKM I'asO0OB UM T.II. B cocTaBe I'a30B OCTATOUHOM



aTMocheps OOBYUHO IMPUCYTCTBYET KUCJIOPOH, MHaphk BOOH, BOIOPOL, YyI'—

Jiepon mM yrJjiepomocomepXxalye I'd3H.

ComepxaHue Iras0B, 3%

1071

104 10 1 1071 1072 p, Ia

Puc.l. CozmepxaHHMe a30Ta M KUCJOpOoIa B enamMHMIEe obbeMa
OJIS Pa3JIMUHEIX BallMTHEIX cpen ( asoTr, ——-- KMUCJOPpOoX) :
1 - aproH MNepBOTO COpTa; 2 - apl'OH BHICUIETO CcopTa;

3 - renun Mapku B

Kucnopon nonazmaeT B OCTATOUHYI Cpeny B pes3yJjbTaTe IecopOumumu
C HOBEPXHOCTEM, IIpM OUCCOLUMaLUMM OKCHIOB U KUCJIOPOILOCOIEePXallMx
BEIleCTB, IPM HATEKaHUM BO3Oyxa dYepe:3s HEIJIOTHOCTU.

[lapel BOIEI IONANAKT B BaKyyMHYID KaMepy B OCHOBHOM BCJIEOCTBUE
X Hecopbumy C [HDOBEPXHOCTEM KOHCTPYKLMOHHBIX DBJIEMEHTOB KaMEpEHL.
JICTOUHMKOM a30Ta B COCTabe OCTATOUHBEIX I'al’0B MOXeT OBTbH €r0 Je-—
copbLUMsa C HNOBEPXHOCTEM KOHCTPYKLMOHHBIX SJIEMEHTOB KaMepH OPpM KOH-—
TakTe MX C aTMochepo¥ M HPM HATEKaHMM BO3IOyxXa dYepes3 HENJOTHOCTHU.

YDJeKMCIIBY T'a3 MOXeT OO0pasOBHBATLCSA IIPM B3aMMOIEVCTBUM KU-—
CJIopoZma C YyIJIepOoIOoCOomepXallMMM MaTepuajlaMM M IapaMM Macja B CIy-
yae MCHOJIb30BaHMSA MACJSHEX HaCOCOB. I[lpM MCHOJIB30BAaHUM [Hapo—- Mac-
JISHEIX HacCoOCOB (HauboJjee UWMPOKO IMNIPMMEHSEMEIX B I[IPOMBIIJIEHHBIX CBa-—
POUYHEIX YCTaHOBKAX) B KaMepe CyMMapHOe MHaplMalJibHOEe IaBJIeHUE YyIJe-—
BOIOOPOINOB BCEeIO B 2-7 pa3 HMXe, a [apuMaljibHOe HOaBJIEHME KUCJIOpOoHa
Ha OIOMH-IIBa [OPAIKAa HMXE OCTATOUHOTO nmaBjeHusa [1].

PacnynaBJieHHBM WMJIM HATPETHEM OO BEHCOKMX TeMIepaTyp MeTajj, Kak
npaBMJIO, AaKTMBHO B3aMMOIEMCTBYET C aTMoChepoy OCTaTOUHOTO Tasa u
IpMY OaBJIEHMM B KaMepe MeHee 5.10"2 [la BO3MOXHO BOCCTAHOBJIEHME Me-
ou, Hukend, kobasnbTa, Xejes3a, BOoJbdpaMa UM MoJMbIOeHa M3 OKCUIOB B
pe3yJbTaTe IMcCcoUuMauuy yIJIEBOOOPOIOB, I[IOCKOJIbBKY IIPM MX pasjoxe-—
HUY o00pal3yKnTCcCsa BOCCTAHOBUTENM: OKCHUI yIJlepoIa M BOIOPOL. B pe-
3yJbTaTe artMochepa OCTATOUHOTO TIa3a B BaKyyMHOM KaMepe He TOJIbKO
ABJISETCS BallMTHOM (MHEPTHOM) CpeloM, IMpeloxXpaHdAKnlel MeTaJlJl OoOT
OeMCTBMSA KUCJIIOpOZa M a30Ta BO3IOYWHOM aTMOCOeps, HO B HEKOTOPHIX

CllydaAdX MOXeT IIPOABJIATE BOCCTaAaHOBMTEIJIbLHEIE CBOMCTBA. Haubonbmen



BOCCTaHaBJIMBAKIEN CIOCOOHOCTHI OOJjlalaeT ocTaTouHasd cpena, IOOJy-—
YeHHasd [pM OTKauke IIapoMacysaHbeMM IMOQY3MOHHEIMM HacoCaMM IO CpaB-—
HEHMIO, HalpMuMep, C TYypPOOMOJIEKYJIAPHEMU UM BJIEKTPOPraspPAOHBEIMU .

lIpy nomIepXaHUM HEU3MEHHOTO »aBJIEHMS B BaKyyMHOM KaMepe C
yBeJIMUeHMEM HaTekaHMd BO3IOyxXa COCTaB OCTATOUYHOM Cpens B HeM us3-—
MeHsAeTCsa. YBeJnuuuBaeTCsda aplMalJibHOe »OaBJIeHMe KUCJoponma, asoTa u,
HaoBopoT, YyMeHbllaeTCsa CyMMapHOe IapuMajibHOe IaBJieHMe YIJIeBOINO—
pomoB. B TakoM cJyuae, TeXHOJIOTMYUECKME CBOMCTBAa BakKyyMHOM Cpezw
YXYyIOWanTCca M IOJd pala XMMMUEeCKM aKTUBHBIX MeTaJlJIoB (TuTaH, LUPKO-—
HUM, MoJmbrneH, BoJbbpaM M IOp.) Ccpeda HauMHAET IMIPOSBJIATE Haxe
OKUCIIUTENIbHYI CcrnocofHocTs [2].

[Ipy BBEICOKMX TeMIepaTypax Hapsanoy C BOCCTAHOBJIEHMEM MOTYT Iel-—
CTBOBATb U IOpyT'Me MexXaHM3Mbl yIajleHus OKCUMIAOB C obpabaTeBaeMblX
[IOBEPXHOCTEM: IMUcCcoumalius, BO3TOHKAa, pPaCTBOPEeHMEe B OCHOBHOM Me-—
Tajyle. PoJib BakKyyMa TakXe COCTOMT B YCKOpPeHMM U B OoJjiee I10JIHOM
3aBEepleHUM TepMOOMHAMMUECKMX IIPOLEeCCOB, IMIpoTekallMx B pacljab-
JIeH— HOM U HaIlpeToM MeTajje.

C TexXHUKO-BKOHOMMUUECKOM TOUKMU 3peHMA HeHeCOOGPaBHOCTb npm-

MEeHeHMs BaKyyMHOM B3allMTH IJIS CBAPOUYHHIX I[IPOLIECCOB I[POABJISEeTCs He
TOJILKO B YJIYUIIEHUM YCJIOBUM BEINEHMS TEexXHOJIOTMUYECKOIT'O IIpollecca u,
KakK CJIeOCTBME, B HOOCTWXEHUM BBCOKMX DSKCIUIYaTalMOHHHX IIOKa3aTeJiel
MBOears, HO TaKXe M B TOM, UYTO DSKCIUIyaTalUMOHHEE 3aTpPaTH Ha CO3-—
IOaHVe BaKyyMHOM 3allMTH SBHAUMTEJILHO MEHbIle, UYeM Ha I[IPOBeHOeHMe
CBAPOUYHEIX IIPOLIECCOB B MHEPTHEIX TI'azax. K OpuMepy, IO BKCIIIyaTalu-—
OHHEIM 3aTpaTaM CBapka B BaKyyMe OKAashHBaeTCs I[IoYTM B 2 pas3a »ne-
meBJie CBapkM B aTMmMocdepe aproHa [2].

BOCHOpOMBBOIMMOCTE YCJIOBUM 00pa®oTkM B BaKyyMHOM cpene Io-—

BOJIBHO BBICOKA WM of6ecrneuMBaeTCcsa C IIOMOUILIO COBPEMEHHOT'O BaAKYyyM—
HOT'O O60pyHOBaHMH IIpm TIIOCTOAHHOM MHCTPYMEHTAJIBHOM KOHTpPOJIEe 34
OaBJIEHMEM CpeObl I10 IIOKa3aHMAM BaKyyMMeTpa. HqueM co3JaeTcd S9Ta
CoOBeplleHHad 3allMTHaAd Ccpelda MOJId CBapOUWHEIX IIpOoLeCCOB HeIllocpelCT-—
BEHHO Ha pa6oqu MecTe. B pe3sysibTaTe CBaApO4UHOEe IIpOM3BOIAOCTBO IIe—
pecTaeT 3aBMCeTb OT 3aBOIOB, IIPOMI3BOIOANNMX 3allMMTHBEIE TI'a3Bl, COKpa-

maeTrcsda HOTpS@HOCTb B 6ann0Hax, TPAHCIIOPTHEIX PacxXxomaxX M T.II.



2. NAPAMETPH, XAPAKTEPU3YIOIME PABEOYYI0 CPELY
B BAKYYMHBIX YCTAHOBKAX

OCHOBHEIM IIapPaMeETPOM, XaAPaKTEPUIYOUMM PaspPeXeHHY cpeny, sSAB-—
ngeTcsa abCcoJIoTHOe IaBJieHMe. EauHuuey zpaBjenusa B CU  aBjasercs
Mackasnb (Ha - H/MZ2). COOTHOWEHMS MEeXIy Pas3JIMUHEMM eIMHULAMM IaB-

JIeHUS IaHbel B Tabj.2.

Tabnuia 2. COOTHOMWEHUS MexIy eIVHMIIaMM OaBJIEHUSA

Eomumie
M3MEPEHUS 1 Ila 1 mvm pr.cT. |1 dM3z. at™ 1 bap
1 Ta 1 7,510°3 9,87-1076 1-107°
1 MM PT.CT. 133 1 1,32:10°3 1,33-1073
1 ¢u3. at™ 1,01-102 760 1 1,01
1 Gap 1-10° 750 0,987 1

MHOTHMEe (@U3NUeCKMe IPOILEeCCH B BaKyyMe 23aBUCSAT He TOJbKO OT
3HaueHus abCoJIoTHOT'O IaBJIEHMS, HO UM OT COOTHOIEHWUS MeXIy UYUMCIIOM
B3aMMHBEIX CTOJIKHOBEHUM MOJIEKYJI M UMCJIOM CTOJIKHOBEHMM MOJIEKYJI CO
CTEeHKaMM BaKyyMHOM CUCTEMEI.

I3BeCTHO, UYTO 4YacTOTa CTOJIKHOBEHMUM MexIy MOoJieKyJamu Ky omnpe-

oejsgeTrcsa COooTHomeHueM Ky = Uap/L, rae  Uap - cpenHeapud-
MeTMYEeCKad CKOPOCTB MOJIEKYII; L - CpeaHAad OJjiMHa MX CBOOOIOHOTO IIy—=
THm.

YacToTa CTOJIKHOBEHMM MOJIEKYJI CO CTeHKOM Ko = oapf7(4V),

rne F- nJjomanb IOBEPXHOCTM CTEHOK, CONpMKAaCallMXCSa C pa3peXeHHBIM
rasoMm; V - obweMm kamepe; 4V/F - 50QeKTUBHEI pa3Mep BaKyyMHOM Ka-
MEPEHL .

OrHomenme K-/K, HasbBaeTca kpurepmeMm KuHyrncena

Kn = Ko/Ky=L/(4V/F) (2.1)
B 3aBUCHMMOCTM OT 3HAUEHUS DSTOTO KPUTEPMUS PasaIMyanT BaKyyM
HUBKUM, CPpeIHuM, BHCOKMM (Tabi.3.).

Tabsn.3. 3aBUCHMMOCTL kKpuTepusa KHynceHa
OT CTEIIEHM BaKyyMMPOBaAHWMA

Kpurepun Irana3oH OaBJIEHUN, CrerneHsb
Kuynocena ITa BakyyMa
<< 1 1-104 - 1.103 Huskumt BakyyM
1 1-102 - 1.10°1 CpenHull BakKyyM
>> 1 9.10-2 - 1.-10-5 BEICOKUM BakKyyM




[Ipy HMBKOM BaKyyMe II0 CPABHEHMIO C BHCOKMM MHTEHCUOULVPYIOTCH
OKMCJIMTEJIBHEE I[IPOLECCH, YBEJMUMBAETCsS HacHmeHue oO6pabaTEBRaeMOT O
MarTepuraJja HexXeJlaTeJIbHEIMM IT'al3aMM, YyMEeHbIIAeTCHs MHTEHCUBHOCTL JeTra-—
3auuM M, KakK CJeICTBUE, YyXYOWAnTCs pPe3yJbTaTe o0paboTKM COenMHS—
EMEIX [IOBEPXHOCTEN.

Jlcmonmb30BaHME BHCOKOT'O BakyyMma ofecneumpBaeT 3allUMTy MeTaJlJIOB
OT HACHIEHUS WX BPEIOHBEIMM T'a30BBEMM [IPUMECHAMM, HO COIPSXEHO CO
CHMXEHMEM  [NPOMBBOIUTEJILHOCTM OOOPYyIOBaHMUSA, IPUBOIUT K €TI0 yIOO-—
POXAaHMIO M MOXeT OBITH ONPaBIAHO B TEXHOJIOTMAX TOJIBKO C TOYUKM 3pe-—
HMSA IIOBHIUIEHMS DKCIJIYATALUMOHHEIX XapPaKTEePUCTUK HEepa3BbeEMHEIX COeou-—
HEHUIN B MBOENMAX OTBETCTBEHHOI'O HABHAUEHMUS.

[Ipy NOPOEKTUPOBAHUM BaKYYMHEIX CBAPOUHEIX IIPOLIECCOB LIeJecood—
PasHO BHOMpPATH HaBJIEHME OCTATOUHHX I'al30B B KaMepe UM MX COCTaB C
YUeTOM CJIENYIIMX YCJIOBWM:

1. XuMmmueckasd AKTUBHOCTBH COEIMHSAEMEIX MAaTEPUAaJIOB IIPY BEICOKO-—
TeMIIepaTypHOM 00paBoTKe UM COXPaHeHMe MX CIYXeOHBX XapPaKTEPUCTUK .

2. OCOOeHHOCTM CBapOYHOT'O Ipollecca (TeMmneparypa, IJIUTEJb-—
HOCTB IpOollecca, JIOKaJIbHOCTE HAaTpeBa U Ip.) .

3. YpOBeHb T'a30BHOEJIEHUS M3 COESOUHIEMEIX MaTepUalioB.

4. IlpeneJIbHO HOOIYyCTMMOE COIEPXaHMe BPEIHEIX I[IPpMMEecel B aTMO-—
chbepe KaMmepr, BIMANIEE Ha CJyXeOHHE CBOMCTBa COEIOMHSEMBEIX MaTe-
PMaJIOB ¥ XOI TEXHOJIOTMUECKOT'O IpOollecca M OINpenejisgseMoe IJIaBHBEM
oBpasz3oM HaTeKaHVEM.

