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.U AabT™MaH
S1.I'.BepxuBkep

NCIOJIB30BAHUE YJEKTPOCTATUUYECKHUX CHJI IS
CO3JIAHUSI CUCTEMBI OXJIAKIEHUS DJIEKTPOHHBIX
YCTPOUCTB

Oneccxaﬂ HAIIHOHAJILHAA aKaJAeMMsl NUILEBbIX TEXHOJIOT U

lpednoxeH memod ucronb308aHUsi OU3NIEKMpUYECKUX Xudkocmel 8 kayecmee oxsiaxdarou,e20 arne-
MeHma 8 cucmeme pezynuposaHusi memnepamypbl 371€KMPOHHbIX ycmpolicme .B paspabomaHHOM memode
ucrnosnb3yemcsi 0cobeHHOCMb Moe8edeHUsT OUINIEKMPUYECKUX XUuOKocmell 8 351IeKmpocmamu4ecKoMm rore.
lNokasaHa cesi3b Mex0y 3¢hgheKmuUBHOCMbI MEePMOPE2yIUPO8aHUS U PEXUMOM BKITHOHYEHUS/BbIKITIOHEHUST
rnodayqu 351eKmpuUYecKo20 nuMaHusi Ha paduoaniekKmpoHHoe ycmpoticmeo. [pusedeHa KOHKpemHasi cxema
pearnu3ayuu npednoxeHHO20 crocoba peaynuposaHuUsi memrnepamypHoO20 pexuma ycmpolicmea.

KnroueBble cnoBa: cnocob oxnaxaeHus, AuaneKkTpuyeckas XMAKOCTb, 3NEKTPoabl, CUIbl NeKTpocTaTu-
YeCcKoro B3aMMoAencTBUs, pagnoanekTpPoOHHOE YCTPOMCTBO.

BBeaenune

B nHactosimee Bpemst 6onblloe BHUMaHUE YAENsAeTCs 00eCIeYeHHI0 HAJIeKHOCTU CUCTEM TEPMOpEry-
JIMPOBaHUS M TEPMOCTATHUPOBAHMS PaIUOIEKTPOHHON anmaparypsl. TO CBS3aHO C BO3PACTaHUEM YPOB-
HS TEIUIOBBIZICJICHUIH Ha MOBEPXHOCTH SJIEKTPOHHBIX 3JeMeHTOB. [loaToMy pa3paboTka 3(pQeKTUBHBIX
CHCTEM OXJIQXKJICHHUS U TEPMOPETYIMPOBAHNUS HETIOCPEICTBEHHO BIIMSIIOT HA TaKHE BaKHEHIINE moKas3are-
JIM, KaK IUIOTHOCTh KOMIIOHOBKH, HOTpebisieMas MOIIHOCTh, ObicTpoeiicTBue 1 ap. Cucrema oxJaxne-
HHS JIOJDKHA TIOCTOSIHHO HaXOJHUTHCS B Pa0OYeM COCTOSIHUM M OTBOIMTH TEIUIOBBIC BBIACICHHS OT KOHK-
peTHOro OJOKa PaJNO3IEKTPOHHOTO YCTPOMCTBA TOJILKO MpPH €ro (YHKIMOHUPOBAHUH, OOecrieunBasi
TIOBBINIICHHE €€ dHepreTHdeckoil dpdexTuBHOCTH. [1o 3TOM TeMaTHKe CymecTByeT OOJBIIOe YHUCIO Mmy0-
JIMKAIIUH, YTO MOKa3bIBaET aKTyalIbHOCTh Ipooiembl [1 - 3].

B paanosneKTpOHHBIX YCTPOUCTBAX OXJIAXKAAIONIMMH  areHTaMH SIBISIOTCS PEUMYIIECTBEHHO JIH-
ANEKTPHYECKHE YKHIKOCTH. JTO CBA3aHO C DIIEKTPUYECKUM IHTAHHEM DJICKTPOHHBIX YCTPOHCTB U HC-
HOJIE30BaHUE B KAYECTBE OXJIAKIAIOIMINX areHTOB JIEKTPOIIPOBOIHBIX CPE HEMOMYCTHMO M3-32 BO3MOXK-
HBIX UIEKTPUUECKHX MPpo0oeB. Mcroap30BaHne AUDIEKTPUIECKUX )KUAKOCTEH TTO3BONISIET H30€KaTh ITHX
npo6JeM U 00ecrieunTh HaIe)KHBIA TeMIIepaTypHBIH peXXUM MPH PadoTe 3IEKTPOHHBIX OJIOKOB.

