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METOOUYECKUE YKA3AHUA
Nno ONPEAENEHUIO NNIEKTPOMAIHUTHBIX OBCTAHOBKU U COBMECTUMOCTHU
HA 3SNNEKTPUYECKUX CTAHLUUAX U NOACTAHUUNAX

PABPABOTAHO MockoBckuM  3Hepretudeckum  uHCTUTYToM (MOUW  TVY), HaydHO-
IPOM3BOJICTBEHHOH pupmoit "DnekTporexHuka: Hayka u npaktuka" (HIID DJTHAII)

NCTIOJIHUTEJIN: ABTOpCKUI KOJJIEKTUB I10J] pyKOBOJCTBOM uwieHa-koppecnonaenta PAH PO,
nokTopa TexH. Hayk, npod. A.D.JlpskoBa B coctaBe: b.K.Makcumos, P.K.bopucos (MOU TYVY),
A.B.XyxoB (pummar OAO "CO-LIIAY EDC" OAY lLlentpa), A.K.benorenos (OAO "denepanbHas
cetreBas kommnanus'), M.H.Cmupnos (HI1® DJIHAIT)

Cpok nepBoi mpoBepku HacTosero cranaapra - 2009 r., nepruogu4HOCTb IPOBEPKU - OJIMH Pa3 B
5 ner.

PACCMOTPEHO na HTC OAO PAO "EDQC Poccun" 1 peKkOMEH10BaHO B Ka4€CTBE OTPACIEBBIX
Meroanueckux ykazanui. [Iporokon N 3 ot 05.02.2004 r.

YTBEPXJIEHO OAO PAO "EBC Poccun" 13.02.2004 r. 3amecturens Ilpencenarens
IIpaBnenus B.II.Boponun

BBEJIEHO BIIEPBBIE

Hacrossmue Meroguueckne ykaszaHus NPEIHA3HAYECHBI JUIS ONPEACIICHHS AJIEKTPOMATHUTHBIX
OOCTaHOBKM M COBMECTUMOCTHM Ha JJIEKTPHUECKUX CTAHLIMAX M TOJCTaHIUSAX B MecTax
PAacIOIOKEHUsT aBTOMAaTUYECKUX M aBTOMATU3UPOBAHHBIX CHCTEM TEXHOJIOTMYECKOTO YIPaBJICHUS
(ACTY). K HUM OTHOCATCS aBTOMATU3UPOBAHHBIE CUCTEMBI TUCTIETYEPCKOTO YIPABIECHUS, CHCTEMbI
ABTOMAaTHUYECKOIO PETYJIUPOBAHUS HANPSDKEHUS, CUCTEMBl aBTOMATHYECKOIO PEryJupOBaHUs
4acTOTBl M MOILHOCTH, peJefHas 3amura M aBTOMAaTHMKa, aBTOMAaTU3UPOBAHHBIE CHUCTEMBI
yIpaBiIeHUs] TEXHOJOTMYECKHMHU IIpolleccaMH, CHCTeMbl cOopa M mepefnadud HHopMmanuu Hu
aBTOMATH3UPOBAHHbIE CUCTEMBl KOMMepueckoro ydera anekrposHeprun (ACHAY, APH, APUM,
P3A, ACYTIL CCIIA u ACKVYD).

B Metoaudeckux yka3zaHUSX MPUBEJEHA pacueTHO-3KCIEPUMEHTAIbHAs METOJIMKA OMpEesICHUs
HauOOJBIINX  YPOBHEM  SJEKTPOMAarHUTHBIX IOMEX, BO3JCHCTBYIOUIMX Ha  ammaparypy
ABTOMATUYECKUX M aBTOMATU3UPOBAHHBIX  CHUCTEM  TEXHOJIOTUYECKOTO  YIpaBJICHUS
HHEProoOBEKTaMU B MPOLIECCE IKCIUTyaTalluu. YKa3aHa U3MepUTeNbHas TEXHUKA, IPUMEHsIeMas Ipu
U3MEPEHMSX, a TAK)KE UCIIOJIb3yeMBbI€ TP pacdyeTax MporpaMMHbIe TPOAYKTHI.

Hactosimue Metoaudeckne yKa3aHHs PAcCHpOCTPAHSIOTCS Ha TEIIOBBIC AJIEKTPOCTAHIINH,
TUAPOIIEKTPOCTAHITNH, MEKCUCTEMHBIC  PETHOHATBHBIC SJICKTPHUYECKHUE CETH KJIacca HaMPSHKCHUS
6-750 kB Poccutickoii ®deneparmm.



Pa6OTI>I, IMPOBOAUMEBIC B COOTBCTCTBUU C MCTOIII/I‘-IGCKI/IMI/I YKa3aHUuAMH, BBIIIOJIHACT TCPCOHAI
CHCIHUATM3UPOBAHHBIX OPTraHU3allMil M MCIBITATEILHBIX JIIEKTPOIA00PATOPHIA, IIEKTPOCTAHIINH,
9JICKTPOCCTCBLIX O6’beKTOB, IMPOCKTHBIX, CTPOUTCIbHO-MOHTAKHBIX W HaJIaJOYHBIX OpFaHHSaL{I/Iﬁ,
UMCIOIINH HEOOXOJMMbIC TEXHUYECKHE CPEICTBA M NPaBO Ha IPOBEICHHE COOTBETCTBYIOIIMX
pabor.

BBEAEHWUE

Metoanyeckue yka3aHus 1O ONPEACICHHUIO 3JIEKTPOMAarHUTHBIX OOCTAHOBKM M COBMECTHMMOCTHU
Ha DJJIEKTPUUYECKUX CTAaHIMUAX M MOACTaHUMAX (nanee MeToaudeckue yKa3aHMs) pa3padOTaHbl B
paMKax  Hay4YHO-MCCIIEJJOBATEIIbCKOM M ONBITHO-KOHCTPYKTOpPCKOW  pabotbl  "Pa3zpaborka
HOPMAaTUBHBIX U METOJAMYECKUX JOKYMEHTOB MJii NPOEKTUPOBAHUS U OSKCIUTyaTallMM OOBEKTOB
3JIEKTPOIHEPreTUKN HAa OCHOBE O00ECIEUEHMsI 3JIEKTPOMATHUTHOM COBMECTMMOCTH", BBIIIOJHEHHOM
MockoBckuM 3HeprerndeckuM HHCTUTYTOM (MOU TVY) coBMECTHO ¢ Hay4yHO-IPOU3BOACTBEHHOMN
dbupmoit DJTHAII B mepuon ¢ 2001 mo 2002 r. mo Texuuueckomy 3aganuio PAO "EDC Poccun".

MeToauueckue ykazaHusl COAEpIKAT YEThIPE IJIaBbl, CIMCOK PEKOMEHYEMOM JINTEPATypPhl U CEMb
IIPUIIOKEHUN.

B rmaBe 1 u370KE€HBI METOAMYECKHE OCHOBBI OIPEACIICHUS] IJICKTPOMATHUTHON OOCTAaHOBKU
(BMO) Ha 2JIeKTPUYECKUX CTAHIMSIX U MOJICTAHIIHIX.

B rnaBe 2 naHO KpaTKOE ONMCAHME KaXKIOTO JJIEKTPOMArHUTHOTO BO3JCHCTBUS; ONPENEIECHBI
HEoOXOIUMBbIE JJIsl MPOBEACHUS HKCIEPUMEHTOB U PACUETOB MCXOJHBIE JIaHHBIE; yKa3aH MOPSA0K
NPOBEIEHUS] UMHTALMOHHBIX M HATYypHBIX 3KCIIEPUMEHTOB; PAacCMOTPEHBI METOAbl 00pabOoTKU
Pe3yabTaTOB IKCIIEPUMEHTOB U IIPOBEACHUS PACUETOB.

B rnaBe 3 ykazanbl Mepbl 0€301aCHOCTH MPHU MPOBEACHUH IKCIEPUMEHTAIbHBIX paldoT, B IiaBe 4
- IEPUOIMYHOCTD POBEIEHUS paboT 1o onpeaeneHno YMO 06CTaHOBKH.

B npunoxxenun A mpuBefeHa pexkoMmeHayemas ¢opma pabodel mporpaMMmsbl sl TPOBEAECHUS
HKCIEPUMEHTOB Ha YHEPrOOOBEKTE.

B npunoxenun b pexkomeHnoBaHbl (OpMBI MPOTOKOJIOB, B KOTOPBIX JOJKHBI 3aHOCHUTHCS
pe3ynbpTaTbl U3MEPEHMM M pacdyeTroB, a TakKe YKa3bIBAIOTCSA  JOIYCTUMBIE 3HA4YCHUS
ANIEKTPOMATrHUTHBIX BO3aercTBUN Ha annaparypy ACTY. Ha ocHoBaHMH cpaBHEHMS JOMYCTUMBIX U
ONPENEICHHBIX [0 pe3yjabTaTaM W3MEpPEHUNM M pPAcuyeTOB 3HAYCHUM JENAlT 3aKII0YEHHE O
BBIMIOJTHEHUH YCJIOBHM AJIEKTPOMAarHWTHOM COBMECTUMOCTH Ha JaHHOM »3HeprooOnekre. Ecnm
onpeaenenue MO npoBoAAT Ha dTane NPEIINPOEKTHBIX W3BICKAaHWM, KOTJa HE ONpPENENIEH THII
anmaparypbl, B IPOTOKOJIE YKAa3bIBAlOT HEOOXOJUMYIO CTENeHb >KECTKOCTH HCHBITAaHUN Ha
IIOMEXO0YCTOMUMBOCTH JUIsl annaparypsl ACTY.

B npunoxenun B npuBeneH chOpaBouHbIA MaTepual MO BHJAM  HCHOBITAHUW Ha
MIOMEXOYCTOMYMBOCTh M 3HAYEHUAM MCIBITATEIbHBIX BO3JCUCTBUM [UIl PA3JIMUHBIX CTEIEHEU
JKECTKOCTH UCIILITAHUH.



B mpunoxenusx I' m E ykazanel OCHOBHBIE TpeOOBaHHMS K H3MEPHUTEIBHBIM CPEICTBAM,
YCTPOMCTBAM U1 HMMHUTAlMU JJIEKTPOMATHUTHBIX BO3JACHCTBUM M MpPOrpaMMaM pacyera.
PexomeH10BaHbI HEKOTOpBIE KOHKPETHBIE MPUOOPHI, YCTPOWCTBA M TAaKKe MPOrpamMMbl, KOTOpBIE
ObUTH arpoOUpOBaHbI MPU MPOBEJAEHUU padboT mo ompenencHuto IMO Ha 3HEproodnrekrax PAO
"ESC Poccun".

B npunoxxenun J| naHpl NOSICHEHMsST IO MMUTaUMM KOpoTkoro 3ambikanus (K3) Ha mmnHax
pacnpenenuTeabHbIX yeTpoicTB (PY).

B npunoxennn K pekoMeHIOBaHbI OOIIME MEPONPHUATHS IO YIYUIICHHUIO JICKTPOMArHUTHOU
00CTaHOBKH.

NEPEYEHb OCHOBHbIX ONPEQENEHUA

Amnmapatypa - COBOKYNHOCTh NPUOOPOB (IEMEHTOB) € (YHKIHMSAMH, ONPEACICHHBIMU HX
TEXHUYECKUM Ha3HAYCHHUEM.

EcTrecTBeHHBIH 3a3¢MJINTEIb - HaxXoaAIIuecs B COIIPUKOCHOBCHHNU C 3eMIIeH
QJICKTPOIIPOBOJAINEC YaCTH KOMMYHI/IKaHHI;'I, 3,[[3.HHI>1 u COOp}I)KeHI/Iﬁ IMPOU3BOJACTBECHHOI'O HJIU
HWHOI'O Ha3HAYCHUS, UCIIOJIb3YCMBbIC IJIA [eIeH 3a3EMIICHHS.

3azemaurean - IMPOBOAHUK MM COBOKYINHOCTb MCTAJUIMYCCKH COCIMHCHHBIX MCKAY coOoi
MMPOBOAHUKOB, HAXOJAMINXCA B CONPUKOCHOBCHUU C 3eMIIEH.

3azemuasioniee yCTPOﬁCTBO - COBOKYITHOCTD 3a3C€MJIUTCIIA U 3a3€MIIIOIIUX ITPOBOJHUKOB.
3azemasiionuii NMPOBOJIHMK - IIPOBOJHHUK, COEIUHAIOIINNI 3a3eMIIsI€MbIE€ YaCTH C 3a3€MIIUTEIEM.

Hziy4yaemas 3JIeKTPOMATHMTHAsI IOMeXa - YIEKTPOMAarHUTHas IIOMEXa, pacIpOCTPaHIOIAsACS
B IIPOCTPAHCTBE.

KonaykruBHas 3JIeKTPOMATHUTHASA nomexa - AIIEKTPOMarHUTHas omexa,
pacnpoCTpaHAIOLIasACs B IPOBOAALLEHN Cpeae.

MosHue3alMTHOe YCTPOMCTBO - CUCTEMA, MpEJHAa3HAYCHHAs JUId 3alluThl 3JaHUNA WU
COOPYKEHHI, 000pYIOBaHUS U JIFOICH OT BO3/ICHCTBUI MOJTHUH.

IHapanseabHblii 3a3eMJICHHBI NPOBOJHUK - NPOBOJHMK, NMPEJHA3HAYEHHBIN IS CHUYKEHUS
YPOBHSI HaBEIEHHOT'O Ha KaOesb HapsHKeHUs U TOKOBOW HAarpy3Kd B dKpaHe KaOes.

IIporuBodaznasi (HecMMMeTpHYHAasl)) IOMeXa - HaNpsDKEHHE MEXAYy [POBOJHUKOM U
perIaMEeHTHUPOBAHHBIM 3TAJOHOM, OOBIYHO 3eMJICH.

I[Myascanum HANpPsiKeHUs] MOCTOSTHHOTO TOKA - TPOIECC MEPHOIUYECKOr0 WM CIy4allHOTO
U3MEHEHHS TTOCTOSHHOTO HANPSDKCHUST OTHOCUTEIBHO €ro CPEeJHEr0 YPOBHS B YCTAaHOBUBIIIEMCS
pexxuMe pabOoThl UCTOYHUKA, TIPeoOpazoBaTeNss dJICKTPUUECKONM DSHEPTHH WM  CHCTEMBI
3JIEKTPOCHAOKEHUS.



P33pﬂll CTATHYCCKOI'0 IJCKTpUu4YeCTBa - I/IMHYJ'IBCHHﬁ IEPEHOC DJICKTPOCTATHYECKOT'O 3apsaa
MCXKAY TClIaMHU C PAa3HbBIMHU JSJICKTPOCTATUUCCKMMHU IMOTCHLIHUAIAMH IIpH HCEHIOCPCACTBCHHOM
KOHTAKTC UJIH IIpU COIMKEHNH UX Ha HEKOTOPOEC, 10CTATOYHO MAJICHBKOE PACCTOSIHUC.

Cundasznas (cMiMMeTPUYHAs) IOMeXA - HAMIPsDKEHHUE MEX Yy JIFOObIMU JIBYMSI IPOBOJAHUKAMH U3
3a/IaHHOU T'PYIIIIBI AKTUBHBIX MPOBOIHUKOB.

YcroiiuuBOCTh K 3HeKTp0MaFHI/ITHOﬁ nmomMexe, HOMeXOyCTOﬁqHBOCTL - CIIOCOOHOCTH
TEXHUYECCKHUX CPCACTB COXPAHATH 3aaHHOC Kad€CTBO (byHKI_II/IOHI/IpOBaHI/IH Ipu BOSI[CFICTBHH Ha
HEr'o PCrilaMCHTUPOBAHHBIX CTaHAAPTAMHU 3JICKTPOMArHUTHBIX ITOMCX.

YpoBeHb YCTOMYMBOCTH K 3JI€eKTPOMATHUTHOH IOMeXe, YPOBEHb IOMEXOYCTOHYHBOCTH
(1omycTUMBIii YpOBeHb) - MaKCHUMAaJbHBIM YpPOBEHb JJIEKTPOMArHUTHOW TOMEXH KOHKPETHOIO
BHJIa, BO3JICUCTBYIOIIEH Ha OINPEICICHHOE TEXHUYECKOE CPEACTBO (YCTPOMCTBO), MPU KOTOPOM
TEXHUUYECKOE CPEACTBO COXPAHSIET 3a/IaHHOE KaueCTBO (PYHKIIMOHHUPOBAHUSI.

BKpaH - YCTpOﬁCTBO, HUCIOJIB3YEMOC  IJIsI  YMCHBUICHUA  3JICKTPOMArHuTHOI'O  IIOJIA,
IMPOHUKAIOUICTO B 3alIMIIACMYIO 001aCTh.

DJIeKTPOMArHUTHAsE COBMECTHMOCTh TexHu4eckux cpeactB (IMC TC) - crnocoOHOCT
TEXHUYECKHUX CpeACTB (YCTPOMCTB) (DYHKIIMOHUPOBATH C 3aJlaHHBIM Ka4eCTBOM B OIPEIEICHHON
AJIEKTPOMArHUTHOW OOCTaHOBKE, HE CO3/1aBasi IPH ATOM HEJOITYCTUMBIX JJICKTPOMArHUTHBIX ITOMEX
IPYTMM TEXHHYECKUM CpEICTBAM U HEJOMYyCTHMBIX DJIEKTPOMArHUTHBIX BO3JCHCTBUI Ha
O1OJIOTHYECKHE OOBEKTHI.

DJIEKTPOMArHUTHAsi OOCTAHOBKA - COBOKYITHOCTb JJIGKTPOMArHUTHBIX SIBICHUN U (WiIN)
IPOIIECCOB B JIaHHOW 00JaCTH MPOCTpPAaHCTBA W (WJIM) JAHHOM MpPOBOJAIIEH cpele B 3aJaHHbIX
YaCTOTHOM U BPEMEHHOM JHalNa30Hax.

DJIEKTPOMAarHUTHAS TIOMeXa - 3JIEKTPOMAarHUTHOE SIBJIEHHE, IPOLECC, KOTOPhIE YXYALIAIOT WU
MOTYT YXYALIUTb KaueCTBO (PYHKIIMOHUPOBAHUS TEXHUYECKUX CPEICTB (YCTPOUCTB).

DJIEKTPOMAarHuTHOEe BO3JCHCTBHE - DJIEKTPOMAarHUTHOE SIBICHWE WM TPOLECC, KOTOpPbIE
BJIMSIIOT WM MOTYT MOBJIMSATH Ha TEXHUYECKUE CpeCTBa (YCTpOiicTBa) M OMOJIOTrHYEeCKHE OOBEKTHI.

BHEKTPOMaFHl/ITHOC HU3JIYyYCHHE OT HCTOYHHUKA IIOMEXHU - ABJICHUC, IMPOLECC, IMPHU KOTOPOM
QJICKTPOMAruuTHadA OSHEPIrusd MU3JIydacTCd HUCTOYHUKOM IIOMCXHM B IMPOCTPAHCTBO B BH/C
SJICKTPOMArHuTHOI'O ITOJIA.

JHeproodbeKT - COBOKYMHOCTh 3JIEKTPOYCTAaHOBOK, 3[JaHUM U COOPYKEHUH, (YHKIIMOHAIBHO
CBSI3aHHBIX JIPYT C IPYTOM U TEPPUTOPUATBHO MPUOTHKEHHBIX.

JKBHBAJIEHTHOE y/eJIbHOe CONMPOTHBJIEHHE TPYHTA - 3HAYEHUE YJEJIbHOTO COMPOTUBICHUS
OJIHOPOJIHOTO TPYHTA, B KOTOPOM 3a3€MJIMTEIb UMEET TO KE COMPOTUBIICHNUE PACTEKAHUIO TOKA, YTO
Y B TPYHTE MHOTOCJIOWHOW CTPYKTYpBI.



1. OCHOBHBbBIE MNMOJIOXXEHUA

Meroanueckue yka3zaHHs NpPEJHAa3HA4YeHbl Uil PEUICHUS aKTyalbHOM KOMIUIEKCHOM 3aJlayu:
omnpenenenusi HanbOonee HeOmaronpustHod OMO, xapakrepu3yeMold HAaUOOJIBLIIMMHU, HO PEabHO
BO3MOJKHBIMH 3JIEKTPOMAarHUTHBIMU BO3JEHCTBUAMM B MeCTax pacrnojiokeHus annaparypsl ACTY;
npoBepku AekTpoMarHuTHOU coBMecTEMOCTH (OMC) ACTY Ha OedCTBYIOIMUX OOBEKTaX U B
ciIy4yae HeoOXOIUMOCTH pa3pabOTKK MpeIIoKeHH o yinyurieHuto IMO); pa3paboTku TpeOOBaHMI
[0 KjaccaM JKECTKOCTM HCIBITAaHMH Ha  IoMexoycToWuuBocTh amnmapatypsl ACTY,
yCTaHaBIMBaeMOW Ha 00BEKTax.

HpHMep, I/IJ'IHIOCTpPIpy}OH_II/Iﬁ HUCTOYHHKHU DJICKTPOMArduTHBIX IMIOMEX HA SJICKTPHUYCCKUX CTaHIIHUAX
U MOACTAaHIUAX, IPUBCACH Ha PUC. 1.
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Puc.1. IcTOYHHKY 3JIEKTPOMAarHUTHBIX ITOMEX:

'Y - rmaBublid Ut ynpasiienus; OPY - oTKkpbITOE pacnpenenuTesibHON YCTPOHCTBO

XapakTepHbBIMU HMCTOYHUKAMM JJIEKTPOMATHUTHBIX BO3JIEHCTBUM B HOPMAJIbHBIX M aBAPUNHBIX
pexrMax, KOTopble MOTYT OKa3biBaTh BiusiHUE Ha ACTY, aBistorcs:



HaIlpsDKEHUsT M TOKU MPOMBINUIEHHOW 4acToThl npu K3 Ha 3eMi0 B pacnpenesuTeNbHbIX
YCTpOMCTBAX HampsikeHueM Bolie 1 kB;

MMITyJIbCHBIE IOMEXHU IPU KOMMyTanuax U K3 B pacnpenenuTenbHbIX YCTPOCTBaX;
HMITYJIbCHBIE IIOMEXU IIPU YAApax MOJIHUY;

ANIEKTPOMATrHUTHBIE T10JI PAMOYaCTOTHOIO UAIla30Ha;

paspsiibl CTATUYECKOTO DJIEKTPUYECTBA;

MarHUTHBIE MOJIS1 TPOMBIIUIEHHON YaCTOTHI;

MMITYJIbCHbIE MATHUTHBIE T10JIS;

MMOMEXH, CBA3AHHBLIC C BOSMYUICHUAMU B LCIIAX IMUTAHUA ACTY nocrossHHOroO u MEPEMCHHOTI'O
TOKa.

JloTIONHUTENBHBIMA ~ UCTOYHUKAMU  DJIEKTPOMATHUTHBIX  BO3JECHCTBHH HA  DIEKTPUYECKHUX
CTaHIMAX W MOJCTaHLMIX, KOTOpPbIe MOTYT BbI3BaTh cOou B padore ACTY, ABIAIOTCS Takue BUJIbI
BCIIOMOTaTeIbHOI0 JIEKTPOOOOPYIOBAHUS KAaK MOIIHbIE NTPeoOpa3oBaTeiI, CBApOUHbIEC aIapaThl,
OCBETUTEJIbHBIE IPUOOPHI, MOIIHBIE TATOBbIE MEXAHM3MBI, OBITOBBIE 3JIEKTPONPHUOOPHI,
JJIIEKTPOUHCTPYMEHT U JIP.

MGTOI[I/I‘ICCKI/IC YKazaHus OHNpCACIAOT TMOPAAOK IMPOBCACHUA I/I3MepeHI/II>’I U PacCUcCToOB,
H€06XOI[I/IMBIX g MOJY4YCHHA  KOJWMYCCTBCHHBIX  JAHHBIX O HAuOOJNBIINX  3HAYCHMAX
SJICKTPOMArHUTHBIX BO3,Z[€I\/'ICTBI/II\/’I.

JlocToBepHbIe pe3ynabTaThl o HeOaaronpusaTHoi OMO Ha 3HeprooObEeKTe MOTYT OBbITh MOJIyYEHbBI
JUIIb TPU  COYETAHUU  DKCIEPUMEHTANbHBIX  (HAaTypHbIE  DKCIIEPUMEHTHI,  HMUTALU
3JIEKTPOMArHUTHBIX BO3AEHUCTBHI) U paCUeTHBIX METO/I0B.

HatypHble sKCrIepUMeHTHI Ha JISHCTBYIOIIEM 00BEKTE HE MOT'YT BOCHPOM3BECTH BCE BO3MOXKHBIE
pexxumbl, Harpumep, K3 Ha mmHax pacnpenenurtenbHbIX ycrpoiicts (PY) unu yaapel MoiaHuH, a
HATypHblE KOMMYTAIlMM CHUJIOBOTO OOOPYAOBaHUS, COMPOBOXIAIOLIMECS W3MEPEHUSMH B LEMIX
ycrpoiictB  ACTY, orpaHuuuBalOTCS 1O YCJIOBUAM pabOThl 3HEProoOBEKTa  Pa3OBBIMU
JKCIIEPUMEHTAMM, KaK IIPABUJIO, HE DKCTPEMAJIBHBIMU C TOYKH 3PEHUSI YPOBHEHN JIEKTPOMATHUTHBIX
BO3JCHCTBUM.

OnpITEl 110 HMUTAUN  SJICKTPOMArHUTHBIX BOSHeﬁCTBHﬁ IMMO3BOJIAIOT OSKCHCPUMCHTAJIBHO
CYHICCTBCHHO paCIUPUTh BO3ZMOXKXHOCTU IO BBIABIICHUIO HaMOOJIBIINX ypOBHeﬁ QJICKTPOMATrHUTHBIX
IIOMEX.

HatypHble 1 UMUTAIIMOHHBIE SKCIIEPUMEHTHI MPOBOAAT Ha JAEHCTBYIOLIEM o0bekTe. Meroauka
AKCIEPUMEHTOB U TEXHUYECKHE CPENCTBA (HAPUMEDP, UMUTATOPBI BO3AEHCTBUI U M3MEPUTEIBHBIE
pUOOPHI) IPEAYCMATPUBAIOT MPOBEIEHUE padoT 10 onpeaeneHnto IMO Takum 06pa3om, 4TOOBI HE
HapylaTh HOPMAJIbHYIO paboTy 3HEpProoOBEKTa U He oBpexaaTh ycrpoiictea ACTY.



KommekcHoe coueranue HAaTYpHBIX 3KCICPUMCHTOB C I/IMI/ITaI_[I/Ief/’I QJICKTPOMArHUTHBIX
BO3JICHCTBUII ¥ YUCICHHBIM aHAJIM30M IOJYYCHHBIX PE3YJbTATOB IMO3BOJISET IOIYYUTh KapTHHY
Hauboee HeOmaronpusTHo IMO.

[To pe3ynbprataM HM3MEpPEHHMII M PACUYETOB OMNPEACISAIOT TPEOOBaHHUA MO MOMEXOYCTOMYMBOCTH
YCTPOMCTB, yCTaHAaBJIMBAaEMbIX Ha 3HEprooOwvexTe. Eciu ypoBeHb 3JIEKTPOMarHUTHBIX HOMeEX
(OMII) mnpeBblIaeT yYpOBEHb MOMEXOYCTOHYMBOCTH YCTPOMCTB, JOJDKHBI OBITH pa3padOTaHbI
MEpONPUATHS [0 CHIXKEHUIO YPOBHS IIOMEX 0 JOIYCTUMBIX 3HAUEHUH.

