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HNHHOBALIHOHHBIH BBICOKOTEMIIEPATYPHBINH JHA(DPATrMEeHHbIH JIEKTPOQUIBTP KBA3HOJAHOPOJAHOIO
IeKTpocTaTHYecKoro noJst. (AO «Konjaop-Iko»)

AO «Konoop-Ixon: Huxyaux H.B., k.m.u., c.n.c.; Yexanoe JI.B., 0.m.n., Ynen.xopp. ADH P®
eeHepaivbhbill oupekmop, I'vzaee B.A., k.m.u., nauarbHuk omoena ynpaeienus npoexmamu,; Canaee
.U, k.m.u., c.n.c.; HUTY « MHCuC», OO0 «Hunosayuu u snepeocoepedicernuer.; benenvruit A.M.,

d.m.u., Axaoemux PUA, zenepanvrusiii oupexmop, npogheccop; Kypnocos B.B., k.¢h-m.H., npocheccop

Vxoasuue AbIMOBBLIC rasbl METAJUIYPrUYECKHX MEYEH MMEIOT HE TOJIBKO BBICOKYH TEMIICPATYpY, HO H
BLICOKYIO 3anbUieHHOCTh. Ouuctka razoB ¢ rtemneparypoit go 450°C Beicoko 3¢dexkTuBHA ¢ HOMOLILIO
MEKTPOPunsTpoB (DD). Tunossie DD tuna YI'T, OI'TL, I'TI copepxkar HecKonsKO noieH, akTHBHASA 30Ha KOTOPLIX
COCTOMT M3 OCAAUTENBHBLIX IMEKTpoAoB (032), HaOpaHHLIX H3 IPYTKOB JUAMETPOM & MM, H IPOBOJIOYHLIX
KOPOHUPYIOIHUX IekTPo10B (KD), HaTanyTeiX npd momowu rpyso mexay O3, Koncrpykiunsa HajaexHas u
[IpocTast, 0JIHaKo, JaHHble DO He odecreynBaloT COBPEMEHHBIM MUPOBLIM TPeOOBaHUSM OYHMCTKH ra30B 10 YPOBHSI
menee 50 mr/m’,

Hrorom MHOrojleTHeH COBMECTHOH HAy4HO-IPOW3BOJACTBCHHOH JEATEABHOCTH JKOJIOIMYECKOIr0 XOJIMHIa
«Kongop Dxo - CO@ HHHMOI' A3» u HauuoHansHOro HccleqoBaTENbCKOr0 TEXHONOIHYECKOI0 YHHMBEPCHTETA
«MHUCuC» (na npoussoacreeHHoi daze OO0 «Mennoropckui MeHO-cepHbIH KoMOUHATY H OpCcKo-XaIHI10BCKUH
meranyprudeckud komouHat (OAQ «¥Ypanbsckas Cranb») sBHIOCE — CO3JaHHE MHHOBALMOHHOW AJICKTPOJIHOH
CUCTEMBI BbICOKOTEMIeparypHoro HD® - nmadparmeHHoro aekrpoduibrpa (II9P) ¢ KBa3HOAHOPOIHLIM
yuiekTpoctaTudeckum noneMm (KDCII) [1]. B akrusHol 30He DD coznaercs cuHycouaanbHas GopMa JABHKCHHA
MBUICTA30BOI0 [OTOKA CKBO3b rasonpoHunaeMsie 0D 3a cyer pacroiokKeHus auadparM B LIAXMaTHOM [OPsKE
mexay O3, Craeayer OTMETUTh, 4TO pa3padOTaAHHOE HAMU HAy4YHOE HAlpPAaBJICHUE, HALEICHHOE HA H3MEHEHHE
HaIpaBJICHUs [BHKECHHS MBUICrasoBOro MOTOKa B aKTHUBHOH 30He D@, HAuUI0 JajbHEHIIEE pa3BUTHE BO MHOIHX
ABTOPCKUX cBUJETeNbCTB W nareHroB. [lo named texHonoruu B D@D Ha 3apsKEHHYK YacTHLY [bLIH
JOMONMHUTEIBHO BO3ACHCTBYIOT rpaaveHt HanpsikeHHoctH KOCII v cuibl razoBoro noroka, 4To 3Ha4YUTEILHO
CHOCOOCTBYIOT [MOBBIICHUK) CTEIEHH OYUCTKM ras’a OT [bUIM, YMEHBIIAIOT BBIOPOCH! 3arpA3HAIOLIMX BELIECTB B
arMocepy, VIydlIaT OoXpaHy oOkpyxkawwed cpeibl. Texuonorus neuieyiaeinusanus B KDOCIL  npusnana
HaWIy4ei JocTynHoH TexHonorueil B PO u Bouwia B undpopmaunonusiit cripagounuk UTC 22-2016 [2].

