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Pedepar. B crarbe npeacTaBIeHb METO/BI Pa3pabOTKH BBICOKOBOJIBTHBIX UMITYJIBCHBIX YCTaHO-
BOK TEXHOJOTHYECKOI0 Ha3HA4YeHHS MO 00e33apaKMBAHHIO MHUTHEBOH M CTOYHBIX BOJ, TEKYYHX
MHUIIEBBIX MPOAYKTOB MPH BO3JCHCTBHUH CHIBHBIX HUMITYJIbCHBIX JJIEKTPUYECKUX IOJICH MHKPO-
W HaHOCEKYHJHOH [UTUTENbHOCTH. PacCMOTpEeHbI BO3MOXKHOCTH MPOCKTHPOBAHMUSI OCHOBHBIX 3JIe-
MEHTOB BBICOKOBOJIGTHOW YacTH M Pa3psAHON LEMH YCTAHOBOK C b0 obecredeHus Hanbo-
nee 3 (HeKTHBHOTO MPUIOKEHHST SHEPTUH UCTOYHUKA HAa HArpy3ke M Oe30MacHOW IKCIUTyaTalun
BBICOKOBOJIFTHOT'O 000pynoBaHus. [TokazaHo, 4To npH 06e33apaKMBaHHU MHUTHEBOH M CTOYHBIX
BOJ 1Ie1eCO00pa3HO MPUMEHEHHE MUKPOCEKYHIHBIX HMITYJIbCHBIX BO3/CHCTBHUI, BBI3BIBAIOIINX B
BOJIHO# cpelie AIEeKTPOruapaBiIndecKiii 3GEKT U COMYTCTBYIONMN eMy KOMIUIEKC (U3HYECKHUX
nporeccoB (yabTpadHoIeTOBOC H3ITYyYCHHE, TeHEPALUs 030HA U aTOMApHOI0 KUCJIOPO/a, MEXaHH-
YECKUE BOJIHBI CHKATHS U T. J.), TYOUTEIBHO BIHSIONIMX HA JKM3HEICATEIBHOCTh MHKPOOPTaHU3-
MOB. B ciyuae oOe33apakiBaHHsI TEKy4YHWX MHIIEBBIX MPOAYKTOB PEKOMEHIOBAHO MPHMEHEHHE
HAHOCCKYH/IHBIX MMITYJIbCHBIX BO3ICHUCTBHUIA, HEHOCPEICTBEHHO MPOHHUKAIOIINX B SAPO OHUOIOTH-
YEeCKOM KJIETKH M MHAKTHBHPYIOLIHX ee. [Ipu 9TOM COXpaHSIOTCS MUIIEBas U OHOIOrHYecKas LeH-
HOCTh HPOJYKTOB U YJIyYIIAIOTCS WX OPraHoJenTH4eckue cBoicTBa. OTMEUeHO, 4TO MpHU pas3pa-
GOTKE BBICOKOYACTOTHBIX MMITYJbCHBIX YCTAHOBOK 0CO00C BHUMAaHHE JOJDKHO YICIATHCS BOIPO-
caM COOMIONEeHHs] TEXHUKH 0€3011aCHOCTH 00CITyKMBAIOLIMM IIEPCOHATIOM U 00eCTIeYeH s yCIOBHI
Oecrniepe0oitHol paboThl Bcel ycTaHOBKU. C ATOM IENbI0 CIEAYET BBITIONHATH HEOOXOAUMBIC TPe-
GOBaHUsI 110 SKPAHUPOBAHHIO BHICOKO- M HU3KOBOJIBTHOM YacTel YCTAHOBKH OT BHICOKOYACTOTHBIX
ANEKTPOMATHUTHBIX H3Iy9YEeHHH, KOTOPbIE PETHCTPUPYIOTCS CIHEHHATbHBIMU An(QepeHInanbHbI-
MH gataukaMi. OHOBPEMEHHO JOJDKHBI OBITh MPHUHSTHI MEPHI TI0 CHIKEHHUIO YPOBHS IIyMOB TPH
paboTe BBICOKOBOJIIBTHOTO 000pyaoBaHus. [Ipeaoker METO IS UX CHIDKEHHS 0 JOMYCTUMBIX
npenenoB (Menee 80 nb-A) MOCPEICTBOM IOKPBITHS BHYTPEHHEH MOBEPXHOCTH SKPAaHHPYIOLIErO
KOJKyXa TUIOTHO CTHIKYIOLIIMMHCS MEXIy cOo0O0i THCTaMH MOPUCTOTO EKTPO3BYKOU3OISIIHOHHO-
ro MaTepuaa.
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Elaboration of High-Voltage Pulse Installations
and Providing their Operation Protective Measures

A. M. Hashimov", E.J. Gurbanov?”

DPhysics Institute of Azerbaijan National Academy of Sciences (Baku, the Azerbaijani Republic)
D Azersu OJSC (Baku, the Azerbaijani Republic)

Abstract. The article presents design engineering methods for the high-voltage pulse installations
of technological purpose for disinfection of drinking water, sewage, and edible liquids by high-
field micro- and nanosecond pulsing exposure. Designing potentialities are considered of the prin-
cipal elements of the high-voltage part and the discharge circuit of the installations towards assu-
ring the best efficient on-load utilization of the source energy and safe operation of the high-volta-
ge equipment. The study shows that for disinfection of drinking water and sewage it is expedient
to apply microsecond pulse actions causing the electrohydraulic effect in aqueous media with
associated complex of physical processes (ultraviolet emission, generation of ozone and atomic
oxygen, mechanical compression waves, etc.) having detrimental effect on life activity of the
microorganisms. In case of disinfecting edible liquids it is recommended to use the nanosecond
pulses capable of straight permeating the biological cell nucleus, inactivating it. Meanwhile, the
nutritive and biological values of the foodstuffs are saved and their organoleptic properties are
improved. It is noted that in elaboration process of high-frequency pulse installations special
consideration should be given to issues of the operating personnel safety discipline and securing
conditions for the entire installation uninterrupted performance. With this objective in view the
necessary requirements should be fulfilled on shielding the high- and low-voltage installation parts
against high-frequency electromagnetic emissions registered by special differential sensors. Simul-
taneously, the abatement measures should be applied on the high-voltage equipment operational
noise level. The authors offer a technique for noise abatement to admissible levels (lower than
80 dB-A) by means of coating the inside surface with shielded enclosure of densely-packed abut-
ting sheets of porous electro-acoustic insulating material.