2. NPOBEAEHME U3MEPEHUA U PACYETOB NO ONPEAENEHMIO 3MO

Metoauka ompenenenust MO Ha SHEprooOBEKTE BKIIOYACT B CE0Sl CIEAYIOUIME OCHOBHBIC
STarbl:

MOJIYYCHHUEC UCXOAHBIX JAHHBIX 00 3Hepl"006’beKTe JJIA ITPOBCACHU S pa60T;
OKCIICPUMCHTAJIbHO-PACYCTHOC OIIPCACIICHUC OMO Ha 06’beKTe;

OmpefieNieHue COOTBETCTBUS MEXIY YPOBHSAMH moMexoyctoiiunBoctu ycrpoictB ACTY,
YCTAHOBIICHHBIX Ha 00bekTe, 1 OMO B MecTax pa3MEIICHUs 3TUX YCTPOHCTB HJIHM CTEHCHU
KECTKOCTH HMCIIBITAHUH Ha IMOMEXOYCTOMYMBOCTh YCTPOMCTB, KOTOpBIC OYAYT YCTAaHOBJICHBI Ha
0OBeKTeE.

st mpoBeneHus SKCIEPUMEHTAIBHBIX paboT co3aatoT padodyro mporpammy (MpusiokeHue A).
[To pe3ynbraTam pabOT COCTABISAIOT TEXHMYECKHH OTYET M OQOPMIIIOT MPOTOKOJBI Pe3yabTaToOB
M3MEpPEHUI 1 pacyeToB MO BCEM yKa3aHHBIM BHJIaM AJIEKTPOMArHUTHBIX BO3JEHCTBUN (IPUIIOKEHHE
b). B mporokonax maeTcs cONOCTaBiIeHHE BO3MOXHBIX ypoBHeW BoszzieiictBuit Ha ACTY c¢ ux
MOMEXOYCTOMUMBOCThIO (mpuiiokeHre B) u  3akmioueHue 00 ypOBHE DIIEKTPOMArHUTHOM
COBMECTHMMOCTH, a TaKXXe [OIMOJIHUTEIbHbIE DPEKOMEHJAIMM 10 €€ O0OecCHeueHHIo B Ccilydae
HEOOXOIUMOCTH.

2.1. HanpsixXeH1A U TOKM NPOMbILISIeHHOWN YacToTbl npu K3 Ha wuHax PY

[Tpu K3 na 3emmio Ha mmmHax PY B ceTsax ¢ 3pPpeKkTUBHO 3a3eMIIEHHOIN HEHTpPabi0 HAauOOIbIINI
TOK NPOMBIIIUIEHHON YacTOTHI MPOTEKaeT M0 3a3eMJstolieMy ycTpoicTBy (3Y) mpu oaHodazHOM
(mByxdaznom) K3 na 3emmro. [lorennman va 3V npu 3ToM pacmupenensieTcs HepaBHOMepHO. Eciu
3HaYeHHE Pa3HOCTH MOTEHUUAIOB Ha 3Y MPEBBICUT UCIIBITATEIbHOE HAPSHKEHUE 11 KOHTPOJIbHBIX
kalenel, moaxoasmux K oOopynoBanuto wunu ycrpoiictBam ACTY, BO3MOXHO 0OpaTHOE
HepekpbITHe H30yAUMu Kabeneld wim yctpoiictB. Kpome Toro, Tok K3, pacmpenenssce 1o
3a3eMJIEHHBIM 000JI0uKaM, OpoHe U SKpaHaMm KaOenel, BhI30BET NOBpeXkAeHue kabeneil, ecnu OyayT
IPEBBIIIEHBI IOIYCTHMBbIE [0 TEPMUYECKON CTOMKOCTH Harpy3KH.

Tok K3 Ha 3emmo Ha mmHax PY B ol0mem ciywae ckmagsiBaeTcss u3 Toka K3 ot
tpanchopmartopos/aBroTpanchopmaropoB (T/AT) u toka K3 ot sueprocucrems (3C) (puc.2). Ot



mecta K3 Tok Bo3Bpamaercs B Heltpanb T/AT u DC dyepes 3azemisiioliee yCTPOMCTBO H
HEIMOCPEJICTBEHHO Yepe3 3eMITIO.
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Puc.2. Cxema pacTCKaHuA TOKaA IIPpHU KOPOTKOM 3aMbIKAHHWH HAa 3EMJITO

Ecnu B COOTBETCTBHM C METO/IOM CYNEPHO3HUIIMKA PACCMOTPETH paclpesiesieHHe MOTEHIINATOB Ha
3VY npu nporekanuu Toka K3 ot T/AT u pacnpenenenue moTeHIIMAIOB MPH MPOTEKAHUU TOKA OT
9C, TO MOTYYUM CyMMapHOE pacnpeiesieHue MOTeHIHaNIoB (puc.3).
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Puc.3. Pacnpenenenue norenmnuanon Ha 3Y:

— - cymmapHoe; =" - ot Toka T/AT; == - ot Toka OC

B cersix ¢ um3onumpoBaHHON HEWTpanpl0 MpOTEKaHHWE OONBLIIOrOo TokKa 1Mo 3Y BO3MOXKHO NIpU
JBOITHOM 3aMBIKaHMM Ha 3eMJIt0. B 3TOM cilydae TOK NMPOTEKAaeT OT TOYKM 3aMbIKaHHS Ha 3EMIIIO
OJTHOW (pa3bl 1O TOUYKM 3aMBIKaHUs Ha 3eMJIIO Apyroi ¢asbl. Pacnpenenenue noreHnuanoB Ha 3Y
OyJeT aHaJOrMYHO TOMY, KaK Mpu npoTekanuu Toka ot T/AT (puc.2, 3).

Jns Toro uToOBl OMNpenenuTh BO3MOXKHBIE YpPOBHHM Bo3neiicTByromunx Ha kabemn ACTY
HalnpsDKEHUH M TOKOB IIPU Pa3IMUYHBIX 3aMBIKAHHMAX Ha 3€MJI0, HPOBOJAT H3MEPEHUs
pacnpeneneHuss MOTEHLMAJIOB M TOKOB Ha 3a3¢MIIIOIIEM YCTPOMCTBE IpPU HUMHUTALMM 3TUX
PEKUMOB.

2.1.1. UcxoaHble JaHHLIE



HcxonHpIMA aHHBIMM JUIA IPOBEICHHMS HW3MEPEHUH M pacyeTOB HANPSIKEHUHM M TOKOB,
BO3/ICUCTBYIOLINX Ha KOHTPOJIbHBIE Kabenu rpu K3 Ha 3eMitio, SBISIOTCS:

CXeMa pacroJOXKeHUsT OO0OpYyIOBaHUS C TpaccaMd NPOKIAAKU KaOened 1eneil BTOPUYIHOUN
KOMMYTalllH;

pacyeTHbIe 3HaYeHUsI TOKOB oaHO(pa3Horo u aByxdasznoro K3 Ha kaxaom u3z PY 110 kB u BbIie
Y TOKOB JBOMHOrO 3aMbIKaHus Ha PY 6-35 kB;

YZIE€IbHOE CONPOTHUBIIEHUE TPYHTA (T€03JIEKTPUUECKUM pa3pes).
2.1.2. Amutanus K3 Ha 3eminio (cocraBiasiomas Toka K3 npoMbIlieHHOH 4aCTOTHI).

2.1.2.1. CocTaBislOT HCIOJIHUTEIBHYIO CXEMY 3a3€MIIAIOIIEr0 YCTPOMCTBAa B COOTBETCTBUU C
"MeTonnYecKMMH  YKa3aHUSMH IO  KOHTPOJIIO  COCTOSHUS — 3a3eMJISIOIIMX  YCTPOMCTB
anekTpoyctaHoBok. PJ[ 153-34.0-20.525-00" ¢ moMompi0 TEXHHYECKHX CPEJICTB, YKAa3aHHBIX B
NpWIOKeHUH [,

[Ipu cocTtaBieHUH WCIOJHUTENBHOH cxeMmbl 3Y oco0oe BHUMaHHE YACNAIOT 3a3eMJICHHIO
TpaHcOpPMaATOPOB U aBTOTPaHC(HOPMATOPOB, CBA3sIM 3Y 31aHuil peneiinoro mura (PLL) u rmaBHOrO
nmmra ynpaieHus (['IY) ¢ ocHOBHBIM 3azeMiuTelieM M CBS3IM MEXIy 3a3eMiurenasmMu PY
pasHoro HanpspkeHus. OnpenensitoT Bce BO3MOXHBIE CBS3U: 110 MMPOBOJIHUKAM 33a3eMIIMTENs, OpOHE,
000JI0YKaM M 3KpaHaM CUJIOBBIX UM KOHTPOJBHBIX Kalenel, TpyOam IMOAa4dM CKaToro BO3AyXa U
nokapoTymeHuss ¥ T.n. OnpenensitoT MONepeyHOe CEeYEHHE IPOBOJHUKOB 3a3€MIIUTENs MpH
BBIOOPOYHOM BCKPBITUU TPYHTA HE MEHEE, YeM B TPEX Pa3IMUHbIX MECTaXx.

2.1.2.2. Ha ocHOBaHMU MOJy4€HHON CXEMbl MPOKJIAIKU MPOBOJAHUKOB 3a3€MIIUTENS BBIOMPAIOT
obopynoBanue, Ha koTopoMm Tipu K3 Ha 3eMi0 oXujaeTcs HauOOJBIIMK TOTCHIHAI. TakuMu
MecTaMu SBIAIOTCA (mpuiioxeHue J[) oOGopydoBaHHe, MPHCOEIMHEHHOE K CETKE 3a3eMIIUTENs
HauoOoJee JJIMHHBIMU CBA3AMU, 06OPYJIOBaHI/I€, Y KOTOPOT'O BBIABJICHO OTCYTCTBUC MCTAJLIOCBA3U C
OCHOBHBIM 3a3eMJIUTENIeM; 000pyAOBaHHe, HanboJiee yAaJeHHOe OT MEeCTa YCTAaHOBKHU ammaparypsl
ACTY (nmanpumep, OT peleiHOro uTa).

2.1.2.3. Ins nauOoiiee omacHbIX BBIOpaHHBIX MecT UMUTHPYIOT K3 Ha xopryc o0opynoBaHus U
U3MEPSIOT paclpeieieHue MOTEHIUAIOB 10 3a3eMIISIIOIIEMY yCcTpolcTBY: B Touke K3, B mecrax
ycTtaHoBKH ycTpocTB ACTY u B MecTax BO3MOXHOI'O BO3JEHCTBHUSI OMACHOTO HAIPSHKEHUS Ha
Kabenu (HanpuMmep, Ha 3a3eMJISIFOIIMX [TPOBOIHUKAX B KaOeNbHBIX KaHatax) (puc.4).
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Puc.4. Ilpumep cxeMbl MpoBeIeHNS U3MEPEHUH Ha MOJICTAaHIIMK BBICOKOTO HampsikeHus (BH)
npu umurtanuu K3 Ha 3emitto

2.1.2.4. Umurtanuro K3 mpoBoast npu momomu reHeparopa cunycouganbHoro toka (I'CT) u
KoMIUTeKTa peoctatoB (mpuioxenue J[). ConmpoTHBIIEHHE PEOCTaTOB MOAOUPAIOT TAaKUM, YTOOBI
pacmpefieieHue TOKOB (B TMPOLIEHTHOM COOTHOIICHWH), MPOTEKAIOIIUX IO d3JIEMEHTaM
3a3eMJISIIONIero  ycrpoiictBa (oOopymoBanus, Heutpainsm T, AT), ObUIO UIASHTHYHBIM C
pacmpezieieHueM TOKOB MpH peanbHbix K3.

Wmutarus K3 moxeT ObITH IpoBeieHa 0€3 MpUMEHEHHS] pEOCTaToB. B 3TOM ciiyuae HMHUTHPYIOT
OTJIENbHO KaXIYI0 cocTaBisitonryro Toka K3: ot kaxmaoro tpancdopmaropa (aBroTpanchopmaropa)
U OT DHEPTOCHUCTEMBI.

2.1.2.5. Ecnu HanpsibkeHue, BO3/AEHCTBYIOIIEe Ha M30JAIMI0 Kabene M yCTpoiCcTB, MpeBbIIIaeT
JOIYCTUMOE 3HaueHue, uMuTannio K3 npoBoasaT Ha Kaxa0M 000pyAOBaHUU, K KOTOPOMY MOAXOMAST
Kabenu 1enei BTOpUYHON KOMMYTAIUH.

2.1.2.6. Ilpu wumuramun K3 Takke H3MEpsIOT TOKH, NPOXOJAIIHE OT 00OpyIOBaHUS B
3a3eMJIMTENb 110 3a3€MIIIOLIEMY IIPOBOJHHUKY, TPYOOIIPOBOAM, METANIOKOHCTPYKIMAM M KaOesim
(o6osouka, OpoHs, SKpaH).

W3mepeHus MpoBOAAT ¢ MOMOLIBI0 ceneKTUBHBIX K yactoTe I'CT TokoBbIX Kiemiei. M3mepstor
ToK OT I'CT u B porieHTax K HEMY TOKH, IIPOXOJANINE TIO €CTECTBEHHBIM M MICKYCCTBEHHBIM 4aCTsIM
3V.

2.1.3. O0padoTKa pe3yJIbTATOB U3MEpPEHHId U MPOBEJEHUE PACUYEeTOB

2.1.3.1. 3HayeHusI TOKOB U HAINPSKEHUH, MOJYYEHHBIE B PE3YJIbTaTe UMUTAIIMOHHBIX U3MEPEHUH,
IIEPECYNTHIBAIOT K pealIbHBIM 3HaueHUsIM Toka K3 (mpuiioxenue 1).



2.1.3.2. Pe3ynbTarhl U3MEPEHUN 3aBUCAT OT YJEIbHOI'O CONPOTUBIIEHUS TPYHTA U MO3TOMY UX
NEPEeCYNTHIBAIOT Il HaubOosee HEONaronpusATHBIX KIMMATHYECKUX ycloBHil. V3MepeHus
JIOTIOJIHAIOT pacueTaMu MO pacueTHOM mnporpamme (mpuioxkenue E). Pesynbrathl u3MepeHuit
MCIOJIB3YIOT JJISl TECTUPOBAHMS PACUETOB.

2.1.3.3. [lonydennyto cxemy 3V BBOAST B paCuETHYIO Iporpammy. B nporpamme BOCIpOU3BOAST
MMUTALMOHHbIE BO3AEUCTBUS, BBIIIOJIHEHHBIE Ha OOBEKTE, U IPOU3BOISAT CPAaBHEHHE pPAcCUETOB C
u3MepeHussMu. [lpu pacxokIeHuH pacyeTHBIX W SKCIEPUMEHTAIbHBIX 3HAueHUU Oosiee, yeM Ha
15%, poBOAAT JOMOIHUTENBHBIE U3MEPEHHUS [10 YTOUHEHHIO [TapaMeTPOB CXeMbI 3Y.

2.1.3.4. Ilocne nocTukeHUs COBIAACHUS Pe3yabTaToB B npezaenax 15% cumraror, 4to pacueTHas
cxeMa 3Y COOTBETCTBYET peajbHOM. Jlajiee MpOBOJAT pacyeThl pacipeeieHus HapsokeHud no 3Y
U TOKOB B JKpaHax, 000JIOUKe MM OpoHe Kaleseil ajisi KakI0Tro U3 00OpyAOBaHUS MPH YACIHHOM
COMPOTHUBIIEHUU TPYHTA, COOTBETCTBYIOIIEM HauOojiee HEOIArONpUSATHBIM —KIMMATHUYECKUM
YCIIOBUSIM.

2.1.3.5. Pe3ynbTarsl u3MEpeHUil U pacyeToB 0popMIIsIOT B ipoTokoie N 1 (mpuiioxenue b).

B cnyyae HEOOXOAMMOCTH CHMKEHHMS YPOBHEH BO3/JCHCTBYIOIIMX TOKOB M HaIpsDKEHUMN

IPOMBIIIJICHHON 4acTOThl BBIOMPAIOT MEPONpPUATHS, yKa3aHHble B npuiiokeHuH JK, mocie dero
MOBTOPHO BBIMOJIHSIOT MyHKTHI §2.1.

2.2. UmMnynbCcHble NOMeXX NpU KOMMYyTaLMAX CUITOBOro o6opyaoBaHus
M KOPOTKUX 3aMbIKaHUAX Ha LUMHAX pacnpenenuTenbHOro yctpomcrTea

Bo3HUKHOBEHHE UMITYJIBCHBIX TTOMEX B IEMSX BTOPUYHON KOMMYTAIIMU CBSI3aHO CO CIICTYIOITUMU
BO3/ICHCTBUAMU B MepBUUHBIX Hemsax: K3 Ha 3emro Ha mmHax PY; komMyTanuu pa3beAUHUTENSAMH,
KOPOTKO3aMBIKATEJISIMU U BBIKIIIOUATEIISIMU;, CpaOaThIBAaHUS PA3PSAHUKOB.

2.2.1. Ucxoanble 1aHHbIE

WcxonHpIMU TaHHBIMH JIJ151 TPOBEICHHS M3MEPEHUN U PACU€TOB UMITYJIbCHBIX TTIOMEX SIBJISTIOTCS:

AIIEKTPUYECKAsl OTIEpAaTUBHAS CXEMa;

TJIaH PACIIOIOKEHUSI 000PYIOBaHMS C TpAcCaMU MPOKJIAIKU Kabemnei;

cocCTaB M pacnojioxkenue annapatypsl ACTY;

AIEKTPUYECKUE CBS3H anmnapaTrypbl ¢ CUIOBBIM 000pYI0BaHHUEM (110 KaOEeTbHOMY KYpHAIY);

yAEIbHOE COTIPOTUBIIEHNE TPYHTA (T€0JICKTPUUECKUH pa3pes);

MecTa 3a3eMiieHus 1enen Hanpsbkenus u Toka ACTY

cedyeHue u BeICOTHI nmojBeca muH BH Ha OPY, koHCTpyKIHs dasbl.



2.2.2. UmnyJbCHBIE IOMEXH, 00yCJIOBJICHHbIE YBeJIHYeHHEeM MOTeHIIHAJIA 3a3eMJINTeIs

[Tpu xommyTanusx (4epe3 Mapa3UTHbIE €MKOCTH OOOpyHOBaHUS Ha 3EMJII0) U KOPOTKUX
3aMbIKaHUSAX Ha 3eMJI0 B 3Y MpOXOAMT UMIYJILCHBIA TOK BBICOKOM yacToThl. Ha oGopynoBanuu
BO3HMKAEeT CKAYOK TMOTeHIMana. Bo3pocmmii MOTEHIHMal C ONpeneleHHbIM KO3 PHUIMEHTOM
ociiabieHus nepeaaercs no kabensm Ha Bxop ycrpoiicte ACTY.

2.2.2.1. ImuTanus UMIyJIbCHBIX MOMEX

BricokouactotHyio (BY) cocTaBisionyro Toka KOPOTKOTO 3aMbIKaHUSI UMUTHUPYIOT HPU TTOMOILIU
reHeparopa BbICOKOYACTOTHBIX uMIyibcoB - ['BUU (mpunoxenue I'). Cxema 3KCIIEpUMEHTOB
npuBeneHa Ha puc.5. [[ns usmepeHuidl BbIOMpAlOT LIEMH, TAE O0XKHAAETCS HAuOOJBIIUN YPOBEHBb
nomMex. Takumu SBISIOTCS TEMU, Il KOTOPBIX BXOJHOE COIPOTHBJICHHE HA YCTPOMCTBaxX B
HOpMaJIbHOM pexkuMe Oosnbie 1 kOM (Hampumep, pa3OMKHYTBIH KOHTAKT).

Puc.5. Cxema skcnieprMeHTa MO ONpeAeIEHUI0 UMITYIbCHBIX IIOMEX
IIPYU IPOTEKAHUH BBICOKOYACTOTHOM cocTasisoniel Toka K3

2.2.2.1.1. T'eneparop BbIcOKOYAcTOTHBIX UMNyibcoB (I'BUN) moakmioyaroT OfHUM BBIXOAOM K
3a3eMJISI0IIEMY MPOBOAHUKY oOopynoBanug Ha PY, Kk koTopomy moaxoasr kaGenu OT yCTpOMCTB
ACTY, a BTOpoil BBIXOJ IeHepaTopa 3a3eMJISIIOT Ha paccTosHMM He MeHee 50 M OT JaHHOTO
000py10BaHUSI.

Bricokass yactoTa 00ycClOBIMBAaeT Pe3KO HEpaBHOMEPHOE pachlpeiesieHue MoTeHnuana Ha 3VY.
Yem MeHbIIe YAETHHOE COMPOTHUBICHUE T'PYyHTA, TeM ObicTpee cmagaeT moteHiuman Ha 3Y. I[lpu
yactore 1 MI'1 Ha pacctostHuM 50 M OT TOYKH BBOJIa UMITYJIbCHOTO TOKa MOTEHIMAN MajaeT Ooiee
yeM B 10 pa3 naxe npu yAeIbHOM CONPOTHUBICHHH rpyHTa | OM- M.

HeoOxonumoe paccrosiHMe Mexay 0OOpyJOBaHHMEM M MECTOM 3a3eMJIEHHsSI BTOPOIO BBIXOJIA
reHeparopa OnpeaessioT o Taom. 1.

Tao0muma 1



VY enbpHOE CONPOTUBIICHUE TPYHTA HeobxoaumMoe paccTosiHUE 110 MECTa
OM'M 3a3eMJIeHHs BTOPOIrO BbIXOJ1a FeHepaTopa,
M
£1000 50
1000-2000 60
2000-5000 70
5000-10000 80
10000-15000 90

2.2.2.1.2. B 3azemssiomuii TpOBOJHUK o0OopymoBanus monaioT or [BUM konebaTenbHBIN
3aTyXallui UMIYIbC ¢ amMIuuTyao ot 2 no 20 A u Oonee, AekpeMeHTOM KosebaHus 3-5 u
pa3IUYHON YacTOTOM KoJieOaHWU (HE MEHee TpeX 3HA4YeHMM 4acToThl Kojebanuit). Ha peanpHbIX
00BEKTaxX 4acToTa KoJIeOaHUI MMIYIbCHBIX ITOMEX MOKET U3MEHSTHCS OT JECATKOB KHIIOTEpI] A0
JEeCATKOB Merarepil. M3mepeHuss mnpu TpeX pPa3IudHbBIX YacTOTaX IMO3BOJSIOT YCTAaHOBUTH
3aBUCHUMOCTh MMITYJIbCHOTO CONpPOTHUBICHUSI 3Y 000pyAOBaHUS M YPOBHS MMITYJIBCHBIX TTOMEX OT
yacToThl. [Ipu nmepecuere k peaqsbHOMY 3HAYEHHUIO TOKA UCTIOIB3YIOT MOTYYEHHYIO 3aBUCUMOCTD TSI
oTpeieNieHUs] UMITYJIbLCHOTO COMPOTHUBJICHUSI HAa YacTOTe, KOTopas Hambojee OnHM3ka K OCHOBHOU
yacToTe BricokodacToTHOM (BY) cocTaBmnstomieii Toka K3.

2.2.2.1.3. Ha Bxogax yctpoiictB ACTY uMNYJIbCHBIM BOJBTMETPOM V MM OcHMILIOrpadom
U3MEpPSIOT (POHOBBIE 3HAUEHHUS [TOMEX IIPU BHIKJIIOYEHHOM T'€HepaTope.

2.2.2.1.4. BxmoudaloT TeHepaTop U Npu (PUKCUPOBAHHBIX aMIUIUTYJE M 4YacTOTe KoseOaHui
UMITYJIbCA TOKA MTPOBOJAT U3MEPEHUSI UMITYJIbCHBIM BOJIBTMETPOM WJIM OCHMILIOTpadgoM CHH(A3HBIX
U IPOTHBO(A3HBIX OMEX HA 3a’KMMaX B MECTe MOJKIII0UeHHs kabeneil k yctpoiictBam ACTY.

2.2.2.1.5. OIHOBPEMEHHO C HM3MEPEHUEM IOMEX B LEIMSIX BTOPUYHOM KOMMYTAlUU IPOBOJIAT
U3MEepeHue MOTEHIMala Ha 3a3eMJISIOIIEM NIPOBOJHUKE 000PYA0BaHMS U ONPEAEISIOT UMITYJICHOE
CONPOTHUBICHUE  Zigmpfop PACTCKAHMIO TOKA KakK OTHOLICHME MAKCHMAIbHBIX —3HAYCHHIA

HAIllpsOKCHUA U BBIXOJHOTO TOKa TICHEpPATOpA. IloTennman Ha 3a3eMIISIONIEM 060py,[IOBaHI/II/I
HU3MEPAIOT C IMMOMOIIBIO MMITYJIbCHOT'O BOJIBTMETPA OTHOCHUTCIBHO 3€EMJIM HAa PACCTOSIHUH HE MCHEC
50 m (Ta6J'I. 1) B IPOTUBOIIOJIO’KHOM HAIIPpAaBJICHUHN OT MCCTa 3a3CMJICHUA I'CHEPATOpPA.

2.2.2.1.6. M3MeHAIOT YacTOTy KoJeOaHMM HUMIylIbca TOKAa M TIOBTOPSIOT H3MEPEHHUs I10
n.2.2.2.14u22.2.1.5.

2.2.2.1.7. ]Jlomyckaercs BBIOpaTh HE MEHEE JBYX OOpa3lOB OJHOTHITHOTO OOOPYIOBaHUS,
HallpuMep BBIKJIIOYATENIEH, W IMPOBECTH H3MEPEHHME HMMIIYJIbCHBIX IIOMEX B LEMNAX BTOPUYHOU
KOMMYTAIIUU TOJBKO 3TOTO 000pYIOBAHHS.



22.2.18. 3areM paccunThHIBaIOT KO3 PHULIIEHT nepenadyu

4 U sanotop ! Unom, o = o Zmmotop { Unom, somer > IOKA3BIBAIOIMA, KAaK — YMEHbLIACTCS

Tepem
aMIUTUTY/A TIPU TPOXOKICHUN UMITYJIbCa HAMPSDKEHUS 1o Kabemo oT 000py10BaHUs 10 YCTPOUCTB
ACTY. 3pech Uiy obop = lower Zwmosop - TOTEHUMAN  HA  3a3¢MIIOLIEM  [IPOBOAHHKE
000pynoBanus; iy - TOK OT TEHEPATOpa NPU HMMHTALMOHHBIX H3MEPeHMAX; Uiy ypom -

HaIIPsAKCHUC ITOMCXH BO BTOPHUYHBIX IICIIAX.

2.2.2.19. Ecam paccrosHus OT HambOoJjiee yaajJeHHOTO M Haubojee OIU3KOro oOpas3ioB
BBIOpPAaHHOM TpymIibl 000pyHoBaHMs 10 MecTa ycTaHoBKU anmaparypel ACTY pasnuuatorcs Gosee

ueM B 1,5 pasa, Kppep paccUMTBHIBAIOT Ul Hanbosee 6:1u3K0ro 1 Haubosee yaaaeHHOro 00pasios
obopynoBanus. B mpoMexyTOuHbIX CitydanX Kipupe; ONPEACIAIOT JIMHEHHON uHTepnossumei. [l

PV, rne uncno sueek mpesbimaeT 10, BRITOJHSIIOT H3MEPEHUS U HA OJHOM-JIBYX MPOMEKYTOYHBIX
oOpasiax 000pyI0oBaHHUs.

2.2.2.1.10. Hsmepenus no nn.2.2.2.1.1-2.2.2.1.9 mnpoBoasT Takxe sl JIPYyrux TpyIIl
000pyA0BaHNUS U OUPEACISIOT Kpppey MUISL KXKIOU rpymmbl o6opynosanust. [list Tpancpopmaropos

HANPSDKCHUS, BTOPUYHBIC IIETMA KOTOPBIX 3a3eMJISIOT Ha PY, u3aMepeHws] MpOBOIAT MJIsi BCEX
00pa310B 000pyI0BaHUS.

