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Meuaraetca me pewennoo 1I Bceconsnoll xonpepeHUME Mo BakyymHod TeXHHKe

B CﬁOpHHK BEAOWEHE CTA&TRH, MOCBALNCHHBIZ BOOPOCAM HS}'I{eHHH {bﬂSH‘IE'CKHX
SIBJICHNHIL ¥ TPOLECCOB B BAKYYMe, HOCAENOBaHHIO, PacieTy ¥  KOKCTPYHPOBAHHIO
BaK)’}'MHHX HAaCcOoCOB H YCTaHDBOK, a Taxye BOOpoLam MeT])HKH H TedyeHCEARHRA
B HeMIOTHOCTAX BaKyYMHEIX CHCTeM,

COOPHAK MOKET OblTh NONE3ER ANR Bayunsix PAbOTHMKOB § HHIKEHePOB, 3aHH-
MaoOUKUICH BaKyyMHuOil TEXHHKOM.
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Pusnyeckue ABICHU U [POUECCH
B BakyyMme

O HEKOTOPBIX ITAPAMETPAX BBICOKOTI'O BAKYYMA U
HX POJIM B $U3HUKE TOHKOCJJOHHBLIX NOKPLITUH

P, B. Tazupos

BakyyMmHas TexpdKa BOLLIA JIO4TH BO BCE Pasmesbl HayKH, Tex-
HHKH H IIPOH3BOJACTER. XUMAYECKHA METOA MOAYYeHHS HAYUHO-TEeXHH-
YeCKHX ONTHYECKHX 3epKasn JAaBHO YCTYNHJA BaKYyMHOMY METOLY.
CoBepllesHble BRICOKOOTPAXKAEKIIHE 3epKana AAdA Ja3epos U HHTep-
depomerpor Pabpu-Ilepo, yakomosocHrle H OTpe3a0MWME CBETO-
GUALTPH IAS IHMPOKOrQ IHaNA30HA AJHA BOJH, MHOXKECTBO JeMeH-
TOB MHKPOPAAHOCKEeM H NAaMSTHBIE 3JEMEHTHl 3JeKTPOHHO-BLIYHCAH-
TeJApHBIX YCTPOHCTB, NECATKH H COTHH APYrHX DPUOOPOB H MPHCHO-
coGaennii MOryT OBITE H3TOTOBJEHBl TOJBKO NMyTeM NpHMeHeHHd
TeXHHKH BBHICOKOTO BaKyyMa, He IOBOPS O HIMPOKOM NpHMEHEHHH
BaKyyMa B METANAAYPrHH, XAMHYECKOH H fIRIIEBOH NPOMblILIEHHOCTH,
MeAMUHMHE H T. A.

OnunoBpeMeHHO ¢ paclIMpeHHeM 00JacTH NPHMEHEHHA BaKyyM-
Hoil TeXHEHKW [OBBIIAIOTCS TPeOOBaHHA K KayecTBy H3AeJnf, KOTO-
poe dajieKo He BCeraa COOTBETCTBYET BOSPOCHINM TpeGOBAHHEAM.
[anexko He HOCTOsHHA, HANPUMED, MIHHA BOMHBL NOJOCH ADOMYCKa-
HHS MHOTOCHORHBIX HHTepdepeHUHOHHBX CBETO(HIbTPOB, MeHAIOT-
CA 3AEKTPUUECKHE M ONTHUeCKHe CBOACTBA METANNHUECKHX H HOJY-
APOBOEHHKOBDLIX MAEHOK, MeXaHHUYeCKH pa3pyLlaioTes Jda3epHbie 3ep-
KaJjia NP foNLITKe ROJAYYEHHA THTaHTCKOTO HMIYJALCA H T. B MU T. I
MoxHO NpeAnoAoKHTE, UTO HH3KOE KAYECTBO H3Jesull B pAme Cay-
yaep fABJAETCH CJAeNCTBHEM VNPOMEHHOro NOAX0Aa K aBAEHHAM B
BaKyyMe €3 y4YeTa HEKOTODHIX BaKHeliMX NapameTpoB. ITo oco-
0eHHO XapakTepHOo AAd Ipolecca NOJy4YeHHs TOHKHX IAeHOK B Ba-
Kyyme,

Bo pcex maubonee pacnpOCTPAHEHHBIX KHHrax o $u3anke pa-
kKyyMa [1—5] oOniiro B KavdecTBe OCHOBHBLIX IlapapMeTpoOB, Xapak-
TEPHSYIOLLHX CHCTeMY, NPHBOAAT NaBaeHue P, IiHAY CBOGOIHOIG IO~
Gera A ¥ KOJHYECTBO MOJeKYN B elHHHUe ofbeMa OCTATOUHBIX Ta-
308 »n. [lpn 3»ToM, Kak 1paBuao, CUHTAOT, YTO AABASHHE, NpH
KOTOpOM JjHHA cBeGoIHOTO Npodera VAOBIETBOPAET YCAOBHIO
1M <100/, BnOAHE HKOCTATOUHO AAS TOrO HAK HHOTO TEXHOJMOIH-
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uecKoro npotecca (3neck ! — nuHefinbie pasmepsl o6beMa, B KOTO-
POM TPGH3BOAHUTCA HCOApeHue).

Ha uanr B3risia, OUeHKa NPHIOAHOCTH BAKYYMa AN MOJYYEHHS
[JIeHKH A0JKHA TPOH3BOANTbCA He N0 BJHHE NIpofera MOJEKYJ, 2
CKOpee BCEro N0 YHCAY CTOAKHOBEHH[T MOJEKVN 1, B 00beme 0b
1 ¢ noBepxHOCTH 3a OAMY CEKYHAY WJIH N0 BpeMeHH f,, HeOOXOQH-~
MOMY A 00pa3oBaHHe MOHOMOJEKYASPHOTO CJOS MOASKYA Ha No-
BePXHOCTH 3JIeMEHTOB IOAKOJHNAYHOH apMaTypht HJAH  OOMJOIKKH.

K coxkaneunwo, HeT HH OZHON KHUTH, B KOTOpOil oOpamiajaoch
6B HA 3TO 0OCTOATENBCTEO Ocof0e BHEMAHMHE, XOTA B CaMBIX TOCHe-
HHUX H3JlaHHAX, TaKUX Kak moHorpaduu He Bypa (6], B. C. Jannan-
Ha {7], T. A. Bocrposa u JI. H. Pozaunosa [8] B TaGauuax, Hapaniy ¢
oOWEeNPpUHATEIME  HApaMeTPaMH, YIOMHHAIOTCS HasBaHHble BhILIe
JaHHbIE,

CpaBHenHe XapaKTePHCTHK ra30B TIPH PasAHYHLIX RaBjJAeHUAX H
KayecTBo MIeHOK

Cpapaurensyrle XapaKTEPHCTHKH Fa30B NPH HOPMAJLHOH TeMme-
parype oT atMochepHOro KaBAeHWs A0 Fa30BOre obJaka B ramnax-
THKe OpHBeAEcHL B Tadamue 1.

Hs Tabnunu npexfie BCero BHEHO, HTO ¢ IOBEPXHOCTBHIO KAXKAOTC
cM?, MOKPBIBAEMOH AEHKO# MOANONKKH, €XECeKYHIHO CTANKHBASTCH
NOYTH KaxkJjad MOJEKyJa, KOTOpAS HAXOOHMTC Mo KOANAKOM
o6bemMom B 22 aurpa. Dro 0oObACHNETCA, OUEBHAHO, TEM, HTO TIPH
KOMHATHOH TEeMIEpaType ellé UDe3BHIYAKHO BeJHKA CKOPOCThL Gecno-
PANOYHOTO  ROCTYNATeNbHOTO ABH2KeHAs  Mojekys (44 000—
180 000 cu/cex). Dto o3Hayaer, YTO NpPH JUHEHHHIX pa3Mepax pabo-
yero o6bema B 30—40 cm Kaxnas MOJeKyaa BOIOPOAA, HANpHMED,
uensiThipaer 6--4,5 THICAYH CTOAKHOBEHUN ¢ NOEAMKKON, a KamAad
MOJIEKYJIa BOMH, AMEWAA OUeHb BRICOKYIO alcopOHpyeMOCTh, Hc-
NBITHIBAET OKOJO ABYX THICHY CTOJKHOBEHHH,

ITHM 1 ofycnaBAMBaeTCd 4pesBhuaHHO MaJoe BpeMs, Heo6Xo-
auMoe Ans  o6pasoBaHHS MOHOMOJIEKYJSIDHOTO Closl., DT0  BpeMd
HACTOJBKO Mano, UTO Jaxe wpu Bakyyme L0—% um pr. ot oHO HevHe-
JsieTcs OAROH-ABYMA CerRyHHaMH. UToGel Gojce OOBEKTHBHO OLe-
IHTb $TO BPEMS, [0Jie3H0 BCNOMHHTh, YTO OT KOHI2 OYHCTKH TOBEPX-
HOCTH AeTajefl, TOLJIEKAMHAX MOKPHTHIO TEPMHUYECKHM HCMAapeHHEM,
0 HavaJa NOKPHITHA NPOXOIHT He MeHee ogHoro uaca. ClemoBa-
TeJbHO, HA NMOBePXHOCTH JoGOH HOKpLIBAeMOH Jeralin NOoJ caoeM
KOHAEHCHPYEMOTO BelllecTBa Norpefaercs HECKOAbKO CIOEB rasoBbIX
Mmoseky]. Ha crexnsHuEIX AeTajfsx, HanpuMEp, MOJEKYASPHHX C/A0-
€B MOXKeT 00pa3oBaThCsl HECKOAbKO NecsiTkoB [1].

Ecnn ke NpHHATH, YTO B NONABAAONEM OOJBUIMHCTBE CAYYaER
NOKPHITHE MTOBEPXHOCTEH HCHApeHHeM DPOH3BOANTCS B BAKyyMe Tio-
pstaxa 5-10-5 as pT. CT., TO AN 06pa30BAHESA MOHOMOJAEKYJSPHOTO
CACA AOCTATOUHLL AECATHIE AQJIY CeKyHIH. B CBRA3H# ¢ 3THM yMecTHO
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Tafauna 1

XapaKTepUcTHKH Fa30B RPH Pa3AHUHBIX RABAEHH:X
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PaccMOTpETh, UTO NPOH30HAET B 06beMe B MOMEHT HCMapeHHS Beme-
CTBA.

[ycts Mmeranauueckas NaeHKa TOAMMHONA B 350 ;&, MpPH KOTOPOK
ONTHYECKHE H 3JEKTPHUECKHE CBOMACTBA ee YXKe BIOJHE CTaGH/bHE,
NOJdyYaeTcH, HapHMep, BCEro 2a fABe CeKYHAW NMPH HadaJbHOM Ba-
Kyyme 5-1073 um pr. c1. Toraa cornacro naieir Tabauue ¢ eAuBHIe
IOBEPXHOCTRH NMOMJIOKKH 32 ABe CeKYHAB! CTOAKHYTCA 2. 1045 Mode-
KyJl. D7T0r0 KOJHYECTBA MOJIEKYA KOCTATOUHO IJId ofpasoBaHus He-
CKOALKHX AeCATKOB MOHOMOJEKYJAAPHHX caoes. OIHAKO 3a YKasal-
HOE BbILIE BPEMA TOJMIHHA INIEHKH YBeJNHUUBAETCS OT HVAA A0
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B TOJILY NJACHKH: oreamennﬂ K IPO3PavyHOCTH cepedpd-
1 — neanoxwa; 2 — aZcophHDOBAMHEME  raad: HOH RAEHKH NPH pPasIHIHHEX TeMmMOoax
F — ra30BHe MOJEKYAW BHYTDH MASHKH. HELENET TG

&
350 A u craJKHBaIOIMECS ¢ NOBEPXHOCTBIO MOMEKYJIbl OKA3BIBAIOTCS

3aMypOBaHHbIMH B TOJHIe meTaada. Ecawm yuects, utro B 350 A
nAeHKa naomanbio 1 em? comepxurca 102 cm—38.3,5.10-6 cpd=
=3,5- 107 atomoB, To CcomepikaMMe rasa B MeTalie MJIeHKH CO-
CTaBHT 0,6%. Takum oGpasom, gaxe NMpH YKa3aHHOM BhIilie YPe3BhI-
YaiHO OLICTPOM TeMNE HCIapeHUsi Ha NOKPHLIBACMOil [OBEPXHOCTH
NOANOXKKH [ (puc. 1) cHayana oKasHBAETCS MOIVIOWEHHBIM NOJAMO-
JEKYAAPHDBL CJIOK Fa30B 2, a HA HeM KOHZEHCHpPYeTICH IMIeHKa Me-
Tanna J, ¢ BKkAUeHHeM GOJbUIOTO KOAHYECTBA TA30BBIX MOJXEKYA.

a

IIpn Temme ncnapenns 350 A 3a A€BAROCTO CEKYHI NPOUEHT CO-
AEPKAHUA Ta30BHX MONEKYJ B MeTalsle Karactpodudecku Gbi BO3-
poc, €caH Obl He §BIIO OMHOTO BasKHONO OGCTOATENLCTEA, [Tapunans-
HOe ZlaBJEHNE MApPOB METaJJIOB B MOMEHT MCNAPEHHs B BaKyyMe pas-
HO npubnusurenasuo 10-2 anm pr. cr. {11 TIpx HeM Aauna cBOGOIHOrO
npodera MOMNEKY/J COCTABAAET BCELO HECKOABKO CAaHTHMeTpoe. Cie-
AOBATEMBHO, H3-34 MAIOCTH KAUHBL TPoGera MOMNEKYN B [yuKe ApOH-
30AXET paccesiHde TA30BBHIX MOMEKYA BCJEACTBHE CTONKHOBEHHS C
ATOM@MH M€TaJna H, HafmpaMep, NpH jgaBieHHu 5.10~5 mum pT. CT.
He Bee 9-10'" MOJIeKYA NOCTHTHYT TIOBEPXHOCTH HOIONKKIL IIpu
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GHCTPEIX TEMNI2X HCHapeHHs 3(PQeKT paccesiHus rasoBbix MOJEKYJI
MYIKOM ATOMOB METajJsa eilie CHJAbHee, Aa H JAHTEAbHOCTE KOHAEH-
callHi MaJa.

B pesyabTate nogyyaeTcd IJeHKA Jyuillero KauecrBa. $pkof
RAMOCTPanyefi NpaBANBHOCTH NPHBEIEHHOFO pacyera ABAAETCH 3a-
BHCHMOCThL ONTHUECKHYX HapaMeTpoB cepedpsHOM RJeHKH QT TeMmia
ucnapen#sa (puc. 2). Koapduunenr oTpaxenns cepebpa, HanpuMep,
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cocTaraser 90% npx TosmuHe NneHkn B 350 A u Temne HCMapeHus
B ABe CeKYHABI. Echu Ta e IVIeHKa nosyyeHa 3a 90 cexymn Hcmape-
HHA, TO KO3(Q@PHULHEHT OTPaAKEHHs Noaydaerca He Soapute 82%,

CoBepllleHHO OYEBHAHO, UYTO YyMeHbilleHHe Ko3(duuuedra oTpa-
JKeHus B JaHHOM CAyYde B OCHOBHOM 3aBHCHT OT BK/OYEHMS B
ofnem cepedpa MOJEKYA OCTATOYHOTO rasa.

B nocsennue rofpl B fledaTH DOABHAHCH cTaThi {10], B KoTOpHIX
NHCANOCh, YTO TPH H3TOTOBJEHHH NASHKH METOHNOM HCTapeHuH Hc-
moab3oBaics BakyyM nopaxka 1 - 10-7 — 5-10-% uu pr. cr. OKkasa-
NoCh, uTO KO3(PPUIXUEHT OTPaAKEHHA aRIOMHUHHA B CpefHeM Ha
1—29% ayumle Mo CpaBHEHHIO C  CAMBIMH JAYUHIHME JHTEPATYPHBIME
AAHHEIME Aast DAEHOK, NOJYUEeHRHBX fIpH OOBIYHOM BRICOKOM BaKyyMe
B HanGoJee OJaroNPHATHHX ycJaoBisaxX. Oco0eHHO BaXKHO TQ, UTO
HACHKY, MOAYYeHHEHE B CBEPXBLICOKOM BaKYyMe, HMEIOT BEICOKHI
KO3(p(PHUKEHT OTPAXKEHHs B BaXYYMHOM YaAbTpaduonere.

KosdduuueRrT oTpaskeRHs WIEHOK, MOAYYEHHBIX B BHICOKOM Ba-
KyyMe IIPH CPeHHX TeMnaXx HCHapendsa, HaMHOIG YCTynaeT Helab-
HO JOCTHTHYTHIM pe3yJbTataM, IOJYYeHHHIM B CBEPXBEICOKOM Ba-
kyyme. [Tonoxenne eme Honee ycyryonsercs, Koria NPOUSBORUTEA
HaNbleHHe MHOTHX CJOEB Ha OJHY M TY Xe MoARoXKy. [Ipu sToM
noAydaeTcs, BupaXkasch oGpasHO, LeNbii CHOCHHIH RUPOr ¢ HAYAH-
KOH H3 TIOJAMMOJIEKYASIPHBIX CJI0€B MOJEKYJ BOABL H APYIHX [a30B
(COQ, CO, CG:Hy u _’Ip.).

HacKoJibko ONAaceH MOHOMOJEKYRAPHBHA caoi?

Bhllile TOBOPHAIOCH © BJIMSTHAM BKAIOYEHHH ra3oBLIX MOJCKYN B
MeTAANHTIECKHX TIEHKaX Ha ONTHYECKHE [10CTOSHHbIE METAANO0B H HX
3aBACHMOCTH OT TeMma ucnaperud. B Tex caywasX, Koria AOMyCTH-
MBl OUEHb OLICTPBIE TEMHBI HCNAPEHUHA, NO-BHLHMOMY, BKJIIOUCHHE
MOJIeKYJi OCTATOUHBIX FA30B B NJIEHKY MOXXHO CBECTH K MHHHMYMY.

HecKombKo TpyLHES 3aliHTHThL MOKPhIBAEMbIE NOANOXKH OT obpa-
30BAHHS Ha HHX MOHOMOJEKYJAPHOTO cniod afcopOHpoBaHHOTO rasa,
MOCKOABKY f23Ke TpH BaKyyMe nopsaka 10-% mu pT. cr. maa o6pa-
30BAHHS MOHOCJOS JOCTATOYHO HECKOABKHUX CEKYHI.

Ha mepBrIit B3rasp KaxeTcd, 4T0 00pascBaHHe MOBOMOJMEKYIAD-
HOrO CJ09 AACOPGHPOBAHHOIO Fasa Ha NOBEPXHOCTH NOAJONKH He
LOMKHO TPEJACTaBAATs ©0cOGOH ONMacBOCTH, TaK KaK PpaccToAHue
MeXAY NMOBEPXHOCTAMH IIOJOXKKH M HAHOCHMON N/IeHKH OCTaercs
Ha YpOBHE MEXMOMEKYJASAPHBIX DacCTOAHHIL. YBeAHUEHHE Ke uucaa
CJI0eB, OUEBHIHO, YIKe MOMKeT HIPAaTh CYIIeCTBEHHYIO POJb.



C ueawto nposepku nosegenun ciosn 4XCOpOHPOBaHAOrO Tasa npn
B3AaMMOJIEICTBHN €O CBETOM HaMM Obli  Aocrasien CACAVIOLHI
SKCNepUMEnT. IIOBEDXHOCTL HMOYABCHHIX JaMu THIa HOK-300,
NPK-2000 1 UDII-2000 TIOKPHBAAACH METANNIHYECKHMH Hempoapay-
HELMH C0MU  cepe6pa, 30J0Ta H alIOMHHAS, 1H60 TEPMHYCCKHM
HCTlApERKEeM B BLICOKOM BaKyyme, anGO XHMHYECKH, AH60 rasoctpyii-
HBIM MeTOA0M. KakiimM 61 MeTozOM Koafy ne HOKPBIBAMH, BCIBINKS
JAMHOEl Z2Xe HA HEMOMHYI0 MOIMHOCTh BCEr/ia NPHRONHAA K MeXaHH-
YECKOMY OTOpPACHIBAHMIO METANIMYECKOL] naenkH. Ipauem ckopee
BCEro OTCNaMBANHChL YYACTKH, MMEONIHe MaJylo TOJWIHHY H, CJIefo-
BATCJIbHO, MaAMYl0 MEXaHHYECKYIO' fpoynoctb. Bodjee TOACTHE CJOH,
TOAKPEMICHHEIE CBEPXY AJMIOMHHHEBOM Kpackod, paborair ygos-
METBOPHTENBHO. JIHUIL MAKCHMAJBHO AONYCTHMELE AN TaMIBL 3HEp-
fHH HHOTAA NPUBOAHIH K OTCAAHBAHUIO HOKPBITHS,

Oanako otcoaa eme me CAEIYeT, UTO OTCAAHBAHHE TWICHOK fB-
JALTCA PE3YADTATOM HAJUUNA MOHOMONICKYIAPHOTD, HO HE NOJAUMOJe-
KYJIAPHOTO 109 rasa. Yrobel okoHuatenpHo YOCIUTLCH B 3TOM, MM
Opanm Kycox Jaucra cafodbi  Kiacea MYCKOBUTOB H O0AYYadH ero
MOIMEBIM HMNIYJAbcOM Jamiunt MOIT-2000, Cmona Guina BRHIOpaHa io-
TOMY, YTO JJI Hee u3BecTHH (12] cocras aACOPGHPOBAHHOTO Mes iy
caosAMu rasa (80% H,0, 10% Hon CO u 3% CO:) u ofmee koau-
UECTBO MONIEKYN Ha e€[HHHULY THIOMARH, Oxasanock, uto YHCsIO MOMe-
Kyl BOAEI B €MHHIE TLIOMAMH COCTABAACT OKOMO 10 Vem?, 1, e,
CTOMLKO, CKOABKO HYMKHO It 06pazoBanns MOHOMOJCKYJAAPHOTO
CIos.

Obyryuenue AN OAHON BCMBINIKOR JAaMIOEB PUBENO K OTCAAH-
BAHHIO HECKOAbKHX CJIOEB CJIi0MEL INo-BumumoMy, MomHOE KOPOTKO-
BOJHOBOE H3JyYeHHe, HCHyCKaeMoe JaMEOH, OPHBOJHT K ¢oTonHue-
CKOMY OTpPBIBY a1COPGHPOBAHHBIX MOJEKYJ], TaBAeHHe KOTOPBIX fO-
CTaTONHO JIA MEXaHHUECKOTO OTPHIBA CHOER CAIOABL. STHM MOXKHO
OGBACHUTD M OTCNAHBAHHE METAMMHYECKHX IJIEHOK ¢ Koaful Jaami.

JKCHEPUMEHT ¢ 06ayYeHuey CHIONb! IOKA3HIBACT, UTO MOHOMOJC-
KYJISIPHBLL COM, OKa3aBluuiica 3aMYPOBAHABIM MeXKIY NOIJOKKON H
IVIEHKOV HJH MeXKAY COCCIMHMH CAOAMH CHCTeMEBI TOHKUX TJIEHOK,
ABJACTCA DaleKo He 6e300HIHbIM,

Otciona kak caegcrsue BBITEKAET, YTO MOIIHHIE CEETOBBIC HM-
NyALCH TAMM, TOMEMEHHBIX B pabouem obbeMe BAKYYMHBIX CHCTEM,
MOFYT ObITE MCNIONL3OBAHBI KAK HANUKATOPH BLIHYKIEHHO{ Aecop6-
IHH rasob.

U3 nsnoxeunoro seime momer Ka3aTbCh, 4TO yYeT upeamepHo
YaCTHX CTONKHOBEHHH MOJIEKYS OCTATOUHBIX TA30B ¢ TTOBEPXHOCTRIO
CHCTEMB! MMEET CMBICJ JIHIIL NP ONEPauusx ¢ HOAYYEHNEM TOHKHX
TIIEHOK NyTeM TEPMHYECKOTO HCHAPEeHUs, 2 NPH APYIHAX cAyyasx
HCIIONL3OBAHUS  BAKYYMHOM TEXHHKH OCOGOTO 3HAUEHHA He HMeer,
K comanenuio, 510 narexo me Tax,

B kauecTBe npumepa Mmoo APHRECTH OGPa3oBatHHe yIA€BOLO-
POMNbIX MOAERYs B JaMne JIM-2 u3-3a cTOAKHOBeHWs ¢ pacKaJieH-
HEIM BOJIbPaMOBBIM KaTOAOM MOJIEKYJl OCTAaTOYHBIX Ta30B, Ha puc.
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3 u3o0pasenbt TPH Macc-cneKTpa. JTlepBbili GTHOCHTCS K OCTATOUHbIM
razaM B pabouem o0beme B IHHAMHKEe OTKAQYKH €T0 TAK HA3bIBae-
Mbin De3macqAHbIM MeTOA0M (aACOPOUHORHEIM YFOJNDHBIM HacOCOM)
R0 nasaenus 3-107¢ ma pT.  CT. 3TOT CHEKTP COALPIKHT HeCKO.I!bKGO
JIHHHIl YIJ1€BOLOPOLOB, TOABJEHHE KOTOPHX QO0YCJAOBACHO Qnecop -
uHeHd HX CTeHKaMy odbema uAM mpokaaikaMu. Ha cnektpe 2 npupe-
JeHbl TIHHHH OCTATOUYHLIX TA30B TOro e 00beMa, HO Moc]de BKAIOUe-
HASl nporpesa jdamiel JIM-2 B IHEAMHKE OTKAUKH YKa3aHHLIM ibﬁlg
cnocobom. M3 cnexTpa BHIHO, YTO MAHOMETPHUECKAs AaMAa -
ABJASETCA MOCTABLOIUKOM Ta-

KHX XPYNHHX MOJeKyJ, Kak Y N . i E g
Cs;H,, He rosops ¢ GospmoM it i - et -
KOHYecTBe Gojee  MeNKHX Jo\ i% a1 G L
VTJIEBOAOPOAHBIX MOJEKYI. BN
He menee aoGonsithbiM ABAA- 2 b1 E—
ercst 10, uTo AM(PQYSHOHHBIH P el L L :
nacoc H-5C, craGmenmetii |o igffli | LA .
OOBLIYHON OXAaXKNAEMON Xa- * ¢ o 2 50 w5 &
M03HoH aoBymwkod HV-160, B - .lg,é.gi E: .' E .: |: : E
ANHAMHKe OTKauKH MPH 1aB- i f—i—pi—ji P IR e e B
aenuy 1-10~%ma pr. cr. paer || 1 I AR
MeHbIIEe YTJEBONOPONAOB, ueM Y E
damna JIM-2 (cM, coegrp 3). : e I :
OTclona BHAHO, YTO UpPe3- , e :
susaiisio  wactoe cromeone- | it WF b Lali¥i 1S
HHue MOJIeKyJ OCTaTOYHBIX ra- A 50 s? 3? % s!:
30B ¢ NMOBEPXHOCTBI MMOKpBI- R
BaeMBIX jeTajedl H Opyrux < L leneemps 1)
OOBEKTOB MOXKET MPABECTH K 4 ; E e
GONBUINM HENPHATHOCTSM, ” . : : E :
! ' 1 1 !
AsncopGupoeaHnnii ras — o IR
OCHOBHOH HCTOUHHK e
3arpa3HeHHs MOKPHIBAaeMbIX
noBepXHOCTeH Puc. 3. Mace-cHexip OCTaTOUHMX

f v razor BIBAKYYMHOH cHCTeMe mpH paz-
' TloBbilente TpeSOBaHMI K AHTHBIX | YCAOBHAX:

} N : J neco-
© ORHON CTOPONH, Kak OuAG i Tt st destuctomus cuier
€ OAHOH CTOPOHEIL, Kak BEN4EHHE Tamnom JIM-2; 3 — B AHEAMHKE OF
[MOKAa34aHO BhilIE, Tpeﬁye1‘ rno- kaukH Hacocou H-5C ¢ sosyuwkod [¥-180.

afouero BakyyMa.

%Hmuéggg . cpTeM paﬁoqnﬁyy ob0beM Bce 0oJiee 3anoaHsAeTCH 0;{[3;;;
TOUHO TPOMO3OKHMH 3Jd€MEHTAMH CHCTeMbl KOHTpOJISz Tne -~
NJieHKH 1 MeXaHE3MaMH, cAYKAUHMH AAS Bpameﬂuar R 23& g
iEHHS OTACADHBIX RETaMeli i NPEAMETHOrO CTOMHKA B -_le,rmnz, _g HT}; _
BYapOE ANA 3aTrpY3KH HcHaputeneil, mepeMeleltsa caMHX K ?Iﬂ%ma-
geit u T. 1, u T. 1, Bce 370 HenaGexkno refer K _\;Be_queHH;% 1oma.
I NOBepPXHOCTel, CHOCOOHBIX JecopbHpoOBaTh paliee NOrJour

9



rassl BooGlle ¥ MOJEKYJbl BOAL B OCOGEHHOCTH, ABARKIOHIHECHE HAH-
GoJiee HeKeMaTebHLIMH IPHMECAMH B OGbeMe CaMHX NACHOK HAH
MEXTY CJOSIMH.

C Apyroil cTopoHbl, N3BECTHO H TO, UTO NpH HasjcHuax P« 10-3
MM PT. CT. CKOPOCTb OTKAUKH HauboJee HIHPOKO pacnpocTpaHeHHBX
IapoMacasiubix  AHQPPY3UOHHBIX HACOCOB  Ppe3Ko YMEHbIIAeTCa #
CTaHOBHTCS HACTOJBKO MAJIOH, YTQ APH OTKaYKe rasoB H3 paGoTHX
061eMOB B 20~—40 OM3 c MHOKECTBOM AeTaned noJyueHR#e BaKyyMma
P=1.10~8 usm pT. cT. cTaHOBHTCS cepbesHol mpobaemoir. Hekotophie
UpaxTduecKne pabOTHUKM CKAOHHE OGLACHHTL 5TO NOCTYNJCHHEM B
paGousi ofreem mpoxyKTOB Pasnoxenta macna audQysHoHROro Ha-
coca. OARAKO HalH MAacC-ClIeKTPOMETPHYCCKUE HCCACIOBAHHA [OKA-
saqn (cM.  taGauny 2), uTo BINOTe A0 RaBjreHHs 10~7 s PT. ¢T
HapuHalbHOE AABJACHHE JIETKHX YIACBOTOPOXHHIX MOJIEKYA 3amefrﬂoﬁ
POJIH He Hrpaer, TaK KaK OHO Ha ABA NOPSAKA HHKE, yeM AaBjecHHe
MOJEKYA BOAbl, XOTA OHH JIETKO afCOPOHPYIOTCS Ha NOBEPXHOCTAX
NOAKOMMNAYROH APMATYDH H NOKPHBAaeMbLIX JeTaneil.

Tab.ya 2
HHTercyB- MMa -
T BepoatHocTs PIHAA
3 HCI?:'HHBa[[HH HOCTH HoOe
JHHHH JaBA¢HHe
c* 12 1 7.10~%
H0" 13 1,2 330 9 4.10~5
] y - 2 4.10
H,+CO .

v 2 Lo 65 4,07-107°
O 8 0.9 4 3.10~7
C3H‘-+ 37 i 7.10~8
CaHy 40 6 4.1077
cos “ L4 12 81077

—5 -
Ppacu.= 3-107" 4eat pr. e, Praw =3,2-10 5 MM PT. CT.

Has cHWXKeHAS ra30BBIX BEJIIOYECHUE B TOHKHX IJIEHKAX M ycTpa-
HEHHMS BO3MOXHOCTH 06pasoBaHus MONOMOJAEKYAAPHOTO HAH NOJH-
MOACKYAAPHOTO CJI0A KAK MEXAY NOANOKKON H TJIEHKOR, TaK #H MexX-
AY PAsHYHBIMH CAOSMH TIICHKH, OYEBHIHO, HEOOXOOHMO mpexIe
Becere 3abOTHTBCA 06 YMEHBUIEHHH KOMHUYECTBA aNCOpOHPYEMBX
Ta30B, He 00pamas 0co0OT0 BHHMAHHS Ha MOCTYILIEHHe vmeéond-
II?C?.KHHX MOJIEKYA. ITO MOXKeT OHITDL BOCTATHYTO 34 CYeT clelyiome-

1o

1. ¥menbuentua agcopBUUH ra3oB BCEMH IETANAMH, H3 KOTOPHIX
COCTORT apMaTypa o0beMa, a TakXe CTeHKaMH pabouers o0neMa,
s storo HeoGxoAuMo BLIOHpaTh MaTepHad, MHHHMaALHO agcopbu-
pYyWilliii KOMNOHEHTE BO3AYyXa, paspadaTeiBaTh 3P (PEKTHBRLEE METO-
AH 0GpaloTKH MOBEPXHOCTH JAeTanell, MPHMeHAThL cMelHaJbHble He-
flofsipHble TIOAHMEPHble IACHRKEM H CHellHadbHble MOKLIHe cpel-
CTB4, JErKO 3aMenialoniHe ancopOHPOBAHHDIN Ta3 H TAKKe JIETKO
OTKaunBaeMule Oe3 APHMEHEHMA HarpeBa (HeprHH cBaA3H He Oonee
17 kxaa/mose npu Temneparype 300°K) u . A

2. Janphehliero ycoBeplIeHCTBOBAHHUA KOHCTPYKUHH BHICOKOBA-
KYYMHBIX H2COCOB ¢ TeM, 4YToGm OHM 0pH Bakyyme 5-10-6—
10-7 mm PT. CT. COXPAHANH ACCTATOUHO BBICOKYIO CKOPOCTb OTKAauKH,

3. Paspaborky BOBHX 2(Q(PEKTHBHEIX METOJOE HHHUMHDOBAHHS
VIaJdeHHs] C NOBEPXHOCTH AeTalieil B Bcell apMaTypBt aacopOupoBaH-
HHIX rasoB, He npuferas XK HarpeBy pafouero o6beMa HAHM Lazxke 10-
KPHIBACMOH J€TasH.

4, JansHeifilnero ycOBEPUICHCTBOBAHSA KOHCTPYKIHH CYLIECTBYIO-
WHX H paspaGoTKH HOBHIX JOBYLIEK, a TaKXe BHOop Hanbonee ueme-
CO0GPA3HOTO pachoNOKEeHHA MX B CHCTEME.

5. CHuXeHHs NapUHAJLHOTO IABAEHHS XHMHUGCKH AKTHBHBIX
COCTABJSIICIIHNX OCTaTOUHBIX FA30B OyTeM TMpPHMEHEHH: NpeaBapH-
TEABHOTO mcnapeHusa Haufonee s PeKTHBHLIX TETTEPOR.

Tpu nepBbiX HaNpaBjieHHd, N0 HAmIeMy MHEHHIO, SBAAIOTCA
npofieMaTuuHbiMH U TPYAHO OXHIATH padpemieHns WX B Gauxail-
mee BpeMsa Gez cepbesHOl HccaeoBaTebeKoll paGorsl. Bonee jo-
CTYHHBIMH JAS UIHPOKOFO Kpyra NPaKTHKOB ABJAAIOTCA ABa Nocael-
HHX HalpaBjeHHs, NpuueM 3TH MEPONpPHATHR MOrYT ObITb peannso-
BaHBl 6e3 CYIUIeCTBEHHOW MepefieKH KOHCTPYKUKR YCTaHOBKH.
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OBPATHASL MUT'PALISI TIAPOB MAC/IA M3
JNOPY3ZNOHHOI'O HACOCA B OTKAYMBAEMbBIM OBBEM

P. B, Tazupos, M. A, Baaudos, H. A. Srwosun, C. A. Mainepoas,
3. T. Taaséaee

SIBnenne nonaganns napos Macna AHQPysHORAOrG Hacoca B OT-
KayHBaeMblii 00beM H3BECTHO NaBHO [I—5ln mns Gope6ui ¢ HEM
paspaboTado GoablIoe KOAHUECTRO PasHYBBIX Macl0oTpakaTeseil
" gosyuiek. B mireparype sto sBnenne nocur PA3uYHLIC HA3BAHHS;
oOparhan Auddysus napos pafouero BelmecTBa H3 Hacoca (1], o6-
PATHAsA MHIpauust mapos Machia {4], nporaBoTOK napos padoved
KHNKOCTH [6], x0TH BO BCex CAYHAAX OHO HABASETCH CJeZCTBHEM
ABYX, HECKOJIbKO OTAHYAIOMEXC APYT OT APYra npoueccos. Io-BHAH-
MOMY, TePMHH «MHTPalHA> LeAeCOOOPASHO OTHOCHTL K ABJCHHIO,
KOTA4 MOJEKyNbl Macia MeINeHHO APEH(YIOT BAOAL CTEHOK CHCTE-
MES M3 AH(GY3HOHHORO Hacoca B OTKAUHBAEMBIf odbeM Ge3 cyugect-
BEHHOTO H3MEHCHHSI CBOeH CTpyKTyphl. OxHaxo HapaAAy c Takoit
MHIPALHEd H3 HAcoCa BhHIIETAIOT MOJIEKYJIBl M PA3/IHUHLIE «OCKOJI-
Kd> MOJEKYA, KOTOPble MOTYT NPAKTHYECKH MLHOBEHHO NONAacTs B
OTKAYHBAEMBINl 00bem.

CaepoBatenpHo, 3T npoueccst YMECTHO OTAHUATE APYr OT Apyra
Y HA3HIBATE, HAUPHMED, COOTBETCTBEHHO MHTpALHe IIEPBOrG H BTO-
poro popra. OTcyTCTBHE YETKOFO pasrpaHUyeHHs YK&3aHHBIX OpoLec-
COB, MO-BHARMOMY, CKa3aJ0Ch HA TOIXOLE K HX H3YYeHHIO H B Ka-
KOH-TO CTeNeHy SBUJIOCH MPHYHHOW OTCYTCTBHA YHUEEDCAJBHMLX Npa-
BRI 1151 KOHCTPYHPOBAHHA MacaoOTpamarene u JaoByurex {3],

Hacrosman paGora nocesmena AaNbHeHlIeMY H3VICHHIO siBJe-
HUSA GHCTPOrO NPOHHKHOBEHHA Nlapos Macna #3 AFQQY3HOHHOTO Ha-
€OCa B OTKaYMBAEMBl] 00beM WAN MUFPaUHK BTOPOTO pona.

Meroanxa sxcnepuMenta

Jlosymka I (puc. 1), YCTAHOB/CHEAS Ha BepXHE!l 4acTH AHdpy-
sHoHHOro Hacoca H-5C, saxppita Xpritukoh 3 u OpH MOMOITH Coexu-
HHTENILHBIX TPYOOK 4 1 4, BeuTHaesk 5 u 6, CHNb¢oHa 7, aanua 8,
CTEKNAHHON TPYOKH 9 npHCOeAHHEHa K Mace-CnexTpomerpy 6@ (uso-
TONHEIA Macc-cnektpoMetp MH-1305).

CoeguuuTeNbHO NIPOCTPaHCTRO MEXAY BEHTHAAMH 5 M 6 MOMKeT
ObTb BaKyYMHPOBAHO 4Yepes  aBTOHOMHOE Geamacasinoe  o1-
KauROe yCTPOHCTBO, COCTOsAMIEE H3 OTPOCTKA I1, CTANLHOTO UHAHH-
APHYECKOTO CTepikHs [2, Mecrta ornafiku 14, VYTOABHOTO HACOCA-JIO-
Bymky I0, xpana 13 u dopaakyymyoro nacoca.

Bakyym mam nosymxkoi f KOHTPOMHPOBAICA TOCPEACTBOM Ba-
KYYMMETDHYCCKHX Jiamnl [5, a B COEAMHMTENLHOM TpyGonposoge —
Jamnamn f5a. Temmeparypa snemenTtos JIOBYINKH H3Mepstiach Tep-
Monapoll yepes BBoAH [6.
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DKCePHMEHT NPOBOAWJCH B JiBa 3TaMa. Cﬂgqaﬂaﬁﬁyﬁx&ziﬁi-
Jlach NpegBapHTENbHAA OYHCTKA coeﬂ.nnmenbﬂoi{n }'{rg-}:‘ K 44, b
Ly CTemg e prmﬂﬁgllp%;aﬂm—?;orgomfgﬂwC CTEenH aNBROH

ack X palore myTeM : en B.
:g;mzmﬁ ﬂeqxoﬁ TIPH MOCTOAHHON OTKauKe B Te:en:l{z SM ial;:i::% >
QcuoBran Macca BO3JlyXa OTKayuBanace ¢opsa c}g By
u3 TpyGonposona fa fo fapienust 1—0,5 nu pr. o e ot
5. Tlocnenyouias OTKauKa [POBOAMAACH ¢ NOMOIL

®-= K popbakyymuorey macacy

I8 )

M
1. CoeIMHHTEALHAS CHCTEMA MACC-CNEKTPOMETpa ¢ BCCHEAyeMb
HACOCOM.

Puc

octre I,
$ 1, yepes U3A0M B OTD
eRHOTO KHIKHM a30TOM, i,
Cz,aggg:;ﬁm crepxueM 12 ¢ HOMOIBIO HOCTOHHHOF;)OOOMSTH::{HH'
'Il]' y06Ka 4@ Harpesaiach NpH 3TOM IO TeMHEEaTyp];I“ 00
g.nbro HaMOTAHHON CHAPYXH U H30JHPOBAHHOH CJNIO le acbecra. o
° ra CHCTEMa NO3BOMRAA TOJYUHTb ;a;gg::e Hi ;fngaonopom{blx
-5 CT., TIPH KOTOPO
ke si0 5+ 1075 mM PT.CT, POTILX
'xr\?oﬂﬁexy.# 0KA3LIBANACH AO0CTATOUHO HH3KUM, XOTd B nglchpCeH non
AHCch caabble AHHHH TAKHX JICTKHX ymemﬂggfﬁ‘%a%m oo amiof
OHTE K H
mepes TeM, KaKk MNPHCTY A 1o
Eﬁngﬂa ngnos Macaa 3 Hacoca B OTKAUHBAEMbli oﬁ:l,im,r:gg]a g
BO,ELPF;JIaCb npeaBapHTeabHAsA 3aNHCh CIEKTPa oc'l;izfr);:a_m o
COeTMHHTEABHON CHCTEME, YTOGH MOMKHO OblI0 3
eBOJOPOIHEIX MOJIEKYI. xron
Q)OHH%I;J;Bap%{T%abHHe HecAeNoBaHHs noxae:}il 111{, :Tocoﬂe?;:t HBm?t;,anoﬁ
< apa
6 M BeHTHAA 6 Ve Dp I mon
OTBeﬁl:{%ng [-10—5 ma pT. CT. TMaplHaibHCE AaBaenue YIASBOAOPOL
w 13
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HBEIX MOJEKYJ CTAHOBHTCH HHKe 0pOra YYBCTBHTEJLHOCTH Mace-
Chekrpomerpa. ITosroMmy Gbia NPHMEHEH METOR MPeABapUTENBbHOrO
NOBLIUCHHS NapLUanbHOTO AaBJeHHS STHX MOJEKYA cHocobowm,
Pa3paloTaHHbIM panee OMHUM M3 4BTOPOB XaHHOW craTou [7].

Buiyio usrorosaeno YCTPOI#CTBO, RAOMHHBAIOmEee o KOHCTPYKUHK
OX/AXKIAEMYIO NIOBYIUKY ¢ KOHHYECKHMH KOMbUAMH, H YCT2HOBAEHO
BMeCTO JioBywikn /. B Hamen CJIydae Koapla Harpesaamch ClelH-
aJIbHOH BMOHTHPOBAHHO#N mmon KOAbLAMH CIHpaJBIO Ao TEMIEPaTypH
+ 340° C. Cucrema xonen narorosnena U3 aJIOMHHNE C nocaepym-
IIHM aHOIHpOBaHHeN nosepxHOCTH o AlOs Do YCTPOHCTBO AGCTa-

TOYHO addexTuBHO pasaarano KPYMHHE YIIEBOXOPONHLIE MOJIEKY.Mbi
H2 MCJKHE «OCKOMKH> M MOBLIIANO Tep CaMbIM HX TaplUHajbHOe
N aBJeHHe.

310 NMo3BOAMIO, Kak Syaer noxasaHo nuxe

IEHWe NaBMCHHA YIVIEBONOPOAHHX MOJNEK
1-20=%  uam pr. cr.

M/e = (38—44).

» TPOCAETUTL YMEHb-

¥ BOROTH AO A&BJAEHHA
NHOo TIpymie JHHWH C  MaccoBHIM YHCIOM

Arnamuxa odpathoii mur

PARHK BTOPOro poaa napos Macaa BM-1
H BK)K-%4a u3 nuiys

HOHHOTO HACOCA B OTKAYHBAEMBbIf 00beM

Perucrpanus annamnky o6

paThOll MHrpanmu llapos Macsa nmpo-
H3BOAHAACL HA ONHCANHOI B

- JTO CG3NaBaM0 YCAOBHS 1/iA PerHcTpa-

YIJIEBORODOAHBIX MONEKYs. MHTeHcHB-
SMEPEHA B YCIOBEBIX €AHHHILAX 1O rpymo-
MACCOBBIM YHCIOM B HHTepBaje 38—43.
BpeMeHH HHTCHCHBHOCTH NOCTYILIeHH A
METPHPYIOUIEr0 H3 Hacoca B OTXauHBACMEN

ne JHHUA B Macc-cnekrpe ¢
Kpusas saencumoctn or

KaMH W UHCNaMH  yKa3aHO NaBheHHe B  cx
COOTBETCTBYIOIICe Bpems, K
MacwTaboM B HeAbIX exuHuL

CTe€Me, DOCTHTHYTOe 33
PUBas [ OTHOCHTCA K ocu opiunmar o

X, a KpuBaa /I nocrpoena B egumnnax
OPAHHAT, COCTABARIOMWINX ONHY COTYIO IONI0 OCHOBHLIX €IHHHIL
Halaly BKNIOUEHHS Rarpesa Hacoca TeMNEpaTypa Koaer
TipHCnOcoGaenun, cnyxamgero s PA3JIOKEHHA MOJEeKYn Macha,
AOCTHIVIA CTAUHOHAPHOrO 3HAYEHUA ¥ cocraBanaa 4 340° C.
Kprgag CBHAECTENLCTBYET O TOM, 4TO NOCTYIJIEHHE MapoB Macsa
IPOHCXOAHT B OCHOBHOM B HavaneHON cTagMe paGoTh iundpysuon-
HOro Hacoca, KOrga AaBJeHHe B CHCTeMe Gonpmre 3-10-3 ym PT. CT.,

UKH NDOHCXOAUT BHLAEAEHHE U3 Macaa
+ B Iy3LIDbK2X KOTOPEIX cofiepmarcs ma-
PHl MacJaa, YTO OYeHh XOPOWO BHIHO B CTEKAAHHEIX OB DYIHOHHBIX
Hacocax. C apyroit cropons, TIPH NaBJSHHH NOpsAaKa 10-2 sx pr. or.
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a
HHYECKOTO HAcCOoCa,
b OTKauKH Mexa coca,
maercd CKOpPOCT OO e
AMHHA YMt:iaat;o-lnbﬂc:n'o npobera MONEKYa crano:;g;:u R o
oMy I $¢dysna MONEKYn Macad B Hanpa
e He.
Egizmaynpuoﬁpemﬂ GoJblLiuoe 3HaveH
[To Mepe MOBLILIEHHS Temu; l
paTyphl Macia nocie eroqe}];“e
HarpeBa Tela Hacoca JaBle e
mapoB Macia pacTer, BbIJleJleH:IH
Ty3LIPKOB BO3AYXa ycunusaerbxc;
BAKyyM B CHCTeMe HECKOI °
yxyauaercs, B pesyfJbTaTe 1132 :
HHTeHCHBHOCTE NOCTYIJICHHA &
poOB Mac/a Bospacraer H 4ep - "
93--25 MBHYT AOCTHIaeT MaK::_ . N
MaJBHOTO 3HaueHHA. ,[[a.neea * L | B
melleHHe MY3bIPbKOB MpeKpall ; —_:rn"prtj
ercs, Auddy3HOHHEBI Racoc H&B-
BAKYYM
ygraer paborate, : S
CHCTEMe yayulllaeTcd H HHTEH- 5 . o ﬂ““a“*;‘;i‘gﬁ;g renis nagon
CTh TIOCTYIJIEHHA TAPOB  yacna B OTKaqe euit 05eM npu
wacn: pmaercd, TIpH  o6b4HOM PERHM angd |
o D %Me]%-ﬂ MM PT. CT HarpeBaTens
pakyyme P= 5« .
FeckoNbrO TeC CTaHOBH;CFLaB?HEHHH 10-% mm DT. CT. B HECKOJDKO
HeCKOJIbKO EeCATKOB B WD et °
Ha puc. 3 npuBefeHa aHa.nH
| aﬂl [HYHA# KPUBAR 3aBHCHMOCTH H -
" ml TEHCHBHOCTH MOCTYIUICHHS napoﬁ
macna BM-1 B oTKauHBacMHl
001 ) o6beM OT BpeMeHH NpH (opcH-
pOBAHHOM peXUMe Harpesa ,ILHCg-
| dysnoHHOTO Hacocd (ToxK Hae::{'ro
na cnapand 3,75 4  BM o
\ 3,25 a). OKasbnBaerci, cpopcnpe
‘ BaRHblil pexHM NHTaHHA Harpn-
t - Ba Hacoca NpPHBOMHT K YBeJ:lc_
) ) e yeHHIO MOCTYMJIEHAs NapoB M

_— —a-

anycKa Hacoca.
NN w0 05 360 H:'u:’:q JAa B MOMEHT 3 Y Me 360Tbl
- - A e B opMadbHOM p&}i{l‘l P
R Hoc% B NUANAsOHe AABJCHUI
) Hac .
MJAeHHA i -3 _10-% MM DT. CT. MHTPA
Puc. 3. JBnnaMeka OOCTY 10 10-% um p

/ Ke
eMEIH 00 beM M cJay4ae pa
napos wacia Bog;ﬁquMBapemﬂMe. np-  UHA Macaa B ;Zg TaKYKaK noce
np“nntpso.llt}gkfpouarpeamenﬁ Hacocd.  HECKOADBKO HHIKE,

Tay

cpaaTHBaRHA HAcoca TNHTAHHE

i peXKHM.

HpaAd GblAO TepeBe/leRo Ha HOPMakbHBIH prI L ke macoca
cn %Ha,ﬂomqnme H3MepeHHs NMPOBOAHAUCE T N ona By,
H-5C, 3anpap/ieHROTO CHIHKOHOBHIM 1»1:1(::;1001::t uuKnH(ponssomeCB .
3.nem’~pomwam{e HarpesaTens B nepebie
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;pTolfacflfBOaﬂeaHH?M pexnme. I'paduk aunamuky NOCTyNIeHHs napos B
o auMsa ;?3;1{\«1 o?mm KAYCCTBEHHO IOUTH He OTAMYaETCS oF rpapuka
o Mac -1. Oznako xoamuecrso NapoB, MHrpHpyiomux no
p aHUA Hacoca, Gottee yey g TPH pasa meHsine, yey HHTGIIL{

CHBHOCTb MuTpaUHn Macaa BM.| (eMm. pre. 3)

:;g';:g-me dbopsakyyma nopAnKa
MM PT. CT. NOA  KAManaHoM,

KHH BakyyM. Ha nepsmii Barjsg
MOXeT NOKasaThes, wuro ycra-
HOBKZ MMHyeT crazuio, VKa3aH-

&
T ST HYIO Ha prc. 2—4 pumckoi -
IS s Y oY T, Dok {, v Ha nparrtuke peaJuay-
) : SN €TCA b wacts /f.  Onpmako
Hc. 4. Kpugayg nocje
Puc 4 DBKH{_gERCTymeH"H na- OTKPBITHSL  K/JlanaHa gBa-
Kok-o42 B OTK2unBae. KYVYM Haa Hacocowm pe3ko yxya-
3 obnen, IHaercs a0 ykasamHoro BbliHe

SHAYEHNA B paBoueM obbeMe

HZ HEero oTKayHBaercs
B cpelnem Y
Caenosarenpuo pea € RaBjeHua 5.10~2 yy pr. er,

ddekTusHOCTL pado sosywxy JY-160

IIpe fi
n _lgong;ﬁgfeﬂne 00patHOl Murpaumy NapoB Macsa J0BYmIKOH
T OT TOrO, HACKOMBKO Kamosy ee OXNAMEEHE K MO

K
m}(;};ﬁ ﬁot;;cm'ri:e. Ecan x MOMEHTY BKJIOYeHHs Harpesa u
HE OXMamzens!, To au
’ . s HaMBKka noertyr
: aé;.i;iaiyii; TAKOH XKe, KaK moKasaHo na puc, 2 3ymm 4. Hax

, H JKamosn fOBYWIKH OxAaxmenty IO KpHTHuecKofi TGM?

cralaa'r ROCTaTOUNO BusKMM (P < 5.10-3 MM DPT. CT)
Macc-cnekTpoMeTpHYecKoe H3yuenue I[HH.aMHIiH

Bo Bpems pasory o BaKyyM-
HBIMH yCTaHOBKaMu samyck ang-
PY3IHOHHEIX Hacocop NPOHSBOAHT-
C1 DM 3aKpLITOM Kianame, § x
MOMEHTY mnoayuenus g paGouem

Kax npaBunno, AOCTHTaeTCA BBICO-

cHcreme 0o cpafaThiBaHHA Aud- ;

PYIHOHHOTO  Hacoca ocraercs
HH3KHM (pHC. 5). s // s
Ha ocu afcuuce npuBesenbl
TPY NapaMeTpa: BpeMd OT Hadya-
Ja  BKJIOYEHHH  HarpesaTeJs
Hacoca, HaBJeHHe B CHCTEME U
TeMnepaTypa caMmoil vialeHHOH
0T HCTOYHHKA XOJOA2a TOUKH HA
xamosu. M3 pucyrka BHAHO,
YTO JIOBYLIKA CTaHOBHTCA 3d-
{eKTHBHOH TO K0 mocse cpaba-
THBAaHHA AHGPYIHOHHOTO HACO-
ca. Korha jaBxeHue P<C5.10-32
#a pT. cT. B gaawuefiinem Ko- \ \
JIRYECTBO NapOB, MHLPHPYIOLLUX .
B OTKaydHBeMHlilT O0BeM, PE2KO
YMenbliaeTcsi, W APH  o0ueM
JaBaeHud B cucteme 3+ 1078 ma
PT. CT. OKasbIBAeTC HHIKE HO- 5 NOCTYIICHAA Han
pora  UyBCTBHTENBHOCTA  Mace- 50}1{3?Mainaﬂnlaug;{:aqusaeiuﬁ obben
CTIEKTpOMETPA. OpH RAPUMEHEHHK OXhawnaeMoH Jo-
PaccMoTpeR KpUBHIE, MOXHO BywkH AY-160.

3aKMIOUETh, 9TO HHTEHCHBHOCTDb

HOCTYIIEHHS NAPOB Macja B OTKaUHBaeMblli COCYI COKPATUTCS, €CiH
MONEPHH3HPOBATE JIOBYHIKY TaK, YTOOH PACCTOAMHAE MEXIY KaJaio-
3H B TeveHHe BCcero MepHoma paGoThi HACOCA OCTABaNiOCh MEHbIIe
JAJHHBL CBOOONHOTO Mpodera MOJEKYJI.
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BoBOIG

1. OcuoBHOII NpuynECH 06paTHOE MHIPAaLHH BTOPOTO Polia NapoB
Macjaa ABASIOTCA HEAOCTATOUYHO BbiCOKHH (POPBAKYYM, NPH KOTOPOM
HaywHaeT paborate ZHPODYIHORHEIN Hacoc.

2, [onaganue napoB macaa ARGPY3HOHHHIX HACOCOR B OTKAYHM-
BaeMLil 06beM B OCHOBHOM NPOHCXOAUT B HAYAALHHI{ NEpHOZE OT-
Kayku u 33 KOPOTKHH ITepPHOX YMeHbIIAeTCs Ha JABA NOPALKA, eCIH
He HpHMeHAeTCA OXJaxKaaemasi JOBYHIKA,

3. Mpu npuMenerun oxaaxaaeMon aosyuku J1Y-160 xoauyecTso
T1apoB, NOCTYTIAMHX B OTKAYHBAEMBIH O0BbeM, CTaHOBHTCA Ha TpH
Nopsiika HHXe MAaKCHMAJIbHOIO 3HAYEHHSA yiKe depes 40 MUHYT OT
Hauald BKAYEHHA JIKTPONHTaHHA Auddysuonrore Hacoca H-5C
B (opcupoBaHHOM pexkuMme. C  NocTHeHHeM Bakyyma 3-10-6
MM DT. CT. KOAHYECTBO YIeBOMOPOLHLIX MOJAEKYJ] YMEHDIIAeTCA moy-
TH Ha TI1b NMOPAAKOE OT MAKCHMAJbHOrO 3HAUEHHH,

4. C uenno MaKCHMaJLHOIO COKPAIMEHHS BO3MOXKHOCTH NMOmaja-
HHsA MapoB Macha B OTKauHBaeMuli 00beM 3a CUET MUTpAIHH BTODO-

A-188.—2 v



ro pona HeoGXONHMO MOLEPHHIHPOBATEH MOBYUIKY TakK, 4TOGH pac-
CTOAHNE MEMKAY OXNAaXKAAEMBIMH 3/]eMEHTAMH B TeYeHHe BCEro [e-

pHOAa ee pabOTH OCTABANOCH MEHbIIE IJIHHE CBOGOLHOLG npobera
MOJIEKVJL.
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3ABUCUMOCTDb IIAPAMETPOB 2KNJIKOCTHOKOJIBLIEBOI'O
BAKYYM-HACOCA U KOMIIPECCOPA OT
KOJIMYECTBA IIOJABAEMOWU 2KNJIKOCTHU

H. A. Panauan

W3 npakTuxu u3BecTHO, YTO KOMMUeCTRO n0AABaeMOH Eun-
KOCTH CYWIECTBEHHO BAHAET HA MAPaMeTPhl KHAKOCTHOKOMb M-
BHX BakyyM-HaCOCOB H kommpeccopos (XKBH u KK).

Tax, nampumep, Baxyym-nacoc BBH-3 npr 70%-H0M Bakyyme
opy  nopave 4 z/mun  BoAM = umeer HPOH3BOANTEALHOCTD
2,50 #*/mun, a npu noxage 12 Afaun BOARL — 3,20 w*{mun. Tlpo-
H3BonuTeAbHOCTs BBH-50 moxer PETYAHPOBATBCA NepenycKoM
BOABL U3 KHAKOCTHOrO KOJABUA M T, A,

Has XBH u XK na xamaom PEXKHME HMEETCHd TaKOoe KOMH-
UECTBO NOZABACMON MHAKOCTH, KOTOPOE OGECHEUHBIET ONTH-
MaJALHEE napaMerph. HexoTopue dupmu (Ahlstrom, Sanwa
Tokushu Seiko) sagaior MOAAYY KHAKOCTH B 34BHCUMOCTH OT
CO3A4BAEMOTO NABEHUS HJM BAKYYMa.

B cratee pacemarpupaioTes roasxo KBH H 2KK ¢ oceBmum
TOABOIOM M OTBOAOM XKUAKOCTH, Y KOTODHX OKHA pacuoao-
MEeHH B TOPUEBEIX CTEHKAX.

Haun6onee ecrecTBennnM sbaserca NPeANOAOKEHHE, YTO
DEMYINPOBAHKHE KONUYECTBA NOAABAEMON KUAKOCTH BAHAET Ha
TOJNWHHY KHAKOCTHOrO KOAbUA. OAHAKO IO CUX 0P MEeXaHH3M
3TOT0 BAMAHRHA OCTABAACH HESCHBIM.

Best noapenennas B noiocts Hacoca WHAKOCTD VXOIHT U3
HETO 1epes HATHEeTaTeJbHOEe OKHO, HANHYHEe KAHANOB nas pery-
18

ANPOBaHMS OpousBOAHTeNbHOCTH B nexoTopmx KBH u KK
oxeT OHTL yuyTeno ocobo. )
. Henapenne B Hacoce He npessiliaer 1% OT BceHl NOABOAH
MOB KHMAKOCTH.

Ecau e cHUATATh, ITO BCA MOA3ZBAEMAd XKHAKOCThL NPOXOMHUT
MeXIY OKHAMH BCACHIBAHHA H HarHeTaHus, a CKOPOCTb XMA-
KOCTH B KOJblie He MEHACTCA, TO TOAIMHA KHAKOCTHOIO
KOJBbLA BO3pacTaeT BecbMa HesuauuteanHo. flas BBH-3 s10
po3pacTanue coctasager 0,00 ##u U 3aMeTHO TNOBAHATH HA €ro
napaMeTpH He MOMeT. ]

anenona'reano, HMEIOTCA KAaKHe-TO LPYTHE NPHUHHHL BAHA
HUS  KOAHYECTBA TOLABAEMOR  KHAKOCTH Ha  [ApaMeTpHl
HKBH un XKK.

TTpu paBHOBECHOM COCTOSHMH XKHAKOCTHOE KOJAbLO YaCTHYHO
nepeKkpeHBaeT HArHeTaTeAbHOe OKkHO. [laowaab TepeKpHTHA
3aBHCHT OT CKOPOCTH HCTEYCHHS KHUAKOCTH M3 TOJOCTH Hacoca,
KOTOPOE NPOMCXOEHT NOA ACHCTBHEM DAJa NPUIHH! nepenami
IABACHHA, BO3HHKAIOWEro TIPH HCTEUeHHN rasa depes HarHeTaﬁ
TeAbHO® OKHO, JAeHCTBHA DOEHTPOOEKHOR CHABL, <CO3AAIOLIC
nepenan AaBAeHH} B paARaJbHOM HARPABACHHH B KHAKOCTHOM

HM Ta3oM.
KOJbIle, W YBACUCHHS XHAKOCTH YXOASUL

ﬂﬂﬂ, NpOXoJa HOJbIIer0 KOJMYECTBA XKHAKOCTH Tpebyercs
COOTBETCTBEHHO ©6O/bIIAA NAOWAMAL NEPEKPHITHS, M HMEHHO 3TO
IPHBOAHT K HAMEHeHUiD TOJUHHE XHIAKOCTHOTO KOJAbHA.

dopma BHYTpeHHeH NMOBEPXHOCTH XKHAKOCTHOTO KOABUA OIpe-
AeJAeTCH HoJaeM 3KBHAACTAHTHBIX EPHBHX, KOTOpOe OIMRCBIBAETCH

yPaBHEHHEM
re=ry[1—8( Bl 1)
The F,— PAAHNYC POTOPA; : -
g — OTHOCHTEJNbHAA IrAyOHHA NOFPYXEHMS JONATOK B IKHIL
KOCTh,
% — YIAOBAA KOOPAHHATA, )
B, — OTHOCHTe/NbHAA FAYOHHA HOCrPYMEHHA AONATOK B IKHA
KOCTE B H39aJbHOM CCUCHHM,
$dopMa HaPyXHOK KDOMKH HATHETATEABHOINO OKHa MOXET
OMTL OonpejeneHa ypaBHeHuem r, (a).
flepemag paeiedHa Trasa B HarReTaTeJbHOM OKHE ONpene-
JRETCH YpABHEHUEM

2
AP = LQE (2)
r H o
2gF;
ree  { — KoapQUUHEHT MECTHHX NOTePb B HAFHETATEIBHOM
OKHE;
F — miomank nonepeuHoro cedeHHd MOTOKA rasa.
T 1 0] N (3)
2 —_—
Fo=F,—5{ln—r(—8)d,
L]
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rae F,— DAOMWaAb HATHETATENLHOFO OKHA;
Tr — VASAbHHA BeC Ta332 B HATHETATEJLHOM IOJOCTH.

Tepenan gmasnewns, cospaBaemuifl UEHTPOGEXKHOR CHAOH
HOCPEeAHHE BHITEKAWILETo CA0A XHAKOCTH

AP, , = %gw? rE— A —py, )

FA€ ®© — Yr10Basg CKOPOCTH BpPallleHHS poTopa;
T — YAGABHEIl BeC KHIKOCTH.
CkopocTHOMN Hamop B IPOH3BOLHOM DAAHAJBHOM CEYeHHH
C/10s1 BHITEKAIOMIE! XKUAKOCTH

T v? 2

T ke, _ +
2 s a
2 {r~5{ r2—Aa-m jda}
+ Kl_é-m? [r2—r2(1 — )3, (5)

rie K — kosddunuent, yunteBaonui YBJICUCHHE KHAKOCTH

yX0ZAWMM razoM. Ero seoSxoaumo onpepeauts skc-
LePHMEHTAALHO.

CKOPOCTL HCTEYEHHH XHAKOCTH B 3TOM CEeYeHHH OMNpese-
A9ETCH YpaBHEHUEM:

i
V. = Kt 2o, < +

H T ] , X
{r,— S —a—m da}

1 2
+ 5 Ko [ — ri (1 — )7, (6)
Pacxox ®¥AKOCTH uepes HATHETATENbHOE OKHO
1 .
Q.= E,j V (ri—r(1 —p)Y du. (7)
oy
M3 Bcex BosMomHmy KpuBbix (1) dopMp KuaAKOCTHOTO

KOALNA B MallHHE peaqusyeTcd T4, KOTOPAd OGeCHeqHBAET npo-

TeKAaHHE 4YePe3 HarHeTaTeAbHOe OKHO NOABEAEHHOr0 KOAKUYECTBA
HUAKOCTH, :

& |

Ecan xe ypaBhenwe muytpenueir HOBEPXHOCTH KUAKOCTHOrO
KO/ABLA HRH3BECTHO, TO MOXHO WPHHATR, YTO CPEANAR BHICOTA
GO BRITEKAOWEH KHAKOCTM /, B HATHETATEABHOM OKHe M

20

4CCTOSIHME BHEWHEeH KDOMKH OKH2 OT LEeHTPa KOpmyca To-

HHH,
CTOI%IpH 3TOM TOAy4YaeTcs NPHOIMKEHHOE, HO C JOCTATOMHON

elureHue.
NPaKTHKH CTeNeHBI0 TOYHOCTH P ‘ )
Jﬁﬂﬂnls)l IAHHOTO ¢AyYasd CKOPOCTHOH HAMOp HHAKOCTH, Zﬁ;zg_
cajolefi Yepes HATHETATENBHOE OKHO, ONPEAEAAETCH YP

HUEM

2
e Vi _ et 1 QO K AE g2 (r“ _ 1 ;1m).;¢m, )
9g " 2g(Fq— By LY 28 2
rne L, — JauHa BHewHeil KPOMKH HArHETaTeABHOTO OKHA,
H
b = _Q".‘__ . (9}
:-H L,- V}lc

IIpsi HEYAAYHOM DACHOJNOKEHHHU Hal‘HQTaTQJlepO;g c::;}éaT bm:ﬁ;
; Yepe3 HEKOTO
:0CTh MOMKET YXOAHTH TOJABKO )
;gemﬂeﬁ KpoMKH. B 3TOM crnyuae B ypapHeHUE {8) moacras
JHHH.
19€TCH COOTBETCTBYIOHIAS YaCTh A
meCHopocn HCTeYeHHsi JKMAKOCTH OIpefeseTcs YPaBHeHHEM

Q 1 Qi )
) s L % ) (g
b at (e — )

2
Ir Q;
2 =K{, — =
Vi=K5, i (L Qi \?
K VH{
Ono uMmeer WecTyIo CTenéHb OTHOCHTEJABHO CKOpOCTH ;KH(?;E
KOCTH H B KOHedHOM BHIE Hepaspemumo. O,H.HaKO nmopsia

YpaBHEHHS MOXHO CHH3UTH A0 3-T0 npenedpexerneM OTHOCH-
TeJBHO MAJdbiX ClaraeMeHxX B ero KO3(dHUHeHTax

T @ o D 11
Vg\_"KtHTH\.' EV}K—“K‘JJ:"" LH 0- ( )

Pelnenue 3TOrC ypapHeHHH onpeapeaneT CKOpPOCTb HCTEUEHHA
HUAKOCTH

Kuwlr, Z,
arc h
1 ir QE 32
. 2| Koy 7
—21/ Tk, ch LT o 02)
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HAH

arccos L

1o, i QP2
1 v @& 2 (3 N _}%)
V=2 ‘/3 K¢, *{_L 7 €08 e (13)

b H

2.3
1 o, Qu \? 1 v 9
— Ko7, = | — (=KL — | <0
(QK “LH) 3K"T;« Fl
Buicota cnom BHTekaloel XHAKOCTH HAXOMUTCH H3 ypae-
Hewud (9). Ilo aTuM ypaBHeHuMAM DpOBedeH pPACYET A9 HEeKOo-

PP Topeix 2KBH.
s -r--~—|h~——{ - Ha pue. 1 npeacrasrena sa-
Y R e, N BHCHMOCTh TOJIMHHLL CJA0S BH-
. ™ TeKauwel BOZH B HarHera-
] Ll TeABHOM OkHe BBH-12 or a6-
2 b '"““--_,H__ — COMOTHOFD AaBACHHS BO BCACH-
, T T Lif o] BAOUEM NATPYOKE H KOAUUECT-
T ---.._QLiiqu B2 MORaBaeMoll BoAK. ¥ peanye-
o or T et Hue nopavd Boxu ¢ 30 2/mun go

4
Prfiaiord)

Puc. 1 3asycumocte cpepdell Tox-
I(HHBL O BRITEKAIOWEH BOIMW B Ha-

60 2/xan Ha pexume 70%-Horo
BAKYYMa NOPUBOAMT K VBeaHue-
HHIO  TOJALMHLL KUAKOCTHOTQ

rHeTaTenbHOM OkHe BBH-12 ot pemnma
paorsl W KonuYecTBa nopapaeMol
BOIH.

KOAbla Ha 1,6 au.
¥ BBH-3 yseauueusne noaa-
UH BOAR C 4 a/amun no 12 2/uan

Ha pexume 70%-HOro BakyyMa NpPMBOLHT K POCTY TOAUMHE
HUAKOCTHOTO x0ABNA HA 1,5 ##. 310 cooTBeTCTBYET YMEHb-
IICHHI0 00beMa padoyHx sueex Ha

0,23 Mmur u ywmeHsmenuo o6wveMa
MEPTBOIO NPoCTPaHCTBA Ha 0,45 4% mun
(IpU TDUBEAEHHH K VCIOBHAM BCACH-
BaHua).

Kpome Toro, ymenmuenue pacxona
padoueir KHAKOCTH NPHBOXUT K YMEHB-
WEHHIO NMepeTevyex rasa_gepes Topite-
BHe 3a30pwt Ha 045 a’/mun, O6uwee
H3MEHEHHe TPOM3BOAMTEIBHOCTH IO
pacuery coctaBaser 0,67 M*fuun wu
DPAKTHYECKH COBNAJAET C IKCIEPUMEH-
TaTbHHM,

CxeMa BAMSHMA KOMHYecTBa noxa-
BaeMOf KHAKOCTH Ha TOJUHRY HHJ-
HOCTHOTO KOABLZ JTOKA3aHA Ha puC. 2.

Moxaua Gosbworo koanwecTsa xuzn-
)

aldy af, ag; a@dicaldscaly

P uc. 2. Banauune xoakuecTBa
NonaBaeMoit  MHIKOCTH Ha
TONEHHY ¥HIAKOCTHOrO
OLTSIER

xoct B 2KBH n KK cymecTsento BAMACT HA IKOHOMHUECKHE

tean ux paboTHL. )

noﬁg;SaBBH-IQ ngﬂ paGoTe Ha pexume TS&;HOFOBCI?;};):{%?IJI;;?T?-
cTasager % OT

T HOLABAEMOH BOABL CO ) e
Mggnﬂux pacxoop. ToAbKO N0 TOMY BAKYYM-HACOCY eﬂ:[c%pnuu
ﬁamun, prnyckaeMux 3a 1 roa BeccoHoOBCKAM KOMOP
3ABOJAOM, OHA COCTAaBAsAeT 1 MJH. pyo.

OTCions 9CHO, UYTO CHHMKEHHE pac-
xold BOZEL [pH OAHOBPEMEHHOM C€O-
xpAHEHHH Wk yIyilUIeHHH NapaMeTpos
MAUIEH SIBASETCS BecbMa BaxHOH 3afa-
yeifl.

TIpoBeseHHEe pacueTH OKA3HBAIOT
TAKKE, Kakoe OOAbIIOE. BANAHHE HA
pa6oty XBH n KK oxaanBaeT moJao-
weHHe BHeUlHefl KPOMKH HAFHETaTeab-
HOrO OKHA. JTO BJAHAHHE MOKA3aHO HA
pHc. 3.

WsMeHeHHeM MOA0KEHHT KPOMKH Ha-
CHETATEABHOTO OKHA MOXHO CYIECTBEH-
HO YMEHBIIHTH HOTPeSHOE KONHYECTBO

_nonapaeMoit KuakocTH. Marotoeaexue

Puc 3. Baudxune NoAOKe-

HHA BHemHeil KPOMKH Harne-

TATENIBROTO QKHA HA TONUIHHY
WHAKOCTHOTO KOAbLA.

" MAUIHH ¢ HATHETATEALHBIMM OKHAMH, npeacTapACHHRMH Ha puc. 4,

- T
aeT BOSMOMKHOCTE TAKOTo CHHXEHHA. ¥ BBH-12 310 COOTBETC
ByeT YMeHbIleHHIo noTPefHOR TOAAYH BOABI

¢ 60 afmun RO

30 .e/Mux, T. €. BO3MOXHOCTH NOAYYEeHHs SKOHOMUW HA CHHWECHHH

a

Puc. 4. PopMa HATHETATENBHME OKOH B BaKyyM-HACOCAX.

4 — BBH-1Z, 5—BB1[-6 TIVHKTHPOM NOL&3E Ly’ ecTBEYHWH pazmeph, T H|
YHKT HH il e MepH, CnA0WR

M — DeKo-
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HOC OKHO HEODXOAUMO I
TOpUEBOK CTeHKH, HO H

TErpaNoB <CTOJAKHOBEHHH aaa n
SBOAAIOMHA HCIOABL3OBATL YPAB

)

¢ e

N

[ ]

O Y

Un
Ghrpir-A)

Puc. 5 Hpumenne muakoctn uepes
HATHETATENBHOE GKHO.

pacxoaa Boau x10 500 000 py6.
B ron. Ho Hapyxuyio kpom-
KY HarHeTaTenbHHX OKOH
HEOOXOAHMO  BHIIOJHATB C
zonyckoM 0,1 = 0,2 .
CkopocTre  swmaxoets B
OKPYXXHOM HANPABJACHHM 3HA-
THTEAbHO GONBDIE CKOPOCTH
HCTEYEHMA H3 HATHeTaTedb-
HOTO OKHa (puc. 5). IToatomy
HKHAKOCTD B Har€eraTefh-
HOM OKHe yaapaeTcd B 3aMH-
KAI0IYI0 €ro KpOMKY, BCHe-
HHBAGTCH H YHOCHTCH HOTO-
KOM Ta3da, 4TO NPHBOAHT ¥
AOTOIHHTEABHHM — NOTEPaM
AaBaennd. Ilas Gosee npa-
BWJILHOTO OTBOAA BHXOAA-
e XKHAKOCTH HarHeTaTeds-

POQUAUPOBATE He TOALKO B IJIOCKOCTH
A0 ee TOJLUHE,

O IMOJOBMUUN TIPOLOECCOB MOJEKVYIIAPHOI'O
ITEPEHOCA B PA3PEXEHHBIX TA3AX

I. @, Haiixues

Panee [1] 6u usnoxen meron pacueTta NPHBEAECHHBIX HH-

poiteccon nepeHoca Maccel, no-
HEHH,

[HOJYYEHHBIE B CTPOroft

KHHeTHUECKO#t Teopun [2] aas onpegenenns Koaddurnenron
camorudpysnr n audbdysua Pa3HOOOpasHEIX Tra3OBEIX CHCTeM.

cHcTeMe ofycaosa
OPOBOAHOCTH, BH
uMeer sun [3):

B Hacrosuieti CTaThe NOK43BHIBAETCH,
HPUBEAEHHOrO HHTErpala CTOAKHOBEHRI,
MOXET OHTh HOAYIEHO H3 6OJee OGN
BCEeX MPOUECCORB MOJEK

Kak ussectro,

grad &7

9T0 BHIDAMEHUE A
AauHoe B paSote [1],
npeacTaBreHrlt W oA

YAAPHOro nepenoca.

CKOPOCTh HM3MEHEHHS SHTPOLMH B 33aKPHTON
€H& MaKPDOCKONMYECKHMH NPOLECCAMH TEmno-
YTPeHHero Tpenua M nuddysun. 1o ypabHenwue

d ng - . -3
Tp;f—: —/ T —div /pgrad T,— /, grad wp—/1:grad w. (1)

OOLIYHO HCHOJL3YeTCH A9 aHaJAH3a
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Brpakense (1) B coueranuu c

coorHoweHuAMH O#3arepa
ABJeHHR nepeHoca. Hawmu

oHO OYAET HCNOJAB3OBAHO AJMf TOJAYUEHWA YCAOBHH MOAOGHS
[IpOLECCOB MOJIEKYASPHOrO nepiﬂoca.

