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BBeneHue

Cratnyeckoe 3neKTpu4ecTBo u3BectHo 6onee 2500 neT, HO A0 HeJaBHErO0 BPEMEHU ero BIUSAHWE Ha
YyenoBeyeckylo AeATENbHOCTb ObINO HEe3HAYuTENbHbIM. B npownom cTonmeTuu npupoaa CTaTUYecKoro
anekTpuyecTBa crtana 6oriee MOHATHOW M MOSIBUNACL BO3MOXHOCTb OMMCATb MPUHUMNbLI PasgeneHus u
HakonneHuwe 3apsaaos. HecmoTpst HA 9TO, M3-32 MHOXECTBA B3aUMHO BMUSIIOLMX haKTOPOB TPYAHO B TOW
WNM UHOM CUTyauuum npeaBUAETb MOMSAPHOCTb W BENWYUHY BO3HMKAKOWMX 3apsaoB. Bo  mHorom
aneKkTpocTaTuka BCe eLe 0CTaeTcsl «4epPHOW Marmein», a He HayKomn.

Pa3BuTne COBpEMEHHbIX MaTtepuanoB, OCOGEHHO NOMMMEPOB, M KX MACCOBOE MPUMEHEHWE B
pa3HoobpasHbiX 06nacTaX: AN NOKPbITUA NOJIOB, OTAENKU NOMELLEHUIA, U3rOTOBNEHUA Mebenu, oaexabl 1
NPOAYKLUMU TEXHUYECKOIro NPUMEHEHUS, CAEenarno CTaTU4eckoe 3NeKTPU4ecTBO NOBCEMECTHLIM ABNeHneM. B
psge oTpacned MNPOMbBILUNEHHOCTU, CBA3aHHLIX, HaNpPUMEpP, C MNPOU3BOACTBOM OMEKTPOHWUKM MU C
npoBeeHWeM NpOLIECCOB, B KOTOPbIX ODOpAaLLaloTCA OrHeonacHble Matepuanbl, HenpeaHaMepeHHble WU
HEBUAUMbBIE pa3psbl CTATUYECKOTO JNEKTPUYECTBA NMPUBOAAT K MOsIBNEHWIO Opaka, yTpate HageXHOCTU
Npou3BOAMMON  NPOAYKUUM, BO3HMKHOBEHWUIO MOXApoB U B3pbiBOB. B  nosBceaHEeBHOW  >KU3HU
3MNEeKTPOCTaTMYECKU LIOK AN nepcoHana cran ssneHuem GaHanbHbiM. 3TO NPUBENO K BO3pacTaloLien
noTpebHOCTM NO3HATb TAKME SBNEHUS, U BbIABUTL MaTepuansl, obopyaosaHue u Mepbl, npeaoTepaLlaome
MNU OrPaHUYMBAIOLLIME OMACHbIE W HeXenaTtenbHble MNPOSIBNEHUS CTaTUYeCKOro 3JneKkTpuyecTsa B
XXU3HEAEATENLHOCTU YENOBeEKa.

B HacTrosiLLem cTaHaapTe npeacTaBsieH KpaTkui 0630p BONPOCOB, CBA3AHHbIX C 3NEeKTPOCTaTUKOW,
JalowmMin  nonb3oBaTensaM NpeAcTaBneHuMa O 3a3eMnNeHuM U O NpuHUMNax MeToAOB WU3MEpeHUs W
MPaKTM4EeCKOro NPUMEHEHUs1 Nyonukauun, paspaboTaHHbIX TexHUYeCckum komuteToM TK 101 M3K.



roCT P 63734.1-2014
. . . (M3OK 61340-1:2012)
HAUWOHANBbHBIN CTAHOAPT POCCUUCKOUN OEONEPALUMU

OnekTpocTaTtuka
YacTtb 1
ANEKTPOCTATUYECKUE ABJIEHUA
®usnyeckne OCHOBbLI, NPUKINAAHbIE 334341 U MeTOAbl U3MEPEHUsA

Electrostatics. Part 1. Electrostatic phenomena. Principles and measurements

Dara BBegenunna — 2015-01-01
1 O6nactb NpUMeHeHnA

Hacroawmi craHaapt oTpaxkaeT npuMHUMNManbHble OCHOBbI 3FIEKTPOCTATUMECKUX ABMEHUN, BKMIOYas
reHepupoBaHue, HaKONMEHUEe M YTEUKY 3apsifIoB, a TAKXKe paspsabl CTaTUYECKOro ANeKTPU4ECTBA.

B Hactosiwem ctaHgapTe npeacraBneHo 06006LUeHHOe OonMCaHUe METOA0B U3MepeHUs (Pu3nyecKux
BENWYUH, HAONOAAEMbIX NPU SMNEKTPOCTATUYECKUX SIBNIEHUSIX U XapaKTepU3yloLmX CBOWCTBA MaTepuaros,
OMnuUCaHbl OnacHbie NPOSBNEHUS U NPOONEMbI, CBSI3aHHblE CO CTATUYECKUM SNEKTPUYECTBOM, a TaKke
MPUHUMNB! MX NPEAYNPEeXAeHUA U 3aWwuTbl OT HUX M AaH O00OLWEHHbIn 0030p MONE3HOro NpPUMMEHEHUA
3neKTpocTaTu4eckux apeKTos.

Hacroswmi ctaHaapt npeaHasHadeH Ans UCNonb30oBaHUA nNpu paspaboTke CTaHaapToB, B KOTOPbIX
YUUTBIBAIOTCA 3MEKTPOCTATMYECKUE HABMEHUS, a TaKkKe ANS NPUMEHEHUS B KayeCTBE pyKOBOACTBA
nonbL30BaTensM Takux CTaHAapToB.

2 HopmaTtuBHbIe CCbINKU

B Hacmoswem cmaHdapme ucnonb306aHbl HOPMamMueHble CCbITKU Ha cnedyioujue cmaHOapmbi:

FoCcT IEC 60079-10-1-2011 B3pbieoonacHbie cpedbl. Yacmb 10-1. Knaccudgukauus 30H.
B3spbisoonacHsie 2a3oebie cpedbl

FOCT IEC 60079-10-2-2011 Bs3pbigoonacHbie cpeldbl. Yacmb 10-2. Knaccugpuxkauus 30H.
B3peisoonacHsie nbinesbie cpedbl

FOCT 30804.4.2-2013 (MOK 61000-4-2:2008) Coemecmumocmb  MexHu4eckux cpedcme
anieKmpomagHumHasn. Yemoildqueocmbe K dnekmpocmamuydeckum paspadam. TpebosaHua u memoolbl
ucneimaruli

FOCT P 53734.5.1-2009 (MOK 61340-5-1:2007) 3nexkmpocmamuka. 3awuma 371eKmpOHHbIX
yempolicme om anekmpocmamudeckux seneHull. Obujue mpebosaHus

FOCT P 53734.5.2-2009 (MO3K 61340-5-2:2007) 3nekmpocmamuka. 3awuma 3J1IeKMpPOHHbIX
yempolicme om anekmpocmamuyecKkux seneHull. Pykosodcmeo no npumMeHeHuio

FOCT P 53734.3.1-2013 (M3K 61340-3-1:2006) 3nekmpocmamuka. Yacmp 3-1. MemoObi
modenuposaHuss  ANIeKMpocmMamu4Yeckux  aeneHull. Anekmpocmamudeckull  pa3psd. Modenb
yenoseyeckozo mena (MYT)

FOCT P 53734.3.2-2013 (MO3K 61340-3-2:2006) Onexkmpocmamuka. Yacmp 3-2. MemoObi
modenupoeaHuss  35IEKMPOCMamu4Yeckux  sieneHull. 3nekmpocmamudeckuli  pa3psd.  Modenb
mexaHu4yeckoeo yempolicmea (MM)

M pnmMmedaHMWe-— [-|pI/I nonb30BaHWM HacToALLMM CTaHOapTOM uenecooGpaaHo npoBepUTb AeﬁCTBMe
CCbIJTOYHbIX CTaHAapToB B I/IHqDOpMaLWIOHHOVI cucrteme O6LI46FO Nnonb3oBaHUA — Ha OdDI/IL[VIaJ'[bHOM caiite CDe,qepaanoro
areHTCTBa No TexXHUYeCKOMY perynnupoBaHWio U METPONOrnn no ctaHgaptu3auun B ceTn MHTepHeT unu no exerogHo
n3gaBaemMomy VIHCbOpMaLWIOHHOMy yKasaTento «HaLWIOHaJ'IbeIe CTaH4apTbl», KOTOprVI OI'Iy6J'IVIKOBaH Mo COCTOAHUIO Ha
1 AHBaps TeKyLlero roga, U rno BbINycKaM eXeMeCcsa4yHOro UHPopMaLoHHoro ykasarens «HauumoHanbHble cTaHaapThi»
3a TeKyU.WIVI rog. Ecnn 3aMeHeH cchbinoYHbIn CTaHAapT, Ha KOTOprVI AaHa HefaTupoBaHHaA CChiflka, TO peKOMeHAyeTCA
ncnonb3oBaTb ,qeﬁcnayrou.wro BEpPCUto 3TOro CTaHdapTa ¢ y4eTOM BCeX BHECEHHbIX B JaHHYH BEepCcuto M3MeHeHuin. Ecnn
3aMEHEH CChINTOYHLIRA CTaHAapT, Ha KOTOprI7I AaHa AaTupoBaHHasA CCblfika, TO peKOMEeHAYETCA UCMOoNb3oBaTb BEPCULO
3TOro craHfjapTa € YyKasaHHbIM Bblle FOAOM YTBepxXaeHus (npuHaTus). Ecnu nocrne yTBepxAeHMs HacTosLero
CTaHhapTa B CCbINOYHbIN CTaHdapT, Ha KOTOprI7I AaHa JaTupoBaHHaA CcCblfiKa, BHECEHO U3MEHEeHUe, 3aTparuBarollee
nonoXeHne, Ha KOTOpoOe JaHa CCblfika, TO 3TO NOJIoXKeHUe pekoMeHAyeTCA NPUMEHATh 6e3 yyeTa AaHHOro M3MeHeHus,
Ecnu ccbinoyHblil cTaHAapT OTMeHeH 6e3 3aMeHbl, TO NOonoXeHue, B KOTOPOM flaHa cchlfika Ha Hero, pekoMeHayeTcs
NPUMEHSTb B 4acTW, He 3aTparusaroLleil 3Ty CChINKY.

MU3panue opuumanbHoe
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3 TepMuHbI M onpeaeneHus

B Hacroswem craHagapTe npUMEHeHbl cneaylowme TEPMUHbI C COOTBETCTBYIOLUIMMU ONpeaeneHusIMu:

3.1 anTuctaTMyeckas pobaBka (antistatic additive), antmcratnyeckmin Hanonuutens (antistatic
filler): BewecTtBo, BBOAUMOE unu Ao6aBnsseMoe B LENAX CHUXeHUsi cnocoGHOCTU maTepuana npuobperarb
3apAaa npu KOHTakKTe wunu npu TPEHUU, NOBbLILWEHUA cnocobHocTU K nepemMelleHnio 3apana U CHMXKeHUus
CnocobHOCTK 0ObeKTa yaepXXuBaTh 3apsa NPU KOHTAKTE ¢ 3eMIei.

3.2 aHTucTaTnveckasa obpabotka (antistatic treatment): MNMpouecc 06paboTkn KUAKOCTU UK TBEPAOTO
00beKTa B LENAX CHMKEHNSA CMOCOOHOCTU NpuMobpeTaTh 3apsad NpU KOHTAKTE UMW NPU TPEHUU, NOBLILLEHUS
CNOCOBHOCTM K NEpeMELLEHUIO 3apsaa U CHUXKEHMA CNOCOOHOCTM 00beKTa yaepKuBaTh 3apsj Npu KOHTaKTe
C 3eMnen.

3.3 anTucratuk (antistatic): MaTepuan, cnocobHbIN NPenATCTBOBATb UMM OrPaHUYMBATL
TpUOOINEKTPUHECKYIO 3aPAAKY.

3.4 coeguHeHue nepembiukamu (bonding): JnekTpuyeckoe coeauHeHue AByxX wunu bonee
3MEKTPONPOBOASALLUX OOBEKTOB, CHWXKAIOLLEE PAa3HOCTb MOTEHUMANIOB MEXAY HUMMU A0 HE3HAUUTENMbHOro
YPOBHS.

3.5 npo6on (breakdown): lMoTeps wu3onMpylOWen CPeaon noa BO3AEWCTBUEM INEKTPUYECKOro
Hanps>KeHUs1, No KpanHen Mepe BPEMEHHO, U30NALMOHHBIX CBOWCTB.

3.6 npobuBHoe HanpsikeHue (breakdown voltage): HanpsikeHue, npu KOTOPOM NpoucxoauT Npobon B
NPeayCMOTPEHHbIX YCIIOBUAX UCTIBITAHUA UM NPUMEHEHNS.

3.7 ctekaHme 3apsana (charge decay): HelTpanusauus unv nepeMeLleHre 3apsga B marepuane unu
yepes Hero, COMPOBOXAAIOLWMECA CHWKEHUEM MMOTHOCTU 3apsga wWnuM  noTeHuuana 3apsXeHHOM
NMOBEPXHOCTU.

3.8 Bpemsa cTekaHusa (penakcauuu) 3apaga (charge decay (relaxation) time): Bpems, Tpebyioweecs
ANA CHWKEHWUA 3apaaa OT BEPXHEro YCTAHOBMEHHOIO YPOBHA 40 HUXHErO YCTaHOBMEHHOrO YPOBHS.

MpumeyaHne— HOKHAA YCTAHOBMNEHHLIA YPOBEHb — OAHA AecAtas unu 7/ OT Ha4yanbHOro
3HayeHun (e = 2,718).

3.9 npoBoguMocTb (conductivity): CnocoBHOCTb BeLleCcTBa MNPOBOAUTL JNEKTPUHECKUN TOK,
BbIpaXeHHast B CM-M ™ (CumeHcm™).

3.10 npoBogHuK unu npoBoaAwmn matepman (conductor or conductive material); O6bekT unu
marepuan, obecneunBaloLLuii JOCTaTOMHO BbICOKYIO NPOBOAMMOCTL, MPKU KOTOPOW Pa3HOCTb MOTEHLMArioB
Mexay NoobIMU €ro YacTAMKU NPAKTUYECKN HE3HAYUMBbI.

I punmMmedaHNne— Yacto NPOBOAHUKOM Ha3blBakoT 00BEKT Unu MaTtepuarn, I/IMeIOLL[I/IVI CONpoTUBNEHNE HUXE
onpefeneHHoro ypoBHA, yCTaHOBNEHHOro B CTaHAapTax ANA pa3fIn4HbIX NPUKNaaHbIX 3ajad.

3.11 pacceuBawwmuin martepuan (dissipative material): MaTtepuan, koTopbii obecneumBaet
BO3MOXHOCTb MEpeEMELLEHUs 3apsja Ha MOBEpPXHOCTb W/Mnu 4yepe3d ero obbeM 3a BpeMs, KOTOpPOE
CYLLECTBEHHO MEHbLUE BPEMEHU €r0 3apsDKEHUSI U BPEMEHW, MPUBOASALLEro K npobrnemMam, CBSI3aHHbIM CO
CTaTU4ECKUM AMEKTPUYECTBOM.

5 11
Mpwu™MedaHwue— Yalle Bcero aTo Matepuan, umetolmii conpoTtuenerdmne ot 10 go 10 Om. PasnudHble
CTaHAapTbl MOryT YCTaHaBMUBaTb pasfnyHble 3HaYeHUs1 CONPOTUBMEHUS.

3.12 3a3emnenume (earthing): AnekTpuyeckoe coeguHeHue (B TOM YMCIE NEPEMbIYKOI) NPOBOAHUKA K
o6uen WwuHe 3a3eMneHns Unu K 3aseMnuTenio, rapaHTUpYIOLLee, YTO NOTEeHLMan NPoBOAHMKA M NoTeHUuan
3emMnu OAWHAKOBBI.

3.13 anekTpoctatueckun paspsag I9CP (electrostatic discharge ESD): [MepeHoc 3apsga
HENOCPEeACTBEHHbIM COMPUKOCHOBEHUMEM MMM NPOBOEM MpU pa3HOCTU MNOTEHUMANOB Mexay OOGbeKTOM U
oKpy><atoLLeli ero cpeion Npu HeNoCpPeACTBEHHOM COMPUKOCHOBEHUM Uu Npu npoboe.

3.14 rpynnbl B3pbLIBOONACHbLIX cMmecel (explosion groups): CMecu roprounx rasoB ¢ BO34YXOM
noapasgeneHsl Ha rpynnbl B3pbisoonacHocTu |, A, 1B u lIC, xapakrepu3syiowme nx BOCNIaMeHAEMOCTb.

MpumeyvaHusn

1 — Hanbonee vyBcTBUTENBLHA K B3pbIBY rpynna |IC.

2 — MeTopa knaccudpukaumu no [1] — [3].

3.15 orHeonacHoe BewecTBO (flammable substance): a3, >»xuakocTb, TBEpAOEe BELLECTBO UAU UX
cMecu, cnocobHble K pacnpocTpaHeHulo ropeHus npu 4oCTtato4yHoOM AnA 3a)XkuraHusa B03,£|,el7lCTBVIM UCTOYHUKA
3a)xuraHua.

3.16 noporoBoe HanpsikeHue (hazard threshold voltage): MuHumanbHoe HanpsbkeHue 3apsKeHHOW
€MKOCTH, NPU KOTOPOM MOXKET HACTYyNMUTb NPOABJIEHUE ONACHOCTU CTATUYECKOro anekrpuyecrsea.

2
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3.17 B3pbiBoOnacHble 30Hbl (hazardous area): 30Ha, B KOTOPOW NPUCYTCTBYET WUIIM CYLLUECTBYET
BEPOSATHOCTbL MPUCYTCTBUS OTHEOMACHOTO BELLECTBA B TAKMX KOMMYECTBAX, NMPU KOTOPbIX TPEOYIOTCA Mep:I
npeaynpexaeHns 3axuradus.

MpumMedaHune— OnpeaeneHuns B3pbiBoonacHbIX 30H npusegeHsl B FOCT IEC 60079-10-1 u B FTOCT IEC 60079-
10-2.

3.18 usonAunoHHbIN MaTepuan (insulator): MaTepuan ¢ 04YeHb HU3KOW NOABWXHOCTLIO 3apsiaa, Npu
KOTOPOI 3apsi Ha NOBEPXHOCTU COXPAHAETCA ANUTENBHOE BPEMS.

[l pumMedyaHNnme— COI‘IpI/IKOCHOBeHVIe n3onATopa ¢ yCTp0I7ICTBOM 3a3eMneHnss He obecneynBaeT YTEeuKy
3apaga.

3.19 MUHUManbHasa 3Heprua 3axuranma M33 (minimum ignition energy MIE): HanmeHbliee npu
YCTAHOBIIEHHOW METOAMKE KONTMYECTBO SHEPTUM NPU UCKPOBOM paspsaae eMKOCTU, CMOCOOHOM 3axeyb CMECh
onpeaernieHHOro OrHeEONacHOro Matepuana ¢ BO34yXoM Ui KUCIOPO0M.

3.20 penakcauusa 3apsapa (relaxation of charge): YTeuka unu HelTpanusauus sapsga yepes Teepabin,
XUAKAW MNKM ra3oobpasHbii matepuan, NPUBOAALLAS K CHUXEHUIO SHEPruM U MOBEPXHOCTHOW NNOTHOCTU
3apsiga.

M punMmedyaHune— |_|OTeHLJ'VIaJ'I NOBEPXHOCTU TaKXKe CHUXaeTCA.

3.21 noBepxXHOCTHas NSIOTHOCTb 3apsaaa Os, Kn/m? (surface charge density): CBoOOAHbI 3apsg Ha

eAVHULY nnowaaun TBepaon NOBEPXHOCTU UMW MOBEPXHOCTU XUAKOCTU.

3.22 noBepxHOCTHOE yaernbHoe conpoTtuBneHue Q, OMm (surface resistivity): ConpoTuenexue
Mexay NPOTUBONOMOXHLIMU CTOPOHAMU KBaaparta Ha NOBEPXHOCTU MaTepuana.

3.23 TpuboanekTpuueckoe 3apsbkeHue (triboelectric charging): [Mpouecc anekTpuyeckoro
3apsHKEeHUs, MpU KOTOPOM 3apad reHepupyeTcs Mpu KOHTakTe W nocrneayloleM pasfaeneHun AByX
NMOBEPXHOCTEN, KOTOPble MOryT OblTb TBEPAbIMU, XUAKUMU WU MOBEPXHOCTAMU 4aCTUL, NEPEHOCUMbIX
NMOTOKOM rasa.

3.24 06 beMHasA NNOTHOCTb 3apAAOB Sy, Kn/m® (volume charge density):

CBo6OaHbIN 3apaa Ha eauHULY 06beMa TBEPAOW, XXMAKOW UK razoobpasHoi dassbl.

3.25 o6BbemMHoOe yaenbHoe conpoTuBrieHue Q,0M-M (volume resistivity):

conpomasneHme MEXAY NPOTMBOMONOXHLIMK KBaApaTHEIMU CTOPOHaMM Martepuana B ¢opmMe kyba ¢
o6bemMom 1 M”.

4 OCHOBbI CTaTUYECKOrO 3JIeKTPUYecTBa

4.1 O6wWwme NnonoxeHus

B 0CHOBHOM 3neKkTpocTaTUYeCKue 3apaabl Ha MaTepuane, usgenumu unu obbekTe — aTo pesynbraT:

- MPUKOCHOBEHUSA U TPEHWUS;

- nepeHoca 3apsaa;

- 9NeKTPOCTaTUYECKOW MHAYKLMK;

- nonsipu3auuu;

- nposiBneHus potoadpdexTa;

- NPOSIBNEHMA NUPOINEKTPUYECKOro adpdekTa;

- NPOSABNEHUSA Nbe303NEKTPUYECKOro adpdexra;

- NOHM3auun U aacopbummn NOHOB;

- ANEeKTPOXMMUYECKNX NPOLIECCOB.

OfHaKo, MEepPBUYHLIM MCTOYHWMKOM JMEKTPOCTAaTUYECKOro 3apsaga ssnsetrca TpuboanekrTpuyeckas
3apsbkeHue. Ecnu aBe nepBOHayanbHO HE3apSHKEHHbIX MOBEPXHOCTM MPUBECTU B COMPUKOCHOBEHMUE,
npous3ongeT nepeHoc 3apsiga, obbIMHO, 3TO MPOMCXOAMT Ha obuien pasgensiowen mx rpaduue. Ecnm ras
COAEPXMT B3BELLUEHHbIE TBEPAbIE WAWM XUAKME 4YacTUubl, KOTOPbIE CTAHOBATCA 3apsPKEHHbIMU MNpU
COMPUKOCHOBEHWW W MOCMeAyloleM OTAENEeHUU, TO MOXET MoKa3aTbCA, YTO SMEeKTPOCTaTUYecKu ras
3apsbkeH. [Mpu pasgeneHun Kaxgas MNOBEpPXHOCTb YHOCUT 3apsdbl OAWMHAKOBbIE MO BENUYMHE U
NMPOTUBOMONIOXHbIE MO 3HAKy. [MpoBOAsLUME MMM PACCEUBAOLLME OOBLEKTBI MOMYT CTaTb 3aPSKEHHBLIMM
NOCPEACTBOM WHAYKUMM NOA BO3AENCTBMEM IMNEKTPUYECKOrO MONSA APYrUX 3apsdKEHHbIX OObLEKTOB UMK
NPOBOAHUKOB C BbICOKUM MOTEHUManom. Jloboi OObLeKT MOXeT CTaTb 3apshKeHHbIM, €CMM Ha HeM
aKKyMynUPYIOTCA 3apsXKeHHbIE YaCTULbl UM MOMEKYbI.

OuyeHb BaXXHO WMMETb NpeacTaBneHue 06 3Tux fABneHusax, 4ToObl obecnevuBaTb Haanexailee
BbIMONTHEHUE NPOLEAYP NPOBEPKU U OAHO3HAYHYIO UHTEPNPETALMIO NONyYaeMblX AAHHbIX. 3TO TaKke BaXKHO
Ans BbiGopa anekTpoAoB, 3aluTbl NPUOOPOB ANA M3MEPEHUS TOKa OT HayanbHOro €MKOCTHOrO Ckayka u
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BNUAHUA BPEMEHN WX WHEepUMn Ha pe3ynbTaTtbhl U3MEpEeHus. VIHepUMOHHOCTbL MW3MEPEHUn [OOoJKHa
COOTBETCTBOBaTL TPEOOBAHMAM K NONYYaeMbIM AaHHBIM. [eTanbHble KOMMEHTapUK BKITOYEHbI B ONUCAHUA
OTAENbHLIX METOAOB UCMbLITAHWUIA.