2.2.2.1.11. Ins xaxpaoro obpasma o0opynoBaHus, K KOTOPOMY HOJIXOIAT KaOelau OT YCTPOHCTB
ACTY, u3MepsIOT Zyam ofop -

2.2.2.2. O6paboTKa pe3ynbTaTOB U3MEPEHUI U IPOBEIEHHE PACUETOB

Pe3ynpTaThl M3MepeHMH IIOMEX BO BTOPUYHBIX IEMSX [EPECUUTHIBAIOT K HauOOJbLIEMY
BO3MOXXHOMY 3HaueHHio BU-cocraBmsromeii Toka K3 - Jpy. Peampnbiit Tok K3 ompenensror
pacyeToM Ui A IpUOIMKEHHON OIIEHKHU MCIOIb3YIOT IaHHbIE U3 Ta0u.2.

Tabmumna 2

Hau6oabnie 3Ha4eHUS BLICOKOYACTOTHOM cocTaBisouieil Toka K3

Ipy HomuHanbHOE HaNpspKEHUE MOJICTAHIMU Ly

110 220 330 500 750

Yucno yacteil muH, NoAXOAAIuUX K MecTy K3

1 4 1 4 1 4 1 4 1 4

fE.lI 048 19 09 38 |115] 6,2 | 2,75 11,0 4,75 | 19,0

I*E‘::I 0522 11 42518 | 70 32 128 44 |176




IE“;I" 08| 35|18 | 71 | 22 | 87 33 153 54 | 215

+
[lpumeuanue. 3nmech fpy - aMIUIUTYAa UMIyJIbca Toka B 3asemuutene npu K3 Ha PY ¢

ik ek
noakroueHHbIM OITH (orpaHn4mTenb nepeHanpsHKeHus HeMMHEHHbBIN), Jpy U {py - TO ke npu K3

Ha PY ¢ PB npu MuHUManbHOM M MakKCHUMaJbHOM 3HA4YEHUSAX, MPOOMBHOIO HampsKEHUs
pa3psiiHUKa (pa3psiiHUK BEHTUIIbHBIN)

2.2.2.2.1. Hanpsioxenue nomexu npu K3 onpeaenstor kak

Unomx = IEIIZI'I]E[.DEDP ’rKnepeu -

2.2.2.2.2. llonyyeHHOE 3HAUEHUE CPABHUBAIOT C JIOIYCTUMBIM JUIsl YCTPOWUCTB 3HaueHueM. Eciu
HE OINpe/eieH THUIl YCTPOMICTB, YCTaHAaBIMBAEMbIX HAa OOBEKTE, YKA3bIBAIOT CTENEHb >KECTKOCTH
WCTIBITAHUI HA IOMEXO0YCTONYUBOCTb.

2.2.2.2.3. Pe3ynpTaThl U3MEPEHUS UMITYJIbCHOTO CONPOTUBIIEHMS MCIONb3YIOT JUIsl ONPENEIICHUs
BO3MOYKHOCTH 0OpPaTHOTO MEPEKPBITUS C 3a3eMJICHUs 000pYI0BaHUS HA BTOPUYHBIE LIETIH.

[lepekpbiTiie HamboJiee BEPOSTHO HA KOHTAaKTaX KJIEMMHHKA, K KOTOPOMY MPHCOEIMHEHBI
BTOpPHYHBIE IeNH 00opynoBaHus. [IpoOMBHOE HANpPSHKEHHE MEXKKOHTAKTHOM HW3OJSIUU THUITIOBBIX
KJIEMMHHMKOB IIPH UMITYJIbCHOM BO3/eicTBUM Ha yacToTax Bbime 100 kI’ coctaBnser He menee 10
kB.

Taxum 06pa3som, HEOOXOAUMOE YCIOBUE OTCYTCTBUSL OOPATHOIO MEPEKPBITHS Lsys ngop <10 KB.

2.2.2.2.4. Pe3ynbTaThl U3MEPEHUN U pacyeToB OPOPMIIIOT B Bujae npoTokoia N 2 (mpuiioxeHue
b).

2.2.3. UmnyJjbcHbIE H3/1y4YaeMble IOMeXH

[Tpu xommyTarusax nepBuyHoro odopynosanus u npu K3 Ha mmnaax PY nporekaroT uMmynbcHbIE
TOKHU. DJIEKTPOMATrHUTHBIE TIOJISI OT ATUX TOKOB CO3/IAI0T UMITYJIbCHBIE IOMEXH B LIETISIX BTOPUYHOM
koMmyTauuu. Hanbonbimuii ypoBeHb n3ilydaeMbIx ToMex otMedaroT npu K3 Ha mmnax PY.

2.2.3.1. ImMuTanust IMIyJbCHBIX U3JIy4aeMbIX TOMEX

2.23.1.1. JIna xkaxnmoro PY ¢ wncrnonb3oBaHWEM HMCXOAHBIX JAHHBIX OIPEAEISIOT TPACCHI
NPOKJIAaIKU Kabenelt oT 000pylOoBaHUS BBHICOKOTO HANpsKEHUs O MOMELICHUH, T/le YCTaHOBJICHbI
ycrporictBa ACTY.

2.2.3.1.2. Jlns Bcex KaOenbHBIX Tpacc BBIOMPAIOT TJIaBHBIC YYaCTKH, MO KOTOPBIM IPOXOJUT
OCHOBHas yacTb kaOeneld. KoHdurypauus riaBHOro ydacTka MOXeET OBITh NMPSIMOJIMHEHHON WK
CJIOKHOM, COCTOSAIIEH M3 ABYX OTPE3KOB (HAMpUMEp, MEPECEKAIOIMMXCS MO MIPSAMBIM yIIIOM). DTH
YYaCTKH UCIOJIB3YIOT U1l UMUTAUU BO3AEUCTBUS DJIEKTPOMArHUTHOTO IOJIS.



2.2.3.1.3. Eciiu Ha PY umeercss HECKOJIbKO KaOEeNbHBIX Tpacc (HampuMep, OfHa Tpacca B BHJE
KaOeJIbHOTO TOHHENS W OJHA Tpacca B BHJE KaOGIBHOTO JIOTKA), A W3MEPEHUH BBIOMPAIOT
IJIABHBIE YYACTKU Ha KaKJI0M Tpacce.

22.3.1.4. Jnsa mpoBeldeHHs M3MEpEHHH M3 BCeX BUAOB Kabenel, MNpOXOIsAmuX IO
paccMaTpUBaEMOMY YYacTKy TpPacChl, BBIOMpAIOT 1O 1-2 oOpa3ma KaxaoW Tpymnmbsl Hambolee
JUIMHHBIX KaOenel: ¢ JKkpaHoMm, 0e3 JkpaHa, B obonouke. Kabenn mombOuparoT Takum o0Opazom,
yTOOBI B HUX MMEIHCHh JTUOO CBOOOIHBIC XKWJIbI (C HEMOBPEKICHHON W30JIsIMel), 1100 padoune
JKUJIBI, Y KOTOPBIX Harpy3Ka co CTOPOHBI YCTPOMCTB UMEET corpoTuBiieHue dosee 1 kOM.

2.2.3.1.5. Bponp KabenpHBIX Tpacc, MO KOTOPHIM TPOJIOKEHBI BBIOpAaHHBIC ISl W3MEPEHUI
Kabeny, NPOKIAIBIBAIOT KOHTPOJBbHBIE MpOoBoJa. KOHTposbHBIE NPOBOJA TPOKIAIBIBAIOT IO
MOBEPXHOCTH TPYHTA PSAIOM C KaHAJIOM MJIM JJOTKOM TakuM oOpa3om, 4ToOBI JJIMHA TMPOBOJa ObLIa
IPUMEPHO paBHA JJIHMHE KaOes.

2.2.3.1.6. [lapanmiensHO BHIOpAaHHOMY YYacTKy KaOelbHOM Tpacchl (Ha pacCTOSIHUU HE MEHee 5 M
OT KOHTPOJILHOT'O IIPOBOJia) Ha BbicoTe 1-1,5 M moaBemuBaroT NpoBoA, Moeaupyromuil muasl BH.
K sTomMy npoBoly MOAKIIOYAIOT FeHEPaTOP BHICOKOYACTOTHBIX UMITYNbcoB - ' BUU (puc.6).

LA

KoHTpOALHL A
TPOBOL -

Puc.6. Cxema uMuTany U3JIy4aeMbIX TIOMEX

2.2.3.1.7. Ha KOHTpOJILHOM NPOBOJIE U HA BHIOPAHHBIX KAOEJsIX MPH BBHIKJIIOYEHHOM I'eHEepaTope B
Mecte ycTaHOBKH YycTporcTB ACTY wu3Mepstor (¢GOHOBBIC 3HAYCHHS HAMPSOHKEHUS TTOMEX
UMITYJIbCHBIM BOJIBTMETPOM V.



2.2.3.1.8. BrioyaroT reHeparop U NpH (UKCUPOBAHHBIX AMIUIMTYIE M YACTOTe KOJIeOaHUM
MMITYJIbCa TOKa HPOBOAST U3MEPEHHS HABEACHHBIX [IOMEX HAa KOHTPOJILHOM NMPOBOAC (Lpppz) M Ha

BBIOpaHHBIX Ka0ensaX (L7, ) MMIyJIbCHBIM BOJBTMETPOM MIIM OCLMILIOrpadom.

MMUTaLIMOHHBIE HUCHBITAHMS MPOBOAAT HA TEX K€ 4YacTOTax, YTO M NPU PacHpOCTPaHEHUU
MMITYJbCHBIX ITOMEX I10 3a3€MJIAIOLEMY YCTPOMCTBY.

223.1.9. Ornowenue HampsokeHus Uy K L  sBusercs oOwuMm  kodpduuueHToM
OKpaHUPOBAHUS Ky = Uipyop { Uy , KOTODBIH I10KA3bIBACT, BO CKOJIBKO Pa3 MO CPAaBHECHHIO C

OJMHOYHBIM IIPOBOJIOM H3Iydaemas IIOMeXa oOcialiisieTcs COCeIHUMM JKHJIaMH B Kabee,
COCeTHMMHU KabensMu B KaOelbHOM KaHale, METAJUIOKOHCTPYKIHMSIMU KaOelbHOro KaHaua,
9KpaHamMu u obosoukamu kabdemst. KoapummeHnT sxkpaHupoBaHus, SIBISIONIHICS XapaKTePUCTUKON
JTAHHOTO 00BEKTA, 3aTeM HCIOJIB3YIOT B pacyeTax.

2.2.3.1.10. 3mepenust npoBOAST Ha BCeX KaOENsAX, MPOXOAAIIUX [0 JaHHOMY TJIaBHOMY Y4acTKY,
MOCJIE YEero MPOBOJI - MCTOYHUK IMOMEX pa3MEeNaloT MapajieIbHO JIPYroMy IJIaBHOMY YYacTKy
KaOeIbHON TPacChl U MPOBOJAAT U3MEPEHUS Ha KabemsaX, MPOXOISAIINX 10 STOMY IIaBHOMY Y4acTKy.

2.2.3.1.11. Ha crposimemcs 00beKTe B KauyeCTBE MCTOYHHMKA H3Ty4aeMON MOMEXU MOTYT OBbITh
UCTIOJIb30BaHbl HETMIOCPEJCTBEHHO HIMHBI BBICOKOTO HampspkeHus. s 3Toro cobuparor pabouyro
cxemy PVY, nopmaror muraHune OT NOCTOPOHHErO HMCTOYHMKA IIEPEMEHHOIO MM IIOCTOSIHHOIO
HanpspkeHuss (ot 200 no 1000 B) Ha mMHBI, OCYHIECTBIISIOT 3aMblkaHHEe Ha 3Y U H3MEpSIOT
VMITYJIbCHBIE IOMEXH B LIEMAX BTOPUYHON KOMMYTAllMU. 3HAYEHUS aMIUINTY/Ibl UMITYJIbCHBIX IIOMEX
npu peanbHbIX K3 mpomnopimoHanbHbl OTHOLIEHHUSIM pEabHbIX HAIpPSHKEHUHM K HaIpsDKeHUSIM Ha
IIMHAX TPU UMUTALMOHHBIX SKCIIEPUMEHTAX.

2.2.3.2. I3MepeHne UMITYJIbCHBIX IIOMEX MPU KOMMYTAIUSAX CHIIOBOIO 000PYAOBaHUS

Ilenpr0 M3MEpPEHUN SBIACTCS ONPEAEIECHUE aMIUIMTYABI U CIEKTPAJIbHOIO COCTaBa MMITYJIbCHBIX
OMEX B LENSAX H3MEpPEeHMs], YIpaBlICHHs, CUTHanIM3aluu u nurtaHus anmnaparypsl ACTY npu
KOMMYTallUX CHJIOBOrO oOopynoBaHus. V3MepeHus MpOBOAAT MpHU OMNepalusx € CHIOBBIMU
BBIKJTIOYATEIISIMU, pa3beAMHUTEIIMU, KOPOTKO3aMbIKaTeIsiMU Ha PY HanpsbkeHueM 6 kB u Bblle.

2.23.2.1. HauOGonpmme  moOMeXH  BO3ZHUKAIOT  MpPU  CICAYIOUIMX  KOMMYTalUsX:
BKJIIOYEHHE/OTKITIOYEHNE ITMHHBIX M JIMHEWHBIX pa3beIMHUTEICH Ha OTKIIOYCHHBIN BBIKITIOUATENb;
BKJIFOUEHUE/OTKIIIOUEHNE CHJIOBBIM BBIKJIIOYATEIEM WM OOXOAHBIM pa3zbeIUHUTENEM OO0XOIHOM
CHCTEMBl UIMH; BKJIIOUEHHE/OTKIIOUYEHHE BBIKIIOYATEIIMU y4yacTKa HEHArpy»XeHHOH JIMHUH,
CHWJIOBBIX aBTOTpaHC(OPMATOPOB, TpPaHCPOPMATOPOB, MIYHTUPYIOIIUX PEAKTOPOB; KOMMYTALUU
IPOTSKEHHBIX OTPE3KOB ILINH PA3bEIUHUTENSMU U CUJIOBBIMU BBIKIIIOYATEIISIMHU.

2.2.3.2.2. Peructpauuio 1nomMex HpoOBOAAT B LENAX WU3MEPEHMs, YIPaBICHUS, CUTHAIM3ALUU U
nutanus ycrporicts ACTY. HauOonbumnii ypoBeHb MOMEX CIEAYeT OXUIAaThb B W3MEPUTENbHBIX
LEIAIX, 3a36MJICHUE KOTOPBIX BBINOJIHEHO Ha PY, U B LeAX, KOTOPBIE IPOJIOKEHBI 110 TEPPUTOPUU
PV B xaOenbHBIX JIOTKaX WM KaHaIax.

2.2.3.2.3. 3MepuTenpHyl0 anmaparypy MOAKIIOUYAIOT MO CXeMme OO0IIero Buaa (cxema MpoBOJ-
3eMJIs, B KauecTBe "3eman” ciayxut kopryc ycrpoicts ACTY) u cxeme nuddepeHmaibHoro THia



(cxema TpPOBOJ-TIPOBOA) Ha MaHENAX M B mKadax, rae ycraHoBieHbl ycrpoiictBa ACTY, u
OPOBOJAT CIEAYIOIIME BUABl H3MEpEHUil: ocuwuiorpapupoBaHUe IOMEX; PErHCTPALUIO
MaKCHMaJIbHOW aMIUIMTY/bI U YMCIIa UMITYJIbCOB.

2.2.3.2.4. Ilpu u3MepeHUsAX UCIONB3YIOT ocHmIiorpadsl ¢ MoJIoCcCoi mpomyckanus He menee 10
MI'm nns o6bekToB ¢ OTKphITBIM PY m He Menee 50 MI'1y misi mojacTaHiuii ¢ 3Jiera3oBOM
u3oJsiuend. MakcumManbHOE 3HAUEHUE UMITYJIbCHBIX TTIOMEX B OTJEIBHBIX CIIyYasiX MOKET JOCTUTaTh
10-15 kB. UYtToObl HCKIIOYUTH TMOBPEXKIACHUE W3MEPUTEIBHOW amnmaparypbl, MPHUMEHSIOT
CICIUAlIbHBIC JIeNUTEeNu HanpspkeHus. [lutanue ocumiuiorpadoB  OCYIIECTBISIOT JTHUOO OT
HE3aBHUCHUMOT'0 MCTOYHHKA (HampuMmep, BCTPOCHHOW aKKyMYJISTOpHOH Oarapew), jubOO OT oO0miei
CeTH 4Yepe3 pa3JelUTeNbHBIA TpaHchOpMaTOp TPU HAIMYUU  YCTPOMCTB  OTpaHUYCHHUS
NepeHanpsHKEHU .

2.2.3.2.5. IlocnenoBarenbHOCTh AEHCTBUN MTPU U3MEPEHUAX CIEAYIOLIAs:

1) u3MepuTENbHYIO anmapaTypy MOAKIIOUAIOT K U3MEPSEMBIM LETISIM;

2) mocine curHaisa 0 TOTOBHOCTH U3MEPUTEIBHOM amnmapaTypbl IPOU3BOIAT KOMMYTAIHIO;
3) pe3yabTaThl H3MEPEHU COXPAHSIOT B KOMIIBIOTEPE WM MaMATH ocuusuiorpada;

4) BBIOJHSIOT MTOBTOPHYIO KOMMYTAIIHIO;

5) myHKTHI 2-4 IOBTOPSIOT IO BBHITIOJHEHUS BCEX KOMMYTAIIUN;

6) U3MEPUTETHFHYIO anmnapaTypy OTKJIIOYAIOT OT IEMNeil; MPOBEepsAI0T MPaBUIBHOCTh COCTUHEHHS
LETE.

2.2.3.3. O6paboTKa pe3ynbTaTOB H3MEPEHUHN U PACUETHI

OxoHYaTenbHBIA BBIBOJ 00 ypOBHE MOMEX JIETAlOT HAa OCHOBAaHMM pacdeToB. PacueTsl mpoBOAAT
IpY IOMOIIM pacueTHOM nporpaMmsl (npuiioxxenue E).

2.2.3.3.1. B pacueTHOi mporpamme COOUPAIOT CXeMY 3aMelleHust st oaHoro PY, cocrosinyio u3
CIEeNyIOMUX AIeMeHToB: LC'-1enu (IKHBI) U eMKOCTH MEepBUYHOr0 00opyaoBaHus, a Takxke LT -
1enu (KOHTPOJIbHBIE TPOBOJIA, MOJICIUPYIOLIHE KaOenu 1erneil BTOPUYHONH KOMMYTAIUH).

2.2.3.3.2. Cxemy 3aMmeleHusi cobuparoT A OAHOM (hasbl, pacrooKeHHON Ha HaWMEHbIIEM
paccTosiHuM OT KabenbHOU Tpaccel. Eciu koHpuUrypanus TakoBa, YTo BBISIBUTH OMDKaliyro ¢a3y K
KabenpbHOU Tpacce Ha BCEM MPOTSHKEHUM 3aTPYJHHUTENBHO, COCTABISIIOT CXEMBI IS KaKAOH H3
Haubosee OM3KUX a3 ¥ pacuyeThl MPOBOIAT JIJIS KAXK/I0H CXEMBI.

2.2.3.3.3. CoOuparoT UCXOJHYIO CXEMY 3aMelIeHUs JIsi HOPMAIBHOTO PEXUMa, a 3aTeM Tepen
pacdyeToM Kaxk10i koMMmyTanuu win K3 ee u3MeHs0T.

2.2.3.3.4. EMKOCTAMH 3aMEIIAlOT Ccleayloliee oO0OpylOBaHHE: CHJIOBBIE TpPaHCPOPMATOPHI,
TpaHc(opMaTOphl HANTPSKEHNS, BHIKIIIOYATEINHN, TpaHC(HOPMATOPHI TOKA.



2.2.3.3.5. B cxeme 3amerneHus s JaHHOTO PY MOAenupyloT TONBKO Te€ KaOelbHBbIE TPacCHl,
KOTOpBIE MPOXOMAT Mo TeppuTopuu nanHoro PY. IlpenycmarpuBaioT pa3menieHne KOHTPOJIBHBIX
IPOBOJIOB IO OCHOBHBIM KaOENbHBIM TpaccaM, II0 KOTOPHIM OHHM MPOKJIAJbIBAJINCh NpHU
UMHTAIMOHHBIX U3MEPEHHUSX.

2.2.3.3.6. lna pacuera nomex npu K3 Ha ucxomHoil cxeme 3amenieHus 3agaroT Touky K3 u
3aIyCKaroT [IPOrpaMMy Ha CYeT.

2.233.7. llpu pacuere 1momMeX MpU KOMMYTAlUAX HUCXOAHY0 HOPMAJIBHYIO CXEMY
MOAM(UIMPYIOT TaK, YTOObI OHA SBJISUIACH HAYAIBHOW CXEMOH 10 KOMMYTAllMH, W 3aIlyCKaroT
poTrpaMMy Ha CUerT.

2.2.33.8. B pesynbrate pacuera ONpEACHSAIOT aAMJIUTYIHO-YACTOTHBIE XapaKTEPUCTUKU
HANPSDKEHUST Ha KOHTPOJBHBIX MPOBOJaXx B MecTe yctaHoBkH yctpoiictB ACTY. PesynbraTs
pacdera CpaBHUBAIOT C pe3ylbTaTaMu u3MepeHuil. [Ipu pacxokaeHWH pe3yiIbTaToB PacdyeTOB H
u3MepeHuii 6onee yem Ha 20% YTOUHSIOT PacueTHYIO CXEMYy M HMCXOJHBIE NaHHBbIC Ui pacuera
(HampuMep, yIeIbHOE COMTPOTUBIICHUE TPYHTA).

2.2.3.3.9. loctatouno npoBectu pacyeTsl 11 4-5 Touek K3 Ha cOopHbIX mMHax U B 1-2 TOukax B
Kax0i saueiike PY. Ecnu anekrpuueckas cxema He COAEpPKUT COOPHBIX IIUH, TO pacyeThl IPOBOAST
st (1-2)-% (# - 4MCIO CHIIOBBIX BBIKIIIOYATENICH) TOYEK paBHOMEPHO 1o Bcemy PVY. Tak, eciu Ha
PY Tpu BmIkItOuaTens (Cxema MOCTHK), TO pacueThl JOCTaTOYHO MpOBeCTH s 3-6 Touek (B
3aBUCUMOCTH OT Iutomaau PY) ¢ yuetom pekomeHaluuii, NpuBEIECHHBIX BBIIIE.

2.2.3.3.10. [Inst HOpMaJIbHOM onepaTUBHOM cxeMbl PY mpoBOAST pacdeTsl AJisl CIAeAYIOIIMX BUIOB
KOMMYTallU{: BKJIIOUYEHHE IMHHOTO WMJIM JIMHEHHOIo pa3beIuHHUTENed Ha OTKIIOUEHHBIH CHIIOBOH
BBIKJIFOYATENh, TOJada HANpsHKEHUsST Ha OOXOMHYIO CHCTEMY IIMH BBIKIIOYATENEM, BKIIOYCHHE
CHJIOBOTO TpaHchopmaTopa (aBroTpaHcopMaTopa) WM BKIOYEHHE HEHArpy)KEHHOW JIMHUU
BBIKJIFOYATEJIEM, BBIBOJ B PEMOHT paboUeil CHCTEMBI IITHH.

2.2.3.3.11. Ilocne mpoBeaeHUsI pacyeToB Ui HOPMaJbHOM omepaTtuBHON cxeMbl PY mpoBoasT
pacyeTbl HM3Iy4aeMbIX IOMEX JUIsl JAPYIMX BO3MOXKHBIX KOH(UIypallii HEepBUYHON CXEMBI,
CBSI3aHHBIX C BBIBOJIOM OOOpYNOBaHHMS B PEMOHT. MOIENUPYIOT CHTyanuu (I KaKIOTO
NPUCOECTUHEHNUS), TPH KOTOPHIX 3HAYUTEIBHO MEHSETCS KOH(UIypalus HCXOJHOH CXEMBI,
HarpuMep, YIUTHIBAIOT:

BBbIBE/ICHHBII B PEMOHT BBIKJIIOYATENb (0COOEHHO ISl CXeM C 00XOAHOM CHCTEMBI LIINH);

BBIBEJICHHOE B PEMOHT MPUCOSAMHEHUE (JIMHUSA, TpaHchopMaTop, aBToTpanchopmarop);

BBIBE/ICHHYIO B PEMOHT pab0yyl0 CUCTEMY ILIIUH.

2.2.3.3.12. JIna KaxaoW CXeMbl, OTVINYHOM OT HOPMAJIbHOW ONEPATHBHOW, MPOBOASAT PacCdeThl
nomex npu K3.

2.2.3.3.13. Jna Kaxa0il OCHOBHOW KaOENbHOW TPacChl M3 MOJYYCHHBIX PE3YJIbTATOB PAacUETOB
BBIOMPAIOT HAaMOOJbITNE 3HaueHUs (st KommyTanuil u K3).



2.2.3.3.14. Pe3ynbraThl pacueToB I KOHTPOJIBHBIX IIPOBOJAOB NPUBOJAT K pEAIbHBIM
BTOPUUYHBIM LensM. [l 3Toro BbIOMparoT oAHy M3 Hened. OnpenenstorT Tpaccy, IO KOTOPOH
NpOJIOKEH Kabenb C BBHIOpaHHOM Iiemblo, Hampumep, Tpaccy N 1. HauOonpimme 3HayeHHs
U3Iy4aeMbIx nomex npu K3 miny koMmMmyTanusax onpeaesstoT Kak:

o

IIOM. eI

-7,
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IKp LETH. Eaf . Tpacca M1

rac Ul'[l:l]'.'[. e - MAKCHMaAJIbHO M3JIy4acMOC HAIPSKCHUE IIOMCXHU B BBIGpaHHOﬁ eI YIIPaBJICHUA

Boikiroyarens npu K3 nmim kommyraunsax; Ui ges mpaccal§l - MAKCHMAbHOE H3Iy4aeMoe

HaIIPsAKCHUC IIOMECX Ha KOHTPOJIbHOM IIpoBoOJC, IIPOJIOKCHHOM 10 Tpacce N 1 )

Korp werm. waff . 1pacca M1 - KOO(QQUUMCHT SKPaHUPOBAHMS JUIs BHIODAHHOW LICIH, IPOJIOKCHHOM 110

Tpacce N 1.
2.2.3.3.15. IloBTOpsitoT myHKTHI 2.2.3.3.1-2.2.3.3.14 nns npyrux PY.

2.2.3.3.16. Jlonyckaercs NpUMEHATh IPYTHM€ METOAbl MOJEIMPOBAHUS M pacyeTa, €ClIu OHU
00€CIIeYrBaIOT TAKYIO YK€ MU 00Jiee BRICOKYIO TOYHOCTb.

2.2.3.3.17. Pe3ynbTaThl U3BMEpPEHHI U pacueToB 0POPMIISIIOT B BUJE MpoTokoia N 3 (mpusoxeHue
b).

B cnyuae HeoOX0IMMOCTH CHUKEHHS] YPOBHEN BO3/IEHCTBYIOIINX UMITYJIbCHBIX TOMEX BbIOUPAIOT
MEPONPUSTHS, YKa3aHHBIE B IPUIIOKEHUH JK, IOCie 4ero NOBTOPHO BBINOIHSIOT MYHKTHI §2.2.

2.3. UmnynbcHbIe NnoMexu Npu yaapax MOnHUn
[Ipu ynape MonHMM B OOBEKT B pE3yJbTaTe€ BO3JEUCTBUS 3JIEKTPOMATHUTHOTO TOJSA B
KOHTPOJIbHBIX KaOeNsx HaBOIATCS HMITYJIbCHbIE TMoMexu. Tok MomHuH, mpoTekarmuid no 3V,
co3aacT BBICOKHH IIOTCHIIMAJI Ha 3€MJIE U MOXCET BBI3BATH O6paTHI>I€ MNEPCKPLITUA H30JIAINN
KOHTPOJIbHBIX KabOesei.