—
epes 3aKOMH
e HEOGPM;;MH& nm??i{]“ I% ﬁkéciﬁfepfgﬂﬁu?c ?{ecnomuux
pe, Puka u HewortoHa 3|, T ‘
r(?yepoﬁpaBOBaHHﬁ MoxH#o mnoayuuth u3z (1] caeaywoumee ,a:(l)lfrcpcg;-
pgnuﬂanbﬂoe ypaBieHke OHHOKOMIOHEHTHOTO Tasa AAA H30TP
HOH CHCTEMBl B ONHOMEPDHOM CJayHac: 2
ds ) 0T n A ( dt )2+1? aw\)z_l_ DP(dpk).
Tom =" T 7 ax /2 \dx
HMccael0BaHNE 3TOTO BHIPAMEHHA OTACABHO AAA g?;;o;;)o‘
pHAA MEPEeHOCA HA WHRADHAHTHOCTD NPH nogoGHOM mnpeodp
BAHAH ZdeT CALAYIOWLME KPHTEPHH MOAOOCH:

@

_ pSx? (3)

Ly= B
_ TeSxt “

K fnw®
_ TSxp? . (5}

D tDP

Ha paccToaHHd JAJHHH caoﬁggé:orgeﬁgﬁﬁe;i nBy ﬂabnf;i{}:;.a);l ;C;gr
MOJEXYASPHOTO TIepeH aa,

:sﬁgggﬂne nagaMngos COCTOSHHSI OQOHYHO cqn:gggggu ;ag:aﬂgi
[3—5]. 9T0 NO3BOARET HOAB3OBATHCA xsaaupaxac eCHbM pac:
CMOTPEHHEM 3TEeMEHTOB 00bEMOB, cousueppm%mm TUKOf CBo-
doaHoro mpobera MoJAeKyJ, a Aas Xap%ﬂel{);i B ooty
uhg 6paTh PAaBHOBECHME DapameTpsl F, V, . Sodan
B ypasHenusx (3)— (D) x H £ MMEIOT CMBICA M}Keﬁnblx M
cBoGorHoro mnpobera. llocaennue Aast pas;éim Bo.nbumana:
v IOBACTBOPAIOILAX VCJAOBUAM peIICHUA YPaBH

MOXKHO 3AIHUCATH:

me M (6)
Vit
_om M )
t=‘l:0--— 4902 “RT .

Torna ¢ yuetom (6)—(7) kpurepun mnopoGus (3} — () npu-
BOIATCA K BUIY:

e SR LT S ®)
La‘_‘? ® A M me?
L E Ly ©)
L,= aN R 9 ne*
2 R 1/ o (10)
LD'—'F T.DP]/ M el
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Yeaopus nonpobus Buga (8) — (10) conepxar B sigHOR qjopmé
HX MOXKHG

ﬁguemqecr{ne XApPAKTePUCTHKH CHCTEMEL [losTom
MOAL30BATE AJS Pacyera KoabdUUKeHTOB nepeﬂo)éa

PaC'—IETbI, fIpPOBCIEHHHE A% HHEPTHBEIX rasos NOKasaJaH, 4TQ
r *

apaMeTpon
paTtypax. 3to cupaseaamso ags

oe M j
BaeM. OUERKa HOCTORHHEIX B (8) —(10) no ,II.E:EIHHBIMHL paECMiTqu
rr 7* Fall ot

K

putepru L,, L,, L, MOCTOAHHH u me 3aBHCAT oT o
COCTOAHHA NPH BLICOKUX TeMIle
CHCTEM €O ¢A30mM B3AUMOALHCTBHEM, KOTO

IIOKA3EIBAET, YTO OHH OJAH3KH K JHAYEHHAM
% E ¢, _. 2 ®
2 =N N =T

_5_1/3i =L A 3 R
IGN T 4N ) s —— . _--
R L, SN = 1

H3BECTH
e yquob;M g;ﬂ};ﬂiizéﬂnﬁ CTPOro# KHHeTHYeCKO TCOPHH Ia30B
IAA  pacyeTa 0 :
CTOA PHBC JEHHEIX
HocaxﬂgsBeHHﬁ’ HOAYHeHHHX B {1, 6, 7], K03¢¢HHH:HH1:I§FWJIOB
Pa3pEXEHHLIX Ta30B MOXHO BRIDABHTEL B BHAE: nepe-

r
A=2—5|/R R A
N

=
165 P 529:3 S (]2)

T3
D=2 ./ R M
8N = P07 (5) (13)

Takum
o Teopgipﬁﬁgﬁ,ﬁ PE3YIbTATH aHAMH32 YpaBHEHHS (1) mero-
R e KOHH HOSBOJAIOT BOCHPOH3BOAUTL COOTHOIE-
ol KHHeTquiqaq:vguneHmB IEPEHOCA, KOTODHIE MOAY9eHH
Bors maon, (ReT Oc}co TCOPHH T430B U3 pemtenuss ypaBHEHHS
TR 3aMeTI:II?BaHHI/I PaHEE TNpOBeleHHHX pacYeTOB
ain paciens v Th, 9T0 yparenue (11} — (13) npurozum
eephaciera (buumreHTOB Meperoca HINPOKOTO Kpyra Be-
mem cayqae kpurepun L., L, L. mowuo
I HCNOMb-

30BATE AN
AZA AaHAAW3A AB/NEHHH NepeHoCca I06HX COCTOAHH{ Be-

HWeCTB, HO AJAA 3TOT
0 Heobxoxn
CBOOOIHOTO npoGera B (3)__(5):1[ MO OUEHHTh AJMUHY U BpeMs
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VeaosHHe 0G03HAVYEeHNHH!

T — Temneparypa, P— pas/eHHe, p— NAOTHOCTb, M — MoJe-
KyASIPHBIA  BEC, R —rasosas nocTtosunag, S, — abcomoTHad

MObHAR 3HTPONHs, C, — TEIIOEMKOCTb IPH MOCTOAHHOM 0Gbeue,

gk——mmnqecmﬁ MOTEeHnHAa £A-r0  KOMIOHEHTAa CMeECH. A, o1,
D — xo3dUNUEHTH TEWIQNPOROAHOCTH, BAIKOCTH # caMoaud-
Gy3HH, COOTBETCTBEHHO; @ — TEIIOBAA CKOPOCTh, ¢ — JHaMeTp

L] L] *
saauMoaeficTea, 2 (S), 24(S), 85(S) — npuBeAeHHHE HHTErPAB
CTOMKHOBEHR#l IEpeHoca Tenda, MMAY/bCa H MAacCCH.

JUTEPATYPA

| Wattxuee I'. & K pacuery Kos(unuentos Iuddysii B paspemeHHBIX
rasax. — B c6. «Bakyymuan TexHuKay, BuiN. 1, Kasanh, 1
2 Tupudeasvgep H. H Ep. Mojekynaphas TeopHA rasek H Auaxocrer,

M., HJ, 1961,
3. He Fpoor C., Masyp Il. HepapuoBeckan TEPMOARHAMHKR, M., «Mup>,

1964,
4 Boronw6os H, H. TlpoGaeMbl RHHaMMYECKOR TCOPHH B CTATHCTHHE:

cxoRt uauxe, M.—JI, 1946.
5 Typee K I1. Ocuopanus KHHeTH9eCKOfl TeOpHH, M., «<Hayka», 1966,
6 Matxuer I &, ¥Yemanos A T. K poripocy pacuera koadduudenta

nepenoca B rasoBofl {ase. Tpyam KXTH, sun. 37, 1968,
7 Watixuep I. ©., Yemanos A I. K sonpocy paciera xosdpduunenra
nepenoca B ragzax. — B c6. «Femno- H Maccomepenocs, T. 7, Munck, Docrexusnar,

1988.

PACYETHOE OIIPEAEJIEHUE TUAPABJIMYECKUX
IOTEPH B XUAKOCTHOKOJIbBHEBOM BAKYYM-HACOCE

H. A. Paasman, A. H. Jlyxeanosa

B MAKOCTHOKOALUEBHX BAKYYM-HACOCAX OCHOBHBIMH IOTE-
PAMH  ABASIOTCS  THAPABAHEECKHE. QHu OOYCAOBAEHEL CaMUM
npHHIENOM paGoTh, W ONpeAeneHHe ITHX HOTEPDL ABAAETCA
OXHON 13 HEOGXOAUMHX 3afad PacueTd KHAKOCTHOKO/ABUEBHX
BaKyyM-HacocoB. OTHOCHTE/NbHAA CKOPOCTH ABHKEHHA KHAKOCTH
paBia 10—15 aycex n Gojee, MO3TOMY AHCCHNALMSA SHEpPriy,
BO3HMKA0INAS UPH TPEHWH MKUAKOCTH O KOPUYC ¥ € TYpOyaH-
3alHH, ABAA€TCa AOBOABHO 3HAUHTENBHOM.

TlpukeHue XMAKOCTH B 3330pe MEXAY POTOPOM H KOPHYCOM
UMeeT HEKOTOpHE XApaKTepHbe OCOGCHHOCTH. dniopa pacnpe-
JeneHud CXOpOCTedt B 3a30pe HE CHMMETPHUHA: y Kopmycd CKO-
POCTH PABHA HYJAIO, & HA [PaHHIE CONMPHKOCHOBECHII ¢ pPOTOPOM
OHA JAQOCTHTaeT MAKCHMAJBHOH BeAHYHHAL Taxast popMa npopuis
naeT BO3MOXHOCTH MPEeAnoaaraTb, 4TO €C/aH 3TOT npoduab A0+
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TMOJHATE A0 CHMMETDHYHOIO YIABOEHHEM TOJX
AAA  pacyeTa THAPABAHYECKHX MOTEPH MONKHO HCHOJB3OBATH

DKCIMEPHMEHTA/bHEE JNAHHEE [0
H PaBAHYEC KHM
HHAM B OTBOAZX NPAMOYIOABHOTO cedennus [1] COTpOTHERE-

Coraacno [1], nore
i1, PH JaBACHHA onpeaensioTes YPaBHeHueM
AP g v
apn

IIHHH IOTOK4, TO

K Kopn z‘g (1)

rae Ceopn = S&xp + - @)
— Ry

Cop = 0,0175}‘5: 0 3)

tM:Kﬁ'KRe'AI'BI'Cl- @

A — KosdibuuuenT noTepn Ha T
» BATOCTH CTEHOK H tll)nc.na ngf;gi,macaasncamuﬁ or Hepozo-
% — PAIMyC KPHBH3HL CpeiHell JHHHM Kanaia
~~ YTOXI MOBOPOTA NOTOKA B OTBOge ’
LD — ruaparanueckni IHaMerTp, ’

_ B
) T ()
rie t;——e.aaop MENAY DOTOPOM H KO
& — WIHPHHA POTOPA.
Hea
CKO])OCTI‘? E;BﬁHHoOﬁ%l%cl /&npegenﬂemﬂ N0 yCIOBHO BHIOPaHHOH
, . IJTO He OKasHBae
oK T 32Me -
ﬂHl-loaM ::;;:ﬁaﬂy KO3(pduuHeHT2 noTeps Ha TpeHHeTHOPO S
1 BeJHY .
pasnch GaeHan HH2 yria noBOpoTa noToka NpHHsATA
2 . YIOM OTAHYAETCA OT HOMUHAJALH
p Tf{ﬁ COOTBETCTBYIOMIAR X0Js MOTEPSH o7, o e
! .
. OTB;gJép}I:uueHT A, 3aBuCHT oOT yraa noBOPOTA  KHAKOQCT
HE3HAYNTEAbHO OTiM4aeTcs or 1. B et
TpHHATO, 9T0 A, =]. . AadeHeHuen

Kosppunuenr B, onpenensiercy IO ypaBHeHHAM:

PIYCOM, BLICOTZ Kanaaa,

B] __Ro 25 HPH 52‘ = 0,5 o 1'0 (6)
(=) r
Bl _ 021 R
Y T ompE 5> 1,0, -

()"
D
Kosdduunenr €, spasercs PyHaxuHe

ONpeNeNseTC N0 rpaduky [1, crp. ]83__185?0131\&1:1 CeURHHs N

98

¥ MEPOXOBATOCTH CTEHKH KOPAYCa W ONpeAeAoTCHE [o Tabauue
{1, crp. 183184}

TIpA MOJL3OBAHUH NPUBEACHHHMH B [1] 3HAuCHHAMYU KO3(QU-
nuedTos C;, K, K‘Qe ofHapyXeHO CHCAYIONee HECOOTBeET-

cTBHE:
1. Kosppunwenr C, no guarpamme 6—1 [1, crp. 183] aaa

a,
—{)—"- =3+ 8 COOTBETCTBEHHO DaBeH
(L]

0,85+1,0; no amarpamme 6—2 aas TeX ie SHAYEHHH -%“— H aad
]

aHaqeHuit ? < 1,5 n pas
r

- D-E"— ~>1,5 €, COOTBETCTBEHHO

pased 0,39 + 0.6.
2 MNpa A>0001 u 3X ;’i v i
XIP <R, <4X10" K,=1,a |/ B

ML

|
oL !
1

ph 4-10° < R, < 2:10° K, = 2. os|J5AN

Hcnoas30BaHHe B3THX JaH- o ‘“}.\QQ'\
HBIX AJ% OOpeAesedus kos(opu- 7 HASNNRS A=
IHEHTa MECTHHX noTepb npu- | | [ Y[ =1
BOAHT K ero CKa4KoOGPasHOMY OL_L il il }Gi divvie)

H3MEeHeHHI0 IpPUMEPHO BABOE

JIpH MJA4BHOM H3MEHEHHW BHCO- PHc. 1. 3aBncumocts Kko3ddmizHeRTa

TH KaHana. Kpusbie KO3(OH-
LUEHTOB THAPABAHUECKHX TO-
Tepb B MeCTax MOAOOHKX CcKad-
KOB CrJAamHBAJIHCH AAHA NOJAYHE-
HHUA JABHOH 33aBUCHMOCTH HX
KAK OT BHLICOTHl Kauaxa o, TaK

THAPABAYYECKHX TOTEPS OT BHCOTH
3430pa MEWIY POTOPOM H KODPIYCOM
npn A= 0,25 s
] — x03QPHNHERNT HHHEMATHYECKOH BASKOCTH
v w1 com {pona); 2 — v = 106 com;
I—v=M0 com; 4 —v=4T0 cem (Macao
LAY,

H OT Ko3bHIMeHTa KHHEMATHIECKOR BASKOCTH V.
TMoayyeHHbe KPHBHE NPEACTABJACHH HA PHC. 1.

MOWHROCTS,
onpefensierca no (Hopmyae

WAydlas Ha [PeOJOJEHHe INepenaia AaBJieHnk,

: 2
N _ =Q-Ap = J ::ﬁt'xapn ‘T_Qsaa' da =

%

N 2da, 8
*g 5 Cmpn aasﬂ da ( )

0

[MoTeps MOLIHOCTH pPAacCid

FAHL AAS  BOLOKONLULEBOrO Ba-

kyym-sacoca PMK-2 npu npHMeHEHHWH B Ka4ecTae paboue#t Kun-
xoCcTH BOEM (v—=1 ccm) u macaa [-1A (v=469,7 com).
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CoraacHo pacdeTy moTepst MOUIHOCTH HA NPEOACHSHHE THA-
pasnuqecxnx CONPOTHR/AECHHH NpH PadoTe HACOCA Ha pexHMe
10% Baxyyma uwa BoAe cocrasaser 2,12 xém, a npu paboTe Ha
vacae O-1A—4 xem, T. e. Goabme wua 1,88 xom.

[ToTpeGasemas MOWHOCTL KHIKOCTHOKOABNEBOTO BAKYYM-
HACOCa MO NACHOPTHHIM JadHeM (2] mpu ero paGore Ha Bgﬂe
cocTaBager 5,1 wem.

Z 31 CoracHo 3KCHEepUMEeHTaNb-
o1 HHIM JaHabM [3] moTpe6Gaseman
5 | | MOIIHOCTL 1pH pabore HacocCa

2‘ Ha MacJe pasHa 6,8 wam, T. e.
A wa 1,7 xem Goabme, weMm mpu
LY paGore Ha Boae. TakuMm o6Gpa-
EINAAY 30M, Pe3y/ibLTAaTH PACYeTa H 3KC-
\\\H MePHUMEHTa OKa3adHCh OJH3KH-

or i T e e MH,
L it L Orae} ITo wusaomeHHOR MeToaHKE

TaK¥e PACCUYHTAHH  Koaddu-
Puc. 2. 3aBHcHMOCTe KosddHnmenra HEHTH FHAPABAHYUECKAX COUPO-
;:gg;:nrixzxux goorepb or BmcoTH THBACHHUH AJ4 BOALL [IPH 3Hade-
ey T e rpeaneR noBegaRoCTH

1 o B _ eHHell TOBePXHOCTH

P e Os w: Sk 050 e " KopHyca A= 0,5; 032 0.16;

p 0,08; 0,04; 0,02.

e3yALTaTel pacueTa NPeAcTaBIeHbl HAa puc. 2.

[loTepn MOMWHOCTH HA TpeHHe IPH DA3AHUHOK HIEPOXOBa-
TOCTH ONPEASNEHH NPHOAHKEHHO, HCXOAS H3 NPEANONOKeHHd
He3aBHCHMOCTH HOJAA CKOpocTell 0T K03hdHLUHEHTAa NOTEeph.

"

Aa 70} ¥
N = y.22 2 5 -
™ /2 cmpn i 2 Qsaa 0 (9 28 " ///
i=1 '
A 26 //J
rae o — YTOJ MEWIY pacueTHhmu i
CeYeHUsAMH, 2 i
Quas ; — PACXOA  MHAKOCTH uepes 4
CeéYdeHHe, 22
V; — CPeAHAST CKOPOCTb K-
KOCTH o
' 62 03 as g5

a ar I
A — 9ACAC CedeHHi. B LI N 2 7

Beawunnnt Q. , w o, BsaTw uz D HC 3 3asucumocts mow-

) OCTH TPEHHd 0T YHCT
pacuyeTa  HHIKOCTHOTO KOABOA I " k o
R 0.5, 1 1pn 00paboTkH Kophyca.

3Hauenns L. onpegensworca no puc. 2. Ilpu pacuere
B NepBOM NPUOAUNKEHHH NPHHATO, 4YT0 Q,, , H 7; B Ipejeiax
Ka#/O0T0 YYaCTKA OT IWEPOXOBATOCTH He 3aBHCAT.
30

PesyabTaTH pacyeTa MPEACTaBACHE HA PHC. 3. Hlepexon ot
gpcTOTH moBepxHocTH v4 (4 ®a. roynocTH) [4] ¥ 4ncTOTE MO-
BepxhocTd vl (8 KA. TOYHOCTH) NPHBOAKT K YBEJAHUYECHHIO MOIL-
nocry Tpewus Ha 0,55 xem, UTO COCTABARET =~ 10% ot notpeb-

AfeMoil MOLMHOC TH.

JUTEPATYPA

1. Uneabunk M. E. CnpapounHk 00 FHAPABIHYCCKHM CONPOTHRIE=

anam. M.—J1., Tocsmepronagat, 1960.
2. BogoKONbLEBHe BakyyM-Hacochl W rasonyeks BBH-3. Onucaine ¥ HH-

cTpykumA No akcmAyatawud. lMensa, 1966.
3. HockunaJd M, Qlupanua A, M., PyMauues B. A. O BaHaAHuH

YACABHOTO BECAa H BASKOCTH PaGoyeR XKMIKOCTH H3 XAPAKTEPHCTHKY HHAKOCT-
HO-KOIbUEROTn KOMIPEccopa. ,XHMHYeckoe M HepTiHOE MAaUIHHOCTPOEHNE",

M 11, 1965.
4 Margos B I Homyckn w nocazkn. M.—Jk, Majrns, 1965.

OIIPEAEJIEHME IIEPETEYEK I'A3A YEPE3

TOPHEBBIE 3A30PbI 2KMJIKOCTHOKOJIBIIEBBIX
BAKYYM-HACOCOB

Jyxoanos B. @., JIyrkvanosa A. M., Paitsman H. A.

MeToas ompefeneHus TepeTedek rasa uepes TOPLEBHE 3a-
30pH H3 MOJOCTH CXKATHs H HaTHETaHHd B TMOJOCTDH BCACHBANHA
0o611en3BeCTHH,

B XHAKOCTHOKOJBUEBHX BAKYYM-HACOCAX H KOMIPECCOpAX
3afaya YCJAOKHAETCH HAAHYHEM IHAKOCTH, nojgasaeMofl B pa-
60uyil0 MOJAOCTL 9Yepe3 TOPUEBHE 3a30DH. OGruBo npeanosar
raeTca, 9TO KHAKOCTh IMOJHOCTHI) NEPeKPHBAET STH 3a30PH H
NpeNATCTBYET NPOTEKAHHIO UEpes HHX Ta3a, OAHAKO TOAPOOHO
3TOT BONPOC HHTAEe He Pa3paboTaH.

Tak, 8 [l] npuBoanTca anWib rpauk M3MEeHeHHs TPOH3BOIH-
TeABHOCTH HACOCA B 3aBHCHMOCTH OT AABJAECHWA BCACHIBAHHA U
BOJMYHHH TOPIEBOFO 3230Pa M YNOMUHAETCS, YTO NpH yBeJHUE-
uuW TOpLEBOro 3asopa A0 0,2 M BPOUSBOAHTEABHOCTL CHH~
KAETCH HE3HAUYHTEABHO, @ C YBEAHUEHHEM €r0 AO 1,5 mm npo-
HSBOIMTEALHOCTh pesko magaer. Kpome ToOro, Hurie He yka-
3aHO, 0OpH Kako#l nojade BOAH B TopueBofl 3a30p HACOCA
[HOAY4eHsl STH IpaduxH, MOXHO JH HAfiTH OnTHMAJdbHLIE YyCAQOBHH
paGoTH BAaKYYM-HACOCOB, KOTA4 3TH TEPETEHKH HCKMIOHaI0TCA
MOAHOCTEI H T. L.

B cBs3n ¢ 9THM OpJAa NOCTaBJA€HA 33Jdada:

1) BHACHHTL (HH3UUECKYIO KAPTUHY BsauMoneficTeud nepeTe-
KAOWIero BO3AYXA C KHAKOCTBIO;
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Puc. 1. Cxema sxclepuMenTannHOf YCTAHOBKH.

2) OnpepeaHTb KOJHYECTBO TICPETEKAILETO Yepe3 TopueBoi
3asop 2KBH -Bosayxa B SaBHCHMOCTH 0T Be/HUHHK 3a3opa,
PeXHMa DACOTH BAaKYYM-HACOCA H PACXOAa HOZABAEMON BOJHL:

3) paspaboTaTh NpAKTHYECKHH METOA pacuera nepeTedex
rasa uepes TtopueBne 3asopm 2KBH.

C weasio pemenus sTux
BOIIPOCOB H3TOTOBJAEHA 3KC-
TIEPHMEHTANBHAR YCTAHOBKA
{puc. 1), koTopas cocTOWT
H3 MOJLeNH, BAKYYM-HACOCA,
ra3oBOTO CUETUHKA, CHCTEMH
TpyGompoBonoB, {/-06pasHbix
PTYTHHX MAHOMETPOB H po-
Tamerpo PC-5 u PC-7 xas
ONpefeNeHHs Pacxona BOXHL.

TeuerHe XXHIKOCTH B TOP-
IEBOM 3430pe MEeXny BTYA-
KOH PpOTOPEZ M KPHLUIKAMH
BaKyyM-HacoCd BOCHOPOH3BO-
jaTea B Momenn (puc. 2),
KOTOPas H3TOTOBJIEHA 3 OPr-
CTEeKAA W COCTOMT H3 ABYX
naactad [ u 2. Mexay naac-
THHAMH YCTAHABJANBACTCH 38~
sop 0,2; 0,3 4 0,4 M4 npu mo-
MoIIH npokaanok 3 U 4. [lo
CBOHM pPasMepaM MoJedb CO-
OTBETCTBYET TODUEBOMY 3a-
3opy BBH-3.

G

Puc. 2. Cxema Mogean.

[MeppoHayanbHO MOZEJAb ObLIA H3MOTOBAEHA H3 OprcTexaa

Toamuuoll 10 sae. [lpu ee paGoTe NAacTUHH KOEL jAeflicTBHeM
aTMocdepHOro BO3LYXa UPOrn6Gaiuch, 4TO UPHBOLHAO K YMEHb-
UIeHHI0 YCTAHOBJIEHHOIO NpOKJafkaMH 333cpa. [ad npeporspa-
HECHHS 3TOTO MEXAEY NAACTHHAMH YKJIAAMBAMHCH TOYeUHLIE MPO~
Kaazkd. TlpesBapHTe/IbHEE SKCNEPUMERTH NPOBOIHAHCH Ha 3TOM
Mofead. Bropo#t BapuaHT MOJIeNH H3TOTOBJEH H3 Oprerexsa
TONWMHON 15 MM, IJKCOEPHMEHTH, HpPOBeXEeHHbE HAa STOH MO-
Jeny, Jadd MepBOHAYAaAbHO Ppasdbpoc Todek. [as BesicHEHHS
NpHYNHE  Pa3bpoca WMYyHoM CHHMA-
JHCH KAPTOrpaMMul NeACTBHTENALHHX 0% 50%
3a30pOB MeXAY IJaCTHHAMH; 3a30- m?
PE  OKa3aJHCh HEONMHAKOBHIMH, T2K 9%
KAK Yy NAACTHH Onlla BOAHMCTAA 1MO- 80%
BepxHoCcTh. OKOHYAaTERLHO JAOBe- /
NeHHasd MOJejb HMeeT OpPHTepTHE
NAACTHHEL.

IIpM BKAIOYEHHH YCTAHOBKH BOS- '

AYX 32CaCHBAETCA BAKYyYM-HaCOCOM

uepes TA30BHA CYETYHK H IEAb

MeXAy mAacTaHaMH Mmoaean. Cosaa-

paeMHll N0 OGeHM CTOPOHAM IIEJIH

nepenaj AaBAeHHR aHAJOTUYeH pas-

HOCTH AaBAGHHH B IOJOCTH MHATHE- Puc. 8 Fpauhua motoxa boasl
TAHHA M BCACHBAHHS B BAKYYM-HA- " 0 o0 50 0 o on Ba-
coce BBH-3. OnnoBpeMeHHO 4ePe3 xyyme (pacXold Boam 5 .4fMux,
nepexoaHuk 5 (puc. 2) H koAbLe- fopuesofl 3asop 0,3 ).
BOE MPOCTPAHCTBO MEXKAY OTBEPCTH-

€M B OAHO# W3 MIACTHH U GOOWWKOA 6, MMHTHPYIOWIeH Baj, B
MOJeJL TNOAAeTCS BOAd, KOTOPAd, KAK B TOPLEBOM 3asope pa-
fOTAIOIErO BAKYYM-HACOCa, PACTEKAeTCd IO HIEAH.

[Mpu kamaoM 3HAaYeHWu 3a30pa NPOUIBOAHIHCE CAeayiowue
3aMephl:

1) pacxoaa BO3AYXa no rasoeoMy cuerauxy Qp 6es moasoaa
BOAK, A/MUH;

2) pacxoga BO3ayxXa Q; ¢ WOABOAOM BOABL, A/MUH; ,

3) pacxoza Boam uepes Moxeab no poramerpy PC-5 @,
AfMUK (RedeEns POTAMETPA ¢ MOMOULbI TAPEPOBOYHOTC rpaduka
NepeBOAUANCH B //MuH);

4) BakyyMma 3a MOJEJNLK) N0 PTYTHOMY MAHOMETPY, #M PT. CT.;

5) BakyyMma nepen scacupaownM natpyoxom BBH-3, s pT. pT.
(maaa xouTpOAa);

6) 6apOMETPHUYCCKOTO AABJAEHUA, M PT. CT;

7) TeMmepaTypsl OKpYymawuero Bosayxa, °G;

8) temmepatypw Boau, °C;

9) ZaBJEHWA BOAHL IEpel MOAEILIO, K2/CH’.

Pacxof BOAH uepe3 MOAeAb YCTAHABAMBAJACA OT 2 5o 6 a/mun
yepes xaxasie 0,5 .2/#un. BaxyyMm peryinpoBajcsi BEHTHAEM HA
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Bxoje B Hacoc oT 650 po 5O MM PT. ¢T. uyeped KaxiuHe
100 s pr. cr. [lpH mOCTOSHHOM pacxole BOAR H NEpPeMEHHOM
BAKYYME CHEMAAOCh He MeHee 5 ToueK.

Tlpn mopaye HeSOABIHOIC KOAHWYECTBA BOLH BO3RYX, Aedop-
MUPYA TOTOK KHIKOCTH, OTHKHMMAET €ro K cpefHell 4acTH Mo-
Jend H NPOXOAMT uepe3 OCBOGOJHBINYIOCH OT XMAKOCTH YacTh
sazopa. C yBequMueHHEM PAacXoAd BOAH HJAH YMEHBILEHHEM Ie-
penaja JamIeHHfl PAcXOA BO3AYXA Uepe3 MOAEeab CHHKAETCH,
TaK KAK BOJAA 3aHuUMaetr GOABWIYID YacTh wWeau, KapTuwa rege-
HES BOOH H BO3AYXa B MOAEJAH IpeicTaB/eHa Ha puc. 3.

B pesyabTare npopepeHHHX SKCOEPHMEHTOB AMA  KaXAOrO
3HAYEHHS 3330pa NOCTPOEHH TIpauUKH 3aBHCHUMOCTH pacxoza
BO3AYXa uepe3 MOAedb OT CO031aBaeMOro Nepenajia JAaBACHUA
OPH pasauuHoil mopaye Boawm. [Mas 3azopa 0,3 um Taxue szasu-
CHMOCTH NpeicTaBAeHH Ha pHC. 4.

AHanu3aupys UX, MOXKHO OTM@THTH CJAeAyiolLee:

1. C yBeauyennem paspemerus

5o LE00LAftt) pacxold BO3AYXa uepes MOAedb

ot | BHAYA/E Pe3KO BO3pacTaeT, 3aTeM

i A‘ W:ﬂ‘“ ] CTAHOBHTCA WMOCTOAHHLEIM, TaK KakK

” O CKOpPOCTH BO3AYXa B WieJAH OpHdH-

% %/fn"”wu, - JHXAETCA K KPATHUECKOMY 3HAue-

7 7 B E HHIO H pacxof BO3IYXAa He MeHdA-
// //"T”/ eTes. Y

00 og de 3 &

2. 1 af{mun mopnamaeMmMoi B 3a-
30p BOAH 3aHHMAaeT Ha JAOGOM

Eorcin s Shmumocny “or e, DEMME aGOTI MPEMEPHO O

penmana maeaehuii  (ropnepoii HEKOBYID  OTHOCUTEJABHYID 1O~

sazop 0,3 ). are 3a30pa, TaKk KK pPacxox

BO3AYXa NpH YBeJHYEHMH HOJZAYH

BOAS HA 1 sfmun ymenbwaerca B cpesHeM Ha 17—20 a/mun
IIpH JI000M 3a30pe.

3. Vsmeneune pexuma paGore ¢ 50 o 80% Baxyyma mesa-
BHCHMO OT B@IHYHHH 3330Pa HPHBOXHT K YBE/HYEHHI0 pACX0Z4
BO3J1YyXa uepes MOAE&AL B cpenHem Ha 17—20 afsan,

4. Ilasa Kkamxaoro sHAUeHHA 3a30pa CYUICCTRYET HAHMEHbIUEe
npefeNbHOE 3HAYEHHE BAKYYMa, KOTOPOE MOXHO AOCTHYb
B YCTAHOBKE IIPH TOCTOSHAOA Nojaue BOAHW., Ecau nepesectH
3TH PE3ynbTATH H2 YCA0BHA paborm BBH-3, t0 oxasmBaercs,
uTO Aaxe npy nojade 10—12 z/murn BOAN B TOPUEBHE 3a30DH
0,2 MM BO3AYX HEUHHACT [EPETEKATb IPH BAKYYME HA BCACH-
BaHuK 400 wie pT. CT., a 3a30put 0,3—0,4 4x nNpu Takof moxaue
BOAH B 3HAYHTEABHOR CTENEHH OTKPHTH Ajs [eperedex Ha
BCeX pexHMax padoTH BaKyyM-nacoca.

XapakTepHOll sBAfETCA NOYTH JHHEAHAA 3aBHCMMOCTL pac-
XOX3d BO3AYXAa Ye€pe3 MOoAeab OT KOJHYECTBA NOABOJUMON BOAK
KaK IJf DasAHYHEX 3a30P0B, TAK M H2 DasAMYHHX peruMax
paboTet (puc. 5).
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I
Bakipyss fatis pin (i)

B 3aBUCHMOCTH OT BeJAMYMH 3330pa pacxok BO3AyXa nepes
MOJLENb CTAHOBHUTCA Oojee HHTeHCHBHBIM (puc. 6), Tak xax
yMEHBIIAWTCA NOTEPH HANOPA. YBequuenue sasopa ¢ 0,2 #a
70 0,4 sx wa pexuame 70 ¥ 50%-HOro Baxyyma HPHBOIMT
% POCTY NePeTeluLK Yepes Mo-

naeab Ha 160 4/Mun He3aBU- 4, 8000y

00,
CHAMO OT pacxoaa BOAHL. 200 | +
r A
[Moayuenubie H3 SKCHEPH- | T s L L
|

MEHTa 3HAUeHHsA PACXOJA BO3- . | | | ]l

AyXa uepes MOJ&Nb AAf pas- WE i ||
B, Ha PAa3HBIX Lk
JANYHHX 3430p0B, p wl“'_‘-rh-.i..__ eéL_T’l e
1
“

pexuMax paGoTet M pasmma- . oy | [T —
HOTO KOJHUECTBA NOABOMM- L
a 1 2 3

MOR BOAL NEPECUMTAHH HA 0 Boier (et
nepeTeuKH 4¥epes TOpReBHe
3a30PHl  BAKYYM-Hacoca H
BBH-3 u na atMocdepune
YCJMOBHA BCACHIBAHHSA 10 YPas-

HEHHD

Puc 5 Pacxon BO3ayXa uepe3 Mg-
IeJk B 3ABHCHMOCTH OT PAacX0ona BOIBL
(pakyym 600 Mam pr. CT.).

100
QHac = QQmon 100—-RB ' (1

rae Q,,,— PACXOA BO3AYXd Yepes MOAENb, A/MUMH.
B — BakyyMm Ha Bxoae B BBH-3, %.
PesyanTate nepecdera AAA szasopa 0,3 Mi H AAA BaKyyMma

709 npeacragaensl ra rpadukax (puc. 7, 8, 9). Awaausupys ux,
MOMXHO OTMETHTDL:

PO L o , 1. Uamenenne pexnma pabo-

Bakgypn 600w p 0 (BEDE0 Tl ¢ 50 no 80% BakyyMa mpH

// AE’;;::;‘ noaave BOAH {2 A{MUH YBEAHTM-

e 7/ L BaeT NepeTeYykH BO3AYXa uepes

W A/ 6 TopueBue 3as3oph Ha 210 a/mun

y A paa 3azopa 0,2 sx, na 780 afmun

M /%7 a4 sazopa 0,3 aax, na 1700 afmun

:f’ff — AAs 3asopa 0,4 .

ol T 2. ¥YBeaudueHHe TOPLEBOrO 3a-

-2 67 03 [ & s}

sopa ¢ 0,2 sx o 04 mu mpu
Puc. 6. Pacxor sosayxa wepes /0 6-HOM BaKyyMe NpH JMI0GOH o-
MOZEADb E 3aBHCHMOCTH OT peduynHer  A4a4e BOJR IPDHBOAHT K YBEjgHUE-
sasopa (BakyyM 600 max pr. cr).  HmIo neperevex Ha 1060 .2/mux.
3. Tlpu Beanuune 3a30pa 0,3 4tx

(on pomycTHm mo ueptexam Aas BBH-3) na pexume 95% mpu
nofaue 12 /uun nepereuks COCTABIAIOT 3000 fmun, yTO Cpap-
HAMO C IPOW3BOAHTEIBHOCTBIO HACOCA.

[Mostomy pacueT TeueHHs MHUAKOCTH H rasa B TOpPUEBOM 3a-
30pe HeOGXOAHMO NPOBOAHTE Ads Kamaoro 2KBH.

KoaHuecTRO NEepPeTeKaloliero uepes 3a30p rasa MOMET OHTH
onpeneseno, €can GyfeT W3BECTHA CKOPOCThL ABHKEHUSE KHA-
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KocTi B 3asope. [lo 3To#l crOpOCTH, 3Hasw pPacXol KMAKOCTH
BCErd MOXHO HalTH TY 9aCTb CeUeHHUsa 3a30pa, KOTOPYIO sann-
MaeT KHUAKOCTb M, CAeAOBATEIbHO, OCTAIOIEYIOCS YacTb ceye-
HHf 3a30pd, uepe3 KOTOPYI ra3 HepeTexaeT H3 HOJAOCTH HACHe-
TaHHA B NOJOCTEL BCACHBanMa. [Iaf ompese/eqHus CKOPOCTH XUA-

Qboad{asun

1
2500 Qfaadiasmin) 2400
2400 / 200 %
y o
2000 5@,{0‘1% 600 \— g
Ll oA, . | \
s 200 ~] i =
1200 - ] ! [y B
77 8 =t ™.
200 A 400 —~
400 |t e e 503 [
= vt T et Wit
_:FF : "----..___iﬂ%___""‘-—--—-..___
100 0 366 400 S00 600 A0 °. 5 8 1o

12
Bakyymfetse pm e Qb miseant

Puc. 7. [lepeteukn BO3Ayxa uepes rop- Puc. 8. lMepeteukn BO3AYXa ue-
uesste 3asopsl BBH-3 (zazop 0,3 wa). pez Topuesse 3asopu  BBH-3
B FABHCHMOQCTH OT KORHYECTBAa NoO=-

napaemodt (Boaw 3asop 0,3).

KOCTH NPEeANOJIaraeTcs, YTO OHa BTEKAeT B TODHEBON 3430p
PABHOMEDHO N0 BCEH OKPYXHOCTH W JHWb 3aTeM Noj gef-
CTBHEM TepeNafia AaB/leHHl ra3a MEHSeT CBOE HAIPaB/IeHue,

Pacuer npoBofuTCs A% CeyeHHd, NPOXOAALLErO Uepes oCh
poropa u kopnyca. CKOPOCTL BOABE B 3TOM CEUCHHM ,ONpE e~
JAETCH YpaBHERUEM

QJ
V,= ; : @)

rie Q;— pacxon Bomu, #*fcex;

Q; — pacxon BO3AYXa 4epes TOPLEBOR 3a30p MOLEAH Npu
noaade Bomm Qi Mjcek;

Qo — pacxon BO3JLyXa uepes 3a3op Momean Ges moARoAa
BOXB, M3[cex;

§ —— mMpHHA TOPLEBOTO 3a30pa, M;

R — paauyc BTYAKH poOTOpa, ¥,

r — pajaWyc Bara, M.

Kaxk BHACHHAOCH, 3HAYEHHA CKOPOCTEH B CPeAHEM 33BHCHAT

AL OT BEJHYHHBI 3330Ppa H OT peXHEMa padOTH H HAYHTENBHO
MeHbIle — OT KOJHYECTBA HOABOAMMONR HHIKOCTH.
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3uauedns CKOPOCTH JABHKEHHS MUAKOCTH B 3a30pe, ROLy-
qeHHHE 110 Pe3yAbLTATAM SKCMEDHMEHTA, NPEACTABACHE HA PHC. 10.

Jias Gonee TBepLof YBEPEHHOCTH B NPaBHALHOCTH TepeHoca
pe3yAbTaTOB IKCMEPHMEHTE HA npyrue Ttane JBH Owi1a cae-
AaHa [ONHITKa ONpeNeleHHs CKO-
POCTH JABHMEHMA  MHAKOCTH B
3330De OOHIeU3BRCTHHME MeTOAa-
mi |2}, Mo mnepemagy naBAeHHH
u KO3PPUUUEHTY BOTEPL.

t 6o3d fasmruin)
e

V,= _ 2P @) e

R )
1(1 28¢ +1> o
rpe AP, —pepenax RapaAeHUR B
HHAKOCTH HAa BXOAE H
BHIXOAE H3 MOJE/H,
) — kosfdunuent  COHPO-
THBJASHUA TPEHHSA.
U3 puc. 10 BHAHO, YTO PACUETHHE H IKCIEPHMEHTATBHHE
JHAYEHYUS CKOPOCTER LOCTATOYHO XOPOIO COBHOAZAlOT.
Taxkum oOpa3oM, ONPERCAHB
B pe3yAbTaTe pacuera MIOWAAb
3arpOMOXIACHHA TOPLEBOIO 3a30-

1]
Jasop frm}

Pue. 9. llepeteyxkH BO3AYXR

uepes BBH-3 B 3aBHCUMOCTH OT

BelIHNYuKLE TOPLEBHX 3330pPOB
(Baxyym 330 #a pr. CT.)

Virscek)

|

50 70%//‘?
ety pa MOABOAUMON paboueli KUAKO-
?4’ s CTBIO, MOXHO HaliTH OcTalomeecs
“ ‘ 2/’ : CBOGOAHEIM CeHeHHe 3a30pa s
= A gepeTeKaloulero BO3AyXa H U0
/.;'°/’ o6len3BecTHHM MeTofaM |3, 4]
2 y OnpeACIHTb BEJHYHHY HEpeTe-

ek, 110A53y89Ch DOAYUYEHHBIMH pe-
01 0z X 04 Bimen 3yALTAT4MH, MOMXKHO ONpeAeNHTb
Puc. 10. Ckopocth IBHKEHHS  KOAHTECTBO JKMAKOCTH, NOTped-
HHAKOCTH B TOPUEBRX 3430pax. HOE IS OOJHOT O ne‘pel{pHTHﬂ

] — pacveTRa8, O H—a:.ICCHEPHMQHTaJ'Ih- TODHEBHX 3230POB B }KBH.

| 1
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OBTEKAHUME VIJIA IVNIOCKUM CBEPX3BYKOBBIM IIOTOKOM
TEPMOANHAMMWYECKA PABHOBECHOI'O BJIAJKHOI'O ITAPA

B. I'. JKapunos

PaccMOTPHM MAOCKOE CTALUHOHAPHOE TeyeHHe HeBA3KOM W He-
TeNIOOPOBOIHON ClEMaeMOfl cpenw.

[IpeanoaomHM, 9TO BJOJbL CTEHKH JABHKETCH PaBHOMEPHbIl
cpepx3BykoBoff noTok (puc. 1). 3a Toukoit O ras momagaetr B
oGaacTe C NOHHXKEHHBIM JaBaeHueM {p, < p,). [ToTOK OTKIOHA-

eTcd OT HANPABACHHMS CTEHKH, NOBOPAUHBAACH HA HEKOTOPHL

YTroa OTHOCHTENBHO TOUKYU O B CTOPOHY NOHWKEHHOTO AABJACHHL.
Has BraXuoOro napa npuMem,
y Vo yro KHakas ¢asa HaxoauTCa
B(T) B MEJKOAHCHEPCHOM COCTOfA-
8 HMH H CKOPOCTH MapoBOH H
o -V x KHUAKOH (a3 oaumnakorH. [Ipu-
5 MeM Takike, 4TC TepMOAHHa-
MHYECKOe paBHOBecHe a3z He
A\ HapyulaeTcA, TeMOepaTypa H
JaBJeHHe CAeZViOT YPABHEHHI
kpuBoft ynpyroctH. Ilpn Takax
AONYLIEHNAX  BAANKHHE  §ap
Puc. 1. Obrexanue yraa cBepX3BYKO- MOWHO paccMaTpHBATL K4K He-
BbIM TTOTOKOM. Knit (UKTHBHHA HeCOBepIUeH-

HEIH Fas.

Byanem noaaraTo, 4To sHTpOmHS S H MOANAS SHTAILOHA X,
naeraiollero DOTOKa NOCTOAHHHE. OTCIONA CACAYET NOCTORKCTBO
S u i, BO BCEM NOTOKE H OAHO3HAYHAA 3ABUCHMOCTH MEXAY
OACTHOCTBIO ¢ H JaBJeHHEM p.

Wurerpas Bepuyaau:

——
——r —
—r—

w}

-]

(mhs

F:)
e _ {4 1
2 ép(p) )

3aecy V — ckopocTh, p,— KaBJeHHE, COOTBRTLTBYIOUIEE HY-
JeBOf cxopoctd, Beaeactsue nocrosHcTBa S H £, py= const.
H3 (1) caeaver, uto V=V (p)L
Jins CBEPX3BYKOBBIX DPEXHMOB HABIDKEHHA BAOJB X3PAKTEPH-
CTHK BHIIOAHAIOTCHA ypaBHeHus [1]:
— 1 Y B
dp=TF — VM —1dp, {2
pye
rre § — yroa HakJOHA BEKTOPa CKOPOCTH K OCH X,
M=, a=-l/(a_n)_
a : dep /s

as

BepxHeMmy 3HaKy COOTBETCTBYET NEPBOE€ CeMEHCTBO XapakTe-
PHCTHK, HUIKHEMY 3H@Ky — BTOPOE CeMeRCTBO.

Bions XapakTepHCTHKH BTOPOro cemefictea OA napameTp
paferaiuero N0TOKa NOCTOABHLL. B TakoM caywae aunua OA
oyneT npamad. HeACTBHTEABHO, TAHIEHC YIAAd HAK/IOHA BAOADL
3TOH AHHUA

g #, = ————— = const.

M2—1

Wrak, nycts saoae OA Bciony 8=§,, p =p,. O6patuM Buu-
MaHHE€ Ha X4aPaKTepPHCTHKH NepBoro cemeilctsa. Baoas Hux 6y-
aert coraacHo (2):

3 + YM Q'p = ¢const
. pV2
MR
B + /(p) = const,

rae const — pasjiHYHHE MOCTOAHHLlE, XAPaKTePUIVIOIHe OTAENL-
Hble XaPakTepUCTHKH ceMeficTBa. Bce XapakTepHCTHKH NepBOro
cemeficTBa nepecexaiorea ¢ OA B Toukax, rie B=208,, p=p,.
CaenopaTesbHo, A9 J0G0H XapaxkTepHCTHKH NMepBOro ceMmeiicTea
AOMXHO GBITH

B, + 7 (p;)=const.

Ypapuenye, cBasnBamomee 3 U p BAOAL XaPAKTEPHCTHK IEp-
poro cemeficTea, OVAET UMeTh BHI:

B+ 1{py="0+1{m)

¥roa 3 U paBAeHHe p BO BCeX TOUKAX 0OAACTH pacWHpeHusd
CBS3aHH COOTHOMNeHHeM ¢ OAHOH M TOH XKe XOHCTaHTO#H, TO
€CTh NOJYYAeTCs JABHXKEHHe Cpeidl, NpH KOTOPOM yroa B sapu-

CUT TOALKO OT AaBAenus. OTcoaa ciefyer, 4TO o= 0, rne

9 — (QYHKIKHA TOKA.
Jas Takux JBHEKEHHH COpPaBeAJHBO ypaBHeHHe (2), aHalornd-
HOE YPaBHEHHIQ0 XaPaKTEPHCTHK.

Yyureipag, uro VdV=— % dp, noayuum:

3=z VAR 1 —‘L—"-’-
B pamem cayyae

dp=VME—JT-5’V1. 3)

B nnockoceTtn (x, ¥) auHHR p = consi, COBN4AaOWEE ¢ JHHHA-
ME P = const, aBasioTca xapaxtepucTurkaMu [1). Tak xkak Beau-
Y”Ra V' He 3aBHCHT OT QYHKUMM TOKa, TO B NAOCKOCTH {x, ¥)
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JEKHY B = const cyTh npAMbie. CeMeACTBO 3THX JHHU# COBHA-
JaeT ¢ OAHHM JHGO ¢ JPYIHM CeMelCTBOM XapakTepHCTHK, B
JAHHOM CJayUde — ¢ XapakTepHCTHXAMH BTOPOTO CeMeHCTBa.

B paccuarTpuBaeMoOM cAyHae BCe XapaKTEPHCTHKH BTOPOTO
cemeficTBa NpOXoAAT uepes oAy Touxy. Tak kak V=V (p), 10
BCe JAHHRH TOKA MOAQGHH C HEHTPOM INOAOOHA B TO4YKe mepece-
yeuHs XapaxkTepucTek (Touka O).

BmecTo ckopocTd V BBeJeM HOBYIO HE3ABHCHMYIO NEpeMeH-
HYI0 — TeMuepaTypy 7

3 ypaBHeHHa bBepuyanu:

VT, Sy =V2kh,— £(T, S). @)
Orcrona
dV = — -‘- —~) dT. (5)
MopcTaBeM 370 BHpameHue B (3):
(_?i
— VIR _NOT /s
d3 VME—1 YT dar. (6)
Orciona
Ok
B— —jlsz—l —"i—dr + const.
2 (ho — 1)

Tak kak npu 7' =T, B, =0, 10

oh
b= jVMz- I ;)d}“ 7)

2(hy— )

3agaguM TOMNOKEHWe JHHUH BO3MYyLeHns yraom 0, oGpaso-
BaHHBIM €i0 ¢ HauaasHO# JHHMel OA. U3 puc. 1 aerko saxiio-
YHTb, 4TO
B =y + B_ o, (8)
rae
o= arc sin-r:?— yroja Maxa, (9)

¥ronm HaxjoHa HAYaNlbHOR XapaKTepHCTHKH K ocH O BH-
grcAsgeTcda no dopmye:

b =2 — ¢

1 2 1

CoBokynHocTs dopmya (4), {7), (8}, (9}, {10) mpencramaser
napaMeTPUUecKOe peUIeHHEe NOCTABJCHHOR 3aJa4Kk NPH 38JaHHBIX
hy B S, npuueM POAb mapaMerpa urpaer 7.

40

(10)

YpapHeHHS JHHUE TOKA B MOAAPHHX KOOpPAHHATAX GYIYT:
ar rdf
= (11}
Ve Vy
3Aech r— pasuyc-BekTop, V,-— DpPOEKLMS CKOPOCTH Ha pa-
IHYC-BeKTOp, Vs — npoekuus CKOPOCTH HA NEepHeRAHKYASp K pa-
AUYCY-BEXTOPY, O — moaspHHi yroa B mAOCKoCTH (X, ¥), OTCUM-
THBAEMHH OT ocu Oy.
Tak kax pannyc-semop €CTh B TO KE BPeMs XapaKTePHCTHKA,

=y M 1. (12)
Ve
Hs (8), (9) caeayer, uto
8 = dp — do, (13)
1 1 /oM
o = e ?(Ef  dT. (14)

YyutetBaa (6), (12), (13), (14), ypasHenne (11) npusemem K

sury:
7=[_ 2(.&0 h) ( ) )]dT (15)

[Tocae wHTerpuposanus:

Inr=—=— j[;:i:‘h) ( o - ﬁ(%)s] dT + const,

Taw kak npu T=T, r==ry, A4 AUHRE TOKA OKOHYATEALHO
HOMLY UHM:

Rl =l CORTCONE R

Has TepMOnHHAMMYECKH PABHOBECHOFO BAAXKHOTO MApa MOX-
HO 3amdcathb [2]:

M =9¢,T - ’:”T #)2 , an

TAgE ¢, -— H30XOPpHad TeOJA0eMKOCTE; My T, — COOTBETCTBEHHO

IHTAALNUA ¥ YHEeJbHBHIH 00BbeM Ha HHXHel NOrpaHKYHOR KPHBOR

JIHHHH HACHILCHHfA. YCIOBHMCA BEAWMMRH, OTHOCALLNECHT K HHX-

Helt NOrpaRueHoOR KpuBOfl, 0603HAUATL HHIEKCOM ,XK“.
Nzoxophas TenAoeMKOCTb

+(@—w)rm, (18)

rae ¢, -— H30XOpHAA TENAQEMKOCTbH MHIKOCTH Ha norpannqﬂoﬁ

KpuBOil co cTopoHu AByxdasznofi obaacTu.
DHTanALNUA BAAKHOrO mapa

=T (S —Sx) + fa. (19)
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3navenus 3 (pal) Tabauga "I

PaBHOBeCHHE NaBACHUS M TeMUEpPaTypa BAAKHOIO NApa CBS-
3aHH MeXJAY CO060f YpaBHeHHeM KpUBOH ympyroctn p=j(7T). ¢
Eﬁapﬁﬁle:epfng;m;gﬁﬁeﬁ NOTPAHKYHOR KpHBO# ABAAIOTCA (YHK- ,gg. 80°C; | 60°C; | 40°C; | 20°C; | 0°C;
. ap -
Vicnoassys Tabanmsi TepMOIMHAMHYECKUX CBOHCTB BJAAXKHOIO ,,,fa,, 0,4785 1 0.1992 | 0,07375) 0,02357 |0,006112
napa HAH COOTBETCTBYIOIINE AHATHTHYCCKHE 3aBHCUMOCTH, C HO- i
Molbio Bupaxenuit (17), (18), (19) moxro HaliTH HeoGXOLHMBE — S 2
D st DASDEEHMIL 3 2 1.4 | 01673 | 0,3430 | 0,5314 | 0,7315 | 0,9461
npefesax 00AaCTH COCTOSHHEA, TAe 7TeMI0eMKOCTb KHA- HE g 14 01678 | 0.3430 | 0.9314 1 07315 | 0,046
KOCTH €, BAOJABb norpaanHoﬁ KpHBOﬁ MOXHO CUHTATL BeAHUYH- & i 1:5 0:2087 0:4243 0:5488 018842 1:1328
HOH MOCTOAHHOH W paBHOM ¢y .o 8 VACSKABHHA 06beM KUAKOH da- e} - 1.7 0,2363 | 0,4769 | 0,7241 | 0,9805 | 1,2487
3;‘3:325122”{;%:*1[82!}“10 ¢ YAEABHEIM O0GBEMOM CMecH, crpaBex- _g t,=80°Ct 1,8 | 0,0000 | 0,2712 | 0,5454 | 0,8260 | 1,1162
' . ¢, =40°C 1.9 — — 0,0000 § 0,3090 | 0,6243
e, = ¢ [1;r(mM)L(mﬂ_ o
v " T dar dar § © = 1.4 0,1850 | ©0,3788 | 0,5831 | 0,7997 | 11,0307
M o —Hh ¥ = 1,5 0,2092 | 0,4256 | 0,6510 | 0,5876 § 1,1376
=2, T — =, I 1,6 | 0,2304 | 0,4830 | 0,7332 | 0.9926 | 1,2639
(h—hy) ! (20) g = 1,7 0,2782 | 0,5359 | 0,8361 | 1,1221 | 1,4176
ho=c¢ (T —
" “‘( 273.16), ll? t, = 80°C 1.8 0.0000 | 0,3215 | 0,6390 | 0,969 | 1,2803
— ¢ Ip— S =40l 1,9 — — | 0,0000 | 0,3574 | 0,7138
H b n * —
273,16 o
MR 1,4 | 0,1962 | 0,4008 | 0,615¢ | 0,8419 | 1,0826
C yueToM B3TOr0 MNOCHE HECHAOWKHBIX npeofpasoBanuii  pan ¥ ® § 1,5 0,2243 | 0,4546 | 0,6930 | 0,9417 | 1,2034
Yria OTKJIOHEHHA CKOPOCTH MOAYUHM: o i 1,6 0,2604 | 0,5226 | 0,7895 | 1,0640 | 1,34M4
T. {‘TQI' R 1,7 0,3067 | 0,6101 | 0,9123 | 1,2176 | 1,5302
B = q ]/2.9‘,- Mg —)—T(S—S,. 2 AT 91 < | = 80°C 1,8 0,0000 | 0,3553 | 0,7030 |} 1,0461 | 1,3909
StV T : (21) f—40°C 1,9 — — ] o.0000 | 0,3014 | 0,775
' Q
= A
Mcnoboys ngsecTHE ypaBKeRua KpHBOR YNDYTOCTH, MOMHO Hlel B 1 13 | 0:3mr | ovdbes | o.7ak | 1doto | 1o
BMYHCJIHTE —{ In —e—) B | 1,6 0,2870 | 0,5726 | 0,8599 | 11,1525 | 1,4543
7 — CIy4ae BAAKHOTO BOASHOTO Iapa 3 i'r 17 10780 | 06653 | 00055 | 13082 | 16575
2%%201%"? YPaBHEHR:, TIpHBEAEHHOrO B [3], aas 273,16 < T < bl =80°C| 1,8 | 0,0000 | 0,377 | 0,7540 | 1,1901 | 1,5002
g B s MOJYUHM: = i ' * * ' v '
. <1r1 dp =2,303F(T} L F(T) . f=40"C 1,9 — - 0.0000 | 0,4354 0.8540_.
dr ar F(T) &
=
3142,305 3,561178 =
F(TY = R—— ~ 1,4 0,2264 1 0,4590 | 0,6998 | 0,9512 | 1,2157
) =T sooy “Troo T 00024804 (22) Slel| 1,5 | 0)2670 | 0,534 | 0,8079 | 1.0875 | 1,3786
= ~ 1,6 0,3189 | 0,6346 | 0,9476 | 1,2624 | 1,5837
F(T)=— 6284,61 3,561178 e |[F=80°C
(T 0,008 (70,013 " «E' — 1,7 0.0000 | 0,3717 | 0.7382 | 1,0070 | 1,4552
2
B Tabaune 1 npupeseHsl pesyAbTaTH UHCAHHHX PacHieToR < 2 e _ = | 00000 | ora | o0:6sl1
no dopmyne (21) yraa OTKIOHERHS CKOPOCTH AJsl pSAa 3Hade- i ' ' '
HHB fp w0 S. Tlpu pacuerax 6u0 NPHHATO c.=1 KKa A | -

K2-2pad "
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Haa aunuf Toxa noayumm w3 (16} ¢ yuerom (20) mocae we-
CTOMHBIX NpeospazoBanui:

r LETL aa /o1 6\e0) —=otmm
To QT r Cy T

+ T(s-sm)]dTJ’ (23)

rae

w(T‘)=—d‘§r-r[-;T(1n—;‘% ]

— 4 (1n 2
7)== a7 (]n e

B sakniouenue oTMeTuM, uTO pacueru NPOU3BOAHNNCE Ha
3BM ,Haumpu®. Aprop BHpaxaeT OaarogapHocte H. B, Hur-
MaT3AHOBOH 82 y4acTHe B HPOBEAEHWH PacueTOB.

JHUTEPATYPA

1. Cenos J. W Maockue szapaun FHAPOIHHAMUKH H  A3POAHHAMHIH.
M., ,Hayxa*, 1966

. Baficman M. A. Tepmomtnammxa TMAPOWHIKOCTHHX TOTOKOB., JI
~3HEprua”, 1967.

3. Bykamsosuu M. I Tepmoainamuveckne croficTra BOIB 1 BOAAHOTC
napa. M., Mawrna, 1958,

"

OBTEKAHHUE VIUIA IUVIOCKMM CBEPX3BYKOBbBIM
ABYX®A3HBIM NMOTOKOM IPHU OTCYTCTBUMU
DA30BbIX IIEPEXO/JOB

B. . JKapunos

PaccMoTpuM miockoe CTALHOHAPHOE TeYeHHe HEeBA3KOR W He-
TEILIONPOBOARON CHHUMAEMOM CPea.

CxeMmy Teuenud, ocuOBHLIE YCIOBHHE 0603HAYEHHA MPHMEM
TAKHMH ¥e, Kak H B [1].

Bunuwem ocHoBHmE AOUyWleHus: 1) HacTROR HAXORATCH B
MEAKOANCIEPCHOM COCTOSIHEY; 2) ha3oBhle nepexonn OTCyTCTBY-
10T; 3) 0o6beM HaCTHIL 3HAYHTEABHO MEHLILE YASJABHOIO Of5-
eMa aByxdasHoli cpexws; 4) CKOpoCcTH 00eHx (a3 OAMHAKOBHI;
5) MEeXaHHYeCKOe B3auMOAeficTBHe 9aCTHI OTCYTCTBYET, OTKY~
Aa CAGAYET, 4YTO NAPUMAJIbHOE A4BACHHE YACTHIL PABHO RYJI0
H AaBJ€Hue Ta30BON (a3H onpenpedset namiieHue B cHCTeMe;
6) rasosan daza TEPMHYECKH ¥ KaTOPUYECKH COBEPUIEHHA: 7) 3an-
TPOHA H MOAHAS HTAABIHA [OCTONHHEL
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3anumweM npHBeAeHHHE B [1] OCHOBHHE 33BUCHMOCTH, KOTO-
pHe GYAyT COpaBelJIHBM H B HAHHOM Cay4ae:

7

(&

o7 Js

=\ VM —1 =—2=(T,
?'5 S p—
T

V=v9(h,— &),
i=a,+f—e,

o == arc sinl-
- 2

1)

b
91=—-—— 14

2 I

DTa cuCTeMa NpeACTABARET NAPAMETPHYECKOE pelieHHe Mo-
CTaBAeHHON 3a7adM TIpH 3afaMHuIX £, u S, rae pods napamerpa
urpaer 7. _

Iias aunuf ToKa GHAO MONYUEHO BHIPAXKEHHE:

I
= OO TCONE

YcaopuMes B padvHeAwWweM BeJHYHHH, OTHOCALLHECA K raso-
BOW (hase, OTMEUATh HHALKCOM ,I', K YaCTHHAM — HHIEKCOM ,K“.

PaceMOTpuM ABA MpeneabHHIX C€Ay4yas TedeHds ABYX(PasHHX
cMeceii: 1) IPH OTCYTCTBHH TenA000Meéna Meway dasamu; 2) pae-
HOBeCHOe TeueHHe, korpa =T, =T.

Bo BTopoMm cayuae npuMeM, UTO YAe/AbHAs TEIAOEMKOCTb €
HE 34BHCHT OT TEMIIEPATYPHI.

Yaensaut o6beM ABYX(asHON Cpeiwl

V=X, (3)

TIe X — BeCOBasg KOHUEHTpAlHA rasa.
JnTponua AByxdasHOH cMecH

S={(1—x)Sk + x8: = const. 4
Texyuwee 3paueHne sHTAALOUM ABYX(]asHON cpeaH
h=(1— %) hy + xh: . ()

YuuTHBag, 4TO B NepBOoM cayuae S; == const, AJAd rasoBoi
¢azu 3anullem ypaBHEHHE aIHAGATH:

P = const, (6)

i~
c

rie k= — (i0oKasareJb aguaGaTH.

or

&



Jan Broporo cayuad COpaseifuBO ypaBHEeHHe Hoanutponn [2]:

R o—
e pul = const, (7
e 1+ 4 8'=1-——JC Cpx
1 ’ X e,
—_ pr
e

O6nbeaunsia o6a cayvas oiHolt GopMyaoH, MOXHO 3aMHCATH:

po? = const,

e r (8)
148
1

— L g}
PR

a={0 B TIePBOM cCaylae,
1 Bo BTOpOM Cayuae.

C YYCTOM BHUIEH3IJAOMEHHOTO AJA CKOPOCTH 3BYKa HOJEYUHM?

a e —
a= l/— o? a—z)s =VuxR. 7T, . (9)

3neck R, - rasoBas mOCTOAHHAA.
Yueao Maxa

v STha—R) 1
i e 19

r

13 CHJY OPUHATOTO AONYULEHWS MOJHAs IHTAABNOMA H, = consi.
yuteean (5), (10), moayaum wu3 (1) ar yria OTKJAGHEHHS

CKOPOCTH:
Tr, -
=£ i Q"'fTr
p=2| ——— |/ —dT, . (11)

r

3aech BBeAeHs 0603HAUERHS 1/ NOCTOSHHHX BeJNHYHR:
mz{xcpr B [EPBOM CayHae,
(1—x)ec,, +xc, BO BTOpOM Cayuae,
b=[xcpr T, B NIEPBOM cJayuae,
(1 —x)e,, + xc, } T Bo BTOpOM cayuae,

nHaekcom ,0° orMedeHa TeMnmepaTypa TOPMOXKEHHS,

2b :
- R )

nxR, nxR,

[MpoussepeM 3aMeny nepemenHol:
2=y q—IT,.
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Tocne npeodpa3oBaHHN BHPAKEHUE (11) npmseaeM K BHAY:

a3
7
— 1 b
= — — dz.
e
r
OTcwoia
— — Vil arcsin—— — b
8 learcsm Ve 1/mq+b X
i q—z%

1+ & 7
arct (z l/—-——mq )] .
>< g b (q - 22) q:i
7
Bo3epaThMCca K CTapofl MepeMenHOH:

3= —Vf{[arc sin l/E -

q

B —— mq + b —
—‘/ povr arctg(*/t?—fTﬂ l/"bf"rr: )}

i
S oa—1T &
— [arc sin 1; = — l/ X
; q mq -+ b

X arc tg (Vq—wﬁ V[ﬂ#-_%*—f_)]}. ‘ (12)

o aTolt gopmyae ObIH NPOHIBEACHEL pacueTH yIia OTKAO-
HeHHs CKOPOCTH AJAf Pja 3HAUCHUA NApamMeTpoB Ha6eraloLlero
TepMOLMHAMHYECKH PaBHOBECHOrO IOTOKA BJA2XKHOTO BOAAHOTO
napa. B Boane paspexenns s NapoXHAKOCTHOR cpeanl pac-
CMATPHBAACH AEPBHI CJYTaH — OTCYTCTBHE remacoOMena MeXLy
(pasamu. [lapameTpn Haberaioulero NOTOKA GuLIY BRIOPARBEl Of4u-
HAKOBBIMH CO IydaeM TEPMOJHHAMHUESCKOTO DABHOBECHA [tl.

[Tpu pacuetax ObIO OPHHATO: f1r ¢ = 597,3 m:? , k=13, Pe-

8yALTATH PacYETOB NPUBEAEHBI B raGauue 1.

CpaBHeHHE [OAYUEHHBIX Pe3YAbTATOB € AAHHHIMU {1] noxasst-
BA4€T, UTO [0 Mepe yBEAHUEHES CTeNeHH pacilipenui pacxox-
fewnd B YOAAX OTK/AOHEHHS YBEJAMUHBANTCHA An# ABYX pasauy-
HHX GH3NUeCcKnX cxeMm. HampuMep, ajs cayHad I (puc. 1) mpn
p,=0,4736 Gap pacxomieHua COCTABARIT oxoAo 8,5%, a OpH
P, =0,006112 6ap — ox0.J10 189%.
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Hafjem BupaxkeHne A4 AuHHN Toka, [loacTaBHB HEOGXOAH~

Tatauna !
Mbie BHpakeHud B (2), nocie npeobpasoBaHUN TMOAYUMM:
3navenda { (paa.) asl
T \Tr)
r=r, (—-ﬂ)‘{“ b (13)
TI"
KK
nt1
0,4736 | 0,1992 | 0,07375| 0,02337 | 0,006112 r=re (ﬁ‘-> >, (14)
r
g paccMaTpuBaeMblX ABYX(PAsHEIX TeHEHHIT MOXHO HOAYYNTH
< §' pAA COOTHOWIEHWA MeXAY NapaMeTpPaMH, aHAJOTHYHEIX COOTEBET-
el B3] -
wl e
b R 1,4 0,153 | 0,307 | 0,461 0,615 0,767 A B, pasd -
g = 1,5 0,171 | 0,342 | 0,512 0,681 0,848 18 ]
2 3| 16 0,193 | 0383 | 0572 | 0757 0,940 Y
| "Ei' 1,7 0,219 0,433 0,643 0,848 1,049 [ |
3 = L2 /,/
—— /.'
a2, p l o
2 8 S 09 Vi.v = { {
¥l 1.4 0,169 | 0,338 [ 0,507 | 0,674 0,840 ‘ a7t Ll
s 2 1,5 0,192 | 0,383 | 0,571 0,757 0,939 M7 r
g = 1L 0,221 | 0,437 | 0,640 | 0.856 1,057 A A T '
U:; " : 0,257 0,505 0,745 0,978 1,202 a6 SRR |
Q — d'/ /,’_I
= )
— pZP 4
«] 03 .
3 g A~ //
58 }g g,égg 3,233 8,536 0,712 0,885 A 1, 2
= * t + ,609 0,805 0, 3
g 2 Le 0240 | 0473 | 0700 | 0991 P 1% ‘I~ 4 sem 2 4 5807 2 4 E8M°-R
IL " ' 0,280 0:55% 0,813 1,063 1,304 Puc. 1. 3HaueHHa yria OTKAOHEHHS CKODOCTH AN JEYX PasIHYHBX $nauve-
= CKHX CXEM.
- TeDMOAHHAMHYECKOS TPABHOBECHE, —,— — OTCYTCTBHE TeniooOMexa Memdy QasaMi.
o, NRas KROA _ ) — xmm‘ 17 A
g g'g Ihom 100 L s m 14 B Py 1015 Gap. 1o = 00 2 S 17 L2
Ty 14 0,192 | 0,382 | 0,570 | 0,756 0,938 Pr = 1.01325 dap.
- “52 },g 0,224 0,442 0,656 0,864 1,068
2‘2} = 7 g’ggg 3’2%? g'ggg %{l)g&lt }’%g CTBYIOIUM COOTHOWeEHHAM AAs WHCTOTO rasa. Cayua# pasHO-
|7 : ; ; ' , BeCHOrO Teu€HHs paccMoTped B [2].
=g ) CKOpOCTE HCTEYEHHA MOXKET 6HTH HakzeHa Do popmyae:
&,
= = T .
Ee V=l 2 Rt = ). (15
8 1 0,207 | 0,411 | 0,612 | 0,800 1,002 " "
R = 1,5 0,245 [ 0,483 | 0,714 0,938 1,155 '
“ﬁ’ - 1.6 0,285 0,568 0,838 1,007 1,344 Kputuueckas CKOPOCTH
- |
= a, aKp= VQ * RrxTr{l— (16)
nt1
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CpAsb MEXAY CKOPOCTLIO 3BYXd M KPHTHUECKOH CKOPOCTBLIO

o n + 1 2 n—

[
[ 5 axp—“ 5 V2. (17)

Beenem npusesennyo ckopocrs ABYX(asHoil cmecu

Vv 1 T
)= :]/ iri - =
ﬂkp n"—1 1 TI"G : (18)
Cpasb mpuBeAeHHOH CKOpoCTH ¢ yuacaoM M Moxno ycrano-

BATb ¢ NOMOMLI0 (17). OHa 6yager aman
. OTHYHOMN .
BePIICHHHY Ta308: CBA3H AJA CO

,lvz
M.l
— .

1— ——-je
[Mepefiza k nepemensofi BEIPAXKEHHHU
s —vVIE—1£L =0,

I!;()JIY'-IPII\J, UYTO 3EBHCHMOCTE MEXAY YFAOM OTKJAOHEHHS CKOpoCTH
H TDIpHBEAEeHHOH CKOPOCTLID A QHAAOTHYHA 3ABHCHEMOCTH ATA

COBEpPINeHHKX Tra30B:
/ -
22
4 dh

n+1
43 p— "—1;-=0. {19)
1— +1?L9
Frd
Orerona
- ; _ -
3: I/-’I“'Iarctg n—1 / | _
n—1 n+l\/ n—1
[ — Pt
n+1

—

32— 1
_arctg —— | — r,l—j_‘_l /ﬂ_l
n—«lp ]/n—-larCtg ], n+1 X
+1

] ———

1

Rt /M=t |
i

X —'—r';"_"l—g- -—arctg\/ prp— . (20)

1— i
n-+ 1

BECTHHRIX * wanm M no Tabaunam raso
JHHAMHYICCKHX H
COOTBETCTRYIOIIETO 7. ywuwah A
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Jaf AuHHA TOKA TaKke MOMKHO 3ANHCATh YPABHEHHE, aHAJIO-
fHYHOE YPABHEHMIO XA COBEpIHEHHBIX fa30B,

Kak yxe oTMeuasoch, B BHIIENDUBEJEHHBIX 3aBUCHMOCTSAX
=k gas nepporo cayuad u 7v=7,= 7 paa eroporo caydas.

B sak/ioueHne OTMETHM, YTO PpacueTH NPOHU3BOAHAHCL HA
3BM ,Happu®. Astop Buipamaer 6aarojapuHocts H. B, Hurumar-
37HOBON 33 yuacThHe B OPOBEACHHH PacueToB,

JUTEPATYPA

1. apuuos B, T. OfrekanHe Yria IUOCKUM CBepX3BYKOBWIM NOTO-
KOM TepMORHHAMUUYECKH PABHOBECHOTO BaamHoro napa. Hacroawuii c6opHEK.

2. Benegnkrtoe B. I Typ6Hubl H PeakTHBHHE cOIA Ha ABYX(A3HHX
noroxax. M., ,Mamunocrpoenne*, 1969,

METOJ XAPAKTEPUCTUK JUIA PACYETA
CBEPX3BYKOBBIX OCECUMMETPUYHBIX CTPYM
HECOBEPIIIEHHOI'O TA3A

B, . )Rapuuoe

Llapokoe pacipocTpaHesue B ra3opoit AMHAMEKE AJs pacuera
PA3AMYHBIX TEYEHHA HAMeEA METOX XaPAKTEPHCTHK. JTOT METOo[
NpHAMeRAeTca AJAA UYHCACHHOTO pelleHHf HEeCTaLHOMAPHHIX OARO-
MepHHX 3amau [1, 2], HecTanuumoHapHsX JAByMepHHX 3agau |3},
TPEXMEPHMX 32134 ra3opoft AuHaMEKH [4].

MeToa XapakTepPHCTRK YCHEWIHO HCHOAL3YETCA AAsS pacduera
CBEPX3BYKOBBIX VCTRHOBHBLIMXCH JABYMEPHEIX TeweHHB rasa

15—28). O. H. Kanxoro#t u 0. . limuraepckuu [5, 6] paccMoT-

PEHO OCeCHMMETPHUHOEe Oe3BHXpeBoe IBMKEHHE COBEPINEHHOrO
rasa. PaGora [7] nmocesimena Ge3BUXPEBOMY ABIMECHHIO TEPMOAH-
HAaMHYECKH paBHOBecHoro peaasaoro rasa. E. JI. Pecaep 8] su-
BeJ YpaBHEHH: XdPAKTEPUCTHK MM MJIOCKHX TedeHU# pPeasbHOro
rasa, HpHYEM B KAYECTBE KOODAHHAT OLLAM BHODPAHE paCcCTOSHHE
BIOJb JHHHH TOKd W HOPMaab K Junun Toka. B. M. KynuoseiM [9]
OLL10 cAesano 0GOBUIeHHE 3TOT0 MeTOAAa Ha Cayuali oCeCHMMer-
pHuUHBX Teyenuii. B paGorte {10] MeTox xapaxTepuCTHK Obl1 HPH-
MeHeH JAJs pacueTa Oe3BHXPEBHIX TeueHHH.

®. E. Daepc [11] npeanomun MeTon XapaKTepPUCTHK, NPHCHO-
cOBJIeHHHA A8 PacyeTa HA BHIUHCAHTEAbHbIX MawmnHax. V3 ypas-
HeHRft OHJIM TOJHOCTBIO HCKJANOUEHE TPHTOHOMETPHYeCKHe QYHK-
HMH, YTO YNPOCTHJIO NPOrPaMMHUPOBAHHE H JAaK0 3HAUHTEAbHYIO
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SKOHOMHI MALIHHHOTO BpeMenu. B paGore A. W, Yymkuna |12}
STOT METOX MOAYYMST JaibHeHree pasBHTHe.

Heranbroe omucanue wmeroga XapakTePHCTHK AAA pacuera
TEUCHHH COBePIIEHHOrO raza GHJIO ARHO B [13]. PaGoru [14—16])
HOCBAIGHH PACuU€Ty METOAOM XdPAKTEPHCTHK CBEPX3BYKOBRIX
TEUEHHA OKOMO Ted. MeTOxy XapakTepucTHK aas pacueTa
H3SHTPONHYECKRX TEYECHUHl DPABHOBECHOTO Trasa MOCBAIIEHEL pa-
Goru {17—19). H. H. Haymosa PaccMOTpesa pacueT CBEPX3BYKO-
BhlX HEM30IHTPONHYECKAX PaBHOBECHHX TeueHUli HEeCOBepIleH-
HOro rasa [20, 21]. B paGorax [22—25} wmeTox xapakTepmcTHi
Ou1 mpumeHeH aag pacyera CBCPX3BYKOBBIX TEUEHHH OPH Haad-
YHMH HeOoOpaTHMBIX npoumeccos. B [26] nponseenen pacuer Teye-
Hiil rasa ¢ wacruitamu. I'. C. Pocnakosum =z I'. ®. Teqenn-
HEM [27, 28] nau 0630p pa6OT, BHMIOAHEHHHX B BHYHCAHTEAL-
HOM UCHTpe MOCKOBCKOrO yHHBEpCHTeTa B nepuos c 1957 me
1967 roam.

llupokoe mnpumenenue wmerop XapaKTePHCTUK Hamled 144
PaCueTa CBEPX3BYKOBHX CTPYH COBEPIIEHHOIO ra3a, BHTEKAIOWHX
us comea. B padore [29] npusenenu Pe3yabTaTH pacueToB CTPYi
UpH PASAMMHHX yCaoBuaX ucredenna. Bo Bcex cayuanx pacuer
NPEKPAIAICA TpeXKAe, YeM CKAYOK YIIOTHEHHS BLISLIBAA OCAON-
HCHAA, CBA3aHHLIE € HADYINGHHEM H33HTPONNYECKOrO TeqeHHd.
Pa6ora [30] moceammena OKCNEPUMEHTANBLHOMY H TEOPETHUECKOMY
HCCACNOBANUIO CTPYH, UCTEKAOWUX H3 3BYKOBHX CBEPX3BYKO-
BHIX COMEJ B RENONBHXHHA BO3AYX W CBEPXSBYKOBWE MOTOKH.
Merox ompesesenns cxauka ¢ HCMOAB3OBAHHEM yCAOBUE Depe-
X0Ja Yepe3s CKAYOK He NpHMeHseTcs. [lonoxeHue ckxauka onpe-
ACMACTCA KAK OTHOAIOWAA TOUEK NepeceveHus XapaKTepuCTHK
onxoro tHna. Padora T. I'. Boakonckoi I31] Takxke nocswena
HHCIEHHOMY pacCiueTy CBEPX3BYKOBOH CTDYH COBEpLICHHOTO rasa
METOAOM XapakTepHCTHK. OCHOBHOE BHHMAHHe 31eCh YAEJIeHO
METOAHKE pacyeTa ,Buca4Yero* ckayka yiuroThennsa. Ilpuso-
AHTCA CX€Ma pacyeTd TOYKH BOSHHKHOBEHHM YHapHOH BOJRH
W TOUKH HA Hell. B. M. Emeansnopmm [39] PacCMOTPeHH CXeMBbl
ONPERENCHHS NAPAMETPOB B YIMOBOH TOUKE NpPH HCTETEHHH
CTPYH B CHOYTHHH CBEPX3BYKOBOK MOTOK H HZ AHNUM pasaeJa
ABYX mOTOKOB. PaGora 3. A. Amparosa [33] mocBsimena pacaery
HAYAJLHOTO y4acTxe NepepacliHpeHHof crpyd. B pabore [34]
PACCMOTPEHO TeUCHHE MOCAE ,MAXOBCKOFO® OTpakenus YAapHOR
BOJHBEI OT OCH CHMMETPHH, HCCIeNOBANO BIHSHHE Pa3ARYHBIX
ONPEACASIONMX IAPAMETPOB HA CTPYKTYDY HepacueTHON CBepx-
3BYKOBOH cTpyn. Paboru [36, 37) moceamens HeTesenmo CBEpX-
3BYKOBOH CTDYH B Bakyym.

