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MpeaucnoBue

Hemnu npuHuunsl crapgaptuzamuu B Poccniickorn  denepanuyi  yCTaHOBIICHBI
®denepanbHbIM 3aKkOHOM OT 27 nekadbps 2002 r. N 184-®d3 "O texHUUECKOM peryiupoBaHuu’, a
npaBuja NPUMEHEHUs HallMOHANbHBIX cTannapToB Poccuiickoit @enepauun - 'OCT P 1.0-2004
"Cranpgaprusanus B Poccuiickoit ®denepanuu. OCHOBHBIE MOJI0KEHNS"

CBenenus o CTaHgapTe

1 IIOATI'OTOBJIEH ®enepanbHblM TOCYJApPCTBEHHBIM YHUTApHBIM  IPEANPUATUEM
"Beepoccuiickuii  anekTpoTexHudeckuii uHCTUTYT uMmeHn B.M.Jlenuna" (OI'YII BOU) Ha
OCHOBE COOCTBEHHOTO0 ayTEHTHYHOrO MEpeBOoJa Ha PYCCKHM fA3BIK CTaHAApTa, YKa3aHHOTO B
IIyHKTE 4

2 BHECEH TexHnueckum KOMUTETOM o CTaHJapTU3alUU TK 37
"DnekTpoobopyI0BaHUE TS TIEpeIadH, MPeoOpa3oBaHUs U PACTIPEICTICHUS MIEKTPOIHEPTHH "

3 VITBEPX/JEH U BBE/IEH B JIEI71CTBI/IE [Tpukazom denepanbHOr0 areHTCTBA IO
TEXHUYECKOMY PEryJIHPOBaHUIO U MeTposioruu oT 9 nekadps 2009 r. N 641-ct

4 Hacrosimuii cranaapT MOAU(PHUIMPOBAH MO OTHOLICHUIO K MEXIYHAPOJHOMY CTaHAAPTY
M3K 60099-5:2000* "Pa3psanuku. Yacts 5. Pekomenaauuu no BeiOopy u npumenenuto" (IEC
60099-5:2000 "Surge arresters - Part 5: Selection and application recommendations", MOD)
IyTeM BHECEHHS TEXHUYECKUX OTKJIOHEHH, 0OBSICHEHHE KOTOPHIX MPEJCTaBICHO BO BBEACHUH K
HACTOSILEMY CTaHJAPTY, a TAKXKE IyTeM U3MEHEHHS €ro CTPYKTYphl. COMOCTaBICHHE CTPYKTYPHI
HACTOAIIETO CTAaHAApTa CO CTPYKTYpOH MPHUMEHEHHOTO MEXAYHApOAHOTO CTaHmapra C
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00BSICHEHHUEM MIPUYUH U3MEHEHUS CTPYKTYPHI IPUBEACHO B JOMOJHUTEILHOM Ipuioxenuu JIJ1.

* JlocTyn K MEeXAYHApOIHBIM M 3apYOEKHBIM JIOKyMEHTaM MOHO IOJIYYUTh MEPEeHIs 1Mo
CCBUIKE, 3[1€Ch U Jlajiee 10 TeKCTY. - [Ipumedanue usroroButens 0a3bl JaHHbIX.

HanmeHoBaHMe HACTOSIEr0  CTaHAAPTa H3MEHEHO  OTHOCHUTEIIBHO  HAUMEHOBaHMS
YKa3aHHOT'O MEKIyHapOJHOro cTaHaapTa Juisd npuseneHus B coorsercteue ¢ 'OCT P 1.5-2004
(myHKT 3.5), a TaKke C Yy4YeTOM CJIOKUBLIEHCS OTEUECTBEHHOW INpPAKTUKUA HaMMEHOBAHUS
paccMaTpUBaEMBbIX B MEXIYHAPOIHOM CTaHJApTE allapaToB 3aIMThHI OT IEPEHANPSHKEHUH.

B coorBerctBuun ¢ I'OCT P 1.7-2008 (mynkt 7.6.6) B snement "bubnuorpadpus" He
BKJIIOUCHBI JIOKYMEHTBI, HAa KOTOpPBIE JaHbl CCBUIKM B MEKIYHAPOAHOM CTaHIApTe W
uH(pOpMaIUs 0 KOTOPHIX IpUBEACHA B MPHIIokeHUN C MEXITyHapOIHOTO CTaHAapTa

5 BBE/IEH BIIEPBBIE

Hnghopmayus 06 uzmenenusx Kk HacmosiujeMy cmavoapmy nyOIuKyemcs 8 ence200HO
uzoasaemom ungopmayuonnom ykazamene "Hayuonanvnvie cmanoapmel”, a mexcm uzmeHnenui
U NONPABOK - 6 edNCeMeCsUHO U30asaemvix uHpopmayuonuvlx ykazamensx "HayuonanvHoie
cmanoapmsl”. B cnyyae nepecmompa (3amenvl) uiu OmMMEHbl HACMOAUE20 CMAHOapma
coomseemcmayloujee  ygeoomieHue Oyoem OnYOIUKOBAHO 8  eHCeMECAYHO U30a8aemMom
ungopmayuonnom  ykaszamene  "Hayuonanvnole  cmandapmul”.  Coomeemcmeyrowas
ungopmayus, yseoomieHue u meKCmvl pazmewaromcs marKice 8 UHQOPMAYUOHHOU cucmeme
06we20 nonv3osanus - Ha opuyuarcHom catime DedepanrbHO20 a2enmcmed nO MeXHU4eCKOMY
pezyiuposanuro u memponocuu 6 cemu Mumepnem

BBepeHune

Hacrosmuii crangapt paspa®oraH B LEIsIX HOPMAaTHBHOIO obecriedyeHusi BblOopa U
NPUMEHEHHUs anmapaToB 3allUThl OT NEPEHAIpPSHKEHUH, KOTOpble B OTEUYECTBEHHOM IpPAaKTHKE
W3BECTHBI KaK '"BEHTWIBHBIE pa3psAJHUKU" W "HEJIMHEWHBIE OIPAaHUYMTEIM IEPEHANPSIKEHUN
(OIIH)", ¢ yuyeToM peKOMEHAAMH MEXIyHAapOJIHBIX CTaHAApTOB MexayHapoaHOH
aneKTpoTexHuueckoi komuccun (MOK) u ombITa 3KCIIyaTallMyd TaKUX anmnaparoB B BEIYIIMX
IPOMBIIIJIEHHO PAa3BUTHIX CTpaHaX MUpA.

Hacrosaumuii crangapr  MoaM@UUUpPOBAH 1O  OTHOIIEHHWIO K  NPUMEHEHHOMY
MexayHapoaHoMmy cranaapty MOK 60099-5:2000 "Pazpsauuku. Yacts 5. Pexomennanuu mno
BbIOOpPY U puMeHeHn0". HecMOoTpst Ha TO YTO B HACTOAILEM CTaHAapTe B OCHOBHOM COXPaHEHO
TEXHUUYECKOE COJAEpKAHME, OJHAKO H3MEHEHO HAUMEHOBAaHHUE, BKIIIOUEHBl HEKOTOPBIE
TEPMHHOJIOTHYECKHE CTAaThH, IPOBE/IEHBI JOTIOTHEHNS U U3MEHEHHUSI TEXHUYECKOT0 XapaKTepa.

B xauectBe nomnonnutenbHbix npuwioxkenud JA, b w JIB B Hacrosmumii craHmapt
BKJIIOUEHBI OTJENIBbHBIE MTOJIOXKEHUSI U3 MEXKIyHapoaHbIX cTanaaproB MOK 60071-1:2006, MOK
60071-2:1996 1 MOK 60099-3:1990 cooTBETCTBEHHO, HA KOTOPBIE 1TaHBI HOPMATUBHBIE CCBUIKU
B IPUMEHEHHOM MEXIYHAapOJHOM CTaHAapTe, HO KOTOpbIE HE MPUHATBI B KauecTBE
HallMOHAJIBHBIX cTaHAapTOB Poccuiickoit denepanuu.

B Texcte CTaHJapTa TaKHUE IIOJOXKCHHUA BbIJCIICHBI O)II/IHO'-IHOI\/'I BepTHKaﬂBHOfI J'II/IHPI@ﬁ,

pacroIOKEeHHOW clieBa OT TeKCTa, a WHGOpMAIUs O TOM, YTO JaHHOE TOJOKEHUE 3aMEHSET
CCBUIKY Ha MEKIyHAapOJHBIN CTaHIapT, IpUBE/IEHA B BUJE IPUMEUYaHUs, 3aKJII0YEHHOTO B PaMKy
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U3 TOHKUX TUHUN U Pa3MCIICHHOIO MOCJIC 3TOI'0 MOJIOKCHUS.

JIOOTHUTENBHBIE 110 OTHOLIEHUIO K MEKIYHAPOAHOMY CTaHAAPTY IOJIOKEHUS BbIJICICHBI
OJIMHOYHOM BEPTUKAJIBLHOW JIMHHUEH, PACIOIOXKEHHOW CIpaBa OT TEKCTa, a JOIOJIHHUTEIbHBIC
CJI0Ba, (hpassbl - MOTYEPKUBAHUEM CIUIOIIHOW TOPU30HTAIEHON JIMHUEH.

C yueToM CIIOKMBILEHCS OTEYECTBEHHOM IMpPAaKTUKU 3KCILTyaTallud pacCMaTpUBAaEMBbIX B
MEXIYHAapOJAHOM CTAaHJIApTE allapaToB 3allUThl OT NEPEHANPSIKEHUN NPOBEACHBI M3MEHEHUS
OTIENbHBIX (pa3 (CIOB, 3HAUYEHUH IOKazaTeseil), KOTOpPbIE BBIJICIEHBI B TEKCTE KYpPCHBOM.
BHeceHne yka3zaHHBIX TEXHMUYECKHMX OTKJIOHEHMH HAIIPaBICHO Ha ydyeT OOBEKTa M acleKTa
CTaHJApTHU3aIMH, XapakTepHbIx 1 Poccuiickoit @eneparyu. Mudopmarms 00 0TedeCTBEHHBIX
JIOKyMEHTax IpuBejeHa B npunoxenuu /I

CraHzmapt COOepXHUT  pPEeKOMEHJALMU, a  CIEJOBaTelIbHO,  IpEeJCTaBiIseT  coOOoM
BCIIOMOTaTeJIbHBIM JIOKYMEHT, IOJIE3HBIH IpHU BBIOOPE M OSKCIUIyaTallUM Kak YK€ JaBHO
VCIIOJIb3YEMBIX JJIS 3ALLUTHI OT MEPEHANPSIKEHUN BEHTHWIBHBIX Pa3psiiHAKOB, TaK U MPUILEIINAX
UM Ha CMEHY HEJIMHEHHBIX OrpaHUuYUTENEeH NepeHanpsKeHNH, peIHa3HauYeHHBIX JUIsl 00BEKTOB
3JIEKTPOIHEPIETUKU U IEKTPOCHAOKEHUS TPOMBIIIIICHHBIX TPEANPUSITHH.

AHHapaTbI 3alllUThI OT HepeHaHpﬂ)KeHHﬁ, Ha KOTOPBIC pacCIpoOCTPaHACTCA HaCTOHH_II/Iﬁ
CTaHgapTt, B OTCUYCCTBCHHOM IMPAKTHUKE, KaK IIPpaBHJIO, MMPUMCHAIOT B JJICKTPOYCTAHOBKAX
MNEPEMCHHOI'O TOKA HAIIPSAKCHHUCM 3 kB u BrI1IC.

1 O6nacTtb NnpMMeHeHunA

Hacrosmuit ctangapt pacmpocTpaHsieTcss Ha BEHTWIBHBIE paspsamHuku (manee - PB) w HenmHeiHbIE OTpaHUYNTENH
nepeHanpsbkeHnid (nanee - OIIH) m ycraHaBmMBaeT METOOMKY MX BBIOOpa M HPHMEHEHHsS JUIL OTPAHHUYEHHS! TPO30BBIX H
KOMMYTAI[OHHBIX NEePEeHANpPsDKEHUH Ha 3JIeKTpOo00OpYA0BaHUH IEPEMEHHOI0 TOKa HanpsikeHueM ot 3 1o 750 xB.

CranmapTt MOKeT ObITh Takxke mpumeneH k PB u OITH, npenHasHadeHHBIM Jjisi pabOThI B YCIOBUAX, OTIUYHBIX OT YCIOBHIA,
YKa3aHHBIX B HACTOSAIIEM CTaHAAPTE, €CIM M3TOTOBUTENIEM U MOTPEOHTENIEM COTIACOBAaHBI COOTBETCTBYIOIIHUE CIICIIHATBHBIE
JIOTIOJTHUTENLHBIE TPEOOBAHHS.

PexomeHannm HaCTOSIIETO CTaHIapra MOTyT OBITH KOHKPCTU3UPOBAHBI W JOMOJHCHBI B TEXHUYECKUX YCIIOBUAX,
TEXHUYCCKUX Tpe6OBaHI/I$[X 1 PYKOBOJZCTBAX I10 SKCILTyaTallly, COTJIAaCOBAHHBIX U3IOTOBUTEIIEM U HOTpeGI/ITeHeM.

2 HopmaTtuBHbIe CCbINKK

B HacrosilieM cTaHzapre MCIOJB30BaHbl HOPMATUBHBIE CCBUIKM Ha  CIEAYHIOLIUE
CTaHapThI:

I'OCTP 1.5-2004 Crangmaptuzammss B Poccuiickoit  ®enepamuu.  CranaapTbl
HalMoHanbHble Poccuiickoit @eneparun. IlpaBuna moctpoenus, u3noxeHus, opopMIIEHUS U
0003HaueHUS

I'OCTP  52725-2007  OrpaHnuuTend  NEpPEeHANpPSDKEHUM ~ HEIWMHEHHbBlE  JUIA
AJIEKTPOYCTAHOBOK MEPEMEHHOTo TOKa HampsbkeHueM oT 3 1o 750 kB. OOmume TexHuueckue
yeinoBust (MOK 60099-4:2006 "Paspsonuxku ons 3awumsl om nepeHanpsicenui. Hacmo 4.
Oxcuono-memannudeckue paspsaoOHuKu 0e3 UCKPOBLIX NPOMENCYMKO8 OJid  3auumsl Om
nepexnanpsiceHutl 6 cucmemax nepemernnozo moka", NEQ)
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I'OCT 1516.3-96 DnexrpoobopynoBaHue MEPEMEHHOT0 TOKa Ha HampspkeHus ot 1 go 750
kB. TpeboBaHus K 3eKTpUUYecKOr mpodHocTH uzomnsaiuu (MOK 60071-1:2006 "Koopounayus
usonayuu. Yacms 1. Onpeodenenus, npunyunst u npasuia", NEQ)

I'OCT 9920-89 (MOK 815-86, MOK 694-80) DiieKTpOyCTaHOBKHM IEPEMEHHOIO TOKAa Ha
HamnpsbkeHue ot 3 go 750 kB. JlnmuHa mytu yreuku BHemHeW wuzoisiuuu (MOK 60815:1986
"H3015mopbl  8bICOKO20 HANPAdXCEHUs 01 pabomvl 8 3a2pA3HEeHHbIX YCc08usx. Buibop u
onpedenenue pasmepog”, NEQ; MOIOK 60694:1980 "Annapamypa KommymayuouwHas u
ycmpoiicmeéa  ynpagienus  6vicokoeo Hanpsadcenus. Obwue mexuuueckue mpebo8aHus,
sxatouaemvle 6 cmanoapmol”, NEQ)

I'OCT 10390-86 DOnexTtpoobopyaoBaHMe Ha HampspkeHue cBbimie 3 KB. Mertomsr
UCIIBITAHUN BHEIIHEH M30JIALMHU B 3arps3HeHHOM cocTosiHuu (MOK 60507:1991 "Hzonamopwi
8bICOKO20 HANPANCEHUSI NepeMeHH020 moka. Memoosl ucnolmanuii 8 YCi108UsAX UCKYCCMBEHHO20
3aepsazuenus”, NEQ)

I'OCT 16357-83 Pa3psgHUKM BEHTWIbHbIE IEPEMEHHOIO TOKAa HAa HOMUHAJIbHbBIE
Hanpspkenuss ot 3,8 mo 600 kB. OOmme texuuueckue ycioBus (MOK 60099-1:1999
"Pazpaonuxu ons sawumel om nepenanpsaxcenuil. Yacms 1. Hckpogvie 3auummusie pa3psaoHuKu
C HeIUHEeUHbIMU pe3ucmopamu 0Jisi cucmem nepemennoco moka", NEQ)

[Ipumeuanue - Ilpu 1oJIB30BaHWM HACTOSAILIMM CTAHJIAPTOM IIEIECO00pa3HO IPOBEPUTH
JEHCTBUE CCHUIOYHBIX CTaHIAPTOB B WH(MOPMAIMOHHON CHCTEME OOIIEero MOJIb30BAHUS - HA
opuransHoM caiite DenepalbHOrO AareHTCTBA IO TEXHUYECKOMY pPEryldpOBaHHUIO U
METPOJIOTHH B CeTH MHTEpPHET WM IO €KEroJHO U3[aBaeMOMY MH(POPMAIMOHHOMY YKa3aTeIi0
"HanmonanpHble CTaHAAPTHI", KOTOPHIH OMYOJMKOBAH IO COCTOSIHMIO Ha 1 sIHBaps TEKYILEro
roja, ¥ 1O COOTBETCTBYIOIIMM E€XEMECIYHO H3/1aBaCMbIM HH(POPMAIMOHHBIM YKa3aTelsM,
OMyOJIMKOBAaHHBIM B TeKyIleM ronay. Eciu cChlTOuHBIM cTaHAApT 3aMeHEeH (M3MEHEH), TO MpHU
MOJIb30BAaHWM  HACTOSIIIIMM  CTaHAApPTOM  CJIEAYyeT  PYKOBOJICTBOBATHCS  3aMEHSIIOIIUM
(M3MEHEHHBIM) CTaHIapTOM. ECH cChUTOUHBIN CTaHIapT OTMEHEH 0e3 3aMEHBI, TO TOJIOKEeHHE, B
KOTOPOM JlaHa CChUJIKA HAa HETO, MPUMEHSIETCS B YaCTH, HE 3aTParuBaroOIIeH 3Ty CChUIKY.

3 TepMuHbI U onpeaeneHus

B Hacrosiiem cranpapre npumenenbl tepmusbl no ['OCT P 52725, TOCT 15163 u
I'OCT 16357, a Taxxe cienyrolye TEPMUHBI C COOTBETCTBYIOLIUMHU OIIPENETICHUSIMMU:

3.1 mpomycKHasi CHOCOOHOCTh BEHTHJIbHOTO pa3psiHuka: CIOCOOHOCTh BEHTHJIBHOTO pa3psHUKA BBIAEPXKHBATH 0Oe3
noBpexxaeHnit 20 mo0bIx TokoBBIX Bo3aeicTsuil mo ['OCT 16357 (moxmyskr 3.1.11).

3.2 k1acc MPOMYCKHOI CNOCOOHOCTH HEeJIMHEHOr0 OrpaHMYMTeNs1 NmepeHanpsixenuii: O603HauaeMasi B COOTBETCTBHH (|
I'OCT P 52725 (tabmuma 1) mudpamu 1, 2, 3, 4 u 5 CHOCOOHOCTh HEJIMHEHHOTO OTPAaHHUYHUTENS MEPEHAMPSKCHHUH
BBIICPKUBATh O€3 MOBpexAeHHH 18 uMmmyspcoB Toka npomnyckHoi crocoonoctu mo 'OCT P 52725 (myHkr 3.25).

3.3 TOK B3pbLIBO0E30NACHOCTH HeJIHHEHHOT0 OrpaHNYHNTe s NepeHanpsixeHuil: MakcumanbHoe JIeiicTByIolIee 3HaUCHHE
YCTaHOBUBIIETOCS OOJBIIOrO TOKa KOPOTKOTO 3aMbIKaHus B coorBeTcTBUH ¢ ['OCT P 52725 (moamyHkT 6.4.10), mpu KoTOpOoM

HEJIMHEWHBIH OrpaHIYUTeNb NepeHanpsHkKeHuH eme coxpanset B3peiBodezomnacHocTs 1o [OCT P 52725 (mynkt 3.34).

HpHMeanHe - OcranbHbIE TE€PMHUHBI U UX ONIPEACIICHUA MPUBCACHDBI B IIPUJIOKEHUN I[A

4 Oowue nonoxeHus
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4.1 O6wme NPUHLUUNBLI NPUMEHEHUA BEHTUIbHbIX Pa3psAgHUKOB U HENMHEeMHbIX
orpaHuumMTenen nepeHanpsKeHun

I'OCT 1516.3 ycTaHaBIUBAeT ucCnblmamenbHvle HANPANCEHUs: OJisi mpex OUuanda3oHos
KAACCO8 HANPSIICEHUSL INEKMPOOOOPYOOBAHUSL:

- ouanason I: om 1 0o 35 kB exnrouumenvro,
-ouanaszon I1: om 110 00 220 kB exnrouumenvHo;
- ouanaszon I11: om 330 0o 750 kB exaiouumenvio.

st cereit ouanazonos I u I, conep)amux BO3AyIIHbIE TUHUU, OCHOBHYIO OMIaCHOCTbD JJIS
000py0BaHus MPEACTABIAIOT HHAYKTUPOBAHHBIE U IMPSIMbIE yAapbl MOJIHUM B IOJKIIOYEHHbBIE
BO3/YIIHbIE JIMHUU. B KaOenbHBIX CETSIX, HE CBS3aHHBIX C BO3AYLIHBIMM JIMHUAMHU, Haubosee
BEPOSATHBI IEPEHAIPSDKEHUsI, OOYCJIOBJIEHHBIE IOBPEXKJICHUSAMU WM KOMMYTalMOHHBIMU
omnepauusaMu. B penkumx ciydasx, OAHAKO, MOTIYT TakK€ BO3HMKHYTh II€pEHAIpPsIKEHUS,
WHIYKTHPOBAHHBIE MOJHHEN. B cetsax ouanazona 111, B nononnenue K Gpaxropam ouanazonos I u
II, cTaHOBATCSA 3HAYMMBIMM KOMMYTALIMOHHBIE IepeHanpshkeHus. [lepeHanpsokeHuss MOTyT
BBI3BIBATh TIEPEKPHITHS W CEpPhE3HBbIC TOBPESKIACHUS OOOpPYJOBAaHUS M, TaKUM 00pa3om,
nojBeprarb 3JIEeKTpocHaOXkeHue mnorpeduTeneil omacHocTH mpepbiBaHus. HeoOxoaumo
IIPOTUBOCTOATh 3TOMY IIyTEM COOTBeTcTBytomed koopauHaimu PB u OIIH ¢ wuzonsmueil.
[ToaToMy, ecnu ecTb BEPOSITHOCTh TPO30BBIX WJIM BBICOKMX KOMMYTAallMOHHBIX TIEPEHAIPSKEHUH,
KOTOpBIE MOT'YT OBITh OIIACHBIMU /17151 000pYy10BaHUs, peKoMeHaAyeTcs ucnoib3oBaTs PB (OITH).

Otu PB (OIIH) nmomxHBI TpeACTaBIsATh COOOM YacThb CETH, OTBEYAIOUIYI0 3a ee
HanexHocTb. PB  (OIIH) mpoekTupyioT Tak, 4YTOOBI BBLIEP)KHUBATh HANPSDKEHUS U
COOTBETCTBYIOIIME TOKH 4Yepe3 HUX C JOCTATOYHO BBICOKOW BEpPOSITHOCTBIO C YYETOM
3arpsA3HeHui U Apyrux Bo3jaeicTBuil B Mecte ycraHoBku PB (OITH). Ilepeuens nanpsaswcenuii u
nepeHanpadceHull, Oeticmeyrouux 8 Kaxcoou cemu, npuseoeH 8 npuioxceHuu /JA:

- pabouee HaIpsKEHUE;

- KBa3UCTallHOHAPHBIE IIEPEHAIIPSIKECHIUS;
- IEPEHAMPSKEHUS C MTOJIOTUM (PPOHTOM;
- IEpEHAMNpPsKEHUS C KPYThIM (PPOHTOM, -

r7le  TNEepeHanpsHKeHUs: C  MOJOTMM  (POHTOM, OOYCIIOBIEHHbIE KOMMYTAIUsIMHU,
IpeACTaBISIOT 0coOyto BakHOCTh Ut PB (OITH), 3amumiaromux o6opyaoBaHue, OTHOCAIIEeCs
K Ouanazony I1I.

Kak mpaBusio, TpeboBaHus Jydiied 3amuThl 000pyIOBaHUS M BBICOKOIO HOMUHAJIBHOTO
Hanpspkenuss PB (OITH) B3aumuo npotuBopeuuBsl. [loaTomy BeIOOp moaxonsmero PB (OITH)
npezcTaBisier co0oi IMpolecc ONTHUMU3ALMHU, NP KOTOPOM HEOOXOAMMO paccMaTpHUBaTh
0OJIBIIIOE YHCIIO TTAPAMETPOB CETH U 000PYIOBAHUS.

OITH naunbonee 3¢(eKTHUBHBI B CETIX C 3a3€MJICHHBIMH HEUTpaJIsIMH, MOCKOJIbKY OHH
MO3BOJISIIOT OCYIIECTBUTh HAMIYUIIYIO 3allUTy OT MEepeHanpshKeHUH ¢ mojoruM ¢pontoM. B
HACTOAILIEe BpeMs almaparbl JaHHOTO THMA MIMPOKO MPEJICTaBICHBI B 3TUX CETSIX, IMPUYEM
npumenenne PB (OIIH) s Takux cered UMEeT TEHACHIHMIO K TMPEUMYIIECTBEHHOMY
ucnoib3oBannio OITH. B HEKOTOpBIX CETAX ¢ M30JIMPOBAHHBIMH M PE30HAHCHO-3a3€MJICHHBIMU
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HEUTpansIMu, TIe KBa3WUCTAI[MOHAPHBIC IEPEHANPSIKCHHS BCJICICTBUE 3aMBIKAHUS Ha 3EMITIO
0oJjiee MPOJIOJDKUTEIIBHBI, MOTYT OBITh MpPEANOYTHTEIbHBIME PB, ecnu TpeOyroTcs HU3KHE
3amuTHBIC YpoBHU. HecMoTps Ha To 4TO cymiecTByromue PB TpaquiimoHHO TPUMEHSFOT BO BCEX
JMara3oHax HalpspKeHHs, TpuMeHeHne PB Moxker ObITh HamOosee OmpaBlIaHO 0/ cemell
ouanaszona 1.

4.2 O6waa meToaMKa BbIOOpa BEHTUNbHbLIX pPa3pASHUKOB U HEJIMHeMHbIX
orpaHuunTesnien nepeHanpsxeHumn

Jst BeiOopa PB wimm OIIH pekomenmyeTcs cienmyromias WTEpalMoHHAas METOJIMKa,

MOKa3aHHAasi Ha CTPYKTYpHOM CXeMe pHUCYHKa 1, B COOTBETCTBHM C KOTOPOW BBIMOJIHSIOT
clenyomue AecTBUS:
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PEB (CMH) Beipan

Pucynok 1 - CtpykrypHas cxema Beioopa PB (OITH)

- OIIPENIENSIIOT Hauboavliee OnumenvHo donycmumoe paboyee Hanpsxicenue PB (OITH) B
3aBUCUMOCTH OT HauOOJIBIIIET0 paboUuero HaNpsHKEHUS CETH;
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- ONIPEACNAIOT  HOMHUHaiIbHOe  HampsbkeHue PB  (OIIH) B 3aBucumoctu  OT
KBa3MCTALIMOHAPHBIX [IEPEHAIIPSKCHUM;

- OLICHUBAIOT aMILTUTYIbI U BEPOSATHOCTU 0KHJIAEMBIX TPO30BBIX Pa3ps/IHBIX TOKOB Uepe3
PB (OIIH), onpenenstoT mpebosanus K paspsioHbM HANPANCeHUsM TAHUU DJICKTpoIepeaadn u
BBEIOMPAIOT HOMUHAIBHBIA PA3pSAIHBIA TOK, 3HAUEHHUE MMITYJIhCa OOJBIIOTO TOKA, MPONYCKHYIO
cnocobrocmes U kaacc yemouuusocmu PB u mok nponycknoii cnocoonocmu OITH.

IIpumeuanue - Ecian HeoOXOAMMBI 3HAYEHUS MMITyJbca OOJBLIOTO TOKA, OTIMYHBIE OT
CTaH/JapTU30BaHHbIX 3HaueHUM B coorBercTBUM ¢ ['OCT P 52725 (moamynkr 6.2.5), 3tn
3HA4YEHUs ClIeAyeT BbIOMPATh B COOTBETCTBHM C I'PO30BBIM PA3PAIHBIM TOKOM U MPOIYCKHOM
CIOCOOHOCTBIO;

- BBIOMpAIOT kKamezoputo 63pvigodezonacnocmu PB unm moxk e3pwisobezonacnocmu OITH,

- Beioupatot PB (OITH), koTopbIit yIOBIETBOPSET BhINICYKAa3aHHBIM TPEOOBAHUSAM;

- onpenenstoT 3amuTHbeie Xapaktepuctuku PB (OITH) npu rpo3oBbIX 1 KOMMYTallMOHHBIX
HUMITYJIbCAX;

- pacnionaratot PB (OITH) kak Mo>xHO Orpke K 3aiiuiiaeMoMy 000py10BaHUIO;

- OIIPEACIAOT  KOOPJAMHALIMOHHOE  BBIACPKMBAEMOE  HAINPSDKEHHE — 3aIIMINAEMOI0
o0opyIoBaHUS ~ IpPU  KOMMYTAllMOHHOM  MMIIYJIbCE,  YYMUThIBas  NpeACTaBUTEIbHbIC
NepEeHaIPsHKEHUS ¢ TOJIOTUM (GPOHTOM U KOH(UTYPALIMIO CETH;

- OIIpCACIAOT KOOPpAUHAIITMOHHOC BBIZICPIKHUBACMOC HaITPsS’KCHUEC 3aluIacMoro
O6OPYI[OB8.HI/I}I IIpU TPO30BOM UMITYJIbCE, paCCMATpUBa:

- IPEJICTABUTENIbHYIO MAJAlOIIyI0 BOJHY TI'PO30BOTO IEpEHAINPSIKEHUs, ONpeaesieMyro
nosedenuem BO3AyIIHOW nuHUHU, coeauHeHHoll ¢ PB (OIIH), npu yoape moanuu u npuemnemoit
HOPMOH MOBPEXACHUH 3alUIaeMOro 000py10BaHus;

- CXeMy MOJICTAaHI1U;
- paccrosinue mexay PB (OITH) u 3amumaeMbiM 000pyI0BaHHEM;

- OTIpE/ICTISIIOT HOPMHUPOBAHHBIM YpOBEHb H30JSIUM 00OpYNOBaHUS, NPUBEACHHBIH B
npuinoxennn J1A;

- ecu TpedyeTcsi Oosiee HU3KUN YPOBEHb H3OJSAIMM 00OPYIOBaHMS, TO pacCMaTpUBaIOT
Oojiee HUBKOE Hauboavuiee OIuUmMeIbHO Oonycmumoe pabouyee HanpsidceHue, O0nee HUZKOE
HOMMHAJILHOE HampshkeHHe, Oosiee BBICOKMN HOMHHAJIBHBIM pa3psIHBbIA TOK, Oojiee BBICOKUI
KIIACC MPOnycKHoU cnocobnocmu, Apyryto KoHcTpykiuto PB (OITH) wunm yMmeHbIIeHHOE
paccrosinue mexay PB (OITH) u 3amuiaemMbiM 00bEKTOM.

[Tpumeuanue - bonee HU3KOE HaubobUEe OTUMENLHO 00NYCMUMOe pabouee HanpsdiceHue
win 6oJiee HU3KOe HOMUHAIBHOE HANPSHKEHUE MOXKET CHU3UTH IKCILTYaTal[MOHHYIO HAJEKHOCTh
PB (OITH).
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Jeranu 3ToM TEpallMOHHOW METOAMKH U3JI05KEHBI B pa3aenax 5, 6 u 7.

4.3 CoxpaHeHne paboTocnoCOGHOCTU BEHTUIIbHbIX Pa3psAAHUKOB U HENTMHEeMHbIX
orpaHuuMTeneun nepeHanps>XeHMn Npu 3arpsa3HeHMn NOKpbILEeK

3arpsizHenue nokpeiikn  PB (OITH) MoxkeT BbI3BaTh MEPEKPHITUE WM IOBBIIICHHUE
TEMIEpaTypbl KOMIIOHEHTOB, BBIPABHUBAIOIIMX HampsbkeHue B PB, wu Oosbmioit poct
temneparypsl Bapuctopos B OITH. Utobs! npenorBparuts nospexaeuus PB (OIIH) B paiionax
¢ 3arpsisHeHueM, cienyeT BeiOuparh PB (OITH), cmocoOHbIe BBIACPKHUBATH COOTBETCTBYIOIIUE
ycIoBUs 3arpsisHeHus. HecMoTpst Ha TO uTo AaHHOE TpeboBaHUE HE ycTaHoBIeHO siBHO B [OCT
16357 u I'OCT P 52725, PB u OIIH, ucnoyib3yeMble B HOpPMAJIbHBIX YCIOBUSX 3KCILTyaTallliH,
JOJDKHBI  BBIIEP)KMBAaTh CpPEJAHME BO3JEHCTBUSL 3arpsi3HEHUS, COOTBETCTBYIOUIUE CHeneHu
sarpsisHeHus Il (cm. mpunoxxenue /Ib). Ecnu paiion ycranoBku PB (OITH) moneepxken Gosnee
CHWJIBHOMY 3arpsA3HEHHIO, 9TO MOKET HeOiaronpusTHO NoBausATh Ha ucnonHenue PB (OIIH)
ceoux ¢(ynkuuid. Ecnu B cunbHO (cmenews 3arpssHenust III) wnm oyeHs cunbHO (cmeneHs
3arpsizHeHus 1V) 3arps3HeHHbIX paiioHax ucnoib3yioT PB (OITH) HeanexkBaTHON KOHCTPYKLUU,
3¢ exTUBHON B MNPEeAynpeKICHUHM CIIydaeB, YyKa3aHHBIX BBIIIE, JOMYCKAaeTcs IPOBOAUTH
NEePUOANYECKYIO YUCTKY MIJIM CMa3Ky.

Ecnu npennonaraercs oomsie PB (OIIH) mon nanpspkenwem, HeoOxoaumo, ytoObl PB
(OITH) 6bu1H CIIPOEKTUPOBAHBI C YYETOM TaKUX YCIOBUN IKCIUTyaTallUH.

5 BeHTUnNbHLbIE pa3psaaHuku B cootBeTcTBUM € FTOCT 16357

5.1 XapakTepuCcTUKN BEHTUSIbHbIX Pa3pAaHUKOB
5.1.1 OGuue moaoKeHUs

K ocHoBHEIM XapPaKTCPUCTUKAM PB oTHOCATCS UX HOMHHAJIBHOE HAIIPAKCHUC, HpO6I/IBHOC
HAIMps>KCHUEC, HOMUHAJIBHBIC PA3PAAHBIC TOKHW U OCTAOINHUECS HAIPSIHKCHUA IIPXU 3THUX TOKaX.

3amuTHas QYHKIUS XapakTepU3yeTcss TPOOMBHBIMU HANPSDKEHUSMU 1Ji11 (DPOHTA BOJIHBI
IPO30BOr0 M, NpPU HEOOXOJUMOCTH, KOMMYTAIIMOHHOTO HMMITYJIbCOB, & TaKXXE OCTAIOLIUMHUCS
HANpsDKEHUSIMUA TPU HOMHUHAJIBHOM DAa3psIHOM TOKE WU, KOrja HeoOXOOuMO, MpH TOKax
KOMMYTallHOHHOTO HMITyJbca. [l NaHHOrO HOMHHAIBHOIO HANpsDKEHUs CymecTByorT PB
Pa3IUYHBIX TUIIOB, a CJIEIOBATENIbHO, Pa3HbIE 3alllUTHBIE YPOBHHU.

K nonosmuurtensHbiM XapakTtepuctukam PB, mnomiexammm paccMOTpPEHHIO, OTHOCSTCA
JUIMTETIBHO  donycmumoe pabodee HANPSHKEHUE, HPONYCKHAS CHOCOOHOCMb WIH  KAACC
yemouyugocmu PB k  Onumenvhvim  umMnyibcam moxa, Kame2opusi 83pble00e30nacHOCmi,
CIIOCOOHOCTh BBIIEPIKUBATH 3arps3HEHUs, NPUTOJHOCTh K OOMBIBY TOJ HAmpsDKEHUEM U
crennagbHbIe MEXaHNYeCcKe KauecTBa.

5.1.2 HoMuHanmpHOE HaNpsKEHUE

HomuHaneHOE HanpspKEHWE - 3TO MAaKCUMaIbHO JOIYCTUMOE JEUCTBYIOLIEE 3HAYCHHUE
HaIpsDKEHUs NIPOMBILIJICHHOW 4acTOThl MEXIy BbIBOAaMH PB, mpu koTtopoM mnpeamosaraercs
npaBWibHasg ero pabora, Kak 3TO MPENNUCaHO YCJIOBUAMM HchbITaHui. HomuHanbHOE
HaNpsOKEHUE UCTOJIb3YeTCsl B Ka4eCTBE KOHTPOJBHOIO MapaMeTpa Ui YCTaHOBJIEHUS pabounx
XapaKTEPUCTHK.
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[Ipumeuanue - PB HEKOTOPBIX TUIOB, IPeAHA3HAYEHHBIE Ul UCIIOJIb30BAHUS B OUANasone
111, co3maroT Ui TameHust Tyrd NPy HANpSHKEHUSX MPOMBIIUIEHHONW 4acTOThI 00Jjiee BBICOKHX,
4YeM HOMHMHAJIBHOE HAIPsDKEHHE. OTO HANpsDKEHHWE, KaK IMPaBWIIO, HA3bIBAIOT "HAIPSDKCHUEM
raiieHuss Npu KBazucTauuoHapHbIX nepeHanpsokeHusx". Ilockompky I'OCT 16357 He
yCTAQHABJIMBAaeT HUCHBITAHUA B LEJIAX TapaHTUU MpaBUIbHOM paboTel Takux PB, ycnoBus
NPOBEICHUS MCIBITAHUA W TPHIOKEHHE HANPSHKCHUS JOJDKHBI OBITh COTJIAaCOBAaHBI MEXIY
HOTpeOUTENEM U U3TOTOBUTEIIEM.

B HekoTOphIX ciyyasx, Hanmpumep Ui UCIBITAHUN B YCIOBHSX 3arpsA3HEHHS, IJOJIKHO
OBITH U3BECTHO MaKCHUMAaJIbHOE JICUCTBYIOIIEE 3HAUCHHUE HAIIPSHKEHUSI TIPOMBIIUIEHHOMN 4acTOTHI,
KOTOPOE MOET OBITh JUIUTEIHHO MPHUIIOKEHO MEeX Ay BhiBogamu PB. s PB, npennasHaueHHBIX
JUTSL UCTIONIb30BaHUsl B duanazonax 1 u II, 3T0 HanpspKeHUE MOXKET ObITh PaBHO HOMUHAJIBHOMY
HanpsbkeHuro PB.

