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NCCIEAOBAHHUE 3JIEMEHTOB IIPELHHU3UOHHOI'O
BBICOKOBAKYYMHOI'O MATHUTOPEOJIOI'HYECKOI'O ITPUBOJIA
A.M. bBazunenxos, U.K. 30006, B.Il. Muxaiinos
MI'TY umenu H.O.baymana, Mocksa, 2-aa baymanckas, 5, MT 11.
E-mail: bazinenkov@mail.ru

MHorue TeXHOJIOTHYECKHE MPOLIECChl, MPOXOIAIIUE B BaKyyMe, TpeOyIoT ais
UX OCYILECTBJIICHUS MPEUU3UOHHBIX MNEPEMEIICHUII OOBEKTOB. DTH MEpPEMEILICHUS
OCYILIECTBJISIFOTCS MPU MOMOIIM MPUBOJIOB, pab0Ta KOTOPHIX OCHOBaHA Ha Pa3IMUHBIX
¢usznueckux npuHnunax. Hawmbosnee yacTo NpPUMEHSIOTCS 3JIEKTPOMEXaHUYECKHe,
MbE303JIEKTPUUECKUE, MAarHUTOCTPUKIIMOHHBIE, MTHEBMAaTUYECKUE M TUJIPABIUYECKUE
YCTPOMCTBA NEPEMEILICHUH.

Ll

Puc. 1.

B nayunoii rpymnme kadgeapsl « DIEKTPOHHBIE TEXHOJIOTUU B MAITMTHOCTPOCHUM
pa3pabortan marauTopeosiorndeckuii (MP) mpuBox 1151 PEM3NOHHBIX TIEPEMEIIIEHUN
o0wekTa (Puc. 1). 910 ycTpOoHCTBO MpeacTaBisieT coO0W THAPONPUBO C MArHUTOPEO-
JIOTUYECKUM ympaiieHreM [1,2]. PaGodeil )KUIKOCThIO B HEM SIBIISIETCS MarHUTOPEO-
JIOTHYECKasi CyCHEH3Hs, KOTopas CIOCOOHAa MEHSATh CBOM PEOJIOTUYECKHE CBOMCTBA
1o/ J€MCTBUEM MarHUTHOT'O MOJIS.

OCHOBHBIE XapaKTEPUCTUKH MPUBOJIA:

1) Juanazonsl nepeMemeHUN MO X,Y,Z....ocevveiiiiieniiieaneannnnn, 10 10 mm
2) IorpeurHoCTh MOZULUOHUPOBAHUST . ... nevuienteeenneeennanenneennneennns 50 Hm
3) beicTponeiicTBUE (HOCTOSSHHAS BPEMEHM) ..euuvenneennnnn... 100 mc ... 200 mc

53



Tpemwvs Poccutickas cmyoenueckas HayYHO-mexHuyeckas KoOH@pepenyus
“Bakyymnas mexnuxa u mexnoaozaua”. 2. Kazanw, 10-12 anpena 2007 2.
Cexuyusa 2. Cpeocmea nojiydeHus u usmepeHus 6aKyyma, 6aKyymMHas apmamypa

4) Bocnpou3BOJUMOCTb MEPEMEIIEHHM. . ... .ouveeeeriieeeiieeeniieesriveeeeneneeens 0,95
5) Bo03MOXXHOCTBH pabOTHI IPH 1aBJICHUHN BAKYYMHOM CPENbI .......... 5.10°I1a
6) Harpy309Has CIIOCOOHOCTD .....uveeenrieentieeeeeiieeeieeeaneeennens 1000 H

UccnenoBanue snemMeHTOB paszpaboranHoro MP mpuBona (rHIpOLMIMHIPOB,
MP npocceneii u np.) HEOOXOAUMO AJisi BBIOOpAa ONTHUMAJIbHBIX PEXXHMOB pabOThl U
obecnieuenus 3 (HEKTUBHOTO YIPABICHHS YCTPONCTBOM.

Jliist BBIOOpa peXMMOB yIPABIICHUS TPUBOJIOM HEOOXOAMMO OIpPEACIUTh Mapa-
METPbl OCHOBHOTO MCHOJHUTENBbHOTO 3BeHa — MP npoccens [3]. Maruutnas cucrema
Ipoccensi o0ecneunBaeT peryjJupoBKy MOTOKA >KMIKOCTH B THAPOIMIMHIpAX 3a CUET
MO/Iauy YIPaBJISIOIIEro TOKa Ha KaTywku. [IpoBenen pacuer MaruutHol cucremMsl MP
Jpoccensi, KOTOPhIi 00ecnedrnBaeT BIOOP MapaMeTpoB CUCTEMBI: pa3MEpPOB MarHUTO-
MPOBOJIOB, TUIIOPA3MEPOB IMOCTOSIHHBIX MAarHUTOB, XapaKTEPUCTHK 3JIEKTPOMArHHUT-
HBIX KaTyIIeK.

st addekTuBHOTO yrnpaBieHUs MPUBOJOM HEOOXOIUMO 3HATh TAKOW Ba)KHBIN
napameTp, Kak CTaTH4ecKas JKECTKOCTh NMpuBoja. [lomyuyeHsl pe3yiabpTaThl dKCHEpPHU-
MEHTAJIbHBIX UCCIEI0BAHUN CTATUUECKON JKECTKOCTH CHIIb(DOHHBIX TUIPOLUIUHAPOB,
a taxxke MP Moy B koMIuiekce.

IIpu peBepcMBHOM NEpEMEUIEHUH ILITOKAa NPHUBOJA JONOJHUTEIBHOE BIUSHUE
Ha OCHOBHBIE XapaKTEPUCTUKH MPUBOJA OKA3bIBAIOT HABOJUMBIE B JIEKTPOMArHUTHON
cucteme Toku dyko. /{15 onpeneneHus cTeneHy X BIMSHUS Ha paboTy MpUBOJA He-
00XOAMMO 3HaTh 3EKTpPorpoBoAHOCT, MP cycnensun. IlomyueHsl pe3ynbTaThl 3KC-
MEePUMEHTAIBHBIX HMCCIEIOBAaHUM AJIEKTPONPOBOAHOCTH paboduel cpeapl MpUBOAA —
MarauTopeosoruueckoit cycnensuu (MPC).

CornacHo OCHOBHBIM ¢u3ndeckuM mMojaensam nosegaenus MPC B pabouem 3a30-
pe MP npoccenst (monenu Makcpenna u Kenspuna-®dorra) Osictponeticreue MP mipu-
BoJla OyJIET OTYACTH ONMPEIENIATHCS MOJIYJIEM YIIPYTrocTH paboueit cpeabl. Monynb yri-
pyrocTu pabouei cpeibl 3aBUCUT OT BETMYMHBI U HANIPABJICHUS ACHCTBUS MAarHUTHOTO
nosist Ha MPC. Pa3paboTtana Meroanka uccieaoBaHusi 00bEMHOTO MOJYJIS YIIPYTOCTH
MPC u nonyueHsl pe3ysibTaThl 3KCIEPUMEHTAIbHBIX UCCIIEIOBAHUM.

BriBoabI

1) Pacuer marnuTHOU cuctemMbl MP npoccenst mo3Boimi moaoOparh OMNTH-
MaJibHbIE TTapaMeTphl MATHUTHOW CUCTEMBI 10 KPUTEPHUIO HArPy30YHOU CIIOCOOHOCTH
IIPUBOJA.

2) Pe3ynbTaThl HKCIIEPUMEHTOB TIO OMPEACIICHUI0 CTATHUECKON KeCTKOCTH T10-
3BOJIMJIM OIPENIEIIUTh JOJIEBOE BIUSHUE 3JIEMEHTOB KOHCTPYKIIMU HA CYMMapHYIO kKe-
CTKOCTb (cuiib(hoHHBIE y37bl — 89%, Hecymias cuctema — 11%).

3) TlocrostHHas BpeMEHHU MPUBOJA MOXKET PETyJIUPOBATHCS 32 CUET U3MEHEHHUSI
MOAYJI YIPYTOCTH CYyCHEH3UH MPU MOMOIIY MAarHUTHOTO TOJISL.

Jlutreparypa

1. bopun J[.1O. «MarHuTopeonornueckuii MEXaHu3M AJIs MO3ULIMOHUPOBAHNUS 3epKall
CBEPXOOJIBIINX ACTPOHOMHYECKUX TEJIECKOIOB C HAHOMETPOBOW TOUYHOCTHIO», «De-
JiepanbHas Hay4YHO-TEXHHYECKas KOH(pEpeHLUs: TBOpUYECKOM Mojonexu Poccum mo

54



Tpemvsa Poccutickas cmyoeHn4eckas Hay4Ho-mexHu4eckas KoHgepenyus
“Bakyymuas mexnuka u mexuonoeus”. 2. Kazanw, 10—12 anpena 2007 2.
Cexkuyusa 2. Cpeocmea nojiy4eHus u usmepeHus 6aKyyma, 6aKyymMHas apmamypa

€CTECTBEHHBIM, TCXHHUECKUM, T'YMaHUTapHBIM Haykam», MaTepuaibl KOH(EPEHIINH,
M.K: MUDM, 2003. — C. — 115-117.

2. benxun H./., Kacnepckuii B.b., CerueB B.B. bonbmioit actpoHoMuueckuil Tesne-
ckon Poccun. Konnermus coznanust//Ontuyeckuid xypHain.—1994. -Ne3 —C.5-11.

3. bopun J1.YO., Muxaiinos B.I1., basunenkoB A.M. Henuneitnas Mozenb apoccens
MarHUTOPEOJIOTHUYECKOTO MOJYJIS Ul TPEIM3HOHHBIX TepeMelieHuit/ MurepHer-
xypHan «nxeneproe odpazoBanuey, #10 oktsi6pb 2006 (www.techno.edu.ru).

PEI'YJIMPYIOIIUI KJIATTAH MUHUATIOPHOTI' O
MEMBPAHHOI'O BAKYYMHOI'O HACOCA
H.J]. Kyopux, B.A. Bempoeg
Mockosckuti cocyoapcmeenHblil UHCMUMYm 3JIeKMPOHUKU U MAMEMamuKu,
Mocksa, b. Tpexceamumenvckuu nep., 0. 1-3/12, cmp. 8. E-mail: fe-admin@mail.ru

B MUDBM Begnetcst paboTa 1Mo CO3AaHUI0O MUHUATIOPHOTO MEMOPAHHOTO HU3KO-
BAaKyyMHOT'O HACcOCa, OJTHUM M3 KJIIOUEBBIX Y3JIOB KOTOPOTO SIBISETCSA PETYIUPYIOIINI
knanad (PK). 'abaputHbie pazMepsl Hacoca B COOTBETCTBUU C TEXHUUYECKUM 3aJaHUEM
HE JOJDKHBI IPEBbIIATh B AuaMmetrpe 70 MM 1 B BeIcOTy 25 MM. Hacoc noimkeH nqoctu-
raTh MpeIeIbHOr0 ocTaTouHoro AasieHus He Oonee 10 [1a u oGnagate ObICTpOaEHCT-
BHEM 110 BO3yXY He Meree 107 m'/c.

CTpyKTypHO-KOHCTPYKTHBHAsi cxema Hacoca (pucyHok 1) comepxut tpu PK,
o0ecrneunBaroIIUX BCAChIBAHKE, BBIXJION U mepenyck raza. Ot padotsl PK Bo MHOrOM
3aBUCAT OCHOBHBIC MMOKa3aTenu kadyecTBa Jr00oro BH o6bemMHOro AeiicTBUsS — OBICTPO-
Ta JEUCTBUSA U NPENEIbHOE OCTAaTOYHOE nasieHue. Tpaauunonnsie PK aBromaTmue-
CKOT'0 JICHCTBUS, CpabaThIBAIOIINE 3a CUET T'PAJIUCHTA JABJICHUS IO Pa3HbIE CTOPOHBI
YIUIOTHUTEJIBHOTO AJIEMEHTa, HE COCTOSIHUM 00€CTeunTh TpeOyeMble XapaKTepUCTUKU
Ha MUHUATIOPHOM ypoBHE. BeneacTBue 3Toro BO3HUKAET HEOOXOIMMOCTh pa3paboTKu
PK npunynutensHOro neicTBUs, CpabaThIBAIOIIETO 32 CUET 00BEKTa OKPY>KEHHUS B CO-
OTBETCTBUH C 3aJJaHHBIM aJITOPUTMOM.

Puc. 1. CTpyKkTypHO-KOHCTPYKTHBHas cxeMa memopanHoro BH:
1 — HKHUHN KopITyC, 2 — MeMOpaHa, 3 — BepXHUH Kopmyc, 4 — MepernyCcKHOM KiamnaH, 5
— BCACHIBAIOIIUH KJlanaH, 6 — BBIXJIONHOW KJIaNaH, 7 — YINIOTHUTEIbHBIN 3JIEMEHT,
8 — mrok; I, Il — oTkauHble cTyneHu.
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Ucxons u3 TpeboBanmii k mpoBogumoctr PK. Ob110 OlleHEHO, YTO MUHHUMAIIEHO
nonyctuMblid 3a30p PK B OTKphITOM MOJ0XKEHWH, A, CIEAOBATEIbHO, XOJ YIUIOTHHU-
TEJIbHOT'O 3JIEMEHTa JIOKeH ObITh He MeHee 0,35 mM. [ oOecrieueHuss TaKoW BeIU-
YHHBI IepeMeIeHus B KauecTBe npuBoaa PK BeiOpaH aneKkTpoMarHuTHBIN.

Cunre3upoBanHbiii PK (pucyHOK 2) cOCTOUT U3 HEMOABHKHOM YacTH MarHUTO-
IPOBOJA 3 C MOJIBIM CEPACYHUKOM, MOCTYNATEIbHO ABWKYUIETOCS SIKOPS LIWJIWHIPU-
yeckoir ¢opmbl 1 u odmoTku 4. J[Ba pabounx 3a3opa 0Opa30BaHbl TOPLEBBIMU I1O-
BEPXHOCTSAMHU sKOps | M HENOABMKHOW YacCTH MAarHUTONPOBOAA 3 M MPEACTABISIOT
co0o01 moJible HWIMHIPBL. BHYTpH 35ieKTpoMaruura npeaycMoTpeHa Mpy>KHHa, pado-
TAOIAsl HA PaCTsHKEHUE 2 M HE IMO3BOJIAIONIAs AKOPIO | OTAENUThCS OT sipmMa U cep-
JIEYHUKA B MOMEHT OTKJIFOYEHUS JIEKTPUUYECKOrO TOKa.

12 3
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Puc. 2. CTpykTypHO-KOHCTpYKTUBHas cxema PK:
1 — sikopb, 2 — TIpyKuHa, 3 — Kopmyc, 4 — oOMOTKa.

NcxonupiMu nanubiMu 11 pacdeta PK sBnsroTcs rabaputheie pasmepsl BH,
MUHHUMAQJIBHO JIONyCTUMbIE NPOBOAUMOCTh PK B OTKPBITOM MOJOXKEHUH U YCHUIIHE
repMeTH3aLKMK B 3aKpbIToM mosoxkernu 10° H/m”. TlepBoe ycitoBue omnpenenser rada-
putHble pa3mepbl PK, nnamerp koroporo D nomken ObITh He Oonee 8 MM, a BbicoTa h
He Gonee 5 MM. MakcuManbHas BEIMYMHA PAGOUYEro 3a30pa MPHHHMACTCS Opay=8-10~
M, K03 punmeHT ynpyroctu npyxusast — 20 H/m.

B pesynbrare pacuera 3HaUu€HHE MATHUTOIBIKYIIEH CHIIBI 3JIEKTPOMArHuTa
npy HauOOJbIIEM YAAJIEHUU YIJIOTHUTEIBHOTO 3J€MEHTa OT Ceila JOKHO COCTaB-
15Tk He MeHee 5,183 A. Ilpu npunarom Hanpspbkenue oomotku 0,1 B, auamerp mpoBo-
na coctasisier 0,286 MM, 9HCIIO BUTKOB OOMOTKH — 53, CONPOTHUBIIEHUE OOMOTKH —
0,0098 Om, mMomHOCTE BBIZEsiemMas B oomMoTke — 0,057 BT, mioTHOCTh ToKa — 3,739
A/MM’. MaKCHMAIIBHO JOIMTyCTHMAS MOIIHOCTB, KOTOPYIO BBIICPKHT 0OMOTKA, 110 pac-
gyetam, coctarisieT 0,614 BT, uTo mpeBOCXOAUT BBIACISIEMYIO B OOMOTKE.

PacueTrHOE BpeMsl TpOoraHusi COCTABIISIET 9,5-10" ¢, BpEMS JBUKCHUSA — 4,1-107
c. [lonyyennoe Bpemst JomycTuMo i pabOThl HACOCA, MOCKOJIbKY BpeMsi TPOTaHUS U
BpeMsi cpabaThIBaHUs HA TPU MOPsIIKA MEHBIIIE BpEMEHH OTKAa4HOTO IMKJIa Hacoca — 1 c.

B pesynbraTe mpoBEICHHBIX UCCIEIOBAHUN YCTaHOBJIEHA pabOTOCTIOCOOHOCTH
CTPYKTYPHO-KOHCTPYKTUBHOU cxeMbl PK U ero ocHOBHbIE MpPOEKTHBIE MapaMeTphI.
CrnenyroomumMu dTanamMu paboThl SBISIOTCS pa3padOTKa KOHCTPYKIUU C YTOYHEHUEM
MPOEKTHBIX MapaMETPOB U MPOBEICHUE SKCIEPUMEHTATBHBIX UCCIIETOBAHUM.
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N3IOTOBJIEHUE 3TAJIOHOB YTEUYKHU I'A3A J1J151 KAJIUBPOBKH
BAKYYMHOI'O UIBMEPUTEJIBHOI'O OBOPYJ1OBAHUSI
C UCITOJIb3OBAHUEM JIABEPHBIX TEXHOJIOT' UM
H.A. Ilonos, T.H. Cokonosa, A.B. Konrowun
CI'TY, Capamos, [lonumexuuueckas, 77. e-mail: pribor-t@mail.ru

Heo0xoauMocTh B U3rOTOBJICHUH ATAJIOHOB YTEUKH BO3HMKIIA B MPOU3BOJICTBE
MoJyJielt OEH30HACOCOB ISl MH)KEKTOPHBIX IBUTATENEH, I/Ie HeOOIbIIOE MPEBBIIICHHE
JIOIyCTUMOTO YPOBHS YT€UKU NapOB O€H3MHA OMAcHO ¢ TOYKH 3pEeHUs 0€30I1aCHOCTH, a
W3JIMIITHEE TojicachiBaHUE aTMOC(EPHOTO BO3yXa BhI3BIBACT MepeOon paboThl ABUTA-
TEJ.