Ouneprernueckast 3pPEeKTUBHOCTb CUCTEMBI OXJIaXACHHS U, CIEI0BATEILHO, BCETO PAAHOICKTPOHHO-
ro yCTpOMCTBa SIBJIIETCS HE MEHEE BaKHBIM TpeOOBaHMEM, YeM HaJIe)KHOCTh M 0€30MaCHOCTb CHCTEMBI,
T.K. OTBOJ{ TETUIOBOT'O ITOTOKA OT KOHKPETHOT'O OJI0Ka pagfodIeKTPOHHOTO YCTPOHCTBA HEOOXOIUM TOJb-
KO IpH ero GyHKIMOHUpoBaHUH. [IpoBe/eHHbIC NCCIeIOBaHMUS TIOKA3aH, 4TO Takol 3ddekr gocturaer-
Cs1 TP UCTIOJIB30BAaHUHU 3JIEKTPOCTATUYECKHUX CHIL.

OO0LEKTHI 1 METOALI HCCJIeT0BaAHMI

PazpaboranHbIii cIOCO0 OXJIaXKIEHUS IEKTPOHHBIX YCTPOHCTB HA OCHOBE CHJI JIEKTPOCTATHIESCKOTO
B3aMMOJICHCTBUS [4] pemaeT MHOTHE BOIIPOCHI, KOTOPHIE BO3HUKAIOT MPU HEOOXOUMOCTH PETYIUPOBKH
pacxofia >KHIKOTO areHTa B CUCTeME OXJIaKAeHUsI. CXxeMaTHIecKoe N300paKeHNE CHCTEMBI IIPUBEICHO HA
PUCYHKE. Y CTPOUCTBO AJI OXJIAXKACHUS COJEPXKUT TEPMETHUHYIO KaMepy 1, 3al0HEHHYIO JUAJIEKTpHUYe-
CKHM XJIaJJaTeHTOM 2 U COOOIIAIONIYIOCS C OJHOM CTOPOHBI ¢ KaHanamu 3,4 v 5 1y MUPKYJISAIUH XTa1a-
TeHTa 2 ¥ ¢ IPYroi CTOPOHBI — C TEIJIOOOMEHHUKOM 6, OOIIYI0 IIMHY 7 TUTAHUS UCTOYHHWKA ITUTAHUSA 8,
3JIEKTPOIBI 9, paclooKEeHHBIC B KaHalaX S MEXIY MX CTCHKaMH, KOTOPHIE SIBISIIOTCS dKpPaHAMM JUIS
97eKTpo10B 9. CTeHKH KaHaloB 3,4 U 5 3NEKTPUUECKHU MOACOEANHEHBI K IMHaM 10 HyJIeBOro noTeHIua-
J1a, KOMMYTHPYIOITHE 3JIEMEHTH 11 B BHIe BBIKIIIOYATENCH, KOJIUIECTBO KOTOPHIX PABHO KOJHYCCTBY
3JIEKTPOMIOB 9 M KOTOPHIC DIIEKTPUIECKU COSAMHCHBI ¢ 00IIe IMTMHONW 7 NCTOYHHUKA TTUTAHUSI 8 ¥ C COOT-



BETCTBYIOIUMH 31ekTponamu 9. Kanansl 3,4 m KaHamBl 5 PacIioNioKEHBI B3aUMHO NEPIIEHANKYIISIPHO
MexIy coboi ¢ 00pa3oBaHHEM PaMOK, B KOTOPBIX PACIIONOKEHBI OJOKH Paano03JIeKTPOHHOH ammapaTypbl
12. Ilpu 3toM, KaHanbl 3 U 4 MEPHEHAMKYJISIPHBI OTHOCHUTEIBHO T€PMETUYHON Kamephl 1 U SBISIOTCA
KOJUIEKTOPaMH, KOTOPhIE COOOIICHBI ¢ KaHAJaMH 5, pacIoyIOKEHHBIMU MapalIeIbHO MEXIy cO00d u
OTHOCHUTENFHO TepMeTHIHOW Kameps! 1. Takum oOpa3om, kanais! 3,4,5 u repmerndnas kamepa | mo cytu
SBIISFOTCS KOPITYCOM U CKEJIETHOW OCHOBOW OXJIAKIAeMOH PagiOdIeKTPOHHON KOHCTPYKITUH. DIIEKTPOIBI
9 UMEIOT NOJISIPHOCTD, MTPOTHUBOIOJIOKHYIO HOJ‘ISIpHOCT;IM CTEHOK 6 KaHaJoB 5.
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Puc.1. Cxema cuctemMe OXJIaXI€HUS

