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LeHTpoOeX HBI MHOTOCTYIIEHYATHIH IEKTPOHACOC CONEPKHUT YCTAHOBJICHHBIC B KOPITycax anekTpoasurarens (1),
BCTPOCHHYIO KOHJICHCAaTOPHYIO KOpoOKy (2) m HacocHble cTymeHH (3), pa3MeIleHHbIE B €IMHOM KOXyxe (4) u
LHEHTPHUPYEMBbIe TIepeIHel 1 3aJHel KpailHUMU KpBIIKaMH (5, 6) 1 IPOMEXYTOYHOM omopoi (7). DNeKTpoABUTaTeh
(1) - mMacio3amoIHEHHBI ACHHXPOHHBIH ¢ KOPOTKO3aMKHYTBIM POTOpOM (8), YCTAaHOBJICHHBIM Ha HOAMIMITHUKAX
kaueHus (9). [Nepenuuii nogmmnuukoBsii mut (10) snexrpoaBuratens (1) repMeTu3npoBaH ynpyroi mMmeMOpaHoOi
(11). Ilorpy>xHO# 3MeKTpOHACOC CHAOXKEH YCTAaHOBJICHHBIM CO CTOPOHBI BCACHIBAaHHS 00TEKaeMbIM HAIPaBIISIOIINM
HACaJKOM B BHJE PEIIETYaToro KymonoobpasHoro Gannaxa (45) U3 I1aBHO M30THYTHIX pebep (47), CXOmAmuxcs K
BepIIrHe OaHAaka ¢ OHOI CTOPOHBI, ¥ COCAMHEHHBIX C KOJNBIEBBIM 00010M (48) OaHgaxa ¢ Ipyrod CTOPOHbI, a
TaKKe pa3MEIICHHBIM BHYTpH OaHAaxa cerdyaTbiM QHIbTpodieMeHTOM (44) oOTekaeMol KyIonooOpa3Hoil GpopMmsl,
3aKpEIJICHHBIM CBOMM KOJIBLIEBBIM OCHOBAHMEM I10 IEPUMETPY TOpLa NepeaHel kpaitHel KpbIIIKH (5) 1 CyXKarOLUMCS
K €ro NpOTHUBOIOJIOKHOMY CBOOOIHOMY KoHIy. KymonooOpasHas ¢opma O3Ha4yaeT BBIIOJHEHHE C BHELIHUMHU
00TeKaeMbIMU OYEepTaHUSIMH, 00OSCIIeUHBAIOIIMMH TIPH IBIDKCHHH HaMMEHbIIee MeXaHHYeCKoe B3aUMOJeiicTBHE CO
CTEHKaMH 00CagHOH TpyObl M MHOE CONPOTHBIICHUE JIBIDKEHHIO OKPY)KAIOLIIMMH NpeAMeTaMH U cpenoil. banmax
(45) BBINOJNHEH W3 CXOMAIIMXCS K €ro BepIIMHE M COCAMHEHHBIX KOJIBIIEBBIM 000JIOM IUIaBHO M30THYTBHIX pebep
(47) ¢ obpa3zoBaHrEeM MMH KyHoJo00pa3HOro (KOHycoOOpa3HOro) aKypHOTo MPOHHUIIAEMOro Kapkaca. bannax (45)
YCTaHOBJIEH Ha KpBIIIKe (5) ¢ IOMOIIBI0 MPOMEXYTOYHOTO anantepa (43) GaHmaxa, 3aKperuieHHOro K Kpsbimke (5)
BUHTaMH (42) mo nepumerpy obonma (48), a ceryarsiii ¢uiasTposneMeHT (44) ycraHoBineH Ha amantepe (43) Ha
pe3pboBoM mosicke (49) u 3aduKCHpOBaH K BepHIMHe OaHnaka BUHTOM (46). Ananrtep (43) Oanza)a BBIIIOJIHEH C
YCTaHOBOYHBIM KOJBLOM (50), CHaOXKEHHBIM Y4acTKOM BHYTpPeHHEH pe3bObl jurst mosicka (49), M ¢ BBICTYMAIOIINM
u3 kombla (47) monbiM KoHycoMm (51) sl MakCHMalTbHO BO3MOXKHOTO pacHpelelieHHs BCACBHIBAHWS MO Bcei
mwromany ¢uasTpodementa (44). Kpeimka (5) umeer kanansl (41) it coobmenus monocté (33) mMeMOpaHBI
(11) ¢ oxpyxkarormeii MeKTpoHacoc cpenoi. B pesynbrare peanuzanmy n300peTeHHs OCYIIECTBISIETCS PACIINPEHHe
apceHasma obopymoBaHMs Onaromapsi CO3IAHHIO AJBTEPHATHBHOIO OPUTHHAIBEHOTO IOTPYXKHOTO SJIEKTPOHACOCA,
00J1a/Jal0IeT0 BBHICOKOH HaJeKHOCTHIO M JIOJITOBEYHOCTHIO, TaK KaK HE JOIyCKaeT HapyIICHUS BOJOCHAOKEHUS,
HECAHKIIMOHNPOBAHHOTO CIIMBA.
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IIEHTPOBEKHBIII MHOT'OCTYIIEHYATBIA 3JJEKTPOHACOC

N300peTeHne OTHOCHTCS K OOJIaCTH THAPOMAIIAHOCTPOCHHS, a HMMEHHO K
HEHTPOOEKHBIM MHOTOCTYNEHYAaThIM JJIEKTPHYECKUM HacocaM, KOTOphIE MOTYT
ACTIONB30BaThC  KaK MAaruCTpalbHBlE HAacOChl HJIM KaKk IOTPYXXHBIE HacoCHI.
MaructpanbHoe HCIIOHEHUE 3JEKTPOHACOCA IpeAHa3HA4YEH Ul MOBBINICHHS AAaBJICHHS B
BOJIONO/IAIOIIEH MarucTpaiy, a MOrpyXKHOE HCIOTHEHHE JIEKTPOHACoCa MPeAHA3HAYEHO
JUIA TIO1a41 BOJIBI M3 CKBaXKHH, KOJIOALIEB, PE3€PBYapOB H OTKPHITHIX BOJOEMOB B CHCTEMaX
BOJOCHAOXEHHUsI J0Ma, OPOIIEHHs caia ¥ oropoja. Pacmmpsiomuecs HOTPeOHOCTE B
cucTeMax OBITOBOTO BOJXOCHAOXEHHS, B YaCTHOCTH, U3 CKBaXXHH M KOJOALEB, H 00BEM
INPOU3BOJCTBA COOTBETCTBYIOLIEro o0OpymoBaHMs TpeOyeT pacIIMpeHHs apceHala U
YCOBEpIICHCTBOBAHUS TEXHHYECKUX CPEICTB, OCOOCHHO MOTPYXHBIX LEHTPOOEXKHBIX

ANICKTPOHACOCOB, NPCAHA3HAYCHHBIX JId pCAIN3allHH JaHHOTI'O Ha3HAYCHHUA.

H3BecTeH mOrpyXHOW IUEHTPOOEXHBI 3JIEKTPOHACOC, KOTOPBIH COAEPKHUT
BBINIOJIHEHHBIA B BHJE THJIB3BI KOPITYC C KPBIKOH M C OCEBBIMH BXOJHBIM M BBIXOAHBIM
narpy6kamMu, Hacoc, BKIovaloumii pabo4yme CTYNEHH W Bajl, U 3JIEKTPOABUTATElNb,
BKJIIOYAIOIMN POTOp, 3aKpeIUIEHHBI Ha IIOJIOM Bally, CTaTop, 3aKpeIUICHHBIH Ha
BHYTPEHHEH IIOBEPXHOCTH T'WJIB3bl, MMOJIIHIIHHKOBBIE LIMTHI, B PacTOYKaxX KOTOPHIX Ha
NOJUIMITHUKAX YCTAHOBJICH MOJIBIHA BaJI, CITy)KAIMH I MPOX0Aa MepeKayuBaeMON CpeIbl
¥ MMEIOIMH ¢ OHOM CTOPOHBI OTKPBITHIH TOpEL, a C APYTOoi - paJHalibHbIe OTBEPCTHS, IIPH
3TOM MOIIUITHUKOBEIE IUTH CHA0XEHBI YIUIOTHEHUSIMHU, U JJIEKTpOKabesb, YINIOTHEHHE
BBOJA KOTOpOro BKIIIOYAaeT OOXHUMHYIO BTYJIKY. [Ipu 3TOM 3jeKTpoHacoc CHabXeH
OUCTAHITHOHHOM BTy.TIKOﬁ, yCTaHOBJIeHHOﬁ MCEXKAY CTATOpPOM M NOAIIHUIITHUKOBBIM IITHTOM,
pa3MelIeHHBIM CO CTOPOHBI pabo4uX CTyNeHeH Hacoca, H YIPYTUMH KOJBIIaMH KPYTJIOro
ceyeHus. [ToqIIMIHMKOBBIE IUTHI NPIXKAThl K AUCTAHIIMOHHON BTYJIKE W T'MJb3€ Mapoi
BUHT-Taiika, IPY 5TOM BHHT BBHIIOJIHCH Ha [OJIOM Baly, a raiika - ¢ BO3MOXXHOCTBIO
BO3JEHCTBHA Ha TOpEI OJHOTO W3 MOMIUMNHUKOB. [oMIMHMHNKA Ha MOJOM Bally W B
pacToYKax LIUTOB YCTAHOBJIECHBI ¢ BO3MOXKHOCTBIO OCEBOTO NMEPEMEIICHHUS 10 yIopa B
OrpaHMYHTEIbHBIH 3/1eMEHT. B pacToukax NONIIMNMHHKOBBIX UIMTOB CO CTOPOH,
OOpallleHHBIX K CTaTOpy, BBIIOJHEHBl YCTYIBl OIS OTrPaHUYECHUS IEpeMEIICHHs
TOALIHITHAKOB, @ MEXAY NOJIIAITHAKOM ¥ YCTYNOM PaCTOYKH OAHOT'O U3 IMOJUIMITHUKOBBIX
IIMTOB YCTAHOBJIEHO YNpyroe Koibuo. Kphilika BITOJIHEHA C pe3b00BBIM OTBEPCTHEM H
BHELIHEH KOHHMYECKOHW IOBEPXHOCTBIO M 3aKpeIUIeHa Ha TUIb3€ YNPYTHM KOJBIIOM

kpyrioro ceuenus (RU 2198321).



