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CTATUYECKOE 3JIEKTPUUYECTBO
KAK COCTABJISIIOIIASI JJEKTPOMATHUTHOM OBCTAHOBKH
HA BbICOKOBOJIbTHOM 3JEKTPUYECKON MOACTAHIIUA

JIoKT. TexH. Hayk, npod. DYPCAHOB M. U., acn. KPUKCHUH II. B.

benopycckuii nayuonansbhulil mexnuyeckuil yHusepcumen

BricokoBonbTHas snextpudeckas moxactaHims (IIC) — oOBEKT CIIOXKHBIH
W OTBETCTBEHHBIN. OTKa3bl, MOBPEKIACHUS CHIIOBOTO 00OPYAOBaHMUS, TaK K€ KaK
u coon B paboTe BTOPUYHBIX YCTPOMCTB, SIBISIINCH U SIBIAIOTCA NMPUYMHOW OT-
KIIFOYCHHS TIOTpeOuTeNel, HeIOOTITyCKa AIIEKTPOIHEPTHH, HICTOYHUKOM OTIaCHO-
CTH Ul KU3HH U 37I0POBbsI IKCIUTyaTallMOHHOIO NepcoHana. BBUY BBICOKHX
TpeOOBaHMI K HAJEKHOCTH IMMOACTAHIINN HEOOXOIMMO YUYHTHIBATh BCE BIHSIO-
mpie (PakToOpbl, OJTHUM U3 KOTOPBIX SBISETCS SJIEKTPOMArHUTHAS COBMECTHUMOCTD
texuuueckux cpeacts (OMC TC). OMC TC ompenensieTcss [ByMsI COCTaBIISIO-
IIFMH: TIOMEXO0YCTOHYHNBOCTBI0O TEXHUYECKOTO CPENICTBA M OKPYKAIOIIEH dJIeK-
TpoMarHUuTHOU obctaHoBKoi (OMO). DnekTpomMarHuTHast 0OCTaHOBKa XapaKTe-
pu3yeTcs COBOKYIHOCTBIO AJIEKTPOMAarHWTHBIX SIBIEHUI M MPOLECCOB, CpPeau
KOTOPBIX BBIJEISIOT MOJIHUEBBIE BIUSHUS, BIUSHUS TOKOB KOPOTKOTO 3aMBIKa-
HUS M1 KOMMYTalui B BBICOKOBOJIBTHOM CETH, TIp.

B cratbe mpuBeneHbl pe3ysbTaThl UCCIENOBAHUN U aHAIU3a AJIEKTPOCTaTH-
gecknx paspsaaoB (OCP) B ycinoBusx BEICOKOBONBTHON anekTpudeckoit [IC. Hc-
cliefoBaHMsl 0a3upylOTCca Ha pe3ysibTaTax HU3MEPEHHH M PacdyeTOB BEJIMYMHBI
OCP, mpoBefieHHbIX Ha AeicTByrommx anekTpuyeckux [IC u B MCKyCCTBEHHO
CO3/IaHHBIX YCIIOBHSIX. BBITIONHEHO COIOCTABIIEHHE MOIYYCHHBIX Pe3yJIbTaToOB
C pe3ylbTaTaMu APYTHX aBTOPOB, MPOAHATU3UPOBAHBI OCHOBHBIC BIIHSAIOIINE
(hakTopsI.

AKTyajbHOCTh TeMaTukHu. Heo6xomumocts obecnieuennst IMC TC B co-
BPEMEHHOH MevyaTu NoAHUMaNach MHOTO pa3 [1, 2]. Obs3arensHOe obecrieueHue
OMC TC =Ha BBICOKOBOIBTHBIX AekTpuueckux [1C mpenmrcano psjgaoM coBpe-
MEHHBIX HOpMaTUBOB [3-5]. B pa3pese tematuku OMC cTaTU4uecKOe 3JIEKTpU-
YEeCTBO SABJISACTCS OJHUM U3 00s3aTEIbHBIX JUIS U3YUYCHHS BIICHUH. Pe3yiapraTom
BoznetictBust DCP Ha snmekTpoHHBIE TPHOOPHI MOTYT OBITH COOM B pabore 000-
PYIlIOBaHHS, TIOBPEKICHHS OTIEIBHBIX JIEMEHTOB, YXY/IICHHE dKCILTyaTallloH-
HBIX TIOKa3aTelnei. B 1enoM mpobieMa cTaTH4eckoro 3JIeKTPUUECTBa aKTyallbHa
cama 1o cebe, HaIpuMep B MPOMBINIIEHHOCTH, TAe ICP MOTYT IMpUBECTH K BOC-
TUTAMEHEHUIO Pa3NIMYHbIX CYyOCTaHIUH, WM B IPUOOPOCTPOCHHH, TJE B PE3YiIb-
Tate neictBus DCP noBpexnatoTcs pa3IudHbIe 3JIEMEHTHI U YCTPOMCTBA.

Onucanue siBJEHUS CTATHYECKOT0 YeKTpu4ecTBa. Pa3psaasr craTrdecko-
T'0 2JIEKTPUYECTBA OTHOCSTCS K MPUPOIHBIM sIBICHUSIM. [[pUYrHON BO3HUKHOBE-
HUS CTAaTHYECKOTO JIEKTPHUUECTBA MOTYT OBITH MPOIIECCHI ANIEKTPU3AIMH TPEHH-
eM win uHAYKIMH [6]. B ycnousax IIC Hanboiiee BepOsSTHO BO3HUKHOBECHHE
OCP 3a cyer 3JeKTpU3aAlMN TPEHUEM IPHU KOHTAKTE YeJIOBEKa C €ro OO,
CTYJIOM, TTOJIOM, pabounmu npeameramu. [lpu TakoMm mporecce aBa pa3iIndHBIX,
M3HAYAIIbHO HEUTPAIBHBIX Tela COMPHUKACAIOTCA, TPYTCS APYT O IPyra, a IOTOM
paszbenuHstorcs. [Ipu 5ToM OHO TeNo mepeaaeT AMEKTPOHEI IPYTOMY U 3apshKa-
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€TCsl MOJIOKUTEIBHO, a APYToe, MOIYUYUBLIEE 3IEKTPOHBI, — OTpuLaTensHo. Ilo-
JIIPHOCTH M BENMYMHA 3apsII0B 3aBUCAT KaK OT CBOWCTB MaTepuaia: CTPYKTYpBHI,
MMOBEPXHOCTH, AUIIEKTPUIECKON MPOHUIIAEMOCTH, O0BEMHOMN 1 MOBEPXHOCTHOM
MPOBOJIMMOCTH, TaK U OT BHEIIHUX (DAaKTOPOB: pa3Mepa KOHTAKTHOW MOBEPXHO-
CTH, UHTEHCUBHOCTHU TPEHUSI, CUJIBI CXKATHsI, CKOPOCTH pa3BeICHUs, TEMIIEPaTy-
PBI B BIAXXHOCTH BO3myXa [7].