Keywords: high-voltage pulse installation, pulsed discharge, front of pulse, pulse duration, gene-
rator of pulsed tensions, loading, electromagnetic emission, micro and nanosecond pulse, disinfec-
ting, shielding, noise
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BBeaenue

Habnronaemple B mociieiHUE ACCATUIICTHS NPUPOTHBIC KaTaKIM3MBbI, H3Me-
HEHME KJIMMAaTUYECKUX YCJIOBUI Ha IJIaHETE, yBEJIUUYEHHE YUCICHHOCTH Hacele-
HUS, Pa3BUTHE NPOMBIIUICHHBIX TPOU3BOACTB M JIPYTHE€ BOMNPOCH TPeOYIOT
Oosiee TPaMOTHOTO MOJAXO0JA K MCIOJIb30BAHUIO PUPOIHBIX PECYPCOB U pa3pa-
060Tke 2HEProdPHEKTUBHBIX TEXHOJOTHH, 00ECHeUNBAIONINX IKOJIOTHIECKYIO
0e3omacHOCTh. B 5TOM KOHTEKCTe MPUMEHEHHE CHIIBHBIX 3JEKTPHUECKUX MOJIEH
JUI PEIeHHsT MHOTHX JKOJIOTMYECKUX 3a]ad BBI3BIBACT y YUEHBIX OTPOMHBIN
naTepec [1-3]. MeTozp!l 35eKTpoHHOM 00pabOTKH B OTIIMYHE OT CYIIECTBYIOIINX
MCXaHUYCCKUX, XUMHUYCCKHUX N TEMIICPATYPHBIX METOAOB OTJIMYAIOTCA cBOEH
3¢ PEKTHBHOCTHIO, YKOJOTHYECKONH 0€30MacHOCTHI0O M MaKCHMaJIbHBIM IPHJIIO-
YKEHHEM PHEpPrHH UCTOYHHWKA B aKTUBAIMOHHBIE TIporiecchl [4—7]. B aToif cBs3m
MOXHO OTMETHUTH pa6OTI>I 110 UCCJIICAJOBAHHIO BO3I[CI71CTBI/I$[ CUJIBHBIX HUMITYJIBC-
HBIX 3JICKTPHUYECKUX TOJIeH Ha passIndHble CpeAbl M pa3paboTke Ooiee 3Hep-
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ro3((HheKTUBHBIX TEXHOJIOTHH, 00ECTIEYNBAIONINX SKOJOTHIECKYI0 O€301acCHOCTh
Y HAIIPaBJICHHBIX Ha MAaKCHMAaJbHOE IMPWJIOKEHUE SJIEKTPOMArHUTHOI 3HEpruu
Ha Harpy3ke. PabOTBI 10 BBICOKOYACTOTHOW 3JIEKTPOUMITYJIHCHOW OYMCTKE TO-
MOYHBIX TA30B BPEIHBIX XUMHUYECKUX M METAJUTypPTrHYECKUX TPOM3BOICTB, 00e3-
3apa)XMBaHMIO MIHUTHEBOM M CTOYHBIX BOJ, ITUIIEBHIX MPOAYKTOB H T. 1. JE€MOH-
CTpUPYIOT 3((GEKTHBHOCTh NMPUMEHCHHUS JAaHHBIX TEXHOJOTHU ISl PEICHUS
pa3IMUHBIX dKoormdeckux 3amad [8—12]. Hdms moctmxeHus O6oiee 3 peKTHB-
HOTO NIPHWJIOKEHHNS SHEPTUH Ha Harpy3Ke U COOMIOCHUS BCeX Mep 0€30I1acHOCTH
B pabore 000pypoBaHUs TPEOYHOTCS 0053aTENIbHOES COTVIACOBAHHME M Y4YeT BCEX
B3aMMOBIIUSIOLINX MTAPAMETPOB BHICOKOBOJIBTHON YCTaHOBKH.

JlaHHas CTaThs MOCBAIICHA METOaM Pa3pabOTKH BEICOKOBOJIBTHBIX HMITYIIb-
CHBIX YCTAaHOBOK Pa3IMYHOT0 Ha3HAYEHUs C COOIIOJCHUEM IMPaBMI OE30IacHO-
CTH TIPH MX SKCIUTyaTaIHH.

MeTtoauka 3KCNIEPUMEHTOB U 00Cy:KIeHHe pe3yJbTATOB

BaxHBIM 371€MEHTOM JIF000H BBICOKOBOJIBTHON WMITYJIBCHOW YCTAaHOBKHU SIB-
JIeTCsl TeHEepaTop UMITYJIbCHBIX HampsbkeHU. B paccMaTpuBaeMoMm citydae pas-
paboTaHbl MEKPOCEKYH/IHBIM T€HEPaTOp ¢ BBIXOAHBIM HampsokeHueM 40 kB ans
ANEKTPOHHON 00paOOTKM MUTHEBOW M CTOYHBIX BOJ W HAHOCEKYHIHBIM reHepa-
Top Ha 100 kB gms oOe3zapaXMBaHUS TEKYYMX MHIIEBBIX NPOIYKTOB
W TPOJUICHUs] CPOKOB MX XpaHeHHUs. B 3aBHCMMOCTH OT Ha3Ha4YeHHUsI 00pabaThI-
BaeMOU cpenbl U €€ IEKTPOPUINIECKUX ITapaMeTPOB MPEII0KEHBI pPa3THIHbIC

BapHaHTBl KOHCTPYKLMH OBIIEKTPOJHOM CHCTEMBI «CTEPKEHb — IUTOCKOCTDHY
U «IUIOCKOCTh — IUIOCKOCTB» Ui oOecriedeHus: HEOOXOAMMBIX YCIIOBH 00-
paboTKH.

