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AHorauis. [IpsMOTOYHI IIMKIOHU ITPOKO 3aCTOCOBYIOTHCS JIJIsl OUUIIEHHS ra3y Bij iy, OIHaK yepe3 Hu3b-
Ky e(DeKTHBHICTh BOHU 3aCTOCOBYIOTHCS B OCHOBHOMY /IS TIOTIEPETHBOTO OUHIIEHHS Ta3y Bifl MUY I 3HU-
JKEHHsT HABAaHTaKEHHST Ha allapaTi TOHKOTO ouutieHHs. [IpoBeneHo anasi3 po6oTi KOMGIHOBAHOTO IIKJIOHY i3
TIPSIMOTOYHUMU eJIeMeHTaMH, B SIKOMY JIJIsT Kpaloi KOHIEHTpallii MJIy CIiJIbHO BUKOPHCTOBYETHCS Bi/lIIEHT-
pOBa i KyJOHIBCbKA CUJIM. YCTAHOBJIEHO, IO MOGIN3Y KOPOHYIOUOIO eJIEKTPOJAA KYJOHIBCbKA CHUJIa 3HAUHO
TIePeBUINY€E BiIIEHTPOBY CIJIY, OHAK y Mipy BHU/IaJeHHs iHTEHCHUBHO Taja€c. BimmenTpoBa cuira, HaBmakw, 3i
361IBIIIEHHSIM BiZICTaHI BiZl KOPOHYIOUOTO €JIEKTPO/Ia JiHIITHO 3pOCTaE. YCTAHOBJIEHO, IO /IS YACTOK TIEBHOTO
PO3Mipy iCHYE Bi/ICTaHb BiJl KOPOHYIOUOTO eJIeKTPO/Ia, Ha STKOMY Bi/IIIeHTPOBA I KYJIOHIBChKA CHJIH 3PiBHIOIOTh-
cs1. Ha miit Bizcrani pe3yspryiova cuia (fisl KyJTOHIBCPKUX i BiIEHTPOBUX CHJI) cTae MiHiMarbHOW. Ha-
SABHICTb MiHIMYMY P€3YyJbTYIOHYOI CUJIN I03BOJISIE iICTOTHO CIIPOCTUTH TEOPETUYHUI PO3IVIA MEXaHi3My KOH-
TIEHTPAIlii THJTY, yBaXKAIOUH IO CUJTY TTOCTIHTHOIO ¥ BCIM MiXKeJIeKTPOHOMY IIPOCTOPIi. YCTaHOBJIEHO, IO CIiTbHA
JisT KyJIOHIBCBKUIX 1 Bi/IIIEHTPOBUX CHUJI 3HAUHO TIBUIIYE e(eKTUBHICTh MPSIMOTOYHUX IINKJIOHIB, TOMY IO-
JQJTBIIT JIOCTTI/PKEHHS B TAHOMY HAlPSIMKY € MepCHeKTHBHUMU.

Kirouosi cioBa: I KJIOH, Bi[[HeHTpOBa CHJIa, KyJIOHiBCbKa CHlJIa, H_IBI/I[[KiCTb.
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A]-[]-[OTa]_lHH. Hp?{MOTO‘{HbIe IMUKJIOHBI ITUPOKO TMPUMEHAIOTCA JIA OUUCTKU Ta3a OT IIbLIIN. OI[HaKO B cuiy
HU3KOI 3(1)(1)6KTI/IBHHOCTI/I OHU IIPUMEHAIOTCA B OCHOBHOM KaK IIpeABapUTEJbHaA OYNUCTKA I'a3da OT IbLJIN JIs1
CHUJKEHUS HArPY3KU Ha alllapaTbl TOHKOW OUMCTKH. HpOBeZleH aHaJIu3 pa6OTI)I KOM6I/IHI/IDOB8.HHOFO IIUKJIOHa
C [IPAMOTOYHBIMU 3JIEMEHTaAMH, B KOTOPOM IJIA ]Iy'{IHeﬁ KOHIIEHTpallun IIbLJIN COBMECTHO UCITOJIb3YETCA 11€H-
TpO6e>KHaSI 1 KYJIOHOBCKasl CHUJIbL. YCTHHOBJIGHO, 410 BO/IM3U KOPOHHUPYIOIIEro 3JEKTPO/ia KYJIOHOBCKasl CUJia
3HAYUTEJIbHO ITPEBOCXO/IUT HeHTpO6e>KHyIO CHUJY, O/THAKO I1I0 Mepe yAaJIeHUuA MHTCHCUBHO I1a/1a€T. HeHTpO-
OexHast CHnJia, HZtO6OpOTy C YyBE€JIMYEHUEM PACCTOAHUA OT KOPOHUPYIOUIETO 3JIEKTPO/Ia JIMHENTHO BO3pacTaer.
yCTaHOBJIeHO, 4TO JId 4aCTUIl ONIPEAECJIECHHOI0 pa3Mepa CYIECTBYET PaCCTOSIHUE OT KOPOHUPYIOIIETro dJIEKT-
PoO/ila, Ha KOTOPOM HeHTpO6e>KHaSI " KYJIOHOBCKasl CUJIbl YPaBHUBAIOTCSI. Ha stom PaCcCTOAHUN PE3YJIbTUPY -
Iolas CuJIa (ZleﬁCTBHe KYJIOHOBCKUX " HeHTpO6e>KHI)IX CI/IJI) CTAHOBUTCSI MUHUMaJIbHOW. Hanmnune MUHUMY-
Ma peByJII)TI/IpyIOU_[eﬁ CHJIbI ITO3BOJISIET CYHIECTBEHHO YIIPOCTUTH TEOPETUYECKOE PACCMOTPEHNE MEXaHU3Ma
KOHIIEHTPAIINU IbLJIN, CYUTAA 9Ty CUJITY IMOCTOSIHHOW BO BCEM MEKIJIIEKTPOAHOM IIPOCTPAHCTBE. YCTHIIOB]IGHO,
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4TO COBMECTHOE JIeWCTBUE KYJTOHOBCKUX M IEHTPOOEKHBIX CUJI 3HAYUTENHHO MOBBINAET 3PPEeKTUBHOCTD
TIPSIMOTOYHBIX ITUKJIOHOB, O3TOMY JajbHeHINre NCCae[OBaHNsI B JAHHOM HAIPaBJIEHUN SIBJISAIOTCS TIep-
CIEeKTUBHBIMH.