ITo cBoeit cyTH cTaTUyecKOe IEKTPUUYECTBO CBSI3aHO C MPOLIECCAMU BBIPAB-
HUBAHUS 3aps0B MEXAY OTACIBbHBIMHU TBEPABIMH TeJaMH, KUAKHUMHU H Ta3000-
pa3sHBIMH CpelaMH, UMEIOIUMHU Pa3IUYHbBIN dJIEKTPOCTATUYECKUI MOTEHIIHAI.
VYpaBHUBaHNE MOTEHLMAIOB COMPOBOXKIACTCS CKOJNB3SAIIUMHU, KOPOHHBIMU, UC-
KPOBBIMU HJIM TIOJJOOHBIMH MOJIHUSIM Pa3psiIHBIMU SBJICHUSMHU. BO3MOXKHO Tak-
K€ YpaBHHBaHHUE 3aPSIOB 3 CUET IJIEKTPOIPOBOTHOCTH.

ITo cBoum cBoiictBam DCP — mporeccsl BecbMa KpaTKOBPEMEHHBIE, UMEIO-
1ye HeOOJBIION HEPreTHUECKUN ypOBeHb. TOKH B MpoIlecce pa3psjia COCTaB-
JISIOT OT COTEH IMHUKO- 10 HECKOJIBKUX MHUKpOaMIep, a caMm 3apsii — OT 3 HaHo-
10 5 MUKpPOKYJIOH [7]. BMecTe ¢ TeM, HECMOTpsI Ha KpaTKOBPEMEHHOCTb U Ma-
JIOCTh JHEPruM, B pe3ynbraTe Bo3zaelcTBus DCP BepoATHO MOSBICHHE pa3-
JUYHBIX TIPo0JIeM B paboTe AIEKTPOHHBIX TexHudeckux cpenctB (ITC), koto-
pBle MOTYT OBITh KaK OUEBHIHBIMH, IPUBOASIINMH K IMOBPEKICHHIO yCTPOHCT-
Ba, TaK U CKPBITHIMH, KOT/Ia YCTPOHCTBO pabOTaeT, HO ero mapamerpbl yxy/ia-
1oTcs [8].

Bnusane na OTC MokeT OCyIECTBIATHCA KaK 3a CUET TOKa, TaK M Harps-
XKEHHS pa3psoB CTATHUECKOTO 3JieKTpuuecTBa. [lo melcTBHEM HampsKeHHS
BO3MOXKHO pa3pyIleHHe MOBEPXHOCTH KpHUCTaJIa MO0 CKBO3HOW MpoOOH Iu-
aNeKTpuKa. B pesynprare nedcTBUs TOKa Ha IPaHUIE OKCUJ — MOITYHIPOBOJHUK
MOJKET 00pa30oBBIBAThCS 30HA JIOKAJIBHOTO PaCIUIaBICHUS MOJIYNPOBOIHUKOBO-
ro Marepuana, a B OKCuae — 0o0Opa3oBaHHE TOUYEYHOTO OTBEPCTHS THAMETPOM
1o 1 MxMm.

Cpenn Hamboliee paclpoCTpaHEHHBIX M cBiA3aHHBEIX ¢ DCP MexaHmM3MOB
MOKHO BBIJICIMTB: TEIJIOBOH BTOPWYHBIN MPOOOH, pacIjiaBIeHHE MeETallIn3a-
UK, 00beMHBIH TPOOOH, MPOOOH AMAIIEKTPUKA, TOBEPXHOCTHBIA NMPOOOH U Ta-
30BBIN yroBo# pasps. [lepBbie TpU MeXaHU3Ma OINPEEAIOTCS TOKOM paspsijia,
OCTaJIbHBIE TPU — HAIIPSKEHUEM [7].

[peamer m 00bekT HcciaenoBaHusi. B cooTBeTcTBHM C TpeOGOBaHHIMHU
cTaHgapTa [9] “CIBITaTENbHBIH YPOBEHb TEXHHYECKUX CPEACTB OMPEEIISIOT HC-
X0l U3 MPUJIOKEHHOTO HCIBITATEIRHOTO HampspkeHus. [loaTtomy B kauecTBe
HCCIIeyeMOM BeIMUYMHBI MPUHATO HampspkeHue (rmoreHuuan) OCP, Bo3HHKaro-
mee B ycioBusx anexkrpuueckoit I1C. Kpome Toro, uccienoBaHbl 3aBUCUMOCTD
OCP oT BIaXXHOCTH OKPYIKAIOIIETO BO3yXa U (DaKTOPHI, BIUSIONINE HA BEITUYH-
Hy OCP.

B kauecTBe 00BeKTa MCCIIEOBaHUS TMPUHATHI YCIOBHS JIEHCTBYIOMIEH AIIeK-
tpuyeckoil 11C, rae Haubonee BeposTHON MpUUMHON BO3HMKHOBeHHsT DCP sB-
JISETCS ANEeKTPU3aUsl TPEHUEM, BO3HHMKAIOIMIAs MPU X0Ab0E 00CITyKHBAIOIIETO
MepcoHalia B MOMEMIEHUSX 3aKpBITBHIX PacIpeleTuTeNbHbIX ycTporucTB (3PY)
u noMernieHusx peneiHoro mura (PIL[). B mpomecce Xoap0b1 IpH COMPUKOCHO-
BEHHUH TIOJIOIIB 00YBH C HANOJIBHBIM MOKPHITHEM MPOUCXOIUT HakoruieHne JCP,
a pa3psn — MpHu TpUONMKEHUH TIepCOHaNa K 3a3€MJICHHBIM TpeMeTaM, B TOM
gucne k ITC.
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B xauectBe Hambosee BeposTHOH OOYyBH, B KOTOPOH IBIDKETCS 4YEJIOBEK,
MIPpUHUMAETCSI 00YBb C pPE3WHOBOW ITOJOIIBON. XapaKTEPHCTHKH HAIOJIBHO-
IO TOKPBITHA HPUHUMAIOTCS HMCXOAA W3 OCHOBHBIX MecT ycraHoBku OTC:
B 3PV — GetonHbIe moinbl, B momemeHusx PIIl — GeToHHbIe monsl ¢ (anpiimo-
JIOM, TIAPKET, JINHOJIEYM.