Jnst PB B ceTsix ¢ M30JIMPOBaHHBIMH M PE30HAHCHO-3a3€MJICHHBIMH HEHTPAIIMH B TE€UEHHE BCEro NEepHoJa HCIBITAaHHH B
YCIIOBHSIX 3arps3HEHUs JOJDKHO OBITH MPIJIOKEHO JUINTENIBHOE HalpsDKEHHE, paBHOE HOMHHaJIbHOMY HampspkeHuro PB. Ipu
9TOM, €CIM HOMHHAIBbHOE HalpsDKEHHE NpeBBINIacT HamOoipliee pabodee HampspkeHHE (MEXAy ¢a3amu) CeTH, IO
COTJIALIICHUIO MEXIY HOTPEOUTEIEeM 1 H3TOTOBUTENIEM B KA4ECTBE HCIBITATEILHOTO HAMPSHKCHHUS BHIOUPAOT MOCIIEAHEE.

s PB, npenHa3sHaYeHHBIX IS UCTIOJIB30BAaHUS B duanasoue 111, oHO, kak npasuio, Hike. s PB B ceTsix ¢ 3a3emiieHHBIMU
HEUTpaIsaMu ¢ K03()(HUIIMEHTOM 3aMbIKaHUS Ha 3eMJI0 MKy 1,2 U 1,4 cHayasa TOJDKHO OBITh MPHUIIOKEHO HCIBITATEILHOS
HampsbkeHne, coctaBitomee 0,75-0,8 (mns kooddumueHToB 3amblkaHus Ha 3emmo 1,33 um 1,25 COOTBETCTBEHHO)
HOMHUHAJBHOTO HanpsbkeHus PB, win 0,87 (1.e. 1/1,15) ycTaHOBICHHOTO JTMTEIBHO donycmumozo padbodero Hampsokenus PB
(OHO PaBHO WJIM MCHBIIE, YeM HOMHHAILHOE HampspkeHre PB), B 3aBHCHMMOCTH OT TOTO, Kakoe MeHbIne. [lanee 3HaueHHe
HCTIBITATENIFHOTO HAIIPSHKCHHUS € TIEPEPBIBAMU YBEIMUUBAIOT 10 00Jiee BEICOKOTO 3HAUYEHHsI, COOTBETCTBYIOIIETO, B IPHHIINIIE,
HanpsHKEHUIO KOPOTKOTO 3aMBIKaHMs, B TeueHHe 1-2 ¢, a 3aTeM OBICTPO CHIDKAIOT 0 HAYaJbHOTO 3HAUCHHUS.

[Ipumeuanue - [lanHoe nonoxkenue 3amensiet ccoliaky Ha MOK 60099-3 (pasznen 6).

ITockomeky 'OCT 16357 He ycraHaBIMBaeT UCHBITAHUM B  LENSIX TapaHTUH
MaKCHMaJIbHOTO JEMCTBYIOLIETO 3HAUEHUS HANpPSIKEHUS IMPOMBIIUIEHHOW YacTOThI, KOTOPOE
MOXET OBbITh JUIMTENbHO MPUIIOKEHO MEXIY BbIBoJamu PB, mpuemiemoe 3HaueHHE JOIKHO
OBITH IOJYYEHO OT U3TOTOBUTETIS.

5.1.3 3amuTHBEIE YPOBHU

3ammTHBIM ypoBHEM PB mpu rp0o30BOM HMMITYIbCE CUMTAIOT HAHOONBINEE U3 CIEAYIOIINX
3HAYEHUM:

- MpOOMBHOE HANPSKEHHUE IPU CTaHAAPTHOM I'PO30BOM HUMITYIIbCE;

- OCTarolIeecs HapsKeHNEe IPU HOMUHAIBHOM pa3psiiHOM TOKe.

[Ipumeuanue - B ciydae 3ammTsl 000py0BaHUS OT MEpEHANPSKEHUN ¢ KPYThIM (PPOHTOM
OpeIroiaraloT, YTO  BBIACpXKHBaeMas IMPOYHOCTh MPONUTAHHOW  MacjaoM  M3OJSLHUU
TpanchopmMaTopoB, MO KpaitHeW mepe, Ha 15% Ooibiie ee BhIIEPKUBAEMOW MPOYHOCTH TPHU

MOJTHOM TPO30BOM UMIMYJIbCE NS MPOAOKUTEIHLHOCTH HANpsDKEHUs O0osee KOPOTKOW, deM 3
Mkc. CrnenoBaTeslbHO, MaKCUMalIbHbIe HanpsbkeHus, ycranoBieHHble B ['OCT 16357 (Tabmmibt
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2-4) nns npo6os Ha ppoHTe BOJHBI, HA 15% BBIIIE, UeM OHH K€ JUIsl CTAaHJAPTHOTO I'PO30BOTO
UMITYJIbCA.

W3onsmus npyrux TUIOB, Kak, HApUMEpP, B U3MEPUTENIbHBIX TpaHcpopmaropax, Kabemsx
WIH 2epMemu3upo8anublx pacnpeoerumenvuuvix ycempoticmeax (I'PY), MoxeT UMeTh pa3inyHble
BBIIEP)KMBAEMble XapaKTEPUCTUKH, a MPOOMBHOE HANpsKEHHE Ha (POHTE BOJHBI MOMKET
OoTpeOOBaTh CHEUAIBHOTO PACCMOTPEHHUS.

3alUTHBIN YPOBEHb MMPU KOMMYTAIIMOHHOM HMMITYJIbCE TMPUMEHSIOT IS 3alUThI
000py/IoBaHUs OT MEepeHANPSHKEHUH ¢ mooruM GpoaToM. OH TpecTaBiIsieT co00i HanbobIIee
U3 3HAYCHUH NPOOMBHOTO HAMPSHKCHUS MPH KOMMYTAIIMOHHOM MMIIYJIbCE M OCTAIOIIEroCs
HAIPSOKCHUA [TPU KOMMYTAIlMOHHOM UMITYJIBCC.

[Ipumeuanue - Ecmm pmns PB kxakoro-nmmbo Tuma mnpoOMBHOE HANpsOHKEHHE —TIPH
KOMMYTAllUOHHOM HMITYJIbCE€ HE M3BECTHO, BechbMa OJM3Kas IO CoJepKaHui0 MHGopMaius o
HEM MOJKET OBITh TIOJTY4YeHa M3 MPOOUBHOTO HAMPSHKEHUS IPOMBIIUICHHONW YaCTOTHI.

5.1.4 HoMuHanbHbIN pa3psIHbIA TOK

32 HOMMHAQJIBHBIM pa3psAOHbId TOK INPUHUMAIOT aMIUINTYJHOE 3HA4CHHE WMITYJIbCa,
umeroriero ¢opmy 8/20, koTopoe wucmoib3yroT s kiaccupukanmu PB. HomuHanbHBIN
paspsAIHbIA TOK UCHOJB3YIOT TaKXke JUIsl TOr0, YTOOBbl MHUIIMHUPOBATh CONPOBOKIAIOIIUI TOK B
XoJe pabounMx WCIBITAaHUH ¥ YCTaHOBHTH 3allUTHBIM YpoBeHb PB mpu Trpo30BBIX
NIEPEHAIPSHKCHUSIX.

5.1.5 Knacc ycmoiituusocmu Kk onumenbHvlm umMnyibcam moka

Knacc ycmouuusocmu  k  OnumenvuoimM — umnyivcam moka — 0003HAYalOT — YHCIOM,
COOTBETCTBYIOIIMM crocoOHocTu PB mormomarte sHepruro mpu paspsiie AJIMHHBIX JIMHUM.
Bozpacratomue ©Homepa kmaccoB mo ['OCT 16357 (tabnuma 7) yKa3blBalOT Ha
YBEJIMYUBAIOLIMECS] HANpPSOKEHWs] CEeTM M JUIMHY JIMHUM, W CHIDKAIOLIUEeCs BOJHOBOE
COIIPOTHUBIIEHUE U KO3(DPULIMEHTHI TepeHaANPSIKECHUH.

5.1.6 Kamezopusa é3pviéodezonacnocmu

Kamezopuio e3pvisobezonacnocmu  ob6o3navaror 6Oykeor (A, B, C, D wumu E),
COOTBETCTBYIOIIEH crocoOHOocTH PB BBIIEpKMBaTh TOCHE TOBPESKACHUS TOKH BHYTPEHHHX
KOPOTKHMX 3aMbIKaHMM ©e3 B3pbIBHOrO paspyuieHus mokpbimku cormacio ['OCT 16357
(moamyHkt 3.1.15).

5.1.7 Belnep:kuMBaeMbl€ XapaKTEPUCTUKHU B YCIIOBUSIX 3arps3HEHUS

[ns PB, npenHa3HaueHHBIX U1 UCIIOJIB30BAHUS B 3arpSA3HEHHBIX pallOHAX CO cmeneHamu
3arpssHenus I u IV, xapakrepucTUKH KOTOPBIX NMpPUBEICHBI B MpuioxxkeHuu b, Heo6xonumo
WCTIBITAHUE B YCJIOBUSAX 3arpsi3HEHUs] B COOTBETCTBUM C mpuioxeHuem JIB. U3 pesynpraton
3TOr0 WCHBITAHHUS TOJYy4aloT MH(OpMAIMI0 O MPOOMBHOM XapaKTepUCTUKE. XapaKTepHCTUKa

MEPEKPBITHS MOKPBIIIKA MOKET ObITh IpoBepeHa B cooTBeTcTBUU ¢ 'OCT 10390.

5.1.8 XapakTtepuctuku 0OMBIBa MO HAPSDKEHHEM
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[Tpumenenne oOMBbIBa O] HAMPSKEHUEM MOXKET MOTPeOOBaTh CHEIMAIBHON KOHCTPYKIUH
PB, a Tak:ke COOTBETCTBYIOIIUX MUCIIBITAHUM.

[Tpu npoeKkTHpOBaHUM  OOMBIBOYHOTO  OOOPYHOBaHHMS JOJDKHBI  OBITH  COOJIO/ICHEI
CIIeAyIOIIHEe TpeOOBaHUS:

- JOJIZKHa OBITH MCIIOJIb30BaHAa BOJa C COOTBCTCTBYIOIIUM YJCIbHBIM COIIPOTUBIICHUCM;

- IaBJICHHE W KOH(MUTyparus CoIia JOJDKHBI OBITh TAaKUMH, YTOOBI Pa3psIHUK IO BCEH
JUIMHE ¥ OKPYKHOCTH CMayHMBaJICAd KaKk MOKHO 0OoJjiee paBHOMEPHO M OJAHOBpeMeHHO. [yt aToro
HEOOXOAMMO YUUTHIBATh MAKCUMAJILHO JIOIYCTUMYIO CKOPOCTh BETpA.

5.2 Bbl6op (pa3HbIX BEHTUINbHbIX pPa3spsagHMKOB
5.2.1 HomuHanpHOE HaIpsHKEHUE

Kak npaBuno, BeiOupator PB, xkoTOpbIii Obl BbLAEPKHBAJI BO3AEUCTBUS, O0YCIOBICHHbBIE
KBa3MCTAl[IOHAPHBIMU TE€PEHANPSIKCHUSMHU, MOSIBISIOLMMHUCI B pe3ylbTaTe O0JHO(A3HOro
3aMbIKaHHUsT Ha 3€MJTIO, BBI3BIBAIOIIETO MMOJBEM HANpPSHKEHUS HAa HEMOBPEXKAECHHBIX (hazax B TO
BpeMs, Korjga mpoucxoiaut cpabarbiBanue PB Ha opHoit u3 »tux ¢a3. Heobxomumo
paccmaTpuBarh U ApYyrue MPUUMHBI KBa3UCTALIMOHAPHBIX MEPEHANpPSIKEHUM, a 3a HalpsKeHUe,
Ha KOTOPOE pacCYMTaH pa3psiHUK, CIeIyeT MPUHUMATh HAUBBICIIEE U3 ITUX MEPEHANPSKECHUM.
B HekoTOphIX ciydasx MOXET OBITh HEOOXOAMMO pacCMOTPETh KBa3UCTAlMOHAPHBIC
HepeHanpsKeHus, BOZHUKAIONINE B Pe3y/IbTaTe OJHOBPEMEHHOI'O CBEPILEHUS Pa3HbIX COOBITHIH,
HaIpUMep BHE3aIIHOro cOpoca Harpy3kd W 3aMbIKaHUS HAa 3€MJIIO, IPUHUMAas BO BHUMaHUE
BEPOATHOCTb UX IOSIBJICHUS.

Bo Bcex ciywasx  paccMaTpuBarOT  CIEAYIOLIME IPUYMHBI  KBa3UCTAl[MOHAPHBIX
NepeHanpsHKCHUM:

- 3aMBIKaHMSI Ha 3eMJII0. DTHU NEPEHAIpPsDKEHUs MPOSBISAIOTCS B OONBIION YacTH CETH.
PykoBOJCTBO 10 OIPENENECHHUIO aMIIIUTY KBa3UCTAlMOHAPHBIX NEpEHANPSIKEHUIN IPUBEACHO B
MMPUITOKCHUU A. HpOI[OJ'DKI/ITeJ'IBHOCTI) NEPCHANPSIKCHUA 3aBUCUT OT IMPOAOJDKUTCIIBHOCTU
3aMbIKaHMs (10 ero ycTpaHeHMs). B ceTsx ¢ 3a3eMJIeHHOH HelTpasiblo OHa, KaK MPaBWJIO, HE
npeBbliaeT 1 c. B cersx ¢ pe30HaHCHO 3a3eMJICHHOM HEWUTPalbl0 C aBTOMATUYECKUM
yCTpaHEHUEM 3aMbIKaHUs OHa, Kak MpaBuilo, He npesbimaet 10 c. B cersax 6e3 aBTOMaTHYECKOrO
YCTpAaHEHUs] 3aMbIKaHUS Ha 3€MJII0 3Ta MPOJOJIKUTEIBHOCTh MOXET COCTaBJISATh HECKOJIBKO
4acoB;

- cOpocbl Harpy3ku. Ilocie OTKIIOYEHHS Harpy3Kd BO3pacTaeT HampsHKeHHe Ha
cpalboTaBIIEM CHJIOBOM BBIKJIIOYATEJIE CO CTOPOHBI HCTOYHUKA MHUTaHUA. AMIUIUTYyJa
NIEPEHAIIPSHKEHNUST 3aBUCUT OT XapaKTEPUCTUK OTKJIIOYEHHON Harpy3kM M OT MOLIHOCTH
KOPOTKOT'O 3aMbIKaHMs NMUTAroLIEN noacranuuu. KBazucranmoHapHble NEpEeHANPSKEHNS UMEIOT
OCOOEHHO BBICOKHME AaMIUIUTYAbI IOCJI€ IIOJHOro cOpoca HAarpy3Kd Ha TIE€HEpaTOPHBIX
TpaHchopMaTopax B 3aBUCUMOCTH OT YCJIOBUN HaMarHMYMBaHUS U NPEBBIMICHUS HOPMAJIbHOU
CKOPOCTH. AMIUINTY/a TepeHanpssKeHUM, BbI3BaHHBIX COPOCOM Harpys3Kd, Kak IpaBuHIIo,
U3MEHSeTCs B TeUeHUE UX mepuofa aeiictBus. IIpu TOUHBIX pacyeTrax HEOOXOAMMO YYHUTHIBATh
MHOTO [TapaMeTPOB.

B kauectBe PYKOBOACTBA MOT'YT OBITH MCITOJIb30BaHbI CICOYIOMUEC TUITNYHBIC 3HAUYCHUA !
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- B HEOOJBIIMX IO MPOTSDKEHHOCTH CETSIX IOJHBI cOpOC Harpy3Kd MOXKET BBI3BATh
MOAbEM TEpeHanpsDKeHW (aza - 3eMiisl ¢ aMIUIATYAOM, Kak TpaBWiIo, HWkKe 1,2 OTH. €.
[TpoaOmKUTETLHOCTD MIEPEHANIPSKCHISI 3aBUCUT OT CpadaThIBaHUs allapaTyphl, PeTyIUPYOMei
HaNpPsDKEHUE, U MOXKET JOCTUTaTh HECKOJIBKUX MUHYT;

- B IIPOTSDKEHHBIX CETSAX IMOCJE MOJHOrO cOpoca Harpy3KH aMIUTUTYyIa IepeHarpsHKEeHHs
daza - 3emssi MOXKeT gocTurath 1,5 OTH. en. uiam Aaxe Oojee B ciiydae mosiBieHus 3ddexra
@eppantn  wiu  pe3oHaHca. [IpOJOIKHTENBHOCTh IEPCHANPSDKCHU MOXET —COCTaBIISTh
HECKOJIBKO CEKYHJI;

- IpA copoce Harpys3ku reHEepaTOPHBIX TpaHchopMaTopoB aAMIUIATY b
KBa3UCTAIIMOHAPHBIX MEPEHAINPSHKEHU MOTYT JocTUrath 1,4 oTH. ell. ajsi TypOOreHepaTopoB u
1,5 orH. ex. st rugporeHepatopoB. [IpoJoiKUTENBHOCTh INEpEHANPSKEHUN COCTaBISAET
npuOIU3UTENBHO 3 C.

Ecau u3BectHa BpCMCHHaAs 3aBUCHUMOCTDB AMIUINTY A, y,Z[O6HO NpCaACTaBJIATb
NEpCHANPSKCHUA B BU/C KoJIcOaHMH ¢ MaKCUMaJIbHOU aMHJIHTYIIOﬁ IpOoaAOJKUTCIIBHOCTBIO,
paBHOﬁ BPEMCHH, B TCUCHHUEC KOTOPOI'O0 aMIUIUTYAbI IIPCBBIIIAIOT 90% MakcHMaJIbHOTO 3HAYCHMS.

B HexoTophIX ceTsax HE00XO0AUMO paccMaTpuBarh CIIEAYIOIIHE ciiyvyau
KBa3MCTALIMOHAPHBIX IIEPEHAPSIKCHUI:

- pe3oHaHcHbIe 3()(EeKThI, HaIpUMep TpPU 3apsIKe UIMHHBIX XOJOCTBIX JHHUW WM TPU
pEe30HaHCax MEXIY CETAMU;

- MOJTbEM HANPSHKEHUS BIOJIb JUTMHHBIX JTHHUN (3 dexT Deppantn);
- TApMOHUYECKHE MTepeHANPSHKEHUS, Hal[pUMep TPU KOMMYTAaIlUU TpaHC(HOpMAaTOpOB;

- o0paTHOe TUTaHUWE uYepe3 CBs3aHHbIE TpaHc(hoOpMaTOpHBIE OOMOTKH, HampuMmep
JIBYXTpaHc(opmaTopHasi HOJACTaHIMS C OOLIel BTOPUYHOW IIMHOW BO BpeMs YCTpaHEHUs
HNOBPEXJCHUS  WIM  oxHO(a3HOM  KoMMyTauuu  TpexdasHoro  TpaHchopmaTopa ¢
HEYpPaBHOBEIICHHOW BTOPUYHOU HArPy3KOH.

KBa3zucrarmonapHsle nepeHanpsbkeHns, o0ycaoBiIeHHbIE (heppope30HaHCcaMu, HE JOKHbI
OBITH MCIIOJIB30BAHbI KaK OCHOBA /15 BBIOOpa PB, a TOMmKHBI OBITH YCTpaHEHBI.

KomOuHamnus Takux NpUYMH, KaK 3aMblKaHME Ha 3eMIII0 M cOpOC HAarpy3kd, MOXKET
NPUBECTH K OoJiee BHICOKMM 3HAYEHUSM KBA3HUCTAIIMOHAPHBIX MEPEHANPSHKCHUH, YeM B CITydae
BO3€UCTBUSA OonHOM M3 HuX. Korma Takue KOMOMHAIMM CUUTAIOT JOCTATOYHO BEPOSITHBIMH,
NepeHaNpsHKEHUS OT KaKJ0W MPUYMUHBI HEOOXOIMMO CYMMHPOBATh, YIUTHIBAs ICHCTBUTEIHHYIO
KOH(UTYpaIuIo CeTH.

[Ipumeuanue 1 - Bpibop HomuHanIbHOrO HampsbkeHus PB, coorBercTByloIIero
MaKCUMaJIbHbIM  KBAa3WUCTAallHOHAPHBIM  IIEPEHANPSIKEHUAM  CETH,  OCHOBBIBAIOT  HA
OPENOI0KEeHNH, 4TO HauOoibllee HAMpsHKEHHE CETH HE IOBBIINIACTCS MPHU HOPMaIbHBIX
YCIIOBHSX JKCIUTyaTanuu. Eciaum uMmeeTcss BEpOATHOCTh MOSIBICHUS aHOMAJIBHBIX HAIPSIKEHUN
CEeTH, YBEJIMYUBAIOIINX, TAKUM 00pa30M, BEepOSATHOCTh cpabaTbiBaHuil PB B JaHHBIX yCIOBUSX,
MOJKET CTaTh HEOOXOAUMBIM Hcrosb3oBaHue PB ¢ 0Oonee BBICOKMM HOMUHAIbHBIM
HaIpsDKEHHUEM, YeM TO, KOTOpoe ObIJI0 PEKOMEHI0OBAHO BBIIIIE.

[Tpumeuanue 2 - Paboune HanpspKeHUs ¢ 4acToTaMH, OTIUYHBIMU OT 50 mim 60 I', moryt
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noTpeboBaTh CHEIHATLHOTO PACCMOTPEHHSI TMPH HM3TOTOBICHUM WU JKciutyatanmuu PB u
JIOJDKHBI OBITH TIPEAMETOM OOCYKICHUS MEXKIY U3TOTOBUTEIEM U TIOTPEOUTEIIEM.

PB s cereif ¢ M30JIMPOBAHHBIMH WJIM PE30HAHCHO-3a3€MJICHHBIMH HEHTpanmsMu 0e3
aBTOMATHUYECKOIO YCTPAHEHUS 3aMbIKaHMsS Ha 3€MJIIO JOJDKHBI ObITh CIOCOOHBI BBIAECPKUBATh
HOMUHAQJIBHOE HANpPsDKEHUE HENpPephIBHO, YTO OOYCIIOBJIEHO BO3MOXHBIM JUIUTEIBHBIM
KBa3UCTAllMOHAPHBIM IIepeHanpsbkeHueM. PB mius cerell ¢ aBTOMAaTM4eCKUM YCTpaHEHUEM
3aMbIKaHHUs Ha 3eMJIIO JIOJDKHBI BBIICPKHBATh MAaKCUMaJIbHOE HampspkeHue (haza - 3eMJysl CEeTH.
OTO yMEHBIIEHHOE 3HAYEHUE MOXKET OBbITh IIOJYYEHO OT U3rOTOBUTEIIS.

5.2.2 HoMuHanbHbIN pa3psaIHbIA TOK
5.2.2.1 ®akTopkl, BIUSIONINE HA TPO30BBIC pa3psIHbIEC TOKU

Kak npaBuno, Toku PB, o0ycnoBieHHble pa3psaaMu MOJHUU, MEHbBIIIE, YeM TOK MOJIHUU.
B cjiydyac npsAMBIX ydapOB B JIMHHUU 6CFYHII/IG BOJIHBI PACIIPOCTPAHAIOTCA B IIPOTUBOIIOJIOKHBIX
HAIpPaBIEHUAX OT TOUKH yaapa. [lepexpbiTue TMHEHHON U30MISIIUU CO3AeT NapasuieIbHbINA MyTh
K 3€MJIe, KOTOpPbIM OTBOAMT YacTh TOKa MOJHUU. B ciydyae ynapoB B Oosee ueM OJHUH NPOBOJ
WIH TIEPEKPBITUS MEXAYy MPOBOJAAMU MOTYT CpadoTaTh U paclpeAenuTh MEKIy cOOOH TOK JBa
wm Oonee PB. Tompko B ciydae mpsMOro yaapa oOd4eHb ONM3KO K BBoay PB, rme 1o
cpabatbiBanust PB He mpoOMCXOIUT HUKAKOTrO MEPEKPBITUS, PA3psAHUK BBIHYXJIECH MPOMYCTUTh
yepe3 ceOs HaWOONBIIMK TOK yJapa MOJHHH. BepOsSTHOCTh TaKOTO Ciydas MOXKET OBITh
3HAYUTENIbHO CHW)KEHa COOTBETCTBYIONIEH 3ammuTon. MHbopmanus, kacaromascs mapameTpoB
FpO3OBOI>'I BOJIHBI, MOXKET OBLITH noJrydyeHa wu3 O6IIII/IX NN MECTHBIX CTAaTUCTHUYCCKHUX JaHHBIX.
CooTHoIIEHHE MEX]Ty TPO30BBIMH BOJIHAMH U Pa3psAIHBIMU TokaMu PB MoxeT ObITh MosydeHo
MyTEM PacyeTOB METOJIOM OETYIIUX BOJIH.

Boznyiinbeie TMHUM MOTYT OBITH 3aIlMIIEHBI OT NMPSAMBIX y1apOB MOJIHHUH B IIPOBOJIA ITYTEM
UCITOJIb30BaHUS 3allMTHBIX TPOcOB ('"Bo3aymiHas 3emis"), KOTOpbIE pa3MEIIaloT Tak, YTOObI
NepexBaThlBaTh yJapbl MOJHUU W HANpaBlIATh TOK MOJHHMHU K 3€MJI€ IO METaUINYECKUM
OalIeHHbIM WJIM ONOPHBIM KOHCTPYKIMAM. Tam, Te NPUMEHSIOT JAEPEBSHHbIE OMOpPBI, s
COEIMHEHUS 3alUTHBIX TPOCOB C 3eMJIEH HCIOIb3YIOT IPOBOJHUKH C HU3KUM COMPOTHBIICHUEM.

[Tpu ucnosb30BaHUM 3AIUTHBIX TPOCOB MCKIIIOYAIOTCS TIOYTH BCE MPSIMBIE yaapel B
nuHelHble npoBoja. Korma mpoucxoaut Takoil mpsiMoil yaap (IpOpBIB 3alUThH), IEPEKPHITHE
JIMHAK TOYTH HEU30E€KHO B CETH, OTHOCSMIEHCS K Juanazonam I u II. Yncno 3ammuIarommx
MOBPEXICHUM M HMX TSKECTh CIEAYET PEryIMpOBaTh YHUCIOM U PACHOJOKEHHEM 3allUTHBIX
TpocoB. Korma ymap MOJTHMM OKaHUMBAETCS Ha 3alIUTHOM TPOCE, TOK MOJHHU OTBOAMUTCS B
3€MJIIO 10 YCTPOMCTBAM, COCTOSIIIIUM W3 COEIMHEHHBIX MPOBOJIHUKOB. lloHOE compoTuBieHne
MyTH TOKa, BKJIFOYAash BOJHOBOE COINPOTHBIICHHE 3€MJIM, BBI3BIBACT HANPSDKCHHE Ha BEPXY
TUHEHHON omopkl. YacTh ATOro HampshDKEHUS MPUXOAUTCS Ha (azHble MpoBoAa. PazHuiia Mexmy
noTeHIaIoM (a3HOro MPOBOJIa M MOTEHIIMATIOM BepXa OTMOpPHI, IpHiIaraeMas HemoCpeICTBEHHO
K JJMHEHHON M30JSLMU, MOXKET MPUBECTH K NMEPEeKphITHIO. [lepeKkpbITue 3TOro THUMa Ha3bIBAIOT
0o0paTHBIM TEpeKphITHEeM. YacToTa TOSBICHUS OOpPaTHBIX TIEPEKPBHITUNA  PETYIHPYETCS
COOTBETCTBYIOIIMM BBIOOPOM HU3OJISIIIMU, TMOJEPKAaHUEM COMPOTHBIICHUS 3a3eMIICHUS OTMOp Ha
MPUEMJIEMOM HHU3KOM YpPOBHE, OOECIeYeHHEM aJIeKBATHBIX IMPOMEXYTKOB IPOBOJ - OIOpa,
MPOBO/I - 3aLUIUTHBIM TPOC U MPOBOA-NIPOBOA U IYyTEM ONTUMU3ALMHI T€OMETPHUH OIOP.

MCTOI{I/IKH, AHAJIOTUYHLBIC TIPUMCHACMBIM JIs1 3allUThHL HHHHﬁ, MOTYT TaK¥Xe OBITh

MPUMEHEHBI JJIs 3allUThl MOJCTAHIUNA. MeTompl 3aluThl MPETyCMATPUBAIOT HCIIOIH30BaHUC
MOJABECHBIX 3a3€MJICHHBIX TPOCOB, METAIUIMYECKUX MAayT U MOJHUEOTBOJIOB, MOJJIEPKUBAECMBIX
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MOJICTAHIIMOHHBIMH ~ OMOpaMU. OTH METOAbl MOTYT OBITh TPUMEHEHBI B Pa3IUYHBIX
KOMOMHAIHUAX.

B ycranoBkax, He 3alUMIIEHHBIX OT NPSIMBIX YAapOB MOJIHUM, HampuMmep Ha
pacmpeeuTeNbHBIX TpaHCPopMaTOpaX HMIU B MECTE MPUCOCTUHEHUS Kaleis Ha JTUHUSAX C
JEPEBSIHHBIMU OTOPaMHM, KaK HU30Js1us, Tak U PB MoryT ObITh moaBepKEeHBI MPSMBIM YAapam,
BBI3BIBAIOIINM YPE3BBIUAMHO BHICOKUE pa3psHble TOKU. Kak mpaBuiio, 3HaU€HUs TOKa MOJIHUU U
MPEJICTABUTEIILHOTO PA3PAIHOTO TOKA CBSA3AHbBI C BEPOSITHOCTHIO UX MOSBICHHUS.

]_ICJ'IB 3alllMTBl IIpU €€ NPUMCHCHHH Ha INOJACTAHIUAX 3aKIH0YacTCAd B CHHKCHHH PHUCKaA
MOBPCIKACHHUA H30JIAIHMU OO0 HNPHUEMIICMOI'0 YPOBHA. B HCKOTOPBIX CIydasxX 3TO MOXKCT OBITh
JAOCTUTHYTO SaIHI/ITOfI TOJIBKO ITOACTAaHIHH. B Apyrux ciiydasax HOT‘pe6yeTC5I 3aluTa BCEX
JIPIHI/Iﬁ, NOAXOAAIIMX K ITOJCTaHIIUH. 33,].]_[I/ITa JIMHUM Ha CPaBHUTCIBHO KOPOTKOM paCcCTOAHUHU OT
noACTaHIMHU TJIsA HO,Z[CTaHI_[I/IOHHOI‘/'I 3al0UTHI paBHOLICHHA ITOJTHOM 3al0uTe JIMHUIA.

IIpy HanM4MKU XOPOLIO CIPOECKTUPOBAHHBIX CPEACTB 3ALLUTHI, U30IALUN U 3a36MIIAIOIINX
CHCTEM BEPOSITHOCTD MPSIMBIX yJapOB MOJIHUH B (pa3HbIE MMPOBOAA CYIIECTBEHHO YMEHBIIAETCS, a
3HAUYEHHUE HAINPSDKECHHUS, NPUIOKEHHOIO K M3OJIALMHU B CIIy4ae yIapOB B 3AILUTHYIO CHCTEMY,
CHIKAETCs [0 3HAYEHUH, MEHBIIMX YEM YpPOBHM MNEPEKpbITUA. B pe3ynbrare CHUKAKOTCSA
paspsaaHble Tokd PB, u4TOo mMO3BOJSET OCYIIECTBIATH JIYYLIYIO 3aLIUTy OOOpYAOBaHHS U
YMEHBLIATh HAIPy3Ky Ha HETO.

5.2.2.2 BbIOOp HOMUHAJIBHOI'O PAa3psIIHOTO TOKA
Kak npaBuno, HoMMHaIbHBIN pa3psiaHbii Tok PB BeIOMparoT nocie paccMoTpeHus:

- BOKHOCTU M CTEMEHH MPOCKTHUPYEMOU 3aIUThl. 3allUTHBIE YPOBHHU, Oa3upyrommecs Ha
0oJiee BHICOKUX aMIUTUTY/E U KPYTU3HE TOKA, YBETUUUBAIOT HA/IEKHOCTh 3aIIUTHI;

- YUClla JIMHUHW, TOAKIIOYEHHBIX BO Bpems cpabareiBanus PB. BcenmeactBue oTpakeHus
Oerymmx BOJH Ha pa3psaHbli Tok PB BIMAIOT mapamuienbHO COEIUHEHHBIE BOJHOBBIC
COTIPOTUBIICHUS JIMHUN U Kabemneil;

- TuHENHON m3oisiuu. OXuzaeMble IPO30BBIE pa3psaHbIE TOKH PacTyT C yBEIWYEHHEM
JMHEHHON M30JUH (HanmpuMep, MOJHOCTHI0 U30JUPOBAaHHBIE I€PEBSIHHbIE CTOJIObI), MOKa yaap
MOJIHUM HE€ TNPOU30MJIeT HACTOJNBKO OJMU3KO K pa3psIHUKY, YTO BOJIHOBOE CONPOTUBJICHUE U
M30JISIIMSL JIMHUM HE CMOTYT NMOBIMATH Ha BoiHy. Korna PB ucnonb3yroT Ha mojacraHuuu, K
KOTOpPOM NOJICOEINHEHB] JIMHUN Ha JEPEBSIHHBIX ONOpAaX C HE3a36MJIEHHBIMH TPaBEpCaMU WU
HITBIPSIMU M30JIITOPOB, TOT /1A, IO KpallHEelH Mepe, OJiHa Onopa, CKOpee BCEro, MOCIeAHss Ha 3TON
JUHUM, JOJDKHA MMETh 3a3€MJICHHBIE TpaBEpChl WM INTHIPU M HU3KOE CONPOTHBIICHHE
3a3emiieHUs. B cilydyae BBICOKMX CONPOTHBIICHUH 3a3€MIIEHUS JOJDKHBI OBITh 3a3€MJICHBI
HECKOJIBKO OTOpP HA PACCTOSTHUM MPUOIN3UTENBHO MSATH MPOJIETOB OT MOACTAHIINH;

- BEpOSITHOCTH TIOSIBIICHUsI 0oJiee BBICOKUX TOKOB OT YyJapoOB MOJHHUHU. AMIUIUTYAA
TPO30BBIX TOKOB M3MEHSIETCS B IIMPOKOM JUaIa3oHe 3HauyeHHWil. JIMHUKM B pailoHaxX ¢ BBICOKOM
IJIOTHOCTBIO YJIapOB MOJIHUM B 3€MJIK0 MMEIOT IOBBILIEHHYI0 BEPOATHOCTH YJIapOB MOJHHUH C
BBICOKMMH aMIUTUTYIaMH TOKA;

- XapaKTepUCTUK JIMHUM W OKPYKAIOMIEH Cpenbl ¢ TOYKH 3PEHHUS TOSBIICHUS MOJHUHU.
['po30BBIe paspsaHble TOKM M KPYTU3HBI MPEACTABISIOT CcOO00W (YHKIMH WHTEHCHUBHOCTH
OOpaTHBIX MEpPEeKPHITUA W TPOPHIBOB 3AIIUTHl JMHUA (MM HHTEHCUBHOCTH TNEPEKPHITUI
HE3AIUILEHHbIX JIMHUM) Ha HEKOTOPOM OTPAaHMYEHHOM PAaCCTOSHUM OT mojcraHuud. bosee
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BbICOKHE (0Oojiee HM3KME) WHTCHCHBHOCTH TMOBPESKICHUA yBEITUYHBAIOT (yMEHBIIAIOT)
aMIUTUTYY BEPOSTHOTO IPO30BOT0 Pa3psAIHOTO TOKA U KPYTU3HY.

JInst cTaHIapTHBIX HOMHUHAJIBHBIX pa3psiAHbIX TOKOB B cooTBeTcTBUM ¢ ['OCT 16357
MPAKTUKA TOATBEPXKAACT JOCTHIKEHHWE JIOCTATOYHON CTENEHW 3allUThl MPU  COOIIIOJICHUHU
CIIEYIOIIUX PEKOMEHIAIIHHA.

Jluanazonwvr [ u Il (om 1 00 220 kB): 5 unu 10 kA

B cersax ouanasonos I u II mo TOCT 1516.3, rae nuHeliHple paccTtosHus Mexay PB
HeOonpe (Menee 5 kM), PB Ha pacmpepenurtensHBIX TpaHchopMaTropax ¢ HOMHUHAJIBHBIM
pa3psAIHBIM TOKOM 5 KA J0CTaTOYHO HAACKHBI, JIaXKe Koraa TpaHCHOPMAaTOPhl TTOICOSANHEHBI K
JUHUSAM Ha JEPEBSHHBIX OMOPAX C HE3a3€MJICHHBIMU TPAaBEPCaAMHU.

B cersx knaccoe nanpsowcenus 35 kB u nusce PB ¢ HOMMHaNBHBIM pa3psAHBIM TOKOM 5 KA
MOTYT OBITh JOCTAaTOUYHBIMHU JJIs1 pAHOHOB ¢ HU3KOM MJIOTHOCTBIO YAAPOB B 3eMIIIO U 3P HEKTUBHO
3alMIICHHBIMU  MOAXOASIIMMU  BO3AYUIHBIMU JIMHUSAMHU C HU3KMMHU CONPOTHUBIICHUSMU
¢ynnamenToB omnop. PB ¢ HomuHanmpHbIM pa3pagHeiM  TokoM 10 KA Moryt ObITh
IPEINOYTUTENbHBIMU U1l BaXXHBIX YCTAHOBOK (HEOOXOAMMBI JJI HaWIydllled 3alluThl)
0COOEHHO B paliOHaxX C BBICOKOH IUIOTHOCTBIO YyJapoB B 3€MJII0 WM BBICOKUMH
COINPOTUBJICHUSIMHU 3€MJIH.

B cersax xnaccoeé manpsowcenuss 110 kB u eviwe, kak mpaBuiio, pekomeHayrworcs PB ¢
HOMUHAJIBHBIM pa3psiHbIM TOKOM 10 KA.

Juanazon Il (om 330 0o 750 kB): 10 unu 20 kA

s cereil knacca Hanpaxcenus 330 kB, xak npasuio, JoctaTouHbl PB ¢ HOMUHaJIBHBIM
pa3psaabM ToKoM 10 KA.

s ceteit  knaccoé Hanpsaxcenusi ceviwe 330 kB Moryr mnorpeboBathcsi PB ¢
HOMMHAJIBHBIM pa3psaHbIM TOKOM 20 KA.

5.2.3 CnocoGHOCTH BBIAECP)KUBATH pa3psiibl OOJIBIION VTN TEILHOCTH

B ycraHoBKax, TJie MOAKIIOUEHBI AIUHHbBIE IUHUM WU Kabeiu, nin Oombinue emkoctyd PB
JOJKEH ObITh CHOCOOEH BBLACPKHUBATH PA3PAIHBIE TOK M SHEPrui0, OOYCIOBIECHHBIE
KOMMYTallMOHHBIMU INepeHanpspkeHussmMu. [loaromy st PB ¢ HoMMHanbHBIM pa3psaHbIM TOKOM
10 KA TsKEnoro pexxuma I pa3IMYHbIX JMANAa30HOB HAIPSIKEHUN CETH B COOTBETCTBHH C
['OCT 16357 (moxnmyHkt 3.1.12) ycTaHOBJIEHBI TapaMeTpbl UCIIBITAHUNA, KOTOPBIE MPEJICTABIISIOT
TUMIMYHYIO DHEPTUI0 pacCesHUsl 4epe3 pa3psIHUKH B paccmarpuBaeMoil cetu. PB Tsxkenoro
pekuMa, Kak MpaBUiIO, UCHOJB3YIOT A o0opyaoBaHus ouanasoua III. Jlns oO6opynoBaHUS
ouanazonos I u II PB TSXKenoro pexuMa HCIOJIBb3YIOT B Cllydae KPYHMHBIX MOJCTAaHIUMN, KOTrjaa
TpeOyIoTCS HU3KUE 3alllUTHbIE YPOBHHU, MJIU B CIydae JJIMHHBIX BO3AYIIHBIX JIMHUN, KaOenen
Wi OaTaped KOHJEHCATOpPOB, MOAKIIOYEHHBIX K COOpHBIM mMHaM. /s Apyrux ciydaes,
HanpuMep KOrja OTXOJSIIME JMHUM CPaBHUTENIBHO KopoTkue (MeHee 100 kM), Kak NpaBuio,
ucronb3yroT PB ¢ HoMuHanpHbIM paspsaHbsiM TokoM 10 kA nerkoro pexuma mnu PB ¢
HOMMHAJIBHBIM Pa3psiIHBIM TOKOM 5 KA.