KiroueBble cioBa: UKJIOH, IEHTPOOEKHAS CHUJIa, KyJOHOBCKAs CHUJIA, CKOPOCTD.

RESEARCH OF THE COMBINED CYCLONE WITH DIRECT-FLOW
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Abstract. Direct-flow cyclones are widely used for gas cleaning from dust. However, due to low efficiency,
they are mainly used as a pretreatment gas cleaning from dust to reduce the load on the fine cleaning
machines. The analysis of the combined direct-flow cyclone with the elements in which, for better
concentration of dust both the centrifugal and Coulomb forces are used. It is known that near the corona
electrode, the Coulomb force is much greater than the centrifugal force, but as the distance increases it
decreases rapidly. Centrifugal force, on the contrary, increases linearly with increasing distance from the
corona electrode. It is found that for particles of a certain size there is the distance from the corona
electrode, where the centrifugal and Coulomb forces are equalized. At this distance, the resultant force (the
action of Coulomb and centrifugal forces) becomes minimal. The minimum resultant force can significantly
simplify the theoretical analysis of the mechanism of dust concentration, assuming that this force is constant
throughout the interelectrode space. It is found that the combined effect of Coulomb and centrifugal forces
significantly increases the efficiency of direct-flow cyclone, so further researches in this direction are promising.

Keywords: cyclone, centrifugal forces, coulomb force, speed.

3aiuta atMmocdepbl — colMabHast U 9KOHOMIYEC-
Kast ipoOJieMa, Hepa3phIBHO CBsI3aHHas C 3a/aueil
co3MaHust KOM(MOPTHBIX YCJIOBUIM 15T SKU3HU U Pa-
60T UEIOBEKA.

BOJII)H_[I/IHCTBO TEXHOJIOTUYECKHUX ITPOITECCOB B
MeTaﬂﬂypI‘I/II/I, 9HEpPreTuKe, MpOMBINIJIEHHOCTN
CTPOUTEJIbHBIX MaTE€pMnajiOB, MAIIMHOCTPOECHUH,
XUMUH 1 He(PTEXUMIHU COITPOBOKIAETCS TIBLIEra-
30BBIME BEIOpOCAMHU. BOJIBITITHCTBO IIPOMBIIILIEH-
HBIX BBIOPOCOB COZIePIKaT IIEHHbIE TOJIYITPOLYKThI
(MeTaJLTbl, XUMHYECKHE BEIIeCTBa ), KOTOpbIE Oe3-
BO3BPATHO Tepsiforcs. IloaToMy ouncrka u 06es-
BPEKUBaHHKE [TPOMBIIIIEHHBIX BBIOPOCOB UMEIOT Ca-
HUTAPHOE ¥ 9KOHOMUYECKOE 3HAYEHHE,

ITUKJIOHBI SIBJISTIOTCST HanboJ1ee XapaKTePHBIMU
MIPEICTABUTESIMU CyXUX MHEPITUOHHBIX ITBLJIEYJIO-
BUTEJIE, KOTOPbIE, KaK ITPABUJIO, UMEIOT ITPOCTYIO
KOHCTPYKIHIO, 06/1aat0T OOJIBIION MPOIYCKHOM

CITOCOGHOCTBIO 1 HECJIOKHBI B 9KCILTyaTaru. Beu-
JIy 3TUX IPEUMYTIECTB U KJIOHBI IOy YN T PO-
Koe pactpoctpanenue. CyIiecTByeT /1Ba BUIA ITUK-
JIOHOB: IIPSIMOTOYHBIE 1 [TPOTUBOTOYHbIE. /151 06€c-
IIBLINBAHUA OOJIBIINX 0OBEMOB Ta3a OLMHOYHBIC
[[KTOHBI OOBEANHSIFOTCSI B TPYIIIIBL