Metoauxka uccienosanms. Vccnenoanue BennunHel noreHnuana ICP Te-

na venoBeka U,, BBHIMOTHSIM METOAOM NPSMOTO M3MEPEHHUS MOCPEACTBOM H3-
MepUTeNs mapameTpoB anekTpoctatuueckoro nons WUIIDII-1. BraxnocTts BO3-
ay-
Xa B MOMEIICHUH OMNPEACISUIN IPU MOMOIIM M3MEPHUTEINS BIAKHOCTH BO3IyXa
TKA-TIKM. Ha ocHOBaHHUM MOJYYEHHBIX AAHHBIX PACCUUTAIN HEOIpPE/eNICH-
HOCTh M3MepeHuil. HeoOxomumble Ui pacdera HEONPENEIeHHOCTH U3MEpPEHHI
METPOJIOTHYECKHE XapPaKTEPUCTHKH CPEACTB U3MEPEHNUS IPUBENICHBI B Ta0M. 1.

Tabnuya 1
OCHOBHbIE METPOJIOTHYECKHE XaPAKTEPUCTHKH CPECTB U3MeEpPeHHsI

HaumenoBanue

OcHoBHBIE TPeOOBAHMS U METPOJIOTHIECKUE XapaKTEPUCTUKH
CpPE/ICTBA H3MEPEHUS

Wsmepurens mapaMeTpoB| [[ianason M3MEpeHHs MOTEHIMANA HTEKTPOCTATHUCCKH 3aPAKEHHBIX
NIEKTPOCTATHYECKOTO 10| oGpexToB U,
7151 UTIOTI-1 ot 0,02 mo 10 kB — ¢ KOHEYHBIMM 3HAYCHUSAMHU AHMamna3zoHoB U,
2 n 10 xB npu paccrostauu 10 00beKkTa 2 cM;
or 0,10 1o 50 kB — ¢ KOHEUYHBIMM 3HAYCHUSAMHU aHamna3zoHoB U,
2; 20 n 50 kB npu paccrosiaum 10 oobekra 10 cm.
IIpenen nomyckaeMoi OTHOCUTEIBHON MOTPELIHOCTH U3MEPEHUS IO-
TeHLHama:

i{S +0, 2(3" —1):‘, %, — TpH PacCTOSHUH 10 00beKTa 2 CM;

X

X

i{lo + 0,5(3“ - j:‘, %, — npu paccTossHNA 10 00BekTa 10 cMm,

rae Ux — HU3MEPECHHOC 3HAYCHUEC

KomOunupoBansslii mpu-|/{nama3zoH U3MEpPeHHS OTHOCHUTEIBHOHW BIAXKHOCTH Bo3xyxa oT 10
0op: M3MEpHTENDL TemIe-| o 98 % ¢ morpemHocTso n3meperus +5,0 %.
patypel ¥ OTHOCHTEINb-|/ama3oH u3MepeHus: Temmeparypsl Bo3ayxa oT 0 mo 50 °C c¢ mo-

HOM BJI@XKHOCTH BO3/yXa|rpemmHocThio m3Mepenns +0,5 °C
TKA-IIKM

JJ1 OBBIIEHNST TOYHOCTH PE3yJIbTATOB YHCIIO KaXJbIX MU3MEPEHUH MOTEeH-
nuana DCP tena yemoeka N mpuHUMaNH paBHBIM 5. OOpabOTKY pe3ylbTaToB
n3MepeHni noreHmana SCP mpoBoaAnIN B COOTBETCTBUM ¢ MoJebio [10]

Usn = Us(1 +8U,0), 1)

rae U, — U3MEpPeHHOE 3HAYCHHE DJICKTPOCTATUYECKOrO MOTCHIIMANA Tela 4e-
moBeka, B; oU,, — Bimsromas BenanHa, 00yCIOBIICHHAS TIOTPEITHOCTBIO M3Me-
putens mapameTpoB 3nekTpoctaruyeckoro nons UWIIDI-1 npu usmepeHun
3JIEKTPOCTATHYECKOI'0 TIOTCHIIMANA, O. €.
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Ananu3 BennuuH ¢Gopmyiisl (1) IpoBOAWMIM B COOTBETCTBHU C PEKOMEH/A-
musivu [10], pesynbraTel aHanmu3a HpeAcTaBieHbl B Tabn. 2. Benwuunbl pac-
CMAaTPUBAIN KaK HEKOPPETUPOBAHHBIE.

Tabruya 2
IMapameTps! BesuuuH popmyast (1)

Beanuuna CBOHCTBO U XapaKTepUCTHKA BETUYHHBI

Tun HeonpeneneHHOCTH — A;
BH/| pacpe/iesieH!s] — HOpMaJIbHOE;
3HayeHue oueHkn — U ;

Usu, B CTaHJapTHAs HEONPENEIEHHOCTb — U (Um)

Ilpumeuanue. 3navenus U, u u(ljm) PacCUMTHIBATIN M3 PE3yNIbTaTOB HAOMIO-

JECHUH.
Tun HeonpeneneHHOCTH — B;
BH/] pacpe/iesieH!s] — paBHOMEpPHOE.

3HAYCHHE OIICHKH — SU,m =0;
HHTEPBAJ, B KOTOPOM HAXOAUTCS 3HAYCHHUE BXOMHOM BETHMYHUHBI (£1):

i[0,05+0,002( v,
U

—lﬂ — IIPH PacCTOSIHUHM 10 O0BEKTa 2 CM WIIN

MK

5U,.0.c |+ [0,10 + 0,005{5n

- H — IIPH paccTosiHUHM J10 o0bekTa 10 cm,
mpu 3ToM amana3oH mi3Mmepenus U, — 2000; 10000 B wm U, — 2000; 20000;
50000 B cOOTBETCTBEHHO;

1
CTaHJAPTHAs HeoNpeJeneHHocTh — U(8U, ) =—=

V3
Ipumeuanue. 3nadeHne (r;) HAXOIUIN UCXOIS U3 MPEAEIOB JOMYCKAeMO OTHO-
CHUTEJIHOW MOTPEIIHOCTH M3MEPEHHUs TOTEHIMaa 3apsHKEHHOI0 00BEKTa C IIOMO-
mpio UIIOTII-1.