B HacToAWeR CTaTbhe paccMaTpHBaeTes METOJ XapaKTepHUCTHK
AN PacueTa CBEPX3BYKOBBHIX CTPYH HECOBEPUIEHHOro rasa. [Tpu-
BOAATCA COOTHOWIEHHS AAf TepMOZHHAMHYECKH PaBHOBECHOTO
B/4XHOrO napa. aHo nmoapo6uoe onmcanue PacYeTHEIX ¢OpMya
/eMEeHTAaPHBIX 32434,
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YpaBHeHH XapaKTEPHCTHK W YCAOBHS Ha HHX

ypaBHeHHH ABHKCHHA, HEPa3PHIBHOCTH H 3HEPrHH YCTAHOBHEB-

werocqd TeUCHHA HeBA3KOro HeTenAonpOBOAHOTO rasa IpH OTCYT:
CTBHH OOGBEMHOTr(Q BHECJAEHUd Temda MOXHO 3a0HCATh B CISAYIO

meM BHAE: _ ~
V X(y X V})=vit, — T¥S, 1
v-(6V)=0, 1y
(V-9)S$=0.

3aech V — ckopocTe, Ay — NOAHES 3HTAABOHA, COOTBETCTBY-
olias HyaeBoH cxkopoctH, 7 — Temmepatypa, S — 3HTpONHA,

— ONJOTHOCTE.
f Cuctema (1) And MIOCKOTO M OCECHMMETPHUHOrO JBHKEHHH

NPUBOAUTCA K BHAY:

v, Wy, VN L oy Ve
(a’z-" Vz) a_r - Vrvz(g + ar> + (a Vg) oz
=_‘.’ﬂ’ S))
r
oV, _0Ve _
éz  or ’ J

Tae AJA9 NAOCKHX TedeHRl ¢ =0, AJd OCECHMMETPHYHEIX c;=T ll;
7, z — REKapTOBH KOODAMHATH (B OCECHMMETPHUHOM c.ny;l%eo__
deHUe PACCMATPHUBAETCA B MEPHIHOHAABHOH IIOCKOCTH, 7= -
oCh cuMMeTpuh); V, W 1, — KOMHNOHEHTH CKOPOCTH COOTB

r

ap . _ .
CTBEHHO N0 OCAM I H 2 a2=(0—9) , p — Aapienue; £ — Buxpb
5

@=—rp ‘-{h—ﬂbTﬁ)
dy dy
— dYHRUNA TOKA.

gﬁgfc}bon'tm :lb );lonnaﬁ 3HTAALONA OAHO3HAYHO 33BHCAT OT cp)lr{lli:;
uan §: S=S8(), ko= 4, {}). Broap aAunuy TOKAa OHH NOCTOH >
¥ H3MEHAIOTCA INpH Nepexofie OT OFHOR JIHHHH TOKA K APYro :

YpaBHeHHA XapaKTepPHCTHK CHCTeMbl (2) H YCAOBHS COBMECT
HOCTH Ha HHX ONPeACaATCA COOTHOINCHHAMH:

dr—ig (6 £ o) dz, 3)
- av , ssmasinl dz - swacose pye  gpy—0,  (4)
d8+CtgaVI cos(B+a) r T e ( ’

3nech 8 —yroa nagaona ckopocTH K ocH z, @ —yroa Maxa
1 KTepH~
sina=-:7), BepXHui (HHKHMA) 3HAK OTHOCHTCS K XapakTep

CTHKAaM nepeoro (BToporo) cemeficTsa.
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Beenem nepemennte daepca:
. . R VAL
‘-e—tge, B—Ctg&!— '5-2-—1'
B HOBHIX MepeMEeHHHX /A XapaKTePHCTHK HEPBOTO H BTOPOTO
CEMEACTE MOJIYYHM:

gL +1
qr==tl="
r TE T dz, {9

Ve rT 9 @ 1+3

(TdS — dh) =0. (6)

B naabHeftmeM HaM MOHAXOGHTCA BHIPAXKEHHE AN PyuKnHn
TOKa BAO/AbL XAPAKTEPHCTHK:

1+ 42

adh = ic'prVK-———-dz, 7
SFL )
£ — TIPOH3BOJLHAA MOCTOSHHAL,

3annmieM OKOHYATENABHO YpaBHEHMA XAPAaKTEPHCTHK PAa3HBIX
CEeMeACTE ¥ VCAOBHA HA HUX.

Xa)pamepacmxu NEPBOTrC cemedcTBa (HE3aBHCHMAst MepeMeH-
Has 2):

dr = mdz,
dC+ ldp + Kdz — LdS + Ndh, =0, (8)
db = Yz,

Xa)pamepnc*rnxn nepBoro cemeHcTBa (HE3aBHCHMAR HEPeMEH-
Has r):

dz = mdr, _
dt -+ 1dp + Kar— LdS + Ndh, =0, (9)
ad = Ydr,

Xa)pamepncmxn BTOPOro CeMelicTBa (He3aBHCHUMas NepeMeH-
Has# z):

dr=ndz,
d— Idp — Qdz + LdS — Ndhy = 0, (10)
db == — Zdz. '

Xa}pamepncmxn BTOPOTO ceMelcTBa (He3aBHCHMAs TMEepeMeH-
Haa r):

dz=ndr, _ l
% — Idp — Qdr 4 LdS — Ndh, =0, (1)
ay = — Zdr, J
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31ech BBeILEHH CACAYIOIHE YCJAOBHHE 0603HAYECHUA:

B U S o SRR el
m= e T a k1 b+ ¢
- 1 +¢ B (1 + 12 st (1 + £2)
= — = ——— .l‘(:_"""_’ rrearek
= gw—1" pve K r{g-—1%)
4 | _red+9
=K ot b=2 1+ 7
Ne LEAFT) _Ea+8
a 148 r@+% "’ L (12)

t

D= On=20+5) v _ vi+e
e=q -1’ V=crV A—1

Tpu BHIBOAE YPaBHEHHH He Aefajoch KakMX-au0o INpeanono-
MEHHH O COBEPIIEHHOCTH rasa. [10STOMY AAA TedeHuil peaabHOTO
rasa, HaXOAAIWErocs B COCTOAHHYM TePMOAHHAMHUYECKOro DPaBHoO-
BeCHd, OCTAHYTCH CHpPaBeAJMBHMH BCE BHIUIEH3NOXEHHHE pe-
3yJAbTaTH.

Iag BAaKHOro yapa MpHMeM, HTO XKHAKAA (asa HAXOAWTCA
B MEJKQAHCHEPCHOM COCTOAHHH H CKOPOCTHM NapoOBOH H IKHAKOH
$has OLHHAKOBH. [IpHMeM Takxe, 4TO TEPMOAHHAMHYECKOE pas-
HoBecHe (a3 He HapyIlaeTcsd, TeMONEpPaTypa H AaBAGHHE CACAYIOT
ypaBHeHnio kpusofl ynpyroctu. IIpu 3THX yCAOBHAX BJAAXKHBEIA nap

MOXKHO PaccMATPUBATHL KAK HEKHA ,TICEBAOTOMOTEHHHA® Heco-

BEePIIEHHHIH ras.

TepMoAHHaMAYecKHe (PYHRKUHH, COOTHOWEHHS Ha
yRapHO#A BOJHE

B cayuyae pPaBHOBECHHX T€UEHHH TepMOIAMHAMHYECKOE COCTOH-
HHE rasa omnpegeisercd ABYMA TEPMOAKHAMHYECKHMH TAapaMmer-
paMH, HAUpHMep, NaBJACHHEM p N TeMmepaTypolt 7.

JlapreAne W TeMOEPaTypd PpABHOBECHOH HAPOMHAKOCTHOH
CpeAB CBH3aHbl OAHO3HAUNOA 3aBUCHMOCTLIO. B xauecTBe TEPMO-
IHHAMHYECKHX MapaMeTpoB, X3PAKTEPHIVIOWMKX COCTOAHHE BJAXK-
HOTO napa, BHGepeM Temnepatypy 1 W 3uTpomwo S.

HOas onpeaeneHns TemnepaTypw 7 B NOTOKE HCHO/Ab3YEM
ypaBHeHHe KPHBOH yOpPYroCTH

f (o, T)=0. (13)
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CxopocTh 3ByKa ompefedsercs no gopmyae {40}

.
a=v-— o (14)

TAC ¥ — yAeAbHpH 00beM BJAAXKHOLO i14apa, ¢, — H30XOPHAs Tell-
JA0EMKOCTE,

Cp==Cpp + T(S—-sn)dir(m EE’T-)

31ech ¢, — U3OXOPHAS TEMIOEMKOCTh JKHIAKOCTH Ha morpa-
HHUHOHK KPHBOH €O CTOPOHM ABYX(pasHON oBaacry.

YCROBHMCA BEAHUHNBL, OTHOCAIIMECH K HEXHeR NMOrpaHuyYHOM
KPHBOM JIEHHH HACHULCHHA, 0003HAYaThb HHAEKCOM LH®, K BEpX-
HeHl DOrpaHHYHOA KDHBOM — HHAEKCOM ,B“,

dynkuuy £, p, V u f onpepeasorcs ¢ momomeio dopMya:

R=T(8—8u)+ hy,
1

T by —
v=(1—x)v, +xv, uau f0=foﬂ+x(;;-1‘«-)—,
r
ar L (15)
h—h, S$—8,
= HIH X = ,
fty — Iy Sp — 54

31ech X~ CTeNeHb CYXOCTH napa.

[MapameTpsl Ha HEXHER W BepxHEf
MOrPAHHAHKX  KPHBHX  SIBAAIOTCA
bynKuMaAME TeMnepatypu. Ux MmoxHo
HalTH, HCHOAb3YA TabJAHLE TEpPMO-
JIHHAMHYECKHX CBOHCTB BJAAKHOTO
napa WIE COOTBETCTBYIOILHE aHAaIH-
TUYECKHE 3aBHCHMOCTH. Hampumep,
B CAyvyde BIAXHOro BOAAHOrO mnapa
ana 273,15 < T < 373,15° K neo6xo-
JHMBIE  33BHCHMOCTH  TPHBENEHE
Puc. 1. Cxema xocoro ckauka B [¢41].

JuAOTHEeHHUS. Hcnoas3ya u3BeCTHHE ypaBHEHRA
KPUBOH YUPYrocTH#, MOXKHO BHYHC-

“d d
JIHTI:';; lnﬁ). Iaga BAaXHOTO BOAAHOrO Napa ¢ NOMOILIbIO

YpaBHenus, npuseaentoro B [41], moayumm:
a6

4 (1% = 9,308F(T) + L, 1
ar 1“ar) 2, 1(1 l F(T)
. B142,805 _ 356117 0024804,
FY =60 7400 0. e (16)
6284,61 3,561
F(T)=~— (T+0013 = (T+001)2

273,15 < T < 378,15° K.

PaccMOTpHM YCIOBUs MePeXoia 4cpes KOCOH CKAauYOK YOAOT-

wenus (puc. 1). Mcnoassys 3aKOHbL COXPaHeHHs, MOXHO 3aNUCATh:

Pr V' sin (Br —3) = pﬂ V7 sin (Bﬂ _ 3), ) ‘
Vst (Y —8) + P = Vst (¢ — D) +p" |
Vf cos (B! . s) —_ Vrr Cos (Bﬂ _ 8),

r V’g- 7T 1_)‘:,-2
i3 +—2-*—h + 5

(17}

LS

HTpuxoM 0GO3HAYEHH NAapaMeTphl 10 CKauka, ABYMI WITPH-
XAMH — IOCAE CKAYKa, d — yroJ HaK/AOH4 CKAayKa K OCH 2. _
B ofinem cAyqae NOCAe HECAOKHHX HpeoOpasoBaHuil NONY THM:

N
1+(L o2 r
oy DN e
V - 1_1__,»‘2 ! 1+c!1:
o
; P:(sj 4=
= ; L (18y

ech t==1g3d, o =1g(® —3).
gﬁcqe'r cxagxés YIAOTHEHHs. BO BJA2XHOM Hape pQCCMOT%eTl-f
B [39]. Taxxe, KaK B 3TOHl KHUre, NPHMEM, 4TO cxaqo(;{m);[nnqm
HEHUA MPOMCXOAHT € cofaofeHneM (as0BOro paBHOB ,,H.e.}lb*
napoBas (asa TEPMHIECKH M KaJZODHYECKH COBEpUICHHA, yoﬁﬂbe-
Heifi 06beM kuaxoft ¢ase Mad IO CPABHEHHIO C YACAbHEIM

MOM TmapoBoil (ashl. -



CxaukoBHE Tpoiece Moxer 3aKaHYHBATBLCA XaK B ofJacTH
BA4MHOIO Mapa, TAK M B OGAACTH Ueperperoro mapa, O6aacThb
NIPHMEHEHHA TOrO0 MAM MHOTO CAy4Yasi oNpefenseTcs Ho npeAeib-
HOMY SHAYEHHI) CTEMEeHH CYXOCTH 34 CKAYKOM X7 = 1,

B caywae Baaksoro mapa sa ckayxom BMecTo {17) MoxHO
34MHCATE:

V* sin (87 —3) pf T X7

Visin(® —8)  p7 77 x0°

Pi—p =V sin (0 — &) [V'sin (8" — &) — V" sin (8" —3)], |
V cos {8 —8) = V" cos (6" — 3),

! V" 2sin2 (07 —3) " o V72 sin? (8" — &)
w+ + 5 x + + 2 J

(19)

Ecau nap 3a cxauxom neperperwit, To s NEePROM YyPaBHEHHH HaLO
AOAOKHTD X" =1 W BMecTO mocaenHero YPaBHEHHA 3aNMCATH:

T — {1 — x £ sz rf_r_V’Qsin?(ﬂ”—a).
A=+ 7= @)

B 3tux ypasnenmax — CKPEITasd TeII0Ta NAapooGpa3OBaHus,
£p — YAGNLHag TeNI0EMKOCTb Tapa.

[fpeanonoxumM, uro usBecTHH HNapamMeTpH NOTOKA NEepes CKay-
KOM H RABJICHME HIH TEMHEPATYPA BAAXKHOIO Hapa 3a CKAUKOM.
Heo6xoxuMo HaliTh HaKA0H CKAYKA K oCH 2 n NapaMeTpH MOTOKA
fiocae Hero. B sToM cayduae anf HAKAOHA cKAYKA MOXHO noay-
YuTe H3 (19):

—w’
U_l—{-w’C’ ’
(e
r o ’ 7 i ‘\ (21)
A_ k pr_' 1_2p"’l"_’R ;’j—l
P e (N T
- R L hﬂ_'hu+lx__(p;_l>xRT] J

3mecs R - ra3oBas mOCTORHHASN mapa, A= M"sin® (8’ —3),
r
M'= —— — Gespasmepuas CKOpOCTh, X -— NOKa3aTeab amua-
VeRT
GaTe mapoBoil dask,

lapamerput mocae crauxa onpeneasiorea CAERYIOIUM 06pa-~
aoM:
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Q.r.r _ =
1w
=)
1 EM2\p’
Y == — .
@! xr p/r
- -1
b= i (p’ )
. M!2ﬁA 1+®ﬂ2)’
M ”V( . ) )
= 14+’
7 V”2
V'=M"VERT , &' =hy— 5
, h!!_h;
V=
S = (1 — x") Sa + %75 J

v s H —_ eff - a).
co v=tg (8 —6"), o” =g
ggﬁuinnm p%,( §” naxomarcs ¢ momoubio (14), (15).
Ecau H3BeCTHH UapaMeTpel MOTOKA BAAXKHOIO flapa nepen

CKaYKOM H AaBJACHHE CYXOTO HACHIEEHHOTO HAH neperpetoro napa

34 CKAYKOM, TO AJNd HAKAOHA CKAYKa K OCH 7 MOHO 3auHCaTh:

g
=1+@!t!’
_1
o = + (M _ ) r,
4 (23)

e ‘T h—17p"
FE-0[ -5 Gl
Am ——

% P E—1 ,]
P i 1 e Y — (_,___1) x
l_p_” pr [l (1—x )cpT’ + e 2

AbHBIE BeAUYH-
Beanuusa V7 HaXOLHUTCA € NOMOIBIO (22), OCTAABH

Hhl — ¢ TOMOIUIBI0 CAEAYIOIUX COOTHOWEHHU,
HHIX TA30B:
IA% cosepuIen o

V@2 . T,
W= hy— Y, T =T

p'!
Pﬂ — R—F .

”=]/_Ef>2—-l,

a’f

CUpaBeLIHBHX

§"=8 +¢,In IT: —RIn %:i, a’=VERT", |\ 24

rne A, — SHTafAbIHA [apa MpH 3ajaHHOR Temmepatype 7, Sy —

SHTPONMA TApa NPH 33AAHWHX Temnepatype 7 M AapJeHRH p.
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Yipeanonoxum Tteneps, 4TO H3BECTHH HapaMeTpe HMOTOKA
BAAXHOTO MApa mepef, CKAYKOM H TAHFEHC YNIZ HAKJAOHA CKauyKa
K oci 2. Heobxopumo HafiTH mapameTpsl MOTOKA MOCAE CKAYKA

B caydae woras 3a ckaukom x” =1 (mpegeannoe 3Haueune)‘
nocie npeoGpazosanuii noayudm us (19): ’

M Nx 4 (e b, =§£’_(P_”_ LT
{H R) 2 p! l)(x+Tf 'pr,r * (25)

H3 3T0ro ypaeHewns MeTo
A0M noafopa HAXOAHTCA
34 CKaYKOM pX. P 8 AaBaee

Hanee naxopum penwauny

A e L
b Ty . (26)
—_p” .7:7 ;;
_ oaqz 0%
Ecan A=M ™ <A, TO 3a CKAYKOM YNNOTHEHHH NAp
BAAXKHHA.

B 3toM caywae sesmumna p”
P’ HAXOJHTCH MeTOAOM TOAd
H3 ypaBHEHHA: A Hoop

ot Mxi— (k: —H,)

M LRT 7p” , w0t
T AN & (A )| L
x! p’f T! g Fr ’ o
——-—-——1) =L e 0 &y
PN M T T s ~1)]. (27)

"

Beawuunw 07, V”, K", $” naxonsarca ¢ nom 7, B

, V7, /Y, ome0 (22), ' —
C nguomz‘m (‘114), (18), 77 — ¢ nomouwsio (13). 22, ¢, §
CIR A > Arp, TO 33 CKAUKOM YIIOTHEHHSA [AP mHeperper

B aTOM cayuae pam p” noayumm: D neperpemH.

P k M2 w'2
Sl (D —
P’ E+1INx 1402 1)+

lf

w'?
+]/( EN(M e -—1)2+ Q(kM’)z(%T' _1)1+w'2(1"'x’)

R+ N\ 14 on & + )

(29)
0

Beauuuns L7, V7, &7 naxoaarca ¢ noMouipo (22).
HafineMm 3HaYeHHe TemMneparypel BOCAe CKauka:

* e T (] — r£ kRT’[ n w? _ rm_‘ﬁ"’_
T A=+, M e =M m ) @

Beauunus p7, §7, S* naxomarcs ¢ nomouibio (24),

— YpaBHeHNs XapaKTepHCTHK B KOHETHO-pasHOCTRON ¢ropme

PaccMoTpuM HCTeYeHME CBEPX3BYKOBOM CTPYH H3 cComjia B
, IPOCTPAHCTBO C INOHHXEHHLHIM paBienHeM. Bo3MOXHas cxema
TeqeHusd B 3TOM CJAYYAae HA HAYaJbHOM YYaCTKE OCeCHMMeTPHY-
HOR CTPyH 10Ka3aHa Ha
puc. 2. BHyTpm cTpyH wMmoO- D
#KeT BO3HHKHYTH ,BHCAIHA®
cKayoK ymaorHenusa EF, 3a-

| KaHIUBAIOWHACH MAaXOBCKOR 2E 3
kondurypaumellt B TouKe F. ] —
Byaem paccMaTpPHBATE 8 ¢

0641acTh CTPYH, OrpauueH- Puc. 2. CxeMa HCTEYEHHA OCECHMMETpHYT-
HYI0 HaYaJbHOH XapaKTePHC-  oi cBepx3ByKORO CTPYH B NPOCTPAH-
THKOA AB, 0Tpe3skoM ocH CTBO C NOHHNKEHHHM JaBIeHHEM.
ciMmerpun  BC, rpaHunel
cTpyn AD n HexoTopoli xapakrepuctukoft CD.

[lpu pacyere moAd TeuEHHs B TAKOH CTpye HEOGXOZHMO
pellaTh CAeAyIOHe 3AeMeHTAPHEE 331a%TH:

1. PacyeT- Touky B MOJAE TeUSHUA.

2. Pacuer TOUKH B MOJAE TEYEHHA OKOJIO OCH.

3. Pacuer TouxH B noJe TeUeHHd Ha OCH,

4. PacueTr yrJoBoH TOUKH.

5. PacuerT Touku Ha cBOOOAHON NOBEPXHOCTH.

6. Pacuer TOYKH BOSHHKHOBEHHS YAAPHOH BOJHH.

7. PacueT TOYKHM Ha yAAPHOH BOJHE.

Beenem GespasMmepHble DapaMeTpH:

-z = - - 7 v
E=— =—, ='—p-, =—p‘, V= —_
e e Fe be Pe
Pe
— a . T -_ . h
a = — s T= Rs S:i, O='_[L!
Pe Pe R <
Pe fe Pe

61



=

=
I

- ¢ - e — ¢ =
' 167;;2?”’ Cp= !"["= 'R=l.

A R S
2e e
Pe o

T Iy |
b

3aeck MHAGKCOM ,c“ 0603HAYEHBI BapaMeTPH Ha cpese comva,

r, — paanyc BBIXOAHOIO CEYeHHs COmJa.

dopma BHIENPUBEACHHHX YPABHEHNTT XaPAKTEPHCTHK H YCAO-"

BHf HA HHX, COOTHOWEHUH HA YAAPHOH BOJHE [OOCAe BReREHHH
fespasMepHHIX HapaMeTPOBR He Hu3Mensgercd, [aa yaoGecrsa E
JaabHeHmieM 4ePTOYKH OYAEM ODYCKaTh.

Sadawa 1. Pacwem mouxy 8 nose meienus

PaceMoTpuM 3anauy of onpejeseHud napaMeTpoB B TOuke &
(puc. 3), koTOpan ABASETCA TOUKOR HepecedeHus ABYX XapakTe-
PHCTHK PA3AHYRLIX CEeMeHCTB, He JeXKAULHX
5 3 Ha XapakTepUCTHKE OAHOro cemeificrea. Touku
I ¥ 3 COeARHAIOTCA XaPAKTEPUCTUKON NEPBOTO.
a TOUKH 2 1 3 — XapaKTEpUCTHKOf BTOPOro ce-

MmeficTsa.
. Han6oaee petajeno pemenne Takoii 3afa-
44 npHBOAHTEA B [21, 38]. B mepsoft paborte
Puc. 3. K pa- ypaBHEHHS 3aNIHCAHK AJf PABHOBECHHIX Ge3BHX-
CcueTy TOUKH peBHIX TeUEHHH HeCOBEPIIEHHOrO rasa, BO BTO-

B niae TeUeHns.

pofl — AAsi NAOCKHX BHADEBHX TeyeHudt copep-
mewporo rasa. Tak Xe, KaK B 3THX pafoTax, PaCCMOTPHM YETH-
pe oco0pix caydyad, KOorjaa yrbkl HAKAOHE XapPakTEPUCTHK K OCH

T
Z OGYNYT OJH3KHMM K - HIH xe K HYJ1. B 3aBucuMocTH 0T yr-

JIOR HAKJIOHA XapaKTepUCTHK MepBOro ¥ BTOPOro CeMedCTB Heos-
XOAHMO TOJB3OBATHLCA pa3auunoii mapofi cucrem (8)+(11).
3amenan auddepeHunalbibe YPaBHEHHS KOHEUHO-PA3HOCTHBIMU
YPaBHEHHUAMH, [OCIEe 3JeMEeHTapHHX npeo0pazoBaHul noayduv
ypasrenus (cM. cTp. 63).

3zech /,;— Yron RAKAOHE X3PaKTEPUCTHKH if X oCcH Z,
B=0— 0+ 1p(p—p)+ L3S — 5) + Ly (55— S —
— Nyg gy — b)) — Nog (o3 — figg),
D=8 —li(ps— ) + L13(Ss — S1)) — Nig{les — liy)

dynkimu S u Ay (P npeanosaraioTcs HIBECTHBMH. Ecau
3T PYyHKIMM 33ZAUBl B BHAe Tabauu, TO 3HadueHus S; M /g, Ha-
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XOAATCA 0O HARACHHOMY {¢p KBAADATHIHOR HHTEpnoaauueH. 3ua-
wenus hg Ty, By P Vi ONpereasiores us dopmya (13), (14), (15
nan (24).

B ypasuenusx (30) Huzexc if mpu kosp@uUHEHTAX O3HAYALT,
uTO 9TH KO3(QGUUHEHTH paBHH CpedHEMY dpupMeTHYECKOMY
sHavuenndt xko3hHIBEEHTOR C HHACKCAMH [ H ji

m; + ny - _E;-}-E_; _omptry
E My =T

Cucremut (30) ABJASIOTCH CHCTEMAMH HEAUHEHAHHX YpaBHeHMH
OTHOCHTeAbHO HEH3BECTHHX apryMEHTOB. Pelllenne 5THX CHCTEM
NPOUBBOANTCA METONOM NOCASAOBATEAbHBIX nprbawxenuii. 3a
niepBoe NPUGIHKEHHE CAEAYeT TMPHHATL Mz =1MmM,, Moy =1y,

Riyp=Hy, Hgg=1lg o, g=1, .., Fa=Y,.

my; = H T. A

3adaua 2. Paciem mouki 6 n0A¢ meHeriss OKOA0 OCH
VpaBHeHHS XADAKTEPHCTHK B MIOCKOCTE rojorpada (6) me-
NOCPEACTBEHHO Ma OCH cuuue'rgun HeTNPUTOJHH, TaK KAK COLep-
KAT HEONPEILACHHOCTL THNA .
ATy HeOUPeAeAEHHOCTh MOXKHO DACKPHITL C MOMONILIO YpaB-

HeHWil HepaspuBHOCTH W Depryaan [38]:
¢ a1 B ooy

TloacTaBUB 3TO 3HAYEHHE B YPABHEHHS XapaKTepHCTHK, WO-
JYUHM HpeAeabHylo GopMy ypasheHHE mpu o= 1:

B+ ;-1 8 dp . - 180+0) — di) =0. (31
an + pV?2 dp+QPV20zdz+a2 14 (TdS dhy) (31)

Puc. 4, K pacuery TOYKH B AOJAe TeYEHMHA QKOO OCH.

TIps peiieHuM 5THX YPaBHEHUf B KOHERHO-PASROCTHOR dopMe
He06XOAUMO 3HAHHE NapaMeTpPoOB B TOYKe 4 (puc. 4), YTOOH HakTH

ad —_

IPOH3BOAHYIO a-—p o 247 Pi | Kpome TOro, mapaMeTpH TEUEHHA Ba
Z Zy—

OCH JIO/UKHB H3MEHATBCS AOCTATOUHO IMIABHO.
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B naunoit padore GyneM HCOOJAB30BATh METOX, NPHMEHEHHE
KOTOPOTO HE Orpannyedo MogoGHLIME yCaoBHAMH. UTOOH u36a-
BHTbCA OT HEOHpeAeAeHHOCTEH, YMHOXHM COOTHOUeHHA (6) mpH
o=1 na r [23]:

Br(l + 2 L{L+ L) — 1 Br(1+ty
rdit i—ldp &+ L dr T —'——2(TdS— dhp) =0. (32
oV 7y Bt 1 2 1+ ( 0) (32)

Hcnoaub3opanue 3TOr0 YPaBHEHUS BIOJAL XaPakTePUCTHKH mep-
BOr0 cemeficTea (puc. 4) DPUBOAUT K NPEKHHM YPABHEHHAM
(30), ec/n B HUX TOAOKHTD!

C1:r1:09 }-(-ZO;

£
!13= : a 3 Ll3= Lﬁ L}
pp L - 1+ 3
14 Byl 1+ 8%
- Ny
14—
R O

3adava 3. Pactem mouxn ¢ nHoAe MELCHUS HA OCHL
PaccmoTpuM cHAuasa nepeceuehiie XapaKTEPpHCTHKH BTOPOro
ceMeficTBa ¢ oChbwo {puc. b, a)

[Mocae coorseTcTByOWEX npeobpasoBaHuil MOAYYHM U3 ypaB-
weuuft (10), (11), (32):

1 cayuair 2 cnyuah
T
Lzsg?. B+L=0 Lan=0 —1=0
1 Ba+ % 2
Zy=| 2g— — | ———— — —
: 2 2(3253—1 3*‘) 2T a1 ;)
2N B85 Bs
Fy= 0
3 (33)
t_.aﬂ 0
P +-]—( Q:ri—L + Ea) l r2 -
3 P2 A 2 Fa— e+ B2} [+ 5 [Qz 1 Be—1 L
2B +8 B
S
Sa=S(dy) J

By = Iy (%)



Ey =Ly (S; — Sp) — Ny (hiyy — o).

3navenne ¢y =1¢, TNOCTOAHHO H 33[aHO.

2 3

N 7

& &

Pre b, a4 & K pacdeTy TOWUKH B NoJe TeUERHA
Ha OCH.

[IycTh Teneph € OCBIO NEPECEKAeTCA XapaxTepuCTHKA Iep-
BOro ceMefictsa (puc. 5, 0). [locne npeoGpazosaunii ypapueHu#t
(8), (9), {32) moxHO 3amHCATH:

1 caysait 2 cayuaft ]
ém——%. Bl Lis=0, B4 120
- 1 (&=t ) re
Zy=12, 5 r'(ﬁ;CH‘I + By 1 l 8, + 1 +l)
2NB—% B
ry= 0
: ! (34)
= 0
1 — 1
Py = I’1+E(¢1+K1n+ﬁ.) P1+}|"><
X[C +K A E
gt 1Y |
2 Bl_tl ﬁs
83=S('L)
Roa = By (§5)

El = LI (Ss - S}) - -NJ (hoa - hal)-

3adawa 4. Paciem yen060ft moukn

Tlpu o6Terannn cBepX3BYKOBHIM NOTOKOM YIIoBOH Touxn A
(cM. puc. 2) B ee GecKOHEYHO ManOR OKPECTHOCTH peaansyercs
TeueHne Ilpanatas — Maliepa.

Jrs xapakTepucTHKH NepBOrc ceMeficTsa
=0+ Ia(ps— o)) (34
66

Jng xapakTepHCTHKH BTOPOTO ceMeHCTBa .
Ca="0s + Ip3(P3 — Po)- (36)

XapakTepuCTHKa BTOPOro (mepsoro) cemeficTBa, NPOXOAAWEASA
yepes yraoBYIO TOYKY, BRIPOXKAAETCH B TOYKY, 3 XAPAKTePHCTHKH
nepBoro (BTOPOro) CeMeHCTBA BHIXOAAT M3 3TON TOUKH NMywKOM.

[lpu nepexoae oT OZHON XAPAKTEPHCTUKH NYUYKa X APyrofi,
Jexatell HHxe M0 TedeHMID, MOXHO 3aAaBaTbh war H3IMEeHERHA
peandunn p. M3 ypasienud (35} mam (36) onpeseasercs &.
OC’;‘aJEthle napaMeTphl TeYeHHs HAXOAATCA H3 ypaeHenui (13),
(14}, (15).

Sadawa 5. Paciem moixu Ha C80600NOIL nosepXROCMIU

YVupteipan, uro ¢BO0OAHAA TOBEPXHOCTE HABJAACTCH JHHHeH
TOKA, 3andlleM Aag Hee auddepeHUHATBROS ypaBHeHHe:

dr =1dz. (37)

Iaa padHoft 3apadd HeoOX0AUMO paCcCMOTPEThL IBAa OCOGHX
caAyuan, waK Aas mepecevyeHNs Co CBOGOAHO® NOBepXHOCTHKY
XapPaKTEPUCTHKYN NMEPBOro CeMeHCTBA, TAK H AJA NepPeceyeHus
XApPaKTePUCTHKN BTOPOTO cemeficTBa. [lycTts co cBoGopHOM mo-
BEPXHOCTHIO NEpPeCceKaeTcs XAPAKTEpPHCTHKA NepBOro cemeficTra
(puc. 6, a).

HUcnoabaya ypassenus (8), (9), (37), noayuum:

1 cayua#i 2 coyvahi
Lm0, (=0 L0, {220
élag%, 8 L0 Lu=0, %10
p £ — CgaE]aZg —_ 513 (rl _ rg) Fa—r + Mgy — ng?:g
? §— Loy my;—

38
3= ry+ Ol — 20) ( )
L= 61—}-{-13(?3—’1) Gy— Ky (23— 2)
$y= by + Yialrs— 1) i+ Yz —2)

Sy =S (¥)
froz = By (L) 3
3necw

Gy =" — 1 (p, — p) + L15(Ss — §)) — Nyg gy — Bn)-
5% o7



Ha’cBo6oanO# MOBEPXHOCTH AABACHHE DABHAETCA AABJACHHIO
B OKpYXammeR TPy atMmochepe (p;=p, ).
3Hagenwe dy=19¢_ NOCTOAHKO H 3a4aHO. Buuuciaas ero

0 COOTBETCTBYIOMHM (OopMyJaM M CPABHMBAA € 3aJ1aHHBIM 3HA-
yeHyeM, MOAY4YHM OWHOKY BHIYNCJASHHH.

cb nob 3
2
C Y VO TEnob >
a ]
Puc. 6, a, 6. K pacuery ToUkH Ha croSeRHON nosepx-

HOCTH.

Tenepr paccMOTpuM mepecevenye XAPAKTEPHCTUKH BTOPOTO
ceMeflCTBa .CO CBOGOAHOM MOBEPXHOCTBIO (puc. 6, 6).
Hcnoassys ypasuenus (10), (11), (37), noayaum:

1 cayvaf 2 cayuak
Liz=0, (=0 Li3=0, {=0
T
Lus—0, B+l=0 Ln=0 H—1=0
2 — #3 — Liviga?, — gy (r — 1) N —ra+ s — Lz
= =
1 —Langy Mag — G
ny= rF ez —a) }(39)
L= Ga+623(r3_f2) Gy + Quy (23— 20)
U= Y3 — Zay (r5 —13) Y2 — Loz (23 — 22)
S=2S8 (’*‘*‘3)
fgy = Iy (L)

}
Gy =0+ los (D, — P2) — L3 (S — So) + Ny (Brgy — hos).

3nauewus ki, Ty, p,, B, V. ompene
(14), (15) (324).3 » s V3 ompenensiorcs u3 dopmya (13),

3adara 6. Pactem mouxu sosuurnogenus yoaproit so.anst

Havaao ckauka, Touxa E (cM. puc. 2), aexut Ha nepeceye-
HHH NOC/TeHeH XaPAKTEPUCTHKH BTOPOro (NePBOro) cemefcTRa
BE€ePa BOJIH pa3pemMeHHs, UCXOAAWETO M3 YraOBOlt TOYKH, ¢ Xa-
PAaKTCPHCTHKOR BTOPOro (nepBOro) CeMeACTBA, OTPAXKEHHON OT
CBOGOAHOH NMOBEPXHOCTH.
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PaccMoTpUM CHagana mepecevyeHMe XapaKTEPHCTHK BTOPOTO
cemeiicTa (puc. 7, a). B touxax I, 3, & mocaenHell xapakTepn-
CTHKH Beepa BOJH paspexeHus W B Touxax 2, 4, 6 oTpaxeHHOH
XAPAKTePHCTHKH MapaMeTPH U3BeCTHH. Ecam r, > 7y, ry > 13, HO
re < I, TO XaPAKTePHUCTUKH NEPECEKAIOTCd, H B TOUKE Nepecede-
HUS BO3SHMKAET YHapHas BOJHA.

[Mpu onpejeneHUH KOOPAHHAT TOYKH BO3KUKHOBEHUR yJNapHOH

BOJHBl PACCMOTPUM TPH OCOOHX cayvad. Vcnoapsyda ypaseenus
(10), (11}, noayunM:

1 cayuai 2 cayuait 3 cayva#
™ k4
Las=liw=0 ._35;_2'- I+i=0 Law=CLw="7
H—1=0 fw=0 T—-1=0 g+i=0
Fo— 1ty — fy=Zq + Hag? —_ — 1 40)
0= . — £ 2y + Mg {ry—r3) Z3+ g (rr—ra) (
Tyg — Tay
f':‘—;asfhera—"m(za—za) 546-"4 —-;1-3ars + 25— 2
rr=| rmt+aslsm—z) [—

Mefictea (puc. 7, 6). Popmyssl Agas  olpefegeHns

1 — g0y

flyg — fAas

Puc. 7, @ 6. K pacdery ToukM BO3HHKHOBEHHS YNAPHOH BOXHHL

“TlycTb TeNmeps NEpeceraloTcd XapaKTePUCTHKU WepBOTO Ce-
KOOpILURAT

TOUKY BO3HMKHOBEHWHA YIAPHOH BOJHE, NOAYYEHHBE H3 ypaB-
sexull (8), {9), UMenT BUI:

1 cayuaii 2 cayua# 3 cayuail

" T

435=Z_46§0» Z_ss=—§’ p—L=0 45:446;_3'
e l=0 L=, BT 4+-1=0 FoTe=0

2z = 2y + mry (r;—r3)

1{41)

Fy == I3 - HlggZn — M2y

2y 4 mas (r; —rs)
Mas — Mys

1= ry + mas (27 — 23)

Ty Mgstiygts— Mag{Zo—2g) Mgzt — Magla T 24— 23

1 — mysmag Mg — Mg
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[apamerpu B TOUKE 7’c0 cTopoHsl ofaactd 1 (no cxauxa
ynaorHenua) Tz, L7, &, Sy, hy; HAXOAATCH KBALPATUYHON HHTEp-
fgonauuel no rtouxam 7, 3, 5. OcraabHple napaMeTpw Onpepe-
asgioTea us gopmya (13), (14), (15). Te”nanepa’rypa €O CTOPOHH 06-
AactH II (32 ckaukoM ymroTHerus) 7; HAXORHTCH KBAAPATHUHON
HHTEPOOAANHEd NO Toukam 2, 4, 6.

,HJ!H onpeaeleHHs TAHreHCA ¥IJia HEKAOHA CKAYKA K OCH 2 1

NapaMeTPOB NOTOKA 32 CKAUKOM YIMOTHEHUA BOCIOAb3yeMcs
ypasrenuamu (21), (22), (14), (15).

3adaia 7. Pactem modxu Ho YOaprOi 80ane

Hupdepennuancioe ypasHenue yaapHolt Boasb:
dr =rdz, (C¥A

e

PacCMOTPUM ABa OCOCHX CAy4Yas, KAK AdS MEepeceuenus ¢
YHapHOfl BOJNHON XapaKTEPHCTHKH NEPBOTO CeMeficTBa, Taxk M JAM
nepecevyerns XAPAaKTEPHCTHKH BTOPOro ceMeicTsa. [1ycTs ¢ yaap-
HOH BOJHON nepecexaercs XapakTEPHCTHKA NEPBOro ceMeHCTBa
(puc. 8, ). AaropaTy onpeeAeHus HCKOMBIX 1a PAMETPOR B TOUKE 4
YA4PHOR BOMHH 4HAJAOTHREH CnucaHHOMY B [31] u sakawuaerci
B caepyioliem. lponoaxaem xapakrepuctuxky 91 B oGaactb Il
HrHOPHDYf HaAu4He paspeiBa. M3 Toukm 2, ncnoassys napametpr
€0 CTOpPOHB oOO6sacTH I, NpoBOAMM XapaKkTepHCTHKY BTOPOro
CeMEACTBA A0 NEpPeceveHus ee B TOuKe 3 ¢ XapaKTePUCTMKOH
AepBOTO CeMmefdcTBa, BHXOZAmeH W3 Towuxu I (cM. 3azaay 1).
Hanee HaXOaUM KOOpAMHATH Touky £, DopMyasl a4 ompegene-

HUd KOOPIHRAT, IOAYUEHHBIE H3 ypaBHeHu# (8), (9), (42), umeror
BHA:

b cayvaidi 2 cayuai
Loa=0 =0 foa=0, t=0
1]
L"%E, g—8{=0 Lu=0, L +1=0
_ _ {43
2, = 51— T2y — M (r —ry) Fo— 1y -+ May Tz,
1 —zgm,, g — Ty
= Iy + Ty (24— 23)

4

B ypaBHeHuax (43) B nepBoM NPHOAMIKEHUH TOKATACM Ty, = T,

IMapameTpn noroka B Touke £ co CTOPOHL oGaacTi | Hafizem
KBAZDATHYHOH MHTepnoaauuefl no Ttoukam 9, 7, 3. Hdas onpege-
JACHHA DAPAMETPOB NOTOKA B TOuke 4 cO CTOPOHM o6aacTu IF
BOCNOAb3€VCA ypaBHeHuaMu (25)—(29).

W3 Touku 4, ncnoassys napametphl €O CTOpPOHM obaactu II,
APOBONHM X3APAKTEPUCTUKY BTOPOro CeMedCTBA A0 Hepeceyeuns
70

ee B TOUKe § C XapaKTepPHCTHKOH mNepBoro cemeficTsa (CM. 3a-
aagy 1). B nepBoM MPHGAMXKEHUM NPH ONpPeAEAEHHM KOODAHHAT
MOXHO TIOMOKHTD: Mgg = My, Mg == Mlys. 1lapaMeTPH B TOUKE §
HAXOAATCA KBajpaTHYHOH WHTepnoAauMel mo Toukam 2, 6, 7.
Onpenenus napaMeTpe B TOMKE J, NIpoBepsieM, ofpamaercs Ju
€ 3aJlaHHOM TOUHOCTBIO JIeBas YACTh YPABHEHHA X4PAaKTEPHCTHKH
BTOPOro CeMeficTBa 45 B Hyab, T. e. BHIOJHSETCA AU YCAOBUE

@] <k, (44)

rae

l C _':4“"145(}-"5_1’4)—Q45(25_Z4)+L45(35‘—S4)*

5

| — Nys (ftos — hga), eci Las=0, Bi—1=0,

¢={ G — 0y — L (Ps — Po) — Qus(rs — 1) + L5 (S5 — Sy) —
kL1
Ii “"Nqs(hos"—koq), eCJH / 45 == —2-. B+8=0,

& — HanGoAbwAan AONYCTHMA OuliOKa BHIYHC/ACHHH.

Ecan 370 yCAOBHE He BLINOAHAETCSH, TO, NOJOXKHB Ty =T, — Az,
IpoBOAMM HOBHIN pacuer. [locaepylomue B3HAYEHHA T, MOXKHO
BHOUDATE IO OpMyHe:

() __ gli-1)
e+ = =) — U _.L_T“__l_ (45)
4 4 oY) — D

o
™~

/ 9
)
&
Pue. 8 a4 6. K pacuery TOUKH Ha ynapHoH BOJHe.

[Mycte Temeps ¢ yAapHOfl BOJHOW mepecexaeTcs XapaKTepH-
CTHKA BTOpPOro cemeicTBa (puc. 8, G). AArOpUTM ONpeAeaeHus
MCKOMEX N4paMeTPOB B TOYKe 4 aHAJIOTHYEH BHIMICOMHCAHHOMY.
JlAs KOOpLHHAT B AaHHOM cay4ae ¢ nomowmsio ypasnenui (10),
(11), (12) noayuum:

7l



1 cayuafit 2 cayvakt ]
Lu=0,1t=0 Lig=0, t=0
£
Le4g—§‘v P4L=0 Logz=0, fL—1=0
— — L {46
Z, == 22—‘514”2431“22:(@*-?‘1) Fl—Fo 3 ngyZy — T2y (40
1 — 7415 Mgy — Ty
.= rteu(zi—az)

LA xapaKTepHCTHKE MEPBOTO ceMeficTBa 45 3amHuIeM:
G5 =04+l (Ps— P2} + Kis (25— 2,) — L 15 (S5 — Sy)
45195 +
+ N45 (ﬁﬂﬁ - h04), eCcaH 445 == 0, Bg + 1 = 0,4
G — L+ 15 (ps— py) F K (rs—r)—Li(S—S)+
+ Nys {fgs — oy}, ecam /g5 2= — ‘g“- p—C=0.
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NCCIEIOBAHUE OIITUYECKUM METOJIOM ITAPOBOI'O
IIOTOKA, UCTEKAIOIIEIO N3 COIUIA 92KEKTOPA
B BAKYYM

H. H. Jlucaros, A. 5. Liegmaun, &. @, 3enun

HaposwxexToprEe HACOCH, HCTOMB30BABIIHECS paHee B OCHOB-
HOM X% OTKAYKH KOHJAEHCATOPOB NAaPOBHX TYPGHH, B nocaegHHe
TOAH HAWJM WHPOKOE NPUMEHEHHE B TPOMLIINCHHOCTH W Tex-
HAKE AN OTKAYKH METANAYPrHUeCKHX, KHMHYOCKUX N pasaH4noro

poaa (GH3NYECKHX YCTAHOBOK, rae TpebyeTcs cospakne BaKyyMa
wopsaxa 1072 ma pr. cr.

CreayeT oTMeTHTH, 4TO ecan AAs NAPOIKEK
paboTarUKx B ofaacTa JAaBA€HHH Brle 1 wu pPT. CT., ¢usnra
NPOXOAAHAX TPOUECCOB B CTYNEHH HACOCa HOCTATOMHO H3Y4eHa
[1, 2, 3] n cymecry0omue meToan Pacuera [4, 5, 6] astor x0po-
IHHe COBNALCHHS Pe3YJAbTATOER pacueTa ¢ ONBITOM, TO AJAA HAco-
€OB, paGoTaIOIMMX B 06JaCTH NABAEHUE 10711072 uu pT. crT.,
du3nka npoxoasmux npomeccos H3yuena HeROCTATOMHO, a Cylle-
CTBYIOINLHE METOXB pACcueTa He NA0T COBNALCHHS pe3yibTaToB
pacueTta ¢ oneToM.

B HacTosme craThe onmcwBaoTes Pe3YAbTATH HCCASLOBAHNS
C HOMOILBIO ONTHYECKOrO METORA o6 KapTHHEL HCTeYCHun
74

TOPHLIX HACOCOB,

71aPOBOrO NMOTOKAa H3 CONJA B BAKYYM NPH PaéoTe COMAA HA BAAXK-
HOM, CYXOM HacCHIUEHHOM H Neperperom mnape.

JKCREpHMEHTaALHAA YCTaHOBKA H METOAHK2 HCCAeSOBaHUH

Hcenezosanus npoleccos, NPOMCXOAANHNX NpPH TE4SHHH mapa
B CBEPX3BYKOBOM COME BAKYYMHOTO SKEKTOpPa, MPOBOIUAUCH HA
fepBOR CTYNMEHH D-CTYNEHYATOR SKCIePUMEHTAALHOH YCTAHOBKH
npousBoARTEAbHOCTbIO 1000 2fcex npu a
nasaenun 2.107% sm pr. cr.

MeToa uCCAegOBAHHA 3aKAOYANACA B l
BH3YAAH3ALUMH NOTOKA IPH Pa3JHGHEIX pe-

WHHMAX TEYeHHs Mapa B COIJE ¢ Per’crpa-

Iueit NpOXOAKIIHX MNPOUECCOB HAa KHEO- 3 '
mnenky. C 910fi neaplc Ha NepBofi CTy-
fIeHH HACOCa OBIO YCTAHOBAGHO CTEKJAH-
HOe PpacWHpdIONeecs OCECHMMETPHYIHOE
conao Jlapaaa pasmepammu:

KpUTHIeCKuH Auamerp conna 4, =25
MM

AMAMETD BHXOAHOTO ceueHus d, =54
A .

Yrod KOHYCHOCTH comaa &« = 19°.

B nmpuemHofi kamepe nepBofi CTymeHu
OBUIO CLEeAaHO CMOTPOBOE OKHO M YCTAHOB-
Jeda Jamna-moaceerka (puc. 1). Yer-
poficTBO TIpPHEMHOHR XdAMEepH NO3BOJAAJIO0
BeCTH OLHOBPEMEHHO BU3yaAnHBe HAOMID- P HC. a}u.e (}_:.[x&;:::;m;}fi;f;n;:
AERHA H KUHOCBEMKY mpouecca. Habaio- gg:rlxal{cgeplmeﬂ'ranbuoﬁ
JeHHE W PEFHCTPALMA MPOLECCOB oOcy- oo o
UleCTBAAMRCL C MOMEHTA NyCKa Tapa B HOBKH:

COMAO 10 YCTAHOBAGHARZ CTAUMOHAPHOH  ,_  \pens o cono; & — -
KApTHHBL Ipounecca. lpn atom OILHOa- HOKaMepa; —JaMna-NogcBeTsad,

HHO (HKCUPOBATHChL TEMOEPATYD

?Igggeﬂa BXC?;LQ Bp(:Ol'IJIO H TeMmepaTypa CTEHKH COoula BOAWSH
KDHUTHYECKOTO COeUeHHs, a TAKXKe H3MeHEeHWs OCTATOUHOTO nae-
JeHus B CTyAeHW Hacoca. Hccaenopanus HpoBOAMAMCE OPH pa-
$0Te COmIA HA BIAKHOM, CYXOM HACHIIEHHOM H DEperpeToM mna-
pe. Tlpu aToM JAaBieHHe mapa BO BCEX ONKTAX NOLNCPHHBATOCH
NOCTOAHKLIM M paBHEM 0.7 amu,

Bud nocmp A ()

Pe3yiabTaTl HCCAEXOBAHHH
VicTeuenne BaaXxXHoro nmapa

[lpu nopaqe B COmIO BAAKHOTO Napa CO CTEMEHbID CYXOCTH
X =0,60 na6awaaerca oGpasopanne BOHAH3M xpmuqecxor% ce-
4eHHs Kanedex WHMAKOCTH, KOTOPHIe HA pPaccToaHHk 25—30 Mm
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Punec. 2. Kxnoraap, cootsercreyomuii MOMEHTY nycKa
BAANHOCO Mapa B comao.

Prue. 3. Knwokanp, custwii wepes 5° MHHYT nocne
NYCKa BRANKHOPD Napa B Comao.

Puc 4. Kunokanp, cHaTei! wepes 25 MUHYT nocae ny-
CKd BEA¥HOrO apa B COMNAQ.

76

OT KPUTHUECKOTO CEeueHHs NPeBpaulaloTCH B KPHCTAMIHKA JBAA.
Kpucranausauusa npOHCXOAMT KAk B O0BbeMe, TAaK M HA CTEHKaX
COrnAa, 6]:1(:']‘1)0 OXBATHBaf 3HATYHTENBHYIO 9aCTh IIOTOKA HA AJHEEC
npubansuteasio 50—60 sx BooAL ocH comla, KaprHHa moOTOKA
¢ BHAHMOH o6AaACTBIO KpHCTAaAAW3anil B MOMEHT HauaJja UCTe-
UeHHUs BJAXKHOTO Mapa H3 COINa, CHATAs HA KHHOIVEHKY, NpHBe-
JAeHa Ha puc. 2,

Cpasy ke mOCAe NycKa mapa TeMOepaTypa CTEeHKM COIAA
BOMM3M KPUTHYECKOTO ceuennd papHazace 30° C. B nanvnefimem
¢ TeYyeHUeM BpemeHU o8MacTh KPHCTANAHM3AUMH OXBATHBAET BCE
6onbWyr® yacTe comna. Yepes 1 MuUHYTY nocAe mnycCka napa
06A3CTh KPHCTANMH3AUMH OXBATHBACT Yike OKOJAO 2/3 BAuBH
conaa. Uepes 5 MuHyT 06/aCTh KPHCTAJJNH3ALHE pacnpocTpaHd-
eTcd Ha BCo mApHYy comaa (puc. 3). llpu strom Habaiogaerca
HenpepHBHE YHOC KPHCTAMIOB AbZa € NOTOKOM, HCIAPEHHE AbJa,
ofpa3 ;BaHUe HOBHIX KPHCTAMJOB B 06GbeMe H Ha CTeHKe COmaa.

Vnorpa macca abaa oxaselpaerca kKak O B3BelleHHOR B no-
TOKE, OXBATHBAA HEKOTOPYI0 OGJACTb M 32 BHIXOAHHM CEYeHHEM
couna (puc, 4).

KnHOKaapH Wa pHC. 3 B 4 COOTBETCTBYIOT KAapTHHE YCTaHO-
BHBLIEFOCH fpOLEcCca HCTedMeHHd BA2XKHOIO mapa uepes Comao,
KOTOpast He U3MeHAeTCA CO BpeMeHeM paboThl comja. Tewmepa-
TYPa CTEHKH COnAa BOJNH3H KPUTHUECKOro CedeHusa yepes 25 mi-
HYT MOCAe WUyCKAa BARKHOTO mapa B comne gocturaer 80° C u
B faavHefiimem xoJe6aerca B npegenax 75—80° C. Ocrarounoe
JaBIeHHE NPH TOM JAOCTHTaeTca nopaaxa 2,5-107" amur pr. cr.
B xoaebaerca ao 8-107' uam pr. cr. KosreGanuwa 0CTaTOUHOIO
RaBJaeHHA HaOAIOIATCA B TE MOMEHTH, KOIAaG NPOHCXOAAT
W3MEHeHHA KAPTHHEL KPHCTANAH3ALKH Tapa B COMJe: CPRIBHL KpH-
CTAAMOB JbAA NOTOKOM, OGPA30BaHUE HOBHIX KPHCTAJJIOB.

Hcreuenne CYyX0OTre HACHWIWEHHOro Hapa

Kaptuua ucreuevns Cyxoro HaCHILEHHOrO Napa B NEpBH#R
MOMEHT MOC/Ae MycKa ero B COIIO NOAOOHA KApTHHE HCTEYEHHS
BAAKHOrO mapa (cMm. puc. 2—4).

Qahaxo ywe uepes 1-—1,0b uaca odAacTe KPRCTAMIN3ANMH
HAYPHAET YMCHLINATLOH, CMCUladAce B CTOPOHY KpHTquCKOTO
CeveHHun, U B AaJdbHedlieM KAPTHHA INpPOUecca NPAKTHYECKH He
H3MeHnsetcsa (puc. 5).

TeMmuepaTypa CTEHKH CONIa, KaK H OpH paboTe HA BAAKHOM
nape, usmensercs oT 30 no 80° C. Oanako konebGanus TeMmnepa-
Type yMedbmatorcea go 2—3° C. Hocturaemmit ypoBeHb OCTa-
TOYHHX AABAEHWI NP padoTe Ha CYXOM HACHLIIEHHOM nape CHH-
Kaetcad a0 ~ 1072 mae pr. ¢r. Onvako AapieHde TNPOAOIKAET
xone6atbest of 3-107% po 8.107% ua pr. cr. KoseGanne HaBae-
HHfI TaKxe CBA3AHO C M3MEHEHHAMH B KaprHHe KPHCTALIN3auuH
BA4ATH B COMJE, XaK H B CAyyae MCTEYeHHs BJAXKHOTO Napa.
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Puc. 5. Kunoka
. b aAp, cHATHA vepe3 1,5 uaca no
CA€ TIY¥YCha
CYXOro HachILCHHOrO Napa B ComAQ (ycrauoauﬂm};ﬁcn
Mpouecc HCTeYeHHd)

Hcrewenne neperperoro mapa

Tlml{;lpn nyCKe neperpeToro mapa B COINO B MEPBBIH MOMEHT Kap-
A HCTEYCHHA OKa3HBAETCH MOROOHOH KapTHHE HCTeden ¥
nep:;l;oprao H CyXOro HaCblU.QIEHHOI‘O napa, B moment mycka Tel;llﬂ
napa paesa 142°C, a Temn )
epaTypa
;36:1(15311 KPHTHUECKOTO Ceuenns — 68°C. PATYPA cTeRin conna
pazy xe mocte Nycka napa oct
CHH¥AETCa 0 2,5-10‘}; MHM p*? CTC 373::§§ﬂ,r_éalznenne63 chryzneﬂu
. CT. TCAd A0 6-107
g;a ucl';'r bli ,Iléi.ileEﬁlH&M 0644CTh KPHCTAMNIH3AUMH HAYHHAET ?;f
Kpamats fi. elrJIes 20 MEHYT nOC/AEe RYCKA Oia YMeHbmaeTcd
Loard anl?roe, P 3TOM TeMImepaTypa Rnapa MOBHLIAETCH KO
. eMnepaTypa CTewkH comaa no 105°C. Qcra
naﬁmeuue B cTynewn camxaetcs 10 2-10~% ax pr. ot ;Oque
.vcl)e6 ;aecTTc;l B nmpenerax 2—3 jejaeHunit mo wmkare néuﬁc;iaa %T}fg-
O oq:l{gggacmnsaunn MPOAGIIKAET COKPAMIATHCA H, HAKOHELL
1 NOJAHOCTBIO OT KPHCTAJNIOB A , )
pra. Temue
ggggrggg;n%g‘é pabGouef Temneparypu 190° C, COOTBGTCTBE!%TH}J{E;
a TeMmepaTtypa CTeHKH °
S ramtenat , comna — 127° C, Kose-
YPH CTEHKH CORJ

JaBJeHHe cHMMKaeTCcd mo 1 5-10‘221 ;ﬁa P onaiored. Octatodioe
AapJenie « , PT. CT. H NOANEPKHBALTCH
,n,ae?cpﬂﬁ B};;:gﬂoansmeﬁca padore conAa nepHoAUuecKH Habmo-
C B HETO H3 NapompoBOAA XUAKHX KAlleNEK ¢ Napo-

BHM NOTOKOM. OAHAKO Ka
. GeAbKH MFHO
00pa3ya KPHCTANIOB JbJa. PERRO Hehapmoten, we

BuBoan

A0 CEro BpeMeHd cBefeHnd 0 PaboTe comnaa OTPaHHURBAAUCH
NpeNCTaBAEHHAME ¢ BO3HHKHOBEHHH CKAUKOB KOHAEHCANMH C me-
pecslleHHEeM [apa H BHNAACHUEM TyMana. fIpy >TOM He BHICKA-
SHBAJAHCH HPELIONOWEHUs T O BOBMOXHOCTH o6pa3oBanid JbJAd
8 CBePX3BYKOBOM MOTOKE B COIAE H TEM 6olee O BO3MOXHOCTH
OUTH MOJHOIO €ro MepexpuThHa. BrsipreHHas KapTHHA npouecca
ceyeHHs BAAKHOFO M CYXOTO HACHIMEHHOTO Napa B CBASH C ITUM
aBAfeTCd HoBOH M NPeACTARIALET HeCOMHEHHHI TeOpeTHYeCKHA
u npakTHueckuil uHTepec. ONHCAHHNME ABAEHIS XapaKTepPHH A%
yeTeveHna Napa B BAKyyM ¢ NePexoioM NOTOKA 4epes TPONHYIO
TOUKY H NMO3TOMY HHKOTAZ HE HaGAWAAAHCh NPH BHCOKHX 1AaB-
JeRMiX Napa B MOTOKeE.

O6napyXeHHue fBJIeHHS TO3BOIAIT 00 BACHUTH HEYCTONINBYIO
paboTy 9XEKTOPHOW CTYNCHH HA BJAAKHOM H CYXOM HaCHIUWEHHOM
nape. O6pasopaHie JpAa B CONIC CYUeCTBEHHO U3MEHAET CTPYK-
Typy H NAapaMeTPH MNOTOKA: 3arPOMONKAAETCS ceueHde Comja,
BOSHUKAIOT CKAUKH YMAOTHEHUS TpH OOTeKaHHHM MACCH JAbAa,
CKOPOCTb IIQTOKA U3 CBePX3BYKOBOH MOMET NepexoinTb B AO-
aBykoByio. Conao He paGoTaeT B HOPMATLHOM pexnMe.

C/ieAyeT OTMETHTb, YTO CYNIECTBYIOUIME METOAR pacuera u
KOHCTPYHPOBAHH TAPOSKEKTOPHHIX HACOCOB GasupyloTcs Ha
WCTEYEHHH U3 COMAA CYXOrO HACHIUEHHOTO RAM BJAKHOTO napa.
B cBA3K C MOAYUCHHBIMH Pe3yAbTaTaM# MOMET OnTh CcAgAdH
BHBOJA O NPHHINMIWAILHON HEBOSMOXKHOCTH MPHMCHERMA aTHX
METOAOB K PACUETY HCTEUEHHs BIAKHOTO HAH CYXOTro HACHIIEH-
HOTO BOASHOTC flapa M3 CBEPX3BYKOBEIX PaCIIMpIOMuxcd Coned
B BaxyyM (AaBrenne Huxke 1 i pT. cT.).

OrcytcTBHe 00pa3soBaHHd JAbAA B cofile TpH HCTeYEHHH nepe-
rpetoro napa B BakyyM (laBaeHue Hmke 1 Mam pT. CT.}) 1NO3BO-
46T CAeAdTh BHBOJL O HEOOXOXHMOCTH PACCHHTEIBATH BAKYYMHHE
5KEKTOPHl C YUeTOM PadoTH HA mNeperperoM mape. [Mpu aToM,
KaK YCTAHOBAEGHO, AOCTATOYHON SABJACTCHA CTENEHD neperpesa
nopaaxa 50—80° C.
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HECTAIMOHAPHOE TEMIIEPATYPHOE IIOJIE
JABYCJOAHOI O AHU3OTPONHOTIO CBOJA

B. B. Cy66omun

B pa6orax [1], 2], [3] PacCMaTpUBRACA BONPOC 06 H3rHGe
AHHSOTPONKBIX MNACTHH M OJHOCAORHOIO CBONA 1OX BAMAHHEM
Temuepatyp. OaHako B HacTonlmee Bpems B PasIHYHBIX KOH-
CTPYKLHAX BCe 0O0Mee UWHPOKO HCIOAB3YIOTCH MEQFOCAOHH ke
HAHEMH 1 CBOAM. B pabore moayuewo pemenue sazaun o HecTa-
LWHOHAPHOM TEMIEPAaTYPHOM MNOJe B GECKOHEUHOM ABYCAORHOM
cBoxe. Pewenne Moxer 6MTh nenmoa»sosano MIA ONEHKH TeM-
NEPaTyphl B PAaSAMIHMX KOHCTPYKTHBHMX MEMEHTAX, HMEeIoulEX
$opmy muamnapuueckoro csopa, u, B HYaCTHOCTH, B COOTBETCT-
BYIOILHX 3JeMEHTAX BAKYYMHHIX YCTPOHCTB.
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KaWJOro CJA04:

T,(r, o) =i Af,”r”n“‘[l - (}-i'—)%”s']sinvnqo 4 T's, (8)
=l

T,(r, ¢) =g {A}P s [ {— (5})2"’5’] +

¢ 2T (RN i 4 7, (©)
nm Fa
rae .
. 12,3, s.= %/ B (i=1 9
‘Jn=—;,(ﬂ,= g ey Fy ety 95 lefll, '
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nOJIEll"ﬂEM, 4TO paccMaTpHBAEMOC TCAD HMEET B Kaxnoi TO'—Il{i
JABE TOBEPXHOCTH TENAOBOR CHMMETPHHM H OCH 7, ¢ HBJ‘IHIOTCO
rA4aBHBIME OCAMH NPOBOAHMOCTH. l'loa'romy YCAOBHA TEMJAOBOT
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Zm (lnir) = jm (lm'r) Ym (lm'Rl) - jm (lm‘Rl) Ym (lm‘r)v
Zy (M) ==, (yr) Y (R, — J, (AaiRo) Yy Oi1),
Jn(x), Y, (x), Y(x), J,(x) — dynxnun Beccens TNepBOro W BTO-
POTO PoAa REeHCTBHTEABHOLO APryMEHTA, M=V, & =15,.
Mocroanure €} u C apanoTcs xosdxpHUHEHTaMH dypee
pasaoxenus pyHkuni &, (r, ¢), (i =1, 2) — B aBo#ivoR pag no cob-

CTBEHHBIM QyHKUHsM Z,, (A, r)-sinv,e 0 Z,(A,r)sinv,e, coorser-
CTBEHHO, W ONPERSAFIOTCA IO PopMyram:

o R,
V1 a0 (0 9y Zon Qir) sin vuerdrde
ay _ 2 ok
* R IZy QiR — RY|Z,, (iR
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Lok p)= =Pt
p hr) = S5 (15)
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=2tk
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Jag xaxaoro GHKCHPOBAHHONO 7 BeJAHYWHE Ay (i=1,2.)
ABMIIOTCS  KODHAMH TPAHCUEHACHTHOTO XaPaKTEPHCTHYECKOrO

YPaBHEHHA:
M X i R YV (MR — T R ¥ (RN i (LR ¥ (0, Re)—
— Js (R Ye (R = XV [, (LR Y R —  (16)
"_Jk (luRz) Yk (lch)I'[j;n (lch) Ym (;Lan) - Jm (lan) Yf;i (lch)]'
DTO ypaBHeHHe NOJYYAaeM H3 VCJAOBHE HA CTHIKE (10). Hec-
IOAB3YA METOLHKY DEIUEHHA 334a4H AAd ABYCJAOHHOIO CBOJA,
MOXHO MOAYUYHTH PeuieHue AAa 7-CAOHHOr0 CBOiA.

[Toroxur B (13) u (14) T= o0, noayuum CTauHoOHapHoOe pac-
NpeneeHNe TEMNEPaTYPH B ABYCAOHHOM CBOAe.
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K HEJJMHEMHOW TEOPUU ®UJIIBTPALIUU
E. I'. lllewyros, B. M. Qouun

B paunofi ' paBote ~HeauneilHbie” ypaBHEHHA, ONHCHBAOIIHE
GUABTPANNIO KUIAKOCTH, HE NOARURAIOWYIOCH JHHEHHOMY 3aKOHY
Japcn, cBegenwl K auHefinbiM. PacCMOTPEHBl YacTHHE CAyYaW
HeJqHHEAHOro 3aKOHAa, KOrja CUCTEMa YpaBHEHHI ABUXeHHd mepe-
xoguT B cuctemMy Kowrn — Pumana. [lano pemenHe onnol kpae-
pofi sagauu. [MoayueHnHsle pe3yabTaThl MOTYT HAalTH NMpHMEHEHME
Ip# MCCAEAOBAHMH ABYX(a3nbix Teuenud. Hexoropeie nofobuue
pesyabTaThl Obiau noayuewni panee npod. C. H. Hymeposum,
HO He oNyGJHKOBAHH B NEYATH,

MeTol pelenns 3a0ay TeopHH (HALTPALUM TNpH
HENWHEAHOM 3aKOHe ONpelieleHHOro BHIA

PaceMoTpHM vCTAHOBUBIIEECS ABHKEHHE TPYHTOBBIX BOJX TOA
THAPOTEXHHYECKUMH COODYMEHHAMH, KOTAa 3aKOH (PuabTpalHu
sanucad B BuAe, npeanoxennom C. A. Xpucruanosuuem [1],

o (w) —
grad H = — LA R

¥

HAH

H _ _ %@, o _ 2 Vit (1.1
dx w dy w

rae ff — wnanop, @ — cxopocte ¢uasrpanun, @ {w)— ragpapai-
YeCKHit YHAOH, X H J — He3aBWCHMHBIE KOOPJIHHATH.
CunTas KUAKOCTE HeCHHUMaeMOH, YPABHEHHe HEePa3PHIBHOCTH
3anuuleM B BHIE
du | ov

+—=0 (1.2)
dx oy

¥paenenud (1.1) u {1.2) 06pa3vIOT 3aMKHYTY0 CHCTEMY YypaBHe-
Huft a8 HaxomaeHus M, w H v.
BeeneMm B paccvoTpeHde BYHKIMIO TOka ¥ QopMyaaMu

f i)
u=a—b, o= (1.3)
dy ox
Torza
OH o) 9
dx w dy (1.4)
OH _ 0@ %
ay w 0x

D1a cHcTeMa YPaBHEHERA HequHeliHa.
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Tlepexoas K HOBBIM HE3aBHCHMBIM NEPEMEHHBIM W ¥ © (6 —
Yyroa HaKaoHa BEKTOPA CKOPOCTH K OCH X}, NONYYHM JAHHERHYIO
CHCTeMY ypaBHeHHi

ow | w98’ (1.5)

H_ v
db d® (w) Jw
dw

LlonyuedHas CHCTEMA YpaBHEHHH OKa3bLIBAETCA aHAAOrHYHON
cucreMe ypapHeuuit C. A. Yanauruua B rasoBofl nuHaMmxe 131,
H AJS €€ DELIEHHA MOryT OBnTb HCUOAb30BAHH METOIE a3oBOil
AuHaMuku (cM., wamp., [4]).

CucreMa (1.0) MoxeT GHTE NpeoBpasosana k CHMMETDHUHOMY

BUAY:
OH _ 704
ds VT(}B i
9H _ _ 7o (1.6)
Fr VTdS ! :
e
wop/ T @
| 4 . (1.8)
w dd
D dw

3Has pellenue cuctemsr (1.6), nepexon K ¢usudeckoli obaa-
CTH TEYEHHR OCYLIECTBAAETC N0 (opMy.ae

8

dz = dx + id =-‘;[— C_dH+i ] 1.9

+idy = — o) T i (1.9)

PaccMOTpHM  HekoTOpMe HeaHHeflHHE 3aKOHLI duanTpanuu,

NPH KOTOPHX CHCTEMAa YpaBHenudt (1.6} mMoxeT GHTh NpUBEIeHA

K cucreme Komyn — Pumana,

a) lyere VT =#""=const. Torma w3 (1.1) u (1.8) BuIHO,

47O 3TOT CAydall COOTBETCTBYET 3aKOHaM (GUALTPALHM BHAA

|VHI=‘I)=;'7"1_-T=<—“—_-2-)2(O~§‘W<OO) {1.10)
H
lPH|=P=—— e (0<w<m).  (Li1)
e

! Brepeue Takoil nmoxxon k JanavaM HeanHelHod QuasTpanun' 6ma npu-
MeHeH . Jureaywnom [2].
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TIpousBOJLHHE NOCTOSHHHE £ H /2 MMEIOT Pa3MEpPHOCTb CKO-
OCTH. )
P 3amernM, 4To 3aK0oH ¢uabrpaunn (1.11) Ou BREpBEHE pac
cwotper B. B. Coxoaosckum [5]. Tlpu m=co moaydyaem oOwmd-
HEI JHHelHHH 3aKOH (PHABTPaLUH. B

Ecau smecto H BeecTn dynkuuio 9= — k(H — M), rne H,
NOCTOAHHAs, TO ypaBHenus asmienns (1.6) mepefiayT B crepymo-
mue:

de __ 0b
os o8’
o _ (1.12)
o8 as ’ y
npHIeM
o 2
]/1i — =1
s=w—In | L—2T L + 5, (1.13)

rae s, — NOCTOAHHAs, @ 3HAKM + W — COOTBETCTBYIOT 3aKOHaM
¢puaprpanun (1.10) u (1.11).

6) Tlyets V' T=(As + B)’, rne A u B-— HEKOTOpHE TOCTO-
AHHEHE. 3aKOH OUAbTPAUUH, COOTBETCTBYICILKHH 3ITOMY <Aywalo,
6yaeM MCKaTb B napaMmeTpuueckoit gopme: D =2=0(s), w:l'zefz(s).
Js19 BaxOmOEHHA 3THX 3aBHCHMOCTEH CAYXAT YpaBHeHHA (L. ) u
{1.8), KOTOpHe npuBeieM K BHAY, YLOOHOMY AasA pacuera:

«(3)

= 1
VT3 +—0=0 (1.14)
1
d -_—
RN (‘I’) —0.
w das

PemerneM 3toll cucteme npn V' 7 = (As + B)? 6yayT PyHKuun
As+ B

Cie " +C*

w=[C,(As+ B+ Ay — C(As+ B—A)e’I”', (1.16)

® = (1.19)

rae C, m C, — NPOH3BOABHEE TNOCTOSHHKE HHTEIPHPOBAHHA.

Mpu A=0, uckmouas u3 (1.16) u (1.16) nepemeHnyw s,
noJay4aeM 3aKOH (PpHAbTPaOHM AAs PaHee PACCMOTPEHHOro Cayqas
VT = const.
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Cuctemy ypasuenmii (1.6) npusenem x Buay

9 1 v\, 84 1 d2N__
-a?( vF 05 ) T (V? o9 0. (1.17)
O (VTN L 0 (TN _
g( T£>+ = (H" aﬂ) 0, (1.18)

rhe ¢ = - H,

Ecan swecto ¢ seectn dynkmno ¥ =, + /Ty, rae ¥, —
NOCTOAHHAA {He yMeHbilasds OGIHOCTH, MOXHO HOAOXKHTH W,=0),
T0 (1.18) mepexoauT B ypasuedHe

AT AYT
¥ T YT
Tak kax 8 Hawem cayyae YT =As+ B, 1o
AV =0, (1.20)

Bpenem B paccMorpenne dynkumo O, CONPAKERHYI0 ¢ ¥,
T. €, YAOB/IETBOPSICULYI0 COOTHOIEHUAM

(1.19)

BT v 4D JT
& o, &_T (1.21)
Ceasp Mexay ¢ u ®, T ocymecteaserca dopmy.ioi
de = (As + B) d® — AT 4. (1.22)

Ilag ' panvoro cayuas ¢opmyaa nepexona k QusHyeckod
00MaCTH TeYeHHA B KOMIMIEKCHOM BHIe Syner:

(4s + Byd® — AWds |
) M

dz=dx + ia’y=e"“{

el i el ey ey (1.23)

“7 INpumep. B  kayecTre
_ NPUMEPA PACCMOTPHM pemie-
] x £ HHE 3ajauyd o HamopHo#
l, fuasTpannn woa ruzporex-
EHYECKHM COOPYXKeHHEeM

Phc 1. Pusnueckad obracth Guap- (puc. 1), cocrosimeM w3 Bep-
Tpaw. THKAJIbHHX yuacTkos BC u

GF, rOPH3OHTAILHOIO yuacT-

xa DE u xByx yuactkos CD u EF nOCTORHHOH CKOPOCTH @,
{AB n GA — cOOTBETCTBEHHO HEWHUM 1 BepxHui Gbedn) . Bpu-

AY CHMMETDUM TeYeHH: GYAEM pacCMATPHBATH TOALKO JAEBYIO
dyacTs o6aactu GuaAbLTpaummy,

I [ dv __a¥ T
;:_L_j - @ + |:A3+B (As-{—B)"’:I}

! B cayuae auHelHOro 3aKoHa Hapen nanmas 3apava Geua paccMoTpeHa
B patote {6].
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. 1
O6aacTh H3MEHEHHst KOMIIEKCHON uepemenHofi $— b ‘mpen-
cTapaseT co6ofi moAynosocy (phrc. 2). Coome'rc-rsyromge -roqm;
Ha PHCYHKAX OGO3HAYEHH OXHHAKOBHIMH OYKBaMH, eazt:{réns
5, — 3HaUeHHEe (DYHKHHH § TPH W= W,, Sz H S, — SHAUCHHE ;

B ToYkax B u K.
C noMompio QYHKIHHA

f {—d i
s-——iﬂ.-_-——-%arc sin [1+2E]+S*+T 2.1y

Prec. 2. Ob6lacTe HIMEHEHHS TepeMeH-
koro s— if.

nponsseseM OTOGPAKEHHE NOAYNOJOCH Ha HHXHION ‘TOTYnao-
cxocts (puc. 3). TlapaMeTpH ¢ H & CBA3aHLL C §p U S, 0O Gop-

MyJaM
sp=su— Il 6+ VFI],
SK:S,g—‘%'lnlko'l'Vké_fla

rne

1 +d _1_ol—d
b=1+2m,§’0—1 20—

B HmXHefi HOAYIAOCKOCTH NEPEMEHHOT0 § IO FPAHAYHEIM YCAO~
BUSIM

‘I’=63 HP“E<_1» i

U=0mpn —1<E<+1, ©
b=0mpr E>1, a 5 ¢ ok & &
pewias CMeIIaHHYIO Kpae- + < d py

BYIO 32234y, HAXOAHM ana-
JIE[TH qe(:KyK; GYHKIHIO Prc 3. O6racts n3MEHEHRA REPEMEHHCIO L.
D+ iT:

E}+i‘?=—i€arcsinﬂ+-;—¢_’3' (2.2
1]
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Ucknouas nepemennoe § us {(2.1) u (2.2), no
. .2}, AydaeM
JAanWyo peledne Hawe# 3agauu: 22 Y dopuyay,

s—iB:——’-arcsin{l—
2 —¢

sin 3—(?13 _ 13, 4w
[ T 70 +iT) +
£
+ d]} +s4 5 (2.3)
Teneps oGparumca k ypasuenuam (1.23) u {1.15) u yunrnBaa
4TO BAOJAb NOA3EMHOTO KOHTYpa ¥ = ‘
Ao e yp 0, mpeacrtaBuM ero cae-
dz=dx + idy = e®[c,e™ @ 4. c,e’ P 4o, 24)

O1ci0na AR reoMeTPHYECKHX PA3MepoB 061acTH duapTpanun
=
TR A (B=—«2— Ha BC n 0=0 ua DK) HMeeM

b3

B - -
h=—[1Ce™ T+ Ce’™] o, (2.5)
T
¢ - —
L= [ [Ce™ P+ Coe* ) 4. (2.6)
op

Bxoaamue cwoaa napamerpu @7‘3 H <I_>;) onpezeafoTcs no ¢op-
MYyJiaM:

_ L
_._ B 1=
Q.= —arcsine +3®B‘
— Iy —
®D=——Barcsind+—1—‘l’ .
e 2 8

Ypasrenne konrypa CD NOCTOAHKOA CKOPOCTH HOIYYHM H3
42.4) nipu s —s,, wsmensa ® or D, go &,

T
x=(Cie™™ - Cye™) j cos 8 (D) g®,

*c

&
Y=(Cie™* + C,e™) j" sin 6 (@) 4O, 2.7)
E2S

p B peuwenne paumoro mpmMepa Bxoasr TpH mapametpa P, ¢,
» A1 HAXOKACHRA KOTOPHIX UMeeM Jisa ypasHeHud (2.5) u (2.6).
58

TpeThbe YpaBHeHHE HAHAEM, BOCTIOAB30BABIIACL POPMYAAMH (1.22),.
(2.1} u (2.2). OTxyna uMeeM

Hy— H,

i E—d = s
S{A[-—Earcsm<1+2d—-—:c +Sﬁ+?]+B}V_—1-—-52
{2.8)

TIpk NpOBEACHHH YHCAOBHX PacueTOBR ylo0HEe 3aAaBaThbCd
napamerpamu —1 <c<d ¢ <{d<+1. Torna us (2.8) Haxo-
JUTCH @B, a no gopmyaaM (2.5) u (2.6) reomerpuueckue Ppas-
MepH TMOA3EMHOro XORTYpa [ u fp.