HaTekaHre xapaKTepulyeTcs NOTOKOM I'al30B, [IOoNamamlMxX B eIVHU-—
Iy BPEeMeHM B BaKyyMHYID KaMepy WM3-3a HECOBEPIUEHCTB I'€PMETU3UPYIO—

IMx 32JIEMEeHTOBR KaMepPbl, WM OollpelejideTCAd TakK:

Q = V-op/ot , (2.2)
rme Q - HaTekKaHue; Op - W3MeHeHMe [aBJjieHra B obbeme V 3a
BpeMs Ot.
B BakyyMHOM TexXHUKe HamboJiee YIOTPeDOUTEJbHEMM eOMHULaMU U3-—

MEpeHMs HaTeKaHUSa SABJISITCH M3-TMa/c n gu3-a/c (Tabm.4) .

Tabauua 4. COOTHOWEHMA MexIy PasJIMUHBIMM eNVHMIIAMU
IIOTOKa TI'asa IIpM HaTeKaHMUM

EnvHnna Br=m3-Mla/c |imMM pr.cT/C |nMrM pr.cT/c |cm3-amm/c
Br=m3-Tla/c 1 7,6 7,6-103 10
J'MM PT.CT/C 0,133 1 1.103 1,32
J'MKM PT.CT/C 1,331074 | 1.10°3 1 1,32:10°3
3 am/ 0,1 0,75 760 1




K OCHOBHEIM IlapaMeTpayr,

re nm YyCJIOBUMA BeIOeHMA TeXHOJIOTMYeCKOI'O IIpolecca,

XapakTepusyomyM padouyn cpely B KaMe-

oTrHocaTCca abco-

JIOTHOE IIaBJIEHUME U HapHMaﬂbHHﬁ COCTaB OCTATOUYHEIX TI'da30B B KaMepe.

B c¢Bow ouepens,

BEHHO 3aBUMCHUT OT HaTeKaHMA TI'a3a B KaMepy.

IapUMaJIbHEI COCTABR OCTATOYHOM aTMOoChepH

cymecT—

PexoMeHIyeMEIE IlapaMeT—

PEI paGOqeﬁ Cpelbl B BAKYYMHBIX TEXHOJIOI'MUECKNMX KaMepaX OJI4d CBapou-

HBIX TIIPOLECCOB IIPpMBEIEHEI B Tabs.b.

Tabnuua 5.PekoMeHIOyeMoe pabodee naBJIeHMe U IpPeleslbHO
IONIyCTMMOE HaTeKaHMe B BaKyyMHOM Kamepe
OJI4 OTHOEJIBHEIX T'PYIII O@paGaTHBaeMHX MaTepmnasoB

CBAPOUHIEHE OIpPOO0ECCH
[Taka c [laika ¢ Jjio- |Cepapka oJjaB- Inddys3moH—
MATEPVAJIH obuMM Ha- |KaJlbHBEIM Ha- |JeHmeMm (3JIC, |[Has cBapka
TPEBOM U rperoM (TBY, |IOPIIK)
HaIbJIeHUE IOPIIK, 9JIC)

JlervpoBanuee | (1-8)-10"2 | (5-10)-10~2 | (5-10)-10~2 (0,2-5)-10"1
cramm 11072 2:1072 2:1072 1.1072
Mene n ee (1-8)-1073 | (2-8) 1071 (4-10)-10~2 (0,2-5)-1071

ClIaBe 5.10-3 1.102 1.1072 5-10-3
AJIIOMMHUM U (1-8)-10-3 (1-5)-10"2 (1-6)-10"2 (1-8)-10-3
ero cHuasH 5.10-4 1.10-3 5-10-3 5104
Hykess u ero | (1-5).10"2 (3-9)-10"2 (1-7)-10"2 (0,8-1)-10"2

ciiaBe 1.10-3 5-10-3 5-10-3 1.10-3
Turan n ero | (0,5-2)-1073| (2-8)-10~2 (1-8)-1072 (2-6)-10-3
ClijiaBet 5.10~4 1.10-3 5.10~3 5.1074
TyTronjaBKue (1-2)-10-3 (2-4)-10-3 (1-8)10~3 (1-2)-10"2
ciiaBel 21074 4-10-4 4-10-4 4-10-4
[lpmMmeyvanme : YucauTeJib — naBjieHMe B [la; 3HaMeHaTeJlb — HaTeKa-—
HMVe B M3Ha/c; 3J1 - maexTpoHHEWM Jyuy; J[JPIK - nyrosou pazpsgand C IIO-—
JEIM kKaTomoMm; TBY - TOKM BEICOKOM YaCTOTH

3. NPOEKTMPOBAHUE BAKYYMHBIX CUCTEM
CBAPOYHBEX YCTAHOBOK

[IPOEKTUPOBOUHEIN pacyeT BakKyyMHOM CMCTEMH BHIIOJHAT [IPU pas-—

pa@OTKe HOBEIX YCTaHOBOK IJId IIPOBeIcHMA CBAPOUYHEIX onepaumﬁ B Ba-

KyyMe.

BaHMUAg,

apMaTypPE

Henpio TAaKOTO pacyeTa HgBJSETCHA BHOOP OTKAYHOTO OO0pymoo-—

U oIpenejieHMe pPasMepOoB COEOUHUTEJILHEIX TPyOonpo-

BOOOB M3 YCJIOBUA obecrieyeHms 3aOaHHOTO pa60qero IOJaBJICHMA B BaKy-—

YMHOM KaMmepe.

OCHOBHEIE TEXHOJIOT'MUECKHUE npoueCcCEL

B BaKyyMHOMU Ka-

Mepe OCYIECTBJIANTCS B CTALMOHAPHOM pexuMe padoTe BaKyyMHOM yCcTa-

HOBKMN.
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HOBequHHﬁ pacdueT BEHIIOJHACKT IOJIA OllpeOeJIeHMAd paclipeleJIeHNA
OaBJIEHMS B WM3IBECTHOM BaKYYMHOﬁ cucremMe, a TaKXe XapaKTepUuCTHUK
CylmeCTBYOIVMX BaKYyyYMHEIX CHUCTeEM WMJIM YTOUHEHNMA IIPOEKTMPOBOUYHEBIX pPac-—
JeToB. HpM 3aMeHe BaKYyyYyMHBIX HaACOCOB Ha HaCOCH IOpyI'oro THIla WIIN
HPYPOﬁ IIpOM3BOAMNTEIILHOCTM Tpe@yeTCH obsgzaTesibHOEe IIpoBeeHNe

IIOBEPOUHOT'O pacyeTa BaKYYMHOﬁ YCTAHOBKNM.

3.1. CocTar BaKyyMHHX YCTAaHOBOK

CBapouHbEle BakKyyMHBEE YCTAHOBKM JIOOOTO THIIA COCTOAT U3 IBYX
OCHOBHEIX KOMIIJIEKCOB: DHEPIeTUUYECKOTO U DHJIeKTpoMexaHMueckoro. K
DHEPTeTUUECKOMY KOMILJIEKCY OTHOCUTCH allapaTtypa, IIpeldHas3HadeHHad
onsa  GbopMMPOBaHMSA MCTOUYHMKA DSHEPIMM IOJiS CBaAPOUYHEIX IIPOLIeCCOEB,
yIpaBJIeHUS €TI0 TeIJIODHEePTeTUUYEeCKUMMHU IapaMeTpaMu.

SJIeKTPOMEXaHMUECKHUM KOMIIJIEKC YCTaHOBKM NNpelHas3HaueH NOJjid Tep-
MeETH3aUUM UM BakyyMUpoOBaHUA pabouero obbeMa, BHIIOJHEHMS BCeX CBa-—
POYHEIX, YCTAHOBOUYHEIX U  TPaHCIOPTHHX I[epeMelleHul obpabaTel- Bae-—
MOTO UBIOesMs, IIPMCAOOYHHIX MaTepMaJiIOB M MCTOUHMKA DSHEePIUM. IJeK-—
TPOMEXaHUUYECKUM KOMIIJIEKC YCTAHOBKM COCTOMT M3 cCJjelyommx OQyHK-—
LIMOHAJIbHEIX Y3JIOB:

BakyyMHas kamepa;

BaKyyMHad OTKa4dYHaAa CcucTeMa,

1)
2)
3) MaHUNOYJATOP M TeXHOJIOTMUeckasd OCHacTKa;

4) cucremMma HaOJIOOEHMS 3a IIPOLLECCOM;

5) OJIeKTPONPUBOL;

6) KOHTPOJIbBHO-MBMEpPUTEeJIbHAasd CUCTeMa.

BakyyMHEIE OTKAaUHBIE CMUCTEMEl B CBAPOUYHHEIX YCTAHOBKAX CJYyXaT IJII
CO3IaHuUsa U IonImepxXxaHusa B padboueM oObeMe (BaKyyMHOM KaMepe) HeoO-
XOOVMOM CTEIEeHM pas3pexeHusa (BakyyMma) . BaxyywmHele cucremu (BC) co-
CTOAT M3 CPenCcTB OTKadkM (HACOCOB), KOMMYTAUMOHHO-PEIYJIUPYIILEN
annapaTyps (KJjanaHel, 3aTBOPHE, HATEKATEJM, pPa3beMHBE COEOMHEHUS,
CralyXauye IJid NEPUMOOMYECKOTO COOOWEHMS M Ie€PMETUUHOTO IIEPEKPBITUA

KOMMYHMKALUN ¥ YHIPABJIEHMS BAaKYyMHHEM PEeXMMOM) M BAaKYYMHEIX TPYOO—

NNPOBOIOB .

3.2. CxeMrl BaKyyMHHX CHCTEM
TUIIOBBEIMY YCTPOMCTBAMM IJIS I[IOJIYUEHMSI CPemHeTO M BBICOKOT'O Ba—
KyyMa SBJISIOTCA BaKyyMHBE CHCTEMBE, B KOTOPHBX MCIOJb3ylRTCS IOud-—
by3MOHHEIE M MexaHMUYEeCKME BpallaTeJIbHEle HaCoChl. Ha puc.2. npemcra-
BJIeHA CXeMa BaKyyMHOM CHCTeMbl, HamboJjiee uYacTOo MpuUMeHsSeMas B IIPpOo—

MBIMIJIEHHBIX YCTAHOBKaAaX IOJIA CBaApPOYWHEIX TIIPOLIEeCCOB. OHa cocToUT nus3
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BEHICOKOBAKYYMHOT'O arperata Tuna ABII ( napoMacadgHel OIUOOYy3MOHHEIM
Hacoc 1, a30THAas JIOBYIKa 2 UM BaKyyMHEM 3aTBOP 3), BaKYyMHBIX BeH-—
TUJIEM M KJIAllaHOB 4, NPeIOXPaHUTEJIBHOTO KJjlallaHa b5, IIepeKpeRawnuero
CUCTeMY IIPM BHE3AIIHOM OTKJIIOUEHUM 3BJIIEKTPODHEPIMM, KJjallaHa IOJid Ha-
nycka BoszIyxa 6, GopBakyyMHOT'O Hacoca </ Tuna BH, AB3, HB3, wmaHO-
METPUUECKMX JAaTUMKOB OJIS M3MEPeHMS IJaBJIeHMS B BaKyyMHOM KaMmepe

9.

6

sl T~

2 —Q
AT qﬁ«%

8
4
5

7

Puc.2. CxemMa OTKAUYHOM CUCTEMHl IJIS CBaPOUHEBIX
IIPOLIECCOB B BEICOKOM BakKyyMe

IIOJIHEIM LUMKJI Ppa®oOTEl CBAPOUHOM YCTAHOBKUM COCTOMUT M3 CJIEIYIOMMX
2TaroB :

1. YcTaHOBKAa MU3IOENMsa B CBapoOYHOE IMpMuCIOocoBOJIeHMEe B KaMepe.

2. TepmeTuzauMsa BaAKYyMHOM KaMepH.

3. IlpenBapuTeJsibHasa oTKauka pabouel KaMeph GOpPBaKYyyMHBEM HacoO-—
coM 7. Ilpu »TOM 3aTBOP 3 M KJallaH, COeIMHSAIMIM BBEXOIHOM NATPyDOK
Inddy3MOHHOTO Hacoca 1 ¢ GOpBakyyMHEIM HacOCOM 7/, 3aKpPHBITH.

4. OTkpeEITME KJallaHa, CoeIMHAKWEeIro OGOpBakyyMHEM Hacoc 7/ C
BXOIOHEIM TIaTpydOkoM ImMddys3MOHHOT'O Hacoca 1 IHIpu IaBJIEHMM B KaMepe
npuMepHo (1...10) IIa u paszsorpeToM IMOOY3BMOHHOM Hacoce 1.

5. IlepekprTHe kJjallaHa BakyyMIIPOBOIa IPelOBaAPUTEJIbLHOM OTKAaUKU
¥ OTKPHEITME 3aTBopa 3, ormenamnmero IM@PY3MOHHEIM Hacoc 1 oT kKaMme-
pel 9. B TaKOM IIOJIOXEHMM BHIIOJIHAETCS OTKadka CUCTEeME OO pabouero
naejenvs 6-1073 ...6:1072 Ia.

6. OcyumecTBJIeHME CBaApPOYHOM TEXHOJIOT'MYUECKOM olepauum (cBapka,
narka, HalJlaBka MM IOp.) .

7. Hanyck Bosmyxa B pabouyil kaMepy C IIOMOIBI KJjallaHa 6 I[ocje
OXJIaXIEHUS TEXHOJOTUYECKOTO U3OeNus (TeMIepaTypa OXJIaXIeHUsS OIl—

penejiaeTcHd CBOMICTBaAMU MaTepMralla U3OeNna) .
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8. PazrepmMeTu3alMsa KaMepbl INPU INOCTUXEHMM B HEM IaBJIEHUS pPaB-—
HOT'O aTMoCchepHOMYy, IIEePEKPHTHE KJalaHa 6 ¥ yIaljleHue WM3Ienus us
KaMepHI .

IOnsa xamep ©OoJipmoro obbema NPeldlouTUTEesSIbHE BaKyyMHBEE CUCTEMEH,
oTJMUamIMecss OT IMNPpelCTaBJIEHHOM Ha PUC.Z2 HaJIMUMeM IapaJijieJIbHO
MIOIKJIIOUEeHHOT'O arperaty Tulna ABIl IONOJHUTEJILHOTO BakKyyMHOT'O OycC-—
TEepHOT'O Hacoca Turna HBH. 2TM HaCOCH MMenT B OMala30He OaBJIEHUM
or 1 mo 0,1 IIa HaMHOTO 0OOJiee BEHCOKYK OHCTPOTY OTKAUKM 10 CPpaBHe-
HUIO C IapoMacJIgaHBIMM arperaTaMu Tula ABI. B HEKOTOPHX Clydasx OO-—
[IOJIHUTEJIbHO YyCTaHaBJIMBAT K Hacocy Tuna HBH BTopod GopBaKyyMHBIM
HacocC.