Jaxe Takas coBpeMEHHas TEXHOJIOIMs OYMCTKHM rasoB B [ID® He nHIIeHA HEJOCTATKOB B KOHCTPYKIIUH
akTUBHBIX 30H. [loanexamni ouncTke raz BBoauTcs B 1@ 1 nocTynaer B KaHasbl, OTKPBITHIE CO CTOPOHBI BXO1a H
3arilylieHbl auadparmMaMu cO CTOPOHBLI BbIXOJAa W3 KaHana. B 92JeKTpUyYeckoM [10/ie KOPOHHOIO paspsja,
OPraHU30BAHHOIO MEK/Y [UIOCKOCTIAMHM razonpoHuuaeMselx O3 U mockoctaMH KD, gacTulibl NbUIH OIpHOOpETAIOT
MICKTPUHECKHH 3apsi/l. 3apsyKeHHbIC 4acTHLbI MBUTH 1101 COBMECTHBIM BO3ACHCTBHEM CHIIbL DJIEKTPUHHECKOIrO M0JIs U
HAPOAHHAMHYECKHX CHJI Ta30BOr0 MOTOKA MPHHYIMTEILHO ABHKYTCS Hepes razonpoHuuacmeie 0D B cocelHHE
(CMEIKHBIC) KaHaJlbl, 3arjyLICHHbIE JUadparMaMu ¢O CTOPOHBI BX0Ja H OTKPBITHIE CO CTOPOHLI Bbixoja. IIpoxos
CKBO3b 3azemiieHHble OO B CMEKHBLIC KaHalbl YACTHLBI [BUIM TEPAKT 4acTh CBOEro 3apsia. OJHOBPEMEHHO B
CMEKHBIX KaHanax ACHCTBHE KYJIOHOBCKUX CHII HAIPABICHO BCTPEYHO ra3oBOMY MOTOKY M, 110 IPHYHHE C/1aboro
3apsifia, YaCTHULbI MBUTH BBIXOSNT U3 CMEKHBIX KaHAIOB, TEM caMbIM CHUMKAs Y(D(PEeKTHBHOCTS IbUICY IaBIMBAHHAL.
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Takoit HenOCTATOK MOMKHO HCKIIOYUTH, IPHHYUTEIBHO HANPABHUTHL YACTULL! ILUIM B 30HY HHTEHCHBHOIO
KOPOHHOI'O paspsia BOinusu KD, To ecTh HanpaBuTh UX CKBO3b maockocT K. Kak BuiaHo Ha puc. ], nbeuierazoBbsii
MOTOK UMKJIMYHO M ITOCIICI0BATENLHO ABHKETCSH 110 CHHYCOMIAJILHOH TPACKTOPHH H M3MEHSET CBOC HAIIPABIICHHE K
KpYroBoMy BpauieHuo 1 00parHo. Tem caMbiM 00pa3yercs UeneHanpaBieHHOe KPYroBoe ABHKEHHE LUIErazoBoro
MOTOKA CKBO3b mnockocT K3, a ganee ckBO3b IUIOCKOCTH raszornpoHuuaeMsix O3, B pesyinbrare nbuierazoBbii
MOTOK MPOXOJUT 30HY MHTCHCUBHOW 3aps/IKH YacTULl IILUIH B [10JIe KOPOHHOrO paspsjia. Ha zapsikeHHyo yacTuily
NbUIH JCHCTBYET KYJOHOBCKas CH/A, COBIAJAIOLIAs € HAIPABICHHEM [IBMIKCHMS [bUICTa30BOI0 I[10TOKA B
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HallpaBlICHHE K OCAIMTEIbHOH MoBepxHocTH O3, 3a c4yer TOro, 4YTO MBUICTA30BOMY MOTOKY [JONOIHHUTENLHO
CoODIIAOT UMPKY/IALHOHHOE BpALATEBHOE JIBMKCHHUE IIPH  HW3MEHEHHUHM  HAlpaBleHHs JBHIKCHHS OT
CHHYCOMAJILHOI'O K KPYrOBOMY M, LUMKIWYECKH, 0OpaTHO, OT KPYrOBOI'0 [ABHKEHHMSA K CHHYCOMJA/ILHOMY, Ha
HACTHULLI MBUTH JOMOMHHUTENBHO K MICKTPHYECKOH KYJIOHOBCKOH CHIIE COBOKYITHO BO3JCHCTBYIOT LICHTPOOESKHAS U
MHEPLUOHHAS CHJIbl, HANPABJICHHbLIC COBMECTHO B CTOPOHY OCAAMTENLHOH MNOBepXHOCTH 3ieMeHToB O3, IlpH
KPYIOBOM JIBHKCHHH IMbLICTA30BbIH MNOTOK LMK/IMYHO H IOCHACA0BATEIbHO ABHIKETCS CKBO3b 30Hbl HHTCHCHBHOM
3apAAKH dacTul BOnmM3u KD depes razonpoHuuiaemeie 10ckocTd KD, 3a cyer 4ero 4acTuilbl [BUIH MOJYHaIOT
MaKCHMAaIbHO BO3MOMKHBIH OTpHLIATE/IBHBIN 3apsa [3].