[IpakTrdeckoe petenye 33129 HAUJIYJIIero pac-
TIpeJieJICHYS Ta30B, CHUKEHUST YHOCA, 0TBOJIA MTBLIN
U T. [I. IPH HEOOXOAMMOCTH YCTaHOBKH OOJIBIIIOTO
YIICJIa IIMKJIOHOB ITPUBEJIO K CO3MaHIUI0 GaTapeiiHO-
ro iukiIoHa. [locienHuii mpeacTapisier coO0M bl
JIeyJTaBIMBAOIINIT AITTapaT, COCTABJIEHHBIH 13 60JIb-
TITOTO YHCJIA TTAPAJLTETTbHO BKIIIOUEHHBIX ITMKJIOHHBIX
3JIEMEHTOB, KOTOPbIE 3aKJII0UEHBI B OJIUH KOPIIYC,
UMeIoUi 0OIIMiA OBO/ M OTBOJL Ia30B. B 6ara-
pen 0OBEAMHSIIOTCS KaK IIPSIMOTOYHBIE, TAK U IIPO-
TUBOTOYHbIE I[UKJIOHBIL.
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barapetinbie MUKIOHDBI C IPSIMOTOYHBIMHU 3Jie-
MEHTaMU JIAI0T MEHBIYIO CTeTIeHb OYMCTKU, YeM
OOBIYHbIE, TOITOMY OHU PEJIKO TPUMEHSAIOTCS KAK
CaMOCTOSTEJIbHBIE TTbLTEYI0BUTENN. VX variie ycTa-
HABJIMBAIOT B KAUECTBE IMPE/IBKIIOYEHHBIX allliapa-
TOB TIEpPE]] JIEKTPODUIBTPAMU, PYKABHBIMU (DUJIb-
TPaMH.

Y 6oJIbITMHCTBA TPSIMOTOYHBIX OaTapeiHbIX
IIUKJIOHOB C T[eJTBIO TTPENOTBPAIIEHSI TA30BOTO 00-
MeHa MEK/TY 3alTbLIIEHHBIMU Y OUUTIEHHBIMU TIOTO-
KaMH TIPOIIeCCHI KOHI[EHTPAITHIA 11 OT/IeJICHNUS IBLITH
KOHCTPYKTHBHO pasziesieHsl. Ha puc. 1 [1] mokasan
npsiMoTouHbII Gatapeiibiii nkaoH IIKTU. TTbie-
Ta30BBIH MOTOK U3 KaMEPBI 3alIbJIEHHOTO rasa 7 1mo-
cTyTaeT B 000py/10BaHHbIE BAHTOBBIMY 3aBUXPH-
TEJISIMU HJIEMEHTBI 2, B KOTOPBIX IO JI€ICTBUEM
MIEHTPOOEKHDIX CHJT TIPOMCXO/IUT TIEPEPACTIPeiee-
HUe KOHIIeHTPAINH ITBIJIN 110 CeUeHHIO 3IeMeHTa!
BO3PACTaHUE Y CTEHOK M YMEHBIIIeHNUE B IIeHTPaJIb-
Ho#t yacti. OOeCITbITIEHHBIH TOTOK U3 IIEHTPATBHON
JaCTH 3JIeMEHTa OTBOJNTCS B KaMepy OUHIIeHHOTO
rasa 3. Ilepudepuiinblii cjioi rasa, oboraieHHbIii
IIBLTBIO, Y€PEe3 TOPIIEBOE KOJIBIIO 3JIEMEHTA OTCACHI-
BAaeTCsI BEHTUJIITOPOM 4 1, TPOMA/IS TIBLJIEYIOBUTEID

5, BO3BpalllaeTcsi B KaMepy 3allblIEHHBIX Ta30B. B
OTJIY¥Ee OT OOBIYHBIX (IIPOTHBOTOYHBIX ) IINKJIOHOB
B IIPSIMOTOYHBIX OaTapeiHbIX IUKIOHAX DJIEMEHT
YaCTO BITTOJTHSIET POJIb ITBLIIEKOHIIEHTPATOPA, A YJIaB-
JINBAHHUE TIBLIN TIPOUCXONT B CIEITHATBHO YCTaHOB-
JIEHHBIX MajiorabapuTHBIX IIUKJIOHAX, TKAHEBBIX
(pmbTpax u IpyrUX anmaparax.

W3 BhIlIIE TEPEUHCIEHHOTO MOKHO CIETATD BbI-
BO/IBI: TIPSIMOTOYHBIE IIUKJIOHBI JTUIIEHBI HEKOTOPBIX
HEJIOCTATKOB, IPUCYIITUX 0OPATHOTOUHBIM ITUKJIO-
HaM; [IUKJIOHBI C TPSIMOTOYHBIMU SJIEMEHTAMU JIAf0T
MEHBIIYIO CTEeTIeHb OUUCTKH, YeM OOBIYHBIE; Y GOJTb-
HIMHCTBA IPAMOTOYHBIX OaTapeiiHbIX IUKIOHOB C
IEJIBIO ITPEAOTBPAIIEHHUSI Fa30BOT0 0OMEHA MESK/LY
3aTBLIEHHBIMU U OUHMIIEHHBIME TOTOKAMU TIPOIIeC-
CBI KOHIIEHTPAIUH U OT/eJIeHUs bLIN KOHCTPYK-
THUBHO Pa3/IeIeHbI.