[IpyM 3HAUMUTEJILHBIX I'a30BHIESJIEHUAX B IIpPOollecce CBapkKM, HalJaBKU
WM MHa’¥Ky HeoOXOoOMMO IIPUMEHSATHL CXeMy, I[IPeIdCTaBJIeHHYK Ha puc.3.
B Hel OycTepHer Hacoc 10 coemMHeH IOCJeIOBATEJIbHO C BaKyyMHBEM
arperaTom Turna ABII, UTO @HaeT BO3MOXHOCTBL OTKaUMBaATEL OOoJbliMe O0O0B-—
eMBEl T'a3a, a TakKxe I[oJydaThb 0oJiee HMBKOe pabouee HOaBJIEHME B KaMe-—
pe, uYeM IO CXeMe Ha puc.2. I2OTM BaKyyMHHE CUCTeMEl C IOuddbysm—
OHHEIMM HacCoOCaMM MMeKT CYIEeCTBEHHBM HeIOoCTaTOK. B IIpollecce OTKau-
KM Tapel paboumx XMAOKOCTEM HAaCOCOB “'3arpA3HST” OTKaUMBAEMEM OO0OB-—
eM. [Jig B3allMTEL OT MUI'PaALMM IIapOB MaceJl OTKaYHEIE CUCTEMH CHabxa-
I0TCS KOHIOEHCAUMOHHBEIMM MJIM COPOLMOHHEIMM JiOBylWKamMM. OIHAKO 5STO

JIVIIb YaCTMYHO IIO3BOJIAET pellThb npo6neMy.

bk R
| 9
3\\\\ 8
2 —_—
11— [] 4

o A

Vil

Pyuc.3. CxeMa OTKa4YHOM CUCTEMbl IJiS CBAPOUYHHIX IIPOLIECCOB
B BBICOKOM BaKyyMe C MHTEHCHMBHEIM I'a30BblOEJICHMEM

HeoxomyMocThs B 0e3MacyiSHOM BakKyyMe BO3HMKaeT Ipu padoTe C

MaTepMajlaMM O4YEHb BEICOKOM XUMMMUUECKOM AaKTMBHOCTM. B 3TUx CJlydyaax
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IIPMMEHAIT ClleliMaJIbHBEIE CHUCTEMEI fesMacJIsgaHOM OTKaA4YKM, I'IJe B KadecT-—
Be OCHOBHEIX HaACOCOB MCIIOJIB3IYKT 3JIEKTPpOpa3pAHbIle, Mal'HUTOPA3PAIO—

HBIE, TIT'€TTEpPHEIE, Typ@OMOHeKYHHprIe HaCOCEHI.

3.3. 3SrTanm pacyYeTa M MCXOLHHE IaHHHE
OJIsi NPOeKTUPOBAHMS

OCHOBHOV XapaKTEPMCTUKOM BaKyyMHOM cucTeMH BC gaBiIgeTCsa IOTOK
OTKauMBaeMoro rasa (@ BO BPEMEHM, 10 KOTOPOMY pacCCUmMTHRALT 3ddex-—
TUBHYIO OBICTPOTY OTKA4YKU Sa@- Ina oueHKuM Q HeoOXOoIMMO 3HAThb OOBeEM
BAaKyyMHOU KaMepe Vg g, IJIOWanb €€ IIOBEePXHOCTU Fp g, OOpaleHHOM B
BaKyyM, MaTepMaJibl KaMepbl M MU3IOenausa, a TakKxe TeMIepaTrypy ero o60-
paboTKM.

PacueT BaKyyMHHX CHUCTEM IPOBOIOAT B IBa 5STalla: CHadaja IejaloT
MPOEeKTHHEI pacueT, 3aTeM NoBepouHwnt [3].

VlcXxOoOHBEIMM OAaHHBIMM IJIS IPOEKTHOT'O pacdeTa SABJATCH Clenyolue :

1) ImaBJieHMEe OCTaTOUHHIX I'a30B B pabouel kaMmMepe p ;

2) maBJIeHMe T'as0B II0CJIe IPEeNBaAPUTEJIbHOT'O Pas3peXeHUs Pr.pi

3) raszoxuHeTHUeckme ocoBeHHOCTU BC:

a) IOTOK TIasa, OOYCJOBJIEHHHM OCODEHHOCTAMM I'al300TIeJIeHUS
BO BpeMs TEeXHOJIOTMUEeCKOI'O IIpolecca, M ero XxXapaKTep (JI0KaJlbHEMU
HalyCK Tasa WM paclOpelejieHHEM - Jecopbluusa C TOoBepXHOoCTeM obpa-
OaTelBAEMEIX M3OEJNM, KaMeph UM [IPUCIOCOOJIeHMUN) ;

0) pexum paboTel BC (UMKIMYECKMY, HEINPEPHBHEL, IPOU3BOIOU-
TeJILHOCTbL YCTAHOBKM) ;

4) pasMepsH BaAaKyyMHOM KaMepH, €€ MaTepMualbl, a TaKXe MaTepMallbl
TEXHOJIOTUYECKOM OCHACTKM;

5) MaTepmalsiel U pa3Mepe oOpabaTHBAEMEIX IOeTalleV;

6) TepMUUYECKUM LMUKII TEeXHOJIOTMUYECKOTO Mpollecca;

7) BpeMsa NPEeOBapUTENILHOTO pa3pexXeHUs tn.p;

8) BpeMsa OOCTMXEHMs 3aNaHHOTO pabodero maBiieHus tggni

9) crneuudmueckme yCJOBUSA OTKAUKM, KOTOPLHE ONPeleJIidginTCsa HaJu-—
uyeM B BC rasoB C OCOOBIMM CBOMCTBAMM (MHEPTHEE, XVMUUECKM aKTUB-—
HEIE) ;

10) TexXHUKO-BZKOHOMMUECKMe TpeboBaHMA K CPencTBaM OTKaYKU
( HamexHOCTb, CTOMMOCTBL, Macca, TIabapuUTHEE pasMepH, noTpebiisgeMas
MOWHOCTL, DBKCIJIyaTalMOHHEE PAaCXOIEl) ;

11) TpebyemMas CTeIeHb aBTOMaATU3ALUU.

[IpOEKTHEM pacdeT BHIIOJHAKT B TAaKOM IOCJIEeNOBaTEJIbHOCTM:
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1. Ilo B3amaHHHM SBHAUEHMAM IaBJIEHMS TI'a30B BHOMPAIT TUIE BakKy-—
YMHBIX HAaCOCOB, oOf0ecrneumBallMX HeOOXOOMMYI OTKaukKy (CM. I[IPUIIOXEe-—
Hue, Tabiua. II1-114).

2. OnpenessgonT CyMMapHBY TI'a30BEM NIOTOK KakK IO Hayvajla TexXHOJIO—
TMUEeCKOT'O IIpollecca, Tak M BO BpPeMsa ero.

3. PacCumMTHBAT HeoOXomuMmyl OHICTPOTY OTKAUkM pabouey KaMeptl,

IIPMHVIMA A MaKCMMAJIbHBEIM T'a30BEIM I[IOTOK I[IOCTOSHHBIM BO BpeMeHN, 10

bopwmysie

Se@: szp (3.1.)
4. BBHUMCIISIT HeOOXOIMMYyI HOMMHAJIBHYK OBEICTPOTY HOeMCTBUA OC—

HOBHOI'O HacCOCa

SH: SGQ/KH 7 (3-2-)
roe Sy u 83® — pacueTHBlEe 3HAUYEHMSA HOMMHAJBHOM U 20QEeKTUBHOM
OEICTPOTEl HEeMCTBMA HaCOCOB, Ky - KO2QQUUMEHT MCIOJIB30BAHUA HACO-

ca.

5. Ilo HaMOeHHOMY 3HAUYEeHMI OBECTPOTE OTKA4YKM BHEHOMPAKT MapKy
OCHOBHOT'O Hacoca.

6 .BeiOMpalnT mnaM pas3pabaThBalT IPMHLUMIOMAJBHYI CXeMy BakKyyMHOM
CUCTEMEl yCTaHOBKU.

7. Ilo nNacnopTHBM HOAHHEIM BEHOMPAKT BCIOMOT'aTeJIbHEIE HACOCH U
HaCOCHE MNpeIBapMTEJIbHOTO paspexXeHud. B 3aBUCHMMOCTM OT BHOPaHOM
cxeMsl BC BcCHnoMoraTeJsibHEIM HacOC M HACOC MNPEeABAPMUTEJIBHOTO paspe-
XEeHMSA MOT'yT OBTb CaMOCTOSTEJIbHBEIMM. VM xe oOuH QOpPBaKyyMHEI MO-—
XeT I[NOOUEepPenHO BHIIOJHATE OQYyHKLUMM KaK BCIOMOTATEJIbHOTO, TaK M Ha-—
cOoCa MNPEenBapUTEJIBHOTO Pa3pPeXeHMUd.

8. IpenRapuTEeJILHO HasHaAUYaAlT pasMephl BakKyyMHHX TPyOONPOBOIOB,
BEIOMPAKT KOMMYHMKALMOHHY allapaTypy ¥ CPpencTBa M3MEpPeHMUsa OaBJe-—
HUS .

9. HaxonmsaT OHCTPOTY OTKauUKM BakyyMHOM pabouel KaMeph HacCOCOM
NpenBapmuTesbHOTO  paspexeHnsa  Syg.scn.~ Su.scn.' Hu.scn., THE
Ssp.ecn. Y Su.pcn. - °90dexTMBHAA M HOMMHATbHAaA CECTPOTa IEeMCTBUA
BCIIOMOT'aTE&JILHOT'O Hacoca.

10. OnpemendgawnT CBOOOOHEIM OOBEM BAKYYMHOM KaMepe M OOBEM YacC—
T TPyOONPOBOINOB OT KaMepH IO BEHTUJIEN.

11. BoUMCJIADT BpPEeMS IPEeOBaApPUTEJIBHOTO pa3pexeHusa 0 QopMyJie
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v n P , (3.3.)

ag.ec n Pnp

Tme py — HadanebHoe paesieHue 0,1 Mna; Prn.p ~ HaBJjieHMe npen-

tnp :AS

BapUTEJILHOTO pa3pexXeHusd.

VICXOOHBEIMM HOAaHHBIMU IOJI9 IIOBEPOUYHOI'O pacueTa ABJIAKTCA CJIedyl—
mye :

1) HaszHaUEeHHEE [IPM BHIIOJIHEHUM NPOEKTHOTO pacueTa THUIOPpa3MepPH
HaCOCOB;

2) Ha3HauUeHHBEe pasMephl BakyyMHBX TPpyOONPOBONOB M KOMMYHMKA-—
LMOHHOTO OBOpPYyINOBaHMUMA.

[JOBEPOUHEI pacueT BHIIOJHAOT B CJeOyIEM NOPSOKE.

1. YTOUYHANT BeJMUMHY IIOTOKa Tasa C y4deToM M3MeHeHMS €TI0 BO
BPEMEHU.

2. CoryacHO kpuTepuio KHyIOCeHa ONpelesidinT PexXVM TeueHUus I'asz3a
o 2JIEMEHTaM BaKyyMHOM cucTewms [3,4].

3. B 3aBUCUMMOCTM OT PEXMMOB TeueHUd I'alza HAXOOAT IMIPOBOOU-—
MOCTB OTIEJIBHEIX BJIEMEHTOB M 0O0Wyld IPOBOIMMOCTE YUYaCTKOB BaKyyM-—
HOM CHUCTEMEI.

4. [0 OCHOBHOMY YPaBHEHMK BaKyyMHOM TEXHUKM PACCUMTEIBAKT OBI—
CTPOTYy OTKauKM rasa u3 pabouelr KaMepHl.

5 YTOUHAKNT BpEeMAd NPEOBAPUTEJIBHOM OTKAUKM UM HNPOBEPSKT €TI0 CO-—
OTBETCTBME 3aIaHHOMY SBHAUYEHMD.

6. HaxomaT @maBJieHMEe OCTATOUHHEIX I'al30B B KaMepe O obopwmyJie
p:Q/Sg(b.

7. IpoBepAKT BO3MOXHOCTBH COBMECTHOM pab®OTEl OCHOBHOI'O UM BCIO-—

MOI'aTeJIBHOI'O HaCOCOB.

3.4. OnpepeneHye raso0O0THAENIEHUS M HaTeKaHUA

T'a30BEM [NOTOK, KOTOPBIM NOCTYIAEeT B BaKyyMHYK KaMepy M HOOJIXEH
OTKaAUMBaATBECHA BaKYyyYMHBIM HacocoM B CTallMOHapPHOM pexmMe pa6OTM,
CKJIaOBEIBAETCSA M3 HECKOJIBKMX COCTaBJIISOIMX

o = QT + QI! + QH! (3.4)

roe QT — IIOTOK T'a30B, BHICJIAKINMXCA M3 COeIMHAEMBIX neTaneﬂ,
HarpeBarTejely, SKPaHOB M T.HO. (TeXHOJIOI'MYUECKOe TI'a3O0BHIeJIeHue),
M3Ha/c; QP — IIOTOK TI'a30B, BBHIOCJIAIMXCHA M3 KOHCTPYKIUMOHHBIX MaTe-—
prasioB BaKyyMHOM KaMepel; Oy — I[IOTOK TIas3a, HaTeKaplero B KaMepy

yepes pas’sbeMHBEE COeOMHEHUS.
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[lorok raszsa Qygy CYWECTBYeT B HaYaJIbHEM [NEePMON HeyCTaHOBUBIIE—
Tocsa pexuMa paboTe U ONpelesyigseT BPeMs IIPeOBapUTEeJIbHOT'O pa3pexe-—
HUA. TexHOJOTMYUEeCKOe Ta30BHIOEJIEHUE OlIpenejigseTcs MaTepuajiaMu Co-—
enMHAeMEX OeTaJleV, MX MacColM, a TakxXe TeMIepaTypo¥ HaTrpeBa IeTa-—
JeV¥l MM BSOHEl COoeIMHeHusa. Hanpmumep, npu omnddby3MOHHOM CBapke, oal—

Ke C ofbmuMm HaIr'peBOM Ta30BBEIM [IOTOK oripeneJidnT I10 @opMyne

k n
Q?T:“;'EZHu‘qir (3.5)
i=1

roe k - kKOo20QMUMEHT, YUMTHBALIMM HEPaBHOMEPHOCTHL IIpollecca
Tas0BHIOEJIEHUss BO BpeMeHum (k=1.5...3.0); t - obOumee BpeMsS HaAXOX—
IOeHMA CBapMBaeMEIXx MM I[adeMelXx »OeTajlell B BakKyyMmMe, C; mj; — Macca
i-T70 HarpeBaTeNBLHOTO BJIEMEHTAa, KI'; q; ~ YHeJbHOE TIas3OBHIEJIeHNE
3 1-T0 HaTpeBaTeJIbHOT'O »BJIEMEHTA, M3ﬂa/Kr; n - 4YuCJO HarpeBa-
TEeJIbHBIX SBJIEMEHTOR (IeTajiel, HarpeBaTeJielM, BKPaHOB M T.IO.) .