ITpuHim paboTsl YCTPONUCTBA 3aKIII0YAETCS B CICAYIOLIEM:

B repmernunyto kamepy 1 3anMBarOT AMAIEKTPUIECKUHN XJIaJareHT 2 B TAKOM KOJIMYECTBE, YTO OH 3a-
MmoJTHSIET KaMmepy 1, kaHan 3 u yacTuuaHO KaHais! 5. TemmoBsinenstonye 0J0ku 12 pacmonokeHsl B MPo-
CTpaHCTBE, OTPAaHUYCHHOM CTEHKaMu 6 KaHayioB 3-5. CTeHKH 6 KaHAJIOB 5 U 3IEKTPOAB 9 00pa3yroT sie-
KTPUYECKUH KOHJIEHCATOP, YACTUYHO MOTPYKEHHBIA B AMAJIEKTpUYeckuil xmamgareHT 2. K anextpoxam 9
KOHJIEHCaTopa MOJKII0YaeTCs HaNpsHKeHHE ¢ TIOMOINBI0 KOMMYTHpYIOMHUX 3neMenToB 11. Ilpu Bkitove-
HUU HANPSDKEHUS B KaHajax 5 co37aeTcs JIEKTPOCTaTHUECKOE MOJIe U Ha TUAJIEKTPUIECKYIO KHUIKOCTD 2,
3aMOJHSIONLYI0 CUCTEMY OXJIKACHUS M HAXOMSILIYIOCS MEXKAY JIEKTpoJaMH 9 M CTEHKaMH KaHaJIoB O,
JICWCTBYET BBITAIIKUBAIOIIAs CHJIa. AHalM3 paboThl yCTPONCTBA NpHBejieH B [5].

Brrtankuparomias cuna onpezensercs: mo gopmyie (1):
F. 1 E’grade (1)
87
rae: Fi— BBeITaNKMBaromas cuia, H;
E — npunoxxeHHoe HanpsiKEeHue. B
€ - IWDJIEKTpHUYECKasi TOCTOSTHHAS pabodveil cpeibl
BennunHy cymMmMapHOW BBITAIKMBAOIIEH CHJIBI, KOTOpas BO3ICHCTBYET Ha AUAIIEKTPH-
YECKYI0 OXJIAXKTAIOIIYIO KUIKOCTh B 3aBUCHMOCTH OT YHCIa pa0OTaIONINX KaHAIOB OXJIaKICHUS
MO>XHO OTIPEIETTUTh MO COOTHOMICHUIO (2):

F=3F @

rae: Fy - cymmapHas BBITQJIKMBAIOIIas CHJIA, B 3aBUCHUMOCTH OT YHCJa PabOTaroIIUX
TETUTOBBIICTISIONINX JIEMEHTOB 1 (OXJIaXKIAI0IUX KaHATIOB), KOTOpoe nu3Mensercs ot 0 o N.



Pe3yJ’lLTaTbl HCCJICAOBAHUA

HcnpiTanus cucTeMBbl TPOU3BOIWIOCH HA Pa3HBIX peXUMax paboThl. B kadecTBe MUAIEKTPUUECKOM
JKUAKOCTH UCIIOJIB30BAJICS KUAKUHN TUAIEKTPUK HA OCHOBE (PTOPOPraHUUECKUX COSTMHCHUH

IIpu Bcex paboTaromux KaHajmax (Cirydaid, KOT[a HaNpsHKEHHUE MTOIaeTCs Ha BCE JIEKTPO/bI) BETUYNHA
CyMMapHOW BBITAIKUBAIOMICH CHIIBL, TO €CTh HANOp OXJTKIAIOIMIEH NUAIEKTPUIECKON JKUAKOCTH, OBII
MaKCUMAJIbHBIM U TIPOUCXOIUIIO OXJIXKICHUE BCEX KaHAIOB.

[Ipn mocnemoBaTeIbHOM OTKIIIOUEHHH KaHAJIOB, TO €CTh OTKJIIOUEHUS TO0Jadd MUTAHUS Ha IIIEKTPO
KaHaja, HAmop JABIDKEHUS JHUANIEKTPUYECKON JKHIKOCTH yMEHbIIANcA W Aocturan 0 mpH OTKIIIOUYEHUH
BCEX KaHAJIOB.