CpeZ[HI/Ie apI/I(bMeTI/I‘lCCKI/Ie 3HA4YCHUA U3rl 1 CTaHAAapPTHBIC HCONPCACIICHHO-

158

cTu u (Jarm) PE3yJIbTAaTOB H3MepeHI/Iﬁ HaﬁﬂeM nu3 (bOpMyJ'I:
- 1 .
Uanu:_zuanni; I:]‘""’nl; (2)
n1 i=1
u (Jarm ) = 1 nzl(u smi Uanu )2 ' (3)
n(n—-1)43

3a oneHKy u3MepseMoi BennunHbl noreHnuana OCP U - npumem cpennee

apudmernyeckoe 3HaueHne U .,
U m U omu * (4)

KOS(l)(I)I/ILII/IGHTBI YYBCTBUTCIIBHOCTHU C1, C2 NOJYUYUM IPU BBIYHUCIICHUN YaCT-

HBIX IIPOU3BOIHBIX!
Cl = aU = 1’ CZ = aU - = U om " (5)
oU a(3u.,)

jeluiiy

Bxmazast B Heonpeaenaenuocta Uy (U,,), U2(U,,) ompenennm mo ¢popMmyaam:
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u(U,)=cu(U,,); u,(U,)=cu(su,,). (6)

CyMMapHy CTaHIAPTHYIO HEONPEICICHHOCTh NMpH u3MepeHuu U, BbIYUC-
JIMM CJICAYIOIINM 00pa3oM:

U, (U,,)=uZ(U,,)+U2(U,,). ()

Pacmmipennas HeompeneneHHOCTh Tpu u3MepeHun U,, mis kodddurmenTa
oxBata K = 2, 4TO COOTBETCTBYET ypOBHIO 10Bepusi p = 95 %, cocTaBUT

AU3n = kl/lc (Uan ) (8)

HTorosnic BEeIUUNHEI IMOJIYy4YruM B BHUJC pE3yJibTaTa U3MEPCHUA HJHOC/MI/IHYC
pacmipeHHas HEOMPEACICHHOCTb

U,=0,24, (k=2;p=950%). 9)

Beanuunnpl, Bausomue Ha norennuaa ICP. Jlng aHanusa BEIWYUH, KO-
TOpBIC MOTYT BIWATH Ha moTeHmwan DCP, mpoaHamu3upyem aHaTUTHYCCKYIO
3aBUCUMOCTH 13 [4, c. 40], mo3BONSIONIYI0 BRIUUCINTH moTeHIan DCP U, mo
pe3yabpTaTaM KOCBEHHBIX U3MEPEHUMN

16j h s o (_1)m+r|
U = y T(sz ZZ R 2 2 ’ (10)
T amennep|1e BN T [ 2L 20+

\% Il IZ

TJIe jo — IIOTHOCTB TOKA SJIEKTpH3aun, MKA/M%; vs = 1/ps, Cm; yy = 1/py, Cm/M
— yAeJbHbIC TOBEPXHOCTHAS U 00bEMHAs MPOBOJAUMOCTH MaTepHalia MOKPHITHS;
I1, I, h — pa3mepsl TOKPBITHS U €TO TONIIMHA, M.

Ananuz Bxoasmux B popmyny (10) BeIWYHMH MOKA3bIBACT, YTO 3HAYCHUE T10-
Tenuaia DCP 3aBUCUT OT:

e CBOMCTB TPYIINXCS TOBEPXHOCTEH (ITOTHOCTH TOKA DIICKTPU3AINH, YICITh-
HBIE TTPOBOJIUMOCTH);

e TUIOTHOCTH CONPUKOCHOBCHHS TIOBEPXHOCTEH (IJIOTHOCTh TOKA 3JICKTPH3a-
LHH);

e TUIOIIAJW CONPUKOCHOBEHHUS TOBEPXHOCTEH (pa3Mephl MOKPBITUS H €ro
TOJIINHA).

Cpenu mepeMEeHHBIX XapaKTePUCTHK, KOTOPbIe HAauOO0JIee CUIBHO BIIMSIOT HA
Benuuuny notenrmana ICP, psaa uccnenoBaTenael BoIICIACT BIAKHOCTH [6—8].
OT Hee 3aBUCUT 3HAYCHHE YJICIBLHOTO COMPOTUBIICHUS MaTepuaia, KOTOpoe, Kak
BuHO u3 (10), HEMMOCPECTBEHHO BIIMSET HA BEJIMYMHY MTOTECHIHAIA.

M3MeHenne BIaXXHOCTH B IMUPOKUX TIpeeaxX BJICUET H3MECHEHHE YIEITHHOTO
COIIPOTHUBJICHUS Ha HECKOJILKO MOPSIKOB — HATJISAIHO TaKasi 3aBUCUMOCTD IOKa-
3aHa B Tab1. 3 [6, c. 52].

BBumy CHUIBHOTO BIUSHUS BIQXXHOCTUA HA MapaMETpPhl OBEPXHOCTH M, Kak
ciencTBue, Ha 3HaueHue norenuuana ICP, kpome camoit Benuuunsl DCP, mpo-
BEIIEM TaK)Ke U3MEpPEHHE BIKHOCTH.

IKcImepuMeHTAJNbHbIEe HccaenoBanus mnoteHnmuajia JCP Ha BbICOKO-
BOJABLTHBIX JjiekTpudyecknx IIC. M3mepenue noreniuana ICP mposoaunock
ABTOpPaMH I10 BHIMICU3I0KCHHON METOAMKE B paMKax paboT Mo 00CIe0BaHUIO
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3IIEKTPOMAarHUTHOH 0OCTaHOBKM Ha mecTu snekTpuueckux [1C B bemapycu B
nepuon ¢ 2011 no nauyano 2012 r. Uccnenyemblie [1C umenn oTKpbIThIE pacmpe-
IeNMuTeNnbHbIe ycTpoiicTBa Hampsbkermem 110 kB, 3PY 6 (10) kB u mome-

menus PIII.
Tabauya 3
3aBHCHMMOCTD Y/1€JbHOr0 MOBEPXHOCTHOIO COMPOTHBJICHHUS OT BJIAYKHOCTH

VY ienpHOE OBEPXHOCTHOE CONPOTHBIEHHE, OM,
Marepuan HpH BJIAKHOCTH, %

0 100
INonurerpadropaTunen 5,0 - 107 3,6 - 10
Tlomucrupon 5,0 - 107 8,4 - 10™
TonusTunexn 5,0- 108 1,3-10°
Heiinon 10* 38-10°
IlaBneHsIid KBapI 10Y 6,5 - 10%
AMHUHOILIACT 6,0 - 10% 10%
Visrpadapdop 10% 108