st 00e33apaXBaHusl TUTHEBOH M CTOYHBIX BOJ OT COAEPKAIIUXCS B HUX
MaTOreHHBIX MHUKPOOPTaHW3MOB BBIOpANM DIEKTPOJTHYIO CHCTEMY «CTep-
XKEHb — IUIOCKOCTh», 00ECTICUNBAIOLIYIO PE3KO HEOIHOPOAHOE T0JIE B MEKIJIEK-
TpogHOM mpomexkyTke. [Ipu pa3zpaboTke UMIYJIBCHOTO reHepaTopa yYUTHIBa-
JIUCh TEOMETPUYECKUE pa3Mephl Pa3paIHON KaMephl, TOTEHIIMAIBLHOTO 3JIEKTPO-
71a, MEXDJIEKTPOJHOTO NPOCTPAHCTBA, (pU3ndecKkue napaMmeTpsl paspsaaHbIX Mpo-
1eccoB (BpeMs 3ama3fbIBaHUs, CKOPOCTb PAaCHpPOCTPAaHEHHs JHIEPOB U T. 1.)
U ANEeKTPOU3NIECKUE XapaKTEPUCTHKH 00padaThiBaeMOl Cpelbl C COIepiKa-
LIIMMHUCSL B HUX MHKpoopranu3Mamu. B oOpabaTsiBaeMoil cpene mpu Bo3AcH-
CTBUH CHJIBHBIX AJIEKTPUUECKUX UMITYJIBCHBIX MOJIEH B 3aBUCUMOCTH OT aMILIH-
Ty[Abl HANPSDKEHUS TIPHU JAHHON KOHCTPYKLIMHU 3JIEKTPOIHON CHCTEMBI NMPOTEKa-
0T Kak TEIJIOBBIE, TaK W DJEKTPUYECKHE MPOIECCHI, CONPOBOXKIAIOLINECS
BCKUIIAaHUEM JKUIKOCTH, 00pa30BaHUEM I'a30BbIX BKIIOUCHHUH U JIMJECPHBIX KaHa-
JIOB BBICOKOH NPOBOAMMOCTH C 3JIEKTporuapasiandeckuM d¢dexrom. Monusa-
LIUOHHBIC U (POTOMOHM3ALMOHHBIE MPOIIECCH B Fa30BBIX BKJIIOYCHUSAX NPUBOIAT
K (GOpPMHUPOBaHUIO yIbTPa(HOIETOBOIO U3JIyUCHHUS U AKTUBHBIX NIPOAYKTOB pa3-
psina, pacIIMPEHUIO U CXJIONbBIBAHUIO Fa30BbIX BKIOYEHUH, MEXaHUUECKUX BOJIH
CXKaTHsl, KOTOPBIE B COBOKYITHOCTH I'YOUTEIIBHO BIUSIIOT Ha JKU3HEACATETEHOCTD
MATOr€HHBIX MHMKPOOPIaHM3MOB, COAEPKAIIMXCS B BOOHOW cpene. Bnusaue
MOJISIPHOCTH HANPSDKEHUS Ha (U3UUECKUE MPOLECCHl U XapaKTepU3YIOIIUE UX
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napameTpsl (BpeMsl 3ana3ibIBaHus, CKOPOCTh paclpOCTPaHEHUs JIUAEPOB U T. 1.)
CWJIBHO CKa3bIBae€TCS IPU MAIbIX aMIUIMTYAaX BO3JEIHCTBYIOILErO Hampsbke-
Hus (Menee 25 kB). OTMetum, 4TO MpH OTPULATEIBHOW MOJSIPHOCTH HampsbKe-
HUSl YMEHBIICHHE BPEMEHH 3alla3/bIBaHUS BBIPAXKEHO Oojiee pe3Ko, YeM IpH
MOJIOXKUTENbHON MoJsipHOCTH. C yBEJIMYEHUEM aMIUIMTYAbI HampspkeHus (6o-
nee 25 kB) ero moispHOCTP Ha MOTEHLUANTBHOM JJIEKTPOJE MPAKTHUYECKU HE
BIMSET Ha paspsAHble MPOLEcCh B MpoMexyTke. OQHAKO CleAyeT OTMETHTH,
YTO B TEXHOJOTHYECKHX YCTaHOBKax sl Ooliee 3((EKTHBHOTO MPUIOKECHHS
SHEPTUU MCTOYHHKA Ha Harpyske IeJIecoO0pa3HO HCIMOJIb30BATh MOJI0KUTEINb-
HYIO MOJISIPHOCTh HANPsDKEHMS Ha MOTEHLMaIbHOM 3JekTpose. [Ipu sTom Benen-
CTBHE YBEIMYCHUS HANPSHKCHHOCTH IIOJS B MNPOMEXYTKE IPH IPOIBHIKE-
HUU JUIEPOB K MPOTUBOIOIOKHOMY 3JIEKTPOAY UX CKOPOCTh JOCTHUTAaeT MaKCH-
ManbHO BemauHbl ~10° cM/C, B pe3ysIbTaTe Yero paspsHbI MPOLECC 3aBep-
LIAETCSl MCKPOBBIM IPOOOEM IPOMEKYTKa M 00pa3oBaHHMEM MOINHBIX yJap-
HBIX BOJIH.