N3roToBneHue 3TajJoHOB yTEUKH ra3a Jjisl KaaIuOpOBKH M3MEPUTENbHBIX IMpH-
O00poB B Iuarna3oHe pacxoja rasza ot 20 CM’/MuH MIpY BXOJTHOM JIaBJICHUHU mopsaka 1.5-
3 bap npakTudecku He BbI3bIBaeT npobiem. Ha Gonee HU3KUX Tpenenax U3MEpeHHs
M3TOTOBJIEHUE 3TAJIOHOB CTAJIKMUBAETCSA C TEXHOJIOTMYECKUMU TPYAHOCTSIMH.

CranpapTHBIA KOMIUIEKT JJ1s1 KaJMOPOBKHU M3MEPUTEIBHBIX IPUOOPOB COCTOUT
U3 TPEeX ATAJOHOB C Pa3JWYHBIM YPOBHEM pacxoja rasa B Mpeaenax Auana3oHa u3Me-
penuii. Hanpumep, npu BXOJHOM AaBieHUU Bo3ayxa 2.5 bap pacxon raza AomKeH
6bITh 4.2, 5.0, 5.8 + 0.1 cM’/cek. JIpyrue KOMIUIEKTH! Ha gapineHuu 0.5 bap KomKHbI
obecrreunBath 0.8, 1.0, 1.2 +0.1 oM /MuH.

B mpouecce M3rotoBiaeHUs 3TalOHA IIUMPOKO MCIOJB30BAIUCH JIA3€PHBIE TEX-
HOJIOTUYECKUE OTEPALIUU.

Kopnyc »sTasiona, npuXMMHOE KOJBIO W I1aii0a M3roTOBJIEHBI U3 HEPKaBEro-
mieit cranmm tuma 40X13. Cetka ¢punbTpa MeTaumueckas ¢ ssueiikamu okoyio 30 MKM.
Cerka BbIpe3ajlach U3 CETOYHOT'O IOJIOTHA JA3€PHBIM U3JIyYEHHEM C LEJIbI0 TOUHOTO
COOTBETCTBUS (POPMBI M pazMepaM NPUKUMHOTO KoJiblia. [IprkuMHOE KOJbLO ¢ TpHU-
KpPEIJICHHON CETKOM (uibTpa MPUXBATHIBAJIOCH TOYEYHOM CBAPKOM K KOPIYCYy U B
cllydae 3arpsi3HEHHUs JIETKO MOIJIO OBbITh U3BJICUYEHO U 3aMEHEHO HOBBIM.

OCHOBHBIM KaJMOpYIOIIMM 3JIEMEHTOM 3TaJlOHA YTEUKH ra3a sBJIAETCS OTBEp-
ctue B MeMmOpane (cM. puc..l. mo3. A). B 3aBucumocTu ot TpedyemMoro pacxoja rasa,
KaIMOpOBOYHOE OTBepcTHE uMeeT auameTp oT 3 10 11 MxMm. C 11e1api0 TOYHOTO COOT-
BETCTBUS M3rOTaBIMBAEMBIX 3TAJIOHOB TEXHUYECKOMY 3aJaHUI0 U B CBSI3U C HEBO3-
MO>KHOCTBIO KOHTPOJHMPOBATh MOJYyYEHHUE OTBEPCTUM 3aJaHHOTO JUAMETpPa C TOYHO-
cthio £0.3 MKM, MOoAOOp 3TalOHA MPOU3BOJAMIICS MO pacxody rasza. bbul mzrorosnex
MIPOMEKYTOYHBINA KOPITYC 3TalOHa, B KOTOPBIN ycTaHAaBIMBajach 11aiidba ¢ MeMOpaHoH,
TePMETU3UPOBAHHON JIA3€PHOM CBAPKOW BaKyyMHOIUIOTHBIM IIBOM, 3aKpeIuisiiach
BPEMEHHO C TOMOUIbI0 HABUHUYMBAIOIIETOCS KOJIMayKa ¢ YIUIOTHUTENIEM, YTO MO3BOJIS-
JI0 IPOU3BOAUTH MOAOOP IO AUANa30HaM pacxoja raza MeMOpaH Ha CTEHJE.

Crena npeacTaBisl co00M KOMIUIEKT MAaHOMETPOB, BO3AYIIHBIX KJIAMIAaHOB, CO-
€UHUTEIbHBIX MIJAHTOB C TEPMETHUUYHBIMU MPUCOCAUHUTEIBHBIMU MITyIIepamMu. Oc-
HOBHBIM MEPUTEJIbHBIM UHCTPYMEHTOM SIBIISIETCS KaWJUIAPHbIA MaHoMeTp, [locne oT-
6opa memOpaHa BMecTe C Mmai0oil ycTaHaBIMBAIACh B KOPITYC M T€PMETU3UPOBATIACH
Ja3epHOil cBapKoil. ['0TOBBIN 3TanoH MPOXOaAWI (PUHUIITHBINA KOHTPOJIb HA CTEHIE.
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Puc. 1. DTanoH yTeuku rasa B pa3pese ¢ yKa3aHUEM HCIOIb30BaHUs JIa3€pHBIX Omepa-
II1I1 IpU €ro U3roTOBJIEHUU: @ - TOUYEYHAsI CBapKa MPHKUMHOTO KOJIbIa C KOpIycoMm; b
- TOYEYHAsl CBapKa CETKH (PUIbTpa C MPUKUMHBIM KOJBIIOM; C — BbIpe3Ka CETKU
¢unpTpa; d — mpommrBKa KaauOpPOBAaHHOTO OTBEPCTHSI B MEMOpaHe; € — BaKyyMHOII-
JIOTHas IIOBHAs cBapKa MeMOpaHbl ¢ maii0oil; f - BaKkyyMHOIUIOTHasI IIOBHAsI CBapkKa
maiiobl ¢ KOPITyCOM. | - IPIKUMHOE KOJIBII0; 2 — ceTKa PriIbTpa; 3 — YIJIOTHUTEIHHOE
KOJIBLIO; 4 — KOpIlyC; 5 — MeMOpaHa ¢ KaauOpOBaHHBIM OTBEpcTUEM, 6 — Imaiiba. A —
MeMOpaHa ¢ KalmOpOBaHHBIM OTBEpcTUEM; B — MecTo cBapku MeMOpaHbl ¢ 11aii0oi.

MemOpaHa U3rotaBiIMBajgach U3 TBEPJOCIUIABHOIO METajlla MPOKATAHHOTO J0
tonmuubl 20 MKM. MaTepuai, U3 KOTOPOTO M3rOTaBIUBAEcTCs MeMOpaHa, JOKeH 00-
JTanaTh HU3KUM KOA()(UIIMEHTOM TEIIOBOTO PACHIMPEHUs, YTOOBl MpU M3MEHEHHH
TEeMIIEpaTypbl Cpebl UK KaMOpyeMoro rasa, pa3Mepbl KaTuOpOBOYHOTO OTBEPCTHUS
M, COOTBETCTBEHHO, PACXO/]] Ta3a M3MEHSJINCh MUHUMAIBHO B TpEesax OIyCTHMBIX
oTksIoHeHnH. OTHOBPEMEHHO OH JOJHKEH OBITh JIOCTATOYHO IJIACTHYEH, YTOOBI 00ec-
NEYUTh KAYECTBEHHOE BaKyyMHOIUIOTHOE COEIMHEHUE B MECTE JIa3epHOM IIOBHOM
CBapKu MEMOpaHBbI C 1M1ai0oii.

MonepHu3zanus Ja3epHON YCTAaHOBKHM BKIIOYaja B ceOsl HK3MEHEHUE ONTUYECKOMN
CXEMBbI PE30HaTOpa €ro IOCTHPOBKY C IENbI0 MOMYUYEHHS HYKHOTO pPACIpeNelICHHUS
MSITHA JIa3epa, UCIIOJIb30BAHUS CTICIMATBHBIX TPUCTIOCOOIECHUI.

Taxum o6pa3oM, MoJaEpHU3ALUS JTa3€PHON YCTAHOBKH M pa3paboTKa TEXHOJIO-
THH TPOMIMBKH MHKPOOTBEPCTHH TMO3BOJIMIIA TIOTYUYUTh STATIOHBI YTEUKH ra3a Ha pas-
JMYHBIE JUana3oHbl pacxojia, ¢ MUHUMAJIbHBIMU OTBEPCTHSIMU B MeMOpaHax 3 MKM,
YTO CPaBHUMO C TEOPETUYECKUMH PAaCU€THBIMU BO3MOKHOCTSIMU J1a3epa.
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UCCIEJOBAHUE CBEPXBBICOKOBAKYYMHOI'O KJVIAITAHA
C NOJIAPU3ALUOHHBIM YIINIOTHEHUEM
A.U. Cuoopos, A.A. Anopuanos, E.A. /leyaun, B.I1. Muxaiinoe
MI'TY um. H.3.baymana, Mocksa, ya. 2-as baymanckas, 5.
E-mail: alex_sidorov@bk.ru

OnHUM U3 HEAOCTAaTKOB COBPEMEHHBIX CBEPXBBICOKOBAKYYMHBIX KIIAIIAHOB SIB-
JSIeTCA MaJioe YUCIIO LUKIOB cpabaThIBaHUS BCIIEICTBHE WHTEHCHBHOTO M3HOCA Me-
TaJVIMYECKOHN YIUIOTHstoLEH napel. B HayuHOM rpynne kadenpsl « QNEKTPOHHBIE TEX-
HOJIOTUH B MAaIIMHOCTPOEHUN» pa3pabOTaH NPUHLMIINAIBHO HOBBIN KJIalaH ¢ MOJIIpH-
3aI[MOHHBIM MEXAaHU3MOM YIIOTHEHUS [1].

Lenpro paboThI SABISETCS TEOPETUUECKOE UCCIIEI0BAHUE MPOBOIMMOCTH YIIOT-
HSIOLEH Maphl KJIallaHa B 3aBUCUMOCTH OT YCHJIUS I€PMETU3ALUU U TIPUIIOKEHHOTO K
YIUIOTHSIOLIUM 3JIEMEHTAaM 3JIEKTPOCTATUYECKOro noJisd. I JOCTUKEHUs ITOCTaBIICH-
HOM LIEJIM PELLIEHBI CIEAYIOIINE 3a0a4H:

1. IMomydyena maTeMaTnueckas 1 KOMIBbIOTEPHAs MOJEb IJIOCKOTO YIUIOTHEHHUS;
2. Paccuurtan npo@uib yIJIOTHAIOIUX NOBEPXHOCTEN MTPU FrepMETH3aLIHY;
3. OmpezeneHa NpoBOJAMMOCTb YINIOTHEHHSI B 3aBUCUMOCTU OT CHJIBI T€pMETH3a-

WU WINA CONMKEHUS YIUIOTHSIOIIUX TOBEPXHOCTEN;

4. OmnpeneneHo BIMSHUE IEKTPOCTATUYECKOTO IOJI HA MPOBOJAUMOCTh YIUIOTHE-

HUS.

PeanpHas, naxxe nmonupoBaHHAas, IOBEPXHOCTD
HE SIBJISIETCS] UJI€AIbHO TJIAJKON M3-3a HAJIMYUS MUK-
poHepoBHOCTE. PaccmMoTpum MoJenp KOHTaKTH-
PYIOIIMX ITOBEPXHOCTEHW, B KOTOPOM pealibHas IIO-
BEPXHOCTh MPEACTABISIETCS B BUJAE NapaJljiesienurie-
& JIOB C KBaJgpaTOM B OCHOBAaHHU. DIIEMEHT MOJACIIH

MpUBEJICH Ha puc. 1.

BBICOTBI 3THX 3JE€MEHTOB 3a/al0TCs KaK CITy-
yaifHble, paclpe/ieIeHHbIE 110 HOPMAJIbHOMY 3aKOHY,
IIpU ATOM JUIsl ONPENEICHUsl PaCIpeIeICHUsl BBICOT
UCIOJIB3YIOTCSl TapaMeTphl MIEepoxoBaTOCTU. OCHOBHBIE MEXAHUYECKUE XapaKTepHU-
CTUKU KOHTaKTUPYIOIIUX MOBEPXHOCTEN (MUKPOTBEPAOCTh, MOAyIb FOHra, xoaddu-
uueHT [lyaccona) 3aar0Tcst 17151 UCNOJIb3YEMbIX B YIUIOTHEHUU MaTepUasoB.

OCHOBHBIMU JTONTYIICHUSIMU JJ1s1 MOJIEIIU SABJISIOTCS

1. cTepHM MOJETH HE CBS3aHBI APYT C APYToM, T.e. Bce nedopMaiuu cTepxHei

JIOKQJIM3YIOTCS B IPEJieax ero reOMETpUIeCKOro O4epTaHus;

2. Oonee TBeplas MOBEPXHOCTh He Aehopmupyercs, aAehopMUpyercs TOJIbKO 00-

Jiee MsIrkasi HOBEpXHOCTb;

3. OJHa U3 MMOBEPXHOCTEN NMPUHUMAETCS UACAIBHO IJIOCKOM, a Apyras UMeeT 1ie-

POXOBATOCTh PABHYIO CyMME ILIEPOXOBATOCTEN 00€UX peabHbIX TOBEPXHOCTEH.

Jlnist onpenenienus: npoduist MOBEpXHOCTEH Mocie repMeTu3aiuy cOMMmKaeM ux
Ha HEOOJBIIYI0 BEJIMYMHY M OIpPEAEISEM PEaKLUIO0, BOSHUKAIOIIYI B YIUIOTHEHUHU.
COmmxeHne npoIoJKaeTcs 0 TeX Mop, MOKa peaklys HE CTaHET paBHA MPUII0KEHHON

Puc. 1. Dnemedt Mmoaenu
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BHEIIHEW cuie. [ momydyeHHOro npoQuiis MUKPOKAaHAJIOB, Yepe3 KOTOPhIE M MIPOUC-
XOJIUT HATCKaHUE 4Yepe3 YIUIOTHEHHUE, ONPEIEISICTCS MPOBOAUMOCTb CMOJIEIUPOBAH-

T
HOrO yruioTHeHust MmetooM Monre-Kapno: U =36.4 pF Jﬁ , rae U - mpoBOAMMOCTS,

F — mnomane BXxomHoW nuadparmel kaHama, T — temmeparypa raza, M — molsipHas
N

np

an + Neep

YIUIOTHEHUE, rae N, - YUCJIO YacCTHLl, IPOJICTEBUIMX Yepe3 KaHal, N, - 9UCIO Bep-

Macca rasa, p = — BCPOATHOCTH TOI'0, YTO MOJICKYJIa TICPEMECTUTCA YCPC3

HYBIIMXCS YaCTHII.

JInst onpenienieHus BIUSHUSA 3JIEKTPOCTATUYECKOr0 MOJIA Ha IPOBOJUMOCTD Ka-
Haja MOJIYYEHO BBIPAKEHHUE CHUJIbI MPIDKATHUS YIUIOTHSIOMINX MOBEPXHOCTEH MO JeH-
CTBUEM 3JIEKTPOCTATUYECKOTO MOJISA, IPU ITOM, KOHTAKTHUPYIOILUE MTOBEPXHOCTH 3aMe-
HSIFOTCSI CUCTEMOM IOCJIEIOBATENIbHO COEAMHEHHBIX MJIOCKUX KOHJEHCATOPOB M OIpe-
JIEJSIETCS EMKOCTh KaXKJI0ro U3 HUX. 3aTEM OINpPEEseTcs CyMMapHasi EMKOCTb CUCTE-
MBI KOHJCHCATOPOB, CYMMapHBINA 3aps U, Kak pe3yibTaT, Cujia 3JIEKTPOCTaTUYECKOTO
NPUTSHKEHUS YIUIOTHSIOIUX MTOBEPXHOCTEH.

[TonyueHnHoe 3HaueHUE Aaxke npu HanpspkeHusx cBbiiie 1000 BoIbT cocTaBisieT
MeHee 1% OT CUITbl MEXaHUYECKOTO MPUKATHUS TIJIACTHH.

Jlis mpoBEpKH pacueToB IUIAHUPYETCS HKCHEPUMEHTAIbHOE HCCIIeI0BaHUe
MPOBOAMMOCTUA 00pa3yeMoro B yINIOTHEHHUH MHKPOKaHalla, KaK (PYyHKIUU TMPUIIOKEH-
HOT'O YCUJIUSI TEPMETHU3ALNH U 3JIEKTPUUECKOTO HAMPSKEHUS.

DKcrneprMeHTaIbHasi OCHACTKA BBIIIOJIHEHA HAa 0a3€ OTEUECTBEHHOTO YTOJIKOBO-
ro kijamnaHa. J[Jig IEKTpOM3O0JSALMU cenjia U Tapeiau APYr OT Apyra HCHOJIb3yeTcs
KpEeMHUEBas MPOKIIAJIKA.

BoeiBOABI
1. IlpoBeneHHbIE paHEEe FKCHEPUMEHTHI MOKA3bIBAIOT, YTO MPOBOJAUMOCTh YIUIOT-
HEHHUSI TIPU NPUIIOKEHUU JIEKTPOCTATUYECKOTO TMOJSI YMEHbIIIAETCSI B HECKOJIb-
KO pa3, 4TO MO HAlIeMy MHEHHMIO BBI3BAaHO JOMOJIHUTEIBHOW copOLMer u
CTPYKTYPUPOBAHUEM MOJIEKYJI OCTATOYHBIX I'a30B, HAXOAAIIUXCA B MUKPOKaHa-
je;
2. Pa3zpaboranHas MOJEIb U3MEHEHHS MPOBOJUMOCTH TIOCKOTO YIIJIOTHEHHS MO
JIEHCTBHEM HOPMaJbHON Harpy3kw MOXKeT ObITh Mcmojb3oBaHa B CBB cucre-
Max YNpaBJICHUS] MaJIbIMU OTOKAMU T'a30B.