M3BeCcTeH MOrPYXHOM MHOTOCTYNEHYaThlii HAacoc, COACpKaului CTYHEHH C
HAIPaBIIAIOIIMMH afapaTaMH, B KOTOPbIE BMOHTHPOBAHBI OCHOBHBIE OCEBBIC ONOPHI U3
M3HOCOCTOMKOr0 Marepuaja, KpbhlIKaMHd ¥ paboYMMHM KOJIECaMH, KaXJ0€ U3 KOTOPBIX
HMeeT COOCTBEHHYIO JIOTIOJHUTENBHYIO OCEBYIO ONOpPY, SBJSIOLIYIOCS  TaKke
YIUIOTHEHHEM, pa3[elfioIUM MOJOCTH BCACHIBAHHA M HArHETAHUS, U BBIIOJHEHHYIO B
BHJI€ BEICTYIIAIOIIET0 Ha TopLe pabouero koneca OypTa, OMUPAIOIIETocs Ha NIOBEPXHOCTh
KPBILIKK; BaJl HEKPYIJOro CEYEHHs, Ha KOTOPOM IO IOCaJaKe C 3a30pOM yCTaHOBJIECHA
crynuia pabodero kKojeca, I0Caf0YHOE OTBEPCTHE KOTOPOH COOTBETCTBYET HEKPYTIIOMY
CEUYEHMIO Bajla, H pasjeMTeNbHbIe aiiObl N3 aHTHGPUKIIMOHHOIO MaTepHraia, a CTyIHua
pabouero kojeca BBIIIONHEHA BBICTYIAIOLIEH HAl TOPIIEM MOCIIEHETO CO CTOPOHEBI BXO/A,
pa3aenuTeNbHbIC [aiob! YCTAaHOBJIEHBI Ha BAJly ¢ BO3MOXKHOCTBIO OCEBOTO IICPEMEIIECHH
no obe CTOPOHBI CTymuuBl pabodero Koieca, Kaxaas M3 IMald® HMEET OTBEPCTHE,
COOTBETCTBYIOIIIEE HEKPYIJIOMY CE€YEHHIO Bajla, M TOJIIUHY, MEHBIIYIO OCEBOro 3a30pa,
06pa30BaHHOTO TOPIEM CTYNHLbl ¥ TOPLEM OCHOBHOM ONOPHI, TIEPE NMEPBBIM pabouuM
KOJIECOM YCTaHOBJIEH HANpaBJSIOLIMM ammapaT ¢ OCHOBHOH OCEBOM OIOpOi, Topen
KOTOpOH, 06palleHHBIH B CTOPOHY paboyero KoJieca, o0pasyeT ¢ pasiAeIHTENbHON a6
OCEBOM 3a30p, pa3Mep KOTOPOTrO MEHbIIE BBICOTBI OypTa JOIOJHHTEIBHOW OIOPBI
pabouero kojneca (RU 2234620).

HemocTaTku yNOMSHYTBIX H3BECTHBIX 3JCKTPOHACOCOB COCTOAT B CJIOXKHOCTH
KOHCTPYKIIMM, HEIOCTATOYHBIX JOJFOBEYHOCTH W HAJEXKHOCTH paboThl Hacoca H3-3a
[OBHIICHHBIX BHYTPEHHHX YT€UYEK, HaIW4YMs Harpy3Kd Koplyca 3J€KTPOABHraTeiIs U
pas3JiemuTebHOH MeMOpaHBl OT BO3JCHCTBHA MaBJICHHS, pPa3BUBaEMOr0 HACOCHBIMH
CTYNIEHAMH U IOAABACMOT 0 HAaCOCOM.

H3BecTeH INEHTPOOEKHBIM MHOTOCTYHNEHYATHIH 3lE€KTPOHACOC, COAEpXKaIlui
YCTaHOBJIEHHBIE B KOpIycaxX 3JE€KTPOJABHIaTelb M HACOCHBIC CTYNEHH, BKIIIOYAIOIIKE
HaIpaBJIAIOIIKE amilaparhl, B KOTOPHIE BMOHTHPOBAHEI OCEBBIE ONOPHI U3 U3HOCOCTOMKOTO
MaTepHajia, KpBIIIKKH CTyHeHei u paboude Koseca, KaXXIO€ M3 KOTOPBIX HMEeT
YIUIOTHEHHE, Pa3eIoNiee MOJOCTH BCACHIBAaHHMs M HarHETaHMs M BBIMOJHEHHOE B BUIE
BBICTYIIAIOIIETO Ha TOple pabouero xojieca OypTa, OMHPAIOINETOCA HA 3aKPEIUICHHbINH Ha
KPBILIKE CTYNEHW YIUIOTHUTENBHBIM 3JIEMEHT, Bajl HEKPYIJIOro C€YECHHs, Ha KOTOPOM IO
nocajKe, JOIMyCKAIOMER OCEBOE TepeMeleHHe, YCTAHOBJIEHBI CTYIHIBI paboumX KOJIec,
aHTH(PUKIMOHHBIE [AKObI, B3aHMOAEHCTBYIOIIME C OCEBBIMH ONOpaMH, H Kabelb,
IpPHYEM 3JIEKTPOHACOC CHalXkeH OOLIMM KOXXYXOM C IEPEIHEH M 3aJHCH KpBIKaMH,
BCTPOCHHO# KOHJIEHCATOPHOH KOpOOKOH, B KOTOPOX pa3sMEICHB! KOHICHCATOP U pa3beMbl

JUI COeIMHEHM s Kabes ¢ oOMOTKaMH SJICKTPOABUTATEN, H 0H0p0171 BaJIa HACOCHOW YacCTH,



BBIIIOJIHEHHON B BHJIe aHTH()PUKIMOHHOM BTYJIKH, 3aKPEIUICHHOH B MEpEeAHEH KPBIIIKe,
TIPH 3TOM 3JIEKTPOABUIaTEllb Pa3MELIEH CO CTOPOHBI BBIXO/a U3 HACOCHBIX CTYNIEHEH, €70
KOpIIYC YCTAaHOBJIEH B KOXyXe ¢ 0Gpa3oBaHHEM KOJBIEBOTO KaHAla M NPOMEXKYTOYHOH
OIIOPHI, MEPEAHMH MOMIMITHAKOBIN HIAT 3EKTPOJABHTaTeNls TEPMETH3UPOBAH YIPYToH
MeMOpaHOH, a 3aKpeIICHHBIN Ha KPBIIIKE CTYNEHH YIIOTHUTEIbHBIH 3JIEMEHT BBIIOTHEH
B BUJIE TOHKOCTEHHOM KOJBIEBOH BcTaBKH. [IpH BEINOIHEHHH 3JIEKTPOHACOCA NTOTPYKHBIM
BXOJ B HacoC (CO CTOPOHBI BCACHIBaHHUS) BBIIOJHAETCS B BHJIC CETUATHIX BCACBIBAIOLIMX
OKOH B TepeqHeR KPHILIKE, a IPH BBIIOJHEHUH 3JIEKTPOHACOCAa MAaruCTpalbHbIM BXOJ B
HacoC BBIOJIHAETCS B BUJE IITyIiepa B nepeaneit kpeimke (RU 77652).