Jinst 00pabOTKM TEKy4MX MHILIEBBIX NIPOAYKTOB IIPEIJIOKEHA 3JIEKTPOAHAsS
CHCTEMa «IJIOCKOCTh — IUIOCKOCTB». JlaHHash KOHCTPYKLHMSI TPEAOTBpAILacT
(hopMHpOBaHUE B MEKAIEKTPOJAHOM MPOCTPAHCTBE HCKPOBBIX KAHAJIOB, MOSIBIIE-
HHE KOTOPBIX HEXENaTeNbHO Hpu 00€33apaXKMBAHUM IUINEBBIX IPOIYKTOB.
B kadecTBe MCTOYHHKA SHEPTUU IPUMEHSUICS pa3pabOTaHHBIA AaBTOpaMU Ha-
HOCEKYHIHBIH TeHepaTop HUMIIYJIbCOB C MakcHMalbHOW amrmumutyzoi 100 kB.
O6paboTKy MPOAYKTOB MOKHO BECTH B HECKOJNBKMX PEKHUMAax: MPOTOYHOM H
CTallMOHApHOM (B IMAJIEKTPUUECKUX Tapax). B mocnennem ciyuae mpu paspa-
00TKEe TIeHepaTopa AOJDKHBI TAKXKE YUUTHIBATHCS pa3Mephl U CBOMCTBA IUAJICK-
TPUYECKON Tapbl. DIEKTpOHHas 00paboTKa MHUIIEBBIX MPOAYKTOB MPHUBOIUT
K YJIyYIIEHUIO UX OPTaHOJENTHYECKUX CBOWCTB MPH YCIOBHH COXPAaHEHHS IH-
IIEBOM M OHMONOrMYecKO HEHHOCTH. B kadecTBe OOBEKTOB HCCIEIOBAaHUIM
WCIIONB30BAJIM 00pa3lbl CTOJOBBIX M JECEPTHBIX BUH, AKCTPAKTHI S0JIOUHOTO,
CJIMBOBOTO COKOB M MOJIOUHOKMCIBIX H3AEIMHA. B pesynpraTe 3KCcIepUMEHTOB
BBISIBJICHO, YTO C YMEHBIIEHHEM Pa3MepOB KJIETOK MHKPOOPraHM3MOB II€JIECO-
oOpa3Hee BO3JEHCTBOBaTh HA HHUX HMMITyJbCaMU ¢ Ooyiee KOPOTKAM (POHTOM
(HaHOCEKYyHIHOTO nuana3oHa). Takoe BO3AEUCTBHE MO3BOJIIET BBICOKOYACTOT-
HBIM 3JIEKTPOMAarHUTHBIM IIOJISIM IPOHMKATh HEIOCPEACTBEHHO B SIIPO KIETKH
1 MHAaKTUBUPOBATH €€ AaJbHEHIIee BOCIPOU3BOACTBO.

[Ipu pa3paboTke BBHICOKOBOJIBTHBIX YCTAHOBOK TE€XHOJOTHMYECKOTO Ha3Haye-
HUSl HEMAJIOBAKHYIO POJIb UTpaeT odecriedeHne Mep 0e30macHOCTH Mpu padoTe
00OpYZOBaHHA BBICOKOTO HampsHKCHUs. Bo3HMKaiomme BO BpeMsl TeHepa-
U BBICOKOBOJIBTHBIX HMITYJIBCOB JJICKTPOMATHUTHBIC IIOJIA B OKpPYXKaroIleM
MIPOCTPAHCTBE CO3JAI0T 3HAYMTENIbHBIE IIOMEXHM M MOTYT HPHUBOAUTH K COOSIM
B paboTe paJno3IeKTPOHHBIX YCTpOHCTB. Korna peub uaer o TeXHOIOTUYeCKOH
BBICOKOBOJIFTHOH HMMITYJIbCHON YCTaHOBKE, TPeOOBaHUs MO 3JICKTPOMArHUTHOM
3alIUTe NEPCOHANA M MOMEXO3aIUILEHHOCTH Pa3InYHbIX YCTPOICTB pe3KO BO3-
pacTaroT. 3To O0YCIOBIIEHO TEM, YTO, BO-TIEPBBIX, OOCITYKUBAIOIIUI TIEPCOHAI,
CpeACTBa M3MEPEHUs, KOHTPOJS U YHPABJICHHUS CAaMOM YCTAaHOBKM HaXOISTCS
B HETIOCPEACTBEHHOM OJM30CTH OT UCTOYHHKA 3JIEKTPOMArHUTHBIX IOJIEH, PE3KO
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BO3pACTaeT YacTOTA IOCHIIOK MMITYJIBCOB, T. €. YBEIHMYMBACTCS CPEIHSS MOII-
HOCTb M3JTy4eHHH. BO-BTOPBIX, TEXHOJIIOTHYECKAs! YCTAHOBKA HE JOJDKHA OKa3bl-
BaTh BIMSHUS Ha paOOTy JPYTUX PainO3IEeKTPOHHBIX YCTPONCTB, HAXOASIIUXCS
nobnm3octu ot Hee. [loaTomMy mpu pa3paboTke TEXHOIOTHYECKOI BHICOKOBOJIBT-
HOM HMITyJIbCHOH YCTQHOBKH HEOOXOAMMO PELINTh 33Jady 3aIIUThI 0OCITYXKH-
BAIOLIETO TIepCOHAIa U PAJHOAIEKTPOHHBIX YCTPOHUCTB OT BOSHUKAIOLIHNX MPH UX
paboTe 37eKTpoMarHUTHBIX moinei (puc. 1). IlpuMeHnTEN HO K CI1a00TOYHBIM
HHU3KOBOJIBTHBIM PAMO3JIEKTPOHHBIM yCTPOHCTBAM TaKyl0 3afady pemaioT
¢ TOMOIIIbI0 MeHOro 3kpaHa [13]. [Ipuyem skpaHUpOBKa OYJET MOJHOM, €Ciu
BBIOpaTh COOTBETCTBYIOIIYIO TOJIIIMHY CTEHOK 9KpaHa, a caM JKpaH 3arasThb.
Hcnonp30Banne MogoOHOr0 dKpaHa B pacCMaTPUBAEMOM CiIydae HEyJOOHO, Tak
KaK 9KpaH JIOJDKEH OBITh Pa3beMHBIM ISl 00ecTieueHHs TOCTyIa KO BCeM dlie-
MEHTaM YCTQHOBKHM B TIPOILIECCE DKCIUTyaTalluH, HE CIMIIKOM MAaCCHBHBIM IPHU
XapaKkTepHOM JHHEWHOM pa3mepe 1 M. Kpome Toro, mpuMeHeHHe Meau MpUBO-
JIAT K YIOPOKaHUIO YCTaHOBKH.