5.2.3.1 PB tsxenoro pexxuma

TpeboBanust k. ucnbiTanusiM mo ['OCT 16357 (tabnuma 7) OCHOBaHBI Ha pEKUME,
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BKJTIOYAIOIIEM B ce0sl pa3ps] JMHUU IJIEKTpOIepeauyd, 1 Ha HOMUHAIBHOM HampsbkeHuu PB,
paBHOM 1,4 oT HanboIBIIETO HANPSDKEHUS dasza - 3eMJIS CeTH.

Kak IpaBuiio, Kiacc ycmoﬁqusocmu K O/lumesbHbIM umnyitbcam moka OCHOBAH Ha COOTBETCTBYIOIIEM HANPSIXKEHUU CETH, KaK
9TO YKa3aHO B Ta6nnue 1. OZ[HaKO, KorJia XapakKTepuCTUKH JIMHUU 3aME€THO OTIIMYAIOTCA OT YKa3aHHBIX B Ta6m/1ue 1, OHEPTHIO,
pacceuBacMyro B PB B IKCIUTyaTallUOHHBIX YCJIOBUAX, HeO6XOI[I/IMO CpaBHUBATh C nonyqaeMoﬁ BO BpEMsA HCHLITaHUA,
BBITIOJIHAEMOI'O B COOTBETCTBUU C Ta6J’IPIHeﬁ 1. B Takux Cl1y4asaX peKOMCHAYETCA Y4ET 0COOBIX yCJIOBPIﬁ.

Tabmuma 1 - CBsA3p MEXAY KIACCOM YCMOUYUBOCMU K OJUMENbHbIM UMNYAbCAM MOKA W XapaKTEPUCTHKAMH JIUHUU
3NEKTponepenadn

Knace ycmoiiuusocmu TIpnGmm3uTensHbIH IIpnGmmzurensHas [Tpubdmm3urensHOE [MpuGmusuTenbHBIIN
OnuUmMenbHuIM JTMaTa30H HanOOJIBIINX JUTMHA JIMHUH, KM BOJIHOBOE K03 UIUEHT
UMNYICAM MOKA pabounx HanpsHKEHUH COIIPOTHUBIICHUE NepeHanpsHKeHHUI,
cetH, kKB muHu, OM (oTH. em.)*

1 o 245 Bxitou. 300 450 3,0

2 " 300 " 300 400 2,6

3 " 420 " 360 350 2,6

4 "525 " 420 325 2,4

5 " 765 " 480 300 2,2
* Bazoif Iy 3HAYCHUH B OTHOCHTENIBHBIX €JMHULAX CIY)XHT aMIUINTYIHOE 3HaueHHe HanOOoNbLIero HampshkeHHs (dasa -
3eMJISl CeTH.

IIpumedanwue - [lanHoe monoxenue 3aMmensieT cceliky Ha MOK 60099-1 [tadmuma C.1 (mpuiioxerue C)].

5.2.3.2 PB nerkoro pexuma 10 kA u 5 kA

Jlia PB nerkoro pexuma ¢ HOMUHAQJIBHBIM paspsaHbIM TOKoM 10 u 5 KA He ykasaHO
HUKAKOTO pAa3JIMYUsl 10 HANpSHKEHHUSIM CeTH, a YCTAHOBJEH TOJIBKO HCIBITATENbHBIA TOK
IPSIMOYTOJIBHOM BOJIHBI.

5.2.4 Kamezopus e3pvleodezonacnocmu 6eHmMUIbHbIX PA3pAOHUKOS

B ciyqae BHyTpeHHero mnospexzacHuss PB aBapuiiHblii TOK uepe3 HEro He JOJDKEH

BBbI3bIBaTh B3PBIBHOTO pa3pylleHus MNokpeimiku. CrenoBartensHo, PB momkeH BblaepkuBaTh
aBapuHBIN TOK, paBHBINA MK OOJIBIINI, YeM TOK uepe3 PB B Touke ero ycTaHoBKH.

Ecmm Tpe6y}0Tc;{ Oojlee BBICOKHME 3HAYEHHS TOKa KOPOTKOI'0  3aMbIKaHUs, YEM 80 KA, HOTpe6I/ITeJ'IL JOJIZKCH
IIPOKOHCYJIbTUPOBATHCA Yy U3TOTOBUTCIIA.
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IIpumeuanue - JlanHoe monoxeHue 3aMmeHseT ccbuiky Ha MOK 60099-1 (tabmwma 7).

6 HenuHewHble orpaHuuMTenu nepeHanpsikeHun B coorBetcTtBunm ¢ FOCT P
52725

6.1 XapakTepuCTUKN HENIMHEWHbIX OrpaHUuYnUTenen nepeHanpsHKeHUn
6.1.1 OO1ue MoNM0XKEHUA

Ocnosubie xapakrepuctuku OITH BrirtoyaroT B ceds Hauborvuiee OaumenbHo OONYCmumoe
pabouee HanpsidceHue, HOMUHAIBHOE HANpsHKEHHE, HOMUHAIBHBIA paspsOHbIA TOK U
OCTAIOIIMECs] HANPSDKEHUS TPU HOMHHAIBHOM pa3psiIHOM TOKE, MPH KOMMYTAIlHOHHOM
UMITYJIbCE TOKA U KPYTOM UMITYJIBCE TOKA.

Jl71g 3aIlaHHOTO  HauboIbLUWE20 ONUMENLHO OONYCMUMO20 paboye20 W HOMHUHAIBHOTO
HanpspkeHud cymiectBylor OITH pasHBIX THIOB U, CIEAOBATEIbHO, PA3IMYHBIC 3alTUTHBIC
YPOBHH.

KI[OHOJ'IHI/ITCJ'ILHBIM XapaKTCpHUCTHUKaM, KOTOPBIC HeO6XO,Z[I/IMO paccMaTpuBaThb IIpU
KOHKPETHOM MMPUMCHCHUH, OTHOCATCA KJ1accC l’lpOl’lyCKHOI/vl CI’lOCO6HOCI’I’lI/l, mMOK
63pbl606€30naCHOCI’l’lu, CIIOCOOHOCTH BBIACPIKHUBATL 3arpA3HCHUA, CIIOCOOHOCTD BBIACPIKHNBATDH
0OMBIB oA HAIIPAKCHUEM U CIICHUAJIBHBIC MEXaHUYCCKUEC CBOICTBA.

6.1.2 Haubonvuwee onumensno oonycmumoe padouee HanpsxeHue

Haubonvwee onumenvno odonycmumoe pabouee HANPSHKEHHE - 3TO  MaKCUMAaJbHO
JOMYCTUMOE 3HAu€HHWE CHUHYCOUIAIBHOTO HAMpPSDKEHUS TMPOMBIIUIEHHOW YacTOThI, KOTOPOE
MOJKET OBITh JTTUTEIIEHO MPUIIOKEHO Mk 1y BeiBogamu OITH.

Haubonvwee onumenvno oonycmumoe pabouee HANPSHKEHUE TMOTHOCTHIO COOPAHHOTO
OIIH, mpuxojsmieecss Ha CEKLHIO, MOXET OBbITh HU)KE, YeM HamlpsKeHHe, HCIOJIb3yeMoe B
pabounx WCHBITAHUSX, JUII METOJUKH CTAPEHHS W ISl OLUEHKH TEPMHUYECKOW CTaOMILHOCTH.
bonee Huskoe naubonvuwiee oOnumenvHo Oonycmumoe paboyee HANPSHKEHUE MOXKET OBITh
00yciOBIIEHO cTeneHblo 3arpsisHeHuss TOokpeimku OIMH wnm  Gonbiol  HETMHEHHOCTHIO
pacripesie/ieHus] HampsOKeHWsT BJOJb KOJOHKM BapHCTOPOB H3-3a MeHee 3(deKTHBHOro
BbIPAaBHUBAHMUSI, BEI3BAHHOTO 3(pPexTamMu OJIU30CTU JPYTUX OOHEKTOB.

6.1.3 HomuHanpHOE HanpsKeHUE

HomunaneHoe HanpsikeHHe - 3TO MaKCUMaJIbHOE HampsyKeHUE IMPOMBIIUICHHON 4acTOTHI,
kotopoe OITH moxeT Boinep:kath B TeueHue 10 ¢ B mpouecce padounx ucnbitanuii [mo OCT P
52725 (nynkt 3.8)]. CrnemgoBarenbHO, 3TO OIEHOYHBIN IMapameTp, MO3BOJISIIONIEH YCTaHOBHUTH
xapaktepuctuky OITH "HanpspkeHne mpOMBIIITIEHHON 4acTOThl B 3aBUCUMOCTH OT BpPEMEHHU' U
OTpeAeNuTh TPeOOBaHMSI K UCTIBITAHUIO HA NPONYCKHYIO CHOCOOHOCMb.

6.1.4 HoMuHaNBHBIN pa3psaHbIA TOK

HomuHansHbIH pa3psaHblid TOK UCHONB3YIOT i kiaaccudukamuu OITH. 3Tto ocHOBHOM
napameTp, IO3BOJISIIOLUIMM ONPENeIUTh 3allUTHBIE XapaKTepUCTUKH U crnocobHocts OITH
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HOTJIOIIATH SHEPTHIO.
6.1.5 3amuTHBIE YPOBHU

SamuTHbeI ypoBeHb OITH mpu rpo3oBoM UMIyIbCEe MPEACTABISIET COOOH MaKCHMAalbHOE
OcCTarolleecsl HanpsHKEHUE MPU HOMUHAIBHOM pa3psaHOM Toke. Ero mpuMeHsoT mpH 3amure
000pyIOBaHUS OT MEPEHAIIPSKEHUH ¢ KPYTHIM (DPOHTOM.

3alUTHBIA ypOBEHh  NPH  KOMMYTAllMOHHOM  HMMITYJbCE  TPEACTaBIseT  CcOOOi
MaKCHUMaJIbHOE OCTAaIOLIeeCs HANpsKEHHE IPU YCTAaHOBJIEHHBIX TOKaX KOMMYTAallMOHHOI'O
uMnynbca. Ero mpUMEHSIOT mpu 3amuTe 00O0pYNOBaHHMS OT MEPEHANPSHKEHUH C TOJOTUM
(GpOHTOM.

st onipenenennst 3¢ dexkTuBHocTH 3amuThl OITH oT mnepeHanpspkeHH ¢ KPyThIM
(GpOoHTOM HEOOXOIMMO YYHUTHIBAThH 3ama3fblBAHHEC B MEXAaHHU3ME IMPOBOJMMOCTH BapHUCTOPOB,
HaIpUMep MPU UCTIBITAHUU KPYThIM uMIynbcoM Toka o 'OCT P 52725 (myHkt 9.3.2).

6.1.6 Knacc nponycknoit cnocoonocmu

UYucno, ca3anHoe co crnocodHocThio OITH ¢ HoMuHanbHBIM paspsaHbsiM TokoM 10 u 20
KA TIOIIOIIaTh 3HEPTUI0 pa3paja JUIMHHBIX JuHuil. B coorBerctBuu ¢ 'OCT P 52725 (Tabnuna
1) cymecTBylOT NISTh KJIAcCOB, MPHYEM BO3pAcTaHHWE HOMEpa YKa3bIBAaeT Ha BO3PACTAIOLIYIO
CIIOCOOHOCTH TOIJIOIIEHUS SHEPTUH.

g OIIH ¢ xnaccom nponycknoti cnocodnocmu 2 1 BbIlIE€ TOMYYaOUIUICS pa3psaHbIi
TOK HCIHOJB3YIOT B Pa0d0YMX HMCIBITAHUSAX Ul MPOBEPKH TEPMHUYECKOH CTAOMIIBHOCTH IIOCIE
noryomeHus >aepruu. [lponeccsl B cetu, Be3biBatonie Toku B OITH ¢ paznmunsiMu opmamu,
MOTYT OBITh OLIEHEHBI ITyTEM CPABHEHUS C SHEPrUel U TOKOM SKBUBAJIIEHTHOT'O pa3psijia JIMHUU.

6.1.7 Tox eé3pvieodezonacnocmu

Tok g3pvigobe3onacnocmu -  9MO  3AAGIEHHOE — U320MOBUMENEM — MAKCUMANbHOE
Oeticmeyrowee 3HaueHue YCmanosusule2ocst moka kopomkozo samvikanus OIIH, npu komopom
eluje coxpausemcs e2o 83pvl8obe3onacHocms (cm. 3.3).

6.1.8 XapakTepuCTUKH CIIOCOOHOCTH HEJNMHEHHBIX OrpaHMUHUTENed IepeHanpsHKeHUH
BbIIEP)KUBATh 3arpsi3HEHUS

Crnoco6nocth OITH BbInepkuBaTh 3arpsi3HeHUs KacaeTcsi Tpex TpeOoBaHUil:

a) nokpeiike OIIH HeoOxonuMo BBIAEPKMBAaTH BO3JEHCTBUS  3arpsisHEHUl  06e3
nepekpbITHs. T0 MOXkeT ObITh npoBepeHo B coorBeTcTBUM ¢ 'OCT 10390 unu rapanTHpOBaHO
KoHcTpykuuen B coorsercTBuu ¢ I'OCT 9920;

b) OIIH Heob6xoauMo BbIIEPKUBATh BO3MOXKHOE TOBBIIIEHUE TEMIEPaTyphbl BCIEICTBUE
U3MEHEHUH B pACHpeleNICHUH HampshKeHUs, OOYCIIOBIEHHBIX JIeHiCTBHEM 3arpsi3HEHHUs Ha
MOBEPXHOCTU MOKPHIIIKHU. J[OJKHBI OBITh YUTEHBI CmeneHb 3arpsi3HEHUs, a TaKKe 4acToTa U
aMIUIUTYya [IEPEHAIPSOHKEHUN, BBI3BAHHBIX 3aMBIKAHUSAMHU U IOBTOPHBIMU BKJIIOUECHUSMHU B
ycioBusX 3arpsAsHeHus. COOTBETCTBYIOIIME METOAMKHA HCIHBITAHUM HAXOJATCA B CTaauu
pPacCMOTpEHUS;

c) OIIH HeoO0X0oAMMO BBIAECP)KUBATh BHYTPEHHUE 4YAaCTUYHbBIC pa3psAlbl, BBI3BAHHBIC
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W3MEHEHUEM pacIpeeiCHUs HANPSDKEHUs, 00YCIOBICHHBIM 3arps3HeHHEM, 0€3 MOBPEKICHUS
BapUCTOPOB WJIM BHYTPEHHHUX JJIEMEHTOB KOHCTPYKLIMU. BO3MOXHBIE METOAMKH HUCHBITAHUMN
HAXOJATCS B CTaJIMM PACCMOTPEHHUS.

6.1.9 Xapakrepuctuku 0OMbIBA MO HAPSKEHHUEM

Ecnu npenycmarpuBaercss oOmbeiB OIIH mon HanpspkeHueM, TpeOyeTcs TapaHTHs, 4YTo
nokpeimika OITH He mepekpoercs M 4To BO3pacTaHUE TEMIEpaTypbl BAPUCTOPOB OCTAHETCS B
npejiesiax HOPMHUPOBAHHOM MaKCHMalbHOM Temneparypbl. JlOMKHBI OBITH  OINpEICIICHbI
COOTBETCTBYIOIINE METOIUKU UCIIBITAHUM.

6.2 Bbi6op ha3HbIX HENMIMHENHbIX OrpaHNuYUTeNnen NepeHanpsKeHNn
6.2.1 Hauobonvwee onumenvno oonycmumoe padouee HanpsikeHue

OcHOBHOE TpeOOBaHKE 3aKJIIOYACTCS B TOM, YTOOBI MAKCUMAJIbHOE 3HAYCHUE HAUOOIbULESO
onumenbHo Odonycmumoeo pabouyeeo Hanpspkenus OITH OpL1o BhIIE, YeM MaKCHMalTbHOE
3HaYeHHWEe pabouero HampsokeHus. MaKCHMalbHOE 3HAYCHHE HAUOOIbUe20 ONUMETbHO
00NYyCmMuUM020 pabovezo HANPSHKEHUS ONPEACISETCS HANPSHKEHUEM MPOMBINUIEHHOW YaCTOTHI,
COOTBETCTBYIOIIUM  HAWOOJBIIEMY HANpPSHKCHUIO CETH, W BO3MOXKHBIMH T'apMOHUKAMH
HANPSDKEHUS. B CyIIeCTBYIONIMX CETSX YBEIWYCHHE MAaKCHMAaJIbHOTO HANPSDKEHUS W3-3a
TapMOHHUK MOXET OBbITh MPUHSATO B pacyeT MyTeM HCIOoJb30BaHus Koddduimenta 3amaca 1,05
HANpPSDKCHUIO MPOMBIIUICHHON 4YacToThl. Kak mpaBuio, naubonvuiee OaumenbHO OONYCMUMOE
pabouee HaNIPSHKEHUE JOJIKHO OBITH:

-B CeTAX C aBTOMATHYECKUM YCTPAHEHHUEM 3aMBbIKaHHS HAa 3€MIII0 - HE MEHee YeM
MaKCHUMaJIbHOE 3HAaYeHHE HAaOOJIbIIEro pabodyero HanpsbkeHus dasa - 3emMitsl, IeJICHHOE Ha ﬁ :

-B CETSIX C pE30HAHCHO 3a3eMJICHHBIMH WJIM H30JUPOBAHHBIMU HeWTpansmu 0e3
aBTOMATHUYECKOTO YCTPAaHEHMs 3aMbIKaHUS Ha 3e€MJII0 - HE MEHee 4eM HaubOosbliee padbouee
HallpsDKEHUE.

[Ipumeuanue - CUUTAIOT, YTO C YYETOM OIPAHUYEHHOU NMPOJOJIKUTENIBHOCTH 3aMbIKaHUS
Ha 3eMJII0 B TakuxX ceTsix Ko3dduuument 3zamaca 1,05 mepekpsiBaercs xapaktepuctukoit OITH
"HanpspKEHUE MPOMBILIUIEHHON YacTOThI B 3aBUCUMOCTH OT BpEMEHH "

Ecnu Hanbonbiee pa6oqee Hamnps’KCHUC B MCCTC YCTAHOBKHU OIIH TouHO He HU3BCCTHO,
OHO JOOJI?KHO OBITE 3aMEHEHO HaMOOJIBIINM HAIIpsXKCHUEM CE€TU WA HanOOJILIIIM pa60uu/vz
HAIIPsSPKCHUEM O60py}10BaHI/IH.

Ecmu OITH ycTaHaBIMBalOT MO OTHOMIEHUIO K HAXOSIIMMCS TOJ] HANpPSDKEHUEM WU
3a3eMJICHHBIM O0BEKTaM OJIFIKE, YeM PEKOMEHJOBAHO M3TOTOBHTEIEM, HEOOXOIMMO IIPOBEPHUTH,
JOCTaTOYHO T JIMHEHHO pachpeaencHue Hampspbkenus Baonb OIIH ans  BeiOpanHOTO
HauboIbWe20 ONUMENbHO OONYCMUMO20 Pabo4e20 HATIPSKCHHUS.

6.2.2 HomMuHanmpHOE HanpsKeHUE
Homunanehoe nHanpsikenne OIIH BbIOMpaioT B 3aBUCUMOCTH OT KBa3HCTallMOHAPHBIX

nepeHanpspkeHuid B ceth B Mmecte ycraHoBku OIIH, yuuTeiBas MX aMIumuTyasl U
MPOJIOJDKUTENBHOCTE. OCHOBHOE TpeOOBaHWE 3aKIOYaeTcss B TOM, uyTo Xapaktepuctuka OITH
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"HanpsHKEHUE MPOMBIIUICHHON YacTOTHl B 3aBUCUMOCTH OT BPEMEHH' TOJDKHA OBITH BBIIIE, YEM
XapakTepUCTHKAa CEeTH "aMIUIUTYAa KBa3HCTAL[MIOHAPHOIO MEPEHANpsKEHUs B 3aBUCUMOCTH OT
IpOA0IKUTENHHOCTH". CIIOCOOHOCTD BBIIEPKUBATH 3arpSA3HEHUSI M CIOCOOHOCTH BBIZCPKUBATH
0OMBIB IIO]] HANIPSDKEHUEM YUUTHIBAIOT IPU HEOOXOAMMOCTH.

Bo Bcex ciydasx paccMarpuBalOT — CICAYIOLIME IPUYMHBI  KBAa3HCTAallMOHAPHBIX
NepeHaNPSHKCHUM:

- IEPEHAINPSKEHUST TIPU 3aMBIKAHMSIX Ha 3€MJII0. OTU INEpPEHAIPSDKEHUS BO3MOXKHBI B
OonbIIOW YacTH CeTH. PyKOBOJACTBO MO ONPEIENCHHIO aMIUINTYJ KBa3UCTALMOHAPHBIX
NEPEHAIIPSHKEHU  NpUBEACHO B InpuiokeHMH A. [IpoloinKuUTEeNbHOCTh NEpeHanpsKEHUs
3aBHCHT OT INPOJOJDKUTEIBHOCTH 3aMbIKaHUA. B ceTsaX ¢ 3a3eMJICHHOM HEHUTPANBI0 OHA, Kak
IIPaBUJIO, MEHbIIE YeM 1 c. B ceTsx ¢ pe30HaHCHO 3a3€MJIEHHOM HEHTPasblo C aBTOMAaTUYECKUM
YCTpaHEHUEM 3aMbIKaHMs OHA, Kak MpaBuio, MeHble yeM 10 c. B cersix 6e3 aBTomMaTnyeckoro
YCTPaHEHMS 3aMbIKAHMS Ha 3€MJIIO IIPOJOLKUTEIBHOCTD MOXKET COCTABIIATh HECKOJIBKO YaCOB;

- cOpocbl Harpy3ku. Ilocie OTKIIOYEHHsT Harpy30K BO3pacTaeT HampshiKeHHE Ha
CcpaboTaBIlIEeM CHJIOBOM BBIKJIIOYATEIE€ CO CTOPOHbI HCTOYHHMKA MHUTaHUs. AMIUIMTYyIA
NEPEHAIPSHKEHNs 3aBUCUT OT OTKJIFOUEHHOM Harpy3Kd M OT MOIIHOCTH KOPOTKOTO 3aMbIKAHUS
nuTapomeil noacraHiuuu. KpasucranuoHapHble NEpPEHANPSHKEHUsT MMEIOT OCOOEHHO BBICOKHE
aMIUTUTYABl TIOCJ€ TIOJHOrO cOpoca Harpy3kd Ha TEeHEpPaTOPHBIX TpaHcpopmaropax B
3aBUCUMOCTH OT YCJIOBUM HaMarHUYMBAHMS U MPEBBIIEHUS] HOPMAJIbHON CKOPOCTH. AMILIUTY 1A
NepeHanpsHKeHNH, BBI3BAaHHBIX COPOCOM HArpy3KH, Kak IMPaBHIIO, M3MEHSETCS B TEUYCHUE HUX
nepuoja neicrus. Ilpu TOUHBIX pacyeTax HEOOXOAUMO YUYUTHIBATh MHOTO [TAPAMETPOB.

B kauecTBe PYKOBOACTBA MOT'YT OBITH MCIT0JIb30BaHbI CJIICAYIOUC TUTITNYHBIC 3HAUYCHU !

- B HEOOJBIIMX IO MPOTSHKEHHOCTH CETSIX IOJIHBI cOpOC Harpy3Kd MOXKET BBI3BATh
NOJBEM TMEpeHaNpsDKeHUH (asza - 3eMis ¢ aMIUIMTYAOM, Kak IpaBHJIo, HWXKE 1,2 OTH. en.
[TpoomKUTENBHOCTD NEPEHANPSKEHNS 3aBUCUT OT CpabaThIBaHMs annapaTypbl, peryaupyroei
HaNpsDKEHUE, U MOXKET JOCTUTAaTh HECKOJIIBKUX MUHYT;

- B IIPOTSDKEHHBIX CETAX MOCIE MOJHOro cOpoca HArpy3Ku aMmILIUTyJa MepeHanpsKeHU
daza - 3emss MOXeT jJocTurath 1,5 OTH. ell. uiaM gaxe Oojee B ciyyae MosiBieHUs 3¢ ¢dekra
®eppanTn unM  pe3oHaHca. IIpOTOIKUTENBHOCTh NEPEHANPSIKEHHH MOXKET COCTaBJIATh
HECKOJIbKO CEKYHJ;

- Ip1 copoce Harpy3Ku TE€HEPATOPHBIX TpaHchopMaTopoB aMILTUTYbI
KBa3UCTAIlMOHAPHBIX MEPEeHANPsHKEeHUH MOTyT Jocturarh 1,4 OTH. ell. s TypOOreHepaTopoB U
1,5 oTH. en. miast ruaporeHepaTopoB. [Ipo1omKUTENBHOCTD EpEHANPSKEHUN TPUOIU3UTENBHO 3
c.

Ecnu u3BectHa ~ BpeMeHHass  3aBUCHUMOCTb  aMIUTUTYJ,  yAO0OHO  MpeACTaBiIAThH
nepeHanpsHKeHuss B BUAE KoleOaHMH ¢ MaKCUMAaJbHOW aMIUTUTYAOH NpOJOIKUTENbHOCTBIO,
paBHOM BpEMEHH, B TEUEHHE KOTOPOro aMIUIUTYIbl MpeBblatoT 90% HX MaKCUMalbHOTO
3HAYCHMUS.

B HekoTophIX ceTsax HE00XO0AUMO paccMaTpuBarh CIIENYIOIIHE ciyvyau
KBa3MCTALIMOHAPHBIX NTEpEHANPSIKEHUI:

- pe3oHaHCHbIE 3P GEKThI, HAIPUMEP MPH 3apsiiKe IIMHHBIX XOJIOCTBIX JIMHUN WIH TPH
pE30HaHCaxX MEXKIY CETSIMU;

http://www.razrad.ru/gost/ - FTOCTbl N0 3NEKTPOTEXHMKE



- IOJTbEM HAIPSHKEHUS BIOJIb JUTMHHBIX JTHHUN (3 dexT Deppantn);
- TApMOHUYECKHE TIepEHAINPSHKCHUS, HATPUMED MTPU KOMMYTAIIUU TPAHCPOPMATOPOB;

- oOpaTHOe NUTaHHWE uepe3 CBsA3aHHbIE TpaHC(HOPMATOPHBIE OOMOTKH, Hampumep
IByXTpaHcopMaTopHasi MOACTAHIMS C OOMIEH BTOPUYHOW HIMHOM BO BpeMsl YCTpaHCHHS
HOBPEXJEHUA  WIM  OoxHO(A3HOM  KoMMyTauuu  TpexdazHoro  TpaHchopmaTopa ¢
HEYpPaBHOBEIICHHOW BTOPUYHOU HArPy3KOMH.

KBasucranuonapHsie epeHanpsuKeHus, 00yclioBlIeHHbIE (peppope3oHaHcaMu, HE JOJDKHEI
OBbITh UCIIOJIB30BAaHbI Kak 0CHOBA /711 BbIOOpa OITH, a 10/KHbI OBITH yCTpaHEHBI.

[TocnenoBarenbHOCTh MPUUMH KBA3UCTALIMOHAPHBIX IE€PEHANPSHKEHHUM, Hampumep cOpoc
Harpy3Ky, BbI3BAHHBII 3aMbIKAHMEM Ha 3€MJI0, HEOOXOAMMO YUMTHIBaTh, Korjga o0a
MEPEHAIPSHKEHUST UMEIOT CPaBHUMYKO JKECTKOCTh. B Takux ciydasx, OJHAKO, HEOOXOAMMO
y4eCcTh 3HaYeHHE COPOIICHHOW HArpy3KH, 3aBUCSIIEE OT MECTa 3aMbIKAaHUS U MECTa YCTaHOBKHU
OIIH.

KomOuHanus Takux NpUYMH, KaK 3aMbIKaHMsS Ha 3eMIII0 U cOpOC HAarpys3Kd, MOKET
IPUBECTU K 0OJI€€ BHICOKUM 3HAYEHUSIM KBA3UCTALIMOHAPHBIX MEPEHANpSIKEHUM, YeM B ciydae
BO3eHCTBUS OofHOM M3 HuxX. Korga Takue KOMOMHAIMM CUUTAIOT JOCTaTOYHO BEPOSITHBIMH,
NEePEHAIPSHKEHUS OT KaKJI0W MPUYMHBI HEOOXOIMMO CYMMHUPOBATh, YUUTHIBAs JEHCTBUTEIBHYIO
KOH(UTypaluio CeTH.

Kpusas, npencrasnstomas coboit xapakrepuctuxky OIIH "HanpspkeHue NpOMBIIITIEHHOM
4acTOThl B 3aBUCHMOCTH OT BpeMeHH'", Ha o01eM rpaduke J0KHA ObITh PaclojOKeHa BhIIIE
KpUBOH, H300pakaromiell  XapakTepUCTHKY CeTH  "aMIUIMTy/a  KBa3UCTAllMOHAPHOIO
NEepeHaIpsHKeHNUsT B 3aBUCUMOCTH OT IpoAospkutenbHocTH". Kak npulnmkeHue, aMIUIMTyAa U
IIPOJOJDKUTEIBHOCTh KBa3UCTAallMOHAPHBIX IMEPEHANPSDKEHUM, KOTJa IOCIENHSAS HAXOIUTCS
mexay 0,1 m 100 ¢, MOryr OBITh TNPUBENEHHI K ODKBMBAJIEHTHOH aMmmryae Usg C
NPOAOKUTENBHOCTEIO 10 ¢ (B COOTBETCTBUM C MPOJOJDKUTEIBHOCTHIO  MPHUIIOKEHUS
HOMUHAJIBHOTO HaNpsKEeHUs1 B pabOUYMX UCIIBITAaHUIX):

T "
U =UK[ﬁ] , (1)

rac UK - AMINIMTYJAa KBa3UCTAIMOHAPHOT O IICPCHAITPAKCHUS
TK - IPOAOJDKUTCIIBHOCTE KBA3UCTALITMOHAPHOTO IICPCHAIIPANKCHUSA B CCKYHAAX

- - aMIUTATYyAA IKBUBAJICHTHOT'O 10-cexynaHOTO KBa3WCTallMOHAPHOTO
MepeHaNpsHKEHNUS;

mZ - [IOKa3aTelnb CTENEeHW, onuchBaronmierdn xapakrepuctuky OIIH  "Hampsbxenue
IIPOMBIIIJIEHHON 4acTOTHI B 3aBUCUMOCTH OT BpemeHH'". I pasnuuHblXx KoHcTpykuui OITH
ATOT TOKazaTenb kojeonercs Mexay 0,022 u 0,018, a B kayecTBe YCpPEAHEHHOTO 3HAYCHUS
MOJKET OBITH HCcIoab30BaHo 0,02.
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Homunansnoe nHanpsbkenne OITH nomkHO OBITH HE MEHEe IMOJyYeHHOTO HAauOOJIBILIETO
SKBMBAJICHTHOI'O KBa3UCTALMOHAPHOTO NIEPEHANPSKEHUS.

[Tpumevanus

1 B HEKOTOpBIX ciIydasiX HCHOIB3YIOT KoddduimenT 3amaca Mexay HanOOIbIIMM
HKBUBAJICHTHBIM KBa3HCTAIIMOHAPHBIM TMEPEHANPSHKEHHEM ¥ HOMHHAJIBHBIM HAINpsDKEHUEM,
9TOOBI IEPEKPHITH BO3MOXHBIE HETOYHOCTH B ONpPECNICHUN TepeHanpspkeHus. OOImenpruHsaThIe
3HaYeHUs TakuX Kod(duumeHToB 3anaca HaxoaaTcs Mexay 5% u 15%.

2 Korma tpeOyroTcsi 3aliMTHBIE YPOBHH HI)KE, YeM 3alIUTHBIE YPOBHU IPHHATOU
koHcTpykuuu OITH, HOMuHanbHBIE HANPSKEHUsS MOTYT ObITh BBIOpAHBI HUXKE 3KBUBAJICHTHBIX
10-cekyHIHBIX KBa3UCTAIIMOHAPHBIX MEPEHANPSHKCHUN NMPU YCIOBUH, YTO PAa3pSAHUK CIIOCOOEH
HOMIOTUTh 3HEPTUIO, BBI3BAHHYKO CETEBBIMHM BO3JeicTBUAMU. B 3TOM ciyuae pacuers
NOTJIOUICHUS] DHEPIMM  BBINOJIHSIIOT, MOJenupys Bo3aeictBus ceru. Kpome yuera
OpUOJIM3UTENIBHOCTU  TNPEJCTABICHUs] CeTH JOJDKEeH OBITh Y4TeH pa3dpoc MpHU  CHIATHUU
xapakrepuctuku OITH "Hanpsbkenue - Tok".

3B HekoTopelXx ciydasx HoMuHaimbHOe HampspkeHune OITH — BwiOmparoT —Takxke,
paccMarpuBas IOIVIOIIEHHE DHEPrMM BO BpeMs paspsia JUHUHM DJIEKTPONEpENadud C Yy4EeTOM
yiep0a ot 6osiee BbICOKOTo 3amuTHOro ypossst OITH.

6.2.3 HomuHanbHbIN pa3psaHblid TOK U KJIACC HPONYCKHOU CROCOOHOCHU
6.2.3.1 O0wume HoI0XKeHus

BTOCT P 52725 cnocoGHoctes OITH moriomars 3HEpPruio cCBsi3aHa C HOMMHAJIbHBIM
pa3psaHbIM TOKOM. Ecnu 3HaueHrne uMmysbca OOJIBIIOr0 TOKa BBIOMPAIOT HE B COOTBETCTBHUH C
I'OCT P 52725 (myskt 6.2.5), cmocobHocts OIIH mnornomare SHEpPrut0 3aBUCHUT OT
HOMMHAJIBHOTO pa3psAHOrO TOKa W UMIyjibca Oosblioro Toka. Kpome Ttoro, morioiieHue
sreprun OITH, oOycrnoBiieHHOE BO3/IeMCTBUEM MEPEXOIHOTO NMEPEHANPSKEHUS CETH, 3aBUCHUT OT
xapakrepuctukun OIIH "ocraromeecs HampspkeHue - TOK", a Takke OT HOMHHAJIBHOTO
pa3psaHOro Toka. HoMHHanmbHBIA paspsAHBIE TOK U KIACC HPONYCKHOU CHOCOOHOCMIU,
CJIEIOBATENIbHO, ONPEEIIAIOT B IIPOLIECCe UTEpALUil.

6.2.3.2 HomuHanbHbIi pa3psaHbli TOK

HomunanbHbIi pa3psaHbIil TOK BEIOMPAIOT B COOTBETCTBUH C TPO30BBIM PA3PSIHBIM TOKOM
yepe3 OIIH, ot xoToporo TpeOyercs 3amMTUTHL OOOpymoBaHUe. [IpUMEHSIOT TOT e camblif
noaxon, 4yro u s PB cornacHo 5.2.2. Kak nmpaBuiio, B 3aBUCUMOCTH OT 0KMAAEMOT0 I'PO30BOTO
Pa3psLAHOTO TOKA MPUEMIIEMBI CIIEAYIOIIUE 3HAUEHUS:

Juanazonwvr L u Il (om 1 00 220 kB): 5 unu 10 kA

B cerax ouanazonos I u II mo 'OCT 1516.3, rne nuneitnbie paccrosuus mexay OITH
HeOonbiue (Menee 5 kM), OITH Ha pacnpenenurenbHbIX TpaHc@opMaTopax ¢ HOMHUHAJIbHBIM
pa3pAIHBIM TOKOM 5 KA JOCTaTOYHO HAJAEKHBI, Jake KOTJa TpaHC(POPMATOPhI MOACOSIUNHEHBI K

JIMHUAM Ha ACPEBAHHBIX OITOpax ¢ HE3a3€MJICHHBIMU TpaBCpCaMHU.

B cetsix knaccos nanpsocenusa 35 kB u nuowce OIIH ¢ HOMUHAIBHBIM pa3psIHbIM TOKOM 5
KA MOTryT OBITh JOCTATOYHBIMH Ui PAaliOHOB C HU3KOW IUIOTHOCTHIO YJapoOB B 3EMIII0 U
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3(1)(1)CKTI/IBHO 3alllUIIICHHBIMU OTXOAAIINMMHU BO3yIIHBIMUA JIMHUAMHU C HU3KUMHU
conpotuBieHusMu GyaaamenToB onop. OITH ¢ HomuHanbHBIM pa3psaHbiM TokoM 10 KA MoryT
OBITh TPEAMOYTUTEIFHBIMHU JJISi BAKHBIX YCTAHOBOK (HEOOXOIMMBIX JJIsl HAMJIYYIIEeH 3aIluThl)
OCOOCHHO B pallOHaxX C BBICOKOM IUIOTHOCTBIO YIapoB B 3€MJII0 WM BBICOKUMHU
COIIPOTUBJICHUAMU 3CMJINU.

B cersax xknaccoe nanpsscenus 110 kB u eviwe, xak npasuiio, pekomenaytorcs OITH c
HOMUHAJIBHBIM pa3psaIHbIM TOKOM 10 KA.

Juanazon Il (om 330 0o 750 kB): 10 unu 20 kA

Hns cereit knacca nanpsocenusn 330 kB, xak npauio, nocrarounbl OIIH ¢ HomMuHaNbHBIM
paspsaHbM TokoM 10 KA.

st cereit  knaccos Hanpswcenus eviue 330 kB moryt motpeboBatbes OIIH ¢
HOMUHAJIBHBIM pa3psiHbIM TOKOM 20 KA.

6.2.3.3 CtocoOHOCTH IMOTJIONIATh YHEPTHUIO

OIIH nomxHEI OLITH CIIOCOOHBI MIOTJIOIATh SHEPTHIO, 00yCIIOBJIICHHYIO
KPaTKOBPEMEHHBIMU TIEPEHANPSHKEHUSIMU B ceTH. OnacHbI KPaTKOBPEMEHHBIE MEPEHAIPSKEHUS,
KOTOPBIC BOSHUKAIOT BCIIC/ICTBHE:

- BKIIFOYCHUS WUJIK ITIOBTOPHOI'O BKIKOYCHUSA JIIMHHBIX HI/IHPlﬁ;

- OTKIIFOYCHHU A 6aTapeI71 KOHACHCATOPOB HJIU Kabeael CHIOBBIMHU BBIKJIFOYATCIISAMU,
JO0IMYCKAIOIIUMHU ITOBTOPHBIC 3aAKUTAHUA AYTH,

- YAapoB MOJHHUHM B NPOBOJA BO3AYUIHOW JMHUM C BBICOKMM YPOBHEM H3OJISIIMU WM
00paTHBIX NMEPEKPHITUH, OMU3KUX K MecTy ycTaHoBku OITH.

IIpu usBectHsx ypoBHsX 3amursl OIIH snHepruro, xotopyro pomkeH norsotuts OITH,
JIOTTYCKaeTCsl ONPeNENATh, UCTIONb3Yys (DOPMYIIbI, MPUBEICHHBIEC HIXKE:

- BKIIFOYCHUC WJIM TIOBTOPHOC BKIIIOUCHUC JIMHHI:

T,
W = WoxUn ~Ua) T, @)

rae # - IOIJIOLIEHHAs DHEPTUS;
Uk - samuTHBIA yposens OITH mpy KOMMYTaIMOHHOM MMITYJICE;

U7 - aMIuIMTya TepeHanpsuKEHUs, HalpuMep MNpuBeAeHHas B npuiokenud B (oM.

