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TEHJAEHLUU PABBUTUS BAKYYMHOHN TEXHUKH,
KPUOTEHHOW TEXHUKU U HAHOTEXHOJIOT A
C.b. Hecmepos
QI'VII «Hayuno-uccnedosamenbckuil UHCMUmym 6aKyyMHOU MeXHUKU
um. C.A. Bexwuncrkoeoy. Mockea, Hazopuwiii npoeso, 7. E-mail: sbnesterov@niivt.ru

B pa60Te IMOKa3aHbl OCHOBHBIC 00JIACTH HMCIIOJIb30BaHUS BaKYYMHOﬁ TCXHUKH,
KpHOFCHHOfI TCXHUKHN U HAHOTCXHOJIOTHH.
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B TpexmepHbIx norapudmMuueckux KOOpAMHATaX MOCTPOEHBI JUANa30HbI MpPHU-
MEHEHUSI KpPUOTEHHON TEXHUKH, BAKYYMHOM TEXHUKH U HAHOTEXHOJIOTHH.
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BrinonneH aHanu3 COBPEMEHHOTO PhIHKA KPUOTEHHBIX CUCTEM, CUCTEM CO3/a-
HUS U IOJJEP/KAHUS BaKyyMa U HAHOWHTy CTPHUH.

PaccMmoTpeHbl npuMepbl TPOEKTOB,
B KOTOPBIX OJHOBPEMEHHO MCIOJIB3YIOTCS
DIIEMEHTHI KpPUOTE€HHOMN TEXHUKH,
BAKYYMHOW TE€XHUKH W HAHOTEXHOJIOTHH.
K TakoBbIM MOXHO OTHECTH CBEPXBbI-
COKOBAaKYyMHBIH  HU3KOTEMIIEpaTypHbIN
30H/I0BBIN MHKPOCKOII, BAKYYMHBIN
TYHHEJBHBIA JUOMA, TPOEKT AOOBIYH ‘He
Ha Jlyne, kommpeccop KHyuncena,
HAaHOKPUOT€HUKY, IIPOU3BOJCTBO YIJIEPO-
HbIX HAHOMATEPUAIIOB U JP.

OnpeneneHspl OCHOBHBIE TEHECHIIUU
pa3BUTUS KPUOTCHHON TEXHMKH, BAKYYyM-
HOM TEXHUKN M HAHOTEXHOJIOT U H.

Ha ocHoBe aHanmm3a 3TMX TEHIECH-
LUHA pa3BUTHUA CHIEJAH BBIBOJ O TOM, YTO COBPEMEHHBIM MUP BBICOKHX TEXHOJIOIMH
JOJDKEH ONMMPATHCS HA TPEX KUTOB — KPUOTEHHYIO TEXHUKY, BAKYYMHYIO TEXHUKY U
HAaHOTEXHOJIOTHIO.

OI'VII «HayuHo-uccienoBaTenbCKuil MHCTUTYT BaKyyMHON TeXHUKU M. C.A.
BekmmHCKOro» mo3uMoHUPYeTCsl CeroAHs Kak rojioBHOE npeanpustue Poccuu B 06-
JacTH BaKyyMHOHM HayKd, TEXHUKH U TEXHOJIOTMH U TOTOB BBICTYNHTH B KauecTBe Oa-
30BOM TUIOUIAAKHU AJi1 OObEIMHEHUs NMPEANPUITUNA, OpraHU3alui, YYeHbIX U CIielna-
JIMCTOB, 3aHUMAIOLIUXCS] KPUOTCHHOW TEXHUKOW, BAKYYMHOU TEXHUKOW M HAHOTEXHO-
JIOTHEM.

HOBOE OBOPYJAOBAHUME U IEPCIIEKTUBHBIE
PA3BPABOTKHU OAO «BAKYYMMAII»
E.H. Kanycmun, A.C. /lanunun
OAO «Baxyymmawy, Kazanw, yn. Tyneckas, 57. E-mail: kazan@vacma.ru

OTkppITOE aKIMOHEpPHOE 001IecTBO «Bakyymmalny sBiseTcsd KpyMHEHIIUM B
Poccuu u crpanax cozpyskecTBa CHEIUAIM3UPOBAHHBIM MPEAIPUITHEM IO pa3padoT-
K€ U MPOU3BOJICTBY BAKyYMHOTO OOOpPYIOBAHMS JJIsl PA3TMYHBIX OTPACIICH MPOMBIII-
aeHHocTd, oTMeTuBIuM B 2003 roay 60-neTHuit r0OMIICH.

OAO «Bakyymmann» MHOro BHUMaHHS YAEISET KAa4€CTBY, PACIIMPEHUIO HO-
MEHKJIAaTypbl, MOJIEPHU3AIMU BbITyCKaeMOW MPOAYKIMHU. BBICOKUII ypOBEHb BBIITYC-
KaeMoW TEeXHUKH MOATBEpKaaeTcs TeM (akToM, uTo 6osee 40 % MpoayKIuu SKCIOp-
TUPYETCS B CTPaHbI OJUKHETO U JJATBHET0 3apy0exkKbsl.

B 2003 r. cucrema wMeHemxMeHTa kadectBa OAQO «Bakyymmarny cep-
tuduupoBana pupmoit «Murepceprudpuka THOD», coBmectHO ¢ «THOD Tropunren»
(I'epmanus) Ha coorBerctBue crangapty [SO 9001:2001.
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B 1990-e roxpl B cBs3M C pe3KUM NAJEHUEM CIPOCAa HA BAKyyMHYIO TEXHHKY
OAO «Bakyymmaiin» 0CBOUJ 3HAYUTENIbHOE KOJIUYECTBO HEMPOPUIBHON MPOAYKIUH:
CEJIbX03000pYIOBAHHUS, IJIEKTPOJIBUTATENEH, KUAKOCTHBIX LIEHTPOOEKHBIX HACOCOB,
HIeCTepeHYaThIX HAacocoB U T.HI. IloaTomy pa3paboTkamM HOBBIX BHIOB BaKyyMHOTO
000pyI0BaHUsl YAENSUIOCh HENOCTaToyHO BHMMaHus. B 2002 romy pyKoBOJACTBOM
OPEINpPUATUS. TPUHATO CTPATErMUYECKOe pelleHHe 00 OTKa3e OT BBIIYCKa HENpO-
(GuIbHON MPOIYKIUH U NEPEX0/1€ HA BBIITYCK UCKIIOYUTEIBHO BAKYYMHOM TEXHUKHU.

Opnako TpeOoBaHMS K MPOIYKIMH, IO CPABHEHHIO C COBETCKHM IEPHOJIOM,
CYILIECTBEHHO M3MEHWINCh. B 4acTHOCTH, BOCTpEOOBaHHBIMU OKA3aJIUCh MEXaHUYE-
CKHE HAacoChl, padoTaroIIMe Ha BBICOKMX BXOJHBIX AaBieHMUsX. Kpome Toro, mosisie-
HUE Ha PHIHKE MHOTOYHMCIICHHBIX MPEICTaBUTEILCTB 3apyOeKHBIX (HUPM - TPOU3BO-
JUTeNeld BaKyyMHOW TEXHUKHM MOTPEOOBAJIO MOBBIIIEHUS KOHKYPEHTOCIOCOOHOCTH U
MOJIEpPHU3ALANA XOPOIIO M3BECTHBIX HACOCOB M OCBOCHHS HOBBIX BUAOB IIPOLYKIUU.
[TosTomy 3a mocneanee BpeMs ObUI IpojeaH 00JbIION 00BEM paboT Mo MoEepHH3A-
UM ¥ pa3paboTKe HOBBIX BUJIOB BaKYyMHON TEXHUKHU, KPATKUH 0030p KOTOPOTO MBI U
npemyiaraeM Bamemy BHUMAaHMIO.

1. IlacTMHYATO-POTOPHBIEC BAKYYMHbIE HACOCHI

B koHCTpYKIHMIO HACOCOB OBLITM BHECEHBI JIOCTATOYHO CEPHE3HBIE M3MEHEHMUS,
HalpaBJICHHbIE Ha IMOBBILIEHUE HANEKHOCTH, PECypca, KOHKYPEHTOCHOCOOHOCTH ITy-
TEM 3aMEHbl MaTepHaJlOB, KOMIUIEKTYIOLIMX Ha 0oJjiee KaueCTBEHHbIE, B OCHOBHOM Ha
UMIIOPTHBIC, YHU(DUKALMU Y3JI0B M JETaJeil, CHIKEHUN CeO0ECTOMMOCTH H3TOTOBJIE-
. K coxanenutio, oTedecTBEHHas! MPOMBINIIICHHOCTh HE CMOTJIa MPEII0OKUTh Kade-
CTBEHHbIC MaTepUaibl U KOMILJIEKTYIOIUE, T0O3TOMY BCE OOJbllIe MEcTa B Hacocax 3a-
HUMAIOT UMIIOPTHBIE JeTaiu. B kKauecTBe mpuMepa MOXKHO MPHUBECTH CIEIYIOIIUE HO-
BOBBEJICHHUS:

- 3aMeHa MOAIINITHUKOB CKOJIbXEHHUS Ha MOAIINITHUKYA KauyeHUs Ha OOJbLINX
HAacocax, I71e€ OHU UCIIBITHIBAIOT CYIIECTBEHHBIC HATPY3KU;

- IpUMEHEHHUE B MaJIbIX HAacocax, Ie MOIIIUITHUKN CKOJIbKEHUS OB COXpa-
HEHBI, UIMIIOPTHBIX JBYXKOMITOHEHTHBIX MOAIIUITHUKOB CKOJBKEHUS, IMEIOIINX TO-
pazno 6oJiee BBICOKUM pecypc;

- U3TOTOBJICEHHE JIOMATOK Hacoca M3 HOBBIX MarepuaynioB ¢upmsl «SGIy,
UMEIOIINX Mablid KO3()PHUIMEHT TETJIOBOTO PACIIMPEHHS, BEICOKYIO TIPOYHOCTH, U3-
HOCOCTOMKOCTb, IO3BOJIUBILIEE, KPOME TOr0, TOCTUYb HPEAEIBHOTO OCTATOYHOIO
nasjeHus 1 - 10° MM pT. CT.;

- 32 cu€T U3MEHEHHS! KOHCTPYKIMH BBIXJIOITHOTO KaHaja yAajaoch B 3 pasa (B
Hacoce 2HBP-5/IM) cHu3uth BbUIET Maciia B aTMocdepy;

- U1 IOJHOW OYMCTKHU BBIXJIONA OT MapoB Macia pa3paboTaH U BBITyCKaeTCs
BHEIIHUHN QUIBTP ¢ PUIbTpYIOMKUMHU dneMeHTaMu Gupmsl "Man" (I'epmanus), KoTo-
pBIif 0OecreunBaeT CTENeHb OYMCTKH BBIXJIONA OT MapoB Macia oosee 99 %.

Onnako mpo6yemMbl ¢ mpuMeHeHneM HacocoB Tuiia HBP Bo MHOTHX TeXHOMIOTH-
YEeCKMX MPOIeCCax BbI3BAHBI HE TOJBKO HEAOCTATKAMHU KOHCTPYKIIMH, a UCIOJIb30-
BaHHUEM UX B TAKUX PEKHUMAX, sl pabOThl B KOTOPHIX OHU HE OBLIM IpeIHA3HAUYCHBI.
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B nepByto ouepens 310 KacaeTcs pabOThl Ha BHICOKMX BXOJAHBIX AaBieHusx (6omnee 10
MM PT. CT.) B TEYEHUE JJTUTEIBHOIO BPEMEHHU.

DTy mpobiaeMy HEBO3MOXKHO OBIJIO PEIINTh B OOIICTIPUHSATON CXEME JABYX-
CTYNEHYATOr0 MIACTUHYATO-POTOPHOTO HACOCA.

[TosTomy ObuM pa3paboTanbl TpexmuiacTuH4yaThie Hacockl HBPT, umeromue
OPUHIUIHAIBHO IPYTYI CUCTEMY OXJIaXJACHHs Maclia U pabouero UUIMHIpA U CIO-
coOHble paboTaTh MPU BHICOKUX JABICHUSIX OYEHBb MPOJOJDKUTENbHOE Bpems. B pe-
3yJibTaTe Pa3ieleHUs MACIOOTACTUTENs U pabovyero IMMIMHApPAa HAcOCa, UMEHHO ITH-
JUHAP, @ HE KOPITyC HAacoca, OCTOSIHHO 00yBaeTCs BO3AYXOM OT KPbUIbYATKU BEHTHU-
JSITOpA, YTO MO3BOJIIET OTBOAUTH OoJbllee KoinudecTBo Temia. Kpome toro, macio,
BIIPHICKUBAEMOE W3 MAcCJOOTACIHTENS B LIJIMHAP, TaKKE MMEEeT O0ojiee HU3KYIO
temrepatypy. [lepBeiM B 3TOM roay OyIeT OCBOCH Hacoc ¢ ObICTpOTOM AehcTBUs 16
1w/c (60 m*/a) HBPT - 60. B Teuenue 2007 rona OAO «BaxyyMMann IUIaHHPYET OCBO-
uth Hacoc HBPT - 15 ¢ GeicTpoToit aeiicTBus 15 M /4.

2. 30710THHKOBBIE (IIJYHKEPHbIE) BAKYYMHBIE HACOCHI

Bcenen 3a nacocom ABIIn-20/1, pa3paboTan M W3rOTOBJIEH OMBITHBIN 0Opaserl
Hacoca ABIIn-125/], creHioBble UCOBITAHKUS KOTOPOTO JTOJBKHBI 3aBepinthes B 2007
TOTy.

Oco6oe BHuManue cinenyeT yaeauts arperaty ABIInC-125]1, koTopsrit pa3pa-
6otan Ha 6a3e Hacoca ABIIn-125]] u npeaHa3zHayeH A OTKAYKW ra3oB, COJEPIKAIINX
JeNSIIUecs HyKIWIbl U U30TOMBI PAJUOAKTUBHBIX 31eMeHTOB. KoHcTpykuus Hacoca
TO3BOJIIET OTKAYUBATh Ta3bl, COJEPKAaHUE YpaHa B KOTOPBIX MPEBBIIIAECT JOMYCTUMBIC
3HaYeHUA JJ11 00BIYHBIX HacocoB Tuna AB3 B 18 pas.