CTabmIbHOCTD PabOThl CUCTEMbI OXJIXKICHUS TO3BOJISUIA CTYNIEHYATO, IIPH BKIIOYCHUU KaHAa yBe-
JUYHBATH CKOPOCTH JBIDKEHHSI TETDIOHOCHUTENS M YBEIHMUMBAThH TETIOCHhEM BCero ycrpoictea. KoHCTpyk-
TUBHO CHUCTEMa OXJIAXJICHUSI BHITIOJIHACTCS B BUJE OCTOBA 3JICKTPOHHOTO MOJYJISI M KaHAIBl PaCIONIoxkKe-
HBI HEMIOCPEJICTBEHHO B €r0 CTEHKAaX U meperopojkax. Takas mpocToTa BHIMOJIHEHHS CUCTEMBI OXJIaXkIe-
HUSl PE3KO TIOBHIMIAET €€ HaIeXHOCTh M IKOHOMHYHOCTH, TaK KaKk He TpeOyeTcs AOMOTHUTEIBHBIX
YCTPOMCTB, 00ecTeunBalomux ee padory. OTCYTCTBHE B CUCTEME OXJIAXICHUS JBIDKYIUXCS IIIEMEHTOB
(BEHTWIATOPOB, HACOCORB) TAKIKE MOBBIMIACT €€ MPOU3BOICTBEHHYIO HAJCKHOCTb.

BeiBoabI

ComocTaBieHHe MPEUIOKCHHOW M HCCIICIOBAHHOW CHCTEMbl OXJIKACHHS 3JICKTPOHHBIX
YCTPOWCTB HA OCHOBE CHII 3JIEKTPOCTATUYECKOTO B3aMMO/ICHCTBHS C M3BECTHBIMU M IIPUMEHSICMBIMU TEX-
HUYECKUMH PEIICHHUSIMH [T0Ka3bIBACT €€ 3HAYNTEbHbIC PEHMYILECTBA. DTH NPSUMYIIECTBA 3aKITI0YAI0T-
cs [6]:

® B IIPOCTOTE YIPAaBJICHHUsI pabOTON CHCTEMBI;
® B OTCYTCTBHH JOIOJHUTEIBHBIX YCTPOUCTB (PaANAaTOPOB, BEHTHISATOPOB, HACOCOB);
* B MUHHUMH3AIUH MATEPHAIOEMKOCTH BCETO 3JIEKTPOHHOTO MOJLYIIS.
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A method is proposed for using dielectric liquids as a cooling element in the temperature control system of electronic devic-
es. The developed method uses a feature of the behavior of dielectric liquids in an electrostatic field. The relationship be-
tween the efficiency of thermal control and the on / off mode of supplying electric power to the electronic device is shown. A
specific implementation scheme of the proposed method for controlling the temperature regime of the device is given.

Keywords: cooling method, dielectric fluid, electrodes, electrostatic interaction forces, electronic device.
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E. I. AnbT™Man
S1.I'. BepxiBkep

BukopucTaHHs eJIEKTPOCTATHYHHUX CHJI AJISI CTBOPEHHS CHCTEMH 0XO0JIO/IKEH-
HSl eJIEKTPOHHMX NPHUCTPOIB

Onecbka HaLliOHAIbHA aKa/JeMisi Xap40BUX TeXHOJIOTiH

BanporioHosaHo Memod sukopucmarHs OiesIeKmMPUYHUX PiOUH 8 SSKOCMI 0XONT0OXYHH020 efle-MeHma 8 cucmemi peayro-
8aHHS memrepamypu efieKmMpOHHUX npucmpois .Y po3pobneHomy memodi sukopucmosyembscsi 0cobnugicmes nosediHku
OdieniekmpuYHUX piOuH 8 erlekmpocmamu4yHoMy roni. [oka3aHo 38'A30K MiX eghekmusHiCMI0 mepMopezyito8aHHs | pexu-
MOM BKITIOHYEHHS / BUMUKaHHS1 1odaydi el1eKmpu4YHO20 XUBeHHs Ha padioenieKmpoHHUU npucmpil. HasedeHo KoHKpemHa
cxeMa pearnisaujii 3anpornoHo8aHoz2o criocoby peayreaHHsI memrepamypHO20 PeXUMY PUCMPOLD.

KnrouoBi cnoBa: cnoci6 oxnaxaeHis, aienekrpuyHa piguHa, enekTpoau, CUnm enekTpocTaT-4ecbkoro B3aeMogii, pagioene-
KTPOHHWI NPUCTPIN.
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