Jlureparypa

1. I'yp A.A., lleynun E.A., Kocunckuit M.B., Ps6os H.B. «BakyymHbIii kamnaH c ra-
3000pa3HBIM DJIEKTPOPEOIOTHUECKUM YIUIOTHEHUuEM», 10-1 MexyHapoaHas Hay4qHO-
TexHudeckass koHpepeHus «CoCTOssHUE U TEPCIEKTUBBI Pa3BUTUS BaKyyMHOM TeX-
Huku, Bakyym-2001» Kazauns, Poccus, 2001, c. 177-182
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UCCIIEJOBAHUE BJIUSAHUA DKPAHUPOBAHUA JJEKTPO/10B
HA BBIXOJHBIE ITAPAMETPBI JBII
J.A. Jloooes, /I.A. /lanunos, B.H. Boponun
Capamosckuii 2ocyoapcmeennwiii mexuudeckuti ynueepcumem. Capamos,
ya. Honumexnuueckas, 77. e-mail: ems@sstu.ru

Ha cerogusmHuil 1eHb Majo U3y4eHbl BONPOCHI, CBA3aHHbIE C U3yUeHHEM (u-
3UKO-XMMUYECKUX TPOLEcCOB 3PPEKTUBHOCTH ynajeHus razoB npu ortkauke OBII,
CKOPOCTH yJajJeHHs aJcOpOUpPOBAaHHBIX U PACTBOPEHHBIX Ia30B, B3aUMHOE pacipesie-
JICHUE MpUMECEH, pa3ioKeHUs TAKUX OCHOBHBIX Ta30COJEpPKalIUX COCIMHEHUH, Kak
MOBEPXHOCTHBIE OKCHJIBI METAJIOB, KapOOHATOB U KapouaoB. Hemocrarouno u3yueHo
BIMSIHUE Ta30BOM (pa3pl Ha MPOLIECCHI, MPOUCXOMAAIIME MPU OTKAYKE B DIEKTPOJAX
OBII, Bnusinre ra30Boi Ga3bl HAa HECTEXMOMETPHUIO aKTUBHOTO BEILIECTBA KaTO/a.

KayecTBO nprbopoB BO MHOTOM ONpEAENsSeTCs yCIOBUSIMU, P KOTOPBIX MPO-
M3BOJUTCS aKTUBHpOBaHUE Karona. [Ipu 3Toil omepamuu BO3MOKHO HCIIApEHUE aK-
TUBHOT'O MOKPBITUA KaTona (10 4-6 mpoleHTa obmiero konuuectsa Ba) u matepuana
KepHa M HaNbUIEHUE UX HA APYTHE DJIEKTpoAbl npudopa. M3BecTHO, 4TO moTeps ak-
TUBHOTO BEIIECTBA B BUJE OKUCU Ba naxe B konuuectBe 1,5-2,5 nmpolieHTa NpuBOIUT
K HEOOpaTUMOMY MaJ€HUIO0 YMUCCUU KaTO/1a.

OTpuiatensHOe B3aUMHOE BIUSHUE KAaTOAa M TMOJBEPTaIOIIUXCS IEKTPOHHOM
O60MOapAUPOBKE IEKTPOIOB MOKET MPOSIBISITHCA Y MPUOOPOB € KaTOJaMH Pa3IUUHbIX
THUIIOB: BOJIb()PAMO-TOPUEBBIX, OKCHUIHBIX U JIp.

B mpouecce akTUBUPOBKHM OKCHJIHOTO KaTo/a MPHU HarpeBe €ro A0 TeMIepary-
pb1 400-600°C (Temmeparypa oOe3rakuBaHUs OOOJOYKH MPUOOpa) HAUMHAETCS pas-
JOXEeHHe KapOOHATOB OKCHIHOTO MOKPBHITHA B mocienoBarenbHocTn Ca-Sr-Ba. Oto
CBSI3aHO C BbIJeIeHUeM u3 MokpeiTus razo CO, CO,, O, u mapoB Boasl H,0 (m/e =
12, 28, 16, 18), KOTOpBIE IO MEpPE CBOETO JABUKEHHUS K MMOBEPXHOCTH 00pa3yroT "B3pHI-
BbI", B pe3yJIbTAaTE YETro OT/EIbHbIC YACTULII KapOOHATOB BBLJIETAIOT HA APYTUE IJEK-
TPOJIBI.

HanpuieHne npoaykToB pasiioKEHHUs] aKTHBHOTIO TOKPBITHS Ha JIpyrue dJeK-
TPOJIbI ¥ CBA3AHHOE C 3TUM OTpaBJeHHE KaTo/a MpHU MOCIEAYIOEM ra30BbIICICHUU U
YTEUYKH 10 KEPaMHUKE MOYKHO YCTPAaHUTh NYTEM B3aMMHOI'O SKPAaHUPOBAHHUS DJIEK-
TPOJOB Mpubopa NMpH KamMepHOM oTkauke. OJHAKO YacTO KOHCTPYKUUs Npubopa He
MO3BOJISIET MMOMECTUTh AKpPaH MEX]y €ro 3JIEKTPOJAaMH M TOTJa €JUHCTBEHHAs BO3-
MO>KHOCTb YCTPaHUTh B3aUMHO€ BIIMSHUE 3JIEKTPOJOB - 3TO PA3HECTH MX HA JOCTa-
TOYHOE JJIs1 ITOTO PACCTOSIHUE.

B cBsi3u ¢ 3TUM npencTaBiseTcs Leaecoo0pa3HbIM BBECTHU 3alUTHBIN SKpaH Ha
OTPEJICTICHHOM DPACCTOSIHUM MEXAY AJIEKTpoAamMHu Mpubopa Mpu KaMEepHOW OTKadKe,
IpU KOTOPOM HanOoJiee MOJHO YCTPAHAETCS UX B3aUMHOE BIHSIHHUE, U ucclie-
JI0BaTh BIIMSHHME SKPAHUPOBAHUSA KaTola Ha MapameTpbl MPUOOPOB U 3aNbUIEHHOCTh
AIIEKTPOOB.

Heo6xoauMo onpenenuTs ONTHUMalbHbIE MapaMeTphl: JUAMETp JKpaHa, pac-
CTOSIHME 3KPAaH-KaTOJ|, KOJIMYECTBEHHO HMCCIIEJOBATh BIMSHUE YKPAaHUPOBAHUS HA IIe-
peHoc Ba c kaTtoa, a Takke okazarh (PU3NYECKYI0 CYIIHOCTb MpoIlecca.
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OpnuM u3 pemammux (HakToOpoB BHIOOpA PacCTOSHUS KAaTOA-IKPaH SBISETCS
YCJIOBHE IIOJIHOM 3BAaKyallMy ra30B U3 IPUKATOAHON 30HBI.

Hcxonsa U3 3aKOHA 3aTCHAEMOCTH, IOJHOE MEPEKPBITHE ITOTOKA PACIBUISIEMBIX
YaCTULl MOXKHO MPEICTaBUTh 3aBUCUMOCTBIO:
d, d, d

a

= = ° > (1)
L L-H L-H+1

rae: d, - iuameTp aHoja, MM; d, - AuaMeTp Katoaa, MM; d - JUaMeTp JKpaHa,
MM;

L - BeicoTa BooOpakaemMoro TpeyroyibHuka, Mm; H - mMexanekTponHoe pac-
CTOSIHME, MM; |- pacCTOsIHME KaTOA-3KPaH, MM.

Bripaxxenue (1) M0O)KHO IIpeICTaBUTh B BUJIE CUCTEMBI yPaBHEHUI

d, x(L-H)=Lxd,, (2)
d, x(L-H+l) = (L-H)x d, . (3)
Pemas cucteMy OTHOCHTENBHO d,, OJIYYUM:
g —Ixd, —d,)+ Hxd, @)
’ H

Jlsis mpUMeHEeHHs SKpaHa ¢ YY4eTOM «KpaeBoro 3¢ dekra» HeoOXoauMmo ycra-
HaBJIMBATh €ro pazMepsl Ha 1-3 MM OoJibllle TEOPETUYECKOTO.

[pu sKpaHMpOBaHKM AIEKTPOIOB B MpOLECCe OTKAUKKM Habmoaercs cHikeHue (Ha 20-
25 MPOILIEHTOB) XapaKTEPUCTUIECKON TEMIIEpaTypbl Karoja, YTo JAeT BO3MOXKHOCTb CHU3HTh
pabouyto TeMIieparypy Karo/ia u OBBICHTh JIOITOBEYHOCTh IMPHOOpa.

O nomroBeYHOCTH MPUOOpPa MOYKHO CYIUTh MO BEJIMYMHE J1BAILATUITPOLIEHTHOTO CIiajia
KaTOJIHOIO TOKa IPH OTKJIFOYEHMH Hakasa. B cilydae oTKauky Moza ¢ SKpaHUPOBaHUEM

MEKTPOJIOB BpeMsl ABAALATUIIPOLIEHTHOIO CIa/ia KAaTOJHOIO TOKA YBEJIMYMIIOCH TIPH-
MepHO Ha 20-22 rpoLeHTa.

B pesynbrare sxkpaHMpOBaHMs CHUKAETCS 3albUIEHHOCTD 371eKTpo10B OBII.

Hanbenue Ha aHon Ba B ciyuae 0TKauky ¢ pa3HECEHHMEM YacTell yMEHBILAETCS He-
3HAYUTEIIBHO.

3TO MOXHO OOBACHUTH TEM, YTO AHOJ KOHJICHCUPYET MOYTH OJMHAKOBYIO Maccy
Ba npu pa3zHecenuu yacrteil 1 6e3 pazHeceHHs yacTeil, T.K. OH pacIojokKeH HEeloCpeiCT-
BEHHO HaJ| KaroJoM. BBeneHue 3kpaHa Ha nepuoj; TEPMUUECKOTO AKTUBUPOBAHUS CHIKAET
HarplieHHe Ba routy Ha nopsaoK, OJJHAKO, MPU CHATUM AKpaHa Ba npojomkaeT HanbuIsATh-
Csl Ha aHOJ NMpPHU AaKTMBUPOBAHUM KaTOAa TOKOOTOOPOM. DTO BBI3BIBAET HEOOXOIUMOCTb
BBEJICHUS] BTOPOI'O 3KpaHa BO BPEMs aKTUBUPOBaHMs TOKOM. IIepBblil 3kpaH, yxe 3arpsi3HEeH-
HBIM PU TEPMUYECKON aKTUBUPOBKH OTBOIWTCS B CTOPOHY U Ha €r0 MECTO yCTAHABIIMBACTCS
JPYTOil ¢ TOKOOTOOPOM Ha HEro. ITO MO3BOJISIET CHU3UTH Ha 2-2,5 TOpsKa 3albUICHHOCTh
aHoJA.
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IKCIIEPUMEHTAJIBHOE NCCIIEAJOBAHUE BUBPALIUU
HOPHIHEBOI'O ®OPBAKYYMHOI'O HACOCA
C YPABHOBEHIEHHBIM MEXAHU3MOM IIPUBOJJA
II.A. Onvwesckuii, B.A. boposuk, E.A. JlIvicenxo, A.Il. bornmmanckuii
Omckuil 2ocyoapcmeeHublil mexHudeckuti yHusepcumem, Omck, np. Mupa, 11.
E-mail: alexander p b@mail.ru

OpHuM H3 crmocoO0B PaIMKAILHOTO CHIDKEHUSI BUOpAIK MOPIIHEBOTO (opBa-
KYyMHOT'O Hacoca SIBJISIETCSl TPUMEHEHHE KOMOMHUPOBAHHOTO YPaBHOBEIICHHOTO Me-
xaHu3Ma npuBoja. OJHAKO, KaK U JII000€ yCTPOUCTBO, COJIEpIKAIIee COMPSITAIONTHECs
AJIEMEHTHI, 00€CIeYnBAIONINE TOYHOCTh MEPEMEIICHHUI, 3TOT MEXaHU3M HEH30EKHO
OyIeT UMEeTh MOTPEIIHOCTH M3TOTOBJICHHS W COOpPKH. B CBSI3U C 3TUM TIpENCTaBIISET
OONBIIION TPAKTHYECKUH WHTEPEC TPOTHO3 BIMSHHUS OTOTO acleKkTa Ha OIHY
U3 BOKHEHUIINX XapaKTepUCTHK (popBakyyMHOro Hacoca — ero BuOpanuto. Cremyer
TaK)K€ OTMETUTh, YTO B TOJIABIISIONIEM OOJBIIUHCTBE YCTPONCTB COBPEMEHHOW TEX-
HUKH BUOpAIUS SIBISICTCS] BPEAHBIM (DAKTOPOM, CHIDKAFOIIMM TaKWe IMOKa3aTeln pado-
TOCIIOCOOHOCTH, KaK HaJEKHOCTh M peCcypc pabOTHI.

B nmoxmanme paccMarpuBarOTCs SKCIEPUMEHTHI ¢ HOBBIM THIIOM ITOPIITHEBOTO
(GhOopBaKyyMHOTO HAcOCa, MMEIOIIETO OPUTHHATBHBIA TIPUBO/I, SBJISFOIIHIACS KOMOWHA-
e MBYXBaJbHOTO W KPUBOIIMITHO-TIOJI3YHHOTO. TEOPETHUECKU TaKash KOHCTPYKIIUS
JOJIKHA 00ECTIEUYUTD MOJTHOE OTCYTCTBUE BUOPAIIMU, CO3aBAEMOM CaMUM HACOCOM.

DKCHEPUMEHTHI MTPOBENICHBI C MOJICIBHBIM 00PA3I[OM MTPU UMUTAIIUU PACcCOTIIa-
COBaHUS IJICKTPHUECKUX XAPAKTEPUCTUK MPHBOJHBIX JIBUTATEIICH M OTKJIOHEHUS OCH
CUMMETPHUH HX TOJI0KECHUSI OTHOCHTEIHHO OCH OJIOKA IMTOPITHEH.

[TokazaHo, 4TO MpPU MPOCSKTUPOBAHUU TAKMX KOHCTPYKIMHI B Clydae MPEabsiB-
JICHUS K HUM TIOBBIIEHHBIX TPeOOBAaHU K BUOPAIIMOHHBIM XapaKTEPUCTHKAM CJIETyEeT
YACTSATh JOCTATOYHO OOJBIIOE BHUMAHHUE JIOMMyCKaM Ha HECOBIAJICHUE OCEU JBHUTraTe-
Jeil m oOmed OocH IWIMHAPOB, a TaKXKe yKa3blBaThb Ha HEOOXOJUMOCTh MOJ00pa
JUTS IPUBOJIA HAcoca TMaphl AJICKTPOABUTATENEH ¢ OJM3KUMU XapaKTEPUCTUKAMU,
WM TIPEAYCMAaTPUBATh COBMEIICHUE XapaKTEPUCTUK JIBUTATEIICH M3MEHEHHEM COIPO-
TUBJICHHS UX OOMOTOK.

MATHUTORJIACTUYHBINA JEMI®EP JUISI BAKYYMHOI'O
NPEIIU3UMOHHOI'O OBOPYJAOBAHUS
A.A. Anopusanos, /1.B. Temnos, B.I1. Muxaiinos
MI'TY um. H.D.baymana, Mockea, yn. 2-a baymanckas, 5, MTI11, 105005.
E-mail: mikhailov@bmstu.ru

CoBpeMeHHOe MPEUN3UOHHOE BaKyyMHOE 000pY/I0BaHUE UCIIOJIb3YET CUCTEMBI
BUOPO3AIUTHl OT BHEIIHUX BO3JAEHCTBUM Ui peajan3aldyd TOYHOTO MO3UIIMOHUPOBA-
Hus [1]. TIpobrema BUOpO3alIUTHl MOXKET OBITH pellieHa HA OCHOBE MPUHIIUITHAIBHO
HOBBIX MarHuTodnacTuuHbix (MD) nmemmdepoB, uaess KOTOPBIX 3aKIIOYAOTCS B HC-
MOJIb30BAaHUK MaTepurasa, MEHSIOIIETO NMPY BO3ECHCTBUM YIIPABISAIONIETO MArHUTHOTO
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OJISI MOJTYJIb YIIPYTOCTH U OTHOCUTENbHYIO AedopMmanuto. B THUUXTOOC u MI'TY
uM.H.D.baymana paspaGotan u uccienoBaH SKCIIEpUMEHTANbHbIA oOpazen MO-
nemiidepa, o6aagaromui BHICOKOH TOYHOCTBIO, OBICTPOACHCTBUEM W IIMPOKHM JHa-
Ma3oHOM nepemenieHuii. B paboTe mpencraBieHbl onucaHne KOHCTPYKIMU, TTapaMeT-
pBI U pe3yJsibTatThl uccneaoBanuii MO-nemmdepa.

Marunurtosnactuunbii gemmdep (M3-agemndep) (puc. 1) coaep>XUT orpaHuIH-
BalOIIMEe BTYJKU 1,2, BTyJIKH W3 MarHutosjactuka 3,4, omopy S5, mnepeMenaeMyro
mwatgopMmy 6, cepaedHuK 7, GUKCUPYIOIIee KOIBIO 8, BUHT 9, pEeryIMpOBOYHbBIC BUH-
Thl 10, 31eKTpOMarauTHyto Katywky 11, npyxunsr 12.