IpuMmep. OnpemenuTb [IOTOK T'a30B, I[IOCTyIanIMIM B BaKyyMHYI Ka-—
Mepy IPM BEICOKOTEMIIEPATYPHOM IalKe.

VIcXOonHEIE HOAaHHBEE. JJIeKTpHUUeckKas BaKyyMHas Ieuyb C [IOIHUMA—
IMMCsI BOIOOOXJIaXIaeMbIM KOJIIIAaKOM M3 HepXaBewolmel CcTajiid, BHYTPU KO-
TOPOT'O CMOHTUMPOBAHE MOJMOIEHOBHIM JIMCTOBOM HaTpeBaTeJlb UM TEIJIOBHE
3KpaHel. llaseMmble wu3menus B kKojudecTBe 10 wmwT. OIpencTaBJISRT cobon
UMIMHOPH M3 Hukeyna (pp =8900 KP/MB) ovaMmeTpoM d=40 MM M BEHICOTOM
h=100 wmmMm. Brmepxka nopu Temnepatrype nanku 1370 K cocraBnser 0,5
y. OfOmee BpeMs mnamkm cocrTasiuseT t= 2,0 u.

PacueT mnoToka I'as0B BejgeM 0es3 yuyeTa MIMEHEeHMS TI'a30BHIOEJIEHUSI
BO BpEeMeHU.

1. Maccy usImelIuM HaxXoIMM I10 QopMyJie

m=(x /4 h-p-i=118 xr

KonsdduiimeHT HepaBHOMEPHOCTM TI'a30BbIOeJieHUMs OepeM pPaBHEM 2
BBMAY IOJIMTEJIBHOCTM MNpollecca NalKM.

2. KommuecTBO ras0BHOeseHNs Qygp, BHIOEJNSEMEX T'as0B M3 1 KT
HMKEJII HaxonouMm O Tabi.6, CyMMMPYysa COOTBETCTBYKIME 3SHAaUYEHMS II0
TeMIepaTypaM: QM3H=O,214+O,244+O,O537+O,l47+4=4,66 M3/(HaKP).B
pesynbrare  QOpsp=11,8.4,66.2/(3600.2) = 1,451072 wm3-Ta/c. OxoH-
yaTeJIbHO TIIOCJIe TPUMBEeIeHMs K KOMHAaTHOM Temneparype (293 K) nojay-

M Qusp= 1,45:1072.293/27~1,551072 wm3qa/c.

HpM CBapKe IIJIaBJIEHMEM B BaKyyMe dCjiengyeT OllpelelidTbk KOoJInMde-—
CTBO TI'a30B, BHBIOCEJIAKIMXCA M3 MACCEl pacIlIlJIaBJIEHHOI'O MeTaJlJla B CBap-—
HOM 1IBEe. B 30HEe TEePpMMNMUIECKOT'O BOBHeﬁCTBMH IIOTOK I'a30BBOCEIJICHUA
MOXHO HeE& YUYMTEIBATH. B sToM CJIydae IIOTOK I'a30B 3aBUCHUT OT I'a30CO-—
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IOepXaHus, CTelNeHM Oeras3aluuy M CKOPOCTM CBAPKM. 3HAUYEHUS I'as0COo-—
IOepXaHMs B PAasJIMUYHEIX MeTajlJlax, I[IpMBeIeHHEEe K JaBJeHuo 1 I[la co-
CTaBJIST nnsa crtamm 10...100, nmsa Turana 17...25, IOJd LUMPKOHUSA
16...17, nns mommBmena 20...25, mia Huobma 25...75 m3-a/kr [5].
Tabmuua.6. YIOejlbHOE Ta3O0BHEIOCJIICHUE Jprgs (M3-Ta/xr),
METAaJIJIOB IIPM pas3jiMuHOM Temneparype [4]
MeTasn Temnepa |OfOmwee KOJIMU Bonopon AszoT Oxcun
Typa, K |[uecTBO yIJylepozna
Mens 673 0,0422 0,0223 0,00107 0,0189
873 0,0103 - - -
1073 0,0304 - - -
1123 0,0324 - - -
1173 0,0369 0,00604 0,00135 0,0296
HepxaBe- 673 0,037 - - -
ola s 873 0,235 0,216 0,00388 0,0154
cTajlb 1073 0,0856 0,055 0,00394 0,0267
1273 0,449 0,181 0,00513 0,236
1373 2,12 0,367 0,0196 1,74
MasoyT- 673 0,000887 - - -
Jeponuc-— 873 0,0127 - - -
Tas 1073 0,178 0,0204 0,0636 0,094
CcTallb 1173 0,115 0,0296 0,0134 0,072
1273 0,216 0,037 0,0365 0,142
Hyxenb 673 0,214 0,107 0,0859 0,0966
873 0,244 - - -
1073 0,0537 0,0032 0,0032 0,0473
1273 0,147 0,0516 0,0537 0,0905
1473 7,75 - 0,0538 7,7
MonnbneH 673 0,071 - 0,025 0,046
873 0,0425 - - -
1073 0,026 0,00877 0,0016 0,0156
1373 0,20 0,0526 0,0163 0,133
1573 0,44 0,151 0,0447 0,246
1673 0,268 0,0888 0,038 0,142
1773 0,305 0,157 0,014 0,134

IIpumeuanue. Y nenbHOE Ta30BbIAEICHUE yKa3aHO Ul MHTEpBaIoB Temmneparyp. Hanpumep, nist me-

v npu HarpeBaHuu ot 293 no 673 K Beigenurcs 0,0422 M3-Ha/1<r, a npu HarpeBanuu ot 673 no 873 K
BbIACIUTCS gonoaHuTeapbHo 0, 0103 M3Ha/KP.

HaHHbIe I/ICCJ'IeJIOBaHI/HZ IIOKa3keIBanT, gTO YMEeHBbIIeHU e CoepXaHMAa

I'asoB B MeTajljle mIBa IIO0 CpPpaBHEHMI C NVMCXOIHEIM IJOCTHIaeT IIPVMMEPHO

50%. IOTOK Ta30BHIEJIEHMA IPM CBapke ONpededioT o (GopMyJie
Q:noprV’

rne n, - CTEIIEHb

(3.6)
obesTraxmMBaHMUA; W - TA30COIEePXaHuEe I[epen
CBAapKOM B MeTajuJle oOpubBerdeHHoe K 1 Ila; F - [njomaznb OOIEPEYHOTO

CedeHMrd CBapHOIr'o mepa,; U — CKOPOCTB CBAapPKNU.
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[lpuMep. OnpenesMTb [IOTOK T'a30B, IOCTYNAKIMY B BaKyyMHYI Ka-—
Mepy IPY CBapkKe IJIaBJIEHMEM.
VicxomHele @naHHEE. [lONIepeuHOEe CeuYeHMe CBAPHOTO WMBa W3 HUKEJH
F= 51079 w2, CKOPOCTBL CBapku U = 36 M/U, Tas3’0oComepXaHMe HUKeJId
o = 30 m3Ta/c.

B pesynbTaTe nojydaeMm

Q = 0,5308900f}10_536/(36OOlOO)= 0,066 M3-Ta/c.
[IoTroxk Tas0B Qp, BHOSJARIMUIACA U3 CTEHOK BAKYYMHOM CUCTEMHl OIl—

penendnTcsa o dopmyJie

n
Q,=2q.1 , (3.7)
i=1

TIme g — CKOPOCTb YHEJIBHOT'O Tas30BBHIOEJIEHMA I1-T'0 MaTepualia,
M3Ha/(MZC); II - njomanbk IIOBEPXHOCTU i-To MaTepmuana, M2; n -
YMCJIO MaTepuajioB, OOpalleHHBIX B BaKyyM.

[Ipy NMPOEeKTHOM pacdeTe IOTOK ras3a (Op C NOBEPXHOCTEN BaKyyMHOM
CHCTEMbl NPMHMUMAKT [IOCTOSHHEIM BO BpeMeHu. [jia onpernenenus Qpn — BEI-
IedanLeroca u3 MaTepualya, MCHOJNb3YyT 3HAaueHUud g npgg Hocje 1 u
oTkaukM (Tabn.7). lIpm cBapke M IHaMkKe C JIOKAJIbHEM HaI'PeBOM BpeMsd
OTKauKM, Kak IpaBuJIO, He npeBbmmaeT 5...15 MmH. IlosToMy B MOpolec-—
ce IMpPpOBeIeHMs CBAPOUHOM Olepauuu Ha IeVCTBYOIMX YCTaHOBKAX IIPU
CYWECTBYIIMX MeTOoIax PYYHOM UMCTKM KaMepPh SBHAaueHMusa I[I0TOokKa I'a30-—
BBI- IE&JIEHUS C BHYTPEHHEM NOBepxHOCTM NpuMepHo B 10-20 pas OpeBH-
mamonT  pPaCuUeTHHE. Tak, ecJIM pacyeTHhHle 3HaAyeHusa g =2,2-10_4
M3Ha/(M2<n, TO B IEVMCTBUTEJILHOCTM YIEJbBHHM IOTOK TI'al30BHIEJIEHUS
[IpUHUMaeM g= =(2,5...3,O)-10_3 M3Ha/(Mzc). Opu II = 2 M2, Op = 2
x 0,0025 = =0,005 m3-Ta/c.

HaTekamommit B BaKyyMHYI KaMepy IIOTOK Tasa oIlpenejsgeTcs IIo

bopmysie [4, 6]

O =k, 0 (3.8)

TIe kg - BEPOATHOCTB CYUWECTBOBaHUA Teuy, KOTOPYK HeJIb34 OIl-
penenmTes C IOMOWBK0 Tedeuckarensa, kg= 0,1-0,3; n - umciao coenu-—
HeHur; QOp— HaMMEHLIIMM I[IOTOK, PEeIMCTPHMPYEMEM TeudercKaTeseM. JVICHOe-
TEIBAeTCHa, KaK IIpaBUJIO, BCHA BakKyyMHas CUCTeEMa yCTaHOBKM. [na Te-
yeyuckarTena Tuna IITU QT:6,7.1O_ll M3.Ha/c. 19 CBAPOYHEIX YyCTaHO-
BOK kg= 0,3. Umcio pas3beMHEX COeIOMHEHUM B YCTaHOBKE IOOCTUTIAET

10...15, mnostomMy Oy~ 2.1010 M3.ma/c. [Ipy »KCIJyaTaluM YCTAaHOBKU
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I'epMeTVMYHOCTDb yHHOTHeHMﬁ CO BpeMeHeM yXyldlulaeTCHd,

HMe He OOJIXHO IIPEeEBHIIATDb BHaquMﬁ,

Tabauia 7.

MeTasioB npu T=293 K /3,5/

OIOHAKO HaTeKa-—

PEKOMEeHNyeMEIX B Tabj.bh.

YoeJsibHOE Tas30BHIOEJIEHME C IIOBEPXHOCTU

[lpenpapuTesibHALA YOeJbHEM [IOTOK IIMTesIbEHOCTD
MeTamnn obpaboTka rasa, Iecopbupyo-— OTKAUYKU
MeTaJlJIOB merocsa C IOBepX-—
wocTu, Mm3-Ma/ (M2-c)
Masnoyrie- 4,12-10"4 1
pomncTas - 7 35.10-5 6
cTalb [locne oTxura B Ba- 4.10-10 He wmsmeHnaeTcd
xkyyMe npmu T=693 K 1 2.10-8 BO BPEMEHU
HepxaBeo- 2.10-4 1
mas HeobpaboTaHHad 1.97.10-5 6
4
CTalb [locye oTxura B Ba- 4.10-10 He msmeHseTCsH
KyyMe npmu T=693 K 1.2.10-8 BO BpEeMeHU
4
HeobpaboranHnas 1,95-10"4 1
Mernb [locne oTxwura 1.10-6 - 9.10-8 He wmusmMmeHnsaeTcs
BO BpPEeMEeHU
Hukesb HeoOpaboTaHHEIM (6,5-8)-1076 2
MonmbneH HeobpaboTaHHb (4,6-6)-10"6 2

B 3aBUCHMMOCTM OT OCOOEHHOCTEM CBapOUYHOTO IIpollecca BaKyyMHHE

3.5. BakyyMHble paboume kaMepsl

KaMepH pasmesidgiTCcd Ha HUBKOBAKYYMHEE ( Ppab 1...100 Ia) wu BH-
COKOBaKyyMHEIE (Ppap = 1.1073...1-1071 Ma). To cremenm crneumammsa-
UMM paszjMyalnT OBa TUIa KaMep: YHMBepCaJibHEe (ofmero HazHaYeHUS)

n Cclrieumaljim3mpOBaHHEIE .

Kamepns of0mero HasHaUeHMs OpelJHa3HaudeHbl OJisg

OCYWEeCTBJIEHMsI CBaPOUYHHX ONepaluuii M3Oeauil pas3HooOpasHOW (GOpPME

Tab®apuUTHEIX PAasMEPOB B Npenesiax padouero IpOoCTPaHCTBA KaMEpH.

KMe KaMepH

InpomsBOAOCTBE .

KOHCTPpyKUMeM ¥ TrabapuTaMM KOHKPETHOTO WU3OeNUsd

JINM) .

Kopnyc kaMepel MMeeT 3arpys30uYHHE JIOKU,

TOPHI,

BUMXHBIX BaKYyYMHBIX BBOIOB,
TPNMYEeCKMX BBOIOB,

BOK IPenbBaABJILAT pAaAn Tpe®oBaHUM,

MEPEL

VBIOeJINN)

MCIIOJIL 3YIOT,

KakK TMpaBuUJo,

CreumanmsmrpoOBaHHEE

HaTekaTeJeryM M T.I.

KaMep:!

JaTUVMKOB IJI4 WM3MEPpEeHMA IOJaBJIeHMAd,

OOJIXEH OBITh IOOCTATOYUHBEIM IJIS pasMelleHMA M3neijindg
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Hepas3pPEBHO

(MM TpPyINOH

CMOTPOBEIE

YacToO IIPOTUMBOPESUMBEIX.

B €IMHMYHOM U MeﬂKocepMﬁHOM

CBA3aHEL

H&pr@KM n @ﬂaHHH IJId pa3sMelleHVMAd B HMX TIOOBMXHBEIX M HEeIIoO—

K kamMepaM CBapOUHBIX YyCTaHO-—

M MEXAaHM3MOB IJIA €I'O TeXHOJIOT'MYEeCKOI'O IlepeMelleHnud U,

Ta-

mnusagoe-—

MJLJIIOMIIHAa —

SJIEK—

ObbeM ka-

(M TpPyMNIIe



BMECTE C TEM, MMUHUMAJIBHEM, UYTOOH COKPATUTL BPEMS OTKAUYKM U IIOBBI—
CUTBL MNPOMUBBOOUTEJILHOCTE OOOPYHOBAHUA.