4.2 KoHTaKTHas anekTpusauus

KoHTakTHas anekTpusauusi MOXeT MPOUCXOAUTb NPW B3aMMOAENCTBMM ABYX TBEPAbIX MaTepuanos,
OBYX XXWAKOCTE Unu TBEpAOro MaTepuana u XXUAKocTu. Ynucrtbie rasbl He MOTYT 3apsbkaTb MaTepuarnsl Takum
nytem. Ecnu ras cogepxut TBepable 4acTULbl UMM Kannm >XMAKOCTU BO B3BELUEHHOM COCTOSIHUM, TO OHW
MOTYT 3apSHKaTLCA W TaKON ra3 MOXET HECTU 9TU 3apPSKEHHbIE YaCTULbI.

Ecnn pasnuyarowmeca mexay coGoii TBepable Matepuanbl MNepBOHaYarbHO He 3apsbKeHbl U
HaxoaaTcs noj NOTEHUManoMm 3eMnu, TO MPU CONPUKOCHOBEHUW MEXAY HUMU NPOMCXOAUT nepeaada sapsga
OT OJHOro mMarepuana k agpyroMmy. Korga oHu pasaensioTcs, cBOOOAHbIN MONOXATENBHLIN 3apad — 0CTaeTcs
Ha OAHOW NOBEPXHOCTM, a CBOOOAHbLIN OTPULATENBHbIA 3apsaa Ha Apyrod NMOBepXHOCTU. KonmyecTBeHHO
3apsg BO3pacTaeT C pasMepoMm mnowiagu  COMPUKOCHOBEHUS U BO3AEWCTBYIOLLEro  AaBrfeHus.
JononHuTenLHOe TPeHMe TaKkke yBEenMumMBaeT NnoLwaab KOHTaKTHOrO B3auMO4enCTBUS.

CpaBHUTENbHOE KOMMYECTBO W MONSAPHOCTb  3apsAoB, MONyYyaemblX —Marepuanamu, MOXHO
npeacTasnsATb CNUCKamu, Bbipaxawowmmu TpuboanekTpudeckue pagbl. OxuaaeTcs, 4To marepuan
3apsAaUTCA NONOXUTENbHO NPU B3aUMOAENCTBUM C MaTepuanoM, pacnomnoXeHHbIM B TAKOM psay HUXKE ero,
n oTpuuaTensHO npu B3aMMOAEWNCTBUM C MATEPUANOM, PacnoOXeHHbIM Bbille ero. Hy>XHO OTMEeTUTb, YTO
nonoXxeHwe marepuana B TpuDOIMEKTPUYECKOM PSAAY HE AOCTaTOMHO OnpedenieHHoe, 3aBucslwee ot
yCcnoBsuii ucnbiTaHus. K ToMy >xe, ABa obpasua u3 0AHOIO U TOr0 Xe MaTepuana npu TPEHUU Apyr ¢ APYrom
MOTYT AOBOMbHO CUMbHO 3apsKaThbCs.

MpumMepsbl TPGOINEKT pUHECKUX PSAAOB NpeacTasneHbl B Tabnuue 1.

[iBa conpukacalwmxca npeameTa B3avMHO 3apshkaloTCs 3apsagaMu MPOTUBOMOMOXHBIX 3HAKOB, W
Mexay HUMmu obpasyeTcs anekTpuyeckoe none. MNpu nocnegyowemM Mx pasaeneHun npeoaoneBaeTcs cuna
UX B3aUMHOIO MPUTSDKEHWUA U NUHENHO C YBENUYEeHMEeM PAaCCTOSHWUA MeXOy HUMW BO3pacTaeT pa3HOCTb
noteHumanos. [llpu 3TOM NPOUCXOAMT yTeuyka 3apafoB 4Yepe3 nobble OCTaOLUMECH  y4acTKu
COMPUKOCHOBEHUS pasfensemblX maTepuanos. Y NPOBOAHUKOB pPeKoMOMHaUMA 3apAfoB  haKTUYecku
nonHas HU Ha OAHOM MaTepuane nocrne pasaeneHus 3apsaoB He octaeTcs. Ecnu oguH nnmn ob6a matepuana
ABNAIOTCA HENPOBOAALLMMM, NONHAs pekoMOBUHaUMs 3apAJ0B HE MOXET MMETb MecTa, u OTAensowmecs
mMarepuarnbl COXPaHAKT 4acTb CBOEro 3apsaa. pu 3TOM, HE CMOTPS Ha TO, YTO COXPAHAETCA TOMbKO
HebonbLUas YacTb NEepBOHAYaNbHOIO KOJIMYECTBa pasgesnisieMblX 3apsiioB, T. K. PaCCTOSIHME MEXAY HUMMU
npu COMPUKOCHOBEHUW NOBEPXHOCTEN, ObINO YPEIBLIMANHO Mano, NOTEHLMAan nocrne ux pasaeneHus Moxer
[OCTUYb MHOTMUX KUNOBOIMbT. PeanbHble NoBepXHOCTU OObIMHO rpybbl M UX 3apsa yBEenuYUBAETCs, €Cim
nnowaab KOHTakTa BO3pacTaeT noj BO3AEWCTBMEM AABNEeHUs unu TpeHus. CnegyeT 3ameTutb, 4TO
peanbHas nnowagb COMNPUKOCHOBEHWS MAarepuarnoB CyLIECTBEHHO OTNUMYaeTca OT nnowagum wux
HOMWHarnbHOro KoOHTakTa. OHM MOryT OTAMYATBLCA HA NOPSAOK Unu bonee.

KoHTakTHan anekTpusauuss *MAKOCTEW — TAKOW XK€ CIOXHbIW NpoLecC, HO 3aBUCAWMIA elle OT
NPUCYTCTBUA MOHOB U (B MEHbLLIEN CTENEHM) 3apsHKEHHBIX MUKPOCKOMMYECKMX YacTULl.

Tabnuua 1 —MNpumep TpUBOINEKTPUYECKUX PSIIOB
O6beKT 3apsag

Mex kponuka MNonoxutenbHbin

Crekno

Yenoseueckue BONOCHI

Monuamua (HENNOH)

WepcTb

Mex

LWenk

AnIOMUHUIA

Bymara

Xnonok

Cranb

Hepeso

PesuHa OTtpuuarensHbin

AueTaTHbIN UCKYCCTBEHHBIN LUENK

Monunatunen (PE) n nonunponuneH (PP)

Monutetpastunex (PET)

Bununnacr (PVC)

Monunypetax

Monutetpadtopatunex (PTFE)
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EC/AM MOHbI (UM YacTULbl) OAHOW MOSSIPHOCTM a6CcopGUMPOBaHbl MOBEPXHOCTHIO, TO K HAM MPUTAHYTCS
MOHbI MPOTVBOMOJIOXHON MONMSPHOCTYM, KOTOpble 06pa3ytoT ANMMY3NOHHBIV 3apsXKEHHbIA CMOl B XUAKOCTY,
NPUMbIKAIOLIMIA K NOBEPXHOCTU. ECNM XWAKOCTb 3aTeM NepemMecTUTCs OTHOCUTE/IbHO MOBEPXHOCTU, TO OHA
yHeceT 4acTb 3TOro Anddy3MOHHOrO C/los, TEM camMbiM o6ecrneunBasi pasgesieHue MOoJIOKUTENbHBIX
oTpuuaTenbHbIX 3apsAoB. Kak M B cfyyae TBepAblX 4acTul, BbICOKOE HamnpshkeHue o6pasyercs B
pesynbTate paboTbl, 3aTpPauyeHHOl Ha pasgeneHve  3apsiioB, €CU  XKWMAKOCTb  HEJOCTaTOYHO
9/1EeKTPONPOBOAHA, UTOBbI MPeAOTBPaTUTL WX B3aUMHYH HelTpanu3auuto. Takue npoueccbl MoryT
npoTekaTb Ha rpaHulax Teepgas asa KuaKocTb v IKUAKOCTbHKUAKOCTD.

4.3 3apsaxeHue MHAYKUMEN

OnekTpuyeckoe none CywecTtByeT BOKPYr /060ro  3apshkeHHOro o6bekta. [poBOAHMK WM
paccevBawwwunii matepuan (HesapsHKeHHblli 06BbEKT 2), BBEAEHHbI B Moe 3apshKeHHOro obbekTa 1,
N3MEHAET HayasibHYl0 KOHMUrypaumilo ero 3nekTpocTaTU4yeckoro noss, U B TO Xe camMoe Bpems Mo
B/IMSIHUEM €ro BO34EWCTBMSA B HEM MNPOMCXOAMT nepepacnpejeneHve 3apsfos  (pucyHok la). Ecnm
He3apshKeHHbIi 0O6bLEKT W30/MpPOBaH OT 3eMauW, TO OH MpUOoGpeTeT 3neKkTpocTaTUYecKuid noTeHumarn,
3aBUCAWMIA  OT ero MOJMIOKEHNS B MOMe 3apsXKeHHOro Tena W o6ecneuymBalolWmMii  BO3MOXHOCTb
BO3HMKHOBEHMSA paspaga Ha 3emito.

Mpu nocnepytwlleM KpaTKOBPEMEHHOM COEAMHEHWM C 3eMseil noTeHuuMan obbekTa 2 CHKaeTcs [0
HyNs ¥ Ha Hem OocTaeTcA HeypaBHOBELWeHHbI 3apag  (pucyHok 16). Korga BosgeicTeylollee
3M1eKTpocTaTMyeckoe none ycTpaHseTcs, cBO6OAHbIM 3apsf ocTaeTcs (pucyHok 1B). Ecnv 06bekT 2
M30/1MPOBaH, a BO3A4elCTBYylOLlEe MOsie YCTpPaHeHO, TO C HEro MOXeT Mpou3oiTu paspsg. CuuTarT, 4To
NPOBOAALLMIA 06BEKT 3apsaan/Ica Mo MHAYKUMKW. Pa3pag ¢ Takoro o6bekta MOXeT NpeacTaB/iAaTb ONacHOCTb,
HanpumMep, npy ABUXEHUAX YeNoBeKa B Mone 3apsXeHHbIX MaTtepuanos.

la) - CénuxeHne 16)- KpatKkoBpemeHHoe 1B) - YpaneHue
3apsKeHHoro obbvekTa (1) ¢ coeguHeHWe He3apsXeHHOro coeAnHeHns c 3eMnei, n3arem
He3apsKEHHbIM 0OHLEKTOM o6bekTa (2)c 3emneil. nepBoro 06bLeKTa; NPOBOAHUK
é) He3apshKeHHbI 06BLEKT 3apsKaeTcs, 0OCTaeTcs 3apsKeHHbIM (B 3TOM
HO npuobpeTaeT NOTEHUMas 3eM/n. npumepe oTpuuaresibHo)

PucyHok 1- 3apsikeHne no UHayKuum

4.4 Tlepepava 3apsga NpoBOAMMOCTbIO

Beakuii pas, Korga 3apsbkeHHblli 06BbeKT BCTymaeT B KOHTakT C APYruM O6BbeKToM (PUCYHOK 2), WX
3apsgbl nepepacnpefenslTcs B Takoli CTeneHwn, B KOTOPOW MO3BOSAET WX NMPOBOAVMMOCTb M €MKOCTb. 3TO
noTeHUMabHbIA  UCTOYHUK 3/1EKTPOCTATUYECKOro 3apskeHus. Tak, Hanpumep, 3apsxatlTcs Teepable
06bEKTbI, HA KOTOPbIX OCaXJaloTCA 3apsiKeHHble 6pbI3rv, TymaH wiau nbiib. NogobHas nepepaya 3apsfos
MOXET TakKXe NPOUCXOAWTL, Korfa 06bLEeKT Haxo4MTCA B MOHM3MPOBAHHOM MOTOKE rasa.

1 2

2a) 3apsKeHHblli 06bEKT 26) PasgeneHune 3apsXeHHbIX 0ObEKTOB
conpukacaeTcs C He3apsKeHHbIM 0H6bEKTOM.
(nonoxuTenbHbIN 3apag nepegaeTca Ha
He3apsHKeHHbIi 0OBEKT).

PucyHok 2 - Mepepava 3apsfga NpoBOAMMOCTBIO, KOrAa 06bekTbl 1 1 2 ABNAIOTCA NPOBOAHMKAMU
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4.5 CoxpaHeHune 3apsga

Mocne pasgeneHus W 3apskeHns MaTepuasioB 3nekTpocTartuyeckue 3apsfbl ObICTPO  B3auUMHO
HEeWTPaIM3ynTCa MM HEeNnoCPeACTBEHHO, WU 4yepe3 3eM/lo, eCcnn AN 3TOr0 He BO3HWKHET NPensTCTBUMiA.
Ecnn  3apsg  HaxoAMTCA Ha HEMpoBOAALWEeM O00bekTe, TO OH COXpaHAeTCs W3-3a 3/1EKTPUYECKOTO
COMNpPOTUB/IEHNA MaTepuana. UYTob6bl 3apsf COXpaHANCA Ha MNPOBOAHWKE, MNPOBOAHUK [O/MKEH ObITb
n301MpoBaH OT APYrnx npoBOAHUKOB U 3eMJIN.

Uuctble rasbl, MNogoGHble BO34yXY, B ECTECTBEHHbIX YCNOBUAX SABASATCA HENPOBOAALWMUMU, U
B3BELUEHHble 4YacTuubl WM Kanam B o6nakax nNbiav, B TymaHe WAM B PacnblIEHHbIX CUCTEMAax MoryT
COXpaHATb CBOM 3apAbl O4eHb A0/1T0, HE3aBUCMMO OT 3/1EKTPONPOBOAHOCTU CcaMUX YacTul.

CKOpoCTb yTeyek 3apsija 3aBUCUT OT 3/1EKTPUYECKOrO COMPOTUB/IEHNS OOBLEKTOB B CUCTEME U
eMKOCTeil NPOBOAHUKOB. DTOT MNPOLLECC M3BECTeH Kak penakcauusi. ConpoTuBieHune, yfenbHoe 06bemMHoe
conpoTuBAeHne, yaenbHas OO6beMHas 3MEeKTPONPOBOAHOCTL WM 3HAYEHMS CKOPOCTM YTeukM 3apsaga,
KoTopasi TpebyeTcAa [ON1A  pelleHuss  3nekTpocTtaTuyeckoli  npobnemMbl, 3aBUCAT B OCHOBHOM  OT
paccmatpuBaemMoii CUCTeMbI.

Bo MHOrMx npoOM3BOACTBEHHbLIX MpoOLeccax YacTo MNPOUCXOAMT HernpepbiBHOE reHepupoBaHue
9/1eKTPOCTaTUYECKOro 3apsaa, KOTOPbIA HakanIMBaeTCs Ha WM30NSATOPEe WM U30/IMPOBaHHOM MPOBOAHUKE,
HanpymMmep Korga MOTOK 3apshKeHHOM XWAKOCTU WK MOpOoLUKa MOCTynaeT B M30/IMPOBaHHY METaI/IMYECKYH
€MKOCTb, WM KOorga 4esioBek uAeT Mo M3oNupylowwemy HanosibHOMY MOKPbITUI. B 3TOM criyyae noTteHuuman
Ha M30/MPOBAHHOM MPOBOAHMKE - pe3ynbTaT GanaHca Mexay MoCTynawwmMm 3apsaoM U CKOpPOCTblo ero
yTeUkN. ODKBUBAIEHTHbI 3NEKTPUYECKUA KOHTYp Mnoka3aH Ha pucyHke 3. TloTeHuman npoBOAHMKA
BbIYUCNAT Mo dhopmyne:

-t —t
V=V mRC +I-R-(l-eR'c) (D]

rae Vq_ HavaslbHblil noTeHuman;

R - conpoTtuBneHue 3asemneHus, Owm;
t- Bpems OT Havyana 3apsKeHus, C;
C - eMKOCTb MpoBogHuKa, @.

MakcumanbHbli noTeHuman gocturaeTcs, korgat» RC, n BblpaXaeTCs Kak:

Atax =N , @

v
o

1
1
Y

PUCYHOK 3 - DKBMBa/IEHTHAs! 3/1eKTpUUecKas Lenb 3apskeHUsl NPOBOAHMKA

YTo6bl YCTAHOBWTL 3HAueHWe 3apsfa, KOTOPbIA MOXET HaKOMUTLCS, MOXHO W3MepUTb eMKOCTb
M30/IMPOBAHHOrO 06LEKTA U COMPOTMB/IEHWE 3a3eM/IeHUst WM TEeMN yTeukn 3apsiga. 3TO HEBO3MOXKHO
caenatb ANs B3BELUEHHOW B BO3AyXe MbiW UM TymMaHa.

B HacToseM CTaHAapTe MPUHATO AOMylieHMe, 4YTO COMPOTMB/IEHME WM CKOPOCTb penakcauum
3apaga M30MSLUMOHHOMO MaTepuana BefudiHa NocTosiHHas. ATO He BCerga Tak. 3HauyeHue ConpoTUBIEeHMUS
[ONs onpefeneHHol pasHOCTU MOTEHLUMANIOB MOXET MEHSITbCS B 3aBUCUMOCTM OT BPEMEHU U, TOUYHO TaK Xe
CKOPOCTb YTEUKM 3apsfoB, MOXeT 6biTb (DyHKUMEel 3MeKTPUYECKoro HanpsikeHust (Unm 3apsga). I
a(ppekTbl MOTYT TaKXe 3aBUCETb OT TEMMNEpPaTypbl 1 OKPYXKaloLLel BIAXHOCTY.

4.6 BnunaHue BaXHOCTW BO3AyXxa

4.6.1 O6WMe NONOXEHNS

Matepuanbl B TOW WM WMHOW cTeneHn abcop6upyloT U3 BO3Ayxa BoAy, W B C/lydae M30M5STOPOB 3TO
MOXET 3HauyuTe/NlbHO yBe/MyMBaTb CKOPOCTb YTeuku 3apagoB. Bopa, abcopbupoBaHHas NOBEPXHOCTLIO
MaTepuasnos, SBASETCA OCHOBHOW COCTaBAsAOLWE NOBEPXHOCTHOW NPOBOAMMOCTU, KOTOpas oT/iMyaeTtcs oT
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Ux 06BbEMHOW MPOBOAMMOCTU. [aHHbI 3dpdekT, xopowo HaGnwaaembl, HO BCE eLe MIoX0 MNOHATHIN,
COCTOUT B TOM, YTO MPOBOAUMOCTbL YBENUYUBAETCA C KONM4eCcTBOM abcopOupoBaHHOW BOAbI, TO €CTb
npakTM4ecku nNpPOBOAMMOCTb BO3pacTaeT C YBENMYEHUEM OTHOCUTENbHOW BRAXHOCTU. ekt
HabnwpaeTca faxe npu OTHOCUTENbHO HU3KoW BnaxHOCTM (RH < 20 %), korga BoAa MOXET TOMbKO
NPUCYTCTBOBaTb B MOMEKynsipHou cpopMe, M HukakoW cBOOOAHOW BOAbI B BMAE CrMOSl XMAKOCTU He
CyLlecTByeT.

4.6.2 Peructpaumsa BnaxxHocTtu

Mpu npoBegeHUM U3MEpPEHUM B pearbHbIX YCMOBUSIX 4acTO HEBO3MOXHO BNMUATb HA BMAXHOCTb.
MockonbKy pe3ynbTaTbl U3MEPEHUMN 3aBUCAT OT BIIAXKHOCTU, TO BAXHO CAenatb 3anucb YCNOBUIA
OKpYy>KatoLLel cpeabl BO BPEMS U3MEPEHHUS.

4.7 dneKkTpocTaTuyeckue paspaabl

4.7.1 O6wWwMe NonoXeHus

Paspaabl cTaTM4eckoro anekTpuyecTsa BO3HMKAIOT, KOrAa B rasoBOW cpeae, Hanpumep, B BO3AyXe,
06pasyloTca nepeHanpsXKeHUs UK KOTAA HAMPSPKEHHOCTb NOSA NPEBLILLAET €r0 ANEKTPUIECKYIO MPOYHOCTL.
B ycnoBusix HOpmanbHOW aTtmocdepbl 9SMeKTpUYeckas MNPOYHOCTb ANA MNAOCKMX MNOBEPXHOCTEN WUnU
noBepxHocTen ¢ paguycom 10 MM unu Gonee cocraenseT npubnusutensHo 3 MB/m (30 kB/cm).

dnekTpocTaTuyeckue paspsabl YpEe3BblYANHO Pa3HOOOPAa3Hbl U 3aBUCAT OT CUCTEMbI, B KOTOPON OHM
BO3HMKAKOT. HekoTopble TUNbl paspsaaoB MOryT ObiTb KnaccuuumpoBaHbl B COOTBETCTBUM C 4.7.2 — 4.7.6,
XOTS AAHHBIE ONMUCAHUSA HE ABNSAIOTCA MCYEPNbIBAIOLLMMM U aBCONIOTHO ONpeaeneHHbIMMU.

4.7.2 Uckposble paspaabl

MckpoBoi pa3pag — 9MeKTpPUYecKMii paspag mexay ABYMS NPOBOAHUKAMM C  ONpeaeneHHon
pPasHOCTbIO NOTEeHUManoB. [N HEro xapakTtepeH YeTKMn APKO CBETALUMWNCA KaHan C BbICOKOW MAOTHOCTLIO
TOoKka. a3 MOMHOCTbIO WOHU3MPOBAH NO BCEN ANUHE kaHnana. Pa3paa peskuit u MOXET CONpOBOXAATbCA
YETKO CJIbILLMMbIM LUENYKOM (OAMHOYHLIM PE3KUM 3BYKOBbLIM UMMYNLCOM). TUMWUYHBLIA NpUMep — paspag
MeXAy nanbLeM Yernoseka u 60nbLIMM MeTanIMYeCckuM 06 bEKTOM.

PasHocTb noTeHUnanos Mexy NpoBOAHMKAMW, NPU KOTOPOW MNPOUCXOAWT paspad, 3aBUCUT OT UX
OPMBI N PACCTOAHUA MEXAY HUMM.

Tok, NpoTeKaloLLmMii B MCKPOBOM KaHane, orpaHuYeH TONbKO MMNEeAaHCOM BHELUHEeR uenu, u B paspsaae
npoTeKkaeT NMoYTW BECH 3apsad, UMEIOLIMIACA Ha anekTpoaax nepea paspaaom. MNoatomy B OONbLUIMHCTBE
cnyyaeB nNpu UCKPOBOM paspsaae pacxoAyeTcs NMPakTUUYECKU BCS dHEprusl, UMEIOLAscsa nepes paspsiaom.
3aTpayeHHyIo 9HEPruio BBIMUCASIOT Mo hopmyne:

2
Loylep2_107
W_zQV_zCV =5 3

roe Q — 3apsaa koHaeHcaTtopa, Kn;
V — pasHOCTb noTeHuuanos, B;
C — eMKOCTb OTHOCUTENbHO 3eMnu, .

3T0 MakcumarnbHOEe 3HayeHue 3aTpadvyeHHOW SHepruu. JliloGoe conpoTUBMNEHME B paspsgHON uenu
CHWXXaeT 3HEepruio UCKpbl U YBENMYMBAET €€ MPOAOIIUTENBbHOCTb. TUMWYHBLIE 3HAYEHUS INEKTPUYECKON
€MKOCTU psaa 06bEKTOB NpeacTaBneHsbl B Tabnuue 2.

Tabnuya 2 — TunuyHble 3HAYEHUS INEKTPUYECKON EMKOCTH

O6wekT Emkocts 10~ &

O4yeHb Manble meTannuyeckne o0bekTbl (BUHT, rBO3ab) 1-10

Manele meTannuyeckue 06beKTbl (COBOK, HAKOHEYHUK 10-20
LunaHra)

Manblie emkocTun (Beapo, 50-nutpoBbIn BOHOHOK) 10 - 100

CpeaHepasmepHble emkocTu (o1 250 go 500 n) 50 — 300

Teno yenoseka 100 — 300

OcHoBHOE NpPOKN3BOACTBEHHOE 060pyAoBaHue (peakTopsl), 100 - 1000
npuMbIKaloLee K 3a3eMNEHHbIM KOHCTPYKLUSAM

AsTOMOBMAN 800 — 1200
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4.7.3 KopoHHble pa3psaabl

3TOT TUN paspsAaoB CBA3AH C MPOBOAHUKAMM, C OCTPUSAMU UMK OCTPbIMU KpasiMi. KOpOHHLIE pa3paabl
MOTYT BO3HMKATb, KOrga Takon NPOBOAHUK 3a3eMIEH U NPUONMKAETCA K HAdNEKTPU3OBAHHOMY OOLEKTY Mnu,
anbTepHaTUBHO, €Cnu MPOBOAHUK HAaxXOAUTCH MOA BbICOKUM HanpskeHueM. Paspsabl BO3HUKAIOT
BCMNEACTBUE TOrO, YTO NOKanbHOE 9MneKkTPUYECcKoe Mone Yy OCTPOM NOBEPXHOCTU OYEHb BEMUKO WU
oGecneynBaeT BOSHUKHOBEHWE MepeHanpshxkeHus (npesbiaet 3 MB/M). Tak kak nepeHanpsbkeHue BbICTpo
YMEHbLUAETCA N0 Mepe yaaneHus OT NOBEPXHOCTU NPOBOAHMKA, 06NacTb MOHU3ALMK HE pacrpoCTpaHAeTCs
Janblie rpaHuubl nepeHanpskeHus. KopoHHbIl pa3psag MoxeT OblTb HanpaBrieH K 3apsiKeHHOMY 00bekTy
Unu, B Criyyae BbICOKOro NOTEHLUMAaNbLHOIO NPOBOAHUKA, B OKPYIKAIOLLEE NPOCTPAHCTBO.