5, ——
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B&KYYMHI)IG HaCoCbl N YCTAHOBKH

COCTOSAHUE n ITEPCIIEKTUBbI ITPUMEHEHUSA PABOYUNX
AKNIAKOCTEU JIA TIOJYYEHUA CBEPXBBICOKOI'O
BAKYYMA C IIOMOLIBIO TTAPOMACIIIHBIX HACOCOB

M. JI. Aramresus, B. H. Mupumanosa, I'. C. Kapunosuy

HecMoTps na To, 4TO B moeAesume rogu ans CO3ZAHHA BBHICO-
KOFO BAKYYMA HAXOAST BCe (OAbWee NpAMEHEHHe aAeKTpodH3U-
YECKHE, COPOUHOHHEIE H KPHOTEHHHE METOAM OTKAYKH, HHTEDEC
K HCOOABL30BAHWIO AMsl STOH NEAH HAPOMACHATRHX HEIE.‘.O(:OB pHe
TOJLKO He ocqabeBaeT, a Ha0GOPOT — YCUAHBAETCA.

310 0f6yCnoBAeHO mnpexae BCero NPOCTOTO! KOHCTPYKHHH
3THX HACOCOB, A TAKKE HANCKHOCTHI PabOTH H OTHOCHTEALHO
JAewteBOH 3kcnayatauuefl. Kommaexe stux NPEHMYLIECTB napo-
MACAAHBIX HACOCOB NPUBJACKEET BHHMAHHE HCCASAOBATENCH H NDAK-
THKOB K TAPOCTPYHHHIM H4cocaM K NpH peweHdn npoﬁngmm
CO3ZAHHA CBEPXBHCOKOrO BakyyMa.

HN3BecTno, uTO CTEmeHe AOCTHrAEMOTO BaKyyMa TpPH NOMOMWH
TaPOMACATHNX AH(DPYSHOHHBIX HACOCOB B XOPOWIO OTTPEHUDO-
3a2ngﬁ CKHCTEMG SdBHCHT OT YNPYrOCTH mapa paBoqell XRUAKOCTH
KaqEngM;%BO%i err;{e.pmnqecxoro Pa3A0KECHEA, NPOHUKAKLIHX B OT-
) B sapyGewmuoR npaktuke uamuGoaee WHPOKOE NpHMEHEHHe
HallTH CBEPXBHCOKOBAKYYMHLIE XHAKOCTH HZ OCHOEE nojupenu-
ZI0BHX 3QUPOB (kouBaaekc-10, MOHCAHTO — OS-124, canTOBaK-5
CaHTOBAK-6 U 4p.), a TAKKE KPeMBHHOPraHH YeCKHE (cnnnxonosuei
coenunenus ([C-705, NC-704, MS-705, SO-66 u Zp.}. [Mpume-
HAIOTC TAKKE KHIKOCTH HA OCHOBE HedTAHHX HPO,ILYI{';[‘OB {aud-
¢enes-yavrpa, amueson C u ap.).

ITonudennnopue sdups o6wmei hopMyaH

CsH50 (CgH,0), CeH;

0GJA12I0T UCKIIOYUTEAbHO TepMHUe
yl'lp'I}:I‘OCTbIO e 2 CKOAl CTOAKOCTLIO H HH3KOH
dK, HaUpHMEP, MATHKOALYUATHEA 3puUp (n=23) H
- MeeT T -
pgTypy TEePMHUECKOTO PA3M0KEHAS nopﬁgufa 4401-450°C [legfeu
OOManaeT yupyrocTsio napa npu 20° C nopsaxa 1071 uu pT. cr. 13]
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Oxa3anoChb, UTO AJfl TOAYYEHHs CBEPXBLICOKOTO BaKyyma fpH-
rOAHH 3QUPH BeCbMa BHICOKOH CTENEHN OQMHCTKH, INPHIEM C Me-
TAH3OMEPAMH ToAyHaeTca 6oaee FAyGOKHA BaKyyM, YeM CO CMe-
camu uzomepos (3]

Moandenunopue 3QUPH HO CPABHEHWIO C ADYFUMH paGounmu
SKHAKOCTAMM O6JaNA0T Manoif CKOPOCThIo 00paTHOIO ROTOKA
(3-107° mzjcM-Mur) B OTXAUHBAEMBIH 0GDbEM [4f

CaengyeT UMETh B BHAY, YTO NPHMEHENME CBEPXBHICOKOBAKYYM-
HHIX PaboOUHX MKMAKOCTEH Ha OCHOBE NOAHPERHAOBHIX 3PHPOB
Tpe6yeT TOBHIIEHHHX MONlHOCTeH TNWOLOTPeRa KHNATHALHHKA
Hacoca.

Kpemuuiiopraunueckue (CUAHKOHOBEIE) XHUAKOCTH MO TEPMU-
HOCKOH CTAGHALHOCTH YCTYNAIOT HoAu(eHRIOBEM 3(PUPaM, OQHAKO
33 HHMH OCTAeTCs NPEHMYINECTBO MO TEPMOOKHCAHTENBHON CTOH-
xoctu. Tak, Haupumep, xkuakocrts SO-66 (dupma ,JlefiGoana®,
$PT), no nanusM GupMEl [5], HO3BOJsET LOCTHIATD NMPEACABHOTO
BAKYYMA HH3KOTO 3HAYEHHA 3@ OLHO W TO Xe BpPeMs jAaxe mocae
500 HanycKOB BO3AYyXa B CHCTeMY € paGOTAIOIIHM HaCOCOM.

W3 xpemMuufiopraHHYecKnx XHAKOCTeH nanbonee uINPOKOE
pacmpocTpaHeHre 3a pyGexoM NOJAYTIHIH NOAHPEHHIMETHACHAOK:
canp JAC-704 n [OC-705 (dupma ,Dow Corning®, CILA).

Kuakocts JJC-704 npeacrapaser coboll TeTpadenurrerpame-
THATpUcHAOKCAn [6], KoTOpHl HMeeT CAEAYIOMYIO CTPYKTYPY:

CH,  C¢H;  CH,
t | |

] i I

CH, CeHs CH,

DTa KUAKOCTH WMeeT yupyrocTs mapa 8-1077 sy pr. cT.
apu 20° C. TIpuMmeHeHHe 3TOH MUAKOCTH MNO3BOJACT HOJYHATH
sakyyM nopaaka 107° ma pr. CT. 6e3 cpeacTs rayGoKOre oXaam-
JieHus,

Kugxocrs NC-705 [7] saeaderca mneHTadeAHATPUMETHACUIOK-
catoM [6] caeayoumel CTPYKTYPEHL:

CeHs CeHs CeHs

I f j

CH;— 51— O —Si— O —81— CH;,
} f 1

CH; CeHs o7

O6nanas Huskok yupyrocthio napa (mpu 20°C o 2:107"° aie
PT. CT.) 5TA XHAKOCTb TNPUMEHAETCH IS NOAyuYeHud BakyyMa
nopaaka 107° um pr. ¢T. Ge3 CPeACTB IAyGOKOro OXJAaXACHHA.

CaenyeT OTMETHTb, 9TO JJAs AOCTHHEHHUSA foaee HU3IKHX AaB-
JeHnil B CHCTEMaX ¢ MaCAAHGH OTKAYKOH He 0043aTEALHO OXAaM-
JATh JOBYIIKY XWIAKHM 330TOM, a BOOJAHE NOCT2TOYHO YMEpeH-

g1



Hoe oxJaxaenwe. Tak, Haupumep, NpH OXAAKACHHH JOBYINKH -
quite 16 — 40°C na JAC-704 6u1 noayuen mpeneasHui BAKYYM °

5.107'% wx pr. cr. [8].

OIHNM H3 BaWHHX YCJAOBUH NOAYUEHWS CBEPXBHCOKOTO Ba-
KyyMa B CHCTEMAX C MACAAHON OTKAUKOH ABASETCA OTCYTCTBUE
3aTpA3HEHHA B DaGOMHX KMAKOCTAX. [I0 JUTepATYpHEHM naH-
HEM (9], OnHa MUIIMOHHAS ZOAS ONPEBEAEHHOFO THNA 3arpssHe-
Uil CYIRCTBEHHO H3Menser >DPeKTHBHYIO ynpyrocth mapa pa-
Gouell AMHAKOCTH H TEM CAMBIM MOXET HAMHOIO TOBMCHTD 3Ha-
YeHHe NPeNeALHOTO BAKYyMA.

He Menee BamHLIM yCI0BHEM fBAsETCA atpekTHRRAS OUMCTKA -

pabouux KuUAKOCTER OT mpumecefl u 3arPA3HEHUA HENOCPeNCTBEH-
HO B camoM Hacoce. Bemo ycranoeaeno [10], uro B MOAnpuLU-
POBAHHHX HACOCAX € Xopowel 3 peKTHBHOCTHI OYHCTKH BO3-
MOXHO MOAYuaTh BakyyM mopsaika 2-107'° ai pr. cr. ¢ npume-
HCHUHEM JIHNIL BONOOX/MAKAAEMBIX JAOByUwekK, PaGouuMu Kupko-
CTAMH STHX HACOCOB CAYKAT CBePXBBICOKOBAKYYMHBIE MacJa
JC-705 u konsaaeke-10,

3HAYUTEABHYI0 POJb B CO3JAHHH CBEPXBHICOKOIO BAKYyMa
B CHCTEMAX MACAAHOR OTKAYKH H B NONACDWARHU €r0 HA AJA-
TEJAbHHM MEePHOM HrparoT pasfuuioro poaa MacaQoTpaxaTeny H
AOBYIIKH, KOTOPHIEC NPENATCTBYIOT BBUIETY MACAA B OTKAYHBAC-
MHE o6beM. B kawecTBe mpumepa MoxHO ykasaTs Ha paborty
Toamu [11], xoropufi mpoBOAMA HCCAEZOBAHHE IO H3YYEHHIO
COCTaBA OCTATOUHHX r430B B CBEPXBHICOKOBAKYYMHON CHCTeMe,
COCTOAIEH H3 ABYX (OCHOBHOTO M BCIOMOMaTeabHOFQ) napomac-
ASHEIX AHQQYSHOHHBIX HECOCOB, PaGOTAOLIHX HA CHAMKOHOBOM
muAkoctTu J1C-705.,

Haz ocsoBumm macocoM wmonrTupoBaduMch 1pe MEBPOHHEIE
AOBYIIKH, ONH& H3 KOTOPHIX, NPH(IAHIOBAHHAS K HACOCY, OXJAaK-
Jlanack BOAOH, @ APYras MOINIA OXMAMIATHCA IO YMEPEHHO HU3-
KUY Temnepatyp nopaaka —40°C. Takad koMbuxauus JoByuiek
HE TOJbKO C031aBa1a NOMOJHUTEALHEH AHTHMHIPAUMOHHEIH Oapbep
A/l GPORHKHOBEHHT MAac/aa HA4 CTOPOHY BHCOKOTO BAKYYMa, HO
H AaBald BOSMOXHOCTh MPOBOAHTE OGE3raXHBAHHE NPOTPEBOM
BLICOKOBAKYYMNOll 4acTH annmapatypsl NpH BOAAHOM OXJAaNEHHH
AOBYIIKH, IPUQIAHUOBAHHON K OCHOBHOMY HAacocCy. TeMm caMbM
SHATHTEILHO YMEHbINAAaCh BEPOSATHOCTE SATPA3HEHHS CHCTEMB
BO BpeMs OpOTpepa.

WTak, aJa MOCTHXKEHHS AABACHMS B cucteMe Menee 1-10—°
MM PT. CT. HEOGXOLHMO MOCAE MPEABAPHTENBHON TPeHUPOBKH
paboueit KUZKOCTH B HACOCAX (ox0a0 Heneam) npomecTH O6esra-
KHBAHHE TPOTPEBOM BLICOKOBAKYYMHOR 4ACTH, BRJAIOYASA U Bepx-
HIOIO JOBYWUKY, B TeueHue 32 4aCoB npu Temmepatype 200° C.

Coueras aautenpuym TPEHHPOBKY palouell XKHAKOCTH B Ha-
COCax € nporpeBoM AaHHOH cHCTeMsl (B o6wedl CAOKHOCTH 4 IHf
npu Temneparype 200°C), MOXKHO ROJAYUHTL ,Be3MacAsubi®
BaKyyM, KOTODHH yjepxknBaeTcs B Teuenue 11 pgHedt mnocse
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OXMAKACHHA CHCTEMEl, & 3aTeM B CNEKTPE OCTATOWHEIX rai:-.;[oa
TOSBAAETCA eAWHCTBEHHHI IHK YIIEROJOPOAA, omocnuén cq
K 6en320.71y (macca 78), umenmuil napunaieHoe HaBAeHHe He doJaee
L1071 At pT. CT.
; loTamﬁa o%paaom, NPUMEHEHHE CBEPXBBICOKOBAKYYMHEIX paﬁo:
YHX KHUAKOCTEl B HACOCE MO3BOAFET B XOPOWUIO OTTp&HHpOBaH_
HHX CHCTEMAaX MOAy4aTe Bakyym 1077 — 1077 ax p“'rlbc'rl.ogunpu
MeHEeHUeM JHIb BOAOOXAAAAAIWUX A0Byek v 107" — ;{u.u
pPT. ¢T. ¢ TpPUMEHEHHWEM CPEACTB DIYOOKOTO OXJIAMNCHUA. ag
NOKA3aHO MHOTOYHC/ARHHEIMHE HCCAEIOBATEAAMH, OOCTHTHYYHI
BAKYYM B CHCTEMax ygepmuaae’rca) BPOAOAKUTENLHOE BpeMd
eil 70 HeCKOJbKHX HEAeAb)
o }'(I}o.f:;qeﬂﬁe CBEPXBLHICOKOIO BAaKyyMa ¢ TMOMOILLIO opraﬂnqe};
CKMX PabOoduX WUAKOCTeH yxe BHILIO H3 PAMOK A3a6OPaTOPHBI
BAHUIL.
Hccgeﬁgcigﬁmee BpeMa 33 py0ekOoM WpUMEHEHWE B napomac.uﬂi;
HBX AdDOY3HOHHBIX HACOCSX B KaueCTBe paﬁoq%S mﬂnxgce:rriﬁ
noanteHuI0BHK 3bupos u cuankoxos Tama AC- CUUT o
OAHUM M3 TeXHHUECKUX CHOCOO0B CO3JAHHA CBEPXBHICOKO
Ma.
Baxg};o NONTBEPRKAACTCA TAKKE M TeM, YTO 3apylekHbie cbupm:[
110 NPON3BOACTBY BAKYYMHOTO 0GOPYZAOBAHHSA 32 MOCAEIHHE FOX ;
CTaAY NOCTABJIATH NAPOCTPYiiHHE HACOCH B KOMILUIEKTE CO CBEPX
BHICOKOBAKYYMHBIMH PAGOYMUMH JKHAKOCTAMH, FAPaHTHPYA AOCTH-
JeHHe HACOCAMH CBEPXBHICOKOTO BaKyyMa.

HeCKOJLKO NpHMEpPOB.
gg;aﬂHorEpM&H(‘.Kgﬂ cbgpma SJleficoann® [12] mocraBageT ma-
pomacasiiele nupQY3HOBHBE HACOCH B CBEPXBEHCOKOBAKYYMHOM
HMCIOJMReHWR € JW0O0H H3 ykasaHHBX B TaGjuEe XHIKOCTBIO,
ofecnetHBalIeil COOTBETCTBYIOMUH TPeAeAbKbid BaKyyM.

Tabauya

Mpenenvusiii BakyyM™ B A4 PT. CT. Vnpyrocts

B JOBYIIKE, OXJamAaeMoi napa npn

Macao 290c
BOROMH HHIKHM 430TOM B MM PT. CT.

- - —9

Dngdensn-yiprpa . . .| 2.1078 5.-10710 s 2,6-10__3

AC704 .. ... ... 24078 MeHnblie, yem 4-10 23.10"
AC-705 ... 810710 3441071
Kowpazekc-10 . . . . . 3.107° HEH3BECTHO 2,0.10710

Anramiickasi dupma .22Bapac‘ KOMIVIEKTYET CBOH Hacoc5{
HapAAY C BHICOKOBAKYYMHBIMH KVAKOCTAMH — HeQTAHHIMU H CH
auxonosuMu (J1C-702), a Tamxe H CBepPXBHICOKOBAKYYMHBIMH —
IC-704 u NC-705. ¥YkazmBaeTcd, 4TO NPH HCNOJAB30OBAHHM KU

%} DTH JaHHHe BLHI3LBAKT COMHEHHE.
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koctn JC-705 dupma TApaHTHPYeT NOMyYeHHE NOCTABATEMHMHE
Hacocamu paspexeHns 5-107° su pr. crT.

AmepuraHckas GupMa ,KOHCOMHZeATEsN BaKyyM Kopmopefmn*’
[14] pexomennyer HCHOABL3OBATL CBOM HACOCH ¢ CBEPXBHCOKO-:

BAKYYMHEIMH padOUUMH  MUAKOCTAMHU KoHBaaekc-10, [C-705,
KOHBOAA-20, Ba KOTOPHX AMDPYIHOHHME HACOCH dbapMm hocTH-
TAI0T PA3PeXEHHOCTH A0 1077 Mu PT. CT. 6€3 OXJAaXJAeHUs JOBY~
UIEK 10 HU3KHX TemmepaTyp M oxoxo 107'° wa pr. cr. npu
OXJaMIAEHNY JOBYDIEK XUJIKUM A30TOM.

Hewmenkas dmpma ,epasyc“ (Heraeus) (15] aas noaywenus ua
MOCTABAAEMEX QUPMOR RaCOCAX CBEPXBHCOKOrO BaKyyMa peko-
MCHAYET TDHMCHATH HEQTAHOE CBePXBHICOKOBAKYYMHOE MACAO
kaT. Ne 66310, na koTopoM npu TeMIIepaTtype JOBYIUKH + 15°C
AOCTHTAeTCA paspexennocTs 2-107° sy pr. ct., a IpH TeMIe-
patype AOBYmIKH —35° n —196°C JHaBAeHHE MOXHO NOHUZHTE
20 6107 u 2.107" 4x pr. CT. COOTBETCTEEHHO,

Cpein OTedeCTBEHHBIX CBePXBBICOKOBAKYYMHEIY PAGOUHX MUK
KOCTEA MOXKHO H23BaTh: Maca0 BM-5— yskywo bpakunu wedra-
HOTO Mac/a, noanpenuaosnit aup 5P43 (IIH3) u HaXOAAMYIOC]
B CTarud paspaboTkH kuAKOCTh ©M-1, Ha OCHOBe KPeMHul-
OPTaHUYECKHX COCAUHCHHH, ABAGIOWYIOCH AHATOTOM XHAKOCTH
JC-705. g

Macao BM-5 sumyckaercs TPOMBINACHHOCTLI0. OHO ofece-
IHBAET NOJYYEHHE TPeNeJbHOTO Bakyyma 107 wm pPT. ¢T. Ges
OXJAWACHUA JOBYWKH XMHAKAM asOTOM., 3TO MACAO XOPOMIO
H3BECTHO, OHO HAWIO WIHPOKOE NPHMEHEHHE B BAKYYMHOM Tex-
Huke. Mcmoabzosanue ero smecto BLICOKOBAKYYMHOTO Macaa
BM-1 (a#asorwanoro NPOHCXOXACHHASA) TNO3BOAKET HE TOJABKO
IoxyuaTe Gojee rayGokul BakyyMm mpu COOTBETCTBYIOLIHX YCA0-
BHAX HOATOTOBKH CHCTEMH, HO M JOCTHTATH BHCOKOTO BAKYyMa
3a Gosee KopoTkoe Bpema. Kpome Toro, clIeAyeT NOAYEPKHYTb,
JTC CHOEKTp OCTATOYHHIX TA30B B CAy4Yae INPHMEHEHHA Macaa
BM-5 Bsamen BM-1 comepxuT MmeHblie YIMI€BOAOPOAOB KAK IO
COCTABY, TAK # MO HX OTHOCHTEALHOMY COAEPKAHUI.

POBEJIEHHHE HCCACLOBAHHS M MCNBLITAHHS PAAA MAPTHH XKHA-
KOCTH 5P43, HoayHEeHHHX B IpoHecce OCBOEHHS NPOMHUIAEHHOrO
NPOH3BOACTBA, NOKA3AMU;

I. Ynpyrocrs mapa XHAKocTH JexntT B npeneaax 1071°—
107*% aa pr. cr.

2. Basrxocts npu 50° C — 128—135 com.

3. Temneparypa sacTuBanus 44 — 4+ 5°C,

4. B cucremax Ha metamnmueckom YOAOTHEHHUH (aJIOMHHHEBHE
KO/MBbIA), COCTORUIMX M3 TEXHOAOTHYECKOTO KOJANaKa, MacaoorTpa-
KaTe/ll U JOBYUIKH, Hacocom H-1C-2 mocne mporpesa BHCOKO-
BAKYYMHOR cuCTeMul npn 280—300° C & Teyenne 24 wacon LOCTH-
FaeTca Ipeaeabibil Bakyym (2 -+ 3)-10% an PT. CT. NIPH OXAAK-
ASHUU JIOBYINKH BOJOK ¢ Temmepatypoh (a Bxoge) -+20° C.

[lpu sTom caenyer ykasate a 70, 4TO:

bz

a) MpeLeNbHBA BaKyyM HEH3MEHHO COXDAHAETCS HA MPOTA-
JKEHMH BCEr0 ONHTA, AAMBLIEIOCS HEUPEPHBHO B TeUeHHE He,uem;:

6) nocae JBYX-, TPEXCYTOUHOIO HMPeOHBAHMA YCTAHOBKH Bnl-le-
pagoueM cocTOosHHH (MOA BAKYYMOM) Mpexuee SHaﬁqethi{iacgca
AEeABHOrO BAKYyMa RocTHraercd uepes 4—6 qacos pado
nocie MporpeBa CHCTEMH; -

B) 6eg NpeABapUTEALHOTO NPOrpeBa CHCTEMBE .u.aanegnsul(l){a-
MM DPT. CT. LOCTHraeTcs yme wHepes 2,5—3,0 waca pabo
coca; )
rf CIeKTP OCTATOYHHIX rasoB (HpH OGHIEM AABJIEHHH IO OMIg-
ratpony 2,8-107° s PT. CT.}) B OCHOBHOM COCTOMT M3 CA€Ly

L]

WHX ra3os:

— enue 1,6-107% mu pr1. cT.
H, -— napnuaJpHoe A4aBa e B

Ic{: O— ; 5,0-1071° aae p1. CT.
¢o— . 1,5:107" sae pr. C1.

CyMMa Yr1eBojo0pOAOB — MapUHAIbHOE JABACHHE MeHble
5.107% m4 pr. CT.
1) OXJAXIEWHe JOBYLKH JKHAKHUM a30TOM yMeHbWaeT ofulee
— ABa pasa;
ABNEHNEe B CUCTEMEe B NOATOPA — A
8 €) ONTHMaAbHEE 3HAYEHUS NPEALJIBLHOTO BaKyyMa ,u,ocmralg’r(;{fi
OpE MOLIHOCTH NOKOTPEBa HAacOCa 650—700 BaTT (OPOTHB HOM
HaabHOl 500 BATT); )
7) TpeAeApHBIA BAKYYM He USMEHETCH UDH NOBHLUIEHHH 3B
sewnd Ha dopsakyyme ¢ 107° mo 107° sa pT. €T R
3) KPATKOBPEMEHHHR NPOPHB BO3AYXa B CHCTEMY C IOp b
HACOCOM A0 ATMOC(EPHOro LaBieHHA He YXYANART BaKYyM
XaPAKTEPHCTHK MHULKOCTH. ‘ )
p5 Hg $H3UKO-XUMHICCKMM CBOHCTBAM H BaKyﬁYMHbIM xapak
TepucTukaM noaudenutosui spup 5943 (MP3) 6au30x K KoM

MmepueckoMy 3dupy konpanexc-10.

BH BOIB

1. B coppeMeHHON BaKyyMHOR TEXHHKE LIHPOKO npume:ﬁe;?l:f
MeTOJ MOJYdYeHHs CBePXBHICOKOTO BAKYyMa napomacnarLb;(M cslé o
AdY3HOHHEIMY HACOCAMH C UCHOJNb30BAHUEM CrelHanbh Ceepx-
BLICOKOBAKYYMHHX XHAKOCTeH. 3TOT MeToj CTal ozEmm
HHYECKHMX ¢cnoco0O0B CO3JAaHHs CBePXBHICOKOI'O BakyyMa. eeps-

2. 3apybexBrie BAKYYMHBEIE (HPMBL IIAPOKO npm&enmﬁz Y
BHICOKNBAKyyMHbBe PabOdHe XHAKOCTH, oﬁecneqnsamUécaMH -
YyeHWe CBEPXBHICOKOTO BAaKyyMa MApOMaC/AsHbIMH Hacamnaemux
paaka 107°— 107" 4 pT. CT. Ges mpumenenus oxd4 ALK
aopymek. Boasinoe pacnpocTpaHerue nonyqngu glén{{ng e
HOBe noaudennnosux sdupos (xomHBaneKc-10, 9;



CUMHKOHOBRE wuakoctn {IC-705, MC-705 u np.) u HedrdaHHE
Mmacaa {auddenen-yabrpa, anueson C, KOHBORA-20 H Ap.).

3. OTeueCcTBeHRBE CBEPXBEICOKOBAKYYMHBE MXHAKOCTH BM-b
# 5943 no CBOMM BAaKYYMHLIM CBOWCTBAM He YCTYNAKWT 3apy-
6€XKHLIM M3CAdM, AHAJOTHUYHHEIM 1O COCTaBy, H OGecnedupaioT
moMyYeHHe BakyyMa Ges oxaamiaemerx JoBymex 107% u 107°
MM PT. CT.

4. B 6OJbIIHHCTBE CAYYaEB TEXHHUYECKOrO CO3MaHHA CBepX-
BLHICOKOTO BaKyyMa HAaubo/jee ULenecoOlPas’tno NPUMEHATH METOA,
OCHOBAHHBIE H& HCAONL3OBAHAH NAPOMACAAHHWX AHGPYIHOHHLIX
HACOCOB ¢ DNPHMEHEHHEM CBEPXBBICOKOBAKYYMHEIX IKHAKOCTEH,

KaK Haubomee mpocTol, AeweBHil H HAZeKHWH B 3KCIIyaTaluH. -
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BE3SMACJ/ISAHBIE CPEIACTBA OTKAYKU
M. H. Bunoepados, M. H. E¢rumoe .

Besmacnsanas 0TKauka BAKYYMHEBIX YCTAHOBOK HE SBJAETCS 4eM-
TO COBEpPIIERHO HOBEIM. J[lo n300peTedHa MeXaHHHUeCKHX HACOCOB
¢ MacASAHBIM YOJAOTHEHHEM H MapOCTPYHHBIX HACOCOB, PaboTalommx
HA Tlapax Maces, BCe BAKyyMHBE CHCTEeMB Obn Ge3Mac/aubiMu.
¥ixe B TO BpeMs GBUIH H3BECTHHI H NPHMEHANUCH Ha IPAKTHKE NOYTH
BCe NDHHLHMb, AeXKallle H ceildac B ccHOBe palornl Ge3macysHbiX
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HacocoB — alcopOuuA, KOoHAeHcauus, saektpocopbuud. Oaeawo
nocie MOABAEHHS NapoMAac/AsHbIX HACcocoB, o6JaNnaBilHX Heccrop-
BbIMH TeXHHHYECKHMH M 3KCHAYaTAlHOHHBIMH MPeHMYINeCTBAMH,
fIpOYHe CPeACTBA OTKauXH OTOWAM Ha BTOPOH NAaH # AAHTEAbLEOE
BpeMa He pa3BHBaJHch, DospoxieRne BX, yXKe #a HOBOH TexHHYe-
CKOll gCHOBe, POH30MWVIo B 50-X FOL2X U ObIIC BBI3BARO CAEAYIOIHMH
CBI3aHHBIMH MeXAy cobofl NpHUHHaMu'

1} ofHapy:KeHHWM B pfle CAYYAEB OTPHUATEAbHBIM BAHAHHEM
NapoB Macea H [MPOXYKTOB HX PAa3joKeHUA HA IMHCCHOHHBIE, H30/4-
ilHOHHbIE ¥ Ap. CBOHCTBA paloYHX MOBEPXHOCTEl BAKYYMHBIX nprbo-
poB;

2) HeoDXOAHMOCTBIO MOAYYEHHS CBEPXBHICOKOrO BAKVYMA;

3) BO3MOMHOCTBIO pDeajH3alHH B CBepPXBBICOKOBAaKYYMHO# gua-
nasoHe OYeHb BHICOKOH OBICTPOTHI OTKAUKH, HKHEeJOCTHMXKHUMOH Ias
napocTpyiHmx Hacocos [1, 2}

Ecnn He cynTaTh 0€3MAacAAHHIX MEeXaHHUECKHX H NapOCTPYHHEIX
{HanpnMep, NapoOPTYTHHIX) HACOCOB, KOTOpPBLiE 3€Ch He pacCMaTpH-
BaioTCA, OeaMacAAFble [12COChl MOXKHO Pa3sfeinTh Ha KOEACHCAOHORB-
Hble (KpHOreHHMe) K COpOUHMOHHBIE, a NOCAeIHHE. B CBOIO Odepelb,
Ha agcopOUMOHHBIE H TeTTepHBIC (MJH reTTepHO-HOHHEIE), HasBaEue
3TUX HACOCOB YiKe Ofpefeaser HX HPHENHD NedcTBHA.

Kosizencaunounble Hacocsl (3, 4, 5, 6] ocHOBaHH Ha TOM, uTO
Jaxe B BHICOKOM BaKyyme IpH OUeHp HHM3KOH TeMIepatype paboueit
nosepxaocte 20° K NpoOUCXOANT KOHASHCAUUA TMOYTH BCeX Colepxa-
WUXCA B BAKYYMHOA cucTeme razos. Mcknosenne cocragasior Bono-
POJ, HecH M reaufl. Jis oTKauKkH BOIOPOAA H HeoHa Tpedyerca emie
Gonee #u3kas Temneparypa 4° K, remuft BooGime He OTKaunBaerca
KOHIEHCAIIHOHHBIM HaCoCoM.

KonzeHcanoHHBIE HACOCH CDABIHTENBHO HECH0XKHO YCTPOCHH,
He 3arpAsBfloT OTKAunBaeMbit ofbweM U 06/aFaKT HPeKPacHBIME
RaKYYMHBIMN XapakTepHcTHKamH. GcHOBEAS TPYAHOCTh 3aKqovaer-
CcAd B OXJAXKAGHHH X padouedl TOBEPXHOCTH A0 IOCTATOUHO NH3KOH
TeMOepaTypH.

Hau6osiee 5KOHOMHOe TeXHHUECKOe pellleHHe COCTOHT B NpHMe-
HEeHHH JJIs 3TON LeRH XHAKOro BOZOPOAa ¢ THCTAHUIHOHROH nMoRaveil
€r0 OT KPHOT€HROH MAIIMHH WAH NOAVYEHHEM B HHIAWBHIYAJAbHOM
OJKHKHTENME, YCTAHOBJCHHOM HENOCPEeACTEEHHO Ha KOHMIEHCAHOH-
FOM Hacoce, Cepbe3HblM He[JOCTATKOM KHIKOTO BOAOpoAa ABAACTCH
€0 B3PHIBOCTMACHOCTB, MOITOMY VALGE B KauecTBe XJaJ0arenrTa
Henons3yerca razoobpaskbill renuit ¢ Temneparypoil 16—20° K nan
AKuAKHA reanfi. Mamuuel Anq rayGoKOro OXJAamACHHs reiaus COX-
Hbl B OOCJAYXKHBAHHU H NOKA HEJOCTATOYHO FAMENIhl, UTO H orpanu-
YUBAET PACHPOCTPAHEHHE KOHAEI'CALMOHIBIX HACOCOB.

B copOuHOHHBIX Hacocax, rje OTKayka rasa ocyLI[ecTBJAfETCA
Ny7eM TMOCAQUIEHNS €ro axcopGeHTOM, A0CTATOUHO MPOYHOE CBA3LI-
BaHHe MOrAOUIERHBIX MOJEKYJ Ta3g NPOUCAOAMT NPH 3HAYHTENBHO
Gosee BBICOKHX TeMmmeparypax — 0T 77° K (TemnepaTypa XHAKOro
asora} no komuatHoll, Hcnoas3yerca Kak HH3KOTeMOepaTypHas
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obpatuMas copOuus rasa — B aJcOpOUHOHEEIX HacocaX ¢ MOPHCTHIM
copenToM, Tak M HeoOpaTHMag XeMOCOPOIMA rasa pacnbliseMbIM
reTTepom.

PaccyoTpum B OOIHMX uYepTax OTAeNbHBle BHAHK COPOLMOHHEIX
HAacOCOoB,

HaunGonee npocr No KOHCTPYKUMH AN CODOLUMOHHBIH Ha-
coc [7, 8 On npencrasasger coboll Cocyk, 3anNOMHCHHBIA NCPHCTHIM
copOeHTOM (OOBLIYHO HEONHTOM HJH AKTHBHPOBAHHEIM YraeMm} H Io-
TPYEHHBI B ABl0ap ¢ KHAKHM asoTomM. Lleonat obnagaer EblcOKOM
COpOLUUOHEOA €MKOCTBIC OPH AaBiaeHHH ot 760 1o ~ 10-2 am pr. CT.
(6osee 100 ncm® Boamyxa Ha | e ueoaura}, W Mo 3Tofl NMPHUHHE
LEOJAUTOBHE aACOPOUHOHELEE HACOCH C YCNEXOM HPHMEHAIOTCS Anf
npenBapHTEAbHON OTKAQUKH BaKyyMHBIX yCTagoBok. B Bricoko-
BaKyyMBO¥ o0aacTl cOpOUNOKHAT €MKOCTE LEOJIUTa NagacT npubat-
3HTEJALHO NPCHOPIHOHANLHO YMEeHbIICHUIO AaBACHUS, YTV 3aTPYARACT
OOCTHIKEHHE BHICOKOIG BaKyyMa ¢ MOMOILERO UEOAUTOBOTO Hacoca,
JTta TPYAHOCTb OGXONMTCA MNOCJAeNOBaTeNLHEIM EKMOUEHHEM pAla
[COJMHTOBLIX HACOCOB, OTCOELHHsIeMEIX APYr OT ApVIa BaKyVMHBIMH
BEHTHAAMH, HO H B 3TOM ¢JyJyae NPHMeHeHHe aAcopGUHOHHBIX HACo-
COB [i HOMYYEHHS H AANTEJNHHOr0 NOMAEP X AHHS BoiCOKOrO M CBEpX-
BHICOKOT'O BaKyyMa B oflEeM cayuae HeNOCTATOYHO 3PdeKTHBHO.

Hnsa 6eamacagHOro NoJAyVYEHns CBEPXBLICOKOrO BakKyyma Npy yme-
PEHHBIX TpeGOBAHUAX K OBICTPOTE OTKAYKH WYalle BCETO HCMOMb-
3YIOTCA MATHHTOpAaspAlHMe nacock {9, 10, 11— oaun n3 BHAOE TeT-
TEPHO-HOHHBIX HACOCOB, B KOTOPOM pachhiieHHe rerrepa [POHCXOJHT
nyTeM GoMOapAHPOBKH €ro HOH2MH OTKaYHBaeMorg raza, ofpasyio-
HIEMUCA B BBICOKOBOALTHOM Pa3DAfie B MArHMTIIOM Noae. MarHuTo-

pa3pasHble HACOCH 3aMycKawTcd NOpH JZaBaeldd ~ l0~2 sm pT. CT. -

H YCTOHUHBO paloTaloT B IIMPOKOM AuanasoHe AaBnesMs ot 1073
2o 10=% mm pT. CT., HEKOTOPLle BUABI HACOCOB, B UACTHOCTH, HACOCH
C OXMaKAACMBLIMY SAEKTPOAAMH — B Juana3oHe [AaBaeHu#n or 10-3
a0 10— aest pr1. T,

B kauecTse rerTepa B MarHUTOpa3pALHEIX HACOCAX, KAK H BO MHO-
THX THIOAX TeTTePHHIX HACOCOR BOOOGIle, HCNOAB3YeTCA THTaH, obpa-
SYIOIMHA NPOYHEIE COGAMHCHHA ¢ OOJbIIefl YacTki0 NPHCYTCTEYIOULHY
B BaKyyMHoll annapaType rasoe. HuepTHbie rasst orTkaunBawTed
Gaarofapst BREIPEHHIC 00PA30OBAHHBIX B pa3paje HOHOB B Eepacnbl-
JfEMEIE YUACTKH IOBEPXHOCTH 2JE€KTPOAOB Hacoca. Bwmcrpora ot-

KauKH HHEepPTHRIX Ta30B MATHHTOPA3PAAHBIMH HACOCAMH OGBIYHON |
KOHCTPYKIHH HEBeJdHKa -— AN aproia 1—2Y% or OHCTpOTH OTKAUKH -

asora, CreunajJbHbIM HCHOJHEHHEM Hacoca (¢ TPHOAHOH CXeMOk
PACIIOJNOKEHHS 3JEKTPOJAOD) YA2eTCA NOBHICHTH OLICTPOTY OTKAUKH
aproia o 25—30% ot GBICTPOTH OTKAYKH a30Ta.

Coueranne ancopOUHOHHEIX HACOCOB INpeNBAPHTENBIOrO Daspe-
JEeHHS B MAaTrHHTOPa3PAMHBIX HACOCOB PCIHAET NpodAeMy MOJyUeHHS
HOJAHOCTRIO 0e3Mac/AHON OTKauroil annapaTtypw ¢ OEICTPOTON OT-
Kauki B o0JaacTH BEHICOKOTO M CBEPXBHICOKOTo BakyyMa mo 10%-—
10 a/cex, omnaxe MarEHTOpaspsflabie Hacocht ¢ OBCTPoTOfl oT-

kaukd > 10 2/cex noBosbHO TPOMO3AKH H TaAXeno (0,26—0,5 ke
Beca Hacoca Ha | A/cex GhICTpOTH oTkayku). EcrecTBenHo nosrTomy,
YTO MarEMTOPa3pa/Hble HACOCH TAKON NPOH3BOAMTENLHOCTH NpHME-
HAIOTCA JIHIIb B HeOOMbIIOM YHCHE KPVIIHBIX YCTAIIOBOK. e H2 DAY
¢ OTCYTCTBHEM MACNA OT BAKYYMROH CHCIeMBl TpeOyercs NOBHILIEH-
Hasg HaAeiHOCTh H HOATOBEYHOCTD, 4 TAKHKE OPOCTOTa SKCONAYATAUMY.
B Tex ke cnyuaax, Korfa OCHOBHOe 3HAU€lHe HMeeT BLICOKaa Oul-
CTPOT? OTKAUKH NPH MaJbiX pasMepax H Bece HAcoCa, NPHMEHSIOTES
HCIapATeAbHble I'2TTEPHB € HJAH FETTEPHO-HOHHBE Ha-
COCHhl

B ucnapurenbHbix Hacocax [12, 13, 14, 16] reiTepuuii marepuan,
KaK NpabBHJIO, THTAaH, HarpeeaeTcsa Ao remmneparypu 1200—2500° C
(B 3aBHCHMOCTH OT TpelyeMOd CKODOCIH HCHADelHs H THOa MCOAapH-
teada). O6LITHO PasAHYAIOT HACOCH C TBePRO(PAZHHIMA U KHAKOGAS-
HBIMH HCIapuTensiMH THTaHa. TeeprodasHble NCNADHUTEAH IPOCTH
[0 YCTPOHCTBY, HO PacCeHBAKT B EMAS Tenjaa OORBIIVIO MOIIIOCTh
M OpPHMEHAIOTCST B TeTTePHBIX HAcOCaX ¢ BOASHBIM OXAaXKIeHHEM
NOBEPXHOCTH KOHAencauuu. yKuakodasnble HCHapuTenu (3JAeKTPOH-
HO-jIyueBble H AYIOBble) 3HAUATCNBHO CAOXKHEe, HO ApH paBHOIl ¢
TBepAOGA3HEIMH CKOPOCTH HCIApeHHs THTAHa BLIAEASIOT B AeCATKH
pas Medbllle TENA2 H HCNOALIVIOTCH B HACOCAX ¢ CXJAaXAeHHEM NO-
BEPXKOCTH KOHACHCALHH XHIKHM 230TOM HJH B OYeMb MOMIHBIX Ha-
cocax, TAe HeOOXOIUMO HMeTh BHICOKYIO CKOPOCTh HCTApeHES THTaHA.

Paspaforassl ucnapuTeArHble HACGCHl ¢ OBICTPOTOH OTKAUKH
a0 5- 10% afcex, npuueM HeT TPHHUUMHAALHBIX 3ATDYIHEHHH B HATO-
TOBJIEHHH HACOCOB CO 3HAUUTENBIO Goabllell GLICTPOTON OTKAUKH,
OHAKC 43 AadbHefllero CTRHET ACHON HerenecoodpasHoCTh TAKHX
KOHCTPYKIHE,

3Hech MBI CTAAKHBAEMCA ¢ OZHOH H3 BaxHeRIMX ocobenHOCTel:
reITEPHHIX BACOCOB™ HAPAAY ¢ KOHACHCAIMOKHBIMH, OHH ABJSIOTCH
HacocaMy TNOBEPXHOCTHCro AeficTBuA. OTKAUHBAIOIMM 3/1eMeHTOM
CAYKAT B HUX [OOBEPXHOCTh, MOKPHITAA CA0EM PACILIJIEHHOTO reTTepa
¥ TIOAZEpPKHBAEMan TPHU ONpeaeneolt TeMeparype. Jlerko NOHATD
NPEHMYLIECTBA HACOCOB TOBEPXHOCTRONO ACHCTBHA — TOHKas OTKa-
YHBAIAR TAHEAb 3aMeHseT B HHX CPABHHTENBHO CJAQXKHbIE YCTpoii-
CTBA, XapaKTepHEble A MEXaHHYeCKHX, MapeCTPYHHEIX HJIH TeX Xe
MATHHTOP a3DSIIHHIX HAacocoB., BHICTPOTY OTKAuYKH reiTepubiX H KOH-
MEHCAUHOHHBIX HACOCOB MOIKRO TOBRIMIATH, YBENHUHBASA DAIMEPH
AKTHBHON TIOBEPXHOCTH U OOeCleyHBas fpH 3TOM ¢B000ZHBIH KOCTYI
K Heli oTKauuBaeMoro raza. CaedyerT OrOBOPHTBCS, UTO WpPEHMYyile-
CTBA HACOCOB NOBEDXHOCTHOTO AEHCTBHS NPOABJAAIOTCA B MOAHOR
Mepe TOALKG NPH QUEHb HH3KMX AaBJASHHAX BBHAY OrpanHueHHOH
COpOLUMONAOH eMKOCTH aKTHBHBIX nmoBepXuocTedl. Ilpn HaejiepuH
oTKa4pBaeMoro raza 10—% — 10— ua pT. cT. XeiiCTBHE THX HACOCOB
KPaTKOBPEMEHHO ¥ PEMEHEHHE HX B 3THX VCAOBHAX OrpaHHu2HO Chie-
IIMAALHBIMH CYYasaMH,

KouneHcaHoRHBE H HCNAPHTEABHBIE TETTEPHBIE HACOCH ¢ OXAa K-
AEHHEM TETTEpUPYIOIMell TNOBEPXHOCTH JO TEMNEPATYPH XKHIAKOTO
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A30Ta OTIHYAIOTCA TAK¥Ke OYeHb BEICCKHMH, N0 OO0JBIIHACTBY Tasop
GAHSKMMH K |, 3HAueHHAMY «BaKyyM-(pakTopa» HJH, €CAH OTHOCHTb
3TO MOHATHE K OTKAYHBAKOHICH NOBEPXHOCTH, KO3pdHUMENTA HPUAH-
NaHus K Heit Monekys rasa K. (f, npeacrasaser coboil oTHOUIEHHE
3HCAA MOTACIIEHHBIX MOJEKYJ Ta3a K obumeMy #x KOoJHIecTBY, YIIaB-
uieMy Ha NOTAOLIAIOIIYK HoBepxHOCTb). [Ipu szavenusx Ko =1
HAHJyYlliHe YCAOBHS S OTKAYKH raza GyAYT OCYHIECTBAEHH, €C/H
TIOMECTHTb AKTHBHYIK) NOBEPXHOCTb HEIUCPEACTBEHHO B OTKauHBae-
MBIl 006BbeM. Manad TONIEPHA OTKAYHBAWIIMX NaHeJ el NO3BOJASEeT
BHIOJHHTL 3T0 yCaOBHe, MiMeHHO Mo 3TOl Mpuuuile He paadpalaThl-
BaIOTCA OUEHb KPYIHLIE KOHACHCAUHOHHBIE H HCTAPUTENBHEIC HACOCH
€ OTA@JbHBIM KOPIYCOM.

Ecau BakyyMHYIO KaMepy oO6/HUEBATh H3HYTPH OTKAYMBAIOWHMHA
naveaaMu ¢ K,=1, MOXHO NOJYUUTH YCAOBHS, NIPH KOTOPHIX JHIb
Manasg AOAd MOJSKYJ Tasa, NMOKMIAIONIHX paclojoKeHHbe BHYTPH
KaMmepbl ApeAMeThl, BO3BpanlaeTcs K HHM. [IOHSTHe OHICTPOTHL OT-
KauKH JJS TaKdx KaMep TepseT CMEICA H3-3a HEPaBHOMEPHOCTH cO-
CTOAHHA I'a3a W 3aMeHdeTcd BeauuMHOl kosdduuuerra Bo3BpaTa
K5 , paBHOIO OTHOWEHHA 9HCAA MOAEKYJ, BepHYBLINXCA HA PAacoNo-
JKEHHBII BHYTDH KaMepbl HpeAMer, K o6IleMy YHCJIYy MOKHHYBIIHX
€ro MoJsekys rasa (15].

CpaBHHBasg X2pAKTEPHCTHKH HCIAPHTENBHBEIX COPOLMOHHBIX H
KOHIEHCATIMOHHBIX HACOCOB, MOXHO 32MeTHTB, UYTO MAaKCHMAJbBHO
AOCTHIKAMBIH K03 (PHUHEHT NPHIKNAKKA N0 GOALIIHACTBY HauGonee
pacnpocTpageHHEIX ra3oR AAs O00HX THNOB HACOCOB OJH30K K 1, a
npegesibHoe paspexenne 10~ -— 1012 uu pr. cT.

B copOunoHHbIX Hacocax TpefveTcs HeNpepbBHOE UAH NpephIBH-
cTOe HCTapeHHe rerTepa W HepHoAHUeCKan UHCTKa pabodell NOBepX-
HOCTH, HO 3aTO ZJISl WX OXNaXIeHUH NPHMeHRETCH BIONES JOCTYNHEIN
MUAKHA A30T UK BOJAA, OHH BHACPIKABAIOT 3HAUHTENEHEIE TETJOBHE
FOTOKH OT OTKAUYHBAeMONl aniapaTypm  MOTYT HeOpepblBHO pabo-
TaTh AAUTENLHOE BpeMsl B YCJAOBHAX CBEPXBHICOKOTO BaKyyMa.

KonpencauuoHnble HACOCH, He HYXKNasfich B 3albiieEHu padoued
HOBEPXHOCTH, ABJASIOTCS B 3TOM OTHOLIEHWH HI€aJbHEIMH, OAHAKO
DA HX OXAa)KIeHNs TpebyercA reaxit ¢ Temneparypoill Hixe 20° K
HJH HEOXOTHO NPHMEHAEMH H3-3a CBOefl B3pHBOONACHOCTH KHIKHH
eogopod, K ToMy e BCJGACTBHE OUCHh Majofl TEILIOEMKOCTH Tefus
paboyne MOBEPRHOCTH KOHJGHCALMOHHLIX TeIHEBBIX HACOCOB KpaliHe
YYBCTBUTEMLHH K TEMJAOBBIM [OTOKAM H B PEAaNbHEIX YCTAHOBKAX HX
APHXOAMTCS SalIHINATh KAJIO3HAHBIMU 3KpailaMH, OXJaxAaeMEIMH
KHAKMM a30TOM ¥ YMEHbINIAOIIMMH BaxyyM-¢akrop paGoueir mo-
BepXHOCTH Hacoca ¢ 1 go ~ 0,25,

OneHka BO3MOXKHOCTEH paccMaTpHBAEMBIX HACOCOB NOKA3EIBAET,
YTO B VCTAHOBKAX JUIHTeARHOro AefictBus otvpemom 0,1—-10 a3 mpr
YCTAHOBHERIIEMCH [a30BHIAENCHHH H3 OTKAuHBaeMoll alMapaTypel 10
10~2 2. mm pT. cT.fcex B HacTosluee BpeMs uesecooGpasHee npHMe-
HATb PETTEPHBIE HACOCH, NPU TrazoBHIOeNeHHsX 1 2. MM DT. CT./cex
i BBHILIe — KOHAEHCALHOHHEIE HACOCH!,
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PaccmaTpuBas KonAehcallHOHHBIE W COPOUMOHHLIE HACOCHI, Mbl
3aMeyaemM M30MPATENbHOCTH MX NeHCTBH# IO OTHOIUIEHHIO K pasinu-
BhiM TasaM. KoHjieHcaluounble Hacochl ¢ TemmepaTypoli paGoueii
noBepXHOCTH 20° K He OTKAYHBAIOT FeAHi, HEOH H BOAODOA, 3TH Ke
rassl Kpafine ¢1a00 OTKAuHBAIOTCA alcOPOUHOHHBIMH  HACOCAMH
€ HOPHCTHIM COPOCHTOM, OXJaXIEeHHbBIM JAO TEMIIEPATYpPH XHAKOTO
asoTa. eTTepHble HAcOCH COBEPLIEHHO He MOMACHAIOT HHEPTHHIE
rasel. Mi36upaTenbHOCTb HACOCOB UHONAA HCHOAB3YETCS HA [pakK-
THKE, HalpuMep, L TeueHCKanus, 0oablieli e 4acTbl0 OHa HeXe-
JAaTenbHa.

B kakoi-To Mepe MOMXKHO YAYYLIHTL DOAOKeuHe, KOMOHHUPYS

" copOuUMOHHEIN Hacoc ¢ KoHfencaudonuum [17, 18, 19], no ator nyTh

NoKa NpAeMJieM JHIb AAA OYE€Hb KPYNHBIX YCTAHOBOK HJH XOPOLIO
ocHailleHHbix JabopaTopkii. O6bMHO KOHAGHCAIHOHHBIE H COpOLMON-

- Hbi€ HacOCBl TIPHMEHAKT B COUETAHNHH C H&[JOCpr’]:IHbIMH, 'rypﬁo-

MOJECKYAAPHBHIMH HAH HOHHBIMH. OfH2KO OBICTPOTA OTKAUKH 3THX
RCOOMOTATeNbHBIX HACOCOB MaJa IO CPABIIEHHIO ¢ HACOCAMH MOBEPX-
HOCTHOTO AEHCTBHS COMOCTABHMBIX pa3MepoB, UTO OTP aHHYHBACT BO3-
MOMKHOCTH OTKAUKH CMeCell (O 3HAUHTENbHEIM COHEpKAEHEM HHEDT-
HBIX Fa30B.

OTKauka HHEPTHBIX ra3os, 0COGEHHO TeJHS H HEOHa, ¢ GONbIIHMH
CKOPOCTAMH B YCJAOBHAX CBEPXABBICOKOTO BaKyyMa u 6e3 mpHUMeHenus
KpaliHe HH3KHX TeMIepaTvp HpedcTarasier co0ofl CJIOKHYKD safauy,
Hacro npuMersieMas HMOHHAs OTKAuKa, HMEIONIAs MECTO TaKKe B
MATHHTOpA3pfANABIX Hacocax, HOKa HEe NO3BOJISIET NMOAYIHTL OUeHb
BLICOKHE 3HAUEHHs1 OLICTPOTH] OTKAYKH W CONPOBOKIACTCA TAK Hashl-
BaeMOH «MaMATBIO» Hacoca, T. e. BolAeJeHHeM Npu HOHEOI GoMbap-
AHPOBKe HeTajell HAacoca paHee OTKavaHHLIX HM rasos. [Tozasnenue
«MIAaMATH» TeTTEPHO-HOHHBIX HACOCOB, MpPEIATCTBYIONEH HX HpHMe-
HERHIO B paje NpHOOPOB, B YacTHOCTH, MAcC-CNEETPOMETpax H Tede-
HCKaTersx — Apyraa cepbesanas safaya B obnactu BeamacaaHon
OTKAYKH.

Cpeau npobhem, cTOAMINX MNepef TEXHRKON OesMachsiHoH OT-
KauKy, MOJKHO HAa3BATh TAKZKE: CO3JIAHHE TIPOCTOTQ H HAACKHOIO
HUCTAPHTENA THTAHA (MJIA APYIOTO MOAXONAMIET( TETTEPHOIO MAaTe-
pHafa) ¢ MaldbiM TEIJIOBLIM H3JAYYCHHEM Jas copOIHOHABIX Haco-
COB: NIpefOTBPAMIEHHEe OTCAAHBAHMA HANBIIEHHBIX HJIEHOK THTAHA B
copOUHOHBBEX HacocaX; pa3paloTka HaLeKBEX B IPOCTHX B SKCIL1Ya-
TAUMH KPHOT€HHBIX MAalllWH KAK BHICOKOH, Tak H Heboabmiof npo-
H3BOAUTENBLHOCTH JIIA KOHEEHCARHOHHLIX HACOCOB; CO3JaHHe He-
CNOKHOro Ge3MachiHoro (OpBAKYVMEOTO HAcoCa, He Tpelyiomero
KAAKOTO a30Ta H AAWMIETO pazpexeHHe~ 10-2 uum pr. CT., L0CTATOY-
HOE A 3aMYCKa BEICOXOBAKYYMEEIX EacocoB. Cnalo H3yyeHH TaKkkKe
TIpOLECcCH, OrPaHHUYMBAlOIHe NOJYYEHHe¢ IMPeleALEoro JaBJeHust
cyuiectBenno HERe 10-12— 10~ ma pr. CT., sSIBACHHA, BO3HHKAIO-
HHE TIPH OTKayke [asoBhIx cMecefl, 1 3ddeKTn copOUMOMHON «Ma-
MATH» HACOCOB, IIPOLECC MHIpAlNU TETTEPHOTO MaTepUAna.
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MoxHo NodAaratb, 4TO €CAH HMEOIAACA TeHZeHUHH [0 OCBOe-

HHIO B A1a00PaTOPUAX, 4 3aTeéM H B IPOMBIIUJIEHHOCTH BCe Goaee Bbi-

COKOTQ BaKyyMa COXPAHMTCA M B ZaabHedinem, cdepa NpHMEHEHHF

Ge3MacAAHLIX HacOCOB, OCOGEHHO HACOCOB C BBICOKOH CKODOCTHID -

OTKaYKH B CBEPXBHICOKOBAKYYMHOM JHaNa30He, CYWECTBEHHO pac-
UTHPHTCH,
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BAKYYMHAAI YCTAHOBKA J1IJI1 HAHECEHUA
TOHKOCJIOMHBIX ONTUYECKUX HOKPBITHYM BYTII-2

M. A. Baaudos, 3. T. Taredaes, A. A. A6ysos, H. M. Byaaros,
A. E. Bannuxosa

Ycranoeka BYTII-2 npenuaseaucna I8 HAHECEHHS TOHKOCJIOMN-
HbIX ONTHYCCKHX MOKPBITHH 43 AHSTCKTPHIECKHX, MOAYNPOBOXHHKO-
BHX H METAMIHYECKHX MATCPHAMOB METOAOM TEPMHIECKOTO HCMa-
PeHHus ¢ OJIHOBPEMEHHEIM KOHTPOJEM ONTHUYECKOH TOMNUHLI CAOEB
B Iporiecce HaHecerus. Ha vCTaHOBKE MOMHO M3rOTABNHBATE MHOTO-
CIOHHBIE WHTeP(hepeHUHOHHBIE ONTHYECKHE (GUIBTPL, OTpaalomue,
NPOCBETJAAIOMIHKE, CBETONENHTEAbHBIE, 3ALINTHBIE I APYTHE IOKPBITHS.
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KoHceTpyKuia YCTaHOBKH

Bakyymuas ycrasoska BYTIL-2 cocrour us CACAYIOMHX OCHOB-
HpEX y3noB (pHe. 1): Kapkaca, BaKyyMHCH CHCTEMEL NOEBEMHEKA,
NynbpTa YHPaBACHUS, H3MEPUTEILHOTO 06J10K4, KOJANAKa,

Kapkac [ MpejcTaBAseT CBapHYIO KOHCTDPYKINIO H3 YLROBO
€TalM, HA BEePXHel IUIOCKOCTE KOTOPOTO KPEmHTCS IIHTa 2. Ha nen
pasMeNIeHbl Y3bi W MEXaHH3IMbi: MJAHeTApHOrO BpalleHuil o6pas-
LOB, HEPEBONA KOHTPOABHOrO 00pasila, Tpex HCuapuTe/eH ¢ IuTate-
AAMH, HOHH3ATOD, (POTOMETPHUECKOE YCTPOHCTRO M HArpeBateib 00-
pasloB. BHYTPH KapKaca PachofOKEHbl BaKyyMHAR CHCTeMA ¢ Ha-
COCOM H KjanmaHaMmH, AOABEMHHK
¢ 3seKTpompHBOfoM J, OTCYeT-
woe ycrpoiictso 4, 3JeKTpHUE-
CKHE  3JeMeHTH  YTpaBJaeHHs
YyCTAHOBKOH M CHCTeMbl OXJIaX-
nepud. Ha JHUeBOH CTOPORE
KApKaca pasMenleHBl MaXOBHYKH
W DYKOATKH: 3arBopa phlIamK-
HO-DKCUEHTPUKOBOrO  THMA &
(puc. 2), nmroapuarors xaana-
Ha 6, MepekilodaTens BaKyyM-
HOTO 7, MHeperaiodarTefis 3Jex-
Tprueckoro 8, aBToTpaHcopMa-
Topa 9, ONTHUECKOH NPHCTABKH.
Mexanuueckuii Hacoc BBIHECeH
3a KapKac H TOACOelmHseTcs K
pxoxHomMy (JaHIY BaKyYMHOH
cHCTEMBl Uepe3 3AeKTPOMArHHT-
HMB knanad. Hasznauenue noc- N

— NepPeKpHTE  BaKVYM- ; e —
ﬁ;ﬁgﬁ? H HaF;[ycl'Jme Bogﬂ‘}.}i & Puc 1. Bakyymmas yeranoska BYTIE-2,
MeXaHHUeCKHH HacOC ¢ LeJbIo
yeTparenHs MPOHUKHOBRIIHA MAC/Ka B BAKVYMHYIO CHCTEMY NPK OCTa-
FOBKE ABHTCATENS MEXaHHUECKOrQ Hacoca.

C npasofi CTOPOHLI Ha BePXHEH MIOCKOCTH KapKaca pacnoJoxkeH
NyALT ynpasaeHda ycraposkoit /0. B Hero BMOHTHPOBAHS CHrHA/b-
Hble NaMTOYKH W HEpeXJIouaTeSaH 3JeKTPUUeCKOro ynpaBleRds
YCTaHOBKOM.

TlepexaouatenaM ¢ OyJbTa YNPABJASIOTCA: NHTATENH (puc. 3)
1 3aC/OHKH HCO2pHTENEN, Harpes H BRIOCD PEKUMOB Ha MCMapHTe-
JIsiX, HANPAXKERHe Ba HOHA3aTOPE, HAKAM JIAMITOUKH (hOTOMETPHPORA-
1M, MeXAHH3M [OBOPOTA KOHTPCJABHOrO 08pasua, Harpee BAaKyyM-
HOil JIOBVHIKH, HAFPEB [AapOMAacAsfiHOre Hacoca, BRJIOUEHHE Tapo-
MACJASHOTO H MEXaHBYeCcKOro Hacocos H o0mas Ceth.

HaMepuTeNbHBIA GOK ¢ OTCUETHHIM YCTPOHCTBOM IJsi KOLTPOJA
TOJIIMHBE CJ0eB HHTep(hepeHITHOHHBIM METONOM, aMIEpPMETPOM 1
U BONBTMETpOM 12 pacmonoKeH Ma BepxHell IUIOCKOCTH Kapkaca
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YCTaHOBKM. B HHXHEH YacTH H3MEPHTEAbHOro 6J0Ka pasMeilens
naHeNb Bakyymmerpa /3.

Konunax I4 ¢ BakyyMHOfl NanTON 2 yNAOTHAETCH BAKYYMHOM pe-
S8HHOBOHN HpokAagkoi. as 3aill#Thl BHYTpeHRefl nuaepxudcm KO~
NaKka OT HARLIIEHHA PHMEHACTCA COCTABHON GHICTPOCHEMHBIH 9Kpai
€O CMOTPOBBEIMH OKEaMu. Ha xonnake nipefycMOTpeHH ABa cmc;rpo-
BHIX OKHA 15, a ¢ HapYXHOH NOBEPXHOCTH NpHNasEa TPYOKa, Mo KO-
TOPOH UHPKYAHpYeT BofZa. CBEPXY KOAHAK HMeeT ﬂexopa’maqmﬁ
KOXKYX. YCTalloBKa ¢ TPEX CTOPOH CHABKEHa JerKOCHEeMHbIMH néep-
KaMH, 2 C 3a/iHell CTOPOHDBI — METANJHYECKHMH JHCTAMY Ha BHHTAX
Heepky 6a0KHpYIOT Ofuiee 3aeKTPONHTAHHE, )

e
2

A FIFIPELTEL S F L EFFTIEE,

Wi -

G ap) |

Puc. 2. 3aTbop pHuakHO-3KCUEHTPHKOBELR.

Bakyymuas cHcTema ycramoBku (pc. 4) BRAOUaET: Koanaxk f,
BaKYYMRBYIO KaRAMH3RUHIO, JIOBYIIKY 2, 3, 4, napoMacasHBil Hacoc 5,
nepeKnouaTeNb 6, BeRTHAN 7, 8, ¢opbannon 9, KnanaH 3JeKTpo-
MaFSHTHHf{ 10 1 mexannueckuii nacoc /1.

aKYYMHAA CHCTEM2 NO3BOASET NMPOH3BOAHT 7
b OTKauK
HOCAeAOBATEALEOCTH: ’ v B ot
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Puc. 3. Ilurareap Henaputend.

1. OTKauKa MeXaHHYeCKHM HacocoM // U3 BaKyyMHOTO o6beMma /,
PYKOATKA MEPEKAIOUATENs CKOMMAK» — B MOKOMEHHH <OTKPBITOY.

9. OrKauka H3 NapOMacAfAHOFO Hacoca § MeXaHHYeCkHM Kaco-
com 1/, pYKOSTKa Mepexalouareis «NapoMacisHbli HACOC» — B TIO-
JIOKEHHU <OTKPBITO», OCTANbHBIE ~— «3aKDLITO»,

3. OTKauKa MEXaHUYECKHM Hacocom /[ n3 BaKyymHoro ofvema /
uepes NapoMAacAdHBI Hacoc 5, PYKOATKH «3aTBOP» H <lIapoMac-
AAHBIN  HACOC» — B HOJOKEHHH  «OTKPEITO»,  OCTaJdbHbie — 3a-

KPBITO>,

8§ fadonpotad _— {]
I

5
x \
g

Puc. 4. Bakyymuad CHCTEMAa YCTAHOBKH.

4. Mexanpueckul 1] 1 napoMacisiibiii & HaCOCH BHIXJIIOUEHBI, BCE
KNanagst MEpPeKPEITH, OTKPHT BEHTHA» 7 HalycKka BosdyXa B Ba-
KyyMHABIR o6beM 1. 3aMep BakyyMa HOHM3AUHOIHBIMH JaMIaMH MO

BAKYYMMETPY.
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Texnwueckas XapaKTepucTHKa

Bakyym B pabouem oGbeme (IipH yCHOBHH OXJaXKAeHHS JOBYIIKH
Bogof1) 2+ 105 mm pr1. cT. 3a 12 mun; cosfaerca Hacocom H-2T.
[MpeasapureabHOe paspeReHHe OCYIECTBASETCA MEXaHMUECKHM Ha-
cocom BH-2MI" mo 10-2 wmat pT. ¢T. 32 4 MHHYTHL

PasMepn xoanaka:

Bucota. . . . . . . .« e+ .. B30 N
BuyTpeknth gHaWe1p . . . . . . . . . .200 uu
Hapywnstst guamerp. . . . . . . . . . .65) ux
Qbbem . . U 1+

HOJI"beM H ONYCKAHHE KOJANaKa NPOH3BOAATCA BHHTOM, Bpaimato-
muMcs OT SAeKTpoABHratend. Yucno map nenapureneit — 3 ww.
Hcnaputenn HarpeeaioTcs IepPEMCHHBIM TOKOM:

368/100a, 248/150a, 128/300a, 66/600a.

OG6pa3usl MOTYT UMeTh ABa PHAA BPAUEHHS: OJHHOYHOE H ITaHe-
TapHoe. B cayuae OAHHOYHOrD BPAMICHHS MAKCHMAJBHbLH] AMAMETD
obpalateiBaeMbix  geraneil — 450 mm, B ciayuae naaveTapHOrQ —
165 mm.

Temnepatypa Harpenpa H3fenHil neusio conporueaenis — 200° C.
[Turanne ycTaHOBKH HPOU3BOAUTCS OT ceTell:

1) =aekTpuueckoli 3-ra3Holf nepeMeHHOrQ TOXAa C HYJEBLIM APO-
BOMOM, Hanpskende 220/380 g;

2) BomgonpoBOfHOH obuiero HasHaweHns — pacxox 300 afuac.

TaGapATHEe pasMeps!

JOawna . e e 1375 M
Hupnua v e o+« T75 ma (63 MEXARHYECROTD HaCO::&?u}
IUppuwna . . . . . o o e v v, 1250 arx (0 MeXaHUYECKHM HACOUOM)}
Bucora. . . .« . - v oo v o . ... 1636 uu
Brcotra ¢ monHATHM koanakoMm . . . . . 2210 mu
Maomane, sanviMaeMas ycravosxofi, . . 1,06 m2

Bec ¥CcTaHOBKHM C MeXaHWYeckHM Hacocom 837 xz
Bec ¥cranoBkit 6e3 MEXaHHYECKOTO Hacoca 650 xz

#*

H3 Tabauuei 1, rae npeAcTaBAeHs CPABHHTEALHLIE TaHHBIE Pas3-
JAHYPHY BAKYYMHHMX YCTARHOBOK, BHAHO, UTO 3apy0eHbie BaKyyM-
HBIE YCTAHOBKH HMEIOT O0Jee KauecTBeHHOE OTKaiHOoe 060pyIoBaHHe.
Hekortopbie TexHWWECKHE BO3MOKHOCTH BaKYYMHOH yCTaHOBKE
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BYTI-2 cruxaiores u3-
TPOj\l;HO-Hsmepmenb ;isaxsipr:{uﬁcg(;g; OTK2YHOTO 000PYAOBAHHA H KOH-
ex ? .
ByTl’l—;Hf;:;;(l;zlechgYMHﬂﬂ Hacoc BH-2MT, ycranosaennni ua
PPOMOSILE)K H HMeEer MaT H3 CTPOsl, LaeT GOAblUME BUGPALHY H LIYM
BAKYYMHb HaCOs H-2Tuym TIPOH3BOAUTEbIIOCTS, Hapomamﬂnmﬁ
HE mamem 2000 4/ » TPOH3BOAHTENIBHOCTE KOTOPOrG 110 MaCnopT-
doaplye rabapm AICER, a RCHCTRHTeALHAsn — 1500 4/cex, umeer
Bakyymmerp BPI/IEIH‘[TEIAH AIHTEIBHO®  BpeMs Dasorpena — 40 aus,
~1b MHH. H MHOKECTB HMeeT Gombitoe BpeMa pasorpepa Jamf
YMHBlE MarHHTHHE monga32;{!£;1)L2e£g¥£3§;eﬂeﬁ, Raanams: paxy-
BaKyy: alT TrepMeTH
Mexﬁ:gggﬁ (f;ioc;eahg:c ;THHOHa}IaHHH B Hee macia H{JEI OCT:}I:g;;Ié
HEHO H3-33 OTCVICTEMS OIyu€HHE HHCTOrO0 BAKYYMA TaKike 3aTPyA-
MaTepHAROD m}:ﬁ S MaTepuanoB BAKYYMIIOH HJABKH, YCTOHUHBHIX
M ACHSHBIX HaCOCOYﬂJIOTHHTe.anMx IPOKAIZJIOK U Maces IAs Iapo-
HocMOTpR Ha onuci ¢ HH3KHM MNapu#aibHbiM jHasfienneM, OHHAKO
pHe Mperymacs HHble HeAocTaTKH BYTII-2, cymecteyor HEeKOTO-
MOXKHOCTD n.naﬂe'r: €€ NEpEell MDHUBEACHNBIME  3aDYOEKHBIMH: BO3-
MepHbL HOKPHTHH'pHOFO Bpallenusi 06pasuos maer Godee pasHO-
Ges HapyweHHus Bakyﬁiia}éﬂggﬁﬁﬁafmam AO3#POBAKHAS MOMNCHINKA,
NIePEeBSIa KOHTPOJILHOrO 06D aBIla‘Me’ YCTPOICTBO 2eKTPOMArHHTHOTO
B Hacrosimee Bpems H3rOTOBJEHBI ABa ONBITHBIX o6pasua Baky-

YMHOH ycraHoBKH BYTII-2
‘ -2, Ha xoTo
SR A , PHX NPOBOAHTCS HITOTOBJICHHE

JJUTEPATYPA

l. Asmman C. Hayuy .
pea. M. H, Meﬂbmnﬁona.yM?e«ﬁ?;»%MIQ%TWMHOH TENHAHRM.

2.Yepennnn H. B. B
. B, BakyyMEHe cBoH
Aputopos. M., «CoBerckoe paﬂ“gg_ ]gﬁeﬁ‘c OHCTBA MAaTepPHANOB AN ACKTPOHNBIX

3
3 J’I%g;l;i;n}%n ?qy pKr 03‘ CBepJgH;(I)KHﬁ BakyyM. M., «Mup», 1965
. A, Etop E. M, Taa : ) :
SJAEKTPOPA3pPRiHEE HacoCk a  onbopn 1 Texmazut
DA pRABE Hac I C XONOAHRIMH Katonamu, «TTpuGoph u TexHuka BK:!II'?:Q: :

Ilep. ¢ aurm noa

OCOBEHHOCTHN WUCIIBITAHUA
CBEPXBbICOKOBAKYYMHOM INEYU
NP1 TEMIIEPATYPE 800°C

A. H. Koudparses, M. H. Kosaxes, 3. H. Mapuep

Bonbuioe e

HHMaHHe y

CBEDXBBICOKOBAKYYMHb YACAACTC B HACTOSINIEE BPEMs COIMAHMIO
YYMHBIX  3JIeKTpOnedell ¢  paboynm  JAaBaeHHeM

10-7 — 1p-9
MM DT, CT., NIOAVYEH
CPENCTB OTKAYKH. , TIONYYEHHbIM C NIPHMEHeHHeM Ge3MacasiHLX
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[TenBblit oGpasel CBEpPXBBICOKOBAKYYMHON MeuH, paspaboTaHABi
W HArOTOBNEHEBL NPEANPUATHAMY 3ACKTPOTEPMHHIECKOTO obopylo-
BN, HCTLITBIBAACA B J1aG0paTOpPHH CBEDXBHCOKOre BakyyMd oT-
neja sAeKTpowarpeBa B BaKyyMe BHITK3TO.

CBepXBHICOXOBAKYYMHas KaMepHas 3MeKTpOnCb CONPOTHBJCHHA
npeaHasHayena Aas AAHTENBHBIX HCTIBITAHAN Pa3sMHuHBIX MarepHa-
OB 1 H3JEAHit B YCAOBHAX Bakyyma fo 107% aua pT. CT. ¢ BOIMON-
ROCTBIO HX Harpesa Ao 800° C.

DaekTponeyb, CXeMa KOTOpOH MNOKasaHa na pHC. I, cocrour M3
CAEAYIOUHX OCHOBHBIX Y3JO0B: BAKYYMHOI XaMeDhl ¢ HarpeBaTesieM
U 3KpaHaMH; OTKAYHOIO ¥ U3MEPHTEJILHOrO BaKyymlioro 060pyaoB2-
HHA; CHAOBOTO H H3MEPHTENBHOTO 9AEKTPOOGOPYACBAHNSA; CUCTEMB
BOA0OLNAXACHHA TTeUH.

- Bakyymsas kaMmepa MPCACTABASET co60#i LUIHYAP C TOJULAHOH
CTEHKH B M, H3TOTOBRJEHHBIH W3 HepXaBeloillel CTay 1X18H9T,
AuamerpoM 500 s H AAMHOM 1500 ma. Kopnve umeeT narpyGxu
A NOACOCHMHEHHA BaKyyMHOFO OTKauHOTO obopyaoBania, LaTuH-
%OB NABNEHHS, BLICOKOBOJBTAHIX U HU3KOBOJNDTHLX BBOIOB H CMOT-
posbix OKOH, BoasiBoe OXJax/eHne Kopmyca OCYLUECTBJISIETCA MPH
[OMOLLH 3MEEBHKA, H3rOTOBAEHHOTO M3 IpObHIHPOBAHNON MeLHOH
TpyOKH U NPHBAPEHHOTC C HAPYKHOH CTOPOHL KaMepbl.

VIIOTHEHHS BCEX PAIbeMHEIX 3JIeMEHTOB KOHCTPYKUMH HPEAy-
cMaTpuBaioT GOPMY YINOTHEHHS KKAHABKA — 3y0» W CKaTHe nAOC-
KOTO KOJbIIA, H3TOTOBJEHEOrO U3 JIHCTOBOH MeH cupTa MO uma ML,
umetongero toawuny 0,5 amam. [pHMeHeHHe METATJUTECKHX YIA0THE-
HUil O6YCAOBACHO HEOOXOARMOCTHIO MPOFPERA Kopnayca [0 Temnepa-
Typh 350—400° C.

Flporpee KOplyca OGecHeunBaeTcsi HUXPOMOBDIM warpeBarenieM,
pacMONOKEHRHHIM ¢ BHENIEeH CTOPOHbI xopmyca. Harpepatenb OKPY-
JKEH acGecTOBON TENAOH3oJALKEN JIBi yMEeHbIICHHA TENJOBHIX NO-
Tepb. BHYyTpEHEAs MOBEPXHOCTH kamepnl obpaforana Ao HH-
CTOTH ¥ 7.

BHYTpu BakyyMHOH Kamepbi NOMEILEH narpesarenb i TPH TEMJI0-
H30JAAHHOHREX MOANOAEHOBLIX IKpaHa. Harpesarenb — ofnodas-
Wi, ApeacTaBaseT codok paspesHoil IHHHAD H3 AHCTOBOTO MOARO-
geHa Tonmuuon 0,1 ma, aaupoft 1000 ma M AHaMeTPOM 360 mm.
[luTanHe HarpeBaTeAA OCYLUCCTBAACTCH HUEPES BHICOKOAMYIEPHBIH
oXJaxAaeMbifi TOKOBBO/L.