Iesbio paboThI ABJIsIETCS MOBbIIIEHIE d(PheK-
THUBHOCTH TIPSIMOTOYHOTO IIMKJIOHA JI0 TAKOM CTeTTe-
HU, 4T0OBI B Kamepy 3 (puc. 1) mocTymnas mosHoc-
THIO OUUIIEHHBIH Ta3, UTO MO3BOJIUT 3HAUNTETHHO
YMEHBIITUTH OGBEMBI Ta3a, OJIIEKAIIET0 OUUCTKE, a
CJIeIOBATENHHO TIOIYUYUTH OOJIBIITON 9KOHOMUYEC-
Kkuii appexr.

Pucynok 1. IIpsimortounsiii Gatapeiinbii nukaon ITKTH.
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J171s1 toCTU Ke U IOCTaBIeHHOM 1t HeoOXo-
JIUMO, YTOOBI BCS TIbLIIb, HAXOSIIASICS B Ta3e, KOH-
1IEHTPUPOBAJIACh B IPUCTEHHOH 30He ITuKIoHa. V13-
BECTHO, YTO IIPU TN TEJIbHOM HAXOKACHW U TTbLJIN B
KPHBOJIMHENHOM TTOTOKE MOYKHO CEapupoBaTh
IIBLIb IOO0T0 GPPAKIIOHHOTO COCTABA, OAHAKO TO
MoBJIeYeT 3a cOO0# HeOTpaBIaHHOE yBEIUUYEHUE
Fa6apI/ITOB IIUKJIOHA 1 TTOBBITHEHWE TH/APaBJINYEC-
koro conportusienus. Ilesecoobpasuo aist bosee
OBICTPOI CeNapaIiy MbLITH UCITOJIb30BaTh 9JIEKTPHU-
yeckoe moJie. TakuM 06pas3oM, Ha ML OyIET Aeki-
CTBOBATD KYJIOHOBCKAS U IIEHTPOOEKHASI CLITBI CO-
TJIACOBAHHO.

Ha puc. 2 moxasan KOMOMHUPOBAHHBIN MPSIMO-
TOYHBIHN IUKJIOH. 10 1IeHTpy BUHTA Yepes u30s1Top
1 BcTaBJIsieTCsl 3JIEKTPOJL 2, Ha KOTOPbII 110/1aeTCst
BBICOKOE HATIPSKEHUE OTPUIIATEIbHON OIS PHOC-
THU.

Pucynok 2. KoMGrHIPOBaHHBII PAMOTOYHBIN [IMKJIOH,

B KOMOMHUPOBAHHOM MIPSIMOTOYHOM ITHKJIOHE
MOCJIEIOBATENHLHO COUETAETCS TIEHTPOOEKHBIN 1
AJIEKTPUYECKUI MEXaHU3MbI CeTlapali IbLIn. AHa-
i3 pabot [ 2,3, 4] moKasat, 4To BBITOJHEHbI TEOpE-
TUYECKHE U IKCHEPUMEHTAIbHbIE UCCIIEI0BAHNUS
JBVSKEHUSI 3apsKEHHbBIX a9po3oJieit, a Takke Gu-
3MYECKUX ITPOIIECCOB, IPOTEKAIONINX B AJIEKTPO-
uisrpax. B pabote [ 5] nccireoBaH mporece ocasx-
JEHUS TTBUTH B TPYOUATOM 3JIEKTPODUIBTPE B yCIIO-
BUSX TYPOYIEHTHOTO TIEPEMEITHBAHIS a39PO30JISL.

Pacnpenesienye TaHreHIMAIBbHON CKOPOCTH 110
PaJIyCcy KOPITyca IPSIMOTOYHOTO [[UKJIOHA, 10 JIAH-
HBIM 9KCIEPUMEHTAJIbHBIX UCCIIEOBAHUI, HOCUT

C. M. Opaos, B. 1. 3axapos, A. 4. Oprosa

CJIOKHBIN XapakTep. B 1ieHTpasbHOl yacTu MoToKa,
B TaK HA3bIBAEMOM S/[pe BUXPS, TAHTEHIMAJIbHAS
CKOPOCTb BO3PACTAET C yBeIMYeHueM pajyca R o
3akoHy V, = wR (30Ha TBEPOIO TeJIa), a 3aTEM 110
Mepe PUGITMIKEH IS K KOPITYCY ITPSMOTOYHOTO TIHK-
JioHa yobrBaet. BO3MOKHOCTD IeTa/IbHOTO aHATM3A
3aKOHA YOBIBAHYISI TAHTEHTNATLHON CKOPOCTH B TIPH-
CTEHHOM 30He 3aTPy/IHEHA M3-3a HeJIocTaTKa 3KCIIe-
PUMEHTATHHBIX JIAHHBIX, OJTHAKO BECh BO3/YX, HA-
XOJISIIANCST B TPUCTEHHO 00JTACTH, OTCACHIBAETCST
BMecCTe C celapupoBaHHOU MbLTbI0. [ToaToMYy pac-
Ipe7iesIeHre TAHTeHITNATBHON CKOPOCTH TT0 DALY -
CY B KOPIIyCe IPSIMOTOYHOTO ITIKJIOHA TPITHIMAaeM
TaKWUM Xe, KaK U B s/[pe BUXPsI, TO €CTh CUUTAEM,
YTO BO3/IYX BpaIaeTcs Kak TBepAoe TeJIo 1 OTJIH-
4aeTcs MOCTOSTHHOW YTJIOBOM CKOPOCTHIO [ 6].