U3BecTeH NEHTPOGEKHBI MHOIOCTYIIEHYAThIl 3JIEKTPOHACOC, COAEpXKaIlHi
KOXYX, B KOTOpPOM Da3MEIUEHbI IIOC/IECI0BATEIbHO YCTAHOBICHHBIC B KOPIyCax H
COEIMHEHHBIE BAJIAMH 3JIEKTPOJIBHIaTeNlb ¥ HACOCHBIE CTYNEHH C pabOYMMH KOJiecaMy,
TIPHYEM 3JIEKTPOABHIaTENb Pa3MEINeH CO CTOPOHBI HAarHETAHHs HACOCHBIX CTYNECHEH H
YCTAaHOBJIEH B KOXYyXe€ ¢ 00paszoBaHueM KOJBLEBOroO KaHalIa JUls IEPEKaYMBaceMON CPE/bl,
IpH OTOM OJIEKTPOJABHraTelb CHAOXEH IPOMEXYTOYHOH OIMOpOH M  IEpeNHHM
HOJUIMIIHUKOBEIM INUTOM, TIE€PMETH3UPOBAHHBIM YIpyroi memOpaHOW, a Ha Bajy
3JIEKTPOIBHTraTENsl MMOCIIEI0BATENBHO YCTAHOBJICHBI HA JIBYX YIUIOTHCHMSAX CTyleH4YaTas
nepefHsAd KpHINKA OJIEKTPOABUraTeNss M CTYNEHYAaTBIi IPOMEXYTOYHBIA KOpHYC,
BHIIIOJIHEHHBIE C KAHATAMH JJIs COEJMHEHHsS HApyXXHOM MOBEPXHOCTH MeMOpaHBI CO
CTOPOHOH BCACHIBAHUS HACOCHBIX CTYINEHEH M ¢ KaHAJIAMH JJI COCMHEHMS KOJIbLEBOIO
KaHala KO)XKyXa CO CTOPOHOW HarHeTaHHs HAacOCHBIX cTyneHed. Ilepennsst kpbimka
DJIEKTPOJABHUTATENIS. W MPOMEXYTOYHEBIH KOPIYC IIOCJAENOBATENIbHO DPA3sMEIIECHBI MEXIY
HOALIMNITHAKOBEIM IIHTOM DBJICKTPOABHraTeNss U My(TOH, NpHYeM IEPENHss KpbIlKa
5JIEKTPOABUIATENS BBIOJIHEHA CO CKBO3HBIMH OTBEPCTUAMH, OIIEPTA C OAHOH CTOPOHBI Ha
MemOpaHy ¢ o0Opa3oBaHMEM KOJIBIEBOM TIONOCTH ¥ BBINOJHEHA YIUIOTHEHHOM
OTHOCHTEJIFHO Bajla DJICKTPOJIBUTATENs], BHAYTPEHHEH CTEHKHM KOXKyXa M IPOMEXKYTOUHOI'O
KOpIyca, KOTOPBIA BBIIOJIHEH B BHJAE BTYJIKH C KOHHYECKMM LICHTPAIbHBIM BBICTYIIOM,
OIIEPTHIM Ha NEPEIHIONO KPBILIKY JICKTPOABUraTENS, H YINIOTHEHHOTO OTHOCUTEIBHO Bajla
IOCIEAHETO M COEIUHEHHOIO NEPEMBIYKONH C KOHMYECKHM IICHTPAIBHBIM BBICTYIIOM
neprepuHHON KOJIBLEBOM M'MIb3BI, YIUIOTHEHHOR OTHOCHTEIBHO IIPOMEIKY TOYHOH OTOPHI
H OIOpHI IaKeTa HACOCHBIX CTYIEHEH, M BBIIOJIHEHHOIO ¢ OCEBBIMH M panvajibHBIMU
HEITIEPECEKAIOMUMUCS OTBEPCTUAMH, IIPHYEM OCEBBIE OTBCPCTHS CBSI3aHBI C KOJNBLEBBIM
KaHaJIOM KOXyXa #u CO CTOpOHOﬁ HarHEeTaHUusA IMakeTa CTyHeHCﬁ, a paguaJIbHBIC OTBEPCTHSA
CBSI3aHBI CO CTOPOHOM BCACHIBAHUS MOCIEIHHX U C KOJBIIEBOH MOJIOCTBIO, 06pa3oBaHHOM

MeXIy MEeMOPaHOH MOJUIMITHUKOBOTO INUTA U NEpeAHEH KPBIIKON 3JIEKTPOABUTATEIS.



HacocHrle cTymeHH CHaOXEHBbl HAIpPaB/IAIONMMH aniapartaMd K OCEBBIMH ONOpamH,
paboune Kojieca UMEIOT YIUIOTHEHHS, paseNsIoNHe 0JIOCTH BCaChIBaHHs U HarHCTaHHd,
¥ aHTHQPUKIUOHHbIE Maii6p1, B3aUMOJIEHCTBYIOIME C OCEBBIMH OIIOPaMH, NpY 3TOM Ball
HACOCHBIX CTYNEHeH BBIIOJHEH HEKPYIVIOr0 CEYEHHS C BO3MOXHOCTBIO OCEBOro
nepeMeleHnss YCTAaHOBJICHHBIX Ha HEM pabouynMX KoJieC M CHAabXEH CO CTOPOHEL
IPOTHBOIIONIOXKHON 3JIEKTPOJBUIATENIIO, ONOpOil B BHAC AHTH(PUKUHOHHON BTYINKH.
TTo/MIMIHYK Bala 37I€KTPOJBUIATENS BBIIONHEH 3QIHTHIM B MOJUIMIHUKOBBIH LIMT IIPH
OTJIMBKE [OCIIEHETO. DIIEKTPOHACOC CHAGXKEH BCTPOSHHOM KOHIEHCAaTOPHO! KOPOOKO#i, B
KOTOpOH pa3MeIleHBl TEPMOBBIKIKOYATEND, KOHACHCATOP M Pa3beéMBbl A COCAWHCHHSA
xabens ¢ 06MoTKaMH d1exTpoasuraresis. OCeBble ONOPbI HACOCHBIX CTYIEHEH BBINOTHEHBI
M3 W3HOCOCTOMKOro Mareprayia. KoXXyX BBHIIIOJIHEH C NEPEHEH U 3a[HEH KpBIIKaMH, a
aHTU(PUKIMOHHAS BTYJIKA 3aKpeIUIeHa B NEPENHEH KpBIIKe. DJIEeKTPOHACOC cHabXeH
IITYy[epOM B 3aJHeH KpBIMKE. OJIEKTPOABUraTejlb BBIIIOJHEH C KOPOTKO3aMKHYTHIM
POTOPOM M MACJIOHANOJHEHHBIM KOPIYCOM. YIUIOTHEHHs HACOCHBIX CTyIHEHEH
BBINOJIHEHb! B BUAE TOHKOCTEHHBIX KOJIBIEBbIX BCTABOK. B OKHaX mepeaHel KPBILKH 5 ¢
HU)KHETO IJIOCKOIO TOpIA 3JE€KTPOHAcOCa MOTYT OBITh YCTaHOBJICHBI, BBIIOJIHAIOIIAE
GyHKuuY  QUIBTPYIOIETO JJEMEHTa M  MNPENATCTBYIOIIME TPOHUMKHOBCHHIO B
3NMEKTPOHACOC KPYIIHBIX YaCTHI], a TAKKE KaHANbl [ COOOLIEHHUS [I0JI0CTH 33 meMOpaHb!
11 ¢ okpy>xaroeit a5eKTpoHacoc cpefoi. IlepekaunBaemast cpelia MOCTYNacT B CETYATHIC
orsepcrus Kpeimku 5 (RU 123076, npototumn).

HenocTaTk¥ H3BECTHOTO IOTPYIKHOTO 3JIEKTPOHACOCA COCTOSAT B HENOCTATOYHOM
JOJATOBEYHOCTH M  HAJEXHOCTH, OOYC/OBICHHBIX HE3HAYHTENBbHOH  BEIHYMHON
uneTpyromel oAy, KoTopas MOXKeET OBITh pealM30BaHa B OKHaX MEpeHeH KpaHHeH
KPBIIIKH, T.€. HA BXOJE BCAChIBaHHs B HACOC, OTCYTCTBHEM BO3MOXXHOCTH OIEPATHBHOH
MHOTOKpATHOM NPOMBIBKH OT HAKOIUICHHBIX 3acopeHHil 6e3 pasGopKH 3JIeKTpoHacoca, a
wiockad ¢opMa HUIKHETO TOpIA 3JIEKTPOHAcOCa 3aTPYAHSACT  IPOXOXACHHIO CTBIKOB
06cagHBIX TPYO CKBXUHBI WM HHBIX MNPENATCTBYIOLMX JE€Taleil INpH yCTaHOBKE
3JIEKTpoHacoca B pabouee IMOJIOKEHHE M3-32 BO3MOXHOIO 3aJ€BaHHs O CTBIKH, HTO
IPENSATCTBYET PAaCIIUPEHUIO 00IaCTH NPUMCHEHHS U3ICIIHL.

Texnuueckass mpoGieMa, Ha pelIeHHE KOTOPOH HAaNpaBJICHO HACTOSIIEE
TEXHHYECKOE PpEIICHHE 3aKJIIOYaeTcs B PpAaCUIMPEHHHM apceHajla ¢ IOBBIICHHH
3¢ )eKTHBHOCTH TAKHX TEXHHYECKHUX CPEJCTB, KOTOPbIE 00ECTIEYHBAIOT BOAOCHAOKEHHE
M3 CKBa)XHH, a IMEHHO, NIOTPYKHBIX 3JIEKTPOHACOCOB.