Nzmepenus notenuuana OCP nposoamnu B nomerienusx 3PY u PILL. Ilo pe-
3yJabTaTaM 00pabOTKH Pe3yibTaTOB M3MEpPEHUH OblIa MOJydeHa BEIMYHHA T10-
teniuana JCP ¢ yueroMm pacmmpeHHOI HEOIpeIeIeHHOCTH U MTOCTPOCHA 3aBU-
cuMocTh moreHmuana JCP oT BIAXHOCTM W THUMA HANOJIBHOTO ITOKPBITHS
B MTOMETICHHH.

W3mepennsle Bennunnbl noteHnuana DCP B nomemenusx 3PY npuBeneHs
B Ta0u. 4. [loTeHIMAan U3MEpPsUIM Ha YEJIOBEKE B KOXAaHOH OOYBH C PE3MHOBOM
MOJIOIIBOM, MPOXOSIIEM 10 1Moy pacctostHue 10 M.

Tabnuya 4
Beanuyuna norennuana CP B nomemenusix 3PY
Ne OTtHOCUTENIbHAS Bennunna noreHuana +
n/m Obnexr BJIQYKHOCTb, % + paciupeHHas HeoNpeaeIeHHOCTh, B
1 |IIC Ne1,3PY 10 kB 32,9 2852 + 258
2 |TIC Ne2,3PY 10 kB 443 1787 £198
3 |IIC Ne 3,3PY 10 kB 49,6 1455 + 199
4 |TIC Ne 4, 3PY 10 xB 354 2565 + 179
5 |TIC Ne 5,3PY 6 xB 39,4 1989 + 169
6 |IIC Ne 6, 3PY 6 xB 34,7 2444 + 242

[o pesynbraTam JaHHBIX TaOJ. 4 Ha puc. | TIpUBenEHBI 3HAUYCHHUS TOTEHIINA-
nma OCP u COOTBETCTBYIOIINE UM BETHYMHBI BIaXKHOCTH. OTJENbHBIE TOUSUHBIE
W3MEpPEeHHsl anMpOKCUMUPOBAHbI CTAHAAPTHONW CTeNeHHON (YHKUUEH mporpam-

mbl Excel.

3,0
2,8
2,6
2,4
2,2
2,0
1,8
1,6
1,4
1,2

1,0
30 35 40 45 50 55

Hanpsoxenne, kB
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Bnaxuocts, %

Puc. 1. 3aBucumocTs BeanunHbl notennuaia DCP ot BraxxHoctu B momenieHuu 3PY
¢ OCTOHHBIM IOJIOM (TOYKaMH YKa3aHbBI pe3yJIbTaThl K3MEPEHHS Ha OTaenbHbIX [1C;
CIUIOIIHO¥ JIMHKEH — anmpoKCUMUpYommas QyHKIHS)

Nsmepenne BennuuHbl noteHnuana DCP nposoaunu takxke Ha I1C B mome-
menusx PII. HamombHOE MOKPBITHE B HCCIEAYEMBIX TMOMEUIEHUSX OBLIO BHI-
MOJIHEHO B BHJE (anpiumnoia (0eTOHHOE OCHOBaHKE, OTBEPCTHA B KOTOPOM 3a-
KpBIBaJIM CTajbHBIE JUCTHI). [loTeHIMan m3Mepsuii Ha 4eloBeKe B KOXKaHOM
00yBHM C PE3MHOBOW TOJONIBOM, MPOXOJAIIeM Mo Toiy paccrosaue 10 M. Pe-
3yJbTaThl H3MEPEHHUH MPUBEACHBI B Ta0II. 5.

Tabnuya 5
Beauuuna norenmuaia 3CP B nomemenusix PII
Ne OTHOCHTENbHAs Benuuuna norennuana +
1/ Obwexr BJIQXKHOCTb, % + pacuipeHHast HeonpeAeIeHHOCTb, B
1 |IIC Ne 1, PIIT 35,5 2461 + 201
2 |TIC Ne 2, PII] 46,7 1824 + 143
3 |IIC Ne 3, P 44,0 1953 £ 175
4 |TIC Ne 4, PII] 30,2 2642 + 142
5 |IIC Ne 5, PII] 48,6 1402 + 148
6 |IIC Ne 6, PII] 36,0 2179+ 173

[To maunHbIM TabJ1. 5 MOCTPOCH rpaduk Ha puc. 2.
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Puc. 2. 3aBucumocTh BenuunHbl oreHimana ICP ot Bnaxknoctu B noMerennu PII]
¢ ¢anpinonoM (TOUKaMH yKa3aHbl pe3yJIbTaThl U3MEpEHHS Ha OTACIbHBIX [1C;
CIUIOIIHO# JIMHKEH — anmpOKCUMUpYoIasi QyHKIIHS)

H3mepenus norennuana ICP 1j19 HHBIX TUIOB HANOJIbHOIO MOKPBITHA.
B pamkax mpoBOAWMBIX HCCIEHOBAHUI MTOTIOJHUTENBHO H3MEPSIIN MMOTCHIIUAT
OCP Ha yenoBeke NMPHU €ro ABIKEHUH MO JIMHOJIEYMYy M MapKeTy, T. €. 0 TeM
MarepHaiaM, KOTOpble MHOTHIa NMpuMeHstoTes B momemenusx P wmm OITY.
HccnenoBanus nNpoBOAMIN B JKMIIBIX MOMELIEHMSIX, BIaXKHOCTh BO3/AyXa H3Me-
HSUIM ITyTE€M PacIbUIeHHs BOZABI. UemoBeK MpOXOAni MO HCCIETyeMOMY MOKpHI-
tiio 10 M B KokaHOH 0OyBH C pe3MHOBOHM mojomBoi. Kaxxablii sKCiepuMEHT
MOBTOPSUTM HE MEHee MATH pa3. Pe3ynbTaTsl M3MEepeHu pUBeIeHb! B Ta0I. 6, 7
U Ha puc. 3, 4.