Hb.2);

£ - BOJIHOBOE COIIPOTHUBIICHUE JINHUH;

7% - BpeMs pacnpocTpaHeHHUs BOJHBI BIOJb JIMHUHU, PABHOE JUIMHE JIMHMH, [IEICHHON Ha
CKOPOCTh pacIpOCTPaHEHUs BOJIHBI;
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- KOMMYTalusl KOHACHCATOPa WK Kabems:

W= 10[(3%)2 - (M'EUHJE]

"3 , 3)

rae - eMKOCTh OJfHOM (pa3wl OaTapeu wim Kabens;
L7y - MakcuManbHOE 3HaUYeHUE pabodero HanpsbkeHus (Gasza - 3eMIs;

L7y - HomuHansHOe Hanpskenue OITH (nelicTByromee 3HaUEHHUE).

DHeprus MOKeT ObITh pacrpenencHa Mexay Heckonbkumu OITH, ycTaHOBIEHHBIMH Ha
OJIHOH U TOH ke (aze, mpU ATOM JOJDKHO OBITH OMPENEICHO COOTHOIICHUE B paclpeiciieHuu
SHEPTUH;

- MOJIHUA:

L
W=[2UH_Wsr(l*'m'izgz{fysr):']%’ 4)
rae In - HaTypabHBIN JorapudM;
L7 r - ypoens 3amutsl OITH m1pu rpo30BOM MMITYIIBCE;

UH - HAIIPSIPKCHUC TICPCKPBITHUA JIMHEMHOW H30/ISIUN npu OTpHI.IB.TGJ'IBHOfI MOJEIPHOCTH,
£ - BOJIHOBOE COIIPOTUBJICHHUC JINHUU,

M - gnciio muHUH, noakroYeHHbIXx kK OITH;

T} - 5KBMBalIEHTHAs MPOJODKUTENBHOCTh TOKA TPO30BOrO Paspsja, BKIIOYAs IEPBBIA M
nocieyromme yaapsl. Tunimasoe 3HaueHne 3-107% c.

Ecnu paccrossHus MeXy MOACTAHIIUAMHU B paclpeeIUTENbHON CETH HeOObIIINE, YHEPTH
MOET ObITh YMEHBIIICHA U3-3a PacIpeieTICHUs TOKA.

[Ipumeuanue - dopmyna (4) mnodaydeHa IMyTE€M HWHTETPUPOBAHUS OSKCIIOHEHIMAIBLHO
YMEHBIIAIOLIEr0Cs MIEPEHANPSKEHHUS.

B HEKOTOpBIX cilydasx Apyrue BO3JIEHCTBHS, KPOME YHNOMSHYTBIX, MOTYT IPHUBECTH K
O6onpmiomy  morjomenuto  sHeprun  OIIH. Tunmuseelii  npumep -  cpaOaTbIBaHHE
TOKOOTPaHWYMBAIOUINX IUIABKUX TMpEAOXpaHUTENIel B Cilydae HEOObIYHOTO MPUMEHEHUS: €Cld
XapaKTepUCTHKA MPETOXPAHUTENSI HAMHOTO BBIIIIE, YeM TpeOyeTcsl ISl IPUMEHEHHUS B CETH, WU
eciu ycraHoBieHbl OITH ¢ oueHb HU3KHM YpOBHEM 3alUTHI.

[Ipu pabounx wucneiTanusx cormacio ['OCT P 52725 (mymkr 9.5) OIIH mnepen
MPUITOKCHUCM HOMHWHAJIbHOT'O HAIIPSAKCHUSA JOJLKCH OTJIOTUTH CIICAYIOUTYHO SHCPIrUiO:
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- 5u 10 kA B ciiyqae OITH kmacca mpomyckHo# criocooHocTH 1.

Otu OIIH moasepraroT paboyuM HCHBITAHUSIM HMITYJIBCOM OOJBIIOTO TOKA. DHEPTHs,
cooOmraeMast UMITYJIbCOM OOJIBIIOTO TOKA, MOXKET OBITh OLIEHEHA KaK

W=U,IT, (5)

rac U& - OCTAaromICCCsa HANIPAKCHUC ITPHU UMITYJIBCE Ooubiioro Toka. Ecim ato HAIPs’KCHUC

HC H3BCCTHO, C€ro JAOIYCKACTCA OLCHUBAThH KakK 1,5 OT OCTaroUICTroCd HAaIPsIKCHUA IIPpU
HOMHHAJIbHOM Pa3psJHOM TOKE,

/ - aMIuIMTY1a HOPMUPOBAHHOTO MMITYJIbCA OOJIBIIIOTO TOKA;
T - 3¢ deKTUBHOE BPEMsI HMITYJIbca OOJIBIIIOTO TOKA, paBHOE 6,5 MKC;
- 10 kA B ciyuae OITH kmaccoB nponyckaoi criocoorocTH 2 v Beimre U OITH ma 20 KA.

Otu OIIH nonBeprator paboyuM HCIBITAHUSM KOMMYTAlIMOHHBIM UMITYJIBCOM. Y IebHas
SHeprus, morjomaeMas 3a oJuH umnyibc, npuBeaeHa B ['OCT P 52725 (tabmuma 1).
Crnoco6nocts OITH mornomars 3HEPTUIO0 OIEHUBAIOT KaK PAaBHYIO MM OOJIBIIYIO YIBOSHHOTO
MIPUBEJICHHOTO 3HAYCHUSI.

Jlns 6osiee TOYHOTO OMNpPEAETCHUs IOIJIOIIEHUsI SHEPIHU JOJDKHBI OBbITh BBIIOJHEHBI
JIeTaIbHBIE PACUYETHI C UCITOJIB30BAHNEM BCEX MTAPaMETPOB IEPEHAIPSKEHU.

Ecnu nornomenue »Hepruu, tpedyeMoe Ui AKCIUIyaTalllH, BBIIIE, YEM CIOCOOHOCTh K
HOTJIOIIEHHIO SHeprun y BeiOpanHoro OITH, uto moaTBepkaaercs pabOYUMH UCTIBITAHUSAMH, TO
JIOJIKEH OBITh BbIOpaH 00Jsiee BHICOKMIT HOMUHAIbHBIN pa3psIHbIA TOK WM O0JIee BHICOKUH Kiacc
nponycKkHoU cnocobHocmu, WM Oojiee BBICOKOE 3HAYCHHME MMITyJabca OONbIIOro Toka. B
KayecTBe aJlbTepHATUBBl HOMMHaNbHOE HampspkeHue OIIH Moker ObITH yBENIMUYEHO IpU
YCIIOBUH, UTO JOCTUTHYTA a/IcKBaTHAsl 3alllUTa.

6.2.4 Toxk e3pvleobezonacnocmu

B cinyuae BHyTpenHero nospexacHus OIIH nporekaromuii yepe3 HEro aBapuiHBIN TOK HE
JOJKEH BbI3BIBATh B3PBIBHOTO pa3pylleHus mNokpbimku. CrnenosarensHo, OIIH pomxen
BBIJICP)KUBATh aBAPUIHBIN TOK, paBHbBIN WK OOJBIINI, YyeM HauOONbIINK aBapUHHBIA TOK Yepe3
OIIH B TOYKe €ro yCTaHOBKH.

Ecnu TpeOyloTcst Oonee  BBICOKHME 3HAueHUs moka e3pwisobesonacnocmu, dem 80 KA, moTpeOUTENIO Cleayer
IIPOKOHCYJIBTUPOBATHCA Y U3rOTOBUTEIISA.

IIpumeuanne - JlanHoe nosoxeHune 3aMeHseT cceliky Ha MOK 60099-4 (mryHkT 8.7).
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7 lNpumeHeHWe BEHTUSNbHbIX Pa3pPAAHMKOB WU HENUHEWHbIX OrpaHuyuTenemn
nepeHanpsKeHUn

7.1 MpuyHUMN KOOpAUHALMKN N30ONALUN

IIpunmun koopauHammu u3omsimuu  [(em. [A.1 (mpunoxenue JIA)] mpemycMaTpuBaeT OIpeleleHHE HOPMHPOBAHHBIX
BBIJICP’KMBAEMbIX HAIPSDKEHUH ITyTeM MOCIIEeI0BATENEHOTO OIPEeIeICHHU:

a) IPeCTaBUTEILHOTO NIepeHanpsDKeHs Ha o6opynoBanuu [(cM. JJA.3 (mpunoxenue J1A)];

b) KOOpIMHAIIMOHHOTO BBIAEPKABAEMOTO HAINPSDKEHH 000pyIOBaHUS B TEUCHHE ero cpoka ciaykOsI [(cM. [JA.7 (mpuioskeHue

AA);

¢) TpeOyeMoro BBIICPKUBAEMOTO HANPSDKCHUS O0OpYIOBaHHMSA IIPU CTAaHAAPTHBIX YCIOBUSAX ucnblTanus [cMm. JIA.9
(mpunoxenue JIA)]. Yka3zaHHOE HalpsHKEHHE MOXKET OTIIMYAThCS OT KOOPAMHALMOHHOTO BBIIEP)KUBAEMOT0 HANPSKCHHS M3-3a
CTapeHus M30JIALUH WM U3-32 pa3dpoca MpH U3roTOBIEHUU U cOopke. s yyeTa STHX OTIMYHUI UCTONB3YIOT KO3 GHUIUEHT
3amaca 1,15. Jns ycraHoBOK Ha BbIcoTax cBbime 1000 M 3TOT KO3()(DUIMEHT YUYUTHIBAET TaKXKe HEOOXOIMMYI0 KOPPEKIHUIO Ha
aTMOC(epHBIE YCIOBHS JUTSl BHEIITHEH N30SI,

d) HopMupoBaHHOTO BhIIepkuBacMoro HampspkeHus [cM. JIA.11 (mpunoxenue JTA)]. YkazaHHOE HampsHKCHHE MOXET OBITh
MPEACTABICHO PA3TUYHBIMHA (opMaMu TpeOyeMOro U HOPMHPOBAHHOTO BBIACPKUBAEMBIX HAMPSHKCHUH M BHIOPaHO U3 TaOIUIl
CTaHAAPTU30BAHHBIX 3HAUCHHH.

IIpumeuanue - JlanHoe nosjoxenue 3ameHsieT ccoliky Ha MOK 60071-1 u MOK 60071-2.

7.2 3awuTa oT NnepeHanpsXXeHMn ¢ nosiornm pPoHTOM

3ammra oT MepeHanpsLKeHU ¢ MoJoruM (PpOHTOM OCOOEHHO BaxkHa B ouanasone I1I. B
ouanasonax 1 u Il crangapTHBIA YPOBEHb M30JISLUU OO0OPYAOBAaHHUS, KaK MPaBUIIO, TaK BBICOK,
4TO 3allMTa OT MEepeHaNpsHKeHUH ¢ MOoJNorMM (QPOHTOM He mnoTpedyercss (UCKIIOUYEHHE
COCTABJISIIOT Bpallaroluecs MaluHbl, cM. 8.3).

[IpencraBuTenbHOE NepeHANpsHKEHNE Ha 00OpyIOBaHUM, 3alIMIIEHHOM C nomoiibio PB
(OIIH), paBHO YpOBHIO 3alIUThl OT KOMMYTAIIMOHHBIX MMIYJIbCOB, TaK Kak, 32 MCKIIOYEHHEM
JIMHUM 3JIEKTpoIepeiayu, BIUSHUEM HaOeraroluX BOJH BO3MOXKHO IpeHeOpedb, U HalpsLKEHNE
Ha 000py/i0BaHMM paBHO HampspkeHuto Ha PB (OITH).

OITH nmpurogHsl Ais 3allUThl OT MEPEHANPSDKEHUM ¢ TMOJIOrMM (POHTOM B CETSIX C
YMEpPEHHBIMH KBa3HCTALIMOHAPHBIMHU NEpeHanpsbKeHusMU, Torga kak PB cpabarsiBaioT oT
NepeHanpsHKeHUH ¢ TOJOTMM  (POHTOM  TOJIBKO TMOCTE TEPEeKPhITHUS IOCIEI0BaTEIbHO
BKJIFOYEHHOTO HMCKpPOBOro npomexyrtka. Kak mpaswiio, nomyckaercsd, 4ro ¢ nomompo OITH
BO3MOXKHO OTpaHWYEHHUE aMIUIMTY]l NepeHanpsikeHui ¢asza - 3emiis (MakcUMalbHOE 3HaueHHE)
110 IPUOJIM3UTEIBHO JIBYKPATHOrO HOMHHANBHOTO HanpsikeHust OITH (neiicTByroiee 3HaueHue).
3amuTHBIA ypoBeHb PB cyliecTBEHHO BhILIE.

Oto o3Hauaer, yto OIIH npuromHsl s OrpaHUYeHMs] NEpPEHANPSIKEHUN C IOJOTMM
(GpOHTOM, BO3HUKAIOIIMX M3-32 BKIIOYEHHS U MOBTOPHOTO BKJIIOUEHHUS JIMHUNA U OTKIIOYEHUS
UHAYKTUBHBIX M €MKOCTHBIX TOKOB, HO HE TIEpEHANpPsDKEHUH B IEJIOM, BBI3bIBAEMBIX
3aMbIKaHUSMU Ha 3€MJII0 U OTKJIIOYEHHEM 3aMbIKaHUW, TaK KakK OXKHJAA€Mble aMIUIUTY/bI
MOCJIEAHMUX CIIUIIKOM HU3KHUE.

HepeHaHpH)KGHI/ISI, BO3HHUKAIOMIUEC H3-3a BKIIIOYCHUSA W IMMOBTOPHOI'O0 BKIIIOYCHHA JIMHUH,
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BbI3BIBAIOT TOKH uepe3 OITH npubnuzurensho ot 0,5 10 2 KA. B 3TOM Anana3zoHe TOKOB 3HaHUE
TOYHOM AaMIUIMTYJAbl TOKa HE TaK BAXKHO H3-32 DKCTPEMAJIbHOW  HEIMHEHHOCTH
METaJUIOOKCUIHOTO Marepuaina. [lyis mepeHanpsHKeHUH ¢ MOJOTHMM (PPOHTOM JIOIYCKAaeTcs He
YUUTBIBAaTh BIUSHHE JIUTEIBbHOCTH (poHTOB TOoKa. Kpome TOro, BO3MOXKHO mNpeHeOpedb
CemapanuoHHBIMU (P PeKTaMi BHYTPH MOJACTAaHUUN. M305a0us JanbHUX BO3IYHIHBIX JIMHHM,
OJIHAKO, MOJKET OBITh IOJBEP)KEHA BO3JCHCTBUIO MEpEHANPsKEHNUH, CYIECTBEHHO Ooiee
BBICOKHX, 4eM 3aluTHbIN ypoeHb PB (OITH).

PB (OIIH), kak mpaBWiIo, yCTaHABIMBAIOT MEXAy ¢a3zoil u 3emueit, u, ecnum OITH
UCIOJB3YIOT ISl OIPAaHUYEHUS MEPEHAINPSHKEHUH C MOJIOrMM (POHTOM [0 HU3KOTO YpPOBHS,
MeXIy(ha3Hble TepeHanpspKeHUss OyAyT JOCTHraTh MPUOJIM3UTENBHO YABOEGHHOTO YPOBHS
samuthl OITH, ycranoBiieHHOTO Mexay Ga3oi u 3emiield, He3aBUCUMO OT YCTPOMCTBA HEUTpaln
Tparncopmaropa. MexnaydasHoe mnepeHanpsoKeHHE OyaeT COCTOSATh M3 ABYX  (pa3HBIX
KOMIIOHEHTOB C HauOoiee wyacTbiM cooTHomeHuem 1:1. Ecnu Tpebyrorcs Oonee HH3KHE
MeX1y(pa3zHble YPOBHHU 3alIUThI, HE0OX0AuMbI fonojaHuTenbHbie OITH Mexny gazamu.

JlormycTuMOe MaKCUMaJIbHOE 3HAYCHUE TPEJCTABUTEILHOTO TIEepeHANpsHDKeHus ¢daza -
3emisi paBHO 3amuTHoMy ypoBHIO PB (OIIH). Ilpu orcyrctBuum PB (OITH) mexny dazamu
JOITYCTIMOE MaKCHUMAaJIbHOE 3HAYCHHUE MEXTy(a3HbIX MepEeHANPSHKEHUN MOXKET OBITh B JIBa pa3a
0O0JIBIIIE ATOTO 3HAYCHUSI.

B ciayyae 3ammrtel ¢ momouisio PB (OITH) oT KOMMyTallMOHHBIX TNEpeHANpsHKeHUN B
CTaTUCTUYECKOM pACHpPE/EICHUN IEPEHANPSIKEHU BO3MOXKHO CUJIBHOE HCKaXXEHHE. OTOT
nepekoc Haubonee SPKO BBIpaAKEH MpU Oojee HU3KOM YpPOBHE 3alllUTHI [0 CPAaBHEHUIO C
aMIUTHTYIaMHA  O’KHJIAEMBIX TIEPCHAINPsDKCHUN ¢ moyioruM  (poHTOM. B Takux curyammsx
HE3HAYUTENIbHbIE OTKJIOHEHHS B TMPOYHOCTH H3OJALUUU HUMEIOT OONbIIOE BIUSHUE Ha
BEPOATHOCTh MOBpexkAeHUs. C 1enplo IpeoaosneTb 3TOT 3(@eKT mpeniaraeTcss HaXOIUTh
pacueTHbIN KO3 (HUIIMEHT KOOPANHALINY, 3aBUCAIIUIN OT OTHOIIeHUs ypoBHs 3amuTel PB (OITH)
K 2%-HOMYy 3HaueHUIO (T.e. BEPOSATHOCTb MPEBBILIEHUS KOTOPOrO paBHa 2%) O0XKHUIAEMBIX
nepeHanpsKeHnH, caelyonuM 00pa3om:

UEK
¢ : =
T 07 : pr 1,1’ 6)
7
t, t,
07 < E < 1,2 : KI'-‘p =124-02 3 %
USI! USI! i
[
12 < i : X_ =10
. w10, ®)

a KOOPpAWMHAIMMOHHOC BBIACPKUBACMOC HAIIPSAXKCHUE KOMMYTAIMOHHOT'O UMITYJIbCa KaK
Uk = KKPUSK, 9

rae Lax - ypoens samuter PB (OITH) npy KOMMYTaIMOHHBIX HMITYJIbCAX;
U2 - 2%-Hoe 3Ha4YeHHE aMILTMTY/Ibl 0KHIAEMOTO MEPEHANPSIKEHUS ¢ MOJOTHM (DPOHTOM

10 OTHOLICHUIO K 3CMIIC,
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& - KOODIMHAIMOHHOE  BBIIEP)KUBAEMOE  HANPHKEHHE  OOOPY/IOBAHHS  IIPH
KOMMYTallUOHHOM MMI1YJIbCE;

Kp- pacuetnblii ko3 GHUIMEHT KOOPIMHAIHH.

[Tpumeuanue - Koapdunuent 1,0-1,1 yduThiBaeT BBICOKYIO YaCTOTy MEpPEHANPSHKECHUHN C
aMIUIMTY/IaM{, PaBHBIMM YPOBHIO 3alllUThl M3-32 YCEUEHHUs pacIpeleieHUs] NepeHaNpsHKeHUH
BEHTWIbHBIM pazpsaHukoM win OITH. Drta yactora TeM BblllEe, YeM HUXKE YPOBEHb 3allMTBHI.
W3-3a HeompeneNeHHOCTE B MPOYHOCTH OOOPYAOBAaHHS 3amac MEXAY BbIIEPKUBACMBIM
HallpsSOKEHUEM W YPOBHEM 3alUTHI  CJIEAYET YBEIMYMBATh C IOBBIIIEHUEM YacCTOTHI
HEepEHAIPSHKEHUI, YTOObI COXPAHUTh 3aJaHHBI YPOBEHb PUCKA.

7.3 3awmTa oT rpo30BbIX NepeHanpsXXeHun
7.3.1 O6mue moaoKeHUs

W3-3a2 BRICOKOI CKOPOCTH HapacTaHUS TPO30BBIX IEPCHANPSHKCHUH  HEBO3MOXKHO
npeneOpeus BausHUEM npobera BoiHbl Mexay PB (OIIH) u obGopynoBanuem. Kak mpasuio,
HaIpsDKEHUE Ha 3allMiaeMoM o0OpYy/I0BaHUU BbllIE, yeM ocTatouieecs HanpsbkeHue PB (OITH)
(cm. 7.3.2). CnenoBarenbHO, HA MPAKTUKE BCETJAA IMOJIE3HO O MUHHUMYMa CHIDKATh PAcCTOSTHUE
no muHamMm, pazpeinstoniee PB (OITH) u ocHoBHOe oOopynoBanme. OQHAKO €CIIM CKOPOCTH
HapacTaHUsl TPO30BBIX MEPEHANPSHKEHUNH MOTYT ObITh OrpaHHYEHbI, HHOT/Ia YCTAHOBKOM OJHOTO
PB (OIIH) Bo3MOXxHa 3ammTa Oojiee 4eM OIHOW CeIMHUIIBI 00OpYIOBaHUS TaK XKe, Kak U B
cllydae, KOT/la ¥ MOJCTAHIINS, U MUTAIOIIKE BO3AYIITHbIC TMHUU 3((HEKTUBHO 3alUIICHBI.

I'maBHbIN QakTOp, ompenenstoumii pacnongoxenue PB (OITH) na moxacranuuum, - 310
JUHENHass W TMOACTaHLMOHHas 3amuTa. Kak mpaBmio, 3ammura MNOJCTAHIIMKM MOXKET OBITh
o0ecrieyeHa, Jaxe eciIM OTXOJAIINE JIMHUM He 3amuuieHbl. [ocTaHnoHHas 3aliuTa CHUXKAeT
BEPOATHOCTb BBICOKMX HANpPsKEHUH M KPYThIX (DPOHTOB BOJIH, BOZHUKAIOIIMX B pe3yJbTaTe
yJIapOB MOJHHMHU ¢ OOJIBIIMMHU aMIUIUTYJAaMU TOKa BHYTpH noacTtaHiuu. OHAKO cleayeT y4ecTb,
YTO OOJIBIIMHCTBO y/apoB Oy/A€T HallpaBJIEHO B JMHHUM, 3TH yJIapbl CO3AaayT BOJHBI, Oerymue
[0 JVHUM W JOCTUraroulve MOoACTaHUMHU. Eciy JIMHMM 3alMINEHBl, BOJHBI, NMPUXOIALIME Ha
MOJACTAHIINIO, MEHEE OIACHBI, 4Y€M BOJHBI, MPUXONAIIAE C HE3aUIICHHBIX JIMHUM.
CootBetcTBeHHO, amIuuTyaa TokoB PB (OITH) Oyner Huske, 4TO MPUBOIUT K OOJiee HUZKOMY
ocrtaroriemycs Hanpspkeruto PB (OITH) u mydieit 3amure 060py1oBaHus.

He3aHII/IHI€HHBI€ YCTAaHOBKHU MMOABCPKCHBI CaMbIM BBICOKUM I'PO30BBIM TOKAM M CKOPOCTAM
HapaCTaHUd  HaIIPSKCHU. ﬂﬂﬂ YCTAHOBOK, TAC HC HUCIIOJIB3YCTCA IIOJIHAsg  3allluTa,
PEKOMEHAYECTCA CaMO€ MUHUMAJIbHO BO3MOXXHOC UX paCCPpCAOTOUCHUC.

B 3amuineHHpIX yCTaHOBKAX C €IMHCTBEHHOM HE3aIIMIIEHHONW OTXOSIIEN BO3MAYIIHON
muauet PB (OITH) pacnonaraioT kak MOXKHO OnnKe K BBIBOJIAaM 000pYAOBaHUS (KaK MPaBHIIO,
TpaHcopmaTopa), KOTopoe cieayeT 3amumarsb. Korna k MoACTaHIMU MOAXOAST HECKOJIBKO
HE3alUIIEHHbIX BO3AYIIHBIX JIMHUM, aMIUINTyJa W KpYTH3HA MPHUXOAALLETO 10 HUM
NEPEHANPSDKCHUST CHMJKAIOTCSL B PE3yJbTaTe JEJECHHMs, HO 4YacToTa IIOSBIEHUS TaKUX
nepeHanpspkeHu  yBenuuuBaercsa. OJHAKO cledyeT pacCMOTpETh Cilydyau, KOrja OJHa WIN
HECKOJIbKO JIMHUM BBIBOAATCS U3 JKCIUIyaTallud, U OLEHUTHb BEPOSITHOCTb TAaKUX CIIy4aeB BO
BpeMs Tpo3. Korjia oauH WM HECKOJIBKO CHJIOBBIX BBIKIKOYATENIEW WIM Pa3beIUHUTENEH Ha
TaKOW IOJCTAaHIUU PA30MKHYTBI, COOTBETCTBYIOIIME JIMHEWHBIE MOAXOAbl MU OIPEICICHHBIE
YaCTH CTaHIIMM MOTYT OBITh OCTaBJ€HBI 0e3 3amuTbl co crtopoHsl PB (OIIH) Ha
Tpancpopmaropax. IloBpexxaeHne JHMHEWHOW M3OJSLMUM TPH  TPO30OBOM  IEPEKPHITHH
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OTKJIIOYCHHOM JIMHUM MaJIOBEPOSATHO, HO H3OJSALUS JAPYroro oOOpYJOBaHUS, TaKOTO Kak
CUJIOBBIE BBIKIJIIOUATENN, TPAHCPOPMATOPHI HAMIPSDKEHUS U TpaHCPOPMATOPhI TOKA, BKIIOUCHHBIE
Ha JIMHEHHOM CTOpOHE, MOXET OBbITh MOBpEXJAeHA. Eciu Takue ciaydyad CUMTAIOT TPeOYIOIIUMU
nonojHuTeabHOM 3amuThl, PB (OIIH) moryr ObITh yCTaHOBJICHBI Ha COOTBETCTBYIOIIHUX
JIMHENHBIX MMOIX0HaX.

[Ipuxopsiue ¢ 3alIUIIEHHBIX JIMHUN NEPEHANPSDKEHUS 110 aMIUIMTYAE U KPYTU3HE HUKE,
YeM ¢ He3allIMIIEHHBIX JTUHUI. Bo MHOrHX ciydasix 3TO MO3BOJIIET UMETh HEKOTOPOE yalleHHe
PB (OIIH) ot 3amuniaemoit uzonauuu. [Ipyn Hanmuuuyu eAMHCTBEHHOM 3alllUIIEHHON OTXOZIIEN
BO3NYIIHOW JIMHUK OoJuH KoMmIiuiekT PB (OITH) MoxeT ObITh pacmojio)kKeH B TOYKE, KOTOpas
obOecrieunBaeT 3alIUTy BCEro OOOpPYNOBaHUS, HO TMPEUMYIIECTBO JOJHKHO OBITH OTHAHO
tpanchopmaropy. s ompeneneHus MakcuMmaibHOro paccrosaus mexay PB (OIIH) u
TpaHc(hopMaTOpoOM MOKET ObITh MCIIOIB30BaH MeTo 1o 7.3.2.

Ha noaCTaHIUAX C OOJBIINM YHCIOM SAIIUIICHHBIX OTXOAAIIHUX BO3YIIHBIX JIMHUN
(cBA3aHHBIX C KPYIHBIMH YCTaHOBKAMU C TpaHC(OpPMATOpaMH, BBIKIIOYATEIAMU U
u3MeputenbHbiM obopynoBanuem) PB (OIIH) ne Bcerma pacrnosiaraioT Ha BBOJAX KaXKJ10TO
TpaHchopmaropa. MeTo/ibl, IpuBeIeHHbIE B 7.3.2, MOT'YT OBbITh MCIIOJIb30BaHbI B LENAX OLEHKH
MaKCHUMAJIbHBIX OTACIAOIINX paCCTOﬂHI/If/'I. Bboinee Baxubie YCTAaHOBKH MOTI'YT HOTpe6OBaTI>
JIeTaJbHOIO M3y4eHUs IEPEeXOIHbIX MpoleccoB. Takue HCCIENOBAaHUS M HMHTEpIpEeTalus HX
pe3yJIbTaTOB HaXOATCS BHE cepbl AEUCTBUS HACTOSILErO CTaHAapTa.

B obnactu npumenenus PB (OIIH) pans  3ammrbl  000pyIAOBaHMST OT TPO3OBBIX
HepeHanpsKeHUH CyIeCTBYIOT /1Ba aIbTEPHATUBHBIX MTOIX0A:

- ONpEEISI0T HEOOXOJUMOE /ISl KOOPIUHALIMU BBIAEPKUBAEMOE HAIPSDKEHHE TPO30BOIO
uMmnyiasca Juisi gaHHoro ypoBHs 3amuTel PB (OIIH) u otnensitomiero  paccTOSHHUS.
HopMupoBaHHOE BBIIEPKMBAEMOE HAIPSDKEHHWE TPO30BOIO MMITYJIbCA 3aTEM PACCUUTHIBAIOT
YMHOXKEHHEM TOJTy4eHHOT0 3HaYeHus Ha Kodddunment 1,15 (cm. 7.1);

- onpeAensroT 3amuTHyto 300y PB (OITH) - makcumanibHOE OTAEINSIOIIee PacCTOSHUE, TS
KOTOPOTO BBIMONHSIOTCS TpeOOBaHUS MO KOOPAMHALMK H3OJSIUM s 33JaHHOTO YPOBHS
3amutel PB (OINIH) u xoopawHAIMoHHOTO BBIAEp)KUBaeMoro Hampspkenus. [lociennee
MOJTy4aroT JENEHUEM HOPMHPOBAHHOTO BBLIEPKHBAEMOTO HAMPSHKEHHUS TPO30BOIO HUMITYIBCA
obopynoBanus Ha 1,15 (cm. 7.1).

O06e anbTepHAaTUBBI TPEOYIOT OIpeIeeHNs (POPMBI IEHCTBUTENBHOTO MIEPEHATIPSIKEHUSI Ha
3alUIAeMOM 000PYAOBAaHUH U €T0 BBIIEPKUBAEMOI0 HANPSHKEHUS, CBA3aHHOTO € 3TOH (popmoil.
B kauecTBe 10OCTATOYHO aJAEKBATHOI'O YIPOLIEHUS, OJHAKO, JOMYCKAETCS MPEAINOIOKUTh, YTO
3TO TpeOoBaHMUE COOIIOAIOT MIPH CIETYIOLINX YCIOBUAX:

- n1a PB: HpO6I/IBHOC HAIpsPKCHUC Ha (I)pOHTC BOJIHBI CpaBHUBAKOT C BBIACPIKUBACMBIM
HAIPsSPKECHUEM CPE3aHHOI'0 I'pO30BOT'0O UMITYJIECA HA O60py210BaHI/II/I;

- U/unu NpoOUBHOE HANpPSKEHHE IPO30BOTO MMITYJIbCA M OCTAIOLIEECs HANpPSIKEHHE IMPH
HOMUHAJIBHOM pa3psiiHOM Toke (ummynbe 8/20) CpaBHUBAIOT C BBIIEPKUBAEMBIM HANPSKEHUEM
IPO30BOT0 UMITYJIbCa 000PYIOBaHMSL.

st tpanchopmMaTopoB ¢ OyMakKHO-MACHSHOM M30JsAIMel 00€ aabTEepHATHBBI JIalOT
NpUOJIM3UTENIBHO OJMH U TOT K€ pe3yibrar. Kpome Toro, Juist KpymHbIX TpaHC(HOPMATOPOB MX
BXO/IHAs EMKOCTh CHI)KAeT CKOPOCTh HapacTaHWs HaOeraromeil BOJHBI HEepeHANpPSIKCHUS.
CrnenoBarenbHO, pacCMOTpeHHE IPOO0s Ha GPOHTE BOTHBI MOXKET OBITH OMYIIECHO.
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Ecnu BbIepkrBaemMasi MpOYHOCTh OOOPYAOBAHUS Ha JIMHEHHOM BXOJ€ MOJCTaHIMH IPH
CpPEe3aHHOM I'PO30BOM UMITYJIbCE MEHEee YyeM Ha 15% mpeBbiliaeT MOJHBIA UMITYJIBC, TOTAa MOXKET
OBITH HEOOXOMMO PAaCCMOTpPEHNE TPOOUBHOTO HAIPSKEHUS HA (PPOHTE UMITYJIbCA.

s cepmemusuposannbix pacnpedenumenvuvix ycmpoucms (I'PY) nepenaBaemble U
OTpa’KEHHBIC BOJIHBI BHYTpU [ PY BBI3BIBAIOT CHM)KEHHE CKOPOCTH HapacTaHWs HaOeraromei
BOJIHBI, IpuBojduiee K npoboro PB mnpu Hampsokenuun, Oosee HHM3KOM, 4eM HampshKeHUE
cpabaTbIBaHMs Ha (QpoHTE BONHBEL Kak ympoleHue, cieloBaTelbHO, A0MyCcKaeTcs MpeHeOpedb
s¢¢pexramu cpabaTbiBaHUSI HAa (POHTE BOJHBI MJIM, B KAauyecTBE albTEPHATUBBI, IPOBECTU
pacyeTbl METOJIOM OETYIINX BOJIH;

- s OITH: ocraromuecss HaNpsDKEHUS MPU HOMHUHAIBHOM Pa3psiAHOM TOKE W/HWIIM TpU
KPYTOM HMITYJIbCE€ TOKAa CPaBHHMBAIOT C BBLACP)KUBAEMBIM HAIPsDKEHUEM OOOpYIOBaHUS MpHU
IPO30BOM HMILYJIBCE.

[IpencraBuTenbHbBIC TPO30BBIE MEPEHANPSHKEHHUS, OT KOTOPBIX TpeOyeTcsl 3aliuTa, Kak
npaBuio, Bb3bIBatOT B OITH Toku ¢ anuTensHOCThIO PpOHTa, MPUOIMKEHHOM ckopee K 1 MKc,
gyeM K 8 wmkc. CremoBareiabHO, MOXET OBITH ONpPaBIAHO HCIOJIB30BAHUE OCTAIOUIETOCS
HaNpsDKEHUsT KPYTOro MMITyJIbCa TOKA, KOTOPBIM BbI3bIBAET NpuOIU3UTENbHO Ha 5% Oonee
BBICOKOE IE€pEHANpsKEHUE, YeM B Cllydyae MCIOJIb30BAaHUS OCTAIOIIETOCs HANpsKEHUs IpU
HOMUHAQJIBHOM pa3psAHOM Toke. CpaBHUTENBbHBIE pacueThl MOKAa3bIBAKOT, 4TO 3TOT 3¢ ekt
noao0eH cpabaTpiBaHuio PB Ha GpoHTE BOIHBL, TOATOMY IPUMEHSIIOT T€ K€ PaCCyKICHUS.

[Ipumeuanue - {51 BO3AYIIHONW U30JLMU PE3YAbTAT IPUMEHEHHUS 3TUX METOAUK MOKET
ObITh CJIMIIKOM KOHCEPBAaTHBHBIM H3-3a 33JEPKKH B IMEPEKPHITUU M30JSILMU, KOTOPYIO, Kak
MIPaBUJIO, BBIPAXAlOT B BUJIE KPUBBIX "HaIpspKeHue - Bpems'". boiee TouHble pe3yabTaThl MOTYT
OBITh TOJTYYEHBl U3 PAcue€TOB METOJOM OEryIiux BOJH, B KOTOPBIX 3Ta 3a/I€PKKa MEPEKPhITUs
yuTeHa. AHaJOTMYHbIE COOOpaXKEHUs] MPUMEHSIIOT U K H30JISIMM APYTUX BUIOB, JJISI KOTOPBIX
M3BECTHO UX MOBEJCHUE IpU Mpodoe.

7.3.2 YHpoIuIeHHbII METO/1 pacueTa 3alUThl OT MOJTHUU
7.3.2.1 3amuTta 000py10BaHUS HAPYKHON YCTaHOBKHU

OnpIT pabOTHl C MOJCTAHIIMOHHBIM OOOPYAOBAHHEM IOKAa3bIBA€T, YTO €CIH IMPHUHSTH B
pacuer BiusOmUE (aKTOpbl, YyKazaHHble B 7.3.1, KOOpAMHAIIMOHHOE BBIAECP)KUBAEMOE
HaNpsDKEHUE TPU TPO30BOM HUMITYJIBCE MOXKET OBITh OMPEIENIEHO M3 AMIUPUYECKON (HOpMYIIbI
(10) [em. IB.3 (mpunoxkenue /Ib)], koTopass yuuThiBaeT (hyHIaMEHTAIbHbIE XapaKTEPUCTHUKU
MOBE/ICHUS IPO30BOr0 MEepPeHANPsHKEHUS Ha MOACTAaHIUAX:

A4 I

oo =77 +—__9
EE aT NLDI[_'-LE‘_’ (10)

rne Ly = & {7 - puuHa BO3AYNIHOM NMHMM Nepesi MOACTAaHIMEH, KOTOpas MO3BOJISET
MOJIYYUTh HOPMY yIapOB MOJIHHH, PaBHYIO TIpHeMJIEMON HOpMe ToBpexaeHuid. [IpaBas npo0Osb,
YMHOXEHHas Ha A/ A, mponoplroHanibHa KPYTU3HE MTPEACTABUTEIBHOMN MAal0IIEC BOIHBI;

& - KOOpIMHALIMOHHOE  BBIIEPKUBAEMOE  HAINPSKEHHE  TPO30BOTO  MMITYIIbCa
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00opynoBaHUS;

A - HampsKeHHe B COOTBETCTBHM € Tabiuued 2, yuumovlgaroujee oegopmayuio ¢pponma
BOJIHbL U3-3 UMNYAbCHOU KOPOHbI Npu npobeze TO BO3AYIIHOW JIMHUH, MOJCOCIMHEHHOW K
MOJICTAHIINH;

L7.r - yposens 3amutsl PB (OITH) 0T rpo30BBIX HMITYJILCOB;

A - 4nCI0 TUHUN, TOAKIIOYEHHBIX K moACTaHuH (A =1 i AW =2);
L, - obmas mmna & +d) +dy +dp (pucynok 2);

Lim - nnmna nponera;

Ly - cexnus BO3JYLIHOW JIMHUKM C HOPMOW MPOCTOs, PaBHOM NpUEMIIEMOW HOpMeE
MTOBPEKICHUI;

R, - npueMiieMasl HOpMa MOBPEKICHUH (YMCIIO MOBPEXKACHUI B €IMHMIYY BPEMEHM) IS
3aIUIIAeMOT0 000PYyI0BAHUS;

¥ - HOpPMa MPOCTOSI BO3AYIIHOW JHHHM (YMCIO MPOCTOEB B EAMHHILY BPEMEHM U Ha
eAVHMILY JUTMHBI) B TOJ JAJSl MPOEKTUPOBAHUS, COOTBETCTBYIOIIAsl MIEPBOMY KUIOMETPY HeEpen
noactannueit. Ecnmu & =2, HopMbl HEOOXOAMMO CKII IbIBATh.

[Ipumeuanue - B dopmynax (10)-(12) momxHBI OBITH HCIOJIB30BAHBI COTJIACYIOLIUECS
€IMHHIIBIL.