TemnepaTypa Ha BHYTpEHHEM HArpeBaredc, aKpaHax H KOpHyce
xonTponupyercs X — A Tepmonapam, KOTOpble BBOAATCA Uepes
Q-LITHIPBKOBEIE KepaMHUECKHe BBOADbL, yCTaROBACHHHE Ha GOKOBOM
daHLe NeUH. )

Jlna 3arpysku HCABITYEMBIX 00pasuoB BHYTDH HarpepaTend pas-
memanach MOADECKa, BHIOAHEHHAA B3 JHCTOBOTO MoaHOmeHa TOM-
mueoi | au. TlofBecka 3aKpemianacs Ha TOpUEBHX 3JKpaHax.

BaKyyMHast CHCTEMa Meul BXJAKOUYACT B cebsA CHCTeMYy NpeABapH-
TeABHOI OTKAYKH, COCTOSINIYIO U3 ABYX HACOCOB BH-2MI u ueoanto-
soro arperara 1IBA-1-2. Cucrema BHICOKOBAKYYMHO#H OTKAYKH CO-
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CTOHT H3 [BYX 3JIEKTPOPa3pAfHbIXx Hacocos HIM-300 u Bricoko-
BaKyyMHoro arperara BA-05-5. Hsmepenue jaBjieHHs B IManasone
10-1 — 10~7 mam pr. cr. cOecnewnBaerca Bakyymmerpom BHT-IA
o1 parynkoe JIT-2 u JIM-2 u Bakyymmerpom BW-i2 B auanaszone

1075 =~ 10~9 s DT. cT. oT JaTunxKoB UM-12.
JneKTpHUECKas 4acTh NeYyH COCTOHT W3 TpaHchopmaropa
OCVY-40/05 ans MHTAHHY BHYTPEHHETC HAUPeBATe/s; aBTOTparchOp-

|
: il
,',' 'fl”ﬁ'=l lllll o matopa AOCK-25/0,5 ana perynupoBasua TeMmnepaTypLl Harpepa-
- .
e ! EEE{E; T€JIq; BHEWHETy HArPEBATeNd, KOTOPHI IHTAaeTCs OT CeTH ¢ Hanps-
i ' - xenpem 8 220 BOJBT; NYABTA YIOPAaBNEHHA, B KOTOPOM YCTAHOBJCHH
> SENE INCKTPOUSMEPHTENBHEE TPHOOPE, BAKYYMMETPEI H ITOTEHUNOMETPH
' g?tl gsg.e’ I perHCTPalU H 3aNHCH TeMIIePATYDH.
3 =NE. T4
TRt
5 §5:883 Henbitanne medu
o azEz DE. =
53k 3
< 228282 .
2 CggET Hens ucneuranu# nevn OKB-8039 saknouanace B ofpeeseHuH
o -
o ZETEEE BeIHUHKBL NIPeAeNLHOr0 AABJEHUS IPH Pa3fHUHBIX TeMNepaTypax
S a5n3iEs Ha HATpEBaTEJNE.
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~=3EE Pu: 2 MaMeHeHne IABAGHHA M TeMHeparypbl OT BpeMeHd LPH OTKauKe
ABYMA Hacocamr HPIM-300.

BKjioueHHe BAKYYMHBIX HACOCOB IPOH3ROAMJIOCH B CACAYIONIEM
nopsiixe: Hjia TPOBSPKH TePMeTHUIIOCTH MeYH HCMOAbL3OBANHCHL Ha-
cocel BH-2MT 1 arperat BA-05-5. [Tocse ycTpaHeH:A HeIOTHOCTRN
B3aMeH MACJAHBIX HAacOCOB  BKJAKYANCA LEOJNHTOBHIA arperar
LIBA-1-2. Tpn nasnenun 102 — 10~ ma pT, cT. nocae obesramu-

BAHHA Neyy PayMHanacke OTKauxa Hacocamy H2M-300.

B nponecce HCNBITAHKI npefejbHoe AaBNeHHE B NeYH, ACCTHTHY-
cocraBasio 3-10-8 wuan pr. cr. ORO
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GblI0 NOJyYeHo nocke 20-9acOBOro 006esraxKnBanHs Kopnyca neuy
H Hacocos HIM-300 npy Temneparype 400—450° C. Hartexanue npn
STOM NaBneHuM —6-10~% 1. wmx pr. cr.fcex, P
C uentio onpenencHus ODTHMANBHOPG BpeMenH ofesraxKuBakus
MPOBOMRACA ANUTeNBHEI WPOTPeB  BHYTPEHHETo Harpesatens jo
Temnepatypel 800—900° C u cpasnuBasocs TaBmenme HpH
ROM BPEMESHH 00e3raKHBaHK, Pit pasmi:
Ha puc. 2 npeacrasnena saBucumocts BeAHYHHB NPeAENBHOTO
AABJICHUA OT TeMNePaTyPhl HarpeBatess u BpeMEHH NPH REepPBOM
luKsIe HarpeBa neun, O6esrakupanne HarpepaTens npH temmepa-
Type 850—900° C asmunoce #e Gomee 20 4acoE, P

Auanusupys sty SaBHCUMOCTb, MOXHO YCTaHOBHTG, 4TO HpH MO~

E:ImBHIiIIS'I TeMnepaTypel 10 900° C B nepBOHAYANBHDI IEePHOM E Te-
HHE HACOB HMECET MeCTO SHAMHTENBHOE YXVAlIeHHe BaKyyMa
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C/ 3 57 ¢ N3 B Ty AF 25 2729 3 3335 37 39 41 43 45 47 4959

Pre 3. Msn;’iljieune AaBAEHMA B NeYH NPH HATPEBE B AaBHCHMOCTH OT Bpe-
H BhllepwEkH. Orxayka NByMa Hacocamu HIM-300.

33- 10°% w4 pr. er. npu 20°C 10 6 10-5 ap PT. cT. npu 900° C
AasbRefilleM BAaKyyM yayumraeres u mociae 39 4acOB MPH TeMrme-
paq*%]:;)e 800° C nocruraer memnuuun 2. 10-7 MM DT, CT ’ "
H fanbEefmefi * epar
NPAaKTHUECKH He Hameﬂﬂ;’;ﬁepmm 1 TOR Tewmepatype makyyw
KaMF;HEI. 2 nmokaseiBael, uro nocie oGesaraxkuBauHs HarpeBaTeNLHON
PEl bR Temmepatype 900°C B Teyenue 20 yacop npeseasHoe
AABJEHHE B NIeUH OpH TeMnepaType 800° C— 2. [0—7 #4 pT. c1. Bun
TIPOBENIeH BTOPOH MPKA HArpeBa, KOTIA 06e3raxuBanse np}{ Temme-
patype Harpesateas 900° C naunock oxono 30 uacoe, [lepuognueckn
HPOBOAHIOCL CHHKEHHE TeMIepaTyph 1o 800° C u H3MEPAAOCH HAR-
JI€HKE E NMeud, 3aBHCHMOCTh LABJEHHS B Neun or TeMIepaTYphi
AMTEAPHOCTH HarpeBa noKasana #a pue. 3, e
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TakuM oOpa3oM, NOCAe IBYX UHKJAOB HarpesBa (B nepepuibe
MENKAY HUMH T€Yb HAXOAMJIACh NOJl BAKYyMOM), JIHTENPHOCTb KO-
TOpBX cocrabuna 87 uacos, B neud ObLUIO TIOAYYeHO KABJCHHE
7+ 10~2 mat pr. cr. npu Temnepatype 800° C. Tlpu s1OM 0Gesraxnpa-
nAe HarpeBatens npH Temmepartype 900° C npoBOAHAOCH B TeHeHHE
50 wacos. IMpemeabnoe faBjeHue npu temmepatvpe B neun 20°C
NONHIBAOCh 40 7 - 10~2 ma pT. CT.

Jna ynyvineHHs npefeJbHOro AabjieHMd B leuu Oowla mpoBefe-
Ha apronHas ob6paGorka HDMoB, koropas Ouia omMcana B pa-
Gote [4].

Texnonorua nposedelus aproueofi 06paboTkn ciexyomad.

Kamepa meum oTKaunBajach Hacocamu HIM-300 mo xasnerus
10-8 — 10-7 mm pr. ct. [locae sToro yepes HaTeKaTeNlb NOAABANCH
aprog o AasaeHus 10-2— 10~3 mu pT. CT. NpH OZHOBPEMEHEOH
OTKauKe ero HEeONHTOBHMH Hacocamu. [loflavua aproma panaach
1,5 uaca, mpH 5TOM HPOHCXOIHNO AKTHBHPOBAHHE NOBEPXHOCTEH TH-
FaHOBbIX TaacTHH Hacocos HIM-300. Yepes 1,5 waca nofaua aproua
npeKpailanach; KEONHTOBHE HACOCH OTKAYHBAJH fedb A0 AaBAeHH:
103 mm prT. cT., NOC/ie Yero OTKAYKY NDOAOJIKANMH TOJLKY HACOCHI

H3M-300.

P oatar pe oim
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6+ 2 & 4 5 6 7 & 9 w3 om o ir i3 s ot 7 w8 €wae

Puc. 4 HaMeHeHHe ZaBAeRHA OT BPeMEHW MpPH OTKAYKE TEYH NOCHe aproH-
Holi obpaGoTki Hacocos HIM-300.

ITocne npoBedeHusn aproHHO# oOpaboTKH SNeKTPOpa3pALHHX Ha-
‘COCOB JlaBAICHHE NEUH B XOJOLHOM COCTOAHHE YMEHBINAJIOCH A0 BEAH-
yinbl 3,5+ 10-9 ma pr. cr. Ha pue. 4 npencraBieHa 3aBHCUMOCTD
M3MEHEHHA JIABJEHHA OT BpeMeHW Toche aprosHoil 00paboTKH
H3Mos npu Temneparvpe B nean 20° C.

Hocae apronnon o6pabotkn H3Mos npopoAnacs TPETH NHKA
Harpesa neun (v=42 uaca). Obearaxupanne npu 7=900-— 950°C
Jangock 16 vacoB. JlaBaeHue B nean cocraBuno 7+ 10-% mu pr. cT.
npu temnepatype 800°C. I'padux nsMeHeHAs RaBAeHMs NPEACTaB-
Jled Ha puc, 5,
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Tadauya 1

Hassenua B neyn OKBE-8039, noayyenHple noCie HeCKOJbKHX UHKIOB
HATpeBa IPH PASTHYHBIX TeMNepATYypax HAIpeBaTeast, MM PT. CT.

T — TemMmnonepaTypa Harpesateas °C
Harpesa,
L % 200 400 600
40 3-10:: 3‘10‘2 41078 4,5.10°
47 7107 1.107 1,5.307% 3.107°
42 410 1.107% 1,5.107° 3,5-10°

(nocae apron-
goif o6paboriu

HIM)
AauTenpnocTe Temnmeparypa warpesarteas °C
Harpesa, -
Hae 700 750 800 900
40 6-10" 1.10~ 210”7 6.10°
47 4.107 5.10~% 7.10~8 2.10~°
42 4.307° 5-107° 1078 1.10~°

(mocne apros-
Hoil ofpaboTkn
HoM)

CpapnuBas RHKJALL RarpeBa, TPOBENCHRBle RO AProHHOA 06pa-
6otkn (puc. 3) ¥ nocjle Hee (JAHHBEIE N0 H3MEHERHK JABACHHA OT

§ Pmm pmcm
4
0 5
§
4
H
199
g
3
4
2
1078
¢
;roc - /P
2
73
Wit a ; . L\—_.,\
H
w0 b T
800 ?
09,
260
so0|_3 6 4

D 2 4 6 8 102 s 5 I8 20 22 24 26 26 30 37 34 365 38 40 42 Twac
Puc. D Vamenenue IaBieHNS ¥ TeMnepaTyphl OT BPeMeHH NPH OTKauke
apyma Hacocamn H3IM-300 nocre apronHoit ofpaGotin.
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TeMOepaTypbi CBeleHbl B Taba, 1), ciefyer OTMeTHTH, 9TO NpeAeab-
Hoe HaBaeyHe 5 Oeduu upu temmepatype 800° C mpaxtHuecKn He
HameHngock — 6 - 10—% au pT. cf., HO TO Ke JaBji¢HHe Hocjie aproH-
Hofi 06pabOTKH TOAYYCHO NPH 3HAUHTENIbHO GOJ€e KOPOTKOM LHKJe
ofesra>knpannsa narpeBateas (16 wacos mporus 50 yacos 10 apros-
Hoft 06paboTKH).

M3 1abn. 2 caemyer, uTo YBeJHUEHHE TeMIePaTypel HarpesareJs
£0 800° C maer BospacTaiHe CKOPOCTH Fa300TAGNEHNUA B 5 pasa, axe
nocae 40-wvacoBoro 00e3rayKuBaHHa HATpeBATeNs TpH TeMueparype
900° C.

VieabHasg CKOPOCTb TA30BbIAEEHHS] CHCTEMBl «HarpeBaTenb —
SKpaHLy, [0Ay4eHHan Tpa TemnepaType 20° C, LOCTATOYRO XOpPOLIO
coBnafiaer ¢ XaHuoiMu [1, 2, 4). Huxke npHEeneHul TeXRHYECKHE Xa-
pakrtepuctuki nedn OKB-8039.

flpegebnOe NABAEHHE B NEYH

npn Temmepatype 20° . . . . . . . . 7-107° 4 pr. ct.

upH Temmepatype 800°C . . . . . . . 61072 ampr. o1
Pabouad TeMIepaTypa . - . . » . - . .« B00°CE10°C
MOWGHOCTL YCTAHOBAEHHAR . . . . . . . . 3D ¥&m

B TOM HUHCALD
KaMepbl HarpeBaTeabHOH mpH

TeMneparype 800°C . . . ., . . . . 13 kem

GpOrpeBa KOPMYCd W KPWIIEK . . . . . 15 wem

SACKTPOIICTH AR NPoTpeBa HACOCOB

HAM-300-1 . . . . . . . oo 7 xam
U0 TERJOBHX 30H . . .+ o 4 o+« « = 1
Pacxos oxaamnatomedl BOSIH . . . . . . . 1,5 adfuae
Packod WHEAKOTO 330T& « + + .« & « +« » + O afuac
Pa3mepnt paGoyero nMpocTPancIBa MeuH:

AHAMETP . . . . . e e e e e e 300 ax

BOHHA . . . . . . e . . e e, TOO aexe
FaGapuTH saeKTpPONEYH:

1 | Rt 3620 aar

HWHPHHA « « « v v o o o v o o o a s« 3400 s

BHICOTA .+ . « v + « « -« e e e e e . 2000 am
Bec YCTAHOBKHM . . .+ + & v« o o« 0 v 3000 xe

Mo:xro oTMernTh, uTO aprodnad o0paGoTKa YJyyldlaeT Bes-
qHHY NPeAeNbHOr0 JABAEHHA TOALKO B XONIOKHOM COCTOAHHH, B TO-
PAYEM COCTORHHH BaKYyyM HE H3MEHHeTCs. 3To 00bsicHAeTCA, BHANMO,
TEM, YTO B APONEcce 1IPOrpeBa HarpesaTens H 3KPaHOB MPOHCXOIMT
HArpes WCKTPOAHOM cHcTeMbl Hacocos HOM-300 mo Temmeparyp,
npenpIOMHX 7 pes, H IPPeKTHBHOCTL apiOHHOKR 06paboTKH Npo-
nanaer (1a6a. 2).
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Tabauga 2

BaxyymAbie XapakTepRCTHHH nean OKB-8039, noxydyeHHwe
NpH pasnHIEbIX TeMmepaTypax Harpesatrexa®

Temnepa‘rypgcnarpeaa reas, 20° 500° 600° 700° 800° -

Mpeneastoe fapleitne,

MHPTCT. .. 7-1070 { 3.107° [3,5-107% | ¢.107% | 6.107°

Havexanue, auxfcer . . . |6.4.1074] 1.107% [1,4-107%[1,6.107% ] 2.107°

¥aenvnas cxopocis raso-
OTAEAEHHA CHCTEMB ,Barpe-
BaTeJb — 3KPAHBLY,

MM DT, CT.feex. et . . . 14,2.10738,0.107F]1,0-107 1, 1107 Y 1,5 1071

BrBoah

1. Jiast yckopedHs TONyYeHHA NPedefbHOTO pAa3pekKeHHsT Ueneco-
00pasHo NMPOBOAHTL 06€3raKHBAHHE NPH TEMMEPATVPaX, NPEBLIIIAI-
KX paGouylo TeMNepaTypy, Tak Kak ra3ooTAeneHHe LpH Gogee BH-
COKHX TeMmIepaTypax NMPOHCXOAHT 3HAYHTENbHO GHICTpee, B Pe3Vib-
TaTe COKPAIAETCH BPEMs NMPEABAPHTENBHOTO O0e3ramnBaHH:,

2, [as yayuiienua npefeibHOrO AABJCHRS NEYH PEKOMEBAYETCA
NPOBOLUTL ApProHHyl obpaboTkv Hacocos HAIM-300, kotopas no-
3BOMIAET YAYYIIMTH NPEAeAbHBIl BAKYYM B XOJORHOM COCTOSHHH Ha
BeAHYHHY 86 oanoro mnopsaznxa. Ilpu temneparype 800° C addekr
YAYYIIEHHA BAKYYMa 3a CYET aprorHoH o0paloTKM NpaKTHUECKH He
nabaogaercq.

3. B npougcce 3xcnayarannyg OBAO  BHIACHEHO, ¥TO OTHEALHLIE
HSAEMEHTEL (18YH HefOCTATOUHO OXJAaXAAMHCh.

4. Jlas BEICOKOBAKYVMHBIX 3JEKTPHUECKUX Teueil, Tpelynomux
6e3MacNAHOr0 BAKYYMa, HEIL3A NPEeAyCMaTPHBATE MACJSHOE OTKAY-
Hoe 000pyIOBaHHE, TAK KAK JaXe NPHUMSHEHHE CARHHANBHEIX MACT0-
3aUTHBIX YCTPORCTB (a30THBIe M COPOUHOHBIE JIOBYUIKH, Macio-

oTpaxkatenu} MmanodQdeKTHBHO K NpeIOTBPAMIEHHIO MHTDAUUHH
Macaa.

* HNanusie Taba. 2 mosyueHH 1oCAe HNpOBeAeHHA APronwof obpabotkn H3M

8000"(‘:* LHaunbie, noaysennwe nocie 40-uacoBofi BHEpPXKKH NPH  Temmepartype
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DPPEKTUBHOCTb JTUD®PYZNMOHHOI'O COEAVMHEHUA
METAJUIOB ITPM BECIINTEHTEJIBHON OTKAYKE DBII

I. B. Kouwwxos, B. H. Epexun, M. H. ®edopoe

OZHHM 13 OCHOBHBIX (DAKTOPOB, ONpelenmiomux 0e30TKasHOCTh
HelCTBHA H JUIMTeJbHBIl CPOK CAYXKObl 9A€KTPOBAKYYMHBX NPHOO-
pOB, ABAASTCA BLICOKAS CTEMeHb Paspekers B paboyem NpOCTPAaH-
cTBe mpuGopa. [1pn gabnennn okoao 10-% wa prt. cT. pabota psla
sAeKTpOBaKyyMEpix nputopos (IBI1) yxymmaerca: yBeaHUABAIOT-
Cs MYMBl, NPOHCXOANT OTPaBMEHHE KATOLA, CHHIKAGTCA BBIXOAHA?
MOILHOCTH, 3HAYHTENLHO YMEHbLIAETCA ROJATOBERHOCTh U HAAEKHOCTD
npulopos.

Kak noxazaau Heol1efoBaHHsl TNOCAGAMHX JIET, OTBETCTBEHHBIE
IBIT noayyaoTes HadeKHbIMH, €CH HX OTKAYHBaTh A0 JABJCHAR
10-° ax pT. CT.

HanGonee mepcriekTHEHBPIM IyTeM YAYULeHHst NpeAeInHOro Ba-
KyyMa, COKPAIERNSA TEXHOJIOTHUECKOTO [IHK/AA H3TOTOBAEHHA NpHGo-
POE sIBJSeTCs NphMeHehHe OecliTeHredbHOH OTKAUKH.

BecmiTenreabHast OTKAYKa oOTBercTBeHnbix JBII moxer BwITh
VCHEIIHO BHEAPEHA B NPOH3BOACTBO TOMLKO MPH YCJOBHM IEPMETH-
sauuu npuGopoe cnocotoM, MO3BOJALIHM  M0JyYaTh BaKyyMHO-
MJAOTHble MeXaHHYeCKH NPOUHBIE TepMOCTONKHe BHOPOCTOMKHE IHIBHL.
Crocot covlvlleHHs He AONMKEH TaKiKe BH3BIBATH HCOapenue Moje-
KyJ METaNNOB ¥ He BHOCHTb AOMOJHHTENbILI ras B npHoop.

TutaTeapHOE PACCMOTPERHE BO3MOXKHOCTH NMPUMEHEHHA BCEX H3-
BECTHL'X CHOCOOOE CBAPKH META/JIOB IAA TePMETH3AIMH MeTamlo-
gepamuueckux IBIT npn GeclITeHrefibROit OTKAUKe [OKA3BIBAET, UTO
TOAbKO AA(GQPYIUOHHOE COCNHHEHHE MOMKET HARTH YCNelRoe npame-
nenue [1].

OnHaKo JJisi TepPMETH3alB) OTACALHBIX THNOB fpubopos, pabo-
TAOMUX Npu Bagyyme 1075 — 107° mat pr. 1., NpH feclTeHTeNEHON
OTKauKe IPHMEHSIOT TaiKe nahky {2].

C penbio BhisicHeHds 3PPEKTHBHOCTH NPHMEHSHUA 3THX BHIAOB
COeMMHEHHsT NpPH  OeCIITEEreAbHON OTKayKe OTBETCTBEHHBIX 3BI,
Tpebylouux a5 cBoeil pafoTHl BakyyMa mopsaxa 10-9 — 1010 aat
pT. CT., BBITH NMPOBEjeHb CPABUATENbHLIE UCCAEAOBAHUS.

Ias 3TOro OBIAM WBFOTOBAGHH JABa THUA MAKeTOB NPHGOPOB
¢ KOpHycoM u3 Mexn MB, 1o3BosislollHX HPOHSBOAHTL 3aMep Ba-
KyyMa B MaKeTe BO BpeMs OECUITEHTe/bIION OTK24YKH, B MOMEHT TeD-
METH3AIHH H Nocae OXAaXAeHusa npuéopa.

B kayecTBe HaTyHKa AJA H3IMEpeHHs Bakyvma B MaKeTax nph-
6opos NepPBOTO THNA MPHMEHANACh HOHH3ANUOWHAR MANOMETDHWE-
ckan aamna JIM-2. HMsmepenne BakyyMa B Maxere B 1ipomecce OT-
KauKu M 00esrakuBauus Hpoussomunach Bakyymmerpom BUT-1A
1o ofBUHON CXEME.

B kauectBe ZaTYHKA AJAA K3MEPEHHA BAKyyMa B Makerax BTOpPOro
THAA HCHONb3OBANCA BHYTPHIAMNOBHI MagOMETp, NO3BOAAIOIIMH
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H3MepsaTh Bakyym B mpedenax or 107 go 10-% um pt. cr. Jamen
BaKyyMa B Makere NPHGOPOR BO BpeMs OTKAUKH M 00e3raKuBaHuA,
repMerH3aUMM ¥ NOcAe OTRad NpRGopa TMPOMSBOIMICA C IOMOIIbIO
sakyymmerpa BH-12. )

Bsaumuoe nmosoxenne uacTeil NpHOOpa BO BpeMs OTKAUKH M10Ka-
3ayo Ha puc. 1.

-

Puc. 1. BsaHmHOe pacnoJoxeHHe dacTed
MaKeTa DpHOOpa ¢ BHYTPHAAMAOBBIM KMAHO-
MEeTpPOM NPH OTKAYKe.

OrtpaGoTka pexuMoB Anddy3HORHOTO COSNMHERHS W OIpeene-
HiHe ONTHMAMALHON KOH(UIYPALWH K DAIMEPOR CBAPHBAEMMBX KPUMOK
NPOMARONHANCH NEPBOHAYAABHO HA KOPHOYCaX MAKETOB MNpubopos
0¢3 BHYTPEHHEH apMaTypHl.

H. IUonuue u Il. Ji0OMCHOM 3a KpHTEpHH TepMOMEXaHHUECKOH
HAASKHOCTH CBApBOTO COEAHHENHS Oblia NPUHATA CHOCOGHOCTH COX-
paHeHHs BAKYYMHON MJAOTHOCTH
noc/ie Harpega A0 TEMIOeparyp.

g"""\ m~——— \ NPEBRMAIONIX  MaKCHMaNbHYIO
E / —r xk-r—ci"-"i‘f pafiouyio TeMmmeparypy, H nocie
i Fa 0y BUOPAHHOHABX HATPY3OK cellb-
o A F MOIT CTelleHH XKEeCTKOCTH (4acTo-
$oo Fompz | 18— 8 2, yckopemne — 2.5 g).

| saramemp pé CoeflUHeHHE CYHTAJOCH BIOJHE

0T @ T w2 % HALEXHBIM, €CH OHO BHIIEPHH-
’ Ba10 He MeHee 10 rTepMoynapos
Puc. 2. Kpusme oTkauxk wmaketos (HATDEE B JJEKTPOMEUH 10O
npu6opoB ¢ repmernzaumeit nmdpdy- 700° C, BoigepKKy 10—I15 MHH.
JHOHHBIM COCITHHEeHHEM. H oXJaxKJeHle B Cpre CHATOTO
so3ayxa 2—3 wMud.) eBuHGpo-

HArPY3KH H OCTaBajoch BAKYYMHOIIOTHEIM.

Hamnayumne pesyspTaThl 00  TepMOMEXAHHUECKOH NPOYHOCTH
uUMeAH o0pasibi U3 MeXH, CBapeHHbie 10 KOABLEBOU MIOCKOCTH TIPH
pexuMax cBapku: Temneparypa 650° C, napnenwe 1,2-—2 xa/mm2,
BpeMda BelAepkKKH 40 mu#., BakyyM 1-10-% —5.10-7 am pr. cr.,
uncToTa 06paboTkn 7.

Ha puc. 2 npuBefeHtr XxpuBble OTKAYKH ABYX MAKeTOB NPHEOPOB
¢ repMeTH3alue# AHMGYsHOHHOH cBapkoil. Kak Euano H3 rpadHKoB,
K KOHIY OTKAYKM B MaKeTax Ouln noaydeH Bakyywm 4« 10-% (BuyTnH-
JamuoBeit manomerp Ne 8) u 2,2.10-% mm pr. cr.  (JIM-2 Ne 5).
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Tabauga 1
BakyyMm, Mu pr. CT.
M B npn- |___B npnbope B TeueHHe
THN MAHOMETPA  |make- | B meun | Gope B
Top | O0e3ra- | MOMeNT
WHBAHKSA [repMeTH- | CYTOk | wmexzemu | mecaua
3ALHH
Bayrpnaasnosni 1 5107% 9.107% 1.1077 1077 1.1077
p— J— — - —_
MAHOMeTP 3 |8,6-10 g 3.10 22,6-10 *2,6.70 22,6-10 2
6 | 21077 5107 9-107% 9.107% .10
8 1.107% 4.107% 3.107% 3-10“2 3107
9 19,4.1077[4,4.107%7,6.107° 7.6-107717,6-10”
10 |1,2.107% 5.107% 4,107 4.10‘| 4.107°
Hounsannonnas 2 | 7107 1,407 41078 4.107% 4.107°
oMLy eckan Al g 13,6.107 18,4071 5,6-107715,6-1077| 5,6.10
5 | 6107 2,2.107°|6,6-1077 6,6-10~71 6,6.10~7
8 [7.8:107% 3.107%1,2.107%1,2.107% 1,2.107

Bakyym B xamepe oGesraKHBaHHA OBLA cooTBetcTBeHo 1-10-¢ H
€+ 10-5 mm pT. CT.

B Ta6n. 1 npapeAeHnt AAHHBIE, XaPAKTEPH3VIOLIHE COCTOAHHE
BaKyyMa B MaKeTax, 3arepMeTH3HPOBAHHHX AHM¢Y3HOHHOH cBap-
KO,

ITo nanubIM TaGauLE! B "padUKOE BHAHO, YTO BAKyyM B npuado-
pax npH repmeTusailni  AHDOVIHOHHOH CBapKoll B MOMEHT OT-
nas — repMeTH3aldl He YXYEIUASTCA, A NOCHe OXAAXKAeHUA CTaHO-
BHTCA ayume Ha 1,5—2 nmopAdka mpH OTKauKe MaHOMeTpPOB 0GOHX
TANOB, JT0 00BACHACTCA TeM, YTO OTHAN — repMeTHIANHE NPUOGPOB
JHGOYIHOHHBIM COeIMHEHHEM NPOH3BOAHTCA B ropsieM COCTOSHHH,
fea Kakoro-AHOO0 rasooTHescHus, a NpH OXJaMJAeHHMH npHOGopa 3a
cuer agcopburu u adbcopBLHN OCTATOUIIEX Ta30B NpeleAbHOe paspe-
>KeHHe B npubope cYIIeCTBEHHO YJYUIIACTCH.

[pn BRIOOpE NpANOA A/ TePMETH3AUHH HPHGOPOB Mbi HCXOAHMAH
M3 YCAOBHS, UTO, BO-NICPBHX, €ro TemilepaTypa AnabjeHHs AOJXKHA
OBITE HHXKE TeMnepaTypsl naapieHus npunoa [ICP-72, tak kak B
APOTHBHOM cJydae IPHEOp NPH repMeTH3auMA MOXeT pacnasTbed H
HATEYb, H, BO-BTOPBIX, IPHTION AOJEH MAABHTLCE [IPH TEMAEDATYPE,
COOTBETCTBYIOMIEH ONTHMAJABHOH TeMmepaTtype AHEGY3HOHHOA cBap-
ki mean MB.

B nammx sKcnepHMeHTaX DPHMeHAACA INpumofl BAKYYMHOH
maaske [ICPM® 156 (Silfos) TOCT 8190-56 ¢ Temneparypoi naas-
sexnns 641—704° C.

KpuBbie oTKauky MakeToB npHb6opos JIM-2 BHYTPHAAMOOBOTO
MaHOMeTpa ¢ repMeTusaluell naiikoll nokasansl na puc. 3. B rads. 2
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Tabauga 2
Baxyym , um p1. cT.
N B npx- B NpHGOpe B Tevenme
THn MaHOMETpa make- | B TeH | Gope
Top | 00e3ra- |B moMenT
wHBaHHA | repme- | cyTok | Hemeaw | Mecqua
TH33aLUMH

Buyrpuaammosit | 12 | .30 8107 1.107Y 107 1107
ManoMeTp 13 6:107%1,4.107% 6.1077 6.1077| 6-1077
16 | 31075 5107 4107 41078 41070
18 |5,4.107%2.4.107% 2.107% 2.-107% 2.107°
19 | 31077 6.100% 51077 5.1007 5.1077

Maﬁg:ggaggg&lgﬂm 10 3,2-10“: 6,4-107°(5,6.107° 5,6—10‘2’5,6-10‘63
1o _ 5 _ _ _
HaHOMeT 12 11,6.1077) 51077 31070 31070 3107
13 1 4:107%8,6-107°16,7-107°16,2-107°| 6,2.107°
16 | 1.007% 71074 6.107% 6.107% 6.107°

OPUBEAEHH Pe3YABTATH, XapaxTePU3YIOUIUE COCTOsHHE BAaKyyMa
B MaKeTax.

M3 taGanuel BHAHO, Y70 BaKyyMm B NpuGopax nocse ofesraxHBa-
HHA K OTKAUKH Nepej repMeTHsampel yxymumaercs Ha 1— 1,5 no-
Pallka 3& cYeT Tas3OBBIAEACHHA M3 NPHNOA MpH pPaclaABJEHHH.
BakyyMm B neun ofesrakHBakHsa yXyAWlaeTcs npu 31oM Ha 0,3—0,5
fopsaKa.

[Tpenenpublii BAKYyM B HpH-

) fope mocae OXJITaXAECHHA YaAYY-
£ [ ] " HI2eTCs, HO BCE K€ OCTAETCA HA
§m= i 2 m'rr 1,5—2 nopaagka xyxe, uYeM B
Lrw *%WE_M npubopax, 3arepMeTH3HPOBAK-
0 il B 2 ﬂﬂd)(pya}{onHOH CBaPKOIi,
g | Lo Hekoroprifi paaépoc B Besu-

e N I e YHHE OCTATOYHOPO BaKyyMa npH

foewr o repMeTH3auMH hafikofi oGBsC-

PHce 3 Kpusne oTkaukk Makerom HACTCS, BHLHMO, DAa3NHUHLIMH
OpHOOPOB ¢ repMeTH3aUMeR maiixofi. MOMEHTAMHU 3aKPHITHA NpHGOpa

noche  pacniaaBJeHMs NPHION.
BuiepKKa Npunos B paciyiaBAeEHOM COCTOAHHH TIPHBOAHT, C Ofi-
HO# CTOpOHb, K 00Ge3rakxHBaHHIO TPHNOH, HO, C APYrol, — yBeXH-
YHBAET KOJHUECTBO MOJEKYJ MeTas/a, BBETAIOUIRX H3 NpPHAOA,
yXylwas KauecTso npuGopoe.

CymecTBeHHbI HHTepec NPeACTABJAET CpaBHEHHE NOMYUEHHBIX
Pe3ynbTaTOB, XapaKTepH3YIOIHX COCTOSIHHE BaKyyMa B Maketax
NpK OeCIITEHTrespHO OTKauKe, ¢ repMernsaumenr Au(Py3HOHHBIM
COe/IRHCHHEM H NARKOH APYr ¢ APYrOM H ¢ AAHHEIMH 110 COCTOSHHIO
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Bakyyma B o0pasiax, OTKauaHHbIX yepe3 MeAHLIE IUTEHreJH Oo0Jb-
HIOTO AYAMETPa # OTNafHHLX XOJMIOAHOH CBapxoi,

JnddysHonnoe coellnHeHHE MATEPHANOB B BaKyyMe BO3HHKAeT
DpH MaKCHMAJbHOM COJHKEHHH YHCTEIX NMOBEpXHOCTEN 3a cyer B3a-
aMHofi nuddy3nH B NOBEPXBOCTHRIX cnoaX. KauecTBeHHOe coefmne-
Hue oOpasyercs 0e3 MpHMEHeHHs OPHNOeB, (JAIOCOB, 3/7eKTPCAOE H
pacunapaenus ocsosxoro Meraana. Ilpu AH@Oy3HOHHOR cBapKe Her
JONONHHTEABHBX HCTOYHHKOB ra3coT/eset s U HCOAPeHUs MeTaslia,
[Ipr repmerusauuu ke NpuGOPOB Nalkoill W3 TNDPHIOA HMHTEHCHBHO.
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Puc 4. XapakiepHcTHKa COCTORHHMA BAKYYMa BO BHYFDRAAMNOBHX MaHO-

Merpax, TepMeTH3HPOBARHMX IndPYIHORHEM coelHHeHHeM (Makerw 1, 3, 6,

8, 9, 10), nafikodi (makerw 12, 13,716, 18, 19), » B 06pasUAX, OTHAAHHBIX
xonoAnoft cBapioh (Maxketw 20—23).

HCNAPRIOTCA MOJNEKYAB MeTAJJOR H ra3os, KOTOpHle, MONajas BO
BHYTPEHHIOI MOMOCTL NpPHOOpA, YXYAMAWT OCTATOYHLIN BAaKyyM.
[ToaToMy HavasbHbIt BaKyyM, HPH KOTODOM NPOHCXOLHT repMeTH3a-
uHs npuGopoe, npu AuddysHoHHOR cBapKe JAyuyme Ha 1—1,5 mo-
pALKa, ueM IOpH nafike.

OctaTounbifi BakyyMm B mpuGopax, 3arepMeTUSHPOBAHHBIX Hali-
KOl, Ha 1,5—2 nopaika xyxe, yem B npuopax nocje repMmeTH3a-
nui HX XZHGQysHOHHON cBapkofl. JlaHHBIE, XapaKTepH3YOUHe CO-
CTOSIHHE BaKyymMa BO BHYTPHJAAMIOBLIX MAaHOMETpaX, yOemuTeJbHO
NOATBEPKAAIOT ITOT BLIBOJ (pHC. 4).

Ha sTom ke pucyHKe npoBelieHst uno AaHubnM paboru [3] rpa-
GHKH, XapaxkTepusyone cocToAHNe BakyyMa B ofpasiax, OTKauaH-
HBIX Yepes IHTEHTeNbh H OTHafgHHLIX XOMOAHOH CBapKOil.

Magernt 20, 21 xapakTepH3yIoT BaKyyM B 00pasnax, OTKaYaHHbIX
uepe3 HeAOCTATOMHO O0e3rameHHHI WITeHreAn, MakeTol 22, 23 —
uepes TIMATeNbHO O00e3raxeHHb INTeHreab. Bakvym B nepBbix
ofpasuax ApH OTNae YXYAWAICA Ha 2—3 WOpsAAKa, a npu obeara-
JKEHHEIX HMIT2Hreasx —Ha 1—1,5 nmopaaxa. ABTOpH OOBACHAIOT
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yxyAuieHne Bakyyma B o0pasiax, OTHaHBAeMBIX XOJIOAHOH CBApKOH,
BblLe/eHHEM ra30B, a0copOHpPOBaHHMX E TOJLlE MeTanla NpH Je-
$opMalHy KPHCTANACE Merajsia LTeHreAsf, NpHYeM OTMEYAloT, YTO
«TMOJHOCTBIO OCBOOOAHTBCSA OT BHAEJNEHHH rasa BecbMa 3aTpyHHH-
TeMbHO», HeCMOTPA Ha CaMoe TIuaredbHoe 00e3raKHBAHHEe IITEH-
ress.

Tlpu nuddysHOHHOH cBapre HMeeT MeCTO JIMIb He3HAYMTENBHAA
anacTuyeckas AepopMallusi HePOBHOCTEH Ha KOHTAKTHHIX AOBEPXHO-
CTAX CBapHBaeMBIX JFeTajefl, He NPHBOAAINAA K [a3z00TAEJCHHID
B BaKYYMHYIO HOJOCTb Npuiopa.

IIpumenenue ans otkaukn 2DBI1 wrtedrenel yBeanyeHHoro IHa-
MeTpa He OCBOGOXKAAeT CYLIeCTBYIOLINE PeXKHMBl OTKAYKH OT TPajH-
LHOHHOIO HENOCTATKA — OXJaxKJAcHHA Ipubopa mepes oTnafkoi,
YTO IEPHBOAMT K YXYALICHHIO COCTOAHMUSI QOE3raKeHHOU TOBCRPXHOCTH
OBOJOYKH H 2AeKTPoJoB npudopa. [lpn OcTHBAHWW OfGe3raxKeHHBIH
npudop paGoTaeT Kak Hacoc. 3acachiBaemble B NMpubOp razk coplOH-
PYIOTCH OCTHIBAIOILIHMM MOBEPXHOCTAMH OCONOYKH M 3AeKTPOLOB, a
npu paboTe NpHGOPa HaCTHYIIO BLIZCAANTCA, YXYALIasd RaKyyM H OT-
pasisif KaTon.

Pue. 5 3oHa anddy3HOHHOTO COEIHHEHHA Melb —
Menb {ye. 450).

BHYTpeHHSs MOBEPXHOCTb IITeHMrSsist Kak Haubojee XONOAHadA
qacTh npubopa, ABAAACL CBOCOOPA3HCH JOBVIMKOHR Zas Ta30B B pac-
NHLIIAIOUNXCA BEMECTR, 3arpA3HASTCH B nponecce OTKaykn. Orman-
BaeMbie B X0J0AHOM COCTOAHKM NpUGopH He Beerda ycToHYHBO pado-
TalT AN o8JajalT HeOOXOIHUMBIMH [apaMerpaMH, XOTH MpH OT-
Kauke OHH ux uMmenu [4]. Tlpemenvnnii Bakyym 1-10-7 mm pr. CT.
[IpH XOAOARON CBapKe WiTeHrenell GOALIIOTO AHAMETpa JROCTHT3ETCA
nocne oxyaxieHus npubopop mpu Temmepatype 80—100°C.
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Mpumenenne AudpdysnoHHOTO coedunends yaJsuop 3BII npu Gec-
LITEATEBHOR OTKAYKE NO3BOAACT NPOH3BOJNHTL OTNAH NpUGOpos NoxL
BAKYYMHO! Neubid B TOpAYeM COCTOSHHM NPH TemmnepaTypax 600—
700° C.

Otkayka npubopop uepes LITEHTeAH YBEJHUEHHOrO ANAaMeTpa ¢
repMeTH3AUHeH XONOAHOI CBApKOH 00najaer u ApPYTHM CYLREC1BEH-
HBIM HEZOCTATKOM MO CPpaBHedHIO ¢ OeCluTeHreabHOH OTKaukoi NpH
repMetnsaliny Augdyanounof ceapkoii. [aa aedbopMauun U XOJ04-
HOH CBapKH TPYOOK OOJBUWIOro AHaMeTpa HeOOXOAMMO pesKoe BO3pa-
CTaHue ycuaus cBapkn. Tak, Ans CBapku wrenreas 16—18 wum
Heodxcaumo yeuaue 4000 xe, a ans cBapky wWTerrens 37—40 um —
20000 xe. D10 BoIbIBaET HeOOXOAMMOCTL OFPAIHUHTL NHAMETPHI
OTNAMBASMBIX IHTEHTeeH Jayke MOIHEIX NpHOOpoB Ao 40— 45 mu,
XOTA ¢ BAKYYMHOH TOUKH 3PeHHst XKeJaTebHO NPHUMEHEHHe IIreHre-
Jgef gpamerpom 80—385 4w [4].

IMpu GecmTeHrembHON OTKauKe OTACAbLHBY TiinoB JBII po3MoxHA
OTKauKa uepes Bce cevenne npubopa.

CymecTBeHHBI HHTEpec NPEACTABJSET CPaBHEHHE MHKPOCTPYK-
TYp 30Bb COelHHEHHH AeTajeil NPUGOPOB, BLINOJHEHHWMX AUPdY-
3MonHON cBapKoil (puc. 5) ® mafikoit (puc. 6).

Anddpysnonsnft caolt MeAHHX AeTajell Soapmed vacTbw ABAA-
ercsl MPOZONKEHAeM 3epen MelH OfHON M3 HuX. PH3HUecKas Fpa-

Puc., 6. Magswmi moe (ye. 140, ymeHoumenre 1/2).

FHLa pasiena Mexkiy HHMM He OofHAapyKuBaerca. DTO NO3BOJIHAO
COXpaHATL NPEAeAbHLI BakyyM B NPpHOOpax 0e3 H3MeHeHHsd B Teue-
HHe roja.

INaguplf WOB OTAHYAETCS HEOAHOPOAHOCTRIO. B cTpyrType mBA
OTYETIHBO BHAHBI YCAZOYHHIE TPEWIMHH, ABJSIOMHECH peaJbHOH
OIIACHOCTBIO AJIS1 BAKyYMHON NJIOTHOCTH 050A0UKH TpuGopa.

[ipu repMernsamup naiKoll BOSMOXHG HCHApeRHe MONEKY:R NMpPH-
1051 B BAKYYMHYIO MOAOCTh MPUGOPOB, TaK KaK AaBjiedHe HACHILEH-
HEIX f1apOB OOJBbIUHHCTBA CepefpAHbIX NPHIOEB, NMPHMEHASMBIX IAA
naiigkn IBII, cocraBaser 9. 1076 —3- 107 mum pr. ¢r. yxKe Opu
temnepatype 600° C. OcaxileErHe HX Ha KepaMMYeCKHX IETaMAAX BJie-
yeT 3a CoBOH MOABAEHHE YTeyex, HA MeTalNYeCcKHX — H3MEHeHHe
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TOBEPXHOCTHBIX CBOHCTB feTanefl, Ha KaTOAEe — ero  OTpaBieHue.
B oraesbhbix MakeTax Gblio OTMeuemo MOSBNEHNE YTeuek L0 Kepa-
MHKE MEXIY KaTOAOM H CeTKOR.

BHBOAM

l. CymiecTBeHHoe yayumieRHe TpedeabHOro Bakyyma B SJBII
MOXKET ObITb JOCTHIHYTO DYTEM NpHMEHEeHHS AH(QYIHORHOTO COSLd-
HEHHA Y3JI0B NPHOOPOB NPH OGECIUTEHTeNbHON OTKAauxe,

2. I'epmernsanus merannoxepamuueckux IBI1 AH(HYSHORELIM
COCAHHeHHEM MO3BOJACT NOJYYATE KaueCTBeHHOE, HANEKHOE COelH-
HeHue.
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TYPBOMOJIEKYJIIPHBIE BbICOKOBAKYYMHbBIE
' HACOCBI 1 AI'PET'ATDBI

JI. A. Beanes, f0. M. Tysankun

B nocnegnee spems ormeuaerca pocr HHTepeca CelHAAHCTOB N0
BAKYYMHOH TeXHHKE K TYPOOMONEKYJAPRBIM HACOCAM. DTO 06LACHS-
©TCA B OCHOBHOM JABYMSA OGCTOATENbCTBAMI.

Bo-nepBbix, BecbMa BHICOKHMH 5KCIIYATALMOHHBIMHE KAMECTBAMU
3THX HaCOCOB: ycroifuupas pabora npu Aanaenmu 10-8 — 10-% um
PT. CT., HOCTHXREHHE RaBAeHHA 10-1°— 10-'2 ma pt. cr. Ges npume-
HEHHA OXJaXJAeMBIX YCTPOMCTB, BHICOKAS CKOPOCThL OTKAUKH BCEX
6€3 HCKMOYeRHA Ta30B K Madiblll pacxon anexTposeprun [1].

Bo-Broprix, npomsosmxaiomumes poctom TpeOOBaHUE K «4HCTOTE»
DOFY43EMOr0 BaKyyma. B sToM oOTHOMEHMM —TypGOMoseKyaspHLe
Hacochl OKasaluchb HauboJee NOAXOAALIHM CPEACTEOM CO3AAHHS
CECPXBLICOKOTO BAKYYMa B OObeMaxX YCKOPUTeJies MacTHI, UMHTATO-
PaX KOCMHYECKHX YCJIOBHH, B YCTAHOBKAX [ HAHECEHHS TOHKHX
ILICHOK ¥ NOJIY4€HUSt MHCTRIX METa/JIOB M APYIHX paboT, B kOTOPHIX
BBICOKHE 3KCIAYaT2UHOHHBE KA9eCTBa 9THX HACOCOB H HX Ocobex-
HOCTH Haly HauGosee NOAHOE HCROMb30OBaHuUe 2]
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Pune. 1. Arperatm TBA-500M n TBA-200M.

B cTaThbe ONHCHIBAIOTCA OCOOEHHOCTH KOHCTPYKIHHM PAAA OTeue-
CTBeHHEIX TYPOOMONEKYAAPHEX BBICOKOBAKYYMHEIX HACOCOB THNA
TBH u arperatoB na ux 6ase tnna TBA.

Ha puc. 1 nokasana JauHus M3 AByx arperatos TBA-GOOM,
HEMHOPD PA3AHYAOIIEXCA TNPHBOAHOR yacTeio, n TBA-200M (ua
sagHes naaHe). Mx Texunueckue XAapAKTEPMCTHKHE NpPHBEIEHB
B Tabu. |1,

Tabanua 1
XapakTepHcTHKA TBA-200M | TBA-500M
BHCTPOTa OTEAYKH BO3AYXAa B HHTEpBAJe AARje-
anfi 1074=107"° s pr. cr, afcen. . . . .. . . 250 600
OcTaTouHOe IARAEHHE, H3IMEPeHHOE B 3aray- s s
IIEHHOM BXOKHOM Tatpybke, He Gomee, MM PI.cCT. 2.10 2.10
Tur TypbomomexyatpHoFo nacoca . . . . . , .| TBH-200M TBH-500M
Tunm nacoca npegpapuTeNbHOrO paspemensa . . BH3-2 BH20-2
CyMMapHas MOWHOCTE 3NEKTPONBHEATENEH, Kan 1,2 2,5
T
DNERTPOMHTAHHE . . . . . . . ., o . 4 o ., Cer;%jfgggaasa‘ogg 2ou TOKA
Hucno oSopoToB poropa, oO/Mus. . . . . . . . 16000 12000
Pacxox Bombt HA oxNawdeHHe arperara, .2f4qc . 60 60
Macao ana cwaskn noammnHzkos typbéonacoca . | TMI1(BTY M3-11-61)
Bec,wz . . o v . .o, 200 500

Ha puc. 2 mpuBemenn raaputybie M NPHUCOEIHHHTENbHble pas-
Mepul arperato TBA-200M u TBA-500M.

Cocras arperatos oaHorunes. OcHoBy ux cocrasasior TBH
COOTBETCTEYIOMICH GBICTPOTHL OTKAYKH ¢ 3/MEKTPOABHrATENTEM H MEXa-

125



HH4eCKHII HAcOC AJId €03~
MaHna dopeakyymMa. Ha-
COCBE  CBA3AHH TpyHo-
NPOBOXOM H 3JeKTpoMar-
HUTHBIM KJAaNMaHoM, pas-
e OO AIONIHM HX OOJOCTH

: [IpH OTKAIYEHHH 3JIeK-
goo | 722|  TPONHTAHHA.

Acpezgmas
THA 200m
F8A 5000

A Lax

3

& 5600 a2

[

4 lazs |a90 Bce x#onku ynpasie-

& 386 |0| HHSA, JAMIIOUKH CHrHa-

= w |e0 || STH3AIHKE M HeobXomw-
oy e v |22 |220] MBbl€ JJIEMEHTHl 3JEKTpPO-
) T e CXeM pasMeileHs! B M1yJb-
T Tl T yupabaenua. [pexy-

A CMOTPeHa  GJOKHPOBK2

y o Mofaye HJAH Neperpe-

512 | BY BOAH, OXJaXAAK0-
60 jeo | el Kopmyca ROAUWIHMM-
8 |35 | HHKOB, KOTOpble HIpaloT
7 [ [«sc| 8 TBH pons macnoorpa-

o 1% 14| HaTenleh.
O6cnyxuBanne Ha-
coca, KpOME€ Iporpepa
CcpelHel wacTH Kopuyca
| W pellMnHeHTa IPH NOAY-
0 |250] HEHHU OCTATOUHOTO AAB-
JIEHHA, COCTOWT JHIIB
B HNePHORHYECKOM BH3Y-
Puc 5 Tas aJIbHOM Haﬁumo,c(eﬂnu 3a
apl;;;l:e H TPHCOSAHHHTENbHAIE LIHPKYJAAHEeH Macjga no
p PEL. NOMJABKOBEIM  YKasate-
JSIM  TIOTOKa, PacmoJo-
KEHHBIM B NlepenHel 1po-

3pauH

. g Taba. 2 NpHBENEH COCTAB OCTATOYHHIX prasocx;HBé{ p;);clg;;og P;II:
pgymr‘{.e arperata Iipy o0meM OCTATOYHOM JdapieHuy 3- 10-8 mm
IIpeamonaraior, 4To HCTOUHHKAMH KOMNDOHEHTOB ¢ MAaCCOBBIMH
yncAaMH 44 1 28 B CNeKTpe OCTATOYHEIX La30B SBISIOTCH HaTpeTHe

LY

oA | 251320

..

=
o
=

|y Sl iy Bx

a0 | i

Tadauna 2
' a 3 , H I CH ‘ Hy0 i+ CO CO,
Maccopoe wiczo . . . ) 2 16 18 28 44
Mapu#ancHoe mamaenwe,
MM PT. ST o o .. L (3251078 3,4.107%5,32- 10 °|2,66- 106,06 10—10
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AeTanM JaMl HORW3ALHOHHBIX MAHOMETPOB, 2 TaKxkKe MHTpauusa na-
poB Macsa M3 (GOPBAKYYMHOTO Hacoca H OT IHaPHKONOANIMNHHKOB
TBH npu Hanycke rasa ¢ (OpBaKyyMHOfi CTODOHBl BO BpeMs €ro
ocrasoBok. Ilpn pa6ore TBH murpaums napos Macia HabCTpedy
MOTOKY OTKAUHBAEMBIX I430B MPAKTHIECKY HCK/IOUEHA, TAK KaK Npo-
TOYRAg uyACTL Hacoca npejcTaBiafer coboil CBoero poAa MHOTOCTY-
NeHYaTylo JOBYLIKY, COCTOAILYIO H3 32-—36 onTHUecKH Hempo3pay-
HEIX pelIeTOK POTOpa | ¢TaTopa,

Padounmu opranamn TBH sBasioTcs QUCKH pOTOpa M €TATOpa
C BHINOJHEHHBIMH B HHUX MeTOAOM {¢)pe3epoBaHHg WJIH MTaMOOBKH
MEKAONATOYHBIMH Kapanami. OTKadHble MapaMeTpel Hacocos B OC-
HOPHOM 3AaBHCHAT OT KOMIOHOBKM IHCKOB, T€OMETPHH KaHAJoB H HX
okpyxHOi ckopocTH, Tlo pesyanTarTam HecAeAOBaHAN, ApOBeleHHBIX
npu paspaborke TBH {3], B ux KOHCTpyKuuio BBSEAeH PSIA YCOBEP-
HIEHCTROBAHHN,

Tak, AnA (pe3epOBAHHHIX AIOPAJNEBBIX ANCKOE TPHMEHEH CYKAI0-
aufics MEXJAONATOUHbIA KaHan. Daaromaps stoMy obneriens pa-
Goyle JOMNATKH, NOSBU/IACE BO3MOKHOCT YBEJHUUTh 000POTHL POTO-
pa M TeM TOBBICHTb OTKAauHBIe MapaMeTpol. Paciispernad mmo-
Mane BXofa B KaHalbt Mpefonpene/]seT yseJHueHke MOTOKA MOJe-
KyJ uepez pabounil KaHAJ, 4TO TaKke NOBLIMAeT 3t heKTHBHOCTD
oTkauky. Ha BXox B HACOCHBe MaKeThl 3THX o0paslloB yCTaHOBJIE-
Hb! HaNpaBJsIOUIHe peIeTKU MMOHHIKEHHOTO ICONPOTHRJCHHA 4.

I OCTHFHYTOE TaKuM 00pasoM NOBhImeHHe 3(GeKTHBHOCTH KaXK-
IOTO AHCKA TO3BOJINIO COKPATHThL YKCACG KUCKOB B HACOCE H HECKOJb-
KO PacIMPHTL 3a30Phl MEXAY POTOPOM M CTATOPOM, HTO HOBbI-
maer HaJeXKHOCT, H CHHMKAET Tpe0oBAaHHMS K TOYHOCTH H3roTOB-

JeHus.
Moaepunsuposanuble Hacocsl TBH-500M u TBH-200M B nacTOA-

mee BPEMS JIETKO BHIXOAAT Ha Hasnenue (1—2)- 102 mm PT. CT.
u B uHTepBane gasienuis 10~* — 1078 s pT. CT. NOKA3HBAIOT ORl-
cTpoTy oTKauku Bospyxa cewite 600 u oxoao 250 a/cek cOOTBETCT-
BEHHO.

Hau6onpinas  3¢peKTHBHOCTL OXKHZAeTed OT HacocoB, B KOK-
CTPYKIHIO DOTOPHBIX AMCKOB KOTOPHIX BBEJEHA TOHKAA 3aKPYMEHHAS
nomatka {B], a B CTAaTOpPHBIX MHCKAX BHIOOJNHeHAa OTOOPTOBKA {61,
yBeJNMYHBAIONIAA NPOTAKEHHOCTh 3a30pa MEXAY BANOM poTopa M
IHCKOM s YMEHDIIeH:s 00paTHBIX [epeTeKaHut rasa.

Ha puc. $ npuBefien paspes Hacoca NONOGHOH KOHCTPYKUHH. Ox
BHITIOJIHEH 110 OAHOMOTOYRON CXEMe & BePTHKAJBLHEIM PACIOMN0KEHHEM
poropa 8. Baa poTopa ORHOBPEMEHHO ABJACTCA POTOPOM 3JEKTPO-
XBHTaTeNs, KOTOpHI BMecTe ¢ WOAIMIHUKAMA 5 H 15 u craropoM 8
HAXOLHTCA B (opBakyymHoi mojoctn. [logaua macaa Ais CMasKH
HOLMIMITHAKOB OCYIECTBJSETCs MPHAYINTENBLHO ¢ OMOLIbIO WIHEKO-
poro Bacoca 13, YCTAHOBJEHHOTO Ha KOHIE Baja 3JIEKTPOLABHTATENA.
DA% BH3yaAbLHOrO KOHTPOJA MOTOKA Macaa NpelycMOTPeH LIAPHKO-
BHIl yKasateib noroka I4. TemnooTsoA OT CTaTopa 3NleKTPOLBHT A~
Tef U IMAPHKONOLIIHIHHKOB OCYIECTBJIACTCA ¢ MOMOILbIO TMOXauH
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Puc 3 Hacoc paxyywmneifi typSomonesyaapuwit TBH-1000;

oxAaxAalomes BOA B py6amKy 4 ¥ Kanalu B KOPIycax 9 1 16 nop-
LIHIHHKOB,

Potop 3 ¢ NPUBOIOM H CTaTOp 6§ YCTAHOBJEHB Ha MINTE KOPIlyCd
npaBoda | W S3aKPHITH LHAMHAPHIECKHM KOPLIYCOM 2. C noMombio
ecTH BANTOB 12 M IINMAEK 7 BHIOOGAHAETCH PeryiupoBKa OCEBOTO
3230pa MKy CTATOPOM H pOTOpOM. JIHCKM POTOPA H CTATCpa MITaM-
HOBAHE M3 TOHKOTO JIMCTOBOrO Marepuana. JTOT HAcoc, Mano OTau-
yaomuiics no raGaputam o1 TBH-b00M, paccunTan Ha CKOPOCTH
OTKauKy Bosiyxa cewuile 1000 a/cex.

Komnonoeka arperata na Gase TBH-1000 npexycmorpena
B ABYX BapuanTax. OXMH aHAJAOTHYEH BHIICONMUCAHHLIM arperaTam.
B apyroil BReJleHa NPOMEKYTOYHAS CTYNEHD H3 muddry3nonHoro Ha-
coca, HAXOANUIAACA Hd CAMOCTOATENHHOH BETBH KOMMYEHKALRA K
BRIOUAEeMAS [0 KelaHHi Onepatopa J/isi HEXOTOPOre NOBLILIEHHA
paxyyma. OnuTHBIA OGpa3sell 3Toro arperata B HacToflllee BpeMs
HAXOAUTCH Ha MOBOHNOUHLIX HCIBITARHAX.

Heckobko 06pa3loB ORMCAHHBIX arperaTos RHPOXOJAT OULITHYIO
SKCOAYATAUMIO HA DA3IHYHBIX NpeANpHATHAX. [TonoxuTenkLHLE
pesyJILTAaTH STOR SKCIMYaTAUNA H NOJNYUeHHble THOHSBOACTBEHHLIE
OT3HIBL [IO3BOAAIOT PEKOMEHROBATH MX K 0ojiee MIMPOKOMY NPOH3-
BOJICTBY U HCNOJB3OBAHHUIO.
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ABT. caua Ne 174752, DionnereHs HaobpeTeHwit H TCBAPHBIX 3HAKGE, Ne 18, 1965.

5 Bensen Jl. A. PaGoyan nonatka ans TYPOOMOJEKYJNAPHOTO iHacoca Apr,
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6. Beanses J. A, Tysanknn 10, M. [inck typGoMotekyAapHOrg stacoca.
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PATMAIIBHBINT TYPBOMOJIEKYJISIPHBINT HACOC
0. M. Tysanwun, JI. A. beanes

B nociaeafee AeCATHAETHE HA CMEHY KAACCHYECKHM MOJCKY-
ASPHHIM BaKyyMHBIM Hacocam |[l] npuuan TypOoMOAEKYAAPHEE
HacocH € OCeBuM [2—3] B pamuaibubiM [4] moTOKaMM OTXaWMBA-
eMBIX TA30R. Kak Mokasain pacdets, HACOCH C PajkanbHHM NOTO-
KOM TIPH P3BHHX raGapETax UMET GOABWYIO OEICTPOTY OTKAYKH
3a cyer GoJpmel HJAOMAAA PaGouHX ceueHHH Hacoca.

[Ipu KOHCTpYHPOBAHHH HePBOro 06pasua paiHalbHOrO HACOCA
0KA3a/0Ch HEOGXOMMMBIM IKCIEPUMEHTAIBHRO NPOBEPRTH paboTo-
€MOCOBHOCTh S/MeMeHTOB KOHCTPYKUMH H HCCIEAOBATH BAHAHHE
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pasanaHuX GakTopoB Ha KOI(DdUINEHT KOMIPECCHH H CHCTPOTY
oTkauxd. [las aTux uenefi GEI H3ArOTOBACH M HCIHTAH AEHCTBYIO-
muA MaxeT paauaJbHOrO TYpOOMOAEKYJSPHOTO HACOCA.

OcHoBHBIE A€TAIW 3KCIEPHMEHTaJbHOH MOAECAH PAAHAABHOrO
Hacoca noxasanel Ha puc. 1 u 2. Moneab COCTOMT H3 LIeCTH CTY-
neHell, 06pasoBaHHRX Tpems GapaGaHamu poropa u fGapaGavamu
CTATOPa C BHOOAHEHHHMH B HHX BAOAbL OCH IOJ YIJIOM K paauycy
pa6oyumH kananamu. BapaBaHn cTaTopa B POTOpPa MEPEAYIOTCH
Mexay co0o0f, pasMelnasch OAHH B JPYTOM,

Py

Puc 1 Potop

Ha puc. 1 nokasan porop Hacoca. OH COCTOHT H3 jaiopane-
BOTO BaJAa / cO cTaanHeIMH umandamu 2 Ha xonuax. Ha nandwu
HaJEeTH BHICOKOTOUHHE IWAPHKOMOLWNNHHKKA 3. [llopareBuie Gapa-
GaHul 4 HaNpPeCCOBAaHHW HA CPEAHIOI YACThb BaJa ¥ CBA3AHBL MEXAY
COGOR ¢ HOMOWbBIO YTOMMMEHHEIX NMOCALOUYHEIX NosickoB. C Heasio
NOBHILICHHA NPOUYHOCTH padoune KaHAJAH & H3TOTOBJIEHH KOPOT-
kumu. [las TaureruMaabHoll w ocepofi dukcauun 6apabaHoB NpH-
MEeHeHH pagHafbibie INTHPTH §.

Porop ycrarapauBaeTcs B NUAUHAPHYECKH#l kopHoyc, CHEMHEIE
(AaHLIE KOTOPOTO CAYKAT OMOPaMH AAA HOJIHUIHHKOB.

YerpolicTBO cTaTopa Hokasarmo Ha puc. 2. Jira ayumero o6o-
3peHHsa GapaGaHn ctatopa /, 2 BHJABHHYTH H3 6apabaHoB po-
Topa 3.

B onucweaemofi KOHCTPYKUMH CTATOP COCTOUT H3 ABYX HOJAO-
BuH. Dapabans cTaTopa HampeccoBaHH ONMH Ha IPYTO# mo 1oca-
JOYHHM TIOACKAM BHe nojiocTedt GapaGaHoB poTopa H obbeau-
HEHH ¢ NOMOWLK BAKYYMHOIMOTHHX HHMCKOBHX oGofim 4 H 8.
B pabouem monomenun oGONMB GHKCHPYIOTCH B IHAHHAPHYECKOM
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KOpPOyce COOCHO pOTOpY, OfecnevdBas MeWAY POTOPHHMH H
CTATOPHHMM OapabaHaMi 3a30PH: PajHaJbBHi 2 Ma H TOpue-
Bolt 0,5 uaun 2,5 um.

Buewmnu#t aumamerp nauGoabpuwero GapabGana 18 cx, HamMeHk-
wero —12,4, Toamuxa poTopHux G6apabasoB 4 Mat, CTATOPHBIX —
3 #m. YrOa HaKAOHA pabGouMX KaHaAOB K PpaAuycy 55° m 62°
COOTBEeTCTREHHO, Kanaar mpopesanm ARCKOBOH (peaoll ToaHAON
3 ma. Ianna xamaoro kauana oxono 4 ca. YHCA0 KanagoB Ha
Gapabanax, HauuHaa ¢ Goabmero,—45, 36, 36, 30, 30, 30. Coor-

Purc 2 Porop n crarop

BETCTBYIOLIME CYMMapHHE NAQMAAH BXOAA B paGoydme KAHAAB —
102, 98, 79, 82, 68, 82 ca’

Cxema axcmepHMEHTaNbHONl YCTAHOBKYM MOKA3aHA HA PHC. 3.

Mopeas pannansHOrO TYPOOMOJEKYAAPHOFO HACOCa paboTana
B KAaueCTBe BLICOKOBAKYYMHONR CTYIeHH CHCTEMH, COCTOSILeH
Kpome Hee W3 AHMGDYSHOHHOTO 2 H (QOPBAKYYMHOTO 4 HACOCOB.
Hacocu cooBuienn Memxay cofofl TpyGonposozamu 7 u & ¢ Bek-
THAeM 1O K 3aTBOpOM J, €AYXKAUMMHE A1 OTKJAOYCHHA MOMAEAH
Hacoca oT ¢opeakyyma. Ha BXxox MOLEIH HaCOCA YCTAROBACH
H3MEPHUTEAbHBIE KOJNAK & ¢ ABYMA MAHOMETPHUECKHMH JaMIAMM
Py u P,, pazpenenntiMu guacdparMolt 6 ¢ 0TBEepCTHEM PACUETHOR
TIPOBOJAHMOCTH.

OB6opoTH poropa uaMeHaauch ot 9000 no 17000 ob/mux ¢
ROMOUIBI0 PeMEeHAON Nepefaud H CMEHHMX IUKHBOB, YCTaHaBAH-
BaeMHIX HZ Baj 3MeKTpoiBurareas 9.
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Prc. 3 CxeMa skcmepumeHTannuoil YCTAHOBKH.

HMcnuThBaeMut ras (aprom, BO3AYX,
H3MEPHTE/ILHHA KOJAMAK B Ha BHXOM
MOULLIo HaTeKaTeaelt M, u H,.

Hapaenns Py, P, P, H3MEPAAHCE B3AHMHOOTT2PUPOBAHHBIMK
MAHOMETPHHECKHME JaMuamu JIM-2 ¢ a30THEMH AOBYUIKAME

,%nnpxompom AIBACHUS B (QOPBAKYYMHBIX TPYGODPOBOAAX

" (34' 5 MAaHOMETDHYECKHE JAMIL TAPHPOBKE HE MOABEPTrafuCh
KOPOCThL NTKAuKH §; ONpezensnach o H3BECTHOLN dopmyae:

SI=U0(-£—:—1),

reauit) Panyckaacs B
H3 MOAeMH Hacoca ¢ mo-

132

rae L/, — npoBOAMMOCTE OTBEPCTHA B Auadparme;
P, — paBaeHne rasa, uaMepeHHoe Hajx muadparmof;
P, — naraeHue rasza, uaMmepentoe noji puadparmoift (Ha Rxo-
e B MakeT Hacoca).

Kospduuuent womnpeccuun K onpepensjcd #3 OTHOWEHHA

K52
rae P, — jaBAerde rasa, HM3MEPEeHHOE HA BHIXOLE H3 MOZeJU

wacoca.

TMpu ckopoctH poropa 16800 o6/xux u HanpaBJeHUH HNOTOKA
OT nepudepus K LEHTPY 3aPETHCTPUPOBAHE CACAYIOUHE 3HAUEHHA
MAKCHUMAABHOTO Ko3PhULHeHTa KOMIpecCHH Moaenn: 25— nas
aprouna, 20,3 — ans Bo3ayxa H 18,3 — ana reaua. CpeaHnii xosd-
(pMUHEHT KOMOPECCHR oOjHOro Oapafana CcoCTapaA€T NPH ITOM
1,72; 1,65; 1,62 cOOTBETCTBEHHO., DTH PeayAbTaTH HEMHOIO HIXe
MOJAYYeHHHX pPanee NaHHHX [5] aad oceBoro TypGOMONEKYIAPHOTO
HAcoca ¢ Pabo4YHMK KAHAJAMH CXOAHOH reoMeTpnH. Pasnuua,
BHIHMO, OOBLACHACTCH BJAUSHHEM CBOSTO POAA MEHTPOOSEKHHX
aithpexToB (KpuBH3HHW 6apabaHoB) Ha NEepexXOA MOJeKya or Oapa-
6ana x Gapadany. [lpn orkauke raza OT UEHTPa K mnepudepHn
MOXHO OXHE2Th HEKOTOPOrQ HOBHIIGHHT KO3PPHUHEHTA KOM-
ApeCCHH.

XapakTep u3MeHeHnsa KoaQHyUHeHTa KOMIPECCHH N0 CKOPOCTH
poTOpa B HCCACAOBAHHOM HHTepBajde OAH30K K 3KCNOHEHIHAAb-
HoMy. Haa paga ucnpoGoBaHHHIX rasoB Aorapudm xospouuuenTa
I{OMHD&CCHH U3MEHSACTCA NPAMO NPOMOPUHOHAARHO KOPHW KB3A-
PATHOMY W3 MOJEKYAAPHOTO BeCA OTKAYHBAEMOTRO rasa. buicTpoTa
OTKAUKH HECKOJBKO pPacTeT ¢ NOBHIIeHHeM 0GOPOTOB pOTOpPa
M YMeHbIIeHHEM MOJeKYJASpHOTO Beca rasa.

Onrako ¥3-32 MaAOK DPONYCKHOH CNOCOBHOCTH QOPBAKYYMHOTO
TpyGONPOBONA B 3THX 3KCHEPUMEHTaX He AOCTHUMHYTA MAKCH-
MaJbHO BO3MOXHAA OHCTPOTA OTKAYKH MOIESJH.

[MoayueHHLIe IKCUIEPHMEHTAALHLE ZaHHKE 0006IHEHEl 10 OTHO-

Vv
WeRKio CKOpocTel —, rae V — okpykHas CKOPOCTb DOTOPA,

2 ¢ — CPpeHAA TeIJOBASl CKOPOCTh OTKAUMBAEMOTO Ta3a.
QGo6leHHEle AaHHEIE HANOMHHAOT KOo3apduunenTel Kaayanura
Al mpOnyCKHOM CHOCOGHOCTH TPYOONPOUBOAOB ¢ TOH pasHHIEH,
4TQ OHH 33BHCAT He TOJBKO OT TreOMeTpHH, HO H OT CKOPOCTH
paGouNX KEHAJAOB, NOHEPEUHON HANPAaBAEHHIO IOTOKA OTKAUNBAE~
Moro rasa. Jlas kaxaofl ckopocTa pabouero KaMana CywmecTByer
ABa TakuX KO3bPUUUEHTA, XapaKTepH3yOIWUX mpamyi ), n 06-
pataywo U, AuHamHyecxHe MPOBOAUMOCTH ABHIKYINETOCH KaHaaa,
Pacuyer o00OHWIeHHEX 3aBUCUMOCTeHl BHIOOAHEH TO YpaBHe-

HugMm (1—4):
_ . Symax— Eg
Un= (PofPy)max—1" )
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Ul2 = Slmax + Uzp (2)

4 [,

K21 ==z Fn::x‘ (3)
4 [/

Kl? = F) F;i ] (4)

rae Uy, Us,—npaMas w obpaTHas AMHAMHYECKHE TPOBOLHMOCTH
(nponyckHHE CNOCOBHOCTH) pabodHX KaHAaJOB Oa-
pabana;
Ky, Ky — cooTBeTCTBYWOINKE KODDHIHENTR THHAMHUIECKON
NPOBOANMOCTH, 3KBHBAJAEHTHHE KO3(PHULHEHTEM
Karayaunra;
Simex — ASMEPEHHOE MAKCHMAaAbHOE 3HAUeHHE OHCTPOTH
OTKA4KH HA BXoje B fapaban mpu PofP=1;

Fe
(-}3) max — H3MEPEHHOE MaKCHMaAbHOE 3HaueHHe Koadduuu-
1

€HTa KOMIPeccHH npu §,=0;
Faxy Foux == MI0MaAH BXOAHOTO M BHIXOAHOrO Ceuenuit pado-
UHX KaHaaop GapaGaua;
V;— Berpeunnift 0GBeMHEI PACXOZ Fasa uepes 3asop
npH P,

PesyapTaThi 3KCHEPUMEHTA CBUIETENLCTBYIOT O AOCTATOUHON
spbexTuBHOCTH TYpOOMOMEKYAAPHOIO HACOCA ¢ paAMANBHBIM
AOTOKOM.

XapakTep H3MEHeHHA OTKAUHBIX NapAMETPOB PaANAALHOIO
HaCOCa B 33aBHCHMOCTH OT CKOPOCTH POTOPA H MOJEKYASPHOTO
BeCa rasa MPHMEPHO COOTBETCTBYET AAHHBIM OCEBHX Typbomodae-
KyJSIPHELX HACOCOB. ¥ IeAbRLIE 3HAYEHHA 3THX NapaMeTpos (B pac-
HeTe HA OAMH KAHAA) OKasHBAOTCA HUME HPU HOTOKE OT NepH-
QepHH K LEHTPY H, BH/MMO, Bblile OPH OGPATHOM HAUPABICHHU
NMOTOKA.

B ocHoBy npeiBapuTeaBLHOTO pacueTa PafgHAZLHOTO HACOCA
MOTYT OHITb TMOMOKEHH HMEIOLIMEeCHd AAHHHIE Aad 06A0nageHHBEX
AHCKOB COOTBETCTBYWIeR reomerpus. [lonpaBounnie kosdpdhuuu-
€HTH NPH 3TOM GJH3KA K €IWHHLE H MOTYT GHITh ONpPefeseHb

BAs KaHAJIOB PSAa reoMeTpuil U3 noapofiblx pe3yAbrTaToOB HACTON-
mel paGoTH.
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PACIIPEJIEJIEHUE CTEINEHEN CXKATUSA 110 CTYIEHAM
ITAPOBOJAHOTO 3BZKEKTOPHOI'O HACOCA

B. . JKapunos, A. H. Crnexmop, 3. H. Koxcesnurosa

Llupokoe mpHMereHHe B KadecTBe OTKAUHOTO oGopyroBaHus
HaluylE OAPOBO/SHEIE 2WKEKTOPHHE HacocH. JIAs ocywecTBiaeHus
GOARIINX CTeleHell CKATHE OTKAYABAEMOrO rasa HCOOAB3YIOT
MHOTOCTYDEH9aThie Kacock. Hacoc¢ COCTOUT W3 MOC/AEeZOBATEABHO
COeJHHEHHBIX 3WMEKTOPHHX CTyHeHeli ¢ OPOMERYTOYHBIMH KOH-
neucatopamu (puc. 1). Ofutaa cTeneHs CxATHA B HACOCE CO3-
AAeTCA NOCAEZOBATEAbHBM CHATHEM B 3KEKTOPHHX CTYNEHHAX.
B cBA3H ¢ 5TuM O6OabinOe 3HadeHne npnodperaer Bonpoc 06
ONTHMaAbHOM paclpedencHRH CTeOeHed CHKaTHA N0 CTYHNeHAM.

Podowuer nap

A .

Puc. 1. YcaoBHan cxema [NapoOBORAHORO  HEEKTODHOIO
Hacoca.

Pacnpepesenue NaBJeHHH MO CTYNEHAM MOXHO NPOHSBOAMTL,
NPHHEMAA CTEMeHW CKATHA BO BCeX CTYHEHAX OxMHAaKoBHMH [l],
[2]. Ot Takoro pacmpeaenenus, OJ¥AKO, HACTO TPAXOJUTCH OTETY-
NaTh, TAK KAK HYXHO YYHTHBATH YCAOBHA DPabGoTH KOHZEHCa-
TOPOB.

B pa6ore [3] npeanaraioTcsa HOMOIP3MME!, HO3BOJAI0LLIHE
YUPOCTHTb pacuetr MHOroCTYNEHYaTOro NapocTPYyHHOro Hacoca,
NPHBOAWTCA TPUMED pacyeTa TPEXCTYNEHYaTOro Hacoca. Bubop
creneneft caxaTHa 1O CTYIeHAM NPOH3BOANTCA MYTEM BAPHAHT-
HBHIX Pacueros.

BeUIY CAOMHOCTH Pacyera MHOTOCTYNEHYATHX NapOBOASHBIX
3KEKTOPHHIX HACOCOB BOMpPOC 00 ONTHMAaJAbHOM pacHpefeNeHuH
cTeneHefl CKATHA MO CTYNMeHAM B HACTOsAIUEe BPEMn HE MOXET
6LITh PEIIeH TEOpeTHYeCKH. [IPUXOAHTCA PACCUMTHIBATL GO/bLIoe
YHCI0 Pa3AMYHBIX BAPHAHTOB, YTOOB BHIOPATH M3 HHX ONTH-
MaahLHEH,

B naunroil paGore DPHUBOAHTCA HHCJEHHOE penieHHe 33aZauu.
PacyeTs mpomsBoAuauch Ha IBM _Ypaa-2“. 3a ocHOBY npuHATA
METOMKA pacdera NApOBOASHHX 3KEKTOPOB, Hanoxewnas B [1}.
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PacueTHble ypaBHeRUn

O6wuft pacxoa mnapa AAd cTyneHefi 6e3 NPOMEXYTOUHHX
KOHAGHCATOPOB (puC. 2), oTHeceHHwli K 1 rf/eac oTcachBaeMoil
CMECH TIePBOA CTYNEHH, MOXHO ONPEALANTH: M3 YDABHEHHA:

[ t—1
G=b1+°'2bﬁl‘] (1+b)‘)’ (1)
=2 ]

71— 4HCAQ CTynenew;

b,, b, — ynenpnbie pacXoAH Napa Ha i W j CTYneHw;
P { O mpn n=1,
1 rpy 2= 2.