KopoHHbIE paspsaabl TPYAHO YBUAETL, HO MPU NPUMMYLUEHHOM OCBELLEHWN CBEYEHWE MOXHO 3aMETUTh
C HEKOTOpOro pPaccTosiHWA. BHe 3Tol MOHWM3NPOBAHHOK 06NAacTU MOHLI MOTYT nepemeLlaTbca Ha GonbLume
pPacCTOAHMA M UX ABUXKEHUE 3aBUCUT OT HaNpaBMeHWs Nos.

Mone 3apskeHHON NOBEPXHOCTU, BbI3bIBAIOLLEE KOPOHHLIE pa3psiibl HAa CMEXHbLIX 3a3€MIIEHHbIX
OCTPUAX NPUTATMBAET UOHbLI NPOTUBOMOMOXHON MOMAPHOCTU U3 Yexna KOPOHbI M, CregoBaTensHo, 3apag
NMOBEPXHOCTU MOXET CHMWXKATbLCA. JTOT mpouecc OyaeT npoaomKaTbCA A0 TEX NOp, Noka HanpsHKeHHOCTb
nons y OCTPUSA HE CHU3UTCS HWXE fopora KOPOHWPOBaHWUA. [lpu 9TOM NONHaA HeWTpanu3auus He
NpoOnCXoauT.

B KOpPOHHOM paspsiie MOBEPXHOCTb UMM OOBLEKT TaKXKe MOXET 3apsiKaTbCs. ITOT dpdeKkT MOXeT
MCNOMb30BaTbCA MNPEAHAMEPEHHO WM CAYYalHO CTaTb MPUYMHOW OMACHOCTW, Hanpumep, Koraa
U30NMPOBaHHaA MeTannuyeckas aetanb 3apsauTcsa 40 BbICOKOTO NoTeHuuana.

4.7.4 KucteBble paspsagabl

3Tu paspagbl MOTYT BO3HMKATb, KOrAa 3aseMsieHHble NPOBOAHUKM MPUBNMKAIOTCA K 3apsiKEHHOMY
U30NSALMOHHOMY MaTepuany (Hanpumep, Mexay nanbuem YenoBeka U niacTMacCoBOW NOBEPXHOCTLIO UNU
MeXay MeTannmM4eckoi 3arpy304Hon Tpyboii  MOBEPXHOCTLIO XMAKOCTU B pe3epByape).

370 OLICTPO NpoTEKaloLLMe KPATKOBPEMEHHbIE pa3psaabl, KOTOPLIE NMPU NOAXOAALUMX YCOBUSAX MOXHO
YBUAETb U YCNnbIWATh. B 0Tnnume 0T UCKPOBbIX Pa3psgoB B HUX PACXOAYETCA TONbKO HE3HAYUTENbHAA YacTb
3apafa, CBA3AHHOMO C CUCTEMOW, U paspsan He npuBoaut oba o6bLEKTa K OAHOMY W TOMY >XE 3HAYEHUIO
noteHumana (He NpUBOAMUT K BbIPABHUBAHMIO MOTEHLMANIOB ABYX OO HLEKTOB).

4.7.5 NMoBepxXHOCTHbIE KUCTEBbLIE pa3psaabl

Pasnunune mexay KUCTEeBbIM paspALoM M NMOBEPXHOCTHLIM KMCTEBbLIM pa3psaoM COCTOUT B TOM, YTO
nepBbI NPOUCXOAUT, rMaBHbIM 00pa3oM, B BO3AYLUHOM pa3psiAHOM MPOMEXYTKE, a BTOPOW — HA rpaHuLe
pasgena as, Hanpumep Ha MOBEpPXHOCTU Matepuana. [lpuunHa BTOpOro paspsaa, SBMSIOLErocs
MNOBEPXHOCTHbLIM, COCTOUT B TOM, YTO SHEpPreTu4eCKUM MCTOYHUKOM CIYy>XXUT none, 3aknio4veHHoe, rnaBHbIM
o6pa3om, B TOHKOM Crioe AUANEKTPUYECKOro MaTepuana, a He BHELLHee More, Kak B NepBomM crnydyae. [ns
€ro BO3HMKHOBEHWUS TpebyeTca HanpsbkeHue npobos TOHKOro Cros, KOTOpPOE 3HAYUTENbHO NpeBbilLAET
HanpsbkeHue npobosi COOTBETCTBYIOLLErO BO3AYLLUHOTO MNPOMEXYTKa. BO3HMKHOBEHMA MOBEPXHOCTHBLIX
KUCTEBbIX Pa3psifoOB MOXHO M306exaTb, €CNu rapaHTMPOBAaTb, YTO HanpsbkeHue npobos AMINEKTPUYECKOro
cnosi MeHbLie, YeM 4 kB. MakcumanbHOe J0ONyCTMMOE 3HayeHue HanpsbkeHus npobos yBenuumBaeTcs C
YBEJNTMYEHUEM TOJLUHbI AU3NEKTPUKA U B ONpeieNeHHbIX NPakTu4eCKuxX crny4vyasax AonyCruMoe HanpshHkeHue
npobos moxeT ObiTb Oonblue, yem 4 kB. Pa3psg MOXHO MHMLMMPOBATL MIU MPOBOASILLUM OOBLEKTOM,
NpuBNWKAIOLLMMCS K MOBEPXHOCTHU, unu npoboem auanekrpuka. Ecnu none B gnanekrpuke, 06ycnoBneHHoe
3apAaoM Ha €ro noBepxHocCTtu, gocruraet ﬂpOﬁMBHOrO 3Ha4YeHUsa AnA Mmarepuana AnaneKTpuka, BO3HUKaeT
CMOHTaHHbIN pa3psa v ConyTCTBYOLWMIA Npoboin (Npokon) nucTa/nokpeITusa. HauuHas ¢ atoro npo6os (unu ¢
paspsiga  Ha npubnukalowminca o00bLEKT), BbICOKAs NapannenbHas MnOBEepXHOCTb  AMINEKTpuKa
COoCTaBnAOLLas 3NeKTpu4yeckoro nonsd npuBOAUT K BO3HUKHOBEHUIO psaa CUIlbHbIX MNOBEPXHOCTHbIX
pa3psaoB, B KOTOPbIX CTEKaeT 60sbLuas 4acTb NOBEPXHOCTHOIO 3apsaa.

[Ouanekrpuyeckui NUCT, NOBEPXHOCTU KOTOPOro 3apsbKeHbl 3apsaaMu NPOTUMBOMOMOXHbLIX 3HAKOB,
noaobeH KOHAeHcaTopy € nnockonapannenbHbIMA MIacTUHAMU U C ANANEKTPUYECKOW NPOCIONKOW MeXay
HuMKU. CnegoBaTenbHO, 3HEPrUio, Peanu3oBaHHYI0 B MOBEPXHOCTHLIX KUCTEBbLIX paspsAax, MOXHO Nerko
OLIEeHUTb MO 3anaceHHOW 3HEepPruu. SKBMBANEHTHasi eMKOCTb Ce AMANEKTPUYECKOr0 MUCTa C Nnowaabio A,

TONLMHOM o, aBCOMIOTHOM MOCTOSIHHOW &; = 8,854 - 10"2dM' M OTHOCHTENBHOIN AN3NEKTPUYECKON
MPOHMLIAEMOCTBIO & , YAEPXNBAIOLLAsA IOBEPXHOCTHYIO NINOTHOCTb G, COCTABMSET
C. = A
e= 87’ '80 g 4

ANA 3apsga g v NNOTHOCTY 3apsaaa o.
lpumep— d =75 mkm, A = 0,5 M2, €r = 2 U NAIOTHOCTb 3fIEKTPUYECKOro 3apsapa o = 10° Kn/m2,
3anaceHHas 3Heprua:
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4.7.6 KoHunyeckue paspsagbl

3TOT TUN paspsiia BO3MOXEH, KOTAa, Hanpumep, rpaHysnbl C BbICOKUM YAENbHbIM CONPOTUBNEHUEM
3arpyxaiorcs B OyHkep. 3arpyxaemble 3apshKeHHblE 4acTuubl, Takue Kak NnacTMacCoBble rpaHynbl,
HakannuMealTCA U 3anonHsiloT 06bem OyHkepa. lMone 3TOro 3apsga NposIBNSAET OTTANKUBAIOWME CUIb,
JENCTBYIOLME HA OJHOMMEHHO 3apshKEHHbIE YacTULbl, KOTOPble NajaloT B 3arpyxaembiii o6bem. Moka
rpaBUTALMOHHbLIE CUMbl MpeobnajalT Haj cunamu OTTankKUBaHUA 4YacTULl, NPOUCXOAUT YBEMUYEeHue
NNOTHOCTU 3apsina B o6beme. Ecnu 3apspkeHHble YacTuubl NPOAOIHKAIOT OCaXaaTbCsi B 06pa3oBaBLUMiCA
obbeM wmatepuana, KOraa HanpPsPKEHHOCTb MONSi MPEBLICMNA 3HAYeHME NPOOMBHON HANPSXKEHHOCTU
BO34yxa, NPOMCXOAAT pa3psabl HA NPOBOASILLME CTEHKU 3a3eMMNEHHOro byHkepa.

4.8 MexaHM4yeckue cusibl B 35IEKTPOCTATUYECKOM Mnorse

3neKkTpuyeckoe none INeKTPUYEcKoro 3apsaaa MOXeT NPOoABIATLCH B MEXaHUYECKOM BO3JEICTBUM HA
CMeXHble 00bekTbl. [MNEeHKn, 3apsbKeHHble A0 HECKONMbKMX MUKPOKYIIOH HA KBAApAaTHbIA METp, MOryT
npununate K MeTanIM4eckuMm npeaMeTam, a 4Yactuubl nNbiM  MOTYT  NPUTATMBATLCA  MONSMM,
00YCNOBNEHHbIMU 3HA4YUTENBHO MEHbLUENR NAIOTHOCTLIO 3apPsAA0B.

Hanpumep cuna, OENCTBYIOAA HA 3apSHKEHHYIO 4acTuly BOMM3M OT MMOCKOW 3a3€MIIEHHON
MAaCTUHBI, MOXET ObITb BbIYMCIIEHA HA OCHOBaHMK 3akoHa KynoHa:

2
F= q 5 5)
16-m-8,-84-d”

raoe g — 3apsag YacTtuubl;
d — paccTosiHue 40 NNacTUHbI.

5 Mpo6neMbl U onacHble NPOSIBIIEHUsI CTAaTUYECKOro 3reKTpUYecTBa

5.1 O6Ke NonoxeHus

Anektpoctatudeckuii paspsaa (3CP) pasnuyalotr no Tuny M No BO3AEMCTBUMIO, MOCKONbKY MPUYMHBI
3MEeKTpOCTaTMYECKMX NpobnemM MOoryT ObiThb pa3nuU4YHbIMKU U onpedensambcs ux npupodod. Pa3psabl Mexay
METannMyeckumm CTPYKTYpPamH, UCKPOBbIE M MOBEPXHOCTHbIE KUCTEBbIe pa3psabl Haubomnee OMacHbI.
Paspsigbl C Ha9neKTpU30BaHHbIX OOBLEKTOB W3 M3ONMPYIOLLIMX MAaTtepuanoB TaKkKe MOryT NpeacTaBnATb
0NacHOCTb U MOTYT ObITb UCTOYHMKOM 32KUFaHUSI OTHEONACHLIX ra30BblIX CMECEN I MPUYMHON HAHECEeHUSA
yuwiepba arneKkTpoHHbIM KOMMOHeHTam. Mpo6oi M3onMpyloWwmX CroeB MONynpOBOAHWUKOBOIO YCTPOWCTBA
MOXET MPOM3OWTU NPU HanpsbkeHun meHee 50 B, a AnA Apyrux MOBPEeXAEHWUW, TaKMX Kak nnasfieHue
mMarepuana nonynpoBoAHuKa, TpebyeTcs dHEprua BCEro B HECKOMbKO MUKPOMXKOYNen. 3apaa Xuakoctu unu
TBEpAOro oovekra cozgaet npobneMy npu paspsae Ha gpyroe Teno Unm Ha 3emnio.

B xupypruyeckux OTAENEeHUsiX UnM npu NPou3BOACTBE (hpapMaueBTMYECKUX NPEnapaTtoB BaXXHO
cobnioaate ocobble TpeboBaHMs MO coOBMIOAEHUID YUCTOThI. [pu 3TOM MOXET BO3HWUKHYTb npobnema
KOHTPONSA 3apsKEHUSA YacTuu,

5.2 OneKTpOHHbIE KOMMOHEHTbI U CUCTEMbI

5.2.1 O6wWwKe NonoxXeHns

OCP - cepbesHad yrposa An 3NEeKTPOHHbIX KOMMOHEHTOB U cuctem. [luanasoH 4YyBCTBUTENLHOCTM
SMIEKTPOHHbLIX KOMMOHEHTOB K Bo3aencTBuio ICP wupok. HaubGonee 4yBCTBUTENbHLIMU ABNSIOTCS,
HanpumMep, NonynpoBoAHUKK, cuuTbiBaowme (MR) ronoBku U TOHKUE NAIEHOYHbIE PE3UCTOPbI.

M3-3a BbICOKOW 4YyBCTBUTENBLHOCTU NPEANONaraloT, Yto BCE TUMbl 3NEKTPOCTaTUYEeCKMX pa3psaoB
MOTYT NOBPEXAaTb YYBCTBUTENbHbIE SMEKTPOHHbLIE KOMMOHEHTHI.

5.2.2 Tunbl noBpeXaeHUM

MNospexaenne ot SCP MOXET NPMBECTU K KaTAaCTPO(PMUECKOMY OTKa3y U CKPbITbIM Aed)eKTam.
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Katactpoduueckoe noppexxaeHne MoxeT NPUBECTU K OTKA3y WUnu aedekTy KOMMNOHEHTa W Bbi3biBaTb
npekpatieHne PyHKLUMOHMPOBAHMSA KOMMOHEHTA UM CUCTEMbI UM HECOOTBETCTBUE NPEAbABASAEMbIM K HUM
TpeboBaHUAM.

Y KOMMOHEHTa CO CKPbITbIM AedEKTOM MOryT BO3HUKHYTb M3MEHEHMWS XapaKTepUCTMK, KOTOpble He
obsa3atenbHO BbIMAYT 3a npedenbl HOPMAaTUBHbLIX AOMYCKOB. OAHAKO 9TO MOXET ObiTb CneacTtBUEM
ocnabneHHoro BosaencTBus ACP. KOMNOHEHT CO CKpbITbIM AeEKTOM MOXET ObiTb BONee BOCNPUMMUUB K
nocnezylowmMm paspagam unu noboMmy ApyromMy BO3AEWCTBUIO HanpsbkeHus. UM Bcneacrsue  9T0ro
YBENUUYUTCH BEPOATHOCTb COKPALLIEHUS €ro cpoka Cryxobl.

HesaBHble nocrneacTBUA BO3AENCTBUA pa3psaoB Ha MPOrpamMMUPYEMbld KOMMOHEHT (Ha KOMMOHEHT,
3a[E€NCTBOBAHHLIN B MPOrpaMme) UnM BO3AENCTBUS INEKTPUYECKMX MOMEX, BO3HMKAIOLUMX NpU paspsage,
MOTYT MPOABUTLCA B (POPME UCKAXKEHUSA XPAHSLLUMXCA AaHHbIX. JIOXHBLIA CUrHam MOXET MOSIBUTLCA M3-3a
HarnoXXeHWs HaBOAUMBIX TOKOB UMW SNEKTPOMArHUTHLIX U3MYYEHWIA, NCTOYHUKOM KOTOPbIX CIY)XUT pa3spsig
CTaTUYECKOro 3MeKTpUYeCcTBa.

YpoBeHb NOBPeXaeHUsi KOMMOHEHTa B 3aBUCMMOCTU OT TUNA MEXaHU3Ma NOBPEXAEHUA onpeaensieTca
UNKU HanpsKeHWeM, UM MOLLHOCTbIO. PasnuyHble TUNbl KOMMNOHEHTOB M NOMYNPOBOAHUKA BOCMPUUMUMBLI K
pasnuyHbIM BUAAM MEXaHW3MOB MOBPEXAEHUS.

KomnoHeHTamu, 0C000 4yBCTBUTENbLHLIMU K NPOOOI0 U30NSIUUKU, SBAAIOTCS HaNpUMep, Nonesble
TPaH3UCTOPbl (AMCKPETHLIA NPOOOM OKCUAHOTO 3aTBOpa), MHTErpanbHble MUKPOCXEeMbl C MOSHOW
MeTannu3aumern U KOHAEHCATOpbl. TUNUYHLIMU BUMAAMMU OTKA30B SBMSAIOTCA KOPOTKME 3aMbIKAHMSI U UK
BO3pacTaHue ToKa yTeuku (M3MEHEHNE BOSNbTaMMEPHOW XapaKTepPUCTUKK).

MpumMepbl KOMMOHEHTOB, 0COBEHHO BOCNPUUMUMBBIX K MOBPEXAEHUIO MeTannu3auum, Bknoyator CBY-
TPaH3UCTOPbI U UHTErpanbHble MUKPOCXEMbI. TUMUYHbLINA BUA OTKa3a — 00pbIB uenu.

Mockonbky BCe 9TM MEXaHU3Mbl MOBPEXAEHUS 3aBUCAT OT TEOMETPUYECKOr0  pasmepa
ANINEKTPUYECKOro Cros, APYroro cnos U3oNAuuKM, LUMPUHBI W TOAWMHBLI MeTannusauMm wu T. 4.,
npeanonaraeTcd, 4T0 CO BpPEMEHEeM nNpOosBMASETCA TEeHASHUMA YBENUYEHUA  YYBCTBUTESIbHOCTU
nonynpoBoAHUKOB K BosaeicTBuio IOCP. OaHako AnA HEKOTOPbIX TUMNOB KOMMOHEHTOB YnydlleHue
3aLUMLLIEHHOCTM Lenen OT UX BO3AEeUCTBUA oDecneumBaeTcsa ux u3rotoBneHuem B GynaBovHOM chopmare,
YTO CHIKAET UX YYBCTBUTENLHOCTbL K OCP.

5.2.3 Mpo6GneMbl 1 yrpo3bl Ha pasfNMYHbIX 3Tanax XU3HEHHOro LMKna

Bce onekTpoHHble cucTembl B npouecce npumeHeHna yassumbl ana 3CP. lNpsaMoe nopaxeHue
CUIbHBIM Pa3paaoM NOOOK YacTu CUCTEMbI MOXET CO3AaTbh TOKM, HE MpoTeKalolume HenocpeacTBEHHO B
3emnio.

Oaxke paspsig BONM3M CUCTEMBbI MOXET MOBPeAUTL ee. Paspsii usny4yaeT SnekTrpoMarHUTHOE none,
CNocobHOEe MHMUMMPOBATHL TOKM B CUCTEME. OTU TOKM MOryT ObiTb paspyLUMTENbHBIMU UM NPUBOAUTL K
«CKpbITbIM Aed)ekTaMm», Hanpumep, K WCKaXKEHUI0 WHGOopMaumu CrnpoBOLMPOBAHHLIMU MMMYNbCaMMU.
MporpammupoBaHue onpeaesneHHbIX KOMMNOHEHTOB MOXET ObIThb Takke 6€3B0O3BPaTHO UCKAXKEHO.

3nekTpocTaTuyeckun paspag MOXET NPOU3OMTU Ha Kabernb, pacnosyiokeHHOE Aaneko OT CUCTEMbI, U
BOJIHA NepeHanpskeHns (MMNyNbC BbICOKOTO HaNpshXeHUs1) MOXET NPOHUKHYTL B CUCTEMY.

Bo Bpems WM3roToBNEHUs SNEKTPOHHLIX YCTPOWCTB 0OpaboTka YyBCTBUTENbHBLIX 3MEKTPOHHbIX
KOMMOHEHTOB M cOOpka AOSkHbI ObITb OYeHb AenukaTHbl. B okpyxaiollei cpeae paboyero mecra ectb
MHOFO Yrpo3 9nEeKTPOHMKEe: 3apsiKeHHble OonepaTtopbl, OAeXAa, He3a3eMfEeHHble Y3Mbl MEXaHU3MOB,
nnNacTukoBas ynakoBka U MyCOPHbIE Bepa, NNacTMacCOBbIE KOMMOHEHTHI, U T. 4. Hanbonee paspywmreneH
UCKPOBOW pa3spsaa. Takon pas3pad MOXET MPOM3OMTM MPU  COMPUKOCHOBEHMW C MNE4YaTHOW nnaTton
HaaneKTpM3oBaBLUErocs oneparopa.

3apsag camoro KOMMOHEHTa Taloke MOXKET Bbi3BaTb NMOBPEXAEHUA. 3aKMIOYEHHLIN B NNACTMacCoBYIO
Kancyny nonynpoBOAHUK NIETKO 3apsKAeTCs NPU TPEHUM O €€ NMOBEPXHOCTb, Hanpumep, 06 YNNOTHUTENbL Unu
NNacTUKOBbIM NakeT. OTOT 3apsij Ha NNacTMaccoBOW NOBEPXHOCTU Kancynbl UHAYUMPYET HanpsikeHue Ha
NpoOBOAHUKaX NOMYMNpPOBOAHWKA U Ha ero coeauHeHusix (HA BBOAAX W BbiBOAAX). Mpu CONPUKOCHOBEHUU
CcoeANHeHU KOMMNOHEHTa UMW KOMMOHEHTa C MeTannuyeckum UHCTPYMEHTOM, UMM NanbuemM NpoUCXoauT
pa3psaa. MockonbKy eMKOCTb 3TMX 0GBEKTOB Marna ¥ eMKOCTb MHCTPYMEHTAa UMK nanbua oneparopa HaMHOro
Gonblie, paspsg NPOUCXOAMT OYEHb ObICTPO W BbI3bIBAET NPOTEKAHUE CUMBLHOTO Toka. faxe ecnu
paspskaeTcs O4vYeHb HU3Kas SHEprus, Ans OYeHb MENKUX SNEMEHTOB LEenu TOK MOXeT ObiTb
paspyLUMTenbHbIM.

B npouecce npou3BoACTBA KOMMOHEHTOB BO3HMKAOT W ApyrMe npobnembl, CBA3aHHble C
3MeKTpoCcTaTMyeckuM 3apsbkeHueM. [onynpoBOAHMKM B MPOLECCE NPOU3BOACTBA AOMKHbI  ObiTb
Ypes3BblYaiHO YUCTbIMW WM MOBEPXHOCTL AOMKHA ObiTh 3awumuieHa. Ecnu nonynpoBOAHUMK 3apsbkeH, OH
NPUTArMBaET MbiNb U3 BO34yxa. Ta xe camasd npobneMa CywlecTByeT M B OTHOLLUEHMM APYIMX AeTanen
3MNEKTPOHMKK, HaNnpUMep, B CBA3U C 3arpsA3HEHMeM AUCKOB, AMCKOBOAOB U 3NEKTPOHHON ONTUKMN.

YpoBeHb, Ha KOTOPOM KOMMOHEHT noBpexaeH O3CP, 3aBucut OT aM3aiiHa KOMMOHEHTA W
Xapakrepuctuk paspaga. MoryT BO3HUKaTb pasfuyHble YCNOBUA BOSHUKHOBEHUA pa3psifoB, HO B KayecTee
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nNpeacTaBuTENbHbLIX, AaXe €eCNM OHM He NEepeKpbIBalOT BCE BO3MOXHbIE BRMSIOLME HA pa3psag
obcToATensCTBa, BbIAENEHbI TPWU TuUNa Moaenen: Moaenb 4enoseveckoro Ttena (MUT), moaenb
MexaHu4eckoro ycrpoiictea (MM) u mogenb 3apskeHHOro ycrpovictea (M3Y). Moaenu ucnonb3yioT, UtoObl
onpegenuTb MakCUManbHOE 3HAYEHME HanpshkeHus, KoTopoe, Oyayyuu peanu3oBaHHbIM, HE HaHecer
yuwiep6a UCMbITbIBAEMOMY KOMMOHEHTY.

5.3 OnacHOCTb 3aXUraHUA OT CTaTUUYECKOrO INEeKTpuyecTBa

5.3.1 O6wume nonoxeHna

Paspsiabl CTaTMYECKOro 3MeKTPUYEecTBa MOTYT 3aXuraTtb roplouMe rasbl, Mbiflb, Napbl UMW aspo3onu.
3axxuraHue BbI3bIBAET CUNBHO HarpeBaroLWMnCs kaHan paspsaa.