Z3

Pl P i T T i i i A AT A T T

Pucynok 2a - YcranoBku 0e3 KOHTypa 3a3eMJIeHUs (pacipeesuTeIbHbIE CETH)
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Pucynok 26 - YcTaHOBKH ¢ KOHTYPOM 3a3eMJICHUS (IIOJICTAHITIH )

¢ - pacCTOsTHUE MEXIY BHICOKOBOJIBTHBIM BBIBOJIOM 3aIIIUIIIAEMOTO 000PYAOBAHUS U
TOYKOM MOJIKJIFOYEHHS BEICOKOBOJIbTHOTO 1poBoaa PB (OITH); #{ - JUTMHA BHICOKOBOJIETHOTO
nposoaa PB (OITH); &3- nnuna 3azemnsiomero nposoaa PB (OITH); &4 - mmna PB (OITH);

Zq- COMPOTHUBIICHUE 3a3eMyieHusT; T - 3amuinaeMbiii 00beKT; IF - Haberaromnas BOJIHA
HepeHaprDKeHI/Iﬂ

Pucynok 2 - Cxema npucoenunenus PB (OITH) k 3ammiaemomy o0beKTy

Tabnuua 2 - Koappuument 4B popmynax (10)-(12) s pa3nuyHbIX BO3AYIIHBIX JIMHUHA

BoznymiHast muHust A,xB

PacripenenurensHble TMHIK (MK Ty (ha3HbIE TEPEKPBITHS):

- ¢ 3a3eMJICHHBIMH TpaBepcaMHu (TIEPEKPBITHE Ha 3eMITIO TIPY HU3KOM HAIPSsDKEHHN); 900

- IMHUY Ha JIEPEBSIHHBIX OMOpax (MepeKpbITHE Ha 3eMIII0 IIPH BEICOKOM HATPSKEHUH) 2700

Jlvavn snexTponepenadn (0gHO(a3HOE TEPEKPHITHE HA 3EMITIO):

- OJJMHOYHBIH MPOBOJI; 4500
- pacwenienue Ha J1Ba IPOBOJIA; 7000
- pacwenienue Ha Y€ThIPE MPOBO/A; 11000
- pacwjenieHue Ha MIECTh U BOCEMb IPOBOJIOB 17000

HpI/IMC‘{aHI/IC - HaHpS{)KCHPIC A s pacnpeacInTCIIbHbIX JTUHUN HUXKC, YeM JI1 JIMHUHU DBJICKTpOIICpeaadu C¢ OJWHOYHBIM]

http://www.razrad.ru/gost/ - FTOCTbl N0 3NEKTPOTEXHMKE



MPOBOJIOM, TaK KaK B PacIpeAeNUTENbHBIX JTHHUIX BO3MOXKHBI MEXIy(ha3Hble MEePEeKPhITHS UM MHOTOKPATHBIE TEPEKPHITHUS]
(aza - 3emis, 4TO NPUBOAMT, TAKUM O00OpPa30M, K Pa3lIeNICHHIO TOKOB M, B ClIydae 3a3€MIICHHBIX TPaBepC, K OrPaHUYCHHIO)

AMILTUTYAbL Ha6era}ou1eﬁ BOJIHBI.

Kak npaBuiio, mpuemiieMble HOPMBI TOBPEKIACHHS  3alMIICHHOTO 00OpPYIOBaHHS
Haxonarcst mexay 0,1% B rox u 0,4% B roa. Tunuunoe 3nauenue 0,25% B roja UCHOJIB30BAaHO B

npuMepax TabyuIsl 3.

Tabnuma 3 - [Ipumepsl 3aUTHBIX 30H, paccuuTaHHBIX 10 hopmyie (10), nius omxpeimoix
pacnpedenumenvruix ycmpoiicme (OPY)

HaubGomsmee | VYposens| Brigepxkusaemoe Juna A, 3ammrHas 30Ha Ly , M
Hamps- 3alUTHL [ HampspKeHue, KB | mporera, kB
>KEeHHe kB M
obopy-
noBaHus, KB
Hopwm Koop- »=0,1 r =0,5% po=2% =0
u- IMHa- * *
IIUOHHOE N=2
poBay| AMN=
- 2
HOE
N=| N=2 N=| N=2
1 1
24 80 125 109 100 2700 - - - 2,4 4,8 3,0
200 900 - - - 10,4 20,8 15,5
123 350 550 478 300 4500 160 23 46 12,0 24 -
420 900 1425 1239 400 1100 180 28 56 16 32 -
0
* B equannax (1) Ha 100 kM 1 Ha TO.I.

Jl51g pactipeIeNUTENbHBIX JIUHUM HOPMBI IPOCTOS, KaK IpaBHUIIO, 0OJiee CPaBHUMBI C
MpPUEMIIEMBIMA HOPMaMHU TMOBPEKIACHHUM, T.€. JUIMHA BO3AYIIHON JIMHUW Majla U €0 MOXXHO
npeHedpeus. Toraa ¢popmymna (10) ynpormaercs:

N L - (11)

WHayKTHpOBaHHBIE TPO30BBIE  MEPEHANPSHKEHUS ~ HEOOXOAMMO  paccMaTpuBaTh B
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pacmpeeuTeNbHBIX CUCTeMaX, T/Ie 000pYyAOBaHHE HE 3AIIUIIEHO OT MPSMBIX YIapOB MOJTHUH B
MIPOBOJA UM OT OOPATHBIX MEPEKPHITHIA.

ITpumeuanue - @opmyna (10) onucsIBaeT NaJjeHUE HAIPSKEHUS, 3aBUCALIEE OT HOGEOCHUs.
BO3YIIHOW JINHUY, CBSI3aHHOH ¢ 000pyIOBaHUEM, Nnpu yoape MOIHUU, OT CXEMBbI MOICTAHIIUU U
OT BbIOpaHHOM mNpHEMJIEMOM HOPMBbI MOBpeXAeHUH obopynoBanus. Ha ocHoBaHum
CYIIECTBYIOIIUX AAHHBIX O NOBEOeHUU 8030VWHOU NUHUU NPU YOape MOIHUU U IeMI(UPYIOIINX
apdeKxTax KOpPOHBI ONPEACTSIIOT KOHCTAHTY 4 , 4YTOOBl TOJYYHUTh COTJIACHE MEXIY
BBIJICPKUBAEMbIMA ~ HAaNPSHKCHUSAMHU, paccuuTaHHbiMH 10 (opmyne (10), u  ombIToM
9KCIUTyaTaluy, IPUOOPETEHHBIM B PE3yJIbTaTe UCIOJIb30BaHMsI 30H 3aLIUTHI B TEUCHHUE JOJITOr0
BpemeHu (cM. Tabmuiy 3). @opmyna (10) He momKHA OBITH MCHOJB30BaHA JJIS OMPEICIICHUS
aMIUTUTYABI IEPEHAIPSKEHUS ISl KOHKPETHOTO I'PO30BOTO CiIy4as Ha BO3YLTHOM JIMHUM.

[Tpu BEIOOpE HOPMHUPOBAHHOTO BBIJICPKUBAEMOTO HAIPSHKCHHUS TPO30BOTO  MMITYJIhCA
3anuTHas 30Ha PB (OITH) moxeT ObITh o1leHeHa 1o Gpopmyie

L=

3

N[,
“== v, e, +
All11s5] 7 (e Eﬁ), (12)

rae Ls- 3ammTHAsg 30Ha,

U\ - HOPMHPOBAHHOE BBIIEPKUBAEMOE HAIIPSIKEHUE IPO30BOI0 UMITyibca (cm. 4.1).
®opmyna (12) mokas3bIBaeT, YTO AJIs1 JAHHOM MOJCTAHIIMY 3aIIUTHAS 30HA YBEITUUNBACTCS:

- C YBEJIIMUEHUEM PA3HUIIBI MEXAYy HOPMHUPOBAHHBIM BBIJCPKUBACMBIM HANPSIKEHUEM U
YPOBHEM 3alIUTHI,

- CO CHM)KCHMEM HOPMBI IIPOCTOSI BO3AYLIHOW JIMHUM NEpel IMOACTaHUUEH, yKa3blBas,
TakUM OOpa3oM, Ha BIMSHHUE YJIyUYIIEHHOM 3allWThl 3a3€MJIEHHBIMU TPOCAMH M CHUKEHHOI'O
COIIPOTHUBIIEHUS (PYHIaMEHTa OTI0p;

- C YBEJIIMYEHUEM IMPUEMJIEMBIX HOPM MOBPEKJECHUM, YTO YKAa3bIBA€T HA BO3MOXKHOCTb
3aIUTHl 000PYIOBAHUS, OJTHAKO C 00JIe€ BHICOKOH HOPMOM MOBPEXKICHHUS.

Tabnuia 3 coaepKUT MpUMEphl PACCUUTAHHBIX 3AIIUTHBIX 30H, B KOTOPBIX MOTYEPKHYTHIC
3HAUYEHMS JMAMNAa30HOB OTHOCSTCSA K TE€M, KOTOpbIE, KaK MPABUJIO, MPUHUMAIOT. 30HBI 3aIIUThI
160 u 180 M moATBEPKAAIOTCS MPAKTUKON ¢ 000pyA0BaHUEM Ha BXOJI€ JIMHUH, 3amuiieHHomM PB
(OITH) na tpancdopmaTope TMpH OOECHEUYECHHUU IOJHON 3allUThl BO3MYIIHOW JMHHUU TEPE]
MMOJCTAaHIINEMN.

7.3.2.2 3amura eepmemu3uposannvix pacnpederumenvuuvix ycmpoticms (I'PY)

I'PY cuumarom 3amuiieHHbiMu Jydmie, yemM OPY, Tak kKak OHM HMMEIOT BOJHOBBIE
CONPOTHUBIICHUS, HAMHOTO MEHBIIUE, YEM BOJHOBBIE CONMPOTUBIEHHUS BO3AYIIHBIX JMHUM. Kak
MpaBUJIo, OOOCHOBaHHAs PEKOMEHJAlWs U1 OLEHKH YIydlleHHus, MoiydeHHas st [PV
cpaBaenueM ¢ OPY, He MoxeT ObIThb gana. OnHako wucnonb3oBanue ¢opmyn (10)-(12),
NpUBEJEHHBIX BbIme it  OPY, TO3BOMSET TMOMYyYUTh  KOHCEPBATHUBHBIE  OILICHKHU
KOOPJMHALIMOHHOTO BBIIEPKUBAEMOT0 HAMPSKEHUST TPO30BOr0 HMMIYJbCa WM 3alllUTHOTO
JMana3oHa M, BO3MOXXHO, CHIKEHHUE 3HAUYEHHS TOCTOSHHOW A /10 TOJIOBUHBI 3HAYEHWS,
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yKa3aHHOTO B TabuuIe 2.

OOm1ee mpaBUIO COCTOMT B TOM, 4TO AJs 3auiuThl / PY HeoOXoauMo ycraHaBiuBaTh PB
(OIIH) na BXOAec JHWHWH, JaXKE KOTJA JMHEHHBIM BBIKIIOYATEIh PA30OMKHYT. MoryT
notpedoBarscst gononaaurenbHbie PB (OITH) Ha TpanchopmaTopax mim Korja CIUIIKOM BEJIUKA
otaenstomue paccrosaus 10 PB (OITH), ycTtaHOBIIEHHBIX Ha JMHEHHBIX MOJXOJaX, WM KOTJa
OKUIal0TCsl OOJIbLINE MEpeHanpsiKeHuss Ha Tpanchopmatope, B To Bpems kak PB (OITH) na
JUHEHWHBIX MOIX0aX OTKIFYeHBI. st mpoTsbkeHHbIX [ PY MoryT Takke ObITh HeoOXoaumbl PB
(OIIH), ycraHOBiE€HHblE B YyAOOHBIX MecTtax BHyTpu [PY. VYiyumenHas 3amura oT
NEepeHaIPsHKeHUs. ¢ OBICTPOHAPACTAIOIIMM (POHTOM MOXKET OBITh JOCTUTHYTA IyTEM YCTaHOBKHU
PB (OIIH) nuneiitHoro moaxoxaa BHyTpH [PV, uto ycTpaHser BiMsiHMs npucoeauHeHuid PB
(OITH) npu HapyxHOW mXx yctaHoBke. Hecmorpst Ha To uto »ToT PB (OIIH) GbLT OBI GOJICE
noporoctosimiuM, 4yem PB  (OIIH) npu HapyXHOHl ero ycTaHOBKe, HE NOHAA00sTCA
nonosautensaeie PB (OITH).

Ecnu B cooTBEeTCTBHM € 3allIMTHBIMH JUana3zoHaMu gonojHuteasHbie PB (OITH) momkHbI
OBITh yCTaHOBJEHBI BHYTpU [PV, He ciemyeT IMOJib30BaThCs MPUOIMKEHHOW (opmymoi, a
JIOJI’KHBI OBITH BBIMOJHEHBI pACU€Thl METOI0M OEryIINX BOJH.

3amuTa ¢ nomonipto PB (OITH) ot mepenanpspkeHuid ¢ OpIcTpoHapacTaromuM (GpoHTOM
BHYTpH [ PV, KaKk IpaBUJI0, HEBO3MOKHA M3-32 OYEHb BBICOKMX BBI3BIBAEMBIX YaCTOT U 33JICPKKHU
B nipoBosieM mexanusme OITH. PB BooO1ie He 6yayT cpabaThiBaTh.

7.3.2.3 3amura noACTaHIMHA ¢ KaOEIbLHBIM ITOAKIFOUEHUEM

AHanornyno / PY moACTaHIMM, TOJAKIIOYAEMbIEC C IIOMOIIBIO KaOeIeH, IPH TeX e CaMbIX
pa3mepax, 3aluineHsl aydine, yeM OPY, HO B 3TOM ciy4yae TakkK€ HEBO3MOXKHA HHUKaKas
MOJTHOCThIO 00OCHOBAHHAs PEKOMEHAAIIHSL.

PB (OITH) nomxHbI ObITh YCTAaHOBIJIEHBI B MECTE COCTUHEHUS BO3IYIIHAS JIMHUS - KaOelb,
YTOOBI 3alIUTUTH KaOEIbHBIA BBOJ. BIUSHUSA OTAENAIOUIMX PACCTOSHUNA MOTYT OBITH OLICHEHbI
KOHCEpBAaTHUBHO, TaK e Kak u B ciiyyae ¢ OPY. Korna Bo Bpems yaapa MOJIHMU Oosiee 4eM O/1Ha
JIMHUS OCTaeTcs MOJAKIIOUEHHON K mojactanuuu yepe3 kadbenu, PB (OITH) cnocoOHbI 3aMTUTH
noacraniuio. Eciu Bo3MoXkeH ciaydaid, korjga kabenu, MOAKIIOUEHHbIE K MOJICTAHLIUHU, BO BpeMs
ylapa MOJHHMHM Pa30MKHYTHl Ha KOHIAX, U €ClU JUIMHa KaOesjell MmpuOIU3UTENbHO B MATh pa3s
IPEBbIIIACT 3HaYCHHE, BbIUUCIeHHOe 1o (Gopmyre (12), pekomeHytoTcs nononHUTenbHbIe PB
(OIIH) Ha pa3oMKHYTOM KOHIIE. AHAJOTUYHOE pEIICHHE JOJKHO OBITh NPUMEHEHO Ha
pPa3sOMKHYTOM KOHIle KaOenel, KOTOpble NOJCOEAMHEHbl K BO3AYIIHOM JIMHUM Yepes3
MOJICTAHIIHIO.

7.3.2.4 3ammura kabdenei

Kabenw, mogKiIIOUeHHBIE MEXKJy JBYMS BO3JYIIHBIMH JIHHUSMH, JOJDKHBI  OBITH
samuiieHsl ¢ nomomipio PB (OITH) Ha o0oux KOHIAX, eclu JUIMHA KaOensl TpeBbIIIaeT
MATUKPATHOE 3HAYEHUE, OMpeeieHHoe B cooTBeTcTBUM ¢ dopmynoit (12). IMoakmrouenue PB
(OITH) x koH1aM Kabenel JOKHO CIIe0oBaTh AToU (hopMyIie.

B ciydae xabeneii Ha 72,5 kB 1 Bbllle peKOMEHIYIOTCSl UCTIOIb30BAHUE 3AIIUTHBIX TPOCOB

Ha BO3JYIIHOM JHHHUM PSJIOM ¢ Kabenem (OKOJIO TpeX IMPOJIETOB) M HU3KHE CONPOTHUBIICHUS
(byHIaMEHTOB ONOpP B MeCTe MOIKIIOUEHH Kabenei.
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8 BeHTUnNbHbIE paspaAAHUKN U HeNnuHeWnHble orpaHunyuTenun nepeHanpﬂ)KeHvM
cneuynanbHOro HasHa4eHus

8.1 BeHTUNbHbIE pa3pAAHUKN U HENMHEMHble OrPaHUYUTENnu nepeHanpskeHun
ONA HenTpanemn TpaHcopmaTopoB

8.1.1 OO0mue monoxeHus

OnHo u3 HamboJIee MUPOKO PACIPOCTPAaHEHHBIX criennalbHbIX nmpuMmeHennii PB (OITH) -
JUISL 3allMThl HeWTpaneill TpaHcdopmaTopoB. Kakmas He3azeMieHHass HEWTpallb, BbIBEICHHAs
Yyepe3 U30JIMPYIONIYI0 BTYIIKY, TOJDKHA OBITH 3amuiieHa ¢ moMoibio PB (OITH) ot rpo3oBeIX u
KOMMYTallMOHHBIX ~MepeHanpspkeHuid. WM3omisamus  HelTpanu MoKeT ObITh  MOABEprHyTa
BO3JICHCTBUIO  TIEPCHANPSDKEHUH B Cllydae  NPHUXOMANIMX  MHOTO(A3HBIX  T'PO30BBIX
NEepeHaIPsHKeHU WM B Cllydae KOMMYTALMOHHBIX MEPEHANPsHKEHUN M3-3a HECUMMETPHYHBIX
3aMBIKAHUH B DJICKTPUYECKUX CETSIX.

Kpome Toro, B cersax ¢ pe30HaHCHO-3a3€MJICHHON HEUTPAJIbI0 BBICOKHE KOMMYTAllMOHHBIE
HepeHanpsHKeHUs: MOTyT BO3HUKATh B TpaHC(OPMATOPHON HEMTpasiu U nonepek 0OMOTKH, Korja
IpEepbIBAaCTCA JBOMHOE 3aMblkaHUE (aza - 3eMisd, a Lelb, OCTAIOIIAsACs IOAKIIOYEHHOM K
JUHEHHOU CTOpOHE TpaHC(hOpMATOPa, UMEET MAIYI0 EMKOCTh Ha 3eMJIIO.

IIponycknas ciocobHocts PB (OIIH) neiitpanu nomkHa ObITh, IO KpaiiHEeH Mepe, Takou
xe, Kakas Tpedyetcs s ¢pazueix PB (OITH) nnum Beime.

[TockosbKy BBICOKHME 3HAUEHUSI TOKA OTCYTCTBYIOT, Ul ONPENEICHUS 3alUTHOTO YPOBHS
PB (OIIH) mMoxeT ObITh MCIOJIB30BAHO OCTAOIIEECsS HAIPsDKEHHE MPHU Pa3psaHOM Toke 1 KA.
s PB (OIIH) HeliTpanu 3allUTHOE OTHOIIEHUE MOXKET ObITh 3HAaYMTENIBbHO MEHbIIE OJaroaaps
MEHBIIIEW CKOPOCTH HAPACTaHWs HANIPSKCHMUS.

8.1.2 BenTuibHble pa3psOHUKH U HEIMHEHHBIE OTPAaHUUYUTENM MEPEHANPSIKEHUW i
TpaHchOpMaTOPOB C TOJIHON U3ONAIUEH HEUTpan

3amuTa HelTpane ¢ MOJHOM M30JALMeld MOXXET ObITh JOCTUTHYyTa IpuMeHeHueM PB
(OIIH), numeromux TOT k€ YpOBEHb 3alUThI, 4T0 U y pa3Hbix PB (OITH) unu Huxke ero. M3-3a
Oosee HM3KOrO HANpPsHKEHUS MPOMBIIUIEHHONM YacTOThl MEXAYy HeWTpanbio U 3emiel
HomuHansHOE Hampspkenue PB (OITH) welitpanu MoxkeT ObITh Ooliee HHU3KOTO 3HaueHUs. Kax
MIPaBUJIO, PEKOMEHyeTCs, YTOObl HOMMHAJIBHOE HampsyKeHUE ObLJI0O Ha YypOBHE, MO KpaiHel
Mmepe, 60% HOMHHAEHOTO HaMpshKeHHs, HeoOxoaumoro 11 ¢aznoro PB (OITH).

Ucnonssytor PB (OITH) nByx BHIOB:

- WIM TOH Ke caMoil KOHCTpykuMH, 4yTo U (paznoro PB (OITH), HO cO CHM>XKEHHBIM
HOMUWHAJIbHBIM HANPSKEHUEM, HITN

- crienuanbHble PB (OITH) co cHU»KeHHBIMU YPOBHSMU 3aLUTHI.

Bo Bpemsi aHOManmpHBIX YCIOBHH pPAa0OTBI CETH WM BO BpEMs IEPEMEKAFOIIHXCS
3aMbIKaHMM Ha 3€MJII0 MOTYT MPOM30MTH NepeHanpspDKeHUs OOJIbIION JJIUTEIBHOCTH C
MaKCUMYMOM aMIUTUTY/IbI, TOCTATOYHBIM JUISI TOT'O, YTOOBI BBI3BATh CIIEIYIONIUE OHO 32 IPYTUM
cpabareiBanusa PB (OITH) u nanbHeiimee nospexaenue ¢asusix PB (OITH). B Takux ciydasx
cnenyer ckoopaunuposatk PB (OITH) Tak, uro6s1 PB (OITH) Heiftpanu cpabaTbiBan paHblile,
yem PB (OITH) mexnay ¢azoit u 3emneit. PB (OITH) mist HelTpanu ¢ BBICOKOW SHEPTHE MOKET
BBIZICP)KMBATh OTH BO3JCHCTBUA U TMpeaoTBpamaTh moBpexaeHue ¢asupix PB  (OITH).
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Pexkomennyercsi, utoObl ypoBeHb 3amuThl PB (OIIH) He#Tpamum oT KOMMYTAI[MOHHBIX
UMITYJIbCOB COCTaBIIsI OKoO 45% ypOBHS 3alIUThl NPU KOMMYTALMOHHBIX HUMITYJIbCaX,
HeoOxoaumoro utst pasueix PB (OITH).

8.1.3 BentusnbHble pas3psIHUKH U HEIMHEHHBIE OTPAHUYUTENM MEpPEHANPSIKECHUN s
HerTpasnei TpanchopmMaTOpoOB ¢ HEPABHOMEPHOU M30JIAIUCH

TpancdopmaTopsl ¢ 3IEKTPUUECKOW MPOYHOCTHIO, IPaJyWpOBAHHOM OT BBoJa (asbl K
HEUTpaIM, KaKk IIPaBUIIO, NPUMEHSAIOT B CETSAX C 3a3eMJIICHHOW HeuTpanblo. Ecim HenTpans
TpaHchopMaTopa HENOCPEICTBEHHO HE 3a3eMJIeHa, 4TOObl OrpaHMYMBaTh TOKU KOPOTKOTO
3aMbIKaHMsT B CETH, OHa JoJbkHa ObITh 3ammmeHa PB (OIIH) ¢ xapakrepucTukamu,
BbIODAaHHBIMU C Y4Y€TOM YCIOBHHM CETM U BBIACP)KMBAEMOIO HANpSOKEHUS HEUTpaiau, B
COOTBETCTBUHM C TEMH K€ CaMbIMHU METOJaMH BBIOOpPA, KOTOpBIE MPUMEHSIOT s (a3Hbix PB
(OIIH).

8.2 BeHTUNbHbIe pa3psAOHUKU U HENIMHEWHble OrpaHUYUTENU nepeHanpsKeHun
mexnay ¢asamu

3HAYNTENBHBIC TICPEHANIPSDKEHUST MEXKIY (a3HBIMH BBIBOJAMH TPaHCHOPMATOPOB HITH
PEaKTOPOB BO3MOXHBI IMPU  OTKIIOYEHHHM pPEaKTopa WJIM PEAKTHUBHO HArpyXeHHOTO
Tpanchopmaropa. BrraepiknBaeMoe HampsDKEHHE peakTopa WM TpaHcpopmaropa MeEXIy
dazamMu MoxeT ObITh mpeBblieHO 0e3 cpabateiBanus Qasueix PB (OITH). Ecniu oxwunpatorcs
Takue KOMMYTAllMOHHBIC oreparuu, B nomnonHeHne kK (asasiM PB (OITH) momxHBI OBITH
npumenensl PB (OITH) mexny ¢azamu. ®aszupie PB (OIIH) momxHBI MMETh UIMTEIBHOE
pabouee HampspKeHHE, paBHOE WK Oosiee BbIcOkoe deM 1,05 HamOOoJbIIero HampsHKeHHs CETH.
Jns OIIH »To 3HaueHHEe MepeKphIBaeT KBAa3MCTAllMOHAPHBIE MEepeHANpsbKeHUs BIUIOTH 10 1,25
HanOOJIBIIIEr0 HAaNpsOKEeHUsT ceTh. J[s Ooyiee BBHICOKMX KBa3WCTAIIMOHAPHBIX TEpEHANPSDKEHUH
3HauUE€HUE HOMUHAIBHOTO HAMpsDKEHUS HeoOxonuMo yTouHuTh. s PB BeiOpanHOe 3HaueHue
HOMHHAJILHOTO ~ HANpPSDKEHUS  JIOJDKHO — MEPEKPBIBaTh  3HAYCHHE  KBA3HCTAIMOHAPHBIX
NepEeHAIPSKCHUIH.

B ciiydae TpaHchopMaTopoB ¢ HU3KOBOJIBTHOM OOMOTKOH, COETMHEHHOW B TPEYTrOJIbHUK,
Moryt ObITh HeoOxomumbl PB (OIIH) mexny ¢dasamu Ha HU3KOBOJIBTHON CTOpPOHE, YTOOBI
OTPaHUYUTh HMHIYKTUBHO TpaHc(hopMupoBaHHble mepeHanpsbkenus. Otu PB (OITH) moryr
TaK)K€ 3alUIaTh BbICOKOBOJIBTHYIO CTOPOHY TpaHcpopmaropa IyTeM IOIVIOIIEHUs
3JIEKTPOMArHUTHOM SHEPTHH MTPU OTKIIIOYEHHUH TpaHC(HOPMaTOPOB.

ITeunsie Tpancpopmaropsl MoryT norpedosars PB (OITH) mexny dazamu B nomnonHeHue
k PB (OIIH), nonkimoueHHsiM Mexay ¢azamu u 3emuiedd. s atux PB (OIIH) Heobxonnmbl
crienManbHble TPeOOBaHUS, a TAKXKE JOJDKHBI ObITh ONPEIETICHBI UX XapaKTePUCTHKH.

8.3 BeHTUNbHbIe paspsAOHUKA U HESIMHEeWHble OrpaHUuYUTEeNnn nepeHanpsKeHun
Ans Bpawaroowwmxcs MaluvH

HeCMOTpSI Ha TO 4YTO peKOMeH}IaHI/II/I 110 KOOp)II/IHaHI/II/I N30JIA0UN BpaIIlaI-OHH/IXCSI MalllnH
HC ONPCACIICHBI, AJId 3alllUThl TCHCPATOPOB U IlBHFaTCHCﬁ oT HCpCHaHpH)KCHI/Iﬁ HCIOJIB3YIOT PB
(OTIH).

Jlyig 5TOM 1enu yacTo ucnonb3yoT cneunanbHeie PB (OITH), a TpeGoBanus onpenensior

MyTeM COTJIAIICHUS MEXKy U3TOTOBHTENEM U oTpedburenem. B gactHocTH, B ciiydae PB (OITH)
JUISL 3allUThl TE€HEpPaTopoB 0c000€ BHUMAHHUE [OJKHO OBITh YAENEHO HCIOJHEHUI0 UX
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MIPOTUBOB3PBIBHBIX YCTPOMCTB, MOCKOIBKY TOKH KOPOTKOTO 3aMBIKAaHHUS MOTYT OBITh 3aMETHO
BbIlIE, YeM TOKH, YkazaHHble B [[OCT 16357 wiu I'OCT P 52725.

JlJig MalvH, KOTOpbIE CBSI3aHBl C BO3AYLIHBIMU JIMHHUSIMH WU HEMOCPEICTBEHHO, WM
gyepe3 KopoTkue kademu, konneHcatopsl (ot 0,1 mo 0,3 Mx®) u PB (OIIH) nomxHbI OBITH
YCTaHOBJEHBI MexAy (a3oif u 3emieil Kak MOXKHO OJrke K BbIBOJAM MAalIMHbBI, YTOOBI
pacTsHyTh (POHT TEpeHAIpsHDKeHHUS MpuoIu3uTenbHo A0 10 Mkc umm Oosiee U oOecneduTh
JIOTIOJTHUTEBHYIO 3amuTy. Kpome Toro, Moxketr ObITh MpuMeHeH BTopoil komiuiekT PB (OITH)
Ha BO3JYIIHBIX JIMHUSX TEpe]] MAIIMHHOM CTAaHIMEH WJIM B TOYKE COCAMHEHUS BO3YIIHON
JUHUH U KaOes.

IIpumeuanue - Kpome orpaHuuyeHus NepeHaNnpsDKEHUM, HNPUXOJAIIMX Ha MAIlWHHYIO
cranuuto, PB (OIIH) Ha Bo3aymiHONM JMHMM CHMXKAIOT paspsiiHble Toku depe3 PB (OIIH),
YCTAHOBJICHHbIC HAa MallMHE. B pe3ynbraTe Oosiee HU3KUX OCTAIOIIMXCs HampsbkeHui stux PB
(OITH) ocymiecTBisieTcs: JOTIOTHUTEIbHAS 3alIUTa MAIITMHBL.

Xapaktepuctuku PB (OIIH) BbIOMpaioT B COOTBETCTBHM C pazieiaoM 5 uiam 6, a
MMIYJbCHYI0 TPOYHOCTh M3OJSIUMH WM 3HAYECHUE, PEKOMEHJIOBAHHOE W3rOTOBUTEIIEM,
cpaBHHBalOT ¢ ypoBHeM 3amuTel PB (OIIH). B o0mem ciydae Mexay ypOBHSIMU 3allUTHl U
BBIJICP’KUBACMBIMH HAMPSHKEHUSIMU JIOCTHXKUMBI TOJILKO HEOOJIBIIINE 3a1machkl TPOYHOCTH.

MamHam, TOJKIIOYEHHBIM K BO3AYIIHBIM JIMHUAM 4epe3 TPaHC(hOpMaTOpbl, MOKET He
norpeboBarthcs 3amura ¢ nomouiso PB (OITH) B nononHenue k 3ammure TpaHcdopmaTtopa, eciu
MallliHa MOJKJII0YEHAa JOCTAaTOYHO JUIMHHBIM KaOelleM WJIM €CIIM YCTaHOBIICHBI KOHJICHCATOPHI
yKa3aHHBIX BbINIE 3HAa4YeHWi. Ecimy BBIKIIOYATENh YCTaHOBICH MEXIY TpaHc(hoOpMaTropoM H
BpAI[afOIEiCcsl MAaIlWHOW, KOHACHCATOPhl JIOJDKHBI OBITh  YCTAHOBJIEHBI HA BBIBOJAX
TpaHchopmaropa (0OMOTKaX reHeparopa).

JUist MalvH, TOJKIIOYEHHBIX K TpaHcdopmaropaM ¢ OOMOTKaMH, COEIMHEHHBIMHU IO
cXeMe 3Be3/Ia - TPEYroJbHUK, YIYUIICeHHAs 3aIIiTa MOXKET ObITh 0OecredeHa TOTOTHUTEIbHBIMU
mexaydazaeivu PB (OITH). PB (OITH), ycraHoBieHHbIE Ha MalllMHE WM MAlIMHHON CTOpOHE
TpaHchopMmaTropa, HE MOIBEPKEHBI BO3JEHCTBHIO OOJBIINX TOKOB MOJHHH. Cle0BaTEeNbHO,
HU3KHE YPOBHU 3aIIUTHI MOTYT OBITh IOCTUTHYTHI C TIOMOIIbI0 HU3KUX MTPOOUBHBIX HANpsKEHUH
(B cimyuae PB) 1 HM3KUX OCTaroImMXcsl HaNpsbKEHUH npu pa3psaaHbix Tokax 500 A wnu MeHee.

Bonbmme TypOoreHepaTopsl MMEIOT HHU3KHE BOJHOBBIC CONPOTHBICHUS W OMHO(Da3HBIE
cOOpHBIE IINHBI, @ KOPOTKHE 3aMbIKaHUsI MeXay (azaMu JOJKHBI ObITh UcKiItoueHsl. PB (OITH)
HE JIOJDKHBI OBITh YCTAaHOBJICHBI MeXAy (hasamu. JlocTarouHas 3ammTa MOKET OBITh 0OecrieueHa
¢ nomouipio PB (OITH) Ha BEICOKOBOJIBTHON CTOPOHE TpaHCchopMmaropa.

8.4 [ononHutenbHble cneuunanbHble CcryvYan MNPUMEHEeHUA BEeHTUNbHbIX
pa3pAAHMKOB U HENTMHEMHbIX OrpaHuYMTenien nepeHanpsXKeHun

Bribop 1 ycraHoBka PB (OITH) muist 3ammrsl HKeCHeqyIONEro o00pyJOBaHUs IODKHBI COOTBETCTBOBATh CHELUANIBHBIM
TpeOOBaHMsIM Ha 3TO 000PYyIOBaHNUE, YCTAHABIMBAEMBIM MEXAY HOTPEOUTENIEM M H3TOTOBUTEIIEM:

- 0007104YKK Kabenel JOKHBI OBITh 3a3eMIIEHBI HAa 000UX KOHIAaX. Eciu 3TO HEBO3MOKHO
Iu1st omHO(a3HBIX Kabenei n3-3a CHIKEHUS Harpy304HOU CIIOCOOHOCTH Kabesi, He3a3eMIICHHBIN
KOHEI[ KabenpHOM 000JI0YKU MoJDKeH ObITh 3amuiieH ¢ noMoimbio PB (OITH). HomunansHOE
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Hanpspokenue 3tux PB (OITH) momkHO OBITH BEINNIE, YeM HABEJACHHOE HANpsDKEHHE 000JI0YKa -
3eMJII TIPM MaKCUMaJbHOM TOKE TOBpexaeHus. OHO MepekpbiBaeT TpeOyemMoe IMTEIbHOE
pabouee HanpspkeHue. HoMuHaIBHBIN pa3psaHbIA TOK JODKEH OBITh TAKUM XKe, YTO U 'y (pa3HbIX
PB (OIIH) na xoHmax kabesns. 3allMTHBIA YPOBEHBb JOJDKEH OBITh KaK MOYKHO HIDKE, TaK Kak
BBIJICp)KHBAaeMasi POYHOCTh 00OJIOYKH B TEUCHHE CPOKA CIY)KOBI HEAOCTATOYHO OMpE/EICHA U
HE TapaHTUPOBaHA KAKUM-JTHMOO CTaHAAPTU30BAHHBIM HCIIBITAHUEM;

- CHieHANIbHBIC TPAHC(POPMATOPBI, HAMPHUMEpP MOCIEAOBATEIBHO BKIIOYEHHBIC OOMOTKU
aBTOTpaHCHOPMATOPOB H MPEOOPA30BATEIBHBIX TPAHCHOPMATOPOB;

- MOCJICAOBATCIIbHO BKIIFOUCHHBIC PCAKTOPLI, HAIPUMECP TOKOOIPAHUYUBAIOIIUC PCAKTOPHI,
BBICOKOYAaCTOTHBIE PECAKTOPHBI U ITOCICA0BATCIIPHO BKIIFOUCHHBIC KOHACHCATOPHI;

- PE30HUPYIOIIHE LIETIH;
- TATOBBIE CHCTEMBI TIEPEMEHHOTO TOKA;

- BO3AYIIHBIC JINHUU.

8.5 BeHTUNbHbIE paspaAaHUKN U HeNIMHeNHble orpaHunyunTenun nepeHanmeeHMFl
AnA aHOMalbHbIX yCﬂOBMﬁ JKcnnyatauuum

J1nst aHOMaNBHBIX YCIOBHH JKCILTyaTalllk HEOOXOMMBI ClIEIUaIbHBIE PELICHHs P NPOSKTUPOBAHUY WM NpuMeHeHnn PB
(OITH), u Ha HUX TOJDKHO OBITH OOpaIeHO BHUMAaHUE U3TOTOBUTEIS.

[IpuMepsl TakuX yCIOBHM:

- BBIcOoTa cBhIe 1000 M;

- TeMIieparypa BHe Auana3zona oT Munyc 60 °C no mitoc 40 °C;

- 06mbIB PB (OIIH) nox HanpsixeHuewM;

- CWIIbHBIE TIOPBIBBI BETPA;

- 3eMJIETPSICEHUS],

- OrpaHUYEHHBIE PACCTOSHUA JI0 TPOBOASIINX TOBEPXHOCTEM.

9 [wmarHocTuyeckMe WHAMKATOPbI ANA  HENIMHEMHbIX  OrpaHuunTenemn

nepeHanpsKeHUn B IKCnnyartaumm

9.1 OOLWwme nonoxeHus
Kpome kpatkoBpemeHHBIX ciaydaeB, korna OITH ¢yHKImoHHpyeT B KauecTBe YCTPOHCTBA,
orpaHHtha}omero nepeHaHpsmceHm{, CUHMTAT, 4YTO OH HpOfIBJ’ISIeT CBOP'ICTBa HSOJT?ITOpa.
W3onupyromue KauecTBa BeChbMa Ba)KHBI IS MPOIOJDKUTENBHOCTH cpoka ciyx0b1 OITH u mms

HAaJIGKHOCTH PaOOTHI JICKTPUIECKOH CeTH.

[Tpu sxcrmyaranmu OITH gyt oOHapykeHHs BO3MOXKHOTO YXYAIIEHUS WM HapyIICHUS
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M30JUPYIOIIUX CBOMCTB UCTIOIB3YIOT PA3IMYHbIEC TUATHOCTUYECKUE METObI U UHAUKATOPHI - OT
WHJIUKATOPOB HEUCTPABHOCTEW M OTIACIUTENEH Uil yKa3aHUs KOpoTkux 3ambikanuii OITH o
npuOOpPOB, KOTOpPHIE IMO3BOJIAIOT U3MEPATh HE3HAUWUTEIbHBIE W3MEHEHHS B AaKTUBHOMU
COCTaBJISIOLIEH TOKA YTEUKH Wi MolHocTH noteps OITH.

Llenb HacTosimero  pasjena -  OPEJOCTaBUTh — MOTPEOUTENI0  PYKOBOACTBO  IIPH
pPACCMOTPEHUU BO3MOXHOCTEH HCIIOJIB30BAaHHUS KAaKOro-JIMOO IMAarHOCTHYECKOrO METoja, a
TaKkXke 0030p OOLIeNPUMEHsEMbIX AMArHOCTHMUYECKUX MeTolo0B. [IpuBeneHa Taxke moapoOHast
uH(pOpMaLKs OTHOCUTENILHO n3MepeHuit Toka yreuku OITH.

[Ipumeuanus

1 lnarHoCTHYECKUE YCTPOUCTBA CIEIYET MPOSKTUPOBATH M HKCIUTYaTUPOBATh TaK, YTOOBI
oOecrieunBaTh 0€30MaCHOCTh IE€pcOHala BO Bpems u3MepeHus. [Ipu mnpoektupoBaHuM U
YCTAHOBKE CTAI[MOHAPHBIX YCTPOWCTB IOJDKHBI OBITH YYTEHBI BO3ICHCTBHUS, BO3MOXXHBIC B
pabouux pekumMax 1 Mpu KOPOTKHX 3aMbIKAHUSAX.

2 JIns mpuUMeHeHUs OTHAEIbHBIX AuarHocTuueckux wmetofoB y OIIH nmomkeH ObITh
W30JIUPOBAHHBIM 3eMJIIHOM BBIBOJA. OH JOMKEH HMMETh JOCTaTOYHO BBICOKMU YPOBEHBb
BBIICP)KMBAEMOTO  HAINPSOKCHMsSI, YYUTHIBAIOLUIUN  TOSIBICHHE HHIYKTUBHOTO  TaJIeHUs
HaIPSKEHUsT MEXK/Ty BBIBOJIOM U 3a3€MJICHHBIMU YacTSIMU BO BPEMsI MPOXOKJIECHUS Pa3psIHOTO
TOKA.