2.3.1. UcxoaHble JaHHBIE

HMcxoaHpIMU JaHHBIMU JIJIS OMPCACIICHUA HABOAUMBIX UMITYJIbLCHBIX ITOMEX U IIOTCHIIMAJIOB Ha 3y
SIBJISAFOTCA:

IUTaH PacIOIOXKEHUsI 000PYI0BaHUS U MOJIHUEOTBOJIOB C TPacCaMHM MPOKIIAIKU Kaleneit;
cocTtaB yctaHoBieHHOH anmaparypsl ACTY;

YZAEIBbHOE CONPOTUBIICHUE TPYHTA;

CcXeMa TOKOOTBOJOB M 3a3€MJICHHSI MOJIHUETIPUEMHHUKOB.

2.3.2. UMnyJIbCHbBIE M3JIy4YaeMble IOMeXH



WNMmynbCHBIE W3TydaeMble TIOMEXH ONPENENSIOT IYTEM HCIIOJIB30BAHUS PACUETHOM MPOTrPaMMEI
(mpunoxenue E).

2.3.2.1. ITapameTpbl TOKa MOJHUU JJIsI pacdyeTa BHIOMPAIOT B COOTBETCTBHH C PEKOMEHIAIMSIMU
MDBK 61312-1. [Ipu pacuerax pacnpeneiieHHs NOTEHIMana Ha 3Y MNPUHUMAIOT MaKCHUMaJIbHOE

3HaYeCHHE uMIynbca Toka [, =100 KA, juurensHocTh (poHTa HMIynbca fg,=10 MK,
JUINTENILHOCTh HMMITyJbca £, =300 MKC; IpM pacueTax HaBEACHHBIX HANpsDKEHUH B KaOemsx

NPUHUMAIOT [y, =25 KA, £4,=0,25 mMKc, £, =100 Mkc.

2.3.2.2. JIna oTkphIThIX PY omnpenensior HampspkeHHs, HaBOAMMbBIE B KaOensiX BTOPUYHOMN
KOMMYTallUd IPU yJapax MOJIHUM B MOJIHUEOTBOJbI, PACIlOIOKEHHBbIE BOJIM3U TPAcC MPOKIIAIAKH
Kabesel.

2.3.2.3. Ins 31aHUM M COOPYKEHHMM ONPENENSIOT HaNpsLKeHHs, HAaBOAMMBIE B KaOensx Mpu
NPOTEKAHWU TOKA MOJHHHU 110 TOKOOTBOJAM MOJIHUETIPUEMHHKA 31aHus. [Ipu pacueTax yuuThIBAIOT
KOA(P(GUIMEHT dKPAHUPOBAHMS IJICKTPOMATHUTHOTO IOJISI MOJHUU JKPAaHUPOBAHHBIMH KaOEIsMHU,
MIPOJIOKEHHBIMU B KaOEJIBbHBIX KaHaJlaX WK KOpoOax.

2.3.3. I/IMHyJIbCHBIe MOMEXH, CBA3AHHDBIC C YBCJIMYCHHUEM IMOTCHIHAJA 3a3€MJINTEJIA

2.3.3.1. ns ompeneneHusi BO3MOKHOTO OOPATHOTO MEPEKPHITHUS U3OJSAUU KaOeneld BTOPUYHBIX
Hernen MpoBOST U3MEPEHHS pacipeieNieHrs TTOTSHIINAJIOB 10 3eMJIe TTPU UMUTALMK yJiapa MOJTHUHU
B MOJIHUEMIPUEMHHUK C MTOMOIIBIO T€HEepaTopa UMITYJIbCHBIX TOKOB (mpuiioxkenue I).

233.2. Ha PY reHepatop HMIYJIbCOB TOKAa MOJAKIIOYAIOT MEXKIY 3a36MJICHUEM
MOJIHUENIPUEMHUKA W 3a3€MJIEHHBIM DJJIEKTPOJIOM Ha paccrossHuM He MeHee 50 M ot
MOJIHUEIIPUEMHHUKA.

2.3.3.3. V3MepsroT NOTeHIMAIBI HA 3eMJIe BOJIM3U KaOEIbHBIX KaHAJOB M JIOTKOB OTHOCHUTEIHHO
TOYKH, yJAJICHHON Ha paccTosHue He MeHee 50 M B HalpaBlIEHWH, MPOTUBOIIOIOKHOM OT TOUKH
3a3eMJICHHS TeHepaTopa.

2.3.3.4. Ilpn umuTanuu yaapa MOJIHMM B 3JaHUS M COOPYKEHHs T'€HEpaTOp UMITYJIbCOB TOKa
MOJKJIIOYAIOT K MOJHUETIPUEMHUKY (CTEpKEHb WM CEeTKA) HaBepXy 3JaHHs U K DJIEKTPOAY B 3emiie
Ha paccTosHUU He MeHee 20 M OT 31aHus.

2.3.3.5. OCcymecTBIAIOT UMUTALIAIO yIapa MOJHUU B MOJIHUETPUEMHHUK U U3MEPSIIOT TOTEHIIHAIBI
B 3/1aHMM OTHOCHUTEJIbHO TOYKM, YJAJE€HHOM OT 374aHusi Ha paccrosiHue He meHee 20 M B
HaIpaBJIECHUH, TIPOTHUBOIOJIOKHOM OT TOYKH 3a3eMJICHHsI TeHepaTopa.

2.3.3.6. U3mepenus no mm.2.3.3.1-2.3.3.4 mpoBOAAT MpH ABYX M OoJiee pa3iMyYHBIX UMITYJIbCAX
TOKa C BpeMeHeM (pOHTa MMIYJIbCOB TOKA, OTIMYAIOLIMXCS Oosee yeM B 3 pa3a B Juamna3oHe OT

0,25 mo 10 mxkc.

2.3.4. O0padoTKa pe3yIbTATOB U3MEPEHHUId U pacyeThl



2.3.4.1. [lony4eHHbIE pe3ynbTaThl U3MEPEHUN NIEPECUNTHIBAIOT K TOKY MoJIHUK 110 MOK 61312-1.
Koadduuuent nepecuera npuHUMarOT MPONOPLUUOHAIBHBIM OTHOLIEHUIO TOKa MOJHHMU K TOKY OT
reHeparopa NpU YCIOBHUH, YTO BpeMs (PpPOHTA W AJIUTEIBHOCTh MMITYJbCa IPH HMHUTAIMU
OTJIMYAINCH OT HOPMUPYEMBIX [TApaMETPOB UMITyJIbCa TOKa MOJIHUY He Oosee, ueM Ha 10%.

2.3.4.2. Eciu BpemMs (poHTa W JUIUTEILHOCTh HUMITYJIbCA MPU HMHUTAIMH OTIMYAIUCHh OT
HOPMHUPYEMBIX [apaMeTpOB UMIyJIhca TOKa MoJHUU Oonee, uem Ha 10%, mnpousBomsT
SKCTPANOJSALUI0 PE3yIbTaTOB M3MEPEHUN MNpPHU Pa3IUYHBIX HMIIYJIbCaX TOKAa K HOPMHUPYEMBIM
3HAUEHUSM BpEeMEHH (PpOHTA UMITYIIBCA.

2.3.4.3. OxoHYaTeNbHBIN BHIBOJ 00 YPOBHE MMITYJICHBIX IOMEX JIETAal0T HA OCHOBAHUH PACcUETOB.
PacueTsl IpoBOJAT ITPpHU MOMOILM pacuyeTHON porpaMmsl (npuiioxxenue E).

2.3.4.4. Pe3ynpTaThl pacuera, MPOBEAECHHOTO M HMUTAIMOHHBIX YCIOBUH, CPaBHHUBAIOT C
pe3ynbratamMu u3MepeHuid. [Ipu pacxokaeHun pe3yabTaTOB PacueToOB M M3MEPEeHUN Oolee, 4eM Ha
20% yTOYHSIIOT pAacueTHYIO CXEMy U HCXOJHBbIE NaHHbIe JUId pacuera (Hampumep, yaeabHoe

COINPOTUBIICHUE TPYHTA).

2.3.3.7. Pe3ynpTaThl U3MEpEHUHl W pacyeToB OQOPMISIOT B BHAE MPOTOKoioB N 4 u N 5
(npunoxxenue b).

B ciydae HeoOX0IUMOCTH CHIKEHUSI YPOBHEHM UMIYIBCHBIX MOMEX OT TOKa MOJHUU PEaTU3YIOT
pekoMeHayemMblie Meponpusitus (npuioxenue JK), mocsue 4ero moBTOPHO BBIMOIHSIOT MMyHKTHI §2.1.

2.4. QneKTpoMarHUTHbIe NONA Paano4acTOTHOro AManasoHa

2.4.1. TIpoBoAsT U3MEpPEHUs HANPSHKEHHOCTU TOJIEW paguodacToTHOro Auamnasona ot 1 mo 1000
Ml B MmecTax ycraHoBkH ycTpoiictB ACTY.

2.4.2. U3mepsAoT B peKUME MOHHUTOPMHIAa HANPSKEHHOCTb 3JEKTPOMAarHUTHOTO IMOJIA OT
BHEUTHUX UCTOYHHUKOB.

2.4.3. V3MepsroT HANPsSHKEHHOCTH SJEKTPOMArHUTHOTO MOJSI OT PaboTarolIMX MEPEHOCHBIX U
CTAIMOHAPHBIX PAIMONEPENAIOIINX CTAHIIUN, KOTOPHIE UCTIOJIB3YIOTCSI IEPCOHATIOM YHEPTOOOHEKTA.

2.4.4. MW 3MepstOoT 3aBUCUMOCTh HANPSHDKEHHOCTH TMOJA OT PAcCTOSHUS 1O HWCTOYHHUKA
AIIEKTPOMAarHUTHOTO M3JIy4eHUS U ocjallieHne HamnpsHKeHHOCTH TOJs  MCKYCCTBEHHBIMHU
nperpajgamu (CTEeHbI, SKpaHbl, Kopiryca mKkadoB u T.11.).

2.4.5. Pe3ynbTathl U3MEPEHU U pacueToB 0(hOpMIISIIOT B BHjie TipoTokoia N 7 (mpunoxenue b).

B cinydyae HEOOXOAMMOCTH OCNa0JIeHUs SJEKTPOMArHUTHBIX PaglOYacTOTHBIX TMOJIEH BBHIOMPAIOT
peKoMeHIyemMbIie MeponpusaTus (mpuinokerue JK), mocie 4ero moBTOPHO BHITIOJHSIOT MyHKTHI §2.4.

2.5. Pa3psigbl cTaTU4ECKOro aneKkTpu4yecTea



HauOonee wuacto BeTpevaromiasicss ¢opma BO3HMKHOBEHHS DJIEKTPOCTaTHUECKUX 3apsAloB -
AJIEKTPU3ALNS TPEHUEM. DJIEKTPU3ALMS TPEHUEM IIPOSIBIISIETCS, KaK [IPaBUIIO, BCIEICTBUE KOHTAKTa
TeJa 4eJI0BEKa C €ro 0/1eXk/10H, CTYJI0M, I0JIOM, pabOuNMU CPEICTBAMH U IIPEIMETaMU, a TaKXKe MPU
COIPUKOCHOBEHUH JIeTalieil, maHeneil, npuOopoB ¢ ApyruMH ycTtporcTBamu. Ha neiicTByrommx
o0bekTax sHepreTuku s ycrpoiictB ACTY HanbGornee BepOSATHBIMH UCTOYHHUKAMHU CTaTUYECKOIO
AIIEKTPUUYECTBA SBJISIETCS TIEPCOHAI, OOCITY>KUBAIOIIHIA 3TH yCTPOHCTBA.

Onenky HamOONBIIETO AIIEKTPOCTATUYECKOTO MMOTEHIMAla Tella 4YeJIOBeKa MPOBOIAT ITyTEeM
HEINOCPEICTBEHHBIX M3MEPEHUI Ha SHEProOOBEKTE MM PACUETOM C UCIOJIb30BaHUEM PE3YJIbTaTOB
U3MEpEeHUil Ha o0pasle HamoJbHOTO TMOKPBITHSA. [IpM STOM U3MEPSIOT XapaKTePUCTHUKH
JIUDJICKTPUYECKOTO TOKPBITUS TOJa B TOMEUIEHUM, TJi€ YycTaHoBIIeHbl ycTpoiictBa ACTY, u
OIICHUBAIOT IMANAa30H U3MEHEHHUS BJIIAXKHOCTH BO3/IyXa B IOMEIICHUH.

2.5.1. U3mepenuss mnoreHuuana Teja 4YeJoBeKa (oreparopa) MPOBOJSAT 3IJIEKTPOCTATUYECKUM
BOJIbTMETpOM. [l paciiupeHus Auana3oHa W3MEPEeHHH MCIONb3YIOT EMKOCTHBIA JICNUTENb.
[Notennman, &7, , kB, Tena oneparopa onpenensoT U3 BEIPAKEHUS

Upg = [0+ O/ G 1Ly,

rae O - cymMMapHas eMKOCTb BOJIBTMETPA, COSAMHUTENBHOTO Kalels M omeparopa (BepXHEro
wieda nenutens), MK®; 5 - eMKocTh HIDKHEro Iueda nenutens, MK®D; L, - moxazaHUs
BOJIBTMETPA, KB.

2.5.2. V3mepeHHble 3HA4YEHMsI NMOTEHLMANa MEPEeCUUTHIBAIOT JUIsl Haubosee HeOJaronpHusITHOIO
pe’KuMa, COOTBETCTBYIOILETO HHKHEMY 3HAYSHMIO BIIAXKHOCTHU Bo3/yxa (puc.7).

0 20 40 60 80 100
—- OTHOCHTEABHAN ANAXKHOCTS, %

Puc.7. 3aBucuMocTy noTeHIMana 3apsiioB CTAaTUYECKOT0 AJIEKTPUIECTBA YETOBEKA
OT OTHOCUTENHHOM BIA)KHOCTH BO3lyXa:



A - mpu IBMXKEHUU 110 pE3NHOBOMY KOBPHUKY Ha paccTosiHue 6 M; ' - IpH JBMKEHUH 110
BUHWJIOBOMY IOy
Ha paccTostHue 6 M; L) - Ipu BCTaBaHUH CO CTyJa

2.5.3. PacueTHyl0 OLEHKY 53JE€KTPOCTaTUYECKOI0 IIOTEHIMaJa IPOU3BOJAAT HAa OCHOBaHWUHU
pe3yJbTaTOB M3MEPEHHMI MOBEPXHOCTHOTO W OOBEMHOTO CONPOTHUBICHHA Ry W Fp obOpasua

HaIlOJIBHOTO TMOKPbITUA. JUIsi U3MEpPEHUN HCIONIB3YIOT TEPAOMMETP M CTaHIAPTHBIC JJIEKTPOJBI,
CXeMa MOAKIIIOUEHUSI KOTOPBIX MPEICTABIIEHA HAa pUC.8.

Puc.8. Cxema u3mepennii HOBEpXHOCTHOTO M 0OBEMHOTO COPOTHBIICHHSI TOTUMEPHOTO
JHMJIEKTPUKA!

1 - moTeHIMATBHBIN JIEKTPOT; 2 - U3MEPHUTEIIBHBIN AIEKTPOI; 3 - OXPAHHBIN AIIEKTPOI,
4 - o0Opa3zer] MOTUMEPHOTO TUIJICKTPUKA; S5 - TepaommeTp E6-13

2.5.4. Pacuet yzei1bHOTO MOBEPXHOCTHOT'O U 00BEMHOTO cOnpoTUBIEHU (25, OM) U (37, OM M)
MIPOBOJIAT IO CIEAYIOUIUM BBIPAXKEHUSIM:

_m i+ g)Ry
g 1)

oy = HL +g) Ry
4¢ ’

rie Ky - U3MEpEeHHOE IOBEPXHOCTHOE corpoTuBieHue, Om; £j- - H3MepeHHOe OO0BEeMHOe
comporuBiienne, Owm; L) - 1guamMeTp TOTCHIUAIBHOTO OJJIEKTPOJA, M; g - 3a30p MEKIy
MOTECHIMATBHBIM U H3MEPUTETBHBIM JJIEKTPOAAMU, M; { - TOJIIUHA HAMOIHHOTO MOKPBITUS, M
(puc.8).

2.5.5. Tlo pe3ynbrataM HU3MEpEHHUIl MOBEPXHOCTHOT'O CONPOTUBIICHUS HAMOJIBHOTO MOKPBITUS
JIeTaf0T MPUOIMKEHHYIO OLEHKY BO3MOXKHOTO MOTEHIIMANa Tea 4eJIO0BeKa, MePEeMEIIAloNIerocs 1mo
10J1y, IPY OTHOCUTENNBHOM BIaXKHOCTH HE MeHee 60%:

VnensHOE MOBEPXHOCTHOE 101 2.10%0 3.1010 4-10%0
conpoTusiienne, Om



IMorennuan Teaa yeaoBeka, KB 2 4 6 8

2.5.6. Ilo pe3ynbraTtaM M3MEpeHUN OOBEMHOTO CONPOTHBIICHUS HAMOJBHOTO MOKPBITUS JIETA0T
NpUOIIKEHHYIO OLIGHKY BO3MOXKHOTO IMOTEHIIMAaja Tejla YeJoBeKa, MepeMellatoIerocs mno Moy,
IIPY OTHOCUTENIBHOM BiIaykHOCTU He Oonee 60%:

Ynaenbuoe 00bemMHoe conporusienune, OM'M 5 5.10%  5.10% 7.10% 10°

[Torenmuan Tena yenoBexa, kB 2 4 6 8
2.5.7. Pe3ynbraThl H3MEepEeHUN 1 pacueToB 0hopMIIsIIOT B BUIe ipoTokoia N 6 (mpunoxenue b).

B ciydyae HeoOX0AMMOCTH JOMOTHUTEIBHOM 3aIIUTHl OT CTATUYECKOTO AJIEKTPUYECTBA BEIOUPAIOT
pexoMeHyemble Meponpusitus (mpuiioskenue JK), mocie 4ero NoBTOPHO BBIMOIHSIOT MYHKTHI §2.5.

2.6. MarHUTHbIe NONA NPOMbILUIIEHHOWN YacTOTbI

2.6.1. HemocpencTBeHHbIE HW3MEpPEHHUs HAINPSHKEHHOCTH MAarHUTHBIX Toyied wactotor 50 I
MPOBOJAT B HOPMAJbHBIX PEXKUMAX NPU MOMOINM HM3MEPUTENS]T MArHUTHOrO IOJA B MECTax
ycranoBkH yctpoiictB ACTY na PY Bronb Tpaccel mpokiiaaku Kabeneu.

2.6.2. [Ina pexxumoB K3 Ha mmHax PY ypoBeHb Halps>KEHHOCTH MarHMTHBIX MOJIEW ONPEAEISAIOT
pacuetHbIM TiyTeM. PaccmaTpuBarot pexkxum K3 Ha mmuax PY BOMM3M MecTa yCTaHOBKU yCTPOMCTB
ACTY.

2.6.3. IlpuOmmKeHHbIE OIIEHKU POBOIAT 1o opmyne H =1, /2w, rae r - paccTosiHUE 10 MIVH,

MO0 KOTOPBIM IMTPOXOJAUT TOK KOPOTKOI'O 3aMbIKaHUS ! K-

2.6.4. B Tex ciydasx, korja BOIu3M MecTta ycTaHoBKH ycTpoiictB ACTY pa3MmerieHbl peakTopbl
WIN TpaHc(hOpMATOPbI, U3MEPSIOT HANpPSHKEHHOCTh MarHUTHOTO MOJISi B HOPMAJIBHOM PEXHME U
NEePECYNTHIBAIOT JUIsl YCIIOBUN ITpoTeKaHus Tokos K3.

2.6.5. IlpuOMMKEHHBIM pacyeT HaNpsHKCHHOCTH, A, A/M, MOns, co3JaBaeMoro BAOJb OCH
peaKTopa, BBHITOJHSIOT 10 BBIPAXKEHUIO

n rg

e —
2 (r2+x2j1,5

re 7 - paguyc peakTopa, M; X - PacCTOSHHE IO OCH peakTopa OT €ro LeHTpa A0 TOYKU
u3MepeHusi, M; [ - TOK B peakTope, A; # - YHCIO BUTKOB.

2.6.6. TlpuOnrKEeHHBI pacyeT HANPSHKCHHOCTH, 1, A/M, TOJIA, CO3/1aBaeéMOT0 PEaKTOpOM B
TOPU30HTAILHOW IJIOCKOCTH HAa PACCTOSHUAX Oojiee NBYX IHAMETPOB PEAKTOPA, BBIIOJIHSIOT IO
BBIPKEHUIO



2

_in 2 Fxcosh _2“ F
T T 7 Fd- | —— - I3
Tlg (7" +x° - Z2rcosf) o irt +x° = 2rxcosf)

rae £ - yroi Mexay BEKTOpPOM, HallPaBJICHHBIM U3 IIEHTPA PEaKTOpa B TOUKY U3MEPEHUH, U OCBIO
a0crucc.

2.6.7. 115 HECKOJIbKUX PEaKTOPOB HMCKOMYIO HANpPsHDKEHHOCTh MAarHUTHOTO TOJISL OMPENEsIoT
METOJIOM CYNEPHO3UIIUU HAIMPSHKEHHOCTH TMOJIEH OT KaXJI0TO peakTopa ¢ yueToM (pa3oBOro caBura
TOKOB.

2.6.8. HampspkeHHOCTh MarHUTHOTO TIOJISA, CO3/1aBaeMOr0 TpaHC(hOpPMATOpPOM, MHOTO MEHBIIE YeM
HAIpPsDKEHHOCTH TOJIS, CO3/1aBaeMOr0 PeakTopoM. MarHuTHoe 1oiie Tpanchopmaropa, B OCHOBHOM,
COCPEIOTOUEHO B MarHUTONpoBoje. Bo3aeiictBue marautHOro moisi tpanchopmartopa Ha ACTY
MOET TPEJICTABIATH ONACHOCTB JIMIIb B HETIOCPEACTBEHHEN OIM30CTH OT Tpanchopmaropa. Pacuer
HANpSHKEHHOCTH MAarHUTHOTO TOJIs BOJMM3M TpaHc(opMaTopa MpeACTaBIsSeT CIOXKHYIO 3aaady. B
3TOM CIIydae ONpPEeeNsoT HapsHKEHHOCTh MArHUTHOTO MOJISl SKCIEPHUMEHTAIBHO.

2.6.9. Pe3ynbraThl H3MepeHuit 1 pacueToB opopmisaioT B Buie mpoTokona N 8 (mpunoxenue b).

B ciaydae HeoOXOOMMOCTM CHHXKEHMsS YPOBHEH BO3AEHCTBYIOIIMX MAarHUTHBIX —IOJIEH
IPOMBIIIJIEHHON YacTOThl BHIOMPAIOT MEpONPUATHUS, YKa3aHHbIE B INpuiiokeHuu JK, mocie yero
MIOBTOPHO BBITNOJHSIOT IyHKTHI §2.6.

2.7. UmnynbcHbIe MarHUTHbIE NoOss

2.7.1. HanpsKeHHOCTh MMITYJIBCHBIX MAarHUTHBIX IOJIEW U3MEPSAIOT PY UMUTALUH yJapa MOJIHUN
B MOJIHUETIPUEMHUK, PacIoyioKeHHbIN BOM3H oT ycrpoiictB ACTY, u npu KoMMyTalusX CUI0BOTO
000pyIOBaHUS.

2.7.2. PacueTHble OLIEHKH MMITYJIbCHBIX MAarHUTHBIX IOJIEH MPOBOJAT AJIS CIy4aeB MPOTEKAHUS
TOKa MOJIHAW TIO MOJIHUEOTBOJAM HJIM TOKOOTBOJaM MOJHHETPUEMHHUKOB 3JIaHUH M COOPYKCHUH,
pacIoyiokeHHbIM BOJIM3U MecTa pazmerienus ycrpoiicts ACTY. TIpubnikeHHbIE OLEHKH TPOBOIST
no dopmyne H =i, iZmr, r - paccrossHMe, M, 10 MOJHHENPHEMHHKa WU TOKOOTBOZA, IIO

KOTOPOMY IIPOXOJIUT BECh TOK MOJIHUM {4, A, WM €TO YaCThb.

2.7.3. Pe3ynbTarhl U3BMEpEeHH U pacueToB 0hopMIISIIOT B BHjIe ITpoTokojia N 9 (mpunoxenue b).

B cnyyae HEoOXOAMMOCTH CHUXEHMSI YPOBHEH BO3JIEHCTBYIOIIMX HMIYJIbCHBIX MarHHUTHBIX
noJiei BEIOMPAIOT MEPOIIPUATHS, YKa3aHHbIE B MPUIOKEeHUH JK, 1Mociie 4ero MmoBTOPHO BBIMOIHSIOT
IyHKTHI §2.7.

2.8. Nomexum, cBA3aHHbIE C BO3MYLeHUAMU B uensax nutaHna ACTY nocToAHHOro
M NepeMeHHOro Toka



K ocnoBHEIM NEPUOANYCCKUM IIOMEXaM B LCIIAX IMOCTOAHHOI'O TOKa OTHOCATCA IIEPEMCHHBIC
COCTAaBJIAIOIIMC HAITPSXKCHUA (Hynbcauun) U KOHAYKTHUBHBIC ITOMEXU PAAUOYACTOTHOIO JMalna3doHa,
a B IOCIIMX IHUTaHUA IICPEMCHHOIO TOKAa - TapMOHHMYECKHEC COCTABIIAIOINHUEC HAIPsSXCHUSA.
I/IMHy.HBCHBIe IMOMCXHU B LCIAX MNOCTOAHHOIO M NCPEMCHHOI'O TOKA BO3HUKAKOT MPHU KOMMYTAallUH
peiec, SICKTpOMaroiuToB, MIPUBOJOB CUJIIOBBIX BBIKJ'II-OLIaTeJ'IeI‘/II, aBTOMAaTHYCCKHNX BBIKIIFOYATEIICH.

2.8.1. M3meputenpHyIO anmapatrypy HOAKIIOYAIOT K LEMsIM MUTAaHUS 10 MPOTUBO(A3HON cxeMme
(TIpOBOI-TIPOBOJT) |, IPU HEOOXOAUMOCTH, 10 CHH(DA3HOU cxeMe (TIPOBOI-3eMJIs).

2.8.2. ITlocme mnoAKIIOUEHUS W3MEPUTENBHON amnmaparypbl MPOBOJAT CJIEAYIOIIME BHJIbI
U3MEpPEeHNI: KpaTKOBPEMEHHBIE HM3MepeHus (ocumiuiorpadupoBanue (OpMBI CHUTHAJIA ITOMEXH);
JUTUTENIEHYIO0 PETUCTPAIHIO (B TOM YHKCIIE, P KOMMYTAIUSIX CHIIOBOTO 00OPYAOBaHUS).

2.8.3. KparkoBpeMeHHblE H3MEpPEHHUS IMPOBOJAT B HOPMAJIbHBIX pEXHUMax (CTallMOHAPHbIE
peKuUMBl pabOThI CHJIOBOIO OOOpPYIOBAaHHUA): PEKUM CpabaThIBaHUS pelie; PEKUM CpadaThbIBaHMS
ABTOMATUYECKUX BBIKJIIOYATEIEH B LEMAX MUTAHUS; PEXKHUM CpadaTbIBaHUS 3JEKTPOMArHUTHBIX
IPUBO/IOB CUJIOBBIX BBIKIIIOYATENIEH.

2.8.4. Onpenenstor Mpu U3MEPEHUAX B CTAlMOHAPHBIX PEKUMAX XaPAKTEPUCTUKHU MyJIbCALUA WU
KOA((HUIMEHT CHHYCOUJATBHOCTH TIEPEMEHHOTO HATIPSIKCHHSL.

2.8.5. TlpoBomaT m3MepeHus: NMOMeX, BO3HHKAIOMIUX IMPH cpabaThIBaHUH pelie, B TOM YHUCIIE,
OPUHYIUTEIHLHOM, HAallpUMep, MpH ONpoOOBaHUM CHIIOBBIX BBIKJIIOYATENEH, MpoBepke 3amut. [lpu
ATOM MOMEXU MU3MEPSIOT B TeX NaHessix (1kadax), rie cpadaTbIBaloOT pelie.