[TpenmonoxuM, 4TO MO OCH TPSIMOTOYHOTO
IIUKJIOHA YCTAHOBJICH TJIAJAKAN ITUINHIPUIECKAN
KOPOHUPYIOLINIA 5IEKTPO/I paainyca R, BHyTPEHHss
MOBEPXHOCTD IIMKJIOHA R,, a R, — pajinyc BHyTpeH-
Hell IOBEPXHOCTH I[eHTPATbHOM YacTH I[UKJIOHA.
Ecii B TpocTpaHCcTBe MEXKTY 3IEKTPOIAMHU TIPUJIO-
KUTb Hanpsokenne U, HeoGX0amuMOoe /IS 3a7KnTa-
HIST KODOHHOTO Pa3psifia, TO HAIPSKEHHOCTD 3JIeKT-
pudeckoro moJist E MOKeT ObITh OTpesienieHa mo Gop-
mye [7], B/M:

. 2
E=E, |—'— 1—R—12 NES (1)
2re,KE, R R)"
rae g, = (47[ x9x10° )71 — aJeKTpuYecKas I0-
crostaHast, O /m; K — moaABUKHOCTH MOHOB,
m?/(B ¢); R — tekymuii paguyc, M.
Kpurtnyeckas HanpsukeHHOCTH 11ouist (hopmyia
ITuka) BOJIM3M TIOBEPXHOCTH KOPOHUPYIOIIETO AJTEK-
Tpona, B/m:

E, =3,035,(1+0,0298/5,R, ), (2

rae 5n — OTHOIIEHNE IeWCTBUTEIbHON IIJIOTHOCTTU
BO3/lyXa K €ero IJIOTHOCTU IIPU HOPMaJIbHbBIX
YCJIOBUSIX;

JInHeltHAS TIOTHOCTD TOKA KOPOHBI, A /M:

. 2K 4re, ( )
i=——F——— -
R*In(R, /R,) 0 )
rae U— Hanpsukerme, IPUIIoKEHHOE K 37IeKTpoaM, B.
KpuTHueckoe HanpsKenne s Tpyb4aToro

3JIeKTPO(UIILTPa ¢ KOPOHUPYIOIIMMU 3JIEKTPOAA-
MU, BBIIOJIHEHHBIMU 13 TV13/IKOH IIPOBOJIOKU [7], B:

U, = E,R,In(R, /R,). (4)
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YacTuib! NN B 110716 KOPOHHOTO 3apsi/ia ITpakK-
THYECKU MTHOBEHHO TIPHOOPETAIOT 3JIEKTPUUECKIIA
3apsn, onpenesisgeMbiii 1o hopmyie [ToaTbe

0=z, 1425 =1 g Kem! )

e+2 4g, + Kenyt’

re & — OTHOCUTEJIbHAA ANDJIEKTPUYECKasd ITPpOHU -
ITa€MOCTD YaCTHUILBI IIBIJIN; I’q - paﬂI/IyC YaCTHUIIbI
IIBLIN, M; € — 3apsi| a7eKTpoHa, Kt 11, — Hauass-
Hasi KOHI[EHTPAIIUST HOHOB, M™; £ — BpeMsl 3apsi/l-
KH, C.

Torpa neiicTByonasi Ha YacCTHUIIBI TIBLIIN TIPH
& = 4 KyJIOHOBCKAsI CUJIA MOJKET OBITH OIPeIeNieHa
CTIEYIOIM 0OPa3OM:

F, = QF =276 E*d* =

rne d — ANaMeTp YaCTUIL ITbLJIN, M.

N3 dhopmyabt (6) caenyet, uTo cuia, 1eHCTBY-
FOIIasT Ha YACTHIIBI ITBLIN CO CTOPOHBI SIEKTPUUEC-
KOTO 110J1sT, OBICTPO YOBIBAET IO MEPE UX MPUOJIH-
SKEHUTO K OCATUTETBHOMY 9JIEKTPOJLY.

Bynem cuntarh, 4TO Ta30BBIM TOTOK BMECTE C
HaXOJAIMUMUCA B HEM YaCTUITaMHU ITbIJIN Bpalla€T-
Cs1 B KOPILyCe TIPSIMOTOYHOTO IIUKJIOHA C TOCTOSTH-
HO YTJIOBOI CKOPOCTBIO @. JTO MPEIOJIOKEHHE C
JIOCTATOYHON TOUHOCTHIO BBITTOJTHSIETCS JIJIST YACT I
bl paamMepoM MeHee 10 mxm. [ToaTomy 1ieHTpo-
OesKHAs CUJIa MHEPIIMU MOZKET ObITh OIIpe/ie/ieHa 110
bopmyue:

Fo 7d’ po’ R
T e )

Kak Buzto us dhopmyib (7), eHTpobeKHAS
CHJTa MHEPIIMY B OTJINYNE OT 3JIEKTPUIECKON CHUITDI
(6) yBETMUUBAETCS C POCTOM PACCTOSTHUS YACTUIIBI
OT OCH TIOTOKA.