TexHuuyeckuit pe3ynbTaT, AOCTUTAEMBIH 3a CYET HCIOJIB30BaHUA 3a4BJICHHOIO

TEXHHYECKOrO PCIICHHA, 3aKMo4YacTcd B CO3JaHHA aIIBTCpHaTHBHOﬁ KOHCTPYKIIHH



IIOTPYHOIO 3JIEKTPOHACOCA PEATH3YIOMET0 BOJOCHAOXKEHHE M3 CKBAKHHBI, a TaKXKe
061aaroIeli BEICOKOH HAaJIEXHOCTBIO M JIOJTOBEYHOCTHIO Garofaps 6OBINOH IIOWATH
¢uIETpanuK Ha BXOAE B HAcCOC, 10 BCEH KOHHYECKOH MOBEPXHOCTH OaHJaxa, HECYIIEro
JOTOJHUTENBHO YCTAHOBIEHHYIO KOHYCOOOPa3HYIO CETKY (HIBTPYIOLIETO 3JIEMEHTa,
00ECIICUeHHIO BO3MOXHOCTH CHSATHS M CaMOCTOSTEIbHOH NPOMBIBKM OaHmaxa ¢
(GUIBTPYIOMUM 3JIEMEHTOM, [pHYEM HampaBlsiomas KynonoobpasHas (B 4YaCTHBIX
cIydagx KOHHYecKkas) GopMa HanpasJolero 6anaaxa ¢ (QUIBTPYIOLIHAM 3IEMEHTOM C
HIDKHETO TOpIA DJIEKTPOHACOCA CIMOCOOGCTBYET NMPOXOXICHHIO CTHIKOB 0OCaIHBIX TPYO
CKBa)KHHBI [IPH IOTPY KEHHH JIEKTpOHacoca 6e3 mepekocoB M AeGopManuii OT 3aJeBaHuA
O CTBIKH 3THX TPYyO.

CylHOCTb H30GPETEHHS COCTOMUT B TOM, YTO IIEHTPOOEXHBIH MHOTOCTYNEHYaThIH
3JIEKTPOHACOC COAEPXKUT HAPYXKHBIA KOXYX, B KOTOPOM pa3sMEINEHBI IMOC/IeNOBATEeIbHO
YCTaHOBJIEHHBIE B KOPIyCax M COCIOMHCHHBIE BajlaMH 3JICKTPOJBHIaTe)Ib M HACOCHBIC
CTyIlEHH ¢ pabouYMMH KoJecaMM, IIEPEIHIOI H 3a[JHIOK KpaiHHe KPBIIIKH KO0XyXa CO
CTOPOHBI BCAchIBaHMS M HarHETaHHWs OJJIEKTPOHACOCA, COOTBETCTBEHHO, M3 KOTOPBIX
nepeHss KpalHsAs KpHIKa BBIIOJHEHA C OKHAMH BCAchlBAHHA HACOCHBIX CTYICHEH, a
3JIEKTPOJIBUIaTe/b Pa3MeLleH cO CTOPOHbI HArHETaHUs HACOCHBIX CTYIEHEH U yCTaHOBIICH
B KOXyXe ¢ 00pa3oBaHHEM KOJIBIIEBOTO KaHaIa JUlA IEPEKAYMBAEMO# Cpelsl, IPU ITOM
3€KTPOBUIaTE)lb MUMEET MPOMEXYTOYHYIO ONOpY ¥ HEpeJHHH MONIIMITHMKOBBIA LIAT,
repMETU3UPOBaHHbIE YIpYroi MeMmOpaHOH, a IO KOHIAM Bajla 3JIEKTPOABUraTess
IOCJIEOBATEILHO YCTAHOBJICHBI CTyNEH4YaTas NMEpefHss KpBHIKA 3JICKTPOJBUIaTe/s M
CTYIIEHYATBIA IIPOMEXYTOYHBIA KOPIYC, BBIOJHCHHBIE C KaHaJlaMM JAJIS COCTMHCHHUS
HAapyXHOM MOBEPXHOCTH YKa3aHHOW MeMOpaHbl CO CTOPOHOHM BCaChIBaHHS HACOCHBIX
CTymeHel M ¢ KaHaJlaMM JUIsi COEAWHEHHS KOJBLEBOTO KaHala KOXyXa CO CTOPOHOH
HarHETaHUs HACOCHEBIX CTYIEHEN, HpH 3TOM JJIEKTPOHACOC CHAOKEH YCTaHOBJICHHBIM CO
CTOPOHBI BCACHIBAHMs HAIPABIIOMMM HAacaJkoM B BHJE pPEIIETYaToro OaHnaka U3
IJIABHO M30THYTHIX pebep, CXOAAMMXCS K BepIIHHE OaHaaxa ¢ OJHOM CTOPOHBI, |
COEIMHEHHBIX C KOJIbIEBbIM 000/10M OaHIaXa ¢ Apyrod CTOPOHBI, 4 TAKXKE pPa3MEIlEHHBIM
BHYTpM 0aHjaXa CeTYaThiM (HIBTPOIEMEHTOM 00TeKaeMol KyIoa006pa3sHo# (opMbl,
3aKpeIUICHHBIM CBOMM KOJBLEBBIM OCHOBAaHHEM 10 IEPHMETPY TOpIa MEPEIHEH KpaiHeH
KPBILIKA M CY>XaIOLIMMCS K €r0 IPOTHBOIIOJIOXHOMY CBOGOJHOMY KOHILY.

[NpexmoytuTensHo, OaHOaX BHIHIONHEH H3 CXOAAMMXCS K €ro BepUIHHE H
COEIMHEHHBIX KOJBIEBHIM 00OJOM IUIABHO HM3OTHYTBIX pebep, ¢ oOpa3oBaHHEM MMM

KyT10J1000pa3Horo Kapkaca.



I[IpenmouTuTenbHO, GaHIaX YCTaHOBJIEH Ha IEPEHEN KpaifHEe! KPBIIIKE ¢ MOMOIIBLIO
IIPOMEXYTOYHOTO aJanTepa, 3aKpeIIEHHOr0 K 3TOH KpBIIKE BHHTaMH IO NEPHMETPY
ob6oga GaHmaxka, a ceTdaThli (UIBTPO3IEMEHT YCTAHOBIEH Ha aJanTepe Ha pe3b00oBOM
noscke M 3apUKCHPOBaH K BepilnHe 0aHaxa IEHTPAIbHBIM BHHTOM.

IpeamoyTUTEeNbHO, MPOMEXYTOUYHBIH ajanrtep BBIIIOJIHEH C  YCTAHOBOYHBIM
KOJIBIIOM, CHa0)KEHHBIM YYaCTKOM BHYTpeHHEH pe3bObl, U ¢ BBICTYNAIOIIMM M3 KOJbIA
TIOJIBIM KOHYCOM.

[IpenouTUTENBHO, TIEPENHss KPBIKa 3JIEKTPOJBUTATENS H IPOMEXYTOYHBIA
KOPIYC  MOCJTEAOBAaTebHO  pasMEIleHbl  MEeXAy  MOAMIMITHAKOBBIM  IIUTOM
3JIEKTPOABMIATENS ¥ My(PTOM, IpHYeM IepeHAsA KPHIIIKA JEKTPOABUIATENS BHIIOIHEHA
CO CKBO3HBEIMHM OTBEPCTHSAMH, ONEPTa C OJHOH CTOPOHBI Ha MeMOpaHy ¢ 00Opa3oBaHHEM
KOJIBLIEBOM IOJIOCTH U BBIMOJIHEHA YIVIOTHEHHOH OTHOCHMTENBHO BaJla SJICKTPOABUTaTENd,
BHYTPEHHEH CTEHKHM KOXyXa ¥ MPOMEXYTOYHOTO KOPITyCa, KOTOPBIA BBIOJIHEH B BH/C
BTYJIKH C KOHMYECKMM IIEHTPAJIbHBIM BBICTYIIOM, ONEPTHIM Ha IMEPEIHIOI KPBIIIKY
3JIEKTPOJBUTATENS, U YIUIOTHEHHOrO OTHOCHMTEJBHO Bajla MOCICTHETO U COEIMHEHHOIO
TIEPEMBIYKON C KOHMYECKUM IIEHTPAIbHBIM BHICTYIIOM NepH(epHHHON KOIBLEBOH MHIIb3BI,
YIUIOTHEHHON OTHOCHTEILHO IPOMEXYTOYHON ONOpbl M ONOPHI MAKeTa HACOCHBIX
CTyNeHeH, ¥ BBIIOJHEHHOTO C OCEBBIMH M DPaJHaIbHBIMM HETEPECEKAIOMUMUCS
OTBEPCTUAMH, [IPUYEM OCEBbIE OTBEPCTHUS CBA3aHBI C KOJBLEBLIM KaHAIOM KOXyXa U €O
CTOPOHOM HarHeTaHUs MaKeTa CTyIeHeH, a pagHaIbHbIe OTBEPCTHSA CBA3aHbI CO CTOPOHOH
BCACBIBAHMS TNOCIENHMX M C KOJBIEBOM MOJOCTHIO, 0Opa30BaHHOH MEXAy MeMOpaHOH
HOALIMITHAKOBOI'O LIUTA U TIepeHEll KPBIIIKON 3IeKTPOABUIaTE s

[MpeanoyTuTensHO, HACOCHBIE CTYNEHH CHAOXEHBI HANPABJIAIOUIMMHE allnaparaMy
¥ OCEBBIMHM OIOpamMH, pabouue Kojeca HMEIOT YIUIOTHCHHS, Pas3JelsIolIHe MOJOCTH
BCACHIBAHHs M HarHeTaHWd, W aHTHQPUKIMOHHbIE MIai0bl, B3aMMOAEHCTBYIOIIME C
OCEBEIMH OIIOPAMH, [P 3TOM BaJl HACOCHBIX CTYIIEHEH BHIIIOJIHEH HEKPYIJIOrO CEYEHHUS C
BO3MOXHOCTBIO OCEBOTO IIEpeMEIIIEHHS YCTAaHOBIICHHBIX Ha HEM pabouyuX KOJIecC.