Tabnuya 6
Beanuuna norennuana JCP B noMenieHUsIX ¢ JIMHOJIEYMOM
Ne o Bennuunna noreHmuana +
OTHOCUTENbHAS BIAXKHOCTD, %
1/ + pacuipeHHasi HeoNpeAeJIeHHOCTb, B
1 36,7 11587 £ 879
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454 7506 + 574

3 65,6 5623 + 357

[To nanubIM Tabn. 6 MOCTpOeH rpaduk Ha puc. 3.
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Puc. 3. 3aBucuMocTh BeauunHbl moreHana ICP oT BIaKHOCTH B IIOMEIIEHUU
C JINHOJIEYMOM (TOYKAMHU YKa3aHbI Pe3yJIbTAaThl OTACTbHBIX H3MEPCHHIA;
CIUTOIITHOM JTMHUEH — alNPOKCUMHPYIOIIAs (PYHKIIHS)

Tabnuya 7
Beauunna norenumaia JCP B nomMemeHusix ¢ napkeTom
Ne Bennuunna nmoreHmuana +
OTHOCHUTEIbHAS BIAXKHOCTD, %

/i + pacipeHHas HeoNpeaeIeHHOCTh, B

1 27,9 16921 + 2001

45,7 10519 + 1153
3 66,9 7304 £ 739

[To manHBIM Tab1. 7 MOCTpOEH Tpaduk Ha puc. 4.
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Puc. 4. 3aBucuMoCTh BenmnanHBI ToTeHaza JCP oT BIaXXKHOCTH B IOMEIICHUH C TTAPKETOM
(TOuKaMu yKa3aHBI pe3yJIbTaThl OTASNBHBIX H3MEPEHHH; CIUIONIHON JTHHHEH —
anmpoKcuMupyomas QyHKIwHs)

"
*) 3aBucumocTh norennuaga ICP or ma-

CunukoH

Crekno pamMeTpoB mnoBepxHocTeii. Bemmunna OCP,
Mnekcurnac

Hewron A Kak OBLIO CKa3aHOo BBIIIC, CYIICCTBEHHO 3aBU-
Wepctb CUT OT IapaMETPOB SJIEKTPU3YIOLIUXCS Tell
LLlepcTb KOLKK

LWenk Benvunnaa 3apsn0B, BOZHHMKAMOWAs IIPH Tpe-
Llennionosa HUMU [OBYX TCJI, MOXKCT OBITH omnpeaciacHa

Xnonok o

e o no TpubosneKTpudeckoi mkane (puc. 5) [8].
ﬂonwypeTaH IIpu 3TOM mpu TpeHUHW IBYX MAaTE€pPUAIOB TOT
onucTupon

MonMBMHMA U3 HHX, YTO PacCIOJIOKEH B PsAAY BBIIIC, 3apsi-

Tedprion

OnokcuaHasa cmona \4
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Monnatunen
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Puc. 5. TpuboanexTpudeckast mkaia



KaeTCsl TOJOKUTEIILHO M TEM CHJIbHEE, YeM 0oJiee Pa3sHEeCeHbI MaTepHaibl IO
IIKaJe.

Cpenu npouux napaMeTpoB IJIEKTPU3YIOMIMXCS TeNl HanboJiee BaKHBIMU SIB-
JISIFOTCS. UX Y/ACTbHBIC COMPOTHBICHHS, TAK KaK OT WX BEJIMYHHBI 3aBHCUT CKO-
pPOCTh CTEKaHUs 3apsifia W, KaK CJICICTBUC, YPAaBHUBAHMS IOTCHIIMANA. 3aBUCH-
MOCTb YJICIBHOTO 00BEMHOTO COIPOTUBIICHUS OT BHJIa MaTepHasa MpPUBEICHA B
Tabm. 8 [8].

Tabnuya 8
Marepuan VYaenpHOE 00bEMHOE conpoTHBICHUE, OM - M
Beron 6,3-10°
Kcwnoaur 6,3 10°
Acdanbt 10™2-10"
JIunoneym 10°-10"
TTonuBUHWINAEHOBAS TIUTKA 107-10°
TTonuBuHMWIXIOpUIHAS IUIUTKA 10™2-10"
LleMeHTHO-TIECYaHBIH MOJT 2,2 10°
Knunkepsslii kupruy 1,2 -10°
Kepamudeckast miurka 8,8-10°
bepe3oBblil mapker 6,4-10°

CyIecTBeHHYI0 3aBUCHUMOCTE ToTeHnmana JCP oT 00beKTa, MOTydYaroero
3apsl, TMOATBEPKIAIOT TaKKe MaHHBIC WCCIENOBAaHWUU NMPYTUX aBTOpOB [7, 8],
pe3yNbTaThl KOTOPHIX MPHUBECHBI B Ta0M. 9.

Tabnuya 9

OOBEKT (4enoBeK), MOMYYaroUii 3apsas Hanpsokenue, kB
Wnymuit no nojty ¢ MOJMBUHUIXIOPUAHBIM HOKPBITHEM 200-9000
Paboraroniuii 3a BepcTakom 100-3000
Jlepkaruii miacTMacCoByIO CyMKY MEpel BEPCTAKOM 300-7000
3anoNHAIONMI NMPUEeMHBIH OyHKEp aBTOMaTHYECKOTO COPTHPOBOYHOIO
ycTpoicTBa 100-2000
Wnynmii o HEHIOHOBOMY KOBpY 10000-15000
Wpmymmit B 60THHKAX Ha KaydyKOBBIX MOJIOIIBAX 1000
Waymuii mo koBpy B O0THHKAX Ha Kay4yKOBBIX HOAOIIBAX 14000
Waymuit o mony, BEIMOIIEHHOMY IUTUTKOH, B OOTHHKaX Ha KaydyKo-
BBIX IIOJOIIBAX 13000
Waymuii mo nepeBstHHOMY TOTY 800
Cupsaumii Ha pabodeM MecTe 3000

B uccnenoBanusix [4] nmokazana 3aBucuMocTh norenuuana ICP ot xapakre-
PHUCTHUK HAIOJIBHOTO MOKPBITUS U OJCKIBI onieparopa (tadi. 10).