Ecan oTcacwiBaeTcs BO3JYyX HJIM HNaPOBO3AYIUHAA CMECH, TO
yAeabMBIH pacxox paGouerc mnapa CTYNeHM, T. €. OTHOWEHHe
pacxoga paGodero napa K pPacxory 3MEKTHPYEMOro rasa, MOXET

e rn

Pnc. 2. DmexTOpHBE Crylleny 6e3 NPOMEMYTOUHHX KOHACH-
CaTCpos.

6uiTh Hafized wo Anarpamme [1] B saB@cHMOCTH OT CTeménu pac-
wypenna £ (oTHomenud aaBieHHa paGovero mapa K JaBJAEHUIO
IWEKTHPYEMOH CMeCH) M CTeneHu ckatha K (OTHOWeEH#s HaBie-
HEA Ha BBIXOLE H3 CTYNEHH K JABACHHIO 2WEKTHPYEMOHN cMecH).
Ha ocHoBe 3Tofi AMarpaMMBl MOXKHO COCTaBHTh TabJAuIly 3Haue-
HUI 00 ZBYM nepeMeHHrM £ n K.

OaHAaKO BBOAHTL B NAMATbL MAIUMHL 3HaYeHus QyHKUHUH B BHAE
Tabaun oueHb HeBHTIOZHO. [ToaTOMY Omsa mosyueHa TPubIHKeH-
Hag anraAuTHYeCKas Qopmyaa, NO3BOJAAOMAS ONPeAeisTh NpH
saganupx £ u K sHadenne & c NOrpeIlrHoCThio He §oJee H%:

_ Ig E—
'gb= (2’75 - 0,1—0,4515- lgE)[IgK Ig (0,0892 +

+ Ig £+ 1,28)] — 0,00775. K — 0,17937. @)

v

Puc. 8. DwekTopHsie cTYREHH c MPOMEKYTOYHHMH KORISHCATOPAMH.
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3nauennd b pna zagandoro K npu E > 5000 npuHATH 0CTORA-
HEIMH M PaBHBIMH 3HayeHMI npa £ = 5000,

Ipu onpeneserud pacXojia NHapa Ha CTYNEHb, CICAYIOILYIO
3a KoHAeHcaTopoM (pHC. 3), Heo6XOAMMO 3HATH KOJARYECTBO
CMeCH Ha BHXOJe H3 KOHAeHCATOpa.

O6bemMHaf A0AA Mapa B MAPOBO3AVILIHON CMECH, MOCTYHAKd-
ulefi B KOHAEHCATOP,

Gy

13
o= (3)
Gm | 1
18 29
rae (G, —Bec napa, oTHecenwm#t x 1 &/ /wac Bo3nyxa.

[Mapunaabhoe JaBaeHHe Napa B KOHAERCATOPE
Py=15 Pp> (4)

P, — IaBAeHUe B KOHAeHCaTope.
Jasienne p, Py 3aZAHHOA TeMNepaType OXA4XAAIOMER BOAK
fp1 00maHO BRIGHpaeTCH U3 YCJAOBHA, ITOOGH TEMIepaTypa HacH-
1IEeHHOro mapa, CooTBeTCTByIomad p,, Ha 10—+ 12°C npeBocxo-
AMAa ty . Dynem npmHuMaTth 3Ty pasHuuy pasHofi 10°C,
TemmepaTypa BHXOAfLIEH BOAL }#3 KOHASHCATOPA OOHIYHO
NIPHHHMAETCH paBHOkH

tlﬂ = t;g - Ms (5)
rae fn'—" TeMOepaTypa HACHINEHHOrO mapa, COOTBETCTBYIOLIAA p,,
=3+5°C

bByaem npunuMaths Af =4°C.

Has oapenenenus f, UCOOAb3YEM ypPaBHeHHe KPHBOH ynpy-
roCTH BOZAHOrO mapa, npuBeiernoe B [4].

KoauuecTBOM BO3AYXa, NOCTYNANILEro dYepes HeMAOTHOCTH
H BHOCHMOTO € OXJAamiaiowedl BOAOH B KOHASHCATOPE CMEIEHHA,
Oypem mpenebperats.

Temnepatypa mapoORO3AVIIHOH CMECH H4 BBEIXOAE H3 KOHAEH-
CaTopa omnpefeasieTca 0o Qopmyae:

ty =t +4° C + 0,1 (fpr — tm)- {6)
Becoraa A0/ apa B CMeCH B3 BHXOZE U3 KOHAERCATOpA:
0_522,__.._212__
g,‘;2 — e Pz , (7)
1 —@,622.
Pre—Pns

rae P, — NaBlI€HHE HACHILEHHOTO [apa, COOTBETCTBYIOlLee f,.
Bec napoBo3aaywixolt cMecH Ha BeIXOXE H3 KOHAEHCATOpA

Gy = = ®)
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O6wumit pacxox mapa Ha CTYNEHb, CASAYIOILYH 33 NePBHM
KOHAEHCATOPOM, PapeH

G = G,-b. (9)

O6iuuit pacxoa mapa H2 CTYHeHH € NPOMeXYTOYHHIMH KOH-
LeHcaTopaMK, OTHeceHHHM k 1 xl'fwac BO3ZyXa Ha BXoze B
NepBLIHl KOHLEHCATOP

G =¥ Gy,-b,, (10)

re=l

rpe Gy — KOAHUCCTBO CMECH HA BXOAE B I-YIO CTeNeHb, OTHe-
cennoe k 1 «l'/sac BO3AYXa Ha BXOJAe B NePBHIl KONJAEH-
carop.

CtyneHn 6e3 MPOMEXYTOYHBIX KOHACHCATOPOB

3anaya COCTOMT B TOM, UTOOH HaHTH TAaKQe pacnpepereHue
CTemeHell CHATHA MO CTYNEHAM, OPH KOTOopom ofmuil pacxonm
napa 6yJerT MHHAM&JALHLIM.

[IpaMeM, 4TO MHHHMAaJAbHA® CTENEHb CXATHA, CO3RABaeMasn
OJHOH cTynenslo, paBHa 1,8, maxkcumanbHas — 10.

OTcioga B YACTHOCTH, caeayer, 9ro ecam 1,8 < K < (1,8)%,
TO MHHHMAJBHO® W MAKCHMAJbHOE YHCJAO CTyReked paBHo 1.

Ecan K > (1,8)%, To MaKCUMaibHO BO3MOXKHOE UHCAO CTYReHedh
MoxeT ObTh HaflaeHo caenywiunM oO6pasom. OOuwas crenetb
CHATHA

K= (18""*-K,,
rae AAd n-0H CTYREHH AOJKHO OLITh
1,8 <K, < (1,8

HCIIOJ’IBBYH 3TH BRIDAKEHHA, MOXKHO 3anNHCATDP CHCTEMY Hepa-
BEHCTR:

g K
n+1>lgl,8 > n. (13}

IIpu pemeHus 3Tofk CHCTEMB HeOOXOAUMO HUMETh B BHRY, UTC
n— YHCAO mesoe,

MHHHMANBEHO BO3MOXHOE HHCAQ CTYNeHeH HAXOOHTCH W3
YCAOBHA:

K= (101K,
rie 1,8 <K, <10,
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OTCI0/a CACAYET, UTO
nzlgK>n+1g1,8—1. (14)

311er TakKe HAA0 HMEeTh B BHAY, YTO i — HYHCAO LeAQe.

Pacuer npouseopurca caezyviownM ofpazoM. 3aganTca 06-
ulafg CTemeHh CkaTHA K M cTemeHbL pPacUIMPEHHA NepBoil cTyne-
un E,. lpeanonaraercs, 4To Aap/ienme padoyero napa mno BceM
CTYIEHAM OJHHAKOBO. OHPG,[{QJI‘FIBTCH. MHHHMAJALHO BO3IMOMKHOE
M, B MAKCHMaJILHO BO3MONKHOE £, UHCAO CTynened, BriGH-

paercs NPOMEKYTOUHOE HHCAO cTynened n, < a<n . . Jaree

pewenye 3a5a4n NPOUIBORUTCA AAS KaXAOro 3ajaHHoro 7. Bm-
Oupaercs ofWasa CTeNeHb CIKATHA NEPBHX JBYX CTyneHe#d. 3a-
JAI0TCA CTENeHH CXATHA OCTaAbHEX crTynmenet: K, Kyyen, K.
[Mpu 3THX (UKCHPOBAHHLIX 3HAUEHHAX CTemeHeH cxaTHR OOUIHI
pacxon napa Ha BCe CTYOEHH, OonpeaeaseMuii no ¢opmyre (1),
apageTcd oAHOo3HAuHOH ¢yvkuued K. [lepebupasa Bce BO3IMOXK-
HHE 3HaueHdd K, HaligeM MHHMMaAbHBER pacxox napa. 3amaBas
3aTeM pasaHuHLle 3HaueHuda Ky, MH [OOAYYAM PAA 3HAVEHHR
MHHHMQJBHEIX PACXOAOB Napd, HPOU3BOAA JAA KaXAOTO M3 3HA-
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Piuc. 4. 3HaueHHA pacxoloB mMapa Ha O4HY CTymeHb 0e3 NPEXWMECTBYIO-
Wero KoHAEHCaTopa.

venuit K; Bapeuposanne K, . M3 noayuenworo psaaa BuGHpaem
HauMeHbLIee 3HAYeHHe pacXoAa mapa. IlepeGupaem Bce BO3MOXK-
Hue sHaueHns K. Jaa waxporo u3 3HageHmit K, noayuaeMm
CcBOe 3Haue€HWe pacxopa napa. K3 storo paaa Bmbupaem Haw-
MEHRbLIEES 3HAYEHHE pacxopa. 3arteMm 3amaeM BO3MOXKHBIE 3Hauye-
sug K u 1. 1. TNepeSupag TakuM 00pasoM Bce BO3MONHEIE 3HA-
wenna Ky, Ky,..., K,, ms noayunm pas sagannux £, K, #
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MHHEMANBHOE 3HaYCHHE PACX0Aa mapa. AHANOrHYHO MOMKET OHTh
HafileHO MaKCHMaJbHOe 3HAUeHHe pacxoia napa.

Ha puc. 4, 5, 6 npuBefeHsl PpesyabTaTH PacyeToB COOTBET-
CTBEHHO AJd OJAHO-, ABYX- H TPeXCTYNEHYaTOr0 BaPHAHTOB NPH
pasauyHEX 3HauYeHHuAX £, H K.

KpoMe BapHaHTOB, COOTBETCTBYIOUMHX MHHHMAABHBEIM H MAK-
CUMAJBHLIM SHATEHHAM pAcXOAOB mapa, OBLIM NOJYYEHH TaKkKe

g..,?".‘:ﬂﬂ._
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Prc¢. 5 3HaveHHd PacXoiod Tapa Ha ABe CTYMeHH Ge3 HPOMEKYTOUHHR
KOHIEHCATOPOB.
pacxod mapa NpH ONTHMAABHOM pacnpeieleHHH CTemeHedl cxkaTug,
— — — MAKCHMalbHbLA pacxol mapa.

pesy/AbTaTH PACYETOB ¢ PABHOMEDHBIM PACHPERLACHHEM CTENEHeH
cxatug no crymexam (K, = K). Pacxonw mapa ups paBHOMEp-
HOM paciupeicieHHd CTENeHedl cKaTWsg BO BCeX CJAyd4asX, 3a
HCKJAIOUEeHHEeM BapMaHTOB Co cTeneHaMmH cxatud 90 u 500 pas
TPEXCTYNEHYATON CXEeMHB, NPAKTHYECKH COBIAAH C MUHHMAJbHBIMHE
3HaueHHAMH. B yxasanHbpix BapuanTax umeercAa Heboabnioe pas-
JAnUie, He npeBbiwaniiee 5%.

AHAaNH3 HOAYYEHHHIX IAHHBIX [OKA3BIBAET, YTO AR CTyONeHeH
6e3 NpOMEXYTOUHHIX KOHAEHCATOPOB HAMAYYILHM SIBJAAETCA Ba-
PHAHT ¢ MHHMMAJbHO BO3MOMHBIM UYHCJAOM cTynenefl, Has mnpu-
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P ¢. 6. 3HavenHd PaCXOA0B NAPa Ha TPH CTyNeHH Ge3 MPOMEXJTOURHK
W . -~ KOHIEHCaropos.

———— pacxol Mapa Npu OHATHMAALHOM PacApedcleHHH CTENeHEH cxaTid,

wseso PACXON IAPA NPK PABHOMEDHOM pacripefeieHnl cTemeHell cxaTnf,

— — — MAKCHMAJBHEIA pacxea napa.

1 & napa
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Puc. 7. 3HaueHRA MHHHMATBHKX PACKOAOB Napa Ixd OAHO-, IBYX-H TPeX-
cTymeHyaTHx cxem Ge3 MPOMEXYTOUHHX KOHACHLATOPOS.



Mepa Ha pHC. 7 NpHBefleHHW 3HaYeHug MHHHMAJBLHEX DACXOL0B

napa DAA TPEX PaSAMYHHX CXeM IPH ORHOH H TOH ke oOGuel
CTeNeHH cxarus K -6,

CtymeHn ¢ npomemwyToyHsMu KOHaencaropamu

3a1aBasice PaBAHIHBIMK Crenenamu cxatus K, nosyvaem aas-

1,2
JAEHHE B mepeoM KOHeHCATOpe pk=—~K—. Bu6upaeMm Munumansuo

H MAKCHMAABLHO BO3MOMKHOE YyCiIo cTynened. [lepeSupas Bce Bo3- -

MOXHHIE 3RAYEHUS CcTemeHef CHKATHS,
CIAYHA10, HAXOMHM MHHHUMAaJAbHOE 1 Mg
X0J0B mapa.
[Ipu onpenenenny BEAUYHRE 00mero
TERH HCHIOAB3YIOTCH GOPMYaH (3) —(10).
Gt pacxon apa paccuuTthBaetcs Ha 1 #lfuac BO3yX4,
HOCTYRAOMEr0 B nepphi KoHaeHcaTop.,
Ha puc. 8, 9, 10 DPUBENCHB De3yJbTaTH pacueToB cooTBeT-

CTBEHHO AAS OAHO-, ABYX- TPEXCTYNEHYATOTO BAPHAHTOB npH
PASTHYRLIX 3Havenusx K, F,, £, .

Kpome Bapuanuros

aHAAOTHIHO NpeAnAyIeMy
KCHMaNbHOE 3HAaYeRus pac-

pacxofa mapa Ha cry-

HOCTRIO 10 5—8%. co
PacxonoB mapa.

HaJH3 NMOAYYeHHBIX fAaHHBI% NOKa3LB
C OPOMEXKVTOYHLIMY KOHJeHCATOPAMH Ha
PHAHT ¢ MaKcuMaJbHO BO3MOXKHEIM YHea

oXEnrepg
K are dadpst
12

aeT, YT0 AJA CTynenel
HIVYIIEM $SBJIAETCS Ba-
OM CTYDIeHefd,

2 A
o \

\ \ t—tg, = 3540
1 -t =257 ]
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Puc.

8. Pacxon napa na OAHY CTYREHL C IPeAIeCTRY ionIHM KOHIEHCaTOPOM,
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Puec. 9. Pacxop mapa Ha 1Be CTYNEHH ¢ MPOMEXYTOTHHIMH
KOHIEHCATOPAMH, .
pacxod mapa IpH ONTHMAABHOM pacnpenereHiH creneneg c;gz::,
#-+-u» DACXOA NAPA NPH PABHOMEDHOM pacmpefefenHH cTeneHed ¢ s
— — — MAKCHMaABHMIA PacxOXn Hapa.
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Prc. 10. Pacxoa mipa Ha TPW CTYNEHH C MPOMEXYTOURBMH KOH-
HEHCATOPAMH. "
pacxol Hapa NPH OITHMANLHOM pacnpedeieHHU CTeneHe
THA
----»-;g{&on’ napa npi paBHOMEPHOM pacnpeleAeHKH crencHed
CHATHA,
—— — — MANCHMansHHWH pacxoq napa.




Jas npumepa na puc. 11 ApaBefeHn 3nauenns MHHUMAMbHEX

PACXOAO0B Mapa AAA TPeX Da3AUYHBIX cXeM NpH OZHOH M TOH We
obwefi crenenn cxatua K —6.
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Puc. 11. Pacxon napa Ha OIHY, iBe, TPH CTYNEHH C NDERUIECT BY IOUIH MK
kounencatopamut (K =6, t5 = 10" C).

Bridop ¢xeMbl Hacoca

Flpesuiiyuine peayapTaTl PaCUETOB MOTYT OHTh MCIOAB30-
BaHb AJA BHOOPA CXeMb HACOCA U pAacHPEeNencHHs CTeleHel
CKATHA HO CTYNEHAM BCETO RACOC4, BKJIOUAH CTYNEHM C IpOMe-
WMYTOYHRMH KOHAEHCATOpaMH H (e3 HuX.

3Hasd AaBJeHHE HAa BXOJE W BHIXOJE H3 HACOCA, OUPEAeTAEM
obmyio creneHb cxatud K. Haxoaum MuHEManbHOEe famiaenme
B NEPBOM KOHAEHCATODE, HCXOAS H3 YCAOBHH, 4TOOH Temmepa-
TYP2 HaCHWEHKOTO Mapa, COOTBETCTBYIomlas p, — Ha 10—12°C,
NpeBoCcXoaula 3aaHHYI0 BeAHduRy fy. OnpegeaseM MHHHMAaAb-
RYI0 CTENEHB CKATHA 10 NEPBOrO KoHWewcaropa K .

SanaeM paa skaveduii K’ > K . Jag KaxAoro BelGPAHHOTO
K’ naxomuM MUHHMAILHOE YHC/IO CTYNEHEH A0 NEPBOTO KOHACH-
caropa 7. BuGupas paBnomepHoe pacnpenesenue creneneil cxa-
THA MO ITHM CTYIOEHAM (K,,="1/K’), ompene/geM pacxoA mapa
UpH H3BECTHHX AABACHHH pP.6ouero mapa W pacxojie OTCACHBae-
MOl TIAPOBO3IYIUHOA CMecH,

3agaBad PasAHUROE HHCAQ CTYHEHEH C MPOMEXYTOYHBIMH KOH-
AeHcaTopaMu W BHIOHpas paBHOMepnoe pacnpeaenenue creneset

i
K
ckaraa | K, = [/!—{,— » HAXOAUM pacxop paGoyero mapa Ha STH
CcTyneHn. QupeneaseM TaKke pacXoh BOAM Ha KORASHCATOPH.
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HMcxofis M3 TeX HAH HHbX coo0pameHuil, HATIPHMED, U3 YyCJO-
BHSL HaHMeHsHIEH CTOHMOCTH Hapd H BOAH, BHIGHpPaeM CcXxeMmy
HACOCA € COOTBETCTRYIOILHM pacnpefejeHueM CTeneHel CHMaTHs
O CTYNEeHsM.

JHTEPATYPA

1. Pamm B. M. Tapoctpyiinele BakyyM-3meKuHOHHLle YycTanoBxH. M., Toc,
HAYUH -f€XH. H3A-BO XMM. AuTepaTyphl, 1949

2 Uefitauu A, B. INapocrpyiiume pakyymise Hacock. M —JL, ,duep-
rea®, 1965,

3. Po6owxer A. B, Ilpumenense nomorpaMm IJas pacyera MHOTOCTYHEH-
YaTHX 9MEKTOPOB. ,JueproMaumHocTpoenne®, Ne 8, 1965.

4, Bykanoeuu M. I. Tepmonunamuveckde CBOHCTBA BONSI H BOLSHOTO
napa. M., ToC HayuH.-TeXHHY H3I-BO MAIHHOCTPOUTEALHOH NHT-PH, 1958.

ITOJIYYEHUE CBEPXBBICOKOI'O BAKYYMA IIPU TTIOMOIIIU
CUCTEMbI ITAPOMACJIIHBIX HACOCOB

&. 4. Mymusoscxuis, H. I'. Xucamees, E. I'. Cudopos

Haa nmosydueHdst CBEPXBHCOKOIO BAKYyMa 4acTO UPHUMEHRIOT
OTKaYHYIO CHCTEMY, COCTOSINYI0 K3 IBYX MOCACAOBATENLHO COe-
IHHEHHHX AHGPYIHOHHEIX HACOCOB i1, 2}. Onnaxko RAHHBEIX O TOM,
kaK paboTaeT TaKam CHCTEMA, COCTOANIAR M3 MAPOMAC/AHEIY Ha-
¢OCOB OTEUeCTBEHHOTO TIPOH3BOACTBA, B JHTEPAType HET.

Hacrodlias CTaThbd NOCBAMIEKA M3YYEHHIO CUCTEMBI, COCTOSA-
weft W3 JABYX TOCAENOBATENBHO COCJMHEHHBIX NAaPOMACAAHBIX
wacocos H-7C-H u H-1C-2, paboralomux Ha mMacnre BM-1, n
KOAMGECTBeHHOrO BAMAHNA BenOMoraTeabHoro nacoca H-1C-2 Ha

Huili BAKYYM OCHOBHOTO BAaCOCa.
npegigl;w}fcuocny};[onyqeﬂﬂﬂ aasaenns nuxke 1-1077 s pr.oCT
¢ MOMOULPY0 MAPOMaCAAHHX BHICOKOBAKYYMHEIX HACOCOB 3aBHCHT
OT CASOYIOUIMX TPHUYHH!

1) ocofeHHOCTEN KOHCTPYKUMH H KauecTBa HAcOca, OTpaKa-
feqell U JORYIIEK, YCTAHABAUBAEMBIX HAM HACOCOM;

9} YUCTOTH ¥ TEPMETHUHOCTH CHCTEMEL;

3) xawecTBa pabouefl KHAKOCTH;

4) ofesraxuBanMsd KOHJEHCATd, CTEKAWIIETo TO CTEHKAM
KOpNyca B KUNATHIBHHK;

) KPeKUWra Macaa NPE CONPUKOCHOBEHWH C HArPETHIMH AeTa-
JAAMH TAPOMPOBOAA H KUNSTHILHHKA HACOCA,

6) mpoTHBOAHDYSHH CO CTOPOHE (OPBAKYywMa.

3nauuTeqbHOE BAHSHHE HA NPeAe/bHBL BAaKyyM mapoMacid-
HOTO HACOCA OKashBaeT 06e3ramuBaHHe KOHAEHCATa, CTEKAIOWILTro
IO CTeHKAM KOpAyca B KHMATHABHUK, B COBPEMEHHBIX KOHCTPYK-
IMAX HACOCOB OO6E3ra}HBaHHE OCYILECTBASRTCA 32 CUET CO3M4-
nEsd B HHKHER YaCTH KOPOyca HeoOXOAMMO#H 30HH C TeMmnepa-

A-488,—10 145



Typoit cresoxk 100—130°C w uHOrza ¢ NOMOIIBID BHHTOBHX
KaHABOK, YAJAMHSIOMHX UYTh KOHAEHCAaTa, CTEKAIOWEro B KHOfA-
THABHHK.

Hap6oaee sddertaroe o0e3raHBaHAE KOHAEHCATA MOMKET
OHTH MOJAYYEHO NPH 3HAYUTEJILHOM CHUXMEHHUM [N4BACHHA 3a HAa-
COCOM, T4K KAK KOJHYeCTBO PACTBOPCHHOIO ra3a B KOHAECHCATe
IPOMOPUHOHAALHO JABJACHHIO, NPH KOTOPOM TPOHCXOAMT pac-
TBOpeHne. CHHXERHEe 3TOrO AABJAEHHA MOXET OHTb ZOCTHIHYTO
nyTeM NOOCAENOBATEALHOH YCTAHOBKH 34 BEICOKOBAKYYMHBIM
NapOMacAAHBIM HACOCOM BCHOMOTaTeABRHOIO HAPOMACAAHOrO Ha-
coca. OTC05a MOXKHO OXHAATH, 4TO JBA MOCAEA0BATENLHO YCTa-
HOBAEHHHX BHCOKOBAKYYMHHX HAcoca TMO3BOAAT VYMEHBLIUKHTH
KOJHYECTBO rasa, PacTBOPAEMOro B KOHIAEHCATE NMEPBOFO HACOCA,
H, COOTBETCTBEHHO, YaYyU-
IUHTE DPEAEABHEIH BAKYYM.
Kpoume Tt0ro, Bropoi Ha-
COC MOMKET CAYHKHTBL Ope-
rpaaoi  pasg  oOpaTHOM
Aupdysun  AErKOJeTYUHX
YyIJIeBOAOPOAOB ¢ (OpBa-
KYYMHOH CTOPOHH, KOTO-
pHE, DacTBOPAACE B KOH-
JeHcaTe macaa, CTeKalo-
lero nO CTeHke Napomac-
JAGHOTO Hacocd, HONajamT
¢ KOHJAEHCATOM B KHOf-
THJAbBHHK H, pasz/aarasch B
HeM, 06PasyIoT 3HAUNTE b~
HOE KOJAKYECTBO rasoob-
Pa’HBIX NPOAYKTOB, YXYI-
WAKT OpefesNibHEA BaKY-

Puc. 1, CxeMa sakyymHoll

CHCTEMM: ¥M.
J — BHCOKOBARYYMHLIA NAPOMA & ITHM{ HatO0C !
H-7C-H; 2 — naposacaasstii  wacoc H-1C-2: YeranoBka Aas npope-
3 == GopBAKY¥MHKH  Hacoe;  § — MAHOMETDRYeC- AeHHA HCCJleII.OBaHHﬁ

HHA daT4hK  JEM-2, AT-2, 5§ — smanomerpryscrufl
aavamryk MM-12, 6 — waMepwreabdbfi  xoanay:
7= AporpPeBacvLIf HATeKATeAb, & — 330TRO-BO-

AfAAR  A0BYmea, & — BeHTHe [ — aMeeBHE BO- “CCJ’[E}IOB&HHH HpOBO-
AANOrO  OXAAMKACHUR. AHJHChH Ha YCTaHOBKE,

cxeMa KoTopod wusobpa-

KeHa Ba puc. 1. OHa €OCTOMT u3 ABYX (PAKIHOHHPYIOLIHX
napoMacasHbix HacocoB: H-7C-H 7, y koToporo yaasena 2mkek-
TOPHasi CTYNEHL, H cepuiinore H-1C-2 2, coeauHeHHHX MEXKAY
CO60H NOCAENOBATENBHO MATPYOKOM KOJAEHOOOPA3HOTO THIA
¢ BHYTPEHHUM nHaMeTPOM 34 amu., Mexny H3MEpHTEAbRHM KOJ-
naxkom 6 o6vemoM 5 2 u xopnycoMm macoca H-7C-H pacnonara-
Aack a30THO-BOAAHARM JOBYUika & wmeBponHOro tuna JLY-160.
FiaMepuTeabHul KOANAK, KOPHYCH 430THO-BONAHON AOBYINKH K

Hacoca H-7C-H Bunmoanenm us HepxaBelome <Taln MapKH
1X18H9T.
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¥ ocuosuoro nacoca H-7C-H cxopocts otkauxkn 700 2/cex,
a y Hacoca H-1CG-2—100 #/cex. Hacoc npenpapuTeasHOro pas-
pexenHa UM CKOPOCTh OTKAukHd 12 4fcex. YUAoTHHTEALHRE
IPOKAAAKH CO CTOPOHB BMCOKOrO BaKyyma OblIM BBIIOJHEHH H3
Mea# H H3 PE3HHH — Ha@ BHXOAHOHA CTOPOHE OCHOBHOTO KAaCOCA.
Hapnenne usmepaaoch ¢ noMowp© Bakyyumerpos BUT-1A, BU-12
H ManoMeTpuueckux gatuumkor JIT-2, JIM-2 u VUM-12. Coepnuse-
uue patunxoB JIM-2 1 MUM-12 ¢ usMepuTeabHEIM KOJAMAKOM B BH-
COKOBAKYYMHOR YacTH OCYIECTBAAIOCH CHAEM KOBAp — CTERJO,
MownrocTs Harperateds Hacocoe: H-7C-H — 700 em, H-1C-2 —
500 gm. TepmeTHUHOCTL CHCTEMBI HPOBRPAAACh Te4YeHCKATeAEeM
TITHU-6. MaMepuTenabHBil KOJAMAK H JOBYWIKA HPOrPEBALUCHL CHM-
PaibHEMH HarpepaTeasaMH MOUIHOCTbIo 1,1 xem.

Hecaenopanuda H HX pe3yibTaThl

lMepen HAualOM HCOMTAHHH CHCTEMa MPOMBIBAAACh GEH3HHOM
B-72 u anetounoM u npoBepAsack H3 TePMETHYHOCTS.

Tloaygenne WPeAeAbHOrO BAKYYMa TNPOH3BOAMAOCH CJAeAYIO-
mum o6pasoM. Tlocke OTKAYKM CHCTEMH TOABKO OAHNM HACOCOM
H-7C-H mpumepuo ao nasaexus 7-1077 sa PT. CT. BKAIOYATHCDH
HarpesaTe/ M H3MEPHTEALHOTQ KOJANaKa U asoTHofl soBymku. [Tpo-
rpeB CHCTEMBl NMPOM3BOAKACHA mnpu Temnepatype 400°C Ha H3me-
puTeasHoM kojanaxe u 230° C Ha JoBymKke B TeyedHue 40 yacon.
Bo Bpems mporpesa B pesy/abTate 06e3raxupanug BhHIUEYKA3aH-
HHEIX SAEMEHTOB CHCTEMHl JaB/JCHHE B H3MEPUTEALHOM KOJMAKe
nacoca H-7C-H noswmcmaocs ao 3,2-107° —4,6-107° mu pr. cT.
Tlocae OXM2XNCHUA CTEHOK KOAMAKA M JAOBYIIKE A0 OKPYXKaio-
el TeMmepaTyps X BOASHON JOBYUIKE NOAKAIYANACH BOLA.
B pesyasrate paGoTu Hacoca H-7C-H u BomaHOR JoBYWIKK
(puc. 2, kpuBHe 1—2) 6n10 moAyYeHo paBaeHume 3,5-107° s

2t x pab H-T0-M{ s odnmes Aebyuwika axassdgemcs Bodvy)
\ o b H IO Hid & orng dedaemen Sodou
PR L Meerdhust @aamoe
G 2 .y s #TOH 1~ F fa e Sod) iy o stet e 3 0
E 5 \‘\_‘ fodou u hudkur a30mamy
z I3 ¥ *p W20 RApe102 { QTOmHG - BOORNG S aollyfuika DR Mde-
X_ Kl emen fodody
e
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7
3
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3 [ A el
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2 |
e 7 2 3 r: ¢ F: ) g = .
fpears, vac

Puc. 2. JasrcHMocte zasieHud B kojdmake Hacoca H-7C-H oT spemeHH
padoret H-7C-H n H-7C-H + H-1C-2 ¢ exnauaenyieM a30THO-BORIHCH AOBYINEH
{npenBapurenbHulit Mporpee cHeTeMni 40 yac.). *
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PT. CT., KOTOPOE H3Mepanoch patuukom MM-12. Tlocre sazupku
a30Ta B NHTATeAb JOBYWKH (pHC. 2, KpHBHe 2—3) JaBaeHue
B USMEPHTEJLHOM Koanmake monusuaoch xo 1,5-107% sm pr. cr.
3areM BrMIOYadca wacoe H-1C-2, no BHIXO/le€ €ro Ha ropauuft
DexiuM JaBierHe craao 4.107° um PT. cT. m uepes npa waca
aocturao 3-107° ma pr. er. (puc. 2, kpubme 3—4—5),

Cnycrs aBa waca mocae Bukawouenus Hacoca H-1C-2 m mpe-
KpalleHH:! MOAAUH KUMAKOTO A30Ta B JOBYWIKY AaBJAeHHE TOBH-
cuaoch Ao 1,6-107° uu pr. cr. (pre. 2, KpuBHE 5—6—7). Bro-
Pu¥HOE BKIIOYeHne nacoca H-1C-2 yaywmuao npexessHmii Ba-
KyyM macoca H-7C-H 1xo 5-107° s pr. cT. {puc. 2, xpneme

-

AHAJOTHYHBE JaHHHE GRAH NOAYUeHEH IPH MOBTOPHHX KHCHBI-
TAHWAX, PE3YALTaTH KOTODHIX M306paxesst Ha PHC. 3.
IIpn nposeaenun caepymo-
P  padorcenss-7c-iosomio-todmwon soty:  LIQH CEPHH HCNBITAHUA CHCTE-
: & pattanaen  congaromvo-sotonan sk M@ TPOrPEBANACH O21 44C [OpH
E tac # B3 U s remneparype 390°C Ha ua-
ST © ik cenemsemmen oo omoornan 18 MEPHTE/BHOM KOATAKE H IpH
T 200°C—mna JAoByliKe. Bo

TR

e T Dby L

§

§; T elg pe BpeMsl TpPOFpeBa paboTauu

t oo \ 7 06a Hacoca H-7C-Hu H-1G-2.

% ; § o oxonuyawum mporpesa,

9 { KOTHa TEeMIEepaTypa CHH3H-
: ] 3 aach A0 140°C Ha KoJanake
&

n 85° C Ha JOByIIKE, 430THO-
ot BOAAHYI JAOBYWIKY Havajan
' z M:m o s 3 OXAQXKINATE BOAOHA H HHIKHM
azoTom. Hepes 5 MEHYT noc-

Puec. 3. 3aBucuMocTs JEBI2HHA B KOJ- Je¢ 3aJHBKH a30Ta JHJaBJeHue

nake Hacoca H-7C-H or BpeMenn pao-
7o H-7C-H # H-7C-H + H-1C-2 ¢ oxaa- B H3MEPHTE&JBLHOM KOJllaKe

XeHHeM a30THO-BOAAHOR ToBymku (nper- CTa10 3,3-107° wu pr. cr.,
BapHTERBHBIE Tporpee cucreMm 21 wac), uyepes '-IEI(:---T,S'IO"'9 MM
0 pT. CT., 4epe3 7,5 uyaca—
1,2:107° ma pr. ct. (puc. 4, xpupsle 1—2). 3aTeM BBHIKIIOUAICHT
H-1C-2 u yepes 45 MuH. zapnenne nopecHAOCH 40 1,5-107° M
pr. ¢T. {prc. 4, xpusbe 2—3—4), 1. e. Ha ozun nopaiok. Ilpu
TNOBTOPHOM BkJAKUeHHH H-1C-2 (puc. 4, kpuBnie 4--5) napaenue
CHOBA CHH3UAOCH 10 1,2-167° s pr. ¢T. B ONMCAHHBIX MCILITAHHAX
MOUHOCTE Harpepateas Hacoca H-7C-H Ounaa paena 650 sm.

C H3MeHeHueM MOMIHOCTH Harpesarens hacoca H-7C-H name-
HAA0CHL W €70 npeliedbHoe Aapaekune. Ecad npuy MOWHOCTH Ha-
rpesaress, pashofi 650 sm, napaenme 6eio 1,2-107° mu pT. CT.,
To apu 550 am ctano 3-107° ux pr. 1., 2 npu 700 sm — 8-10° 1
Mu pT. CT. (puc, 4, KpuBne 7—8--9).

Ilpy MowmHocTn Harpesateas uacoca H-7C-H, paBuoit 700 sm,
apoBepaacs 3QPekT paboTH MOCACAOBATEABHOrO COEAHHEHHS
NapOMACAAHNX HaCOCOB.
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Puc. 4. 3aBucuMocTh JapJenHs B koAnake Hacoca H-7C-H ot Bpemenn

paboret H-7C-H + H-1C-2 0 H-7C-H ¢ oxaaxkieHueM asoTHO-ROATHOIH J0-

BYWIKH HHIKHM 230TOM W BOAOH NPK PasaH$HON MOIHOCTH NOAOTPEE2 HA-
coca H-7C-H (mpepsaputeabhblii nporpes cucrems 21 uac).

Tlocie pwmkalowenna HarpeBateas Hacoca H-1C-2 aasaenne
yepe3 1 vac noBumasock A0 5+107° mae p1. CT., 3aTEM BTOPHUHO
BKJAIOYAACA Harpesarenr nacoca H-1C-2 w uepes 20 munyT nas-
J€HHE CHOBAa CTAHOBAAOCH paBubiM 8-1071° su pr. cT. (puc. 4,
kpupse 9—10-~11—12).

Brigoan

M3 snirenpHBefieHHHX PE3YAbTATOB HCCAEAOBAHHA CHCTEMHL,
COCTOAMIEH H3 KBYX NOCJACAOBATEAbHO COEJHHEHHEIX [apoMacJs-
pux Hacocos H-7C-H u H-1C-2, caeayer, uTo Takas cucrema
NO3BOAAET VAVHIOHTL HAa OAWH NOPAAOK INpPeAeAbBHEH BaKYyM
pacoca H-7C-H u oGecneunpaer noayuedue aapienus 8.107'7
MM DT. CT.

JUTEPATYPA

I. UHefitann A. B. [Mapocrpyubne BakyymHwbie nacocst, M.—JI., ,Juep-

rua*, 1965,
2. 1. Hengevoss, W. H. Huber. Vacoum, 13, N 1, I, 1963.

-

HOMOTPAMMBI /U1 PACUETA CTYINEHEM
I[MTAPOBOASHOTO 3XEKTOPHOI'O HACOCA

B. I, JKapunos, A. H. Cnexmop

duszudeckHe HPOLECCH, NMPOTeKaiolife B8 NAPOBOASHEIX 33KeK-
TOPax, CJAOMHE H pPa3ioo6pasHH. MayueHne STHX NPONLCCOB
ABHAOCH NPeAMETOM MHOIOWHCACHHBX TEOPETHYECKMX H IKCIe-
PHMEHTAAbHHX HCCAeNoBaHUN.
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IMIUPHYeCKas METOAMKA pacuera CBEPX3BYKOBHX UAPOBOJH-~
HBIX 3MEKTOPOB, OCHOBAHHAA HA Pe3yAbTaTaX 0GOGUICHHA ONMTA
KOHCTDYHDOBAHUA H UCCACAOBAHUA 3HEKTOPOB, HAHGOMLE ITOMHO
paspaGotana Burauaom [1].

B nanmwoft pa6ore npusouarcs HOMOTDAMMH JAS pacueTa
CBEPX3BYKOBHX IIAPOBOAAHEIX 3XKEKTOPOB. 34 OCHOBY B3ATA Bbi-
I€yKasaHHas METOAHKA, KOTOD2A H3J0KEHa B MOHOrpaduu i21.

Pacuetnnte ypaBuenns

Ha puc. 1 npusenena ycaosnan cxema 3EEKTOPA H CACAYIO-
LWero 3a HAM KOHJEHCATOpA.

Kowdewcampp

fpuesuan Pag consia
Kanresa ,F ! A"(P_Wﬁ’;‘?

A R —
SHER Py '
LrETH

Prc. 1. Yenoswan cxema swekropa KOHAEHCATOPa.

Lleqbto pacuera omeKTopa nA 3a1aHHBIX napaMeTpoB B pa-
Souelt TouKe ABMAETCA ONpeetenue pacxoxa pabouero mapa u
TEOMETPHYECKHX DA3MEPOB 9HEKTOpa.

Pacxon napa onpepensercs mo dopMyxe

G,=6-G,, xllac, (1)

rne G,, xljuac — pacxos oTcacuBaeMoro BO31yxd, Wapa MK

MAPOBO3IAYIIHON CMECH.
Yaenbuuii pacxon paouero mapa

s=f(£ K)
ONPEALIALTCA IO HOMOrPAMMe, HpPHBEACHHOR Ha puec. 2. 3xech
Pp .
E=-})—-—creneub Paciinpenus paGouero mapa; K— o —

H [}
CTENOEeHDL CWaTHH CMecH; Pp'-" AdBAeH"e paﬁoqero napa; pﬂ—nas-

JICHHE OTCACHBAaeMOl CMecH HA BXOAEC B CTYMEHB; Py~ laBieHue
CMECH Ha BHXOAE H3 3¥EeKTOpa,
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Puc. 2. Homorpamma 14q onpeneneHHs YAeAbHOTO Pacxofa mapa.
KPHTquCKOQ CedeHHe rop/ja naposoro comnjia
G
fo=— ua, (2)
Pe 0,73V pafvp

TAe 7, Mkl ~ yaenwuni 06beM paboyero mapa Ha BXOAE
B COMIJIO.
Brixoznoe cedenHe comia

278‘0;,'0;,[ 2
= Wpl » MM, (3}
. 3
TAe T, :_I‘; W1, Mfcex — COOTBETCTBEHHO YAeNbHu 06BeM
H CKODOCTh Napa IPH H3039HTPONK-
YEeLKOM pacCllHpeHHH ero B comae

OT P, 1O p, .
BxoaHoe ceuenue colna
278G v
R A "

.

3aecy W,— CKOPOCTL Bapa Ha BXoae B comno. OOHYHO 3aA310T
W, <30 mfcex.
PexoMenjaunn no noeoxy BHOOPAa GOPMH NPOTOUYHOA HACTH
COMJAAa M €ro AJMHHOBHIX Pa3sMEepOB NPHBeLEHH B [2].
Ceuenne ropaa auddysopa onpeneaserca mo opmyae

1,3 (G, + G
fsﬁ_f_.cp_*'_i -V p,, aurx, (5)
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rae ¢=¢(£, K)— nonpaBouusifi MHOXHTeNb, ONpEAEATEMEH IO
AHarpamMme, MNPHBEACHHOH Ha pHC. 3;
'us
Uy, —r-*-y,ﬂ,e.nbﬂ‘blﬁ 00BeM CMeCH mocae cxatua (npH-
K
HEMAEeTCAl KaK AAA HACHIUEHHOIO Napa NpH
A4BACHHM p,, ama).
PaccTosiHHe OT BHIXOAHOTO ceYeHH CONMAA XO ropaa Aud-
<ysopa onpeleasercd B BuAe OTHoWeuHs L,/d; mo amarpamme

(puc. 4).

xg %2000 T 1000 1% 00— 200 T Broaunofi auamerp auddyso-
) T Ao 71+ Pad; RaXOJUTCs H3 pacyeTa CKo-
Ty H—'*/f—l_[r‘;“ POCTH 3MEKTHPYeMOH CMECH B
7N tHA- T8 -F] KOALLEBOM CeueHHN MeX Ly AHa-
8 N L LI /1 1T MeTpoM d, H HADYXKHHM [Ha-
AVEER VA / MeTpoM comaa. Koawuesoe ce-
5 N / U] wenne
NACAA Wy 278.G, -v, .
" y \'\\r{ fﬂgz—w’—-—, MM, (6)
NN bl .-
\ / T| 3nech Uy , MYKT — yAenunHR
a 00beM 3KEKTHPYEMONl CMecH;
\\ / 5| Wi , Mjcex — ckopocTs B
< T | KOJbIEBOM CeueHMH,
N\ Cxopoctb Wy, nipu K > 2ne
2 AN AOMKHA npesocxonuth 904/cex.
472 o Bynem moaarate, 4To mapo-
1 ra3opasi CMeCh HAa BHIXOLE H3

a7 08 % o 79 audpdysopa TepMUUECKH COBep-
nrenta. Toraa pacuertHaa dbop-
MyJda AAd BRXOAHOLOQ CEYCHHA
audpyzopa uMeer BHA:
2781072 (G, + Gp)-R,-
i~ Crt ORI e, 7)
Tae wﬁ'.U;
(G, + G)), «lfeac — o6umuit pacxon csecw:
Ty, °K —reMnepatypa cMecu Ha BHXOIE;

Ry, ¥ln/kl-2pad — rasosas MOCTOAHHAT CMeCH;

W,, #/cex — cKOPOCTb CMecH Ra BHIXOZE u3 raddysopa.
O6ulyto sazalor W, =60+ 80 ajcex.

Temnepatypa cMecu wa BHxOZe U3 AHGDQY30pa HAXOLHTCH U3
YPaBHEHHA COXpPaHEHHH 3HEPIHH B NPEANOACKEHHH, YTO TEUEHHE
anuabaTHYeCKoR H yAeAbHBIE TENAOEMKOCTH NAPA U [23a NOCTORH-
HEl A1 paCCMATPHBAEMOTO HHTEpBAJa TEMIEPATYP:

Puc. 3. Howmorpamma ans onpezene-
HET HORPABOTHOFO MHOMHTIEAH .

G T
rg HH P
cpl“ — fp;; +- cpn i
T-I- . (Ip Gp T
T, , (8)
R Cpr‘ Gr[{ + Cpn n" + Cp,,
G, G,
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Z,ie, Cpn» KKAA|KI 2pad — yleApHEE — TEIIOEMKOCTH  COOTBET-
CTBEHHO BO3AYXa M 1apa;
T, — TEeMIepaTypa KeKTHPYEMOH CMECH;
G,, — Pacxoj BO3JyXa M IApa B 3IKEKTHDYe-
MO CMeCH,
B cayuae, Korja B OTCACHBAEMOfi CMECH HET Napa, TeMnepa-
Typa CMecH MoxeT OHTh Onpeje]eHa M3 YpaBHEHHA

G

re?

Tp
€pr T Cpn 58

T ___ °® (9)
T, Cor + e
b )
T
T 1T HRESSEE
; [ L1 300
# g //—_/_f_“,.. }00_
e e 1 T
7 o T‘ Lol e
] fu
T[] 20 wd
5 :_} Pl '_‘2
- 1600 )
5 é ‘ﬁm's .-v1
» | G
i t &

: ‘ (] é J 4 5 & 7 d ? 13

Puc. 4. HoMorpauma ixa onpelgfieHHst PACCTOAHKA OT BHIXOAHOTO
CeueHna Comaa Ao ropaa anddyaopa.

Bxoano#t matpyGox NPMEMHO# KamepH pACCUHTHBAETCH NO-
dopmye

fu =, (10)

H
W OBfH9KO
W, — cKOpoCTb CMeCH Ha BXOJle¢ B HPHEMHYIO kamepy. QUOBTH
]
W, <60 Mjcer.
JIAMHHOBHE pa3Mepel MNPOTOYHOH HACTH 3KEKTOpa onpene-
AAIOTCA MO AAHHEIM [2].
Pscxon BOAB B KOHAEHCATOPE
G — G lin— 618 e, (10)
w €8 (fgy — tg)
e f H-
G,,, kl/aac — pacxoa mapa B CMECH, HOCTYmajolled B KO
JAeHCATOP;
i, KKaa/x[ — 3HTaALUHA [AP3;
fe1, fs2, °C — HAUAZBHAS W KOHEUHAA TeMOEPaTypa BOJIH
B KOHJAEHCATOpE;
Ce, KKQAIKT - 2pad — Tenn0eMKOCTh BOABL
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TemmepaTypa CMecH Ha BHXOJE W3 KOHASHCATODA
t5=t3' +4+0,1(tﬂ2'_t81)) OC. (11)

IMapocoaepxanne CMECH HAa BHXOAE H3 KOHACHCATOP2 MOMXHO
ONpeneJHTh N0 dopmy.te

0,622 ——‘3’1’;-
= By 'ns

1+ 0,620 —2os
Pe—= Pas

, (12)

rae
Py— NABJIGHHE B KOHAEGHCATOPE;
P, — NAPUHAJBHOE AaBJeHHE Mapa Ha BHXOLE M3 KOHZEHCATOpA.

MOCTPOEHUE H HCNOAb3OBAHHUE HOMOTIPAMM

ITo BRIIICHPHBCACHHEIM YDABHCHUAM GRLIH NOCTPOEHH HOMO-
rpaMMBl, YOPOLHAKUIHE paCcueT NapOBOAAHOIO IXHEKTOp4A.

B caywae, xorza patGouynii nap Ha BXOAE B COIAO CYXOH
HACHISHHEIA, MOMKHO 3amMHCATH:
Gp b4
==, MM,

roe k, onpegensercA 00 HOMOTPAMME HA PHC. 5 B 3aBHCHMOCTH
OT JaBAeHuA Pabouero napa p,, ama.

JrameTp BXOAHOTO CeUeHusi COnAa

d, = BVC_?;, MM,

Besuunna B onpenpeaserca n0 HOMOrpaMMme Ha puc. 6 B 3a-
BUCUMOCTH OT p,, ama.

Ha puc. 7 npencrasieHa HOMOrpaMMa JJA pacdeTa CKOPOCTH
HA cpese Comia. PasHOCTbL SHTAAbINH Al IPU HIOSHTPOTIHYECKOM
PacUIPEeHUH TMapa OT P, RO P, ONpeAeaserTcs no i —§ puarpaM-
Me JJd BOAGHOTrO Iapa.

Ceuenne ropaa auddysopa
G, + G,

f3= ‘k;,

3pech R, OmpejesseTcs N0 HOMOIpamMMaMm Ha puc. 8, 9 B 3aBk-
CHMOCTH OT JaBJAeHHS Ha Bmxoae u3 auddysopa p,.

c___{ 1 — pas HOMOr'paMMH Ha pucC. 8,
—1— pas HoMOTpaMmB{ Ha puc. 9,

['a30By10 MOCTOAHHYIO NMAPOBOZAVIIHOA CMECH MOXHO Olpe-
AeJUTL U3 HOMOrpaMmbi Ha puc, 10 no Becopofi jgoxe mnapa g,
B CMECH.

154

265
L ]
m*l—___‘g:
o —1
o — i
50'!!"—:—_“"'
oFr——%,
rEH—
for——%

£
Ld
i
)

T

o0zt —a— 51
S —t—

I’
1

LR
i

]

EET e

1

Al

&
3
|

0

5

1k

]
T
|

1]

i

i]

L
54 ~R=m
i —4—e
sri——3
i——=
SEY
‘9 b
59

z9 S

9% =
LLES
#y -4
'y
g -
2% -
P
K1 ._"’_—:_
$F Tt
oy —

Sf——T—
]

wog 2

L1

M2
]

o8
okl d

o5

EL f&UMMJWJMJW%U&WWﬁﬁW

Ll bty

I T
|I||I||1‘I|

LeYcHHA_CONAA.

1

o
b

05

III!lIITl

i

w2 X 222324252&27M29mp

pacuera ropaa L0IIAd.

230 260 F50 20 270 280 290 I08 14T S0

Lo bl el ol

Fale

-
Il[llll
1S

]
"7
1a
'l

i

DILLRRL

&
PSRN O T T A
i3

il ]”. ] .‘I .Il.uf

P
ll || 'ln!l}lnl'm
1

15

pobilypobe

1'¢. [5. Homorpamya agf

P,
9 0 i
y Ll
[T
[
e
W00

W E G A I AU 130 60 170 s80 10 00 200 2

P wc. 6. HoMmorpaMua Afl pacueld BXOAHOTO

T
201948 17 18
Ak

Puc. 7. Howorpava jns pacheid LKOPOCIK napa #a BXOME U3 COMAd,

5
|

LK

A

40 30 25

T

0 K 2030 40 SO 80N &

U0 S0 60

it

"

S
o
Wor T

Al



L
Gt —
Opt ]
061 —

G085 —

]
1]

]
I

S &
L)
L

8
A
|||'|[|f

111

8
TR

3
IlIH'IIII]
8004

3 8
Lol

P

[ES

12

Qg
w4

L[+

|
RERRN
9009

22

008

TT , UTTT
B P T T TP T e

ay

aoe?

cevenys ropra_audodysopa,

3
]

D008
ar

i

\
k-3
Ll

ped

|‘||u||r|r||l||||||l|

8095
a6

TAAA pacueTa
3
1

pamMma,
2
[~
L1l
et
AHHOH MapoBOAAYWHOH cMecH.

a5
10. Homorpamma ana pacyera ra3oBoit mocto-

llll
Q003
84

Puc

f""l"“l""-l""l'

[

Q002
Puc. 9. Homorpamma s pacuera cewennss ropaa andrdysopa.

Puc. 8§ Homor

aom

K]

o

BRI RRRASRAARY LALLY RRR

Ypaesenue (8) nocne npeo6pasoBaHUR CBOAHTCH K ypabue-
$IHI0 UETBEPTOr0 HOMOrpadivIecKoro NOPAAKA B KaHOHHYECKol

dopue Kowin Buaa (3]

file)-f5(w) + fz () g5 (0} +ha('cv) =0, (3)
T4 _ Gru Tp
7 1)(%, Gp_ MG )-I— ,,,,T Cf'T_H=O'
3nech G G
Tﬂ' CH 1] ‘TH
TH P Gp + Pﬂ Gp T4
YpaBHeHUA DIKAA B 3TOM CAyUae HMEKT BHA:
T
wrans 4: Xy =05 Y= —Cpr
GI’H’ Grm
ITKAAE T Xy = 1 =Cpr —m— -t C,,
) J’QT G, G,
H
IWKAAK W: x3=1—ﬁ; V3=—"Cp;.

Gy
B sTOff HOMOTpAMME V,==Cp —— G + ¢, G = — (ynknus, 3aBH-

cawas OT TPeX MepPeMeHHBIX: Gm, G, n G,. 21a pesmamua
mMoxeT OHTh onpeaeleHa [O OTAGABHON HOMOrpaMMe, COCTaB-
JicHHOH TO YPaBHEHHIO

(err g + € @) Gy = Gy €10 G

3To ypaBHeHHe NpejACTaBAfAeT H3 cebsa YpaBHEHHE TpeThero
HOMOrpagu4eckoro nopaaka Buza

fs (@) = f (1) +fz ().

3aeces
Gn‘?l{
u=G0G ; v=0,; @ (CPFG +¢ pn G,

rh?

YpaBHeHHA WIKAT WMEIOT BMA:

wiaan u: X, =0; ¥, =¢p U ;

WKATH U X, = 1; Yp==¢,, G

wrars W Xy = 1/2; ¥, =1/2G,(c,, G, 1G, + cp G IG)).

Ias nocTpoennd W3 ABYX HOMOTrDaMM OIHON CoCTaBHOH HO*
MOFPAMME  OHH JOAMHB HMETH TOMAESCTBEHHBE WKaJAK. B nameM
cnydae wkana (e,G /G, +¢,, G /G,) neppoft KOMOTpaMMBl OTIH:
vaercd OT wKaau 1/2G, (¢, G, /Gy +¢,, G, /G,) BTOpOR HOMO'
TPAMMH HA BEJIHUHHY 1/20 Ec:m aTH ,u.Be HOMOrpaMMel AO:

TOAHATL elWe OAHON, 10 KOoTOpoli npu wussecTHmx U, ¥
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Pwue. 11. Homorpamma nas pacyera TEMOeDATYDBI ¢MeCH HAa BHIXOZE H2 THp-
(dy3opa.

G]‘H G.’!R
1/2 Gp( Cor ro + Cpn G, ) MOXHO HAATH (Cpe G /G, + CpnlGr 1G,),

L{mca?gunumb BCC TPH HOMOTDAMMEI BMECTE IO TOXICCTBEHHBIM
M, TO NOAY9HM OAHY OOmYi0 HOMOIDAMMY, NI
eACTaBJAeH-
HYK Ha puc. 11. b > A
, 3nece Temnepatypa cmecu OmpeseageTcs HO H3BECTHHIM TEM-
N;epa'rypam ¥ PaCXONaM 3KEKTUPYeMOl cmecn H pabouero napa.
€TOA HaXOXICHHA TEMIEPATYDH YKa3aH HA HOMOTrpaMme,

b -y,
S T4
263 too
. Cxerea nonpsobowue
4 [ <4 ol Torle
EPR BN 99 axcha] omtem
2% $-
!
S8 320 G &
3 =
¥ -
& i
Y [
i3 e
0 b b L P T8 e it ...f
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Puc. 12, Homorpamma ana pacueTa TemMmepaTypH CMEcH Ha BHXOZE H3 and-
dysopa, Korna B smeKTHpYEMOH cMeck meT napa.

Ecap xota 6 oAHO M3 suavenmnd G, G, He yK’(ajuBaeTcA

B NpejeiaX COOTBETCTBYIOIMHX WIKaJ, TO HEOOGXOAMMO BENHMHHB
G, G, . G, pasneinTb Ha 0aHo 1 To Xe qucao a>1 (G, fa=

H ’I aH? * L G!
=G, ; G, fo=0, ; Gfle=G,) 1akum oGpasom, urobu G, ,
G HaxoAMANCH B NpeAenax UIKa.

Ilas nwaxoxaenus 7, HaNO NOJAbL30BATBCA B 3TOM CAyuae Be-
awgrramu G, . GO, o
Mpu Masbix snauenwax G, , C, Heo6xoxumo peawanus G, ,

G, G, yMHOXHTL Ha ORHO H TO ke uucao & > 1 (@, ¢ =G, ;
Gmu’l"__ GI‘H; Gpa1=op).

YpaBHeHHE AJf HAXOXJeHuA TeMmepaTypsl CMeCH, KOria
B 9KEKTHPYEMOfi cMecH HeT napa (9), 6e3 npeoSpa3oBaHKsd MOXKHO

220 {00805 84 2 o !
a4 Gns - &
o | Foor
2] Fooe
012 Foos
0ic Fooe
(e Cxema roppobarus :5510-'0
008 aq:: Fow
a4 ombem :j::o:-:-
o0z s F o
’ do
Pas Foz
Prs

P uc¢. 13. Homorpavma aag oftpeneseHHf napoconep-
WAHHA Ha BHIXOJE H3 KO Hiexcartopa s Py < 02 ama.

CYHTATL YPAaBHEHHEM NATOrO HOMOrpaQH4YecKOro HOpPsAKA B Ka-
HOHHueCKO# opme K?mn BRAA

Sa (@) + S {w)

2) = o
(@) 20 (1) + 93 (@)
31eCH

z=TyT, ; v=6 w=T,T,.

M PABHRHHA WKaJd HMEKOT BHA;

wkaaw z: x,=0; vy="T,T, ;

a
WEATH V! Xp==—; Y, =1;
Cpr
1 T
WKAAH @0 Xy=——; Yg==2.
Cpn H
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£ Pesyabrat noMmorpadupoBanus ypaeHeuus (9) mpea-
@2 cTapieH Ha puc. 12. 3aech TemmepaTypa CMeCH Onpexe-

JAfeTCd [0 N3BECTHOMY YAeAbHOMY PacXOAy mapa Ha CTy-
e TeHL, TeMmmepaTypav padouero napa H OTCacheaemol

cMmecH.
° CocTaB/eHa HOMOrpaMma TaKke H[As onpejeaeHHs
- NAPOCOAEPIMaHHS HA BHXOJAE H3 KOHAEHCATOPA WO QOP-
myae (12).
o Nocae cooTpeTcTRYWOUWER 1PYINRPOBKH YIEHOB YpaB-

HeHMe (12) npupeneHo K YPABHEHHIO YEeTBEPTOFO HOMOF-

o7

6

padudecKoro TWOpAAXa B KaHOHHueckoR dopme Kown.
3ReCh B =Py W=gps; V= Ps-

ypaBHel-IHﬂ WKaaA B 3TOM CJAYYAL EMCIOT BHI!

a5

L

43

mWKaas w: x, =0 y, =

Pas

WKAAK V2 Xp=1; Vo == P53

0,378g,5 + 0,622

IHKAAB W X, =
02

gi

wargF 4y 87 O a
¢ & e

Cyphtit (OMSIOEINLN ar
dawe
aeliam a2
3 B
e P

Puc. 14. Homorpamsa *aia ompene-

ReHHT NAPOCONEDHAHHA HA BHXONE

M3 koHiencatopa aas 0.2 ama < Py <
< 1,2_ama.

3 Ya=

1,378g,, + 0,622

Pesyasrar nHoMorpaduposa-
HWs IpPeACTaBien ra puc. 13, 14
I1o HomorpamMme, npHBEIACHHOM
Ha pHC. 13, MOXHO OlIpEAeHTH
NapOCOAEDKAHHE HA BHIXOAE H3
KOHIEHCATOPE, KOrAa ;<
< 0,2 ama. Tpw p> 0,2 ama
CcOAep:xaHHe Mapa B CMECH HA
BHXOJEC H3 KOHAEHCATOPa MOX-
HO ONpeAe/aHTH IO pHC. 14

ABTOpPH BHpaxawT 6J4ro-
aaprocTs H. H. XaauroBol 3a
yuactue B pagore,
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OB30P KOHCTPYKLUHUHA )XUAKOCTHOKOJBbUEBBIX
BAKYYM-HACOCOB U KOMIIPECCOPOB

H. A. Paiissan

JKuakocTHOKOMBItEBEIE BaKyyM-Hacock u xomnpeccopur (JKBH
u KK) B nocaeinne rofs MOAYUHJIH WIHPOKOE pacCHpOCTpaHeHHe
KaK B HaOlel CTPaHe, Tak H 3a pybexoM. Pasiuunpie oTpacau ore-
YECTBEHHOH MPOMBIWVIEHHOCTH €3KETOTHO BHNYCKAIT HOAbLIIOe KOAU-
YECTBO MaUl4H 3TOTO THA. 3a MOCACAHHE IIeCThb AeT WX APOH3BOX-
CTBO YABOHJOCD.

Cpenn Mexamsyeciux popBakyyMubx Hacocos JKBH seasiorcs
caMbiMH Goabutumu. Bonoxodabuepofi Bakyym-Hacoc BBH-150 Cym-
CKOI'0 MALIHHOCTPOHTEJbHOTO 3aBOAA HM. PPYH3e HMEeT POU3BOIH-
TeJABHOCTH 150 m3/mun {2500 a/cex), a caMbit GonbInOR MAYHKED-
HbI# Hacoc BH-500 — 30 a®/mun.

OreuecTBeHnan NpoMpIliieHHOCTs Brnyckaer JKBH npouseoan-
TeABHOCTBIO OT 0,4 X0 150 M3/ mun, OBH CO3AAIOT BAKYYM ¢ OCTATOY-
HEIM AaenenHeMm A0 100—50 mm p1. ¢r. npu paGoueh NPOMIBOIM-
tenpHocTh ', JKK npoussomntensnocTeio or 0,4 po 50 w¥/mun u
JaBJCHHEM Ha BHXOAe 10 2 xefom?.

3a pydexxom JKBH n J)KK BoITycxaer OoJbIoe KOJHYECTBO
dupm. KBH dupmu «Siemens» {(OPI') npomspomntenbrocThio OT
0,16 no 270 m%/muwn cO3LaI0T BAKYYM ¢ OCTATOUHLIM NaBJEHHEM RO
0,2 mm pr. cT. KK, BrInycKaeMmble 3701 ¢GHPMOIN, HMeEOT NPOU3BO-
anTenpHocTs 0T 0,1 no 415 mP/mun u naBjenne Ba BHIXONe IO
20 xelem?.

JKBH anramiickofi ¢upmul  «Presision Electrical Products»
(«Pepvac»} npouseonurespaocTeic o7 0,05 no 64 m3/mun cosmaror
BAKYYM C 0CTATOUHLIM AaBAcHHeM A0 25 mam pT. CT.

JKBH, Buinyckaemuie ¢gupmoit «Nash» (CIIA), umeror nponaso-
surenedocts oT 0,28 go 2656 #%/mun ¥ BaXyyM ¢ 0CTATOUHBIM fAaBne-
HHeM D rop npu pabouell NMPOH3BOAMTENBHOCTH. [lpoH3BOAHTEND-
Hocts JKK ot 0,2 o 130 m3/muw, nasneane — Jlo 7 Kefeml.

lilnpokoe pacnpocrpanenne JKBH u JKK onpegensierca xapak-
TEPHBIMH 0COBEHHOCTAMY BX PaGOoTHL.

Ha puc. | npeacrasaena cxema KBH. Swucuentpuuro pacmnoso-
JKEHHBIN POTOP C PAZHAaJbHBIMH JOTAaTKaMy BPAMAeTCs B UHIHEAPH-
YeCKOM Kophyce, KOTOPHH 4aCTHYHO 3anONHEeH RMAKOCThIO. JlonaTku
pOTOpa NpH BPAUISHHH 3aXBaThIBAIOT XHJKOCTH H OTOGpacHBAIOT ee
K xopnycy. B pesyaetate 5TOr0 BHYTPH Kopuyca ofpazyerca Bpa-
HIalLeecad KOAbUO KHAKOCTH, KOTOPOE Aaj0 Ha3BaHHe HAHHOMY
THITY MallHHbI.

! HenecoofpasHo ONpenefaTh HPeNenssHbIl BEKYYM He OpH HYAeR0i TDROU3-
BOAHTENbHOCTH, KAK 3TO feNaeTcd Yy Bac, a TNpH CHHXeHHM ee mo 60—70% ot
HOMuHANLEHGHR, [Tpn 3TOM NPOUCXOAMT DPESKUH POCT YEEeNLHOR MOUIROCTH, U VIPHME-
renue mandoro JKBH npa menblueM HaBMeHHM SKOHOMHUECKH HE ONpasIaHoO,

A-488,—11 161



Mexay BTYAKO POTOPA H KOJBIOM XXHIKOCTH BO3HHKAET CepHo-
ofpa3zHoe RPOCTPaHCTEO, ABAAWINEeCH padoyell NONOCTBIO MALIHHHL
310 NPOCTPAHCTBO Pas3feadaAcTCa JAONATKaMH POTOpa Ha OTAeAbLHBIE
Aqelikn nmepemeHnoro ofrpema. [1pu vBenuueHnn ofnema suelikH Bpo-
HCXOOHUT Opouece BCACBIBEAHHA, a IIpy YMeHbIUCHHE — MPOLece CXa-
THA H HQTHETAHHA.

Prue 1 Cxema paBoTH #MAKOCTHOKOALUEBHX Ma-
IHHH HPOCTOrS ﬂeﬁCTBHH C QCeBblM MNOABOIOM B OT-
BOIOM CHHMAEMOEQ [ala

B npuseieHHofl cxeMe BCachHBalOLIMe H HarHeraTeNbHbBIE OKHA
PaCHONOKEHH B TOPUEBLIX KPHIUIKAX.

IMpouecc cixatua B JKBH conpoBoxiaerca HHTEHCHBHEIM OTBO-
JIOM Tensa OT CXKHMaeMOoro ra3a K XuAkocTH. TeMnepartypa cxkumae-
MOTO fasa Ha soinofe w3 JKBH n KK mano orauuaercsa or Temme-
parypol Ha BXoZe, a paoyad KHAKOCTb HarpeBaercs. [loatomy
pabouyio XMUIKOCTL HEOOXOOHNMO MOCTOSIHHO 3aMeHdaTh, OHa NoZaer-
¢ JH00 BO BCachBaloluil NaTpyloK, AuGo yepe3 THAPABAHYECKOE
YIVIOTHEHHEe Bajia poOTOpa, a YXOAHT Yepe3 HarHeraTeJbHBe OKHA
BMeCTe CO CJKaThIM FasoM

Ocuoeroe noctonterso JKBH u KK — npoctora padorn. Hacoc
COCTONT M3 HeOOJbILOro KoAHvecTBa AeTajJeH — Kophyca, poTopa H
IBYX TOpUEBBIX KphitlleK (puc 2). B Hacoce HMeercs TONBKO OfHA
ABHKYWAsACA A€TaNb — BpAINAIOWHHCA POTOp. MexAy poTopoM H
KOpIyCOM MAILHHH, 2 TAKXKE TOPLEBEIMH KPHIIIKAME €CTb TaPaHTHPO-
BaHHBIA 3230D. [1oaTOMy B MalllMHe HeT TPYUIMXCA Heraneil U OTCyT-
CTBYET BBI3BIBAeMBI 3THM H3HOC. B MalinHe He1 TaKyKe KAANAHOB,
umiecTepeHyaTelx Aepeflay U T A Bce 3To ofecneupBaer BHICOKYIO
YaleKHOCTh padoThl

Mamunna He HMeeT Mac/J0HACOCOB H CMELHAABHBIX CHCTEM CMa3-
KH, BCE 3a30Phl MEKIY POTOPOM H KOPIYCOM YIAOTHAIOTCA paGouei
KHJKOCTBIO, KOTOpasf CMa3hlBaeT TaKiKe CAJbHHKH YIJIOTHEHHS Bana

152

Puc. 2 XBH ¢mpmn ,Siemens®:

& - poTep 6 — KOpnye & — TOPUEBHE CTERKH {A0OBOBHHB]} ¢; — BCACHIEAIOUIEE OKHO & — Ha-
THETATEABHOY OKHO & — BCACHBAWINKE H HATHETATE 1LHLIC ITET[!)-GI\H

poTopa B KOHCHUCTEHTHOR CMa3sKe HYXKZAIOTCH TOJNbKO WMIAPHKONOM-
IHIHKKH poTopa.

HzroroBnenne Aetasiell MamuHbB He TpebyeT BHICOKOro Khaacca
TOUHOCTH, BCe HeTann B HeH B3auMmo3daMeHAeMbl. B ciyyae HegoTo-
pPOro M3HOCA TOPLEBHIX MOBEPXHOCTEH POTOPOB B TeUeHHe MHOTOJer-
Hel paGoTbl, IpH HAJIHIHH B OTCACHIBAEMOM rase MBUIH. MeCKa H T. A.
BOCCTAHOBJIEHHE HeOOXOAHMBIX 3330pOB MPOH3BOAUTCA MOAGOPOM
NPOKIAJOK MeXAy KOPNyCOM H TODUEBHIMH KPBLILIKAMA.

TTepeunicaeHnbIe OCOGEHROCTH NPeRONpeAeaaloT HeBLICOKYI0 CTOH-
MOCTH MAIIHHEL H NPOCTOTY ee OOCJYKHBaHMA MaulMHa MOXKer pa-
foTaTh B TeUCHHE HAHTENLHOTO BpeMeHH COBEPINEHHO aBTOMATH-
YecKH,

BoaoKkosblieBEle BAKYYM-HACOCH GTHOCATCS K UHCAY HEMHOIHX
GeamachAHEX dOpRaKYYMHEIX HacocoB. OHH He Tpe0yioT NOBTOPHOU
draAbTpauyn raza. BoixoAqdmnil Bo3ayx Apaserca aOCOMOTHO YHCTHM
or noay, Macna u T. 0. JKBH u KK HeuyBcTBHTeNBHH K nomana-
HHUIO B EHEX BMECTE C OTCACHLIBAGMEIM T[a30M IIBIH, BJ4rd, necka H
T. 0. Bce 2T¢ ocraerca B KHAKOCTHOM KOJIBIE, 4 H3 MAININHEL BHIXO-
JUT QYHUIEHHEN ra3, B To ke BpeMs RaJHuYHe TOCTOAHHOIO ABHXe-
H}Sl JKUAKOCTH He JaeT BO3MOZKHOCTH UACTHIAM OTJaraThCi BHYTPH
Kopuyca. OHN BHLIHOCATCA H3 MAalIHHBl BMECTe ¢ YXORAWEEH KHA-
KOCTBIO,

JKBH u KK oGecneunBalor paBHOMepHOE OTcachiBaHWe H moja-
uy ckUMaeMmoro rasa. OHH MOTYT NPOH3BOLHTL OTCACHIBAHHE rasa
H OJAHOBPEMEHHO NMOJABATL €0 B €MKOCI» ¢ JAasjenneM, GOMbINHM
atMocdepHoro

11= 163



OnuiM M3 cyliecTBeHyblx AocToMHCTB JKK sBAfeTCa H30TEpMHY-
4OCTh Ilpollecca C3KaThs, ARJIAIONIASACA HeOOXOZHMOH © LeaoM pAAe
NPOU3BOACTB: NIPH CXKATHH AlLETHJACHA, YIVIEKHCAOTO Tasa, Xaopa H
T. I

Ecan B orcachiBaeMblx rasax uMeercs G0JpLIce KOJHUCCTBO BO-
ASRBIX MapoB, TO HPH CONPHKOCHOBEHHH ¢ KHAKOCTHIO ONH KOHIEH-
CHPYIOTCA B MAaNIHHe, B pPe3ysbTaTe 4€ro PACTeT ee NPOHIBOAMTENb-
HOCTB, [lo MHeHMio dupmul «Nash», npou3BOIHTENBHOCTE TPH 3TOM
VBENHYHBAETCH B ABa ¢ NOJOBHHOI pa3a.

Ypoeens mwyma ¥y KBH u KK anauetencHo meHblle, ueM y Apy-
I'AX aHaJOTHYHBIX MALIHH,

OcHoBHEIM HepoctatkoM JKBH siBasiercss OTHOCHTENbHO HHUSKHIL
BakyyM. B oreuecTBeHHHX BOAOKOJBIEBHIX BaKyyM-Hacocax Ipe-
AeAbHHIl BaKyyM OPH HYJEBOH NPOH3BOAUTEALIIOCTH COCTAB/AAET
90—95% (80—40 7op). B oTHeabHHIX 3IK3eMUASAPaX HOCTHTAETCHA
BakyyM mo 20 Top, HO 3TO He siBAsieTcs cra0HabHBIM. JByxXcTynes-
varthie JKBH rekotopeix sapyGexnubix dupm («Neyrpic», «Bosco»)
obecneunraTt BakyyM 1o 10 rop. Ho u Takoe AaedaeHue B ueJOM
pAfE CAYYaeB ABNACTCA CJAHIIKOM BHICOKHM.

Jlna nanpHeiinero CHHMEHHA OCTATOYHOrO NaBJeHHA 3apylex-
Hele (QHPMB! NPHUMEHSIOT BO3LYLIHBIe 3KeKTODH. Hx ycraHoBKa mo-
3BosiAeT AocTHYb 2—5 rop. Ilpu sroMm npoussofutensHocts JXBH
MO YCAOBHAM BCACBIBAHHSI COCTaRAfeT He meHee 60Y% or HOMHMHAMb-
nod#. B nocnennux npocnekrax ¢upMa «Siemens» npeigaraer ;KBH
C TPeXcTYNeHYaThiM 33KeKTOPGM € OCTATOUHHRIM Aaenenuem 0,2 rop.

JIpyrum negoctatkom JXBH wm ocobenno KK spasgeTcs oTHOCH-
TenbHo Hu3kHi KM — 30—40Y%. HekoToprie 3apy6exubie QUpMbL
obecneunealor Goaee BricoKHe KIIA JKBH w KK — 50 55%.

Teoperyueckass OueHKA 3THX MauWHF I0KasaJda, UYTO AN HHM
MozKer ObITh noayued usorepmuueckuii KITI Ha ypoBHe 65%. Pas-
HHLA TEOPETHYECKH BO3MOXKHOrO M aKTEUecKH peanusyemoro KITI
TOBOPUT O MAaJOf H3YYEHHOCTH NpoleccoB, npoucxofamux & KBH
1 KK, H 0 GONbIAX pe3epBax VBeNHYCHHS UX 3PHEKTHBHOCTH,

JKHIKOCTHOKO/IBLICBbIE BAKYYM-HACOCH H KOMIPECCOPH OMHCAHDI
B {2] u [3]. Ho o630p mawnuH, npuseaennwil B 51ux paborax, He Ap-
JsgeTcsd AOCTATOUHO TIOMHBLIM M CHCTeMATHYeCKHM. B Hux, Hanpumep,
COREPUIEHHO HE PaCCMOTPEHH ABYXCTYTCNYATHIE BAaKyYM-HacOCH II
xoMmpeccopst, KBH ¢ BosayniHbIM 3:KeKTODOM M HEKOTOPHE ApYrue
pasHoBuAROCTH MmamHE. Kpowme TOro, nocne poixoma 3tHX pabor
Obl/IH CO3JaHbl HOBble MAalHMHBL. Bce 3T0 BHI3EIBaeT HEOOXOAHMOCTL
npoBefieHyA Gonee MOMHOH H B TO Xe Bpems GoJsiee YETKOR KJNaCCH-
dukammy JKBH u JKK &

Bce xuIKOCTHOKOMbUEBbE MAMKHAM MOTYT OBITh pa3feseHwl HA
BaKYYM-HACOCH H Komnpeccopel. HU KOHCTPYKTHBIO, HH WO MPHH-
HANY paGoTbl OHY He OTAHYAIOTCT APYr OT APYra.

OnHako MexAYy HHMH HMEeTCH H PA3JHUHE:

! B paGoTe HCMOALIOBAHEI HHCTPYKUHH Mo OGCAYKHEAHAIO OTEUECTBEHHEX
MAaWMyH ¥ DPOCNEKTHLI¢ MaTepHansl 3apyGexxHex dupm.
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1. Bakyym-nacocu paGoTaioT B HIHPOKOM HHANA30He AABJAeHK
BcacnBanus. Jaa orevectBennbix yKBH pacuernnim aBasercs pe-
®xuM 70%-noro BakyyMa, ykasanawii B FOCT 10889-64. Oaa nsyx-
crynenuarnix KBH pacueTnlii pexxum Takxe ILOXKeH OBITH ONpeE-
HJeneH. Komnpeccop fOsKeH paCCYNTBIRATRCS Ha ONPEAERCHHYIO
cTelmekb CXATHS, N0370My pacdetHnle yoioeus JKBH i JKK apna-
W0TCA PasHbIMH, JTO OnpefenseT H PasIHuHYIO GOpPMY BCACHIBAIO-
INHX # HATHETATeNbHBHIY OKOH, Pa3HWIH ONTHMAABLHEIN YroA BaKJIOHA
padounx AOMATOK, PA3JHYHOR ONTHMAMBHOS KOAHUECTBO HOABOLHMOL
JKHIKOCTH H T. [l

2. B pakyyM-Hacoce mpu Ja1000i CTeneHH CKATHA FanOoblIHit
nepenam AaBieHHH He MpeBbilaer 1 xefcm® VY KOMIpeccopa e me-
penan napjaeHuil, BO3AeRCTBYIOLUIMA HA eMeHTbl KOHCTPYKIUH, 3HA-
yHTEeAbHO Goabie. [105TOMY H NPOYHOCTL Y3J0B KOMIIpEeccopa OOJK-
Ha ObITh HOABIIEA.