KoHCTpyKLMS KaMepe IOJXHa ofecrneumpBaTb yHOOOHED IOOCTYI B pa—
Bouyn BOHY IJIg 3arpy3KM, BHIPY3KM U OOCIHYXMBAHUSA ¥ IIPU DTOM
IOOJDXKHA MMEeTb MMHMMAJIBHOE UMCJIO Pa3beMOB C BAaKYYMHBEIMU YIIJIOTHM-—
TeJIAMM M OTKPHEBAIMXCS KPHIIEK, TaK KaK OHM SBJIAKNTCHA Haubojiee Be-
POSTHEMM SOHAMM HAaTeKaHusa aTMochepHOTO BO3IOyxa. KaMepel IOJIKHEL
VIMEeTH MMHUMAJIBHYID MEeTAaJIJIOEMKOCTbL UM OBTH TEXHOJIOTMYHBEIMM B M3TO-—
TOBJIEHMM. B TO Xe BpeMs HeOoOXOIMMO OOECHEeUMTH MEeXaHUUYECKYH MIPpOou-—
HOCTb M XECTKOCTL BCEX BJIEMEHTOB BO U30exaHMe pas3lepMeTr3alun
YILUIOTHEHUM, I[IepeKoCa HAaNpabBJIbgonIMX M CMENEeHUM MeXaHM3MOB, 3aKperi-—
JIEHHHX Ha CTeHKaxX KaMeprel. [lonToMy IJig YyMEeHBUIEHUS BIMAHUA — Jaxe
HebosbpuMx nedopmManmii, BO3HMKAWNIMX B DJIEMEHTAxX KaMeprel, Ha pabory
MEeXaHM3MOB MCIOJb3YIT PABJIMUHEE KOHCTPYKTOPCKME IIPUEMEBI: MEeXaHU3-—
MBI pPas3MemarnT Ha obmwel 6a3e, BBOOAT B KOHCTPYKUUM PAa3JIMUHEIE KOM-—
IIeHCATOPH IEePEeKOCOB M 3a30POB B 3allerjieHuax u np.[7].

B COBpeMEeHHEIX YCTAHOBKAaX IIPEeVMMYHNECTBEHHO [IPUMEHSIT IPAMO-—
YTOJIbHEIE KAaMEPE. 3TO CBA3aHO IIPexXIe BCETO C UX YHUBEPCAJBHOCTBI.
B Takumx kamepax Haubosiee 2QPEeKTMBHO MCIOJB3YIT INOIOBMXHEE CBapoOu-—
HEIE MHCTPYMEHTH, CMEHHEE MAaHMUIIYJIATOPH M T.I. KaMeps UMIMHIPUYEC—
KoM GOPMEl MNPUMEHSITCS pexe, TakK KaK OHM MeHee YHUBEPCAJIbHE U
XyXe MNPUCIOCOBJIeHE K pafoTe C NepeMelanlyMMCS BHYTPY KaMePH WH-—
CTPpyMEHTaMM ¥ MaHunyjgartopamu [7]. Ijs nojyuyeHus 6©6e3MacisgsHOTO U
CBEPXBEICOKOT'O BaKyyMa KaMephH HeOOXOOMMO HATPEBaThb, UYTO YCJIOXHSAET

X KOHCTPYKLMIO. PazmmmuanT »OBa TUIIA KaMep: HerlpoIrpeBaeMble M TIIPpO-—

rrpeBaeMbIe . BakyyMHEE KaMepbl IOJIA CBAPOYHEIX IIPOLIECCOB, KaK IIpaBU—
JIO, HeIllpoI'peBaeMEEe . s IIpenoTepalieHMA Ilepel'pekBa KaMep OT TeXHO-—
JIOTMYECKOI'O MCTOUHIMKA JSHEepI'rNM MX »JejlaldT BOIOOOXJIaXIadeMbBIMU .

K MaTeplMrajslaM, VCIIOJNb3YyEMBIM IOJIA V3TOTOBJIEHMA BAKYYMHBIX KaMep

CBapOUHBEIX YCTAHOBOK, INPENbABJIALT Ccjelyluye TpeboBaHMA: BECOKAaS
BakyyMHas ILJIOTHOCTL; HMBKOEe TI'a30BHIOCJIEHME C I[IOBEPXHOCTM KakK IIpu
HOPMAaJIbHOM, TaK M I[IpPM I[OBHIEHHOM TeMIepaType; BHCOKas TexXHOJO—
TMYHOCTL, OCOOEHHO CBapMBAaeMOCTh; KOPPO3MOHHAaA CTOMKOCTL. Kpowme
TOT'O, NPU MCIOJB30BAHUM MHIYKUMOHHOTO, 3JIEKTPOKOHTAKTHOTO, OyI'O-—
BOT'O, DJIEKTPOHHO-JIYyUeBOT'O MCTOUHUKOB HarpeBa KOPIYyC KaMepbsl lie-
JlecooBbpa3HO M3TOTOBJATH M3 HEMaTHUTHOT'O MeTajja.

HauboJjiee [OJIHO IepeuMCJIEHHBEIM TpeBOoBaHUAM YIOOBJIETBOPSIOT KOP-—
PO3MOHHO-CTOMKME ayCTEHUTHHE cTajdm Turna 12X18HI0T. M3 »TUX CTa-
Jle M3TOTOBJAIT KOpIyca KaMep, 3arpy30uHbe JIOKM M BOIOOXJaXIae-—

MEBIE py@aMKM. PasbweMHEIEe COeOMHEHMA YIIJIOTHAKT C IIOMOIUILI IIPOKJIagOK
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M3 BAKYyyMHOM pesuHb [6]. [JIig momBoma SJIEKTPUUYECKOM SHEepIMM BHYTPb
KaMep:s ¥ KOMMYTAalMM MBMEPUTEJILHEIX Lelel MCIOJIb3YIT 3JIeKTPUUIECKUE
BBOnOEl. OHM IOJIKHEl OHTH I'€PMEeTUYHO I[IPUCOEIMHEHE K KaMepe U DJIeK-—
TPOMUSBOJIMPOBAHEL OT Hee.

9HeKTqueCKMe BBOIBI IIOOpa3neJIdAlT Ha TPpM OCHOBHBEE T'PYIIIIH .

HM3KOBOJILHEIE HMI3KOUWACTOTHHEE (HamnpsxeHme mpo 250 B, wacToTa mOo
1500 Tu); BHCOKOBOJILTHHE ( HanpsaxeHue ciBome 250 B) HM3KOYACTOT-—
HEIE; BLEICOKOBOJILTHEIE BEICOKOUACTOTHHE [6,8]. B cBoO ouepelb, HU3KO-
BOJILTHEIE BBONE OEJIATCS Ha CJaboTOUHEE M CHUILHOTOUHEE, I[IOCJIeIHUE
npenHaz3HaueHs IJIsS NPOoNycKaHusa Toka cebmue 100 A.

OnpeneneHme TOJIIVMHBEI CTEHOK JSJIEMEHTOB KaMeEPEHI. g OOJILIIMHCTRA

KaMep CBAapPOUYHHX YCTAaHOBOK, 3a MCKJIOUEHMEM YCTaHOBOK nJjsa Iubddys3m-—
oHHOM cBapku [9], OCHOBHEIM BUIOM MEeXaHUUECKMX HATPY30K HSBJISOTCHI
CUJIEL OT BOBIEMCTBUS aTMoCchepHOT'O namBJieHMa. CJleoBaTeJIbHO, KOPIYyC
KaMeps MOXHO PaCCUMTHIBATE Ha PaBHOMEPHO PacCIpelelIeHHYID BHEIHIOn
Harpy3ky 0,1 Mna. Takme, kazajochb OB, He3HAUUTEJIbHEIE HaAT'PY3KU
[IOBBOJIAIT M3TOTOBJIATHE KaMepy M3 CPAaBHUTEJIBHO TOHKOCTEHHBIX MaTe-
puanos. OIHAKO BHCOKME TpeboBaHMUSA K XECTKOCTU KOHCTPYKLMUM KaMeph
U crneuudmueckme YCJIOBUSA, HaNpUMep HeOOXOOMMOCTL B IOJDKHOM OMOJIO—
TMUECKOM 3allMTe IPU DIJIEKTPOHHO-JIYUEeBOM CBapke, OOYCJIOBIMBAKT BhI-
OOp TOJIUMHEL CTEeHKM B 2-3 pasza OoJjblle, UYeM M3 YCJOBUM MexaHUUe-
CKOM MNPOYHOCTM U ycTolumusBocTu [2,7].

[Ipy pacueTe BakKyyMHEX KaMep Ha IIPOYHOCTL OIPENeJISiT TOJIIUHY
CTEeHOK KaMep C MCIOJIb30BAHMEM TEOPUMM TOHKOCTEHHEIX o6oJjiouek. K
YMCJIy TOHKOCTEHHEIX OTHOCSAT OOOJIOUKM, IJId KOTOPHIX CIPaBEeOJIMBO yC-—
snoBue 0/Dg <0,04, rme Dy — BHYTPEHHMI OuaMeTp 000JOuUKM. OBOOJOUKO-—
Bhle KOHCTPYKUMM cCJenyeT o0sa3aTelIbHO IMPOBEepPSATh Ha YCTOMUMBOCTB
[10,11].

Pacuer IIPAMOYTI'OJIBHEIX KaMep CBOIOMTCA K pacueTy [IJIOCKOM IIpAMO-—

YPOHbHOﬁ CTEHKM C 3alleMJIEHHBIMM TIIO IIepVMeTPYy KpadamMu, HarpyerHoﬁ
PaBHOMEPHEIM BHEIHVM IOJaBJIECHMEM. CTeHKM CUMTawnT SaKpeIllJIEHHBIMM I10
KpadM TIIpM HaJIM4YMM Ha HUX @HaHHeB " YKpPpellJldnmmMX pe6ep, a TaKxXxe
IIpM COIIPpAXEeHVM CTeHOK IIon YIJIOM. PacueTHy TOJUMHY IJIOCKOM npAa-
Moyroanoﬁ CTeHKM O C BaKpeIllJIEHHBIMM KpaAdAMM OIllpeleJIAlT 10 SMIIMPU—

YEeCKOM 2BaBUCUMOCTU

§=025-b/.[[c], (3.9)

Toe b - ummpuHa OPAMOYTOJIBHOM CTEHKM, M; [O0] - I»omyckaemoe

HanopsxeHue npm wu3rudbe, Mla. [Ing cranm THmnona 12X18HI10T [o] =
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150...170 Mla. KpynHora®apuTHEE IPSMOYIT'OJIbLHEIE KaMephl CHabOXaioTcsa
pebpaMu XeCTKOCTHM, paclhojlalallMMMCSa IO HapPyXHOM CTOPOHE CTEHKMU.
[IpennouTUTesIbHEL I[IONepeuHEle pebpa, IapajijleJibHEe MeHbUel CTOPOHEe.
Ecam mnyockad OpsaMOyT'OJIbHAas CTeHKa ykpelleHa pebpaMy, TO OpM OIl-—
pelesyieHur ee TOJIIMHEL B 3aBUCUMMOCTL (3.9) [DOIOCTaBJIAT MeHblee
3HaueHMe pacCTOSHUA MexIOy ocaMM ykpenngommux pebep. KopobuaTee
KaMepel MB3TOTOBJIAIT, Kak NPaBUJIO, I[IOJIHOCTLIO CBAPHBMU.

Pacuer UVIIVMIHOPUYEe CKUX obeuaek. PacueTHyYI TOJIIMHY UMJiMHIOpmnde —

CkoOM ofeuarky O ONpemesyiseTCsd MCXOOa M3 YyCTOMUMBOCTM oOeuamky I10

bopwmyie:
0,4
Py !
0=125D| —. , (3.10)
E D
roe D - muamMeTp ofOeuanky (UMIMHIPUYECKOM), M; py — HapyXHOe
naejieHve kamepe (0,1 Mna); E - MOIOyJb YOPYyI'oCTM MeTJuia, Mla; 1 -
OoJmHa obeuamku, M.
IHMIAa — COCTAaBHHE KOHCTPYKTMBHLEE DSJIEMEHTH BakKyyMHEIX KaMep,

KOTOPEIE OT'PaHMUMBAT KOPIYC CHU3Y, CBepxXy UM COOKYy UM HEPasPHEBHO
coenMHeHE C oObeuayvkom. dopMa IJHHMIA onpernejydgeTrcsa QopMOoM comnpdara-
eMo¥ C HUM obeualkM U TexXHOJIOTMUYECKUMM TpeOOBaHMAMM, IpedbsaBlide-—
MBEIMM K KaMepe. JHUIa MOTYT OBTH DSJIIUMITUUECKMMM, [IOJIYLAPOBLIMM,
chbeprueckuMr, IIJIOCKMMM (KPYTJIEIMM MM [OPAMOYTOJIBHBEIMM) . ToJimmHa
OHMIA OOJPKHa OBITH He MeHee TOJIIMHBEL CTeHKM obeualMku. PeKoMeHIaLUM

0 KOHCTPYMPOBAHMIO KaMep MNOIPOOHO m3JjioxeHH B [6,10].

3.6. PexuMBl TedeHMs T'aBa M NPOBOAMMOCTH
BJIEMEHTOB BaKYYMHOM CHCTEMSE]

CTaHMOHapHHﬁ T'a30BEM IIOTOK, HpOHMKaDMMﬁ yepe3 32JIEMEHTEI BaKy-—
YMHOﬁ CrCTEMEI, BO3HMKaAET BCJIEOCTBIME cymeCTBymmeﬁ B HUMX PaAa3HOCTU

OaBJIEHUM U pacCcUmMTeEIBaAE€TCA II0 @opMyne:

0= U(p1-pP2), (3.11)
roe U - NOpOBOOMMOCTL 3SJIEMEHTa BaKyyMHOM CUCTEMBl; pP] U pPo -
IIaBJIEeHVMEe B HadaJle M B KOHLIe J25TOI'O 3JieMeHTa COOTBeTCTBEHHO. HpO—
BOOMMOCTB OSJIEMEHTA 4YMCJIEHHO pPaBHa KOJIMYeCTBYy I'a3a, npoTerKammeIro

yepes DBJIEMEHT B EOMHMIY BPEMEHM, OPM Pa3HOCTM HOaB— JIEHMM Ha KOH-
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ax o»JIeMeHTa, PaBHOM enuHuile. ECaM IOTOK M3MepsSeTcs B m3-Ia/c, To
NPOBOIMMOCTE BHPA3UTCS, COOTBETCTBEHHO, B m3/c.