3. BoaoKkoJiblieBble BAKYYMHbBIE HACOCHI

[To moxepuuzamuu HacocoB Tuna BBH Obu1 mpoBeéH oueHb 00bII0N 00bEM
pabot. OcHOBHBIE ycWIUsl OBLIM HAmpaBlieHbl HAa YHU(PUKALUIO Y3JI0B U JAETalleid,
CHUKEHUE MAaTEPUATOEMKOCTH HACOCOB U TPYAOEMKOCTH WX U3TOTOBIICHUS, YBEIHYC-
HUIO JMana3oHa paOoThl, MOBBIIIEHUIO HAJIEKHOCTH HACOCOB. B pesynbrare mpose-
NEHHBIX paboT yJanoch CyIIECTBEHHO CHU3UTh Maccy HacocoB, Ha 10-15 % ysenu-
YUTh WX TMPOU3BOJAUTEIHLHOCTh. biarojgaps BHEIPEHHIO TEXHOJOTUN NUHAMHUYECKON
OalaHCUPOBKU POTOPOB U U3TOTOBJIEHHUIO KOJIEC HACOCOB B CBAPHOM BapUaHTE U3 CTa-
7 (B3aMEH JIUThS U3 YyTyHa) yJajloCh 3HAUUTENIbHO CHU3UTh BUOPALIMIO HACOCOB U,
KaK CJIEJICTBUE, MOBBICUTH CPOK HKCILTyaTallK MOANIMITHUKOB U PECYpPC BCEro Hacoca
B 11es1oM. OCBOEHBI HACOCHI C HEP>KABEIOIIEH MPOTOYHOM YacThIO U B MOJHOCTHIO HE-
pxageroiiem ucnoanennu (2BBH1-3MH u 2BBH1-6MH).

Emé oaHo HampaBiieHHE pa3BUTHsS BOJOKOJBIIEBBIX HACOCOB - 3TO HACOCHI C
JBOWHBIMU TOPIEBBIMH YIUIOTHEHUSIMHU, KOTOPBIC MPEAHA3HAYCHBI JJISl DKCIUIyaTa-
MY Ha B3PBIBO- U MO’KAPOOITACHBIX MPOU3BOACTBAX M OTKAYKH B3PBIBO-, TIOXKAPOOIIAC-
HBIX U TOKCUYHBIX Ta30B.

Pa3paboTka 1 M3roToBIEHHE ATHX BOJOKOJBIEBBIX HACOCOB BEJETCSI B COOTBET-
ctBuu ¢ TY 3648-039-00218526-2004, yrBepxkaeHHbix ['ocroprexnanzopom PO u na
ocHoBanuu Paspemenust Ne PPC 00-19741 I'ocroprexnanzopa P® ot 21.02.06.
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4. BakyyMHBbIe CHCTEMbI U arperarbl, OTKA4YHbI€¢ NOCTHI

OAO «BakyymMmain» cran yaenarbh 0OJiblIo€ BHUMaHHE pa3pabdOTKEe BaKyyM-
HBIX CHCTEM, OTKAQUHbIX IOCTOB M T.I. MO TPeOOBAaHUSIM 3aKa3uMKOB, JUIsI HWH-
JTUBUAYATbHBIX YCIOBHN pabOThl. [TaBHBIM MPUHIMIIOM 3THUX Pa3pabOTOK CTajo pe-
HIEHHE JIFOObIX POOJIEM KIMEHTOB, CBA3aHHBIX C CO3JAHUEM U MOJIEPKAHUEM BaKyy-
Ma, o00p ONTHUMAJIBHBIX CPEACTB OTKAYKU U pa3pabOTKa rOTOBBIX PEHICHUM «I0
KITIOU.

Hwxe npuBeneHbl JUIIb HECKOJIBKO BapUAHTOB TAaKUX CUCTEM, pa3paboTaH-
HBIX U pPEaJM30BaHHbBIX B MOCIEIHEE BPEMS:

a) otkaunoi noct [IBO-100M nHa 6aze arperata ABJIM-100 umeeTr coBpemeH-
HYIO CHCTEMY YNpaBJICHHS C MOJHOCTHIO aBTOMATU3MPOBAHHBIM IIYCKOM M HE0OXO-
JUMOM 3amuToil. J[Jis MCIoJIb30BaHMs MOCTA 3aKa34MKy TPeOyeTCs TOJBKO IMOIBOJ
MIATAHWS U BOJBI;

0) BakyyMHas cuctema Ha 6a3ze HacocoB 2BBH2-50 ¢ pecuBepom;

B) BaKyyMHas ycTaHOBKa Y B-6, npeiHa3HaueHHas AJis1 TEIUIOBBIX MCTIBITAHUI
nprOOpPOB B YCIOBUAX KOCMOCA.

VYcraHoBKa npecTaBisieT co0oi MuHuIeX. B 3TOM ycTaHOBKE peann3oBaH Opu-
TMHAJIBHBIN TOJIXOJ1 3arpy3KU-BBITPY3KU M3zenuil. OHa OCHallleHa BBICOKOBaKYyMHOM
OTKa4YHOU cucteMoil Ha 6a3ze Tu(Py3MOHHBIX U MEXaHMYECKUX HaCOCOB MPOU3BOCTBA
OAO "Bakyymmam". Cuctema yrpaBiieHUs BBITIOJIHEHA Ha 0a3e mepcoHanpHoi OBM
CO clenylomMUMU (QyHKIUSMU: CHIIOBBIX CUTHanoB 70 100, BXOAHBIX KOHTPOJIBHBIX
curHasioB 710 148. AHanu3 aHaJIOTOBBIX CUTHAIOB 1O HeoOxoaumoctu 10 48. [lognep-
YKUBAETCS MHOTOIOJIb30BATENbCKASI HHPOPMAIMOHHASI CUCTEMA.

5. Juddy3nonHbie NapOMacasiHbie HACOChI

Texunueckuil ypoeHb nuddy3noHHbIx HacocoB HJ[ Ha cerogHsuiHuil 1eHb
COOTBETCTBYET JIyUIlIUM MHUPOBBIM 00pa3iiam, a 3a4acTyl0 MPEBOCXOJIUT UX, YTO MOJI-
TBepxAaeTcs TeM ¢dakToM, uTo 6oisee 90 % ITHUX HACOCOB IKCIOPTUPYETCS B JalIbHEE
3apybexne. OHAKO U B 3TOH 00JIACTH MBI HE CTOMM HAa MECTE M MPOBOJUM OOJIBIION
00BEM OMBITHO-KOHCTPYKTOPCKHUX PabOT, HAIpaBJICHHBIX, B MEPBYIO Ouepeib, Ha pac-
HIMpEHKe Juana3oHa padoThl HACOCOB U YBEIMUEHUE OBICTPOTHI UX JIEUCTBUA B IMaria-
30HE JIaBJICHUN 102...107 MM pT. cT. HeoOxoauMocTh Takux paboT BhI3BaHA MOSIBIICHH-
€M HOBBIX TEXHOJIOTHUI HAHECEHUS CIEIUATbHBIX MMOKPBHITUH B BAKyyMe, B CBS3HU C YeM
HACOCHI JIOJDKHBI OTKAa4MBaTh OOJIbIIME Ta30Bble MOTOKKM M paboTaTh MPAKTUYECKU B
OyCTEpHOM pEKHMME, COXPaHSIsl PU 3TOM CHOCOOHOCTh JIOCTUTAaTh OUYE€Hb HU3KOTO OC-
TATOYHOTO JABJICHUS.

[Tocne 3aBepiieHUsT OMBITHO-KOHCTPYKTOPCKHX PaOOT TUTAHUPYETCS 3aMCHHTH
HOBBIM HAacOCOM 00a TUIOpa3MepHBIX psifa ¢ y3MOHHBIX BaKyyMHBIX HacocoB (H]]
u HB/IM), BblITyCKaeMbIX CEPUITHO B HACTOSIILIEE BPEMSL.

6. BakyymHasi apMaTypa
AcCCOpTUMEHT BaKyyMHOW apMatyphbl B Onuxkaiiliee BpeMs OKUJIAET caMoe Cy-
IIIECTBEHHOE OOHOBJICHHE CPEIU BCEX KJIACCOB BAKYyMHOTO OOOPYIOBAaHWSI, BBIMTYC-
kaemoro OAO «Bakyymmartny. PazpaboTana TeXxHHUYeCcKas JOKyMEHTAIUsl HA BaKyyM-
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HbIE KJalaHbl ¢ MHeBMaTHyecKuM npuBoaoM tuna KBII ¢ ycnoBHbiMu npoxogamu 25,
40, 63, 100 MM., uIaHUpyeTCs pacIIMPEHUE TUIIOPA3MEPHOTrO psifia YK€ BBIITyCKae-
Mmbix kiananoB KBP, KBD, KBM wu Beinmyck kiamaHoB (KpoMe UMeronmxcs 25, 63 u
100 mm) ¢ ycnoBubiME mpoxonamu 10, 16, 40 mm. Pa3paboTtan HOBBIM BapuaHT yCT-
poiicTBa yrpaBieHHUs 3JeKTpoMarHuTHbIM kjianaHoMm (Y VYK), koTopslil peann3oBaH
Ha COBPEMEHHOM 2JIEMEHTHOMN 0a3e M MMEeT MOBBIIIIEHHBIN pecypc.

Pa3paborana TexHuyeckas JTOKYMEHTalUsl Ha 3aTBOphl cepun 23BD ¢ mHEBMO-
puBOJOM. llepBbIe 3aTBOPBI YK€ U3rOTOBIIEHBI U SKCILTYaTUPYIOTCS Y 3aKa3YHUKOB.

I'otoButcs k Bbeimycky B mnepBoi nmonoBuHe 2007 roma ximanan 2KBM-100,
yHuuiupoBanubiii ¢ knamanamu tuna KBP u KBD. Tpagunuonno kinaman 2KBM-
100 coxpansieT paboTOCIIOCOOHOCTh B BEPTUKAIBHOM IOJIOKCHHH W 00ECIIeUHBACT
BO3MOYKHOCTb OTKPBIBAHMS 3ACJIOHKH NpH nepenane gasiaeHus 760 MM pT.CT. C Jto-
0011 CTOPOHBI 3aCTIOHKH.

Pa3paboTana u roroBuTCcs K cepuiiHoMmy Bbimycky B 2007 roay HoBasi cepus Ba-
KYYMHBIX IUIOCKMX IPOXOJHBIX 3aTBOpoB THNa 3BIln ¢ ycnoBHeiMM npoxoaamu 250,
400,500 u 630 mM. C uenpio MOBBIMIEHUS HaAeKHOCTH 3aTtBopa 3BIIn pa3zpaboran
HOBBII MEXaHU3M 3aKpbIBaHUA U (PUKCALIMM 3aCJIOHKH 3aTBOPA.

OTkppIBaHME M 3aKpbIBAaHHWE 3aTBOpPA IPOM3BOAMTCS SJIEKTPOABUIATEIEM C
MyJbTa YHPABICHUS WM MHEBMONPUBOJIOM. 3aTBOPHI COXPAHSIIOT pabOTOCIOCOO-
HOCTb B IFOPU30HTAJIBHOM M BEPTUKAJIBHOM IOJIO)KEHUH, a IJIaBHOW OCOOEHHOCTBIO
HOBOH CEpHUU SBIISIETCS CYIIECTBEHHOE YMEHBIICHHUE «CTPOUTEIbHON BBICOTHD) (pac-
CTOSIHUSI M@Ky BXOJIHBIM M BBIXOJHBIM (hJIaHIIAMH), YTO COOTBETCTBYET TEHACHLIUAM
Pa3BUTHS BaKyyMHOW apMaTypbl BO BCEM MUPE.

3atBop 3BIInD ¢ ycinoBHBIM TpoxooM 630 MM Mpomiea yCneuHo UCTIBITAHUS U
MpeagaraeTcs 3aKka3uuKam.

B3amen ycrapesiiero u U3iMIIHE CI0KHOrO KianaHa HamyckHoro KH-2,5 pas-
paboTaH ¥ rOTOBUTCS K BBINMycKy KianaH HamyckHoi 3KH-2,5 HO u H3, yaudumupo-
BaHHBIW [10 MHOTHUM 3JIEMEeHTaM ¢ kjaananoM KBM-25.

I'oTOBUTCS K BBIIYCKY CEpHsI KJIANIAHOB PYYHBIX HNPSAMOIIPOXOJHBIX C yCIOBHBI-
mu npoxogamu [y 63, 100 mm. K mocTomHCTBaM 3THX KJIanmaHOB OTHOCHUTCS BBICOKASI
IPOBOJIUMOCTb, YI0OOCTBO MOHTaXa, HAaJI)KHOCTh MEXaHNU3MA.

[IpucoenuuuTenbHBIE pa3Mepbl pa3padaThIBaeMON apMaTypbl COOTBETCTBYIOT
MeXAyHapoHbIM cTangaptam [SO.

7. Ilapo3:KeKTOpPHBbIC BAKYYMHbIE HACOCHI

Pa3paboTka u M3roToBIEHHE MAapPOIKEKTOPHBIX HacocoB Ha OAO «Bakyywm-
Mmai» Benercs B coorBeTcTBUM ¢ OCT 26-291-94 u TY 3648-028-00218526-2002, yT-
BepKJIeHHBIX ['ocroprexHagzopoM P® u Ha ocHoBanuu Paspemenus Ne PPC 00-
19741 TI'ocroprexnanzopa P® ot 21.02.06 Ha npuMeHEHHE MAPOIKEKTOPHBIX HACOCOB
tuna HBD Ha onacHbIX TPOU3BOCTBAX.

[TapomKeKTOpHBIE HACOCHI - OJIUH U3 CaMbIX KOHCEPBAaTUBHBIX BHJIOB BaKyyM-
HOW TE€XHUKH, OJTHAKO U B 3TON 00JacTu B MociieiHee BpeMs cieiaano Hemano. OCHOB-
HbIE yCWIHsI ObLTM HAMPABIICHBI HAa ONITUMH3AIUI0 MACCOTA0APUTHBIX XapaKTEPUCTHUK,
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YTO, ¢ YYETOM TOTO, YTO BEC HACOCA MOXKET JOCTHTaTh HECKOJBKUX JECATKOB TOHH,
MO3BOJISIET TIOJTyYaTh 3aKa34MKY BITOJIHE OIyTUMYHO S3KOHOMHUIO.

Jlpyroe, He MeHee BaXKHOE, HarpaBJjeHHe paboT - CHUKEHUE pacxoaa pabouero
Tena (mapa) ¥ OXJIAKIAIONIEH BOMIBI, UTO C YUYETOM MOCTOSTHHOTO POCTa IIeH Ha YHEPro-
HOCHTEIN IPHOOPETAET C KaXIBIM TOJI0M BCE OOJIbIIIee 3HAYCHNE.

Ouenp 60JbIION 00BEM PabOT BBHIMOJHEH MO pa3pabOTKe pa3IMYHBIX KOMIIO-
HOBOK MAapOKEKTOPHBIX CHUCTEM, KOTOpas TaKKe IpECienyeT IeJib ONTUMHU3AIUN
MaccoTrabapuTHBIX M OTKAYHBIX XapaKTEPUCTUK HAcOCOB. [1apo3keKTOpHBIE CHCTEMBI
MOTYT UMETh CaMyI0 Pa3INYHYI0 KOHPUTYPAIHIO B 3aBUCHMOCTH OT YCJIIOBUU paOOTHI
U TpeboBaHU 3aKa3umKa.