3. VBeanueHHe RaKyyMa MpH NOCTOSHHON OOBeMHO MPOH3BOIM-
TEAbHOCTH FPHBOAHT K CHHKEHHIO BeCOBOHl RPOH3BOAHTENbHOCTH.
BospacTtanne paGoThl CHATHS CONPOBOXKIACTCA CHHIKEHHEM KOJWue-
CTBAa CKHMaEMOro rasa, B pesyjprare uero moms=ccts KBH B mu-
pOKOM HHama3zoHe paborHl ocTaercd
HPHMEPHO HOCTOAHHOH. Y KoMmpec-
cOpa e BecoBOe KOJHUeCTBO CXKH-
MAaeMOro rasa MeHAeTCA He3HauHTedb-
HO, H POCT CTeNeHH CXKATH DPHBOAHT
K Pe3KOMYy YBeJHUeHHIO mnoTpebasde-
MON  MomHocTH. [IpH  oIHEAKeBOH
00BeMHOH NIPOH3BOIUTEABHOCTH MOUIL-
#ocTh aBuratens y KK B 1,5—2 pa-
3a Goabie, yem y JKBH.

4. JlaBneHne Ha BHXOHe BaKyyM-
Halnca He TpPeBRbINAET arMocheproro.
Bopooracnurens BaKyyM-Hacoca He
BOCHPHHHMAST Hepenafga IaBJeHHH.
¥V goMmmpeccopa Ke BOKOOTAE]HTeAb Pn & 3. BH npoctoro neii-
HAXOAHTCA MO JABJAGHHEM W MOMKeR [ H © DLeod ToATa o i g;
BHINOJIHATACR B COOTBETCTBHH C Tpe- IHATBHBIMH AOTIATKAMH:
GoBamHAMH FOCTEXHaﬂ-'?'Opa' I — WMAKOCTHO® KOJBUD. 2 — PTYIEA

H3 ckasaHHOTO CJIeEYET, YTO JKMJ-  Poropa. J— TOmaTkH potopa; ¢ — sad,
KOCTHOKOJIBUEBHE KOMIIPECCOPEE MOTYT  © 2o e e orno, T ormeTa
HCNGAb30BATECH KaK BaKyyM-HacoCHi.

Opnaxo JKBH ucnmoan3oBaThCA KaK KOMIDECCOPBL He MOTVT.

Bcee xunxoctrOKoOMbiEBbe MalllHHB MOTYT ObITh NOAPa3NeJeHb
HA MAlIHHLE ¢ PaIHaibHBIM H OCEBHM HOMBOJOM I OTBOJOM CIKH-
MaeMoro rasa.

Cxema JKBH ¢ oceBrIM nojaBonomMm Nokasana za puc. 3. B pa-
300paHHOM BHIe OHa TIpedcTaBAeHa Ha DHe. 2,

Mawmuysel ¢ OCeBbiM MOABOJAOM H OTBOAOM CHKHMAEMOro rasa
8 CCCP BuinyckanoT Ha CyMCKOM MALIHHOCTPOHTENBHOM 3aBoje
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M. Ppynse, Ha DeccoHOBCKOM KOMOpECCOPHOM 3aBONe H Ap-
3a pyGexxom oHil nusrorabauBanrca B OPI dupmamu «Siemenss,
«Sihi», «Wedag», B BeauxkoGputanut tupMaMu «Pepvacs, «Alley
Compressorss, o ®panuun dupmofi «Hibon», B Uexocnosaknn
. §

B Maunine ¢ paiHaibibiM AOIBOAOM H OTBOAOM ra3a BCaChiBAlo-
IIHe M HarHeraTeflbHble OKHA PacHo/OKeHbl B HENOABHKHBIX KOHY-
cax. Cxema JKBH c pannaiphbiM NOABOJOM MNOKa3aHa Ha puc. 4
# 5, B pa3oOpaHHOM BHJe OHa NpejacTaBiaeHa Ha puc 6.

Mamuunt ¢ pagmanpHBEIM HOABO-
IOM W OTBOIOM CXHMaeMOrO rasa B
CCCP suinyckator TaTunickuéi 3aBof
SymarofenaTepHBIX MamHH HM. Po-
maasg H 3aBof  «Kokcxummanrs B
r. Chapgrcke. 3a py0ekoM OHH H3-
rorapmueaoress B CIIA  dupmoin
«Nash», Bo ®panuun pupmoir «Ney-
rpic», B Hramun dupmoit «Bosco»
W AD.

Xora npuHunn paborsl B ofenx
CXeMaX OHH H TOT e, MEMLY HHMH
UMElOTCH CyUWecTBEHHbE DasHuns.

Kak yxe oTMeyanoch paHee, JXHA-
KOCTh B Npouecce oSHOBACHHA YXORHT
ETE:F} f;ﬁﬁ;;xgmgg‘?ﬂéﬂ: us paGodefl WOJAOCTH yepes HarHera-
b OTBOIOM  CiuMacMoro rasa: TE/bHBIE OKHa. B Mamude ic oceBbIM

MOABOAOM M OTBOAOM ra3a OKHA pac-

1 — BeacHpaiomni naTpyton; 2 — sca-
CHBAIMEE OKAG; J— HarHeTaTedbnoe [IOAATAOTCA B TOpL[eBbIX CTeHKax-

o TG T e nTrop.  JIOGOBHHAX. I1ONOKEHHE BHYTpEHHe

Byea. NOBEPXHOCTH KHAKOCTHOTO  KOJABLUA
onpefenserca GopMoli H pacloNoXKeHHeM HAPY:KHOH KPOMKH HATHE-
TATeNbHOrO OKHa. UeM Aadblle OHO HAaXOAMTCA OT HEHTPa KOpHy-
€a, TeM TOHbIIe GYAeT HHIKOCTHOE KObLO H Oonbime o6bem rasa,
KOTOpPLIfl MepeTeKaer B siuefikax pPoTopa M3 TMOAOCTH HarHeTaHHs B
NOJIOCT BCachiBaHHs, B 3T0#l cxeme BesnyHHA MepTBOro NpOCTPAaH-
CTBA B 3HAUHTENLHOH ICTEliEHH 33aBHCHT OT TOUHOCTH H3[OTOBJAEHHA
HAarHeTaTe/bHLIX OKOH. HesHaunTenbHble OTKIOHEHHS B QopMe B pac-
NOMOKEHHH BepXHel KPOMKH HArHETATEJNbHBIX OKOH NDHBOIAT X
CYILECTBEHHOMY H3MEHEeHH/0 XapaKTePHCTHKH BaKyyM-Hacoca, 0co-
GenHo B o6jaacty GOJABWINK CTeMeHEH CXKATHSA.

Ilpu papuansHOM mnoABoZe vasa HarHeTaredbHLHE OKHA HaXo-
OATCA B HETIOABHXHBIX KOHYCAX, PacHOJGKEHHHX MOJ JONATKAMH
BHYTDPH pOTOPa H ABIAAOIHUXCA KAK Ohl €ro BTYAKOH. IIpH HereueHuu
JKUAKOCTH #3 padouefl NOJOCTH XMUAKOCTHOE KOJAELQ NepexpoIBaeT
HAPYXKHYI0O KPOMKY 3THX OKCH. [lpM UHAHHEDPHYECKHX <KOHyCAX»
B TAKO#l cxeme MepeTeuKW ra3a uepes MepTBOe MPOCTPAHCTBO BOOG-
me OTCYTCTBYIOT. Ecan ke yron HaknoHa o6pasywineli KOHyca HO-
CTATOYHO BENHK, TO KHIKOCTh YXOLHT TOJIBKO Uepe3 BEPXHION TacTb
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Puec. 5. Npopoaskuii paapes KBH asofinoro mefictua dupmu ,Nash* ¢ pa-

AHAIBHLIM NMOABONOM H OTBOAOM CIKHMacMOro rasa.



HATHETATEJBHOrO OKHA, & HMIKHAA YaCTbh KUAKOCTLIO He MepeKphl-
gaeTcd. B 3TOM cnyuae BeJHUHWHA MEPTBOrO NPOCTPAHCTBA ABJAETCA
nocrosivnoi. [J03TOMY XapakTepHCTHKH BaKyyM-Hacoca ¢ pafualib-
HbIM NOJBOAOM H OTBONOM rasa ABAAIOTCH Oojdee yCTOHUHBHIMH IO
OTHOIIEHHIO K (OpMe U pa3MepaM HarHeraTebHOro OKHA,

B paccmorpenHEIX Ha puc. 3 W 4 cXeMax BCacChiBAHHE H HarHeTa-
HHE ra3a B TeueHHe OAHOTO OGOpOTa Baja NPOHCXOAHT OJHH pas.
[lo anajoruy ¢ NMOPLIHEBHIMH KOMNPECCOPAMH MAaIlHHA Takofl cxe-
Mbl HA3EIBAETCA BAaKyyM-HaCOCOM NpPOCTOTO NEHCTBHS.

Pue. 6 JKBH azpofinoro neficreug {dnpust ,Nash® ¢
pazuanbHbM NOABOIOM M OTBOAOM CHHMAEMOro rasa.

H.aa noBbilenysl NPOU3BONUTENBHOCTH NPHMEHAIOTCS TAKIKE Ma-
WHHM ABOHHOTO KEHCTBHSA, Y KOTOPHIX 32 OEHH OGOPOT MPOUCXOIUNT
ABa NHKMa BCcAacblBaHUA 1 HarHeTaRua (puc. 7). MmeioTca mamMHb
ABOAHOrO AeHCTBHA Kak ¢ OCEeBHIM IIOABOAOM H OTBOJOM rasa -—
¢dupmel «Siemens» (puc. 8), Tax B ¢ pajHadbHBIM IOABOMOM H OT-
BOJOM Ta3a — ['aTYHHCKOr0 MallHHOCTPOHTENLHOTO 3aBoja um. Po-
mana, pupmu «Nashs #n ap.

B J)KBH un KK napoitHoro Zei*CTBHA Ha OJHOM H TOM Ke NpO-
CTPAHCTBE HAaXOAMTCA BJARCE GONblIe OKOH, W DacCTOAHME MEKAy
OKHaMH MeHblie, COOTBETCTBEHHO CHMIKAETCS COMPOTHER/ACHHe nepe-
TeKaHHIO Ira3a yepea TOPIIEBLIe 3a30pPhi U3 TIONOCTH HATHETAHUs B f10-
NocTh Beacolpahus. JIpu MaJibix nepenajax RaBAeHHs] BAHsSHHE 3THX
NEpeTeyeK MAanOoCyLIECTBEHHO, HO NpH ONABLIUOH CTENeHH €XaTHA HX
BNHRHKHE Ha NapaMeTPbl MAalUHHEL PE3KO BO3pacTaer.

Porop JKBH u JKK naeofidoro geficTeHs HMeeT NpPHMepHO BIBOE
0oJplle JONATOK 175 COXPAHEHNA HEH3MEHHHIM uMcya sdeeK, MmpH-
NOASIHIMXCA Ha OAMH NONAHH patouufi muka. Toamuha jomaTtox
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BEIOHPAETCH M3 TEXHOMOTHYECKHX COOOPaKEHHI, N TNO3TOMY 3arpo-
MOXAeHHe padoyero npocrpancrea aonatkamn y JKBH u KK nsoit-
HOTO AelcTBrg GoabIie,

B XBH » JKK cymecTBeHHad uacts MoiHoctd — 25—509,
HAEEeT Ha NPEOAOJEHHE THADABJIHYECKRX COMPOTUBJACHHI, BO3HHKAIO-
IIHX OpH ABHKEHHH XKHIKOCTH. B Manmuuax asofiHoro JeficTBUs 3a
cyeT Goabllell KPHBH3HBL KOpNYyca THAPARMHUECKHE MOTEPH HECKOJIb-
KO BO3pacTaioT, HO OHK NDHXOASTCS HAa YIABOCHHOE YHCAO pPabOuHx
uukios. [losToMy oTHOCH-
TeabHas BeJTHYHHKA THAPAB-
JIHYECKHX TOTepb Yy HHX
AHAYHTEJIBHO MeHbILIE.

Takum olpasoM, npous-
soautensHocTs KBH 1 KK
IBOHHOrO [JelcTBHA BO3-
pacraer DNQYTH BIBOE O
CPaBHEHHI0O ¢  MAaillHHOH
NpoCTOro OeHCTBHA TaKHX
ke rabapuroB. [Ipn maaok
CTEHEeHH CXATHA yAeJbHAad
MOINHOCTE V STHX MallHHE
Meppwe. OHu 3¢ ekTHBHBI
ApH Bakyyme xo 50—70%.

Ipu Goapwem Bakyyme HX
ApOH3BOAUTEILHOCTE NMaXa- pye. 7. Cxema HBH zsoiinoro nedicrens:
€T, a yheabHaad MOILHOCThL - BCAcHpaloWKe ORHa, 2 — RATHETATENbHHE OKHa:
pesko  Bospacraer. [pe. Juilcewtm noimoro sanoniems wueex poioes
AeJLHO JOCTHXKHUMBIN A Ba- fueer POTOPA rasoM; 5 — KOPTYC.

KYYM V 3THX MalHH MéeHb-

L€, yeM ¥y MAallHH NPOCTOrG NeHCTBHS.

Bce paccmoTpeHHBIE Z0 CHX DOp MAIUHHB SBJANTCH OLHOUUAMH-
nposbimH. Mx oTanunTenbkas ocOGEHHOCTH COCTOMT B HAJNHMHUH OA-
Horo padodero koJseca. lMewoTcd TakKe H ABYXHWIHHIAPOBRIE
MalIHHE, Y KOTOPHIX ABa palOuYMX KoJeca PACIONONKEHH fo ofe
CTOPORLl OCHOBHOTO KOpnyca (puc. 9), KOTOPHIl ABAfETCs IVIaBHOMH
YacTpi0 MAUIMHB M XKPENUTCA K (PYHAAMEHTY, 3 UHJAHHAPLE KOHCOMb-
HO pacnogaraiTcs Tno ofe ero croponbl. Yepes Kopiyc NpOH3BO-
IHTCA MOABOA H OTBOJ CXHMAEMOro rasa. Takas KOMIIOHOBKA HMEET
CBOH AocToHHCTBA., OHa ofecneuHBaeT MPOCTOTY OCMOTPA BHYTPEH-
HHX dacrtefl MaminHu §e3 HeoOXONRMOCTH CHATHA €€ ¢ PYHAAMEHTA
H OTCOeRMHEHHA TPyOOMpOBOIOB.

K ABYXUHIHHAPOBLIM MOMeET ObITh OTHECEHA TaKXe KOMMNOHOBKA
MAMHHBL, NpeAcTaBienyas Ha puc. 10, XoTa oBa cKopee BCero ABJs-
eTcs OBYXDAAHON Mamwnroll. B Hefl #a oauoM Bajdy HaxOZATCA IBa
IBYCTOPOHHHX KoJeca. LleHTpadbHEIE KOpHYC, TakK Ke KaK H Y
BBH-50, aBaserca obuHM ans 06oHX POTOPOE.

JByXUHARHAPOBbIE MAIIMER NPHMEHSIOTCH B TEX CAy4afX, Korha
HANO MOCAYUHTH OOJBINYI0 TPOU3BOOHTEARHOCTH, a H3FOTORJICHME
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Puc. 8. JKBH nmoiinoro meficTBug dupMu Siemens” ¢ OceBHM NOLBOAOM
H OTBOJOM CHIMIEMOrO rasa:

°@4— paﬁoqee KQaeco d;— B3 poTopal & — KOpOyCy & — NoEGBKHHA, £, — BCACHIBAKEE OKHA;
Cr — HArHeTATRALHBIE ORHA, o — BCacHBAKIIHE H HArHETaTEIbiAME Han‘\-’ﬁl\‘H‘

AleTajedi COOTBETCTBYIOWINX PA3MEPOB MpeAcTanaseT GoabHie TPYA-
HOCTH.

JKBH w JKK moryr ObTh 0fHO-, ABYX- 4 MHOTOCTYNI€HYATBIMH
(puc. 11}. Opyxcrynenuateie JKBH un KK npuMmeHssoTCst A CO3-
jJanus GONbWHX crenenel cxatida, B oaHocrymeruarom JKBII mak-
CHMAJBHO AOCTHKHMbIE BAaKyyM [PH HYJEBOH NMDOH3BOAHTENLHOCTH
H Temmepatype noABoamMoil Bogu 15°C  cocrapager 40—80 ma
PT. CT., a B AByXcTymeHuaTnix — 10—15 mm p1. CT.

OTeuecTEeRHAA NPOMBIILIEHHOCTE ABYXcTynenyateix JKBH #
KK ne Bmimyckaer. 3a pyGexom ke apyxcrynenuateie JKBH u KK
HMEIOT oueHb WEpoKoe pacrnpocrpanende. XXBH dupmn «Pepvace
(puc. 12) ofecneuHBaer moAydyerHe 25 MM PT. cT. IPH NPOH3BOAH-
TeJbHocTH He Menee 50—60Y% or HOMuHanwHo@t, TIpuMepHo Takhe
e XapaKTepHCTHRKH obecneuupawor AByXcrvieruarsie JKBH apyrax
Pupm,

Heyxcrynenvatoit JKBH u JKK cocTonT M3 ABYX OTHEJBHBIX
cTynenel, PaGouue Konmeca ofenx cTynesell OOBLMHO HaXOAATC Ha
OMHOM Bany H BPAIAIOTCA ¢ OAMHAKOBEIM uHcsoM ofoporos, Hua-
MeTp padoyux KoJec MOKeT ObITh pasauunbiM {puc. 11}, xorqa uamie
BCET0 OH OZUHAKOB,

OfbeMHan TPOUIBOAUTEALHOCTL BTOPOil CTYMEHH 3HAYHUTENBHO

Mesbwre, uem nNeppoét. [losToMy mmpuHa poOTOpa BTOPOH CTYNCHH
OOBITHO YyMeHbIIaeTeA B ABA-Tpi pasa. OfHaxo y ABYXCTYNEHYATHIX
JKBH wmanott IpOH3BOAMTEABHOCTH MACYT ObITh W OXHHAKOBHIE DO-
TOPH, 4TO OOJ€TYaer WX HSTOTOBJIEHHE. ¥ TAKHX MAUIHH CTENCHb
CKaTHs BTOPOIl CTyAeHM HAMHOTO Oojblie, UeM y MepBol,
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CYMCKOTO MalIHKO-
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Puc. 9. Osyxnnannapossit XBH npocroro zefictaus

CTPOHTEABROTO 3aBoLa HM. Ppyuse (BBH-50):

7 — yonaoTeALLan

paropa;

§ — EAA

3 — wopnye:

BIYAKS; § — KPOHWTEHER, § — NOMWKOANK; J) — ynaoTHeHHe,

2, 4 — UHNHHAPE;

KEOeCa;

padoune
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H
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Pwuc. 12, Opyxcrynenuarsit KBH dupun ,Pepvact.

Oeyxcryneruatuii JKBH moxer OHITE nonyuer nyTeM NOCTENO-
BATEJNBHOrO IMOAK/MOUEHEA JBYX ONHOCTYNEHUAThIX MAIIMH, Kak GBI0
cAenaHo Ha DeccOHOBCKOM KOMIIpeCcCOPHOM 3aBojle.

QOuens yaoGHON A1 NBYXCTYNEHYATON MAMIWHEL SBASETCA ABYX-
UMJHHAPOBAA KOMIOHOBKA. B nefil 3aMeHOil OCHOBREOTO KOPIyCca MOk-
HO HOAYuHTH Judo napasiensHyl paboTy 00OHX LHAHHEpOB, MuMGO
nocaesoBaTeabHoe cKaTthe (prc. 13).
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Puc. 13. Bozmaknpte cxeMBl noakamoueHus IByxuuauniapoebx JKBH:
& -~ NapalraeabHoe; £ — NOCNelOBATEALHOE,

MHuoroctynenyarast KoMnoksoska npumensietca # 3 JKK. dupma
«Siemens» BHMYCTHAA KOMIOPECCOpP, HMEIOMIUA NPOH3BOAHTENBHOCTD
416 M3/ mur, ANA CHATHA ATPECCHUBHBIX ¥ JIETKO BOCHIAMERSIOUIKXCA
Ta30B Jo naBnends 20 xe/cm® c 3MeKTPOJIBHFATENIEM MOIHOCTHIO
1350 xear.

JKBH n JKK pasanuanTca Mexay co00i o pacmosoxXeHHIo Bea-
CBIBAIOIIHX H HAUHETaTeNbHHIX OxOH. JMd MalHn Manacit npomHaBo-
HHTEJbHOCTH C OCEBBIM TMOABOMOM M OTBOAOM TA34 XapaKTePHBIM
ABAAETCA OLHOCTOPOHHHA MOABON H OTBOX. ¥ HMX HArHeTaTeNbHEIE
h BCachIBAIOLIHE OKHA Pacnoyio:xKeHbl B OAHOH JN0GOBHHe (puc., 14).
TakoBa xoncTpykuMst BakyyMHbIX Hacocos KBH-4, KBH-8, BBH-1,5
u ap.
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¥ MallHH cpefHed NPOW3BOAHTENbHOCTH Tas MOABOAMTCE ¢ OM-
HOWl CTOPOHBL, a OTBOAMTCH — ¢ JIPYroii. 3TO CYIECTECHHO YNpo-
MAeT KOHCTPYKUMIO JOOOBHH, T2aK KaK BHYTPH KaKAOH U3 HUX HME-
eTcsl TOJIBKO OfHA NOAoCTh (puc. 15},

V MawwH GOAbIOH NPOM3BOLHTENLHOCTH OMHHA pabouero Ko-
Jeca BeJlKa, H AJs TPOX0OZa CRKHMaeMoro rasa HeoOXOAHMO MakK-
CUMAJBHO BO3MOMKHOE DACKPHITHE BCACHIBAIOIIMX W HArHETATEJIbHBIX
OKOH, ¥ TaKHMX MAIllK BCACHBAOIMe 1 ITATHETATeNbHbIC OKHa pac-

Pue. 14 Kowcoaphmit MBH wmaaoit nmponsBomuTenbHOCTH € OIHO-
CTODOHHAM MONBOAOM 11 OTBOAOM CHHMAEMCTO rasa.

RONATaloTCs Ha KamAoil Topuesoil crerke (cm. puc. 2). Boodure xe
TOBOpS, PasTPaHHUCHHE MEXKAY MaUIMHAMH MaJOH, CPEIHEU U fonb-
1m0fi TPOH3IBORUTENBHOCTH O PACHOA0KEHHIO OKOH HE ABASETCA CO-
BeplIeHHO ONpeZeNeHHblM. PaznnyHere GUPMEI NOAXOMIT X pelle-
HHIO 5TOTO BOMpOCA MNO-Pa3HoOMy, HO YKasaHHas TeHACHIHA HMe-
ercq.

Tlpu panuaibHOM NMOABO&E H OTBOAE CXKHMAEMOTO rasa MallMES!
MaNoOW TIPOH3BOMHTENBHOCTH TaKiKe HMEKT OXHOCTOPOHHWH TOABOXA
v oreof. B Takux JKBH ToAbko ONMH HEMOIBKIKHBIA KOHYC

uc. 16).

& POTO[)) apaserca ocuosnofi Jeraanio JKBH u KK O'ru €ro KoH-
CTPYKIHH, OT €r0 OTINUHMTENbHBIX WepT B SHAUATEJBHOW CTERECHH
3aBUCAT XapaKTepHCTHKH BaKyyM-Hacoca u KOMMpeccopa.

Tax e, Kak y ueHTpoGesHbIX HACOCOB U KOMIPECCOPOB, POTOPS!
JKBH MoryT 6blTh OTKPEITHIMH, NMOJYOTKPBITHMHA H 3AKPBITBIME.

Y Hac OTKphITBE ¢ OGEHX CTOPOH JIONATKH BCTPEUANTCA TOJNLKO
B MamkHax wmaaoli npomssoanrtensHoctH (KBH-4, KBH-8 #
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(BBH-3) ¢ ABycTOPOHHHM MOABOZOM H OTBOJOM CHHMAEMOrO raza.
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BBH-3). a3 sapyGexubix $HpM OTKPHITHE POTOPH B MalIHHaX BCeX
NpPON3BOANTENbHOCTEH Mpumensier ¢upma «Pepvacy {or 0,03 no
60 #%/sun), dupma «Sihi», 5 pane mamna dupma «Hibon»> (puc. 17)

H AOp.

%aKprTbIe POTOPHI, HMEMUE ANCKH ¢ 000MX TOPNOB, HNPHMEH:A-
worea B JKBH n JKK ¢ pagpHanbHEM [ONBOAOM H OTBOAOM rasa
{cm. puc. 6 u 16). TexnoNOTHst U3TOTOBNEHNUA TAKUX POTOPOB SABJS-
erca GoJiee CAOKHOM, TAaK KaK SHAYHTENbHO Tpy/AHee RNPOU3BECTH
00paloTKy NOBepXHOCTSH JomaTok. Yaimme BCero OHM BooGIe He
ofipabaTeBalOTCs Nocane AUThA. OCHOBHBEIM Ha3HauyeHMeM BCEOMOTA-

Puc. 16. Mozeranshan cxema HBH asofinoro zeficsna ¢upmu ,Ney-
Tpic* ¢ OIJHOCTODOHHHM H IBYCTOPOHHEM TOKBOACM H OTBOOOM CHH~-
MAE€MOro rasa.

TeNbHLIX THCKOB SABAfETCA YApOYEHHE JONAaTOK. TaK Kak MpH pa-
NHAJBLHOM NOEBOJE XKHAKOCTH KOHCOJBLHOE KpenjeHHe jIonaToK y ee-
OYIIEro JAHCKA OKasbiBAeTCs HefOCTaTOYHHIM. Kpome Toro, y Mmawns
C 33KPHITBIM DOTOPOM OTCYTCTBYIOT MEDETEYKH rasa H3 OfHO Adef-
KH B APYTYyK> uepe3 TODLEBbe 3a30ph. DTo COOCOOCTBYET yBeanue-

HH10 30 EKTHBHOCTH )K%H

[TonyoTKpHITLIE POTOPE MPHMEHRIOTCA NP OCEBOM NOIABOAE M
OTBOAE rasa B MmamupMax manoii npomzeoautensHoctd (BBH-1,5)
N OpH ABYXUKHAHHAPOBOH xoMWNOHOBKe (pHc. 9). Kak npaeujo, y Ta-
KHX POTOPOB 0 ¢BOGOIHOIO KOHLA JIOMATKH COENHHSIOTCH KOAbLOM
HeGONBIUIONC CEYCHHA AAA OPHAAHHA HM ZOMOAHATEABHON ECTKOCTH
M NPOYHOCTH. ECTecTBeHHO, YTO MAHIHHLL C HONYOTKPHTHIM POTODOM
HMeIOT OJHOCTOPOHHHE NONBOA W OTBOA rasa.

Oxnako yallle BCero NPHMEHAIOTCA IBYCTOPOHHHE DOTOPH], Y KO-
TOPHIX OCHOBHON [MCK HAXOABTCA NoOcepenHHe (cm. puc. 2 n 6). Ta-
KHe POTODHl IMHPOKO PACNPOCTPAHEHB! KAK ¥ M2INHH C OCEBBIM, TaK
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M ¢ pajuajibHBIM TMOABOAOM M OTBOJAOM ra3a. B oTauuue oT ueu-
TpoOeHHEX HACOCOB H KOMOpeccopoB PadoqHH Mpollecc B KaKmo#
NOJOCTH JIBYCTOPOHHETO POTOpA SABJAETCH H30JNHPOBAHHBIM. B aToM
CMEBICAE MAMIHYL ¢ ABYCTODOHHHM POTCPOM OuUeHb ONH3KH K JBYX-
UHJAMHAPOBOH KOMMGHCBKe, A obenx pafouyux noaoctefi OOMHM
ABAACTCA TOJBKO KHAKOCTHOE KOJbUO. B HEKOTOPHIX KOHCTPYKHHAX
OHO TaK¥e pas/ensercs NeperopolKol, KOTOpaf XOpOIIO BHAHA Ha
prc. 6 B KopHyce MalBHBL. 3a30p MeEXAY AHCKOM POTOpa M 3TOH
neperopoakofl paseH I—3 sn. Takas MamMHa B KaxKROH NOAOCTH
MOXKeT WMeTh pasJHuHBIi pabo-
ynil hpouece, Hanpumep, OHITHL
JBYXCTYIEeHYATOH.

Jlonarku potopa MoryT ObITe
JuGo  paguaapHetMu  {puc. 3),
au60 KpUBOJAHHeHAHBIMH (pHc. |
u 4).

Hccaremoparua noxkasanau, 4to
KpHBOARHEHHbIe JIOMATKH, 3arHy-
Thle O HanpaBJjeHHIO BpameHus,
JOMKHB  ofecneydBarh Gofee
Beicokuil KITJI mammmet [4].

PoTopel MalmHH ¢ pajHafib-
HEIM MOABGROM H OTBOAOM rasa
HMEIOT, KaK NpaBHJO, KPHBOJH-
HeliHbie TONATKH.

Cpefiu oTeyecTBeHHBIX MAIIHH
C OCeBLIM INOABOAOM M OTBOJOM rasa pamuanbHBE JONATKH NpHMe-
HAITCA TOABKO npH Majoil npoussofuteasHocthH (KBH-4, KBH-8,
PMK-2). PMK-2 saBasgencss ycrapeBiueli KOHCTpYKIIHEH, KOTOpas
aaMenena BBH-3, umeromedt npu rex Xe raGapurax Goaee BLicOKHe
napaMeTpel.

s sapyGexneix d¢upm npaMondHelisie nonaTku ROHMENSIOT
«Pepvac» Ha BCeX BBINYCKaeMblx MamuHax, «Burckhardt» ma ma-
UIMHAX MaJod TMPOH3BOANTENBHOCTH U HEKOTOpPHle ADYTHE,

Eme onnoii xapakrepHol ocoGennocTeo potopos JKBH u KK
ABJACTCA HAKJAOM BTYAKH V MAIIHH C OCCBBIM [IOJBOLOM H OTBOIOM
rasa (HaknOH KOHYCOB Y MAllkH ¢ PaAHAJbHBEIM TOABOAOM H OTBO-
AOM).

OTKpBITBIE POTOPH HMEIOT, KAK NPABHIO, HJAMHAPHYECKYIO BTY/-
Ky. HeGosbIno# yrost HakJOHa y HHX MOKET CYINECTBOBATL TONBKC
H3 TEXHOJOTHYECKHX C000pazkeRHi (HanpuMmep, JAHHEHHBI VKJIOH).

¥ NONyOTKPHITHIX 4 ABYCTOPOHHHX POTOPOE Yroa HAKNOHA BTV.J-
KH OnpeleAsieTcd H3 KOHCTPYKTHBHBIX COOODazKeHRIl,

Linaunapuyeckas BTyJKa obecHeuHBaeT OONBIMHA 0ObeM sueek
poTopa, UTO JAOKHO COOTBETCTBOBATH OOJBHICH NPOHIBOIHTENB-
Hoct#, OHHAKO NPH HEZOCTATOUHO TOUHOM DACMONOMEHHH BCAChi-
BAIOUIMX H HATHETATEJbHBIX OKOH 0Gpasyloleecss MepTBOe NPOCTpaH-
CTBO TaKkKe HMeeT OOMbINHI 00DBeM, YTO MNPHBOAHT K pPe3KOMy CHH-
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Puc. 177#BH ¢upmor ,Hibon® ¢ o1-
KPHITHIM POTOPOM.

JKeHHI0 TIPOH3BOAHTEJNLHOCTH. Y HacOCOB ¢ KOHHYECKOH BTYJKON
o0beM fueeK pOTOpa MeHBIHE, HO TIPH CMEIeHHH OKOH 00heM MepT-
BOrO RPOCTPAHCTBA TaKKe HAMHOro MeHole, IlosToMy MauHHEL C
KOHHYECKOH BTYJKOH poTOpa HOJIKHEL UMETh XapPAKTePHCTHKH Oo-
.J1ee YCTOHUHBLIE IO OTHOIEHHIO K EPOH3BOACTBEHHBIM OTKJIOHEHHSIM.

Konnueckyio Bryaky umeior porops BBH-6, BBH-12, PMK-3 u
HEKOTOPHIE APYTHE, a UuJAHMBIApHuYeckylo — poropel BBH-3, poropm
MalHd ¢rpME <Sihi» 5 @p.

Y mamunH ¢ painaibHBIM NOABOAOM K OTBOAOM ra3a yroa HaK/o-
Ha o0pasyolilell KOHYCOB ONpeNeiReTcs He TOAbKO XKeJaHHeM MoJTy-
YHTH ONTHMAJEBHLIE XAapaKTepPHCTHKH. 3a30p MexALy BHYTPeHHeEH
TOpLUeBOH MOBEPXHOCTHIO JOMATOK H KOHYCAMH JOCTATOUHO Mad.
[Ipu nomaganuu B MAIUHHY BMeECTEe ¢ Fa3oM MBLIHM, NeCKa H T. IL
NPOKCXOAUT H3HOC JONATOK U KOHYCOB, 3 yBeJHUEHHe 3asopa NpH-
BOJAHT K POCTY NlepeTedek M YMeHbIIEHHI0 NPOH3BOAMTENbHOCTH Ba-
KyyM-Hacoca. 3a3op MOKeT OblTh BOCCTAHOBNCH YMeHLIICHHEM TOJ-
IHHEL TPOKNAJOK MeXKAY TOPLEBLIMH KpLIIIKaMH H KOPINYcOM H
COOTBETCTBYIOUINM CMelleHHeM KOHycOB. ITloaTOMy MAmMHE ¢ DaiH-
afbHbIM TMOABOJAOM H OTBOAOM Tra3a HMEWT AOCTATOYHO (ObLIOH
yroa HakJoHa oGpasywomeii — 7—10° Pupma «Neyrpic»> B mamu-
HaX ¢ pajuajbibiM MOABOAOM dobuiach HauGoaee Bbicokux KIIM
paboThl, IPHMEHEHB LUHAHHAPHUECKHE «KOHYChl». OAHAKO IKCUAVATA-
HHOHHblE XAPAKTEPUCTHKH MAINHE TPH ITOM YXYEUIMAHCD.

Bonpoc o umenecoo6pasHoCTH NMPHMEHeHHS LUJAHHAPHUECKOH HJH
KORHUECKOIl BTYJKH A0 CHX HOp SABJASeTcs HepellleHHbIM.

3amena paboueit xuikoct B JKBH u JKK sBadercds ofHAM u3
He0OXOAMMBIX yoI0BHH ux padorel. HanbGoaee yacro B xauecTse pa-
Gouell KHNKOCTH HcnoAbayeTca Boda. [1o3TOMYy eMKOCThb, B KOTOPoil
NPOHCXOANT OTAeJNeHHe ra3a OT XKHIAKOCTH, Ha3HIBAETCA BOAOOTIE-
JEHTEJEM.

B macocax manofl u cpeAsell NPOH3BOIHTEAbHOCTH PAcXOf BOJH
Hepesuk. OHa OpPOXOAHT uepez BaKyyM-HAcoC, BMecTe ¢ TasoM no-
CTYNaeT B BOZOOTHZenaHTens {puc. 18) u oTTyAa cauBaeTcs B KaHa-
JTH3AUHIO.

B Goapmnx Mammpax pacxoll BOAB ABJsieTCd AOBCJBHO 3HAUH-
TenbubiM. Hanpumep, Bakyym-zacoc PC 600/750 ¢upmm <Burck-
hardt», uMemud npoH3BOAKTENBbHOCTh==D0 M3 mun (npu 70%-HoM
Bakyyme}, norpebnser 20 m3/uac sompl. Takoli 3HAUHMTEALHLIH pac-
XON MO CTOHMOCTH CONOCTABHM €O CTOMMOCTBIO 3JIEKTPOSHEPTHH.
ostoMy v Maink Goabiiofl NPOH3BOANTEILHOCTH NPUMEHAETCA qac-
THUHAS PEeLUPKYJSAIHMA — MOBTOPHOE HCIOAB30BaNHe pafoyein Kul-
KOCTH.

CyHIECTBYIOT TaKie CXeMBl, B KOTOPbIX NPOH3BOENTCA MOAHAA
peuHpRyJIALHA paoued XMAKOCTH. OHH TPHMEHAIOTCA B TEX CHy-
yasx, Koraa B KauecTBe paGouell XHAKOCTH HCNOAb3ylTCa AuGY-
TRAGTANAT H T. 0. B 370M chvyae Heo6XoAMMON 4YaCTBIO CXeMBI
SABNAETCS XOJOAHJIBHHK, yepe3 KoTopblll pafouad KHAKOCTb TPOXO-
IHT Tiepe Mofauell B MAIIHRY.
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Puec. 18. Cxema yeranoskn JKBH:

1=3KBH, 2 — P0300TAANTE 16, J—HACOL, 4—XOAGEHAbHHK, J-—BOLIOMEPHOE CTEKAD

O6biyno B JKBH paGouasa xuAKocTh Harpepaercs nHa 5—I10° C.
B wommnpeccope MOXKHO AONYCTHTL GOABLIHA NOLOrpEB,

Fomeon paGoueit #uAKOCTH B MAIUHIY IPOH3BOAHTCHA Paznuu-
HBIMH cnocoGamu. Yamie Bcero oHa MOCTYHAGT B CAJbHHKOBHIE VII-
JROTHEHMA M 3aTeM BLOJL Bana — B TOpUEeBHe 3a30pol. Ilpn 3ToM
CaJbBHKH YIJIOTHAIOTCA H cMasbiBapTed padouel xuiaxoctoioo. [pu

HopMantHol paloTe oHa
R KA BBIXOIUT Yepes caJbHH-
2\!}\{, KH OTHeNbHHIMH Kamis-
ie
)

MH KM cinafoll cTpyii-
4o L5 ‘L:E%__ koft. PaGouaa kunxocrs
“ -'-::" ]
08 |-ty Pl ! = wath
£l za’%zso 1 X
05 A /1/./ d A

YAAOCHAET TOPLEBLIE 34-
30pHl, IPEXOTBPAIAsS fe-
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04 i ‘," Fd - |40k ../
]
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02 |—1 /
)
I

peTeKaHHe rasa H3 HO-
JIOCTH Har"eTaHHua B no-
iy 4
|} ; K 768\ { i pr ex

—d-- 1

>

JA0CTh BeacblBaHyu.

B pafje wmammuH pa-
fovas KHIKOCTL IFOCTY-
naeT BO BCacCHIBAKIIHM
natpyfok. Taxasa cxema

-
=]
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[

i
LY A0 30 4 60 SO0 206 300 400 600 800 1960

Prc. 19 IpadHk 3aBHCHMOCTH TPOH3BOLH- MPHMENRETCH Ha Mallili-
reasnocTn HMBH o7 temmepatypw noasomuu- Hax MaJoH IpPOH3BOAM-
MO BOZBL TenpHocTH  KHB-4  #

KBH-8. H, nakouen, oHa
MOXeT NOCTYNATh HenocpeACTBeHHO BO BCACHIBAIOHIVIO NOJAOCTb.
Hoctuxumbiit 8 JKBH Bakyym orpanuumBaerca AasjeHHeM Ha-
CHIHEHHBIX NapoB Hpd TeMIepaType paboyeil xumxkoctd, Ha puc. 19
npHBedeH rpaguK 3aBHCHMOCTH NPOHSBOLHTEALHOCTH OT Temnepa-
TypH nonaeaemoh soaw a0 JKBH dbupmer «Siemenss,

180

Ipu Temmeparype 15°C LaBaeHHe HACHHEHHHIX HapoB BOLbt
=13 mm pr. cr. [Ipy 3TOM DABACHWH BONa 3aKHNAET, H NPCH3IBOJH-
renshocte JKBH manaer go xyaa.

Jlna nonyueHua BaKyyMa ¢ LaBReHHEM, MeHbNIHM NaBJEHHS Ha-
CHIEEHMX NapoB, B KauwecTse mepsblx crynededi JXBH npuMenaior
BO3AYLIHKE 3xeKropo (puc. 20 n 21). OCHOBEBIM MX 3JEMEHTOM
ABAAETCA AKTHBHOE COMJIO, Uepe3 KOTCPOe BTEKAeT BO3/yX H3 aTMOC-
¢epoi (MM ra3 U2 HarHeTaTeAbHOro MaTpyOKa).

P

o

Puc. 20. deyxcrynenuatuh JKBH ¢ Bosaymubm mekTopoM.

Tlox neitcTRHem mepenajZa AaBJeHUH CKOPOCTh BO3AYXa Ha BHI-
Xofe n3 comnta pocturaer 550—600 mfcex. Bosnyx H3 aKTHUBHOTO
COMMa M a3 H3 OTCACHBAEMOro ofbeMa NOoCTynaloT B KaMepy cme-
[eHHA, A€ NPOHCXOAHT yBeIHYeHHe CKOPOCTH OTCACHIBAEMOro rasa
U CHHIMKEHHe CKOpPOCTH Bo3hgyXxa. [losie cKOpOCTeHl B KOHLE KaMeph!
CMeNIeHHA BLIPDABHUBAETCH, NaBJeHHe TOPMOMEHHR HATEKAWIEro
BO3AYXa YMEHBIUAETCH, a OTCACHIBAEMOro rasa Bo3pacTaeT. 3a Ka-
MEepoil CMEIeHHsl ycTaHaBanBaeTcs Add@y3op, B KOTOPOM NPOHCXO-
EMT YMEHbLIEHHe CKOPOCTY M HCBBIIECRHe JHabnexus rasa. Cyire-
CTBYIOLI{HE BO3AYIIHBIE 3:KEKTOPH MOBBLINAIOT AABJEHHE OTCAchiBae-
MOro Trasa npuMepHo B 4—b5 pas. DBo CTOALKO Ke CHHXaeTcd
JOCTHraeMoe oCTaTOYHOE JaBacHHe,

Yepes JKBH ¢ 803ayIIHEIM 23KEKTOPOM MPOXOIUT GOALIIOE KOIH-
YeCcTBO aTMOCOepHOro Bo3dyxa. Ho Tak Kak 3@ QPeKTHBHOCTb BAKY-
yM-Hacoca onpefensdercd N0 OOLeMHON NPOM3BOAUTENBLHOCTH, 4 Nas-
JICHHE Ha BX0Je yMEeHbIAaeTca, To NpHMeleHNe BO3AYIHOTO 3XEK-
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TOp2 BFPAKTHYECKd He CHHIKAeT er0 NPOH3BOLHTEALHOCTH. DT OF-
UETAHBO BHAHO Ha xapakTepuctekax JKBH ¢upMb «Siemenss c
BO3LYIIHEIM 3XKeKTOPOM (puc. 22).

HAByxctynenuarsii BO3AVIGHBIH 3EKTOP STOH ke (bupMEr cO3-
AaeT OCTaTOMHO® NaBACHHE 2 MM PT. CT., a TPEXCTYNCHUATHIN —

0.2 mm pr. c1.
' B JKK 112 noayyenvs BLICOKOH

CTeIIEHH CKATHA HeolXoZUMa GoJb-

Iiag OKPYXHas CKOPOCTb poTopa.

JKOHOMUYECKH 3TO HEBBLIFOAHO, TaK

KaK MPHBORUT K Pe3KOMY pOCTY THA-
3 bPasaHueckux nortepb CyliecTBeHHOE
CHHZKEHHE 3THX [OTepb JOCTHraeTcd B
KK ¢ Bpamatomumes  xopnycom
{puc. 23)

B mawmnne Takoro Tuma B HemoR-
BHKHOM KOPMIYCE BpallaeTcs MOJbii
ZHIHHAD, a BHYTPH Hero — paGouuil
porop. Hucao o6opotoB umanmapa u
potopa MoKeT OBITb OAHHM 0 TEM e,
HO MOXET H HECKOJBKO PasJHUATHCA.
DTO 3aBHCHT OT TPRHATON KHHEMATH-
YeCKOH CXEMEL

CreneHb HOBHINEHHS HaBJAeHHUS Ta-
KOr0 KoMmpeccopa MOXeT OBTh 3Ha-
YHTEJbHO BHIIE, 4eM B MOPIIHEBOM,
TAK KaK HENOCDEJCTBeHHBI KOHTAKT
CHHMAEEMOro rasa ¢ HJIKOCTBIO CO3-
Puc. 21 Bostywnsili smexrop naer 3pPekTuBHbIA TENJOOTBON, 2 OT-

" e SKBH CYTCTBMEe Macaa B paboueil mMoJOCTH
f— noAsox wozmyxa us aTMOcde pr YyCTpaHRET ONacHOCTh B3P5133 B Opo-
§“ﬁ'r'm;'§0n“§$§§"“m"“°r° mrprbua)  gecce cxkaThs. B OfHOM cTymeHH Ta-
CHBA2MOro rasg, 3 —gpk
THEHO® COMAO, 4 — Kauwepa CMeweHua KOr'o HoMIpeccopa ROCTHTHYTa CTe-
7 BeacuBalouA narp) fok [leHb NOBHIIEHREA TABJEHHSA, paBHas 7
Ho u ona He sBasercs npegenom.

Henocratkom Takero )KBH seasierca cnomeocTs ero KOHCTDYK-
IHH.

Marepuansl, u3 Kotopbix usrorasauparotes JKBH w JKK, B sHa-
YHTEJLHOH CTeNeHH 3aBHCAT OT PONa mepeKayHeaeMoro rasa. s
MEPEKAUHBAHHS BO3AYXa M JPYF¥X HHEPTHBIN ra3oB NPHMEHSIOTCH
O0LIYHO KOHCTPYKIHOHHLIE MaTepHadb — YYTYH W CTadb. Bo MHO-
THX NIPOUIBOACTBAX BMECTe ¢ OTKaynBaembiM rasom B JKBH nona-
AT B KaNeJbHOM H NMapoOOpasHOM COCTOSHHH XHMHUECKHe BerHe-
CTBa, KOTOPbIe MOTYT PHBECTU K GLICTPOIl KOPPOSHH H PAa3DYLICHNIO
merajeft MamuH. JIas npemoTBpaiienus 3TOrO AETANH JKBH wusro-
TaBJAMBAIOT H3 KOPPOSHOHHOCTOAKHX MATEpHa/OB

Tax, nanpumep, pabouue xoneca YKBH, BomvckaeMmuie [aTuiy-
CKHM 3aBojioM HM. Pomans, H3roToBneHm u3 OpoHsb. Beccomos-
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CKUlf KoMnpeccophblit 3apon Beityckaer JKBH 1z HepKaBerouied
cTani, pAn ¢upm genawt KBH u KK uz turara. B HEKOTOPHIX
CAYYasfx NPOTOYHAS Yactb MAIIHH MOKPWMBACTCH CUHTETHUYECKHMH
NJIEHKAMH — TOJHITHJIEHOM, GaoniToOM H T. A

KOHCTPYKURIO KHIKOCTHOKOJBUEBHIX BaKyYM-HACOCOBE H KOM-
TIPECCOPOB MOKHO KIACCHOHUMUPOBATDL CAEAYVIOIWEM 00pasoM:

Onpepensiolufl napaMerp Tonme wmamun

I. HayanbHoe ¥ KoHeu- . BakyyMm-Hacochl

1
Hoe JnaBsieHHe CcKU- 2, FasomyBku
MaeMoro rasa 3. Komnpeccoput
1. KoucTpyrtHpras 1. C paakanbHbIM OONBOLOM M OTBO-
cxeMa 0N CHKHMAaeMOro rasa
2. C oceBbIM NOABOAOM H OTBOAOM
CKHMAEMOro rasa
HI. Yucno crynenmeh cixa- 1. Onnoctynenyarnie
THA 2. JIByXCTyneHYaThe
3. BaryyM-HAacoCH C Ta30BHIM 33KeK-
TOPOM
IV. Uncao  nukmoB sa 1. IMpoctoro zeiictsust
OIHH ofopoT 2, JpoiiHoro meiicTeRA
V. '-Incnou pabouux no- 1. OnHOUMANHIPOBHIE
JocTed 2. IByxuun#uapoBEIe
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HEKOTOPBIE UTOTU BKCIUIYATALINU ITAPOSXKEKTOPHBIX
BAKYYMHLBIX HACOCOB B YCTAHOBKAX A
BHEITEYHOI'O BAKYYMHWPOBAHUA CTAJIU

A. X, Sandewwmein, B. M. Jubun, C. [l Cepasemounosa

BHemeyHoe BaKYYMHPOBAaHHE CTaJK HAXOAuT BCe fojee wwn-
pOKOe HPUMEHEeHue KAK OAHO ¥3 CPEJCTB Y/} UIICHMS KayecTna
crand. DPheKTHBHOCTE BAKyYMHOK 06pabOTKH BO MHOTOM 3aBM-
CHT OT OTKAYHOr0 OGOpPYAOBAHUA, KOTOPHM OCHALleHA BAKYYM-
Has ycranopka. OTkauHoe oGOPYNOBaHME AOMKHO GBTh BBHICOKO-
TPOH3BOAHTENLHBIM, CO3/1aBaTh B BAKYYMHOH KaMmepe Tpebyemoe
paGouee AaBACHHE 3a KOPOTKHA MPOMEXYTOK BpeMenH, OwTb
HaaeHHM B paboTe H NPOCTHIM B 3KCILIYaTalHH.

B TeyeHue HECKOALKUX JeT INPOU3BOAMACA COOP CTATHCTHKH
N0 3KCIVIYATALHH NAPOMEKTOPHEIX BAKYYMHHIX HACOCOB H& paAe
3aBOAOE TO CACAYIOUIHM BOMPOCAM:

— ofmad NpoJOMKHTEAbHOCTE JKCIAYATAUHM C HAYaaa myCKa
VCTaHOBKH; O0llee KOAMYeCTBO UUKIOB BAKYYMUDOBAHMA, KOJN-
yecTBO IHKA0B BaKYyMHPOBaHUA B CYTKH; CpPelAHAA NPOAQJIKA-
TeAbHOCTH PafoTel NAPO3XEKTOPHOrO HACcOCa 338 OJHH UMK
BAKYYMHPOBAHHUA; CpeAHee Bpems OG€30TKa3HOH PabOTHL BHAH
0TKa30B B paloTe; HAUMEHOBAHHE V3/0B 4 JeTajeil, H3-3a KOTO-
pHX NPOHCXOJAHT OTKA3 8 padore; BpeMs IIPOCTOA HACOCA H3-33
OTKa32; BUAH NPOPUIAKTHYECKHX PAloT, NPOBOGAMMBIX TMPH 3KC-
TAYATAIMH HACOCA; HAHMEHOBaHHE Y3J0B M JAeTalell, KOTOpwe
NOABEPTAUCH KOPPO3HH, HBHOCY.

Q6o6WenHEe Pe3yAbBTATH NO IKCHAYaTAUHM UETHPEX Xapak-
TEPHHX MAPOIKEKTOPHLIX HACOCOB NMPHBEASHH B tabanne 1.

Bce »TH HACOCH — NPOH3BOIUTENBHOCTRIO 100 we/#ac cyxoro
Bo3NyXa u padodeM RaBACHHH Ha BXOAE B Hacoc 0,5 s pr. CT.
OTAMYaTCH OHU mapaMeTpaMu padodero napa U OXJAaXAANIER
BOJH, paCIpejeneHMeM CTeneHel CXaTug MexAy 3XEKTOPaMH,
KOMIOHOBKOH H NYCKOBHIMH HACOCAMM.

[TapoaxexTOPHLHIE BAKYYMHHHA HAcocC, YCTAHOBJAEHHHA HA
VxeBckOM MET2AMYPruyecKOM 3aBOAE, BKCIYATHPYETCS B yCTa-
HOBKe A BAKYYMHPOBAaHHS CTaNH B KOBLIE €MKOCThIO 20 M.
Hacoc maTHCTYIEHYATHA € ABYXCTYNEHUATHIM ITYyCKOBHM HACOCOM
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Tabauya §
JHCOAYATAUNA NAPOPKEHTOPHLIX HACOCOB

Ob6mee
3apon, HA KOTOPOM KoXnYe-
sxcinyathpyercs | C kaxoro {ctBo muk-| Ortkaszm

NapodKEeXTOPHEIH | BpeMenn | noe Ba- | B pagore| [ CTAEMEHTHBE DaGOTH

BAKYYMHREI Hacec KYYMit~
POBaHHA
Humepckust  me- C cenrn- | Boree |Otkazor Mpoduaanthyeckne oc-
TaARYPrugeckui 6pa 1965 ro- 2000 | B pabote | MoTph RpoBoadTca 1 pas
3ap0]1 X2 mo Ha- Hacoca | B rox
cToAmee He $BLI0
Bpems
Hopo-Tyancknit C nexabps | ~ 500 | Orkazes lpopurakruueckue pa-
MeTarayprudeckui | 1965 r. mo BpaGore | oTH (uMcTKa KOHZeHca-
32807, HacToAlEe Hacota | TOPOB,  BAKYYMNIPOBOJA)
BpeM# He 6ua0 | wposonates ¢ pasa B ro7
3-1  Kpacumit C woatpa | ~ 7000 | Orkazcs [Ipodunaxruneckue pa-
Oxta6ps® r. Boa- [1966 r. no B paboTe{| 6OTH NPOBOXITCA  eme-
Torpax HACTOAMEE Hacoca | Mecayno
BpeMs He Obiag
Hesckuit maosa- C  nmexa- ~ 165 j Orkasor Ilposonarea caenyomue
HOCTPOHTENbLBA | Gpa 1066 . B palore [ npodunaktHueckHe  pa-
3asod i, B. H. Jfe-{ no Hacroa- Hacoca | Gors:
HHHA tiee BpeMs He GBI OYNCTKA COMed H peme-
TOK KOHASHCATOPOB TPH
pasa B rog;

OYHCTKA 34aTBOPOE oOT
IEJaKa CHCTEMAaTHYeCKH

H C NPOMEKYTOUHHMH KOHACHCATOPAMH cMemenus. Pacxon pado-
HE€ro napa ¢ masiacHueM 8 amu ma OCHOBHOR Hacoc 5700 Kefuac,
Ha nyckoBoit — 11700 xz/4ac. Pacxop oxmamupaoned BOJEL C TeM-
neparypoit 35°C — 480 i/4qac.

IlapoakekTopHuUA BaKyyMHMA Haco¢, yCTaHOBJEHHHIE Ha Ho-
BO-TyJAbCKOM  MeTaanypraseckom 3aBOJE, IKCOAYATHPYETCA
B ONHTHO-NPOMHIIEHHOR YCTAHOBKE AAd BAKYYMHDOBAHUA CTAJM
B KOBIIC €MKOCTbI0 10 m. Hacoc naTmeTymeHuaTHli ¢ omHuM
NYCKOBHM 3XKEKTOPOM M € IPOMEKYTOYHHIMHU KOHAeHCAaTOpaMu
cMemenns. Pacxon pa6ouero napa ¢ papnesueM 8 amu Ha oc-
HOBHOM pexume 5700 wxe/tac, wa nyckoBom — 12000 Kefuac,
Pacxoa oxaamnaowes soau ¢ Temneparypoit 35° C — 370 s#%fuac.

FlapoamexTopunii Hacoe, YCTaHOBJeHHHH Ha 3asome ,Kpac-
nuit Oxraépe® (r. Boarorpan), SKCNIYATHPYETC B YCTAHOBKE
18 BAKYYMHPOBAHUA CTRJIH B KOBLIE €MKOCTHIO Ao 25 m. Hacoc
TETHPEXCTYHEHYATHE C ABYXCTYNOHYaTHM NYCKOBEHM HACOCOM
H HPOMEKYTOUHHNMH KOHAGHCATOPAME CMemeHns. Pacxon pabo-
HEro napa ¢ aapaenneM 26—27 amu wa oOCHOBHOM peKHMe
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4375 wefuac, wa nyckopoMm pewume — 9000 wefuac, Pacxon ox-
Jaxpaowel Boaw ¢ Temmepartypoll 28° C — 550 xz/fuac.

TTapoanekTOPHHA BAKYYMHBH HAcCOC, YCTAHOBACHHEIH Ha Hep-
CKOM MAWMHOCTPOUTEAbHOM 3aBOJAE, 3IKCIAYATHPYeTCH B yCTa-
HOBKE IJfl BAKYYMAPOBAHHA CTaAU NIPH OTAHBKE CAHTKOE B 8-2 m
B H3NOXKHHLIH. Hacoc nATHCTYNEHWATHH € HPOMEXYTOUHBIMH
KOHASHCATOpPAMH cMemeHHua. Pacxoa paGouero mapa ¢ JasJeHueM
19 amu 3000 xzfzac. Pacxox oxaaxjaiomefi BOAR C TeMuepa-
Typoit 20°— 125 u/uac,

Kak BuanO W3 Ta6AuMUbl, OTKAa3CB B padoTe NAPOIMKEKTOPHHIX
BAKYYMHHX HACOCOB, AAaXe 33 BpeMs AAHTEALHO# 3KCIAYAaTAlMH,
He GHAC, OHH Ke TpeGyloT Takke OOAbWHX NPOPUIAKTHYECKHX
padorT.

Takum o006pa3oM, npuUBeHeHHbBE JAAHHWE CBHALTEALCTBYIOT
0 TOM, UTO NAPO3XEKTOPHLHE BaKYYMHBI® HACOCH HauboNee NOJHO
OTBEYAIOT TPeOOBAHUAM, NPeABABASEMBIM DNPOLECCOM BAaKYYMH-
POBAaHHA K OTKAYHOMY OOOPYLOBAHHIO.

BJIIMAHUE TEXHOJIOTMYECKUX U MOHTAXKKHbIX
DAKTOPOB HA OCHOBHBIE ITIOKA3ATE/IN PABOTbBI
CTYIIEHU DBH

H. H Mocan, H. H. Kaaismsiros

laa obecneueRHa HAMMEHBUIEH CTOMMOCTM 3XKeKTOPHO-Ba-
KYYMHOTO HAacoCa ¢ 33AaHHBIMH [ApaMeTpaMH ero paborst HeoO-
XOJUMO HE TOMALKO TNPaBHALHO BHOpPATH pasMepnl H QOpMy
OPOTOYHON waCTH KawAacit CTYyneHH, Halo ONTHMAABHHM 00pasoM
PelINTh TeXHOAOTHYECKHE BONPOCH — HASHAUHTL KJAACC TOYHOCTH
¥ HHCTOTY 06paloTKH MOBEPXHOCTEH 3JIEMEHTOB 3:KEeKTopa, orpa-
HHYHTL BO3MOMHHE OTKIOHEHHS OT (OPMEl H pasMepoB CTYIEHH,
KOTOPHE MOTYT MOABHUTLCA NPH ee MOHTaxe. Ecau Bonpoc BuboOpa
reOMeTpHIECKHX MApaAMeTPOB MOKeT OHTh PENIEH TeOPeTHISCKHM
oyTeM, TO TOJbKO H3 3KCIEPHMEHTa MOXHO OOJAYYHTH CBEACHHHA
O BJAUSHHUH THCTOTH OGPAGOTKH MOBEPXHOCTEH MPOTOYHHIX YacTell
CcOnaa, KaMepw H aud@ysopa, a TAKEKE HECOOCHOCTH 3THX 3fe-
MEHTOB HAa paboTy CTYNeHH.

Hacrosee 3KCnepuMEeHTAJBHOE KHCCASLOBaHHE MOCBAMIEHO
H3YYEHMIO BJAHAHHA CHOC0O608 06paboTku paGovHx noBePXHOCTEN
JEMEHTOB SKEKTOPA W OTKJOHEHHH TeOMEeTpHE NPOTOYHOH
YacTH, BO3HHKAIIHX B IPOLEcce MOHTaXxa, Ha ero padory.

DKCUePHMEHTANbHLE MCCASAOBAHNA TPOBOJHAHCL HA Tpex-
CTymeHIaTOl 9MekTopHoll ycTaHoBke, [lepag crymeHb Obuta
paGouefl. B xauecTpe AKTHBHOTO rasa MCHOJAL30OBAACH CHATHIE
BO3AYX 30 7 ama upu f,= 10—40° C. DxekTupyemas Cpeaa—
aTMOocQepHEl BO3AYX TpH £, == 15—17°C.
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Pue. 1. O6bvexT mnenbtanus Bapnautel necnenomanpmx conen (@)
KaMep cuetlenna (6).

B ravectpe 06heKTOB HCmBITARHA NPHMEHANTHCE COMIA W Ka-
MEPH CMEWIEHHS ¢ DasHOH YHCTOTOH 06paboTKu padouux noeepx-
rRocred. Bce comna 6waM ugedTHuUMmMH B KOHCTPYKTHBHOM
OPOPMACHUH W HMeTH JXHAMETPH B KDHTHYECKOM CeYeHHH
dp=90 um, B BHXOIHOM — ¢y, =26 mm (3,=2,095 wan
M, =3,7). Dauna UHAHHADHTIECKOrO yYaCTKA B KPHTHYECKOM
Ceuenun Owna mpumsTa pasHoti 10 mx. Bxoxsas u BHIXOZHAsA
HaCTH HMEAM KOHYCHOCTB 1:3, npuuem Bo Bxoanom KOHYCE
HMEJI0CH CKPYTAeHHE.

Ha puc. l¢ w 16 nokasano KOHCTPYKTHBHOE odopMIeHHE
CONTa H KaMephl CMEUICHWA, [PUBEACHM OCHOBHME CBefeHns
O BADHAHTAX HCCACAOBAHHEIX COMEN M KAMED CMEMeHHS ¢ pas-
AUYHOH uHCTOTOR 06GpadoTku BOBEPXHOCTEN T 3aeMexHTaM,
Yucrora o6paborku KOHTPOJHPOBANACE O 3TAJTOHHEIM 06pa3laM.

IIpu uccrexOBaHAN MO BEIABACHHMIO BANAHMSA YHCTOTH 06pa-
GOTKH 31¢MeHTOB NPOTOUHON YaCTH coma Ha paGoTy cryneHns
KAMEpa CMeIeHUs HMeaalcaefyouye TeoMeTPHYeCKye Xapakre-
PHCTHKH; YTOJ cymenus 29, = 15°, cTemenh NOAKATHS Ja =056
(Ha BXoae d, =42 m#, B ropaoBRHHE dy =32,5 mm upn oTROCH-

rx] ¥ t
TeAbHOH pauKe [=— -;;5 =10 (puc. 22) n yucrorte 06paGoOTKA BCex
2

SJICMEHTOR KaMepsl CMEWEHHA [OA 5.

lpu uweneiTanuax xamep cmemenus PA3TMYHEIME cougeTa-
HUAMH HYHCTOTH OGPalOTKH 0O 3AeMEHTaM OCHOBHEE reéOMeTpu-
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YeCKHe XapaKTEepHCTHKH OCTABAJHCL HEeH3MEHHHIMM H HMEIH CJe-
AylowHe 3HAYCHHA: BXOAHOH YUaCTOK 61,‘1;11 TOAHOCTLI) KOHHYe-
CKHM, yroJ cyxeHua Owui pasen 29, =5", AMaMeTp BO BXOAHOM
ceuennu ero &, =54 MM, BHXOAHOH YUY3CTOK KaMeps (103BYKO-
poit Andpysop) OwA BHNOAHEH ¢ KoHycHocTbio 1:10, )mame'rg
FOPAOBAHHE KAMEPH CMewenus &3 = 35,0 #u npu OTHOCMTEABHO

.
paube [, = 2 =40, Pabouee comno umeno dyp=10,2 mu,
d

3
dyp==26,1 wusm u A, =205
HecoocHoCTs COIMIA H KAMephl CMEIeHHs OCYUeCTBAAAACH
¢ TOMOILGI0 COCHHAALHBIX TMEPeXORHHKOB, KOTOPHE YCTAHAB/IH-
BAJIMCh MEXAY IPHEMHOR KaMepod 3XEeKTOPa H KaMepod cMelue-
Ang. TTepexofHnK npeicrapian co0oi LWIHHAPHYUECKOE KOJBLO
{(cM. puc. 4, @), U3FOTOBJACHHOE C ONPEAeNeHHHM 3KCHEHTPHCHTE-
TOM. BeauuHHa SKCUSHTPHUCHTETA ONpeleaafacs pPasHOCThIO
HauGoasmedi C, u Haumenpwel C, TOAUMH CTEHKH KOJAbLA fepe-
XOAHHKA, T. €.
ftn = C, — C,. (1)

Bcero 6mAO H3rOTOBAEHO HeTHpe xoabua ¢ A, =0,5; 1,0;
2.0 1 4,0 s, Tupuna xonsla SHAA He OoJdee 5 MA,
BeJauwuHa CMeUleHna OCH CONAaG TI0 OTHOUIEHHIO K OCH KaMephl

CMeweHuAd ﬁf_l Onpeacaanace COOTHOIIEHHEM

Af = @)

ra—e

[Toa yeaoM YCTAHOBKH COIMMA Gyer IOHHMAETC YTOM MeXAy
OCbI0 CONMA U OChLIO TIPHeMHOH Kamepwl (CM. puc. 4, 0). dKcnepu-
MEeHTa/bHad YCTAHOBKA MO3BOJAET CO3A4BAThL T4KHE YIJbl NYTEM
OTKJAOHEeHHs QCH COIMia OT TOPH3OHTAABHOTO MNOAOKEHHS (C no-
MolibIo mepekoca comaa). Ocb NpHeMHOA KaMepH W KaMepl
CMelleHisl HAXOAWTCH B HEH3MEHHOM FOPH3OHTAJbHOM NOACKEHHH.,

B npopecce HacTPOHKH YIoJ @y HEMOCPEACTBEHHO HE H3Me-
pascs, a QUpeAenaacs PacueTHO HA OCHOBE 3aMEPEHHHX TMPAMBIX
YYACTKOB, XapaKTEePH3VIOUWIMY OCH COILIA H KaMephl CMellleHus.

TMorpewrOCTe B ONPE/ENEHHN dyer HE MpeBLIIIANa 0% MHHYTH.
Beero 610 MCOBITAHO TPH BAPHAHTA C dy.=0% 0°7" m 0°22,

Visyuenue HeCOOCHOCTH COMIZ H KaMephl CMEIUeHHA, a TAKKe
yIAG YCTAHOBKM COMAA MPOBOAHAOCE HA 9KEKTOPHON CTYUEHH,
KOTODAas MMeAa KaMepy CMemleHHs H pabouee COmMIO € TAKHMU
Ke TEOMETPHUECKUMH NapaMeTpaMH, 9TO H MpPH HCHHTAHHAX Ka-
Mep CMEHIEHHA N0 ONPENEACHHI0 BAHAHHA WHCTOTH 006paboTku
l'IpOTO‘-IHOﬁ YACTH 3/JeME@HTOB KaMepu CMElICHHA, Hq OpH JaHHOM
BKCIIePHMEHTE THCTOTA OO0PABOTKH NOBEPXHOCTEH NPOTOUHOH
9aCTH 2MEKTOPHOR CTymeHH OHlIA ORHA H Ta& Xe, H COOTBETCTBO-

Bata yo.
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B onmrax CHEMaAMCh BHEUIHHE XaPAKTEPHCTHKH CTYHNEHH HA
NPeARABHEX pexuMax. [las 3TOro 3aMepsiHCh PacxXoZbl AKTHB-
HOr0 M WACCHBHOTO Ta30oB HOPMAAbHBIMH nuHadparMamMi no cras-
HapTHOR MeToauke [1], moasoe mnapAennme u TeMOEPaTypH TOp-
MOXEHHA NMepef BXOAOM B KaMePy CMEMIEHHA U MOJHOe RABACHHE
CMEIAHHONO NOTOKA HA BEIXONE H3 CTYNEHH.

PesyaAbTaTH 3KCHEPRMEHTA IPEACTABJACRHL Ha PHC. 2—4.

Kax nokasmBaer puc. 2, unctoTa 0o6paboTKu HOBEPXHOCTEH
OPOTOYHOH YACTH COMAA OKAa3bBAET 3aMETHOE BAMSHYE HA OCHOB-
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Puc. 2. Bruanue 9ucTOTH 06paGOTKH NPOTOMHEIX MOBEPXHO-

cTedt comna B wewoM (@), rOPNOBHHLL, BXOIHOTO H BHXOAHOTO
YYACcTKO® (§) Ha paboTy CTYNEHH.

f11{1:1 = F
LP

= 2,7, fq= 06 2, = 15°: T, =10 7 — conno 555; 2 — 777,

3 — 99%9; 4 — 363; 5— 373 6 — 333 7 — 575.

Hbf€ NOKA3aTeNH paboTh cTymeHu. Tak, NOREILEHHE YUCTOTH
06paboTki moBepXHOCTEH ¢ ¥3 A0 7 npuBeio k YBENIHIEHHUIO
CTeneHd cxaThad = Ha 4,60—14,35%, a noBuIeHHe YHCTOTL
00paboTku ¢ y7 A0 ¢9 BHSBAJAO HeSHAYHTEAbHLIH POCT CTeneHu
cwarud, Bcero uwa 0,24—2,15% npH H3MeHEHHH KoahdbamHenTa
swexuud ot 0 go 0,2,

Kak m caenopano oxumare, aygmue pesyabTATBl COQTBET-
CTBYIOT cOmIy € Gonee BHCOKOH UMCTOTOH 00paboTkn. BmecTe
C TEM CJICAYET 3aMETHTB, YTO comaa 777 u 999 nokasaiu npax-
THUECKH OAMHAKOBHE pe3yabTaTh. lMelomuecs pacxoxzenus
B NMOKasaTeNdX paboTH HAXOASTCA B NpeAesaX TOUHOCTH SKC-
NepUMEHTA, JTOT Ke BHIBOA IOJYIH NOATBEDKIECHUA B AOTOA-
HHTEAbLHHX 9KCMEeDHMEHTAX, NPOBENEHHHX C TEMHM XK€ COILIAMH,
HO ¢ IApyro# xaueg)oﬁ CMEUEHHA (APYro€ BXOXHOE YCTPORCTBO
KaMepsl CMellenud).
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PesyapTaTh [0 H3YUEHHIO BAMSHHA UYHCTOTH OOpabOTKH NO-
BePXHOCTH TOPJOBHHH COIIA NPHBEAEHH Ha PHC. 2, 6. Kak BuAKO,
IpH NMOBHILEHUH YHCTOTH O6PaGOTKH FOPAOBHHM Comaa € v3 RO
v5 CTemedb CXaTHA yBeanuuBaerca Ha 1,6—9,02%, a npu mOBH-
eHHH YACTOTH 06paboTku ¢ v5 a0 y7 (cM. puc. 2, 6) OHa yBe-
anumeaercs Bcero Ha 0,7—1,0%. KoapbHuueHT 3KexKDHH 7
namernsetcs oT 0 zo 0,2 B ofoux cayvasax.

Vs npuBeAeHHOro aHaaHsa CAeiyeT, 4TO MOBHIUIeHHE FHCTOTH
06paGoTKK TOPJOBHHH COMA2 € Y3 [0 vb TNPHBOANT K Oonee
BHCOKOMY NOJOXKHTEALHOMY acI’Jd)eKTy. yeM 3TO HMEET MEeCTO
[ipH OOBBIMIEHHH YHCTOTH 06padoTkH ¢ vo Ao v7.

BAdguue UHCTOTEL 06paGOTKH BXOAHOH W BHXOAKOH dacCTed
€oIa Ha padOTy CTYNEHH MNpPEeACTaBAeHO Ha puc. 2,6, Hucrora
06paBoTKH MOBEPXHOCTEH BXOAHOTO M BHIXOAHOI'O KOHYCOB, XOTA
H OKAa3HBAET BJHAHME HAa paloTy CTyHeHH, HO MEHee CHABHOE,
yeM yucToTa 0O0paboTKA TCOPJAOBWHEL COMA B PACCMOTPEHHOM
AMANA30HE H3MEHeHUd KJAACCOB WHCTOTH.

JKCNePUMEHTAAbHEIE Pe3yAbTaThl HCCACOBAHHA KAMED CMe-
UIeHHH ¢ pasHoll uucToTOH 06paboTiH ee pabOYUX HOBEPXHOCTEH
NpHBELEHH Ha PHC. 3, a2 # 0.

Kak BHAHO M3 MPEACTABICHHHIX MATEPHAJNOB, 4ucTOTa 00pa-
60TKH NOBEPXHOCTEN NPOTOYHOM 4acTH KaMepsl CMEIIEHHA OKa-
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Puc. 3. BauarHe YHCTOTH 06paborkd MPOTOUHHX AGBEPIHO-

crefl KaMephl cMelleHys (&) H KOMILIEKCHOE BANAHHE MHCTOTH
06paboTKH MpPOTOUHMX 9acTefl MeMeHTOR CTYNMeHn (§) Ha ee

— Fy = .
padoty fy.,p,= "o = 118, 26, =5% 1 =4
Fep
— 555, 2 — 355, 3— 533 4— 333; 5— 353, £— 335; 7— 535, ¥— bre
;ueu‘::i":lpr‘:pomuuoa NoBePXHOCTH CTYREHH O0PaGOTKH 108 ¥y $—ys Ji—yy.
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3pIBAET CYLIECTBEHHOE BAMSIHHE Ha padoTy CTyneuH, B ocolen-
HOCTH B OGJAaCTH MAJLIX M HYJEBHX KO3(QQHIHEHTOB 3KEKILHH.
Tax, NOBHIUEHHE YHCTOTEl OOpaBOTKH NOBEPXHOCTEH KaMepsl
CMemeHHs ¢ v3 0 vO [O3BOJACT YBEIW4HTL CTeneHb CXATHA
CTYHeHY OT 2 g0 15% npw M3MeHEeHHH KO3(PhUUHMeHTA 3IKEeKUHH
cr 0,16 no 0.

YucToTma o0GpaloTKH IOBEPXHOCTEH BXOAHOrO, BHIXOAHOrO
KOHYCOB U TOPJAOBHHH HPAKTHYECKH OJMHAKOBO 3aMETHO BJAHACT
#Ha padoTy CTymeHnu.

Tak, HanpuMep, NOBHIIEHHE YHCTOTH O6padoriu ¢ ¥3 00 ¥d
TO3BOJSET YBEJIHYATH, CTENEHL CIKATHA CTYHEHH 3a CYEeT BXOA-

F 'y

ar -

a5 — e ™ T

vy 1 —5
*or

o=-7 -
o—a "Te
- _
[ S— - 71"

\ | N\ )
\%\% N

o -
@ " a0 ae 40 & i) a0 3 40 i

a [
P #c. 4. BAHIHHE HECOOCHOCTH CODVA U KaMephl cMellenua (a),
yraa YCTaHOBKH comaa (6) Ha paGoty crymeHH fy,, =118
Q‘Pl= 5% Iq =4’0:
I—ah = 0: 2-0,112; 3—0,224; £ — 0,448; 5 — 0.806: 6 — ayep = 0°: 7 - 0°77;
& — 0°22".

Horo xodyeca ot 0.2 a0 6,0%, 3a CUeT BHIXOJHOrO KOHYCA — OT
0,6 no 6,5% u 3a cueT ropaAoBHHE — oT 1,3 p0 6,5% npn H3Me-
HeHuH Kosdpunrenta sxexnua or #=0,16 1o 2= 0 coorser-
CTBEHHO.

PesyantaTe KOMILIEKCHOrO WCCAENOBAHMS BJAMSHUA UHCTOTH
06paboTKH 3MEMCHTOB CTYNEHH Ha ¢e paboTy NpencTabieHs Ha
puc. 3, 6. Ynucrora of6paboTkH TNOBepxHOCTel ee NPOTOUHOMN
YacTH OHJA BHIIOJAHEHA MOR ¥3, vo U ¥/, nprueM padoume no-
BEPXHOCTH 3JIEMEHTOB JIMEKTOPA — CONAa, KaMepnl CMElleHHA
u aupdy3opa HMEJH OAHY H TY Xe 4HcTOTY O6padorxu. HuacroTa
00pabOTKH NMOBEPXHOCTEH DPOTOUHON HACTH 3KEKTOpa OcoleH-
HO 3aMETHO BJHAET HA OCHOBHHEIE NOKasaTeaH padoTh B 06AaCTH
MAABX KO3DPUUNEHTOR 3WEKLUH.
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Tak, HaNpuMep, UOBMIICHHE HYHCTOTH 00paboTKH ¢ §3 A0 ¢
NO3BOARET NMOBLICHTL CTeNeHb ¢xatus OT 48 xo (,289% npu us
Menenud xoadduunenta axekuun ot #=0 10 n=0,16 coor-
BeTCTBEHEO, Kak BHAHO u3 paccmortpeHns pitc. 3, 6, rasbKReidwmee
AOBLIUEHHE YHCTOTHE 03paboTKK OT ¢33 10 T7 HPAKTHYECKH HE
CK23RBACTCA HA SPPEKTUBHOCTH PAOOTH 3XEKTOPA.

HecooCHOCTE CONAA U KaMepPH CMEenns M, Tak Ke Kax
H YTOJ4 YCTAHOBKH COMAd Zycr, 3AMETHOE BJAUAHNE OKA3LIBAET Ha
3GeKTHBHOCTL PadOTH CTYIEeHH B 00GJacTH Maasx koadpripien-
TOB KEKUHU. PesyibraTut 1aHUbLEX HCCACZOBaHNIE NPHBEACHH RHa
puc. 4. Tlpn xosdduunente sxkexund 2 >0,15—02 3tu apa
dakTopa NPAKTHYUECKH Ke BAHAIOT HA NOKa3aTCan paboThl CTY-
NEHH B WCCACRYEMBIX 1MANa30HAX H3MEHEHHR A H Uy

TaxkaMm oOpasom, Bce nepeuHcAeHHBe (PaKTOPu 0Ka3aaH
CHALHO BBIDAKERHOE BJANAHHE Ha padoTy 3meKTopa B 00A4CTH
HYACBOTO W OAH3KIX K HEMY 3Hadenufi xoadwpuuKenTs 3MeKuuh.
B obaactu 2 >>0,05—0,1 uccaegopanuune QakToOPbl NPakTHUECKH
lie BAMAOT Ha pabory CTynerH.