ConpoTUBIIEHME B3JIEMEHTa - 53TO BeJMUMHa, oOpaTHas MNPOBOIMMOCTMU
R=1/U. Tlo aHajoTuMy C D3JIEKTPUUECKUMM LelaMM B BaKYYMHOM TeXHUKE
npy OpUOIMXEHHOM PacCMOTPEeHUM IIPOLIeCCOB TeueHMsa T'al3a CcuuTanT,
YTO IMPOBOIMMOCTL DBJIEMEHTAa He S3aBUCUT OT eI'0 PAaCIOJIOXeHMS Cpenu
OIPYyTHUX BJeMeHToB. Torma g psama NapajulelIbHO COeIMHEeHHBIX B3JIeMeH-—

TOB C IIPOBOIOMMOCTEBIO Ui MOXHO OIllpeneJinThb o6mym IIpoBOIOMMOCTE @

N
03U, - 3.12)
i=1

roe N - oflee UMCJIO 2JIEMEHTOB.
s pADa IoCJIegOoBaATE€JIbHO CO€eIMHEHHEIX J3JIEMEHTOB IIOJIYydYMM 06—

myn IIpoOoBOOVMMOCTDB

N
=1/ l . (3.13)
U=\ 2 ),

[IpOBOOMMOCTE BJIEMEHTA BaKYyyMHOM CUCTEMH IPU HUIKOM BaKyyMe C
[IOBHIIEHVEM IaBJIEHUS YBeJMUMBAETCH, a IIPpM BEICOKOM BaKyyMe oCcTaeT-—
csa IpakKTUUYeCKM HeMsMeHHOM. OOYyCJIOBJIEHO 2TO TeM, UYTO B HUBKOM

BaKyyMe OCHOBHYK POJIb MI'paeT BA3KOCTHHM peXMuM TeueHusd Tras3a. B

STOM CJlydyae XapaKTep paclhpelnejieHus CKOPOCTM B IIOIIEPEeUHOM CeUYeHUM
ompemengeTCcs CuJlaMyM BHYTpeHHeTo Tpenus [3,8].
HpM BEICOKOM BaKyyMe CHMJIBI BHYTPEHHEI'O TPpEeHMA B I'a3axXx OJIU3KU K

HYJIEBOMY 3HAUeHMI UM CYHEeCTBYyeT TaK Ha3bBaeMblM MOJIEKYJISPHEMU PEeXUM

TedeHUs Tas3a, IJId KOTOPOI'O XapaKTEepHO He3aBUCHMMOE IIepeMelleHue
OTIEJIbHEIX MOJIEKYJI.

B cpemHeM BaKyyMe Ha TeUeHMM I'al3a OINHOBPEMEHHO CKAaBHBaeTCH
BJIMSAHME BHYTPEHHEI'O TPEeHMS UM MOJIEKYJIAPHOTO IepeHoca. CymecTByo-
Iy [IPYM DSTOM I[IEPexXOIHOM PEeXMM TedeHMs Ha3HEBalT MOJIEKYJISPHO-—
BA3KOCTHEIM .

B kxaxmoM pexmuMme mjg JioO0oT'0 M3 BJIEMEHTOB BaKyyMHEIX CHUCTEM MO-—
XeT IoJIydeHa CBOS BaBMCHMMOCTL I[IPOBOAMMOCTM OT IaBJIEHMS, TeMIlepa-
TYPE M XapaKTEPHEX pPas3MepoB »JleMeHTa. B Tabj.8. [NIpMBEIEeHE PexXu-—
MBI TeUeHMs I'asa [0 »JIeMeHTaM B 3aBUCUMOCTM OT KpuTepus KHyIceHa.
Ing BO3Oyxa IIPM HOPMAJILHOM TeMIlepaType IJMHa CBOOONHOI'O IIYyTM MO-—

JeKyJiel L = 6,210_3/(pr5®), rOoe pp — HaBJIEHME BO3IOyXa.
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Tabmuiia 8. PexuMmel Teuenus rTasza [3]

PexyMel TeueHMd T'paHMUEl 3HAYEHUMN
rasa BepxHuaa Huxuasa
BA3SKOCTHBI aTMochepHOe naBJICHUE Kn< 5-10-3
MoJiekyJIapHO—
BA3KOCTHEI Kn> 5.-10-3 Kn< 1,5
MoJIeKyJIAPHEIN Kn> 1,5 Kn—s oo
[l[poBOOMMOCTE OTBepcTUA. llon oTeBepcTueM OyneM IIOHMMAThb
TPyOONPOBOA IOJIMHOM 3HAuMTEeJIbHO MeHble mmamerpa ( 1<0,01d), pacno-

JIOXEeHHHM B CTEHKe, pa3nejdpuey nBa obbeMa.

[Ipy BA3KOCTHOM pexXMVMe TeUeHMUd T'ala yMeHbIleHMe OTHOUEeHUS IaB-—
JeHnmiti ¢ obemx CTOPOH OTBepCTus r= pp/p;< 1 NpMBOOAUT K TOMY, UYTO
KONIMYECTBO Trasa, [IpoTekanumero depes amadparMy, M CKOPOCTH IIOTOKA
B oOJjlacTuM po yBENIMUMBAETCs OO TexX I0p, IOKa OTHOWleHre po/p] He
OOCTUTHET KPUTUUECKOTI'O 3HAUEeHMS, COOTBETCTBYHIETO CKOPOCTU 3BY-—
kKa. Ecaum mnpolecc mucTedeHMsa anuabaTUMuecKul, TO KPUTUUEeCKOe OTHO-

meHne

) v/y-1
he=|—— (3.14)
y +1

nyna Bosnmyxa Yy=1,4, nosrtomMy rip=0,528, mnmga omHOAaTOMHOI'O Ias3a,
HampmMep aproHa y=1,67, rg=0,437.

ﬂaﬂbHeﬁmee YMEHBIUIEHVE OTHOUIEHWMA ﬂaBﬂeHMﬁ He M3MeHdeT KOoOJInue-—
CTBa MNpOTeKaomero rasa. B ob0jacTy 3HaYeHMV OTHOWEHMWs pp/p] BHIE

KPpUTHNYECKOI'O INIpOBOIMMOCTE OIlpeleJideTCHd BHEPaAXEHMEM

0 % n
Uo me= =Y WR—= (3.15)
n—» l-r M
Toe M - MoOJIeKyJisgpHas Macca (ojas Bosnoyxa npmu T=293 K -
M=29 xr/xMoJb); A - I[UJIOWAIb OTBEPCTUHA, MZ2. B pesyibTaTre OJjad BO3-

oyXa IIpOBOAVMMOCTE OTBEepPCTUA

U m6:766-r0’7- 1—r0’3- npu 1>r> 0,528 (3.16)

0 —-r
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A

1-r

U, ms =200 npu 0,528>r>0,1 (3.17)

Uppg= 2004 npu 0,1>r>0 (3.18)

Tak KaK OTHOIEeHMe IaBJIEHUM r 3BapaHee He M3BECTHO, TO pacuerT
HYXHO BECTM METOIOM IIOCJIEOOBATEJIbHHX NPUOIMXeHMUM. [IpM MNPOeKTUPO-—
BOUHOM pacueTe C OOJbIMM 3allaCoM MOXHO IIPUHATL B IIePBOM NPUOIM-—
xeHur, dTo Ugqpg = 200A M3/c u He maBucur orT r. Torma IJis KPY TJIBIX
orBepCTUuml Uqpp= 160d2 M3/c. B OOBUHEIX BaKyyMHEX CHUCTeMax, pabo-
TaKMMX B CTAalMOHAPHOM pexuMme, dame Bcero r = 0,8. 270 CcooT- BeT-
cTByeT npoBOAMMOCTU Uqspg = 830A M3/c, uTO NPMMEPHO B 4 pa3a BH-
me, 4YeM pesl3yJibTaT INePBOT0 NPUOIIMXEHMUS .

HpOBOHMMOCTb OTBEPCTMA B MOJIEKYJIAPHOM pPeXVMe PaCCUMTBEIBAKT II0

bopwmysie
T T
U, =A4A,|Rh-——=364-4.|—, (3.19)
M=ENT0 o g \ M
roe Rp - yHMBepcalJlbHasd I[IOCTOAHHAaA R0=8,314-103 Ix/ (kMOJIb-K) ;

T - TeMmneparypa, K.
B pesymnepTaTre pacueTa NPOBOOMMOCTM OTBEPCTMA IOJ4 BO3OyxXa IIpH

KOMHATHOM TeMIepaTtype T=293 K u3 (3.19) nojayuaem
Uppg=116A (3.20)
Insa xpyrsioro orsepcTusd Uspg= 91d2 m2/c.

s MOJIEKYJIAPHO—BA3KOCTHOTI'O pexmMma TEe4YeHMnA MOXHO II0JIB30—

BaThbCa NPUOJIMXEHHOM GOpMYyJION

Uore=Uo.m®P + Uo.m (3.21)

Toe b=( 1+2,5d/24)/ (1+3,1d/2A) (3.22)
Iy BO3IOyxa IPM KOMHATHOM TeMIepaType corjacHo (3.21) wmumeewm
Us . me=116Ab + Us. g (3.23)

0Jia NPpUOJIMXEeHHEIX pacuyeToB MOXHO npuHATs b=0,9

[IpoBOOMMOCTE TPYDONPOBOHNA C KPYIJIEIM IIOINEPEeYHEM CcedeHueM. [lo-

TOK Tas3a (Q, NpoTeKalUM¥ uepe3 TPyOOIPOBOH, HaMIeM Kak Ipou3Belne-
HMe 00BeMHOTO pacxoma dV/dt u cpelHero HabBJIeHMS B TPYOONpPOBOIE:
0= dv/dt ((pp+p1) /2) (3.24)

[IpOBOOMMOCTE KPYIJIOTO TPpyOONpOBOIa IIPU BA3KOCTHOM pexXuMe Te-

JYeHMd I'a33a:
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zd* (p+

U, ’
B3 (8n-1)

Toe T - IMHaMMueckas BSA3KOCTb rasa, lla/c. [is Bo3oyxa IIpu

(3.25)

T=293 K; n=l,82i0‘5 lla/c. Bopaxenme (3.25) MOxHO IpeoBpas3oBaThb K

By

4
d +
U :1,36-103¥ (3.26)

m.e

HpM MOJIEKYJIAPHOM peXVMEe TedeHMAd IIPpOoBOOMMOCTL IIJIA KpPYyIJIOI'O

TpyOonpoBona OlpeneseM:

3
UmM=38d— l (3.27)
[ \M
Ins Bosmyxa mpu T=293 K Upy~121d3/1 (3.28)
B objnacTu cpelHero BakKyyMa IPM MOJIEKYJISPHO-BA3KOCTHOM pPEeXMUME
TEUEeHMd Tasa OPOBOOMMOCTB MOXHO PaCCUMTHIBATE 0O dopmyJe (3.21)
npu b=0,9.

[IpoBOOMMOCTEL KOPOTKOTO Tpybdonporoma (1<20d). IInsg BA3KOCTHOTO

pexrmMa NPpOBOOMMOCTE MOXEeT OBITH ONpenejieHa IO dopwmyJie:

4
T-d (pl +p2)
(]K m - . (3.29)
2561-1-[1+0,143M Q / - nRTI]
IOns Bosmyxa mnpm T=293 K
Uxrp=684/d? (p1+p2) J[1 (1+2,88.10720/1) ]. (3.30)

[IPOBOOMMOCTEL KOPOTKOTO TpyBOompoBOIa IJd MOJEKYJISPHOTO pexyrMma

MOXeT OBITH ONpenejieHa Kak:

/T
U =364 -k;-A-,|—, (3.31)
K mm l M

roe kj - OespasMepHbEM KO3QQMIUMEHT, 3aBUCALMM OT OTHOIEHNA
1/d [4,6]. IOna Bozsmyxa mpu T=293 K
Upra=116k7.A wm3/c (3.32)
[IpOBOIMMOCTE KOPOTKOTO TpyDonpoBona oJid MOJIEKYJIAPHO—

BA3SKOCTHOI'O PpPeEXMMa pacCCUMTEIBAKT aHAJIOT'MYHO COOTB@TCTBYIOLLLGVI npo-

BOOVMOCTM IJIMHHOTO TpyBomnpoBona. g OPpuUOIMXEeHHOTO pacdyeTa Ipo-—
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BOOVMMOCTM IJig JIOOOTO pexuMa KOPOTKUM TpyOONpOoBOI MOXHO IIpen-—
CTaBUTb COCTOSWMUM M3 OBYX I[IOCJIeOOBATEJIbHO COEIOMHEHHHX 9SJIEMEHTOB:
oTBepCcTMSa (C OMaAMEeTPpOM, PaBHEM IMaMeTpy KOPOTKOTO TpydDolpoBona)
u “OoamMHHOTO” Tpybomnpororda (IJiMHA M OMAMETP KOTOPOI'O PaBHHE OJIMHE
1 IMaMeTpy KOPOTKOTO TpybomnpoBona). Torma Ugp HaAaxXOOAT IO BBEPaxe-—

HUIO
1/UKT = 1/Uo + 1/UﬁT (3.33)
roe Uy u UﬁT onpenesigsercsa o dopMmyJiaM, COOTBETCTBYKRUUM PEXU—

MaM Te4YeHNA.

HpOBOIU/IMOCTb BEHTWIIA . i1 BSA3KOCTHOTO pexrmMa IMIpoBOIOIMMOCTD

BEHTUJIA IIPUHMMAKT PaBHOM NPOBOOMMOCTM TpyOONpPOBOIa, MMEKILETO Ta-—
KOM Xe IOumaMeTp, KakK IOuaMeTp BEeHTWJIS, HO OJMHY, [OPEBBUALIYD IJINHY
BeHTUNa B 2-3 pa3a (T.e. BeHTUNb 3aMeHANT »KBUBAJIEHTHHM I[10 COII-—
POTUBJIEHMI KOPOTKMM TpyOOoNpoBOomOM) . [ia MOJIEKYJIAPHOTO pexXmMma
NPOBOIMMOCTL BEeHTUJA nOpuHuMaiT paBHOoM 0,06...0,15 nporOOMMOCTM

OTBEPCTUHA, MMeKIEeI0 TaKOoM Xe IMaMeTp, KakK BeHTWUJb. JJig IIpoMexy-—

TOUHOT'O MOaBJIEHUSA pP; — TIMIPOBOIOMMOCTL BEHTUJIA MOXHO ONPEemeJIMTh IO
BEIPAXEHMIO :
U -U
_ 6.6€6 H m M.6€6 H m .
UMG@QH m_UM.SeH m+ ( _ ) (pl+p]1/l) (3.34)
P = Py
roe Uy.geur. Y Ug.pepyr. — COOTBETCTByKIME IPOBOOMMOCTM BEH-—

TnJiA, OIIpeneJIeHHBIE MOJIA MOJIEKYJIAPHOTO M BA3KOCTHOI'O PEXVMOB; pp U
Py — BEPXHAA M HMXHAA TPAHMIBEL IOABJIEHNA, COOTBETCTBYKIEI'O MOJIEKY-—
JIAPHO—BA3KOCTHOMY PEXUMYy .