ITo pesynbpTaTaMm HCCIETOBAaHWN aBTOPHI MONYUWIH CIICTYIONTHE 3aBUCUMO-
CTH BEJIWYHUHBI MOTEHIMANIA OT MapaMeTPOB HAIMOJBHOTO TOKPHITUS (yKa3aHbI
MaKCHUMAaJIbHBIE W3 M3MEPCHHBIX 3HAYCHUH IUTIOC PaCHIUPEHHAs] HEOIpeaeieH-
HOCTB):

¢ 2,7 kB — danpmmo;

¢ 3,1 kB — 6eTOHHOE TTOKPHITHE;

e 12,5 kB — nuHoNEYM;
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¢ 18,9 kB — mapkeT, MOKPHITHIN JTAKOM.
[TosrydeHHble pe3ynbTaThl U 3aBUCHUMOCTH MOATBEPKIAOT BBIBOJBI JAPYTHX
aBTOPOB: BEJIMYMHA MMOTEHIIMANA TEM BHIIIE, YeM OOJIbIIE YAECTHbHOE COMPOTHB-

JICHHUC HAIIOJIbHOI'O MOKPLITHUS.
Tabauya 10

XapaKkTepucTuka Hawu6Gonbmmit
MOTEHIHAI
onepaTopa, kB

HaroJIbHOTO MOKPBITHUS OJeXIbI M 00yBH OIepaTopa

CHHTETHYECKOE TOKPHITHE (KOBPOJIHH),
TOKPBITHIN JIAKOM MapKeT CuHTeTHYeCcKas OISk Ia U 00yBb 30,0

CHHTETHYECKOE MOKPBITHE (KOBPOJIKH), | CHHTETHYECKAsT OACKAA W KOXKaHas
HOKPBITBIH JTAKOM IapKeT 00yBb 30,0

OOBI4HBIH (BUHHUIIOBBIH) JIMHOIEYM CuHTeTnueckas o1k a 1 00yBb 15,0

ToxonpoBo syl (OSTOHHBII) 1O

WJIM aHTUCTATHYECKHUN JINHOIEYM CunTeTnueckas oexaa u 00yBb 12,0
OOBbIYHBIH (BUHUIOBBIH) JTUHOJIEYM CuHTeTHYeCKass OJeKIa W KO)KaHas

00yBb 8,0
TokonpoBosmuii (0eTOHHBIIT) O CuHTeTH4ecKass OJleKJa U Ko)KaHas
WY QHTUCTaTUYECKUIT JINHOJIEYM 00yBb 6,0

CuHTEeTHYEeCKOE TOKPBITHE (KOBPOJIHH), | XIonmyaToOyMaxKHasi OJekaa U KoxKa-

MOKPBITHIH JTAKOM MapKeT Has 00yBb 4,0
OObIYHBIH (BUHUIOBBIN) JTUHOJIEYM XnomyaroOyMaxkHasi OfEXJAa M KOxa-

Hast 00yBb 2,0
TokompoBonsmuii (0eTOHHBIIT) MO XnonmuaToOymMakHass OOSKIAa W KOXKa-
WIN aHTUCTAaTUYECKUH JIMHOJICYM Hast 00yBb 0,5

3aBucumMocTh nmoteHnuajga ICP ot BaakHocTH. Pe3ynbraTel mpoBescH-
HBIX HMcclenoBanmii (Tabm. 4—7, puc. 1-4) MOKa3bIBAIOT CHIIbHYIO 3aBHCHMOCTE
noreHimana OCP OT BIaXXHOCTH OKpPY)KAIOIIEro Bo3dyxa. Takue ke CyIecT-
BEHHBIE 3aBHCHMOCTH BEIHUYMHBI MoTeHInana JCP oT BIaKHOCTH OTMEYEHBI U
ApYrUMH aBTOpamu (Hampumep, [8]).

Kak BunmHO u3 [8], ¢ yBenmuenueM Biaxuoct B oT 10 10 55 % 3HaueHue
noteHuana DCP ymenbiiaercs B 4—15 pa3. 3asucumoctu noteHuana SCP qis
Pa3IUYHBIX MaTEpUaJIOB OT BIAXXHOCTU NpuUBeAeHbI B [7, 8, 11].

IomexoycTOHYMBOCTH TeXHHUECKHX cpeAcTB. Kak OplT0 OTMEUeHO paHee,
B pesynbrare BosnelictBust DCP B padore OTC MoryT BO3HHKATH Pa3IHMIHEBIC
HapymieHus. s MCKIIIOYeHHs TOSBJICHUS npolieM npH skcrutyaranmu OTC
HEOOXOMMO, YTOOBI MX MMOMEXO0YCTOWYHMBOCTh ObUIA BBINIEC BEITMYMHBI BO3JCH-
cTByromux mnomex. I[lomexoycroituuBocte OTC ompepenseTcss U KiaccH-
¢unMpyeTcs HCXOAs W3 CTENEHH >KECTKOCTH HWCHBITAHUHN (MCHBITaTEIEHOTO
ypoBHs). /laHHBIE TIO WCTBITATENFHBIM ypOBHAM s BenmmunH DCP mpusene-
Hel B [9].

TpeboBanus k ucnbITaTeTbHOMY ypoBHIO OTC ycTaHaBIMBAIOTCS B 3aBUCH-
MOCTH OT OCOOEHHOCTEH WX MPUMEHEHHs, B YACTHOCTH OT JAMAINla30HOB M3MEHe-
HUS BJIQXKHOCTH, 3JIEKTPHU3YIOIIEH CIIOCOOHOCTH MaTepuasioB. HekoTopsie peko-
MEH/IAIMH 110 BEIOOPY MCIBITATEIBHOTO YPOBHS MpUBeieHbI B [9].
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[IpuMeHUTENEHO K BBICOKOBOJIBTHBIM IOJICTAHLMSM, HUCXOIS W3 IPECTaB-
JICHHBIX B CTaTh€ MaTEPUAJIOB, MOXHO 3aKJIIOUHTh:

e B [IOMEIIEHUSX BBICOKOBOJIBTHBIX AneKkTpudeckux 11C ¢ oObraHbIMU OETOH-
HeiMH nostaMu DTC OyaeT momMexoycTOWYMBO, €CIHM €ro MCHBITaTeIbHBIN ypo-
BEHb COCTABJIICT HE MEHEe 2;

e MIpY IPUMEHEHUH B KaueCTBE HAMNOJIBHOTO MOKPBITHS JMHOJIIEyMa WU Nap-
KeTa ucHbITaTesbHbIN ypoBeHb DTC nomkeH ObITh BbINIE 2 U YCTAHABIUBATHCS
HCXOJS W3 JIOTOJHMUTENBHBIX HCCIIEJOBAHMN: aHalu3a W3MEHEHHs BIIaXKHOCTH,
MPUMEHSEMBIX MaTepHaJIOB U UX 3JIEKTPU3YIOIIEH CIOCOOHOCTH.