5.3.2 VickpoBble paspaabl C ANEKTPONPOBOAALNX OO LEKTOB

MpubnuantenbHoe BbIMUCIEHWE BHEPIUM UCKPOBOrO paspsaaa MoXeT ObiTb cAenaHo, Hanpumep, aAns
He3aseMneHHoro Metannuyeckoro 6apabaHa, 3anonHEHHOrO NPOAYKTOM pa3mona.

lMpumep — B amom cny4ae 3apAlHbIl mok | mo2 6b1 6bimb paseH 10 7 A. Conpomuenenue
3emne 6apabaHa R moeno 6bimb 10 ! Om u emkocmbio npubnusumensHo 50 nd. To2z0a 803MOKHOE
MaKcumaribHoe HanpskeHue Ha 6apabaHe V., npubnusumesnbHO Yepe3 15 ¢ 3azpy3ku pasHo:

V I-R=10 xB

max

MakcumanbHas sHepausa, W, peanu3oeaHHas nNpu UCKPOBOM pa3pside paeHa:
1
w :E-C-Vjax = 2,5 mJlx

KpyTusna nepeznHero chpoHTa, amMnnuTyaa M NPOAOSDKUTENBHOCTL MMMYNbCa Pa3psaHOro Toka npu
paspsae — BaxkHble haKkTOpPbl, BUSIOLIME HA YPOBEHb ONAacHOCTU. Bbicokas KpyTusHa nepegHero opoHTa u
amMnnMTyaa MMnynbca Toka onpeaensier aguabaTUyHOCTL Tennonepenaydu, Hambonee cnocobCTBYOLLEN
3aKUraHuio rasoBo3gyLuHon cMmecu. Hao6opoT, 6Gonee anuTenbHasi NPOAOIMKUTENBHOCTL pa3psaa, MHoOraa
NpMBOAMT K YBENUYEHUID BEPOATHOCTU 3a>KUraHWA MbINEBO3AYLUHON CcMecu. BkmioyeHus BbICOKOrO
uMneaaHca B UeNnb pa3psagHOro Toka AO0CTaTodHo, 4yToObI YMEHbLUNUTL TOK pa3psaaa U yBENUYUTL €ro
NPOAOIPKATENBHOCTL, 4YTO MOXET CHU3UTb MOTEHUMAsbHYIO OMacHOCTb 3axuraHus OonbLUMHCTBA
OrHEeonacHbIX CMECEMN.

5.3.3 KOpOHHbIe pa3paabl C 3NeKTPONPOBOAALIUX 06 LEKTOB

MNOTHOCTL 3HEpruM B pas3psae HAMHOMO MEHbLUE, YeM B WCKPE, U NO 3TOW NPUYMHE KOPOHHbIE
paspsgbl OObIMHO He CnocobHbl CTaTb MCTOYMHUKOM  3axuraHus. OpHaKo, Npu  ONpeAeneHHbIX
06CTOATENLCTBAX, HaMpuUMep, €Cnu MPOUCXOAMT YBEMUYEHME MOTEHUMana 3a0CTPEHHOro NpPOBOAHMKA,
KOpPOHa MOXET MEePENTH B UCKPY MeXAY STUM MPOBOAHWMKOM U APYIUM, criocobemeyiowum obpa3osaHuio
UCKpP08020 pa3pslHO20 NpomMexymka.

5.3.4 Kuctesble paspsaabl C MU30ONUPYHOLLUX NOBEPXHOCTEN

Ecnu sHeprum BnonmHe [0OCTaTOMHO, KWUCTEBblE paspsabl  MOTYT  3axuratb  GONbLUMHCTBO
B3PbIBOOMACHbIX rA30B U MapoB. 3axurawowas cnocobHOCTb 3aBMCUT OT MOSIAAPHOCTM pa3psaoB U
KOHCMrypaLuum sanekTpoaos. Moka eLle HeT yBEPEHHOCTU B TOM, UTO KUCTEBbIE pa3psaabl CNOCOOHBI 3aXuratb
NbINeBO3AYLUHbIE CMECMU.

5.3.5 Ckonb3silme KucTeBble paspsaabl C U3ONUPYIOLWKUX NOBEPXHOCTEN

[nsA BO3SHMKHOBEHWS CKOMb3ALLUMX KUCTEBbIX paspaaos TpebyeTcs BbicOKasi NOBEPXHOCTHAA MAOTHOCTb
3apagos, koTopas 0BblMHO (POPMUPYETCA Tam, rAe 4acTuubl Chbiy4yux maTepuanos B3auMOAEHCTBYIOT CO
CTEHKaMW UM MOKPbITUSIMU C BbICOKUM YAENbHBIM COMPOTUMBIEHMEM, HANPUMEP, NPU NMHEBMOTPAHCNOPTE
CbiMyynx matepuanos no Tpy6am M3 MaTepuanoB C BbICOKMM YAEenbHbIM COMPOTUBAEHUWEM WUNWU MO
mMeTannuyeckum Tpybam C MOKPbITUAMM M3 Takux MatepuanoB. CKONb3sLME KUCTEBbIE paspsabl
Habnoganuce, korga nNpoBOASALLME XMAKOCTU NynNbCUpOBanu (UMMYMbCHO NpoKayueanuck) NO LUNAHTaM U3
U30NUPYIOLLMX MatepuanoB G CyXOW (HapyHol) NOBEPXHOCTbIO. B Apyrux cny4asx npu onpeaeneHHbIX
0BCTOATENbCTBAX 3HAUMTENIBHOE TPEHUEe MOXET MPOUCXOAUTb MEXAY YNaKOBaHHbIM MNPOAYKTOM M
ynakoBKoOii. BbiCokas MOBEPXHOCTHAasA MMOTHOCTL 3apsSA0B MOXET TalKe CTaTb Pe3ynbTaTOM OCaXAEHUA
MOHOB Ha CTEHKax WUNu MOKPLITUAX C BbICOKUM YAENbHbIM CONpPOTUBNEHUEM. BonbLioe konM4ecrso WOHOB
MOXET MPOSABMATLCA B MPOM3BOACTBEHHBIX YCIOBUSIX, HanpuMep, BO BpeMsi YBENUYEHUs OObeMHOW
NNOTHOCTU 3apALO0B (IpU  YNNOMHEHUU 6 npoyecce OocaxO0eHus) CbiMyyux MaTepuanoB C BbICOKUM
yAenbHbIM CONPOTUBNEHMEM. Takue pa3psaabl HE BOZHMKAIOT B CNOAX CbiMy4MXx MaTtepnanos.

Cyautb 0 3axuraiooLen cnocoOBHOCTU CKOMb3ALMX KUCTEBbLIX PA3PSA0B MOXHO, MOCKOMbKY B KaXAO0M
OTAENbHOM paspsae peanu3dyercs Gonbluas 4acTb 3apsiia M 3anaceHHyl 3HEPruio MOXHO CPaBHUTL C
MUHMMAnbLHOW SHepruein 3axwuranua (M33) gaHHOro nopowkooOpasHoro npoaykra. Pa3psagbl ¢ Takow
9HEepruein npu HenocpeaCTBEHHOM BO3AENCTBUM HA INEKTPOHHbIE CUCTEMbI WNU YCTPOICTBA MOTYT
npuBOAUTL K KkatacTpoduy4eckuMm nocneacTeuaAMm. CrneayetT OTMETUTb, YTO paspad Ha 3emMnio Yepes
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YyenoBeka npu TakoOW SHEpPruM OKa3blBAET Ha HEero 3HaduTenbHoe puamonormyeckoe BO3AEHCTBUE U
npeacTaBnseT OnacHOCTb.

5.3.6 Paspaabl ¢ Tena yenoBeka

3apagbl Ha Tene yenoBeka OObIMHO BbI3bIBAKOT OMACHOCTb. YE€rnoBeK, M3ONMWPOBAHHLIN OT 3EeMIu,
MOXET Ferko HasMneKTpu3oBaTbCH M OCTaBaTbCH B 3apPSXKEHHOM COCTOSAHMK. A3onauus OT 3eMnM MOXET
obecneunmBaTbCa HaMOMbHLIM MNOKPLITUEM MMM NOAOLIBAMU OOYBU, BLINOMHEHHbIMU U3 U30MALUOHHOTO
marepuana. CyLlecTByeT MHOTO0 MEXaHW3MOB, O0ECMeuyMBaloLMX INEKTPU3auMIo YenoBeka: ANs 9TOro
[0CTaTOYHO MOXOAUTb NO NOMy, NOAHATLCH C CUAEHbSA, CHATb OAEXay, BOCNOMb30BaTbCA NNacTMacCcoBbIMU
U3JenusaMu, CnuTb XXMAKOCTb MMM coOpaTh 3apsbKEHHBbIN Marepuan B €MKOCTb, UMM MOCTOATb B Mone
3apKEHHOT0 00BbEKTa, HanpuUMep, NPUBOAHOTO PEMHS MU U30NUPYIOLLEH YNAKOBKH.

Ecnu anexkTpocTaTu4eckun 3apsiKeHHbIN YEN0OBEK KOCHETCH 3NeKTpPoNpoBoasALLero oobekra (Hanpumep,
PY4YKM ABEPU, Nepun, u T. A.), TO NPOM30WAET UCKPOBOW pa3psad. Takue paspsabl MOTyT ObiTb HE3AMETHbIMU
UNKU HECTbILWMMBIMUA U AaXe HE OLLYTUMbIMU YEOBEKOM.

MoTteHuymnan 3 kB Ha xapakTepHoW AnAa Tena yernoseka eMkocTh B 200 nd COOTBETCTBYET 3anaceHHON
aHeprun 0,9 mIpk. NckpoBON paspad C YenoBeka Mpu TakOM 3HAYEHUM BHEPrum CrnocoOHbI 3axedb rasbl
(M33 cmecu Bogopoa/Bosayx — 0,02 mk), napbl (M33 cmecu yrnesogopoa/sosgyx — 0,2 mIpK) n gaxe
HeKkoTopble Nbinu (MeHee 1 MIX). WU, KOHEYHO, Takme paspsabl CNOCOOHbI NMOBPEAUTb HE3aLUULLEHHbIE
3NEKTPOHHLIE YCTPONCTBA.

5.3.7 3axurarouwas cnoCOOHOCTb 3NEKTPOCTATUYECKUX pPa3paaoB

5.3.7.1 OBLume nonoxxeHua

Ecnu B onacHbIX 30Hax MOTYT BO3HWUKATb paspadbl CTATUYECKOr0 SMEeKTpUYecTBa, TO CneayeT yyecTb
UX CMOCOBHOCTb 3aXuratb B3pbIBOOMNACHYIO Cpeay, B KOTOPON OHU BO3HUKALIOT.

5.3.7.2 NckpoBsble paspsabl

OnacHOCTb 3aXUraHUsi UCKPOBbIM Pa3psAoM MOXHO OLEHWUTb NYTEM CPaBHEHWSI 3aTpayeHHOM npu
paspage sHeprum ¢ M33 cpefbl, B KOTOPOI pa3pag npoucxoaut (cm. 5.3.2).

5.3.7.3 KopoHHble paspagbl

MNOTHOCTbL 3HEpPruun Npu Takux paspsgax obblYHO He AOCTaTOMHA AnsA 3aKuraHus (cMm. 5.3.3).

5.3.7.4 KucteBble paspagbl

[Moka HeT eLle HUKakuX [0Kas3aTenbCTB, CBUAETENbCTBYIOLUMUX TOM, YTO AaXe camasi YyBCTBUTENbHas
Nbifb  (KPOME WMHULMMPYIOLMX B3pbIBYaTbIX BELUECTB) MOXET ObiTb 3a)okeHa KUCTEBbIMU paspaamu.
TeopeTuyeckud, Npu 3TOM, TaKyld BO3MOXHOCTb Hemnb3 OTpULUATb, MOTOMY UTO SKBUBANEHTHAas SHEpPrus
KUCTEBbIX pa3psaaoB MOXET ObiTb A0 4 Mk (cM. 5.3.4).

OrHeonacHble rasbl U napbl MOTYT ObITb 3AXCKEHbI KNCTEBLIMU pa3psagamu.

OLueHka BepoATHOCTU NOSIBNEHUST KUCTEBbIX Pa3psaoB, CNOCOOHLIX BbI3BATb 3aXKUTaHUEe rasa unu napa,
MOXeT OblTb CenaHa no 3HAYEHMSM BENUUMHBI 3apsfa B €4MHWUYHLIX WMMYyMbcax pas3pafHOro Toka npu
KMCTEBOM pa3spsaje.

MvHumanbHble 3HaYeHUs 3apsga B €AMHUYHBIX UMMYMbCaxX pas3psagHOro Toka Npu KUCTEBOM paspsiae,
CNocobHbIe BbI3BATb 3aXKMraHue razoB M NapoB Pa3fMYHLIX rPynn B3pbIBOONACHOCTM, OLEHUBAIOTCSA Kak:

- 60 HKn = ana rpynn B3pbiBoonacHoctu | unu llA;

- 30 HKn - gnga rpynn B3psiBoonacHocTu 11B;

- 10 HKn — anda rpynn B3pbiBoonacHocTu IIC.

HdononuutenbHas uHdopmauma o rpynnax BapbiBoonacHoctn — no NOCT IEC 60079-10-1 u TOCT
IEC 60079-10-2.

Ona peructpaumm KuCTeBbIX paspsagoB, AMSWMXCA B TEYEHME HaHocekyHh, TpeodyioTca
COOTBETCTBYKOLME M3MEPUTENbHbIE Npubopbl. Ha pucyHke 4 asa npumepa. Npumepbl Takux yCTPOWCTB —
ObICTPOAENCTBYIOLLME 3anOMUHaOLLMe ocumnnorpadbl ¢ BbICOKOYACTOTHBIM LUYHTUPYIOLLMM PE3UCTOPOM.
O6bI4HO X nonoca nponyckanus 300 MI'y, yactota auckpetusaumm 21 Mewib/cC.

COOTHOLIEHNEe MeXay BENUYUHOW 3apsa B €AUHWYHbLIX UMMYNbcax paspsiiHOro Toka npu KUCTEBOM
paspsae M BEPOATHOCTbIO 3@XMraHWA HEe YYMTbIBAET HM MPOCTPAHCTBEHHOrO, HW BPEMEHHOrO
pacnpefeneHuio dHepruu B pa3spsge. 3HadeHus 3apsga B MMNynbCe CreayeT paccmaTpuBaTth  Kak
npubnmwkeHne, a He kak abComMOTHYKO mMepy 6e30nacHOCTM MaTepuanoB B pas3HOOOpasHbIX hopMax Ux
NPUMEHEHUS.
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¢ B wP
Ch 1 Flache Chi Fache
-2.476nVs -12.93nVs
Math Min Math Min
-2.426nVs -12,89nVS
20 Nov 2003
! N Noy 20 NOV 2003
nuwi 5.0Im's ao0.ons W la.iic % | 10:42:46 1ro j 5Qonvs 40.0ns |0 119.80 % 10:40:01
4 a) Cnabblin pa3psag < 20 HKn 4 6) CunbHblii paspsag > 60 HKn

PucyHok 4 - Mpumepbl hopM MMMyIbca KUCTEBOrO pa3psida Ha sKpaHe
ObICTPOAENCTBYOLWEro LMGPOBOro 3anomMmmHarpLLero ocumnnorpadga

5.3.7.5 Ckonb3gwme Knctesble paspsibl

Ou4eBUAHO, YTO CKOMb3ALWME KUCTEBble paspsfbl CNOCOGHbLI 3aXuratb roptoudve rasbl M napbl, Kak u
60/1bLUIMHCTBO NblAn (cM. 5.3.5).

5.3.7.6 KoHunuyeckne paspagbl

13BECTHO, YTO KOHM4YecKkue paspsfdbl CNOCOOHbI 3aXuraTb ropioumne rassl 1 napbl. CnegyeT yuntbiBaTh,
YTO OHM MOTYT 3aXuUraTb U HEKOTOpble Mbin (cm. 4.7.6).

5.4 ®usuonornyeckoe BO3gencTeme

XOopowo W3BECTHO sBMEHWEe, OCOBEHHO B [HM C HU3KOW BNAXHOCTbI BO34yXa, Korga YernoBek
3/1eKTpm3yeTcs, NPOMNAsAch N0 KOBPUKY WM NOAHABLUMCH C CUAEHbA aBTOMOOWASA, M MNPU NPUKOCHOBEHUU K
3/1EKTPONPOBOAALLMM 0ObeKTaM oLLyLLaeT 3NEeKTPUYECKNn yaap.

YpoBHM BOCMPUATWA /IOAbMW  3/1EKTPOCTATMYECKOTO 3apsija W OTBETHOW peakuun npriBeAeHbl B
Tabnuue 3.

1301MPOBaHHbIN 4YEeN0BEK MOXET 3apsAuTbCA L0 BbICOKMX 3HAYEHUI nNoTeHuuana, OCOOEHHO npu
o6palLeHNn C CUNBbHO 3apsHKeHHbIMU 06bekTaMu. MprMepbl Takux CUTyaumMii BKIOUAKOT:

- MpoLecc 3anpasBfieHus NocTenn: MoKpbiBana 3apshkeHbl U YenoBek npuobpetaeT UHAYLMPOBAaHHbIV
noTeHumas, KOTOpbliA HeliTpanusyeTcs Npy NCKPOBOM pa3psde B MOMEHT COMPMKOCHOBEHMUS C NPOBOAALLMM
06BbEKTOM;

- YNakoBKy W pacnakoBky B cC/iyyae [MPUMEHEHUss XOpPOLUO 3NEKTPU3YIOLLMXCA YNaKoOBOYHbIX
mMaTepuasnos;

- OfleBaHMe W CHUMaHMe CBUTepa: CBUTEP CUbHO 3apsXeH W Ha YenoBeka MPOUCXOAAT paspsgbl
(kncTeBble pa3pagbl);

- TPY30BUK C W30/IMPOBAHHLIMW NNACTMACCOBbLIMW KOMlecaMu 3apAaguicsa npu ABUXKEHUU, U KacaHue
Ky30Ba MOXET BbI3BaTb HEMPUATHBINA LLOK.

Tab6nunya 3 - YpPOBHWM BOCMPUATUS NIOABMU 3/1IEKTPOCTATMUYECKOTO 3apsiga U OTBETHOM peakuymmn npu
emkocTn Tena B 200 nd

OHeprua paspaga, Peakuua MoTeHuyunan tena, B
MK
0,1 Paspsag oulyTum 1000
0,9 YeTKo oWwyTuUMm 3000
6,4 HenpuATHbIl LWOoK 8000
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5.5 MogenupoBaHue 3nekTpocTaTMyeckux paspsaaos

5.5.1 O6wume nonoxeHus

Paspsgbl cTatMyeckoro anekTpuyectsa 06bIYHO MOAEMPYIOTCSA NPOCTON 3NEKTPUYECKON LENoYKkon, B
KOTOPOI  3M1eKTpocTaTMYecknii  3apsf  HakanMBaeTcs nNpu  3apsbkeHnM eMKOCTM  KOHAeHcaTopa [o
onpefeneHHoro HanpsKeHus. Korga  Tpebyetcs mofenuposaHue paspsga, 3anaceHHas
3/1eKTpocTaTMyeckass SHeprus paspskaeTcsl Yepes 3/1EKTPUYECKYH0 LieMb Ha Harpysky, KOTOPOi MOXeT ObiTb
WCKPOBO pas3pag WM UCMbITyeMOe 3MEeKTPOHHOe YCTpoiicTBO. Pa3psg o06blYHO  xapakTepusyeTcs
napameTpamu, OTHOCAWMMUCA K ()OpMe BOMHbI TOKa, [/, XOTA 3anaceHHas nepej paspsiom
a/ieKTpocTaTMyeckas 3Heprusi Takke MOXeT OblTb BaXHbIM napameTpom. [MpuHuunManbHas cxema
yCTpoiicTBa AN MOAENMPOBaHNA pa3psfoB CTaTUYECKOrO 3/1eKTPUYECTBa NpuBEAEeHa Ha pucyHke 5.

ConpotueneHne R VHAYKTUBHOCTLL

Pa3pagHuk

wim
Emkocts C nCnbITy-
HanpspkeHve V emoe

yCTPOICTBO

PuUcyHok 5 - MpuHUMNuanbHas cxema ycTpoiicTea Ana MoAe/MpoBaHus pas3psiaoB CTaTUueckoro
3aneKkTpuyecTsa

OTa ynpouieHHas Mogenb Leny No3BossieT nosydaTb ANa Pas/iMuHbIX Lenei LWMpoKWii BapbupyeMbiii
AManas3oH (OpMbl BOJHbI, B 3aBUCUMMOCTM OT 3Ha4YeHust eMkocTu C, COnpoTMBAEHUS R U UHAYKTUBHOCTM L.
TakKne KOMMOHEHTbI CYLeCTBYIOT B /II06GOI 3/1EKTPMUUECKOI Lienu, XOTS NPaKTUUYECKU HeKOTopble U3 HUX MOryT
MPUCYTCTBOBATL Kak HEMPEAYCMOTPEHHbIE, HO HEN36EXHbIE «NapasUTHbIE» KOMMOHEHTbI. BO MHOTUX Lensx
Masible «NapasuTHbIE» KOMMOHEHTbl MOTYT UMETb CYLLECTBEHHOE B/NSHME HA KOHEUYHYH MOAenvpyemyto
¢hopMy BOJIHBI, MOJTy4aeMoli Ha BbIXOAe.

Monyyaemblii Ha BbIXOAe TOK BbIYMCASIOT NO hopMmyre:

_ K \e O @00t
1 2|Lomye e ()
roe
R
P Y
R2 1
a’:
N-1; ~LmC é)

Ecnm @ - pgelicTBUTENIbHOE YMCNO, TO Uenb AaeT YHUNONAPHYI0 DOPMY BOJIHbI, Kak Npasuio, C KPyTbiM
nepeaHVM YPOHTOM M NOCAeAYLWNM AIMTENbHBIM 3KCMOHEHTHLIM 3aTyXaHneM.

Ecnm @ =0, To uenb KpUTUYECKU 3ariylweHa v (hopMmpyeTcst KOPOTKUA YHUNONSPHBIA UMNYNbC.

Ecnm @ - komnnaekcHoe 4ncno, To hopma BOJHbI - y6biBaOLLLAA «UMKANYECKas» CUHycouaa.

5.5.2 EMKOCTHble pa3pagbl 418 onpefeneHns 3Heprum 3axuraHns

Llenn c paspsxawooweincs emKoCTbio 00bIYHO NPUMEHSAT MpW ONpefeNneHun 3Heprun 3axuraHuns
ropooumnx cmeceil. B TuUNoBON cxeme, 4TOObI 3afaTb OMPEeAENIEHHYH 3SHEPruo, MNPUMEHSIT EeMKOCTb.
ConpoTtuenenne uenu R M WHOYKTMBHOCTbL L O06bIYHO HEKOHTPONMPYEMbI W HaXOAATCA Ha YPOBHe
«napasuTHbIX» 3HaYeHWA.

Bo MHOrux cnyvasx onpegensemMblM napameTpoM CNYXUT 3anaceHHasn nepej paspsfoM aHeprus, a He
chopma nosyyaemoil BOSHbI TOKa paspsga. Kak npasuno, copma nosydyaemolt BOMHbI - ybbiBatolias
CUMHycouga.