Juadparmbl JONOTHUTENILHO YBEIHYHBACTCA IUIOWAAEL OCAXKIACHHA AKTHUBHOH 30HbBI J® H CHOCOOCTBYIOT
YBEIMYEHHIKD CTENEHH nbuieynasiuBanus D@, Pacuersl nokasand, 4TO IUIOLIA[b OCAXICHHS IMOBBLILIACTCA B
2,25 pas, 3HauuT yBe/lHYuBaeTcs 3(PPEeKTHBHOCTD [bUICY/IaBIIHBAHUS,

[Ibinerazoseii notoxk nocrynaer B 3oHy KICII razonponuunaemoro O3, 3a CHET ITOr0 Ha 3apsiKEHHYIO
HYACTHLLY [bUIH JOMNOJHHTEILHO BO3JACHCTBYET CHJIA TIpajdEHTa HAlPSKCHHOCTH AICKTPHYECKOro [0,
BO3HHKaOLas BOJH3H O0CAAUTEILHOH [TOBEPXHOCTH dJ1eMeHToB 0D diaroaapsa UX 0co00H reoMeTpHYecKOH (hOpMBI
pacronokeHus. I eoMeTpUHEeCKHE MNapaMeTpbl IEKTPOAHOH CHCTEMbl PACCYHTBIBAKOTCA I KaxK/10ro cocraBa
[BUIEra30BOI0 [OTOKA M CBOMCTB [bUTH 4TOOBI H30€XKaTh YCII0BHH BOZHUKHOBEHHUSA MPOOOHHBIX HALIPSKEHHE MEHK/LY
K2 1 O3 u 00paTHOH KOPOHBL.