Takum 00pasoM, aJIeKTPIUYECKast i IEHTPOOEK-
Hast CUJIbI, OyAy4r OJMHAKOBO HAIPaBJIECHHBIMH,
B3aMHO JIOTIOJIHSIOT APYT APYTa.

Orciona cienyer MPUHIMITHATbHAST BO3MOJK-
HOCTD ITOBBITIIEHUST 3 PEKTUBHOCTH OUUCTKY ra3a
IIyTeM OIITUMAJIbHOTO COYETAHSI IIEHTPOOEKHOTO U
9JIEKTPOCTATMYECKOTO MEXaHU3MOB Celapaliuu
TIBLITHL

B kauecTBe TaHHBIX /1711 KOHKPETHOTO pacyera
BO3bMeM IPAMOTOUHBIH 1TUKJIOH [TO «[azoouuct-
ka» [[B-254P ¢ ruamerpom kopiryca 250 M, TH-
MUY HbIE TTAPAMETPBI TPYGUATOTO 3JIEKTPODUIBTPA
COOTBETCTBYIOIIETO pa3Mepa u (GU3NKO-XUMUYeC-
KHe CBOMCTBA IBLIH, XapAKTEPHBIX /171 TTPOU3BOI-
CTBa CTPOUTEJBHBIX MAaTepuayioB: w = 240 c;
R =10M% R, =0,125 M5 =4; p = 2,7- 10° kr/M?
E,=58-10°B/m;i=1,34-10°A/m; K=2-10*m°/(Bc).

Pasmepsi yactuir uamensiiv ot 0,2 10 10,0 MM,

3aBUCHMOCTD CHIBI IIeHTPOOEeKHO# nHepriy F !
1 KyJIOHOBCKOW CHJIBI FK, JIEHCTBYIOIINX HA YaCTHU -
ITBI TTBLJIN, OT PACCTOSTHUS [IJISI PAa3MEePOB YACTUIL B
untepsae d = (1-3) MKM ITpe/icTaBJIeHBI Ha PHC. 3.

W3 puc. 3 caemyer, 4To 115 YACTUTT OTIPEIEIICH-
HOTO pa3Mepa CylIeCTByeT PaCCTOSTHUE OT KOPOHU-
PYIOIIETO 3JIEKTPO/IA R, HA KOTOPOM KyJIOHOBCKAsT
U TIEHTPOOEIKHAST CUJTBI YPABHUBAKOTCSL.

F10"(H)
I
t 7]
24 ! d =3mxm (Fy )
I
20 o
|
i
161t
“\
12 \
8 \ \ =1 d="2mx™m (F, )
N I e e —
A — =
_F1 d = 3MKM
4 < ———L_
T~ T =t —|d=2mKm
it A e — d= 1MKM
2 4 6 8 10 R107(m)

Pucynox 3. 3aBucuMocTb KyJ0HOBCKOH cuibl (F ) n
CHIIBI TleHTpobeskHOM mHeprun (F . ) OT PACCTOSIHUSL.

Ha paccrogauu R < RK, T. €. B IIEHTPATHHON Ya-
CTH KOPITyca IPSIMOTOYHOTO [IUKJIOHA, TPe0bIa1aeT
AJIEKTPOCTATUIECKII MEXaHNU3M CETIapaIiy MBI
Ha paccrosnuax 60/bmmx R 1ieHTpobexknas cuia
MHEPIIUN 3HAUNTETBHO IPEBBIITAET KYJIOHOBCKYIO
CILTY.

C ymenbIenuemM pasmMepa 4acTHIL BeTmInuHa R
pacret. Tak, st gactut pasmepom d < 1 MKM Ky-
JIOHOBCKAS CHJIA TPE0OIAIAET BO BCEM MEKIIIEKT-
POZTHOM ITPOCTPAHCTBE.

Ha puc. 4 mpuBesieHa 3aBICUMOCTD Pe3yJIBTH-
pytomeii cunbl F= F, + F , ieiicTByo1Iei Ha 4acTi-
ITBI TTBLJIH, OT paccTosgHMs R. Hammare MmuaIMyMa
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pe3yJBTUpYIONIel CUJIbl FTI03BOJIIET CyIeCTBEHHO
YIPOCTUTb TEOPETUYECKOE PACCMOTPEHHE MeXa-
HU3Ma celapaliuy b, CYUTasA BeJTUIUHy F 110-
CTOSTHHOM BO BCEM MEKAJIEKTPOTHOM IIPOMEXKYTKE
u paBHo# F, . . OxHako cienyer oTMeTuThb, uto F -
KaK MUHUMYM B 2 pasa npesbiiaetr cuibl F u F ,
B3STBIE TT0 OT/IEJTBHOCTH.

[IpakTuka nokasana, 4To MpsSIMOTOYHBIE ITUKJIO-
HBI XOPOIIIO YJIaBJIUBAIOT KPYITHOAUCIIEPCHYTO MTBLITH
naxe 6e3 UCMOJAb30BAHUS DJEKTPOCTATHIECKOTO
TI0JIsT, TIOITOMY 0COO0E BHUMAHKE CIIEYeT YAETUTh
KOHIIEHTPAIMU MEJIKOMCTIEPCHOH ThLn d < 10 MKM.