LAamyuk nepemeweru

O fm

N
i A Lm0
\ 2 \ﬂ 9 7

Puc. 1. IlpuHuunuansHas cxema Puc. 2. ®ororpapus MI-ngemndepa
MD3-nemnepa

MD-nemndep ocHaIeH MTaTYMKOM IEpEeMEIIeHUs U CUCTeMOU yrpaBieHus. Ha
ANIEKTPOMArHUTHYO Karymky 11 ¢ Gyioka muTaHusi MoAaeTcsl yIpaBIISIOMIMM CUTHA,
noJ1 JIeHCTBUEM KOTOporo ruiargopma 6 mepeMeniaeTcs Mo BepTUKaiIbHOU ocu. Cur-
HaJ OT €MKOCTHOTO JaTduKa nepemernieHus ruiargopmel 6 mocrynaet yepe3 AL B
KOMIIBIOTEp, COXpaHsieTCs W OToOpa)kaeTcs Ha 3KpaHe MoHuTopa. llepemenienue
maTGopMbl 6 MOKHO PETYJIMPOBATh MO 33JJaHHOMY 3aKOHY IMPH MOMOIIU 3aMKHYTON
cuctembl ynpasneHusi. @ortorpadus MO-nemmndepa npencrariena Ha puc.2. Hecy-
UM 3JIEMEHTOM JieMIipepa SBISETCS MWIMHIPHYSCKHA MarHuTodIacTuk. [Ipu moma-
Yye yIpaBisIoero curuaia (ynpaBstolero Toka) Ha KaTyIiKy ¢ OJIoKa MUTaHusl BO3-
HUKAEeT 3aMKHYTO€ MAarHUTHOE II0JIe, MPOXOAIIEe Yepe3 MArHUTOANacTUK. Benencrt-
BHE ITOTO 3aMBIKAETCS IIEMb: CEPJCYHUK 7 — TPyOUaThlii MarHUTOSIACTHK 4 — TUIAT-
¢dopMma 6 - MWIMHAPUIECKUI MAarHUTOANACTUK 3 — omopa 5 — cepaeunuk 7. beicTpo-
neiictBue aemndepa onpeaensercs BpeMeHEeM MepeX0IHbIX MPOIECCOB B MarHUTOAJA-
cruke. Bpems CTpyKTypUpOBaHMS PEOJOTHYECKOU CPENBI feyp W PETAKCALMH [, CIBHU-
TOBBIX HAIPSOKCHUH OMpPEEseTCs] OTHOMEHUEM (i, (H) /E, The fi. (H) - nuHaMu-
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YEeCKasi SKBUBAJICHTHASI BS3KOCTb PEOJIOTMYECKOMN Cpelipl; £ — MOIyJb yIPYTOCTH 3TON
cpenbl. OTH MapaMeTphl, a TaKKe 3HAYEHUS] BPEMEHU MOTYT PEryJIMpoBaThCs 3a CUET
M3MEHEHHUSI YPOBHS HANPSX)KEHHOCTH MAarHUTHOTO TOJISl MyTeM U3MEHEHUS CUJIbl TOKa B
KaTyIlIKe.

B xoze skcneprmenTa ObU1a OMy4Y€Ha BPEMEHHAs 3aBUCUMOCTD IEpEMEIICHUS
matdopmel nemmdepa u3 cranu 20 npu Harpy3ske 16 H u cune toka 2 A (puc.3). Ilo
9TOM 3aBUCHMOCTH JIETKO OINPEAEIUTh BpeMs MEPEXOJHOro IpoLecca B MarHUTOMIIA-
ctuke nemndepa Af, KOTOpoe MpeacTaBisieT coO0M Bpemsl pellakCcallid CIBUTOBBIX
HanpspkeHU. MOKHO TakkKe ONpEAENUTh U MOrPEIIHOCTh MO3UIIMOHUPOBAHMS IEMII-
depa AL (MOTPEIIHOCTh JTUHEUHBIX TIEPEMEIICHU).

L,MKkm
45——
30— AL=1mKm

15—
B——

15T

aadiil M=0.5 cek
451

I N N (NN TR A N R
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Puc. 3. BpeMenHas 3aBUCUMOCTD NepeMelieHus miaTdopMsl aeMidepa
npu Harpy3ke 16 H u cune toka 2 A

BriBoabI

1. Ha ocHOBe MarHMTO’1aCTUYHOTO KOMIIO3UTA, IO3BOJISIOIIEro OBICTpPO (3a
Bpemst meHee 0,5 ¢) U 00OpaTUMO CTPYKTYPHUPOBATHCS (MEHATH MOAYJb YNPYTOCTH U
OTHOCHUTENbHYIO Je()OpMalIMIO) MPU BO3ACHCTBUM YIPABISIIOIIMX CUTHAIIOB, pa3pado-
TaHa CUCTEMa BUOPO3AIIMTHI, COYETAIOIAsl CYyOMUKPOHHYIO TOUHOCTh M BBICOKOE ObI-
CTPOACHCTBHE.

2. Pa3paboTtana MoJeIb MPOLECCOB CTPYKTYPUPOBAHUS U PENIaKCAlIUU MAarHUTO-
3JIACTUYHOr0 KOMIIO3UTA, MO3BOJISAIONIAsl BHIOMPATh U PAacCUUTHIBATH MApaMeTphl aB-
TOMAaTU3UPOBAHHOTO yIpasieHUss MDO-aemndepom ¢ 3aJaHHBIMU TPEOOBAaHUSIMM.

Jlureparypa

1. Mexanuka u (pu3rMKa TOYHBIX BaKyyMHBIX MeXaHHU3MOB: Monorp., B 2 1. / A.T.
Aunexcanapona, H.C. Barun, H.B. Bacunenko u ap.; [log pen. E.A. Jleynuna. - M.:
HIIK “UntenBak”; Bakyymmami, 2002. - T. 2. - 152 c.
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IKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE POTALIMOHHOI'O
®OPBAKYYMHOI'O HACOCA C AKTUBHBIM OXJIAKJIEHUEM
A.A. Mouanos, ILHU. Buzyn, E.A. Ilasnouenko, A.Il. Bonwmanckuii
Omckutl 2ocyoapcmeennslil mexuudeckuti ynueepcumem, Omck, np. Mupa, 11.
E-mail: alexander p b@mail.ru

Cxema ¢opBakyyMHOT0 Hacoca JIOJKHA OO€CHeurBaTh XOPOLIee OXJIaXACHUE
OTKauYMBAaEMOT0 ra3a B IMPOIECCE €ro CKATUS C 1IeIIbI0, KaK CHUKEHHS paboThI IpoIec-
ca, Tak U obOecrieyeHusi paboTOCOCOOHOCTH KOHCTPYKIMU B LejaoM. C y4yeToMm 3TOro
00CTOATENbCTBA CIEAYET CTPEMHUTHCS HCIOJIb30BaTh TAaKUE TEXHUYECKUE PELICHHS,
KOTOpBIE 00eCIeurnBal0T MaKCUMaIbHOE OTHOIIEHUE TIOBEPXHOCTHU TETIONEPEIAI0IIUX
MOBEPXHOCTEN paboueil KaMephl K ee 00beMYy .

B noxnane paccMorpeHa pabora (hOpBaKyyMHOIO Hacoca pOTALMOHHOTO THIIA
C YJIy4ILIEHHONW CHUCTEMOM OXJIaXJeHus, paboTa KOTOpoW oOecrneunBaeTcsi akTUBHOU
MPOKAYKON OXJIaKJAIOIMIeH KHUIKOCTH Yepe3 TEINIOOOMEHHHUKH, B Ka4eCTBE 4acTH KO-
TOPBIX MOXET CITy’KUTh KOPITyC Hacoca. Hacoc mMeeT ra30ByI0 M KHUIKOCTHYIO MOJIOC-
TH, KOTOpble 0Opa30BaHbI BYMs pa3JeIUTENbHBIMHU IJACTUHAMU M CaMOJEHCTBYIO-
muMH KinanasHamu. KpoMe oCHOBHO#M (YyHKIIMHM — OTKAa4KH Tra3a U3 BaKyyMHPYEMOTO
o0BbeMa — KOHCTPYKIIHSI MOKET paboTaTh B KaueCTBE KOMITPECCOpa, KUAKOCTHOTO Ha-
coca, Hacoca U KOMIIpeccopa OAHOBPEMEHHO.

Lenbro 3KCIIEpUMEHTANIBbHBIX Pa0OT OBLIO BBISIBICHUS 3aBUCUMOCTHU IepeTeueK
KHUJIKOCTH U3 MOJIOCTH >KUJKOCTHOTO HACOCa B Ta30BYIO MOJIOCTh, a TAK)KE BHISBICHHE
BO3MOKHOCTH PaOOTHI KUAKOCTHOU TOJIOCTH B PEKUME HACOCA JUIS MPOKAYKH OXJIaXK-
JAIONIEH KUJIKOCTH MIPU OTCYTCTBUU B 3TOU MOJIOCTH CAaMOACHCTBYIOIIMX KJIANaHOB.

VY CTaHOBJIEHO 3aMETHOE BIUSHHUE MEpeTeueK U3 KUIKOCTHOM MOJOCTU B ra3o-
BYIO OT JABJICHUS MOCIEIHEH U 0COOCHHOCTH MCIIOIB30BaHMS OSCKIIAITaHHON CHCTEMBI
npu paboTe )KUIKOCTHOM MOJOCTH B KAUECTBE MCTOUYHUKA OXJIAKAAFOIIEH KUKOCTH.

PABPABOTKA CUCTEMbI ®UJIBTPALIUU BBIXJIOITHBIX 'A30B
MACJIO3ANNIOJIHEHHBIX BAKYYMHbBIX HACOCOB
P. P. Illlapaghees, *M. P. I'yoanoynnun, C. H. Canuxees
KI'TY, Kazanw, yn. K. Mapkca, 68. * OAO «Baxyymmawy, Kazanw, Tynvckas, 58.
E-mail: pokemon-radik@yandex.ru

OOmuUM HETOCTATKOM MEXaHMYECKHX MAcIIO3aMOJIHEHHBIX BAKyyMHBIX HACOCOB
SIBJISICTCS. BEIOPOC Maciia, BMECTE C BBIXJIOIHBIMH ra3aMu B aTMoc(epy 4TO MPUBOJIUAT
K 3arpsI3HEHUIO OKPY’KAIOIIEH Cpe/bl, U IKOHOMUYECKUM MOTEPSM M3-33 TOPOTOBU3HBI
Macia. C yBelIMYEeHUEM TOTOKAa OTKAYMBAaEMBIX ra3oB, BHIOpOC Maciia B atMocdepy
pe3ko Bo3pactaet. C 1enblo MPeAoTBPATUTh BEIOPOC Maciia ObLT pa3paboTaH MaciaooT-
JeNUTEINb, TAKXKE TO3BOJISIONIMIA aBTOMATHYECKU CIHMBATHh OTQUIBTPOBAHHOE MAaCIIO
o0OpaTHO B KapTep Hacoca.
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Pabora ¢unbtpa (puc.l) ocymiecTBiseTcs cienyrommM 00pa3oM: OTKauMBae-
MBII ra3 IpOXOJUT Yepe3 ceTyaThll punbTp mo3. 1 , npegHa3HaYeHHBIA IS OTAEIIe-
HUSl KamnenbHOW (a3bl Macia, HaXOJSAIIerocsi BHYTPU CTakaHa 1Mo3. 2 W MOMajaeT BO
BHYTPEHHIOIO TIOJIOCTh TWJIb3bl (PUIBTPYIOMIETO 3JIEMEHTa Mo3. 3, U uepe3 OOKOBBIC
CTEHKHU BBIXOJUT HapYXKy M yJaJsieTcsl B CIENUANbHYIO IpeHaXHYyt0 cuctemy. [lpu pa-
00Te Hacoca CIMBHOW KJlamaH Mo3. 4 MoJ AelCTBUEM
nepenajga JaBlICHHUM, CO3JaBa€MOro IOTOKOM OTKa-
YMBAaEMOI'0 rasa, IpHkara K HUXKHEH [OBEPXHOCTH
CTakaHa Mo3. 5 U He JOMyCKaeT BbIXoAa HE OT(OUIBLT-
poBaHHOro rasa Hapyxy. [locne ocraHoBkum Hacoca
CJIMBHOH KJIallaH I03. 4 1moJ JeHCTBUEM CHIBI TSKE-
CTH CaMOro KJialaHa M cToj0a maciia HaJl HUM Ipo-
rubaeTcs, 1 OTOUIBTPOBAHHOE MAcJIO0 CTEKAeT 4yepes
CHelualbHbIe OTBEPCTHA B CTaKaHax Mo3. 2, 5 U Io-
najaeT oOpaTHO B MacisHbIA KapTep Hacoca. CiuB
OTQWIBTPOBAHHOTO Macila MOKET IMPOU30UTHU U BO
BpeMsi pabOThI HacOCa, €CJIM €r0 YPOBEHb CTAHOBUTCS
JOCTAaTOYHBIM, JJISl TOTO YTOOBI MO/ ACWCTBUEM CHIIBI
TSHKECTH Maciia OTKPBUICA CIMBHOM KiamaH. OuibTt-
PYIOIIUH AJIEMEHT MPUMEHEH MOKYITHOW, MPOU3BOIU-
tenb pupma MANN (I'epmanust). On obecriednBaeT
ounuCTKy 10 99,8%, 4TO COOTBETCTBYET MEXIyHa-
poansiM craHgaprtam. [Ipu mpaBuiapHOM 3KCILTyarta-
_ MU MacJIOOTIEIUTENs 3aMeHa (PUIbTPYIOIIEro HJie-
/ MEHTa He TpeOyeTcsi B TEUCHHE HECKOJIbKHX JIET.
6 o~  / OUIBTPYIOUINI 3JIEMEHT pacCUUTAaH Ha (PUIBTPALIMIO

|z MOTOKAa BBIXJIOMHBIX Ta30B Oosiee 25 j/c mpu aTMo-
chepHom maBnenun, U temmeparype mo 80 °C. B
nuamna3oHe pabouuMx JaBICHUN MaciaO03aroJHEHHBIX
HAcoOCOB, OT 1 MM pT.CT. JO OCTaTOYHOI'O JIaBJICHUS,
Puc. 1. MCIIONb30BaHKue (DUIIBTPA MPAKTUYECKU HE OKA3bIBACT
JIOTTOJTHUTEIIBHOM HAarpy3KU Ha HAcoC.

CrpoeKTUpOBaHHBIN MACIOOTACIUTENb OYEHb YIAOOEH B 3KCIUIyaTaluH, W
NPAKTUYECKU HEe TpeOyeT HUKAKUX peryjJupoBoK. Bce neranu macimooTaenuresns Tex-
HOJIOTMYHBI U OYEHb MPOCTHI B U3rOTOBJIEHUHU. B HacTosee BpeMsi Ha MPEANPUATHI
OAO «Bakyymmamn» r.Kazanp ycrnemHo mpouuia UCHbITaHUs OINbITHAs MapTHS Mac-
JIOOTAENUTENEH U TOTOBUTCSA MX CEPUHHBIM BbITYCK. Pa3paboTaHHBIM MacIoOTAeNn-
TeJIb MpeaHa3HavyeH Jyis yctaHoBku Ha Hacockl 2ZHBP-90/1, 2HBP-60/1. On ycTanas-
JMBAETCS C TIOMOIIBIO MaTpyOKa Mmo3. 6 HEMOCPEACTBEHHO Ha BBIXJIOIHOE OTBEPCTHE B
CTOilke Hacoca. B manpHelieM rmiaHupyeTcs pa3paboTKa, U BBITYCK TUIIOPa3MEpPHO-
ro psAlld MaclOOTAEIUTEIEH HAa BCE MEXaHNUECKUE MACI03all0JIHEHHbBIE HACOCHI.

[IpoBeneHHbIE MAapKETUHTOBBIE HCCIEAOBAaHUS MOKa3aau OOJIBIIONW MOTEHIH-
QJIBHBIN CIIPOC Ha MO00HbBIE CUCTEMBI OUYUCTKH BBIXJIOITHBIX T'a30B.
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IKCIIEPUMEHTAJIBHOE UCCJIIEJOBAHUE PEXKUMA PABOTbI
rmapoauoa0B B CUCTEME OXJIAZKKAEHUA POTAHUMOHHOI'O
G®OPBAKYYMHOI'O HACOCA
H.0. benonozos, E.A. Kapmasuoe, E.IO. Hocos, A.Il. bornwmanckuii
Omckuil eocyoapcmeeHubill mexHudeckuti yuugepcumem, Omck, np. Mupa, 11.
E-mail: alexander p b@mail.ru

JUist OXJIaXIEeHUs! Pa3iHyHBIX TEKy4YHX Cpell HMCIIOJIb3YETCSl pereHepaTUBHBIN
Y CMECHUTENBHBIN TeruiooOMeH. B mepBoM crocobe TeroTa cxxaTtus OTBOJUTCS depes
CTEHKH KOHCTPYKLHMH B OKpPYXKAIOILYH Cpedy depe3 MOBEpXHOCTh paboyeil kamepsl
M, 4yTo 6oisiee A (HEKTHUBHO, Yepe3 KUIKOCTh, ITUPKYIUPYIONIYIO B CUCTEME OXJIaXkK-
neans. Bo BTOpOM - HCHONB3yeTCS TEIUIOEMKOCTh JKHUAKOCTH, BIPBHICKUBAEMON
B pabouyr0 KaMepy MallMHbl. B cBA3M ¢ TeM, YTO mapbl U YaCTULbI a3pO30JM TaKOU
KHUJIKOCTH  4epe3  BIYCKHble  yCTpOMcCTBa  MAaIIMHbI  MOTYT  IPOHHKATh
B BaKyyMHPYEMYIO € TOJIOCTh, BTOPOU CIOCOO OXJIaXKACHHUS HCIIOJIb30BaTh HEXema-
TenbHO. OHAKO B aBTOHOMHO pabOTaOIMMX MallnHaxX JUIsl OPTaHWU3alUu TUPKYJIIH-
pyIoLIeN OXJIaXAaroleil )KUIKOCTH He0OOXOMMO UMETh OTAENbHBbIH NUCTOUYHUK (KH[-
KOCTHBIN HACOC) IS €€ MPOKAYKH, YTO CYIIECTBEHHO YCIIOKHAET KOHCTPYKIIHIO.

OmHMM W3 BapHaHTOB Pa3pELICHHs ATON MPOOJIEMBI SBISIETCS HCIIONIb30BaHNE
OJTHOTO WJIM HECKOJBKHUX 3JEMEHTOB CaMOM KOHCTPYKUUH (POpBaKyyMHOro Hacoca
B KQ4eCTBE YCTPOMCTBA JJIs1 MPOKAYKU KUAKOCTH. B 4aCTHOCTH, B pOTallMOHHOM (op-
BaKyyMHOM HAacOC€ TaKHM YCTPOMCTBOM MOKET CIY>KUTh Iapa pa3ieiuTelIbHas IJia-
CTHHa — Ta3, T.K.Ma3 MOXET OBIThb BBIOJIHEH B BHAC IWIMHIpPA
C pacnpeenuTeIbHBIMA yCTPONUCTBAMHU, a IJIACTUHA — UIpaTh Pojib nopuiHs. B To ke
BpEeMsl HUCIOJBb30BaTh TAKOE€ TPUBUAIBHOE PEIICHHE MEIIAIOT CHJIbl MHEPIUH, JEHCT-
BYyIOIIME Ha OOpaTHBIE CaMOACHUCTBYIOIINE KIIATIaHbI, BHITOIHSIONINE B TAKOW KOHCT-
PYKIMHM (YHKIMH PAcCHpPENeNIEHUs] MOTOKOB JKUAKOCTU. DTO OCOOEHHO aKTyaJlbHO
JUIS MAIlIMH POTAIlIMOHHOIO TUIIA, YACTOTa MOBTOPEHUS pab04MX MPOIECCOB B KOTOPHIX
coctasisteT 25-50 I'm.