Takoll MHHOBALMOHHBIM METOJ OYHMCTKH [POMBILIIEHHBIX Ta30B OT IMbUIM XapakTepH3YETCA TEM, YTO
MbUIEra30Bbld MMOTOK LHKIHYHO H I10C/IEI0BATE/IbHO U3MEHACT HAIPaBICHUE CBOEIO JIBHIKCHHA B Havaje KaHaja
D@ OoT NPAMOJMHEHHOINO K CHHYCOMIAIBHOMY H K KPYroBOMY, H BHOBbL BO3BpallacTCsi K CHHYCOMJAJIbHOMY H
OPAMOJIMHEHHOMY JIBHKEHHI0O B KoHUe Kanana D®. Ilpu sroM uacTUUbLl IBUIH [PH KPYTOBOM BHKEHHH
[BUIEra30BOI0 MOTOKA UMKIHYHO H [OOYEPEIHO [POXOJAT CKBO3b 30HbI HHTEHCHBHOH 3apsi/iKH 4aCTHLL, CO3/1aHHBIC
K3. Bpaiatommics nelierasoBbld MNOTOK UMKIHYHO W noo4depeaHo nocrynaer B 30Hbl KOCIL Ha makcumansHO
3apAMKEHHBIC 4YaCTHILl I[bUIM  COBOKYIIHO BO3JACHCTBYHOT B OJHHAKOBOM HAllpaB/ICHHH KYJOHOBCKas CHIla
leKTpruuecKkoro nputsxkeHus K O3, cuna rpaguenta KOCII, unepunonnas u ueHtpoOexHas CUilbl [PH LHKIHYHOM
M3MEHCHHH HANpaB/ICHHA JBHKECHHUSA [1bUICTa30BOr0 [I0TOKA B CTOPOHY 2JIeMeHTOB 0D, 4TO CYLIECTBEHHO MOBBILLIACT
CKOpOCTH Jipeida U yBeltnuuBaeT 3 PpPEeKTUBHOCTE [1bUICYJIABIUBAHUS.

[Ipouecc UMKIIMYHOCTH 3aKIIO4aeTCs B CleAyIoleH nocneaoBareabHOCTH. [Ibuiera3oBblid O0TOK JIBHKETCH
CKBO3b 30HbBI WMHTCHCHBHOH 3apsjke OT KOpPOHHOro paspsaga KD M yacTuubl NbUIM [M0JY4al0T MaKCUMAJIbHLIH
OTpHUATE/IbHBLIH 3apsad. Jlanee nbuierasoBbld MOTOK pasjeisieTcs HoIoiaM o 00beMy, Kax/as H3 JIBYX paBHBIX
HACTEH I[OTOKA M3MEHSICT HANpPaB/ICHHUE JABHKEHUs W JBUMKETCA B cTropoHy 0D u, Onarojapsa razonpoHHLAEMOCTH
03, npoxoauT ckBo3b Hero. B 710 Bpems 3apsyKeHHbIE YaCTHLbI [bUIH [ONAJAI0T B 30HY JACHCTBHA I'pajHeHTa
KOCII u MHTEHCHUBHO OcCaXiawTcss HA MOBEpXHOCTH dneMenTa OD. IlbineraszoBeiil MOTOK 3a CHET HU3MEHEHMS
HallPaBICHHS [IBHKEHHA OT CHHYCOHAIIbHOIO [IPHOOPETAET KPYrOBOE JABHKEHHE H I10I1A1AE€T B 30HY HHTEHCHBHOIO
3apsjia OoT KopoHHoro paspsaga KD, rae uacrtHibl 0ObUIM  [IpUOOPETAIOT MAKCHMAJILHBIH  OTPHUATE/ILHBIH
aneKTpudeckui 3apsa. Ha yacTuubl NbUIH JOMOMHUTENBHO BO3ACUCTBYET LUEHTPOOEKHAS CUIIA 3a CYET KPYyroBoro
BPALLEHUs I[LUICIAa30BOI0 IMOTOKA, COBIAAAOWIAS € HANPABIEHMEM JeHCTBUS KY/JIOHOBCKOH CHIIBL 3a CYeT
M3MEHCHHS HallPaB/ICHHs [BHKEHHs [bUIEra30BOr0 IMOTOKA OT CHHYCOHJIAIBHOIO JBHIKCHHA K KPYroBOMY H
0o0paTHO, HA 4YAacTHLbI [bUIH JOHOJHHTEILHO BO3JACHCTBYET HHEPLUUOHHAA CHJIA, TakKXKe COBIAJaiouas c
HAIlpaBIIEHUEM JEHCTBUSL KYJIOHOBCKOH CHIIBI, YTO CIOCOOCTBYET MOBBLILEHUK ckKopoctu Apedda k OD. lanee
KPYIOBOH MbUICra30BbIH MMOTOK LUKIWYHO BO3BpALLAETCS B CHHYCOMIANLHYIO (OPMY JBMKEHHS W MOIAJAET B
CHEAVIOMYI) 30HY HHTEHCUBHOIO KOPOHHOI'O 3apsja. 3a CHET COBOKYIMHOTO CHHYCOMJANLHOIO M BPalllaTelbHOIO
JABUKEHHA IBLICTA30BOr0 MOTOKA YBEIHYHBACTCA I1YTh IPOXOKICHHA YacTHL IbLUIH B aKTHBHOH 30HE, a TaKKe
BpeMs [pedbiBaHus YacTull nsuiy B DO,