[Tapo3KeKTOpHBIE HACOCHI UMEIOT OTPOMHOE KOJIMYECTBO BAPUAHTOB HUCIIOJI-
HEHUN U MOTYT OBITh M3TOTOBJICHBI B YIJIEPOJUCTOM, HEP)KABEIOMIEM, KACIOTOCTOM-
KOM HCHOJHEHUSX, C KOHJIEHCATOPAMHM CMEIIEHUs WM KOHJIEHCATOpPAMH MOBEPXHO-
CTHOTO THUIa, C KOMIIEHCATOpaMU WU 0€3 HHX.

Kpome toro, 3akazunky, oka3pIBaeTCs KOMIUIEKC IOMOJHUTEIBHBIX YCIYT, TO-
3BOJISIIONIUX HAWTH ONTHMAIBHOE PEIICHUE B KaXJIOM KOHKPETHOM CiIy4ae, B TOM
Yyucie:

- MyCKO-HaaJI0YHbie PabOTHl MO BBOAY B JICHCTBHE MAapONKEKTOPHBIX HACO-
COB;

- BBIOOp ONTHUMAJILHOM BaKyyMHOM CHCTEMBI, IOCTPOSHHON Ha Pa3jIuYHBIX OT-
KayHBIX CpEJICTBax Jisi 0oOecreueHusl 3aJaHHBIX MapaMeTPOB TEXHOJIOTHYECKOTO
nporecca;

- BOCCTaHOBJICHHE PabOTOCTIOCOOHOCTH OTEUYECTBEHHBIX U UMIIOPTHBIX Ma-
PO2KEKTOPHBIX HACOCOB, YTPATUBIIUX NAaCHOPTHBIC XapaKTEPUCTUKY;

- OCHAII[EHUE TTAPONKEKTOPHBIX HACOCOB CHUCTEMOM aBTOMATHKH,

- TIOCJIETapaHTUHOE CEPBUCHOE OOCITyKUBaHUE TAPOIKEKTOPHBIX HACOCOB C
BOCCTAaHOBJICHHEM MaCHOPTHBIX XapaKTEPUCTHK;

- IPUBS3KA MAPOIKEKTOPHBIX HACOCOB K CYHIECTBYIOIIEMY 000PY10BaHUIO;

- IepEBOJT TAPOIKEKTOPHBIX HACOCOB C JICTHETO0 HA 3UMHUN PEKUM pabOTHI C
EJTbI0 IKOHOMHUH YHEPTOPECYPCOB;

- U3TOTOBJICHUE MAPOIKEKTOPHBIX HACOCOB C OAPOMETPUUECKUMHU U MOBEPX-
HOCTHBIMHU KOHJEHCATOPaMH, B TOM YHCJI€ TTOKYITHBIMHU, C BO3MOXHOW YCTaHOBKOMH
KOMITEHCATOPOB;

- OCHAILIEHHE CYIIECTBYIOIIMX MapOKEKTOPHBIX HACOCOB IyCKOBBIMHU 3KEKTO-
pamu 1Ji OBICTPOTO BBIBOJA Hacoca Ha pabodmil pexuM;

- U3TOTOBJICHUE TTAPONKEKTOPHBIX HACOCOB ISl OTKAYKH BO/IBI,

- U3TOTOBJICHUE BOJIOCTPYHHBIX HACOCOB;

- U3rOTOBJIEHUE NTAPOINKEKTOPHBIX KOMIIPECCOPOB;

- arperaTupoOBaHUE MAPOIKEKTOPHBIX HACOCOB C BOJOKOJIBIIEBHIMU HACOCAMU
JUTSI 5)KOHOMHUH YHEPTOPECYpPCOB.

B 3aBepuienue xodercs OTMETUTH, YTO 3[€Ch ObUIM IMPHUBEACHBI JHIIb OCHOB-
Hble pa3paboTku, BeIMolHeHHbIe HayuHo-TexHuueckum 1neHtpom OAO «Bakyym-
Marn» B TOCTIEAHEE BPEMs, TaK KaK NMEPEUUCITUTh BCE HE3HAYUTEIIbHBIC YCOBEPIICHCT-
BOBaHUS ¥ U3MCHEHUS! KOHCTPYKIIMU BBITYCKAaeMOT'O 00OPYIOBAaHUS MPOCTO HE TIPEII-
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CTaBJISIETCSI BOBMOXKHBIM. Bee 3T ycunust HanpaBieHbl Ha MOBBIIIEHUE TEXHUYECKOTO
YPOBHS BBIITYCKaeMOI'o 000pYy0BaHUs, MOBBIIIEHUE €r0 pecypca, HaAEKHOCTH, IpY-
I'MX SKCIUTyaTallMOHHBIX M MOTPEOUTENIbCKUX XapPAKTEPUCTHK U MAKCUMAJIBHO IOJIHO-
r'0 y/I0BJIETBOPEHHUS MOXKEIAHNN 3aKa3YUKOB.

O CO3JJAHUU U NIEPCIIEKTUBAX PA3BUTUS
BE3MACJISIHBIX TYPBOMOJIEKYJISAPHBIX BAKYYMHBIX HACOCOB
K.E. /lemuxoe, H.K. Huxyaun
MI'TY umenu H.O. baymana, Mockea, 2-asa baymanckas, 5. E-mail: nkn@bmstu.ru

[IpakTHdeckn Bce TEXHOJIOTHYECKUE MPOIECCHI, TpeOyrolue 00eCTIeueHne BhI-
COKOBaKyyMHBIX YCIIOBUHM, OTJIMYAIOTCS BBICOKOW UyBCTBUTEIBHOCTHIO K KOHIICHTpA-
IIUU YaCTHII OINpPEACNICHHBIX ra3oB. B mporeccax 3MeKTPOHHO- U MOHHO-TY4YeBOil 00-
paboTKH, TUIEHOYHBIX MOKPBITHH, 3JEKTPOHHO-TY4YEeBOM U JIa3epHOW CBApKHU, TpaBlie-
HUS TIOBEPXHOCTEH, BBIPAIIMBAHMS KPUCTA/UIOB W T.JA. CpPela OKa3bIBa€T OTPOMHOE
BJIMSTHUE HA Ka4eCTBO MU3/ENUsl U BO3MOKHOCTh MPOBEICHUS CAMOT'0 TEXHOJIOIMYECKO-
ro mpouecca.

Nmenno »tu npobieMbl o0ecrieueHns U MoAep>KaHusl 3aIaHHOTO COCTaBa Cpe-
Il B HEOOXO0JIMMOM JIMara3oHe AABJICHUN, o0ecrieyeHne «0e3MaciastHOCTU» OTKAYKHU,-
MIOCTOSIHHO CTOSIT NIEpe] BAKYyMHOM TEXHUKOM.

ObecrieueHne «0e3MacITHOCTH» CO3[aBaeMOr0 BaKyyMma, B 3aBUCHMOCTH OT
TpeOOBaHUM K COCTaBy OCTATOUYHOM CpPEJIbl, BOZMOXHO MIPH MCIIOJIH30BAHUH MTPaKTUYE-
CKU BCEX BBICOKOBAKYYMHBIX CPEACTB OTKAUKHU: BHICOKOBAKYYMHBIX TG Y3UOHHBIX,
KPUOCOPOIIMOHHBIX, 3JEKTPOPU3NISCKUX U BHICOKOBAKYYMHBIX MEXaHUYECKHX HACO-
coB. BakyyMHbI€ CHCTEMBI, UCTIOJIb3YIOLINE TOT UM UHOM TUI HACOCOB, UMEIOT CBOHU
NPEUMYULIECTBA U CBOU HEJJOCTATKH.

[Tornomatomue Hacockl (KpHOCOPOIMOHHBIE U 3NeKTpodu3ndeckue) obecrie-
YUBAIOT «HUJICATHHO YHUCTHII» BaKyyM, HO 3TUM HAacOocCaM IMPUCYINA CEIIEKTUBHOCTh OT-
KauKy M0 Pa3IMYHbIM Ta3aM (0OCOOEHHO HU3Kas OBICTpOTAa ACHCTBHUS MO TaKUM rasawm,
Kak renuid u Boaopon). Kpome Toro, Bce 3T cpeicTBa OTKAYKU YIEP>KUBAIOT ra3
BHYTpHU ce0s 1 TPEOYIOT PEryJIsipHON pereHepaIiui.

MexaHnueckre BBICOKOBaKYyMHBIE HACOCHI, TypOOMOJIEKYISIPHbIE BaKyyMHbBIC
HACOChl U UX KOMOMHAIMM C APYTMMH THIAaMH MEXaHMYECKHX HAaCOCOB, CIOCOOHBI
obecrnieunBaTh «0€3MAaCIAHBIN» BaKyyM B IIMPOKOM JUAIa30HE JABJICHUM OT 107" no
10 Tla u Huwxe, obecneunBas OBICTPOTY JEUCTBUS OT HECKOJIBKUX JI/C JO JECSITKOB
ThICsY J1/c. Kpome ToTro, 3TH HAcOChl UMEIOT MPUOIM3UTEIHLHO OJUHAKOBYIO OBICTPOTY
NEHCTBUS TIO JEHUCTBUS IO BCEM ra3aM, U3MEHSISICh B 3aBUCHMOCTH OT IPOBOAMMOCTHU
BBICOKOBaKYYMHOT'O TPyOOTIpOBO/Ia.

Coznanue HOBOTO THUIA TypOOMOJEKYJSIPHBIX HaCOCOB C MArHUTHBIMU M ra3o-
BBIMH OIOpPaMH, KOMOMHAIMS MPOTOYHBIX YacTe C MOJEKYJISPHBIMH M BUXPEBBIMU
CTYTICHSIMH TIO3BOJIIOT OTJIEIUTHh MPOTOYHYIO YaCTh MAalIUHBI OT OMOp KadeHUs, T.e.
YCTpaHSIETCS BO3MOXKHOCTb 3arpsi3HEHUS OTKAYMBAeMOro o0bEMa mapamMu CMa3KH.
[IpumeHeHne HOBOrO THMNA MPOTOYHOM YacTH (MOJEKYJSPHOBS3KOCTHBIX CTYTIECHEN)
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MO3BOJISIET CO3/1aBaTh KOMOMHUPOBAHHBIE TypOOMOJIEKYJISIPHBIE HACOCHI 0€3 MCHOJb-
30BaHusl (opBaKyyMHOM OTKauku. B naHHOW paboTe paccMaTpuUBaeTCs COBMECTHAs
paboTa Bcex MPOTOYHBIX YacTel KOMOMHUPOBAHHBIX TYPOOMOJIEKYIISIPHBIX HACOCOB U
NEPCIEKTUBBI UX PA3BUTHUS.

BakyyMHbIe cuCTEMBI, HCIOIB3YIOLIUE TOT WIH TYPOOMOJIEKYJIIPHOTO BBICOKO-
BakyymHoro Hacoca (TMH) npoBoguTCs M0 HECKOIBKUM HAIPaBICHUSM.

OnTtumuzanus npotouHoit yactu TMH no3BossieT yBenmu4uTh OBICTPOTY JIEHCT-
BUSL M OTHOILIGHUE JAaBJICHUH, 00ecreunBaeMoe HaCOCOM, COKPAaTUTh rabapuTHBIE pas-
Mepbl U YMEHBIIUTh METAJUIOEMKOCTh. DT L€ JOCTUTAOTCS CYUIECTBYIOIIMMH Me-
TOAAMU pacyeTa, KOTOPbIE JAa0T BO3MOXKHOCTh C JOCTATOYHOM TOYHOCTBIO PACCUUTATh
ONTUMAJIbHYIO NMPOTOYHYIO YacTh TMH u onpenenurs ero oTkayHyro XapakTEepUCTH-
KY.

He menee BakHbpiM mpu 3kciutyaTaiiun TMH sBisieTcst cpok ero ciy>kObl U
JIpYyrue XapaKTEPUCTHKH, ONPEAEIIAIOINE ero Haa&XHOCTh. /s yBennyeHuss Haaex-
HOCTH Hacoca MPOBOAUTCS JOCTATOYHO OOJBIIOE KOJUYECTBO MCCIECIOBAHUN TIO TPO-
THO3UpOBaHuI0 pabotocnocodHoctn TMH, pa3paboTke HOBBIX ONOpP BpaIIEHUs U MO-
JIEPHU3ALNY CylIEeCTBYOIMX. [[pMeHeHre ra3oBpIX 1 MATHUTHBIX MOAIIUITHUKOB I10-
3BOJISIET IPAKTUYECKH TOJHOCTBIO CHATH OTPAaHUYEHUS pecypca paboTsl Ommop Bpalie-
Husl. COBEpPILIEHCTBOBAHUE ONOP BPALICHUS HA TPAJAULMOHHBIX IIAPUKONOIIIUITHUKAX
Y UCIOJIb30BAaHUE KEPAMUYECKUX MOJALIUITHUKOB MO3BOJUIIO YBEJIUYUTh UX PEaIbHbII
CpOK ciryKO0bI 10 10-12 ThICSY YacoB.

B t0 e Bpems TMH, usrorosieHHble 110 TPaAULMOHHBIM KOHCTPYKTHBHBIM
cxemaMm ¢ (OpBaKyyMHOW OTKAayKOM, OCTABJISIOT BO3MOXHOCTb 3arps3HEHUS] CPebl
OTKauMBaeMoro o0bEéMa ciefamMH YIJIEBOJOPOJAOB MPHU MCIOIb30BAHUU B KayecTBE
(dopBaKyyMHBIX MAacCJO3alOJHEHBIX MEXaHWYECKUX HacocoB. [loiaHOCTBIO mpoGiema
oOecrieueHus: «0e3mMaciIIHON» OTKAUYKH CHUMAETCS JIUIIb B CIydyae, €CJId MOAIINUITHU-
KOBBIE OMOPBI BBIHECEHBI B 00J1aCTh aTMOC(EPHOTO JIaBJICHUS U MOJTHOCTHIO OTEJICHbI
oT nporoyHor yactu TMH. Takoe KOHCTpYKTUBHOE pELIEHNUE TPUMEHEHO IIPU CO3/a-
HUM KoMOnHMpoBaHHOro TMH.

Kom6unupoBanusie TMH ¢ MonekyasipHBIMU CTYNEHSIMU U BUHTOBBIMM JUHA-
MUYECKUMHU YIUIOTHEHUSIMU Ha OJIHOM Bally MO3BOJISIIOT BECTHU OTKAauyKy rasza 0e3 Jo-
MOJTHUTETHHOTO (POPBAKYyMHOTO HACOCa, HO BBICOKAsh TOUHOCTb M3TOTOBJICHUS JIETa-
neit (mopsinka 10 MKM) OrpaHMYMBAET HIMPOKOE MPUMEHEHHUE ITUX HACOCOB.