Ha ¢ur.l wu3o0paxeH MOrpyXHOH IEHTPOOEKHBIH MHOIOCTYIECHYATHIA
3JIEKTPOHACOC C TOIUIABKOBBIM M, MIPOAOJIBHBIA pa3spes, Ha ¢ur.2 - yzen A no ¢ur.1, Ha
¢ur.3 - yBenuueHHBIN GparMenT B 30HE YIUIOTHEHHI Bajia YJIEKTPOBUraTens, Ha Gur.4 -
CTYIIEHYaThI TIPOMEXYTOUHbIH KOPIyC B 00bEMHOM MPOEKLUH, Ha QHUI.5 - CTymEHYATHIH
IPOMEXYTOUHBIN KOPITYC BHA Criepe/iH, Ha (ur.6 - paspes A-A no ¢ur.5, na dur.7 - paspes
B-B no ¢ur.5, Ha ¢ur.8 - nepennss KpaiHssa Kphllika B 00beMHOH NPOEKUMH, Ha (ur.9 -

ajantep GaHmaxa B 0OBEMHON Mpoekiwy, Ha ¢ur. 10 - ceTd4aThlii GUILTPOIIEMEHT B



00BbeMHON TpoeKnuH, Ha ¢ur.l11 - Ganpax B oObeMHOH mpoekuuy, ¢ur.l2 — cxema
TOCTYIUICHHUS XXUAKOCTH depe3 QUIBTPOIIEMEHT.

[{eHTpOOEXHEIM MHOTOCTYIIEHYaThIi  dNeKTpoHacoc «Bomomer»  conepxuT
YCTaHOBIICHHBIE B KOPITYCaX SJIEKTPOABUIATeIb |, BCTPOSHHYIO KOHAEHCATOPHYO KOPOOKY
2 W HaCOCHBIE CTYIEHH 3 (ITaKeT HACOCHBIX CTyIEHell), pa3sMENICHHbIE B €THHOM KOXYyXe 4
¥ UEHTpUpyeMBIe TEepe/HEH ¥ 3aiHell KPaiHHMM KpBIIKaMH 5, 6 ¥ IPOMEXYTOUHOH
omopoii 7. Dnekrponsurarenb 1 -  MaclO3aMOJHEHHBIA  aCHHXPOHHBIH €
KOPOTKO3aMKHYThIM POTOPOM 8, YCTAaHOBJICHHBIM Ha MOJIIMITHAKAX KayeHus 9. [lepenuuit
IIO/IIMITHAKOBBI 1T 10 31ekTpoasuratens | repMeTH3HpoBaH ynpyroi mem6panoi 11.
[MommmaauK 9 32Ut B IGUT 10 B MOMEHT OT/JIMBKH €r0 Ha TepMOILIacTaBTOMare. TakuM
06pa3oM, HapyXHOe KOJBLO MOJIUMIHEKA 9 OOGJIHTO IUIACTHKOM, YTO ObecrevnBacT
HaJIEKHYIO €ro GUKCAIUIo0 B MOAMUITHUKOBOM muTe 10.

BcTpoeHHass KOHeHcaTopHas KOpoOka 2 IIpeCTaBNseT cobod repMeTHYHYIO
TIOJIOCTB, CITy’Kalylo JUIs pasMeIleHus KoHaeHcaTopa 13 u pasbeMoB 14 i1 coeMHEHUS
xabeneii 15 ¢ 0OMOTKaMu 3JIeKTpoABUraTeNs | u TeIUIOBBIM KOHTakTopoM 29. Takxe B
KOH/ICHCATOPHOM KOpOOKe paciosiaraeTcs TepMOBBIKIIOYaTeNb 30, CMOHTHPOBAHHEIH Ha
TEIIOBOM KOHTaKTope 29. Ban 16 HacOCHBIX CTyleHeH 3 BBIIOJIHEH, MPEANOYTHTEIBHO,
HEKPYIJIOTO ~ CEUeHHMs, HANpUMep, LIECTUIPAHHBIA, coeMuHeH ¢ BaioM 17
anekTpoaBuratens 1 mocpeactsom Mydsl 18. HacocHsle cTynenu 3 BKIOYaOT paboune
xoseca 19 u anTHdpukuuoHHble maibs 20. PaGoune koneca 19 HAaCOCHBIX CTyNCHeH
YCTAHOBJIEHHl Ha MIECTUIPAHHOM Baly 16 1O MOcajKke, MIONMYCKAOWEH O0ceBoe
nepeMenienre pabounx xosiec 19 mpu MOHTaxe, UL 4ero CTyNMIBI paboumx konec 19
AMEIOT N0CAI0UHEIE OTBEPCTHS, COOTBETCTBYIOLINE HEKPYTJIOMY CEYEHHUIO Bajia 16.

AHTH(pUKIHOHHBlE maii6s1 20 B3aUMOJCHCTBYIOT C OCEBBIMH OIOpaMH U3
H3HOCOCTOHMKOTO MaTepualia, BHIIOJIHEHHBIMA B BUJE KePaMHIECKHX BCTAaBOK 21, KoTopbie
BMOHTHPOBAHEI B HaIpaBJsiomue annapars! 22. HacocHple CTYNEHH 3 BKIIFOYAIOT TaKxke
HAaNpaBJIAIONINE anmapaTel 22, MeXIOy KOTOPHIMH YCTaHABIMBAIOTCS KPBINKA 23 ¢
MMEIOIIMMHCS Ha HUX YIUIOTHUTENFHBIMH KOJIBIIEBBIMH JJIEMEHTAMH, KOHTAKTHPYIOIMMHU
¢ pabounmu kosiecamu 19. BeraBku 21 onupatoTess Ha OypThl, BHICTYTAIOLIKE HA TOPLAX
pabounx konec 19, u 06pa3yIoT yIUIOTHEHHS, pa3le/IsIONHe MOIOCTH (He 0003HAYEHbI)
BCAChIBAHMSA M HarHeTaHus. Hanpapnsromme anmapatel 22 TepMETH3HPYIOTCS
paJMaTbHBIMK YIUIOTHEHHSAMH H OOpa3ylOT ¢ HaCOCHBIMH CTYICHSMH 3 I€pMETHYHBIN
naker. IlakeT HAacOCHBIX CTyNeHe#dl 3 B CBOIO oOuepelb ONHMpaeTcs Ha omopy 28,
CONPSHKEHHYIO C IMPOMEXYTOUHBIM CTYNEHYaThIM KOPIYCOM 26 B KOTOPOM yCTaHOBJICHO

ynnotHenue 27 HacocHO# dacT. Kopryc 26 v repeaHss KphIIIKa 25 SMeKTpoABUraTesis 1



B COBOKYITHOCTH 06pa3yIoT cucTeMy KaHaioB 32,37,38. KaHane! 32 BEINOIHEHD! IIEPEAHEH
KphIlKe 25 BRojb ee ocu. Kananet 37,38 He mepecekatoTcs APYT C APYTOM M BBINOTHCHEI
B KOpIIyce 26, IpU4eM IIPOOJIbHbIE KaHambl 37 BIOMb €TO OCH, a KaHaws! 38 - paHalbHO.
B 3ajiHeili KpBIIIKe 6 HACOCA PACIIOIOXEHB! IPOYIIHHEI (HE H300PaXKEHBI) JULS 3aKPETLICHH
Tpoca, a TaKKe TrepMeTHYHble BBOIBI (repMoBBOABI) Kabens 15 HOMIABKOBOTIO
BoIKTIOuaTens 31 u cereBoro kabens 15. [pw ucnonHeHHH Hacoca 0€3 IOILIABKOBOTO
BpIKIIOUaTens 31, 3aaHedl KphplIKe 6 BBINOJIHAETCS TEPMOBBOJ TOJIBKO Ul CETEBOrO
Kabens 15. B nepeaeii KphllliKe 5 3J1eKTPOHACOCA YCTaHOB/IEHa aHTH(PUKIHOHHAS BTYJIKA
24, ciyxamas onopoii Bana 16 maketa HaCOCHBIX CTyIeHed 3. B mepemnei Kpbiike 5
BBINIOJIHGHBI CETYaThlE BCACHIBAIOIME OKHA (HE U300paXkeHbl), MPEIATCTBYIOLIME
IIPOHHKHOBEHHIO B 3IEKTPOHACOC KPYIHBIX YaCTHIL, a TAK)Ke KaHasIbl (He M300paXeHbl) U1
coobmeHus mojoctu 33 MeMOpans! 11 ¢ okpyXarolei 2IEKTPOHACOC CPpefoH.