YyeT CONpOTUBIIEHMHA M3IIMOOB Tpydbonposonma. HOiIa MOJIEKYJIAPHOTO

pexyMa IOIpM pacdeTe IIPOBOIMMOCTHM TpyOONpoBOIa, MMeKuero W3TUbEH,
BBOIUTCS TOHATME 30PEKTUBHOM IJIMHE TPYOOIPOBOIA :
I5p= lpeom® 1,33dn (3.35)
roe Ipeomy — TeoMeTpuYecKas OJrHa (o OCHM); n — UMCJIO U3THU-
6o TpybonpoBomoB Ha 90C. lmga BI3KOCTHOTO pexmMma IIPOBOIMMOCTD
n3TUO0OB TPYyOONPOBROIa B IPOEKTHMPOBOUHOM pacueTe He YUUTHBAET.

HpOBO,I[I/IMOCTb BAaKYYMHEIX 3aTBOPOB BaXHa TOJIBKO IIJIA MOJIERYJIAP—

HOI'O peXVMa U OBDOBIUHO YKasaHa B IIacCIIOPTHEIX ITaHHBIX.

HpOBO,I[I/IMOCTb SJIEMEHTOB BaKyyMHOﬁ CHCTEMBl 3aBUCUT TakKXe OT
BrIga I'azsa M eI'0 TeMIIepaTypPE. 3aBUCUMOCTb npopoIImMMoOCTM CUMCTEMEL OT
BrIoa MCIIOJIB3YyeMOI'O TI'a3a IIpMBeIdcHa HUMXe ( B dYMCIIMTEJIe — 3HadYeHUA

U o7 BABKOCTHOT'O pexuMa, B BHaAMeHaTeJle — IJIS MOJIEKYJISPHOTO) .
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T'as Bosoyx Ho He Ar Bomaunom map

U 1/1 2,1/3,78 0,98/2,67 0,82/0,85 1,9/1,26
HJ—IFI ydeTa TeMIIepaTypel I'a3a HeO@XOHMMO BBECTNM IIOIIPaBKY
Um=U293\/T/293, (3.30)

roe Upg3 - NPOBOOMMOCTE 3JIeMeHTa CucTeMsl npu T=293 K.

3.7. Bmb6Op HaACOCOB M oOINpeneJyieHue
X OCHOBHHIX IIapaMeTpoOB

Bribop BakyyMHEIX HaCOCOB IJiS CUCTeEM, TpebOyolMx CO3OaHUS »OaB-—
JIEHUM B CBApPOYHOM KaMepe B IOmanasoHe Hmxe 1 Ila Bcerma cBfA3aH C
KOMIIPOMMCCOM M TpebyeT ydeTa MHOTMX OGakTopoB. Tak, mM3-3a OI'PaHU-
UEHHOCTM TEXHUUECKMX CPEeONCTB, [IO3BOJISNIMX OIMHAKOBO 30OEKTUBHO
OTKAUYUMBAThL I'a3 M3 BaAaKyyMHOM KaMepel B OMAIla30HE HOaBJIEHUM OT aTMO-—
cbepHoTOo Hmo pabouero 102...1-107° [la, cucTeMb BaKyyMUPOBAHMUS
OOBIUHO Ppa3meJigdloT Ha IHOOCHUCTEMBI, OO0OecleuMBallMe pPasJIMUHYK CTENEHb
BaKyyMa M BCTynawmye B paboTy ODOCIeIOBaTeJIbHO: (QOpPBAKYyMHYKD U
BEICOKOBAKYyyYMHY. Kaxmad m3 3TMX CUCTEM MOXET BKJIOUATbHL B CcebOa He-
CKOJIbBKO TMIIOB HACOCOB. B QOpBakyyMHOM CHUCTEME OOBUYHO MCIOJb3YIT
MEXaHMYUECKME MACJIAgHBEIE HACOCE (OOBEMHO-POTALIMOHHEIE), B BECOKOBa-—
KYMHOM CMCTEME MCIOJNb3YyKT OOBUYHO D3XEKTOPHBEE, IUQY3SMOHHEIE UM Typ-—
BOMOJIEKYJISPHEIE HACOCH [6].

[lpakTHMUYeCKM BCE HACOCH IIPpU NPOEKTUPOBAHUNM PACCUUTEBAKLT IJlaB-—
HEIM O0Opa30M Ha CKOPOCTh OTKA4YKM BO3OyXa (azora). UYacTo pemamnmyMm
baxkTOpOM 4BJISETCH OTKadKa [IapoB BOIOel. OCOOEHHO BaxXHO DHDTO IIpHU
CBapPOUHEIX IIpoleccax, TpebyonlrMx dYaCTOM OTKAYKM OO HOaBJIEHUM HUXE
11072 Ila nocje KOHTAaKTa «C BOBIOYXOM CTEHOK KaMepr, TexXHOJIoTuue-
CKOM OCHACTKM M WU3OENMM, NOTOMY UYTO MMEHHO IIAPHE BOOE [IPEMMYIECT-—
BEHHO BHIOEJATCS NOPM Oeras3auum C UX ODOBepxHocTeM. [IJjId [NOBHIIEHUHA
OTKAUMBAWLIEN CIOCOOHOCTM NHAapOB BOIH K INOOY3MOHHEIM MIM TypOOMO-—
JIEKYJIAPHEIM HacCOCaM IMIOIOKJIYAKT JIOBYWKY C XUIKMM as30TOM WMIM KPUO-—
TeHHBM Hacoc [6, 8].

OCHOBHBIMM XaPaKTEPUCTUKAMM BaKyyMHOI'O HacoCa MABJSTCS CJe-
oyomye .

1. BeicTpoTa nemcTBuAa Sy -~ (M3/c), T.e. obweM rasa Vi, yma-
JIAEeMOT'O HaCOCOM B E€IMHMIY BpeMeHM € dYepes BXOINHOM NaTpyDOOK IIpu
OaBJICHUNM DP7:

Sy=dVi/dt (3.37)
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2. DbdbexTHMBHasa OBICTPOTA OTKAUKMU Sg®, T.e. obweM rasa Vpy, mno-
CTyHamomero M3 OTKauMBaeMOI'O UYepes BEXOIHOM NaTpyOOK B eIOMHUILY
BpPEMEeHM [PpM OaBJIEHUU pPo:

Ss®=dV2/dt (3.38)

3. Ko2(pdmuMeHT MCHIOJIb30BaHUA Kﬁ=53®/SH. OBBIUHO K =2.

4. TlorTok rasa Q (M3Ha/c), NPOXOOALMY Yepe3 BXOINHOE CeUeHMEe
Hacoca: O=pj.S54.

5. IllpemenbHOE @HaBJIEHUE Prp (IlTa) - MMHMMAJbHOE IJaBJIEHME, KO-
TOpOe MOXeT oOecHneuuThb Hacoc, paborad 6e3 oTKauMBaeMoI'o OOBeKTa,
T.e. “caM Ha ceb6bg”. BrelICTpoTa IeMCTBMS HacCoCa NOpU NPUOIMXEHUM K
Prnp CTPeMMTCA K HYJIO.

6. HamMvenrpmee pabouee gpaBJleHMEe Dy ([Ia) - MuHMMaJIbHOE IaB-—
JIeHMe, IIpPM KOTOPOM HaCOC IOJUTEJIbHOE BpeMd COXPaHSeT HOMMHAJIBHYIO
OeICTPOTYy IeMcTBuA. HamMeHbliee pabouee IOaBJIeHME B BaKyyMHEIX CBa-
POYHEIX YCTaHOBKaxX IOJIKHO OHTbL B 50-100 pas BHIE OPenejibHOTO.

7. Haubomnbumee pabouee mpaejieHue pyg ([Ia) - MakcuMasbHOE OaB-—
JIeHMe, IIpPM KOTOPOM HAaCOC IOJUTEJIbHOE BpeMd COXPaHSeT HOMMHAJIbHYIO
OBEICTPOTY IOEMCTBUA.

8. IaeiyeHue 3amnycka pg (Ila) - MakcmMasbHOE IabJIeHME BO BXOI-
HOM CeUYeHMM HacocCa, IIPpM KOTOPOM OH MOXEeT HaudaTb paboTy.

9. HambouJibllee BEIIYCKHOe nabJjieHMe py (Ila) — MakcuMallbHOE IaB-—
JIeHMe B BHIXOIOHOM CeUYeHMM Hacoca, OpM KOTOPOM OH MOXET OCyleCTB-—
JISTh OTKAUKYy.

[lapaMeTpsl BaKyyMHEIX HaCOCOB IIOKa3aHH Ha (puc.4).

ConocrTaBjieHre TpebOOBaHMM K paboueMy BakKyyMy B CBapOUYHOM Ka-
Mepe, obecrneuMBaeMOMY HAaCOCaMM Pa3JIMUHBIX TUIIOB, JAalT BO3MOXHOCTD

BbI6pa’I‘b Haubojiee MNOOXONOAMMM TUMII OCHOBHOI'O Hacoca

S

Su

Prop Pum Pu6 Ps p

Puc.4. OCHOBHas XapaKTEepPUCTMUKA BaKyyMHOT'O Hacoca
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Ecim cBapouHble OlepaluM INO03BOJIAIT MCIOJIb30BATb MAacCJISHBEIE CUC-—
TeMBl OTKAa4YkM, TO B KaueCTBe BHICOKOBAKYYMHOM CUCTEMBl [IPUMEHSIOT
IapoMacJigHele arperatTel (Tabsn.ll4). IOna noaydeHmsa QopBaKyyMa MUC—
[IOJIb— 3YyIT MexXaHMUeCKMe MAaCJIgHBle Hacoce (rTabis.lll). HawumeHblee
3arpsas3—- HEHMEe MacJioM OTKauuBaeMoro obbeMa ofeclreumBaeTCs IIPU MUC—
[I0JIb30BAa— HUM MOJIEKYJISPHHEIX U TypOOMOJIEKYJIAPHBIX HAaCOCOB. Macjo wu3
HMX MOXEeT IolamaTbh B OTKAUMBAEMEM O0OBEeM TOJIBKO M3 II0OJIOCTEM IIOn-—

HNMITHMKOBEIX Y3JIOB.

4. IPYMEP NPOEKTHOT'O PACUETA BAKYYMHOM CTAHOBKM
IJIsI SJIEKTPOHHO-JIYUEBOM CBAPKM

VlcxomHele @HmaHHEIE [JId pacdeTa. YHMBeEpcaljlbHad YyCTaHOBKAa IOJd

3JIEKTPOHHO-JIYUEeBOM CBAapPKM [OpelHasHaueHa MIJId CBapkKM IeTajiel Lu-—
JIMHIPUYUECKOM GOPMEI CJIeOYIIMX TUIIopa3MepoB: nuameTrpoM oT 30 1o
300 MM m mgmmuoM oT 100 mo 800 mMm. YcTaHOBKA OCHAleHa DJIEKTPOHHO-
ayueBoy nymkoy Y119 ¢ yckopswommM HamnpsxeHvem U = 30 kB ¥ MOmHO-—
creio P = 15 kBT, KOTOpas pacloJiIOXeHa B BEpxXHEM dYacTM CBAPOYHOM
Kameprel. Ilylmka IpM CcBapke IepeMemaeTrcs. MaTepualli BakKyyMHOM KaMeph
craynbp 12X18H10T. BakyyMHas KaMepa BHIIOJIHEHA B Bume kyba (pmuc.b)

C TrabapUTHEIMM pa3MepaMy BHYTPU KaMepPh 1,0x1,0x1,0 M3,

111~

— 3.0 |°

22
—>|J€— > l«—
131 132 133

Puc.5. Cxema BakKyyMHOM CUCTEMEL
PexyMm CBapkKu: T[OJIHOEe pabouee @maBJIEHME OCTATOUHEIX Tas30B BO

BpeMda CBapku p< 1-1072 [Ia, BpeMsa »OOCTMXEHMS 3aOAaHHOTO HOaBJIEHUA
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t £ 10 MmmH. Bpewmsa tnp IPEeOBAPUTENIEHOTO pal3peXeHrd B KaMepe o

maBJeHusa 12 Ila He IOJIXKHO IpPeBHUATbH 5 MMH.

Pas3Mepr (B MeTpax) TPyOONpPOBOIOB M KOMMYTALMOHHOM anlapaTyp:
crnenywoumue, M: 177= 0,3; 170= 0,3; 173= 0,05; 174= 0,1; 1o7=1,0;
1oo=10,2; 1p3=0,12; 137= 133=0,1; 1I3p= 0,12.

[IJpOEKTHEM pacder.

1. Vcxomsa M3 yKasaHHOTO BHIIEe OaBJIeHMS OCTATOUHEIX I'a30B B Ba-—
KYyyMHOM pabouey kamepe, IO HOaHHEIM B Tabs.ll4 BeOMpaeM B KadecTBe
OCHOBHOT'O Hacoca Iubody3MOHHEM [DAPOMACJISHBIM arperaT, B KadecTBe
BCIIOMOT'AaTEeJIbLHOTO — MexXaHMUeCKMM Hacoc (rabi.Ill,II2).

2. OnpemesngeM CyMMapHbBIM TI'a30BHM I[IOTOK, [NOCTylalMMUM B BaKy-—
YVMHYIO KaMepy OO Hauajla [NPpOoBeleHMS CBapkM. Ha 2ToM CcTaiIuM YCJIOBHO
IpUHMMaeM, UYTO T'a30BHEM INOTOK He M3MeHSIeTCd BO BpeMeHM. llpenBapu-
TeJIbHO MNPMHMMaeM, 4YTO OuaMeTprl TpybtonposomoB dj=0,3 mM, dp=0,1 M.
[Inomwanb TMOBEPXHOCTM CBapMBAEMHX DJIEMEHTOB HeTajM M3 TUTAHOBOTO
crutaea BTZ22, ofOpameHHasa B BakKyyM, cocTaBjdeT npmMmepHo = 1,5
M2 . [Inomwalb TEXHOJIOTMUECKOM OCHACTKM M BJEKTPOHHO-JIYUYEBOM IIYLKU
npruHrMaeM pasHoM Ilp= 0,6 M2 . [nomans BHYTPEHHEM IIOBEPXHOCTU Ba-
KyyMHOM KaMeprel [Ipx= 6x1xl = 6 M2, Ijowansb IIOBEPXHOCTM TpybOonpo-
BOJa OT KaMeph OO 3aTBopa:

Mpp,1=m.dy (177+172)=3,14-0,3(0,3+0,3)~ 0,56 m2.

[Inomwalb NOBEPXHOCTM TpyOONpOBOIa OT KJjalaHa

Mpp.2=n-dp-(127+1pp)= 3,14-0,1(1,0+0,2)~ 0,37 m2.