2.8.6. [IpoBoasT n3MepeHust moMex npu cpadaTbIBAHUM aBTOMAaTHYECKUX BBIKIIIOYATENEH B LIETAX
INUTAHUS IPU KOMMYTAIUSAX B CHJIOBBIX COOpKax, Ha HIMTE COOCTBEHHBIX HYXK, IIUTE MOCTOSHHOTO
Toka. [loMexu GpuUKCUpyIOT B MecTax ycTaHOBKHU ycTpoicTB ACTY.

2.8.7. llpoBomaT wu3MepeHHs] IOMEX B IEMNsAX ONEpaTUBHOTO TOKa IMpU CpabdaTbIBaHUU
AJIEKTPOMAarHUTHBIX MPUBOJOB CHUJIOBBIX BBIKIIIOYATENIEH B MeCTax YCTaHOBKH ycTpoicTB ACTY.

2.8.8. I[J'II/ITCJ'H:HYIO PErucCTpanvio NpoBOAAT C HCJIbIO OIPEACIICHUA AUAIla30HA XaPAKTCPUCTUK
IMoMEX B MJIUTCIBHO CYHICCTBYIOIIHUX PEKUMAaAX. HpI/I JaHHOM THIIC I/I3MepeHI/II\/'I OMMpECACIIAOT
AMIUIMTYAY NCPEMCHHBIX W HMITYJIBCHBIX IMOMEX B HCIAX IMOCTOAHHOI'O TOKA;, TapMOHUYCCKHC
COCTaBJIAOIINEC U UMITYJIBCHBIC IIOMEXHU B LCIIAX IEPEMEHHOTO TOKA. I/ISMepeHI/If{ IMPOBOJAT B TCX KC
OCeIAx, 4TO U IpHU KpaTKOBpeMeHHOﬁ peructpanuu, nmpu 3ToM MNpoAOJLKUTCIBHOCTE HCIPCPBIBHLIX
I/ISMepeHI/II\/'I COCTaBJISICT HE MCHEC O,ZIHOﬁ HEACIIN.

2.8.9. IIpoBOIAT aHAIN3 aBAPUWHBIX PEKHMOB B CETH NUTAHUS WU OIPEACISIIOT BO3MOXKHBIE
YPOBHHU IyJIbCALIMI B CETH IMIOCTOSHHOT'O TOKA M HauOOJIbIIIee BpeMsl IPOBAJIOB HAIPSKEHHUSL.

2.8.10. OdopMasIOT pe3ynbTaThl W3MEPEHHl W pacueToB B BHAe NpoTokoigoB N 10-12
(mpunoxxenue b).

B cnydae HeoOXOIMMOCTH CHUKEHMSI YPOBHEH 3JIEKTPOMAarHUTHBIX MMOMEX B IEMSAX MUTaHHS
ACTY BBIOUpAOT MEPONPHSTHS, YKa3aHHBIC B MPHIIOKEHUH JK, TIOCIe Yer0 TOBTOPHO BBITOJIHSIOT
MYHKTHI §2.8.



Jist cHUKEeHHs ypOBHEH PEKOMEHIYIOT BBIIIOJHUTh MEPONPUATHS, yKa3aHHbIE B IpuiiokeHuu K.

2.9. Nomexu oT BCcnomoraTenbHOro 3fieKTpooo6opyaoBaHus

Hcrounnkamu QJICKTPOMArdHuTHBIX BO3I[€I>'ICTBHIZ Ha DJICKTPUYCCKUX CTAHIUAX W MOACTAHLIUAX,
KOTOpble MOTryT BbI3BaTh cOou B pabore ACTY, sBusgercs Takoe BCIIOMOIAaTEIbHOE
3JIEKTPOOOOPYJOBAaHUE, KAaK MOILHBIE MIPeoOpa3oBaTeNM, CBApPOYHBIEC AaIIapaThbl, OCBETUTEIILHBIC
IpUOOpPBI, MOILIHBIE TATOBBIE MEXAHU3MBbI, OBITOBBIE IEKTPOIPUOOPHI, ITEKTPOUHCTPYMEHT U JIp.
[Tpu pabote storo obopynoBanusi Ha ACTY BO3IEHCTBYIOT IMOJIEBBIE U KOHAYKTHBHBIE MTOMEXH
(MMITyJIbCHBIE U IEPUOUYECKUE TIOMEXH).

2.9.1. TIpoBOIAT HEMOCPEACTBEHHBIC U3MEPEHUS HAMPSHXKEHHOCTH MAarHUTHBIX TMOJIeH mpu padboTe
BCIIOMOTATEJILHOTO 3JIEKTPOOOOpYyI0BaHUs B MecTax ycTaHOBKH ycTpoiicTB ACTY, BIOJL Tpaccel
MPOKJIAAKU Kabesel mpu MOMOIIN U3MEPUTENS HAPSKEHHOCTH MAarHUTHOTO TTOJIS.

2.9.2. VI3MepuTenbHyIO anmnapaTtypy Ui perucTpaliy MMITYJIbCHBIX M NEPUOAMYECKHX MOMEX
noakirodatoT K nermsiM ACTY no npotuBodaszHoii cxeme (MIpoOBOA-IIPOBON) U, TP HEOOXOIUMOCTH,
1o cuH(a3Hou cxeme (MPOBOA-3eMIIs).

2.9.2. Tlocne MNOAKIIOUEHHS W3MEPUTEIbHOM ammaparypbl MHPOBOJIAT CIEAYIOIIHE BUIbI
U3MEpPEHMIl: KpaTKOBpeMEHHbIe H3MepeHHs (ocuuiorpadgupoBaHie (GoOpMbl CUTHAJIA MOMEXH);
JUINTEIbHYIO ~ pETUCTpalMi0 (B TOM  YMCJI€ IPU  KOMMYTAaMSIX  BCIOMOIAaTeIbHOIO
AIEKTPOOOOPYIOBAHMUS ).

2.9.3. InuTeNbHYI0 PETHCTPALUIO MPOBOIAT C LENBIO OMPEACNICHUs TUana3oHa XapaKTEPUCTHK
MOMEX B JANUTENBHO CYIIECTBYIOIIUX pexuMmax. [Ipu TaHHOM THIle H3MEpPEHU OmpenemnstoT
aMIUIMTYly IEPEMEHHBIX M UMIYJIbCHBIX MomeX B 1emsx ACTY. M3mepenust npoBoadT B TeX ke
HENsX, YTO U MPH KPAaTKOBPEMEHHOW perucTpaiuu, Npu 3TOM MPOAOHKUTEIHHOCTh HEMPEPBIBHBIX
U3MEPEHUH COCTaBISIET HE MEHEE O/THOM HEIeIH.

2.9.4. Pe3ynbpTaThl U3MEPEHUN U pacueToB 3aHOCAT B poTokoibl N 1-3 u 7-12 (mpunoxenue b),
YKa3aB UCTOYHUK 3JIEKTPOMArHUTHOTO BO3/1EUCTBUS.

2.10. OchopmneHune pe3ynbTaToOB U3IMEPEHUN U pacyeToB
2.10.1. Tlo pe3ynpTaTaM HU3MEPEHUH M pACUETOB COCTABIAIOT TEXHUYECKUI OTYET IO
OTIPENICTICHUIO  DJIICKTPOMAarHUTHOM OOCTAaHOBKM Ha DSHEProOOBEKTE, KOTOPHIA YTBEPXKIACT
PYKOBOJIUTENb MPEATPUSITHSL.

2.10.2. Texuudyeckuii OTYET BKIIIOYAET:

XapaKTepUCTUKY OOBEKTa M WCXOAHBIC JaHHBIC MJIS TPOBENCHUS pPadOT MO OIpeNeICHHI0
3JIEKTPOMAarHUTHON 0OCTaHOBKHY;



pe3ynbTaThl U3MEPEHUHN U PaCYETOB B BUJE IIPOTOKOJIOB;
aHaJU3 Pe3yJIbTaTOB U3MEPEHUI U PACUETOB;
3aKJIFOUYEHHE O IEKTPOMArHUTHOM 00CTaHOBKE U 3JIeKTpoMarHuTHoi coBmectumoct ACTY;

PEKOMEHAlMU 110 CTEHEHM KECTKOCTH ucnblTaHui ycrpoicTtB ACTY u MeponpustusM ais
yiydmeranss OMO B cirydae HEOOXOUMOCTH.

2.10.3. B mporokonax N 2-4 u 6-12 (nmpunoxenue b) B rpade "CreneHp KeCTKOCTH UCTIBITAHUN
(WK 1OMyCTUMBIA YPOBEHb BO3JIEUCTBUS)" YKa3bIBAIOT CTEIIEHD KECTKOCTU MCTIBITAHUN YCTPOHUCTBA
Ha I[OMEXOYCTOMYMBOCTH (i1 BHOBb HPOEKTUPYEMBIX YCTPOMCTB) HIIM JIOMYCTUMOE 3HAUYEHHE
JAHHOTO BO3JIEHCTBUS (ISl BRIOPAHHBIX WJIM YCTAHOBJICHHBIX YCTPOMCTB).

2.10.4. CreneHp KECTKOCTU MCHBITAHUM ONPENENAIOT 10 YCJIOBHUIO: HCIBITATEIbHBIN
HOPMHPYEMBIH ypOBEHb BO3JEMCTBUS JOJDKEH ObITh Oosblie MM paBeH 1,2 HauOosblero
M3MEPEHHOr0 WA PAaCYETHOTO YPOBHEN BO3JEUCTBUA. J|OyCTUMBINA YPOBEHb BO3JCUCTBUA JOJLKEH
ObITh He Oosiee 0,8 HCHIBITATENBHOIO HOPMHUPOBAHHOTO YPOBHSI BO3JEHCTBHUS COOTBETCTBEHHO
CTENEHM KECTKOCTU UCIBITAHUN YCTAaHOBJIEHHOM (BbIOpaHHOM) anmapaTypahl.

2.10.5. B mpotokone N 1 B rpacde "JlomycTuMBIi ypOBEHb ACUCTBUS" YKA3bIBAIOT UCIBITATEIHLHOE
HaNpsDKeHWE W3OJSIMU Kabelned M YCTpOMCTB, a Takke HauOOJBIIMHA JIOMYyCTHMBIH TOK MO
TEPMHUYECKON CTOHKOCTH B OpOHE, 000JI0UKE MU dKpaHe KaOels.

2.10.6. B mnportokone N 5 B rpade "JlomycTUMBIH ypOBEHb BO3AECUCTBUS" YyKa3bIBalOT
HalMEHbIIIee 3HaYeHNEe UMITYJIbCHOTO TPOOUBHOTO HAIPSDKEHHS TPOMEXKYTKA MEXKAY 3a3eMIIUTENIEM
Y KaOeJIbHbIM KaHAJIOM.

2.10.7. B rpade "BbriBomml" yKa3bIBalOT, COOTBETCTBYET WJIM HE COOTBEeTCTBYeT OMO
MOMEXOYCTOMYUBOCTH JaHHOTO YCTpoicTBa. B 3akimioueHHH yKa3bIBalOT, oOecredyeHa Jin
AJNIEKTPOMArHUTHAsE COBMECTUMOCTD YCTPOWCTB M0 JAHHOMY BO3JICHCTBHIO.

3. Mepbl 6e3onacHocTu npu onpegeneHun AMO

3.1. PabGotbl 1o wu3MepeHHsAM XapakTepucTuk OMO BBINONHAIOT B COOTBETCTBHU C
neiicTByromuMu MexoTpaciieBbIMU MpaBWJIaMU 1O OXpaHe Tpyaa (mpaBuiia 0€30macHOCTH) MpU
HKCIUTYaTaI[H JIEKTPOYCTaHOBOK.

3.2. PaGoTbl Mo M3MepeHHsIM Ha JEHCTBYIOIIMX SHEProoOBEKTaxX BBINOIHAIOT MO HapsjiaM B
COOTBETCTBUH C paboueil mporpaMmMmoil (mpuinoxenue A).

3.3. Ilpn mMuTanuM 3JIEKTPOMATHUTHBIX BO3ACUCTBUA M M3MEPEHUsAX Ha AelcTByrommx PY c
HCIIOJIb30BAHUEM BBIHECCHHBIX TOKOBBIX M IOTEHUHUAIBHBIX 3JIEKTPOJOB IPHHHUMAIOT MEPHI II0
3aIIMTE€ OT BO3JCUCTBUS IIOJIHOI'O HAIPSDKEHUsS HA 3a36MIIMTENE IIPU CTEKAHMM C HEro TOKa
omHodaznoro K3 Ha 3emitto.



34. Ilpm TOATOTOBKE M3MEPHUTENBHBIX CXEM CHayajlla NPUCOSAUHSIOT TPOBOJ K
BCIIOMOTATEIILHOMY JJICKTPOy (TOKOBOMY, MOTEHIMAIBLHOMY), @ 3aTéM K COOTBETCTBYIOLIEMY
U3MEPUTEIILHOMY IPUOODPY.

4. NMeproan4HOCTb NpoBeAeHUA paboT no onpegeneHuto MO

4.1. Omnpenenearie DMO TIPOBOJIAT HA BHOBBH CTPOSIIMXCS OOBEKTAX MPH IMYCKOHAJIAIOYHBIX
paborax.

4.2. Ilpu TEXHUYECKOM MEPEBOOPYNKEHUHU JIEUCTBYIOMUX 00bEKTOB onpeneneHue MO mpoBoasr
B JIBa JTara:

Ha 9TaIiC nmpcaAIpOCKTHBIX PISLICKEIHPIIZ;
IIpU MyCKOHAJIAJOYHBIX pa60TaX.

4.3. Ilpum »skcmimyaranuu SHeprooObekTa MpoBepky OMO mpoBoaiT co  cheayromei
HNEPUOAUYHOCTbIO:

He pexe 1 paza B 12 ner;

BHEIUIAHOBO B CiIyYasX HENpaBUIbHOW paboThl uiau mnoBpexaeHun ycrpoiictB ACTY wu3-3a
BO3JECHCTBUS 2JIEKTPOMAarHUTHBIX ITIOMEX.

CNMUCOK PEKOMEHAOYEMOW JIUTEPATYPbI
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AJIEKTPUYECKUX CTaHIUAX U nmojacTaniusax. CUT'PD. Paboyas rpymnma 36.04., 1997.

8. Meroauyeckue yKazaHMsS [0  KOHTPOJIFO  COCTOSHHS — 3a3€MIIIOIIMX  YCTPOWMCTB
anekrpoyctaHoBok. PJ] 153-34.0-20.525-00. M.: CITO OPI'P3C, 2000.

9. Meronuueckue yKa3aHHsA TI0 OrPAaHUYEHUIO BBICOKOYACTOTHBIX ~KOMMYTAIIMOHHBIX
HepeHanpsDKEHU M 3aIUTe OT HUX JJIEKTPOTEXHHYECKOTO O00OPYIOBAHUS B paclpeleUTEIbHBIX
yerpoiictBax 110 kB u Beize. M.: OPI'POC, 1998.

10. OOmme TtexHMYeCKHE TPEeOOBAHUS K MHUKPOIPOIECCOPHBIM YCTPOWCTBAM 3alllUTHl U
aBromatuku 3HeprocucteM. PJ[ 34.35.310-97 PAO "ESC Poccun". M.: OPI'POC, 1997.

11. Meroauueckue yKa3aHUs [0 3allUTC BTOPHYHBIX IEHEH 3JICKTPUYECKHX CTaHIUHA |
NOJCTAaHIUI OT uMIyIbCcHBIX ToMeX. PJ[ 34.20.116-93. PAO "EDC Poccun". M.: OPT'POC. 1993.

12. PykoBojsmye yka3zaHus MO pacyeTy TOKOB KOPOTKOTO 3aMBIKaHUS U BEIOOPY 000pyaoBaHwMs /
ITon pen. b.H.Heknenaera. M.: U3a-so HIl DHAC, 2002.

13. MHcTpyKuusi 1Mo YCTPOMCTBY MOJIHHE3AIIUTHI 3[aHHH, COOPYKCHHH M IPOMBIIUICHHBIX
kommyHuKarmii. CO 153-34-21.122-2003. M.: U3n-Bo M3U, 2003.

14. Cranmaptet MOK 61024. MonHue3amura 3JaHUi U COOpPY>KEHUH.
15. Crannaptet MOK 61312 (1-5). 3ammuTa OT 371€KTPOMarHUTHOTO UMITYJIbCa MOJIHUH.
16. TOCT 9280-92* (M3K 61000-4-1-92) CoBMecCTUMOCTb TEXHHUYECKHX CPEICTB

anekTpomarHuTHas. McnbiTaHuss Ha moMexoyctoiunBocTh. OOmue monoxenus. M.: M3n-Bo
cTaHzapTos, 1992.

* BepositHO ommOka opuruHana. Cnexyer untats OCT 29280-92. - [Ipumeuanue "KOAEKC".

17. TOCT 64433.3-71*. Marepuanbl 31€KTPOU30JIALIMOHHBIE TBepible. MeTo/bl onpeaeneHus
AIIEKTPUUYECKUX COMPOTHBIECHHUM MTPU MOCTOSIHHOM HanpsbkeHuu. M.: M31-Bo cranaaptos, 1971.

* BeposiTHO ommbOka opuruHana. Cinenyer untatb ['OCT 6433.2-71. - [Ipumeuanne "KOJIEKC".

[Ipunoxenne A

PABOYAA MPOrPAMMA
npoBeAeHUs IKCNepuMeHTanbHbIX paboT no onpegeneHmio MO
Ha

(HammMeHoBaHWE 0OBEKTA)
1. OO0mre moIoKEeHHS TI0 MPOBEACHUIO PadOT:

1.1. OOBEKTHI BBIOTHEHUST 00CTIEIOBAaHUS AICKTPOMAarHUTHON 00CTaHOBKH.



1.2. OcHoBaHue 1)1 MPOBEACHUS 00CIICIOBAHUS.

1.3. Llemb oOcaeaoBaHuUs.

2. YcnoBus obecrieueHust 0€301MacHOro MpoBeeHUs padoT:
2.1. Ilopsiok opranu3aiuu padoT.

2.2. JIuma, OTBETCTBEHHBIC 3a MMPOBECHHE PadOT.

3. JlelicTBUA nepcoHalIa B aBApUUHBIX CUTYALIUSIX.

4. Tlopsinok mpoBeaeHus padoT.

N HaumenoBanue paboTsl Bpewms
n/n

Ucnomuuren
b

KonTponupyrome
€ JIULIO

4.1 |0O6cnenoBanre 3a3eMIISIOIIET0 YCTPOKCTBA
4.2 | InuTenbpHas perucTparus momMex

4.3 N3mepeHnuss  moMex  Npd  KOMMYTalMAX
000py/10BaHUs BBICOKOT'O HAIPSIKEHUS

4.4 | 3smepeHust HaNpsHKEHHOCTH AJIEKTPOMArHUTHBIX
MOJIEW paguovacTOTHOTO IUarna3oHa

4.5 M3mepeHuss MarHUTHBIX MOJEH MPOMBIIIJICHHOM
YacTOTHI

4.6 | BelmonHeHne UMUATALMOHHBIX UCIIBLITAHUI

4.7 U3mepenue HOTEHINAIOB CTaTHYECKOIO
AIEKTPUYECTBA

5. O1eHKa NOJTHOTHI BHIOJHEHHBIX Pa0OT, MPeyCMOTPEHHBIX POTPaMMOA.

6. OdopMmieHre pe3ylIbTaTOB BHITOJHEHHOW pabOTHI.

P C3YJIbTAThI pa60T OpCACTABIAOT B BUAC OTUYCTA U ITIPOTOKOJIOB.

IIpunoxenue b



3aka3uuk

(HaMMEHOBaHUE OPTaHU3AIINH,
MIPEATIPUSITHS )
O6mwe
KT

JInnensus N o ajJpecy

JleWicTBUTEIbHA 10

INPOTOKOJIN 1

Toxu n HanpsizkCHU s l'[pOMbIIlI.]IGHHOifI YacCTOTHI IIPU KOPOTKOM MJIN JBOMHOM 3aMbIKAHMH HA

3eMJII0
N | Tpacc| Mecto PacuetHo- Bpems Jonyctumblii BriBon | Peko-
Kabensi, a | IpWIO- | DKCIIEPUMEHTAIBHBIEC | BO3/IE YPOBEHb Bl | MEHJA
, ycT- | Kaben | keHus BO3/ICUCTBUA - BO3JICUCTBUA -
pOMCTB| s BO3JIeH CTBUA, 107041
0 - c
CTBUSA
Hau6onpm | Hanbons Hau6onb1m | Hau6oas
ee - ee -
HaIpsDKEH | MM TOK HarpsbKe- | 1N TOK
Ve Ha |B 3KpaHe, HUE Ha B
kabene | 000JI0UK kabene | dKpaHe,
W € WIn W 000104K
yCTpoicTB | OpoHe YCTPOMCTB | € WiIn
e, kB Kabens, e, kB OpoHne
A Kabest,
A
Mecto uzmepenus, pacuera (Tok K3 kA)
Temneparypa Bo3ayxa Bnaxunocts ATtMocdepHO
BO3J1yXa € JIaBJICHHE
N3mepenns IIPOBE/ICHBI 3aBoACKON Hara
npudopaMu TUma HOMED MOBEPKU
Pacuersl mpoBeneHbl IO N perucrpauuu
porpamme




3aKkIro4yeHue:

N3mepenus JlomKkHOCTh N.0O. ®amunus
MIPOBEJIH:
JlomKHOCTD N.0. ®amunus
VY1Bepxaaro: JlomKHOCTD N.0. ®amunus
3aka3zuuk
(HaMMEHOBaHUE OpraHU3AIINH,
MIPEANPHUSATHS)
OOBeKT
JInuenzust N 10 aJpecy
[elicTBuTenbHa 10
HNPOTOKOJI N 2

I/IMl'ly.TIbCHI)Ie IMOMEXH, BBI3BAHHBIC IOABEMOM MMOTCHIHAJIA 3y

Ka6en| O6opy- | Hmuranus BU-cocraBnstomieit Pacuetno- | Crenens |BriBon| Peko-
b (BUI | TOBaHUE, Toka K3 JKCIEpPU- |KECTKOCT| Bl |MeHAa
Lerneun oT MEHTaJIbHbIE u -
) KOTOpOT BO3JICUCTBUS | UCTIBITAH 1017071
yCTpO 0 Ui, (nim
- | mpuxons Jlo1myc-
CTBO | T LIENH K TUMBIN
YCTpOi- YPOBEHb
CTBY BO3JEH-
CTBUS,
kB)
Tox | f, | Zigm ooy Knepe.u;’ {py, Ham-
re’Hep | MI” OM o.e. KA |OonbIe
a- 1 e
TOpAa, Harps-
A JKEHUE
Ha
yCTpOU
CTBE,
kB

Mecto usmepenus, pacuera (P, T'I{Y)




Temneparypa Bo3ayxa Brnaxnocts AtmochepHo
BO3yXa € JIaBJICHUE
N3mepenus IIPOBEJEHBI 3aBoJICKOM Jara
npudopamMu Tuna HOMEp MOBEPKHU
Pacuersl mpoBedeHnl 1O N perucrpauuu
nporpamme
3aKiro4eHue:
N3mepenus JomkHOoCTh N.0. ®amunus
MIPOBEJIH:
JlOMmKHOCTD N.0O. damunus

VYr1Bepxkaaro: JomkHOoCTh N.0. Gamunus

3aKazuuk

(HaMMEeHOBaHUE OpraHU3AIINH,
TPEIIPUATHS)

OObexT
JInuensus N TI0 ajapecy
[elictBuTenbHa 10

MNPOTOKOJIN 3

I/IMl'ly.]'IbCHbIe N3JIy4aeMbI€ MOMEXH

Ka6ens | Tpacca | Koag- PacueTHo-3KCnIEpUMEHTAIbHBIE Crenenn
(Bup pok- | urme BO3JEHCTBUS JKECTKOCTH
LeTei), | JIaaKu HT HCTBITAHUM,
YCTPOMCT | Kabesst | SKpaHu (nwm

BO (N - JIOITyCTUMBI
Tpacchl | pOBaHU 1 ypOBEHb

) s, 0.€. BO3JICHCTBH

s, KB)

IIpu xoMMyTaUsaX

ITpu K3

Bun Han6omns-
KOMMYTalIl 1ree

Mec | Hau6oib-
TO iee

Pexo-
MeHa

o




nn

Harps-
YKEHUE Ha
yCTpOii-
cTBe, KB

K3

Harps-
JKEHUE Ha
YCTpOii-
cTBe, KB

Mecro uzmepenus, pacuera (P, T'LIY)

|

|

I/IMl'Iy.]ILCHLIe MOMEXHM IIPU HATYPHBIX KOMMYTAalUAX H KOPOTKOM 3aMbIKaHUM

N Bun | Knemm Kommyranun K3 Cremneun Bri- | Peko-
mkad | uenei bl JKECTKOCTU | BOJBI | MEHJIa
a (ma-| (yctpo UCIIBITaHUH, -
HeIn)| H- (mm 107071

CTBO) JOITYCTUMBII
YPOBEHb
BO3JCHCTBHS,
kB)
Bun | HanGonwsm | Mec | HanGombim
KOMM ee TO ee
y- | HampsbkeH | K3 | HampsiokeH
Talluh| W€ Ha ve Ha
YCTpOW- yCTpOH-
cTBe, KB cTBe, KB
Temneparypa Bo3ayxa Bnaxunocts ATMocdepHoe
BO3yXa JaBJICHUE
N3mepenns MPOBEICHBI 3aBoICKOM Jlara nmoBepku
npudopamMu TUma HOMED

Pacuetsi  mpoBeneHsl 1O N peructpauuu
nporpamme
3akiIroveHue:
N3mepenus JlomkHOCTh N.0O. ®amunus
MIPOBEJIH:

JlomKHOCTD N.0. ®amunus
VYr1Bepxaaro: JlomKHOCTD 1.0. ®ammnus




(HaMMEHOBaHUE OPTaHU3AIINH,
MIPEATIPUSITHS )

JInnensus N

[elicTBuTenbHa 10

3aKa3umk

O0BEKT

o ajapecy

ITPOTOKOJI N 4

I/IMIIyJIbCHbIe N3JIy4aeMblI€ IIOMEXH IIPH yaapax MOJIHUHA

KaGen | Tpacca | Koaddu- | Haubonsm | Haubomnpire Crenenn Bri- | Peko-
b (BUA | IPOKJIAX | LIMEHT ee e JKECTKOCTHU BOJIbI | MEHJ1a-
uenen K1 SKPaHUPO | HANIPSDKEH | HAMPsDKEHUE | UCTIBITAaHUN (MK 10501

), KaoeJst - ue Ha Ha JONYCTUMBIN
yCTpO (N BaHus, |KkaOene, kB |yctpoiicTse, YPOBEHb

i- | Tpacchl) 0.e. kB BO3/eiCTBUS, KB)
CTBO

Mecro uzmepenus, pacuera (PILI)
TemnepaTypa Bo3nyxa BnaxHocTh ATt™mocdepHoe
BO31yXa JIaBJICHUE
N3smepenus MPOBEIEHBI 3aBoACKOM [lara nosepku
npudopaMu Tuna HOMED
Pacuersl mpoBeneHbl 1O N
nporpamme perucTpanuu
3aKJIro4eHue:
N3mepenus JomxHOoCTh N.0. ®amunus
MIPOBEJH:
JIOIDKHOCTD N.0. ®amunus
VYr1Bepxaaro: JlomxHOoCTh N.0. ®amunus
3aKa3zunk

(HaMMEHOBaHUE OPTaHU3AIINH,
MIPEATPUSITHS )




OO0BEKT

JInnensus N o aapecy

JleWicTBUTEIbHA 10

IMPOTOKOJIN 5

I/IMI[y.]'[LCHbIe HaNnps>KCHUs, BO3)I€ﬁCTBy]OIIIH6 Ha KOHTPOJIbHLIC Kaoean IpHu yiapax MOJTHUUA