C memnpio pa3pemieHust 3TOr0 MPOTUBOPEUHS MPEATOKEHO B Ka4eCTBE pacipe-
JEIUTENIbHBIX YCTPOICTB, OPraHMU3YIOUIMX HANpPaBICHHOE MPOTAJIKUBAHUE >KUJIKOCTH
yepe3 CUCTEMY OXJIAXKEHHs, UCTIONIb30BaTh THAPOIUO/IBI, HE UMEIOIINE TOBUKHBIX
yacTeil. B kauecTBe ruipoino10B Ha MEPBOM dTanle OCBOCHMSI KOHCTPYKIIMH BbIOpaHbI
HanboJiee MPOCThIE — COTUIOBOM U TP PY30PHBIA.

B noknane mpuBeneHbl METOJUKM pacueTa TakuX AMOAOB M PE3yJbTAaThl UX
HKCIEPUMEHTAIBHBIX HCCIIEAOBAHUN Ha CIEUUAIBHO CO3JaHHOW YCTaHOBKE C BO3-
MOKHOCTBIO BHU3yallM3allMd TOTOKOB KUAKOCTH. IlokasaHo, dYTO uMerommecs
B JINTEPATYPE YPABHEHUS MOTYT MCIIOJIb30BATHCS JJIsl OLICHKH XapaKTEPUCTUK AHOAOB
B TypOYJICHTHOM 00JIaCTH, a pACCTOSHUS MEXIY IUonaMu s ux 3 dexTuBHON pado-
TBI TIPU TypOYJICHTHOM PEKUME TEUEHUS TOJDKHBI OBITh HE MeHee 6-8 MaKCHMabHBIX
pa3MepoB NONEPEYHOr0 CEYEHUsI THIPOIUHUY.
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PA3PABOTKA MEXAHHUYECKOI'O MACJIO3AIIOJHEHHOI'O
BAKYYMHOI'O HACOCA JIUISs1 PABOTBI HA BBICOKHX
BXOJHbBIX JTABJIEHUSAX
/.H. Bycknoea, *M.P. I'yoaiioynnun
KI'TY, Kazanw, yn. K. Mapxca, 68. *OAO «Baxyymmawy, Kazano, Tyavckas, 57.

E-mail: petrov@kstu.ru

Mexannueckne BakyyMHble Hacochl Tuna HBP mpeanasnauensl mist paGoThl
npu AasieHusax Menee 10 mm pt.ct. VIX nponomkuTenbHas padoTa npu OOJIbIIMX JaB-
JICHUSIX HEBO3MOXKHA BCJIEJICTBUE UYPE3MEPHOr0 HarpeBa pabouero 0joka, TErIOBOTO
paciIMpeHus IUIACTUH U, YTO, COOTBETCTBEHHO, MOXET MPUBECTU K 3aKIMHUBAHUIO.
OnHako MOTPEeOUTENI0 YaCTO HEOOXOAUMBI CPEACTBA OTKAUKH JIJIsi paOOThI B AMANa30-
He gnaBineHuid ot 10 go 750 mMm pr.ct. B oOmenpuHsaToil cxeme IJIaCTUHYATO-
POTOPHBIX HACOCOB 3TY 337auy PELIUTh HEBO3MOXHO. [loaToMy Hamu Obuia npeanpu-
HSTA MOMBITKA Pa3paboTaTh TPEXIUIACTUHYATHIM OJHOCTYIEHUATHI BaKyyMHBIH Hacoc.

B npeanaraemom Hacoce, B OTIIMYHME OT TPAAUIIMOHHON KOHCTPYKIMH, pelieHa
npobnemMa Oosee 3(h(PEeKTUBHOTO OXJIAXKIACHHUS IMIVIMHAPA 32 CUET pa3/ieJieHUus Macis-
HOTO KapTepa u pabodero Oyo0ka Hacoca. Takum 00pa3om, TeIwio, BeAensseMoe pado-
9uM OJIOKOM 1103.1 OTBOAMTCSI B OKPY’KAIOIIYIO Cpeay, a B pabouuit 070K 0OMIBHO MO-
CTYMaeT XOJIOAHOE MAcl0 U3 KapTepa 103.2, PacoiI0KEHHOTO OT/IeIbHO. BhIXjiomnHbie
ra3sl U3 paboyero 0JioKa MOCTYNAIOT B MACJISHBIM KapTep U Npoiijs, yepe3 cucreMy
¢ubTpanuu 1mo3.3 ynanasoTcs B APSHAKHYIO JTMHUI0. OTQUIBTPOBAaHHOE MACIIO Yepe3
mryuepa no3.4 u 5, HUIaHr 1o3.7, )KUKIIep 1o3.8 BcackiBaeTcsl B pabouuit 6mok. Hacoc
OCHAIILIEH JBYMsI OTCEUHBIMH KianmaHamu 103.9 u 10, KoTopble HAEKHO 3aIUIIAIOT
OTKAuMBaeMbIi 00bEM OT MOMAJaHMs TyJa aTMOC(HEPHOTO BO3yXa B MOMEHT HECAHK-
LMOHUPOBAHHOM OCTAaHOBKU Hacoca. ['azobannacTHbli KianaH 1o3.11, pa3menieHHbli
Ha MacCJISTHOM KapTepe 1M03.2 U COCIMHEHHBINA C pabounM OJIOKOM Yepe3 CreIuaTbHbIHN
KaHaJl, HAXOJUTCS MOCTOSHHO B OTKPBITOM COCTOSIHUU. KOHCTPYKTHMBHOE CMEIEHUE
«s1010ka» Ha 30° B CTOPOHY OT BEPTUKAIBHON OCH IHJIMHAPA 00ECIIeYnBaET KOMIIAKT-
HOCTh KOHCTPYKLIMM M MaJIbIi BEC MO OTHOIIEHUIO K aHajoraM. Hacoc ocHaileH acuH-
XpPOHHBIM Tpexda3HbIM JBUTaTENeM 1M03.12 MomHocThio S50BT, HanpsokeHueM muTa-
Hust 380B, c uacroroii Bpamenus 1500 o6/muH. Kpemenue aurarenss K CTOWMKE
103.13 ¢nanueBoe. UMnopTHeI MaTepuan i IIacTuH 103.14 He Tpedyer noporo-
CTOSIILIETO Mpolecca TepMopUKcauu Kak acOOTEKCTOIUT, UMEET MUHUMAJILHOE 3Ha-
YeHrne KO3 PHUIMEHTa TEPMUUYECKOI0 PACIIUPEHUs, YTO MO3BOJISIET UM paboTaTh Npu
temrneparypax cBbiie 100°C, a BbICOKass MPOYHOCTh JA€T BO3MOKHOCTb M3TOTaBIIU-
BATh IUIACTUHBI TOJIIHHON MeHee 4 Mm. [ cMa3ku maHxkeT 1no3.16 u 17 B MexxmaH-
J)KETHOE€ MPOCTPAHCTBO 3aKJIAJbIBACTCS KOHCUCTeHTHas cma3zka [[MATUM-221
'oCT9433-80.

Pacuetnas 6picTpoTa ACHCTBUS HAcOoca B IMana3oHe JaBJIEHUN OT 15 MM pT. CT.
1o 760 MM pt.cT. coctaBiusieT 5 ja/c. [IpoBefeHHbIE TEIIOBBIE pacyeThl MOKA3alu YTO
Temneparypa padodero 0joka He JObKHA mpeBbimaTh 65°C mpu paboTte Ha JTHOOBIX
BXOJIHBIX JaBJICHUSIX.
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,Iji Ji,l el

o \

Puc. 1. TpexmiacTUHYATHIM BaKyyMHBIN HacOC

KoHcTpyknms Hacoca MpocTa, TEXHOJOTHYHA, UMEET MaJIO€ KOJIMYECTBO JETa-
Jeil, Heoporue MMIOPTHBIE KOMIUIEKTYyIonMe. B HacTosmiee BpeMs pa3paboTaHHbIE
HaMH YEPTEXH MPOXOJAT TEXHOJOTMUECKYI NpopaboTKy, a Ha mpeanpustuun OAO
«BakyyMMmarin) roTOBUTCS BBIIYCK OIBITHOU MTAPTHUU.

[Ipennonaraercs, 4To U B IBYXCTYIIEHYATOM MCIOJHEHHUH JTaHHAs KOHCTPYKIIHS
MO3BOJIUT 3HAUUTEJIHHO PACIIMPUTh JUara3oH pabouux JaBlIeHUH Hacoca.

NCCIIEJOBAHUME NOTEPH BO BXOJAHOM TPAKTE
ABYXPOTOPHBIX BAKYYMHBIX HACOCOB
H.X. Xycnymounoes, /[.I'. Kapaonunos, A.B. Bypmucmpoe
KI'TY, Kazanw, yn. K.Mapxkca, 68. E-mail: burm@kstu.ru

HameruBmuecs: B HacTosiiiee BpeMsi TEHACHIIMU IO TTOUCKY U Pa3padOTKe TeX-

HOJIOTUW HOBOTO TOKOJICHUSI CTAaBSAT HA MOBECTKY JHSI BOMPOCHI TEXHUUECKOTO Iepe-
BOOPYKEHUS OOJBIIMHCTBA MPOU3BOACTB. [I[pUMEHUTEIBHO K CpEACTBaM MOITYYEHUS
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BakyyMa B OOJIBIIMHCTBE CIIy4aeB TaKO€ MEPEBOOPYKEHHE O3HAYAET MEpexon K HC-
M0JIb30BAHMIO OE€3MACIISIHBIX CPEJCTB OTKAUKH.

OnHUM M3 MIMPOKO M3BECTHBIX «CYXMX» MEXAHMYECKMX HACOCOB SBISETCA
JBYXpPOTOpHBI BakyyMHbIi Hacoc tuna Pyrc (JIBH). HecmoTpsa Ha mmumpokoe mpo-
MBIIIEHHOE TpuMeHeHre noteHiman JIBH ucnonsisyercs ganexko He moiHOCThIO. C
y4eTOM TEHJCHIMI Mo yBenuueHuto ObIcTpoThl aevictBus JIBH 3a cuer yBenuueHus
4acTOTHI BPALICHUA U JUIMHBI POTOPOB CTAHOBSTCS AKTyaJbHBIMH MCCIIEIOBAaHHUS IIO-
TEpPb BO BXOJAHOM TPAKTE.

boictpoty aeiictBus JIBH npu naBnenun Ha Bxone P, (Ha BEepXHEM cpese
BXOJIHOTO NaTpyOKa) MOXKHO ONpeNeanTh B BuAe [1]

P T
SBX = SFkaU +kUUHP _UOEP — ia (1)

BX TBle
rae S, - reoMerpuyeckas ObICTpoTa NEUCTBUS; k, - KO3I(PPUIUEHT, yUUTHIBAIOLIUN

HOTEpH NPH 3ANOJHEHUH OTCEYEHHBIX 00BeMOB; Py, U Py, - JaBICHUE Ha BXOJAE U
BbIXOJi€ U3 Hacoca; U, u U, - OpsMas U oOpaTHasi IPOBOJUMOCTH ILIEJIEBBIX KaHa-

10B; Ty U Ty, - TEMIIEPATYPHI T'a3a HA BXOJE U BBIXOJIE.
B Boipaxkenun (1) xo3p(UUMEHT, YUUTHIBAIOIIMA CONPOTUBICHUE BXOIHOIO
naTpyOKa HaXOAUTCS KaKk
=l-—2—, @
PBX UBXJ?
rae Q - moTok rasa; U,, , - IPOBOJUMOCTh NaTpyOKka, paccUnThIBacMasi 1Mo ypaBHe-

HUSIM 11 KOPOTKUX TPYOONPOBO/IOB B COOTBETCTBYIOILIEM PEKUME T€UEHUS [2].
BnusiHue conmpoTHBIIEHUSI BXOJHOTO MAaTpyOKa WILIIOCTPUPYET PHC., TJIe MOKa-
3aHbl BHYTPEHHHUE XapaKTEpUCTUKH (0€3 yueTa CONPOTUBIEHUS BXOJHOTO NMaTpyoOKa) u
XapaKTEepUCTUKA C YUETOM BXOAHOro marpyoka. Kak Buano, npu nasienun ~ 100 Ila
HOTEPH 3a CUET COMPOTHUBIIEHUS BXOJHOro narpyOka npu n=2990 o6/MuH cocTaBis-
10T ~8 %, a mpu n=6030 06/mMun yxe ~19 %. Ilpu napnenun 1 Ila (MonekyIsIpHBIN
PEXHUM BO BXOAHOM NATPyOKe) MPHU ITUX K€ YAaCTOTaX BPALICHMs], IOTEPHU 3a CUET CO-
MPOTUBIIEHUS] BXOJITHOTO MaTpyOKa cocTaBIsoT yke ~49 % u ~65 % coOTBETCTBEHHO.
Bropas cocrasistonias moTepb BO BXOJHOM TPAKTE — IMOTEPU IIPH 3aIOTHEHUH
OTCEYEHHBIX 00BEMOB, KOTOPbIE 00YCIIOBJIEHBI HEMOJHBIM BbIPABHUBAHUEM JaBJICHUS
Ha HIDKHEM Cpe3e BXOJHOrO marpyoka P,, , ¥ AaBICHUS B OTCEUEHHOM oObeMe P, 3a
cYeT OBICTPOr0 OTCOETUHEHHUS OTCEKaeMOro o0beMa OT BXOJHOro narpyoka. s on-
penenenus k, ObLT mpoBeneH dkcrepuMenT. C 3TOM 1enbio pa3paboTaH cTeHa, odec-
nedrBaronuii padory uccneayemoro JIBH npu pa3nuunbIx yacToTax BpalieHus poTo-
poB B pexume P, /P, =1. Ilas 3Toro Ha Beixone ucciaeayemoro JIBH ycranoBieH
arperar, cocTosAlui u3 AByxporopHoro Hacoca JIBH-150 u ¢popBakyymMHBIX HACOCOB
(®BH) ¢ macnanapiM yruioTHeHueM. beictpota nerictBus arperata JIBH-150 ¢ ®BH
MO’KET IIJIaBHO PEryJIMPOBATHCS 3a CYET MU3MEHEHHUS 4acTOThl BPAILEHUS POTOPOB C
MOMOIIIBIO YAaCTOTHOTO MpeoOpa3oBareist. ITO MO3BOJIAET YCTAHOBUTH OBICTPOTY ICHi-
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CTBHSI ATOTO arperara, OOJIBIIYIO HJIM PaBHYIO OBICTPOTHI JCHCTBUS HCCIEILYyEMOTO
JIBH.

Sem
n/c
150
125

100

75

50

25

1 1 1 2 2 2
2

3
5 10 210 510 10 210 510 10 P,,, Ma

Pucynok. beictpora neticteust JIBH-50 mo Bo3ayxy ¢ marpyOKoM Ha BXOJE
d e =40MM, 1=67MM (Spp0y = 16 1/C): ITPUXOBAS MMHHUS — BHYTPEHHSSA
XapaKTEePUCTUKA; IITPUXITYHKTUPHAS JIMHUSA — XapaKTEPUCTHUKA

C Y4CTOM COIIPOTHUBJICHHA BXOJHOT'O Han}I6Ka; CILIOIIHAasA
JIMHHUA — BHCIIHASA XapaKTCPUCTHUKA, SHAYKH — SKCIICPUMCHT.

BripaBHuBanue naBneHuit Py, U Py, TO3BOJSET UCKIIOYUTH U3 PACCMOTPEHHUS

oOpaTHble IEepeTeKaHusl raza 4yepes 3a3opbl. Torna paszauune MeXAy SKCIEepUMEH-
TaJIbHOM OBICTPOTON AEWCTBUSL S,, W TeOMETpHuYEcKoil OblcTpoTOl aeWcTBus (0e3

ydeTa CONPOTUBIIEHUS BXOJHOTO NaTpyOKa) MOKHO OOBSICHUTH ra30MHAMUYECKUMU
MOTEPsIMHU, BO3HUKAIOUIUMH TIPH 3aMOJHEHUH OTCEYCHHBIX 00BheMoB. Koadduuumenr,
XapaKTepU3YIOIUN ITH OTEPH ONPENETUTCS B BUE

kV ~ Sakcn/Sr‘ 3)

Ha puc. BuaHO, 4TO ra30qMHAMUYECKHE NTOTEPU 3HAYUTEIBHO CHUKAIOT OBICT-
poty neiictBuda. Tak npu nasnenun =100 Ila xapakrepucTHKa ¢ y4€TOM CONPOTHUBIIE-
HUSl BXOJHOIO narpyOka 0e3 ydera ra3oJMHaMHYECKHX IMOTEphb BBIIIE SKCIEPUMEH-
TanbHOM Ha ~ 10% mipu 7n=2990 06/mun 1 Ha ~15% npu n=6030 06/MuH.

Jlureparypa

1.BypmuctpoB A.B. Co3nanue u uccienoBaHie O€CKOHTAKTHBIX BAKyyYMHBIX HACOCOB
// ABTOpedepart nucc. Ha COMCKaHUE YUCHON CTENEeHU TOKTOpa TEXHUUYECKUX HayK. —
M.: 2006.-32 c.

2.Bakyymnas texuuka: CnpaBounuk / E.C. ®ponos, B.E. Munaitue, A.T. Anekcannu-
poBa u ap.-M.: MammuocTpoenue, 1985.-360 c.
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IKCIIEPUMEHTAJIBHOE NCCIIEJOBAHUE OTKAYHbIX
XAPAKTEPUCTHUK ABYXPOTOPHOI'O BAKYYMHOI'O
HACOCA COJUVIMITUYECKUM ITPODPUJIEM
H.X. Xycnymounos, /[.I'. Kapaonunos, A.B. Bypmucmpoes
KI'TY, Kazanw, yn. K.Mapxkca, 68. E-mail: burm@kstu.ru

[ToBbllIeHHME TPOU3BOAUTEIBLHOCTH ABYXPOTOPHBIX BAaKyyMHBIX HAacOCOB THUIIA
Pytc (ABH) npu coxpanenuu rabapuTHBIX pa3MEepPOB MOXKET OBITh IOCTUTHYTO 3a CUET
YBEJIMYEHHUS YaCTOThI BPALLEHUS U ONTUMU3ALMY POPUIISI POTOPOB.