OnpemnengeM BeJMUMHY I'al30BOTO IIOTOKa IO QopmyJsie (3.4):

03= My-qpt (Mgtlly) ‘e + (Ipp, 1+ pp . 2)9c + Ou=

= 1,5510"6+(6+0,6)-1-10"4 +(0,56+0,37)-7-10=4 +2.10=3=

= 3,3-10°3 m31a/c,

TOe Jqp, Juces de — CKOPOCTM YHOEJIbHEIX I'a30BBHIESJIEHUM TUTAHOBOI'O
CrjlaBa, KOPPOBMOHHO-CTOMKOM CTaJiM M KOHCTPYKLUMOHHOM CTajM, COOT-—
BETCTBEHHO. (Qy - HaTeKaHMe BO3AyXa M3-3a HapylleHUsa ITepPMeTUYHOCTU
Pa3JIMUYHEIX BBOIOB UM PE3UHOBHIX YIIJIOTHEHWUNM B KPHIIKE KaMephl, MWJIIJIIOMM—
HaTopax M T.nO. llpu dymcie paszbseMoOB 15

Omin= 0,3156,710~11= 3.10-11 M3 .ma/c.

Ha oOCHOBaHMM MCCJI€NOBaHMUM ¥ IMIPOMBILJIEHHOT'O OIIBITa HaTeKaHUue

IpM CBapKe TMTAHOBEIX CIIJIaBOB He JOJDKHO IIPEeBHUIATH (Tabis.b)

Oy max=5-10"3 M3.Ma/c. Tpunmmaem Qy = 2.1073 m3.Ta/c.
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OnpenesiseM IOONIOJIHUTEJIBHEY I'a30BBIM [NOTOK, BOBHMKAKIMI B IIPO-—
lecce cBapku, 1o o¢opmyie (3.6). IIpu TojnummHe netTanu 20 MM ILJIoWalb
MOIIEPEeUYHOTO CeuYeHMs CTBIKOBOT'O WBa Fyp= 8:1072 M2, CKOPOCTL CBAapKM
v = 30 M/u, rTaszsocorIepxaHMe TUTAHOBOI'O CIIJlaBa - O,2-lO2 Mm3-Tla/xr.
Oup=(0,1-0,2-102-4,5-103-8-107°-30) /3600=0,6-10"2 wm3-Tla/c. MakcuMmaib-

HEIM T'@30BBIM [IOTOK IIpm CBapkKe MOXeT IOOCTUI'dThb

Omax= QY + Omp= 3,31073+0,6:1072= 0,93-1072 m3Na/c.

HaxommuMm 200ekTMBHYI OBEICTPOTY OTKAUKM BaKyyMHOM pabouelr Kame-
PHL:

S"50= QFmax/P = 0,93-1072/1-1072=0,93 m3/c.
4. OnpegnensgeM HOMMHAJBHYH OBICTPOTY HOEMCTBMA OCHOBHOT'O Hacoca
Su= Ssp/ky = 0,93/0,5 = 1,87 m3/c.

5. B kauecTBe OCHOBHOT'O Hacoca BHOMpaeM IMOOY3MOHHHEIM [Iapo-—
MacJISHEM arperaT Moaubukauum ABII-400-1600, wmMenmMM HOMMHAJIBHYIO
OBICTPOTY  OEeMCTBMA B OMaAlla30HE  OAaBJIEHUU 1073...1071 1ma ’
Sy= 2,15 M3/c (mvameTp BIyCKHOTO NaTpybKa dgn= 0,25 M, BHIYCKHO-
To dggm= 0,063 M) . JaBieHme 3sanycka pgsS 27 Ila. Heobxomumas
OLICTPOTa HOEMCTBMA BCIOMOTATEJIbHOI'O Hacoca Sy.gern. = 51073 m3/c.

6. BoObupaeM THUIIOBYI CXeMy BaKyyMHOM CHUCTEMB, B KOTOPOM Qop-
BaKyyMHBEIM HACOC BHIOJNHAET QYyHKLMM BCIOMOI'aTeJIbHOI'O Hacoca M Ha-
COCa MNPEenOBapMUTEJIEHOTO Pas3pPeXeHMs CBAPOYHOM KaMEPH.

7. BroibupaeM OQOPBAKYYMHHM MexXaHMUECKMUM HaCOC 3BO0JIOTHUKOBOT'O
Tuna HB3-75, wMenmMi HOMMHAJBHYI OBICTPOTY OEMUCTBUA Sy pcen=
7,5-10_2 M3/c, obecrnieuMBaKIMy OCTATOUHOE IaBJIEHUE Prp= 6,7 Ia.

8. HasHauaeM nOuaMeTpe BaKyyMHEIX TpyoOomnpoeonmos: di= 0,25 M,
do= 0,1 M BufOupaeM BaKyyMHBEM 3aTBOP, OTCEKALIMI KaMepy OT OCHOB-—
HOT'O Hacoca, C YCJOBHBIM IIPOXOIHEM OTBepcTueM nuameTrpoM 0,25 M
(Tmnn 33Mn-250), BakyyMHBEIE KpPaHH C YCJOBHBEIM OTBEPCTHUEM IMaMETPOM
0,064 M.

9. HaxoIuMm MNpenaBapuTeJIbHO OHBCTPOTY OTKAaUKM BaKyyMHOM pabouen
KaMepE BCIOMOT'ATEJNbBHEIM HAaCOCOM:

Sod.scn= Su.senfu.sen= 7,5-1072:0,7= 5,251072 m3/c.

10. OnpenenuMm CBOOOIHBEIM OOBEM BaKyyMHOM KaMeph U TPyOONIPOBO-—
IOOB, TIIPU DTOM dH: 0,1 wm, lH: 0,3 M, oOBeM MIpMUCIOCOOJIeHUSA Vhp:
0,005 M3, obweMm nyumku - Vo= 0,002 M3,

V= Vk +Vap=Vp-Vop-Vn= 1+7d2 (117+112)/4 +
+ wd? (121+122) /4 = mdplpg/4 - Vpp - Vg =

= 1+3,14:0,252:0,25-(0,340,3+0,05+0,1) +

+3,14-0,12-0,25(1,040,2)- 3,14-0,12-0,25-0,3 - 0,005 -0,002 =
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= 1,0389 m3.

11. HaxomuMm BpeMsa NPeIBaAPUTEJIBHOTO Pa3pPeXeHMU:

tnp= Vfln(pHaq/pnp))/Se®.Bcn=

= 1,0389(1n(1,01-109/12))/5,25-1072= 178,8 ¢ ~ 3,0 MuH.

Bpemsa nDpenBapUTEJIBHOTO pal3pexXeHus MeHblle 5 MuH. CJleloBaTeb-—

HO, @OpBaKYYMHbIﬁ HacocC BbI6paH OOCTaTOUYHOM IIpOM3BOOMNTEIJILHOCTN .

NIPUNIOXEHME

Tabnuia I11. TexXHUMUEeCKMEe IDAaHHHE B0OJIOTHUKOBHX

HAaCOCOB ¥ arperaToB [06]

T U 11

[TAPAMETP
HB3-75 |HB3-150 |AB3-20L |[AB3-63I |AB3-90

BEICTPOTa IEMCTBUA B
UHTepBajle HaBJIEHUIL 75 150 20 63 90

1079-2:102 Ta, n/c

[lpernesibHOE OCTaTOYHOE
naeieHue, Ila 6,7 6,7 1,1 6,7-1071 6,7

MomHOCTE, KBT
2,2 7,5 11

Macca, kT 185 620 600

Tabnuia [12. TexHUMUECKME IaHHbBIE BaKyyMHBIX

arperaToB Ha 0ase OBYXPOTOPHHIX HACOCOB [6]

[TapameTp TUII

ABP-50 ABP-150
BricTpoTa memcTeua IOpM padboueMm
naeJjieHun 26,6 Ila, Jm/c 50 150
[IpenesbHOE OCTAaTOYHOE
nasJeHue, lla 1.10-1 5.10-1
MomHoOCTbL, kBT 1,65 3,3
TabapuUTHEE pPasMEpPh, MM 695x450x785 888x540x970
Macca, KT 105 285

Tabauua I[I3. TexHMUYeCKME IOaHHBE OYyCTEPHBIX
[IapoOMacCJISHEIX HAaCOCOB [6]

[TapameTp TUII
HBEM-0, 5 HBEM-2, 5

BricTpoTa IeMCcTBMUS NPU OaBJIEHUU
1,3 Ia, n/c 800 2600

[lpeneslbHOE OCTATOUYHOE
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oaBJieHue, Ila 1,3&0_3 6,5&0‘4

HamboJibiiee BEHIIYCKHOE

naBJyieHue, Ila 93 200
MomHoCTbL, KBT 2 6

T'abapuTHEIE pPas3MeEpPH, MM 515x465x1065 740x590x1710
Macca, kT 67 230

Tabnuua [14. TexHUUEeCKMEe IaHHBE BHCOKOBAKYYMHBIX
[IapoOMaCJISHEIX arperaToB [6]
[lapameTp Twun
ABII-160-250 |ABII-250-630 ABII-400-1000

BroicTpoTa IOEeWCTBUS B MH-—

TepBaJle HOaBJICHUM 250 700 1800
1.1073-1.10"1 ma, n/c
[IpenejibHOE OCTaTOYHOE
maesJyieHue, Illa

C OxJlaXIaeMOM JIOBYWKOM 0,6:107° 6,6-10"° 6,6-10"°

Oes sosyumxn 6,610"4 6,6104 6,610"4
HamboJsibliee BHIIYCKHOE
oaBJyieHue, Ila 33 27 27

MomHoOCTE, KBT 0,8 2,1 4,2
TabapUTHEE PasMepPH, MM 620x540x750 |767x740x1150 |1110x930x1440
Macca, kI 65 140 294

35




CIIMCOK JIMTEPATYPHI

1. Mycun P.A., Anumbpepon B.H., Kpacuuuxkum B.d. JudbdysmoHHas

CBapKa XapoIlPOUHBEIX CIIJIaBOB. — M.: Merannyprus, 1979. - 208

2. Capka B MamMHOCTpoeHMMu: CrnpaB. B 4-x 7./ Penkoj.: Huxko-
jmaes I'.A. u gp. - M.: MammHocTpoeHnue, 1978. - T.1/ Tom penm. H.A.
OnpmaHckoro. 1978.- 504 c.

3. Pozanor JI.H. BakyyMHas TexHuUKa: Yued. npag BysoB. - 2-e
u3sn. nepepad. m gon. - M.: Becm. mk., 1990. - 320 c.

4. Tlmnko A.M., InuckoBckuM B.Hd. OCHOBH BakKyyMHOM TEeXHUKU. -

M.: 3SHeproarommsmaT, 1992. - 336 c.
5. BomoxoHckum JI.A. BakyyMHEE IOyT'OBHEe Ieuu. - M.: DHepro-
aromMmsnmar, 1985. - 360 c.

6. BakyymHas TexHuka: Cnpas./ E.C. ©&pojsos, B.E. MwuHalues,
A.T. AnexcaHzpoBa u np.; llom obuw. pen. E.C. dpososa, B.E. MunHam-
yeBa. — M.: MammHocTpoeHue, 1985. - 360 c.

7. DnexTpoHHO-JIyueBas cBapka / O.K. Hasapenko, A.A. Kamnma-

JgoB, C.H. Kombacenxko u gnp.; lom pen. B.E. IlartoHa. - Kumer: Hayk.
oymka, 1987. - 256 c.

8. KOoHCTpYMpPOBaHME U pacueT BakKyyMHHxX cucrtem/ Iunko A.U.,
InuckoBCckuM B.f., IleHuko E.A. - 3-e u3n., nepepad®. m mom. - M.:
SHeprusa, 1979. - 504 c.

9. Teopwus, TexHOJIOTUA M obOopyHmoBaHMe IMODYBUMOHHOM CBAPKM:

yueb.nna Bys30oB / B.A. BauwmH, B.®. KBacuuuxkmii, .M. KOTEJNLHUKOB U

op.; Ion pen. B.A. BaumHa. - M.: MammHocTpoeHme, 1991. - 352 c.

10. PacueT Ha MNOPOYHOCTHL mJeTajer maumu: Cropas./ U.A. Buprep,
B.®. llopp, I'.B. HocuyoBuu. - 4-e mu3n., nepepad. m gon. - M.: Ma-
mmHocTpoeHue, 1993 - 640 c.

11. Huxomnaer I'.A., Kypxun C.A., BuHokypoB B.A. CBapHBE KOH-—
CTpyKUMM. TexXHOJOoTMS M3TOTOBJIEHMA. ABTOMATUI3ALMSA IIPOU3BOIACTBA U
IPOEKTUPOBAHME CBAapPHBIX KOHCTPYKUMM: VYueb. nocobme. - M.: Brcu.
mk., 1983. - 344 c.

36



BBEIEHVE

OTINTABIEHM’E

1. BakyyM kak 20bQekTMBHaS 3alMTHasa cpena

OJid4 C

BAPOUYHEIX TTPOIECCOB e o v o e o e o o oo o e oeonsonenaneneenas 5

2. llapaMeTprl, XapaKTepuslyoilre pabouyin cpeny

B BAKYYMHBEIX YCTAHOBKAX e s o o o s oo s oosoosesansnnsnnsansaes 8

3. IlpoekTUpOBaHUE BaKYYyMHEIX CUCTEM CBaAPOUHHX YCTAaHOBOK.10

3.1.
3.2.
3.3.

3.7.

4. Ilpume
ojisa 2
[Tpumnoxe

Cnmcok

CoCTaB BAKYYMHEIX YCTAHOBOK . v v v v o v o o v oo v eneennns 11
CXEMBEl BAKYYMHBIX CHUCTEM. « v o o o o o o oo oo oeononanenas 11

STariel pacueTa M MCXOOHBEIE IOAaHHEIE

OJI TIPOEKTUPOBAHMT ¢ v v o v v o o s o oo oo s osannsnnsansens 14
OnpemnesyieHMe Ta300THEJIEHUS UM HATEKAHUS . o oo v oo 16
BakyyMHBEIE PADOUME KAMEPBI. « v o v o v o v ot o v o v asannnas 20

PexumMbel TeueHmMda rasa u IIpoROIOMMOCTE 3JIEMEHTOB
BAKYYMHOM CHUCTEMEL: « o o o o o o o o o o o o o o oo senenenenans 23
BuiOOp HACOCOB M ONpenejieHue UX OCHOBHEIX

A AME TPOB « & 4 e e e e o e o e o e o e aeaeonsaeneeeeeeeeeames 29

P TPOEeKTHOTO pacueTa BaKyyMHOWM YCTaHOBKMU

JIEKTPOHHO=JIYUEBOM CBAPKM e ¢ o e o e o e o e o e oennnnennens 31
22 34
T T P AT Y PEl e o o e o e o e o e o e oeoeneneneneneneneneneens 36

37