9.1.1 aaukaTopsl HEUCIPABHOCTEH

WuaukaTopel HeMcpaBHOCTEH — oOecneuyMBarOT — YETKYIH0  BU3YAJIbHYIO  MHJUKAILMIO
nospexxaeHHoro OITH 6e3 oTkiIodeHus ero OT JUHUMU. YCTPOHCTBO MOXKET OBITH COCTaBHOM
yactbto OITH wnu otnenbHON eauHuIed, ycTaHOBIEHHOM nocnenoarensHo ¢ OITH. ITpunnun
JIEHCTBHS, KaK MPAaBWIO, OCHOBAH HAa aMIUIUTY/E U NPOAOKUTEIBHOCTU IIPOTEKAaHUs TOKA Yepes
OITH wiu Ha TemnepaType HETUHEHHBIX METANIOOKCHIHBIX PE3UCTOPOB.

9.1.2 Orgenurenn

Otpenutenu, yacto wucnonb3dyemble Ha OIIH cpennero HampsbkeHus, oO€CHeunBaroOT
BU3yaJIbHYI0 MHAUKaMio noBpexaeHHoro OITH myrem oTkmrodeHus: ero ot cetu. TUNMYHBIN
MPUHIUMIT PabOTHl OCHOBAaH Ha HAJWYHHU B3PBIBHOTO YCTPOWCTBA, MPUBOJMMOIO B JCHCTBHE
TOKOM KOPOTKOT'O 3aMbIKaHUsI; OJJHAKO OTACJIUTEIb HE MPEAHA3HAYEH OTKI0YaTh TOK KOPOTKOTO
3ambikaHusA. OTaenuTens MokeT ObITh cocTaBHOM YacThio OITH wim m3onupyromeir KOHCOBIO,
WM OTAENIbHOW eIMHMIIEeH, ycTaHoBleHHOM mnocnenoBatenbHo ¢ OIIH. IlpeumymiectBo
YCTPONCTBA COCTOUT B TOM, YTO JIMHUS OcTaeTcsi B pabote mocie orkimtoueHuss OITH. OcHoBHOM
HEJOCTATOK 3aKJII0YAeTCs] B OTCYTCTBUHM 3alllUTHl OT TMEPEHANpPsDKEHWM 10 TeX Mop, IMOKa
nospexaeHHb OITH He 6yner oOHapyXeH U 3aMeHeH.

9.1.3 C4yeTunKu UMIYJIBCOB

CYeTYNKY UMITYJIbCOB  CpabaThIBAIOT IPH HMMITYJBCHBIX TOKAaxX BBIIIE OIpPeNeIeHHON
aMIUTUTYABl WM  BBIIIE  ONPEAETCHHbIX KOMOMHAIMI  aMIUIMTyIbl TOKa W €ro
MPOIOJDKUTEIHHOCTH. ECii WHTEpBan Mexay paspsaamu odeHb Mai (MeHee 50 MKC) CUETUYMKH
UMITYJIbCOB MOTYT HE YYecTh KaXIbli HMIYJIbC TOKa. HeKoTopble CUEeTYMKH TpeOyroT
HOCJICAYIOIETO TOKA IPOMBIIIICHHOW YacTOTHI, MOATOMY OHHM HE MOTYT CYHTAaTh KOPOTKHE
uMnyabcHble Toku uepe3 OITH.
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B 3aBucumocTH  OT NpUHLMIA JOEHCTBAA M YYBCTBUTEIBHOCTH CYETUYUK MOXKET
IIPENOCTaBUTh HHIUKALMIO O IIEPEHAIPSIKCHUSAX, INOSBISIOIIMUXCA B CETHU, MIM OH MOXKET
obecrnieunTh HMHGMOPMAIMIO O KOJIMYECTBE pas3psaIoB, COOTBETCTBYIOIIMX 3HAUYUTEIIbHBIM
sHepreTudeckuM BozneicTBusM Ha OIIH, HO He maeT HHMKaKoW cHenManbHON WH(pOpMaIHUU
oTHOcuTesbHO coctossHus OITH.

Hcxons n3 tpeboBaHuii 0€30IaCHOCTU CUETYMK MMITYJIbCOB CIIEAYET yCTAHABJIMBaTh BHE
30HBI JIETKOH JocsAraeMocTd rnepcoHanoM. OH JIOJKEeH ObITh PacIoiOKeH TaM, I7I€ MOXKET OBbITh
CUMTaH ¢ ypoBHs 3eMiH, pu 3toM OITH nomken ocraBaTbCs B SKCIUTyaTalluu. MOHTax ciexyer
OPOBOIUTH 0€3 3HAYMTEIHHOTO Y/UIMHEHHS CBS3U C 3eMJICH WJIM CHUKCHHUS €€ TMOIMEpPEeYHOro
ceuenus. OIIH nomkeH ObITh OCHALLEH H30JMPOBAHHBIM 3€MIISHBIM BBIBOJOM M IIPOBOAOM
mexay OITH u cueTunkom, KOTOPBII U30JUPYIOT OT 3EMJIU.

9.1.4 VckpoBble NPOMEXKYTKH JJI1 MOHUTOPUHTA

HckpoBbie TPOMEXKYTKH TSI MOHUTOPUHTA WCIHOJB3YIOT I ONPENCIICHUs 4YHcia |
OLICHKH AaMIUTUTYJbl W TPOAODKUTEIBHOCTH pa3panHbix TokoB dvepe3 OITH. HeoOxomum
CICIUAIIBHBIA  OMBIT, YTOOBI COOTBETCTBYIOIIMM O0pa3oM MHTEPIPETUPOBATH 3HAKU HA
npoMexyTke. HekoTopsie UCKpOBBIE TPOMEXYTKH MOTYT ObITh mipoBepeHsl ¢ OITH B ycnoBusax
IKCIUTyaTallii, B TO BPeMs KaK IPH HCIIOJIb30BAHWUU APYTUX THIIOB UCKPOBBIX IMPOMEKYTKOB
TpeOyercs, utoObl OIIH O oTkmroueH. Heobxomumo, urobsr OIIH wumen BbeiBOA,
M30JUPOBaHHBIN OT 3eMiu. C Apyroi CTOPOHBI, HCKPOBOM MPOMEKYTOK MOKET OBITH COCTABHOM
yacteto OITH. HckpoBbie MpPOMEXYTKHM HE MPEAOCTABISIIOT HUKAKOW MpsMOil mHGpOpManuu
OTHOCHTEIIbHO JeHCTBUTENBHOrO coctosiuus OITH, HO mO3BONSIOT cAelaTh 3aKIuYeHUE
OTHOCHUTEJILHO ITPOJIOJDKEHUS PaOOTHI.

9.1.5 M3mepenus temrepaTypsl

JucranuuronHoe usmepenne temmneparypsl OITH MoxeT ObITh BBIIOJIHEHO MOCPEACTBOM
METOJI0OB, OCHOBAHHBIX Ha TEPMHUYECKOM OTPAKEHUU. DTU U3MEPEHUs TOJIBKO MPHUOIUZUTEIBHO
xapaktepusyroT cocrostaue OITH, B To BpeMs Kak nepernaj TeMrepaTypsl MEXay BapuCTOpaMH U
MOBEPXHOCTHIO MOKPBIIIKM MOXET OBITh CYIIECTBEHHBIM. Te€M HE MEHee CpaBHUTEIbHbIE
u3MepeHus, BeINoNHEeHHble Ha cocenHux OIIH wmmm snementax OIIH, Moryr ykasaTe Ha
YpEe3MEPHBIN HArpeB.

[IpsiMble U3MEpEHUsT TeMIIepaTypbl METAIUIOOKCHIHOTO BapHCTOpa TO3BOJISIOT MOTYYHTh
ToyHyt0 uHAMKauuio coctosHus OIIH, HO Tpebyercs, urodsr OIIH O6bu1 00opynoBan
CTHEeNHATbHBIMHA TIPEOOpa3oBaTEesIMA BO BpeMsi M3TOTOBieHUs. (ClemoBaTenbHO, 3TOT METO.
MOXET OBITh MCIIOJIb30BaH TOJBKO B CiIydae MpuMeHeHus cnennanbaeix OITH.

9.1.6 M3mepenus Toka yreuku yepesz OITH

JIroboe yxynmenne wu3onupyronmx cBoiictB OIIH BbI30BET yBeNWYeHHE aKTUBHOM
COCTaBJISIOIIECHA TOKAa YTEYKH WJIM MOUIHOCTH MOTE€Ph MPH JAHHBIX 3HAUYCHUSAX HANPSHKEHUS U
TeMIiepaTypbl. BOJBIIMHCTBO NHAarHOCTUYECKUX METOAOB s ompeneneHus cocrosiuus OITH
OCHOBAHbI HA U3MEPEHUSAX TOKA YTEUKH.

Mertoab!l U3MepeHHs TOKa YTEUKH MOTYT OBITh Pa3/IeIeHbl HAa IBE TPYIIIbI: HEABMOHOMHbLE
u3Mepenus, koraa OITH noakiroueH K CeTH U HaXOAUTCS MOJ] pabo4yUM HaNpsKEHUEM BO BpeMs
JKCILTyaTaluu, U aémonomuble u3Mepenus, korga OITH oTkimrodeH OT ceTH M HaXOOUTCS MOJ
0COOBIM HANPSHKEHUEM CTOPOHHETO UCTOYHUKA WM B TAOOPAaTOPHBIX YCIOBUSX.
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AemoHoMHble UBMEPEHHUST MOTYT OBbIThb BBIMOJHEHBl C MCTOYHHUKAMH HANpsKEHUS,
CIEIHAILHO MPUCTIOCOOICHHBIMU ISl OTOW IIeITH, HAIIPUMEP MEePEABIKHBIME UCIBITATEIHHBIMU
reHepaTopaMu IEPEMEHHOI0 WM IOCTOSHHOIO TOKa. Xopollas TOYHOCTh MOXET OBITh
[I0JIy4Y€Ha yTEM IIPUMEHEHUS d8MOHOMHbIX METOJIOB IIPH YCIOBUM MCIIONB30BaHUS JOCTATOYHO
BBICOKOT'O HCIIBITaTeIbHOrO HampskeHus. OCHOBHbIE HEIOCTaTKH aBTOHOMHBIX METOJIOB
3aKJTFOYAIOTCS. B BBICOKOW CTOMMOCTH 00OpymoBaHUSI U HeoOxoaumocTu otkiroueHus OITH ot
CeTH.

Haubonee pacnpocTpaneHbl U3MEpEHUs], BHIIOIHSIEMbIE HEA8MOHOMHO TI0J HOPMaIbHBIM
pabouum HampspkeHueM. [1o mpakTHUeCKUM MpUYHMHAM U C Y4eTOM TpeOOBaHUI OE30MacHOCTH
TOK YTEYKH, KaK MpPaBUJIO, JAOCTYINEH TOJbKO Ha 3azemiieHHOM KoHue OITH. Jlns Toro 4roOsl
OCYIIECTBUTh M3MEPEHUs TOKA YTEUKH, MpPOTEKaroulero B 3emissHoM mposoze, OIIH nomxen
OBITH 000PYIOBAH U30JIMPOBAHHBIM 3EMIISIHBIM BBIBOJIOM.

HpI/IMe‘laHI/IC - I/ISOJ'ISII_[I/IH 3CMJIIHOI'O BbIBOJa JOJIDKHA, KaK M IIOCJIC ,Z[JIHTGHBHOﬁ
Acrpaaanuu, OBITH HOCTaTOqHOﬁ, 9TOOBI NpeaAOTBPATUTh HUPKYIAIHUIO TOKOB, BBI3SBIBACMBIX
BHGKTpOMaFHHTHOﬁ HH,HYKLIHeﬁ, IMMOCKOJIBKY 9TH TOKHU MOI'YT MCIIATh U3MCPCHHUIO TOKA YTCUKHU.

Heaemonomnvle ”3MEpEHHs] TOKOB YTEYKHM, KaK IPaBWIO, IIPOBOJAT HA BPEMEHHOMU
OCHOBE, MCIIOJIb3Ysl IEPEHOCHBIE WM IOCTOSIHHO YCTaHOBJIEHHble NpuOopsl. IlepeHocHbIe
npuOOpbI MOACOEAUHSAIOT K 3eMisiHoMy BbiBoAy OIIH mocpenctBoM 3aKMMOB, a MOCTOSIHHO
YCTAQHOBJICHHbIE - Yepe3 TpaHCchopMaTop Toka. JIuTenbHblE M3MEpEHHs] TOKAa YTEUKH MOTYT
OBITh HEOOXOAUMBI ISl O0Jiee MOAPOOHBIX MCCIIETOBAHHA, OCOOCHHO €CIIM KPaTKOBPEMEHHBIMU
U3MEpEeHUsIMU OOHapy>KeHbl 3HauuTeNlbHble M3MeHeHHs B coctosHuu OIIH. JluctaHumoHHble
U3MEpPEHUs] MOTYT OBbITh OCYILECTBICHBI B KOMIIBIOTEPU30BAHHBIX CETAX AJI HaONIOACHUS 3a
HOJICTAHLIUOHHBIM 00OPY/JOBAHUEM.

9.1.6.1 CpoiicTBa TOKa YT€UKH HETMHEWHBIX METAITIOOKCUIHBIX PE3UCTOPOB

[lepeMeHHBII TOK yTEUKH MOXKET OBITh pa3felieH Ha €MKOCTHYIO U aKTHUBHYIO YacTU C
npeoOagaroieil eMKOCTHON M 3HAYUTENIbHO MEHBIIEH aKTUBHOM COCTABIISIFOIIEH. DTO BUIHO HA
pUCYHKE 3, Ha KOTOPOM IOKa3aHbl PE3yNbTaThl THIMYHOTO J1a00OpaTOPHOTO M3MEpPEHUs TOKa
YTEUYKH EAUHUYHOTO HEIMHEWHOTO0 METAJNIOOKCHUAHOTO PEe3UCTOpa, HaXOJSAMIErocs IOJ
HANpsDKEHUEM, OKBHUBAJCHTHBIM  HauWOONbIIEMY JUIMTENBHO  JOMYCTUMOMY paboueMy

HATIPsKEHUI0 T iy cobpansoro OITH.
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MeneitatensHoe HaNpAxeHWse, TOK yTEYKH
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Pucynok 3 - TUMHYHBINA TOK YTEYKH HEIMHEWHOTO METAJUIOOKCHIHOTO PE3UCTOpa B
1a00PATOPHBIX YCIIOBUSIX
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9.1.6.1.1 EMKOCTHBI! TOK YT€UKH

EMKOCTHBIN TOK yT€UKH, H3MEpeHHBbIM Ha 3emigHoM BbiBojie OIIH, BbI3bIBaeTCA
JTUAICKTPUYECKON  MPOHUIAEMOCTBIO  HEJIMHEHWHBIX  METaJUIOOKCHUJIHBIX  PE3UCTOPOB,
NapasUTHBIMU E€MKOCTSMHU U BBIPABHUBAIOUIMMH KOHJEHCATOPAaMHU NpPU UX MPUMEHEHHUU.
VienbHass €MKOCTh PE3UCTOPHOIO 3JIEMEHTAa COCTaBISIET, Kak mpaBwio, oT 60 mo 150

n® -kB/cM< (HOMHHAIBHOE HANIPSKEHNE), IPUBOMS B PE3yNbTaTe K MAKCHMAIbHOMY 3HAUCHHIO

€MKOCTHOT'O TOKa YTeuku npuomuszutenbHo oT 0,2 1o 3 MA mpu HOPMalbHBIX YCIOBHUSX
AKCILTyaTal1H.

OTCyTCTBYIOT Kakue-In0o J0Ka3aTeabCTBA TOTO, UYTO EMKOCTHBIM TOK 3HAYUTEIBHO
U3MEHUJICS Obl BCIEACTBHE YXYALICHUS BOJIbTAMIICPHBIX XapaKTEPUCTHK HEJIMHEHHbIX
METAJITIOOKCUHBIX Pe3UCTOpoB. Cle0BaTENbHO, MAJOBEPOSTHO, YTO PE3YyIbTAThl M3MEPEHUS
€MKOCTHOT'O TOKa MOTYT Ha/Ie’KHO yKa3bIBaTh Ha coctossuue OITH.

9.1.6.1.2 AKTUBHBIN TOK YTEUKH

[Ipu 3a1aHHBIX 3HAUEHUSAX HAMPSHKEHUS U TEMIEepaTyphl aKTHUBHAS COCTABISIONIAs TOKa
YTEUKH CIY>KUT YyBCTBUTEIBHBIM HMHIUKATOPOM HM3MEHEHUU BOJIbTAMIIEPHBIX XapPaKTEPUCTHK
HEJIMHEWHBIX METAJUIOOKCHIHBIX PE3UCTOPOB. AKTUBHBIM TOK, CJIEIOBATEIBHO, MOXKET OBITh
WCIIOJIb30BaH B KA4€CTBE MHCTPYMEHTA JUATHOCTUYECKOW WHIUKAIIMU U3MEHEHUM B COCTOSHUU
OITH mpu skcrutyaTanui. TUNHYHBIE aKTUBHBIE M €MKOCTHBIE BOJIbTAMIIEPHBIC XapaKTEPUCTUKU
JUISL HAMPSDKEHUST TIEPEMEHHOT0 TOKa TOKa3aHbl Ha pucyHke 5. Jlyig cpaBHEHUsI HAa PHUCYHKE 5
MOKAa3aHbl TAK)KE TUMUYHBIE XapaKTEPUCTUKU IIPU TOCTOSTHHOM TOKE.

Ui,
1,2
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0.8 »

0,6

i
i

0.01 0,10 1,00 10,00 100,00
Tok, ma

—k—- TIOCTOSTHHBIN TOK, Temneparypa +20 °C;
=}=- [TIOCTOSIHHBIN TOK, Temreparypa +40 °C;

=j=- TICPEMEHHBIN aKTUBHBIN TOK, Temneparypa +20 °C;
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~8-- [IPEMEHHBIA aKTUBHBIN TOK, Temneparypa +40 °C;
==~ [ICPEMEHHBII EMKOCTHBIN TOK

PucyHnok 5 - Tunu4uHbIE BOJIBTAMIIEPHBIE XapaKTEPUCTUKU HEITMHEHMHBIX
METAJIJIOOKCUHBIX PE3UCTOPOB

AKTHBHYIO COCTABJISIIOIIYIO TIPH HANPSDKEHHUH TEPEMEHHOTO TOKa OINPENeNioT Kak
YPOBEHb TOKa B TOYKE MakcumMyma HampspkeHus (dI7fdé = 0), kak moka3aHO Ha pUCYHKe 3.
AKTUBHBIN TOK YT€UKH HEJIMHEHHOTO METANIOOKCUIHOTO pe3uctopa coctariseT oT 5% m0 20%
€MKOCTHOTI'O TOKa IPU HOPMAJIbHBIX pabO4YMX YCIOBHUSX, COOTBETCTBYS MPUOIU3UTENbHO OT 10
10 600 MKA MakCUMaJIbHOTO 3HAYEHUsI aKTUBHOTO TOKa npu temiepatype +20 °C.

B Auana3oHe TOKa YTCUKHU aKTUBHBIA TOK 3aBHCHUT OT HAIMpsOKCHUA W TEMIICPATYPhI.
Tunmunble 3HAYEHUS 3aBHCHUMOCTEH HAIlIpSoKCHUSL MW TEMIICPpATypbl IIPpU  HAIIPSIPKCHUU

TIepeMEHHOTO TOKa, IPUBEIEHHbIE K Tipu Temmepatype +20 °C COOTBETCTBEHHO, yKa3aHBI Ha
pUCYHKax 6 u 7.

328MCHMOCTE OT HANDAMEHWA, OTH. 8.
3]

2

1

0

0,5 08 0,7 0.8 0,9 1,0 1,1 12 1,3
U,

=B=- AQKTUBHbIHN TOK;
=i - TPEThSI TAPMOHHUKA TOKA;
=#—- MOLIHOCTb II0TEPH

PI/IcyHOK 6 - Tunuynas HOpMaJ'II/I30BaHHa$I 3aBUCUMOCTH OT HaHpH)KCHI/ISI l'IpI/I TeMHepaType
+20 °C
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3EBMCMMOCTE OT TEMNERATYREI, OTH. &0.
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Pucynok 7 - TunnuHas HOpMaJIM30BaHHAS 3aBUCHUMOCTD OT TEMIIEPATYPHI IIPU
HaHGOMIbIIEM JTMTENHHO JOMYCTHMOM PabodeM HATIPSIKEHAN xp

Pacnipenenenue Hanpspkenus Brosib OITH mokeT ObITh HEpaBHOMEPHBIM, HMPEXKIE BCETO
U3-3a BIIMSHUS Tapa3sUTHBIX €MKOCTeH Ha 3eMill0 U cocelnHee obopynoBanue. Hampspkenue,
NPWIOKEHHOE K HEJMHEHHBIM METAJUIOOKCUIHBIM pe3ucTopaM Ha 3a3emiieHHoM koHue OITH,
MOXKET, CJIEZIOBATENIbHO, OTIAMYAThCS KaK M0 aMIUVIMTYJE, Tak U MO (a3e OT CPeJAHEro 3HaueHUs
HanpspkeHuss Baoab OITH. [lannbiii ¢dakTop BiIuseT Ha M3MEPEHHUE AKTUBHOTO TOKAa YTEUKU
JBYMS IIyTSMH: BO-IIEPBBIX, aKTHBHBIM TOK, U3MEPSEMBIM B 3€MIIIHOM IIPOBOJE, 3aBUCHUT OT
aMIUIUTYIbl HAIPSOKEHUs, MPUIIOKEHHOIO K HEJIMHEHHBIM METaJUIOOKCHIIHBIM PE3HCTOpaM Ha
3a3€MJICHHOM KOHIIE, CJIEIOBAaTEIbHO, WU3MEPECHHBIM AKTUBHBIA TOK MOXET OTJIMYATBCA OT
cpenHero axkTuBHOro Toka Baodb OIIH. Bo-BTopbix, casur mno Qase HampsKeHus,
IIPWIOKEHHOIO K HEJTMHEMHBIM METAJZIOOKCHIHBIM pE3UCTOpaM Ha 3azeMiieHHOM KoHue OIIH,
BIIMSET HA PE3YJIbTaT U3MEPEHUSI AKTUBHOI'O TOKA I METOJIOB, MCIOJB3YIOINX HAIPSIKEHUE,
npuioxeHHoe k coopannomy OITH, B kauecTBe o1ieHKH (ha30BOTO yriia.

JHpyroit noJo0HbIN (PeHOMEH, KOTOPBI MOKET BIUATH HA U3MEPEHHE aKTUBHOT'O TOKa MPHU
UCTIOJIF30BaHUM TOYHBIX METOJIOB, - 9TO €MKOCTHBIH TOK, HABOJWUMBIA B 3EMIITHOM IPOBOJIC
OITH cocennumu (azamu.

9.1.6.1.3 'apMOHHKH B TOKE yTEUKH

Henunelinag Bonpramnepnas xapakrepuctuka OIIH BbI3BIBa€T pOCT TapMOHHK B TOKE
yreuky, korga OIIH nHarpyxkaercst cuHycoumaanbHbIM HanpsbkeHueM. CoaepkaHue TapMOHMK
3aBHCUT OT aMIUIUTYZIbl aKTUBHOI'O TOKAa M CTENEHU HEJIMHEHHOCTH, KOTOpasl MpeAcTaBiseT
coboii (yHKIMIO HampspKeHHMs U Temreparypbl. Hampumep, copepikaHue TpeTbeld TrapMOHUKHU
aKTHBHOTO TOKa COCTaBiseT, Kak mpaBuio, oT 10% mo 40%. Coxpepxanue TapMOHHK,
CJIEZIOBATENIbHO, MOXXET OBITh MCIIOJIB30BAaHO B KadeCTBE WHAMKATOpa aKTUBHOTO Toka. Ha
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pUCYHKax 6 1 7 IOKa3aHbl TUIIMYHbBIE 3HAUEHUS] U3MEHEHUN TPETHEH 10 MOPSAKY TaPMOHUKH OT
HaANPsDKEHUS U TEMIIEPATYPBI.

JpyruM UCTOYHUKOM T'apMOHHK, KPOME HE MPUHUMAEMBIX B pacdeT HCTOYHUKOB, KOTOpbIE
MOTYT 3HAUUTEIBHO BJIMSATH HAa WU3MEPEHHE TapPMOHHUK B TOKE YTEUKH, CIYXKUT COJEpNKaHUE
TapMOHUK B HampsHKEHUH ceTH. EMKOCTHBIE TOKM TapMOHMK, BBI3BaHHBIE TapMOHUKaMU
HaIPSKEHUsI, MOTYT OBITh TOrO K€ CaMOT0 MOpPSJAKAa MO aMIUIMTYJE, KaK U TOKA TapMOHHK,
CO3/IaHHBIX HeJuHeHbIM conpotuBieHueM OIIH. Ilpumep rapMoHUK B TOKE YTEUKH,
BBI3BaHHBIX FTAPMOHUKAMU HANPSKEHUS CETH, IPUBEACH HA PUCYHKE 4.

9.1.6.1.4 MomnocTh OTEPH

MoIHOCTh MOTEPh MOXKET OBITh UCIOJB30BaHA IS JuarHocTudeckoi wHaukanun OITH
TEM K€ CaMbIM CIIOCOOOM, KaK M aKTUBHBIA TOK YTCUKHU. TUMUYHBIC 3HAYCHUSI MOIITHOCTH TIOTEPh

cocTapnsoT o 5 0 300 MBT/kB (HOMHHANBHOTO HampsbkeHus) npu Uep m +20 °C.

3aBUCHUMOCTH TEMIIEPATyphbl U HAMPSDKEHUS MPAKTUYECKU T€ K€ caMble, YTO U ISl aKTUBHOTO
TOKa, KaK BUJIHO U3 PUCYHKOB 6 U 7.

9.1.6.2 Tox yTe4ku 10 MOBEPXHOCTU

Kak u y mo6oro apyroro u30isTopa sl Hapy>KHOW YCTaHOBKH, TOK YT€UKH IO HAPY>KHOU
IOBEPXHOCTU MOKET BPEMEHHO MOsABIATbCA Ha mokpbiimke OITH npu noxae uiam B yCIOBHSIX
BBICOKOM BJIQ)KHOCTH, COUYETAEMbIX C ITOBEPXHOCTHBIM 3arpsi3HeHueM. Kpome Toro, TOk yTeuku
[0 BHYTPEHHEH MOBEPXHOCTH MOXKET MOSABIATbCA M3-3a IPOHMKHOBEHHUs Biard. Bo Bpems
M3MEpPEHUI TOKU IO MOBEPXHOCTU MOTYT HAKJIaJbIBAThCA HA TOKH YTEUKHU PE3UCTOPOB, OJJHAKO
JUIA  Pa3JIMYHbIX METOMO0B M3MEPEHUH YYBCTBUTEIBHOCTh K BHEIIHUM M BHYTPEHHUM
MOBEPXHOCTHBIM TOKaM MOeT ObIThb pa3nuuHoil. BinsHMe TOKa yTEUYKHM MO BHEIIHEH
MOBEPXHOCTU MOKET ObITh UCKJIIOYEHO WJIM BHIIIOJHEHHUEM U3MEPEHUN B CYXUX YCIIOBUSX, WU
OPUMEHEHHEM JII00O0ro JIpyroro yAoOHOTO MeToJa, HalmpuMep OTBEACHHUEM TOKa YTEUKH I10
MIOBEPXHOCTHU B 3EMIIIO.

9.2 N3mepeHue NONHOro Toka yTeuku

[TonHBIN TOK YTEUYKH 3aBUCHUT, TJaBHBIM OOpa3oM, OT €MKOCTHOIO TOKa, MOCKOJBbKY
aKTHBHAs COCTaBJISIONIasi HAMHOTO MEHbIIE €MKOCTHOH cocraBmstomieii Toka. Kpome Toro,
€MKOCTHasi MU aKTHBHAas COCTaBJISIONIME TOKa oTinyarorcs mo daze Ha 90°; ciemgoBaTesbHO,
TpeOyeTcst OONBIION POCT aKTUBHOTO TOKA HEMTUHEHHBIX METAJUIOOKCUAHBIX PE3UCTOPOB TMEpe.
TEM, KaK MOXKCET 6I)ITI) OTMCUYCHO 3HAYUTCIIBHOC MU3MCHCHHUEC B ypOBHe IIOJTHOTO TOKa YTe‘-IKI/I.
Kpome TOro, MONMHBINA TOK YTEUKH YYBCTBUTEJEH K MECTOMOJIOKEHHUIO, TTOCKOIbKY €MKOCTHBII
TOK 3aBUCHUT OT HapaSI/ITHI)IX eMKOCTeﬁ.

OrnepaTUBHBIN PEKUM HM3MEPEHUs IOJHOTO TOKAa YTEYKHM IIHPOKO HCIHOJIB3YIOT Ha
IPaKTUKE MOCPEJICTBOM MPUMEHEHHUsI OOBIYHBIX MIJIIMAMIIEPMETPOB, BCTPOCHHBIX B CUETUHKHU
UMIyJbCOB WM TIE€PEHOCHbIE NpHOOpBI, TOKa3bIBaIOIINE JIEHCTBYIOIIEE, CpelHee WU
MaKCHMaJIbHOE 3HAYEHHE MOJHOIO TOKAa YTEUKH.

qYBCTBI/ITeHBHOCTL ﬂeﬁCTBYIOHleFO, CpCAHCTO0 WM MAKCHUMAJIIbHOT'O 3HAYCHHUSA IIOJIHOT'O
TOKa YTCYKH K HU3MCHCHUAM B AKTHBHOM TOKC MJINIIOCTPHUPYETCA PHCYHKOM 8. Hwuzskas
YYBCTBUTCIIbBHOCTh K U3MCHCHUAM B YPOBHC AKTUBHOI'O TOKa YTCUKHU IO3BOJIACT UCIIOJIB30BATH
HN3MCPCHUC ITOJHOTO TOKA YTCYKH B KAYCCTBEC JUAIrHOCTUYCCKOI'O MHAWKATOPAa TOJBKO B PCAKHUX
ClIydasx, Kkoraga AKTUBHBIN TOK HAXOJUTCS B TOM XK€ Juaria3oHe, 4To u €MKOCTHBIN TOK.
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OTHOCHMTENEHLIR POCT BB TOKa YTeMEH
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PI/ICYHOK 8 - Bousaue POCTa aKTUBHOI'O TOKAa YTCUYKHU HA POCT MMOJIHOT'O TOKA YTCUKU

9.3 U3mepeHne aKTUBHOroO TOKa yTe4YKu UM MOLLHOCTU NOTEepPb
AKTHBHAsl 4aCTh TOKa YTEYKHM WM MOIIHOCTh TMOTEPb MOXET OBbITh oOmpeseneHa
WCIIOJIb30BAHUEM HECKOJIBKUX METOJ0B. MOTyT OBITh yCTaHOBJICHBI TPH OCHOBHBIX METOJA,
pa3/eICHHBIX HAa Pa3JIMYHbIE TPYIIIIBIL.
Metoa A: HemnocpencTBeHHOE U3MEPEHUE AaKTUBHOTO TOKA YTEUKU. DTOT METOJ MOKET
OBITH TIOApA3/CIICH Ha YEThIpE TPYMNIBI B 3aBUCUMOCTH OT CIOCO0a BBIJEICHHUS AKTUBHOU
COCTaBJIAIOLIEH TOKA YTEUKH:

A1l Hcnonb3oBanue HAITPpAKCHHA B KAYCCTBC 3TAJIOHA.

A2 KOMHCHCB.I_II/ISI €MKOCTHOH COCTaBJISIONIEH TOKa YTCUKU NYTCM HCIIOJIB30BaHUSA
HAIMpsKCHUA B KAYECTBE CUTHAJIA.

A3 KoMmrieHcanusi ©MKOCTHOM COCTaBIISIIONIEM TOKAa YTEUYKH ©O€3 HCIOIh30BaAHUS
HaIpsHKEHUS B KAUECTBE CUTHAJIA.

A4 KomreHcanuss eMKOCTHBIX COCTABIISIOIIMX TOKAa YTEYKH MyTeM KOMOWHAIUU TOKOB
Tpex das.
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Meton b:  KocBeHHoe — ompeneneHHe  aKTUBHOM — COCTaBIISIIOIIEH — MOCPEIACTBOM
rapMOHUYECKOT0 aHAJIM3a TOKA YTEYKU. ITOT METOJT MOKET OBITh MOJPa3/IeiCH Ha TPH TPYIIIIHL:

b1 Ananu3 TpeTheil 10 NopsAKy rapMOHUKU TOKA YTEUKH.

B2 Ananu3 Tperbeil 10 NOpPSAAKY TAPMOHMKHU C KOMIIEHCAMEN FapMOHMK B HalpsyKEHUU
CeTH.

b3 Ananu3 nepBoii 1o NOPSIKY TAPMOHUKH TOKA YTEUKH.
Meton B: HenocpencrBeHHOe onpeieiieHne MOIHOCTH MOTEPb.
9.3.1 Meron Al. Hcnionp30BaHr€e HAPSAKEHUS B KQUECTBE ATAJIOHA

Metoa OCHOBaH Ha UCIOJIB30BaHUM STAJIOHHOTO CUTHAJA, IPEJCTABISIONIEro CoOOoH
HanpsbkeHue, npuiokeHHoe K OITH. DtanonHBId cUrHam MOKET OBITH HWCIOJB30BAaH IS
IPSIMOIO CYMTHIBAHUS AKTUBHOM COCTaBIAIOLIEH TOKAa yTEYKM B MOMEHT, KOrJa 3HAueHUe
HaNpsDKEHUs1 PaBHO CBOEMY MakcuMallbHOMY 3HaueHuto (dL7/ dé = 0). HampsbkeHnue u ypoBeHb
aKTUBHOI'O TOKAa MOTYT OBITh CUMTaHbl ¢ ocLuiorpada MM MogoOHOro ycrpoiicTBa. ITOT
METO/I, KaK IIPaBWJIO, UCIIONB3YIOT B JaOOPATOPHUH ISl TOYHOI'O ONpPEAESICHUsI aKTUBHOTO TOKa,
IIOCKOJIBKY JTAJIOHHBI CHUTHal JIETKO MOJIY4aroT C JEIUTENs HaNpsDKEHUs, HMEIOLIETo
JIOCTaTOYHO HE3HAUUTENIbHBIN CABUT 1O (ha3e (CM. pUCYHOK 4).

Ha npakTike TOYHOCTH JIUMUTHPYETCS TJIAaBHBIM 00pa3oM CIOBUTOM MO (a3e ITaJOHHOTO
CHTHajla ¥ OTKJIOHEHUSMH B aMIUTUTyIE W (pase HampsuKeHUs, TPHIOKESHHOTO K HEIMHEHHBIM
METAJIJIOOKCUIHBIM pe3ucTopaM y 3azemisiemoro konua OIIH, kak 3To ykazano B 9.1.6.1.2.
Hanuune rapMOHUK B HAIIPSDKEHUH MOKET, KPOME TOT0, CHU3UTh TOYHOCTh METO/IA.

OrpaHuyeHue, HaKJIaJbIBaeMOe Ha TMPUMEHEHUE JAHHOIO MeToja /s HM3MEepeHHid B
IKCIITyaTalllH, 3aKII0YaeTcsl B HEOOXOJMMOCTH 3TaJOHHOTO curHana. HeoOxommmo M MoOXeT
OpPEACTaBIATh COOOH CIIO)KHOCTh BPEMEHHOE IPHCOEIMHEHHE KO BTOPUYHOM CTOpOHE
TpaHchopmMaTopa HAMPSHKEHUS WIH K EMKOCTHOMY BBIBOJIY MPOXOHOTO M30JiATOpa. EMKOCTHBIE
TOKH, HaBe/IeHHbIE B 3eMiIsiHOM IpoBojie OITH coceannmu dazamu, MOTYT yMEHBIIUTH TOYHOCTh
M3MEpPEHMI B 3KCIUTyaTallu, Kak 3To yka3zaHo B 9.1.6.1.2.

9.3.2 Metog A2. KomneHcanusi €MKOCTHOM COCTaBIAIOIIEH IyTEM HCIIOJIb30BaHUS
HanpsDKEHUs B KaUeCTBE CUTHAJIA

UyBCTBUTEIHHOCTh IPH  HM3MEPEHUU AKTHBHOW YacTH MOXET OBITh JOMOJTHUTEIHHO
MOBBIIIICHA IYyTEM HCHOJIb30BAHUSI HAIpPSKEHUS B KAuyeCTBE CHUTHajla JUIsi KOMIIEHCAIlUH
€MKOCTHOM COCTaBJIstoIIEeNd TOKa yTeukd. OCHOBHOW MPUHIMUII OCHOBAH Ha MPUMEHEHUHU MOCTa
BBICOKOTO HAMPSDKEHUs, EMKOCTHO-aKTUBHOE TUIEYO KOTOPOTO JIOJDKHO OBITH PEryIupyeMbIM.
DT0 TO3BOJIAET cOANAHCUPOBATH EMKOCTHYIO COCTAaBJISIONIYIO TOKA YTEUKH TaK, YTO BBIXOAHOE
HaIpsHKEHUE 3aBUCUT TOJIHKO OT HEJTMHEHHOW aKTUBHOM COCTABIISIOIICH U MOXKET OBITh U3YYEHO
C MOMOUIbIO ocIHuIorpada.

banancupoBKy MOCTa IpeKpalaoT, Korja HalpsbKeHHe OJIM3KO K HYJI0, 8 eMKOCTHBIN TOK
uMeeT MakcuMaibHoe 3HaueHue. [lockonbky nuddepennmansuas emxocts OITH 3aBucur ot
HanpsDKeHUs1 (EMKOCTh YBEIMYHMBAETCS C HANpsHKEHHWEM), B TO BpeMs KaK €MKOCTb MOCTa
IIOCTOSIHHA, OCTAOLIUICA MOcie KOMIIEHCAlMM TOK BKJIIOYAeT B ce0s HE TOJIBKO aKTHUBHYIO
COCTaBJIAIOLIYI0, HO TaKXXe M €MKOCTHYIO 4acTb (cM. pucyHok 9). Kak u misa meroma Al,
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WCTUHHAs] aKTUBHAs COCTABIIIONIAS MOXET OBbITh CUMTAaHA B TOT MOMEHT, KOTJa 3HAuYeHUE
HaANPSDKEHUS PABHO CBOEMY MaKCUMaJIbHOMY 3HAUYEHUIO.

Hanpaxexwe, Tok

T T T T
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Pucynok 9 - Tok, OCTarONIHiACA TTOC/Ie KOMITEHCAIIMH eMKOCTHOTO TOKA, IPH 1

9.3.3 Meron A3. KommeHcamuss €eMKOCTHOM COCTaBIIIOMIEH ©O€3 HCIIOJIB30BAHUS
HaIpsKEHUs B KAUECTBE CUTHAJIA

DT0 METO/I KOMIIEHCAIIMHU, COIJIACHO KOTOPOMY HEOOXOJMMOCTbh B CHTHAJIE HaIPSHKEHUS
orcyrcTByeT. OCHOBHOM NPHUHLHMII 3aKJIOYacTcsd B TOM, YTO 3TaJOHHBIM CUTHAJI OCHOBHOM
YacTOThl CO3/Ia€TCSl UCKYCCTBEHHO IOCPEICTBOM HMH(OpMalMM, U3BJICYEHHON M3 TOKA YTEUKH.
[TyTeM COOTBETCTBYIOLIETO PEryJIMPOBAHUS aMILTUTY/AbI U (a30BOro yria, KOTOPoe MOXKET ObITh
IIPOBEJEHO aBTOMATHYECKH WM MPH HCIOJIB30BAHUM ocuuiorpada, MoxeT ObIThb cO31aH
STAJIOHHBIA CUTHAJ I KOMIIEHCAIlUM €MKOCTHOM COCTAaBIAIOLIEN TOKAa YTE€UYKH. MeTox MOXKeT
OBITH OCYILIECTBJIEH C Pa3JIMYHBIMH CTEIEHSAMU CJI0KHOCTH.