1600 Mm

BLICOKOBOJILTHAS HU3KOBOJILTHASL
YACTH YCTAHOBKH YACTh YCTAHOBKH
BBICOKOBOIBTHBIH Paspsanuas uens, fenureny 1
§ TpaHcopmaTop, HAIpPSDKeHUSL,
=4 BBITIPAMHTE]Ib, TEHEpaTop H3MEpPHTE/IBHA .
= HMITYIBCHBIX anaparypa 600 nm
—>

na[lpm}ceuui& Ha
SMKOCTHBIX HAKOITHTRJIAX
DHEPruH ¢ HCKPOBEIMH
pa'&pnr(nmcaun,

paspsiiHas Kamepa

o — ¥ CranpHOH 5Kpan

Puc. 1. CxemaTndeckoe N300pa’keHNEe BEICOKOBOJIBTHOW UMITYJILCHON YCTAaHOBKH
TEXHOJIOTMYECKOTO Ha3HAUYEHHUS C YKa3aHUEM 3JIeKTPOMArHUTHBIX TIOMEX
Ha Pa3HBIX PACCTOSIHUSX OT UCTOYHMKA: 1—3 — TOUKH 3aMePOB AEKTPOMATHUTHBIX MOJIeH
Fig. 1. Diagrammatic representation of the high-voltage pulse installation of technological purpose
with indication of electromagnetic interference at different distances from the source:
1-3 — measurement points of the electromagnetic fields

C yuetom pexkomeHmauuii [14] mis paccMatpuBaeMoll yCTaHOBKH pa3pado-
TaNX ¥ BBIMOJHUIN Pa3beMHBIN CIUIOIIHON (3aMKHYTHIA TalbBaHUYECKH) IKpaH
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13 TOHKOJIUCTOBOTO JIYKEHOro >keyie3a. sl yMEHbIIEHUs IUIOLIaIu 3KpaHa
U ero radapuToB, a TaKkxKe IS YIYyUYIICHHUS SKCIUTyaTallHOHHBIX XapaKTEPHUCTHK
ycTaHOBKa Oblla mepekoMmrnoHoBaHa [15]. «JIuHelHBI» BapuaHT TreHepaTopa
WUMIIYJIbCOB, TZI€¢ KOHJICHCATOPBHI, pa3psOHUKH M Harpyska (pabouas kamepa)
pacnojaraiuch Ipyr 3a APYyroM BJOJIb MPSIMON JTMHUM — HaNpaBJIeHMs, 110 KOTO-
poMy DBHeprus nepeaBajach OT IEpBOTO HAKOMUTENBHOIO KOHAEHCaTopa
B Harpysky, ObUI peoOpa3oBaH B «3TaKEPOUHBIH», 1€ KOHACHCATOPHl U pas-
PAOHUKH PACMOIOXKEHbI Apyr Haa ApyroM. Ilpu stom B 1,5 paza ymeHblIniCs
00beM, 3aHMMaeMblil 3eMeHTamMu reieparopa. Kpome toro, obserduncs octyn
K HCKPOBBIM BO3IYIIHBIM pa3psiiHUKaM Uil OCMOTpa, OOCIY)XHBaHHS U Iie-
PECTPOMKH, IOCKOJIBKY BCE Pa3pSIHUKH COCPENOTOYEHBI C OJHOH CTOPOHBI
reHeparopa.

OCHOBOI M3rOTOBIIEHHOT'O 3KpaHa CIY>KWJI CBapHOM KapKac M3 CTaJbHOIO
yrosika 32x32 mm rabaputamu 1600x1400x1000 mm. Kapkac oOmut (kpome
HIDKHEH TJIOCKOCTH) COSAMHEHHBIMU T'aJIbBAHWYECKU MOJIOCAMH JIYKEHOTO JKe-
ne3a mupuHOM 320 MM u TommmHOM 0,3 MM. 'agpBaHWYECKOE COCTUHCHUE
nojioc  o0ecreynBanoch OTOOPTOBKOM M Pa3BajbIIOBKOW IO KpasM TMOJOC.
[Tonmy4yeHHBIN KOXYX OIIEBaJd HA KapKac IOJACTABKH YCTAHOBKHU M COCIUHSIH
C HUM BUHTaMu M35, pa3MeLIEHHbIMU 110 NEpUMETPY Kapkaca ¢ marom 150 mm.
Co croponbl paboueil kKaMmepsl (U1 yI00CTBa IKCILTyaTallui) B KOKYX€E BBIIIOJI-
HeHa JBeph (Takke OOLIMTa JIy)KeHbIM Xene3oM) pazmepamu 880x1000 mm.
JIBepp moBopauuBaeTcsi Ha METISX C BO3MOXKHOCTBIO IUIOTHOTO NPHXKATHS 0
CO3/1aHHA TalbBAaHMYECKOTO KOHTAKTa 10 BCEMY CBOEMY MEPUMETPY K KOXKYXY
YCTaHOBKHM IPH MTOMOUIM YETHIPEX 3aKMMOB C HCIIOJIB30BaHHUEM Pe3b0OBBIX CO-
€IMHECHUI «IIMuJIbKa — raiika». [loacTaBka yCTaHOBKH, /i€ pa3MelleHa HU3KO-
BOJIBTHASI CUJIOBAs 4aCTh, TAKXKE OOLIUTA JIyXKECHBIM KEJIE30M 10 110JIa [0 BCEMY
nepuMeTpy Kapkaca. BBICOKOBOJIBTHBII BBIBOJ MHTAIOIIEIO TpaHC(opMaTo-
pa TBO-140 Toxxe umeeT BBHINOIHEHHBIN U3 JY)KEHOTO kKele3a 3aMKHYTBIH KO-
KyX, TaIbBaHUUECKU COCTMHEHHBIN M0 MEPUMETPY € KPBIIIKOH TpaHcdopmaTo-
pa U ¢ KOXyXOoM reHeparopa. HuzkoBoJbTHBIE BBIBOABI TpaHchopmaropa 3a-
KPBITBl OTHEJNBHBIM KOXYyXOM. TakuM o0pa3oM, Bce HKPaHUPYIOLIUE U 3alIHT-
HbI€ KOXYXH YCTaHOBKHM COEIMHEHBl TaJlbBAaHUYECKH U 3a3eMJieHbl. 1o ecTh
BBICOKOBOJITHAS! MMITYJIbCHAsI YCTaHOBKAa cTaja MOJHOCTBIO 3JIeKTpobesomnac-
HOM MpU MEHBLIEH 3aHUMAaeMO MPOU3BOJCTBEHHOMN IUJIOLIANN, TAK KaK OTMalia
HEOO0XOIUMOCTD B 3aIIUTHOM OTPaKACHUH.