B nanno#i pabote Taxke paccMmaTpuBaeTcs komOuHupoBaHHb TMH (puc. 1),
HO B KAaueCTBE BTOPOW HHU3KOBAKyyMHOW CTYII€HH, BMECTO MOJIEKYJISIPHOIO Hacoca U
JUHAMUYECKUX YIUIOTHEHHH, pa3paOoTaH HOBBIA O€3MaCISIHBIN MOJEKYJSPHO BSI3KO-
ctHbIl BakyymHbId Hacoc (BMBBH). BMBBH (puc. 1) ciocoben oGecrnieunTts OBICT-
pory neticteust ot 10~ go 10° n/c B quanasone masnenuii or 10° 1o 10~ ITa u Huxe
IpPU CPABHUTEIBHO OOJBUINMX PaJMANbHBIX U OCEBBIX 3a30paxX MEXAy POTOPOM M CTa-
TOPOM Hacoca.
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Puc. 1.

Ha onnom Bany Hacoca pa3menieHsl npotounsie yactu TMH u BMBBH. Co-
BMeCTHasi paboTa 3THX ABYX MPOTOYHBIX YaCTEeW 0OeCreynBaeT OTKAUKy ra3a OT aTMO-
cepubIX ycnoBuil 10 pabouero napiaenus, 10 ' Ia u Huke. BbIX0a IpOTOYHOM YacTu
BMBBH ocymectBisiercs B atmocdepy, T.€. MOAMIMUIHUKOBBIE y3JIbl MOTYT KOHCT-
PYHMPOBATHCS U AKCILTyaTUPOBATHCS B CTAHIAPTHBIX YCIOBHSIX, O€3 JOMOTHUTEIbHBIX
TpeOOBaHUI MPEAbIBIAEMBIX K BAKYyMHOMY 00opyznoBaHuto. Kpome toro, s obec-
nevyeHus: paboThl BBICOKOBAKYYMHOT'O Hacoca He TpeOyeTcsl TOMOJHUTENIBHOTrO opBa-
KYYMHOTI'O Hacoca.

Kak nokazanu uccinenoBaHus Npu AuaMmerpe Hacoca 60 MM paauanbHBIA 3a30p
MEX1y POTOPOM M KOpIyCOM Hacoca MokeT aocturarh 0,15 Mm He yxXyamias ero or-
KauHOH XxapaktepucTuku. OTKauyHasi XxapakTepuctuka komounupoBanHoro TMH mo-
HOCTbIO MJEHTHYHA TpaauloHHbIM TMH B 00nactu MOJEKyJISIpHOTO peXHMa Teue-
HUs ra3a. B aTom nuanaszone paBieHuii pacu€r nporoyHor yactu TMH komOuHupO-
BAHHOI'O Hacoca MOKET ObITh NMPOBEAEH HA OCHOBAHUU JIFOOOT0 M3 U3BECTHBIX METO-
noB [1]. Pacuér nmporounoii yactu BMBBH npoBeaén merogamMu CTaTUCTUYECKOTO
MojienupoBaHus. M pacu€r ux coBMecCTHOH paOOThI MpeAcTaBiIeH pPacyéToM pabOThI
TMH c nocnengaum paboynmM KojiecoM B BHE poTouHoi yacti BMBBH.

Pa3paborannas monens pacuéta BMBBH meTonamu cTaTUCTHUECKOTO MOJIENH-
POBaHHUs 1a€T BO3MOYKHOCTD IOJIYYUTh OTKAYHYH XapaKTEPUCTUKY BO BCEM AMANa30-
HE U3MCHCHUS JABJICHUN BCACBIBAHUA U HAarHETaHUS IIPU MOJIEKYJIIPHOM PEXHUME Te-
YEHUS U3 YPAaBHEHUS

m-P=n-H,-n,-P| (1)
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A€ N - KOHIIEHTPALMs YacTHUI] Ha BXOJI€ B KaHal,

N, - KOHIICHTPAIIUS YaCTHUI] HA BBIXOJIC U3 KaHaJa,

P - BEpOATHOCTH IEepexo/la YaCTULBI Yepe3 KaHaJl CO CTOPOHBI BCACHIBAHUS HA
HarHeTaHue MPU Pa3HOW KOHIEHTPAIMU YacCTHUIl, N;#N, ¢ YYETOM Mepexoaa YacTUll U
CO CTOPOHBI BXOJIa HA BBIXOJI U CO CTOPOHBI BHIX0/1a HA BXOI,

P_, - BEpPOSITHOCTb IEpEX0Ja YaCTHIIbl YEpe3 KaHaJl CO CTOPOHbI BCACHIBAHUS

Ha HarHETaHUue,

P, | - BEpOSITHOCTh NIEPEXO/IA YACTHUIIbI UepE3 KaHAJl CO CTOPOHBI HAarHETaHUs Ha
BCachIBaHUE.

BepositHoctu B, U P, | BBIYUCISIETCS] aHAJIOTUYHO JIPYT APYTY.

[Ipu naBneHUAX BCachbIBaHUS, COOTBETCTBYIOIIMX MEPEXOJHOW MU BSI3KOCTHOU
00Js1acTu TeueHus raza ObpICTPOTa ACUCTBUS KOMOMHUPOBAHHOTO HACOCA CHUYKAETCS U3-
32 OTHOCUTENBHO HU3KOW 3 dekTuBHOCTH pabounx konec TMH B 3Tux obnacTsx te-
YEHUSI.

[Tpu pabore BMBBH B ycioBusix, 61u3kux K aTMOC(HEpPHBIM, PEKUM TEUCHHUS B
€ro MPOTOYHOM YaCTH 3HAYUTENBHO OTIAMYAETCS OT MoJieKyJisipHoro K <<I.

Benmnuuna R, ju1s Bcero nmuama3oHa T€YeHHs ra3a OT aTMOC(EpHOTO JaBJICHUS
10° Ia go 1+10 Ia usmensiercst ot 510 10 10 1 Tedenne rasa MOKET UMETh U Typ-
OyJICHTHBIN U JIAMUHAPHBIN XapakTep.

[Ipu mocTpoeHUHn TEOpPEeTHUECKON Mojenu padouero mpouecca B MPOTOYHOM
yactu BMBBH Oblmu paccMOTpeHBI HECKOJBKO M3BECTHBIX MOJXO0JI0OB K OMUCAHUIO
CXOJIHBIX TE€UEHHUH Tra3a B CIOKHBIX T€OMETPUUECKUX CTPYKTYpaX.

B nannoii paboTe yuTeHbl OCHOBHBIE MPECTABICHUS TEYCHHsSI ra3a, COOTBETCT-
BYIOIIUE MUIUHApUYECKoMy TedeHnio Kystra, u Ha 6a3e oCHOBHOTO ypaBHeHus [ 'ene
JUTSI MOJIEKYJISIPHOTO Hacoca, pabOTaoIIero B BA3KOCTHOM pPEXUME TEUYEHMS ras3a Cco-
CTaBJICHBI ¥ PACUETHBIC 3aBUCUMOCTH JJIs1 IOTOKA OTKauyMBaeMoro rasza Q

Q =k'-Ap-z-_[I/,5-b-Rj/€-dx 2)
F

rmue k - KOA((OUIMEHT, YUYUTHIBAIOITUI BIMSIHIE BXO/Aa B KAHAT U €r0
T€OMETPHIO;

Ap - nepenazj JaBJlIeHMs Ha KaHaJIE;
Z - 4yCII0 KaHAJIoB;
F - nnomazs Bxoza B cTaTOpHKII M POTOPHBIH KaHA;
Vg - COCTAaBJIAIOLIAsl CKOPOCTH ABUKEHUS II0TOKA B HAIPABJICHUU
OCH KaHala;
b- LIMPUHA KaHAJIA;
PR

Re - yucno PeriHonbaca, e ;

n

,0 - INIOTHOCTB ra3a OCpE€AHCHHAA 110 AJIMHC KaHalla,
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b - OCpCAHCHHAA NIMPHUHA KaHaJla,

1

Vg - pe3yJIbTUPYIOIAs CKOPOCTh JBIKCHHUS Ta3a,;

A - ocpenHEHHBIN KO3 GUITUEHT TI0 JUTMHE KaHaJla, 3aBUCSIIUN OT

recoOMETPHHU KaHajia,

X - KOOpJIMHATa CEYEHUs KaHala B paJMalIbHOM HAMPABJICHUHU.
[lepenan naBieHus onpeaeseTcss Ha OCHOBaHUM ypaBHeHus ['eze:

2:-g-R-T |

ap SV [h g R gnpl_M-b-h.IQ
h? $-V, 3-M-b-nV} _2-g-R-T

> M-b-hV, |

rae /1 - o6was Bbicora kanana, 1 =/ » T h, .

Al - nnuna kanana, Ha KOTOPOM OMpeessieTcs nepemnan
JIaBJICHMS,

9. K03 (HUIIMEHT BHEUTHETO TPEHUS ra3a;

b OCpelHEHHas MMPUHA KaHaa;

M - monexynspuas macca rasa;

& - KOIMYECTBO OTKAYMBAEMOTO ra3a;
R. yHHBEpCaJIbHas T'a30Bask MOCTOSHHAS,

T. TeMIIepaTypa rasa.

3)

IIpu M3BECTHOM JABICHUM Ha BXOJE B KaHan [ wid Ha ero Beixoge /| BbI-

YUCISIeTCs] BEIMUMHA COOTBETCTBEHHO Wi P, unu Po (Ap =p,— P, )

DT0 ypaBHEHHE TPeOyeT IKCIEPUMEHTAIBHOM POBEepKHU KoddpuimenTta v

[IpyMeHUTENBHO K KaHalaM MOJIEKYJISIPHOIO BaKyyMHOI'O Hacoca 3TO ypaBHe-
HUE yAOBIETBOPUTEIHHO (C TOYHOCTBIO 10 6%) ONMCHIBaET TEUEHHE Ira3a B JUANa30He
10°...10° Ia.
B o6nactu nasnenuii 1...10° [1a ucronb3yercs ypaBHEHHE, TIOTyUCHHOE U3 aHA-
JIOTUY T€YEHUs B KaHalle ¢ TeueHueM Kyarra

‘
Ap:ICD h

0

riae CD - ko3 pUIMEeHT TpeHUs ra3a ¢ MOBEPXHOCTHIO, CBsI3aH ¢ Kod(hduimeH-

TOM “MOJIEKYJISIPHOTO TPEHUS C M
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CD=CM-(1—G-Kn), (5)

G - 6e3pa3MepHbI KOOPPHUIMEHT, OMPeaeIIeMblil SKCIIEPUMEHTAIBHO;
Kn - aucno Knyncena, Kn=A4/h,

A CpelHss JUIMHA CBOOOIHOTO poOera YacTHUIIbI

Ha puc. 2 npencraBieHa OTKa4HbIE XapaKTEPUCTUKH KOMOMHUPOBAHHBIX TYp-
6omouekymsipabix HacocoB TMH-800 u TMH-600 B nuana3zoHe naBieHUi OT 10° Ia
0 10° a mpu GsicTpoTe aeiicteus Hacoca BMBBH 4.5:107 m'/c.

Pa3zpaboTtannas maTemarudeckas MOJENIb pabOThl KOMOMHUPOBAHHOTO BAKYyM-
HOr'0 Hacoca JaET BO3MOYKHOCTh IIPOBECTH PACUETHI HACOCA U ONPENEIUTh €r0 OCHOB-
HbIE OTKaYHbIE XapaKTEPUCTUKH.

Pa3paboTka HOBBIX THUIIOB O€3MACIISIHBIX OMOP POTOpa KOMOMHHUPOBAHHBIX Ha-
COCOB, 00€CIIeUNBAIOIIUX BBICOKYIO TOYHOCTh BpAIIECHUS M YBEJIUYMBAIOLIUN pecypc
pa®oThl Hacoca, MO3BOJSET MPOATIUTH PadOYYI0 YacTh OTKAYHOW XapaKTEPUCTUKH
koMOuHUpoBaHHOTO TMH ¢ MonekysspHbIMU CTYNIEHSIMH B 001acTh OOJBIINX J1aBlie-
HUI U UCHOJIB30BaTh B KauecTBe Oe3MacisiHbIX (POPBAKyyMHBIX HACOCOB — MEMOpaH-
HbIE BAKYYMHBIE HACOCHI.

Pacuer oTkauHOl XapakTepucTuku KomOuHHpoBaHHOro TMH, pabotatouiero
COBMECTHO ¢ (PpOpBaKyyMHBIM HAcoCOM OOBEMHOro Tuma (TJIaCTUHYATO-POTOPHEIE,
MeMOpaHHbIE U T.I.) MOXKHO MPOBOAMTH aHajoruuHo pacuery TMH, npeamnonaras B
KauecTBe TOCIeAHeH cTyneHu (GopBaKyyMHBIM Hacoc. Teopernueckas OTKayHas Xa-

_______________________

I I
100 10 1

T
paKTepuCcTHKa 00BEMHOM MaIIMHBI UMEET TAKOW ke BHUJI, KaK U OTKAYHAsl XapaKTepH-
ctuka pabouero xoneca TMH.

S=A(rmax—7), ©)
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rae S — OBICTpOTA JECTBUS HAacoca

A — xoucranra, YUHUTHIBAIOIAs MAKCUMAJIbHYIO OBICTPOTY JAE€UCTBHSI Hacoca

71MaX — MakCMMaJIbHOE OTHOILIECHHE IABJICHUIN CO3aBa€MO€ HACOCOM

T — TeKylllee OTHOIICHUE JAABICHUI

B cuny pasHblii peKUMOB TEUEHHS B IPOTOYHOM YaCTH HACOCA PACYET OTKAY-
HOM XapaKTepUCTUKHU CUCTEMBI JJIsi 00JIACTH MOJIEKYJISIPHOTO PEeKKUMa TEYEHHSI IIPOBO-
JTUTCS 110 KaXKJIOMY U3 OTACJIbHBIX T'a30B

S,

l

7, = 7max,— (7 max,—1)

7
S max, ’ 0
rae i=1...k, 4nciio razoB B cMecH,

U CyMMapHas BCJIMYWHA OaBJICHHA Ha BCACBIBAHWH HACOCA OIMPCACIIACTCSA KaK

pP= Zpi
i=1

I p; — NapIHaIbHOE IaBJICHUE 1 —TO rasa,
S; — ObICcTpOTa AEHCTBUS HAcoca 1o 1 —My Tasy.
OO0muii MOTOK OTKAYMBAEMOTO Ta3a:

Q - Z piSi
i=1

[Ipu nepexojie kK HE MOJIEKYJISIPHOMY PEKUMY T€UEHUs ObICTPOTA ACHCTBUS
OINpeeIsaeTcs 0 CyMMapHOMY JaBJICHHUIO.