Ilepennss Kpellka 25 3eKTpoABUrarels 1 H IPOMEXYTOUHBIH Kopmyc 26
IIOCTIENOBATENHFHO Pa3MEIEeHbl MEXTY TTOAMIHUKOBEIM IuTOM 10 3nexTponsuraresns 1
u Mmydroii 18, mpuyem mepemHss Kpblka 25 dnekTpoasurarens 1 BBIIONHEHa CO
CKBO3HBIMH OTBEPCTHSMH 32, OIIEpTa C OJHOU CTOPOHBI Ha MeMOpaHy 11 ¢ o6pasoBaHueM
KOJNIBLEBOM IMOJOCTY 33, M BHINOJHEHa YIUIOTHEHHOM OTHOCHTENbHO Bama 17
3IIEKTPOJABHIaTes 1, a Takoke BHYTPEHHEH CTEHKU KOXYyXa 4 ¥ IIPOMEXY TOYHOTrO Kopiyca
26. Kopriyc 26 BBHIIONHEH B BHJE BTYJIKH ¢ KOHHYECKHM LEHTPAILHBIM BBICTYIIOM 34,
OTIEPTHIM HA TIEPEIHIO0 KPBIIIKY 25 U YIUIOTHEHHBIM OTHOCHTENBHO Bana 17. BeicTyn 34
COeIMHEH TepeMbldkoi 35 ¢ mepudepuitHON KonbueBoi rmib3oi 36 xopmyca 26,
YIJIOTHEHHOHM OTHOCHMTENBHO MPOMEXYTOYHOH OMOPBI 7 M OHOPHI 28 MakeTa HaCOCHBIX
crynmeneit 3. Kopmyc 26 BBIIONHEH ¢ HemepeceKalomMMHUCA oTBepcTusamu 37,38.
Otsepctust 37 BBHIMOJIHEHBI IPOJOIBHBIME (HalpPaBICHHBIMM MApaUIeJIbHO OCH KOpIyca
26), a oteepctrs 38 (Ha ¢ur.3 w306paxkeHB! MyHKTHPOM) BBIIOJIHEHBI PaJHalbHBIMH
OTHOCHTENBHO OCH Kopryca 26. OTteepcTrs 37 CBS3aHBI ¢ KOJBLEBBIM KaHAJIOM KOXyXa 4
1 CO CTOPOHOM HarHeTaHMs MakeTa CTyHeHel 3, a pafinalbHble OTBEPCTHUA 38 CBA3aHBI CO
CTOPOHOM BCAChIBaHUA MOCICIHUX U C KOJNBIEBOH MOJOCTBIO 33, 06pasoBaHHON MEXIy
MeM6panoii 11 noqmuMnHAKOBOro muTa 10 u nepeaHei KpBIIIKo# 25 snekrpoasuraress 1.
CymecTBeHHOM 0cOGeHHOCTRIO Hacoca «Bomomer-IIpo» sBiseTcsa Hanvyue nepenHed
KPBILIKH 25 W IPOMEXYTOYHOTO Kopiyca 26 ¢ yIUIOTHEHHsAMH 12,27, pa3MECIICHHBIMU B
KOHHYECKOM BBICTYIE 34, 1 HMEIOUMMH pa3HOe HasHa4deHMe. YIUIOTHEHHE 27 HacoCHOH
YacTH H30JIMPYET OJEKTpoABUraredb | OT BO3AEHCTBHA HM30BITOYHOTO JIABIIEHHUS,
CO3]]aBAEMOT0 HACOCHBIMHM CTYNEHAMH 3, B TO BpeMs, Kak YIUIOTHEHHEe 12

AJICKTPOABUIaTEIISL 1 TEPMCTH3NPYEST HCIOCPEACTBEHHO 3JICKTPOABHUIATCIb 1n pasaeisicT



C OJIHO# CTOPOHEI €r0 BHYTPEHHHUH 00b€M, 3aII0JIHCHHBIA MacIllOM, a ¢ IpyTroM JIHIIb CPeLy,
B KOTOPYIO IIOTPY’K€H 3JIEKTPOHACOC.

IMorpy>xHO# 3J€KTpOHACOC CHA0XXEH YCTAHOBJIECHHBIM CO CTOPOHBI BCAaCBIBAHHS
00TeKaEMBIM HAMPABJAIOI(MM HACaAKOM B BHAE PpELIETYATOTO KyMNoJo0O0pasHOro
GaHnaxa 45 W3 IUIaBHO M3OTHYTHIX peGep 47, CXOAfmMXCs K BepIIMHE OaHaaxa C
OJIHOM CTOPOHBI, H COCJIHHEHHBIX C KOJIBIIEBBIM 00070M 48 OaHaaxa ¢ Apyroii CTOpOHBI,
a TaKXKe pa3sMEIEHHBEIM BHYTpH OaHIaXxa ceT4aTiM (GHIBTpo3IeMeHTOM 44 06TeKaeMoi
Kymojioo0pa3Hoit Gopmsl (3KBUAMCTaHTHON pebpam 47 GaHpaxa 45), 3aKpeIUIEHHBIM
CBOMM KOJIBILIEBBIM OCHOBAHHEM II0 MEPUMETPY Toplia NepeaHed KpalHEeH KPBIIIKA 5 U
CYXAIOIUMCSI K €ro NPOTHBOMOJIOXKHOMY CBOOOIHOMY KOHILY.

KymonooGpasuas ¢opMa o3Ha4yaeT BBIIOJHEHHE C BHEIIHMMH OOTEKaeMBIMH
OUCpPTAHMAMH, OOECIICYMBAIONIMMH TPH JBMKEHHM  HAMMEHBIIEE MEXAHHYECKOe
B3aHMOJICHCTBHE CO CTEHKaMH 00cajHOW TpyObl M HHOE CONPOTHUBJICHHE IBHXXCHHIO
OKpYKaIOIIMMH IIpeIMEeTaMM U CpeaoH.

Baugax 45 BBINOJHEH U3 CXOAAUINXCS K €70 BEPIIHHE U COCAMHEHHBIX KOJIbIIEBHIM
000/I0M IUIAaBHO H3OTHYTHIX pebep 47, ¢ oOpa3oBaHHEM HMH  KyINoOJ0oOpa3HOro (B
YaCTHBIX CIIy4asiX KOHYCco0oOpa3HOro) aypHOro MPOHHUIAEMOI0 Kapkaca.

bangaxx 45 ycTaHOBIeH Ha mNepeqHEed KpalHed KpblIKe 5 ¢ IOMOLIBIO
JOIOJIHATENFHO  YCTAHOBJICHHOTO MPOMEXYTOYHOTO — ajanrepa 43 Gannaxa,
3aKPEILIEHHOr0 K 9TOM KpHIIKe 5 BHHTaMH 42 mo nepumeTpy obona 48 GaHmaxa, a
ceTuaThlii (HIBTPOITEMEHT 44 yCTaHOBJIEH Ha ajzantepe 43 Ha pe3p0OBOM mosicke 49 u
3aHKCHPOBaH K BepIUMHE OaHJaXa lLeHTpaIbHeIM BUHTOM 46. I1pu sTom neramu 43-44
6a3upyIOTCS COOCHO IPH YCTAHOBKE IO pe3ble.

ITpomesxxyTounslii agantep 43 GaHaka BHITOJIHEH C YCTaHOBOYHBIM KoJblioM 50,
CHa0»XE€HHBIM YYaCTKOM BHYTpEHHEH pe3pOb! /1 osicka 49, U ¢ BRICTYTAIOIHM U3 KOJIbIa
47 npoaeiM KOHycoM 51 (T.e. cO CKBO3HBIM KaHaJIOM) I COOCHOH (uKkcanuu
bunpTpodiemMenTa 44 BHyTpH OaHmaka 45 ¢ Lenpl0  MaKCHMaIbHO BO3MOXXHOIO
pacrmpeZieNieHds] BCachblBaHMs O Beei Iiomany (uibTpodsieMeHTa 44.

Kppimka 5 umeer xananmsl 41 ans coobmeHus monoctd 33 mem6panbl 11 ¢
OKpy>Xarowei asektpoHacoc cpenoii. CeTuarsnii GuasTp 44 BBUHYEH 110 pe3sde B agantep
43, KOTOPBII B CBOIO O¥epe/Ib KpEIUTCs K mepeHei kpoimke 5 BuHTamu 42. K ceTuaromy
¢unpTpy 44 nepel yCTaHOBKOM KPENMTCS HanpaBsoluii 6annax 45 ¢ NOMOIIBIO BHHTa
46. Ha ¢wur.12 nyHKTHPHBIMH JINHHSIMH H300pa)XEHBI JIMHUU TOKAa, KOTOpPBIE MOIJIH ObI
OBITH TIpM OTCYTCTBHM KOHyca 51 amantepa 43, CIUIOIIHBIMH JIMHUSMY, BXOISAIIMMH

CHapyXH B (QUIBTPOIEMEHT, - JHHHH TOKa, 00pa3zyeMble IPH HATMYNH KoHyca 51.
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DexTpoHacoc paboTaeT ClenyIomuM 00pa3oM.

[TorpyHoif 3JI€KTPOHacoC oOmyckaercs B obcaaHyio TpyOy CKBRXKHHBI
HaInpap/IAIOMUM HacaakoM (6aHgaxom 45) BHU3, 10 MONHOro norpyxenus. O6rexaemas
¢popma Gannaxa 45 MCKIIOUaET IIPH 3TOM aBapUAHbIE CUTYaLMH, CBI3aHHbIC C 331€BAHNEM
3JIEKTPOHACOCOM CTBIKOB OTPE3KOB COCTaBHOM 00canHOM TpyOBL.