IIpoBeneHsl M3MepeHus Ui OLEHKU 3JIEKTPOMAarHUTHOro (oHa mpu padore
YCTaHOBKH 0e€3 3allIMTHOTO KpaHa. 3aMephbl YPOBHS AJIEKTPOMArHUTHBIX TIOJICH BBI-
nonHs  TuddepeHIaIbHBIM TaTIMKOM € 4YyBCTBHTENBHOCTHIO 10 MB/(xB/m).
Touku 3aMepoB AIMEKTPOMATHUTHBIX ITOJeW BHIOMpany Ha BbicoTe 1,2 M OT mona:
1 — Ha paccrosamu 0,6 M HanpoTHB aBepH Koxkyxa; 2 1 3 — 0,4 u 1,0 M oT 6GoKOBOI
CTEHKHM yCTaHOBKHU. PaccTosHUS yKa3aHbl OT KpaeB Kapkaca (U3 CTaJIbHBIX yroJ-
KOB), HA KOTOPOM CMOHTHPOBAHBI Y3JIbl YCTAHOBKHU. THUINYHbIE OCHUITIOTPAMMBI
UMITYJIbCOB HANPSHKCHHOCTH B YKA3aHHBIX TOYKaX MpPUBEACHBI Ha puc. 2 ((Puk-
CHUPOBAJI BEPTUKAIBbHYIO COCTABISIOILYI0 Nojst). Mmmynbcel o ¢opme Hamo-
MHHAIOT allepHOANYECKIE UMITYIIbChI B pabodel KaMepe yCTaHOBKH.
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Kakx BumHO w3 puc. 2, HamOoOJbIIAs HAMPSHKEHHOCTH TOJS HaOIOmacTCs
BOJIN3M YCTAaHOBKM B MECTE PACIIOJIOKEHHUS aKTHBHOW YacTH BBICOKOBOJIBTHO-
ro reHepaTopa (BBICOKOBOJIBTHBIC KOHICHCATOPHI M Pa3psSIHUKH). KpuBas 2 —
E =~ 15 xB/M. YpoBeHb 10Js1 CUJIBHO CHMKAETCS MIPH YAAJICHUU OT yCTAaHOBKU
Ha 1,0 m: kpuBas 3 — E =~ 4 kB/M. PazmenieHue ctajabHOTO JIHCTa pasMepamu 2x2 M
TOMMHUHOHK 1,5 MM Mex Ty O0KOBOI 9acThiO KapKaca yCTAHOBKH M TOYKOM M3Me-
peHUsl MPUBOIUT NMPUMEPHO K MATHKPATHOMY YMEHBIICHHIO HANPSKEHHOCTH
nosig. OcumiiorpaMMa UMITYJIbCa HAPSKEHHOCTH B TOYKE 2 7Sl 3TOTO Cilydas
MpeJCTaBlI€Ha Ha pUC. 3, U3 KOTOPOro CIEAYET, YTO MOMHMO YMEHBUICHHSA
aMIUTUTYIBl U3MEHIIACh U (popMa MMITyJIbca — MTOMEXH C anepuoJndYecKor Ha
K0JIe0aTeNbHYIO C CUIIBHBIM 3aTyXaHUEM.

5 xB/m

V\/A
W/

200 He

Sl

{
DEAN

Puc. 2. OcuuniaorpaMMsl 37€KTPOMarHUTHBIX TOMEX Ha Pa3UYHBIX PACCTOSHUIX
OT BBICOKOBOJIbTHOM YCTaHOBKH

Fig. 2. Electromagnetic interference oscillogram at different distances
from the high-voltage installation

B oTcyrcTBHE 3aIMTHOrO 3JEKTPOMArHUTHOIO SKpaHa BOJIU3U YCTaHOBKHU
B paboTe MOJYNPOBOAHUKOBBIX AJIEKTPOHHBIX YCTPOWCTB, HANPHUMEP PETHCT-
PHUPYIOLINX 3IIEKTPOHHBIX OcLuIorpados, HaOmoganuch cpbiBbl, cOon. [Ipas-
13, TI0 MCTEYEHHH HEKOTOPOrO BpeMEHH ()YHKIIMOHHPOBAHHE yCTPOWCTB BOC-
CTaHABIMBAIOCh. Tak ObUIO MpHU CheMKe pabOTbl YCTAaHOBKH BHIIEOKAMEPOIl.
[IpousBectu cbeMky 0e3 cOoeB B paboTe BUAECOKaMEPH! yIaloCh TOIBKO Yepes
TpyOUaTOE OKOIIKO IHAaMETPOM 35 MM TEpPEABM)KHON CTANBHOU IBYXCIOWHOMN
W3MEPUTENFHON KaOWHBI, y/IaJIEHHOH Ha 15 M OT yCTaHOBKH.

Heo6xonumo nmogyepKkHyTh BaKHOCTD BIMSHHUS HA CTOMKOCTH 3JIEKTPOHHBIX
CPEICTB, B TOM YHUCJIE M U3MEPHUTEIbHBIX, K BO3JICHCTBUIO MMITYJIbCHBIX JIEK-
TPOMAarHUTHBIX TIOMEX YacTOTHI cleoBaHUs mocienHux. [Ipu Bozpactanum ya-
ctoT cnegoBanus A0 500 I'm HaGmomaeTcst SIBHBIA KyMYJIATUBHBINA 3G QEKT OT
MIOMEX, MPUBOIAIINN K PE3KOMY CHMKEHHIO CTOMKOCTH 3JIEKTPOHHBIX CPEICTB
Y TaxkKe K TMOBBIIIEHUIO TpeOOBaHUl K KauecTBy 3KpaHupoBaHus. [Ipu ncnomis-
30BaHUM PACCMATPUBAEMOTO 3KPAaHUPYIOIIETO 3AIIUTHOTO KOXKyXa BO BpeMd
paboThl TEXHOJNOTMYECKOW HMMITYJIbCHOM YCTAaHOBKH C YacTOTOW CJEIOBaHUS
uMmiyascoB 500 't He HaOIIOAAIOCH KAKUX-THO0 COOEB MM OTKA30B B (DYHKITHU-
OHHMPOBAHUU TIOJIYIPOBOJHUKOBBIX CPEACTB YIPABICHHUS U 3JIEKTPOHHBIX H3Me-
PUTENBHBIX CPeCTB. TO €CTh M3rOTOBIEHHBIN KOKYX B 9TOM aCIIEKTE ITO3BOJIMI
PEIINTE IOCTaBICHHYIO 337a4y.
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200 ne