Ha Bxoze B cTynenu, paboTaromuyx MNpu BI3KOCTHOM U IEPEXOTHOM PEKUMAX
TEUYEHUs ras3a, JaBJICHUE ONPENEISETCS KaK

0

IJI€ T OMPEICTSAIOT U3 COOTHOLICHUS (/IS T) TIpU S ==

Takum 006pazoM, Ipu MOCTOSTHHOM OTKa4MBaeMoM MOoToke Q, cymmapHast ObICT-

o .

poTa neicTBus Hacoca S =-——»,
b

i=

1
a MaKCMMaJIbHOC OTHOIIICHUE JaBJICHUN

1
'Tmaxo , TIIe Tmaxo = I I Tmaxj
j=n

) Zn:—l
1 z-maxi
N - 4uCIIo CTyIEHEH Hacoca, pabOTAONIMX B IEPEXOJHOM U BSI3KOCTHOM PEXKH-
M€ TE€UEHHMs1, BKJII0Yask (POPBAKYYMHBINH HACOC 00BEMHOIO JEHCTBUS

T

max

Tmaxj - MAKCUMAJIbHOC OTHOLIICHHUEC JAaBJICHHUC CTyHeHCﬁ B IICPCXOJHOM MJIN BA3-

KOCTHOM PCKUMC TCUCHUS Ir'a3a.
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T.o. mpu MOCTOSITHHOM JaBJICHUM Ha BBIXOJIe Hacoca (aTMochepHOe TaBJICHHE),

_ P
MOKHO ONpCACINTb JaBJICHUC BCACbIBAHUSA p o T , IIpU OTCYTCTBHUHU IIOTOKaA OT-
max

KaunBaemoro raza. Q=0.

N 1o nByM OCHOBHBIM OTKa4HBIM IMapaMeTpam Smax Hacoca U T, , MOXKHO

paccuUMTaTh OTKAYHYIO XapaKTEPUCTUKY BCEr0 KOMOMHMPOBAHHOTO BaKyyMHOT'O HACO-
ca.

Jlureparypa
1. CnopaBounuk «Bakyymuas texauka» nof pen. E.C.®Oponosa, B.E.MuHnaiiuena.,1994
2. Buxpesbie kommpeccopsl, .M. Bupury6ckuii, @.C. Pekctun, A 5. IIkBap.,1988

HOBBIE PABPABOTKHU BBICOKOBAKYYMHBbIX
ANODPY3NOHHBIX HACOCOB
H.A. Axmeoncanos, @./]. Ilymunosckuii
OAO «Baxyymmawry, Kazanw, yn. Tyneckas, 57. E-mail: kazan@vacma.ru

Juddy3uoHHBIE HACOCHI, UCTOPUS PA3BUTHSI KOTOPBIX MEpeIIarHysa CTOJIeTHUMA
pyOex, U CerofHs SIBJISAIOTCA OJAHUM U3 PAaCHpPOCTPAHEHHBIX CPEJACTB IOJyYEHUS BbI-
COKOI'0 BaKyyma.

JtoMmy, 6e3yCIOBHO, CIIOCOOCTBYIOT UX OCHOBHBIE IOCTOMHCTBA:

- IPOCTOTA U HAJIEKHOCTh KOHCTPYKLUH;

- BOBMOXXHOCTh 00€cTie4eHus1 O0IBIINX OBICTPOT NEHCTBUS;

- BO3MOKHOCTh OTKAUKH Pa3JIMYHbIX Ia30B;

- IPOCTOTA IKCILTyaTalUu.

Bbonbuie nonyseka nuddy3nonnsie Hacocsl B Poccun BeIlycKaeT npeanpusiTue,
Hocsiee ceronug umst OAO "Bakyymman".

[TepBble MOJIETM MPOMBIIIJIEHHBIX 00pa3oB HACOCOB, pa3zpadboranHsie B HMUN
uM. C.A. BEKIMHCKOro, COCTaBIsIM TUIIOPa3MEPHBIN P U3 IATH HACOCOB, BOLIE/-
MK B UCTOPHIO BAKYYMHOU TEXHUKHU NOJ Ha3BaHUEM UG (Hy3UOHHBIE HACOCHI €TUHOU
cepuu.

Hacochr o6ecnieunBanu 6sicTpoThl nerictBust o 100 go 8000 mUTpoB B CEKyHIY
B juamasone naiaennii or 1-10” mm pr.ct. 1o 1-10™ MM pr.cT. U mpexensHOE OCTa-
TouHoe nasienne (2+4) -10° mm pr.ct. Hanbombinee BHITYCKHO® JABICHHAE HE HIKE
100 MM pT.cCT.

Hacocsl mpenHa3Havanuce, B OCHOBHOM ISl HY K/l JIEKTPOHHOW TEXHUKHU.

KoncrpykruBHas cxema Hacoca moaenu H-5T, Bxoasmero B 3TOT psif, IpUBE-
JICHA Ha PUCYHKE 1.

KoHcTpykTHBHBIE pelieHus], MOJI0KEHHbIE B OCHOBY pa3pabOTKU HAcCOCOB, aK-
KyMyJupoBasin pe3ynbratbl uccnenopanuii B HUM um. C.A.Bekmuuckoro dusmnde-
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CKHX IIPOLIECCOB, MPOUCXOIAIIMX B Hacoce. Hacockl cOOTBETCTBOBAIM MUPOBOMY TEX-
HUYECKOMY YPOBHIO.

: 7
5 G
5 2
L gl !
EE:i :
ﬁ.! | v——%
. S”HL‘E'FZ TRy
SR
5 )

Puc. 1. TpexcryneHn4aTslii napoMacisHbIi BBICOKOBaKYyMHbIN Hacoc H-5T.
1- xoprtyc; 2 - maponpoBo; 3 - MKEKTOPHAS CTYNEHb; 4 - JIOBYILKA JJIs
napoB Macja; 5- AJIeKTpoHarpeBaresb; 6 - TaOUPUHTHBIE KOJIbIIA.

HenpeppiBHOE COBEPIIEHCTBOBAHUE HU3BECTHBIX M MOSIBICHUE HOBBIX BaKyyM-
HBIX TEXHOJIOTHYECKHX MPOIIECCOB TPEOOBAIO MOBBIIICHHSI OCHOBHBIX BaAKYYMHBIX Xa-
PaKTEpUCTHK HACOCOB M, B MEPBYIO OUEPE/b, PACIIUPEHUS TUara30oHa BXOJHBIX JaB-
nenuii. Hambomnpiiee BX0IHOE TaBJICHUE HACOCOB €AMHOM CEPUHU PaBHSIOCH 1-10* MM
pr.ct. (1,33:107 ITa).

DT0, BO-TIEPBHIX, CYKUBAJIO 001acTh MPUMEHEHHS] HACOCOB M, BO-BTOPBIX, yC-
JIOKHSJIO CUCTEMY BaKyyMMHPOBaHUs, T.K. JJisl pacUIMpeHHUs ee Auana3zoHa paboumx
JaBJICHUI TpeOOBAIOCH MPUMEHSATh BCTIOMOTaTebHbIe (OyCcTepHbIE) HACOCHI.

UccnenoBanus B3auMOJICUCTBUSL CTPYH paboyvero mapa ¢ KOPITyCOM Hacoca,
nporiecca (paKkIMOHUPOBAHUS, PAOOTHI 2KEKTOPHOU CTYIIEHU MMO3BOJIMIIN pa3padoTaTh
psaa HacocoB HBJ/IM, ¢ CylIeCTBEHHO YJIYUIICHHBIMU XapAKTEPUCTUKAMHU, KOTOPbIE
npuBeIeHbI B Tabmuie 1.

3a cyeT MOBBIIMIEHUS HAUOOJBIIETO BXOMIHOI'O JABJICHHUS IO 510* +1-10° mm
pT.CT. ¥ ObIcTpOT neicTBus 10 16 000 J1/c MOHU3UIIOCH MpeIeTbHOE OCTAaTOUYHOE JaB-
nenue 10 5-107 MM PT.CT., pe3K0 pacIIpHiIach 06IacTh IPUMEHEHHs HacocoB. CTano
BO3MOKHBIM MPUMEHSTh UX B CUCTEMAaX BAaKyyMHOM CYIIKU U ITUIaBKH, BAKYYMHBIX I1€-
Yax, MPOMUTHIBAIOIINX YCTAHOBKAX.

JIJisT MHOTHX TEXHOJIOTUYECKUX MPOLIECCOB CTal0 BO3MOXKHBIM INPUMEHSTHh Ha-
cochl 0€3 MPOMEKYTOUYHOTO OYCTEpHOr0 HAcOoCa, YTO YHPOIIAeT CHCTEMY BaKyyMMH-
pOBaHUS.

Psan coBpeMEeHHBIX TEXHOJOTMYECKUX MPOIECCOB TPeOYET MOBBIINICHUS Hau-
GOJIBIIEro BXOAHOTO IABICHHS HACOCOB 10 1107 MM PT.CT. IIPH COXPAaHEHHH Mpe-
JIETIbHOTO OCTATOYHOTO JABJICHUS, PABHOTO 5107 mMm pT.CT.
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OdepenHbIM MIATOM HA IMYyTH COBEPHICHCTBOBaHUS AU((HY3UOHHBIX HACOCOB
ObLT pa3paboTaH TUNOpa3MepHbIN psan HacocoB HJI, uMeronuii nemyoo ramMmmy mpuH-
IIUTNHATFHO HOBBIX KOHCTPYKTHUBHBIX PEIICHUH B CHCTEME MapooOpa3oBaHMs, KOH/ICH-
calMy Mapa Ha CTEHKax KOpIyca U CXeMe IMapoIrpoBo/a.

Taoauna 1. Texunyeckue xapakrepuctuku HacocoB HBJIM

HaunmenoBanwue 3HadeHue sl Hacoca, THITA
rapaMmerpa HBM- HBIM- | HBIAM- | HB/M- HBJIM-
100 160 250 400 630
BrictpoTa neiicTBus B quarna3oHe pa-
0ouUMX JaBICHUMH, JI/C:
oT 6,6- 10 no 1,3-10'T1a
(o1 5-10° 10 1-10” mm pr.cT.) 340 700 2350 - -
ot 6,6-10* 10 6,6-10°TTa
(ot 5-10%10 5-10 MM pT.CT.), 5900 16250
[IpenenbHOE OCTAaTOUYHOE [aBIICHUE 6,6:10° 6,6:10° 6,6:107 6,6:10° 6,6:10°
npu pabote Ha Macite BM-1C, ITa (mm | (5:107) | (5:107) | (5:107) | (5:107) | (5:107)
pT.CT.)
HauGonbiiee BBITYCKHOE JIaBJICHUE, 35 (0,263) 333 333 333 333
[a (MM pr.CcT.) ’ (0,25) (0,25) (0,25) (0,25)
OOpaTHBI  TIOTOK gapOB paboueit 8x10™ 2x 10" 3% 10" 8x10™ 8x10™
JKUIAKOCTH, MI/MUH'CM
[MoTpebasiemast MOIIHOCTH, KBT 0,5 0,8 2 4 9
XapaKTepUCTUKH HACOCOB ATOTO psAJia MPUBEACHBI B Ta0muUIe 2.
Taoauna 2. Texuuyeckue xapakrepucTuku HacocoB H/I.
HanmenoBanwue 3HaveHue Il Hacoca, THIIa
rnapaMmerpa H/-250 H1-400 H/JO-500 | HA-630 | HO-800 | HA-1000
Brictpota aevicTBus, J1/c, pu
JTABJICHUH:
5.107 Ia (3,75-10 mm pr.cT.) 2700 7200 10800 18000 27000 45000
110" ITa (7,5-10™ mm pr.cT.) 1500 4000 6000 10000 15000 23000
1 a (7,5-10° MM pr.cT.) 225 600 900 1500 2250 3500
Hpez[em,Hoe6 OCTaTOYHOE ﬂa}gﬁ— 310 3-10° 310 310 3.10° 310
HUEC IIPpU paObOTEC HaA MaACJC - 107 107 107 107 107 107
1C. Ta (MM pr.ct.) (2,25-107) | (2,25-107) | (2,25-107)] (2,25-107)] (2,25:107)((2,25-107)
HawnGonpiiee BBITyCKHOE OaBiie-
uite, TTa (MM pT.cT.) 60 (0,45) | 60 (0,45) | 60 (0,45) | 60 (0,45) | 60(0,45) | 60 (0,45)
OOpatHbBIl TOTOK MapoB pabdo- 3107 310 3107 3107 3107 810
4eil KHUAKOCTH, MI/MHH"CM’
[ToTpebnsiemast MOIIHOCTH, KBT 2.4 4.8 7,2 12 18 24

MakcumarnbHas ObICTPOTA JEHCTBUS HACOCOB B psiy - 45 000 m/c.
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[ToBbllieHre HAUOONBIIETO BBI-
nmyckHoro pgaeieHuss g0 0,45 mm
PT.CT. MIO3BOJIIET YMEHbIIATh pa3Mme-
pel  (opBakyyMHOro Hacoca, IO
CPaBHEHMIO C  HacocaMu  psja
HBJ/IM.

Hacocel cnocobHbl paboTath
MPU BXOJHOM JIaBJIEHUH 7,5-10'3 MM
pT.cT. beIcTpoTa nelcTBUS HACOCOB
COXpaHsETCs] MOCTOSHHOM 110 JaBiie-
Hist 3,75-107 MM pT.CT.

OTO0 YyClOBHE OrpPaHUYMBAET
UX HCIOJB30BAaHUE B Psii€ TEXHOJIO-
TMYECKUX ITPOLIECCOB.

14000 -
13000 -

12000 -

11000 5

! >
10000 - =
9000 -
8000 -

7000 -

6000 -

BbicTpoTa geicteua S, nic

5000 -

4000

3000 -

\\

2000 =0—H[A-6303 (14.11.06)

1000 ——-Ha-500

\\

0 i

1,00E-05 1,00E-04

1,00E-03

BxogHoe aaeneHue Pg,, MM pT. CT.

Puc. 3. beictpots! aeiictBusg nHacocoB HJ[-500 u H/[-6309
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1,0E+02

oEvor | I O/O_——(X)-O—O_O
)&f

1,0E+00

nOTOK Q, J1 MM pT. CT.

1,0E-01 I/

=0—HO-6303 (14.11.06)
——H[O-500

1,0E-02 T )
1,00E-05 1,00E-04 1,00E-03 1,00E-02
BxopHoe paBneHue Pg,, MM pT. CT.