W3 puc. 4 ciepyet, 4To /7151 YaCTUIL OTIPe/iesIeH-
HOT'0 pazMepa CynecTBYeT PACCTOSTHIE OT KOPOHU-
PYIOIIETO BJIEKTPOAA R . , Ha KOTOPOM Pe3yIBTUPy-
ronast cua Fcranosurcs MuHuMaabHol. Tak, st
vactur bl d = (0,2 -10)mkm R . ~(0,15-0,5) R,.

‘min
Anauactnmeimrd = (1-5)mxm R . ~(0,2-04) R,
Mo3TOMY B pacueTax 3(P(PeKTUBHOCTU MPSAMO-
TOYHOTO KOMOMHMPOBAHHOIO IIUKJIOHA OepeM
R . =0,3R,. Cnenopate/ibHO, C y4€TOM BbIIIIE U310~

skeHHOTO F paBHO:

ﬁl— Rl
F=F+F-'g 0,3R,

R\ md’pw*03R
1 + > 2

+27e,d*| E
17 03R, 6 - ®

F 10" ()

I
il )

| )

20 %

SMK

16 \ ) //
=

\ d = 2MKM

12

d= llflKM

TINLY |

2 4 6 8 10 R1072 (M)

PucyHnoxk 4. 3aBucuMOCTb pe3yJbTUPYIONEH CHIIBI,
JIeHiCTBYIONIEH Ha YacTHILy IbIJIH, OT PACCTOSHUS.

C. M. Opaos, B. 1. 3axapos, A. 4. Oprosa

Ilox neiictBuem cymmapHoil cuiibl F yactuia
ITbUIN ABUIKETCA B paZlla/JIbHOM HAITpaB/I€EHNU K CTEH-
Ke I[HKJIOHA CO CKOPOCTBIO @ . ITOMY JBUKEHHUIO
Ta30Bas Cpela OKa3bIBA€T COITPOTUBJIEHUE, BEJTNYM -
HY KOTOPOTO OIpeZiesIsioT 1o hopmye [8]

F =37w,du, 9
I¢ @, — pajiiaIbHas CKOPOCTb YACTHIIbI ITBLITH, M /c;

L — BSIBKOCTB ra3oBoii cpezsr, H ¢ /M2,

[Tocse Bxoz1a B ITMKJIOH cymMMapHasi cusia F3Ha-
YUTEJJIbHO ITPEBBIMIAET CUJTY COTIPDOTUBJICHU S CPE/bL
F, Tak Kak Ha4aIbHOE 3HAYEHNE CKOPOCTH TIbLITNH-
KU B PaJIaIbHOM HaITPaBJICHUH OBLIO PABHO HYJIIO.
Ho 1o mepe Bo3pacTanus 3TOl CKOPOCTH, ITPAKTH-
YEeCKU Yepe3 COThIE JI0JIN CEKYH/IbI, TU CUJIBI CTa-
HOBATCA PaBHBIMU, U C 9TOTO MOMEHTA YaCTHUIIA ITPO-
JIOJIKAET JIBUTATHCS B PAJIMAJIbHOM HATIPABJICHUH C
MIOCTOSTHHOH CKOPOCTBIO, KOTOPYIO OIIPEICTISIIOT U3
pasenctBa F, = F, Tor/1a pajinajibHas CKOpOCTb w,
Gy/IeT paBHa:

" T3k | | 03R,

oo id | [ R

26d(, R 4’ po’03R, (10)
3u | 03R, 18

Ha puc. 5 mokasaHbpl 3aBUCUMOCTD MUTHIMAJTh-
HOU pailajbHON CKOPOCTH OT [UaMeTpa JacTHUI]

p, (M/C)
5 /
/
2
ARV
1.6 / /
) 4 ,
’ / A
08 // //
/I
0,4 v
=
1 2 3 4 5 d (Mrm)

Pucynok 5. 3aBUCHMOCTh PaJiMaibHON CKOPOCTU Yac-
TUII BTN OT UIX uaMeTpa: 1 — ¢ ucrnosib30BaHNEM 9JIeK-
TPOCTATUYECKUX W TIEHTPOOEKHBIX CHUJI; 2 — C MCIOJb-
30BaHUEM TOJIbKO TIEHTPOOEKHBIX CHIL.
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TIBLIN JIS yCJIOBUE: 1 — B3aUMO/1eH CTBHS 9JIEKTPO-
CTATUYECKUX U IEHTPOOEKHBIX CHIL, 2 — BO3MEI-
CTBHS TOJIBKO LEHTPOOEKHbIX cuil. Kak BuanO u3
rpaduKa, C yBeJIMYeHNEM Pa3Mepa YacTHUI] pairialib-
Hasi CKOPOCTb PE3KO BO3PACTAET, OJTHAKO PaINalIb-
Hast CKOPOCTh YACTHII ITbLJIN TIPY BO3/IEUCTBUU TOJIb-
KO 1IEHTPOOEKHBIX CUJI 3HAUMTENILHO MEHDIIIE, 4EM
TIpU BO3ICHCTBUH 9JIEKTPOCTATUUECKUX U TIEHTPO-
OEKHBIX CHUIL.

BoiBopbI:

1. ¥cTaHOoBJIEHO, UTO BOJIM3Y KOPOHUPYFOIIETO 3JIEK-
TPO/Ia KyJTOHOBCKAS CUJIa 3HAUNTETHHO ITPEBOCXO-
JIAT TIEHTPOOEKHYIO CUITY.
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344 c.