Puc. 3. OcuunnorpamMma Hanps)KEHHOCTH 3JIEKTPOMarHUTHOTO TOJsS
MIPY HAJTMYUHU CTAIbHOTO 9KpaHa

Fig. 3. Electromagnetic field strength oscillogram
with presence of a steel shield

B pa3paboTtanHO# ycTaHOBKE B Ka4eCTBE KOMMYTHPYIOIIUX JJIEMEHTOB HC-
MOJIb30BAJIM BO3AYIIHBIE MCKPOBBIE pa3psaHuKU. PaboTa pa3psaHHUKOB compo-
BOXKJAETCS] 3HAYUTEJIbHBIM IIYMOM, KOTOPBIH HECKOJIBKO CHMXAETCs Oyaromapst
HJINYMIO SKPAHUPYIOIETO KoXKyxa. I CHIDKEHMS HIyMOB 10 IOIyCTHUMOTO
YPOBHS BHYTPEHHIOIO TOBEPXHOCTh IKPaHUPYIOIIEro KOKyXa BBICTHJIAIM ILIOT-
HO CTBIKYIOIIUMHCS MEXIY COOOH JMUCTaMU IMOPUCTOrO 3JIEKTPO3BYKOU3OIIS-
LMOHHOTO MaTepHuaia (HampuMep, 3JacTUYHBIM BHHHUIOpPOM Mapku JI) Toi-
muHOM 50 MM. B HIDKHEH 9acTH U B KPBIIIEe SKPaHUPYIOMIET0 KOXKYyXa BBITOITHS-
JIM BEHTWIISILMOHHBIE OTBEPCTHSI B BU/IE JTaOUPUHTOB, BHYTPEHHNE MTOBEPXHOCTH
KOTOPBIX OBLIM MOKPHITHI TAKUM K€ 3JIEKTPO3BYKOU3OJISLIUOHHBIM MaTepHAaIoM.
OTU OTBEpPCTUS CHyXaT IUIsl CO3JAaHMs ECTECTBEHHOI'O BO3IYLIHOTO IIOTOKA
gyepe3 BBICOKOBOJIBTHYIO 4acTh yCTaHOBKH. [Ipy 3TOM BO3AYyLIHBIN MOTOK CHO-
COOCTBYET OXJIQXKICHHIO BJIEKTPOIOB MCKPOBBIX Pa3psTHUKOB U BBIHOCY U3 30-
Hbl KOMMYTAIMH MPOIYKTOB TOPEHUS JEKTPUUECKOro pa3psia U o30Ha. B mpo-
MBILUICHHBIX YCJIOBUSAX VIl MHTCHCU(HUKALWUU IJAHHBIX IPOLECCOB BO3MOXKHO
MOJCOEANHCHNE HIDKHETO BEHTWLSILIMOHHOTO OTBEPCTHUS K BO3AYXOIYBKE,
a BEpPXHEro — K BEHTWISLMOHHOMY X0y 3/1aHUS.

[IpoBeneHo oOcnenoBaHre aKyCTHYECKHX IMOKa3aTedel yctaHoBku. Cormac-
HO TPOTOKOIY 0OCIeNOBaHMs, NMPUMEHEHHbIM Ha YCTAaHOBKE 3BYKOM3OJIILU-
OHHBIH KOXXYX CHIXaeT ypoBeHb 3Byka co 110 ab-A (mpu OTKpBITO# nBEpn)
1o 78 nb-A, uTo MeHbIIe T0MycTUMOro ypoBHs 3ByKa (80 nb-A) mist mponsson-
CTBEHHBIX TIoMeIneHui [16]. OOmuUBKa 3KPaHUPYIOIIETO KOXKYXa U3HYTPHU AJICK-
TPOM3OJISIIIMOHHBIM MaTepHalioM 3aMeTHOW TommuHbl (50 MM) ¢ AMIIEKTpHU-
YECKOH NPOHHULAEMOCTBIO, CYLIECTBEHHO HPEBBIIAIOMIEH AUIIEKTPUUECKYIO
MPOHUIIAEMOCTh BO3/yXa, MPUBOJIUT K JOMOJHUTEIFHOMY YBEITUYEHHUIO 3KpaHU-
pyroiero a¢gdekra [14].

J1J1g OLIeHKM 3JIEKTPOMArHUTHBIX I0JIEH BOKPYT YCTaHOBKH IOCJIE€ PHUMEHE-
HUSL 3aIIUTHOTO KOXYXa HCIOJIb30BAIM ONTO3JIEKTPOHHBIN M3MEPHUTENb Halps-
JKEHHOCTH DJIEKTPUUECKOr0 TOJIs ¢ 4yBCTBHTENbHOCTRIO 10 MB/(B/M). Pe3ynnb-
TaThl H3MepeHui B Toukax | u 3 (puc. 1) mpuBeaeHs B a0 1.
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Tabauya 1
Pe3sysbTaThl H3MepeHUii 371eKTPOMArHUTHBIX I0J1eil

Results of measurements of electromagnetic fields

MakcuMalibHOE 3HaYEeHHE COCTABIIIONIEH AIeKTpUIecKoro o, B/m
Touxa usmepenns I'opusonransnas I'opusonranbHas
Beprukanbnas
MpoJoNbHAS MonepeyHast
C OTKpBITOII JBEPBIO:
Touka 1 450 300 340
To4YKa 3 400 200 260
C 3aKpbITOH JBEPBIO:
Touka 1 250 150 100
TOuKa 3 100 50 75

Kak BuzmHO u3 Tabun. 1, pa3nuuus B ypOBHSIX IMOMEX IPH 3aKPBITOH U OTKPHI-
TON JABEpU KOXKyXa YCTAaHOBKH JiexKaT B mpenenax 1,5-3,5 pasza mis pa3nuyHbIxX
COCTaBIISIIONINX HAMPSKEHHOCTH Moy Takoil pa30poc cBsizaH, BEPOSTHO,
C CYNEepHno3uiueil mosield, BBI3BAHHOM HAJIUYMEM Pa3IUYHbIX METATUTMYECKUX
MTOBEPXHOCTEH B MOMEIIEHHH, T/Ie pa3MeIleHa YCTaHOBKA.