B HekoTOpbIX c/iydyadax B Lenb MOryT ObiTb BK/IHOYEHbl WHAYKTMBHOCTb, L, wim conpoTtusfieHne R,
Hanpumep, B YCTaHOBKax [ANs1 ONpefeneHvsl MWHAMAaSIbHOW 3HepruyM 3axuraHusi MbiM, rAe 4acto
BKNOYAETCA UHAYKTUBHOCTb 1 MIH. TUNMYHblE 3HAYEeHUs NpeAcTaBfeHbl B Tabavue 4.
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Tabnuya 4 — Tunosble 3HAYEHUS, UCNONb3YEMbIE NPpU MOoAENMpoBaHun SCP

Mogent O6nactb R, Om C, no L, HlH
NPUMEHEHUA
OnpejeneHne aHeprum 3axxuranue obnaka Mapa3autHoe 5-1000 MapasutHoe
3aXxuraHua nbinu 3Ha4eHue 3HaveHue unm 1
MIH
3axwraHue napa Mapa3autHoe 5-1000 MapasutHoe
3Ha4YeHue 3HaYeHue
Mopenbs Yenoseuyeckoro UcnbitaHue 1000 — 3000 100 - 300 MapasuTHoE
Tena (MYT) 3NEKTPOHHOIO 3Ha4veHue
YCTPOMCTBA
Moaenb MexaHuyeckoro UcnbiTanue 8,5 (Tunu4yHo) 200 0,5 (TuNu4HO)
Ycrponcresa (MM) ANEKTPOHHOIO
YCTpONcTBa
Mopaenbs 3apspkeHHoro UcnbiTaHue <10 (TMNN4HO) 3-30 < 10 (TMNN4HO)
Ycrpoicrea (M3Y) ANEKTPOHHOTO (TMNKU4YHO)
yCTpOWCTBA

5.5.3 Moaenb yenoBevyeckoro Tena

BaxkHoe 3HayeHne oTBOAUTCA MOAENU paspsiaa CTaTMYecKoro ANeKTpU4ecTBa, UMUTUPYIOLLER pa3psaa
C Ha3NEKTPU3OBAHHOrO 4enoBeKa Ha UCNLITYeMOE YCTPOMCTBO WM HA CUCTEMY M HA3bIBAEMOW MOAENbIO
yenoseyeckoro Tena (MYT). 3ta ™Moaenb OObLIMHO UCMONb3YeTCA M AnNs TOro, 4TOObl MPOBEPUTH
YYBCTBUTENLHOCTb K BO3AEWCTBUIO PA3ps0B CTAaTUMECKOTO 3NEKTPUYECTBA SMNEKTPOHHBLIX KOMMOHEHTOB U
cuctem B npouecce ux npoussoacTsa unu akcnnyatauyum no FOCT P 53734.3.1. 3ty mopenb Takke
NPUMEHSAIOT B APYrMX CUTyauusx, rae MOFyT BO3HMKHYTb pa3spsigbl CTaTU4eCcKOro aneKkTpuvecTBa Tena
4yenoBeka, Hanpumep, B OLeHKE YYBCTBUTENBHOCTU K 3A>KUTAHUIO NUPOTEXHUYECKON MbIMN.

B artom cnyyae emkocTb C BbIOMpAIOT TakoW, 4YTOObI ObITb TUMWMYHON ANS AMANA30HA 3HAYEHUN
yenoseyeckoro tena. ConpoTUBNeEHNe R BKIIOYEHO B LieMb, HO WHAYKTUBHOCTL L OCTaetcs B npeaenax
HEKOHTPONMPYEMbIX «MapasuTHbIX» 3Ha4YeHuii. Moryyaemasi BONHA UMEET YHUNOMAPHYIO hOPMY C KPYTbiM
nepegHuM POHTOM W MEANEHHO YObIBAIOLWMM MOCMNEAYIOLMM 3HA4YeHWeM Toka. TUNWU4YHbIE 3HAYEHUS
napaMeTpoB nNpeacTaBneHbl B Tabnuue 4.

5.5.4 Mogenb MexaHM4YecKoro ycTpoucraea

Mogenb NPUMEHAIOT NPU OMNpPeaeneHU YyBCTBUTENbHOCTU JNEKTPOHHBLIX KOMMOHEHTOB K OCP ¢
GonbLUMX MeTannMyYecknx o6beKTOB, TaKUX Kak y3nbl M Yactu mawmH no FOCT P 53734.3.2. 31y moaens
Has3bIBalOT «MOAeNb MexaHu4eckoro yctponcresa (MM)».

B atom cnyvae emkocTe C, MHAYKTMBHOCTb L 1 dhopMa nomnyvaemMori BOSHbl 06bIMHO 3aaaHbl. TUnudHa
dopma BOMHbI — LMKNMYECKas CUHycouAa 3aAaHHOM 4acToTbl, ANMTENbHOCTM U aMnnuTyabl. TUMUYHbIE
3HaYyeHWsA napamMeTpoB NpeacTaBneHsl B Tabnuue 4.

5.5.5 Mogenb 3apsikeHHOro yctpomMcTea

Mogenb 3apsikeHHoro ycrpouctea (M3Y) mopenupyetr cutyauuio, korga SCP npoucxogaT npwu
CONMKEHUM HEBOMNbLLOTO HAdMEKTPM3OBAHHOTO YCTPOWCTBA UMM OObEKTa C 3a3eMJSIEHHON MOBEPXHOCTHIO.
Mogaenbs NPUMEHAT NPU UCMbITAHUM YYBCTBUTENBHOCTM 9NEKTPOHHLIX YCTPONCTB K Bo3aencTento ACP. Kak
npaBuso, B yCTPOWCTBE NPUMEHEHA Manasi eMKOCTb, a8 UHAYKTUBHOCTb L U CONPOTUBNEHUE R OrpaHuYeHbl
Ha YpPOBHE «MapasuTHbIX» 3HaueHui. Mogenb OObIMHO hOpMUPYET BONHY, XapakTepHYl AN OYeHb
KOPOTKOTO U ObICTPO MPOTEKAlOLWEro YHUNOMSPHOro paspsga. TunuYHbie 3HAYEHMs napameTpoB
npeacraeneHbl B Tabnuue 4.

6 OCHOBHbIe peweHUs NPobnem 1 3auura oT onacHbIX NPOSABEHUN

6.1 OGwWwMe nonoxeHus

B TO BpemsA kak BbisiBeHWe npobnem, CBSA3aHHbIX CO CTaTUYECKUM BMEKTPUYECTBOM He BbINo Lenblo
HaCTOALLEro craHaapTa, KpaTkuin 0030p UX pelueHuss Heobxoaum B KayecTBe BBEAEHWA B OnNuWcaHue
METO0B U3MEPEHUSI COOTBETCTBYIOLLMX NapaMeTpoB, CBA3aHHbLIX CO CBOMCTBaMM Matepuanos. MNpobnemsl,
CBsi3@aHHble CO CTaTUYECKUM SEKTPMYECTBOM, ONpeaensaTcs cneumdmnKoi Npou3BoacTBa, NPOLECCOB UK
marepuanos u obcrosaTenscTB. M3mepeHue onekTpocTaTMyeckux napameTpoB -— MNEPBOCTENEHHAs
HeoBX0AUMOCTb, NPeALLECTBYIOLLAS NPUHATUIO SCDEKTUBHBLIX PELLEHUN.

OnucaHue nopsaka oOpaLEeHUsi ¢ KOMMOHEHTaMu, YyBCTBUTENMbHbIMU K BO3AEWCTBUIO pa3psaoB
CTaTM4Yeckoro anekTpuyectea, npusegeHo B FTOCT P 53734.51 u TOCT P 53734.5.2, a sawuTa ot
OnacHbIX NPOSABNEHUI CTaTUYECKOrO anekTpudecTsa B [4]. O6wmii 0630p npeacrasneH B 6.2.
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6.2 OcHOBHbIe TOOX00b!

Bo MHorux crnydasx Heo6xoaumo onpeaenutb obnactb, B KOTOPOW HEOOXOAWMbI cneuuarnbHble
npeaoCTOPOXHOCTU. ITO MOXET ObITb y4acTKOM 3awwmtel 0T SCP (Y33) npu npousBoACTBE 3MEKTPOHMKM
UNKU B3PLIBOOMACHON 30HOW B MPOMBILLIIEHHOCTW. Ons BCero nepcoHana, paboTatolero Ha aTUX yyacTkax,
HeobXo0AMMO MOHATb MOTPEGHOCTb B 3NEKTPOCTATMHECKOM KOHTPOME Ha rpaHuuax yyactkoB U mepax
3aLUMTbI, KOTOPbIE AOIMKHBI ObITb COBMIOAEHBI HA 9TUX yYacTKax.

MepBbIi NPUHLMM — UCKMIOYUTE NPUMEHEHUE U3ONALUMOHHBIX MaTepuarnos U rapaHTupoBaTh, YTO BCE
npoBOAsLUME MaTepuanbl MU NpeameTbl M3 MeTanna 3asemneHbl. Ecnu anekTtpusauusa HeusbexHa, yuTo
Hanbonee 4yacTto M HabnoaaeTcsl, CTeneHb 3apPSHKEHHOCTU MOXHO MHOrAA OrPaHUYUTb MYTEM CHMKEHUS
yncna COMPUKOCHOBEHUIA M MOCREeAyoLWmMX pasaeneHuin KOHTakToB. OTO AOCTUraeTcs npeaoTBpalleHnem
TPEHUs TBEPAbIX MATEepuanoB M CHWKEHWeM IMHENHOW CKOPOCTU XMAKOCTeH. MNoHusaumsa KOPOHHLIM
pa3psiaoM — OYeHb NONe3HOe CPEeACTBO COKpPALLEHUsI HEXEenaTenbHOW NOBEPXHOCTHON MIIOTHOCTU 3apsaoB
Ha W30MUPYIOLLUMX MOBEPXHOCTAX. YCTPOWCTBA, KOTOPbIE OCHOBaHbl Ha 3TOM MNPUHUMUNE U B KOTOPLIX
NMPUMEHSAIOT OCTPbIE 3a3eMIIEHHbIe 3NEKTPOAbl, MCNOMNb3YIOT ANA HeWTpanu3aumu 3apsigoB CTaTUYMECKOro
9MEeKTPUYECTBA B AMEKTPOHHON MPOMbILLNEHHOCTH.

MockoneKy HakonneHwe 3apsaoB CTaTMYECKOro ANEKTPUYECTBA CYLLECTBEHHO 3aBUCUT OT BRAXHOCTH
BO37yXa, BMUSAIOEN Ha BMAXHOCTb MOBEPXHOCTEN, obliee pelieHue nonyyntb OoOnee Huskue ypoBHU
3apPSXKEHHOCTU CBOAMTCA K CTPEMMEHUIO NOAAEPXKMBATL BINAXKHOCTb BO3/lyXa HACTOSMbKO BLICOKO HACKOMNLKO
BbICOKOW, HaCKOMIbKO 9TO BO3MOXHO B OTHOLUEHWM APYrUX PpUCKOB. Hanpumep, B 3MEKTPOHHOWM
NPOMBILLNIEHHOCTM OTHOCUTENbHAA BRAXHOCTb BO3Ayxa noaaepxmusaercsa B npeaenax ot 40 % po 60 %.
Ons GonblUMHCTBA Cry4yaeB MCMNONb30BAHME BbICOKOW OTHOCUTENbHOW BNAXHOCTU HE OCHOBHAS, a TOMbKO
BTOPUYHAA MEpPA 3aLLUTbl OT ONACHLIX NPOSABAEHUI CTaTUYECKOrO dNEeKTpUYecTsa.

MHTeHCcudMUMpoBaThb yTEUKY 3apsAaoB € U3OMALMOHHOIO MaTepuana Ha 3eMrio MOXHO NPUMEHEHUEM
aHTUCTaTMYecKon AobaBKu.

Ona TBepAbIX U30NATOPOB OOLIMHO NPAKTUKYIOT NPUMEHEHWE NPOBOASLLEN MaTpuubl B MaTtepuane
pobaBneHuem yrnepoga unum MeTannu4yeckmx 4actul, NAacTMH WU BONMOKOH. Mpu 3TOM, cneayeT yyecTb,
YTO 3TU cUCTEMbl 3NMPEKTUBHBLI TONLKO TOrAa, KOraa BO BCEW MATPULE BLIAEPXKUBAETCA IneKTpuyeckas
HENPEepbIBHOCTb M YTO, CNEAOBATENbHO, TAKWE CUCTEMbl YYBCTBUTENbHBI K MEXAHUYECKUM BO3AEUCTBUSAM U
U3MEHeHUsAM TemnepaTtypbl. KpoMe TOro, B JaHHOM KOHTEKCTE OHW MOFYT co3pgaTtb npobnemy ans
npoBeaAeHMA u3MepeHun. 3apsap BooOLle He MOXET MUrpupoBaTb C M3ONUPYIOLLETO KOHTUHYyMa K
npoBoOAsLLEl MaTpuLe U, TakuMm 06pa3oM, XapakTepUCTUKM pacCeMBaHUSA UMM NPOBOAUMOCTM CYLLIECTBEHHO
pa3nuyalotca B 3aBMCMMOCTUM OT TOrO, KakOW 3apsja paccmaTtpuBaeTcs: 3apsg B oObemMe unu Ha
NMOBEPXHOCTU. OTU pasnUuusl B NPUMEHSIEMbIX METOAMKAX CrielyeT TLaTenbHO yYuTbiBaTb NPU NPOBEAEHUN
no6oro ucnbITaHus.

MpoGnembl CTAaTUYECKOrOo 9MNEeKTpUYECTBA B OCHOBHOM BO3HUKAIOT TaMm, FAe Marepuan S\BnseTcs
M30MNATOPOM UMM TaMm, FAe HET XOPOLUEro KOHTakTa ¢ 3emnei. TUNUYHbLIA NpUMep — NHEBMOTPAHCNOPT
CbiMy4YnMX MaTepuarnoB, KOr4a AaXe MeTannuyeckue 4acTulbl COXPAHSIOT 3apsf, €Cru OHM HAaxXOASTCA BO
B3BELUEHHOM COCTOSIHMM B BO3Jyxe. B aTom cnyuae, MOHMU3ALMA OKpyXaloLel cpeabl MoXeT oGecneynTb
CHUXXEHME (ecnu He MONHYyI0 HernTpanu3auuio) 3apsA0B Ha Mmatepuane.

HakonneHue MeTannuyeckoi Mbifiv HA AaKTUBHBIX MOHWU3ATOPaX MOXET NPUBECTU K ONACHLIM UCKPaM.
MosTomy npu obpalieHuM C MeTannuyeckon Mbibl0 PEeKOMEeHAYEeTCA WMCMONb30BaTb MNAaCCUBHbIE WU
paAvMOoaKTUBHbIE MOHM3ATOPLI. [N o6ecneyeHus 6e30nacHOCTU U 3MGHEKTUBHOCTU NPUMEHEHUSA NACCUBHbIX
W aKTUBHbIX MOHU3ATOPOB BAXXHO B COOTBETCTBUU C UHCTPYKLMAMU N3FOTOBUTENA NPOBOAUTL UX PErynSApPHYIO
YUCTKY W NPOBEPKY UCMPABHOCTM.

OpHa u3 Haubonee pacnpoOCTPaAHEHHbIX MpPOBNeM — He3as3eMneHHble NPOBOAHMKKU. YacTo Menkue
mMeTannuyeckue o0bekTbl Unu aetanu B COOpKE MOFYT HakanaueaTb 3apsagbl U CTaTb UCTOYHUKOM
BO3HWKHOBEHUA 3aXMraloLMX UMM Bbi3biBAOWMX MOBpEXAEHUA pa3psaos. MpeanoyvtuTenbHO 3aseMnsiTb
Takue o6bLEKTbl M NPEAOTBPALLATL HAKOMNEHWE HA HUX 3apAaoB.

Bo B3pbIiBOONACHOW Cpene B YCMNOBUAX BO3MOXHOW 3MeKTpu3auun MetTannu4ecknii unu NpoBoOAsLLMIA
00BEKT HMKOrAa He AOIMKEH OCTaBaTbCA He3a3eMNeHHbIM. T. K. 9TO NPMBOAWUT K PUCKY BO3HUKHOBEHUS
pa3psga, cnocoOHOro CTaTb MCTOYHUKOM 3aXMraHUA B3PbIBOONACHOW Cpeabl.

OueHb BaHO, 4TOObI nepcoHan, pabGoTalwmi BO B3PbIBOOMACHLIX 30HAX MU C ANEKTPOHHBLIMM
cMcTeéMamu, YyBCTBMTENbHbIMM K BO3AEWUCTBUIO Pa3psaoB, HE MOr Obl OKa3aTbCA ONEKTPOCTaTUUYECKU
3apsKeHHbIM. Tam rae HeoOxoaumo obecneuntb cobniogeHue aaHHOro TpeboBaHMS B MPOU3BOACTBEHHbIX
YCMOBUAAX, 9TO [OCTUraeTcsl 3a3eMNeHMEeM nepcoHana nocpeacTBOM npoBoaswmx Opacnetos,
npUMEHEHUEM NPOBOASLLETO Nona u nposoaswen odysu.

Mon pomkeH ObiTb AOCTATOYHO YMCTBLIM, U €F0 COCTOSIHUE JOJDKHO PEerynsipHO KOHTPONMpOBAaThCS,
nHaye 3asemrneHue yepes non u odbysb He OyaeT OCyLUEeCTBNATLCS.

Ana  3awmTbl  UYYBCTBUTENbHOW  ONEKTPOHWKM, OCOGEHHO BO BpeMs TPAHCNOPTUPOBAHUA,
pPEKOMEHAYETCSA MCNOMb30BaTh IKPAHUPYIOLLYIO YNAKOBKY, 3aLUMLLAIOLLYIO OT BO3AEMCTBUS INEKTPUYECKUX
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nonei. YNakoBOUHbI MaTepuan, KOHTAKTUPYIOLWWIA C YCTPOICTBOM, HEe AOIDKEH ObiTb AUBMEKTPUKOM, YTOObI
MCKII0YaTh CYLLIECTBEHHYIO 3MEKTPU3aLMIO YNakoBKU UK YCTPOICTBA.

7 MNone3Hble NPUMEHEeHUN 3NEeKTPOCTaTUYECKUX ABMIEHUN

LLinpoko pacnpocTpaHeHHble POTOKONMMPOBANLHOE YCTPOWCTBO U CTPYMHBLIN NPUHTEP — YCTPOWCTBA,
Ype3BbIYANHO BaXKHble B WHMOPMALMOHHONW TEXHOMOorMn. JInekTporpadnyeckuin nNpouecc MNOMHOCTLIO
OCHOBaH Ha anekrpocrtatudeckux addekrax, u CTPyWHbIN NPUHTEP UCMOSNb3YeT TOYHOE pacnpenerneHue
TOYHO OTMEPEHHbIX U 3apsDKEeHHbIX Kanenb 4YepHun. B nepBuyHOM npouecce ontuyeckoe uaobpaxeHue
npeobpa3oBaHO B 3apSHKEHHLIA B KOPOHE KOHTYP HA 3anpsbkeHHOM (pOTONPOBOAHMKE, KOTOPbIN
BMOCNEACTBMA MPOSBNSAETCA BCMEACTBME NPUTSDKEHUA 4acTuy C  NPOTMBOMONOXHBLIM  3apsAoM.
3aknounTenbHbii  3Tan  (nepepaya  u3obpaxeHua Ha  Oymary) CHOBa  OCYLIECTBNSIeTCA B
3MEKTPOCTaTMYECKOM none.

3apshkeHHble B KOPOHE 4YacTuubl MbiNW, 3NEeKTPUYecKkne CBOWCTBA 3aXBaTbiBA€MbIX U NEPEHOCUMbIX
CnoeB MbifiM U CTabunbHbIE BLICOKUE IJNEKTPUYECKUe nonsi — BCe 39T0 cnocoberByeT 3h(PEeKTUBHOCTU
3MEKTPOCTATUYECKOrO OCaXAEHUS.

Okpacka B 3MeKTpOCTaTM4eCKOM None, BOpcoBaHue, oboraweHne pyabl U pasgeneHme nnacrmacc —
BCE 3TO WNU YXE nNpPUMEHsIeMble, WM pa3BUBAIOLIMECA NPOU3BOACTBEHHbIE npouecchl. KoHeuHo,
BO3MOXHOCTW OCYLLIECTBMEHUS, YNPABNEHUA U NPaKTUYECKOro NPUMEHEHUA 3NeKTpocTaTuyecknx adpdexkros
KapAuHanNbLHO 3aBUCAT OT KONMYECTBEHHbIX AaHHbIX 00 3nekTpocTaTMyYeckux napaMmerpax M o
COOTBETCTBYIOLLMX CBOWCTBAX Martepuanos. [JONONHUTENbHO MOXHO OTMETUTb NPUMEHEHMEe CTaTU4ecKoro
3nekTpuyecTBa B MEYaTHOM Jene, Mpu  3fIeKTPOCTaTUYECKOM YBNAXHEHUM U  SNEKTPOCTaTUYECKOM
npoMacnuBaHuu.

8 Obwue acnekTbl U3MEPEHUI

8.1 O6wume nonoxeHusn

M3mepeHusi MO3BONSAIOT MOHATb JMEKTPOCTaTUYECKUe ABMEHUS, MPOAHANM3MpoBaTh U BbipaboTaTb
peweHua npobneM, CNPoeKTUpoBaTb W paspaboratb CUCTEMbI W YCTPOICTBA, OCHOBAHHbIE HAa
9MEeKTPOCTaTUYECKNX NpoLieccax.

B aTom pasgene npeacrtaBneHo ONMCAHWME OCHOBHbLIX METOAOB W3MEpeHus, koTopoe obecneumBalot
O4HO3HAYHOCTL UM A0CTATOYHYI0 TOYHOCTM MonyvyaeMbiX AaHHbiX. Haubonee BaxHa npaBunbHas
MHTEepnpeTauus AaHHbIX, U OHA MOXET ObiTb MOMy4yeHa TOMbKO NPU MOHUMAHWUKM OCHOBHBLIX SIBAIEHWIA U
BNUAHUA HA HWUX NOKANbHbIX YCOBUA.

HekoTopele SnNEeKTpoCTaTUYecKue M3MepeHUsl UMEIOT OTHOLUEHME HENOCPEACTBEHHO K OCHOBHbLIM
dmsnyeckum napamerpam, HanpuMep, K SMEKTPUYECKOMY MOoMIo, 3apaay, NOBEPXHOCTHOM W OOBLEMHOM
NAOTHOCTM 3apsAo0B, yAenbHOMY CONPOTMBIIEHUIO, EMKOCTU, TOKY W SHeprun. [pyrue usmepeHus Oonee
cneunduyHbl U BOCTPeOOBAHLI B METOAMKAX MCMbITAHWA, B KOTOPbIX MOAENUPYIOTCS MpakTuveckue
cuTyauumu, reomeTpuyeckue napaMeTpbl U pasmepbl. Takne npumepsbl CBA3AHbI C 3apsAXKaeMOCTbIO, YTEUKON
3apsga, conpoTUBNEHUEM 3a3€MMUTENS U CNOCOOHOCTBIO K 3KPAHMPOBAHMUIO.

Mpyu M3MepeHUn aNEeKTPOCTaTUYECKOTO 3apsiia U Nomns 0Co60 BLICOKOM TOYHOCTM He Tpebyetcs. Bo
MHOMX CRy4asx AOCTaTOYHO ONMpeAenuTb NOPAAOK 3HAYEHUA U3MEPSIEMO BEMUUUHBL. YTO, BaXHO, TaK Kak
3TO HaAEXHOCTb U YBEPEHHOCTb B TOM, YTO B npeaenax NpuemsnemMon TOYHOCTU cAenaHHble HabnioaeHus
peanbHbl U NpaBubHbL. ECTb cnyyau, Koraa BbiCOKasi paspeLatowwas cnocobHOCTb U CTabunbHOCTL MOTyT
ObITb HEOOXO0AMMBI, HaNPUMEpP, NpU OLIEHKE CKOPOCTU YTEYKMU 3apsda C U3OMUPYIOLLEero martepuana npu
KOPOTKMX 3HAYEHMSIX BPEMEHU HaOnoaeHusi, Koraa NOBEPXHOCTHLIM 3apad WM noTeHuuan Moryt ObiTb
BbICOKMMM, & TEMN UX USMEHEHUS OYEHb MEATEHHbIN.

Ectb cnyuyau, Kkorga BbiCOKasi YyBCTBUTENBHOCTb HEOOX0AMMA, HaNpUmep, ANns Toro, Ytobbl U3MEPUTb
HW3KMEe NOTEeHuManbl, KOTOpble MOTyT MpPEeACTaBUTb PUCKM ANA 4YBCTBUTENbHLIX MNOMYNPOBOAHMKOBLIX
YCTPOWCTB U Ans TOro, YtoObl M3MEPUTb MOBEPXHOCTHYIO NMOTHOCTb 3apAdOB HA OTAENbHbIX CTOPOHAX
TOHKUX MNEHOK. ECTb Taike HEKOTOopble Cryyau, KOraa BbICOKAs TOYHOCTb MOXeT ObiTb Heobxoauma,
HanpuMep, Tam, rae U3MepsiIoT pasnuuusa Mexay ABYMA Unu 60NbLWIMM YUCNOM U3MEPEHWIA INEKTPUYECKOTO
nons, HanpuMep, NPU U3MEPEHUAX B PEXUME PEanbHOro BPEMEHWU NNOTHOCTU 3apsAA0B UIM CKOPOCTU YTEYKU
3apsga.

MpeacraBneHHbIe METOAMKM KAcaloTcs, npexae Bcero, NPaBunbHOCTU MEeToAa, a He AOCTMXKEHUN
BbICOKOW TOYHOCTU. BkrioueHue kaxaoro u3 npeacTaBneHHbIX METOAOB, NPU3BAHO Pa3bACHUTL HEKOTOpPbIE
U3 TPYAHOCTEl U NO3BOMNMUTL BLINOJIHEHUE U OAHO3HAYHYIO UHTEPNPETaLMIO Pe3yNbTaToB.
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8.2 dneKkTpuyeckoe norse

8.2.1 O6wmne NnonoxeHus

M3amepeHUst aneKkTpu4ecKkoro nons npPoBOASAT C NPUMEHEHMEM NPuBOPOB ABYX TUMOB: MHAYKLMOHHbIX
1aTYnKOB U AATYMKOB POTOPHOrO TUMA.