Puc. 4. OtkaunBaemsrii moTok HacocoB HI-500 u HJI-6302

C menpio pacumpeHus: o6JacTeid BO3MOXKHOTO MpHUMEHEHUs u((y3nOHHBIX
HacocoB cnenuanuctel OAQO "Bakyymmam" npuctynwiy K pa3paboTKe HOBOI'O THIIO-
pasmepHoro psija aud@y3MOHHBIX HACOCOB C PACHIMPEHHBIM JHMANa30HOM BXOJHBIX
naBieHui. ba3oBblil (MUIOTHBINM) MPEACTaBUTEND ITOIO Psijia HACOCOB IMPOLIEIT 3Tallb
JIOBOJIKM M U3roToBJIeHHs onbITHOM naptuu. OAO "Bakyymman" MOXeT NpUHUMATh
3aKa3bl Ha HACOC OT MOTPEOUTENS.

®oTO Hacoca MPUBEJICHO HA PUCYHKE 2.

Hogsriit Hacoc o0namaer psjaoM IPeruMyIIeCTB, 8 UMEHHO:

1. Hacoc coxpaHseT MOCTOSIHHOE 3HAY€HHE ObICTPOTHI ACHCTBUS B JMAINa30HE
BXOIHBIX JAaBJIEHUU OT 5-10° bi e} 1-10° MM pT.CT.

2. Hacoc B quamna3one BXOJHBIX JTaBJICHUN OT 1107 MM PT.CT. 10 1107 Mm
pT.CT. oOecrieynBaeT OTKauKy NOTOKOB ra3a ot 10 i1 - MM pT.cT./c 10 15 71 - MM pT.CT./C
COOTBETCTBEHHO.

3. Hacoc mpu m060M BXoxHOM gaBineruu oT 5-10° g0 1107 MM pT.CT. MOKeT
JUIUTENIbHOE BpeMs paboTaTh, COXpaHsisi CBOM XapaKTEPUCTHKH.

OCHOBHBIE XapaKTEPUCTUKN HACOCAa — 3aBUCUMOCTU OBICTPOTHI AEHCTBUS U TO-
TOKa OTKAYMBAEMOT0 ra3a OT BXOJHOTO JAaBJICHUS MPUBEIEHBI rpadukaMyu Ha PUCYH-
kax 3 u 4. Tak e nus cpaBHEHMsI JaHbl OCHOBHBbIE XapakrepucTuku Hacoca HJI-500.

I'paduku mokassiBaoT siBHOE IpenmytiecTBo Hacoca H/[-630D B 30HEe BXOIHBIX JaB-
JneHuii ot 4-107 1o 7,5 107 MM pT. CT.
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VYkazannsie npeumyniectsa nodyamm OAO "Bakyymmain" npucTynuTh K pas-
paboTKe CHUCTEMBbl BaKyyMMHUPOBAHHUS, KOTOpas CIOCOOHAa 00ecreurBaTh COKpAICH-
HOE€ BpeMs INPEIBAPUTENIbHON OTKAaYKU BaKyyMHOM Kamepsl. Takas cucrema oOecre-
YHBAET HEMPEPHIBHOE MPOTEKAHUE XAPAKTEPUCTHKH OT aTMOC(HEPHOTO NABICHUS 0
5-10° mm pr.cT.

B cocraB cucrembl BXOAAT: He0OX0AMMas BaKyyMHasl apMaTypa, JOBYILKH, Ba-
KyYMHBIE JaT4YUKH, (OPBAKYYMHBIH TpyOOIIPOBOA, BXOJHON NAaTpyOOK.

B 3aBucumoctu oT TpeOOBaHUI 3aKa3uMKa OHAa KOMIUIEKTyeTcsa 3arBopoMm Jly
400 nmu ly 630 1 COOTBETCTBYIOIIMMH BOASIHBIMU JIOBYIIKAMM.

Homenknatypa BakyymHoro ob6opymoBaHus, Bbimyckaemoro OAO "Bakyywm-
Man1'", MO3BOJISIET OCYLIECTBIATh KOMIUIEKTHYIO ITOCTaBKY BaKyyMHOH CHUCTEMBI WIIH,
JIpYTUMH ClIOBaMHu, "moj Kirou'".

OCHOBHBIE TEHAEHIIUU PA3BBUTUA
COBPEMEHHOHW BAKYYMMETPUH
B.B. Ky3omun
Canxm-Ilemepbypeckuii 20Cy0apCcmeenHblil NOIUMEeXHUYeCKUll YHugepcumem
Canxkm-Ilemep6ype, ya. [lonumexnuueckas, 29. E-mail: ksenkuz@mail.ru

Pa3BuTne nNpoMBINUIEHHOCTH W HAYyYHBIX MCCIIEIOBAHUMN MPUBEIIO B MTOCIEIHUE
TOJbl K CYIIECTBEHHOMY BO3PACTAaHHUIO POJIM BaKyyMHBIX M3MEPEHUH U TpaHCopMma-
MM COOTBETCTBYIOIMX KOHTPOJIbHO-U3MEPUTENBHBIX CPEICTB — BaKyymMmeTpoB. Kak
U3BECTHO, 3TU MPUOOpPHI MO MPUHLHUITY ACUCTBUS JENATCSA, B OCHOBHOM, Ha CIEIYIO-
LIU€E BUBIL:

- neopMaliOHHbIE,

- TETUIOBBIE (TETUIORJIEKTPUUECKHUE),

- HIOHU3ALIMOHHBIE,

- MAarHUTOPa3psAIHBIE.

Bxnan BakyyMMETpOB JaHHBIX BHUJOB B OOIIMI Mapk McHoyib3yeMbix B Poc-
cuiickoit @enepanuu (u oruactu B crpanax CHI') cpenctB m3mepenuii Bakyyma Bbi-
TJISIUT IPUMEPHO CIIETYIOIUM 00pa3oM:

nedopMallMOHHbIE BAKYYMMETpPBI — 5 %,

TEIIOBBIE BaKyyMMETpHI — 35 %,

VMOHU3ALMOHHBIE BaKyyMMeETpbI — 25 %,

MarHuTopaspsansie BakyymmeTpsl — 30 %.

Hons npubopoB 3apy0eXKHOI0 MPOM3BOJACTBA — NPUOIU3UTENBHO 5 % U mpo-
nomkaer pactu. Kpome Toro, HaGm0al0TCs MOCTENIEHHOE YMEHbBILIEHUE J0JIM UOHU-
3alIMOHHBIX BaKyyMMETPOB U OMPEICIIEHHOE YBEIHMUEHUE A0IH Ae(OpMalMOHHbBIX Ba-
KYyMMETpOB.

OCHOBHBIMH HaIIpaBJICHUSIMH Pa3BUTHUS BaKyyMMETPUUYECKOHN ammnaparypsbl sB-
JSIOTCA:

- MUHHMATIOpU3AIUs BCEX COCTaBHBIX YacTe BAKYYMMETPOB,
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- pacIIMpeHrue HOMEHKIATYPbl U KOHCTPYKTUBHOE YCOBEPIIEHCTBOBAHUE KOM-
OMHMPOBAHHBIX

BaKyyMMETPOB U KOMOMHUPOBAaHHBIX peoOpa3oBaTenel JaBlieHus,

- pa3paboTKa ¥ BHEIPEHHE HOBBIX ()OPM BaKyyMMETPHUYECKUX MPUOOPOB — T.H.
BTOPUYHBIX 3JIEKTPOHHBIX YCTPOICTB, CONPATraeMbIX C MEPBUYHBIMU MpeoOpa3oBaTe-
JSIMU ¥ 00€CIIeYMBAIOIINX BBIPAOOTKY M3MEPUTENILHOIO CUTHAJIA TOJIBKO B HU(PPOBOM
Bujie 6€3 HEMOCPEICTBEHHOTO OTOOPaKEH!s Ha BBIXOIHOM ITOKa3bIBAIOIIEM Iproope.

PaccMoTpuM mepBoe M3 NEPEUMCIEHHBIX HANpPABJICHUW — MHHHMATIOPU3ALIMIO
NEPBUYHBIX MpeoOpazoBareneil AaBieHUs (IATUYMKOB) M U3MEPUTENbHBIX OJIOKOB,
OCYIIECTBIISIOIIMX JIEKTPONUTAHUE MTpeoOpazoBaTesiell U BbIBOJ UX CUTHAJIOB Ha BbI-
XoqHOU mpubop. PaboTsl B 3TOM HampaBieHHUU HIYT, COOCTBEHHO, YK€ JIOCTaTOYHO
naBHo. Hampumep, eiie B 4yBCTBUTEJIBHOM 3JIEMEHTE HM3BECTHOTO MOHU3AIIMOHHOTO
npeoOpazoBatenss [IMU-10-2 cuctema »37eKTpOJOB HMMeNla OYEHb HE3HAYUTEIhHBIC
pa3Mepsl, BCEr0 HECKOJIbKO MUJUIUMETPOB.

Cy11ecTBEHHBIM JIOCTH)KEHHEM 3/I€Ch CTal0 BBEJAEHHUE IUIAHAPHBIX YyBCTBHU-
TEIBHBIX JIEMEHTOB, yainie Bcero mieHoyHoro Buga. CKTB TBepmoTenbHOM 351€KTpO-
HukH (1. Kummnaes) pazpaboTtaio raMMy TepMOMNapHBIX ITpeoOpazoBaTeiei, B KOTOPHIX
Oarapes TepMoIap U HarpeBareiab COPMUPOBAHBI ITyTEM BaKYyMHOI'O HAIbUICHUS Ha
TOHKOW JTMAJIEKTPUYECKOW NMOBEPXHOCTH. TOJIIMHA HANBUIEHHBIX CIIOEB COCTABIISET
npuMepHo 0,8 MkMm. barapes TepMomap cocTaBieHa BETBSIMU M3 CIlIaBa BHCMyTa U
CYpBbMBI, PACIOJIOKEHHBIMHU PaJaJIbHO MEXAY OKPYKHOCTAMHU nuamerpoM 9 u 14,5
MM. Pabounii nuanazon coorBercTByrommx gatunkoB tunoB [1AT-13 u I1AT-14 co-
crasmster orl0” 1010° IMa . CymecTByIOT ¥ Apyrie KOHCTPYKTHBHBIC BHIbI MHUHHA-
TIOPHBIX TEPMONAPHBIX YyBCTBUTEIbHBIX 3JIEMEHTOB.

B 4YacTM MOHM3ALMOHHBIX BAKYYMMETPOB CTPEMJIEHME K MUHUATIOpU3aLUU
YYBCTBUTEJIbHBIX 3JIEMEHTOB PEATU3YETCsl HE TOJIBKO MOCPEICTBOM BBEAEHUS MIIOCKHX
AJIEKTPOJIOB, Kak, Hampumep, B mpeodpasosarene [IMU-10-2, HO u ¢ TOMOIIIBIO TIIa-
HapHBIX HCTOYHHMKOB 3JIEKTPOHOB, HAIPUMEDP, B BUIE p-n NEPEXOAA WIM XOJOIHOTO
KaToAa JIPYroil CTpyKTyphl. DTO CBA3aHO C TEM, YTO CaMO HaJU4M€ HAKAJIEHHOIO Ka-
To/a TpeOyeT ONpeeIeHHOro NpocTpaHcTBa. MccnenoBanust B mociaeiHEM HalpaBlie-
HUM TIOKa HE NPUBEIM K CO3JaHHMIO IPOMBIIUIEHHOTO BaKyyMMETpa C JIMHEHHOU Xa-
PaKTEpUCTUKOM, HO BCE € JAIOT BO3MOKHOCTh MU3MEPEHHUs AABJICHUNA B 00JIACTU OT
10* 0 1 IMa.

Kacasice MarHuropaspsiiHbIX BaKyyMMETPOB, OTMETHUM, YTO CaMO HaJlu4ue
MarHuTa Bcerja ObUI0 HEKOTOPBIM MPEMsTCTBUEM i MUHUATIOPU3ALUU Ipeodpazo-
Bareneil. OHAKO, U 3[1€Ch UMEIOTCSI MHTEPECHBIE MPEAI0KEHNS, B YACTHOCTH, C HC-
M0JIb30BAHUEM HEOJHOPOJHOrO IOJsI, CO3JaBa€MOr0 MAarHUTOM B BUJE TAOJETKU W3
CIulaBa kKoOanbTa U camapus, SBJISIOLICICS OHOBPEMEHHO U KaronoM. Talnerka pas-
MeIlleHa Ha W30JIMPOBAHHOM MITaHTe BHYTPH CeTYaTOro cepuyeckoro anona. Pazme-
pBI Takoro npeodpazoBatTeisi MOTYT ObITh CBEJEHBI K MUHUMYMY, XOTSl U3MEPUTH C €ro
MOMOIIBIO aBieHns Hioke 107 Ia He yaaercst.

Haxkonen, ciegyer ynoMsHyTb O Je(hOpMaIMOHHBIX NPEoOpa30BaTENIX MHU-
auatiopHoit koucTpykiun. CKTB T paspabotano npeodpazoBatens tumna [11J1-1, B
KOTOPOM HCIIOJIb3YETCsl TEH30PE3UCTUBHBIN 3P deKT Ha 0a3e KpeMHHEBOW MEMOpPAHBI.
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Jlepopmanus nmocneanen o BO3ACUCTBUEM U3MEPSIEMOTO JIaBJICHUS IIPeo0paszyeTcs ¢
MOMOILbI0 MOCTOBOM CX€MbI, C(hOPMUPOBAHHOMN HEMOCPEICTBEHHO HAa caMoi MeMOpa-
He, B anekTpudeckuit curnan. [Ipudop B/b-1 ¢ npeobpazosarenem I1/1J1-1 umeer pa-
6ouyio 061acts ot 10° 10 10° ITa. HekoTopbie MOCTH MUHHATIOPHBIX Ae()OPMAIIHOH-
HBIX ITpeoOpazoBaTesiell UMEIOTCS U 3a pyOeKoM.