ITo pe3ynbTaTaM M3MEpPEHUI MPU 3aKPHITOM JABEPU KOXKyXa Ha PacCTOSIHUU
2 M OT KOpITyca-KOXKyXa YCTaHOBKHU B JIF0OOYIO CTOPOHY YPOBEHB MOMEX IO JIFO-
00l u3 Tpex coctapistommx He mpesblmaer 40 B/Mm, Ha paccrosiHuM 4 M —
20 B/m, a Ha paccrosHur 10 M OT yCTaHOBKHM YPOBEHb IIOJIE3HOTO CHTHaja
C JIaT4YMKa He MPEeBbIIIaeT YPOBEHb IIYMOB Ha 3KpaHe ocuwiorpada. HMcmons-
30BaHUE AJI KOXKyXa B KaUECTBE MaTepHajla TOHKOJIMCTOBOIO JTyKEHOTO JKene3a
MO3BOJISET 32 CUET €r0 BBICOKOW KOPPO3MOHHON CTOMKOCTH W HEOOJIBIION CTOH-
MOCTH BBITIOTHUTHh KOXXYX TEXHOJOTHMYHBIM, C MAJIBIMH KOHTAKTHBIMH COIIPO-
TUBJICHUSIMH Ha JIOJTHI CPOK CITyKObI (He MeHee HECKOJBKUX JIET) U Hellopo-
ruMm. [Ipu aToM skpaHMpyrolIee NEHCTBUE KOXKyXa YMEHBIIAET HANpPSKEHHOCTD
HUMITYJIbCHBIX 3JIEKTPOMAarHUTHHIX nomex Oosee yem B 100 pa3. Takum oOpasom,
npu paboTe YCTAHOBKH C 3aMKHYTBIM METAJUTMUYECKUM KOXKYXOM — 3JIeKTpoMar-
HUTHBIM 3KpaHOM — YEJIOBEK MOXET HaXOAUTHCSA Ha yAAJICHUM He MeHee 1 M oT
YCTaHOBKHM B TE€UCHHME BCEro pabouero mHs (8 4 HEMpEephIBHO) 0€3 OMAacHOCTH
JUTSL CBOETO 37I0POBBSL.

BBIBO/JIbI

1. PaccMoTpeHsl 0COOCHHOCTH pa3pabOTKH BBICOKOBOJBTHBIX 3JIEKTPOUM-
MYJIBCHBIX YCTAaHOBOK TEXHOJOTMYECKOTO HA3HAYCHUS JUIS SJIEKTPOHHO-HOHHOM
00paboTKu Bojoconepkaumux cpeld. [IpuBeneHbl BapuaHTHl 3JICKTPOIAHBIX CH-
CTEeM W TEHEpPaTopOB HMITYJIbCHBIX HANpsDKEHHH A 0OpaOOTKH MUTHEBOM
U CTOYHBIX BOJ M TEKy4YHMX IHIIEBBIX IPOAYKTOB, OMHUCAHBI OCOOCHHOCTH BO3-
NEUCTBUIl CHIBHBIX 3JEKTPUYECKHX HMITYJIbCHBIX MOJIEH Ha yKa3aHHBIE CPeIbl
1 MIPOTEKAIOIINX B HUX (PU3MYECKHUX MPOLECCOB.

2. BoisiBiieHo, uto nipu 00e33apaKMBaHUU BOJIBI Iieiecoo0pa3Hee MpUMEHSTh
HUMITYJIECBI MUKPOCEKYH/IHOTO JMAala3oHa C 4YacTOTOW CJICJIOBAHHS WMITYJIbCOB
B AecATKu repu. IIporekaromuye npu TakoM BO3ACUCTBUN (PU3UUECKUE TTPOLIECCHI
B 11e71oM 3P PEeKTUBHO BIMSAIOT HA MHAKTUBAILIMOHHBIE POLIECCHI B CPELe.
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3. [lokazaHo, 9TO TEKy4YHe MUIIEBHIC TPOAYKTHI JIydIlle 00pabaThBaTh B CH-
CTEME DJIEKTPOJIOB IUIOCKOCTh — IIOCKOCTB», 00ECTIeUUBAIONIeH OXHOPOIHOE
pacrmpefielieHle TOoJii B MEXKAJIEKTPOJHOM IPOMEXYTKE W TPEMSTCTBYIOIIEH
BO3HHKHOBEHHIO MCKPOBBIX KaHaioB. OmpeaeneHo, 9To A TOCTIKEHHS Oosee
3¢ (HeKTUBHON WHAKTUBAIINH MUIIEBBIX MPOAYKTOB IIeIeco00pa3HO BO3ACHCTBO-
BaTh HA HUX MUMITyJbCAMU HAaHOCEKYHJHOTO JHAaNa30Ha ¢ YaCTOTOH CIeOBaHUS
HMMITyJTECOB B COTHH TepII ISl 00ecTIedeH I IPOHUKHOBEHUS BEICOKOYaCTOTHOTO
MOJISI HETIOCPEJICTBEHHO B PO KJIETKA MHUKPOOPTaHW3Ma M MPHOCTAHOBICHHS
JIaJIbHEWILIET0 €ro BOCIPOU3BO/ICTBA.

4. JleTampsHO paccMOTPEHBI U OMHMCAHBI MEPHI oOecTieueHus] 0e30macHoi pa-
OOTBI BBICOKOBOJIBTHBIX HMITYJTECHBIX YCTAHOBOK IPOMBIIINIEHHOTO Ha3HAYCHHUS,
MCTOJbI UX 3KPAHHUPOBKHU C LCJIbIO NOTAIICHHA BBICOKOYACTOTHBIX J3JICKTpOMAr-
HUTHBIX UMITyJTECHBIX TIOMEX, HEOIArONPUATHO BIUSIONINX Ha 00CITYKHBAIOIITHIA
MepCoHAIL.
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