Pacuer BpemeHu npeObiBaHHs B aKTHBHOH 30HE MPOBEJECH 110 CTAHIAPTHOM METOJUKE CpaBHEeHHs 0a30BOI0
DO VIT 1-20-3 u J2®. B 6azoom DD 1npou3BoAHTEILHOCTLIO 57,6 ThIC. M*/4 IPH CKOPOCTH I'a3a B aKTHBHOM
30He 0,8 M/C BpeMst HAXOMK/ICHHUS 4acTHL [IBUIM B OJIHOM I10J1¢ paBHO 3 cekyHaaMm. B JID® npu anuue nons 2,5 M
mexoiekTpoguom mare H = 0,26 M uarerpanbHoe Bpemst npeObIBaHUA YacTHULl IIBUIM PaBHO 7,5 CEKYH/.
DM GEeKTUBHOCTE NBLUICYIABIUBAHNA 01HOTO 1101 Bospactaer ¢ 0,714 1o 0,954, »(ddekTHBHOCTE NbUICYIIABITHBAHUSA
2-x nonsHoro D@ pasua n= 0,998, 4T0 CONOCTABUMO CO CTENEHBIO [LUICYIABIHBAHUS 0a30B0Oro 3-X nojsHoro O
(m=0,977).

B xonctpykuuu D@ BHeceHO NPHHLUIIHAIILHOE HHHOBALIMOHHOE PELUCHUE U3rOTOBICHHS d1emeHToB 00,
BmecTo 0a30BBIX MPYTKOBLIX IEMEHTOB HMPUMEHSIOTCA TPYOUYATHIE IEMEHTBI, HAPUMEDP, HAPYKHBLIM AHAMETPOM
12 MM ¥ TOMUMHON cTeHOK 1,2MM. 3a cYeT HCIOJb30BAHUS KPUBOIMHEHHOH reoMeTpHYecKol (JOPMEI 2IEMEHTOB
0D no dopme «umcy, MIOMEALL OCAK/ICHHUI NMPUOOPETAET MAKCUMAIBHO BO3MOXKHYK BeduuuHy (cm. Puc.2).
H3BecTHO, 4TO JUIMHA [OJIYOKPYKHOCTH Kpyroporo asemeHra pasHa nR, yro na 0,57 Oonblue UIHHBL MIOCKOH
[OBEPXHOCTH OcaxieHus, pasHoH 2R. JlnuHa ocaauTenbHOH IMOBEPXHOCTH JJIEMEHTA B BHJIE «OJUIMIIC» paBHA
m(a+B), 4TO eule OOMbLIE 10 BEIHYHHE, TAK KAK MaJblid pajHyCc «a» HAMHOro Ooblie 0ONBLUIOro pagdyca «B». 3a
CYET 9TOr0 YyBeJHYHMBaeTCAd o00llas IUI0WAAb OCANKICHHA, 4YTO [103BOJIAET YMEHBIIUTL pa3sMepbl KopIyca
AMEKTPOUIILTPA H CHHU3HTB €ro MeTa/lloeMKoCTh. CpaBHUTENbHBIA aHanu3 Mace O3 JDdD-40-3 u tunosoro YIT-
40-3 cmorpure B Tadbinuue 1.
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