2. [TokazaHo, 4TOo /1J1 YACTUI] OIIPEIETIEHHOTO Pa3-
Mepa CyIIeCTBYeT PACCTOSIHIE OT KOPOHUPYIOIIEro
s/1eKTpoza R |  Ha KOTOPOM Pe3y/IETUPYIOIas Ch/ia
F (neiicTBre KyJIOHOBCKHUX M IEHTPOOESKHBIX CUIT)
CTAHOBUTCS MUHUMAJIbHOU. JTO OTIPEIETICHIE MO-
JKET CYIIECTBEHHO YIIPOCTUTD pacueT ahGeKTUBHO-
CTHU TIPSIMOTOYHOTO ITUKJIOHA, B KOTOPOM UCIIOJTh-
3yeTcsI B3aMMO/ICHCTBIE KYJIOHOBCKUX U TIEHTPO-
OESKHBIX CHI.

3. YcTaHOBIIEHO, YTO COBMECTHOE JIEHCTBUE KYJIO-
HOBCKHUX U [IEHTPOOEKHBIX CUJI SHAUUTETHHO MTOBBI-
mrafoT 3(GhEKTUBHOCTD TPSIMOTOYHBIX ITUKJIOHOB,
MO3TOMY JAJIbHENTITHE NCCIIE/IOBAHNUS B IAHHOM Ha-
MIPABJIEHUY SIBJISTIOTCS TIEPCIIEKTUBHBIMHU.
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Opaoe CraniciaB MuxaiisloBuyY — KaHAUJAT TEXHIYHUX HAYK, JAOTEHT Kadeapu eNeKTPOTEXHIKM i aBTOMAaTUKHU
JloHbachKoi HalliOHATbHOI akazieMil OyAiBHUIITBA | apxiTekTypr. HayKoBi iHTepecu: aBToMaTusallist poliecis i anapaTis
CUCTEM TEIJIOra30IoCTadYaHHs i BEHTUIIALLL.

3axapos Bikrop IBaHOBHY — KaHIUAAT TeXHIYHUX HAYK, AOIEHT Kadeapu TEIJIOTEXHIKH, TEIIOTA30MOCTaYaHHs i
BeHTHIALI [[oHOaCchbKOI HAIllOHAIBHOI aKkazeMil OyAiBHUITBA i apxiTekTypu. HaykoBi iHTepecu: po3noiii HprupogHOro
ra3y B yMoBax /leilTy ra3dy; omepaTuBHe YIIPABIiHHS CHCTEMaMU Ta30II0CTavyaHHS; pallioHaJbHe BUKOPUCTAHHS
ra3ornoAiOHOro TajnBa.

Opaosa Aiuta SIkiBHa — crapinuii BUK/Iagau Kadegpy TeMIOTeXHIKH, TeIIora3onocTadyan st i BeHTusii JJon6acbkol
HaIlOHAJIBHOI aKajeMil 6y,71iBHI/I]_ITBa i apxitektypu. HaykoBi iHTepecu: BeHTHJIAIIS i KOHANITIOHYBAHHS IPUMINI[eHb
JKUTJIOBUX i TPOMACHKUX OYTiBEb.

OpioB CranuciaB MuxaitloBuy — KaHAWIAT TEXHUIECKNX HAYK, JIOTEHT Kadeaphl 2JIeKTPOTEXHUKN ¥ aBTOMATHKN
Jlon6acckoil HAITMOHATHHON aKaJleMU¥ CTPOUTENHCTBA W apXUTEKTYPbl. HaydHble WHTEPEChl: aBTOMATU3AIIHS
IIPOIIECCOB U AIIapaToB CHCTEM TEIIOra30CHA0KEHNST W BEHTUJISIIIIH.

3axapon BHKTOp HNBanoBuy — KaHNn/aT TEXHUICCKUX HaYyK, JTOIIEHT Kad)e/:[pbl TEMJIOTEXHUKH, TeII0Ta30CHA0KEeHI
N BEHTHJIAIIUN ZIOH621CCKOI(/’I HaHHOHaHbHOﬁ aKaZleMUUn CTPOUTEJIbCTBA U apXUTEKTYPBbI. HaqubIe NHTEPECHI:
pacipeaesenne MpupoHOro ra3a B yCJIOBUAX [[e(l)I/IHI/ITa Ta3a; OII€paTuBHOE YIIpaBJ€HNE CUCTEMaMU I‘aSOCHa6>KeHI/IH;
pallnOHa/IbHOE MCIIOJIb3OBaHUE ra3006pa3H0r0 TOILJIMBA.

OpioBa Aita SIKoBI€eBHA — cTapIuii penogaBaresb KadeApbl TEIIOTEXHIKH, TeTIOras0CHAOKEHIS ¥ BEHTUISAI[II
Jloubacckoil HAMOHATHHON aKa[eMUU CTPOUTENHCTBA M apXUTEKTYpbl. HayuHbie WHTEPECH: BEHTUISIUS 1
KOHIMIIMOHUPOBAHUE TTOMENICHUH KHJIBIX U OOIIECTBEHHDIX 3aHUM.
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