IIpu mMonekynsipHOM peXMME TE€UEHHs rasa B ILieneBbiX kaHanax JIBH ummeer
JIOCTaTOYHO BBICOKYIO CTEIEHb MOBbIIeHNs AaBieHus (50 u Boime). [loaTomy B Baky-
YMHOM peKuMe NMpoPHIIb pOTOPOB OKA3bIBAET CYLIECTBEHHO OOJIbIlIEE BIMSIHUE HA OT-
KayHble Xapakrepuctuku [IBH, yem npu mcnons3oBanuu mammnubel PyTca B kauectse
ra3oyBKH.

OCHOBHBIMM 3KCIUTyaTaMOHHbIMU NapameTpamu JBH sBnstorcs makcumarnb-
HOC OTHOIIICHHUE JABJICHUI Ha BBIXOJE W BXOAC P, /P,, W MakCHMallbHas ObICTpOTa

JencTBUs Hacoca Sy, . Vi3MeHss npoduiib pOTOPOB MOXKHO BapbUpOBaTh 3HAUECHUS
Py /Poy M Spyma. B IHPOKHX JHAMa30HaX. 3ajadya COCTOMT B TOM, YTOOBI IMOJTYYHTh
MaKCHMAaJIbHOE 3HaYCHUE Sy, TPU HauOoIbIeM Py, /Py, .

Onaum u3 npoduield, HaXOANINX TUPOKOE TPUMEHEHHE, SBISICTCS POGUITH C
AJUIATICOM Ha TOJIOBKE poTopa (puc.l), XxapaKTepu3yIOIIUIiCs T€OMETPUUECKUMHU COOT-
HoweHusaMu b/a u r/a. U3MeHeHne 3TUX COOTHOIIEHHUN BEAET K U3MEHEHHUIO [EOMET-
pUYecKoil ObICTPOTHI ACHCTBUS Hacoca S, U MPOBOJUMOCTH IIENEBBIX KaHaIoB U, .

Puc. 1. Poropa /IBH THIa PyTc ¢ annuntuueckum npoduiem

B pa6ote [1] 6b111 mostyuensl cootHomrenus b/a=0,87 u r/a=0,66, obecrneun-
BAIOLI1E€ MAKCUMAJIbHOE 3HAYCHHE y - KOA((UIIMEHTA UCII0IBb30BaHUs pabouero o0b-
€Ma [PU MUHUMAJIbHBIX MEPETEKAHUSIX Yepe3 MEKPOTOPHBIN KaHaI.

JJis 3KCTIEpUMEHTAIBHOTO HCCIeI0BaHusl ObLIM M3roToBIeHbI Hacockl JIBH-25
u JIBH-253. JInuna poropoB HacocoB 50 mm. IIpoduns poropos JIBH-25 cepuiinblit
OAO «Bakyymmary, npoduns potopoB JIBH-253 snnuntuueckuii ¢ mpeacTaBicH-
HBIM BBIIIIE 3HaUeHUIMU b/a u r/a.

73



Tpemvsa Poccutickasa cmyoeHnueckas Hay4Ho-mexHu4eckas KoHgepenyus
“Bakyymuas mexnuka u mexuonoeus”. . Kazanw, 10—12 anpens 2007 2.
Cexuyusa 2. Cpeocmea nojiyd4eHus u usmepeHus 6aKyyma, 6aKyymMHas apmamypa

beumn poBeneHbl YKCIIEPUMEHTANIBHBIE UCCIEAOBAHUSA ITUX HACOCOB U IONY-
ueHbl KpUBbIE S, = f(Py) U (P /PBX)z f(Py,y), HAa OCHOBAaHMU KOTOPBIX IIO-

CTPOEHBI 3aBUCUMOCTH S, . = f(n) U (PBHX /PBX) = f(V/C) (V - nuHelHas CKO-
pOCTh Ha TONOBKe poTopa, C - cpegHeapu(pMeTHIecKas TEIIOBasi CKOPOCTh MOJIEKY

max

rasa).
Sax @ T I
S VA F;X ‘
60 - — Q0 <& O
| o ¢ o
n/c [IBH25/503 ® ‘ ©
50 o
20 "
40 oA
15
@)
10 = ] . A )
A A% o 0x® ¢ 9 0 oKe X
[1BH25/50 20 O A ¢ "< I
A
5 A ‘OX‘ o -1 X -4
10 *
0 ) ' ' = A3 4
0 1000 2000 3000 4000 5000 ! |
n, 06/MuH 0 002 004 006 008 01 v
Puc. 2. DxcnepuMeHTaIbHbIE 3HAYEHUS Puc. 3. DxcnepuMeHTaIbHbIC 3HAYE-
MaKCUMaJIbHOM OBICTPOTHI nericTBus JIBH- HUSA MaKCUMAaJbHOM CTENEHU ITOBEIIIE-
25/50 u IBH-25/503 no Bo3ayxy npu Hus gasienust HacocoB JIBH-25/503
So oy =1 1/C (1-apron, 2-Bo3yx, 3-remmii) u JIBH-

25/50 (4-aproH, 5-Bo31yX, 6-remnmii)
Ha puc. 2 npencraBineHbl 3aBUCUMOCTH MaKCHUMAJIBHOW OBICTPOTHI JIEHCTBUS
HacocoB /IBH-25/50 u IBH-25/503 ot 4actoTsl BpalieHusi poTopoB. beicTpoTa neii-
ctBus Hacoca JIBH-253 ¢ snnmuntudeckum npoduiieM poTOpoB Mpu MACIOPTHOM Yac-
tote BpameHus (n=3000 o06/MUH) AJIT HOMUHAIBLHOW OBICTPOTHI AEHCTBUS (POpPBaKY-
YMHOT'O Hacoca S, o, =1 J/c moutu Ha 40% BbIlIEe IO CPAaBHEHUIO C OBICTPOTOH Jeii-

ctBusi Hacoca JABH-25. lna S, ,,,,, =5 71/c Bbrpeiu coctaiser 6onee 15%. [lpu

3TOM AuameTp potopa Hacoca [IBH-259 mensiie no cpaBuenuto ¢ [IBH-25.

[Ipu u3MepeHun CTEneH! MOBBILICHUS JaBICHHUS HKCIIEPUMEHTHI ObLIN MPOBE-
J€HBI JJI1 Pa3HbIX T'a30B: aproH, BO3AYX, resuid. 13 puc.3 BUAHO, YTO CTENEHb NOBBI-
meHus nasienus (mo Bo3ayxy) Hacoca JIBH-250 B 2,7 pa3za Bbillie Npu MacmopTHOM
4acTOTe BpalleHUs poTOpoB, 4eM y Hacoca [IBH-25. D10 o0ycnoBiaeHo TeM, 4TO Tie-
peTeKaHus B MEXPOTOPHOM 3a30pe C BbIXoAa Ha Bxon B Hacoce JIBH-25D0 mensiue,
yem y /IBH-25. YMmenblieHne neperekaHuii JOCTUTHYTO 3@ CUET ONTUMU3ALMU 3JI-
JUOTHYECKOro npoduiis poropos Hacoca JIBH-253.

Jlureparypa

1. TlepeBenenueB H.M., bukynos 2.P., Bypmucrpos A.B., bponwreitn M.Jl. K BbI-
0opy OoNTHUMaJIbHBIX MapaMeTpoB ALIuUNTHYecKoro npoduis// Marepuansr 11 Poc-
CUICKOM CTyJIEHYECKON Hay4yHO-TeXH. KOHdep. «BakyyMHas TeXHUKa U TEXHOJIO-
rusi». — Kazans, 2005, C. 60 -61.
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9KCIIEPUMEHTAJIBHOE UCCJIIEJOBAHUE COITPOTUBJIEHUS
BXOJTHOM MPOTOYHOM YACTHU KYJAUYKOBO-3YBUATOT' O
BAKYYMHOI'O HACOCA
C.H. Jlebeoes, A.P. Banees, C.H. Canukees, A.B. bypmucmpos
KI'TY, Kazanw, yn. K. Mapkca, 68. E-mail: sergey-2104@rambler.ru

ConpoTuBieHUs] BXOJAHOTO M BBIXOJHOTO TpakTa OECKOHTAKTHBIX HACOCOB, Ha-
psily C MepeTeKaHUsIMU 4Yepe3 IIENIeBble KaHalbl B POTOPHOM MEXaHHU3ME, SIBIISIOTCS
OCHOBHBIMH TTapaMeTpaMH, OTPEACTSIONIMMH OTKaYHbIE XapaKTEPUCTHKHN JaHHBIX Ha-
cocoB. JTa paboTa MOCBALIEHA SKCIEPUMEHTAILHOMY HCCIIEJOBAHUIO COIIPOTUBIICHUS
BXOJIHOTO MaTpyOKa KylnaukoBo-3yOuaToro BakyymHoro Hacoca (K3BH). B mwurepa-
Type 1o KomIpeccopHoil TexHuke [l, 2] mpennaraerca onpeneisiTh CONPOTHUBIICHUE
BXOJHOTO MaTpyOKa, B 3aBUCUMOCTH OT uucia PeitHonbaca, yepe3 ko3 huimueHT pac-
Xolla f. OTOT KO3(PPUIMEHT NPEACTaBIsET COOOM OTHOILIEHHWE MAacCOBOIO pacxojia

4epe3 BXOAHOM TpakT G, K pacxoly 4epes Kpyriyio auadparmy G, ¢ IUIOWIAIBIO,
paBHOI TUTOIIAU OKHA BCAaChIBaHUA | .

C uensto monmydenus 3aBucumoctu = f(Re) nmius K3BH 6w paspaboran u
M3rOTOBJICH CTEH]I, BaKyyMHasi CXeMa KOTOPOr'o Mpe/ICTaBieHa Ha puc. 1.

Puc. 1. BakyymMmHas cxema cTeHaa

Crenn cocrout u3 stueriku PR1 (kopmyc, potop ¥ mpoMexyToOdHasi KpbILIKa
UJCHTUYHBI cooTBeTCcTBYIOIMM Jetansm K3BH). [lng onpenenenus naBieHus B Ka-
Mepe CV1 ucnonbsdyercs Bakyymmerp BATO-2. Takxke nns u3amMepeHus: 1aBlICHUS B
kamepax CV1, CV2 umeercs nepeasuxHoi 0510k ontuyeckux Mmanomerpos (IIbOM).
Pacxon rasa, HamyckaeMoro B BaKyyMHYIO CUCTEMY, U3MEPSETCS € MOMOIIBIO OIOpeT-
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ku Bl, poramerpa R1 unu razoseix cuerunkoB GAS1, GAS2, B 3aBUCUMOCTH OT Be-
auuuHbl. [{ns perynupoBanus pacxona Bo3ayxa B kamepbl CV1 ucnosnb3yroTcst HaTe-
karenu VF1-VF4. OOmuii Bua ssueiiky MpecTaBlIeH Ha puc. 2. 3aMepbl MPOBOAWINCH
B UETHIPEX MOJIOKEHUAX poTopa: « =39°; 65,5°; 100°; 117°.

1 Brad zasa Kpurepnii PeliHonbaca onpenessii-
T cs o popmyie
Re=4G,/IIn, (1)
' ' ® rae I1 — nepuMeTp OKHa BCAchIBaHMS, 77 -
- : KOA(PUIMEHT AMHAMUYECKON BA3KOCTH.
G ) o MaccoBslif pacxos depe3 auadpar-
N ® My paccuuThIBajICs 1Mo Gopmyie [3]
© Pt
Buxod 20 | 2k Pl P "
bix00 2030 o Gﬂ =f PsPo [_J | £ ,(2)
k-1 Py Py

® rae k- mokasarenb agualaTel, p, U p, -
Puc. 2. fueiika 115t usMepeHust

conpoTuBiieHUs1 BXoHOro Tpakta K3BH

NABJICHUE U IJIOTHOCTh HA BXOJE B KaHAII,
p - JaBJICHUE Ha BBIXOJIC U3 KaHaJa.

Ha puc. 3, 4 npeacraBiieHbl MoJy-
YeHHbIC IKCIIEPUMEHTAIIbHBIE 3aBUCUMOCTH Kod(dduimenTa pacxona, oT yucia Peii-
HOJIbJICA U YIJIa TOBOPOTa poTopa « .

I
H —_— a=127
= o =39
S el e - a =655 1
L] o =100
0.8 S s a=l17 08
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Puc. 3. 3aBucumocts ko3 punnrenta Puc. 4. Ycpennensie 3HaueHus Kodphuim-
pacxonga OT 4uciia PeﬁHOHBﬂca CHTA pacxoJa B 3aBUCUMOCTH OT yTJia IIOBO-

poTa poTopa: MapKephl — YCPETHEHHbIE
3HaueHus Ko HUIMEeHTa pacxoaa, THHUS —
anmMpPOKCUMAIIHS SKCTICPUMEHTATBHBIX JTaH-
HBIX.

[ToryueHHast 3aBUCUMOCTD 4 = f(a) TO3BOJIMIIA JIOMOJHUATH MAaTEMATHUECKYIO

MOJIeJIb pacueTa oTKauyHbIX xapaktepuctuk K3BH.
Jlureparypa

1. Xucamees IN.I'., MakcumoB B.A. JIByXpoTopHbI€ BUHTOBBIE U MPSIMO3YyObIe KOM-
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76



Tpemvsa Poccutickas cmyoeHn4eckas Hay4Ho-mexHu4eckas KoHgepenyus
“Bakyymuas mexnuka u mexuonoeus”. 2. Kazans, 10—12 anpens 2007 2.
Cexkuyusa 2. Cpeocmea nojiy4eHus u usmepeHus 6aKyyma, 6aKyymMHas apmamypa

2. U6paeB A.M. [loBbiienne 3pPeKTUBHOCTH padOTHI POTOPHBIX HATHETATEIEH
BHEULIHETO C)KATHUSI HA OCHOBE aHAJM3a BIUSHUSA F€OMETPUUECKUX [TapaMeTPOB Ha
UX XapaKTepUCTUKHU. - J[ucc. kana. tex. Hayk, Kazans, 1987. - 208 c.

3. TNopmmesie kommpeccopsl. Teopus u pacuet/ I1.M. [Tnactuann — M.: Komnoc,
2000. - 455 c.

PACHIPEJIEJIEHUE CTENNEHEHN NOBBIIIEHUS JABJEHUS
IO CTYIHEHSIM ITAPO9KEKTOPHOI'O HACOCA
K.H. lauoapxkuna, M.I'. @omuna
KI'TY, Kasanw, yn. K.Mapxca, 68. E-mail: marfo@kstu.ru

[IpocToTa KOHCTPYKIMU, Majias TPYIAOEMKOCTb W3TOTOBJIEHUS, HHU3Kas CTOM-
MOCTb, BBICOKAsi HAJISKHOCTh PaOOThl ONPENEISIOT IUPOKOE MPUMEHEHUE TAPOCTPYii-
HBIX BAKyYMHBIX HACOCOB B CAMBIX Pa3HOOOPA3HBIX 00JIACTSIX MPOMBIIUICHHOCTH, TEX-
HUKH ¥ HAYYHBIX HCCJICIOBAHUM.

[Iupokoe nmpuMeHEeHHE B KauecTBE OTKAYHOIO OOOPY/IOBAaHUS HALUIM MapOBO-
JISTHBIE MKEKTOpPHBIE HACOCHI. [t co3maHus OONBIIUX CTENCHEH MOBBIMICHUS JIaBlie-
HUS OTKAYMBAEMOTI0 T'a3a MCIOIb3YIOT MHOTOCTYIIEHYAThIE HACOCHI, COCTOSIINE U3 TI0-
CJIeIOBATEIbHO COCAMHEHHBIX MKEKTOPHBIX CTYIEHEHN ¢ MPOMEKYTOUYHBIMHU KOH/IEHCA-
topamu. OO11asi CTETIEHb MOBBIIICHUS JaBICHHUS B HACOCE CO3ACTCSI BCEMH KEKTOP-
HBIMH CTYTCHSIMH. B CBsI3M ¢ 3TUM OO0bIlIOe 3HAYCHHUE MPUOOPETAET BOIIPOC O pac-
MPEACIICHUH CTENICHEN MOBBIIICHUS JABJICHUS MO CTYIEHSAM, TaK KaK 3TO ONpeAesieT
pacxoj pabouero mapa.

Pacnpenenenue mo cTyneHs M MOKHO IMPOU3BOAUTH, IPUHUMAsL CTEIICHU MOBBI-
IICHUS TABJICHUS BO BCEX CTYMEHSIX OJAMHAKOBBIMU. OT TaKoro pacrpeiesieHus, OqHa-
KO, 4acCTO MPUXOJUTCS OTCTYIATh, T.K. HY’KHO YUUTBIBATh YCIOBUS pabOThl KOH/IECHCA-
TOPOB (TeMIepaTypy OXJKIAIOIEeH BOJIbI).

JIst penieHus: BOIpoca O paclpe/ieIeHUH CTETEHEH MOBBIIICHUS aBJICHUS 110
CTYNEHSM MPUXOJUTCA TepedupaTh O0IBIIOE YUCIO PA3IUYHBIX BAPUAHTOB B CBA3U C
OTCYTCTBHEM HAJIS)KHOTO METO/Ia pacyeTa cTyneHei [1].

[IpoBeneHHbII pacyeT OCHOBAH Ha JIAHHBIX O KOA(P(UIIMEHTE IKEKIINH, TIPUBE-
JeHHbIX B [2]. g mpumepa pacCMOTPEHBI JIBYX- U TPEXCTyNEeHYaThle HACOCHI C 00-
1IeH CTENEHbIO MOBBIIICHUS NaBjieHus, paBHOU 48. [Ipeanonaraercs, 4To JaBiICHUE
pabouero napa P,,,, Ha Bcex CTyNeHAX Hacoca oJuHakoBo (B pacuerax 600000 Ila).
3amaercst oOmiasi cTeneHp moBbieHus nasnenus K = P, /P,. Bcero Hacoca, onpeje-
JISIETCS BO3MOXKHOE YHUCJIO CTYIIEHEU 7, NI HUX BBIOMPAIOTCS BOBMOKHBIE COUETAHMS
cTerneHel mosbiieHus nasinenus K;, K, ... K. Takum oOpa3zom, nepedupas Bce BO3-
MO>KHBIE COUETAHUS CTETICHEH MOBBIIICHUSI TaBIICHUS, PACCUNUTHIBACTCS OOIIHIA PACXO]]
napa Ha Bce CTyIleHUu. B paboTe B kauecTBe OTKAUYMBAEMOW CPEJIbI B3AT CYyXOil BO3MYX,
TeMIIEpaTypa OXJIaXIarolel Boasl B KoHaeHcaropax 35°C.