[Ipu mozmade SMEKTPONHMTAHMS MO KaGemo 15 U BKIIOYEHHMH 3JIEKTPOABMratens I
nepeKaunBaeMas Cpefia OCTyaeT Yepe3 ceTdaThlit GQHIBLTPOINEMEHT 44 ¥ BHYTPEHHIOIO
HOJIOCTh (CKBO3HOM KaHay) KoHyca 51 B okHa 40 KpBIIIKK 5 Ha BCAaChIBAHUE HACOCHBIX
cryneneit 3. Jlanee 3a cyer BpaweHHs pabounmx Kojec 19 HacOCHBIX CTyneHed 3
nepeKkaunBaeMas cpeja TMOoNydaeT INpHpalCHHE KHHETHYECKOW SHEepruu, KoTopas B
HaIpaB/IAIOMUX anmnaparax 22 npeobpasyercs B dHepruio japjieHus. [lox nasiaeHnem
4epe3 BHYTPEHHIOKO MOJIOCTh ONMOPHI 28, cucTeMy KaHanoB 37 MPOMEXYTOYHOTO KopIyca
26 U ero 3a3op ¢ nepeaHeil KphIUKOH 25 sNMeKTpoABUraTens 1, mepekayuBaemas cpeaa
NOCTYNIAeT B KOJIBLIEBOM KaHaI MEXIy KOXYXOM 4 U KOpIycaMH 3JIeKTpojsurateis 1 u
JaJiee - KOpIycoM KOHAEHCATOPHOM KOPOOKH 2, OXJaX/as 3JIEKTPOJABHraTelb 1, 1 4epes,
NPUCOEAUHAEMbIN CHAPY KM IIUIAHT, HAIIPaBIsAEeTCS MOTPeOHTENO. PamHaibHEIC H OCEBBIC
CUJIBI, BO3HMKAIOIIME IIpH paboTe Hacoca, MAOMOJHHTENPHO K MOANIMIHKMKAM 9
3JIEKTPOABUTATENS | BOCIPHHMMAIOTCS aHTHGPUKUHMOHHON BTynkod 24. OOGpasoBaHue
KOHTAKTHBIX YIIOTHEHHH Mex1y Oypramu paboumx koiec 19 HaCOCHBIX CTyneHeH 3 u
YIUIOTHUTENLHBIME KOJIBIIEBBIMH 3JIEMEHTaMH KpbIIEK 23, NPEeNOTBPaIllacT yTEUKH
nepexaynBaeMoll  cpeapl.  Ymopyras MemOpana 11 mosBomser  o6ecnedMTh
ypaBHOBCIIMBAHUE [ABJICHUS BHYTPH M CHapyXXH O3JEKTpOJBHUrareili 1 M pasrpys3urth
ymtoTHeHue 12 snextpoasurarens 1 ot naBienust HarHeranus. Cucrema kananos 32, 37,
38 n03BOJISET M30JIMPOBATh MOAMIKMITHAKOBEIA UMT 10 ¢ HOAUIMITHIKOM 9, yNIoTHEHHE 12
siexTpoasuraresis 1 u MemOpany 11 OT faBieHus, pa3BUBaEMOro HacOCOM, coobluas ux
10JI0CTH 33 O Cpefoi, B KOTOPYIO IOrPyKEH 3IEKTPOHACOC.

ITpu 3TOM JBIKEHHE NEPEKAYUBAEMO Cpebl OT HarHETaHUs HACOCHBIX CTYIEHEN
3 B KOJIBIIEBOM KaHAJ KOXKyXa 4 MPOMCXOJUT Yepe3 OTBepcTHS 37, a COOOLIECHHE TOJIOCTH
33 memOpansl 11 ¢ okpyxatoleii cpeoil (BcacbIBaHHEM CTyNEHEH 3) - uepe3 OTBEPCTHUS
38, 32. TemnoBoi KOHTakTOp 29 mpemoTBpamaer paboTy 3ieKTpoaBUrarens 1 npu
IpPEBLIICHHH TeMIepaTypbsl Macia B HeM Oonee 75°C. OTO MHO3BOJAET HMCKIIOYHMTH
BO3/IEHCTBHE BBICOKOTO JABJICHHS Ha 3JIEMEHTHI dJIEKTpoABHrarens 1, Haxozasuierocs B
OJHOM KOXXKyXe 4 ¢ HAaCOCHO#M 4acThIO (CTYNEHSMH 3), B YaCTHOCTH Ha YIUIOTHEHME 12 U

MeM6paHy 11, yro oO0ecneyuBaeT NOBBIICHHE HAAEKHOCTH M JOJITOBEYHOCTH
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anekTpoHacoca. Kpome TOro, IMOCKONBKY HampaBislolui ammapatr 22 HMEET CBOE
PaAMaIbHOE YIUIOTHEHHE, 9TO MCKIIOYAeT YTEUKH II€PeKauMBacMON CPe/bl U MO3BOJIACT
obecreunTh a6COMOTHYIO TePMETHYHOCTD NTAKeTa HACOCHBIX CTyneHed 3. Pacnonoxenue
TEpMOBEIKITIOUATENS 29, BHIHECEHHOTO U3 MAc/I03aNoMHEHHOro 00beMa JIeKTPOABUTaTe s
1 B KOHJICHCATOPHYIO KOpOOKY 2 MOBBILAET HAAEXHOCTh €ro paboTel, obieryaer
JMAarHOCTHKY U PEMOHT 3JIEKTPOHACOCA IIPH SKCIUTy aTaIlHH.

ITepexkaunBaemas cpejia MOCTYNAET B OTBEPCTHS CETYATOro GHILTpodIeMEHTa 44,
nainee yepe3 okHa 40 nepeaHeil KpBIKK 5 Ha BX0J paboynx Kojiec 19 HaCOCHBIX CTyNCHEH.
Hanuume konyca 51 obGecriednBaeT 6oj1ee paBHOMEPHOE PACIpe/ICNICHHE BCACHIBAHHA TI0
BCell IUIOMAAd CeTyaToro QubTposieMenTa 44 TakuM o6pa3oM, YTOOBI HA BCACHIBAHUEC
paboTajia TOJIBKO He IpHIIeraomas K KphIlke 5 30Ha ceTyaToro GuibTpa, a BcachlBaHHE
IIPOMCXO/IHIIO ¥ TIOCEPEMHE - [0 JIMHUSM TOKA JXHIKOCTH, H300paXKEHHBIM rpaduyecKu
Ha ¢ur.12 CIUIOIIHBIMH TOHKMMH JIMHHAMH M3 OKPYXKAlOWIETO MpOCTpaHcTBa. Takum
o0paszoM, oOecrieynBaeTCs pacrpeneicHie XHAKOCTH M0 BCEH MOBEPXHOCTH CETYATOro
¢uneTpodniemMenTa 44 w MaKCHMaJIbHO pPaBHOMEPHOE BOBJI€YeHHE B paboTy
¢unsTpyromed muomanu guiasTposnementa 44. Kpeimka 5 comepXuT KaHaisl 41 [uis
coobmeHus nonocty 33 meMmOpanbl 11 ¢ oKpyxarowmeii 31eKTpoHacoc cpenoi. CeryaThlit
¢uneTp 44 BBUHUMBaeTCA 0 pe3bde B afanTtep 43, KOTOPHIH B CBOIO OYepe/b KPEIHUTCS K
nepeaHel Kpoilke 5 Buntamu 42. K ceryatoMy GunbTpy 44 nepen yCTaHOBKOM KPETIUTCS
HaIpaBIAIOMKi 6aHaax 45 ¢ MOMOIIBIO BUHTA 46.

Bce 5T0 HampaB/ieHO Ha MOBBIMICHHE HAIEKHOCTH H JOITOBEYHOCTH YCTPOHCTBA B
HenoM Graronaps yBEJIMYEHHUIO IUIOmAa GUIBTpaliy Ha BXOJIE B JJIEKTPOHACOC 10 BCel
KYHOJIOOOpa3sHOM KOHHMYECKOM IUIOMAnX JOIOJHUTEIBHO YCTaHOBJICHHOTO OaHjaxa,
HECYlIero KOHYCOOOpPa3HyI0 CETKY (GUIBTPYIOIIErO 3JIEMEHTA, obecrneyeHuIo
BO3MOXKHOCTH CHSATHS M CaMOCTOATENbHOW MPOMBIBKM OaHiaxa ¢  (QHIBTPYIOLIHAM
37€MEHTOM, IPHUYEM KYIOI000pa3Has KoHHYecKas GopMa HalpaBIAIOIEro OaHmaxa c
GUIBTPYIOIIMM  3JIEMEHTOM C HIDKHETO TOpIiAa OJIEKTPOHAcoca CIOCOOCTBYET
NPOXOXKIACHHIO BBICTYTAIOINUX AETale W/HIH CTHIKOB OOCAIHBIX TpYO CKBaXMHBI IPH
yCTaHOBKE M MTOTPY’KEHUH 3JIEKTpoHacoca 6e3 3aileBaHHH O CTHIKH.