Takue npubopbl NPOCTbl W OTHOCUTENMbHO AELueBbl, HO WX YYBCTBUTEMbHOCTb U BO3MOXHOCTW
NMPUMEHEHUSI OrpaHuyeHbl. Y HUX €CTb KOHEYHAs WHEPLUMOHHOCTb, W 3TO O3HAYaeT, YTO OHW MOryT
MCMOMb30BAaTbCS TOMbKO AN OTHOCUTENBHO KPATKOCPOUHbLIX U3MEPEHUI (ECATKM CEKYHA) NOCME YCTAHOBKM
HYNA B OKPY)XaloLlel cpefe, B KOTOPOW OTCYTCTBYET 3neKTpuYeckoe none. VX nokasaHusi HETOYHbI npw
MU3MEepeHUU B NPUCYTCTBUN UOHU3UPOBAHHOTO BO3AyXa.

JaTtyukM pOTOPHOrO TUMA HAa3BaHbl Tak, NMOTOMY YTO CHabXeHbl BpPALLAIOWMMCA 3a3EMMEHHbIM
3aTBOPOM, MOZYNUPYIOLLMM MOTOK 93MNEKTPOCTaTUYECKOW WHAYKUMM K BOCMNPUHMMAIOLLEH MOBEPXHOCTH.
Mony4yaemblil NEPEMEHHbIA CUTHAMN 3aBUCUT TOMBKO OT NNOLaan 9KCNOHUPYEMON NOBEPXHOCTU U 3HAYEHUS
eMKocTW Ha Bxoae. Mpu 3TOM nepuoa MOAYNAUMU JOJDKEH ObiTb KOPOYE BPEMEHW penakcauuu BXOAHOM
uenu. ®asa YyBCTBUTENbLHOTO 3NIEMeHTa (POPMUPYET BbIXOAHONW CUrHamM, COOTBETCTBYIOLLMIA HANPSXKEHHOCTM
U MONSAPHOCTM HabMOAAEMOro 3MEKTPUYECKOro Nons.

B anbTepHaTMBHOM YCTPOWCTBE MPUMEHAIOT BUOPUPYIOLLMIA  9KPaH, MOAYMNUPYIOLWMIA  NOTOK
3NEKTPOCTAaTMYECKON UHAYKLMMN K BOCIPUHUMAIOLLEN NMOBEPXHOCTMU.

8.2.2 NpumeHeHue

M3MepeHne anekTpu4eckoro Mofs MOXeT NpefoCTaBWUTb MHAOPMAUMUIO O BEMUYUMHE U MOMAPHOCTU
noTeHUMana mMoBEPXHOCTU, MOBEPXHOCTHONM uNU OOBLEMHOW NNOTHOCTM 3apsaoB UM O JIOKArNbHOM
noTeHumane u onpeaeneHHon ToYKe NPOCTPaHCTBA.

MHAYKUMOHHBIA AaTYMK HENPEPbLIBHO pearnpyeTt Ha HabnogaemMble nons. M3amepeHHoe none oTpaxaet
pe3ynbTaT OTHOCUTENbBHO MPEeAblAYLUMX HabniodaBLMXCA NOMen U TakuMm 00pasoM, BaXKHO, YTOObl 3TOT
npubop BHadamne BKMOYANCA MNKM B HYNEBOE TMONOXEHMe, unu B obnactu, rae none OTCYTCTBYeT, a
U3MEPEHUS BbINOMHANMCL HENOCPEeACTBEHHO UMM B Mpefenax OTHOCUTENMbHO KOPOTKOTO MPOMEXYTKA
BPEMEHM MOCNe NepeycTaHoBKM Hyns. [okasaHna gaTymMka poTOPHOro TMnNa He 3aBUCAT OT YCNOBUK €ro
BKITIOMEHMUSA, NOCKOSbKY HYMb OCTAETCA YCTONYMBLIM B TEYEHME BCETO BPEMEHU NPOBEAEHUS U3MEPEHUN.

BaxxHo, 4TOObI NpuGop Obln AOMKHbIM 00pa3oM COEAMHEH € 3eMnel, u 4Tobbl cobnioganach
CTabunbHOCTL YCTAHOBKM HyNsi 38 MPOMEXYTKM BPEMEHU, HEOOXOAWMbIE ANs NPOBEAEHUS U3MEPEHWUN.
CnepyeT TaKxke KOHTPONUPOBAaTh NPUCYTCTBUE APYINX 3a3eMIIEHHbIX MOBEPXHOCTEN B 0ONacTu nposeaeHus
N3MEPEHUN.

MoBEpPXHOCTK, OrpaHuuMBaloLye 3Ty 0ONacTb, AOMKHbI COAEPXaTbCA B 4MCTOTE. ITO OCOBEHHO
Ba)KHO NP BbICOKOI YyBCTBUTENLHOCTM NpuBOpOB 1 Npu paboTte B cpeae C HaNUUMEM YacTuL U30NUPYIOLLUX
matepuanoB. Takue 4acTuubl NErk0 CTAHOBATCA 3apPSHKEHHBLIMU, U UX HANMUUME MOXET CMEeCTUTb HyMb
npubopa. Ouuctka BO3agyxa MOMOraeT NpPeaoTBPaTUTL HAMMUME TaKMX 4acTuL, HO 3TO HE WCKNoYaeT
HeobX0AMMOCTb PEryNsIPHON NepeyCTaHOBKW HYINS.

Hyneesoe nonoxeHue mnokasanuii npubopa MOXET ObiTb NPOBEPEHO €ro 3KPaHUPOBAHUEM
323eMIEHHON MeTanMMYeCcKomn NIacTUHON.

MHAYKUMOHHBIA AaTYMK UNU AaTyuMK POTOPHOrO TMNA CBOMM MPUCYTCTBUEM UCKAXKAET 3NEKTPUYECKOE
none. Kpome TOro, nokasaHusi npubopa OTpaXkaloT MHTErpanbHOe 3Ha4YeHue nons unu noTeHuwana s
HeonpeaeneHHow obnactu (Touke) npocTpaHcTBa. 3T 3PdEKTbl MOryT ObiTb CYLLECTBEHHBIMWU M AOSHKHbI
ObITb YYTEHbI.

8.3 NoteHuunan

8.3.1 O6uwue nonoxeHus

MoTteHymanbl MOryT GbiTb HA 0ObEKTaX, HA 3apSXKEHHbIX MOBEPXHOCTAX UM B 06beMax, coaepxaiimux
obnactu pacnpeaenexus 3apsgos. NepBble MOryT ObITb U3MEPEHDLI INEKTPOCTATUMECKUM BOMIbTMETPOM, HO
BCE OHM MOryT ObITb U3MepeHbl Npubopamu AnNS U3MepeHus nons unu noteHuuana. B nocnegHem cnydae
AomkHa ObiTb obecneveHa ycTaHOBKA Hynsi, COOTBETCTBYIOLLAS OTCYTCTBMIO BO3AENCTBUSI NMONA Ha
YYBCTBUTENbHbIN CEHCOp. [pM TakMx W3MEPEHUSX He [OIDKHO MNpPOUCXOAWUTb WCKAKEHUW HU B
pacnpeaeneHnax INeKTPUYECcKUX 3apsaoB, HU B 3HAYEHUAX NAPaMETPOB 3MEKTPUYECKOro Nons.

8.3.2 HanpsxeHne Ha NOBepPXHOCTHU

Mpu wu3mMepeHuun SnekTpocTaTMyeCkuM BOSIBTMETPOM JaTyuk MNpPeanoyvTUTENbHO pacnonarartb
HEMOCPEACTBEHHO Y NOBEPXHOCTU, TaK UTOObl HUKAKWe Apyrue CMeXHble 3apsiabl He Mornu Obl BMMATL Ha
pe3ynbtat usmepeHus. maeHble OrpaHU4YeHUs BO3HMKAIOT B CBS3U C TPYAHOCTbLIO NeEpekpbiTus 60nbLuioro
AnanasoHa 3Ha4yeHWn noTeHuuana UM pucka BO3HUKHOBEHMSA npobosi, Korga CKOPOCTb W3MEHEHUA
noteHuuana npeBbIWAeT WHEPLUOHHOCTb CYWUTBIBAHWA nokasaHui npubopa. lNpeumyLecTsa: BbICOKas
TOYHOCTb M3MEPEHUMN NOTeHUuMana, LWMPOKUM AWanasoH MW3MEPSEMbIX 3HA4YEHUW UM HU3KAS EMKOCTb
M3MepuTenbHOro npudopa.
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Mpubop AN M3MEepeHUs NOons, COEAMHEHHbIVi NEPEMBbIYKOW C 3eMMel, MOXET MCMoNb30BaTbCA B
KayecTse BOMbTMETPA W MOXET W3MEPATb MOBEPXHOCTHLIA MOTEHUMAN - AaXe NpU OYEHb BbICOKUX
HanpsbkeHusax. PaccTosHue, pasgensiowee naMepuTenbHbIi NPUBop U 0b6bekT M3MepeHUs JOIMKHO ObiTh
M3BECTHbIM U JOCTATOYHO GonblmnM, YTOBbLl U3bexaTb yBENUYEHUS €MKOCTU W3MEPUTENIbHON CUCTEeMbl U
CHWKEHUSA U3MepPsieMoro noteHuuana. fipyn aTom, paccTosiHME He AOIDKHO ObITb CAMLIKOM O0MnbLUMM, YTOObI
UCKNIOYNTL BIINSAAHWUE APYrMX 3apsifoB UK 3a3eMIeHHbIX NOBEPXHOCTEN.

MpeaoCTOPOXKHOCTH:

— 9NEKTPUYECKOE NOMe MEXAY NOBEPXHOCTLIO UMU TENOM U NPUBOPOM ANsi USMEPEHUS NOMSA 0ObIYHO
HEOHOPOJAHO, a MOBEPXHOCTHbIM NOTEHUMAan rfonyyalT NyTeM YMHOXEHUst HabnwaaeMoro 3HayeHus
HanpsbkeHHocTu nona E (B/M) Ha paccrtosHue (M) Mmexay npubopom M OBBLEKTOM M3MEPEHUS U Ha
MonpaBoOYHbIf  KOIPMPULIMEHT, KOTOPBIA 3aBUCMT OT NPeayCMOTPEHHON METOAUKW u3MepeHuin. [Mpu
usMepeHun nonsi y GOnbLIOW NNOCKOM MPOBOASILLEH NOBEPXHOCTU 3NEKTPUYECKOE MONE OAHOPOAHO U
nonpaBoYHbIAN KOIPMPULMEHT MOXET ObITb MONy4YeH npu rpagympoBke camoro npubopa. Ona HekoToporo
BbIPABHWBaHWA NOMsA AatyvMk npubopa AONOMHAIT chneuuanbHOi nnacTUHOW. dTa nnacTuHa no3BonseT
TONbKO HE3HaYUTENIbHO CKOPPEKTUPOBAaTb HEOAHOPOAHOCTL MONSA. MpuM NEPEHOCHBIX U3MEPEHUAX nerdye
ucnonb30BaThk NpMbop 6e3 NNacTuHbI;

— €Cnu NOBEepXxHOCTb — Hebonblias NNoCKOCTb, TO HEOBX0AMMO YCTAaHOBUTbH OTHOLUEHUS MeXay
3MEKTPUYECKUM MONIEM, PACCTOAHUEM OT HEe A0 AaTyuKa M MOTEHUManom. 3TO MOXET ObiTb CAENaHO umu
OMbITHBIM NYTEM, UMK KOMMNLIOTEPHBIM MOAENMPOBAHNEM;

— NpU WU3YYEHUU PUCKOB, CBA3AHHbLIX CO CTAaTMYECKUM SNEKTPUYECTBOM, B CROXHbIX paboumx
NPOCTpaHCcTBax crnegyet € MNoMowplo npubopa Ans U3MEpeHWs napaMeTpoB MNONS, NPEXae BCero,
nAEeHTUPULMPOBATL BCE CYLLECTBEHHbIE UCTOYHUKN 3apsikeHusi. OTAeNbHbIE NOBEPXHOCTHLIE NOTEHLUarbl
MOryT ObITb M3MEPEHbI, BOBMOXHO, C 3KPaHUPOBaHWEM APYIUX CMEXHbIX UCTOYHUKOB NONs. TakoW noaxoA
MO3BONAET UCKMIOYUTL HAMOXEHWEe Ha 3HAYEHUSI NOTEHLUMANoOB NOBEPXHOCTU Apyrux Gonee 3HAUUTENbHLIX
CMEXHbIX UCTOYHWKOB 3apsf 0B;

—BO BpPEMSA NMPOBEAEHUSA U3MEPEHUA NMPU HANUYMKU NOBEPXHOCTEN U3 AUINEKTPUYECKUX MaTepuarnos
crnegyeT yyuTbiBaTb, YTO Takue martepuarnbl Npo3payHbl AN SnekTpuyeckux nonei. JlokanbHble mecTa
pacnonoXeHws 3apsaoB MOTyT ObiTb YCTaHOBNEHbI NpubopaMu Ans U3MepeHUs 3NeKTPUYECKUxX nonemn npu
UX NEPEMELLIEHUN OT MECTa K MecTy.

8.3.3 NoTeHuMnan B NnpocTpaHCTBE

JlokanbHbIi MOTEHUMan MPOCTPaHCTBA MOXHO M3MepWUTb npubopamu Anst U3MepeHUsi napameTpoB
3NeKTpPOCTaTUYECKOro nons. 3aseMneHHbln npubop Bo1zsmyu.|,aeT none MOTEHUManoB B 3aBUCUMOCTM OT

AnameTpa aatuuka. HanpspkeHHocTe nonsi E, (B - M ), CBAi3aHa C noKamnbHbIM MoOTeHUuanom V, B, u
AnaMeTpom gatymka d, M, W BblUMCIAETCA No chopmyne:

E=f L ©)
d L
rae f— koHcTaHTa, Npubnu3uTensHo paesHas 1.
OTW COOTHOLUEHMSI COXPaHAIOTCSA MPWM YAANEHHOCTU AAaTyMKa Ha HeCKOSIbKO €ero JuaMeTpoB OT
CMEXHbIX 3a3€MINEHHbIX NOBEPXHOCTEN M KOHCTPYKLMUIA.
Heobxoanmo npoBepuTb, 4TOObI NpU BBEAEHWM AaATYMKA B SNEKTPOCTATUMYECKOE MONEe He
MPOBOLMPOBANOCEL BOSHUKHOBEHWE KOPOHHBIX MM UCKPOBBLIX Pa3paioB.

8.4 3apsn

CB0GOAHbIN 3apsd CTaTUYECKOro SMNEeKTPMYecTBa Ha W3Jenuu Unu Ha matepuane MoxeT OblTb
M3MEepeH Npu NOMELLEHUN STUX OOBEKTOB B 3aMKHYTYIO NMPOBOASALLYIO KaMepy, U3BECTHYIO Kak LMMUHAP UMK
KneTka, unu kamepa dapages, U MHAYLUPOBAHHLIA HA HEW 3apsii HA HAPYXXHOW MOBEPXHOCTU U3MEPSETCs
NnocpeacTBOM 9NEKTPOMETPUYECKOrO YCUNUTENsA. ANMbTEPHATUBHO HanpsbkeHue Ha knetke Papages,
3aBUCSLLEE OT €e eMKOCTH, MOXeET ObITb M3MepeHo nNpubopoM ANs U3MepeHUs MOoNsl UNU UHTErpansHoro
3HA4YeHnA ToKa HEe 3eMIio.

Mpu paGoTe ¢ YyBCTBUTENbHLIMU ANEKTPOMETPUYECKMMMU YCTPOICTBAMU CriefyeT rapaHTupoBatb MX
BbICOKO€ BXOAQHO€ COMpoTUBNEHWe, yCcTpaHeHune ymMma oT noboro COeaUHUTENbHOIO kabens u cBeaeHne K
MUHUMYMY BXOAHBLIX TOKOB CMeLUeHusi. [pu npoBeaeHUU M3MEPEHui ¢ npuMeHeHneM uunuHgpa dapaaes
cnegyert noszabotutecs O TOM, 4TOOBI ero E€MKOCTb MHOroKpaTHO npesocxoguna €MKOCTb
HaBNEeKTPU30BaHHbIX 0BBHEKTOB U3MEpeHus. Mpu TakoM NPOCTOM NoAxoJe NpeAoCTaBnsieTCH BO3MOXHOCTb
npoBefeHus wusmepeHus 3sapsgos Ao 1 nKn. Mpu npoeeaeHun u3mepeHuit OonbLUMX 3apsaoB B
MPOMBbILLIIEHHbIX YCINOBUAX BaXHO obecneuntb 6e€30MacHOCTb. [ns STOro MOXET NPUMEHATLCSA Cnocod
U3MEpPEeHUsa 3apsga no BenuYMHe WUHTEerpanbHOro 3HayeHWs Toka M pacnonoxeHue uunuHapa Papages
HEenocpeaCTBEHHO Y 3EMINU.

MpakTuyeckne pekomeHgaumMm NnpoBeaeHUs USMEPEHUN:
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- uurmHap dapagesn A0mKeH ObITb AOCTAaTOYHO 60NbLUMM, YTOObLI MONHOCTLIO BMELLaTh U OXBaTbiBaTb
BECb 3aPSHKEHHbIN 0O BEKT, Tak YTOObI HU OAMH €r0 Y4acTOK NOBEPXHOCTU HE OKAa3ancsa CHapYXu,

- AOIDKHO ObITb 0GecneyeHo xopoluee aKpaHupoBaHue uunmHapa dapages, 3awuualolee ero ot
BNUAHUSA NOObIX 3apAA0B BO BHELLHEN OKPYXXaloLen cpeae;

- cneayet NpeAoTBPaTUTL BRMSIHME NIOOBIX NOKanbHbIX 3apsA0B B NpoLiEcce U3mepeHus 3apsaaos. [ns
3TOro, Hanpumep, TpebyeTca 3azemnsaTbL 000pyAOBaHME, KOrAa onepaTop NOMELLAET 0GbLEKTLI M3MEPEHUS B
uunuuap dapanes, M rapaHTUpoBaTb, YTO ONEpaTop TaKke 3a3eMneH W 4YTo €ero ojexaa
HEHa3NeKTPU30BaHa N HE MOXKET HA3NEKTPU3OBATLCA B NPOLECCE NPOBEAEHUSA U3MEPEHUN;

- cneayeT nNpefoTBPaTUTL YTEUKY 3apsaoB 4yepes u3onAaumio uunuHapa dapages, 3neKkTpudeckux
COEIMHEHNUI U NPOBOAOB BHELLHMX U3MEPUTENbLHbIX CUCTEM;

- cneayet yAOCTOBEPUTLCH, YTO M HYMEBble MOKa3aHUA W MNOKa3aHMs, KacalolMecs BENUYUHbI
M3MEepAEeMoro 3apsiaa, COXpaHsIoTCA YCTOMUUBO B TEYEHUE BPEMEHU, AOCTATOMHOTO AN CHATUSA NOKa3aHUM
n3MepuTenbHbIX NPUGOPOB.

BesonacHoCTb AomkHa Takke ObiTb obGecneyeHa M Ha TOT MOMEHT, KOrAa 3apsbKkeHHbIN UMNIMHAP
dapapen 3asemnaercsa. lNpu 3TOM HE AOIMKHO BO3HMKATb WCKPOBbLIX Pa3psiioB, CMOCOOHLIX Bbi3BaTb
3axuranue.

8.5 MnotHoCTL 3apagoB

8.5.1 NoBepxHOCTHAA NNOTHOCTb 3apPAA0B

3apsXEeHHbI NUCT U3ONSLMOHHOIO MaTtepuana, yAaneHHbii OT MobbIX APYrUxX 3a3eMMeHHbIX
NOBEPXHOCTEN, CHYXUT WMCTOYHUKOM OAHOPOAHOTO OAMHAKOBOTO WM HANPaBMIEHHOr0 HOPMAnNbHO K
NOBEPXHOCTAM KaXkA0N CTOPOHbI NUCTa JMEKTPUYECKOro nosns, oBGycrnoBneHHOro anrebpanyeckor CymMmon
NOBEPXHOCTHbLIX MMOTHOCTEN 3apAA0B HA KaXdoW U3 ero CTOPOH. MNOTHOCTM 3apsaao0B HA KaXKAON CTOPOHE
nucTa Moryt ObiTb U3MEPEHDbI, €CNU NIUCT pacnonoxeH BONWU3KW OT 3a3eMSIEHHO NOBEPXHOCTM (NMPOTUB
3a3eMMEHHOI NOBEPXHOCTK). 3apsa Ha NOBEPXHOCTU, PACNOSOXEHHON NPOTUB 3a3eMIIEHHOM MOBEPXHOCTH,
HE OKa)KeT BNWSIHMS Ha BHELUHEE MNone y npoTMBOMOSIOXKHON NOBEPXHOCTU NUCTA W NNOTHOCTb 3apsi0B Ha
nocneiHen NOBEPXHOCTU MOXET ObITb M3MEpeHa, Hanpumep, NPUGOPOM ANS U3MEPEHUS] HAMPSDKEHHOCTU
nonAa. lMpu 3TOM TONWMHA W OTHOCUTENbHAA AWINEKTpUYeckass MNOCTOAHHAA maTepuana U TOYHOE
paccTosiHMe JgaTumKka OT NOBEPXHOCTU AOIMHbI ObiTb M3BECTHbI.

Utobbl 0becneuntb Tpebyemylo TOYHOCTb M3MepeHuit Ao 5% patuumk usmeputensHoro npubopa
JomKkeH ObiTb ydaneH oT MOBEPXHOCTM NIUCTA Ha paccrofiHMe He MeHee, Yem 1,5 auametpa partduka.
Pa3mMep oxpaHHOW NNacTUHbI AOMKEH HE MeHee YeM B 9 pa3 npeBbiaTh pacCTOsiHUE, OTAENSIoLee 4aTymuk
OT MOBEPXHOCTU nucta. Ons obecneyeHnss TOUHOCTU u3MepeHun A0 1% pa3Mep OXPaHHOW NNACTUHbI
JOIMKEH HE MeHee YeM B 15 pa3 npeBbilaTh paccTosHME, OTAENAOLLEE AaTYUK OT NOBEPXHOCTU NUCTA.

Mpu menkomacwTabHbiX 06bEeKTax uCnbiTaHus TPebyeTCA MNPUMEHATb AATYMKM U PaCCTOSIHUSA,
pasgensowme 4aT4mK U 06 BEKT UCMbITaHUS, COpa3MepHble 0OBLEKTY UCTIbITAHUS.

OnA npoBeAeHUs U3MEPEHMIn Ha ABWXKyLMXCA obbektax TpebyloTcs usMeputenbHble Npubopbl ¢
WHEPLIMOHHOCTLIO U paspeLuatoLllert CnocobHOCTLI, obecnevynBaloLLel BO3MOXHOCTU MPOBEAEHMS TaKUX
N3MEpPEHUN.

8.5.2 O6bemMHas NNOTHOCTbL 3apsiaoB

Ona cdepbl ¢ 0OAHOPOAHBIM YCPEAHEHHLIM pacnpefeneHnemM NNOTHOCTM 3apsiaa HanpsXKeHHOCTb
9MEKTPUYECKOro MOoMs y MNOBEPXHOCTM M MaKCUMMarnbHbIA NOTEHUMan BO3pacTalT MO JIMHERHON |
KBaApaTU4HOI 3aBMCMMOCTU, COOTBETCTBEHHO. CrejoBaTtesibHO, NPU OAHOPOAHOM pacnpeaerieHun 3apsiga
MMNOTHOCTb SNEKTPUYECKOro 3apaga B 06beMe MOXHO ONpeaensATe N0 HANPSXXEHHOCTU BMEKTPUYECKOro Nons
Yy NOBEPXHOCTU UMK MO MakCMMarnbHOMY NMoTeHLuany B kamepe NpocTon Gopmsl.

Ona kamep cnoXxHoi hopmbl MOXKHO NMPUMEHSATb KOMMbIOTEPHOE MOAENUPOBAaHNE, YTOObI YCTAaHOBUTL
rPAHUYHbIE 3HAYEHUA HANPSXKEHHOCTMN SNEKTPUYECKNX NONEN U pacnpeaeneHue notTeHuuana B ooreme.