Ha rpadukax mnpencraBieHbl pe3ylbTaThl pPacdyeToB B BUAEC 3aBUCUMOCTH
yAEJIBHOTO pacxoja napa (Ha 1 Kr cyXxoro Bo3jayxa) OT CTENEHHU PACIIMpPEHHs mapa B
1epBOM CTYNECHU £ =P, 4,/ Py ;.
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[To mpoxenanHOM paboTe MOKHO CIENATh CJICTYIONINE BBIBOIBI:
1. Pacxon mapa Ha CTYNEHH MapOKEKTOPHOTO HACOCA C MPOMEKYTOUYHBIMU KOHICH-
caTopaMH 3HAYWTEJILHO MEHBIIIE, YeM PacXo]l Mapa Ha T€ K€ CTyNeHU 0e3 MPOMexKy-
TOYHBIX KOHJIEHCATOPOB.
2. Jlns ctyneHed ¢ mpoMeXXYTOYHBIMH KOHJEHCATOpPAMHU HAWIYUIIUM SBJISIETCS Bapu-
aHT C MaKCUMaJIbHO BO3MOXXHBIM KOJIMUYECTBOM CTymeHei. 13 rpaduxoB: BUAHO, YTO
JUISL TPEXCTYNEHYAThIX HACOCOB CO CTENEHbIO MOBBIIICHUS JABJICHUS TIEPBOM CTYIIEHU,
oonmemieit 3 (K;=6, K,=4, K;=2; K;=8, K,=3, K;=2 u K;=K,=K;=3,6), pacxon mapa
MUHUMaNIeH. Takke MpeICTaBlIeHbl paCYETHBIE JaHHBIC JJIsI HACOCOB CO CTEIEHbIO MO-
BBIIIICHUSI JIaBJICHUsI TEpBOM cTymeHw, paBHou 2 (K=2, K,=4, K;=6; K;=2, K,=3,
K;=8). B TakoM Hacoce KOHAEHCATOpP CTaBUTCA TOJIbKO IMOCJTE BTOPOM CTYIEHH, IO-
3TOMY Ha rpaduKe KpUBBIE JJI TAKUX HACOCOB MIYT BBIIIE, YEM JJisi OCTaIbHBIX. Pe-
KOMEHIYETCS JUIsl TPEXCTYNEHYAThIX HACOCOB C MPOMEXKYTOUYHBIMU KOHIEHCATOPAMU
BBIOMPATh CTEIICHHU MOBBIIICHUS JaBJICHUS CTYIICHEH M0 yOBIBAHUIO UX 3HAUYCHHM.

Pacxop napa Ha Tpu eHu 6e3 -
Kou.qucafopar[)1 5] ;2 n:?n:ex(yrowblm _’_[KL]:T'Z Pacxop napa Ha Be cTyneHu Ge3

KoHgeHcatopowm [6-10] K=48 o5 koaencaropa [1-3] u c

70 NPOMEXYTOYHbLIM KOHAEHCaTOpoM [4-6]

——[2] k=36
K1=6
60 \ —I—[:);]_T:G \ K2=8
0=
N o2 ” —=—[2
. —=—[4]K1=2 A\-A\q K;=2
50 k2=3 K2=
] K3=8 50 - H\_. g
> —A—
S \ _ ©
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10 1 5] K2=3
k3=8
—a—[10] k1=6 0 T T 1
0 ng 230 250 270 290 310 330 350
T T K =,
230 250 270 290 310 330 E
E
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2. B.M. Pamm. [TapocTpyliHble BaKyyM-3KEKLIHOHHBIE yCTaHOBKU. - M., ['ocxumuszar,
1949. -85 c.

MPOPUIINPOBAHUE KYJIAUKOBO-3YBYATOI'O HACOCA (K3BH)
AJL Cuiués, C.H. Canukees, M./]. bponwmeiin
KI'TY, Kazanv, yn. K. Mapkca, 68. E-mail: burm@kstu.ru

K3BH — 3T0 nBYXpOTOpHBI, MEXaHUYECKHH, CpeaHEBaKyyMHbIH, OOBEMHO-
CKOPOCTHOI Hacoc ¢ BHYTPEHHUM CKaTHEM, B KOTOPOM pabO4Mil mpolecc CKiablBa-
eTCsl U3 MPSIMON OOBEMHON OTKAYKH (32 CUET MEpEeHOca POTOPaMH OTCEYEHHBIX 00bE-
MOB C BXOJla Ha BBIXOJ]) U CKOPOCTHBIX OOpaTHBIX MEepEeTEeKaHUl depe3 3a30pbl POTOP-
HOI0 MeXaHu3Ma. BakyyMHbIe Hacochl ¢ BHYTPEHHHUM C)KaTHEM, OTIMYAIOTCs Oosee
COBEpIIEHHBIM pabouuM MPOLIECCOM U, CIEI0BATENbHO, O0JIee IKOHOMHUYHBI [0 CPaB-
HEHUIO C BaKyyMHBIMH HAacOCaMU C BHEIIHUM CXathueM. OCHOBHBIE JOCTOMHCTBA
K3BH — GbIcTpOoX0AHOCTh, HAAEKHOCTh padOTHI, TIOJHAS YPAaBHOBELIEHHOCTb, OTCYT-
CTBHE KJIAlaHOB, IIPOCTOTAa KOHCTPYKLHMHU, oOecrieueHne 0e3MaciisiHOr0 OTKaYMBAHUS
ra3a, OTCyTCTBHE IITyMa Ipu pabore.

beictpora neiictBuss K3BH He npesbimaer 200 1/c, a MakcuMalnbHas CTENEHb
cxarus cocrasiuset 50.

bnaronaps obGecnieuennto 6€3MaciasHOrO OTKAYMBaHUS ra3a 00JIacTh NpUMEHe-
HUSL 3TOIO0 HAcoca pacHpoOCTPAHSETCS Ha MEIUIMHY, NUIIEBYIO MPOMBIIUIEHHOCTD,
aBUalMIo, paboTy B IIAXTax U T. [I.

JUis yiaydileHHsl OTKAaYHBIX NapaMeTpOB ABYXPOTOPHOIO BaKyyMHOI'O Hacoca
(IBH) Baxxno momoOpaTh ONTUMANBHBIA TPOGUIb POTOpA — 3TO OJHA W3 LENel AaH-
HOI paboThl. [Ipoduns 3yda poropa oOpa3yeTcs AyraMu ABYX SMULUKIOU U OKPYXK-
HOCTH, ITapaMeTPbl KOTOPBIX BaXKHO ONTUMHU3UPOBATH.

1 -

w0 b 4

-5 ] 51 Loy

Takxe HE0OXOUMO ONTUMHU3UPOBAThH PACIIONIOKEHUE U pa3Mepbl OKOH BCAChI-
BaHMS U HarHETaHUSsl, HAXOIAIIUXCS B TOPLEBBIX KPBIIIKaX HAcOCA.

enp npodunupoBanus BKIIOYAET B ceOsl JBa aCMEKTa: MOBBIIMICHUE IKCILTya-
TallMOHHBIX XapaKTePUCTUK (YMEHBIICHHE MaTepuago€MKOCTH, SHEPro3arpar, MOBbI-
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LIEHUE MPOU3BOJIUTEILHOCTH); COBEPIICHCTBOBAHUE TEXHOJOTHH HU3TrOTOBJICHUS (BO3-
MOHOCTh CO3/JaHUs POTOPOB HA CTAHKaX C MPOrPaMMHBIM yrpaBiieHHeM). [[ocKobKy
YHUCIIO MTapaMeTPOB MOICKAITUX ONTUMHU3AIMHU MPEBBIIIACT JBA ACCATKA, TO B TAHHON

pab

ote OyJyT pacCMOTPEHBI JIUIb HEKOTOPBIE U3 MPUBEAEHHBIX 3a/a4.
J{ns pacuéra reoMeTprun Hacoca M ONPEACIICHUS JaBJICHUS ISl Pa3IMYHbIX yT-

JIOB TIOBOPOTa POTOPOB HCIOJIb30Basics makeT Mathematica. Ha rpaduke npuBenén
npuMep Ui TUMUYHOW T€OMETPHUH Hacoca.

Oomoomest, (M PAT)

CrOpoOCTE

=E000

I'pauxk u3MeHeHUs1 CKOPOCTH C:KATHS ra3a

B 3ABHCHMOCTH OT yIJIa IOBOPOTA POTOPOB

(cepbIM IIBETOM IMMOKa3aHO U3MEHEHHE 00JIaCTH,
CBSI3aHHOM C OKHOM HarHeTaHus, YEPHBIM — C OKHOM BCAChIBaHUS )
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Iporpammubiii maker Mathematica 5.2 ¢ npuioxkeHUAMH OT MPOU3BOIUTENS
nakera Wolfram Research.
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PA3BPABOTKA INIEPUCTAJIBTUYECKOI'O HACOCA
P.A. Illecmonanos, P.T. ' anaymounos
KI'TY, Kazanw, yn. K. Mapxkca, 68. E-mail: raf7g@mail.ru

[lepucranpTueckre HAcOChl HMHTEHCHUBHO HCHOJB3YIOTCS B XHUMHKO-
dbapMaleBTUHIECKON, MUKPOOHOJIIOTMYECKON MPOMBIIIIICHHOCTH, OMOTEXHOJIOTHH, Me-
JULMHE, 3JICKTPOHUKE, FaIbBAHUKE U UX JalbHEHIIEE YCOBEPIICHCTBOBAHUE SIBIISIETCS
aKTyanpbHOW TpoOsiemoit. llepucranbThueckue MUIAHTOBBIE HACOCHI IMPEIHA3HAYCHBI
JUTSL IEPEKAYKH U JO3UPOBAHUS KUJKOCTEH, B TOM YHCII€ arPECCUBHBIX U CTEPUIIHHBIX,
B 1a00PATOPHBIX U MPOMBILIUICHHBIX YCIOBHSIX.

B nanHoit pabote paccMOTPEHO HCIIONH30BAHUE IEPUCTATHLTUIECKOTO HACOCA B
MEUIIUHE, a TaK K€ €r0 XapaKTEPUCTUKU B 3aBUCUMOCTH OT CIIECIYIOIIUX MapaMeTPOB:
U3MEHEHHE CKOPOCTH BpALEHUSI POTOpPA, U3MEHEHHUE TuaMeTpa TpyOKH U M3MEHEHUe
3HAYEHUSl PETYJIATOpa YCWIUS NPUKUMa TPYOKH.

B MenuuuHe K nNepucTaIbTUYECKOMY HACOCY MPEIBbABISIIOTCS CIEAYIOIINE Tpe-
OoBanus: anekrponutanue — 220 B; max moutHocth — 10 150 BT1; ckopocTh mpokauku
— 1,6 + 160 06/mun; nepenan nasnenus — 100 + 20 Klla; nuama3zon peryaupoBaHus
pacxona — 0,5 + 50 n/gac; BHyTpennuii quamerp Tpyoku — 0,13 + 3,17 mm; TonmmmHa
cTteHok TpyOku — 0,91 + 0,86 MM.

Lenpto paboTsl sBAsiETCS pa3pabOTKa U UCCIEIOBAaHUE MEPUCTATBTHUECKOIO
Hacoca JJisl COKPAILIEHHs] BpEMEHU OTKAYKH arpECCUBHBIX U CTEPUIIbHBIX KUJKOCTEH.

[Ipu Bpamennn poTopa, pOIHK MEPEKUMAET TPYOKY, PACIOJIIOKEHHYIO 10 OK-
PY’KHOCTH BHYTPH KOPIyCa M BBIJIABIMBACT MEPEKAUMBAEMYIO JKUJIKOCTh B MAarucT-
paib. 3a pOJIMKOM, TpyOKa BOCCTaHABIMBAET CBOIO (OPMY M, B pe3yibTaTe pazpexe-
HUSI B HEM, BCACBIBACT KUAKOCTh. YacTHIIbI BAABIMBAIOTCS B AJACTUYHBIA BHYTPEHHUMN
CJIOM TpyOKH, 3aT€M BBITAIKHUBAETCS B TIOTOK, HE MOBPEK1ast TPYOKH.

Pa3pabotan creHj, HA KOTOPOM HCCIEAOBAHBI TEXHUYECKHUE XapPAKTEPUCTUKU
NEePUCTATBTUYECKOIO0 HAcoca: Mepenaj JaBJeHUs, PacxXo] KUJIKOCTH, CKOPOCTh IpO-
KAuKH.

B pabote nogoOpanbl onTUMalIbHBIE TAPAMETPHI (IUaMeTp TpyOku - ot 2 10 20
MM, 3HaYEHUE PEryJsITopa YCUIus NpKuMa TpyOKH, CKOPOCTh BpallleHUs poTopa - OT
1,6 no 35 06/MuH), TPUBOIANINX K COKPAIICHUIO BPEMEHH MPOIECCa OTKAYMBAHUS
BBIIIETIEPEUHUCIICHHBIX JKUAKOCTEH MEPUCTATBTHUYECKUM HACOCOM, a TaK K€ B MPOBEP-
K€ KayecTBa pabOThl MOCIE MOJICPHU3AIMHU U B BBIPAaOOTKE pPEKOMEHAAIM MO ero
JaJIbHEUIIEN IKCIUTy aTalllH.

B pesynbrare u3yudeHHs] XapaKTEepUCTHK U KOHCTPYKIUHU IMOSBUIACH BO3MOXK-
HOCTh YJIYYIIICHHUS] TIPOU3BOJICTBEHHBIX XAPAKTEPUCTUK MEPUCTATIBTUUECKOTO Hacoca
JUISL paciiipeHus: 00JIacTH €ro UCMHoIb30BaHus. B cneacTBum 3TOro moio0paHsl ONTH-
MaJbHBIC TTApaMETPhI: CKOPOCTh BpAIICHUs] pOTOpa, TUaMETp TPYOKU U 3HAYCHHUE pe-
TyJIATOpa YCWIHS MPUKUMA JIJIi ONTUMAJIbHONW pabOThl MEPUCTATIBTUUECKOTO HACOCA,
YAOBIETBOPSIONINE METUIIUHCKUM TPEOOBAHUSM.
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COBEPUIEHCTBOBAHUE KOMIIBIOTEPHOU
CUCTEMBbI JTUATHOCTHUKHA TMH
E.B. Anuckun, B.1O. Kypoamoe, K.E. /lemuxos, E.A. /leyaun
MI'TY umenu H.D. baymana, Mockea, 2-as baymanckas, 5. E-mail: deulin@bmstu.ru

N3BecTHO, uTO OCcHOBHOM 4YacThto TMH siBisieTcs poTop MPUBOIUMMBINA B JIBU-
KEHHE aCUHXPOHHBIM jaBurateneM (A/l), npu 3TOM HauMeHee HaJeKHbBIM 3JIE€MEHTOM
TMH sBnsieTcs mWapruKONOAIIUITHUKOBBINA y3€i1, HO A0 IOCIEIHErO0 BPEMEHU HE CO3/a-
HO CHUCTEMBI IPOTHO3UPOBaHus 0Tka30oB TMH.

B cymectByronux cuctemax AMArHOCTMKHA MEXaHU3MOB [1] 0OBIYHO HCCleTy-
eTcst BUOpalLKs U Harpy KaroInuii MOMEHT.

B co3zmaBaemon cucreme nuarnoctuku TMH u3MmepeHne MOMEHTa CONPOTHB-
JICHUS 3aTPYIHEHO COBMEIIIEHHBIM UCIIOJIb30BAHUEM B OJIHOM BaKyyYMHUPOBAHHOM 00b-
eme Hacoca pabodero poropa Hacoca ¢ poropoMm AJl. JIpyrast Cl10XHOCTb CO3AAaHUS
CUCTEMBI — OTCYTCTBHE LITATHOI'O JAaTYMKA YaCTOTHI BPAILLEHUS pOTOpa, KOTOPYK B
CO371aBaEMOM cucTeMe He0OXOAUMO YBS3bIBATh C AMIUIUTYJIOM U 4acTOTOM Koyie0aHuM
(BuOparueit) BOZHUKAIOIINX U U3MEHSIONIMXCS B TIpoliecce padoThl Hacoca.

Ha kadenpe «Dnexrponnoe mamunoctpoenue» MI'TY um. H.O. baymana pas-
pabaTbIiBaeTCs CHCTEMa JHUAarHOCTUKU TypOOMOJIEKYJISIPHBIX BaKyyMHBIX HAacOCOB
(TMH), ocHOBaHHass Ha TOM, YTO MOMHUMO TPATUIIMOHHBIX M3MEPEHUM TMapameTpOB
BUOpAIMK, UCIIOJIB3YETCS IHEPreTUUECKUM MOIX0/] K TUAarHOCTUPOBAHUIO COCTOSIHUS
MOJIIIMITHUKOBBIX Y3JIOB, CBS3BIBAIOLINI HM3MEHEHHUE IMOTPEOIIeMO HACOCOM 3JIEK-
TPUYECKON MOITHOCTH C ©3MEHEHHEM MOMEHTa CONPOTUBIICHUS Ha poTope TMH.

B coznaBaemoii cucreme auarHoctukn TMH ncnosib3yroTcsi Kak CTaHIapTHbBIE
(matumk BUOpaIMy, MaTYWK AaBieHUs) [2] Tak U HOBBIC, pa3pabOTaHHBIC aBTOpPaAMH
JNATYUKH (JATYMK MOILIHOCTH, JATYUK YACTOTHl 00OPOTOB H JIp.).