Takum o00pa3oM, B pe3yJbTaTe pealn3alfid 3asBIIEMOro H300pETCHHs
OCYIIECTBJIIETCA  PACIMpeHHe apceHaia o0OpyJoBaHHA Oiarofaps  CO3[aHHUIO
aIbTEPHATHBHOTO OPUTMHAIBLHOrO NOTPYXXKHOTO 3JIEKTPOHAcOCa, 00/1a1atoIero BEICOKOH
HaJICKHOCTBIO M JIOJITOBEYHOCTHIO, TaK KaK He JIOMYCKaeT HapyIIeHHs BOJOCHAOKEHHMS,
HECaHKIMOHMPOBAHHOIO CJIHBA, BO3MOXXHOCTh peayli3aliH €ro QyHKIHH ¥ HEI0POroro

CpeaHeC U MGJ'IKOCCprIHOl"O Ipou3BOACTBA.



dopmyna n300peTeHUs

1. LleHTpoGeXHBI MHOTOCTYNEHYATHIH 3JIEKTPOHACOC, COAEPXKAIMA Hapy KHbIA
KOXYyX, B KOTOPOM pa3MEImEHBl MOCIEAOBaTEIbHO YCTAHOBJICHHBIE B KOpIycax H
COEIMHEHHBIE BaJaMM JJIEKTPOJIBUIATENb U HAaCOCHBIE CTYNEHH C pabOYMMH KOJECaMH,
NIEPEAHIOI0 M 3aHIOI0 KpaifHHE KpBIIIKK KOXYyXa CO CTOPOHEBI BCAChHIBAHUS M HarHETaHMs
3JIEKTPOHACOCA, COOTBETCTBEHHO, U3 KOTOPBIX MEPE/HAA KpaiHHAs KPBIIKa BBINOJHEHA C
OKHAaMH BCaChIBAHHMS HACOCHBIX CTYNCHEH, a IEKTPOABHIarejb PasMEIIEH CO CTOPOHBI
HAarHETaHHs HACOCHBIX CTYIEHEN W YCTaHOBJEH B KOXKyXe ¢ 0Opa3sOBaHHEM KOJIBLIEBOTO
KaHaja JUId [epeKayuBaeMod Cpelpl, INpPH OTOM  JJICKTPOJBHMIraTesib  UMEET
IPOMEXYTOUHYIO OINOpPY ¥ TNEpeNHHH NONIIMIHUKOBBIA IOUT, IEPMETH3HPOBAHHBIC
yopyrol MeMmOpaHOH, a IO KOHI[AM Baja JJIEKTPOJABHIrareiis IMOCIENOBATEIbHO
YCTAHOBJICHBI CTYIEHYaTas MepeAHss KpBIIKa 3JIEKTPOJBHUIaTe/ii M CTyNMeHYaThld
IPOMEXYTOYHBIA KOPIYC, BBIIOJNHEHHBIE C KaHajJaMH JUIA COCAMHEHHS HapyXHOH
IOBEPXHOCTH yKa3aHHON MeMOpaHBI CO CTOPOHON BCAachIBaHHA HACOCHBIX CTYIEHEH H C
KaHajlaMM JUI1 COEQVHEHHs KOJBLEBOr0 KaHala KO0XyXa €O CTOPOHOH HarHETaHHs
HACOCHBIX CTyIE€HEH, OTIMYAIOWMACA TeM, YTO OH CHAb0XEeH YCTaHOBJICHHBIM CO
CTOPOHBI BCACHIBAHHS HAIpaBJIAIOMIAM HAacaJIkoM B BHJE pelleTyaroro OaHaaxa H3
IUIABHO M30THYTBIX pebep, CXOAAMMXcs K BepluMHE OaHJaXa ¢ OJHOH CTOPOHBI, H
COENUHEHHBIX C  KOJIBLIEBBIM 000nOoM  OaHjaxa C Jpyrod CTOPOHBI, a  TaKxke
pasMEIICHHBIM  BHYTpPH OaHjaxa  cerdaTbiM  (GUIBTPO3NIEMEHTOM obTeKkaeMol
Kynoj10006pa3Hoii GOpMBI, 3aKperIeHHBIM CBOUM KOJIBLIEBBIM OCHOBAHHEM II0 MIEPUMETPY
TOpUa NepeiHeld kpaliHEH KpBINKM M CYXAOMMMCAd K €ro  NpPOTHBONOJIOKHOMY
cBOOOJHOMY KOHILY.

2. DOnektpoHacoc mo 1.1, oTiauMvarommiics TeM, 4Yro OaHZaXX BBINOJIHEH U3
CXOJAIIUXCA K €r0 BEPIIMHE M COSAWHEHHBIX KOJIBLIEBBIM O0OAOM IUIaBHO H3OTHYTBIX
pebep, ¢ oOpa3oBaHHeM HMH KyIojooOpa3sHOro kapkaca.

3. DiexkTpoHacoc MO M.2, OTIMYAOMHUACA TeM, 4TO OaHAaX YCTAaHOBJEH Ha
nepenHei KpaiiHe# KphIlKe ¢ IOMOIIBIO MPOMEXKYTOYHOIO aJalTepa, 3aKPeIIeHHOTO K
3TOM KpHILUKE BHHTAMHM 110 HepuMeTpy oboxa OaHmaxa, a ceTyaThbli (QUIBTPOIIEMEHT
YCTaHOBJEH Ha ajanTepe Ha pe3b0OBOM MOscke M 3aUKCHpOBaH K BEpLIMHE OaHaaka
LHEHTPAIBHBIM BUHTOM.

4. DnexTpoHacoc Mo 1.3, OTIHYAOHMIMHCA TeM, 4TO IPOMEXYTOUHBIH ajmanTtep
BBINOJHEH ¢ YCTAaHOBOYHBIM KOJIBIIOM, CHAa0XXEHHBIM Y4acTKOM BHYTPEHHEH pe3nObl, H ¢

BBICTYIIAIOIIUM K3 KOJIbIla IIOJIBIM KOHYCOM.




5. DnektpoHacoc mno moOoMy u3 M.M.2-4, OTIMYAIOMIKACS TeM, YTO IEpeaHss
KpBIKA 3JEKTPOJBHIATENs W IPOMEXYTOUHBIH KOPIyC IMOC/ICAOBATE/IBHO Pa3MEIICHBI
MEXIy IONIIMIIHKKOBBIM INUTOM OJJICKTPOABHraTeNd M My(QTOH, mpUYeM NepenHssd
KpBIIKA 3JEKTPOJBUIATENA BBIIONHEHA CO CKBO3HBIMH OTBEPCTHSAMH, ONEpTa C ONHOH
CTOPOHEI Ha MeMOpaHy ¢ 0Gpa3oBaHHEM KOJBLEBOH MOJNOCTH M BHINOJIHEHA YIUIOTHEHHOH
OTHOCHMTENILHO BaJia 3JIEKTPOJBUIATeNs, BHYTPEHHEH CTEHKHM KOXYyXa U IPOMEXYTOUHOIO
KOpITyca, KOTOPBIA BBIIOJHEH B BHJIE BTYJKH ¢ KOHHYECKAM LEHTPAbHBIM BBICTYIIOM,
OIEPTHIM Ha [EPEHIOI0 KPBILIKY JIEKTPOJBHIATENs, H YINIOTHCHHOTO OTHOCHTEIIBHO Bajla
HOCJIEAHETO ¥ COEJUHEHHOTO IEPEMBIYKONH C KOHHMYECKMM LEHTPAIBHBIM BBICTYIIOM
neprepuifHON KOJBLEBON THIIB3bI, YITIOTHEHHOH OTHOCHTENBHO MPOMEXYTOYHOH OIOpBI
¥ ONOpHI [AaKeTa HACOCHBIX CTYNEHEH, M BBIIOJIHEHHOTO C OCEBHIMH W paJUalIbHBIMU
HEMNEPECEKAOLIMMICS OTBEPCTHIMH, IPUYEM OCEBBIE OTBEPCTHS CBA3aHBI C KOJIBLIEBBIM
KaHAJIOM KOXKyXa ¥ CO CTOPOHOI HarHeTaHHs MaKeTa CTYIEHEH, a paliaibHbIe OTBEPCTHA
CBS3aHBI CO CTOPOHOM BCACHIBAaHUS MOCIEAHHUX M C KOJBLEBOH MONOCTHIO, 00pa3soBaHHOM
MeXIy MeEMOpaHOH IMOJIIUITHIKOBOTO IUTA ¥ IIEPeIHEH KPBIIIKON JIEKTPOABUTaTeNIA.

6. DIEKTPOHACOC 110 M.5, OTIHYAOLIMICS TeM, YTO HACOCHBIE CTYyNEHH CHAGXKEHBI
HAIPaBJIAIOIIKAMH arliapaTaMy U OCEBBIMH OIOpaMH, pabodne Kojieca HMEIOT YIIOTHEHUS,
pasZeNsIoONe MONOCTH BCAaChIBAHUS W HarHeTaHWs, W aHTH(QPHKIHOHHBIE IMAHOBI,
B3aMMOJIEHCTBYIOIHKE C OCEBHIMU ONMOPaMH, IIPH 3TOM BaJl HACOCHBIX CTYIEHEN BBITOJIHECH
HEKPYIJIOTO CEYEHHS C BO3MOXHOCTBIO OCEBOTO NEPEMEIICHHS YCTAHOBJICHHBIX Ha HEM

pabouux KoJec.
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