Kamepa moxeT ObITb UMM NOMHOCTLIO HAMNOMNHAEMbIM COCYAO0M, COAEpXALLUMM 3apag, Unu HebonbLWnM
npoayBaeMbiM NpPOBHUKOM nokanbHbIXx oBpasuoB arMocdepbl. Heobxogum au3aiH  npoGHuKa,
YPaBHOBELUMBAIOLUMIA XOpOLLee NPOXOXAEHWEe BO3AyXa C 9KPAHMPOBAHWEM 3MEKTPUYECKOro Mons,
BO3/1€/CTBYIOLLETO HA HapPY)XHble NOBEPXHOCTU NPOOHMKA U CO3aaBaemoro sapsgamu B 60nbLIOM cocyae.
O PeKTUBHOCTL IKPAHMPOBAHUSA NPOOHMKA MOXKHO MCNLITaTb, CHUMAA NOKa3aHWA B OTCYTCTBUM 3apsaa BO
BHELLHEW cpeae, HO yBenuuuBasi NOTEHUMan A0 BbICOKMX 3Ha4YeHun. BosaencTtBne BHELIHUX NONEN MOXeET
ObiTb [0OBOJSILHO CYLLUECTBEHHbIM, €CnU NPOOHMK NMOMELIEeH B LEHTPasnbHYI0O 4acTb KPYNHOMACLWTaBHOro
pacnpeaeneHHoro 3apsaaa, rae nokanbHbIi NOTEHLMan MOXEeT A0CTUraTh HECKONbKUX AECATKOB KUNOBOMbLT.

8.6 CtekaHme 3apsapa

YTeuka 3apsga € marepuanoB — (DakTop OrpaHUYEHUs  dneKTpocTaTtudecknx 3 PeKTos.
CneaoBaTtenbHO, CKOPOCTb CMOHTAHHOW YTEYKM 3apsga — BaXHblii napametp. CBOWCTBA, CBA3aHHblIE C
YyTEUKOW 3apsaoB, XapakTepU3yloTCA BPEMEHEM YTEUKM 3apsaaa.
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TpaauLMOHHO SMEKTPONPOBOAHOCTL MATEPUArOB U, CNEA0BATENbHO, UX CMOCOOHOCTL 0becneunBaTb
yTeYKY 3apadoB OLEHUBAETCA [JaHHbIMU U3MEPEHUS OOBLEMHOTO MMM MNOBEPXHOCTHOIO yAENbHOro
COMNPOTUBIEHUA. STO MOXET ObITb YAOBMNETBOPUTENBLHOW XapaKTePUCTUKOM ANsi FTOMOreHHbIX martepuanoB. K
COXarneHuto, MHOrMe matepuanbl He SBASATCA TOMOFEHHbIMWU, U Y MHOMUX MPOSIBNSIETCA 3aBUCUMOCTb
yAEmnbHOro CONPOTUBMEHUA OT HampaBfEeHWUs MPUIOXEHHOrO HanpsbkeHus. Tak Kak anekTpocratuyeckue
3apsiabl BO3HWUKAKOT HA MOBEPXHOCTSIX MPU KOHTAKTE UMM MPU TPEHUW, JNyylumii cnocod OLEHUTbL CBOWCTBA
mMarepuanoB COXpaHATL 3apsaabl COCTOMT B HAHECEHUM 3apaja Ha maTepuan u nocnegylouem HabnoaeHum
32 CKOPOCTbIO €ro YTeuKu.

3apsguTb Matepuan TPeHUEM O4YeHb NPOCTO. B 3TOM M COCTOMT OYEHb AOCTYMHbIA U NPAKTUYHbLIA
cnocob 3apskeHusi MOBEPXHOCTEN TBEpAbIX MaTepuanoB. STOT MeToh obnagaeTr u TeM NpeuMyLLEeCTBOM,
YTO MpPM 3TOM BOCMPOU3BOAATCA peanbHble ycnoBusA. OAHAKO, 3apshkeHWe [AaHHbIM CrnocobOM MOXET
oKasaTbCA MNSOX0 BOCNPOM3BOAMMBIM. [1OpOWIKKM, rpaHynbl M Xrnonbs MaTepuana Moryt ObiTb nerko
3apsKeHbl NpU MOAENUPOBaHUU PearnbHbIX YCIOBUI 0CAXIEHUA U TPAHCNOPTMPOBAHUS MNOTOKOM.

KOpPOHHBIA  BLICOKOBOMLTHLIN  paspas  4acTto NPUMEHSIIOT ANA  3apsbKeHUss MaTepuanoB  WUnu
NOBEPXHOCTEH. STO NMPOCTOI M yHUBEpPCAsbHbIN cnocob 3apspkeHus. Metoa npumeHum npu obpaiueHum ¢
TBEpAbIMU NOBEPXHOCTAMM, MOPOLLKAMU UMM FPaHYNaMu U XXUAKOCTSAMMU.

Mposoasiume u paccevBaiolye marepuansl - unm 00beKkTbl € yaenbHbIM  COMPOTUBIIEHMEM
NPUGAM3NTENBHO paBHbIM MeHee 10" OM, MOTYT 3apsbkaTbCsl MO MHAYKUMM UKW NPU NPSIMOM KOHTakTe
CBAI3bI0 C UCTOYHMKOM BbICOKOTO HanpsiKeHus.

OG6bluHbIN MeToA HabMoaeHNs yTeuku 3apsiAoB OCHOBAH HA MpUMeHeHun npubopa Ans usmepeHus
HanpPsAXXEHHOCTU NOMSA y NOBEPXHOCTU U CHATUSA XapakTEPUCTUKU €ro yObiBaHUA.

Ons oOueHKkM yTeyku C MaTepuanoB WM MOBEPXHOCTEN OOLEKTOB MPUMEHSIOT METannu4yeckylo
NNacTUHy, KOHTAKTUPYIOLLYIO C MOBEPXHOCTBLIO, M U3MEpSIeT XapakTepUCTuKy yObiBaHUst HA HEW HaNPSHKEHUSA.

CKOpOCTb YTEYKU 3apsaoB AN MHOMMX W3OMALMOHHBIX MaTepuanos B GONbLUOA CTENEHU 3aBUCUT OT
NNOTHOCTU 3apsA0B — YEM BbILLE MNIOTHOCTb 3apsifoB, TEM ObICTpPee NPoucXoauT Ux yrtedka. OueHb GbicTpas
B HayanbHbI Mepuos CKOPOCTb YTEYKM 3apsiioB MOXET 3aTEeM CYLUECTBEHHO 3amMeAnATbCA, NOCKOMbKY
NNOTHOCTL 3apsA0B YMeHbLlaeTcA. [109ToMy ny4lmii cnocod WMHTEPNPEeTUpPOBaTb CKOPOCTb YTEYKU —
CpaBHEHWE C U3BECTHbIM MaTEPUanom.

Uto kacaetcsa Konu4yecTtBa 3apsaa, OCTaloLLEerocs Hanpumep, Ha Cbinyd4em marepuane npu ero
XpaHeHWn, TO Takas xapakTepucTuka 0CobEHHO BakHa. B AMHamuveckux npoueccax anekTpu3auun, Takmx
KaKk NHEeBMOTPAHCNOPT Marepuana, BaXHbld aKTOp — YUCTOTA WU3ONUPYIOLUMX MOBEPXHOCTEN,
KOHTaKTUPYHOLLMX C MPOAYKTOM.

MaeanbHO, NOaTOMY, ONpeaenuTb YCNOBUA YTEYKM NO MOBEPXHOCTU M yepe3 obbeM. KOHTakT C
dnaHuamMmu cnocobCTBYET NPEUMMYLLECTBEHHOW YTEYKe MO MOBEPXHOCTU, B TO BPEMsl KaK KOHTakT C
MEeTannM4yecKon ONOPHOI NMAacTUHON — yTeuke yepe3 obbeM. [ins matepuano, NPUMEHSAAEMbIX B MOHTaxXe,
KOHEYHO, HeoBxoAMMO HabnwaaTbh YTEYKY 3apsiAoB B YCMOBMSIX CyLLUECTBYIOLUMX 3a3€MIIEHHbIX Y3MO0B
YCTaHOBKMU.

Heobxoanmo MuHMMUM3MpOBaTL oOOpalleHue ¢ maTepuanamu, BHOcsLee nioOble M3MEHEHUs B
CBOMCTBA UX NOBEPXHOCTEN. MOPOLLKM AOIMKHBI ObITb MOMELLEHbI B MOAXOASALLUA KOHTENHEP.

8.7 ConpoTuBneHue U yaenbHoe COnpoTUBIIEHUE

OnekTpuyeckoe conpoTuBreHue — usmyeckuii napameTrp C HauMbOnbLUMM  AUana3soHOM,
OXBaTbIBAKOLLMM 3HAYEHUS], OTNIUYAIOLLUECS CBbiLLE, YeM NpubnuautensHo HA 30 AeCATUYHBIX MOPSAAKOB, OT
METannoB 10 NOYTU COBEPLUEHHbIX M30nATOopoB. CONPOTMBNEHUE U YAENbHOE COMPOTUBIIEHUE U TBEPAbIX
00bEeKTOB U XUAKOCTEN U3MEPANUCh B TEYEHMe MHOrux net. B nutepatrype M B craHgaprax OnucaHo
OonbLIOe KONMMYECTBO METOAOB u3MepeHusi. OUeBUAHO, YTO HUKAKON €AMHCTBEHHbIAW METOA HE NMPUMEHUM
no LEnoMy AManasoHy 3HAYEHUS U3MEPSAEMbIX BENUYMH, HO, B 06nacTu anekrpocTatuku OyayTt, BEPOSTHO,
[OCTaTouyHbl B OOMbLUMHCTBE CRy4yaeB METOAbl, NPU KOTOPbIX 0Opa3sel NpoCTO MOMELUAIoT Mexay napow
3NEKTPOAOB U U3MEPSAIOT TOK NpU 334aHHOM HanpsbkeHuu. ConpoTMBNEHUE MOBEPXHOCTU OQHOTO U TOTO Xe
caMoro marvepuana MOXeT 3HAuMTENlbHO OTNMYaTbCs MU3-3a abcopbuuu 3arpsA3HEeHun, 0COOEHHO BOAbI.
MoaTomy ACHO, YTO ANA M3MepeHuin NoTpedyloTCA pa3Hble CUCTEMbl ANEKTPOAOB, HO MPUHLMN U3MEPEHUN
O0CTaeTCA OAHUM U TEM XKeE.

Onsa matepuanoB ¢ XOPOLUMMU U3OMNSALIMOHHLIMU CBOMCTBAMM MPU NMOCTOSAHHOM 3MNEKTPUYECKOM none
HabnaaeTca HeNpepbLIBHOE YMEHbLLEHUE Toka (Mnu yBenuueHue conpotueneHusi). Kpome toro, ana atux
MaTepnanoB TOK MOXET YBENUUMBATLCA HENUHEHO MO Mepe yBENUYEHUS! HanpsbkeHus. OTu hakTopbl
OenalT  KOHUEeNnuuio YAenbHOro CONPOTMBMEHUS HECOBEPLUEHHOW W 3aTPYAHSAIOT  WHTepnpeTauuio
3KCnepuMEHTanbHbIX Habnoaenwii. ObOwaa npakTMka COCTOMT B TOM, 4YTO ANS Takux maTepuanos ¢C
BbICOKMMN M3ONALUMOHHLIMW CBOMCTBAMW YCTaHaBfIMBAEMOE 3HAYEHWE CONPOTMBIIEHUA PEerucTpupyerca
nocne NpeaycMOTPEHHON BbIAEPXKKU, MOCIIE ONPEeAEeNIeHHOro BPEMEHMU.

B npaktuke wHorga TpeOyeTcAa nNpoOBeAEHUE W3MEPEHUNM CONPOTUBMEHUS OT MOBEPXHOCTU
CMOHTUPOBAHHOW KOHCTPYKLUMM O 3a3eMmnuTens 34aHUS UMM COMPOTMBMEHWUSA 3almTHON 00yBU. B Takux
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cnyyasix AeWcTByeT NPUHUMN, B COOTBETCTBMU C KOTOPbIM CUCTEMA 3NEKTPOAOB AOIMKHA, N0 BO3MOXKHOCTH,
TOYHEe COOTBETCTBOBATL PearibHbIM YCIOBUSIM.

BaxkHO, 4TOObI XOPOLUMI KOHTAKT OblN YCTAHOBMNEH MEXAY arnekTpoaaMu n obpasuom. MosTomy 4YacTto
NPUMEHAIOT MAFKUE SMEeKTPUYECKM NPOBOASALIME MaTepuansl UAW MeTannuyeckyo onbry B COYETaHUM C
MATKMM MaTepuanom. Ons >XuakocTen U nopoLLKOB TPeOyloTCA cneunanbHblie u3MepuTenbHble A4eikn. B
TexX Cnyyasx, Korga CONPOTMBIEHWE NPOAYKTa TOro >KE Mopsdka, YTO U COMPOTUBIIEHUE U3ONMUPYHOLLIMX
Aetanen n3MepuTesibHON s4eiikn, TPebylTCa OXpaHHbIE SNEKTPOAbl, OTCEeKalolue napasutHble Toku. Mpu
3anoJSIHeHUN N3MEPUTENBHOW AYerKK1 nopoLukaMu TpebyeTca, YToObl NPUMEHANCA MeToA, obecnevnBaoLLmi
€r0 BbICOKYIO MIOTHOCTb.

8.8 CnoCOOHOCTL HakansIMBaHUA 3apaaa

Yacto HeoBX0aMMO M3MEpUTb 3apsKaemMoCTb, YTOObI OLEHUTb TOKW, KOTOPblE MOTYT BO3HUKHYTb MpK
nNpoBEAEHUN onepaumii unu npyu obpallueHun ¢ onpefeneHHbIMU NPoayKTaMu. B HEKoTopbIX cryyasx, Yem
Oonblwe 3aTpaveHHas pabota, Tem Oonble 3apsa. Hanpumep, npu pa3mone 3apsg 6onblue, YeM npu
NPOCEMBaHMKM MOPOLLKA, MPU MPOKAYKE >KMAKOCTWU Yepes unbTp 3apsag bonblue, Yem npu NamMUHaApPHOM
TeyeHuu. [pyrne 4acTto BCTpevalLwuecs crnyyau OSneKkTpusauuu: TPeHue maTepuana, TPaHCnopT no
MEHTOYHbIM TpaHcnopTepam, NHEBMOTPAHCNOPT, TPYOOMNPOBOAHLIV TPaHCMOPT KUAKOCTEMN, XOXAEHWE
nogen no N3oNUPYOLWMM NOKPbLITUSIM Mona.

3apsaa, obpasylowmiica Ha ONpPeaerneHHOM KOMMOHEHTE, MOXET ObiTb M3MEpPEeH HENOCPEACTBEHHO C
npuMeHeHnem uunuHgpa Papajesd unNM KOCBEHHO NO AaHHbIM W3MEPEHWI nonew noTeHuuana unu
HanpsHKeHHOCTU, COOTBETCTBYIOLLMX 9TOMY 3apsay. M3-3a paBeHCTBa 3apsiA0B Ha UCMbITYEMOI NOBEPXHOCTH
W Ha TPYyLLEMCS MaTepuane, eCTb BO3MOXHOCTb BbIOOpa, KaKoi U3 HUX U3MEPATH.

Mpu namepeHnax OOMKHbI UCNONb3OBATLCA HOBLIE MaTepuansl, YTOObI UCKIIOYANUCh WUCKaXEHUS,
BbI3BaHHbIE 3arpsi3HEHUEM.

PasgeneHne 3apsaoB MOXET COMPOBOXAATBCA WUX YTedkoW. Mexay paspensiowpmMucs Tenamu
npoucxoaart paspsaabl. MamepeHHbIn 3apsa — pesynbTtar 6anaHca npouecCcoB SNeKTpUsaLmmn U paspsikeHus.
CnepoBaTtenbHO, 3apsf AO0/MkeH OblTb M3MEpPEeH HemnocpeaCTBEHHO cpa3y mnocrie ero o6pa3oBaHus.
Hanpumep, Teky4ne ucnbiTyeMble NPOAYKThbI AOMKHBI Cpaldy nocTynaTh B uunuHap dapaaesa uameputenbHoOM
CUCTEMBbI.

BHeluHne anekTpuyeckue nons MOryT BAUATHL HA NPOLECC pasaeneHus 3apsaoB, Tak YTO M3MEpPEeHUs
OOIDKHBI BbINOSHATLCA B YCIIOBUAX 9KPAHUPOBAHUA OT BHELUHWUX NONEN.

8.9 Tok

EcTb Heckonbko oGrnacrteil, B KOTOpbIX B 3NeKTPOCTATMKE YMECTHbl M3MepeHus Toka. OuyeHb
MarneHbKMe TOKW, MEHbLLE HECKONbKUX HA, 00YCNOBMEHbI 3NEKTPONPOBOAHOCTLIO U30NATOPOB. Tokn Bonee
BbICOKWX 3HAYE€HWUW, MOpPsSAKA MMKpOAMMEpP, BO3HUKAIOT B MOTOKAaX, a TOKW, U3MEpPSieMble B amnepax, B
paspsagax CTaTUYecKOro 9amnekrpuyecTBa. Kommepuyecku [OCTYMHble 3nekTpoMeTpbl ofecneuuBatot
BO3MOXHOCTb U3MEpPEHUs TOKa B MEPBbIX ABYX CMNyyasix, a anbTEPHATUBHbLIN METOA M3MEPEHUA TOoKa no
noTeHuMany 3apspkaioLerocsi KOHAeHcaTopa M3BECTHO €MKOCTU MpueMnieM BO BCeX Tpex cnydasx. Yro
KacaeTCa TOKOB WCKPOBbIX pa3psfoB, TO BaXHO, 4UTOObI BECb 3apsi NpoLlen 4epe3 LWYHT € MarnbiM
conpoTusneHueM. BaxHo Takke, UTOObI MaJEHME HANPSHKEHUS] HA LUyHTe ObiNo HEeCoU3MepumMo Masno B
CpPaBHEHWUN C HAMPSPKEHUEM UCTOYHMKA. PEakTUBHBIA MMNEAAHC LUYHTA AOMKEH ObiTb HE3HAYUTENbHLIM MO
CPAaBHEHWIO C €ro aKTUBHLIM COMPOTUBIIEHUEM, YTOOLI NAAEHUE HANPSHXKEHUNA HaA WYHTE ObINO TOYHOW Mepoi
npoTeKalLwwero no Hemy Toka. MHepUMOHHOCTb U3MEepUTENbHON CUCTEMbI AOMKHA OblTb MHOTO MEHbLUE
MUHUManNbLHOW ANUTENbHOCTM paspsaa, noanexaiwiero usmepeHuio. MNpu paspsaax ¢ NPOBOAAMX Ten
MHEPUMOHHOCTL NpUbopoB A0MmKHA ObITh 1 HC UNKU MeHee.

Heobxoaumo, uToObl MAaKCUManbHbIE 3HAYEHUSI HAMNPSDKEHUSI HA U3MEPUTENbHON CUCTEME U
NPpUMEHAIEMbIE CPEACTBA €€ 3a3eMIIeHUsl, NPUMEHSIEMbIE BO B3PbIBOONACHOM cpeae, He npuoaunu Obl K
BO3HMKHOBEHUIO UCKPOBbIX Pa3psifioB.

OnTUManbHbIA CMOco6 06ecneunTb HU3KYI0 UHAYKTUBHOCTb COCTOMUT B TOM, 4TOObI CHOPMUPOBATD,
Hanpumep, LUyHTUpYIoLLee BXoaHoe conpotusrnenne B 1 Om u3 10 napannenbHbiX CONPOTUBAEHUIA, KaXaoe
no 10 Om. YT0oObl AOCTMYL HM3KOTO PEaKTUBHOIO MMNeAaHca wWyHTa ana dacrotr ao 1 I'Tu, noneseH
NMOBEPXHOCTHbLIN  MOHTAX pe3ucTopoB. [lpu npumeHeHun kabens € COGCTBEHHbBIM  BOMHOBBLIM
conpoTtuBneHneMm 50 OM AnsA coeauHEHUA Jatyuka ¢ npubopom cneayet coGniocTu ycnoesue, Npu KOTOPOM
BXOAHOE U BbIXOAHOE CONPOTUBMNEHUA kabens Obinu Obl paBHbl 50 OM. Bonbwuwe TpeboBaHuA
NpeabABNSIOTCA K KAYECTBY 3a3€MIIEHUS U 3KPAHMPOBAHUA U3-32 HEOOXOAUMOCTU UCKIIOYUTL UCKAXKEHUS
pe3ynbTaTtoB U3MEpPEHUS, B CBA3M C NepexodHbiMU npoueccamu. None3Ho NpoBepuUTb, HE BO3HUKAIOT NK
CuUrHanbl B Crnyvyae paspsiia HenocpefCTBEHHO HA 3a3eMSIEHHYI0 NMOBEPXHOCTb, @ HE Ha NpPOGHUK (Ha
AaTymK).
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8.10 SHeprusa eMKOCTHbIX pa3psaaos

OnpefeneHne sHeprun, peanusoBaHHON B pa3pafe, BaXHO ANA OLEHKW BO3MOXHOCTU MOBPEXAEHUS
YyBCTBUTENbHbIX YCTPONCTB U MHULMMPOBAHMA CMECEN C BO3AYyXOM rOplouMX BeLecTB M matepuanos. B
HacTosLLee BpPeEMSA HET OOLLENPUHATOrO MeToAa, ANS NPSAMOr0 U3MEpPEHUs 3Tok aHeprun. Camblit 0BLLMiA
cnocob onpeaenuTb 3HEPrnio, 3anaceHHyl 3apsXkeHHbIM 0OLEKTOM, NYyTEM M3MEPEHUst HanpsbkeHus, V, u
emkoctn, C, n pacyeta sHeprum no copmyne 0,5 CV2 Bosaencreue paspsga npuHATO OLEHUBATb NO
9HEeprun Takoro KOHAEeHcaTopa, 3anaceHHoW nepea paspaaom. MeToa ucnbITaHusi BO3AEWCTBMSA TaKOro
paspsiaa Ha anekTpoHHoe obopyaoBaHue npuseaeH B FOCT 30804.4.2. Metoa onpeaeneHnsi MUHUMarbHOM
3HEPIrUK 3aXKMraHus NblNEBO3AYLUHbIX CMECEN NpuBeaeH B [5].

8.11 JHeprus saxuraHua

8.11.100wune nonoxeHunsa

OHeprus, Tpebylolaaca AnA 3aXWraHus ra3soB WAWM NbINEBO3AYLWHbIX CMECEN, CHWKAeTCsi Npu
BKIIIOYEHUWN COMPOTUBIEHMSA UM UHAYKTUBHOCTHM B LUENb paspsaa eMKOCTH, yBenuuusaoLwen AnUTensHoCTb
paspaga. OObIMHO WCMbITAHWA MNPOBOAAT 0€3 BKMIOYEHWA AOMNOMHUTENbHLIX WHAYKTUBHOCTEW B LEMb
paspsaa. MMHUManbHYIO SHepruio 3axuradua (MO3) cmecen ra3oB Unu Nbinein ¢ BO3AyXOM HaAXOAAT NyTem
NPOBEAEHUS CEePUN UCMbLITAHWIA, B XOA4E KOTOPbIX NOCNEAOBaTENbHO, MOKA HE MPEKPaTATCA 3aXUraHus,
CHIKAIOT BHEPIUIo, 3aMaceHHyI0 B KOHAEHCATOpe nepea pa3psaoM, BO3AEUCTBYIOLEM HA cMech. MopoLuok
UMNYNbCOM CXAaTOro BO3Jyxa pPAacCEenBalOT B MPOMEXYTKE Mexay 9SneKkTpoAamu, Mexay KOTOpbIMU C
33[1€PXKKON B HECKOSIbKO MWMNUCEKYHA obpasyeTcAa WCKpoBOW paspsaa. Ons nonyyeHuss UTOroBOro
pesynbrata kaxabli pa3 TpebyeTca MHOrokpaTHoe nosTopeHue 60onbLoro konuuyecTsa onepauuin. Metop
onpeaeneHnss MMHUMarbHOWM 3HEPrun 3axXMraHua NbiNeso3ayLWHbIX cMecen npuseaeH B [5].

OnTUManbHbI METOA OLEHKW 3aurairolen CnocoOHOCTU pa3spsaoB C 3aPSsDKEHHbIX MOBEPXHOCTEN
COCTOUT B 0DecneyeHnn pas3psiioB Ha 3a3eMIIeHHbIN chepudeckuit aNEKTpoa, PaCronoXeHHbIH B rnybuHe
OTKPbITOrO CTakaHa U3 M30NMPYIOLLEro marepuana, 3anofIHEHHOro CMEeCblO M3BECTHOr0 COCTaBa roploYero
rasa ¢ Bo3gyxoM. [JaHHOe yCTPOMCTBO Ha3blBAETCA «30HA 3aXuraHus». ®akrT 3aXuraHms CMecu, B KOTOPYIO
MOTPYXXEH 3MEKTPOA, CMNYXMT MPsiMbIM NOKa3aTenem 3axuraiowein cnoCobHOCTU uccrneayeMbIX paspsioB
CTaTMYECKOro anekTpuyecTsa. 3axurawowasa cnocoGHOCTb paspsaa TeM Gonbwe, Yem Gonblue SHeprus
3aXuraHus CMecu, kotopasi cnocobHa saropaTbCs OT €ro BO34eiCTBuA. B 04MHAKOBLIX YCIOBUSIX UCMbITAHUSA
3akuraroiass CrnocoOHOCTb paspsiAoB C OTPUUATENbHO 3apshKEHHOW MOBEpPXHOCTU 6omblue, 4YeM C
MOBEPXHOCTU, 3apsXXEHHOW MONOXUTENbHO. PaKT MOABMNEHMA 3aXUraHua Mpu NPOBEAEHUU MUCTbITAHMA
CBUAETENbCTBYET O peanbHOCTU pUCKa 3axuraHus. 3axiuraHune CTatuCTMUEeCKui npouecc u Tpebyercsa
6onbLUOe KONMWYECTBO MCMbITAHMIA, B KOTOPbIX 3aMraHMe OTCYTCTBYeT, 4ToObl YTBEpXAaTb, YTO PUCK
3axuraHus man.