[TpenMy1iecTBa MUHUATIOPHBIX IpeoOpa3oBareneil Haubosee BaXkKHbI Ul a3-
POKOCMHUYECKHMX NpuiIokeHui. [Ipu 3ToM TaM BO MHOTMX ciyyasx HET creruduue-
CKUX MpoO0JeM, CBSI3aHHBIX C HEOOXOJWMOCTBIO MPUCOCTUHATH JAATYMKH K CTaHAAPT-
HBIM pa3be€MaM BaKyyMHO-TE€XHOJOTrM4YecKux cucrteM. OmHaKo, A MPOMBIIIEHHBIX
YCTaHOBOK TaKue MpoOJeMBbl CYIIECTBYIOT. Pa3inuuHble BUJIbl pa3beMHBIX COCTUHEHUN
MMEIOT KaK IPABUJIO B COOTBETCTBUU C JEHCTBYIOLUIMMU CTaHJApPTaMHU OTPaHUYECHHBIN
pPAI AMaMETPOB YCIOBHOTO IIPoxoaa. MUHMMaNbHOE 3HAYEHUE B 3TOM psaxy — 10 mm.
Ha npakTtuke ucnons3yrorcs v apyrue pasmepsl — 16, 25, 40, 50 mM. B ¢Bsizu ¢ 3Tim
MUHHATIOpU3alus MpeodpazoBaTesiell MeeT Npe/elibl, 00yCIOBICHHbBIE HEIeNec000-
Pa3HOCTBIO YMEHBIATh Pa3MEpPbl UyBCTBUTEIBHOTO 3JIEMEHTA J0 BEIUYMH, KOTOPBIE
(akTUYECKH HE UMEIOT CMbICIA MPU HMCMOIb30BAHUU TOTO WM MHOIO JAMAMETpa yc-
JIOBHOT'O MPOX0Jia U3 yKa3aHHOro psaa. Tak, Hanpumep, pa3pabOTYMKH MUHUATIOPHBIX
YyBCTBUTENBHBIX 3JeMEHTOB B mpeobOpazoBatensx IIT-13 u II[AT-14 BeiHyXIeHBI
MOMEIIATh UX B KOPIyca, COOTBETCTBYIOIIME OOBIYHBIM JaTuMKaM. B mpuHiune, stu
OTPaHUYEHUS UMEIOT KOHCTPYKTUBHYIO IPUPOY, @ HE (PU3HUECKYIO, U TO3TOMY MOTYT
OBITh MPEOJIOJICHBI B AAJIbHEHILIEM.

Yro kacaercs MUHHATIOPU3ALUN M3MEPUTEIBHBIX OJIOKOB BaKyyMMETPOB, TO
YCHJIMS B 3TOM HaIlpaBJICHUM TOKE MPEeIIpPUHUMAINCh 1aBHO. Tak, eme 6onee 30 et
Ha3aJ CTaj BBIYCKAThCS W 3aTEM LIMPOKO HUCHOJIb30BaIcs BakyymmeTp 13BT3-003
(pa3paboTuuk 1 U3roTOBHUTENH — 3aBOX «Tokamaky, T. [lerymku Bragumupckoit 001.,
BBIITyCKAJICS TakXkKe U 3aBoJoM «Masik», T. Kypck) Ha 6aze TepMOpPE3UCTOPHOTO Tpe-
obpazoBatenst [IMT-6-3. ['abaputHble pa3Mmepbl ero u3MepurenabHoro 0joka -100 x
158 x 206 mm. CxonHble pa3Mepbl UMEN U MarHUTOpa3psiAHbIA Bakyymmerp BMIIb-12
— 100 x 158 x 230 mM. HeckolibkO MEHBIIMMU 3HAUYCHHUSIMU XapaKTEPU3YIOTCS HEKO-
TOPBIE TUIIBI BAKYyMHBIX pEJI€.

Cy1liecTBeHHBIN NPOTrpecc B JaHHOM HAIPABICHUU JOCTUTHYT B IOCJIEIHEE
BpeMs — B TeryioBoM BakyymmeTpe «Tepmonat-12BTC2» (pazpaboTan u mpou3BOIUT-
csl MPUOOPOCTPOUTENBHBIM NpeAnpuaTueM «CUCTEMBbI KOHTPOJIs», T. [lepmb) nsmepu-
TeJIbHBIN OJIOK uMeeT rabapuTHbie pazMepsl 96x96x110 mm. Takum obGpaszom, 00beM
npubopa ~10° cm’ Gotee, yeMm B 3 pasa, MeHbIIe 00beMa 6I0Ka Bakyymmerpa 13BT3-
003.CooTBeTCTBEHHO MHUHUMAaNbHA U Macca npubdopa ~0,8 kr. Bakyymmerp «Tepmo-
nat—12BTC2» umeer mpenMyliecTBa B OTHOLIEHUH MaccO-rabapUTHBIX XapaKTepu-
CTUK U Iepel pAaoM 3apyOexHbIX NpUOOPOB. YKa3aHHbIE MapaMeTphbl JTOCTUTHYTHI
Onmaromapsi MPUMEHEHHUIO COBPEMEHHBIX TEXHOJOTMH M ONTUMHU3AIUU KOHCTPYKTHB-
HBIX PEIICHUN.

Jlpyrum HampaBj€HHEM COBEPILICHCTBOBAHMS COBPEMEHHBIX BaKyyMMETpUYE-
CKUX MPUOOPOB MOXKHO CUMTATh Pa3BUTHE TEXHUKU KOMOMHMpoBaHUA. [lepBoHaUaNb-
HO TIOCTIe/THEE MOIPa3yMeBalio COYETAHNE OJHOTO M3MEPUTEIILHOTO OJI0OKA ¢ HECKOIb-
KHUMH ITpeoOpa3oBaTesIMM OJHOTO WK pa3HbIX TUIOB. B mepBom ciyuae, T.e. ecinu
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BCE MpeoOpazoBaTesid — OJHOTO THIA, TO TAKOW BaKyyMMETP YacTO Ha3bIBAIOT MHOTO-
KaHaJbHBIM. B oTedyecTBEHHOW MpakTUKE HamboJiee pacrnpoCTpaHEHbl MHOTOKAHAJb-
HbIC BaKyyMMETpPHBI Ha 0aze yke ynmoMmuHaBIerocs npeobdpasoparens [IMT-6-3 u mar-
HUTOpa3psagHoro mpeodpazosarens [IMM-32-1. Hampumep, Bakyymmerp YKB-3/0-
002 (pa3paboTuuK M U3rOTOBUTEND — 3aBOJ «Tokamak») uMen 10 8 KaHaJIOB U3MeEpe-
Hui Ha 6a3e [IMT-6-3 ¢ ogHUM BBIXOJHBIM TIPHUOOPOM, BCTPOCHHBIM B 3JIEKTPOHHBII
610k BIIJIB-8-001 (quamason m3mepenuit 1-4.10° ITa). Ha CMOpProHCKoM 3aBoje oOfl-
tuueckoro crankoctpoenus - C30C (r. Cmopronb. Pecn. benapych) BbiycKanuch
TaK)kK€ MHOTOKaHaJbHble BakyyMMmeTpsl BT1-4 (na 6a3e IIMT-6-3, 4 kanana) u BMb1-
2 (na 6aze [IMM-32-1, 2 kanama). Onpoc npeoOpa3oBaresield MPOU3BOIUTCS MOCPEI-
CTBOM MEPEKIIIOUEHUSI COOTBETCTBYIOIIMX KHOTMOK.

['opaszno Goiiee MIMPOKO UCTONB3YIOT KOMOMHUPOBAHHBIE BAKYYMMETPHI C CO-
YeTaHHeM IpeoOpa3oBaTesield pa3HbIX TUMOB. MicTopuiecku nepBbIMU TaKUMHU MPUOO-
pamu OBLITM COYETaHUsl OTHOTO U3MEPUTENILHOTO OJ10Ka ¢ TepMonapHbiM (tuna [IMT-2
win [IMT-4M) u nonusarmonssim (tuna [IMU-2) nmpeoGpa3oBaTensiMu — BAKyyMMET-
pot BUT-1 n BUT-2A (mmanason u3mepenus i uaaukamis 10° — 10% Ta). B aux 65i-
JIO0 J1Ba OTAEJIbHBIX BBIXOJHBIX MpUOOpa Ui Kaxaoro npeoOpazoBatens. B ganbHei-
IeM U OCOOEHHO IMOCie BHEAPEHUS MU(PPOBBIX JUCILIEEB CTAIO JOCTATOYHO OJHOTO
BbIXOAHOro mpubopa. IlosgBHIOCE MHOTO pa3Iu4HbIX KOMOMHAIM, U B HACTOAILIEE
BpeMsi OOJIBIIMHCTBO 3KCIUIYyaTUPYEMBIX B OTE€YECTBEHHOM MPOMBIIUICHHOCTH BaKy-
YMMETPOB OTHOCHUTCSI K YHCITY KOMOMHHPOBAHHBIX MHOTOKaHAJIBHBIX YCTpPOHCTB. To
K€ MOYKHO CKa3aTh U 0 MHOTHX 3apyOexHbIX mpubopax. M3 Hanbonee n3BECTHBIX MO-
Jiefiel JTaHHOoro BUa clieayeT BeiaenuTh npudopsl YKB-3/7-001 u YKB-3/7-003 (u3-
TOTOBUTENH — 3aBOJ « TokamMak»), a Takke pa3paboTKH, BbIMOJHEHHBIC B cTpaHax CHI®
— BTM-2 (C30C) u BMT-001 (3AO «Conmuy», r. Cymsl, Pecni. Ykpauna). Bece stu
puOOpHI UMEIOT OT 2 10 § KaHAJIOB M3MEPEHUI Ha Oa3e nmpeoOpazoBareneit [IMT-6-3
u [IMM-32-1. [IpeanpuHUMAIUCh MOMBITKH peaii30BaTh U 0o0Jiee MUPOKYIO KOMOU-
HAIIMIO TATYMKOB, YTO UMEJIO LEJIbIO HE TOJIBKO pacIiMpeHue Auana3oHa u3MepeHuil (B
nenom ot 107 1o 4.10° T1a), HO ¥ YHMBEpCANM3AIHMIO IPAKTHYECKHX TPUIOKEHHIT. B
yacTHocTH, 3AO «Bpicokuil Bakyym» (r. Munck, Pecn. benapycs) pazpadoTaio Baky-
ymmeTpsl TUoB BK-3 u BK-6, kotopsie Hapsiay ¢ [IMT-6-3 u [IMM-32-1 koMmmuiek-
TYIOTCSl HOHU3AMOHHBIMU TipeoOpazoBarensmu [IMU-55 u TIMU-10-2 ( BK-3 ) u
[IMU-51 ( BK-6 ). IIpaBna, 3TH NONBITKK HEJb351 IPU3HATH YCIEUTHBIMHU.

Psin xomOuHMpoBaHHBIX BakyymmeTpoB mnpemioxuno CKTb TO. Mopenn,
pa3zpaboTaHHbIe TaM B MpeablayIiue aecsaTuietus, B yactHocTH, BTh-13 u BTh-14
(na 6a3e Tepmonapubix npeodpazosateneii [11T-13 u [1J[T-14) obecneunBaroT nu3me-
PEHHUS TaBJICHUH B TUANIa30HE 10° — 10 1 4.10” — 4.10° ITa COOTBETCTBEHHO C OTHOCH-
TeIbHOU morpemHocTbio +/-10 %. YuutsiBas moxenanus notrpedureneil UMeTh Mpu-
00p, OXBaTHIBAIONIMI M BBHICOKOBAKYYMHYIO 00JacTh, M cyOaTMOC(hepHbIE TaBICHUS,
pa3paborunk — CKTB T3 npennoxun HOBbI KOMOMHUpPOBaHHBIN BakyymmeTp BJITh-
10 (mpyras moaudukanus — BJIT-2), B KOTOpOM B COYETAaHUU C IEKTPOHHBIM OJIOKOM
nomuMo TipeobpasoBareneit [1JIT-13 u I1[T-14 3aneilictBoBaH ¥ HOBBIN AehopmaIiu-
OHHBIN (TEH30pe3UCTUBHBIN) mnpeoOpazoBarens I[IJJ[-1, 4TOo mNoO3BONMMIIO [OBECTH
BepXHHUIl pesen n3Mepenuii npubopa g0 10° ITa. Baxyymmerp BJTB-10 peanusyercs
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B psZie BEPCUM, OTIMYAIOIIUXCS APYT OT APYyra YHCIOM KaHAJIOB U3MEPEHHI U OJIOKH-
POBKHM 1 HaOOPOM yKa3aHHBIX MpeoOpazoBaTeseil (Mpu OTHOCUTEIBHOM MOTPEIIHOCTH
+/- 15 %). Ananornunas KOMOMHALIMS JATYUKOB MPEJCTABICHA B BaKyyMMeTpe Mem-
branovac DM11/DM12 (u3rotoBurens Leybold Vacuum). [IpaBna, ero pabounii nua-
MMa30H 3aMETHO YK€ — OT 10" 10 2.10% ITa, a MOTPEUIHOCTh AOXOAUT 10 +/- 20 %.

HuTepecHyto, paHee HE MPUMEHSBIIYIOCS KOMOWHAIMIO JaTYUKOB — TEPMO-
napHoro [IMT-2 wnmu [IMT-4M u tepmopesuctopnoro IIMT-6-3 ocyuiecTBuio npea-
npustue «CucteMbl KOHTpOJs» B Bakyymmerpe «Tepmoaar-12BTC2». Orot npubdop
MO3BOJIIET MCIOJIB30BATh JJII U3MEPEHHUM (DaKTUYECKU JIFOOOM TErIoBoM mpeoOpaso-
BaTelb, YTO MOXKET ObITh BEChMa MOJIE3HO B MPAKTUKE BAKYYMHBIX U3MEPEHUH.

B Gonee mmpoxom Macmrabe COOTBETCTBYIOIIKE PaOOThI MPOBOASTCA BEY-
IIMMH 3apyOeKHbIMM KoMmaHusMu. Benen 3a ¢upmoil Varian, ybK MIMPOKO M3BECT-
Hble TIpuOopbl Multugauge oGecrieunBaroT 10 13 KaHAIOB M3MEpPEHUM (TIPAKTUYECKU
CO BCEMH BUJaMHM IpeodpazoBarteseil, BILIOTh 10 AepopmannoHHoro), 1 MKS Instru-
ments — BakyymmeTpbl Clustergauge, MHOrOKaHaJIbHbIE KOMOMHHUPOBAHHBIE BaKyyM-
METpBI CTalM BBIMycKaTh U apyrue ¢pupmbl. Tak, Alcatel mpousBoaut ceputo npu6o-
poB pPascal ¢ HCKIIOUUTENHHO IMIMPOKUMHU (PYHKIIMOHAJIBLHBIMH BO3MOXKHOCTSIMHU, a
Leybold Vacuum — Bakyymmerpsl Combivac ¢ HaOOpOM pa3iaryuHBIX KOH(PHUTYpaIHiil.
Otmerum Takxe BakyymmeTp IKR 270 (dupma Pfeiffer), koropsrit 6marogapst BKIto-
YEHHUIO B HETO MOHM3AaLMOHHOTO Mpeo0pa3oBaTelis ¢ MOAYJISLUENH KOJIJIEKTOPHOIO TO-
Ka UMEET HWKHUW Mpeesl U3MEpEHU N 107 ITa.