N Tpacca Tok | Anutens-| Haubonbme | Jlomyctumer | Bel- | Peko-
MOJIHUETIPUEMHH | TIPOKJIQJIKA |MOJHHUU | HOCTb e il ypOBeHb | BOJBI  MEH[a-
Ka kaOeneit ,KA | ¢poHTa | HaNpsDKEHU | BO3ACHUCTBU 12078
(N Tpacchr) HMITYJIbC |€ Mexay 3Y s, kKB
a, MKC | U Kabenewm,
kB

Mecro uzmepenus, pacuera (PY, 3nanue, coopyxeHue)

| | | | | [ |

Temmneparypa Bo3gyxa Bnaxxnoctb ATMmochepHoe
BO3/yXa JIaBJICHUE

N3smepenus MPOBEIEHBI 3aBojCKOI [lara nmoBepku
pudopaMu TUTIA HOMEp
Pacuersl  mpoBeneHsl 1O N perucrpanuun
porpamme
3aKJIrO4eHue:
N3mepenus JomxHOoCTh N.0. ®amunus
MPOBETIU:

JIOIDKHOCTD N.0. ®amunus
VYr1Bepxaaro: JlomxHOoCTh N.0. ®amunus

3aKa3unk

(HauMeHOBaHHE OpraHU3alUH,
MIPENPUSATHS)
OOBeKT

JInuenzust N 10 aapecy




JlelficTBUTENbHA 10

ITPOTOKOJI N 6

3JIeKTp0€TaTI/I‘IeCKI/Iﬁ NOTCHIMAJ TEJa YeJI0BCKa

ITome- | Tun N3mepenus PacuerHo- Crenenp |BeiBon | Peko-
LICHUE | TIOKP SKCIIEPUMEHTAJIBHOE | )KECTKOCTH| bl | MEHJa
bI- 3HAYEHHUE HCIIBITAHU -
THS i (wm 101701
nojia Jonyc-
TUMBII
YPOBEHD
BO3JIEH-
cTBUS, KB)
Bnax | Temne | [Toren |Bnax | Temmne- | HanGonbim
- - - - | parypa 15071
HOCTh |paTypa| uuain | Hoct | , °C | moTeHuma
,% | ,°C | tema | b, % Tena
Yeno- YEJIOBEKa,
BEKa, kB
kB
Temneparypa Bo3ayxa Bnaxnocts ATMocdepHoe
BO3/yXa JIaBJICHUE
N3smepenns MPOBEICHBI 3aBojCKOM [arta noBepku
npudopamMu TUma HOMEp
Pacuersl  mpoBemeHsl 1O N peructpauuu
nporpamme
3aKIIr0YeHue:
N3mepenus JlomkHOCTh N.0O. ®amunus
MIPOBEIIU:
JlomKHOCTD N.0. ®amunus
VYr1Bepxnaro: JlomkHOCTh N.0O. ®amunus
3aka3zuuk

(HauMeHOBaHUE OpPTaHU3AlINH,




MIPEATPUSITHS )

O0BEKT

JIunensus N

o ajapecy

[elicTBuTenbHa 10

3JIeKTp0MaI‘HI/ITHI>Ie moJisg paano4acToTHOrO Auamna3oHna

INPOTOKOJI N 7

Pabouee |Yacrtorta, MI',| Hanbonpias Crenenn BriBox | Pexomennmar
IOMEIICHUE | HCTOYHHUK |HANPSKEHHOCT JKECTKOCTH Bl 4074
TTOJISt b, B/m WCIIBITAaHUH (MK
JIOITYCTHUMBII
YPOBEHb
BO3JICHCTBUS, B/M)
Temmeparypa Bo3ayxa BaaxHocTh ATtMocdepHoe
BO3/yXa JTaBJICHHC

N3Mepennss mpoBeEHBI 3aBoICKOI [ara nmoBepku
npudopamMu TUma HOMEp

Pacuetsl IMPOBEACHBI 110

N perucrpauuu

nporpamme
3aKIII0YeHue:
N3mepenus JlomkHOCTh N.0O. ®amunus
MIPOBEJIH:
JlomKHOCTD N.0. ®amunus
VYr1Bepxnaro: JlomkHOCTh N.0O. ®amunus
3aka3zuuk

(HauMeHOBaHUE OpPTaHU3AlINH,

TPEIIPUSATHS)

OO0BeEKT




JInnensus N

[elicTBuTenbHa 10

MarHuTHbI€ 10JIS POMBINIJIEHHON YaCTOTbI

0 azipecy

ITPOTOKOJI N 8

Mecto HauOompmas | CreneHs )KecTKOCTH UcnblTaHui | BeiBox | Pexomenmanu
U3MEPEHH | HAMIPSKEHHOCT (WM 1onmyCTUMBINA YPOBEHD bl u
s, pacyera b, A/M BO3JICHUCTBUS, A/M)

HopmaitbHbIN pekuM (pacuETHBIN TOK)
ABapuiiHbli peKuUM (pacuyeTHBIN TOK)
Temneparypa Bo3ayxa BiaxxHocTh ATmochepHo
BO3/lyXa € J1aBJICHHE
N3smepenus MPOBEIEHBI 3aBoACKOI [ara
pudOpaMu TUTIA HOMED MOBEPKHU
Pacuersl  mpoBeneHsl 1O N
nporpamme perucTpanuu
3aKIroueHue:
N3mepenus JlomxHOCTh N.0. ®amunus
MIPOBEJIH:
JIOIDKHOCTD N.0. ®amunus
Yr1Bepxaaro: JomxHOoCTh N.0. ®amunus

(HaI/IMeHOBaHI/IC OopraHu3anuvu,

MIPENPUSATHS)

JInnensus N

3aKa3zuuK

O0BEKT

o azipecy




JlelficTBUTENbHA 10

IMPOTOKOJIN 9

I/IMl'lyJ'IBCHbIe MAardMTHbBIC ITOJISA

HUcroun| Mecto HanbGonsmas
UK  |M3MEPEHHUs | HAlPSHKEHHOCTD,
nojas | , pacdyera A/m

CreneHb )KeCTKOCTH
UCIIBITAaHUH (WK
JIOIyCTUMBIN YPOBEHb
BO3JICUCTBUS, A/M)

BriBoasl | Pekomenarm
u

Temneparypa Bo3ayxa BiaxxHocTh ATmochepHo
BO3/lyXa € J1aBJICHHE
N3mepenns IIPOBE/ICHBI 3aBOCKOI [Hata
npudopaMu Tuma HOMEP MMOBEPKHU
Pacuersl  mpoBeneHsl 1O N
porpamme perucTpanuu
3aKJIrO4eHue:
N3mepenus JomxHocTh N.0. ®amunus
IIPOBEJIN:
JIOIDKHOCTD N.0. ®amunus
Yr1Bepxaaro: JomxHocTh N.O. ®amunus
3aKa3zunkK
(HaMMEHOBaHUE OPTaHU3AIINH,
MIPENPUSATHS)
OOBeKT
JInuenzust N 10 aapecy

JlelicTBuTENIbHA 10

ITPOTOKOJIN 10

KOHIlyKTI/IBHbIe MOMEXH PAAHUOYACTOTHOI'O JTHAIIA30HA



Bun neneit, | Han6omnpiree | Cremnens )KeCTKOCTH UCHbITaHuil | BriBoxgsl | Pexomenmarg
YCTPOWCTBO | HAIPSKEHUE, (MM AOMYCTUMBIN YpOBEHB
B BO3/IEHCcTBUS, B)
Mecro uzmepenus
Temneparypa Bo3ayxa BiaxxHocTh ATmochepHo
BO3/lyXa € J1aBJICHHE
N3mepenus IIPOBE/ICHBI 3aBOACKOI Hata
nmpudopaMu Tuma HOMEp MTOBEPKU
Pacuersl  mpoBeneHsl 1O N
rporpamme perucTpanuu
3aKIroyeHue:
N3mepenus JomxHocTh N.0. ®amunus
MPOBEIU:
JIOIDKHOCTB N.0. ®amunus
Yr1Bepxaaro: JomxHocTh N.0. ®amunus
3aKkazuuk
(HaMMeHOBaHUE OpPTaHU3AIINH,
MIPEeANPUATHS)
OObeKT
JInuensust N 10 aapecy

JlelicTBuUTENNbHA OO

INPOTOKOJI N 11

KOHI[yKTI/IBH])Ie IMOMEXH B HEMAX IMOCTOAHHOI'O OIIEPAaTUBHOI0 TOKA

ITynbcanuu B
MIOCTOSIHHOM
OINEPATUBHOM TOKE

I/IMHYJ'IBCHBIC IIOMEXHU B
MOCTOAHHOM OIICPATHBHOM TOKC

Bun HaI/I6OJ'II)I_H‘ Homyctum

HanGonpem | CTenens kecTKOCTH

BriBox | Pekome




Lenel |Mi YpOBEHb bl YPOBEHb ee UCIBITAaHUH (MU bl H-
MyJIbCALUH, | yJIbCAlUN,  HAIPSHDKEHU JOMYCTUMBIN Jlaluu
% % e, kB YPOBEHb
BO3JIeHCTBHS, B)
Temneparypa Bo3ayxa BiraxxHocTh ATmochepHo
BO3/lyXa € JIaBJICHHE
N3mepenus MPOBEJICHbI 3aBoackou Jlata
npubopamu THIIA HOMEp IIOBEPKU
Pacuersl  mpoBeneHsl 1O N
nporpamme perucTpanuu
3aKIoyeHue:
N3zmepenus JlomkHOoCTh N.0. ®amunus
MIPOBEIIU:
JIOIDKHOCTB N.0. ®amunus
Yr1Bepxaaro: JomxHoCcTh N.0. ®amunus
3aka3z4ymK
(HaMMEeHOBaHUE OPTaHU3AIINH,
MIPEANPHUSATHS)
OObexT
JInuensust N 10 azpecy
JlelicTBuTENNbHA OO
MNPOTOKOJI N 12
B3aumHoe BinsiHue Kalesieill HA HU3KOM YacToTe
Kabens (Bung |Yactor| HamGonbiiee CreneHsp )KeCTKOCTH BriBos | Pekomen
ernei), a, ['n | HanpspkeHue, WCIIBITAaHUH (MITH Bl -
YCTPOHCTBO B JIOITyCTUMBIN YPOBEHb Al

BO3jcHcTBUSA, B)

Mecro uzmepeHus




Temneparypa Bo3ayxa Biaxxnocts AtmochepHo
BO31yXa € JIaBJICHUE

N3mepenus IIPOBEJCHBI 3aBoJCKOI Hara
npudopamu Tumna HOMEp MOBEPKH
Pacuersl  mpoBeaeHnl 1O N
nporpamme perucTpanuu
3aKiro4eHue:
N3mepenus JomkHOCTh N.0. ®amunus
MIPOBEJIH:

JlOMmKHOCTD N.0O. damunus
VYr1Bepxkaaro: JomkHOoCTh N.0. Gamunus

[Ipunoxenue B

Knaccudmkauma MO, knaccbl U CTENEHU XKEeCTKOCTU UCNbITaHUN YCTPOUCTB
Ha NOMEeXOoyCTOMYMBOCTb

Boi6op ycrpoiictB mpu npoektupoBaHun ACTY ocCyIiecTBISIOT ¢ y4€TOM 3JI€KTPOMarHUTHON
00CTaHOBKHU B MECTaX UX YCTaHOBKH.

HopMupoBaHHbIE YpPOBHU HCHBITATENbHBIX BEIUYMH JOJDKHBI OBITh pPaBHBI WM TIPEBHIINIATH
HanOOJIbIIINE BO3MOXKHBIE YPOBHHU MOMEX. ITO YCIOBHUE HEOOXOAMMO COOMIOAATh TP COTIACOBAHUH
BBIOOpA YPOBHS HOPMHUPOBAHHBIX HMCIBITATEIHLHBIX BO3JACHCTBHM (CTENEHD JKECTKOCTH HCTIBITAHHH )
u gomyctumont OMO.

OJeKTpOMarHuTHas  OOCTAaHOBKAa  OKpYXarolled  cpelbl  NPEJCTaBISET  COBOKYIHOCTb
AIIEKTPOMArHUTHBIX SIBJICHUH, CYIIECTBYIOIIMX B JaHHOM MeCTe, C ILIUPOKHM pa3dpocom
napaMeTpoB, KOJMYECTBA, BHJIA U MHTEHCUBHOCTU 3JEKTPOMArHUTHBIX Bo3jaeWcTBHM. Tpelyercs
KJIacCU(UKaLMs AJIEKTPOMArHUTHBIX YCJIOBHM OKpy’Karolleil cpeipl MO BUAAM M YPOBHAM
BO3/ICUCTBUS, B COOTBETCTBUU C KOTOPOH MOXKHO c(HOpMYIHPOBaTh TPEOOBAHMSI, MIPEABSIBIsIEMbIE K
Pa3IMYHBIM YCTPOWCTBaM B OTHOIIEHUH 3JIEKTPOMATHUTHON COBMECTUMOCTH.

ONEeKTPOMarHUTHYI0 OOCTAaHOBKY MPHUHATO XapaKTepH30BaTh Kak Jerkywo (kmacc 1), cpemHeit
JKecTKocTu (Kimacc 2), kecTkyro (kimacc 3) U KpaiiHe »kecTkyro (kiacc 4). B coorBerctBumM ¢
JJIEKTPOMArHUTHOM OOCTAHOBKOM yCTaHABIMBAIOT CTENEHU >KECTKOCTH HCIBITAHUI TEXHUYECKUX
cpenacTB (YCTpOWCTB) HAa MOMEXOYCTOMYHUBOCTbD.

Knacc 1. Jlerkas ainekTpoMarHuTHasi 0OCTaHOBKA!



OCYIICCTBJIICHBI OINTUMHU3HUPOBAHHBIE M CKOOPAMHUPOBAHHBIC MCPOIIPUATHA 110 IIOJABJIICHHIO
IIOMCEX, 3allIUTEC OT HepeHaHpﬂ)KeHI/If/’I BO BCCX IECILIX,

SJICKTPOIMUTAHUC OTACIBbHBIX 3JICMCHTOB yCTpOfICTBa PE3CPBUPOBAHO, CHUJIOBBIC M CHUI'HAJIBHLBIC
LCIIU BBIITOJIHCHBI Ppa3aCiIbHO,

3a3€MJICHHUC, IIPpOKIagKa Ka6enel?1, SKpaHUPOBaHHUEC ITPOU3BCIACHO B COOTBETCTBHUU C Tpe6OBaHI/IHMI/I
SHCKTpOMaFHHTHOﬁ COBMCCTUMOCTH,

KIIMMAaTUYCCKUC YCIIOBUSA KOHTPOJUPYIOTCS U IMPUHATHI CIICHUAJIBHBIC MCPLI 110 NPCIO0TBPAIlICHUTO
pa3psaaoB CTaATUHYECKOI'O SJICKTPHUYCCTBA.

Knacc 2. DnekTpomaruuTHas 0OCTaHOBKA CPEAHEN TAKECTH:

LeNY MUTaHUS U YIPaBJIEHUS YaCTHYHO OOOpPYHOBaHbI IOMEXO3aIIUTHBIMU YCTPOICTBaMHU U
YCTPOMCTBAMM ISl 3AIUTHI OT IIEPEHAIIPSIKEHUN;

OTCYTCTBYIOT CHJIOBBIC BBIKJIIHOYATCIIN, YCTpOﬁCTBa AJI1 OTKIIFOYCHUS KOHACHCATOPOB, KAaTYUICK
HH,IIYKTHBHOCTeﬁ;

QJICKTPOIIUTAHHUEC YCTpOﬁCTB ACTY OCYHICCTBIISICTCA OT CETCBbIX CTa6I/IHI/I3aTOpOB;
HMCECTCA TIHIATCJIBbHO BBIITOJIHCHHOC 3a3CMIIAIOIICC YCTPOﬁCTBO;
TOKOBBIC KOHTYPbI pa3JCJICHbI I'aJIbBAHUYCCKU,

IPEIYCMOTPEHO PEryIupOBaHHE BIAKHOCTH BO3/1yXa, MaTE€pUabl, CIOCOOHBIE JIEKTPU30BATHCS
TPEHUEM, OTCYTCTBYIOT;

MPUMEHEHHE PaIMOTICPETOBOPHBIX YCTPOMCTB, IEPEIATIMKOB 3aPEIICHO.

3Ta O6CTaHOBKa THUIIUYHA I }II/ICHCT'-IepCKI/IX HOMGHIGHI/Iﬁ SHCKTPOCTaHIII/Iﬁ nu HOHCTaHHHﬁ.
Kmacc 3. JKectkast oOcTaHOBKA:

3aIATa OT NEPEHANPSKEHNH B CHIIOBBIX LEIAX U LENAX YIPaBICHUS HE IPETYCMOTPEHA,
HOBTOpHOFO 3AXKHUTaHUS AYyTr'y B KOMMYTaIII/IOHHI)IX armapaTax HC HpOI/ICXOJII/IT;

UMEETCsI 3a3EMIISIFOIIEE YCTPOMCTBO;

HpOBO)Ia 3J'IeKTpOl'[I/ITaHI/I$I, ynpaBJ'IeHI/IH 158 KOMMyTaI_[I/IOHHI)IX uenef/i HEAOCTAaTOYHO paSJIGJ'IeHBI;
Ka0eJH JTMHUH ITepeiau TaHHbIX, CHTHAM3AINH, YITPABICHHS pa3/IeIICHbI;

OTHOCHUTEIIbHAs BJIAXXHOCTh BO3JyXa MOLAEPKHUBACTCA B ONPEAEICHHBIX Mpeaenax, Her
MaTepHaJIOB, JIEKTPU3YEMBIX TPEHUEM;



UCIIOJIb30BaHUE IIEPEHOCHBIX PAIUONEPETOBOPHBIX YCTPOMCTB OrpaHUYEHO (yCTaHOBIIEHBI
OTrpaHHYEHUs IPUOIMKEHUS K TpuOopaM Ha ONpeIeICeHHOE PACCTOSHUE).

DTa 00CTaHOBKA XapaKTepHa JJIsl AJICKTPOCTAHIIMM, PEICHHBIX TTOMEIICHUH ITOCTaHITUH.
Kiacc 4. Kpaiine >xectkast 00cTaHOBKa:

3alIMTa B LENAX YIOPaBJIEHMs, CUTHAIM3ALUMU W DJIEKTPONMTAaHUS OT HepeHanpsKeHUH
OTCYTCTBYET;

HMCIOTCA KOMMYTAllMOHHBIC yCTpOﬁCTBa, B alrmaparax KOTOPLIX BO3MOXHO ITIOBTOPHOC
3aXXUTI'aHUEC OYTI'U,

CYHICCTBYCT HCOIIPCACICHHOCTDb B BBIITIOJIHCHHUH 3a3€MJISIFOILCTO YCTpOﬁCTBa;

HCT IIPOCTPAHCTBCHHOI'O PAa3aCJICHUA Kabesen QJICKTPOIIUTAHUSA, YIIPABIICHU

YHIpaBJICHUEC U CUTHAJIN3aluA OCYHICCTBIISAIOTCA 110 O6IJ_[I/IM Ka6eJ’IHM;

A0IIYCTHUMBI J1100as BIa)KHOCTh BO3yXa U HAINYHUC 3JICKTPU3YCMBIX TPECHUCM MAaTCPUAIIOB;
BO3MOXHO HCOTPAHNUYCHHOC UCII0JIB30BAHUC IICPCHOCHLIX IICPCTOBOPHBIX YCTpOﬁCTB;

B HeHOCpeHCTBeHHOﬁ OM30CTH MOTYT HAXOAUTHCA MOIIHBIC PATUOIICPCAATYNKH

BOJIM3U MOTYT HAaXOAWUTHCS AYTOBbIE TEXHOJIOTMYECKHE YCTPOMCTBA (DIEKTPOIEYH, CBAPOUYHBIC
MAaITUHBI H T.I1.).

TUOUYHBIMM JUISL 3TOrO KJlacca SBJISAIOTCS TEPPUTOPUM BOJIM3U DIEKTPOCTAHIUM, OTKPBITHIX
pacIpenenuTeNbHbIX YCTPOUCTB CPEAHETO U BBICOKOTO HANPSKEHUM, TIe HE IPEAYCMaTPUBAIOTCS
CHelralIbHbIe MEphI [0 00ECTIEYEHHIO JIEKTPOMAarHUTHON COBMECTUMOCTH.

VYerporictBa ACTY mpoxoJsaT UCHBITaHUS HA YCTOMYHMBOCTD K BO3/AEUCTBUSAM 3JIEKTPOMArHUTHBIX
IOMeX B COOTBETCTBUHM ¢ 0a30BbIM HOPMAaTHUBHO-TEXHHYECKUM JOKYMEHTOM B 00JIaCTH
anekTpoMarHuTHON coBmectumoctu: ['OCT 29280-92 (MOK 61000-4) "Ucnbeitanust Ha
OMeX0yCcTOWYMBOCTh. O0mue noynoxkeHus". B 3ToM JOKyMEHTE paccMaTpHUBAIOTCS MPAKTUYECKU
Bce BBl ucnblTaHud. [lo oTAenbHBIM BUIAaM HCOBITaHUN (B Oosiee MOJIPOOHOM U3IOKEHUH)
BeimytieHsl cepun 'OCT P 51317.4 (MOK 61000-4), a takske MOK 255.

I1.B.1. Bo3aelicTBHe HANPSIKeHUs] MPOMBILIVICHHOH 4aCTOTHI

WcnpiTanus 37€KTPUYECKOM MPOYHOCTH HM3OJAIMM (HANpsHKEHHE B YCTAHOBHUBIIEMCS PEXHME)
st yerpoiictB P3A nmpoBoasT nogaueit HanpsoxeHus (tadi.I1.B.1) B coorBercTBUM ¢ MDK 255-5.

Taonuua I1.B.1

HcnbiTaTe/bHbIe HANPSIZKEHUSI 3JIEKTPHYECKOI MPOYHOCTH 30U



HoMunansHOE HanpsykeHUE YCTaHOBKH, HcnwiTaTensHoe HanpsokeHue, kB
b N Pag A Pan B Pan C
30 0,6 0,5 0,5 1,0
60 0,5 0,5 1,0 1,0

127 2,0 0,5 1,0 1,5
250 2,0 1,0 1,5 2,0
380 2,0 1,0 1,5 2,5
500 2,0 1,5 2,0 2,5
660 - 1,5 2,5 3,0
750 - 1,5 3,0 3,0
1000 - 2,0 3,0 3,0

* Cm. mpunoxxeane A MOK 255-5.

I1.B.2. UmMny/ibCHBbIC MOMEXH MPH KOMMYTAalMAX CHI0BOr0 000py10BaHUSI H KOPOTKHUX
3aMBIKaHUIX
HA IIHHAX PACHPENeUTEIbHOI0 yCTPOiicTBa

Ha ycroitunBocTh Kk 3aryxatomuM KosebanusM (wactrotod 0,1 m 1 MIn) ycrpoiictBa
UCIBITEIBAIOT B cooTBeTcTBUU ¢ 'OCT 29280-92, TOCT P 51317.4.12-99.

CremneHu )XeCTKOCTH HCTIbITaHUM MpuBeAeHb! B Ta0n.I1.B.2.

Taomnuua I1.B.2

CTeneHu KecTKOCTH U HOPMHUPYeMble YPOBHYU UCIBITAHUH NP BO3/1eliCTBUM HANIPSAKEHHEM
3aTyXaluux Kojae0aHui

Crenenb xectkoctu | CundazHoe HampspkeHue, | [IpoTuBodasHoe HampsikeHue,
kB kB

1 0,5 0,25

2 1 0,5




3 2,5 1

CHCHI/IaHBHaH Ilo cornacoBanmuio MCXKOY HOTpe6I/ITCJ'ICM H IIPOU3BOJUTEIIEM

B T'OCT P 51317.4.12-99 nomosHUTENIBHO MNPEIyCMOTPEHBI HUCIBITAHUS TPU BO3JCHCTBUU
OJIMHOYHBIMH KoJiebarenpbHbIMU (dacTora Konebanuit 0,1 MI'm) 3aryxarommmu umiylibcamu. B
9TOM Cjy4yae BBOJAT CTENCHb >XECTKOCTH HCMbITaHUW 4: cuHpaszHoe Hanpsokenue 4,0 kB u
npotuBogazHoe 2 kB.

I1.B.3. UmnyJibcHBIE IOMEXH NPH yAapax MOJTHUHU

WcnpiTaHus Ha YCTORYHBOCTD K BO3JCHCTBHIO UMITYJILCHBIX TIOMEX OT TOKOB MOJIHUU MTPOBOIST B
coorBerctBuu ¢ OCT P 51317.4.5-99.

CreneHu )XKeCTKOCTH MCTIBITAHUM ITpuBeieHbl B Ta0.I1.B.3.

Taomuma I1.B.3

CTeneHu KeCTKOCTH U HOPMHUPYeMbIe€ YPOBHH UCNBITAHUN MPU BO3IECTBHN UMITYJIbCOM
Hanpsikenust 1/50 mxce (1,2/50 mkc)

CreneHp KecTKOCTU AMIIIUTYAAa UMITyJIbCa HanpsbkeHus, kB, £10%
1 0,5
2 1,0
3 2,0
4 4,0
CrnennanbHas [To coryiacoBaHuIO MEXIY IPOU3BOIUTENEM U IOTPEOUTETIEM

HcnpiTanus U30MSIUA yCTPOUcTB P3A MMIyIbCHBIM HaNpsHKEHUEM MPOBOJAT MPUTIOKEHUEM
UMITYJIbCHOTO HaIPSDKEHHUsS, MAaKCUMAJIbHOE 3HAYCHUE KOTOPOTO JOJKHO OBITh ciemytonuM: 0; 1; 5
kB (momyck: +0...-10%), kak ykazano B MOK 255.

I1.B.4. DjieKTPOMATHUTHBIE NOJISI PAAHOYACTOTHOIO INANA30HA

I/ICHBITaHI/IH Ha YCTOﬁqHBOCTB K I/I3J'Iy‘-IaeMI>IM paIII/IO‘-IaCTOTHBIM BHGKTpOMaFHI/ITHLIM I10JIsSIM
npoBoAat B cootBeTcTBUU ¢ [OCT P 51317.4.2-99.



TpeboBaHMs TOMEXOYCTOMYMBOCTH YCTAHABIMBAIOT PA3JEIIbHO: IPU BO3JIEHCTBUN M3IIy4YEHHH OT
CTallMOHApHBIX PAINO- U TEJICBU3MOHHBIX MEPENAaTYUKOB, PATUONEPEAATUYUKOB IOJBUKHBIX
O0OBEKTOB, OT pa3JMYHbIX [POMBIIUIEHHBIX MCTOYHHUKOB HW3JIyYEHUH; MpU BO3ACHCTBUU
IOMEX0IMHCCUH OT HHU(POBBIX pagHOTENE(HOHOB.

CreneHu )KeCTKOCTH HCTIbITaHu TTpuBeeHbl B Ta0.11.B.4-11.B.6.