B co3ngaBaemoii cucteMe cUrHajibl BUOpalMKu M3MepseMble Ha KOpIyce Hacoca
MO3BOJISIFOT KOHTPOJIMPOBATh 3HAUEHUS aMILIUTY ] Ha XapaKTePHbIX, JI JAaHHOTO THUIA
JUArHOCTUPYEMOTrO MOALINUIIHUKOBOIO Y3J1a, YaCTOTaX BUOPALMOHHOIO CHEKTpa. AB-
TOpaMU pacCUMTAHA XapaKTepHas 4acTOTa KOHTAKTUPOBAHUS, ONpeJesseMasl CXeMOon
B3aMMO/ICHCTBUS AIEMEHTOB HIapPUKOMOAMIUITHUKOBOIO y3J1a B Mpoliecce padoThI.

[IpuHnunuanbHas cxeMa paboThl CUCTEMBI AMATHOCTUKU MPECTABICH HA PHC.

l.
CUTHAJIBI C JATYMKOB e ™
(1aBJICHHE, MOLIHOCTb, AMILIA- Bbruucnenne  notpedisieMmoit
TyJa U 4acToTa BHOpaluu, UM- [ > MOIIHOCTH M 4YacTOTHI Bpalle-

MyJBCHI € (poToAaTUMKA) L HUA poTOpa )

aHaJIM3 TapaMeTpOB BHOpAIUH,
HaxXO0XIECHUE MOIIHOCTA HWAY- |«
et Ha U3HOC 111/ y371a

BriBog 0 paboTocnocoOHOCTH

A

Puc. 1. IlpunnunuansHas cxema
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[Tapametpsl koHTposmupyemoro TMH (naBneHue Ha BmyckHOM (iaHue, IMo-
Tpeoisiemast 3JIeKTpUUecKasi MOIITHOCTh, & TaK )K€ CUTHAJ ¢ 1aTdyiKa 000pPOTOB) MOCTY-
NAKOLIUE C COOTBETCTBYIOIIMX NAaTYUKOB ¢ omouibto ALl moctynaror B mporpamMm-
HOE 00ecrneuyeHrne CUCTEMbl TUATHOCTUKH.

OpurvHajabHOM YacThiO JAAHHOM pabOTHI SBISIETCS MpOrpamma, MO3BOJSIONIAs
IyTEM aHaJIM3a UMEIOIIMXCS JAHHBIX HA OCHOBAaHUU HEKOTOPOH MAaTeMaTHYECKON MO-
JIEJIU CIEJIaTh IIPOTHO3 O COCTOSIHUU IAPUKOIIOAIIUITHUKOBOIO y3JIa.

DkcrnepuMeHTanbHoe uccnenoanue TMH u npeaBaputenbHasi poBepKa Mmpo-
rpaMMbl MPOU3BOAWINCH HA KadMOpPOBOUHOM CTEHJAE MO3BOJIAIONIEM (UKCHUPOBAThH
KOPPEJILMOHHBIE 3aBUCUMOCTH MEXKIy MapaMEeTPpaMH «MOIIHOCTh-IAaBICHUE-4aCTOTa
BpALEHUs pOTOPa».

B pesynpraTe npoBeneHHsI SKCIEPUMEHTOB HA OCHOBAaHUU PE3YyJIbTATOB M3MeE-
HEHUsl MOIIHOCTH, 3aTpaunBaeMoii AJ[ TMH ynanock ucnonb3oBath pazpadoTaHHYIO
aBTOpaMH METOJWKY OLIEHKH KOPPEJSIMOHHOW CBS3M MEXIYy HAKOIUICHHOW paboToii,
3aTPavyC€HHON Ha U3HOC mapukonoqmunHukoB TMH m BecoM mpoayKTOB M3HOCA Ha
JIaHHBIN niepuoA 3Kkcrutyaraiuu TMH.

Jlureparypa

1. Heynun E.A., Ilepecaapko A.I'. /IluarHocTrKa U MPOTHO3UPOBAHUE OTKA30B MEXa-
HUYECKUX 3JIEMEHTOB BaKyyMHOro obopyzaoBanusi, Koutposis. [luarnocruka.
5.1998, ¢ 21-27
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(TMP) Failure Predicting as a Result of Friction Wear/ Automotive and Industrial
Lubrication/: Techniche Academie Esslingen Hrsg: Wilfreid J. Bartz,-Ostfildern:
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NPUHIOMUII JUATHOCTUKHA BAKYYMHbBIX MEXAHU3MOB
OCHOBAHHBIN HA AHAJIM3E OCTATOUYHOI'O JJABJIEHUS
K.II. bapckuii, E.E. Anuckun, E.A. /leynun, B.Il. Muxaiinos
MI'TY umenu H.3. baymana, Mocksa, 2-asa baymanckas, 5.
E-mail: barskynet@mail.ru, deulin@bmstu.ru

Pa3pa6aTLIBaeMa;1 aBTOpaMHu CUCTEMA JHATHOCTHKH HCIIOJBb3YCT B3aUMOCBA3b
npouecca N3HOCa BaKYYMHBIX MEXaHNU3MOB C OCTATOYHBIM AABJICHUCM U ITO3BOJIACT 110
HAKOIUIEHHOW B 0a3e JaHHBIX MH(QOpMAIMU OLIEHUBATh YPOBEHb U3HOIIEHHOCTH BaKy-
YMHOT'O ME€XaHHU3Ma U MTPOTHO3UPYEMOE CUCTEMOM BpeMsi HapaOOTKH Ha OTKa3.

Ha HCITIOJIB30BaAaHUN 3TOI>’I 3aBUCHUMOCTHU U HAKOIIJICHUU I/ISMepeHHLIX pCSYJIBTa—
TOB OCHOBAHA MCTOAHUKA pacqua N3HOCA MCXaHHU3Ma KakK (1)YHKI_II/II/I I/I3Mep$IeMOF0 I10-
TOKa ra3oBbIACJIICHUS .

Q=A.q (D
rae: A,- oAb KOHTAKTA,  — yAEJIbHbINA MOTOK Ia30BbIACIICHHUS.
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B paspabateiBaemoii cucreme ynomsiHytas (§.(1) 3aBUCHMOCTH HCTIOIB3YETCS
JUIS OCHOBHBIX THUIIOB MEXaHU3MOB, pabortarmux B CBB TexHomoruueckom 060pya0-
BaHUU. PaccMOTpUM BBIpa)KeHUs Ui OLIEHKH MapaMeTpa g B pa3jMuYHbIX Mapax Tpe-
HUS:

1. BunroBas pe3p0OoBast napa

q=( 2855.1V + 0.016P + 0.68 V. -P, )- 10° ( M’TTa/c-m? ).
r7ie V- CKOPOCTh CKOJIbXKEHUS (AMana3oH CKOPOCTEH CKOIbKEHUS
V=(0.0001+0.004 ) m/c)
Jlnana3oH aBieHU B KOHTAKT:
P=(9.8+490 ) MIla

Pacuet nmoka3eiBaeT, 4TO yACIbHBIN MOTOK Ta30BBIICICHUS C SUHUIIBI TIIOMIA-
JIM KOHTAKTa BUHTOBOM Mapbl HAXOUTHCS B JUaNa3oHe:

Qmin=(2855.1-0.0001+0.016-9.8+0.68-0.0001-9.8)- 10°°=0.443-10" (m’ITa/c-M?)

Qrmax=(2855.1-0.004+0.016-490+0.68-0.004-490)-10°°=20.59-10" (m’ITa/c-M?)

2. Onopa CKOJIbKEHUs Bajl-BTYyJIKA

Jlnamna3zoH CKOPOCTEN CKOJIbXKECHUS

V=(0.04+0.83 ) m/c
Jlnana3oH JaBjIE€HUN B KOHTAKTE
P=(5+150) MIla
IImomanps KOHTAKTa
A,=2R,:1-singy, rae R, - panuyc Bana, | - AnvHa BTYJIKH

VY nenbHbIN NOTOK Tra30BBIICICHUS C €IMHUIIBI TLTOIIA U

Qenin=(10.6-0.2-0.04-4.6-5+0.6-25+3.9-5-0.04)- 10°=3.372-10" (m’Ia/c-M?)

Qrmax=(10.6-0.2-0.83-4.6-150+0.6-150°+3.9-150-0.83)- 10°=13.3 (M’ITa/c-M?)

3. BonHoBas nepenaya ¢ 3y04aThiM 3alerIeHHEM

Jlnana3zoH CKOPOCTEN CKOJIbKEHUS

Vo=(0+0.045 ) m/c
Jlnana3oH 1aBieHUN B KOHTaKTe

P=(1+14.2 ) MIla
II;momanps KOHTAKTa

A,=0.35Z,-B-H,, Tni€ Z, - unicno 3y0beB sxecTKoro xkoueca, H, - monnas
riryorHa 3axoja 3y0a.

Y 1enbHBIN TTOTOK Ta30BBIICIICHUS C €IMHUIIBI TLTOIA TN

Qmin=(0.023+53.48)- 10°=0.023-10" (m’ITa/c-M?)

Qrmax=(0.0230-14.2+53.48-0.045+1.07-0.045-14.2)- 10°==3.42. 10~ (m’ITa/c-M")

4. TapuKOmOJIIUITHUK

Jlnana3zoH CKOpOCTEH CKOJIbXKEHUS

Vo=(0.01+0.05 ) m/c

Jlnamna3oH JaBJICHUM B KOHTAKTE

P=(500+700 ) MIla

[Tnomans KoHTaKTa

A,=T-p>, TIIE p - PAINyC KPyra KOHTAKTA,
Y 1enbHBIN TTOTOK Ta30BBIICIICHUS C €IMHUIIBI TLTOIIA TN
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Qrmin=(4-582.2-0.01-0.007-500+1.27-500-0.01)- 10"'=1.028-10"" (m’TTa/c-M?)

Qrnax=(4-582.2-0.05-0.007-700+1.27-700-0.05)- 10"'=1.444 (m’TTa/c-m?)

Kak mbI BUIUM, pa3pa60TaHHa;1 MOJCIIb COACPIKUT OCHOBHBIC IMAPaMCETPLI TPC-
HUsL: TUIOIIaJIb KOHTAKTa, HOPMaJibHAasA HArpy3Ka, CKOPOCTb CKOJIbKCHMUA.

bruia MMPpON3BCACHA OLCHKA MOMCHTA CONPOTHUBIICHHUA AJII HCCOOCHOTO ILIIAHC-
TApPHO-IIOCTYIIATCIILHOTO BBOAA ABHIKCHHA. TeOpeTI/I‘IeCKI/I II0Ka3aHa CBA3b IIOTOKA ra-
30BBIICNICHUSI C YAaCTOTaMU KOHTaKTHpoBaHus 3iemeHToB CBB. DkcnepuMeHTHl U
TGOpGTI/I'-IeCKI/Iﬁ pacqu ITOKAa3bIBAIOT, 4YTO aMHJ'H/ITYI[a KOH€6aHHﬁ I/IBMepHeMBIX CUTHa-
JIOB TI0 mapameTpaMm P u ypoBeHb BHOparuu Ha 0a30BOM 4acCTOTE JIUArHOCTHUPYEMOTO
MEXaHHu3Ma, CBA3aHbI C Ka4Y€CTBOM C60pKI/I MCXAaHHUYCCKHUX Y3JI0B, YTO ABJIACTCA, Ha
HaIr B31JI14, HOBBIM Hay‘-IHLIM pGBYJIBTaTOM pa60T1>1.

PA3BPABOTKA ATIITAPATHON YACTU KOMIBIOTEPHOM
CUCTEMBbBI JTUATHOCTHUKUA TMH
B.IO. Kypoamoe, E.E. Anuckun, K.E. /lemuxos, E.A. /leyaun
MI'TY umenu H.O. baymana, Mocksa, 2-as baymanckas, 5. E-mail: kvu@mail.ru

[TpoGnema mpojsieHus: pecypca AOPOTrOCTOSALIEr0 BaKyyMHOI'O aKTyaldbHa JUIs
BCEX MPOMBIIUIEHHO PAa3BUTHIX CTpaH, Ipu 3ToM Juisi Poccun oHa MOCTOSIHHO BO3pac-
taeT B nocieauue 10-20 neT B CBA3M CO CHIKEHUEM 00HEMOB BOCIIOJIHEHUS BBIBOIU-
MOT0 M3 JKCIUTyaTallii BaKyyMHOTO 00OOpYA0BaHHUS.

[Ipu paboTte ¢ mog0OHBIM 000PYAOBAHHEM, BO3HUKAET HEOOXOIUMOCTh OLICHKH
OCTaTOYHOI'O pecypca HauboJIee CIOKHBIX U JIOPOTOCTOSIINX 3JIEMEHTOB BBICOKO- U
CBEPXBBICOKOBAKYyMHOTO 000pymoBaHus [1], K 4UCIIy KOTOPBIX OTHOCATCS TypOOMO-
nexkynspHble BakyymHble Hacockl (TMH). K npumepy mnomoGHOro ob6opynoBaHus
MOKHO OTHECTH YCTAaHOBKH TEPMOSICPHOTO CHHTE3a THMa TokaMak.

OreHKa OCTaTOYHOTO Pecypca MEXaHU3MOB TaAKOTO 00OPYIOBaHMS MOapa3yMe-
Ba€T HE TOJIBKO OIpEAENIEHuE TEKYyLIEro COCTOSHUA HauOoJyiee ysS3BUMOrO y3ia, HO
OTHICKAaHHE TapaMeTpOB, NAIOIIUX IPEACTABICHUE O COCTOSHUU OOBEKTa B JIIOOOH
MOMEHT B TEYEHHE BCETO CPOKA €ro 3KCIUTyaTaluu. [l OLleHKH 0CTaTOYHOIo pecypca
HanOOJIBIIYI0O Ba)KHOCTH TPEACTABISIOT MPOIECCHl TPEHUS,IIPOUCXOAIINE BO Bpa-
HIAIOIIMXCA YacTIX MEXaHW3MOB. B TypOOMOEKyISpHBIX BaKyyMHBIX Hacocax IMpo-
LECC TPEHUSI MPOUCXOAMUT TOJBKO B HMCIMOJIb3YyEMbIX TaM IIAPUKOMOAIIUIHUKAX, MIPU
9TOM 33Jlaya OLIEHKM OCTaTOYHOI'O pecypca 3aKIHYaeTCs HE CTOJIBKO B IPEICTaBIIE-
HUU MareMmathyeckod mozenu ¢pynxuumonuponanus I y3na u onpenenenun napa-
METpPOB Mpoliecca TPEeHHUs, CKOJIBKO B U3MEpPEHUHU Habopa mapameTpoB, HEOOXOAUMBIX
JUIsl OLUEHKH OCTaTOYHOTO pecypca.

HeB03MOXHOCTD YCTaHOBKH AATYMKOB BUOPALIMU U YACTOTHI HEIOCPEICTBEHHO
Ha LTI y3ne npuBena pa3pabOTYNKOB JAHHOM CUCTEMbI JUATHOCTUKU K HEOOXOAMMO-
CTH oleHKU coctosiHus TMH myTem ucrnosib30BaHKs KOCBEHBIX nmapaMmeTpoB. [lokasza-
HO, YTO OJHHMM U3 PEKOMEH]IyEMBIX K HCIIOJIb30BAaHUIO IAPAMETPOB CIIYKUT aMILIUTY-
na BuOpanuu [2], KoTopas, X0TS U HE TIO3BOJIAET HANPAMYIO ONPEIENISITh OCTATOYHbBIN
pecypc TMH, Ho no3BoJisieT AaTh oueHKy coctosinus TMH Ha Tekyiiuii MOMEHT.
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[Tpunnun paboTsl co3naBaeMOi KOMIUIEKCHON CHCTEMBI TMAarHOCTUKH OCHOBAH
Ha TIOTY4YeHHH W 00paboTKe TeKymied MHPOpMamuh O pekuMax pabOThl ABUTATEIS
TMH npu momomu CHUCTEMBI 3JIEKTPOHHBIX OJIOKOB, pa3paOOTaHHBIX M CO3JaHHBIX
Kyp6atoeim B.}O. B MI'TY um. H.D. baymana (puc. 1), a Takke mporpaMMHOIO
o0ecmieueHus, HEOOXOAUMOTO T 00paboTK HHPOpPMaNnH, pa3padoTaHHOW AHHCKH-
HbeM E.E.

Puc. 1. QHCKTPOHHBIC OJIOKM CHCTEMBI JUAarHOCTUKU.

B otnuuue oT TpaaULMOHHBIX KOHCTPYKIMM MEXaHU3MOB C OOJBIIMMHU CKOPO-
CTSIMM BpalleHHs, UMEIOLINX pa3AesbHYI0 NOABECKY poTopa u nsurarens, TMH obna-
JaeT KOHCTPYKTHBHOM OCOOEHHOCTBIO, MPEIyCMAaTPUBAIOLIEH PACIONOXKEHHUE JBUTa-
TeJIsl HETIOCPEACTBEHHO HA BaJly POTOpPA, YTO 3aTPYyIHSAECT U3MEPEHNE MOMEHTA Ha BaIly
JIBUTATEJIS.

[Ipennaraemas aBTopamMu cUCTEMa IMATHOCTUKU HUCIOJIB3YET KaK CTaHIAApTHBIC
JMAaTYUKU BUOpALMM W JABJICHUS, TaK U HECTAHAAPTHBIE NATYMKU YAaCTOTHI, & TaKkKe
MPUHLUIIMAIBHO HOBOE YCTPOMCTBO CHATHS CHTHAJIa MOILIHOCTH,IIO3BOJISIONIEE B CO-
YETaHUU C HECTAaHJAapTHOM METOIMKOW pacyeTra M OpPUTHMHAIBHBIM IIPOIPAMMHBIM
o0ecrieueHNeM OIpeIeIUTh 3HaUeHne MOMeHTa Ha Bairy asuratens TMH u nepeiitu k
€ro CONOCTABJICHUIO C IKCIIEPUMEHTAIIBHO HAWJICHHBIM KPUTEPUEM OTKa3a M K IOCe-
NYIOIIEH OLEHKE 0’KMJAaeMOr0 pecypca 10 MOMEHTA BO3HUKHOBEHUS aBAPUNHOIO OT-
Kasa.

Jlureparypa

1. Heymun E.A., Ilepecanpko A.I'. /luarsocTuka u nporH03MpOBaHUE OTKA30B MeXa-
HUYECKHX 3JIEMEHTOB BaKyyMHOTO 000pyaoBanus., Kourposs. [Iuarnoctuka. 5.
1998, ¢.21-27.

2. JHeymun E.A., bacmanos M.C. Cuctemsl Bubponuarnoctuk TMH., KonTpous.
Huarnoctuka. 7. 2004, c. 45-48.

86