ITpn oOBACHEHHH 3THX PE3YALTATOB, MHO-BUAHMOMY, MOXKHO
HCXOANTE H3 CAeAYIOWHX nmoaoxkednii. B obaactu pemxuMoB
¢ #--( B KaHaJaX 3MKEKTOpa, HAUMHad OT Cpe3ad COmITa, HMeeT
MECTO CBEPX3BYKOBOH RNOTOK, KOTOPBIH, KAaK H3BECTHO, OYeHb
YYBCTBHTEMEH K I1EPOXOBATOCTH, HCKPHB/JACHHOCTY Kaltana, K yray
NpUTexKaHud K CTCHKAM Kawaaa u 1. A., B ycaoeugx axexrtopa
BCe 3T axTopn, NOpoKAeunne 4yucToTofl o6padorTku HPOTOY-
HO# 4YaCTH 3KEKTOPa, HEePEeKOCaAMH COMIA3, €F0 HECOOCHOCTLI
¢ Kamepol CMemenua, IRJIAITCA HCTOUHHKAMR JOINOMHHTE. i hITHX
noOTEPh.

B o0gacTH pexuMOB ¢ O0Jee BLICOKHMHI 3HAUCHUAMH KO-
fuunentTor mwxexkoun a2 > 0,05—0,1, xorza nHa 3PPeKTHBROCTL
IMeKTOpa npeodAapalollee BAIsiHUE OKa3HBAEeT HPOIRCC CMelle-
HHA, YKA3aHHBe QaKTopu, OO0YCAOB/JCHHHE li3MeHeuneM CTpyx-
TYPBL CBEPX3IBYKOBOIO HOTOKA, TPHBOIAT K 3HAUHTEALRO MEHLILHM
NOTEPAM TO CPABHCHRIO C TIOTEPAMY Ha CMemenye. STHM MOMHO
OO'BSICHHTE TO, WTQO IPH CPABHITENbHO GOALUINX 3HAYECRHAX KO-
duuanenta sxexunu {2 > 0,05—0,1) BaIusHHE TEXHOAOTHYECKHX
(akTopoB H OWAOOK MOHTAKA Ha padouHii HPONECe IWMeKTopa
npospiaerca cJiabo.

JHTEPATY PA
1. Mpabiaa 2754 M., 1956,

L Rorst Ho H. A theory for hase pressures in transonic and supersonic
flow. 1. Appt, Mech., 1955, vol. 23, Ne L.

* TIpH 0GbACIeHH]! BANGHHA 3THX GAKTOPOB MOWMHO RCXOIHTh H3 HIBECT-
HoX NOAOKEHHA TeOpPHH IOHKOTO AaBAeHHA [2] O BIMAHKN HAYAAbHME YCNOBHH
NPHTEKaHHs MOJOKA B K2HAJ ¢ BHEIZNHHM DACHHPEHHEM, UFD HMEET MecTo
B 9MeKTOPe Ha pexnse apu -0,

A-488.—13 193



VIIBTPA3BBYKOBASI OUYMCTKA JETAJIEM W Y3JIOB
BAKYYMHbLIX HACOCOB B CPEJE ®PEOHA-30

I H. Kopuaeun, I'. . Ba6run, 4. B. Konau, 4. [T. 3axonos

B npouecce nsrorosnenus peranei BAKYYMHBIX HAacOCOB Ha HX
MOBEPXHOCTH NONanaer GOMbIIOE KONHYECTBO KHPOBOIl 3MYJBCHH,
METANMHYECKOH CTPYMKI, NMbIAN U APYFHX TEXHOAOLHUECKHX 3arpas-
HEHHH. ¥Y3/1bi o getadil HACOCOR fipH copke HeoGXOAKMO TIATENLHO
OUHIaTs OT 3TUX 3aTPA3HeHNi, HHaYe HPH HMCAMTAHHAX VBEJHUN-
BAETCA BPEMA «IaMEHHA» M YXYMNAWTCA SKCMIYaTalHOHHBE Xa-
PAKTEPHCTHKN HACOCOB.

OGhiuno ouncrxa peranell K ysnob BAKYYMHBIX HACOCOB OT TeXHo-
JOTHYECKHX 3arpA3HeHHil HPOBOAMTCA B MBA »Tana:

l. Pyunass npomumska B Sensune B-70;

2. IlpotipKka nertaseil 3THAOBLIM CRHPTOM.

KonTponr wicroret nosepxuoctn meraneil OCYIHECTBAACTCH BH-
3yalbHO H NPOTHPKOH OATUCTOBLIMH CafideTKaMH.

IDTOT MEroA He OGecIeMHBAeT BHICOKOTO KAUECTBA OYHCTKH IO
Crelyouum npuuutaM. [loBepxuocTu feTanell BAKYYMHBIX HacocoB
HITOTOBAANOTCA ¢ UuCTOTOH ¢6 — §7. B MUKpPOHEPOBHOC TH RoBepx-
HOCTH BHEAPSIIOTCR 3arPASHEHNA, YRAANT KOTOPHIE PYMHON MPOMBIB-
KOH N MPOTRPKON HEBO3MOKHO. Kpome TOro, HMEOMHEC HA feTa-
JIAX JKHPOBbie U IPYTHE TEXHOAOFHYECKHE 3arPAZHEHHA OCTAITCH T
MOMWINeit cpene (Ged3nHe), 3arpA3HAA ee, UTO CHIDKA®T KAYEerTBO
UPEABAPUTEILHON OUMCTKE W NPHEOAWT K YBEAHYEHHIO BDEMEHH i
OONbIIHM pacXoZaM CMpPTa TpH OKOHUATEABHOI oukcTKe, Hacran
CMeHa MorouleH cpeanl {0ensuna) VBeXHYNBAET MO BpeMeHH Mpouecc
O4HCTKH. HepocTaThoM 3T0ro MeToia sBASETCR TakkKe BHICOKAR
fOKAPOONacHOCTb 11l TPYAOEMKOCTL (potecca.

OXHHM M3 METONOB BEICOKOKAYeCTBEHHON OYHCTKI! ABJIAELCH QUM
CTKA C IPDHMEREHHEM SHEPTHH YabTPasBYKOBOro fioast {1] 11 ¢ HCMOAB-
30BAHHEM TaKOM padovel XHMAKOCTH, KOTOPasS HMeer xopouse obes-
KHPHBAIOWLNE CBOHCTBA, MHEPTHA K MeTasaaM, noxKapofesonacHa
U HETOKCHYHA. BaktbiM KauecTBOM MOIOMWeH KMAKOCTH SBASENCH
BO3MOXCHOCTL €e pereHepauMu B npeflenax VCTaHOBKH.

TlprMenenite 3HEPTHU YABTPASBYKGBHIX KOJEOaHHUI] HHTeHCH(H-
UHPYET NPOUECT OYHCTKH, A TaKkKe CYUIeCTBEHHO YAVULIACT H ee Ka-
4ecTBO. TToBepxuocTn, 1ame Xopomo 06paGOTaHHbEe, B NeHCTRUTEND-
HOCTH HMEIOT MHKDOHEDOBHOCTH, MHKPOCKOIIHYECKHE I0PH, TPEHIHHAI.
YabTpaseyKoBas KaBUTAUNS NPOMMKAST B 3TH MHKPOKEPOBROCTH I
CHHIALT MOBEPXHOCTH HA <MUKPOCKONHUYECKOM ypoBHes [].

B Nannoii crathe paccMaTpHBaeIcs TeXHOMOrHYECKHil npouece
YABTPASBYKOBON OYHCTKM HeTaflell H YSMOB BaKYYMHGIX Hacocow
H-5C B cpene ¢peona-30, ¢ perénepanneii ero s npeiemax ycra-
HOBKH.

M3 muoxectsa mapok dhpeonos Hanbonee vacro HCIOAb3YeTCH
XJAOpUCTHE  MetHAeH  (dpeon-30) u TpudTopTpHXIOPITAH (bpe-
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o-113) [2] $peon-30 8 10 pa3 neiuenae ¢gpeoHa-113 wu obGmamaer
AVaEME 00e3RHpUBAKIIKMH KavecTsaMd. Hesmcorad TeMnepartypa
gHnenns ¢peona (40° C) nosBoaser Jerko AHCTHANMPOBATE, HE
H3MEHAR ero CBOACTB B NPeAeiaX YJAbTPa3BYKOBOl yCraHOBKH, TO
BaeT BO3MOKHOCTL HCAO/IB30BATL HETPephiBHYIO OYHCTKY 3arpAsHEH-
HOro dpeoHa.

®peon-30 ABngeTcA XOopollldM PACTBOPHTEAEM IKHPOB, Maced,
CMOJ, NIACT, napadHna, 06/Ma0aeT HHIKHM TMOBEPXHOCTHBIM Harhxe-
HHEM, UTO TIO3BONSAET TPHMEHATb €ro JUIR OYHMCTKH HEeTaneH CcroX-
tioft popmel. Ppeon-30 Heropiou, B3phiboGesomaces, obaamaer XH-
MHUECKOH CTOIKOCTLIO, HHEPTHOCTRIO K MeTaMlaaM, 32 HCK/AOueHHeM
UHHKE, BHLICOKOH CTa0HABHOCTBIO, HE3HAUHTEADHOH TOKCHYHOCTBIO
(nomycTHMOe conepkanne mapos dpeoua 50 mafmd.

B rafauue | npeactaBaeHsl (u3uuecKde KOHCTAHTH dpeoua-30
(XTOPHCTOTO METHAEHH).

Tabauna I
w | 2 ) . ¢ PacrsopuMocis
& v 2 |z = s = » '
= 2 = = - = =] ]
-g = = E = 3 = §U ‘_8 .;.3 E 3
g E gi:;‘ o3 E e g” o — :; [
= x: = = =% b & g A
A N - Dt B S i PN T I i -
o = ¥ T =) = == T fa o = g2
S| B B 18T P | Es|EEY 22 R, 28 3
=g = = £z 1 S| 52 [003| 58 zH® c¢e |o&
= = a 2 S8y 88 | vy (BT H] D¢ {QaP 15
¥ = = OQclez |- [Ex€l~a |ma o S, o
-
CHeCly | ®pe-| 84,931 1,32 140 96,5 | 193 | ne- 2 {arunosom| 0.3
oH-30 BOC- caapre, L
niaa- ATHAOBGM
MeH. 3dupe

Jlaq cpabHeHHSl CYWECTBYIOWEr0 M FPeINaraeMore TeXHOMOrH-
YECKHX [POUECCOB MpOBeleHbl FKCAEPHMEHTH MO NPOMBIBKE YeThl-
pex macocos tHna H-3C, pe3yapTatel KOTOpHIX NPHBeASHH B TaG-
Janue 2.

M3 tabanuel 2 BHAHO, YTO MpedsaraeMblil TRXHOIOMHISCKUA NPO-
necc obecreynraer OoJiee KAUeCTBEHHYIO OUHCTKY, 3a CUET Yero
cOoKpalllaeTca BpeMs BLIX01a Hacocos Ha pexxum (5. 10~7 mm pr.or.).

Ha ocHoBaHHNW NpoBeNEHHBIX SKCMEPHMEHTOB W TPOMBLIBOK N€Ta-
Jiell BaKYyMHBIX HAacOCOB Gbl1a H3TOTOBAEHA M BHeApeHa B WpoO-
H3BOACTBO Ha KasancKkoM MeXaHHUECKOM 3aprole YAbTPa3BYKOBAs
({peonoBas veranoska Y3PV-O, npuaminuansHag ¢xema KOTOPOIL
nokKazaHa Ha puc. .

YcTaHOBka COCTOMT M3 OCHOBHOTG 6Gaka f, BBYX Hacocos 2
(tuna [1-90}, Avyx ucnapHveneH 3, AsYX KOHAeHCatopos 4, pacxom-
noro Daka 6, Hacocos 5 (Tuna I1A-22) nonaun dpeona B paBoune
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Tad.ya 2

Bpema ]
BHX0NA Ha :
MeTon ouncrku sHacocoe H-5C on . PEHME 2
= —7F <
N R g = (517 wa o
TEAROAOTIYECKHX 3arpazneHni e8 125, PT. C1) =
SS |&2Z 3] npw nenst- 2 |
L= moX TaHHAK 2 f
. =
No cymecmytmueu FEXHONOIHM:
npoMbiBKa B Gexsune . . . . - 1 15 72 waca
NPOMMBKA CUPFOM . . . . . . . ., 2 15 50 wacos
Tlo npeasaraemoil TeXHOIOFHY:
npoMEBka B Cpeae dpeona-30
¢ HAROMEHNEeNM YIbTPasByKa . . . . . . . 3 4 34 vaca
Npommeka B cpene  $peona-30 [ l
¢ HANOWEHHEM YABTPASBYKA H  TOCHE I¥IOULAH
NpoTHPKA CRHPTOM . . . . . . . . . . .. .| # 10 24 yaca _H

BalHbl 7, 8, GuALTP-oTCTONHNKa /0. Bee arperaThl H eMKOCTH H3TOTOB-
JAeHbl U3 HepiKapewieil cTagn. B fno paGouux BaHH 1Jd cosla-
HHA YJALTPA3BYKOBOTO MO BMOHTHPOBAHB MAFHATOCIPHKUHOHHBIE
npeofpaseBartesl, B KaK 0N BanHe YCTAHOBJAEHA nepennsHas Tpys-
Ka ANA CAHBA 3arpA3HeHAOro ¢peoHa uepes @GHUALTP-OTCTORHIK b
ocrOBHON Gak. Haa npejorBpauledns HArpeBa (peoHa oOr nonao- t
tleHHA AKYCTHHECKOH 3HEPrHH padovylde BaHHL HOMELIeHH B pydai-
Ky, 0 KOTOPOH HHPKYJAnpyer xonoaHas poaa. Jlas obeciieuekus cpas-
HHTENBHO SOMbLWIOTO pacxoha ¢peona uepes paboune Bauabl — {00b-
em 700 X350 250) B yeTaHOBKe CMOHTHPOBaHD! ABA V314 AHCTILNA-
uHH $peoda, H paGoTa HX HHET Napanne/bHO,

Hacocamu 2 gpeon n3 ocnosHoro 6aka / 3akaungaercs B HCTIaPH-
read 3, rie Mcuapaercs, H maphl GpeoHa BOCTVIAIOT B KOHAEHCa-
ropst 4. B KOHZEHCATOpax, CONPHKACANCH CO CTEHKaail KaAopupepa,
BHYTPH KOTOPOro IPKYJAHpPYeT XonofHasa Boja, Hapbl QpecHa
KOHJEHCHPYIOTCR, NOJ NaBaeHyeM ApOB, BHOEb THOCTYHAIOWEAX H3
liclapureneti, CKOHASHCHPOBAHHEI( (QPeoH INOCTYNAET B paCXOABBIH
6ak 6, OTKyAa HacocaMi & nogaercs B pabouue Bannbl 7 n 8, ¥npas-
AEHNE HECOCAMH OCYHIECTBAAETCA ¢ NyAbTa, PACTOAONKEHHOTO Ha
repegHell naneAH YCTAHOBKH M JaTYHKAMM 3JIeKTPOHHBIX CHrHAJH3a-
TopoB yposis JCY, yCTAHOBAEHABLIX B HCAADHTENRAX W uepe3 pene {
BpeMeRH CONOKHPOBaHEMX ¢ Hacocamu 2. Cucrema ICY nydaupyer-
(A nonaAaBKoBbiMH Kaananami [loforpee dipeona B merapurenax
OCYIHECTBAAETCH ropruell BOAGH HAH NapoM, HHPKYAHPY.OUIHAL RO
3MECBHKY, CMOHTHPOBAHEOMY BHYTPH HCTHApUTENS.
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Pue. 1. [IpnAUMMHAIBHAR CXEMA YALTPASBYKOBOH YCTAHORKH ¥3hY-9.




Ha ycranoBke ¥Y3PY-9 BHNOANAOTCA CASAYIOMHe oniepauut
TeXHOJMOrHYECKOTO Tpollecca:

1. [MpeasapuTensHas yabTPA3BYKOBAs OUMCTKAa  AeTated  Ba-
KYYMHBIX HAcocOB (BaHHa 7).

2. OxoHuaTenbHan yAbTPaA3BYKOBad ouucTka (BaHHa 8).

BHegpeHue YCTAHOBKH MO3BOILIC MONY4YHTH BHICOKOKAUECTBRI-
HYI0 QUHCTKY A€Tasneil, COKPaTHTh BpeMsl HCNLITAHHA HACOCOB, MOBbI-
CHTb TIPONSBOAHTEALHOCTL TPYAA 3a& CUeT COKPAlueHUs BPeMeHH
OYHCTKH ZeTaJefl.

IMpumenenne dpeona-30 b Kavecrse padoueil  MHAKOCTH  fI0A-

HOCTBIO YCTPABHAO MNOXAPOOT&CHOCTL, YIAYUIIHAQ YCNOBHA TPYAA H

THOBBICHMO 061.[{5}’[0 YHCTOTY Ha YYACTHKE OMHUCTKH.

TeXHHUECKAR XApaAKTepHCTHKA YCTAHOBKH

Hotpedaseman mMomuoCIb, 882 . . . . . . 20
Tun ¥yaLrpazeYkoBOTO renepatopa . . . . . YAr-10M
Tun npeofpazopateaeii . . . . . . . . . . AMC-6M
Mouwocte o1Horo npentpasopatens, Kam . 2,5
O6ieM pabooux BARH, adt . . . . . 700 3504250
Bpema oMICTKR, AN . Ce e . 33
EMEOCT® ocHOBHOTO Oana, ¢+ . . L. 350

FafapHta VeTaHOBKS, My, . 250031100 <1500

JAHTEPATYPA

LJydr B O, Wyctuna A A, Ouuctka geraneii 3NeKTPOuHLIX Nphbo-
pos. M,, «3ueprua», 1968.

2 Nlawmec C. M. Mpumenedne dpeona-30 B KavecTBe pacTBOpuUTEdA ApI
YIbTPA3BYKOBOH OuHCTKe AeTanell apubopoB W OCOGCUHOCTH KOWCTPYKUHA YJIbTpa-
3BYKOBEIX YCTAHOBOK. «¥/IbTPA3BYKOBAA TexnHKar, mumyck I, 1968,

3 Cropuar C Ouncrka nopepsuoctn Meraanos, M, «Muap», 19686,

BOHpOCBI MCTPUKHU N TCUYCUCKAHMUA

COBPEMEHHAY BAKYYMMETPHUYECKAS AIIITAPATYPA
A. M, Ipucopves, B. T. I'punuenro

Pa3snTre BaKyyMHOH TeXHUKH I IPOHIIKHOBEHHC €& BQ BCe oTpac:
AN HApOILHOTO XO3AACTBA ONpeAeNliil CAedYIOILHE OCHOBHLIE Ha-
npaBaeHds B HCCAe]oBaHHAX H pa3padoTke BAKYYMMETPOB:

1) noBbiureHne HaAeKHOCTH BAKYYMMETPOB, CO3ZaHie CepuH
MaHOMETPHUECKHX NpeolpasopaTeneil AAs NPOTPeBAeMblX MeTaNlAH-
HECKIIX BAKYYMHBIX YCTaHOBOK;

2) pacWiHpEHHe AHAMA301a H3MEPAEMMX JABACHHA AaTYHKOB
I H3Meperde NPeAeabHO HONMYCTHMbIX DaspexeHHH;

3) NMOBbil€HKHE TOYHOCTH H3MEPEHHIT W CO3ZAHHC MeTOIUK abco-
MOTHOH TPAAYHPOBKH LaTUHKOB,

Bakyymmerpol HHIKOrO i CpeHero BaKyyMma
Paguonsorounee

HOCTOHHCTBA BaRYyMMETPGB JAdHnOI0 KJIACCH  3aKNIOYEIOTCH
B wHpoTe paGoved o6macTh NLaBJACHHH, JHHERHWOCTH XxapakTepuc-
THKI H BBICOKOH TQUHOCTH.

BuinyckaBuniica po 1965 roza sakyymmerp BP-3 ¢ narvakowm
MP-2, B xoropom Oult npHMeHen anbga-aKTHBHBIY Npenapar
Pu-239, nmen anamazon 100102 mm pr. CT.

B nacrosiuiee Bpems cTan ZOCTYVIIEE APYIOH H30TOTN  iLAYTOHHS
Pu-238. Ero aktuBrocts B 280 pas npesocxoaur Pu-239 i npu pas-
1OH AKTHBHOCTH B MaHOMETpe pasMephl HCTOUHHKA MOTYT ObiTh OUEHDB
MagbiMK {KBaznToueuHbIMH). TakoH ICTOTHHK 1 HCOOAL3NBAH B OBYX-
KamepuoM RKatupke (1] Bonbwas xamepa HMEET HCTOIUMK MHTEH-
ciBHOCTLIO 10 Muasukiopu u paGoraer B nuanasone 10-+107% s
['T. CT., D MAMOH KaMepe — HCTOUHIIK C MHTEHCHBHOCTbIO 50 muxpo-
Kiopi, OHA TO3BOJALT 11aMepsATh IapjeHuss or 760 1o 1| wm pr. cT.

JLng MCKAKUEHHA (POHOBBIX TOKOBE H2 M3MEPHTENLHOIt NENH KOJ-
JeKTOp GOABLIOH KaMephl 3alHLeH 0T APAMOTO AONALAKIA HA Hero

anbda-nacTul. POHOBBIE TOKN Majoll Kamephl TpeHeSpe<umo Ma-
JPBL
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20 1 Paanonsoloinut BakyyuMerp BP-4 ¢ Aa1uHKoM ZBYXKavepHolu IHIId

Has paGoThl ¢ 9THM AATYHKOM HOATOTOBMEH K DPOMBIMIENHOMY
NpoN3BOACTBY Bakyymmerp BP-4 (puc 1) Ero padownh nuana-
3oH — 760—10 * mm pT
cT — pasbur Ha 6 mopAua-
Na30HOB, hOTOpLIE MOTYT
neperayarncst Kak BpyY
HYK), TaK H aBTOMaTHYeCKH

Bes cmeulajbHLIX Tpa-
AYMPOBOK TIPH H3BECTHOM
COCTABE Tasa NOTPeHIHOCTL
H3MepeHH®  BAKyyMMETpa
BP-4 ¢ pgaTtunKoM cocTan
aser  15% Tlpw upan-
BRAyanLHON  rpafAyHpOBKe
KoMmJaerTa (Hanpumep, <
TOMOLLBI0 KOMIOPECCHOHHO-

v ro MaHoMerpa) rgrpem-
Puc 2 TepuMonapHuu 1porpeBaesui HOLTE H3IMEDEHHS MOXKET
manomeTp (anaaol JT-2) 6LITL JoBejeHa 10 5%

TEI’[.‘-‘IOE%JIEKTPH‘!&C]\HQ

Vcnoab3osanie npununna ROAJep.KaHHA NOCTOSIHCTBA TeMNepa-
TYPHl YYBCTBHTENLHOIO 3J€MCHTA TOIMIOBBIX AATYHKOB TO3BOJHNO
aspaGoTath LINPOKOAMANA3OHHBIE  TePMONAPHBIH  BaKyyMMETp
ET~3 Ha nuamasod 10- 1073 ma pT. ¢c1 xAA paboTHl ¢ PacAPOCTPa-

on

s#eHHBIME datyukami JIT-2 u JIT-4M. Bakyymmerp BT-3 B ocHos-
HOM MpelHa3Hayaerca AJad JaGopaTOPHOrO HpHMeEHeHud.

Jas mporpeBaeMbIX MeTa/JVIHYECKHX BAKYYMHBIX CHCTEM paspa-
foTaH MeTalAnuecKHii ¢aaHUeBrl aHazsor samnel JIT-2 (puc. 2),
npeiHasHaveHHBIH ANA KOHTPOJA CPeAHEro M TJYOOKOro BaKyyMa.
Ero uyBcTBuUTembHBHI 2J€MeHT MPeAcTaB/ser U3 cels XpoMeNb-Ko-
NelieBhlii TEPMOKDECT ¢ HHEeReBoH MepeMblukoil K GIOKHpOBOYHOMY
sakyymMerpy BCDB-1 paspadorar nporpepaemulit gatyak {pHe. 3),

Puc 3 TennosiekTpuueckHii MPOrpeBachblii MAHONETP k Ba-
kyymmetpy BCB-1

aHaJOTHYHBIH MO CBOMM METPHYECKHM XapaKTePHCTHKAM AaTYHKY
MT-6

Ina BoIicHEHHs MEPCNIEKTHEbl HCUOJAB30BAHUSA TEIJIOBBIX MAaHO-
METPOB B CHCTEMaX ABTOMATHKH HCCAELOBAHA HX HHEPUHOHROCTDb
[2] BrircHeHo, uTo JaTyukd THna MT-6 MeHee HHePUMOHHEL, YeM
TepMonapuble  OnpelleneHnl pPeRUME, OPH  KOTOPHX MHEPHKOH-
Hocth BakyyMmmerpa BCB-1 ¢ parunkom tuma MT-6 He npepwimaer
10-2 cek, 4T0O NO3BOJMJIO HAYATH WHPOKOE MPHMEHEHHNE 3TUX XATHUH-
KOB I/ist aBTOMATHYECKOFO YHNpaBieHusA B guainasore 30—10-2 uu
pT. CT.

MaHoMeTpH BHLICOKOTC BaKyyMa
MaranTeEB e 3NeRTPOpaA3PANHBE

K OCHOBHBIM JOCTOHHCTBAM 3AEKTPOPA3PHIAHNLIX MAHOMETPOB
CJIeyeT OTHECTIl HX BbICOKYI) YYBCTBHUTEIBHOCTE, WHPOKUA pabouuii
RAHanasoH, TMPOCTOTY HCMOJAL3OBAHHA AAS leAeH BaKyyMHOM aBToO-
MAaTHRH.

B 1960—1965 rr Obinu ocBOEHE GAOKHPOBOYHEIE 3JEKTPOPAs-
panHele BakyymMMmerpel BMB-2, BMB-3 u BMB-4 ¢ gatuukamu tuna
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i MM-§ MM-I3M4 u MM-15.
HUx o0WHM HeFoCTaTKOM $B-
nAeTcd HH3KAA CTaOUABHOCTS NPH
padore B cpelle, cojepKailef:
napel MaceJ. TH Naph oceXamT
Ha aHofe, MOJHMEPUYIOTCA HO-
geldcTBHeM 3JIeKTPOHOB, CO37%a-
Bas HeNpoOBoAALIHe TJIEHKH H
HCKaxasi [OKa3aHHA MaHOMeT-
poe. Bopeba ¢ stoll «machaHoil
00JIe3HbIO» BeReTcA JABYMA Ny-
s TAMH.

Bo-mepBblx, 020af0TCA KOH-
CTPYKOHH npeodpasoBartedeh,
- NO3BOASIOIIHE nepHOAHIECKH
NpOU3BCAHTD MeXaRHUeCKYIO
Pne. 4. 3nextpoapas  cHerema YHCTKY SAEKTPOAHOA CHCTEMEBL
Zarynka [MMM-13M-4A {6es obo- TaK’ B HACTOAllee EBPeMA Npo-
A0UKH). MBILJIEHHOCTh BHINYCKAeT pas-
Gopabit patunk [IMM-13M-4A

{puc. 4) — ananor npeobpasoBarens MM-I13M-4.

PaspaGotan Takxe pasGOpHBI NATYHK MArHETPOHHOrO THHA
{puc. 5), uMelouni ANANA30H HSMEPAWIMMX JaBAeHHH 10-2+
+107% ma pT. oT. DTH AATYHKK FOTOBATCA K NPOMBIIIIEHHOMY Bbi-
OYCKY W OyAyT KOMIJIEKTOBaTh KOMOHMHUPOBSHHHIE BaKyyMMETpH
KaK HHRMKATOPHOIO, TaK H GMOKHPOBOYHBIX THNOB (pHC. 6 H 7).
Huanason nsmepesudi BakyymmerpoB — 30+ 106 um pr. cT. (BMe-
cTe ¢ Kartyukom MT-6), mepsbifi H3 HUX — WHAHLUMPYIOIIAHN, BTOPOH
NpejHasHaueH LA HeNeH ABTOMATHYECKON CHFHANNIAUNY H VIPaBjie-
HHSA,

Bropoiv nyTtem aBJAfieTCA MCMOAL3OBAHHE KATOAHOTO PAachblie-
HHS 1/ aBTOMATHYECKOrO «CaMOOYRIIEHHs s 1AaTuKKa, JaTuiK Takoro

Page. 5. PasGopuetii éne:{rpopaspanﬂuﬁ JaTIHK.
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Puc. 6 KoMORHNPOBRHHBA MOKAZLIBAXWKA BAKYYMMETP X 3J1eKT-
PepaspaIHOMY H TENMOSACKTPHISCKHM  BaTIHKaM .

Puc. 7 KoMGunupopBarHuil §AOKHPOBOYHBIN BAKYYMMETD.



7p THna (puc. 8) HMeeT B2 aHOLHLIX

4 , KOJbLA, HA KOTOpHE B INpoTHBO(a3e
=

I0JlaeTCs  TEpeMEeHHOR HaIpfKeHHe,
paBHoe 2 k8, ¥ paboTaeT MO NpPHH-
L5 14 UHTY JABYXTOJYIIEPHONHOIO BbillPAMH-
Tens. B xamabit  MOMeHT BpeMmenu

Puc. 8 Tpununmnanesas cxe- ONHO KOABUO FABAAETCH AHOROM, A
Ma paboTH ,CaMOOUHUIANNLErO- Zpyroe NoXBePraercs HHTEHCHBHOH
;.’L _le:&’*l’sma& %:;cjﬁfg;f;:f HOHHOHl GoMGapaupoBke. Mepoit nap-
TOP. JEeHHH XATUHKa SBA4I0TCA paspaaHble

TOKH, KaK B Uenu XatoZa — I, Tak H

B aHOAHOH uemu — J», 3akanumBaercs paspaGOTEa BakyyMMerpa ¢
AatuukoM (puc. 9), auanasor paGoyux Lapaeruii KoToporo—1 -+ 10-3
MM PT. CT. B BaKyyMMerpe NpeJlyCMOTPEHO ABA KaHaia GJOKHPOBKH.

3
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.

Puc. (9. Maker sakyymmerpa ¢ ,CaMOOMIIAIOMNMMCA* NATHHKOM.

Hounzaunonune

OZIHUM H3 TIABHBIX HELOCTATKOB, OTPAHHYHBAOIIHY It CPOK CAY&-
Obl U 06AaCTb NABAEHHN, H3MEpPSIEMBIX HOHH3AUMOHHBIMA MAaHOMET-
PaMH, SBJSCTCA HaKaJeHHBIH BOAbQPAMOBELT KaTOR, eperopasouLuil
Ipn pasrenuax solitte 10-2 mu pr. cr. PaspaGoTka BO3AYXOCTONKHX
OKCHAHEIX KaTOA0B ¢ MOKPHITHEM M3 OKHCH WITPHS, HAHECEHHBIM
METOIOM Karaopesa Ha MPHAHEBLIH KepH, I03BOJHAA PACHIHDPHTD
001aCTh NPHMEHEHHS HOHH3AUHOHHBIX mMadoMmerpos. K jocToHHcTBAM
KaT0lda OTHOCATCS: BO3AYXOCTOMKOCTb, HH3Kas paboyas TeMmmepavy-
pa (1200—1300° C), maltlas XHMH4ECKAs aKTHBHOCTB npk patore B
Cpeie KHCI0pONA, CTOMKOCTH K HOHHOI GOMEapAMpOBKe.
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QKcHIHO-UTTPHEBbIE Ka-
TOABl JAOATOBEUHBI, B OT-
NassHHHIX ~ RAaTYHKaX 1pu
AasaeHusx 510-2 y 1.10-5
MM PT. CT. KaTOAH TIpOpa-
Goranu ceeiue 3000 yacos.
C 3THM THMOM KaTOMOB pas-
paboTaHBl HOHH3ALHOHHDBIE
MaHOMeTPhl Ha pasiHYHbIe
AHaa3oHbBl  naejenHil. K
HHUM OTHOCATCA KAK Malo-
raGapuTiible naTunkE [4] B
CTEKNAHHOR Koale Ha aHa-
nason 1-+10-% mu pr. cr,,

TaK H éﬁTqHKH QTKPHTOFO P nc. 10. HoHn3amnoHHBA MAHOMETD OTKpH-
THIIA. OUITAHLUECBBIT  AATYMK  popg tuna & payymmetpam Thna  BMT-1
(puc, 10) — avajgor mawmnm u BUT-2.

JIM-2  w JIM-3  (mar-
UMK ¢ BO3RYXOCTOUKEM KaTOXOM) NpennasHaded A4 padoTh B KOM-
njekre ¢ Bakyymmetpamp BHT-1 y BUT-2. Houusauuonsas vacts
5TUX NpUOOPOB NO3BOASET H3Me-
pATh fAABJAGHAS B AualnasoHe
1072+ 10-7 mu p1. ¢1. OH, Kax
ONHCaHHBle HMKe HOHH3ALHOH-
Hele npeofpa3oBareny, paGoTaer
¢ BOJAb(PPAMOBBIMH H C BO3AYXO-
CTOHKHMH KaTooaMi,
KoHCTpYKIHA KaTOAHOTO Va-
Jda 3TUX JAATYHKOB JAErKo IMO3BO-
JdeT MeHATh Karol.

MaHomeTpbl CBEPXBEICOKOrO
BaKyyMa

OcHOBHBIM ~ IpUGOpOM s
3TOrG AUaNnasoHa #BJASeTCH HOHH-
3AUHOHHBI MaHOMETP OTKPHITO-
rec Thina (puc. 11}, xoropwil,
KAaK K CcTekasnHas jJammna HM-12,
npeaHasHayed aad paGoTh B
KOMILJIEKTE ¢ BaKYYMMETpoM
BU-12 B mguamasone 10-5=-10-10
MM DT. CT.

Hceaemopadus MOHH3IALMOH-
HEIX MAHOMETPOB NO3BOJIHJIU CO3-
IATb AATYHK, FIEKTPOAHAN CHC-
Puc, 11. HoHH3auHOHHBH MaHO- TeMa KOTopoTo NpeicTaBasaeT co-
MeTp K BakyyMMeTpy Thna BH-12. Gofi MoAudHEKAOWKD HOHH3alHOH-
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Puc 12 Bakyymmerp BHU-14 ¢ HOHH3AUHONHBM MaHOMeTDOM.

HOTC MaHOMETpa ¢ OCeBHIM KojJjekTopoM [IpumeHeHne Bosmyxo-
CTOMKOTO KaToda H KOMMYTALHA 9AEKTPOLOB IO3BOASET C [O-
MOLIBIO 3TOIO NATYHKA H3MepiTb AABJEHHA B AuanasoHe 10-1=
+ 10719 mm pr. or. Ons paGorhl ¢ HEUM pa3paGoTad IHPOKORHANA-
3CHHBIH Bakyymmerp BU-14 (puc. 12). dror npudop nmeer aorapug-
MHYECKYIO ¥ JIHHEeHHYIO LIKAJY OTcuera B AyanaszoHe 10-1+10-10 yuy
PT. CT.

Huxnuit npefen u3MepeHHs HOHH3ALUMOHHBLIX MaHOMETPOB OGyC-
JA0BACH HAJHYHEM TOKa (OTOIMMCCHH C KOIEKTOPA, BO3HHKAIOIIEro
TWOL NEACTBHEM MACKOTO PEHTTEHOBCKOTO M3AVYeHHs ¢ aHOAA.

Hcenenosanua [5] noka-

—_ e - 3444, YTC CYLIECTBYeT ellle
OOMH HCTOMHHK (oHa, mpH-
TOM HecTaOHAbHLIN, — fe-
cOpOLHE Fa30BRIX HOHOB ©
aHofa. iast ero yMexbiue-
HHE HYKHA Hexotopas pe-
BH3H  KOHCTPYKUHMOHHBIX
MaTepHaN0B;, Heo(GXOAHMO
T&KXKe CTPOr¢ perylaMeHTH-
pOBaTb 3JEKTPHYECKHH pe-
KHM  paboTEl MaHOMeTpa.
Brnusnne (oHOBHIX TOKOB
OPOABIAECTCA TEM MeHbIIe,
4eM OoJbIIe OTHOCHTENBHAS
UYBCTBUTENIBHOCTE  MAaHo-
Puc. 13. Musepcno-marHerponnmii wawo- METPa, T. €, uUeM JJAWHHEe
MeTp MM-14M TPaeKTopHs IMEKTPOHOB,
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TloaToMY HaRGOMBIYIO EPCTIEKTHBY /A7 H3MEPeHRA HOHH3aIHOHHEIM
MeTOAOM LaBaeHHi Huxke 10-1° ma pPT. CT. WMEIOT, NO-BHAHMOMY,
manomerprl tHNa Jladgpeprn {6] ¥ Xayciora # HX MOARMHKAHMH.
JpyruM npuGOpPOM CBEPXBHICOKOFO BJAKyyMa ABJSIOTCA MArHATHHE
AeKTPOPA3PAAHLIe MaHOMeTpbl WHBEPCHO-MAarHeTPOHHONC THIA
MM-14 [7] (puc. 13), mosposAomue BMECTe ¢ BAKYYMMETPOM TANA
BUM-2 usmepate lasaeausa 10-4=10-1% ma pr. ot

[TogcoepnHHTeNLHBIE MeCTa BCeY JAaT4HKOB HOPVAJU30BaHBL:
fiporpeBaeMbie AaTURKH ¢ METAAAHUECKHM VIIOTHERREM NPHCOSINHS-
wored Paanmamu — JAY-20 u J¥Y-50; Ana DATYHKOB ¢ DPE3HHOBLIM
YIIOTHEHHEM TIpUMeHAeTcsa rpHOKoBoe VinoTHeHue J1V-20 u dnanue-
poe JIY-25. Bee nporpepaemble RaTyuKH NpefHasHAYeHbl 1N H3Me-
peHHA BHICOKOTO H CBE€PXBLICOKOIO BAKYYMA, CIIOCOGHH BHEEPIKHEATh
nporpes mo 400°C,

Hekoropple RpodaeMbl METPONOrdd BAKYYMA

Pazsurtue banyyMmHOH TeXHHKH Tpebyer NOBMIIEHRHA TOYHOCTH
BAKYYMHBIX H3MepeHHil.

Komnpeccnonuulfi ManHOMeTp, BCIOLY CHAY:NHBUIHE 06pa3LOBBIM
ApuGOpOM 1Nl HM3MepeHHsa BBICOKOTC BaKkyyma, ¢ 1962 r. ckomnpo-
VeTHPOBAH Pa3JHYHEIMK MCCnenoBarendaMy 8], moxasapmumsu NpHH-
UHTTHAABEBIE HEHLOCTATKH METONHKH PIYTHBRIX MAHOMETPOB IS KOH-
TPONbHEIX H3MepeHui Humwe 10-% mm pr. crT.

BriMopaxnpamwias NoByillKa, KOTOPas 3aliMIaer HeCAefveMyio
0GA2CTh OT PTYTH MaHOMETPA, OKasbBaercs 3((PEeKTHBENM HACOCOM,
CO3AAIINM TNPARTHYECKH HEROHTPOJHDYEMbLIH Nepenafx paBnexnwui.

HaunHaa ¢ sTOr0 BpeMeHH, BCIOAY HHTEHCHBHO paspabaThiBaioT-
Cfl HOBbi€ METOAHKH TPaiyHPOBKH MaBOMETDOB, B TOM YH(JIE —
CBePXBBICOKOTO BakyyMa. OfHoOH H3 HanboJee NEepCneKTHBHBIX ABA-
eTCA METOEMKA [PAaAyHPOBKH RO ra3oBeiM norokaM. CymHOCTE ee
COCTOUT B ONpele/eHHH XaBJEHHS NPH NPOTEKAHHH H3MEPEHHOIO I10-
TOKA rasa yepes guadparmy ¢ H3BecTHofl mposoanMocTeio. Co3aaHa
1 ompofoBada ycTanoBKa {9] naa aGconioTHON KaanOPOBKH BAKYYM-
merpos B puanasode 10-5+10-7 mau pr. cr. Beayrca paboTH no
COBEPIICHCTBOBAHRKD METOJO0B H3MepeRHA MaablX ra3oBbiX BOTOKOB,
H3rOTOBREHHIO B KanuOpoBky zHadpar, MMEIOMHX Majble npo-
NyCKHBE CAOCOGHOCTH. JTH paloTh JAAYT BO3MOKHOCTL abCOMIOT-
HEIM cnocofioM KaanbpoBaTh MAHOMETPH CBEPXBRICOKOTO BaKyyMa.

Jdpyrum nanpaBmeHueM B AaHHOH OONACTH ABAREICA CO3ZaHHE
KPHOCTATHPOBAHHON YCTAaHOBKH ¢ IpHMEHEHHeM Maromerpa Mak-
Jleona. [lokasaHo, 4T0 B chAydae KPROCTAaTHPOBAHHA 3HAUHTENRHO
VBEAHYHBAETCST TOMHOCTH M3MepeHHs.

M3 cxasanHOrO MOXKHO CAenaTb BbIBOA, YTO paspaboTaHHbIC Ma-
HOMeTpHUYECKHEe Npeofpa3oBaTeN H BAKYYMMeETPH, OXBaTHBalOmiHe
AuAanagoH JaBheuil ¢ armoctepHoro mo 10-'¥ mm pT. cT., HAXOAAT
HIHPOKOE NPHMEHeHHEe B BAKYYMHBIX CHCTEMaX PasJHYHOrO THNA Kak
LN neneli H3MepeHHsl BaKyyMa, TaK W aBTOMAaTH3alkH.
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METO/Ibl U AIIIIAPATYPA COBPEMEHHOWM TEXHUKU
TEYENCKAHUA

B. H, Kapnos, JI. E. Jlesuna

Ciepa npuMeHeHHS TEXHHKH TeMEHCKaHMSt B HAPOIHOM XO3AHCT-
B€ BecbMa LIMPOKA. XOJOAHINbHBIE YCTAHOBKH H TEPMOBARKYYMHBIE
anmapaTthbl, aBHALMUS, paKkeTHasd TeXHHKa H KopaljecTpoeHue, MHLIe-
Basg NPOMBILIIEHHOCTh H SAAEPHAsl TEXHHKA, 3JIEKTPOHHOe mNpHOOpo-
CTPOEHHE H IJIEKTPOTEXHHYECKAA TNPOMLINGIIEHHOCTh — TAKOB A aJeKo
He MOAHBI] HepeyeHp OGAacTefi HAYKHM H IPOM3BONCTBA, NOTpedAA-
IOMHKX HJH BHOVCKAIOIHX FEPMeTHYHYO anllapaTypy 4 NOTOMY 3aHH-
TEPECOBAHHEIX B PA3BHTHH TeXHHKH TEUEHCKAHHUSA.

B COOTBETCTBHM ¢ NPHBEJEHHBIM pA3HOPOAHAIM NepeuHeM HO-
Tpeduredel IpoBepKe NOANEKAT 00BEKTH, paziHUaldilHecs IO KoH-
CTPYKTHBHOMY OthopMAEEHIo, rabapHTaM H YCJAOBHAM 3KCIIAVATalUHH.
[Tpu npobepKe CTABATCS H PEIAIOTCH CYULECTBEHHO pasuble mpobae-
MBI, aNllapaTypHble H MeToandeckue. Jias paccMoTpenua HX yaoOHes
BCEro pa3CuTb Ha 4eTblpe OCHOBHbIE TPYMOBI, KamAafA H3 KOTOPBIX
TpelyeT cBOecGPas’HOre Noaxoxa K GOpMYJRPOBKe TpeOOBanH# 1O
repMEeTHUHOCTH ¥ BRIOOPY METOACB HCHMTAaHHK:

1} ucnpiTanue magorafapHTHHIX OOBEKTOB;

2) mposepkKa OGOABILAX BLICOKOBAKYVMHDBIX CUCTEM;

3) npomepxa KpyNHOraGapHTHbIX HH3KOBAKYYMHBIX OOBEKTOB;

4) KOHTPONbL HEBAKYYMHPYEMbIX O0BEKTOB, HCIBITHB3EMbIX B 0a-
poKamepax HJAU Ha armocdepe TNOA HIGLITOUHBIM RABJCHHEM.

Chnegyer 00paTHTb BHHMAaHHE Ha HESKBHUBAJEHTHOCTH BaKyym-
HEIX HCORITAHHH H HCTMHTaHHA NoA H30LITOYHEIM ZaBJCHHEM, KOTOPHE
4acTo H 0o cell AeHb CUHTAT B3auMosaMmeHdeMbiMH, ONBIT NOKa3bi-
B2ET, 4TO BEPOSATHOCTh BCKPBITUA Teuell HIW H3MEHeHHA HX BENHYH-
HBl TIPH FepeMeHe HanpaBAeHHA HarpyskH BecbMa BeJiHKa.

Crenuguka nepeofl TPpynnsl 3azay CBASKBASTCA ¢ MacCOBEIM
NPOH3BOACTBOM SJCKTPOHHBIX TPHGOPOB, 3JCKTPOMATHITHHIX peile,
SHEPOHIHLIX YYBCTBHTENDHEIX 3JEMEHTOB H aHANOTHYHEIX HM lepMe-
THBUPYEMHIX OGBEKTOB, COXpaHEHHE NABJACHUR M COCTaBa Ta30BOH
Cpenbl B KOTOPHIX onpeflensner uX HadeKHOCTb TpH OOJbIIHX CPOKAaX
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xpaHenud. HanGonee akTyadbrbl 34ech 3afauyd TOBLILEHHS NPOH3-
BOJIHTEJILHOCTR H YYBCTBHTEJILHOCTH KOHTPOAA. )

3afiaya NOBHILEHHS NPOKH3BONUTEABHOCTH ObLIa PemleHa B NOC-
NiefHye roibl CO3JaHHEM CEPHH ABTOMATOB KOHTPOAS repMeTHYHOC-
TH.

Hayano cospanuo annapaTypbl aBTOMATH3HPOBAHHOFO KOHTPO-
Ji TEPMETHYHOCTH OblA0 NMOA0KEHO paspadoTxkod B 1963 romy mna
HYHA TIOJYIPOBOHUKOBOH NpoMbliineRHocTs asroMata AKITM-1 ¢
MAacc-CeKTPOMETPHYECKHM ZAaTUHKOM OTOPaKOBKH.

Ilocne 3arpyakm NpoBepsieMBIX H3fenHii B OyHKep B npuGope
AKI'M aBTOMATHYECKH OCYUIECTBASIOTCH CJEAYIOIIHE OfepalHu: [o-
daya M3LEJHA B XKaMepy KOHTPOJA, 0TKAauka pafouelr kaMeDnhbl Mexa-
HHYECKHM H TMapoCTPYHHBIM HACOCaMH, COeIHHEHWE ee ¢ Mace-
CIIEKTPOMETPHUECKHM TeuencKaTesieM H OTOPAKOBKA TeXYIIHX H3ze-
QU [0 CHTHaNY TeueHCKaTeds.

[{pudop AKI'M-1 ofecrieunn Bo3MOXKHOCTL Tposepku Ao 600 wiT.
B uac H3AeNdil guaMmerpom Ao 12 wmm u Anunoit zo 40 wum, rep-
METH3UPOBARHEIX B aTMocdepe renus HiH APOLIEIIHX ONPECCOBKY
B 3TOM Tase, ¢ YYBCTBHTENLHOCTBIO K TeuaM Ao 2- 10-7 4 mi/cex.

[MonoxuTeApHble peayabTathl NpumeHesns AKIM-1 onpenennnu
1eNeCO00PA3HOCTE NMOCACAYIOMHX pa3spaGOTOK HOBHIX MOJAenefl.

Apromar AKTM-2 no3osina MpoBepaATh ¢ TOM Ke YYBCTBHTEB-
HOCTBIO H3geausa ¢ radaputamy 28120 msm WAH  OCYUIECTBAATH
rpYNAOBOH KOHTPOMAD, ¢ YHCJAOM OZHOBpEMEHHO MPOBEPREMBIX MaJgo-
raGapHTHBIX M3geauit Ao 10, NOBLIMAA TeM CaMbIM IPOW3BONHTEb-
rocth g0 3000 wr. B yac.

Asromar AKI'M-3 mpenacraBaser co6ofi Modenb, YCOREpIUEH-
CTBOBAHHYIO IO De3YJIbTATAM 3KCNAYaTaUHOHHBIX HCHBITAHHE Npen-
[ecTEYIOIIHX Mofdedeil. K cyuiectseasbin otanuuam AKI'M-3 otHo-
CATCA BAKYYMMETPHUECKAs] CTYMeHb NpeA3apHTelbEOl OTOPaKOBKH
Mo rpyObIM TeuaM H CHCTeMa AaBTONOACTPOIKH (POHOBOrO CHTHAMA
TeUeHcKaTess nepef KourposaeM. [Ipu npoxo:xaeHny Npuéopa ¢ 601b-
IO Teybld BAKYYMMeTD JaeT CHICHAA Ha OTOPakOBKY H OTKJAOUYEHHE
MAacC-CeKTPOMETpa.

Taguam o6pazom OpakyloTcs H3BeaHA, Jaxe €CAH BeCh TeJHil
BBITEK U3 HHX depe3 GoJbluue TedH, & MAacC-CHEKTPOMETp 3allHuia-
©TCR OT 3aCOpeHHus renues. Tem caMblM NCKAOUAETCH NOTepA B NpO-
H3BOANTENBLHOCTH HCOBITAHMA MM omuO0YHAn ©GpakoBKa H3Jeauf,
CACOYIIIUX 33 CHABHOTEKYIIHM, BCJICACTBHE NOBLIUIEHHSA YPOBHA ¢o-
na. Poap ¢onoseix addeKToB CBeleHa HA HET CIEIHAaRBHOH CcHCTe-
MOH KX aBTOMaThHuecKol KomOencalud. [ToBblllesa CTaGUMBHOCTD H
HAAeKHOCTh CHCTEME! aBTOMATHYECKOH OTGpakoBKH. [IpenycMotpe-
Ha BO3MOXHOCTb pPEryJUpOBKH B IlIHPOKHX Tfpeaenax (100—
107 4+ MK/ceéx) ypOBHA OTOPAKOBKH B 3aBHCHMOCTH OT TpeSOBARHH
K TepMeTHYHOCTH KOHTPOMHpYeMEIX H3gennl. @ororpadusa nocnenteft
MoOJenH aBTOMATAa KOHTPOJA I'epMeTHUROCTH NpelcTaBaeHa Ha puc. 1.

PaspaGorkn aromartop THma AKIM zmaam 70M90K K cO3faHH
Henoro pafa 0onee HAY MeHee ABTOMATHIHPOBAHHEIX YCTPOHCTB
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Puc. 1. Asromar kourtpoasn repmernuuocry AKIM-3.

MAacC-CTeKTPOMETPHILCKOre KORTPOIS HHPOKOro HASHAYEHHH, TPH-
cnocabiuBaeMbIX K HYXKIAM KOHKPETHEIX NPOH3BOJCTB.

TpeGoBaxue K NOBLILEHHK) YYBCTBHTENBHOCTH KOHTPOAA HAUIAO
CBOE oTpamkeHue B co3Zamuu tededckarens CTH-8.

Teuenckarens CTH-8 [1] ofecneurBaeT BOSMOXKHOCTL BhbisdBJie-
Hua Tteyell ~ 101+ 10-1 1-mx/cex BCnefcTBHE NOJHOTO IpPEKpa-
UEHHA OTKa4YK{ reiusd B IIpollecce HCABITAHHH NPH HHTEHCHBHOM
VAAAEHHH APYTHX Fa30B UEOJHTOBHIM HacocoM. ITOT npubop cob-
PaH Ha METANJHYECKHX YIVIOTHEHHAX W BBINOJHEH B BHAE CTAIHOHAD-
HOro creHfla (pHc. 2), 32 KOTOpbIM onepatop paloTaer cuis. Buico-
Kas LPOHSBOAHTENbHOCTh HCOBITZHMA OGecTeMHBAETCH MONHOH aBTO-
MaTH3aUHel NOATOTOBUTEIbHBIX ONePal#ii, BINIOTh /10 BHICOKOBAKYYM-
HOW OTKA4YKH H3JeRUA U COIUHERHA €ro ¢ TeUeHCKATeNeM, 4 TaKKe
NpHMEHEHHEM OBICTPOPa3bopHpIX HHAHSBRIX YIVIOTHEHHA And NOA-
COSZIHHEHHS H3lenHi K TedeucKatemo [2]

Onur paspabotku tevenckarenss CTH-8 nossonus npepnoxute
METOHHKY BHeIHHeI'c UEeONHTOBOrQ HAcoca, OGeCneudBaloulyl0 BO3-
MOMHOCTE HHIHKAUHU HaTeKauufl Bnaorb no 1O~ 1. .ukfcex ¢ no-
MOINBIO IIHPOKG PACHPOCTPAHEHHHIX NPOMBIUIIEHHBIX TeueHcKaTenel
IITH-6 w TITH-7. Meronuka ocHOBaHa Ha HAKONAEHHH TasoB B H3-
ZEAH, NOMEILEHHOM B arMocdepy reins, H NpelycMaTpuBaeT nepe-
YCK HAKOUJASHHOIO Feilns B Mace-CNeKTPOMETPHUUECKH TeuencKa-
TeNb Yepe3 NPOMERYTOYHVI) CTYRERb yAajJeHHus BCeX APYrEX rasos
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Puc 2. Tevenckartens CTH-8.

1LeOJAUTOBBIM HacocoM. UYBCTBHTENLHOCTD METOAHKH CYHIECTBEHHY
JAEMATHpYercss GOHOBBIMM TOTOKaMH IrejHs B CHCTeMe HAaKONJeHns,
KoTopay JONXKHA o00A3atenpH0 cOfUPaATLCS HA  MeTanAHYecKHux
ynnorHeHHsx, B cucTemMe mepemycka RONYCTHMEI Pe3HHOBHE VILJIOT-
HHTEAHK, UTO CYIIECTBEHHO VIpOHiaeT ee cGOPKy.

Bece BUAB MacC-CEKTPOMETPHYECKOTD KOHTPOJS Ha ONHCAHHOM
oGopyNoBaHHH OGECIeUHBAIOT BOSMOMHOCTD KOMHUECTBEHHO! OUEHKH
PerHcTPHPYEMBIX HaTeKanui Gnaroiaps RPHMEHEHHUIO B HHX 4J1a rpa-
ayupoBKn KaapGpoeanuoii teyd EJIMT-1, cospamwluefi ucteveHue
B BaKyvM HOCTOSHHOTO BO BpeMeHH noToKa reua ~ 1073+
10-% 2. mxfcex. Tlpu »TOM cAedyeT NOAYEPKHYTh, 4YTO peUh HAET
HMEHHO Of OleHKe BeJWUNH TefleBbiX RATCKARHN, HO He 00 HX H3Me-
PEHHAX, MOCKOJbKY TeUeHCKATENH NPefCcTaBisAIT co00i HHIHKATOD-
HYI annaparypy.

B ¢Bs3u ¢ peienneM BTOPOH W TpeTbel Ipynn 3alad¥ — HCIBITA-
HHS BLICOKOB2KYYMHBIX H HA3KOBAKYYMHBIX CHCTEM — B TOC/eHHE
rofbl BOZHMKA/IH, B OCHOBHOM, METOEMUYECKHe TpPoOJeMbl, Kacamw-
nipecss OPraHuSauuH TeYeHCKATEJbHBIX DAaboT, GOpMYRHPOBKH Tpe-
GOBaHNt K repMETHYHOCTH M OUEHKH UYBCTBHTENHHOCTH HCIIBITaHHH,
a Takxe TpeBOBAHHN K KOHCTPYHPOBAHHIO IOAMNENKAIIHX ApOBepKe
CHCTEM, BHITEKAWOWNX H3 32184 TEULHCKAHUS,

JInA coBpeMEHHBIX BAKYYMHLIX CHCTEM XapaKTepHn pasHoobpa-
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3ue U GoNbILasA NPOTAKEHHOCTh COeHHEHHH, YyTo TpedyeT HHAHBULY-
ajapHOrG fOAX0Na K NPOBEpKe KaxKAOro COeJHHEHHS, 5 TaKmKe NpH-
BOAHUT K HEOOXOAUMOCTH BBICOKOQI UYBCTBHTENbHOCTH NOKCKA OTARJb-
HBIX Tedel NMpU AOCTATOUHO GONBIIMX AOMYCTHMBIX CYMMAPHLIX HaTe-
KaHHAX.

YiKe Opu KOHCTPYHPOBAHUH G0JbLUMX OGBEMOB OKASHIBAETCA He-
O0XONMMBEIM O0ECHeYHBaTy HENOCPEACTBeHHEIN JOCTYH K TEpMETH3H-
pyloilliM yOroTHeHusM (requil B atmocdepe AuddyHAIPVET OueHDb
MEJWIEHHO) H BOSMOKHOCTb MAKCHMAABHOTO CEKIHOHHPOBAMHA TPO-
BEPAECMON CHCTEMb! AJS1 BbIIEJNeHHs TEKYUlero y4acTKa U4 OTpaHHue-
HHUA cheprl TOHCKA TEUeH,

B kavecTse npuMepa 34eCh MOMKHO OCTAHOBHTHCA Ha KOHCTPYH-
DOBAHUM CBAPMLIX COEHMHEHHI TCJACTOCTeHHbIX OOBEKTOB. Bakyym-
HOH TWIOTHOCTH IPH CBapKe YAAeTCR NOCTHTHYTH TOJBKO IIpH HEGOMb-
IO# TOJIMHHE CBApPHBAeMHIX JHCTOB (5—6 mu). Ilpn Heobxonu-
MOCTH CBADKH TOJCTRIX JIUCTOB ¢ HHX CHUMaeTcs $acka Tax, 4yToSHl
ZOBECTH TOMUIMHY METaNJ4 B MECTe CBAapKH A0 HYXKHBIX pa3Mepos.
Takoit 10B, OOBAKO, OKa3LIBAETCH HENOCTa-
TOYHO MPOYHHIM AJA TOJCTOCTEHHBIX — KOHCT-
PYKiluB, M AAS YCHARHHA HAa HEro HAKJIA[bi-
BAIOTCA JAONOJHHTe/bHBEIE CUMOBHE HWBH (OLHH
HAE HecKoasxo). Hamoxenue cunosoro mea
MOX€ET IPHBECTH K HAPYWIEHHIO TrepMeTH3H-
pyloliero IBa H3-32 BO3HHKAIOUIHX B HeM Ha-
npsaxenut. IloaBasiomuecss BHYTPeRHUe Teun.
y#e He obHapyxuUBaeMbBe OOBITHBIMH METO-
AAMH TeYeHCKAHHA, MOTYT OKA34ThCA OCobeH-
HO OMaCHLIMH B TOM CAyuae, KOT/AaZ yepes HHX

* COGRUHAIOTCA OTKAYHBaeMBIi o0beM H Mew-
V Nd AYHIOBHMeE noJocTH. JJauTeibHOe MOCTYMAe-
HlMe raza H3 3TUX NOJOCTRH MONET NpPenfT-
CTBOBATL MOAYYEHUI0 HeOOXOOMMOIO BakKyy-
? E ma., Takas onacHOCTb HCue3aeT, eclNH MeXNY
Puc. 3. Boavmomnne TEPMETHIHPYIGUIHM IIBOM W CHJIOBLIMH ITIpery-
xmoenﬂcsﬁycxgauﬂuﬁob;g gg~ CMOTPeThb IOMOCTh, MNONAAWIIYIOCA OTKauKe
i T{E’me CJIH- HAY 3aNmOJHeHH0 NPOGHBIM TasoM 4Yepes clie-
cT0B ¢ sHyrpewneii MaJBHO TpeAycMoTpeHHble wTynephl. Boas-
TOAOCTRIO ANA NpoBep- MOJKHBbIE KOHCTPYKTHBHME pelleHHs TaKoro
KH FePMETHYHOCTH.  coeJHHeHHsl mpencTassgeHsl Ha puc. 3. OHH
ofeclneuHBal0T TeXHOJOTHUGCKYID  pa3BA3KY
MEeXIy TepMETH3HPYIOIUM H CHJIOBBIMH DIBAMH; BO3MOMHOCTD
ApOBEPKH BHYTPEHHETrOo INBA Ha TepMeTHYHOCTh; 3HAYHTEIbHOE
YMeHbIeRHEe RATeKAHHA Yepe3 HeyCcTPaHeHHBE Teuy OyTeM OTKauKd
MEXKIIOBHOH IOM0CTH MEXaHHMYECKHM HACOCOM; BbIIENEHHE TeKyHIers
¥4acTKa mIB3, B Clydae eCAH MeXIIOBHAA NOAOCTh GVAET ceKUHOHH-
poBaHa,

O0a3aTeNbHBIM 3TANOM OTBETCTBEHHBIX HCMBITAHHI LGAXKHA ObiTh

npoBepKa OOBEKTHBHHIME METOLAMH Ha CYMMapHOe HaTeKaHHe, Tak
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K4K Opu MOHCKe Tedeld MerogoM OOCAYB2 MOTYT OLITE NPONYILIEHHI
Te4l B UIBAX U 0CODERHO Mo OesoMy maTephady. K uncny odbekTHSB-
HEIX OTHOCATCH METOAb TejHeBHIX YeXJIOB, OGIMHX H YacTHUHHIX,
MAHOMETPHYECKHHA METOL H3MEPeHHS HATEKAHH IO M3MeHEHHIO AaB-
JieHHs, OOIEeTo uaY NapLuaibsHoro, H Ap. B mpoBeaeHun mMasoMeTpH-
YyeCKHX HCABITanuil ocebeHHO cKaspiBaeTcs crenidHKa BHICOKO-
BAKVYMHBIX H HH3KOBAKYYMHEIX CHCTE€M B CBA3H ¢ DA3AHYHOH POJbIO
Taz300TaesIeHus U OCOOBIMH TPYAHOCTAMH HCKMOYCHHA ero BJIHAHMIA
B HH3KOBAKYYMHLIX CHCTEMAX.

Heo6xooumo ofpardTe BHEMARME Ha BO3IMOXHYIO BePCIeKTHB-
HOCTb DPHMEHEEHs a30aHaJu3aTopa, PerHCTPHPYIOUIEre KHCAOPOL.
Vlpn ofuem XaBaeHuy p HeObITVeMOM ofveMe [0 — 10-1 mm pT. CF.
3TOT npufop nossonser (HKCHPOBATD H3MEHEHHA NAPUHAABHOTO
AaBjerusa Kpcaopofa o 3» 1075 ma PT. CT. 11 TeM CaMBIM BBHILEJIATD
N3 NOTOKa TAa300TIeNeHHsl HaTeKaHus, BBISHBAOINHE XaBJACHUA
~10~* mm pT. cT., He o0HapyKHUBaeMbie OObIUHEIMH MAHOMETpAMH.

[Mpu noucke Teueit B BHICOKOBAKYYMEBIX CHCTEMAX, Kax MPAaBHJO,
TIPUMEHSIETCST MacC-CHEKTPOMETPHYECKHT reJlieBblil TeueHCKATeJb.
Haiq HenpTaHus CHCTeM HH3KOrO BAaKyyMa NpeqHa3kaueH rajdoHAlbI
teuepcKateab BATTH-4 ¢ BaKyyMHBIM AATYHKOM.

[Tpu HCUBITAHHH Ha TePMETHUHOCTD GOJbUIMX BaKVYMHBIX 00be-
MOB peKoMeHIyeTca COGMIOAaTh CAelYIOHHI MOPsIOK:

1. Jo c60pku noaBeprarp MpOBEpKe KaxXKAYI0 [eTalb H y3ed.
HeoTkaufBaembie y3ns MOLYT OPOBEPATECH BAKYVMBEIMYM TPUCOC-
KaMH.

2. ITocne cBOPKU TMONBITATHLCA NOAYYHTH BAKYVM H OUESHHTH CTe-
HEHB HErePMEeTHUHOCTH.

3. Bujienauts BO3MOXHO §oJee orpaHHYeHMbI] TEKYLMIHE YIACTOK
NyTeM CEeXIMOEHPOBAHAS, IPHMEHEHNS HaCTHYHBIX YE€XJI0B C NPOOHHIM
TA30M, OTKAUYKE H 3aNOMHEHHA NPOGHMM FA30M IUBOB ¢ NOJOCTAMH,

4, TIpoK3BeCTH MOUCK H YCTpaHeHHe Teyel.

5. ¥0oCTOBEpUTh COOTBETCTBHE HCHBITYEMOro 0O0LeKTa Mpeib-
ABJAeMBIM K HeMy TpeOOBaHHAM DyTeM H3MepeHHd OOLIero Hareka-
HHSL.

B ¢BA3U ¢ NPHMEHEHHEM B BAKYYMHOH TeXHHEKEe OXJaxIarmHX
CHCTeM AONIKHO OBITh 0OpAallleHO BHHMAHHE HA TeMOepaTypHHe Xa-
PAKTEPUCTHKH Teuell — ¢ H3MEHeHHeM TeMIePaTypsl OHM MOFYT CHH-
XPOHHO HCUE3aTh H NOABJATHCS,

MMytu ofecneyeHnss MAKCHMAAbHOH 3(PEKTHBROCTH HCIHITAHUH
MOryT GHITb MPEAMETOM JHIIL CIHEHHAABHOr0 PaccMOTpeHHs. 3AeCh
caenyeT TONMbKO OODaTHTb BHMMAHHWE Ha HENABHO BHIABJCHHHIA
SKCIePUMENTaMH (PaKT BBICOKOIl OOpaTHON NPOHULAEMOCTH Aas Te-
JIMs MEXaHWYEeCKHX HACOCOB IPH CHALHOH NeCTAOHABHOCTH TPOTHBO-
roxa. Ero cienyer ocofeHHO MMETh B BHAY Tipu paduTe B NOMeme-
BHAX ¢ TOBHINEHHbBIM cofepKaHHeM renusa (6o/blIOe KOJHYECTBO
HCNTMTYEMBIX CHCTEM, II0Xasg BEHTHAALUHA H T. I1L).

Hcnwitanue Ha repMeTHYHOCTh ONPECCOBAHHBIX OOBEKTOB MO Ceff
IdeHb HEpPeNKo NPOH3BOAUTCS N0 ITY3HIPAM NPH OOMEUIHBAHHH HCIEL-
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TYeMOH NOBePXHOCTH WAH MOTPYKEHHA HCHBEITYEMOTO OObEKTa B M-
KOCTb. METOX NIPOCT B OCVNIECTBACHUH, HO HeOBBLEKTHBEH B MAaf0-
qyBCTBUTE/eH. KaK npaBaao, OH He CIOCOOeH yAOBAETBOPHIL TPeGo-
BaHKAM K TePMETHYHOCTH COBPEMEHRON annapaTypkt. Kpome To0ro,
NpH paboTe ¢ HUM Ca€AyeT HMeTh B BUAY BEPOSATHOCTE BPeMEHHOTO
NepEKPLITHS Tedell }KHAKOCThIO.

Has Heabitanus OGBEKTOB, ONPECCOBAHHBIX TaJOMAOCOREPIKA-
IHUM  Ta30:M, JfipelHasHayeHsl rafoHiuble rteuyeHckatenuy I'TH-3,
BAI'TU-4 (c atmochepHEM AaTurkoM) u BI'TH-5, BenycKaemee
NPOMBILLAEHHOCTBIO {3).

IF'TU-3 nu BATTH-4 noseosifioT QUKCHPOBATL HCTEYEHHE B ATMOC-
(epy NOTOKOB dpeoHa Ao 2- 1073 2. mx/cex HAM 3KBHBAACHTHBIX
€My IIOTOKOB ADPYIHX rajoufocogepainux rasos, BI'TH-5 — o
71073 2+ mx/cex. Teuenckatear BI'TH-5 panuesoro tuna ¢ aBro-
HOMHBIM DHTAHUEM OT MaJOrafapHTHLIX aKKYMYARTOPOB YAoOen npu
ApOBEpKe 0GbeKTOR GOMBLIONH MPOTAKEHHOCTH, a TAKXKe [pH Toje-
BBIX HCALITAHAAX.

I'panyupoBka ranonineix Teuenckatesneii oSecneynBaeTcs NpaMe-
HeHHeM ravompnoi  Teyn [AJIOT-1. ocBOeHHOM HpOMBINIAEHHBIM
BBINYCKOM H MpeACTaBAAIOLEd COCOH MaZoraGapHTHOE VCTPOHCTBO,
ofecneauBaioulee HCTeueHHe B arMocdepy (PHKCHpPOBAHHOrO AOTOKA
paouero ranouIOCOASPKALLETO BEILECTBA, OUEHNBACMOrD B BEAHYH-
HaxX 9XBHBAJNEHTHOrO TOTOKa (PPEOHA.

Hast nenbITaHus ONpeccoBHIBAEMBIX OOBEKTOB NPeNHAa3HAYEH eule
OJHH TeYeHCKATEAb, BRINYCKAeMBIF mnpoMblimnedHocTri0. TII 7101,
HHAHLMPYIOWNWA NosiBjAeHHe B aTMochepe ra3oB, CYIECTBEHHO OTJ/H-
YaIOMINXCA OT BO3AYXA 110 TEONPOBOAHOCTH, K XOCTOHHCTBAM 3TOrO
TEUCHCKATeNA CAEAYeT OTHECTH INHMPOKHA CIeKTp WHAHLHPYEMBIX
NPOGHEIX rascB, B TOM YHCIE MIMPOKOKOCTYOHBX — COQ,, dpeona.
Hyscrsuteapnocts TIT 7101 x ¢peony — 2+ 10-2 1. mx/cex. OTHO-
CHTEAbHAA YYBCTBHTEIbROCTL K APYIUM rasaM sarabyaupoBaina, 3T1o
NO3BONIET PEeKOMEHAOBATL  AAA Tpaayuposku  TII 7101 Teun
TAJIOT-1.

CoeepiueRHO 0cOG0e MECTO B TEXHHKE TE4EHCKAHHA 3aHNMAIOT
MeTOALl KaMWIAAPHOHA NedeKTOCKONHH — JIOMRHECUEHTHM U IBeT-
#oit [4]. TONBKO OHH OCTAB/AIOT HA TeYH YCTORUUBHIE CASXEl H 03BO-
JSI0T aHANH3HPOBATE €€ NPUPOAY CHATHeM WIH(OB. Meroas npe-
AYCMATPUBAKT NMOZAYY HHIAKOro HpOOHOrO BEecTBAa HA BXOO TEuH
N0 OAIRY CTOPOHY NOBEPXHCCTH HCMBITYEMOTO OOBeKTa H perucrpa-
LHIO CAGAOB STOT0 BEIIRCTBA HA APYLOH CTOPOHe 00BEKTa, y BLIXOAA
TeUH.
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4. Hosue npompiinenrrie xararcrn Ne 19, 109, 1964,
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YCOBEPIIEHCTBOBAHUE BAKYYMMETPA BHT-1A
3. T. Taasdaes

Brinyckaemble 3aBozaMu Bakyymmerpel BUT-1A umeror 60db-
LIOE KOJKYECTBO MepexaryaTesedl, KGTopsle BKJAIOUAKTCS B Ompese-
NAEHHOH NOCHAEROBATeAbHOCTH, H HecOONI0Ae e ee 4BAAETCH NPUUH-
HOI NPEK/ICBPEMEHHOT0 BHXOAa H3 CTPOS MaHUMETPHIECKOH JaMnbl
JIM-2. Kpome Toro, B paje cJAydaeB HeT HeOGXOOHMOCTH H3MEPATH
JaBJjieHHEe B PasHBIX TOUKaX H AO3TOMY IPHMEHEHHe ABYX OJLHOTHI-
Heix nopubopor (M24-18 n M24-12) B onHom BakyymMeTpe Hemese-
coo0pasHO, TaK KaK TOJNbKO NHpH JAOCTHKEHHM BaKyvMa NOPAAKa
10-% mm pr. CT BKAWOYAETCd HHAHKATOD HOHUE3AUHOHHOH AAMIHL
JIM-2,

C Yy4eTOM CKa3aHROTO HaMM ApoReleHbl HOKOTOPHE YCOBEPHIEH-
cTBOBaHHs Bakyymme1pa BHT-1A ¢ uenrio ynpougenus ynpaegeHHst
npuBopoM, yMeHbLIeHHs ra0apuToE U yNYULIEHHS BHEWRero 0dopM-
Nenus Oe3 3aHUKEHHR erc TeXHAMeCKux xapakrepuctyk. Ha puc. 1

Puc. 1. Ofwmuil BHI BAKYYMMETPa NOCHe YCOBEPUIERCTBOBAHMA.

npuBeneH oGuMi BuA NPuGOpa. YCOBEDUIEHCTROBARHBIN NepeHOCH I
BaKyyMMeTp BHLIIOJHEH B HaCTOABHOM Bapuahte. Ou aMeer CreiH-
aNbHYIC OMOPHEYK) CTOHKY, KOTOpAs NO3BOAAET PeryiHpOEaTh HAKNOH
npaGopa B Npefesnax oT Hyas 10 20° K MWIOCKOCTH CTOAA K OHOBpE-
MEHHO CJAYHHT PYyYkOA NPH NEepeHOCKe npnﬁof»a. B Bakyymmerpe
NpAMeHeH OfMH MHAHKATOPHBIA mpubop (M24- 8“), KOTOPBIH MO3BO-
JI4€T BECTH OTCUET BeIMUMHLI TOKOB TePMONAPHON UIYM WOHH3AUHOH-
Hoit naMn. KoMIiexe TepexnoyaTeaeli 3amereH OOLIMM TajeTHBIM
NepeKJIouaTeeM, UTO 3SHAYMTENLHO YNPOIMAET YipapreHue mpuéo-
POM U HCKNIOYAET BOSMOMHOCTH OWNOOUHEIX BKIIOUEHAN B NOCAeo-
BATeJLHOCTH BBeRCHHA MAaHOMETDPHYCCKHX JaMfl B DEXHM H3Mepe-
nus. Bmecto ¢onaps «CeTh» EBefieHa cHrHaibHag snamma <J1T»,
KOTOpas CBEeTHTCA MPH paGoTe TepMONapIOR YacTH BaKyyMMerpa
H OTKJI0Y2€eTCH Py Nepexoie K H3MepeHHAM ¢ HOHH3aLUMOHHOH AaM-
noil. YIpu 3TOM rOpUT CUrHanbEad Aamnouka «JIM». Orcuer moxa-
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saHull pa6oTH HOHH3ALKOHHOH JaMIbi JIM-2 Benercsa no CpeiaHed
mxane npudopa M24-18 ¢ cOOTBETCTBYIOUINM noxKasarenem RMHOMH-

ooty

Txac TeNs WKARHL.
ZSpRes MetodnKa paboTht ¢ NPHOOPOM 3aKIUALTCS B CIEAYIOUIEM st
S& 26 TOT0 YTOGHE M3MEPHTD AaBAEHYE ¢ TEPMONaPIOH namnoil JIT-2, ueob-
o = =5 XOMUMO meperanuateip «Pop  paGoTy Mepepectd b noJoKeHne
X § = «Brmouera JIT» 1 noTeuunomerpoM «PeryanpoBKa Toxa HaKana»
;E =g yCTaHOBHTE PabouHil TOK HArpepatess Aaunoil repmonapw. Tlocae
asSE JBYXMHHYTHOTrO NpOTpeBa B ITOM TNOJAOKEHHM NOCTABUTL fIEPEKIIO-
Fo® yarens «Poji pa6oT» B nonomenne «Mamepenne» n CALAATH oTcueT
Kefenuit. YOeAMBUINCh B TOM, UTO JaBAeHHEe B MCCIETYEMOM of.eme
N f—— e Eg HE BHILUE, HEM 104 s pT. cr., TIepeBeCTH BAKYyMMETp Ha paboty
£ b & ¢ namnoil JIM-2, mepeKJiouHD B NOJOMKEIIS «Brawoyena JIM-2»,
g i e L (1 HPOrpeTh B TE€UeHHE ABYX-TPEX MUHYT. 3areM OTperyiHpoBaTL YCH-

- ) T
3 1IN JWTEAb WOHHOTO TOKA, UTG JOCTHI A8TCA YCTAROBKOH DYUIKH «Muoxu-
Te b IKaAE» B noaokeswune 102, mepexaiouaredn «Pojn pador» —
i ; e nonomenne <«[Iporpes»; NOTEHUUOMETPOM «PervanpopKa Hyas»
: = YCTAHOBHTH CTPEAKY HIMEPUTEALHOTO npiGopa Ha NyJb LIKZJAEL
: Tporpers B Teuenne 10—15 MHHYT.
75 TIpoBepHTh TOK SMHCCHH B NOJOMKEUHH «Tox sMACCHH» K NCpe-
KIIOUEHHEN HA <IMHCCHIO» YCTAHODHTH Pe3uctopoy «PeryaupoBKa
; SMHCCHM> TOK, PaBHbIE 5 Md, UTO COOTBETCTBYET TO cpeaneil mwxane
naMepuTeapROro npudopa 50 Ac/EHHAL TIpoEepuTs KanudpoBry H
HyJIb UIKAJbl § NepefiTs Ha H3MEPEeHHE N/ CHHIL
4 Ha pxc. 2 npuBefeHa NPHANMIHANLHAS IAEKTPHIECKAR cxeMa
. VCOBEPIIEHCTBOBAHHOTO npudopa BUT-1A. Beepennoe ycosepuie-
i cTBoBanHe ynpouaer padory ¢ AONGOPON 1 NICKIIOUaeT OUHGOUHbE
PRAIOUCHHS PEKUMOD PAGOTH 2AMAEI JIM-2,
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