Taomnuua [1.B.4

CTemneHu KeCTKOCTH U HOPMHUPYeMbIe YPOBHH UCNIBITAHUNA MPU BO3IeiCTBUI
PaIMovYacTOTHBIM
3JIEKTPOMATHUTHBIM 110J1eM B Juana3oHe 4yactot ot 80 xo 1000 MI'y

CreneHp )KeCTKOCTH HamnpsikeHHOCTB 3JIeKTpOMarHUTHOTO 1ouist, B/m (1b)
1 1 (120)
2 3 (130)
3 10 (140)
4 [To coryacoBaHuio MEXIy NOTPEOUTENEM U POU3BOAUTEIEM

Taomuua I1.B.5

CreneHu KeCTKOCTH U HOPMHUPYEMbIe YPOBHH HCNIBITAHUN NPH BO3CCTBUHI
PaAM04acTOTHBIM
3JIeKTPOMATHUTHBIM 10JIeM B quana3oHne 4actot ot 800 1o 960 MI'u u ot 1,4 1o 2 I'T'nx

CreneHpb XKeCTKOCTH HanpskeHHOCTb 371eKTpOMarHUTHOTO noiisi, B/m (1b)
1 1 (120)
2 3(130)
3 10 (140)
4 30 (150)
CrnenuanbHas [To corynacoBaHuio MEXIY NOTpEOUTENIEM U POU3BOJUTEIEM

Taomnuua I1.B.6



IIpumepsl cTeneHel sKeCTKOCTH UCNIBITAHUN U COOTBETCTBYIOLIUX 3allIUTHBIX PACCTOAHUN

Crenenp | HanpspkeHHOCTB MaxkcumanbHoe 3alMTHOE PACCTOSHUE, M,
)KECTKOCTHU OJIS B CPEIHEKBaIpaTHYHOE Mpu U3nyyeHuu, Bt
HUCIIBITAHU OTCYTCTBHE 3HAYCHHUE HANPSHKEHHOCTH

i Moy siu, B/m nossi, B/m
2 (C5M) 8 (O8M) 4
(DECT)
1 1 1,8 55 11 1,9
2 3 5,4 1,8 3,7 0,6
3 10 18 0,6 1,1 -
4 30 54 0,4 0,4 -

B 1a6u.Il.B.6 mpuBeneHsl npuMepsl CTeNeHEW >KECTKOCTH HCHBITAHUH M COOTBETCTBYIOIIMX
3alIUTHBIX PACCTOSHUMA. 3alllUTHOE PACCTOSHUE IMPEICTAaBIsAET CO00W MUHHMAJIBHO JOITYCTHMOE
paccTosHUE  MEXAYy YCTPOMCTBOM W IM(POBBIM  paanoTerae(oOHOM, COOTBETCTBYIOLIEE
YCTaHOBJICHHOM CTEIEHU )KECTKOCTH UCIIBITAHUM.

I1.B.5. Pa3psiabl cTaTH4Y€CKOIO0 3J1eKTPHYEeCTBA

HcnplTaHuss Ha NOMEXOYCTOMYMBOCTh K paspsaam crarudeckoro anektpuuyectBa (I'OCT P

51317.4.2-99, MOK 61000-4-2) npoBOAAT Kak MpU KOHTAaKTHOM, TaK M MPU UCKPOBOM BO31YLIHOM

paspsizie HeTOCPEICTBEHHO HA UCTIBITYEMbIA OOBEKT.

[TpyMEeHSIIOT CTeNeH! )KECTKOCTH UCTIBITAaHUM, TpHBeIeHHbIe B Ta0.I1.B.7.

Taomnuua I1.B.7

CremneHu KeCTKOCTH U HOPMHUPYeMble YPOBHH HCIIBITAHUI Pa3psiiaMH CTATHYECKOI0

3JIEKTPHYECTBA
Crenensb )KeCTKOCTH HcneiTaTensHoe HanpskeHne, kB
KoHTakTHBIN pa3psan Bo3aymnelii pa3psin
1 2 2
2 4 4
3 6 8
4 8 15




CrneunanbHas [To coriacoBaHuio MEXIY HOTPEOUTEIEM U POU3BOJUTEIEM

CBGI[CHI/ISI O BIHMSHHUM OTHOCHUTEIBHOM BJIAXXHOCTH H MaTCpraJIOB HAIIOJbHBIX HOKpHTI/Iﬁ Ha
YPOBCHb HAIIPSXKCHHA, 10 KOTOPOro MOXKCT OBITH 3apsKEHO TEJIO YCJIIOBCKA, IIPUBCIACHBI B

Tabi.I1.B.8.
Taomuua I[1.B.8

YPOBHI/I NOoTEHINAJIAa YeJI0BEKa, OﬁyCJIOBJIeHHBIe CTATUYCCKHUM JJICKTPUYECCTBOM IIPHA
PA3JIHYHBIX MaTEepHajJax U BJIAKHOCTH

Creneun OrtHOCHUTEIbHAA AnrTicratnueck |CuHTETHUECKUNH | MakcuMaibHOE
JKECTKOCTHU BJIQ)KHOCTD, HE Wi MaTepuail MaTrepual HanpsbkeHue, KB
BBIIIIE
1 35 » - 2
2 10 * - 4
3 50 - * 8
4 10 - * 15

I1.B.6. MarHuTHBIE N0/ NPOMBIIICHHONH YaCTOTHI

HcnbiTaHus Ha MNOMEXOYCTOWYMBOCTh K BO3JCHCTBHUIO MAarHMTHOTO IIOJII IPOMBILIUIEHHOMN
4acToThl MpoBoaAT B cootBeTcTBHH ¢ ['OCT P 50648-94.

CTeneHn XKEeCTKOCTH UCTIBITAHUN Ha TOMEXO0YCTOMYMBOCTh K MAarHUTHOMY TIOJIFO TTPOMBIIILIEHHOM
4acTOThI puBeAeHHI B Ta0.I1.B.9.

Taomuma I1.B.9

CTemneHH KeCTKOCTH U HOPMHUPYeMble YPOBHHM HUCNIBITAHUIN NPH BO31eiiCTBUM MATHUTHBIM
110JIeM NPOMBIILIEHHON YaCTOThI

CreneHb )KeCTKOCTH HanpsikeHHOCTh MAaTHUTHOTO TI0JIsA, A/M
MarauTHO€ 1oJie MOCTOAHHOMN KparkoBpemenHoe
WHTEHCUBHOCTH MarHuTHOE MoJie
(mmTensHOCTH 1-3 ¢)
1 1 -




2 3 -

3 10 -

4 30 300

) 100 1000
CrneunanbHast o cormacoBanui0 MEXy TOTPEOUTENEM U TIPOU3BOIUTEIIEM

I1.B.7. UMnyJibCHbI€ MATHUTHBIE 110JI1

HcnpiTaHus HAa TIOMEXOYCTOHYHMBOCTh K HMITYJbCHOMY MArHUTHOMY IIOJIFO TIPOBOMIST B
coorBerctBruu ¢ 'OCT P 50649-94.

CreneHu >KeCTKOCTH UCHBITAHUN Ha IOMEXOYCTOMUMBOCTh K UMIIYJIbCHOMY MarHUTHOMY IIOJIIO
npuseneHsl B Tau.I1.B.10.

Tab6muma I[1.B.10

CreneHu »KecTKOCTH U HOPMHUPYEMbIe¢ YPOBHH HCIIBITAHUI NPH BO31CHCTBHA HMITY/1bCHBIM
MATHUTHBIM 0JIeM

CreneHp )KeCTKOCTH MaxkcruMaibHasi HapsKEHHOCTh MarHUTHOTO 10JIsA, A/M
1 -
2 -
3 100
4 300
5 1000
CrnennanpHast Ilo cormacoBaHuIO0 MEX Iy TOTPEOUTENIEM U IPOU3BOJUTEIEM

I1.B.8. Ilomexu, cBA3aHHBbIE C BO3MYLIEHUAMH B nensx djiekrponuranus ACTY nocrossHHoro
U NIEPEMEHHOr0 TOKA

HcneiTanug Ha HOMGXOyCTOfI‘IHBOCTB K HoOMCXaM B HICHAX JJICKTPOIIMTAHUA TIPOBOLAAT B

coorBercTBuM ¢ 'OCT 29280-92, P 51317.4.14-2000, P 51317.4.11-99, P 51317.4.28-2000 u np.



HcnbiTanuss mpoBOMAT HAa IOMEXOYCTOMYMBOCTH K TapMOHMKaM, WHTEPrapMOHHMKaM, CUTHAIaM
CHCTEM TeJIeyNpaBJIEHUsI U CUTHAIU3ALMM, KoJeOaHWsM HAINpPsDKEHUs, NpoBajlaM HalpsDKEHUs U
KPaTKOBPEMEHHBIM II€pEpbIBAM IIMTAHUs, HECUMMETPUU HANPSLKCHUM, W3MEHEHUSM 4YacTOThI
MIUTaHUs, COCTABJIAIOLIUM ITIOCTOSTHHOI'O TOKA B 3JIEKTPUUYECKHUX CETAX IIEPEMEHHOIO TOKa.

HcnbiTanus Ha MOMEX0YCTOMYMBOCTh K uMmnyibcaM HanpspkeHus 100/1300 Mkc, BOZHHKAIOIIAM
IpY TeperopaHui IJIaBKUX NpeaoxpaHuTene, mpoBoast B coorsercTBuu ¢ 'OCT 29280-92.

AMIUTUTYZly WMCHBITATEIBHOIO UMITYJIbCA NPUHUMAIOT B 1,3 pasa Oosblield, 4eM HOMHHAJILHOE
HaIPSOHKEHUE CETHU DJIEKTPOIIUTAHHUS.

VcripiTaHusl Ha TIOMEXOYCTOMYMBOCTh K HAHOCEKYHIHBIM UMITYJIbCHBIM ITOMEXaM, BOSHHKAFOIIUM
B pe3yJIbTaTe IMPOILECCOB KOMMYyTamuu, mpoBogsaT B coorBerctBun ¢ ['OCT 29280-92, TOCT P
51317.4.4-99.

CreneHu )KeCTKOCTH MCTIBITAaHUM ITpuBeneHbl B TaO.I1.B.11.

Tabmuma I[1.B.11

CTeneHu KeCTKOCTH B HOPMHUPYEMbBIC YPOBHH HCNbITAHNI MAaYKAMHU HMITYJbCOB

Crenenn AMIUTATY/Ia UMITYJIECOB BBIXOJIHOTO HAIPSKEHUSI HEHATPYKEHHOTO
KECTKOCTHU UCIIBITATENIBHOTO reHepaTopa, kB
Lenu cunoBoro CurHanbHbI€ 1I€TIM BBOAA-BbIBOIA
AJIEKTPOTIUTAHUS
1 0,5 0,25
2 1 0,5
3 2 1
4 4 2
CneunanbHas I[To cormacoBaHMIO MEXIy NOTPEOUTENEM U ITPOU3BOIUTEIEM

HcnpiTaHus Ha MOMEXOYCTOMYMBOCTh K KOJIEOATENbHBIM 3aTyXalooluM nomexam yactoroit 100
kI’ mpoBoAT B coorBeTcTBUU ¢ 'OCT P 51317.4.12.

[TpuMeHSIOT cTeNeH! KECTKOCTU UCTIBITAaHUH, TpuBeeHHbIe B Tabn.I11.B.12.

Taomumna [1.B.12

CreneHu »eCTKOCTH U HOPMHUPYeMble YPOBHU UCTILITAHUI NPH BO31eHCTBUM
K0J1e0aTeJbHBIMHU 3aTYXAKIUMH UMITYJIbCAMU



Crenenp Cunoasznoe nanpsbkenue, kB | IIporuBodaznoe Hanpsokenue, kKB
KECTKOCTH
1 0,5 0,25
2 1 0,5
3 2 1
4 4 2
CrnenuanpHast I1o coriacoBaHuio MeX Iy MOTPEOUTENIEM U IPOU3BOJUTEIIEM

HcnpiTanus Ha MOMEXOYCTOWYMBOCTH K 3aTyXalomieMy KoJjeOaTellbHOMY MarHUTHOMY IOJIIO,
KOTOpO€ BO3HHMKAET MpPU KOMMYTAIMSX Ha IIMHAX BBICOKOTO HAINPSHKCHUS BBIKIIOYATEISIMH U
pazbenuHUTEIsIMH, TPOBOAAT B cooTBeTcTBUU ¢ [OCT P 50652-94.

CrerneHn XECTKOCTH HCIBITAHUH HAa MOMEXOYCTOMYMBOCTH K 3aTyXaloleMy KojebaTreabHOMY
MarHMUTHOMY TOJTt0 naHbl B Tabn.I1.B.13.

Tabnua I[1.B.13

CTeneHu KeCTKOCTH B HOPMHPYEMbBIC YPOBHH HCNbITAHUI nmpu BO3/1eiicTBUH 3aTyXalumum
Ko0JIe0aTeJJbHbIM MATHUTHBIM I10J1€

CreneHp )XKEeCTKOCTH MakcuMmanbHas HAIPS’KCHHOCTb MArHUTHOTO IT1OJIA, A/ M
1 -
2 -
3 10
4 30
5 100
CHCI_II/IaJ'IBHa}I I1o cormacoBanuto MCKOY HOTpCGI/ITeHeM " IPpOU3BOJUTCIICM

HcnpiTanus Ha YCTOMYUBOCTD K MYJIbCAIMSIM HAPSHKEHUS TOCTOSIHHOTO TOKA, BO3CHCTBYIONTUM
Ha TOPTHI AJIGKTPONUTAHUS TIOCTOSHHOTO TOKa, M (OPMBI HCHBITATETBHBIX HATPSHKCHUN
ycranoBiernsl B [OCT P 51317.4.17-2000. >KecTKOCTh HCHBITAHUN OMPEIENSIETCS pPa3MaxoM



Hy.HBCB_I_[I/Iﬁ HAMpsOKCHUS, BBIPAXKCHHBIM B MIPOHCHTAX OT HOMHMHAJIBHOTO  HAIIPAKCHUA
QJICKTPOIIUTAHHA ITOCTOAHHOT'O TOKA.

CreneHu JKECTKOCTHM UCHBITAHUH IIpU BO3JAEHCTBMM IOMEX Ha MOPT AJIEKTPOIMTAHUS
IIOCTOSIHHOT'O TOKa IpuBeieHbl B Ta0i.I1.B.14.

Taomuua [1.B.14

CreneHn )KeCTKOCTH UCIILITAHUH NMPHU BO3AEHCTBUH MYJIbCALMA HATIPSIKEHHU ST

CreneHp )KeCTKOCTH Pa3max mynbcanuii HanpspkeHust (o OTHOLIEHHIO K
WCTIBITAHU I HOMUHAJILHOMY HAINPSHKEHUIO DJIEKTPONTUTaHus), %o
1 2
2 5
3 10
4 15
CneunanbHast [To cornmacoBaHuiO MEXIy NOTPEOUTETEM U TPOU3BOIUTEIIEM

HcnplTaHus Ha YCTOMYMBOCTH K KOHAYKTHBHBIM IIOME€XaM, HAaBEJEHHBIM pPaJnO4acTOTHBIMHU
AJIEKTPOMAarHUTHBIMU MOJSIMU B mosoce yactoT oT 150 x['m mo 80 MI'm, BozaeiicTByromuM Ha
MOPTHl WIEKTPONMTAHUSA W BBOJA-BBIBOJA CHUTHANOB, NIpoBoaar B coorBerctBun ¢ ['OCT P
51317.4.6-99.

CreneHu )XKeCTKOCTH UCTIBITAHUN TIpuBeeHb! B Ta0n.I1.B.15.

Taomuua I1.B.15

CTeleHH KeCTKOCTH HCNBbITAHUH B mojoce 94actoT oT 150 k' mo 80 MI'n

CreneHp KECTKOCTH HcneiTatenbHoe HANPps)KEHUE
HUCIIBITAHUN
nb B
1 120 1
2 130 3
3 140 10




CoenuanbHoe ITo cornacoBaHuio MEXIy MOTpEOUTENEM U
MIPOU3BOIUTEIEM

HcnplTaHus Ha IOMEXOYCTOWYMBOCTh K KOHJIYKTUBHBIM IOMeXaM B 1osoce yactoT oT 0 no 150
k' mpoBoasT B coorBercTBUU ¢ ['OCT P 51317.4.16-2000. ITomexu, mpencTaBisomme coooin
0011lMe HECUMMETPHUYHbIE HarpshkeHus B mosioce yacTtoT or 0 mo 150 k['1, HaBoasTCS B HEmsX
peneiiHON 3aIuThl, IPOTUBOABAPUIHHON aBTOMAaTUKU M TEXHOJOIMUYECKOI'O YNpPaBJIEHUS OT OJIM3KO
pacrojIOXKEHHBIX CHJIOBBIX KaOeslel WM 3a3eMIBIIOIIMX IPOBOAHMKOB. B 3aBucumoctu ot
UCTOYHHUKA BO3HMKHOBEHHMS KOHAYKTHUBHBIE IIOMEXH, IpeJCTaBisonMe coboi  olmue
HECUMMETPUYHbIE HANpsKeHUs! B nojioce yactoT oT 0 mo 150 kI'n, mogpas3nensior Ha JBa BUAA:
IOCTOSIHHOE HalpspKeHUe U HampsbkeHue yactoroi 50 ['u; HampspkeHue B mosoce yactoT ot 15 I'n
10 150 xI'y (BkIItOUasi rapMOHUKN OCHOBHOM YacTOTBI CETH).

CreneHn >XECTKOCTH HCIBITAHMA Ha MOMEXOYCTOMYMBOCTH NPU BO3ACUCTBUU KOHIYKTHBHBIX
IIOMEX MMOCTOSIHHOTO TOKa Ha MOPTHI yCTpoucTB, Ha yactore 50 ' u B mosoce wactot ot 15 I'y 1o
150 xI'u npencrasnens! B Tabn.I1.B.16-11.B.18.

Tabmuma I[1.B.16

CTeneHu KeCTKOCTH UCIIBITAHUI MPH BO3/1eiiCTBUHU JJTUTETbHBIX MOMeX MOCTOSTHHOTO TOKA H
Ha yacrtore 50 I'n

CreneHp )KeCTKOCTH HcnbiTaTensHoe HanpskeHue, B
WCTIBITAHUI
1 1
2 3
3 10
4 30
CrnennansHoe 1o cormacoBaHuI0 MEXy TOTPEOUTENIEM U POU3BOIUTEIEM

Taomuua [1.B.17

CreneHu KeCTKOCTH UCNIBITAHNH HA YCTOMYMBOCTD NMPHU BO31eICTBMH KPATKOBPEMEHHBIX
InmoMex
MOCTOSHHOI0 TOKA U Ha yactoTe 50 I'n

CreneHsp )KeCTKOCTH HcnbiTaTensHoe HanpskeHue, B
VCIIBITAHUNI




1 3
2 10
3 30
4 100
CrnenuanbHoe [To cornmacoBaHuiO MKy TOTPEOUTENEM M POU3BOIUTEIIEM

Tabmuma I[1.B.18

CreneHu »eCTKOCTH UCIIBITAHUI MPH BO3/1€iiCTBUH JVINTEIbHBIX IOMeX B M0JI0CE YACTOT OT
15 T mo 150 xI'

CreneHpb XKeCTKOCTH HcnblTarenpHoe HanpsbkeHue, B B mosoce yactot
WCTIBITAHU I
15-150I'g 150 I'n-1,5 15-15kl'm | 15-150 x['a
kl'1g
1 1-0,1 0,1 0,1-1 1
2 3-0,3 0,3 0,3-3 3
3 10-1 1 1-10 10
4 30-3 3 3-30 30
CrneunanbHoe [To cornacoBanuio MEXIy MOTPEOUTENEM U
IPOU3BOIUTEIIEM

[Ipu ucnbITAHUAX HAa TOMEXOYCTOMUYMBOCTh K KPAaTKOBPEMEHHBIM IOMEXaM BPEeMsl BO3JEUCTBUS
IOMEXM COCTaBJIAET | C.

TpebGoBaHusl MOMEXOYCTOMYMBOCTH HAa YacToTax Hke 15 'l He ycTaHaBiIMBaKOT (MCKIIOYas

INOMECXU TIOCTOSAHHOI'O TOKa), TaK KaK Ha YKa3aHHBIX 4YaCTOTaX IIOMCXU HE CYHUTAKOTCA
CYIICCTBCHHBIMMU.

[Tpunoxenue I'

TpeboBaHMA K TEXHNYECKUM CpeacTBaM BO3AENCTBUM U N3MepeHnin



1. Bo3eiicTBHE TOKOB M HANPSI>KEHUH NMPOMBIIJIEHHONH YaCTOThHI

TexHU4YeCKHe CpeACTBa, UCIIOIB3YEMbIC JIJIsl ONPEACIICHUS TOKOB M HAIPSDKCHUH TTPOMBITIUICHHON
yacToTel, BozaehcTByrommx Ha ACTY mpu K3 Ha 3emito, TOMKHBI 00€CHEUUTh BO3MOKHOCTH
COCTaBJICHUSI peanbHOM cxeMbl 3Y, umutanuu K3 Ha 3eMili0 U U3MEpEeHUs] TOKOB U HAMPSHKEHUN B
YCIIOBUSX JICHCTBYIOIIETO YHEPTrOOOBEKTA.

s mpoBeenust u3Mepenuit npu umutanun K3 Ha 3eMiII0 peKOMEHyeTCsl IPUMEHSTh PHOOPHI,
ykazaHHble B "METOAMYECKHX YyKa3aHHUSAX 10 KOHTPOJIO COCTOSHHS 3a3eMILSIOLIMX YCTPOMCTB
anekTpoyctaHoBok. PJ[ 153-34.0-20.525-00", wnm npuOopsl ¢ aHAIOTUYHBIMH TEXHHUYECKHUMHU
XapaKTePUCTHKAMH.

2. Bo3jaeiicTBHe MMITYJIbCHBIX IIOMeX

TexHuueckue  CpeacTBa,  HCIOJb3YEMbIE Ui ONPENENCHUs  HUMIIYJIbCHBIX  ITOMEX,
BoznelicTByromux Ha ACTY npu kommyTtarnusax U K3 Ha 3emitro, JOKHBI 00ECTIEYUTh UMUTAIUIO
BO3JICUCTBUSl BBICOKOYACTOTHBIX MMIYJIbCHBIX TOKOB M 3JIEKTPOMAarHUTHBIX IIOJE€H, a Takxke
U3MEPEHHE HUMITYJIbCHBIX TOKOB M HampspKeHWM. i1 WMUTAIMil WMMITYJIbCHBIX IOMEX MOMXKET
NPUMEHSTBbCS TeHepaTop, oOecrneuyuBarolIMii KoieOaTeNbHbI 3aTyXaluid HMIYJIbC TOKa C
aMIUTATYI0N B mHTEpBaie oT 2 10 20 A, mekpeMeHTOM KoJjiebaHus 3-5, ¢ 4acTOTON KojeOaHul B
nuana3one ot 0,1 mo 10 MI'u, ¢ HanpsbkeHUEeM Ha BbIXOJle reHepaTopa He MeHnee 500 B.

Jis mpoBeneHHs W3MEPEHUH INpH KOMMYTAIMSIX CHJIOBOTO OOOpYIOBaHMS PEKOMEHIYETCS
NPUMEHSTh ocuuiuiorpadsl ¢ nmojiocoil nmponyckanus He meHee 10 MI'n s o6bexktoB ¢ OPY u He
meree 50 MI'n s o6bekroB ¢ KPYD, nanpumep ocummnorpag FLUKE-199. Jlns nposeneHus
MMHUTAMNA BBICOKOYACTOTHBIX BO3JECHCTBUI MOXKET MPUMEHATHCS U3MEpUTENbHBIN KoMIiekec MKII-
1 (HIT® DJIHAIL, M3OU, Mockaa).

3. Bo3aeiicTBre MOJTHUH

TexHuueckue cpencTBa, HCHOJIb3yeMble MJISl OIpEAesIeHUs] BO3ACHCTBHS MOJIHUM, IOJKHBI
o0ecreunTh OIpe/ieJIeHNEe CXEMbl pacTeKaHUs TOKa MOJHHMU IO YCTPOMCTBY MOJIHUE3AIUTHI,
UMHTALUIO0 BO3JCHCTBUS alepUOJMUECKUX 3aTyXalolIMX HMIYJIbCHBIX TOKOB U H3MEpEHUe
HMITYJIBCHBIX TOKOB H HaprI}KeHI/II\/'I Ipu HUMHTAILHU. FeHepaTop HUMITYJIbCHBIX TOKOB OOJIKCH
o0ecreynTh Npu BBIXOJHOM HamnpspkeHuH He MeHee 200 B uMmynbchl TOka, KaK MUHUMYM C ABYMS
3HAYCHUSMH BpeMEHH (pOHTA HMMITYJhCa, OTIMYAIOIIMMHUCS Oojiee yeM B 3 pa3a B Juama3oHe
Bpemenu ot 0,25 no 10 mxc.

Jlist mpoBeieHrs UMUTAIIUN MOKET OBITh PEKOMEHI0BaH u3MepuTesbHbli kommieke MK-1 (HIID
DJIHATII, MDU, Mocksa).

4. ITosist pagHO4YaCTOTHOIO IMANIA30HA
st m3mMepeHus moMex B paauodacToTHOM auamna3zoHe otT 1 go 1000 MI'1y oObIMHO HMCTIONB3YIOT

NEpeCTpanBaCMbIC CCIICKTUBHBIC BBICOKOYACTOTHBLIC BOJIBTMCTPBI C COOTBCTCTBYHOIIUM HaGOpOM
AHTCHH.



Jl1g curHanoB BepTHKalIbHOU MoJisspu3anuu B quana3one 26-300 MI'y BO3MOKHO MCIIONIb30BaHHUE
OMKOHMYECKHUX aHTEHH C KPYroBOM JAMarpaMMOi HaIllpaBJIC€HHOCTH U BXOJHBIM coONpoTuBieHuEM 50
OM. /][5 curHanoB ¢ TOPU30HTAIBHON MOJIIpU3aLMed UCIIOIb3YIOT TUIIOJIHBIE AHTEHHBI C BXOIHBIM
conpotuBiiecHreM S50 Owm. CyniecTBEHHBIM [JI MNPABUJIIBHBIX H3MEPEHHUM SIBJISIETCA XOpOIlee
COIJIACOBAHME AHTEHHO-(UAECPHOTO TpPaKTa C BOJBTMETPOM BO BCEM JHAara3oHEe H3MEpsSeMbIX
4acToT. 3HaueHue Kod(@uiIMeHTa CTOS4YeH BOJHBI HAIMpPsDKEHUS HE JOJDKHO IpeBblmarh 3. Jlns
U3MepeHuss curHagoB B juanazoHe uyactoT 300-1000 MI'm BO3MOXHO MCIOJIb30BaHUE
KaJTMOPOBaHHOM M3MEPUTEIBLHON aHTEHHBI, PYIIOPHON MU3MEPUTENIbHON aHTeHHBI [1-6-33 ¢ BX0oaHBIM
conpotusiienuem 50 Om.

Jlist  CUTHAJOB C TOPU3OHTAIBHOW TOJNSPHU3AIMCH HUCHONB3YIOT TakkKe KaIHMOPOBAHHYIO
LIMPOKOINOJIOCHYIO aHTEHHY B BUJE KoHMYeckoro gunois JII-3, BXomsdmiyro B M3MEPHUTEIbHBIN
koMmiuiekc FSM-8,5. VkazaHHble aHTEHHBI IpeIHAa3HAYEHBbl JJIsl W3MEPEHUS HaIpsHKEHHOCTH
JJIEKTPUYECKOTO  KOMIIOHEHTa JJIEKTPOMAarHUTHOTO IOJA. MAarHuTHBII KOMIIOHEHT — IIOJIA
OIPEEIISAIOT [IEPECUETOM 110 PopMyJie

H , nb (MkA/M) =&, n1b (MxB/m) - 52.

Bo3MoxxHOCTE  OBICTpOro TpadUYecKoro NpPEACTAaBICHHUS YacTOTHOTO CIIEKTpa IOMEX JaeT
NPUMEHEHHUE CIEKTPOAHAIM3aTOPOB MJIi W3MEPEHH paJnovacTOTHBIX CcUTHANoB. [Ipocreiimmm
prOOPOM 3TOTO KiIacca sBIISETCS TIEPEHOCHOH criekTpoaHam3arop Protek-3200.

5. MarHuTHbI€ 10JIS IPOMBIILIEHHOH YaCTOThI

Jns  w3MepeHus: MarHWTHOTO TIOJS TPOMBIIIICHHOW YacTOTHI IeJIecO00pa3sHO TPUMEHSTh
npuOOpBI, MO3BOJISAIONIME H3MEPATh MarHUTHBIE MO HampsbkeHHocTbio oT 0,01 mo 1000 A/m.
MoryT npuMeHsThCs, Harpumep, npudopsr: TI12-2V, MIIM-2 (I'TT BHUU®TPU, Poccus); [13-50
(CKBb PUALII, Poccus); ETM-1 (Wandel & Goltermann, ['epmanus).