Meton MoxkeT ObITh 0€3 3aTpyJHEHHIl MPUMEHEH A HM3MEpPEeHHH B SKCIUTyaTaluu.
[TorennuanbHas nmpobieMa 3akiIrovaeTcss B HATMYUMU B HANPSHYKEHUH TapMOHMK, BBI3BIBAIOIIMX
rapMOHHYECKHE EMKOCTHBIE TOKH, KOTOPBIE MOTYT CIIY’KUTh ITIOMEXON aKTUBHOM COCTaBIISIFOIIEH.
Kpome TOro, KOMNEHCUpYIOIIMHA CHUTHAJI MPEACTABISAET TOK B JIMHEWHOM €MKOCTH, KOTOpas
3aKJTIOYAeT B cede Ty K€ camylo MpoOsieMy TOYHOCTH, Kak U B metoje A2. Cnsuru ¢as B
HaNpsDKEHUSAX M TOKAX, BBI3BAHHBIE COCETHUMH (pa3aMH, MOTYT CHM3HThb TOYHOCTh, KaK M B
metonax Al u A2.

9.3.4 Meton A4. EMkocTHas KOMIEHcalMsl yTeM KOMOMHAIMN TOKOB YTE€UKHU Tpex (a3

Metoa ocHOBaH Ha MPEANOJIOKEHUH, YTO EMKOCTHBIE TOKH MCYE3al0T, €CJIM TOKH YTEUKU
OIIH B Tpex ¢azax cymMMUPYIOTCS. Pe3ynmbTHpyIOmUN TOK COCTOWT W3 TAPMOHUK aKTHBHBIX
TOKOB TpeX (a3, MOCKOJIBbKY OCHOBHBIE COCTABIISIIOIINE TaKXKe HMCYE3al0T, TOKAa OHU PaBHBI 1O
aMrTuTye. Eciu mpoucxomuT yBenudeHne akTHBHOTO Toka jto6oro u3 OITH mpu mocTostHCTBE
€MKOCTHBIX TOKOB, pPOCT OyIeT TMpOSIBISATHCS B CYMMapHOM TOKE. OTaJIOHHBIM CHUTHAI
HaIpsHKEHUs He TpeOyeTcsl.

Bo Bpems uzmepeHuid mpu dKCITyaTalldd OCHOBHOM HEJOCTaTOK METOAAa COCTOUT B TOM,
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9YTO EMKOCTHBIC TOKH TpeX (pa3, Kak mpaBuiIO, HE paBHBL. TOJIBKO XOPOIIO OTPETYIUPOBAHHBIE
npocTpaHcTBeHHBbIC (GopMbl, Takue kak OIIH B ra3om301MpoBaHHOM KOMMYTHPYIOIIEM
yCTpOMCTBE, 00BbeIMHEHHOM C paBHbiMH eMKocTsiMu OITH, obGecrneunmBaroT HEOOXOAMMYIO
cuMMeTpuro. Jlpyroil HeIOCTAaTOK 3aKJIIOYAETCs BO BIMSHUM TapMOHHUK B HAIPSOKEHUU CETH,
BBI3BIBAIOIINX FTAPMOHHUKHU B CyMMapHOM TOKE.

9.3.5 Metozn b1. Ananus TpeTbeil o NOpsAAKY FrapMOHUKU

Meroa ocCHOBaH Ha TOM, 4YTO TapMOHHMKHA CO3/AIOTCS B TOKE YTEUKM HEIMHEHMHOU
BosibTamMniepHoi xapakrtepuctukoil OITH. Hukakoro sTasioHHOTrO HampsbkeHHs HE TpeOyercs,
MOCKOJIBKY MPEANOIaraeTcsi, YT0 BCe TapMOHUKH MOSIBISIOTCS U3 HETMHEWHOTIO aKTUBHOTO TOKA.
CopgepxaHue TapMOHUK 3aBHCUT OT aMIUIMTYIbl aKTUBHOTO TOKa M CTENEHU HEIUHEHHOCTH
BOJIbTAMIIEPHOM XapaKTEPUCTUKHU, T.€. TAPMOHUYECKUM COCTAaB M3MEHSETCS B 3aBUCUMOCTH OT
HanpsokeHuss u Temmnepatypsl OITH, xak mokazaHo A TpeTheil MO MOPSAKY TapMOHHUKH Ha
pUCYHKax 6 u 7.

TpCTbﬂ rapMoOHHKa, KakK HanOOIbIIAasT rapMOHHYCCKasA COCTaBJIdONIaA aKTHUBHOI'O TOKa,
Han0oJiee YacTO MCIOJB3YETCs JIJISl TMarHOCTUYECKHX H3MepeHHid. [lepexoa OT rapMOHUKH K
YPOBHIO AaKTHBHOTO TOKa, €CIIM TpeOyeTcs, OCYIIECTBISIETCS Ha OCHOBE HMH(OpMAIHH,
npenocrabinsieMoil u3rorosuteneM OIIH wnm monmydaemoit B pe3ynbrare U3MEpeHH B
nabopaTopuu.

MeTtoa MoeT ObITh IIMPOKO MCIOJB30BaH JJI1 M3MEpPEHUHl B skcrulyarauuu. OcHOBHas
npobJemMa 3aKiIo4aeTcs B UyBCTBUTEIBHOCTU K TApPMOHMKAM B HANPSDKEHUM CeTU. 'apMOHMKH B
HaIIpSDKEHUM MOTYT CO3[aBaTh E€MKOCTHBIE TapMOHMYECKHE TOKH, KOTOpBIE II0 3HAYECHHIO
CPaBHHMMBI C FTADMOHUYECKMMH TOKaMH, F€HEPUPYEMBIMH HEIMHEWHBIM conporuBiaeHruem OITH.
Kak pe3ynbrar, ommbka B H3MEPEHHOM TapMOHUYECKOM TOKE MOKET ObITh 3HAUMTENIBbHOUN MpHU
BBICOKOM COJIEpKaHUM T'apMOHUK B HampsDKeHUH. DTO BHJHO Ha pucyHke 10, rae ommOka B
OLICHKE TpeThell TapMOHUKH B TOKE YTEUKHU NpeCTaBiIeHa Kak (QYHKLNS OT COAEepkKaHUs TpeTheil
TapMOHMKU B HAIPSOKEHUU CETH. PUCYHOK OTpa)kaeT BIIMSAHHME DPa3IUYHBIX BOJIBTAMIIEPHBIX
XapaKTepUCTHUK M EMKOCTEH, Tak e Kak M BIusHHE (a30BOro yria TpeThbell rapMOHUKU
HaIpPsOKCHUS.
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Pucynok 10 - Omunbka B o1ieHKe TpeThel TapMOHUKH TOKA YTEUKH /ISl Pa3IMYHBIX
(ha30BbIX YIJIOB TPEThEH FAPMOHUKHU HANPSDKEHUS CETH NPH yueTe pa3IMuHbIX €eMKOCTEH U
BOJIbTAMIIEPHBIX XapPAKTEPUCTUK HEIIMHEHHBIX METAJIIOOKCUIHBIX PE3UCTOPOB

9.3.6 Meton b2. Ananus TpeTheil 0 MOPSAKY TaPMOHUKH C KOMIIEHCAlMEN TapMOHMK B
HaNpPsHKEHUU

Meroa OCHOBaH Ha TOM K€ CaMOM IIPUHLMIIE, YTO U MeToA b1, HO 4yBCTBUTEIBHOCTH K
FapMOHHMKaM B HaIpPsSHKEHUU 3HAYUTEIBHO CHIKEHA BBEICHHMEM [UI TPETbEM TapMOHUKHU
emkocTHOro Toka B OIIH koMmeHcupyromero Tok curHana, nojiy4aemMoro ot "mpoOHuka moss",
pacriono)keHHoro B ocHoBanuu OIIH. TIlocie cooTBeTCTBYIOIIETO MacIITaOUpOBaHMS
rapMOHUYECKUH TOK, HaBE/IEHHBIN B MPOOHUKE 3JIEKTPUUECKUM IOJIEM, BBIJIEISIETCS U3 MOJTHOTO
FapMOHHMYECKOTO0 TOKA, B PE3yJbTaTE 4YEro IOSABIACTCS FAPMOHUYECKUN TOK, T€HEPUPYEMBIN
HelMUHEeWHbIM akTUBHBIM TokoMm OIIH. IlpeBpaienue TpeTbell TapMOHHMKH B aKTHUBHBIM TOK
TpeOyer momonHuTEenbHOU MH(popmanuu ot muzrotosurens OITH, xak u B metone bl. Meton
IIPUTOJIEH ISl U3MEPEHUH B DKCILTyaTALNH.

9.3.7 Metoz B3. Ananus nepBoil no nopsaKy rapMOHUKH

OcHoOBHasl cOCTaBNAOIIAs  AaKTUBHOIO  TOKa, ImojiyyaemMass  (QUIbTPOBAaHUEM U
UHTETPUPOBAHUEM  TOKA  YTEYKH, BBIJAET CHUTHAJ, MPONOPLHOHAIBHBIA  aKTHMBHOMU
COCTAaBIISIOIIIEH.

BinsiHue rapMOHMK B HampsDKEHUMM CETH BO BPEMS M3MEPEHMM NpPH SKCIUTyaTaluu
MPaKTUYECKH UCKIII0YAETCs] UCIOJb30BAaHUEM TOJBKO OCHOBHBIX COCTABIISIIOLIUX HAMPSIKEHUS U
Toka. OCHOBHOM HEJAOCTAaTOK METO/Ia COCTOMT B HEOOXOJAMMOCTH CHUTHAJIa HANpPSKCHHS,
MOJy4aeMOro, HampuMep, CO BTOPUYHOM CTOPOHBI TpaHcopmaTopa HampsbKeHUs. TOYHOCTh
3aBUCHUT OT YTJI0B (ha3 HANPSDKEHHUH B TOKOB, TakK YK€ Kak U i MeTofoB Al1-A3.
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9.3.8 Meton B. HenocpeacTBeHHOE OmNpeIeIEHHe MOIIHOCTH MOTEPh

MotHOCTh OTEPh MpPECTaBIsIeT co00il MHTErpaa MPOU3BEICHHUSI MTHOBEHHBIX 3HAUCHUN
HANPSDKEHUS U TOKA YTEUKH, JEJIEHHOTO Ha 3HaY€HHE BpeMEHU. MOIIHOCTh OTEPh MOXKET ObITh
BBIPA)KEHA B TEPMUHAX IPOU3BEACHUS JEHUCTBYIOLIEIO 3HAYEHUsI AKTUBHOM COCTAaBIISIOIIEH TOKa
YTEUKH U JIEUCTBYIOIIETO 3HAaYEHUsI HanpshkeHus, npuioxeHHoro k OIIH. BiusHue rapmMonuk B
HaIPSKEHUU 3HAUYNUTEIbHO CHUXKAETCS] IPUMEHEHUEM IIPOLIEYP YMHOXKEHHUS U UHTEIPUPOBAHUSL.
OCHOBHOH HEIOCTATOK COCTOUT B HEOOXOJMMOCTHM CUTHaja HanpspkeHus. Kak u B meromax
A1-A3, TOYHOCTH BO BpeMs M3MEPECHHI B IKCIUTyaTallMM MOXET OBITh OrpaHuyeHa yriamu ¢as
HaNpsOKEHUH U TOKOB, BBI3BIBAEMBIX COCEIHUMU (ha3zaMH.

9.4 UHopmaumna O TOKe YTeYKM OT U3roTOBUTESIS HeNMMHEeMHbIX orpaHuvnTenemn
nepeHanpsxeHumn

Pe3ynbpTaThl U3MEpeHUI TOKa YTEUYKM MOTYT OBITh COINOCTaBIEHbI C HH(pOpMaLuei,
npenoctasisiemor uzrorosurenaem OITH. J{st ucrionp3oBanust 310l HHGOPMALUN BaXKHO, YTOOBI
ObuIM M3BECTHBl pabouee HaNpsHKEHME M TeMIepaTypa OKpyJKarolleld cpelbl BO BpeMs
U3MEPECHUM.

Jist 5 (HEeKTHBHOTO HCITOJIB30BAHUS JTUATHOCTUYECKMX METOJIOB, OIMCAHHBIX BHIIIE,
usroroButenb OITH moker mpenoctaBuTh MHMOPMALIUIO OTHOCUTENBHO PA3IWYHBIX METOJIOB.
Wudopmanyss MOXKET BKJIIOYATh B ceOs JaHHBIC, OTHOCSIIMECS K aKTHUBHOMY TOKY, TpPEThei
rapMoHHKe Toka M MomHOocTH noteps anst OITH kaxkgoro Tuma kak (pyHKIMM HANpsOKEHUS U
TeMIEepaTypsbl.

I[J'ISI MPAKTUYCCKOI'0 UCIOJIb30BaAHUSA 3aBUCUMOCTDb OT HAITPSXKCHUA MOXKCET OBITH BBIpaXKCHA
Kak CI)YHKI_II/IH pa60qero HAIIpsSKCHUA, OCJIICHHOI'O Ha UH . I/IH(I)OpMaLII/IH, MMpEeaAIIOYTUTECIIbHO,

JIOJDKHA OXBaThiBaTh paboune Hanpsokenus ot 0,40 LUy no 0,90 L7y . AxtuBHBIA TOK M TOK
TpeTbeil TapMOHUKHU JIOJDKHBI OBITh MPEACTABICHBI KaK MaKCUMaJlbHbIE 3HAYCHMsSI, B TO BpeMs
KaK MOIIHOCTh NOTEpPh JODKHA OBbITh BbIpaK€HAa KaK yJEJIbHOE 3HAU€HHE, OCHOBAHHOE Ha
HOMMHAJILHOM HaIIPSKEHUH.

3aBUCHUMOCTh OT TeMIepaTyphl JOKHA OBITH MpeACTaBlIeHa Kak (PYHKIHS TEMIEpaTyphbl
OKpYXKaroIIel cpeapl ¢ Y4eTOM TOYHOW TeMIIepaTyphl IEeperpeBa pPe3UCTOPOB, MOCKOIBKY
OTCYTCTBYET KaKasi-TO0 BO3MOKHOCTH MOJIYYUTh PEAbHYIO TEMIIEPATypy PE3UCTOPOB BO BpeMsi
M3MEpEeHMil B dKcIuTyatanuu. /lnama3oH TemmepaTypsl OKpY>Kalolel cpelbl MpearnouYTUTEIbHO
noipkeH ObITh oT MuHycC 10 °C mo mutroc 40 °C.

[Ipumeuanue - PeanbHasi TeMiiepatypa pe3sucCTOPOB MOXKET OBITh BBIIIE, YEM HOpMaJbHas,
13-3a COJIHEYHOM pajualuu, IOIJIOLEHHON SHEPTUU U T.I1.

JIBa paznuunabix Buga wHGopMamuu oT u3roroBurens OIIH mpeacraBmstor oCHOBHOM
MHTEPEC MPH OLIEHKE PE3YyJIbTATOB U3MEPEHUN.

Bo-niepBbIx, 3TO nHGOpMAIHS IS CPaBHEHUS PE3YNIbTATOB, MOJYUYCHHBIX TPU PA3IAYHBIX
yCIOBUSX paOOThl, BBIPAKEHHBIX B TEpPMHUHAaX pabodero HampsHKeHUS U TeMIlepaTypbl
OKpyXkaromiel cpensl. [lyreM mpuBeneHHs M3MEpEHHBIX 3HAUYeHUN K HaOopy '"cTaHaapTHBHIX"
pabouux ycioBHiA, Hanpumep Tpu pabodem Hanpskenuu 0,70 Ly u reMneparype okpyskaromieit
cpeanl +20 °C, BO3MOXHO CpaBHEHHE PE3yJIbTATOB M3MEPEHUM, MOJTYUYECHHBIX MPHU PA3TUYHBIX
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ycrnoBusix. MHpopMamuss OT HU3rOTOBUTENS MOXET OBITh TaKXkKe TMpeACTaBlIeHAa B BHIE
KOPPEKTUPYIOIIUX MHOXHUTEEH, KaK YKa3aHO Ha pucyHkax 11 u 12.

MHox#MTENL

S.-lﬂ 0,50 0,60 0,70 0,80 0,90
== - AKTUBHbII TOK;
~#~ - TPEThs FApMOHHKA TOKA;
=~ - MOIIIHOCTb I1OTEPH
Pucynok 11 - Tunnunas uHGOpMAnUs A7 IPUBEIECHUS K YCIOBHSM "CTaHAapTHOTO"

pa60qer O HaAIIPsIZKCHUSA

MHOMMTENE
1,

1.6

1.4

1,2

1.0

0.8

0.8
-10 0 10 20 30 40

TeMmnepaTypa okpyxaei cpens, "G
=@-- AKTUBHBIN TOK;

=#§=- TPCThsI TAPMOHHMKA TOKAQ,

=de=- MOIITHOCTh IOTEPh
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Pucynox 12 - Tunnynas undopmars 1yisi IpUBEICHUS K YCIOBUAM "cTaHIapTHON"
TEMIIepaTyphbl OKPYXKaIOIEl CpeIbl

Bo-Bropsix, urorosutens OITH MoxeT npencTaBuTh npenensl A1 U3MEPSIEMbIX BEITUYNH
1ocjae TpUBEACHUS K 'cTaHZapTHRIM'" pPabOYMM YCIOBUSIM, Kak ONUCAHO Bbime. B ciydae
IPEBBILLIEHHS] 3TUX MPENENIOB ClIeAYEeT MPOKOHCYIbTUPOBATHCS y U3roToBUTeENs. [Ipenens! MmoryT
OBITH 3a/1aHBI B BU/I€ a0COMIOTHBIX 3HAYCHUN W/MIIM OTHOCUTEIBHBIX U3MEHEHUN CO BPEMEHEM.

[Ipumeuanus

1 BenenctBue ClnoXKHOCTU METOJOB M3MEPEHHUM PEKOMEHIYETCS KOHCYJIbTHPOBATHCS C
M3TOTOBUTENIEM, YTOOBI IPEJOTBPATUTh HEBEPHOE UCTOJIIKOBAHUE PE3YIbTATOB U3MEPEHHUIA.

2 Ha OIIpCACIICHUC 3HAYCHUH TpeTBeﬁ rapMOHHUKH TOKa MOI'yT HOBJIWATH I'ApMOHHUKH B

7a00paTOPHOM HCIIBITATEILHOM HampspkeHuH. [losTomy cremyer ydecth TpeOOBaHUS K
UCTIBITATEIbHOMY 000PYI0BaHUIO.

9.5 O606LleHMe AnarHocTU4YeCKMX MeToao0B

OngpIT INPUMCHCHH PA3JIMYHBIX TUAHOCTUYCCKHUX MCTOI OB IIPCACTABJIICH B Ta6nnue 4.

Tabauua 4 - O0001meHue TMarHOCTUYECKUX METOI0B

JmarHoctuueckuii METo YcnoBue npuMeHeHust OIBIT KCIUTyaTalluu
ABTOHOMHOE HeaBToHomHOe

MNunaukaTtop noBpexxaeHus ® OrpaHn4eHHbIIT
Otnenutens b OOmmpHbIH*
CYeTYHnK UMITYIIECOB * OOmmpHBIi
W ckpoBoil MpOMEeXyTOK 11 MOHUTOPUHTa ® b OOmmpHBIH**
W3mepenne TeMneparypsl b OrpaHn4eHHBII
M3mepeHue Toka yTeuky NpH UCIIONb30BaHUU:
- OTZIEIFHOTO HCTOYHUKA HATPSKEHUS ® CM. Tabnuiy 5
- pabouero HanpsLKEHUS # CM. Tabauiy 5

* C OIIH cpemnero HanpspKEHUSL.

** B oTJesIbHBIX CTpaHax.
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Tabnuna 5 - XapakTeprucTuka METOI0B U3MEPEHMSI TOKA YTEUKU Ha MECTE IKCIUTyaTalluu

Merto u3mepeHus Toka 060- UyBCTBUTENLHOCTh Junarnoctuueckas OrnbIT
YTCUKH 3Ha- s¢dexTHBHOCTH 9KCILTyaTalluu
JeHHe
MeToaa
K rapMo- K (azoBoMy K TOKam Ka- Cnox-
HHKaM B yriay npu o YECTBO HOCThb
Harps- HU3MEpEeHHN MOBepX- uHpop- npume-
JKEHUH Harpsxe- HOCTH Maluu HEHUS
HUSA WM TOK3|
OtnenpHbIH HUCTOYHHK] H.n H.n Bricokast| Boicoxoe| Bricokas OrpaHu4eHHbIH
HAaIPsOHKEHHUsI TTOCTOSHHOTO)
TOKa
DKCIUTyaTallmOHHOE
HalnpsDKeHHe uny
OTJEIIbHBIN HCTOYHUK
HalpsDKEHUs IepeMEHHOTO)
TOKa
M3mepenue mosHOro TokKal Huskas Huskas Cpennss Huskoe Huzkas OOmmpHEIH
YTEUKH
W3mepenue AKTHBHOTO|
TOKa yTEUKH npy|
UCTIOB30BAHHN:
- 3TAJIOHHOTO HANPSKEHUs Al Cpennss Beicokas Bricokast| Cpennee| Bricokas OrpaHu4eHHbIH
- @MKOCTHOH KOMITEHCAIlUH| A2 Cpenusist Bricokas Bricokas| Cpennee| Bricokas OrpaHn4eHHbIIT
- HCKYCCTBEHHOH| A3 Cpennss Beicokas Boicokast| Cpennee Huskas O.u. m.
KOMIIEHCAIH
- UCKIIOYEHUSI €EMKOCTHOTO| A4 Beicokas Beicokas Beicokas Huskoe Huskas OrpaHu4eHHbIH
TOKa
['apMoHuueckuif  aHanu3
TOKa YTEUKH py|
UCIIOTb30BAHHN:
- TPETbEW FApMOHUKH bl Beicokas Huskas Huskas Cpennee Huskas OOmmpHBbIi
- TpeTbe TapMOHHUKH ¢ b2 Huskas Huskas Hmskas | Brwicokoe| Cpenmmsist OOmmpHEIH
KOMIIEHCAIHEH
- IepBOW MO MOPSIKY| b3 Huskas Beicokas Bricokas| Cpennee| Bricokas OrpaHn4eHHbIH
TapMOHUKHI
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N3mepenune MOILIHOCT B Huzkas Bricokas Bricokast| Cpennee | Bricokas O.u. m.
OTEph

IIpumeuanue - H. 1. - He mpumernmo; O. U. M. - OTCYTCTBYET HH(OPMAIHS O TPUMEHEHUH.

[Tpunoxxenue A
(pexomeHnayeMoe)

OnpepeneHne KBa3uCcTauMOHapPHbIX NepeHanpsaXeHun BCrneacTBMe 3aMblKaHMM Ha
3emno

KoaddunmenT 3ampikanust Ha 3emiio [em. [A.15 (npunosicenue J{A)] k& pacCUMTHIBAIOT,
WCIIOJB3ysl MOIHBIE CONPOTHBICHUS CUCTEM IIOJOXKHTENBHONM £{ , OTPMUATENLHOH £z W
HyJIEBOH <£() OCJIeI0BAaTEILHOCTEH, a TaKkKe CONPOTHBICHHME 3aMbKaHus & . Mcmomnbsyror
cieayroniee:

Zy = &9 =Ry + iX]: akTHBHOE U PEaKTHBHOE CONPOTUBIICHUS CHCTEM IIOJOKHTEILHON M
OTPHUIIATEIILHOM TOCIIeIOBATEIBHOCTEH;

ZI:I = REI + JXI:I . AKTHUBHOC n PCAKTHBHOC COIIPOTUBJICHHUC CHUCTCMbI HYHCBOﬁ
IoCJIICAOBATCIIBHOCTH.

KO3(1)(I)I/II_II/IGHTBI 3aMbIKAHUS HA 3EMIII0 PACCUUTBIBAIOT JIA MECTA 3aMbIKAHUS.
HpI/IMe‘IaHI/Ie - B MNPOTSKECHHBIX CETAX C€ PC30HAHCHBIM 3a3CMJICHUCM HeflTpaJ'IPI

KOA(Q(UIMEHT 3aMbIKaHUS HAa 3€MIII0 B JIPYTMX MECTax MOXKET OBbITh BBIILE, YEM B MECTE
3aMBIKaHUS.

Pucynok A.l nokasbIBaeT IpeaebHbIii ciaydail, korna &1 << A, u R =0.
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Pucynok A.1 - Koo uLueHT 3aMbIKaHus Ha 3eMJII0 % HAa OCHOBE ISl <ig f 4],
Rl PE 1= =0

Jluana3oH BBICOKMX 3HAaueHWHl s i 4] , MONOXKHUTENbHBIX H/WIM OTPULATENbHBIX,
MPUMEHSIOT K CUCTEMAM C PE30HAHCHO-3a3€MJICHHBIMU MJIM U30JIMPOBAHHBIMU HENUTPAIISIMHU.

Z[I/IaHa3OH HM3KMX 3HAYCHUM IIOJ0XKHUTEIBHBIX XI] f Xl JEHUCTBUTEIIEH 1 CHCTEM C
3a3€MJICHHBIMHA HeﬁTpaJ'IfIMH.

JlManazoH HU3KMX 3HAYEHMIl OTPUIATENBHBIX <ig{ ], OrpaHMYeHHBIH Ha pucyHke A.l

LITPUXOBAHHBIMU JIMHUAMU, HE TIPUTOJEH JUIS IIPAKTUYECKOTO ITPUMEHEHUS U3-3a PE30HAHCHBIX
YCIOBUH.

Jljig cucteMm ¢ 3a3eMJICHHBIMU HEUTpasIMU pUCYHKH A.2-A.5 moka3bIBaloT KOAPGUIUEHTHI
3aMBIKaHMUs HA 3eMIIIO KaK CEMENCTBA KPUBBIX, IPUMEHAEMBIX K YaCTHBIM 3HaueHusM 2y /A .
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Pucynok A.2 - CootHomenue mexay £/ A1u &p ! A1 1ns nocToAHHBIX 3HAYEHUI
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Pucynok A.3 - CooTHomenue mexay & fA1u A/ &) nqns nocTosHHsIX 3HaYEHMIT

k0> PHIMENHTA 3aMBIKaHUA Ha 3eMII0 &, rae & = 0,04
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Pucynok A.4 - CootHomenue mexay &/ A1u A/ &) qns nocTosHHbIX 3HaYEHMIT

k0> (PUIMEHTA 3aMBIKAHUS HA 3eMJII0 & , Te &) = &)
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XyIX.
Pucynok A.5 - CootHomenue Mexay & ¢ A1u <n 4] (s nocToAHHBIX 3HAYEHUI

k0> PULMEHTA 3aMBbIKAHUS HA 3eMIII0 k&, rae &y = 24

KpuBble pazfienieHbl Ha YYacTKH, NPEACTaBISIONIME co0oi Hamboiee KpPUTUYECKUE
YCJIOBHSI, CIISYIOIIMMHU CITIOCO0aMU N300paKeHUSI:

- MaKCUMaJIbHOE HaIpsDKEHHE, HaOIi0ojaeMoe BO BpeMs 3aMbIKaHHs ¢a3a - 3eMJIs
Ha ¢aze, KOTopas ONepekaeT MOBPEXKICHHYIO (a3y;
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eweees - MAKCHMAIIBHOE HAMPsDKEHUE, HAOTIOJaeMOe BO BpeMsl 3aMbIKaHus (a3a - 3eMiis Ha
¢daze, KoTopast OTCTaeT OT MOBPEKACHHOH (a3bl;

- - — - MAKCUMAJIBHOE HAlpsDKCHUE, HaOI01aeMoe BO BpeMs 3aMblkaHus (asa - 3emiisi Ha
HETIOBPEKACHHBIX (a3ax.

KpI/IBBIe l[GfICTBPITCJIBHbI JJIA 3HAYCHUH COIIPOTUBJICHUA 3a3C€MJICHUA C HanOOJIbIINMHU
KOB(l)(bI/II_[I/IeHTaMI/I 3aMbIKaHHM Ha 3CMJITO.

[Tpunoxxenue A
(pexomeHayeMoe)

TepmuHbl n onpegeneHns MIK 60071-1:2006, ucnonb3yemblie B HAaCTOSALLEM
cTaHgapTe

(Hacrosimiee nmpuiio)keHHe 3aMEHSIET CCBUIKM Ha MEXIyHapoIHbli crangapt MOK
60071-1:2006, He MPUHATHIN B KAYECTBE HAIIMOHAIBHOTO cTaHaapTa Poccutickori deneparnmm.)

B MOK 60071-1 npuHATHI cleayrolKe TEPMUHBI C COOTBETCTBYIOIIUMHU ONPEACIICHUSIMU:

JA.1 xoopaunanuss wu3ouasanuu (insulation co-ordination): BwiGop anekTpuvecKoi
MPOYHOCTH OOOPYHIOBAaHHUS OTHOCHTEIBHO pabOYMX HANPSOHKCHHA W TepeHANPSDKCHUH,
BO3MOXHBIX B CHUCTEME, Ui KOTOPOW MPEIHA3HAYECHO 3TO AJIEKTPOOOOPYIOBAaHHE, C YUETOM
YCIIOBUH 3KCIUTYaTallMH U XapaKTEPUCTUK UMECIOIIUXCS 3aIIUTHBIX YCTPOUCTB.

[Ipumeuanue - DneKTpudeckasi MPOYHOCTh 0OOPYAOBAHUS O3HAYAeT €r0 HOPMUPOBAHHBII
WM €ero CTaHJapTHBIM YypOBEHb W3OJLINH, Kak 3To ompeneneno B JA.13 u JA.14
COOTBETCTBEHHO.

JA.2 Knaccudukanys Hanps>KeHUN U epeHanpskeHul

B 3aBucumocTu ot (bOpMI)I U JIATCIBbHOCTH HAIPKCHHUA W IICPCHAIIPSIIKCHUA
noApa3aAciIsIrOT Ha CIICAYROIIUC KIIACChI.

JIA.2.1 nnutenbHoe (MPOMBINLIEHHON 4YacTOThHI) HamnpstkeHue (continuous (power
frequency) voltage): HanpsokeHne TpPOMBINIUIEHHOM YacTOTHI € TMPAKTUYECKH TOCTOSHHBIM
JEHCTBYIONIMM 3HAYCHHEM, JUIUTEIHHO MIPUIIOKEHHOE K JIF000I Mape BHIBOIOB.

JIA.2.2 kBa3uctaunonapoe mnepenanpsikenue; KIIH (temporary overvoltage):
[TepenanpsikeHre MPOMBIIITIEHHONW YaCTOTHl OTHOCUTEIBLHO OOJIBIION JJIMTEIbHOCTH.

[Ipumeuanue - DTO mepeHANpsHKEHHE MOXKET ObITh He3aTyXalolmuM MId  c1alo

3aTyXaroIuM. B HCKOTOPBIX CJIydadX €ro 4actora MOKCT OBITh B HECKOJIBKO pa3 MCHLBIIC UJIHA
6OJ'IBI_He, YEM IMPOMBIINIJICHHAA YaCTOoTa.

JTA.2.3 nepenanpsizkenne NepexoaHoro npouecca (transient overvoltage):
[lepenamnpsokeHre  KOPOTKOW — JUIMTEIBHOCTH  (HECKOJBKO MWJUIMCEKYHJT WJIM  MEHee),
KoJsiebaTeNbHOe UK allepUOIUUECcKOe, Kak MIPAaBUJIO0, CUIIBHO 3aTyXalollee.

IIpumeuanue - Ilocine KpaTKOBPEMEHHBIX IEPEHANPSKEHUM MOTYT Cpasy K€ CIIeI0BaTh
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KBa3UCTALIMOHAPHBbIE IIEpPEHANpsDKEHUs. B Takux cioydasx OSTH  JABa [EpEHANPSHKCHUS
paccMaTpUBalOT KAaK OTACIBHBIE TPOLIECCHI.

[epenanpsikeHns: IEPEXOAHOTO MpOoIEcca MOAPA3ALIISAIOT CIEAYIOIINUM 00pa3oM:

- mepeHanpsokeHne ¢ nosoruMm  gponrtom;  IIIID  (slow-front  overvoltage):
[epeHanpshkeHHe MEPEXOAHOrO Mpolecca, Kak MPAaBUIIO, YHUIIOISPHOE, C BPEMEHEM I0IbeMa

11 60nee 20 Mkc, HO He Gonee 5000 MKC M BpeMEHEM 10 nosycnana 44 He 6osee 20 Mc;

- nepeHanpspkenne ¢ KpyTbim ¢porTom; TIK®D (fast-front overvoltage): [lepenanpspkerue
IIEPEXOHOTO MPOLIECCa, KaK MPABHIIO, YHUIIOIAPHOE, ¢ BpEMeHeM Toabema 11 6omee 0,1 MKc, HO

He 6onee 20 MKC M BpeMeHeM JI0 nojycnana <3 menee 300 MKc;

- mepeHanpspkeHue ¢ oueHb KpyThiM ¢poHToM; [IOK® (very-fast-front overvoltage):

KpaTkoBpeMeHHOE NepeHanpskeHue, KaK IPaBWIO, YHUIIOIAPHOE, C BPEMEHEM MOAbEMa 1] HE
6oiee 0,1 MKc, OOIIEH IIUTEIHLHOCTEIO MEHEE 3 MC M C HAJIOXKECHHBIMHU KOJIEOAHUSIMH YaCTOTOM
J 6omee 30 k"1, HO Menee 100 MIw, witu 6e3 HUX;

- KoMOMHUpOBaHHOE TmepeHanpsbkeHue (combined overvoltage): Ilepenamnpsbkenue,
BKIIIOUAIONIEe B CeOsl JIBE COCTABJISIOIINE, OJHOBPEMECHHO MPHUIIOKEHHBIC MEXIY KKIBIM U3
da3HbIX  BBIBOJAOB  MexaydaszHoil  (WIM  MPOJONBHOM)  HM30MAUMU U 3eMIIed W
KIIACCU(UITUPOBAHHOE  COCTaBISIONIEH ¢  HAWOOJBIIMM  MaKCUMaJIbHBIM  3HAYCHHEM
(KBa3UCTALIMOHAPHOE, C TIOJIOTUM (POHTOM, C KPYTHIM (PPOHTOM, C OYCHb KPYTHIM ()POHTOM).

JIA.3 npencTaBuTeNbHbIE TepeHanpsukenusi Upp  (representative  overvoltages):
[TepenanpsikeHus, KOTOpbIe OKA3bIBAIOT MPAKTHUECKU TaKOE e BO3JEHCTBHE HA U3O0JIALUI0, KaK
N MNEPCHANPSAKCHUA COOTBCTCTBYIOIICTO KJIACCA, BO3HHUKAIOMIME B IJKCIUTyaTallUW 110 PAa3HBIM
IOPUYMHAM, U KOTOPbIE COCTOST U3 HANPsOHKEHUH CO CTaHAAapTHOM (OpMOI 3TOTo Kiaacca U MOTYT
OBITH OmnpeaAcIICHbl OAHUM 3HAUYCHUEM WJIN PAI0OM 3Ha‘I€HI/II71, HJIM YaCTOTHBIM PACIpPCACICHUEM
3HaYeHUH, XapaKTEPU3YIOLIUM yCIOBUS KCILTyaTaI[|H.

HpI/IMe‘IaHI/Ie - 3910 OMNPCACIICHUC IIPUMCHUMO TaKXE K JIUTCIIBHOMY HAIIPS)KCHUIO
HpOMBIHIJ'IeHHOI\/'I YaCTOThI, HOPCACTABIAIOIIEMY BOSHGfICTBI/IC HaIllpsKCHUA Ha HW30JIIHUIO B
9KCILTyaTaluu.

JIA.4 3alIUTHBI  ypPOBEHb MNPH TIPO30BOM (MM KOMMYTAIMOHHOM) HMILYJIbCE;
Uy (mmm Usy) (lightning (or switching) impulse protective level): MakcumanbHoe 3Ha4eHHE

HalpsDKEHUs Ha 3aXKUMaxX 3allUTHOIO YCTPOWCTBA IMPHU IPUIIOKEHUM K HEMY IPO30BOIO
(KOMMYTAIIMOHHOT'0) UMITYJIbCa B HOPMHUPOBAHHBIX YCIOBUSX.

JA.5 xputepuii Hage:xHoctu (perfomance criterion): Ilokasarenp, MO KOTOpOMY
BBIOMPAIOT M3O0JSIIMI0O B LENSAX CHM)KEHUS O SKOHOMHUYECKH M TEXHUYECKH MPUEMIIEMOTO
YPOBHSI BEPOSITHOCTU TOTO, YTO BO3ACUCTBUS HANPSIKEHUS HA 3JIEKTPOOOOPYIOBAHUE BBI3OBYT
MOBPEXJCHUE €ro HM30JSIIMHU WIM MOBIUSAIOT Ha MPOJOJDKHTEIBHOCTh €ro JKCIUTyaTalluH, U
KOTOPBIM, Kak IMPaBWJIO, BBIPAKAIOT B TEPMUHAX JOMYCTHMMOM HOPMBI HMOBPEXIACHUN (YUCIO
HOBPEXJICHUN B TOJ1, YUCIIO JIET MEX/y MOBPEXICHUSIMH, PUCK TOBPEKICHUS U T.11.).

J1A.6 BbIIep:kuBaemMoe HanpsikeHue (withstand voltage): McnpitaTensHoe HanpspkeHue,
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MNPUIIOKCHHOC B HOPMUPOBAHHBIX YCIOBHUAX COOTBCTCTBYIOLICIO HUCIHIBITAHHA, BO BpEMA
KOTOPOTO JIOITYCKAeTCss HOPMHPOBAHHOE YHCIIO 3aBEPIICHHBIX Pa3PsIOB.

BBII[ep}KI/IBaeMOG HaIps>KECHUEC 0003HAYaIOT KaK:

- O0IIEnPUHATOE BhIIEpKUBaeMoe HarpspkeHue (conventional assumed withstand voltage),
KOTJa JIOIyCKaeMOe 4YHCIIO 3aBEepIICHHBIX pa3psIoB paBHO HY0. CUUTAOT, 4YTO OHO

COOTBETCTBYET BEPOATHOCTH BhiAepKuBanus i = 100%;

- CTaTUCTUYECKOE BBIICpKMBacMoe HampspkeHue (statistical withstand voltage), xorna
JIOITyCKaeMO€ YHCJIO 3aBEPIICHHBIX pPAa3psAIOB CBS3aHO C YCTAHOBJICHHOW BEPOSITHOCTBIO
BBIICP)KUBAHMSI. B COOTBETCTBHM C HACTOSIIMM CTaHAAPTOM YCTaHOBIIEHHAsI BEPOSITHOCTH

5 =90%.

[Ipumeuanue - B Hacrosiiem craHgapTe [jsi HECAMOBOCCTAHABJIMBAIOLICHCS H3OJIALIMH
YCTaHOBJICHBI OOIIETPUHSATHIE BbI/IEP)KHBAEMbIE HAPSDKEHUS, a TUTS
CaMOBOCCTaHABJIUBAOIICHCS U30JISIUH - CTATUCTUYECKHUE BBIIEP)KMBAEMbIE HATIPSHKCHUSI.