BbIB O bl

1. Pa3psiapl cTaTHUECKOTO 3JEKTPUYECTBA SBISIOTCS paclpOCTPaHEHHBIM
1 BBICOKOBEPOSTHBIM HCTOYHHUKOM TIOMEX Ha BBICOKOBOJBTHOM JIIEKTPHUECKON
nosctannuu. Hambonee BepOATHOW MPUYMHON TMOSBICHUS AJIEKTPUIECKUX Pa3-
pAA0B B ycnoBusx snekTpuueckoii I1C sBnseTcs anekTpu3anus TpeHHEM.

2. IloTeHnMaM 3NMEKTPUYECKUX Pa3psIoB — MEpEMEHHAs BEUYHMHA, KOTOpas
3aBUCHUT OT psia (PaKTOPOB: MapaMeTPOB TPYLIMXCSI MOBEPXHOCTEH, YCIOBHUI
TPEeHHUsS, BIAKHOCTH OKpY’Karomero Bo3ayxa. CTeneHb BIHSHUSA YKa3aHHBIX
¢daxTopoB Ha noreHuuan ICP sBisieTcss BecbMa CHIBHOM: W3MEHEHUE BIIAXKHO-
ctu B auanasoHe ot 10 mo 55 % Bneuer 3a co0oii u3mMeHeHue noreHnuaina ICP
1o 15 kpar.

3. B yci0BHSAX BBICOKOBOJIBTHOW JIEKTPHYECKON MOJCTAHIIMN B ITOMEIICHH-
SIX 3aKPBITBIX PACHPEAETUTENbHBIX YCTPOHCTB U PEIEHHOr0 IIUTa NP BIAKHO-
ctu He MeHee 20 % Ha Teje mepcoHana, KOTOPBIA XOOUT B KOXKaHOW 00yBH
C PE3UHOBOM IMOJOIIBOM, BO3MOXHO BO3HMKHOBEHME noTeHIana JCP Bennuu-
HoMt 10 3 kB.

4. B cnyyasx mpuMeHEHHS B Ka4eCTBE HAIOJIBHOTO MMOKPHITHS B IIOMEIICHH-
sax ¢ OTC nuHONEeyMa BenMUYMHA MOTEHIMala MOXeT Jocturarh 12 kB, a mpu
MIPIMEHEHUH TTOKPBITOTO JIAaKOM TMapkera — 18 kB.

5. HomexoyctoruuBocts ITC, mpumeHsieMbix B nomemienusx 3PY u PIJ
¢ OETOHHBIM T10JIOM, 00€CTIEYNBAETCS PH HCTIBITATEIFHOM YPOBHE HE MeHee 2.

6. B cinyuyae npuMeHeHus B nomemeHusx ¢ OTC HanmoiabHOrO MOKPHITUS U3
JMHOJIEyMa WM MapKeTa HeoOXoquMasi BeIMUYMHA UCTIBITATEILHOTO YPOBHS OY-
neT Boie 2. HeoOxommMmoe KOHKPETHOE 3HAYEHWE JOJDKHO aHAJIM3HPOBATHCS
JIOTIOJTHUTENIBHO C Y4eTOM JHaria3oHa W3MEHEHHs BIaXXKHOCTH, NMPUMEHSIEMbIX
MaTepUaIoB U BO3MOXXHON BEJIMYMHBI HX JIEKTPH3AIIHH.
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[pencrarnena kadenpoit
3IEKTPUYECKUX CUCTEM IToctynuna 15.05.2012

VJIK 621.311

OIIPEJEJIEHUE BUJIA OJHO®A3ZHOI'O IOBPEXKIEHUS
B BO3JIYIIHBIX PACHPEJIEJIUTEIBHBIX DJJEKTPHUECKUX CETSAX
C U30JIUPOBAHHOM HEMUTPAJIBIO

Kana. tex. nayk, nou. KAJIEHTUOHOK E. B., maructpant MA3YPEK IO. A.

benopyccxuii nayuonanvbhulil mexnuyeckuil yHusepcumen

OnHoda3Hble TOBPEXACHNUS B BO3LYIIHBIX PACIPEACIUTENbHBIX dICKTpUYe-
CKHX ceTsX cocTaBisatoT 10 80 % oT omiero konuvecTsa nmoBpexaeHui [1, 2].

B pacnpenenuTenbHbIX 3IEKTPUUECKUX CETSIX C M30JMPOBAHHOW HEUTPaJIbIO
ogHOo(a3HOE MOBPEXICHUE HE MPUBOIUT K OTKIIOYEHHIO MOTpeOuTeNeH, Io-
CKOJIbKY JIAHHBIM aBapUHHBIA PEKUM Pa0OTHl HE BHI3BIBACT HCKAKCHUS BEITMYH-
HBI MeXy(ha3HbIX HanpsoKeHUH. OJTHAKO TaKOH PesKuM 00JafaeT psAaoM Hegoc-
TaTKOB, TAKHUX KaK:

e 00pa3oBaHue JYTOBBIX NIEPEHANPSDKEHUN B CETH;

e BO3MOXKHOCTB TTPO00S H30JIALIUH;

* BO3MO)XHOCTh BOZHUKHOBEHHUSI IBOMHBIX 3aMbIKaHUI;

e OIIACHOCTBH 3JIEKTPOIIOPAKEHHS IEPCOHAIIA, TIOCTOPOHHUX JIUII U JIP.

Crnenudurka pexkuMOB padOTHl HEUTPaIM M KOHCTPYKTUBHOTO HMCIOIHEHHS
JUHUHR 3nekTponepenaun 6-35 kB He Mo3BoiseT OAHOBPEMEHHO BBISIBUTH I10-
BPEKICHUE U CEJIIEKTUBHO OINPEIENUTh €ro MECTO C MOMOIIBIO CPENICTB pelei-
HOM 3aIUThl ¥ aBTOMaTuKU. Kak mpaBuiio, 3auTa OT OAHO(A3HBIX ITOBPEXKIE-
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