6. CtaTuueckoe 3JIeKTPU1eCTBO

Jnis u3MepeHHsl NMOTEHIMaja Tejla YelloBeKa MOXKET MPUMEHSThCS CTaTUYECKUH BOJIBTMETD,
Harpumep C 502. Jlnsg u3MepeHuil yaenbHOrO MOBEPXHOCTHOTO M OOBEMHOTO COMPOTHUBICHUMN
U30JIIIUOHHBIX MAaTEPUAIOB MOXKET IIPUMEHATHCS TepaoMMeTp, Hanpumep E6-13.

7. KOH}IyKTI/IBHLIe IMOMEXH PAAUOIACTOTHOIO JTHANa30Ha

Jns u3MepeHuil KOHIYKTHBHBIX IOMEX pPaguo4yacTOTHOTO JHara30Ha MOXKET MPUMEHSITHCS
ocmuiorpad ¢ mojocoit nmpomyckanus He MmeHee 100 MI', manmpumep FLUKE-199.

8. Hynbcauvm U KOHAYKTHUBHBIC IOMEXH B HENAX NHTAHUA MOCTOAHHBIM HAINIPAKCHUEM

Jns m3MepeHuidd TyiabCcallMii U KOHIYKTHUBHBIX TOMEX MOKET TPHUMEHSAThCS ociuuiorpad c
nosiocoit mponyckanus ne menee 10 MI'm.

9. lnuTenbHbIC H3MEPEHHUS

JUis IATENBbHBIX U3MEPEHUH MOTYT HPUMEHSTHCS OCHHIUIOTpad C MOJOCOW MPOIyCKAaHUS He
Menee 50 MI'p u cnienuanbHble PErUCTPATOPbI, MO3BOJISIIOIINE U3MEPATh UMIYJIbCHBIE MOMEXU U



COXpaHATh B MaMATH 3apEeTHCTPUPOBAHHBIC 3HaYeHUs (Hampumep, peructpatop coobitnii FLUKE-
VR-101S).

[Tpunoxenue /]
MMuTaLma KOPOTKOro 3amMbiKaHWUA Ha 3eMIio0
1. Umutanus K3 ¢ nomomsio peocratos

W3mepenue pacripeneneHus HapsHKeHMs! 110 3a3€MIIMTEINIO [P UMUTALMK pacTekaHus Tokos K3
yepe3 HeHUTpainu TpaHChOpPMATOPOB MPOBOIAT B COOTBETCTBHM co cxemoil puc.Il./[.1, a (mepBbiii
JTam), a NpU UMUTALMU PACTEKaHUs TOKOB B HSHEPrOCUCTEMY - B COOTBETCTBUHU CO CXEMOM
puc.IL.ZI.1, 6 (Bropoit srtam). IlpoBeneHwe wumuTanuu B 2 H3Tamna CBS3aHO C TEM, UYTO MPH
OJIHOBPEMEHHON HUMHUTAllMM TOK, YXOJAAIIMN dYepe3 3a3eMJIMTENb B BJHEprocucreMy, Oyaer Ha
MOPSAIOK MEHbIIIE, YeM TOK B HEUTpasu TpaHc(hopMaTopoB.

OGory-
Ao B HME

6)

Puc.IT.[I.1. Cxema nnst umutanuu K3 Ha BHICOKOBOJIBTHOM 00OpY/I0BaHUH

Hampumep, npu K3 nmeercs cinenyrouee pacnpenenenue Tokos: B Mecte K3 - 10 xkA; HelTpanb
AT1 - 3 kA; neiitpans AT2 - 3 kA, neitpans AT3 - 2 kA; sHeprocucreMa - 2 kKA. Torna npu Toke
renepatopa {,=4 A (umutHpyer TOoK B Mecre K3) mpm momomm peocraroB Al, RZ wm A3

yCTaHaBIMBAIOT TOK B Heitrpamu AT1 {x11=1,5 A, B melitpamu AT2 {s17=1,5 A, B HeliTpanu AT3
IBT3:1 A.

2. [lepecuer usmepeHHbIX Npu uMuTanuu K3 TokoB 1 Hanps:KeHUil K peaJibHbIM 3HAYeHUSIM
Toka K3

[TosryueHHbIe pe3yabTaThl U3MEPEHNN MEPECUNUTHIBAIOT K peallbHbIM 3HaueHusM Toka K3. Ecmu
UMHTALUs NPOBOJWIACH C IIOMOIIBIO aNapaTypsl, KOTOpas TIeHEpUpYeT HEpEeMEHHBIM TOK C
qacToTol, oTnuyatomieiics ot 50 I'u 6onee yem Ha 20%, pe3ynbTaThl U3MEPEHUI MEPECUUTHIBAIOT K

gacrore 50 I'm. Jlns mepecuera HCMONB3YIOT 3aBUCHMOCTH Kod(duumenra mepecuera £y 0T



ceueHus 3azemiureneil . Hanpsbkenue Ha gacrore 50 I'm Lsy =Ly f & ¢ rne Uy - m3mepenHoe

HanpsDKEHUE Ha 9acToTe f .

3areM MEepecuuTHIBAIOT pe3yNbTaThl u3MepeHuil Kk peanbHoMy Toky K3. Ilycts mpu umwuranuum
pacrekanus yactu Toka K3 mo He#tpansm TpaHcgopmaTropoB ObLIO MOJydeHO (37eCh U Jalee - C
yaeroM mepecuera k yactore 50 ') nampspbkenue 0,3 B mexnay PILI u obopymoBanuem. Ilpu
uMuTanuu 4actu Toka K3, yxopsdiero B 3HEprocucremMy, TOK TeHeparopa coctaBui 0,15 A,
Hanpspkenue 0,02 B.

[Tpu 5TOM cocTaBisOIIas pa3HOCTH MOTEHLIUATIOB Mexay obopynoBanueM u PI, o6ycioBnenHas
pacTexkanuem Toka o Heurtpaism, npu K3 pasua 600 B. CocraBnsitoiiast pa3HOCTH MOTCHIIMAJIOB OT
TOKa B 3HEprocucreMmy pasHa 266 B.

CymmapHoe HanpsbkeHue Mexay odopynoBanuem u PII npu K3 cocrasiser 866 B.

D710 HampspKkeHue OyAeT BO3/AeWCTBOBATh HA U3OJISIIMIO KOHTPOJIBHBIX Kabese, MpoloKeHHbBIX OT
paccMarpuBaeMoro saemMenta oobopynoBanus 10 PIL. DTo >xe HampshkeHue OyneT onpeneisiTh TOK
0 3a3€MJICHHOMY ¢ 00€UX CTOPOH 3KpaHy Kabens oT JaHHOTo obopynoBaHus ao PILI.

ITo nutany nmpokiaaky KaOeabHbIX KaHAJIO0B WK KaOeJIbHOMY KYpHAIY ONpeNeIaioT JJIUHY Kabems
L5 W NPOU3BOIAT pacdyeT CONPOTHUBICHMS 3KpaHa Kabens &, (MHAYKTHUBHBIM COIPOTUBJICHUEM

MOYKHO TIpeHeOpeys).

Tok B 3kpane kabens npu K3 onpenensioT kak OTHOIIEHNE HANPSKEHUSI MEXKY 000py10BaHUEM
u P11 k conpoTuBieHno 3KpaHa Kades.

HOJ'IyLIeHHHﬁ TOK B J3KpaHC€ CpaBHHUBAKOT C JOIMYCTHUMBIM 3HAYCHHUCM. I[OHYCTI/IMHﬁ TOK
PACCUUTBIBAIOT IO BBIPAKCHUIO:

100

i | G
mnt o 09 +:

rae ¢ - BpeMs npoTekanus Toka; £=1 mna ¢ < 1 ¢, £=0,8 s ¢ > 1 c.

[Ipunoxenne E
TpebGoBaHuA K pacyeTHbIM NporpaMmmam
ILI.E.1. Pacuer 3a3eMJIAIOIIMX YCTPOHCTB

[Iporpammbl pacuera 3a3eMIISIONIMX YCTPOMCTB JOJKHBI MOJEIHUPOBaTH B PAa3BETBICHHOU
TPEXMEPHON CXEMe 3a3eMIIAIOIICTO YCTPOHCTBA C CUCTEMOM MPOBOAHUKOB (3JIEKTPOIOB) B BO3yXE,
rpyHTEe U OOBEMHBIX 3ariayOJICHHBIX TeJ MEpeXOAHbIe Mmpolecchl, o0ycioBiaeHHble K3 Ha 3emuio,
ylapaMi MOJHHH B MOJHHUETIPUEMHHUKH M KOMMYTAIMsIMH CUJIOBOrO o0opynoBaHus. B pesynbrare
pacycToB JOJI?KHBL 6I:ITI: OMMPCACIICHBLI TOKHM W HAIPAKCHHUA B 3a3CMIISIOIICM yCTpOI\/'ICTBe;



COIIPOTUBJICHUEC PACTCKAHWUIO TOKa 3a3CMIIAIOIICTO yCTpOﬁCTBa; HaMpsKCHUA HNPUKOCHOBCHUSA U
mara, pacnpeaciaCHue MMOTCHIMAaJIa B BEPTUKAJIbHOM CCUCHUH I'PYHTA U 110 IIOBEPXHOCTH 3CMJIHN.

Jli1st mpoBepKH MPOrpaMMbl pEeKOMEHAYIOTCSL TECTOBbIE 3aauu, IPUBEICHHbIC HUXKE.

[Tpu cocTaBieHUH TECTOBBIX 3ajay MCIOJIb30BAIMCH U3BECTHBIC aHAJTUTHUYECKUE BBIPAKEHUS W3
mutepatypsl (B.B.byprciopd, A.M.Akobe "3azemsiromme yYCTpPOHCTBA 3JICKTPOYCTAaHOBOK') H
Pe3yJbTaThl SKCIIEPUMEHTOB, TPOBEACHHBIX coTpyaurukamu MOU u HITD DJIHAIIL

I[aﬂee B TEKCTC HMCIIOJB3YIOTCA CICAYIOIIUC 0003HAYECHHUS:

{ - JIMHA JJIEKTpONA, M; ¥ - paauyC JJIEKTPOJa, M; & - PACCTOSHHUE OT 3JEKTPOAa [0
IOBEPXHOCTH 3€MJIU, M; & - yJACIbHOE COMPOTUBICHUE OJHOPOIHOrO IpyHTa, OM'M; 21 - yIeIbHOE
COIPOTUBIIEHHE BEPXHETO CJIOSI HEOJHOPOAHOro IpyHTa, OM'M; p5 - YAEIBHOE COIPOTHUBIICHUE
HIKHETO CJI0SI HEOAHOPOAHOro rpyHTa, OM'M; % - riiyOuHa pasjena CloeB, M; Ky, - CONPOTHBICHAC

PACTCKAHUIO TOKA 3a3CMJIMTECIIA, Om.

3agaua 1. IIpocTble 3a3eMJINTENIN B OAHOPOHOM I'PYHTe

Tabmuua I1.E.1

PacuerHbie nmapamMeTpbl 1JId 3JEKTPOoAa B OAHOPOIHOM IPYHTE

Pacnionoxxenue snexkrponaa BepTukansHoe I'opuzonTansHoOE
7, M 0,006 0,006
f,m 5 5
5, M 0,5 0,5
o, OM'M 100 100

Pacuetsl 1o nporpamMmme HE JOJIKHBI OTJIIMYATLCA 6OJ'ICG, gyeM Ha 5% ot MNPUBCACHHBIX B

Ta0in.I1.E.2.

Pe3y.l'leaTbI pacueTra CONPOTHBJICHUSA PACTCKAHUIO TOKA

Pacnonoxenue QJICKTpOJa

BeprukansHoe

I'opusoHTansHOE

Rp, Om

21,8

25,2

Taomauua I1.E.2




3anaua 2. [IpocThle 3a3eMJIHMTEN B IBYXCJI0HHOM I'PYHTe

Taomuua I1.E.3
PacueTrHble mapamMeTpbl 1JIS 3J1€KTPOAA B IBYXCJIOIHOM I'PYHTe
Pacnonioxkenue sekTpoaa Beprukanbno | BeptukanbHoe |BepTukanbHoe
e
oM 0,006 0,006 0,006
i, ™ 2 2 2
&, M 0 1 2
o1, OM'M 400 400 400
09, OM'M 100 100 100
i, M 2 2 2
Tab6muna I1.E.4
Pe3yabTaThl pacuera CONPOTHBJICHUS PACTEKAHUIO TOKA
Pacnonoxenue smexkrpona BeprukanbHo | BeprukanbHoe |BeprukanbHoe
e
£ _OwMm 190,9 74,98 49,49

p)

Pacdyersl mo mporpamMme He IOJKHBI OTIWYAThes Oosiee, 4yeM Ha 5% OT NPUBEICHHBIX B
ta0i.I1.E.4.

3anaua 3. Ci10:KHbI€ 323eMJINTEIH B OJTHOPOJHOM I'PYHTe

3azemnutenu (puc.Il.E.1) ¢ pasmepamu B muiane 40x40 M? cocrosT u3 TOPU30HTAIBHBIX
anekTponoB paguycoM 0,01 M, 3amokeHHBIX Ha TuryomHe 0,5 M, W BEPTUKAIBHBIX AJIEKTPOOB
paguycoM 0,01 M u anuHOM 5 M. I'pyHT omHOpOAHBIN C yaenbHbIM conpoTuBieHueM 100 Om-M.
CyMMapHbIi TOK, CTEKAIOIIUHI ¢ 3a3eMIIMTENIEN B TpyHT, cocTaBiisieT 1000 A.



Puc.I1.E.1. Cinoxuble 3a3eMIUTETN

Tabmuua I1.E.5

Pe3yabTaThl pacyera COMPOTHBJIEHHS PACTEKAHUIO TOKA

CxeMma 6 7 8

o> OM 1,20 1,12 1,07

Taomuma I1.E.6

MakcuMaJjibHbl€ NOTEHIINAJIBI HA MOBEPXHOCTHU I'PYHTA B HEHTPE 3a3€MJIUTECIIA

CxeMma 6 7 8

[Morenmuan, B 825 890 980

Pacdyersl mo mporpamMme He IOJKHBI OTIWYAThes Oosiee, 4yeM Ha 5% OT TNPUBEICHHBIX B
ta0n.ILE.5, IL.E.6.

YkazaHHbIM TpeOOBaHUAM OTBeuaeT, Hanpumep, nporpamma "OPY-M" (HII® DJIHAII, Mockaa).
I1.E.2. PacueT MMIIyJIbCHBIX TOMEX
[Tporpamma a1 pacueTa UMITYJIbCHBIX TOMEX JOJDKHA:
MOJIEIUPOBATh AJIEKTPOMArHUTHBIE MEPEXOIHbIE MPOLECCH B KaOEIbHON JIMHUHU, BO3HHKAIOIINE
IpU yAape MOJHUU B HEMOCPEACTBEHHOW ONM30CTH OT KaOenbHOW JHMHHM, MPH MNPOTEKaHUH

UMITYJTBCHBIX TOKOB IO OMU3JIEKAIUM TOKOBOJAM, MOJETUPOBATh paclpeielicHue MOTEHIIUAIOB B
3a3eMJIAIOIIMX YCTPONCTBAaX MPH MPOTEKAaHUH UMITYJIbCHBIX TOKOB;



YYUTBIBATh TPU MOJICIMPOBAHUM BOJHOBBIE NMPOLECCH B KaOGNbHBIX JHMHUAX, CBOWCTBA TPYHTA,
HaJINYME B IPYHTE CETKHU 3a3€MJICHUS, KOMMYTALlMOHHBIE MIEPEXOJHBIC MPOLECCH B OJIM3IEKAIINX
TOKOBOJ/IaX, PAacIOJIOKEHHE Ka0enbHOW JIMHUM KaK B BO3JyXe, TaK M B TPYyHTE, B3aUMHOE
9KpaHUPOBAaHUE NTPOBO/IOB B KaOEJIbHBIX JIMHUAX, OCOOCHHOCTH BKJIIOYECHUS JIMHUM Ha €€ KOHIaX.

[TorpemHocTh pe3ynbTaTOB pacyera Mo MporpaMMe He A0JKHA mpeBbimarh 20%.
Jl1s mpoBepKH MporpaMMbl HIKE IIPUBEIeHA TECTOBAs 3ajaya.

Bo3nyiuiHas 1uHUS OpOoTSHKEHHOCTHIO 448 M pacnoiaraercsi Ha BbicoTe 1 M Haja 3emsied. MosHust
yaapseT B 3eMJII0 Ha paccTossHu 20 M OT OJTHOTO U3 €€ KOHIIOB BJ0JIb JTUHUU. PerucTpupoBaiuch
TOK MOJIHUM, BEPTUKAJIbHAS COCTABJISAIONIAS HANPSKEHHOCTH DJIEKTPHUUYECKOro MOJisi MOJIHUM Ha
paccrosHun 500 M OT MecTta ee yaapa W HalpsDKEHHE, HaBEJACHHOE Ha BO3JAYILIHOM JIMHUU.
CootBercTByIOIIME OCHMIUIOTpaMMbl TipuBeneHbl Ha puc.ll.E.2, a pacuer mo mnporpamme Ha
puc.JLE.3.

., EB/u u,xB
15 1500 | 1'::
0k 1000 | -0
L L —40
5 500 —60
0 0 —-30
-5 1 L 1 1 —500 I ' — 10 1 i
0 15 MW 45 60 fumc 0 15 30 fuxc 0 15 30 e

Puc.I1.E.2. OcuumiorpaMMbl TOKa MOJTHUH, HAIIPSDKEHHOCTH 3JIEKTPUYECKOTO MOJISI MOJTHUU
Y HaIIPsDKEHUS HAaBOJKU HA BO3AYLIHOW JIMHUU

E, B/u s, KB
10}

1500 0
_]ﬂ.

1000 } -7
-}

k -'w-
500 -5}

i i i i 'l —m. i i i i i
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Puc.I1.LE.3. PacueTr Hanmps»K€HHOCTH 3JIEKTPUYECKOTO MTOJISI MOJIHAH U HAIIPSOKEHUST HABOJIKU
Ha BO3AYIIHOM JIMHUHU IO ITPOrpaMMe

VYkazanHeIM TpeOOBaHMSAM OTBeuaer, Hampumep, nporpamma Interferences (HII® DJIHAIIL
Mocksa).



[Tpunoxenue K
PekomeHayemble MeponpuaTUA no yny4weHuto MO
1. CHnkeHne ypoBHeil B03/1eliCTBYIOIIUX TOKOB M HANIPSAKEHU i TPOMBIIIJIEHHOH YaCTOTHI

Ecnu HampsbkeHHMs W TOKM TPOMBIIUICHHOW YacTOThl MPEBBIMAIOT JONYCTUMbIC 3HAYEHUS,
pa3palaThIBalOT MEPOTIPHUATHUS IO PEKOHCTPYKIIMH 3a3eMJISIIOIIETO YCTPOICTBA.

1.1. OHpeI[eJ'IHIOT T€ YYaCTKH 3a3€MIIMTCIIA, Ha KOTOPBIX ITPOUCXOAUT HauOoJIbIIIEE maacHue
HAIIPsKCHUSA, U B TAKUX MECTaxX IMPOKJIAAbIBAIOT JOIIOJHUTCIIbHBIC TOPU30HTAJIbHBIC 3a3CMIIUTCIIN.

1.2. JInst cHWKeHus TNOTEeHUMana Ha oOOpyNOBaHUM MPOKJIAABIBAIOT JOIMOJIHUTEIbHbBIE
MPOBOJAHHUKU OT 0OOPYAOBaHUS K MAarucTpajbHBIM 3a3€MIIMTENSIM, CHU3UB CONPOTUBIECHUE CBSI3U
000pyIOBaHUs C CETKOM 3a3eMJISIONIET0 ycTpoiicTBa. Hanboee 3 (heKTHBHO COMPOTHBIICHNE CBS3H
000py/I0OBaHUs C 3a3€MJIUTENIEM CHIDKACTCSl MIPH YEThIpeX MapasuleIbHBIX CBA3SX 000pyIOBaHUS C
3a3€MJISIOIIMM YCTPOUCTBOM.

1.3. Ecnu mpokiiajgka JOMOJHUTEIBHBIX TOPU30HTAIBHBIX 3a3€MIIUTENCH CETKU 3a3€MIISIOIIETO
ycTpoiicTBa He JaeT TpedyeMoro >(deKra, CHIKAIOT CONPOTHBICHHE PACTEKAHHIO TOKAa BCETO
oOvekTa. [lnst 3TOro ycTaHaBIMBAIOT JONOJIHUTENbHBIE BEPTUKAJIbHBIE 3a3€MIIUTENM WU
BBITIOJHSIOT BEIHOCHOM 3a3eMJIMTENb. Y CTAHOBKA BEPTUKAIBHBIX 3a3eMiinTenei 3¢ (HeKTHBHA TOIBKO
IIpU HAJIWYXUU CJIOCB I'PyHTAa C HU3KHUM YJACJIbHBIM COIIPOTUBJIICHUEM U IIPH HEOOIBIINX pasMepax
3a3eMJISIOIIET0 YCTPOUCTBA.

1.4. JIna cHUXKEHUs: TOKOB B dKpaHaX, 000JI0ukax U OpoHe Kabenel MpoKIaIbIBalOT MapaliebHO
KaOenmpHON Tpacce JOMONHUTENbHBIE 3a3emunTenu Ha paccrosHuu (0,5-1,0) M ot kabembHOTO
KaHaja Uiy JIOTKa.

1.5. D¢ pekTHBHOCTH yKa3aHHBIX MEPOIIPHUITUI MPOBEPSIIOT C HIOMOIIBIO PACUETOB.

2. CHMKeHHe YPOBHS HMITYJIbCHBIX IIOMeX

Ecnmu nns xakoro-mu0o BuJa LEeNel YCTaHOBIIEHO, YTO YPOBEHb MMITYJIbCHBIX IOMEX IpH

KoMmyTanusix, K3 u ymapax MOJHHM TPEBBIMIAET TOMYCTUMBIC 3HAUCHUS, JUISI CHIDKCHUS TIOMEX B

9TUX LCIIAX MPOBOJAT CIACAYIOMNUC MCPOIIPUATHUA.

2.1. HpOKHaIlLIBaIOT JOIOJIHUTCIILHBIC TIPOBOAHUKU OT O60py,[[OBaHI/I$I K MarucCTtpajbHbIM
3a3EMJINTCIISAM.

2.2. IlpuMeHsI0T SKpaHUPOBaHHbBIE KaOelu ¢ 3a3eMJICHHEM SKPaHOB C 00€UX CTOPOH.
2.3. 3a3eMiSIOT LENM HANpsOHKeHWs Ha pelIelHOM ILIUTe (€CIM 3TO TMO3BOJISIIOT TEXHUYECKUE
YCJIOBUS) MJIM CMEIAIOT MECTa 3a3eMJICHUSI Ha HEKOTOPOE PacCTOSHUE OT 000PYIOBaHUS BBICOKOTO

HaIPsDKEHUS U IIOPTAJIOB.

2.4. Jlna orpaHMuYeHUs ypOBHS IIOMEX Ha BXOJE YCTPONCTB YCTAaHABIMBAIOT CIELHMAJIbHBIC
CPEICTBA OTPAHUYECHUS NEPEHANPIKEHUN.



2.5. Ecnu ykazaHHbIE MEPONPHUSATHS OKAXKYTCA HEIPPEKTUBHBIMHU JUISI CHIDKEHHUS ypPOBHEH
UMIyJbCHBIX TIOMEX OT MOJIHUHU, TMPOBOJAT PEKOHCTPYKIHUIO CHCTEMBI MOJIHHE3AIIUTHI
SHEProoOBEKTA.

3. CHu:keHMe YPOBHS BO3/IeHCTBYIOIIMX 3JIEKTPOMATHUTHBIX MOJIei

3.1. CHmxeHue ypoBHEH 3JEKTPOMArHUTHBIX MOJEH Pajo4acTOTHOIO JAMANa30Ha OT BHEIIHUX
MCTOYHMKOB U CTAlIMOHAPHBIX CTAHIMA JOCTUTAlOT 3a CYET OJKPAaHUPOBAHUS 3JaHUM WIH
IPUMEHEHHUS SKPaHOB B MECTaX YCTAHOBKH aIllaparypsbl.

3.2. Ecnu ypoBHH SJE€KTPOMAarHUTHBIX TOJIEM OT MEPEHOCHBIX PaJUOIEPEIAIONINX CTAaHIUMA
MPEBBIMIAIOT JIONYCTUMbIE 3HAUEHHUS, MPEAYCMATPUBAIOT OPraHU3alMOHHBIE MEPOMPUSITHS,
MCKJIFOYAIOIINE UCIOJb30BAHUE TAKUX CTAHIIMI B MeCTaxX yCTaHOBKH ycTpoiictB ACTY.

3.3. JInst cCHUKEHUS] YPOBHS BO3ACUCTBUS MAarHUTHOTO TOJISI MPOMBIIUIEHHOW 4acTOTHI U3MEHSIOT
MECTO pPa3MEUICHHS YCTPOWCTB WJIM IEpEeMENIaloT HCTOYHUK MAarHUTHOTO TOJIs Ha Ooibiiee
paccTosHUE OT YCTPOUCTB.

3.4. Ecmu wMeponpusTHs MO 3KPaHUPOBAHHUIO YCTPOWCTB OT BO3ACHCTBHI UMIYIbCHBIX
MarHUTHBIX TIOJICH MPH yJaapax MOJHHUH OKaxyTcs HEI(PPEKTUBHBIMH, MPOBOIIT PEKOHCTPYKIIHIO
CUCTEMbI MOJTHUE3AIIUTHI DHEPrO00HEKTA.

4. 3amuTa 0T CTATHYECKOI0 3JIEKTPHYECTBA

Ecnu ypoBeHb MOTEHIMANa Tella 4YEJIOBEKa MPEBBIIIAET AOMYCTUMOE 3HAYEHUE, MPUMEHSIOT
AQHTUCTATUYECKOE HAIOJbHOE TMOKPHITUE WM YCTAHABIMBAIOT CHUCTEMY, MOJAEPKHUBAIOLIYIO
COOTBETCTBYIOIIYIO BIAXKHOCTh BO3/1yXa B IOMEILIEHUSX, I/I€ yCTaHOBJIEHbI ycTpoiicTBa ACTY.

5. Cuuxenne YPOBHS 3JIEKTPOMATrHUTHBIX ITOMEX B HEMAX MUTAHUA HU3KOI'0O HANIPSAKCHUSA

I[J'IH CHMXCHUA YPOBHA JJICKTPOMAIHUTHBIX IMOMEX B HCIAX IMUTAHHUA HU3KOTO HAIIPSKCHHUA OO0
J0IMYCTUMBIX 3HAYCHMI MMPUMCHAIOT CJICAYIOINEC MCPOIIPUATUA:

5.1. VYcranaBnmmMBarT CpeacTBa OIPAHMYEHHs MEPEHANPSDKEHUHM Ha HCTOYHUKAX IOMEX
(conmeHounaax, KaTymkax perne).

5.2. YcTaHaBIMBAIOT cpeacTBa OrpaHUYCHUA HCpCHaHpH)KCHI/Iﬁ Ha IMKHax 1MoCTOSAHHOI'O TOKa 1 Ha
MIMHAX COOCTBEHHBIX HYXI.

5.3. [IpumeHnstoT cienuaabHble (QUIBTPHI.
5.4. Ilpumensror oTaenbHOe nuTanue ycrpoiicts ACTY.

[TonpoOHee MepompuATHA MO YAYYIICHUIO SJIE€KTPOMAarHUTHONW OOCTAHOBKM PAcCMOTPEHBI B
PEKOMEHIOBAaHHOM JIUTEpaType.
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