Hanpspkenne cnegyeT usMepsiTe 40 M NOCNe pa3psaa, T. K. SHeprus MOXeT ObITb M3pacxoaoBaHa He
MOMHOCTbIO.

3 ekTBHOCTL BO3AEWCTBUA WCKPOBLIX PAa3psiAOB CTaTUYMECKOTO OSMEeKTPUYECTBA MOXET CUMbHO
W3MEHATLCA C YBENMUYEHUEM MEepUOANYHOCTU U ANUTENLHOCTU. POCT NEpMoaguYHOCTU UCKPOBLIX Pa3psaos
MeXxay MeTannMyeckumu NpoBOAHUKaMU B BO3AyXe TOUHee HabmoaaeTca npu 6onee HU3KMX HanpsXeHUSX,
a npu conmkeHun 9nekTpoaoB euwle Bonee TOYHee, YeM B CTabMIbHbLIX pa3psfHbIX NpoMmexyTkax. B
NPUHATLIX B M3K UCNBITAHUAX NPUMEHSIOT KAk WMCKPOBbIE paspsifibl NPpW CONMKEHUM ANEKTPOAOB B LENSAX,
YYBCTBUTEMbHbLIX K WX BO3AEWCTBUIO, TaKk W KOHTaKTUPYyIOLLUME INEeKTpoAbl, MNPUMEHSEMblEe NpuU
hOpMUPOBAHUU BOHbI TOKa 3adaHHOW popMbl. KpaTkOBpeMEeHHbIe 3HAYeHUs TOKa AOIKHbI ObiTb Gonblue
npy HEenocpeaCTBEHHOM KOHTaKTE W, CneaoBaTenbHO, AOMKHbI obecneyuBaTb OONbLUYIO KECTKOCTb
UCNbITaHUA YCTPOMCTBA.

Uto6bl obecneunTb HAAEXKHOCTb pe3ynbTaToOB OMpeferieHus 3HepruM 3axwmravus, Tpebyertcs
NpeaBapuTENbLHO XOPOLLO CMELLaTb KOMMOHEHTbl U 06ecneunTb CTPOro OnpeAeneHHbIl KOMMNOHEHTHbIN
CcoCTaB raso- Wnu MblNeBO3AYLUIHON CMECU B pa3psgHOM MCKPOBOM MpOMExyTke. PaspsiaHbiii MCKpOBON
NPOMEXYTOK AODKEH NpPEBbIaTb KPUTUHECKOE 3HAYEHUE, NMPU KOTOPOM 3MNeKTpoAbl CMOCODHbI OKa3biBaTb
oxnaxgaroLiee BMMAHME Ha obpasyilowieeca 4p0 nnameHu. PaspsaHas uenb M ee KOMMOHEHTbI AOMKHbI
obecneunBaTtb EMKOCTHON XapakTep paspsaa. OnTumusaums Toka U NOCTOSAHHON BpeMeHU paspsigHoi uenu
ANA paspsaos, 3aXUraroLWmx nbineso3ayLUHbIE CMECH, AOMKHbI BbINOMHATLCH C YY4ETOM OnbITa.

Korma npumeHsieTca 30HA 3axuraHusi, HeobGxoauma Xopoluas obLwas BEeHTURsUMS, 4ToObl u3bexarb
cKONneHns 6onbLLOr0 06bemMa B3PbIBOONACHOK CMECH U B CIlyyae 3a)MraHusi pucka KpyrnHomaciurabHoro B3pbIBa.

8.11.2 OkBUBanNeHTHas IHeprus

3aMraeMoCTb roplo4YMx BELUECTB WM MaTepuanoB OT paspsaoB CTaTUYECKOro JneKTpuyecTsa
XapaKkrepusyloT MUHUMAnbHOW SHepruen 3awuranus. [MNOTHOCTbL MOLWHOCTM paspsiia CTaTU4ecKoro
SMeKTpuYecTBa TaKKe BaxHa ANSA XapakTepuCTUKW BEPOSATHOCTU 3aXuraHusi paspsaoMm CTaTudeckoro
anektpudyectsa. [pu 3TOM, 3a WCKMAYEHMEM BbILIE PACCMOTPEHHOrO Cny4vasl MOMyYEeHUs UCKPOBLIX
pa3psaoB, B OCHOBHOM, ONPEAEnuTb MOSIHYK SHEPrUi0 pa3spsiia CTaTMYeCKOro JNIEKTPUUYECTBA HEenerko.
MHOro nerye onpeaenuTb, CKOMbKO 3HEPruM 3aTpayvuBaeTcst Ha 3axwuranue. Mo 3ToW NpUYMHE, UCKPOBOW
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paspsii MCnosb3yeTcs, YTOObl N3MEPUTb SHEPTUIO 3aKUraHNs, Tak Kak Takol paspsag o6ecneymBaeT BbICOKYHO
NMOTHOCTb 3HEPrM BO BPEMEHM W B MPOCTPAHCTBE W MO3BOJSET ONpefennTb 3aTpavyeHHyo sHepruio. lMpu
APYrUX HEUCKPOBbIX paspsfax CTaTUYeckoro aNekTpuyecTBa, SKBMBANIEHTHAA 3Heprua onpegenserca kak X
[bxoyneii, korga paspsif, 3axuraeT CMecb C MWHMMAa/IbHOW 3Hepruein 3axuranuma X [xoyneii. Tak
9KBMBAJIEHTHAA SHEPIUSA IKCMEPUMEHTA/IbHO onpejesieHa Nno 3Heprum 3axuraHusa. 310 yao6HO npu aHanuse
pucka 3axuraHuws. bBygem cuuTatb, 4YTO 3Heprus paspsiga  (HEUMCKPOBOro) COOTBETCTBYET 3Tol
SKBMBANIEHTHOWN 3Heprun. Tak HasbiBaemas 3(pdeKTUBHaA 3Heprusi onpenensiemMoro 3/7eKTpocTaTuyeckoro
paspsga onpegenserca Mo akTy 3aXuraHus CMecu C WU3BECTHOW MWHMMAsIbHOW 3Heprven 3axuraHma u
NPYHUMaeTCA PaBHOW MUHUMAaSIbHOW SHEPTrUK 3aXKuUraHns 37O cMecwu.

8.12 TMepeHoc 3apsaga npu 3CP

8.12.1 O6uWme NonoxXeHus

BH/MAHME! He npoBoanTb u3MepeHWs nepeHoca 3apsfa B WUMMynbcax paspsagos  BO
B3PbLIBOOMACHOI cpefe.

Mpn nNo6bLIX paspsagax CTaTUYecKoro 3NeKTpUuYecTBa MOXHO MNPOBOAMTL W3MEPEHUs 3apsagos B
eAVHWYHbIX WUMMybcax Toka. [poBeAeHWe Takmx W3MepeHWin MN0o3BOASEeT OnpefensTb 3aXurarwLlyo
CNOCOGHOCTb pas3psiloB CTATMYECKOro 3fnekTpuyecTsa. [lokasaHO, YTO BEPOSITHOCTb 3@XUraHus roproyeit
cpefbl paspsagoM CTaTUYecKOoro 3n1eKTpuyecTBa MOXeT ObiTb CBf3aHa C 3apsAoM B MMNyNbCe paspsgHOro
Toka. CnepgyeT OTMETWUTb, YTO COOTHOLLEHME Mexay 3apsfoM B UMMY/IbCE W BEPOATHOCTLIO 3aXuraHus
MOryT ObITb OrpaHuyeHbl CcneunduKoin martepuanoB, C KOTOPbIX BO3HUKAKT paspsagbl U MPUMEHSEMON
MEeTOAMKON n3MepeHuii. MpuymHa 3Toro COCTOMUT B TOM, YTO paspsadbl OTANYAKTCS N0 NPOCTPAHCTBEHHOMY U
BPEMEHHOMY pacrnpefefnieHnio 3Heprun. Hanpumep, npu oAMHAKOBOM 3apsifie B WUMMy/bCe MeHbLlas
BEPOSATHOCTb 3aXWUraHus BO3MOXHA MPU KACTEBOM paspse, YeM MpU UCKPOBOM. 3TO BO3MOXHO, NOTOMY UYTO
SHeprus npu KUCTEBOM paspsfe pacnpegenieHa B 3HauuTeNbHO 6Gonblem o6beme rasa. XoTa
MUHUMasIbHbIE 3HAYEHUS 3apAL0B 3aXWUraHns YCTaHOB/IEHbI A1 PAa3/INYHbIX Fa30B, UX crefyeT NPUMEeHsTb
TONbKO Kak CrnpaBOYHble 3Ha4yeHus. ITMMU 3HAYeHWAMMW cregyeT Nofb30BaTbCA NpyY  NPOBEAEHUN
N3MepEeHWn 3apsA0B B MMNY/bcax B Lesisax obecneyeHnss 6e30nacHOCTM caMux U3MepeHWi.

MpuHUMNManbHas cxema ycTpoicTBa AN1S U3MEpPEeHUs 3apsifa B UMMNy/bCce MPU 37eKTpocTaTuyeckoM
paspsifie nokasaHa Ha puUCyHke 6.

1
4
6 a) MpuHUMNManbHas cxema ycTpoicTBa
5 6 5
6 6) iamepuTenbHas Lenouka ¢ 6 B) MIamepuTesibHas Lenoyka c
KOHZeHCaTopom pesncTopom

1 - 3apsHKeHHbll 06bEKT WM MNOBEPXHOCTb; 2 - Chepuyecknini [ABYXKOMMOHEHTHbIN pa3paaHbIi
anekTpoA; 3 - usMepuTenbHas uenb; 4 - UMpoBoi 3anoMuHaloWmMii ocuunaorpad (Hanpumep, ¢ NOOCON
nponyckaHna 1 ITuw); 5 - KOHTaKTHOe coefAvHeHWe C 37eKTPoAoM; 6 - KOHTakTHOe COefAVHeHue ¢
ocumnnorpadom; 7 - koHgeHcatop (Hanpumep, 20 HP); 8 - pesucTtop (Hanpumep, 0,25 Owm);

PucyHok 6 - TpuHUMnuanbHble CXembl 41 M3MEPEHNA 3apsifa B UMMy/Nbcax paspsagoB cTaTuyeckoro
3NEeKTPUYECTBa C a/ibTEPHATVBHBIMW M3MEPUTESIbHBIMU LEeNamm
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8.12.2 DnekTpoa-paspAanHuk

Pasmep 1 reomeTpus anekTpoda A0/DKHbI 06ecneumBatb BO3MOXHOCTb MPOBEAEHUSA U3MEPEeHWN, Ans
KOTOPbIX OH MpegHasHauyeH. Hanpumep, ONTUMasbHbIA AnameTp ANS MNOJAyYEeHUSs paspsagoB C CUALHO
3apsHKEHHbIX MOBEPXHOCTel cocTaBnseT npubnnsutensHo 30MMm. [ns noBepxHocTeil ¢ 60siee  HU3KOM
NMOBEPXHOCTHOW MNOTHOCTbIO 3apsfoB 60onee MNOAXOAAWMM  MOXET oOkasaTbC 3NeKTPofd  MeHbLuero
AvameTpa, Hanpumep, 3neKTpoj C AuameTpoM 2 MM, OCOBEHHO ecnu uccnefyeTcsi 3axuraHue cmeceli ¢
BbICOKOW UYyBCTBUTE/IbHOCTbIO K 3aurawouiemMy BO3AeiCcTBUIO pa3psgoB. K HUM OTHOCSTCS, Hampumep,
BOZI0POA0BO3AYLLHbIe cMecu. [puMeHeHne 371eKTPoAOB C AMamMeTpoOM CYLLEeCTBEHHO MeHblue 2 MM cnegyet
WCK/TIOYNTb, T.K. OHM CMOCOGHbI K KOPOHMPOBaHMI. INeKTpoAbl AvameTpom 60ne 10 MM AO/KHbI GbITh
[OBYXKOMMOHEHTHbIMU, C LEHTPasbHON YacTblo, COEAVHEHHON C U3MEpUTENbHOW CUCTEMOW W C BHELUHUM
3a3eM/IeEHHbIM 3KpaHoOM. [MpuMeHeHne [ABYXKOMMOHEHTHbIX 3/1eKTPOA0B Heobxoammo, 4Tobbl n3bexaTb
adpchekTa 3apsHKeHUs No MHAYKUMK elle [0 TOro, Kak npov3oiigeT paspag,.

8.12.3 Cxema n3mepeHuit

Vi3ameputenbHasa LUenoyka MOXeT OblTb yCTpoeHa no OA4HOMY W3 [ABYX BapuaHTOB: MOXET ObiTb
NPUMEHEH KOHAEHcaTop WM pe3nctop, 06bi4HO B 20 H® u 0,25 Om cooTBeTCTBEHHO. Ocumniorpad
oTpaxaeT MW3MEHEHWe HanpskeHus BO BpeMeHu. A Kax4oro BapuaHTa U3MepUTEeNbHOM LEenouku, Kak
NnokasaHoO Ha pUCyHKe 7, nosiydyaeTcsa CBOA ocuuinorpaMMa M3MeHeHuss HanpsXXeHus BO BPeMEeHU.

7 a) EMKOCTHasi u3amMepuTeNibHas Lienouka 7 6) Pe3ucTopHasl n3aMepuTesibHas Lenouka
MpumeuyaHue - 3T0 UALATNINPOBAHHOE NPEACTAB/IEHNE OCLMIIONPaMM.
PucyHok 7 - Ocuunnorpamma HanpshkeHue/spemsi.

MprMeHeHne KoHAeHcaTopa B W3MepUTENbHOW Lenouke obecneuymBaeT Mo/lyyeHUe CTyneH4aToin
ocumnnorpammbl. 3apsj, B UMMy/ibCe B KY/IOHAX PaccUUTbiBAETCA YMHOXEHWEM aMmrivuTyAbl B BO/IbTax Ha
BEJ/IMYMHY EMKOCTU KOHAeHcaTopa B thapajax.

Pesuctop B M3mepuTeNbHOW Lenu BblpabaTtbiBaeT uMnynbC. ViameputenbHas cuctema ocuunnorpada
WUHTErpupyeT HanpshkeHve no BpeMeHu A8 NOJlyYeHUs 3HayeHus B BOJSIbTax Ha cekyHay (B c), koTtopoe
MOXHO pa3fefiTb Ha 3HaYeHne CONPOTUB/IEHUS B OMax, YTOObl NOJyYUTb NEPEHOC 3apsafa B Ky/IOHaX.

8.12.4 AnbTepHaTMBHble YCTPONCTBA M3MeEPEHUA 3apsfa B UMNynbcax

[na npyMeHeHMs AOCTYNHbl KOMMep4Yeckue npubopbl, NepeHOCHbIe KY/OHMETPbl, npegHa3HayvyeHHble
0N M3MepeHua 3apsga B UMMy/bce Mpu paspagax CraTuveckoro anektpuyecTtsa. [pmbopbl MpocTbl B
obpauleHun n obecneynBaloT MNPSMOE CUYUTbIBAHWE AaHHbIX U3MepeHuss. OHU MonesHbl A1 BblSBEHUSA
paspagoB, NpeAcTaBNAWMX ONACHOCTb Kak NOTeHUMasibHble WCTOYHWKW  3axkuraHuma. Ho npy wx
MCMNO/Ib30BaHUN CnefyeT yunTbiBaTb crefylollee:

a) ecnn paspsagHbI 3NeKTpos BXOAWT B KOMMAEKT npubopa, TO ero reomeTpuyeckue napameTpsbl
(amameTp) MOXeT okasaTbCs He OMTUMa/IbHbIM A1 NPOBOAMMbIX U3MEPEHWA;

b) ecnu paspsagHbli  3nekTpod - TBepdasi cdepa, AaHHble  M3MEepeHuid  MOryT — MUCKaXaTbCst
VMHAYLMPOBaHHbIMY 3apsiamu;

c) ecrim npubop He npefHasHayeH [ANA NPOBeAeHUS WMMY/bCHbIX W3MEPEeHWn, TO HEeBO3MOXHO
YCTaHOBUTb SAABNSAETCA NI U3MEPEHHOEe 3HauyeHWe XapakTepUCTUKON OAMHOYHOro PaspsaHOro UMMysbca Wm
WHTErpasibHON XapaKTepucTUKOi cepun paspsaHbIX UMMNY/IbCOB.

8.13 EMKOCTb

EMKOCTb MOXeT 6blTb M3MepeHa nyTeM NPYMEHEeHUs MOCTa MEPEMEHHON0 HanpsHKeHUs WM nytem
M3MEHeHUA HanpskeHusa V3, korga napasifieflbHO BK/IKYAKTCA NpeABapuTe/lbHO  3apshkeHHaa [0

HanpsxkeHnss V2 nsmepsiemas emkoctb C2 U u3BecTHas npefBapuTesibHO 3apshkeHHas [0 HanpsXeHus
eMkocTb G|. EMKoCTb C2BblYMCAAIOT No hopmyne:
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Mpu n3mepeHnsx 3Ha4YeHuit emMKOCTU KOHAEHCATOPOB, NPEeAHAa3HAYEHHbIX ANS MONyYeHUs UCKPOBbLIX
paspsigoB C OMPEeAeneHHON 3JHepruen, HeoOXOAUMO Y4YMTbiBaTb BO3MOXHbLIE MOTEPUM B AUINEKTPUKAX
(TaHreHc yrna AuanekTpu4ecKkux noTepb), B CBSA3MN € YeM, aPEKTUBHAA EMKOCTb MOXET 0Ka3aTbCA MEHbLUE
NU3MEPEHHOW HM3KOYacCTOTHbIMWU MeTodamMu. MoSToMy NpPeAnoYTUTENBHO NPOBOAUTL U3MEPEHUS eMKOCTU B
npegenax HOPManbHbIX ONEPaLUOHHBIX 3HAYEHWW HaNPSHKEHUA NO METoAy pacnpefeneHus U3BECTHOro
3apsiga ¢ NpMMEHeHWeM BbICOKOKaYEeCTBEHHOro KOHAEeHCcaTopa M3BECTHON EMKOCTHU.

Mpu n3amepeHuax manbixX 3Ha4YEHUIN EMKOCTU CReayeT UCKIIUYUTb EMKOCTb NPUMEHSAEMbIX COeAUHEeHUM
N HE BHOCUTb B HUX U3MEHEHWUI B MPOLIECCE U3MEPEHUN.

8.14 SnekTpuyeckas NnpoYHOCTb

N3mepeHune anekTpuyeckol MPOYHOCTM TOHKUX MMAEHOK MM CrOEB M30MALMM — BaXKHbIM hakTop npu
OLEHKE BO3MOXHOCTU BO3HWKHOBEHUSI CKOMb3SILLMX MOBEPXHOCTHBIX KMCTEBLIX Pa3psiaoB Ha marepuane.
BaxkHbIli napameTp — HanpshkeHue npobos, KPUTUYECKOe 3HaYeHe KOTOPOro paBHO NpuonNuanTensHo 4 kB.

3nekTpuyeckas NPOYHOCTb M3OMATOPOB 3aBUCMT OT AedekToB Matepuana. [oatoMmy pesynbrart,
CYLLECTBEHHO 3aBUCUT OT MNOLAAM NOBEPXHOCTU MUCNbITyemMoro obpasua. Yucno aedekros Bo3pacTaeT u,
crneaoBaTenbHO, 3NEKTpUMYeckass NPOYHOCTb YMEHbLUAET MO Mepe YBENMWYEHUS Mnowagu noBEepXHOCTU
ucneiTyemoro obpasuya. M HaobopoT, Npy MeHbLUEN Nnowaan nony4vatoT 6onbliee HanpskeHue npobos, a
3HAYUT W 3aKMIOYEHNE O BONbLLEN ONACHOCTU NPUMEHEHUSI MaTepuana.

lpumep — 3nekmpuyeckass NPOYHOCMb MOJUdIMUNIEeHa NpubnusumesibHo 20 MBwm'. Takum
obpasom, HanpskeHue 00 4 KB ebidepxxum cnoli ¢ mosuwuHolu npubnusumesnibHO 200 MM. EMKOCMBb
KOHOeHcamopa nnacmuHbl ¢ MakuMm ciioem Quanekmpuka paeHa npubnusumenbHo 90 HP M u
3anaceHHas aHepaus (0,5 CVZ) npu 4 kB cocmaensem 720 mx M2 Ipu nnowadu obpasua 100 cm?
amo npu6bnusumenbHo 7 mOk. Moamomy 35ekmpolObi mouwiadbi0 6 HECKOJNIbKO KeadpamHbix
caHmumempos obecrieyam peasnbHyI0 OUEHKY onacHocmu.

Ona obecneyeHns HanpsHkeHUs NpPoGOSA MPUMEHSOT NPOCTYIO SMEKTPUYECKYID Lenb 3apsbkeHus
KoHZeHcaTopa. [pyM UCNbITAHMU BAXKHO MCKMIOYWTL yAap TOKOM. Takasi OMacHOCTb COMpsbkeHa ¢
NPUMEHEHNEM BLICOKOTO HanpsHkeHusi, OOnbLUMX €MKOCTEW U OTHOCWUTENMBHO HU3KMX  3aLLUMTHbIX
conpoTtuereHuin. Metoabl ucnbiTaHnin npuseaeHsl B [6], [7].
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CBeaeHNA 0 COOTBETCTBUMU CChINTOUYHbIX HALMOHAaNbHbIX cTaHOoapToB
MeXayHapoaHbIM cTaHAapTamM, UCMNOJIb30BaHHbIM B KayeCTBe CCbIJTOYHLIX B
nPUMEHEeHHOM MeXAyHAapOaAHOM CTaHOapTe

Tabnnua OAA1

O603Ha4YeHNE CCbINTOYHOro CTeneHb O603Ha4YeHne n HaMMEHOBAHUE CCbINOYHOrO
HaUMOHanbLHOro ctaHgapra COOTBETCTBUS MEXAYHapPOAHOro CTaHgapTa U JOKYMEHTA
FOCT IEC 60079-10-1-2011 IDT IEC 60079-10-1:2006 B3pbiBOONAaCHbIE CPEabI.

Yactb 10-1. Knaccudukauus 3oH. BapbiBoonacHble
rasoBble cpefibl
FOCT IEC 60079-10-2-2011 IDT IEC 60079-10-2:2009 B3pbiBoOnacHble cpeabl.
Yactb 10-2. Knaccudukauusa 3oH. Fopiovue
arMocdepbl MblAU»
FOCT 30804.4.2-2013 MOD IEC 61000-4-2:2008 COBMECTUMOCTb ~ TEXHUYECKUX
CPeACTB INEKTPOMArHUTHaA. YCTOMYMBOCTD K
anekTpocTaTU4eckum paspsagam. TpeboBaHuA 1
METOAbl UCNbITAHUN
FOCTP 53734.5.1-2009 MOD IEC 61340-5-1:2007 3nekrpocratuka. 3awmra
ANEKTPOHHBLIX YCTPONCTB OT ANIEKTPOCTAaTUYECKUX
asneHnin. Obuwme TpeGoBaHus
FOCT P 53734.5.2-2009 MOD IEC 61340-5-2:2007 OnekTpocratuka. 3awmra
ANEKTPOHHBLIX YCTPONCTB OT AMNEKTPOCTaTUYECKUX
ABNEHUN. PYKOBOACTBO NO NPUMEHEHUIO
FTOCT P 53734.3.1-2013 MOD IEC 61340-3-1:2006 OnekTpocratuka. Yactb 3-1:
MeToabl MOgEeNnUpOBaHMA 3NEKTPOCTaTUYECKNX
SABMEHU. dnekTpocraTudeckui paspaa. Moaenb
yenoeeyeckoro Tena (MYT)
FOCT P 53734.3.2-2013 MOD IEC 61340-3-2:2006 OnekTpocraTuka. Yactb 3-2:
MeToabl MOAENUPOBAHUS SNEKTPOCTATUYECKUX
SIBNEHWIA. SnekrTpoctaTtuyeckuin paspaa. Moaenb
MexaHudeckoro ycrpovicrea (MM)

MpumMmedyaHue —B HacTosALel Tabnuue ncnonb3oBaHbl CeaytoLre YCroBHble 0603Ha4YeHUs! cTenexn
COOTBETCTBUA CTaH4aPTOB!

- IDT — ngeHTU4Hble CTaHAapThI;

- MOD — MoauduuMpoBaHHble cTaHaapThl.
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