XapakTepHOil 4epToi TOCIEIHETO BPEMEHHU CTaia pa3padoTKa IEJoro psiia
KOMOMHUPOBAHHBIX BaKyyMMETPUUYECKUX NpeoOpas3oBareneil. DTU MOCIEIHUE Mpe-
CTaBJISIIOT COOOM COYETaHUs UyBCTBUTEIBHBIX AJIEMEHTOB TEPMOPE3UCTOPHBIX, MOHU-
3alIMOHHBIX, MATHUTOPA3PSAHBIX TUIIOB BHYTPH €IUHOTO KOPITyca U C OOIIKUM MpHCOoe-
OUHATETbHBIM (pranmem (mrtymepom). [IpenmMymiecTBO Takux KOHCTPYKIIMH JIEKHT,
OUYEBHJIHO, B SKOHOMHUYECKON IMJIOCKOCTH, T.K. CTOUMOCTb JIBYX OTIEJIbHBIX Mpeodpa-
30BaTeliell pa3HbIX TUIOB KaK MPABUIIO BbIIIE CTOMMOCTH OJTHOTO KOMOWHUPOBAaHHOTO
natuuka. Kpome Toro, mocturaercs ¥ yMeHbIIEHHE TpeOyeMoro MpoCTpaHCTBa U Mac-
CBbI DJIEKTPOJHOM CTPYKTYpPBI, UYTO HEMAJOBAXXHO JJII HEKOTOPBIX NPUIIOKEHUH. Y C-
MEenHO paboTaeT B 3TOM HampaBiIeHUH, Hampumep, kommnanus Leybold-Inficon: ona
paspaboTaia u BBITyCKaeT KOMOMHUPOBAaHHBIN mpeoOpazoBatenb BPG-400 ¢ coyera-
HUEM YYBCTBHUTENIBHBIX DJIEMEHTOB TEPMOPE3UCTOPHOTO M MOHU3AIMOHHOTO THUIIOB.
MOoKHO cKa3aTh, 4TO MOJ00HAs TEXHHUKA MPEACTABISIET COOOM OINpeeNIeHHYI0 BEXy B
Pa3BUTUHU BaKyyMMETPHH, T.K. J0 MOCJIEIHET0 BPEMEHU HE ObUIO BO3MOXKHOCTH OXBa-
TUTH C MOMOILBIO OJHOTO JAaTYMKA TAKOW IIMPOKUHW JUAIa30H AaBJICHHUM, KaK, HAIIPU-
Mep, JUTS MPHBEAEHHOro mpumepa — oT 6.10° mo 10° Ila, T.e. OT CBEPXBBICOKOTO Ba-
KyyMa JI0 aTMOC(epBHI.

B Hameil crpane BmepBble KOMOMHMPOBAHHME YYBCTBHUTEIBHBIX 3JE€MEHTOB B
OJIHOM JIaTYMKe ObLIO OCYIIECTBIIEHO JIaBHO, €Ill€ IPU CO3JaHUM W3BECTHOTO MOHU3A-
1noHHoTro Tipeodpasoparens [IMU-27. B Hem Ob110 HaitieHo 3(ppeKTHBHOE COUeTaHHE
MOHHU3ALIMOHHBIX YYBCTBUTENBHBIX JIEMEHTOB JIBYX BUJOB — C OCEBBIM KOJIJIEKTOPOM
(11 M3MEpEeHU BBICOKOTO M CBEPXBBICOKOTO BaKyyMmMa) U ¢ MUHUMHU3UPOBAHHBIMU
PACCTOSHUSIMM MEX]y JIEKTpOAAaMH (1Sl U3MEpPEHUs cpeHero Bakyyma). [Ipu stom
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yAAJIOCh NPHUJATh PSAAY 3JIEKTPOJIOB JBOMHOE HAa3HAYEHHE B 3aBHCHUMOCTU OT OJIHOTO
U3 JIBYX DJICKTPUUYECKUX PEKHMOB COOTBETCTBYIOIIETO BakyyMMmerpa BU-14. B nans-
HeleM ObLT pa3paboTaH, HO O PSAAY IPUYMH HE MPOU3BOAMICS, TETUIOBOM Mpeodpa-
3oBarenb [1/]T-20, B KOTOpOM Ha OJHOM OCHOBaHUU (B CTEKIITHHOM KOpITyce) ObLIO
CMOHTHPOBAHbI YyBCTBUTEIBHBIE JIEMEHTHI TEPMOPEZUCTOPHOTIO U TEPMONAPHOIO TH-
TOB.

B nocnennee Bpemst B CKTB TO co3gan koMOMHUPOBaHHBIN peoOpa3oBaTeib
HoBoro tuna — [1JI/IT-1. B Hem peann3oBaHo coueTaHUe TEPMOMAPHOTO U TEH30PE3U-
CTUBHOTO UyBCTBUTEIBHBIX 3J€MEHTOB. VX KOHCTPYKIMS M pabo4Mil pexXxuM aHaio-
TUYHBI TEM, KOTOpPBIE€ YCTaHOBIEHHI /T ipeoOpaszoBateneit [IAT-13, TIAT-14 u TTJIJ1-
1 (cm. BbIIIE€) COOTBETCTBEHHO. BhixoaHoi nmpubop Bakyymmerpa B/IT-3 (muanazon
M3MEpPEHUN — OT 10° mo 10° [1a), xoTOpBIi YKOMILUIEKTOBaH MpeoOpazoBaTeieM
[TAAT-1, vaaunupyet naBiieHue, mpeoOpazoBaHHOE AehOPMAIMOHHBIM SJIEMEHTOM, B
oOnactu Beie 40 [1a u mpeobpazoBaHHOE TEPMOIAPHBIM 3JIEMEHTOM B 00JIACTH HUKE
40 Tla, mpuyeM MepeKITIoueHUue MPOUCXOAUT aBTOMATHUYECKU. Takum 00pa3zoMm, OJuH
npeoOpaszoBarens [IJIJIT-1 3amenser coOoil 1Ba mpeoOpa3oBaresnss — TEPMONAPHOTO U
nedopMalMOHHOTO TUIIOB.

BaxHblii MOMEHT, OTJIMYAOIINANA COBPEMEHHBIN 3Tall Pa3BUTHUS BaKyyMMETpPH-
YECKOTo NMpHOOpOCTpOeHUsl, - pa3paboTKa U MPOU3BOJICTBO I'AMMbl BTOPUYHBIX YCT-
POICTB, conpsiraéMbIX, B TOM YHCII€ U KOHCTPYKTUBHO, C IEPBUUYHBIMU IIPeoOpa3oBa-
TEJSIMU U BBIJAIONMUX WHGOpMALUIO 00 U3MEpsieMOM JAaBJICHUH TOJHKO B aHAJIOTOBOM
(0 — 10 B) nnm gamie — mudposom (o RS 232 unu RS 485 unrepdeticy) Buze, T.e. 6e3
TPaJULIMOHHOTO BBIXOJHOIO MPUOOpa C HEMOCPEICTBEHHBIM BU3YyaJbHBIM OTCYETOM. B
OOJBIIMHCTBE CIy4aeB TaKWE YCTPOICTBAa BeCbMa HEBEJIMKH MO rabapuraMm, UMEIOT
HeOobIIyt0 Maccy (mo 0,5 Kr) u He3HAYUTENIbHOE dHEpronorpedieHue (C mMuTaHuEM
OT UCTOYHHKA MTOCTOSTHHOTO TOKa HampsbkeHueM oT 12-14 no 30-36 B). B to ke Bpems
paboumii 1Mamna3oH U TOYHOCTh, oOecriedynBaeMble TakuMu ycrpoiictBamu (B OPI™ ux
Ha3bIBaIOT — Transmitter, B aHTIIOSA3BIYHBIX cTpaHax — Electronic Transducer), B mpuH-
LUIE, HE YCTYNAalT COOTBETCTBYIOIIMM MapaMeTpaM MOKa3bIBAIOIINX BaKyyMMETPOB.
Tak, pupma Alcatel nepemnina K BbITYCKY HOHU3ALMOHHBIX BaKyyMMETPUUECKHUX MPHU-
O0pOB TOJIBKO B BUEC BTOPUYHBIX ycTporicTB AHG111D (anana3zon usmepeHuit — oT
10 0 1 Ia, oTHOCHTENBHBIE MOrpemHOCTH 10 +/- 10%). B HEX, KpoMe TOro, Mpey-
CMOTpEHa BO3MOXXHOCTh MOJICTPOMKH 10 MHAMBUAYAIbHOMY 3HAUEHHIO MPUBEIECHHOMN
qyBCTBHTEIBHOCTH MePBUYHOTO mpeodpasosares (ot 0,01 mo 0,2 I1a™"). Bee Gomnbiee
pacnpoCTpaHEHNE BTOPUYHBIX YCTPOMCTB YKa3aHHOTO BHJIA, ECTECTBEHHO, HE CITy4Yai-
HO: OHO CaMbIM HETIOCPEICTBEHHBIM 00Pa30M CBS3aHO C PACIIUPEHUEM MAcIITa0O0B U C
MOBBILLIEHUEM YPOBHS aBTOMAaTU3allMU MPOU3BOJCTBEHHBIX MPOLECCOB, UX KOMIIBIOTE-
pu3aLuen.

[IpumeyaTenbHO, YTO (PYHKIIMOHAIBHO CXOAHBIE YCTPOWCTBA — «IATYMKHU Ba-
kyyma» turnoB JIBD, JIBT, a taxxe [IBU (na 6a3ze mepBuYHBIX mpeoOpazoBaTeieit
[IMM-32-1, TIMT-6-3 u [IMU-10-2) 6b11n pazpaboTaHbl psija JeT Ha3ad U Jaxe Mpo-
M3BOJMIINCH Ha 3aBojJie «Tokamak». OmHako, MOTPEOHOCTh B TaKoOil ammapaType B
CTpaHe, 0COOEHHO B YCJOBHSAX HAUMHABIIETOCA KpU3HcCa, ObUIa HE3HAYUTEIBbHOW, U
M03TOMY 3aBOJ1y IPHILIOCH KOMILJIEKTOBATh YKa3aHHbIE YCTPOUCTBA JOMOIHUTEIbHBIM
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anekTpoHHbIM OiokoM BIT/IB-8-001 (8 xaHamoB m3aMepeHUs) ¢ MOKA3bIBAIOIIUM BBbI-
XOJIHBIM mpuOopoM. JlaHHBIM Osiok oOecneuyrBai HEOOXOIMMOE 3JIEKTPOINUTAHUE
«JJaTYMKOB BaKyyMa» M LHU(POBYIO MHAMKALMIO U3MepsieMoro naasieHus. Kommiekr
U3 «JaTYUKOB BaKyyMma» TOro win unoro tuma u 6moka BII/IB-8-001 (cooTBeTcTBYyIO0-
ume obo3nauenus — YKB-3/7-001, YKB-3/0-002, YKB-3/7-003 — cwm. Bblie) npen-
CTaBJISAIOT COOOM, MO CYLIECTBY, [TOJHOLIEHHBIE BAKYYMMETPbI C aBBTOHOMHBIM YCTpPOIi-
CTBOM BTOPUYHOTI'0 IpeoOpa3oBaHuUs.

Cripoc IPOMBIIIJIEHHOCTH HAa MHOTOKAHAJIbHbIE KOMOMHUPOBAHHBIE BAKYYM-
METpBhl, KAK U Ha BTOPUYHBIE YCTPONCTBA C LUU(POBBIM BBIXOJIOM, B 3HAYUTEIbHOU
CTEIICHU ONPEACIIACTCS YPOBHEM PA3BUTHUS COBPEMEHHBIX T€XHOJOTUM. I X peann-
3allMM  4YacTO HY)KHbl BECbMa CJIO)KHBIE YCTAHOBKM C pSAJOOM  BaKyyMHO-
TEXHOJIOTUYECKUX 30H, B KOTOPBIX TpeOyeTcsl MOJIJEpKUBATH pPa3IMYHbIE J1aBJICHUS
ocTaToyHOro rasa. Mx, B cBOl0 oyepeab HEOOXOAMMO KOHTPOJIMPOBATH M PEryJIHpO-
BaTh. OTH (DYHKLMHU U BOOOIIE YIIpaBI€HNE YCTAHOBKAMH BCE Yallle OCYIIECTBISETCS C
MIOMOILBI0O COBPEMEHHOMN 3JIEKTPOHHO-BBIYUCIUTEILHON TEXHUKH. OYEBUIHO, YTO B
TaKUX YCIIOBUSIX YKa3aHHBIE BbIllIe MPUOOPHI 3(PPEKTUBHBI U ONPABIBIBAIOT PACXOIbI
10 UX IPUOOPETEHUIO U dKCILTyaTaluy. /|11 BBICOKOPa3BUTOrO U IIUPOKOMACIITaOHO-
ro MPOM3BOJICTBA OHU HE MPOCTO XKEJIATENIbHBI, a OCTpo HeoOxoaumbl. Korma takue
MPOM3BOACTBA CTaHYT MpeBanupyromumu B Poccuiickonn denepaiuu, ONUCAHHBIE
TEH/ICHLUH CTaHYT ellle 00jee aKTyaIbHbIMU.

Hakonen, BaXxHbIM HampaBiIeHHEM pabOT OcCTaeTcs pacliupeHue (QyHKIUO-
HAJIBHBIX BO3MOXKHOCTEH BaKyyMMETPHYECKOH aImapaTryphl, 4TO JUKTYETCS MOTpeo-
HOCTSIMH Pa3fIMYHBIX CErMEHTOB BaKyyMHO-TEXHOJOTHMUECKUX IMPOIECCOB. 3a pyOe-
KOM DPa3pabdOTaHbl U BBITYCKAIOTCS BAaKyyMMETpPbI, B KOTOPbIX NOMHUMO LM(POBOro
OTCYEeTa MMEETCSl TUCIUICH Juid TpaduuecKkoil WHTepIpeTanud JUHAMUKH Tpoliecca
OTKauku, Hanpumep, 8-kaHanbHbIi puoop IGC100 (komnanus SRS). [1pu 3TOM B Ka-
YeCTBE JIOMOJIHUTEIBHOIO CEpBUCA MOKa3aHUE MO KaXIOMY M3 KaHAJOB CHaOxaercs
yKa3aHUEM Ha MECTOPACIOJIOXKEHHE COOTBETCTBYIOLIETO MpeoOpa3zoBaTelisi B pamMKax
pa3BeTBICHHON BakyyMHOW cucTeMbl. [Ipemmaratorcst Takke HHPOPMALMOHHO-
u3MepuTenbHble KoMmuiekebl Multivac (¢pupma Varian), npeactaBisomue codoil co-
YyeTaHue BaKyyMMETpa U OJIOKa AJIEKTPONUTAHMs BaKyyMHOro Hacoca. B HuX ympas-
JE€HUE U PETYJIMPOBAHUE MApaMETPOB MHUTAHUS HMOHHOTO Hacoca HEMOCPEICTBEHHO
CBSI3aHbl C YPOBHEM OTCYETOB JIABJICHUS IO BAaKyyMMETPY, YTO OOECHEUMBAET OINTHU-
MU3aLHI0 paboyero pexxuMa Hacoca.
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