JIA.7 KOOPAMHALMOHHOE BbIIEP/KMBAEMOE HANpPsKenHe; U yy (co-ordination withstand
voltage): BeinepkuBacMoe HampspKEHUE H3OJSAIHMM, 3HAYCHHUE KOTOPOTO ISl KaKJIOro Kiacca
HAIPsKCHUA B pCAJIbHBIX YCIIOBHUAX OKCILTyaTalluU YIOBJICTBOPACT KPUTCPHUIO HAACKHOCTH.

JA.8 koappuuuent koopaunaumu; XKy (co-ordination factor): Kospdumuenr, na
KOTOPBI JIOJDKHO OBITh YMHOXEHO 3HA4YE€HHE MPEACTABUTEILHOIO HAIMPSHKCHUS, YTOOBI
MOJIYYUTDh 3HAYCHHUEC KOOPANHAIIMOHHOI'O BBIACPKMBACMOT'O HAITPAKCHH .

JIA.9 TpeOyemoe BbIIep:kMBaeMoe Hanpsikenme; L g (required withstand voltage):
HcnreiTaTenpHoe HAIIPsOKCHUE, KOTOPOC M30JIALUA AOJKHA BBIACPKUBATH IIPU CTAHAAPTHOM
WCIIBITAHUU Ha BBIJEP>KMBaHUE (C YI€TOM BCEX YCIOBUM €ro MpOBEJACHUS) C LIeIbI0 MOITBEPAUTH
€€ COOTBCTCTBUEC KPUTCPUIO HAACIKHOCTH IIPU BO3I[€I>1€TBI/II/I HepeHaHpﬂ)KeHI/Iﬁ JAHHOT'O KJIacCa B
peabHBIX YCIOBUSX SKCILTyaTalliu U B TEYEHHE BCETO CPOKA CITY>KOBI.

[Ipumeuanue -  TpeOyemoe  BbIEp)KMBAaEMO€  HampsDkeHHe — uMmeeT  Gopmy
KOOPJMHAIIMOHHOTO BBIIAEPKUBAEMOTO HAIIPSHKEHHUS.

JIA.10 kodppuuuent 3amaca; K3 (safety factor): CymmapHbli  Ko>(pdHIHEHT,
NPUMEHSEMbI K KOOPAMHAIIMOHHOMY BBIIEP)KHBAEMOMY HAIPSDKEHUIO MOCJE ydeTa MOIMpaBKH
Ha arMmocdepHble ycrmoBus (eciu TpeOyeTcs), a TakKe ydera BCeX NPYTrux pa3induid B
AIIEKTPUUYECKON MPOYHOCTH B YCIOBHUSAX DKCIUTyaTalldd BO BPEMs CPOKa CIYXKOBI U B YCIOBHAX
UCTIBITAHUS CTaHJAPTHBIM BBIICP)KUBAEMBIM HANPSDKEHHEM C IIeTbI0 TOJIYYHTh Tpedyemoe
BBIJIEPKHBAEMO€E HANPsHKEHHE.

JIA.11 HopmupoBaHHOe BblIepxkuBaeMoe HanpsikeHue (rated withstand voltage):
3HaueHne UCHBITaTEIbHOTO HAIMpsOKCHUA, MPUITOKCHHOTO BO BPEMs HCIIBITAHUA CTaHAAPTHBIM
BBIJICPKMBAEMbIM HANPSHKEHUEM, MOKA3bIBAIOIIEE, YTO M30JISLHUS YIOBIETBOPSET OJHOMY MU
OoJplieMy 4YHCITy TpeOyeMBIX BBIJEP)KUBAEMBIX HAMPSOKCHUM, W TPEACTaBIsIoNnee coOoi
HOPMHPOBAHHOE 3HAYEHUE JUISl U30JISILUU 000PYI0BaHMS.
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JIA.12 cTaniapTHOe HOPMHPOBAaHHOE BblAep:KHBaeMoe Hanpsikenue; {7y (standard
rated withstand voltage): CrangapTHOe 3Ha4Y€HHE HOPMHUPOBAHHOTO BBHIICP)KHBACMOTO
HaINpsDKEHUs, KaK 3TO YCTaHOBJIEHO B HACTOSIILIEM CTaHAApTe.

JIA.13 HopMupoOBaHHBIIH  ypoBeHb m3oJsimuu  (rated insulation level): Psag
HOPMMPOBAHHBIX BBIIEPKUBACMBIX HANPSLKCHUM, KOTOPBIE XapaKTEPU3YIOT JIIEKTPUYECKYIO
MPOYHOCTh U3OJISIUH.

JIA.14 cranpapTHblii ypoBenb u3oasiuuu (standard insulation level): Psng ctanmapTHBIX
HOPMHPOBAHHBIX  BBIICPKUBACMBIX  HANPSOKEHUH, KOTOpPHIE CBS3aHBl CO  3HAYCHUEM
HarOOJIBIIETO HANIPSDKEHUST 000PYIOBaHMUs, KaK 3TO YCTaHOBIICHO B Ta0JIUIaxX 2 ¥ 3 HACTOSIIETrO
CTaHJapTa.

JA.15 koappuuuenT 3ambikanusa Ha 3emuro; k (earth fault factor): Kosdduumenr,
MPEJCTaBISIIONMI  cOO0H OTHOIIEHHE HauOOJbIIEro JEHCTBYIONMIEro 3HAaYeHUs (a3HOTro
HANPSDKEHUS TIPOMBINUICHHON YacTOThI Ha HEMOBPEXKICHHOW (a3e BO BpeMsl 3aMbIKaHUS Ha
3eMJII0, TMopaxaromero oaHy (asy umu Oompiiee yucio ¢a3 B KakoW-TMOO TOYKE CeTH, K
JEHCTBYIONIEMY 3HAYCHUIO (Da3HOTO HAINPSHKCHUS MTPOMBIIIICHHONW 9acTOThI, KOTOPOE OBLIO OBI
MOJIyYE€HO B JIAaHHOM MECT€ IPHU OTCYTCTBHHM TAKOTO 3aMbIKaHMS MPHU JaHHOM DPACIOJIOKEHUU
Tpex(}a3HOW CUCTEMBI U JIJIsl TAHHOU €€ CXEMBI.

[Tpunoxenune J1b
(pexomenayemoe)

MonoxeHusa M3IK 60071-2:1996, ncnonb3yemMblie B HacCTosILLEeM CTaHAApTe

(Hacrosimee nmpuiio)keHHe 3aMEHSI€T CCBUIKM Ha MEXKIyHapoJHbli crangapt MOK
60071-2:1996, He NpUHATHIN B KauecTBe HAIlMOHAJILHOTO cTaHaapTa Poccuiickoit dexepanun.)

Jb.1 3arpsasHenue

B ciiydae, korpma 3arps3HeHue omnpezenser coO0OH peakIUio BHENIHEH M30JS1IMU Ha
HANpSDKEHUST TPOMBIIUIEHHONW YacTOTHI, OHO CTaHOBHUTCS BaKHBIM (DAaKTOpPOM, OT KOTOPOTO
3aBUCUT KOHCTPYKIMS BHEUIHeW wu3omAuuu. [lepekpplTue M30ISMU  BO3MOXHO, KOT/AA
MIOBEPXHOCTH 3arps3HACTCS U CMAaYMBACTCS MOPOCSIIUM JIOKAEM, CHETOM, POCOW MM TYMaHOM
0€e3 3HAaUUTEITHLHOI0 CMBIBAIOILEro 3 dekra.

s neneit  cTaHAapTH3alMU  YCTAHOBIEHBI YEThIpE KBaTU(PUKALMOHHBIE CmeneHu
sarpsisHeHus. B rtabmume JIb.1 nmns xaxmoit kBanmUKAIMOHHOW cmeneHu 3arpsS3HEHUS
MIPEJCTABICHO OINMCAHUE HEKOTOPBIX IMPU3HAKOB COOTBETCTBYIOIIEH TUIMYHOM OKPYKAIOLIEH
cpenbl. M301sTOpBI TOJKHBI ITTUTENHHO BBIJICPKUBATh HAMOOJIbIIIEE paboyuee HAMPSHKEHUE CeTH
B YCIOBUSX 3arpsi3HEHUS C TMPUEMJIIEMBIM pPHUCKOM mepekpbiThs. KoopamHanumoHHbIE
BBIZICP)KMBAEMbIC HAMPSDKEHUS JTOJDKHBI OBITH PABHBI MPEICTABUTEIBHBIM MEPEHAIPSKEHUSM, a
KpUTEpUN HANEKHOCTU JIOJDKEH OBITh YCTaHOBJEH IIyTeM BbIOOpAa COOTBETCTBYIOIIEH
BBIJICPKUBAEMON crmeneny 3arps3HEHNs COTJIACHO cmeneHy 3arpsi3HEHNUS] MECTHOCTH.

Tabmuua JIb.1 - PekoMeH10BaHHbBIE UTUHBI TyTH YTEUKU

Cmenenv [IpumepHas xapakTepUCTHKA TUIIUYHON OKPY>KaIOIIeH cpebl Haumensinas
3arps3- HOMUHAJIbHAsS
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HCHUA

yaenabHast IJIHHa
MYTH YTEUKH,
MMm/KB*

Jlerkas

Paiionsr 6e3 mpennpusATHI MPOMBIIUICHHOCTH U C HU3KOW IJIOTHOCTBIO JKMIIBIX 3[aHUA,
000pyJOBaHHBIX OTOMUTENFHBIMU YCTAHOBKAMMU:

- paﬁOHLI C HU3KOH TUIOTHOCTHIO HpeﬂHpI/IS{TI/Iﬁ TMIPOMBINUICHHOCTH WUJIN KUJIBIX 3I[aHHfI, HO|
TOABEPIKEHHBIC B03HeﬁCTBHw YacCTbIX BETPOB W/WH z[oxcz[eﬁ;

- CEJIbCKOXO03AUCTBEHHBIE PAHOHBI**;
- TOpHBIE PAliOHBI, -
JIOJDKHBI OBITH PACIIOJIOKEHBI, 1O KpaiiHel mepe, Ha pacctostHuM oT 10 mo 20 kM o7

MOPCKOTO TT00epexbss M HE JOJDKHBI OBITh MOABEPXKEHBI JEWCTBHIO BETPOB, JIYIOIINX|
HETIOCPE/ICTBEHHO C MOps ***

16,0

II

Cpennss

Paiionsl ¢ NpeaAnpUuATAAMA  NPOMBIIIIICHHOCTH, MNPAKTUYCCKU HE BBIACIAIOIINMY
3arpsA3HAOLICTO JbIMa, u/unu cpez[Heﬁ INIOTHOCTBIO KHUJIBIX 3I[aHPIfI, O60pyZ[OBaHHLIX
OTOIMUTECILHBIMH YCTAHOBKaMU:

- paifoHBI ¢ BBICOKOH MJIOTHOCTBIO SKMJIBIX 3AaHHH W/IITH MPEANPUSITAN POMBIIIIICHHOCTH,)
HO TOJIBEP>KEHHBIE BO3JICHCTBHUIO YaCTHIX BETPOB W/HIIH JOXKICH;

- pailoHBI, NO/IBEPIKEHHBIC ACHCTBUIO BETPOB, AYIOIIUX C MOPSI, HO HE CIIMIIKOM OJIM3KHUE K
noOepexpIo (1o KpalfHel Mepe, Ha PaCCTOSIHUU HECKOJIBKHUX KHJIOMETPOB)***

20,0

1

CunbHast

PaiioHBI ¢ BRICOKOI TUIOTHOCTHIO MPEIIPUATHI POMBIIIIICHHOCTH U TIPUTOPOIBI OOJIBIINX
TOPOJIOB C BBICOKOH INIOTHOCTBIO OTOIMHUTENBHBIX YCTAHOBOK, BBIIEIAIOIINX 3arPs3HEHHUS:

- paiioHbl, OJNM3KHME K MOPCKOMY MOOEpEXKBI0 M, B JIOOOM Cciydae, IOJBEpPKECHHBIC]
BO3JICHCTBHUIO BECbMa CHIIBHBIX BETPOB C MOps ***

25,0

v

OueHb
CHJIbHAS

Paifonbl, kak mnpaBwIO, yMEPEHHON MPOTAKEHHOCTH, IOJBEPKEHHBIE BO3IEHCTBHIO]
MpOBOJAIIEH IBUTH W IPOMBIIIIEHHOTO JbIMA, OCTABJIAIOMIETO YPE3BBIYAIHO TOHKHI
MPOBOJSALIMNA 0Cal0K:

- paﬁomﬂ, KaK MpaBuJo, yMepeHHof?{ MPOTAXKEHHOCTH, OYCHDb OJIM3KO PacnoJIOKEHHBIC K
MOPCKOMY n06epe>1<1)}0 1 TIOABEPIKCHHBIC BO3JICHCTBHIO MOPCKHUX 6]:)];131" WK OYCHK
CHJIBHBIX U 3arpsA3HAIONINX BETPOB C MOPS;

- TyCTHIHHBIEC PAlOHbI, XapaKTEePU3YIONINECs] OTCYTCTBHEM JOXKACH B TeUEHHE [UTUTENbHBIX|
MEePHOJIOB, TOJBEPKEHHbIE ACHCTBHIO CHIBHBIX BETPOB, HECYIIUX IECOK W COIb, M|
MOABEPKEHHBIE PETYISIPHON KOHIEHCAIINU BIarH

* Cormacao MOK 60815 HanMeHbIIas JUIMHA ITyTH YTEUKH U30JIATOPOB MEKAY (ha3oil U 3emMiiel, OTHECEHHAs! K HaHOOIIbIIeMYy]|

Mexy(hasHOMy pabodeMy HAIPSKEHUIO CETH.

** Jcnionp3oBaHue yIOOPEHUIA ITyTEM PACTIbIICHHS HIIH 30716l OT CKMI'AHHS CENbCKOXO3SIMCTBEHHBIX KYJIbTYP MOXKET IIPUBECTH

K OoJiee BBICOKOMY YPOBHIO 3arpsI3HEHHUS M3-32 PACCEUBAHMS T10]T ISHCTBUEM BETpa.

**% PacCTOSIHUSI OT MOPCKOTO TMOOEpekbsi 3aBUCAT OT TOHOrpaduu MprUOPEKHOro padoHa M OT IKCTPEMAaJbHBIX BETPOBBIX]

YCIIOBHH.

IIpumedanne - D1y Tabnuiy ciemyeT MPUMEHSTh TOJIBKO K CTEKISTHHOH M (haphopoBOH M30ISIMU U HE PacIpOCTPAHATH Hal
HEKOTOpBIE CUTYyallid B OKpYKalomed cpene, TakWe KakK CHEr M Jie[ TPH CHIBHOM 3arps3HCHUH, CHIGHOM JIOX[E, B

3aCyLUIMBBIX PallOHaX M T.[.
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JIMUTENbHO NPUIIOKEHHOE KOOPAUHALIMOHHOE BBIJICP’KHBAEMOE HaIpsHKEHUE
MPOMBIIIJIEHHON YacTOThl JOKHO COOTBETCTBOBAaTh HaWOOJbIIEMY pabodyeMy HAampsKEHHUIO

CeTH IS MEXIy(pa3HbIX H30JSTOPOB, a ATO 3HAYCHHE, JICJICHHOE Ha ﬁ , - s (a3HBIX
U30JITOPOB.

W3054TOpHI pa3HBIX TUIOB M Ja)Xe H30JSATOPHl OJHOTO M TOTO XK€ THIA, HO B PasHBIX
HOJOXKEHUSIX MOTYT aKKyMYJIHPOBAaTh 3arps3HEHHS C PAa3HOW CKOPOCTBIO B OJHOM M TOW Ke
OKpY’Kalolmen cpene, a JUisi OJHOH M TOH K€ CTEeNEeHU 3arps3HEHUS MOTYT HMETh pa3Hble
XapaKTEepPUCTHKH IepeKpbITus. Kpome TOro, BeiencTBue BapHaluy B MPHPOJE 3arpsA3HSIONIETO
areHTa oAHU (OPMBI M3OISATOPOB MOTYT OBITH Oosee A(PPEKTUBHBIMH, YeM Ipyrue. Takum
oOpa3oM, Ui Leseil KOOPAWHALMH CMeneHb 3arpsa3HEHHs CIelOBajI0 Obl ONpenesTh I
Ka)KJIOT'0 THIIA UCIIOJIb3YEMOTO U30JIITOpA.

BCHY‘I&C MECTHOCTEHL C BBICOKOM CHIeneHbio 3arps3HCHUSA MOKCT OBITh paccMoOTpCHA
OYHCTKA WJIH OOMBIB N30JIMPYIOHIUX HOBerHOCTeﬁ.

[Ipumeuanue - Paznen J[b.1 3amensier ccpuiky Ha MOK 60071-2 B yacTu NOAIYHKTA
33.1.1.

Jb.2 IlepenanpspkeHus Mpy BKIIFOYEHUU U TIOBTOPHOM BKJIFOUEHUU JIMHUU

Bxnrouyenue u IIOBTOPHOC BKJIIIOUCHHC TpeXCI)a3HOﬁ JIMHUU BBI3BIBAIOT KOMMYTAIIUOHHBIC
NEpCHANPSAKCHUA HAa BCCX TPEX (1)213aX JIMHUYW, MPUYCM KaKaad KOMMYTAllMOHHAs OIICpanus
BBI3BIBACT TPU (1)&3HBIX H, COOTBETCTBCHHO, TPU Me)KI[y@aSHHX MCPCHAIIPAKCHUS.

AMIUIUTY/BI IEpEHANPSDKEHUH TP BKIIIOYEHUH JIMHUN 3aBUCST OT HEKOTOPHIX (PAKTOpOB,
B TOM YHCJI€ OT TUIIA CUJIOBOTO BBIKJIOUATENs (IIyTEM MPEeABApUTENBHOIO 3aMbIKaHUs PE3UCTOpa
Wi 6e3 Hero), HaTypaJbHOM MOIIHOCTU WJIM MOIIHOCTH KOPOTKOI'O 3aMbIKaHHUsS Ha IIMHAX, OT
KOTOPBIX BKJIFOYAETCS JIMHMSI, HATYPaIbHOW MOIIHOCTH MCIOJIB3YEMOM KOMIEHCALUU U JITMHBI
BKJIIOYa€MOW JIMHUM, XapaKTEPUCTHKU KOHIA JIMHUM (OTKPBITHIM, C¢ TpaHchopmaTopoMm, ¢
pa3psAIHUKOM) U T.JI.

TpexdazHoe aBTOMaTH4YECKOE MOBTOPHOE BKIJIIOUEHHE MOXKET TI'€HEPUPOBATh BBICOKHE
HEepeHanpsHKeHUs: ¢ MOJIOTUM (POHTOM H3-32 OCTABILUXCS 3apsA70B Ha MOBTOPHO BKIIIOYAEMOM
auHUM. Bo Bpems NMOBTOPHOTO BKIIIOUEHHUS aMIUIUTyJda IEpeHanpshKeHUs Ha JUHUM (U3-3a
OCTaBIIErocs 3apsja) MOXKET OBITh TEM BBINIE, YEM BbIIIE MAKCUMYM KBa3UCTAllMOHAPHOIO
nepeHanpspkeHus. Paspsn 3Toro ocraBiierocs 3apsijia 3aBUCHT OT 000pyJOBaHUs, OCTAIOLIETOCS
MOAK/IIOYEHHBIM K JIMHHUH, OT IOBEPXHOCTHOM NPOBOAMMOCTH H30JATOPOB WU OT YCIOBUH,
CIOCOOCTBYIONIMX MOJJCPKAHUIO KOPOHBI Ha MPOBOAAX, OT May3bl IO MOMEHTa MOBTOPHOTO
BKJIFOYCHUS.

B HOpManbpHBIX ceTAX oaHO(a3HOe MOBTOPHOE BKJIIOYEHHE HE JaeT IMepeHanpsHKEeHUH
BbIIlIe, YeM IUIaHOBOE BKIOYeHHE. OJHAKo s JMHUA CO 3HAYUTENbHBIMU PE30HAHCHBIMU
apdextamu wm >¢pdexrom Deppantu ogHO(DA3HOE MOBTOPHOE BKIIOUYEHHUE MOXKET BBI3BATh
0oJiee BHICOKHE MEepeHaNpsKEeHus, 4eM TpexdazHoe BKIIOUYECHHE.

JlocToBepHOE pacmpe/ieieHUE BEPOSTHOCTH AaMIUIMTYZ TEPEHANPSHKEHU MOXKET OBITh
MIOJIyYEHO TOJIBKO IIyTEM TOYHOT'O BOCIPOU3BEACHNUS KOMMYTAIIMOHHBIX ONEpalluii U YMCIEHHBIX
pacyeToB, ¢ MOMOIIBIO AHAIW3ATOPOB MEPEXOJHBIX MPOLECCOB U T.JA., @ TUIUYHBIC 3HAYCHHS,
Takue Kak nokasansl B Tabmumax JIb.2 u /Ib.3, cnenyer paccmarpuBaTh TOJIBKO B KauecTBE
IpUOJIN3UTENIBEHOTO PYKOBOZACTBA. Bee nmpuBeieHHbIE 3HAUEHHSI OTHOCATCS K MEPEHANPsKEHUAM
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Ha OTKPBITOM KOHILIE JIMHUM (IIPUHUMAIOIIMK KOHel). [lepeHanpsrkeHuss Ha NUTArOIIEM KOHIE
MOTYT OBbITh 3HAYUTEIBHO HUXKE.

B rabmunax JIb.2 u JIb.3 mpuBeneHsl auana3zoHbl 2%-HBIX 3HAYEHUH (T.€. BEPOSTHOCTH
IPEBBILIEHUS] KOTOPBIX paBHAa 2%) nepeHanpsHkeHUM (B OTHOCHUTEIbHBIX €IMHULAX OT

ﬁUE HE , tae Uy - nambomblliee Onumensno Oonyckaemoe pabodee HaNpsKEHHE B

AIIEKTPUYECKONW CETH), KOTOpBhIE MOTYT OBITh OXHIaeMbl MEXTy ¢a3oii u 3emieil 0e3
orpanndeHus ¢ nomonisto PB unu OIIH. [lpuBeneHHble 3Ha4Y€HUs MOIMYYEHBI B PE3yjIbTare
MOJICBBIX HWCIBITAHUA M MCCIEJOBAHUN M YYUTHIBAIOT BIUSHHE OOJBIIMHCTBA (DaKTOPOB,
OTIPEEIAIONINX ITepEHANPIKEHUS.

Tabmuua JIb.2 - [Inamasonsl 2%-HBIX TEpPEHANPSHKEHUH C TOJOTMM (POHTOM Ha
HNPUEMHOM KOHIIE ITPH BKIFOUYCHUH JIMHUU

Hamnuue BBIKITFOUATENCH v Ja Her
OJHOCTYIIEHYaThIM ITYHTHPYIOLINM
pe3UCTOpOM
XapaKkTepuCTHKa MUTAIOLIEH CETH Kommnexkcnas MNunykruBHas KommnekcHas WNunykruBHas
CreneHs napauienbHoil komneHcanuu, % >50 <50 >50 <50 >50 <50 >50 <50
Amruuryna MaxkcumanbHas 1,28 2,00 1,89 2,22 2,11 2,59 2,78 2,89
HepeHAPsKECHUs,
OTH. €]l

MuHMManbHAs 1,05 1,28 1,33 1,39 1,61 1,39 1,78 1,67

Tabmuna /1.3 - [uana3zonsl 2%-HbBIX NEpeHANpPsSHKEHUH C MOJOrUM  (POHTOM Ha
IIPUEMHOM KOHIIE ITPY IOBTOPHOM BKJIOUEHHUH JTMHUU

Hanmnune Beikmrouarenei ¢ Ja Her
OJITHOCTYIEHYATBIM ITYHTUPYIOIUM
pe3UCTOPOM

XapakTepucTHKa MUTAIONIEH CETH KommuekcHas MNunykTruBHas Kommnekcnas MNunykruBHas
CreneHp MapajuieIbHOH KOMIICHCAIINH, >50 <50 >50 <50 >50 <50 >50 <50
%
Ammuryna MakcumManbHas 1,94 1,78 2,17 2,11 2,44 3,44 3,50 3,67
HepeHanpsHKEeHNs,
OTH. eI

MuHuMaIbHast 1,57 1,22 1,30 1,33 1,50 1,50 2,89 2,17
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Tabmuust JIb.2 u /1b.3 cienyer ucnonb30BaTh AJisi TOTO, YTOOBI OMPEACIUTh, MOTYT JIA
HepeHanp;mceHmI B I[aHHOfI CI/ITyaLII/II/I 6BITI: J0CTAaTOYHO BBICOKHMMH, I-ITO6I:I BBI3BATh HapymeHH;I
B 3JIEKTpOCHAOKEeHHH. Ecu MOryT, TO IMana3oH NPHUBEACHHBIX 3HAYCHHHA YKa3bIBAeT, B KaKOW
Mepe O5TH TMEpEeHANpPsDKEHHsT MOTyT OBbIThb OrpaHWYeHbl. be3 NpuBeAeHHBIX TaOIUIl IS
JIOCTYDKCHHS TOM JKe TETH MOTPEOOBAIUCH OBl IETaIbHBIE UCCIICTIOBAHUS.

[Tpumeuanue - Pazgen JIb.2 3amensier cebliky Ha MOK 60071-2 B yactu noanyHkra 2.3.3.

JAB.3 YrpoleHHbII METO]T 3alIUTHI OT MOJTHUH

JIist yIpOIIEHHOH OLIEHKM MpeICTABUTENBHOTO MepeHanpsikeHns Ump Ha 3amIdIaeMom
00BEKTE MOXKET OBITh MCIIOJIb30BaHa popMyiia

Unp = Ve 28T pan Uy 2 28T, (TTB.1)

U = 207

p or A U

3r

< 28T,

rae Lor- yposens 3amutsl PB (OITH) npu rpo3oBoM uMiysibce, KB;

S - KpyTH3Ha Haberarouiel BoJHbl, KB/MKc;

T - BpeMsl IBUKEHHUS T'PO30BO BOJIHBI, ONIPEIEIEHHOE KaK

T=Lle,

rae © - ckopocTh cBeTa (300 M/mMKcC);

L=d+d| +dy +dp - paccrosnus u3 pucyHka 2, M.

3Ha4YeHUs KPYTU3HBI JOJDKHBI OBITh BBIOpaHBI B COOTBETCTBUU C Oegopmayuell hponma
BOJIHbL U3-3A UMNYJILCHOU KOPOHbL NpuU npobeze TIO BO3MYNIHBIM JHHHSAM, TOJICOCTUHEHHBIM K
HOJCTAHIUH, U 110 IPUHATOMY PUCKY ITOBPEXKIEHUS Ha IOJCTAHIUH.

Ecnu x mojacTaHMu mpHUcOeTUHEHO Oojiee OHOM BO3AYIIHOW JIMHUM, MEepBOHAYaIbHAs
KpyTH3Ha .5 HaOeraromieil BOJIHBI MOXET OBITh pa3zefieHa Ha 4Yucio JUHUH # . OJHAKo 3TO
YHCJIO JIMHUHM JO0JDKHO COOTBETCTBOBATh MUHUMAJIBHOMY YHCIY, KOTOPOE CIEAYyeT OCTaBIATh B
OKCIUTyaTaIlH, YYUTHIBAsK BO3MOXKHBIE OTKIIFOUSHHUSI BO BPEMSI TPO3.

C y4eToM TIONIpPaBKM Ha TO, YTO KPYTH3HA HaOeraromieldl BOJHBI YMEHBIIACTCS OOpaTHO
IPONOPLHUOHATIBHO PACCTOSHUIO, KOTOPOE MpoOeraeT BOJIHA BAOJIb BO3AYITHON JIMHUH, KPYTHU3HA

S HaOeratomiell BOJIHBI, KOTOPYIO CIIEAYyeT UCHOib30BaTh B Gopmyne (/1b.1), npubausutensHo
paBHa

S =1(nKy X0, (15.2)

I€ # - YHUCJIO BO3AYIIHBIX JIMHWM, IOJCOCAMHEHHBIX K IOACTAHUUH; NPU HAJIHYUHU
MHOTOLEMHBIX OMOp U HEOOXOAWMOCTH YYUTHIBATH ABOWHYIO CUCTEMY OOpaTHBIX MEPEKpPHITUI
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PCKOMCHAYCTCA 3TO YUCIIO ACJIUTH HA ABA,

K p - mOCTOAHHASA, yuUTHIBAIOIIAs AeMI(UPYIOLIEE BIUSHUE KOPOHBI, B COOTBETCTBHHU C
tabmuueit /1b.4, mxc/(kB-m);

X - paccTostHuE MEXTY TOUYKOW yaapa MOJTHUH U TIOJICTAHIIUCH, M.

[Ipumeuanue - DTta Qopmyna TolydyeHa B MPEANONIOKCHHH, YTO PACCTOSHUS MEXKIY
3aIUAIIAEMbIM OOBEKTOM M TOYKAMHU IIOJCOCIWHECHHUS] BO3IYIIHBIX JUHUW COOTBETCTBYIOT
BpeMEHaM Tmpo0era, MEHBIIMM YeM IIOJOBMHA BpEeMEHH (pOHTAa HaOeramoImed BOJIHBL
CremoBaTebHO, B X0J/I€¢ MPUOIM3UTEILHON OIEHKH JIONYCKaeTCs NpeHeOpedh TOKOIOIBOJIOM
MEXIy OOBEKTOM M TOYKOM mojcoeAruHeHUs. Takoil MoaxoJ copaBeMJIUB [UJIsi OLICHKHU
npeaenbHoro paccrosHus B ¢opmyne ([1b.3), Tak kak B 3TOM ciydae il HAaOETArOIICH BOIHBI
XapakTepHbl Mayible KPYTHU3HBL. JlJIsi pacdera pealbHBIX IEPEHANPSIKEHUM, BO3HUKAIOIIUX
BCJIC/ICTBHME JIOMYIICHHON Haleraromeil BOJHBI, JaHHOE YIPOIIEHUE MOXKET He ObITh
KOHCEPBATHUBHBIM.

Ta6nuua 1.4 - ITocTossHHas Ko , YUUTBIBAIOMIAst [eMI(UPYIOIIEE BIUSHUE KOPOHBI

Konduryparus npoBooB K, MKC/(KB M)
OMHOYHBIII TIPOBOJ 1,5-10-4
Pacuyennenue Ha 18a IPOBOJA 1,0-10-€
Pacwennenue na yetbipe npoBoJia 0,6-10-4
Pacwennenue Ha eCTh WITH BOCEMb ITPOBOJIOB 0,4-10-%

Hcnonb3oBaHue 3T0ro 3HayeHUs KpyTusHbl B ¢opmyine (/1b.1) He nmaer mocraToyHO
TOYHBIX pE3yJabTaTOB J[UId pacueTa IepeHanpsskeHuss Ha obopynaoBaHud. OAHAKO OHO

JOCTATOYHO (M KOHCEPBATHBHO), Y4TOOBI OLEHHUTH HPENEIBHOE PACCTOSHHE <Ly CIEMYIONIUM
obpazom:

Ay = 2T [k (U = Uy )], (J1B.3)

rae {7 - HauMeHbIIasi aMIUINTY/Ja paCCMaTPUBAEMOTO MEPEHANPSKEHNUS;

T - HaubonpIee BpeMs mpodera Mexay 00l TOYKOW Ha TOJCTAaHIIUH, MOJIeKAIICH
3ammre, 1 ommkaimuM PB (OITH), Mkc;

U ;r- ypoBens 3amuTsl PB (OITH) 1pu rpo30BoM MMITYJIbCE.

Jlnst paccTosHmit, GONBIIMX YeM <Ly , KPYTM3Ha YMEHBUIUTCS Tak, YTO 3HAYEHHUE
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nepeHarpsHkeHus Ha 000py1oBaHUM OyZleT MEHbIIIe, YeM MPUHATOE 3HaYeHue [ .
B nensx nanpHeHIIEro ynpouieHus pacueToB IPUHUMAIOT CJIEAYIOIIUE JONYIEHUS:

- BCE CiIy4yau YAapoOB MOJHUMU B TMpeAesiax HEKOTOPOro PACCTOSHUS OT MOJCTAaHIUU
BBI3BIBAIOT IMEPEHAIPSDKEHUS Ha 3allUIacMOM 00OpYyIOBaHMHM 00Jiee BBHICOKHUX 3HAYCHHUH, YeM
JOITyCKaeMOoe 3HaYCHHE, a BCE Cllydyad BHE ITOTO JUara3oHa - MEepeHANpsHKEHUS 00Jiee HU3KUX
3HAYCHHI,

- IepeHANpsHKeHHEe Ha OO0OpPYJIOBAHUM MOXKET OBITh PACCYUTAHO B COOTBETCTBHU C
dopmymnoii (I1b.1) u dopmymnoii (15.2).

Kak yxe ykazaHo, o0a AOIYyIIEHUsI CTPOTO HE O00OCHOBaHBL. Bo-TIEpBBIX, HE BCE yIapbl
MOJIHUU B Ipe/iesiax ONpeAeIeHHOrO PAcCTOSIHUS OJMHAKOBO JKeCTKU. VX Bo3zaeiicTBUE 3aBUCUT
OT TOKAa MOJIHUM WJIM OT HaOeraromieil BOJHBI MepeHanpsukeHus. Bo-BTOPBIX, MepeHanpsHKeHHs
MOTYT OBITh BBIIIE, YEM T€, KOTOPbIE paccuuTaHbl ¢ ucnonb3oBanueM dopmyn ([1b.1) u (15.2).
OpnHako coBpeMeHHasi NMpakTUKa 3aluThl 00opynoBanus ¢ nomoinesio PB (OIIH) nokassiBaer,
YTO 00€ HETOYHOCTH MPAKTUYECKHU MOTAIIAI0T O/IHA APYTYIO.

OTtHOCHTENBHO paccTosiHUsL X , ucnonbdyemoro B ¢opmyne (/[b.2), mokazano, uto
oOpaTHbIC TMEPEKPBITUS HE TMPOMCXOJAT HA ONOpe, OJNMXKHEW K TOACTAHIMH, WMEIOIIeH
3a3eMJIsIoIee YCTpoicTBO. MUHUMAIbHBIM 3HAU€HUEM X CUMUTAIOT 3Hau€HHE JUIMHBI OJHOTO
TpoJieTa BO3AYIHOMH muHMK L. TakuM 06pa3oM, IpencTaBUTENbHAS KPYTH3HA “1p, KOTOPYIO
cienyer ucnoib3oBath B popmyne ([1b.1),

Srrp =”[Km:|':£'rrp +LH}], (1b.4)

rne Ly = (R Rge) - cekuus BO3MYNIHONW JIMHWM, B KOTOPOM HOpPMa TIPO30BOTO
HEePEeKPBITHS paBHA IPUEMIIEMO HOpME NMOBTOPEHUS TIepeHanpsHKEHUH.

[Ipumeuanue - YpaBHEeHHE NOIYYEHO U3 TOrO HAOIIOEHUS, UTO OOpaTHBIE IEPEKPHITUS HE
IPOMCXOJAT Ha OMope, OIMKHEH K MOACTaHIMH, UMEIOILEel Xopollee 3a3eMIIsIolIee YCTPOHCTRO,
U UYTO TIPOPBIBBI 3alIMTHl HE TPOUCXOASIT HA TEPBOM TPOJIETE BO3IYIIHON JIMHHH.
CrnenoBartenbHO, CyIIECTBYET MMHUMAIIbHAS JUIMHA MTpoOera Haberaromuieil BoJHbl, KOTopas JaeT
MaKCHUMaJIbHO BO3MOXHYIO KPYTH3HY. AHATUTHYECKOE BBIPAXKEHHE, HCIIOJIb30BaHHOE B (popmyIie
([1b.4), npencraBiser coboi npubIMKEeHHe K 3TOMY HaOmroeHuto. B kadecTBe ambTepHaTHUBbI
BMECTO CYMMBI MOXXET OBITH HCIIOJIb30BaHO OoOJiee BBICOKOE 3HAUCHHE JIMHBI TPOJIETa WU

UAHBL Ly .

Takum 06pazom, BBOIS Srrp B Qopmyny (Jb.1) m BeraBnsas A= 2K c) nna nunmit
AJIEKTPOIIepeaut, OJIY4Ya0T 3aBUCUMOCTD MPEICTABUTEILHOIO TPO30BOT0 MEPEHAIPSAKEHUS OT
HOPMBI TTOBTOPCHUSI:

4 L
Uy = Ugp + = —
S N Y (Ab.5)

rae Ump- aMIIMTyna mpeacTaBUTEIBHOTO TPO30BOTO MepeHaNpsKeHNs, KB;
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A - xoapdunuent, npuseneHHbId B Tadbnuue J1b.5, yuutsiBatouuit oeghopmayuro hponma
BOJIHbL U3-3 UMNYAbCHOU KOPOHbI NpU npobeze TO BO3AYITHOW JIMHUM, MOJCOCAMHEHHOW K
MOJICTAHIINH;

L7 ;r - yposens samutel PB (OITH) npu rpo3oBom ummyibee, KB;
A - HAaMMEeHbIIIee YUCIIO0 TUHUN, TPUXOAAIINX Ha oAcTaniuio (N =1 unmu N =2);
L, - ornensiomee paccrosuue: L =& +dy +dy +dp | kak moka3aHo HAa PHCYHKE 2, M;
Lim - nnuna nponera, M;

Ly - nyMHa BO3MYLIHOW JIMHUK C HOPMOM MPOCTOS, PABHOM NPUHATON HOPME MOBTOPEHUSI
NepEeHANPSHKEHUH, M;

Ry- npuHATas HOPMA OBTOPEHHs NepeHanpsokerui (1/roxn);

R - HOpMA IIPOCTOSL BO3AYMIHONM JIMHUM B TOJ JUIi KOHCTPYKLHMH, COOTBETCTBYIONIEH
NepBOMY KWJIOMETpYy miepen cranuueil [cMm. dopmyny (/1b.4)] [oOmenpunsaras exuHUIA
usmepenus: 1/(100 kM Tox); peKoMeHIyeMast eauHuIa u3mMepenus: 1/(M-Tox)].

Tabmuua /1b.5 - Koaddunument .41 pa3nuuHbIX BO3AYIIHBIX JTHHHUN, MPUMEHSEMBIH B
dopmynax (1b.5) u (1b.7)

Tun muaIN A,xB

PacnpenenurensHbie muHIH (MeXTy(a3HbIE TIEPEKPHITHSA):

- ¢ 3a3eMJICHHBIMU TpaBepcaMHU (IIEPEeKphITHE Ha 3eMIII0 IIPU HU3KOM HalpsDKEHUN); 900

- JIMHUY Ha JIEPEBSIHHBIX CTOJI0ax (IIePEeKPhITHE Ha 3€MITIO TIPH BHICOKOM HaIPSKEHHH) 2700

JluauM snexrponepenadu (0gHO(pa3HOE 3aMBIKaHHE Ha 3€MITIO):

- OJJMHOYHBIH MPOBOJI; 4500
- pacwenienue Ha J1Ba IPOBOJIA; 7000
- pacwenienue Ha Y€ThIPE MPOBO/IA; 11000
- pacwenienue Ha MIECTh UM BOCEMb IPOBOJIOB 17000

KoopiMHaIlMOHHOE BBIIEPKUBAEMOE HAIPSKEHUE MONYYalOT MyTEM 3aMeHbl Ly Ha [UTHHY
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JMHUK Ly, KOTOpas 1aeT HOpMy IIPOCTOS, PABHYIO TIPUEMJIEMOM HOPME TTOBPEXKIAEHHUS g

Ly = Ry I Ry, (/15.6)

U KOOPAMHAIMOHHOE BBIACPKNBACMOC HAIIPSAKECHUC I'PO30BOI'0 UMITYJIECA
A L

U =D+ =2
R A (AB.7)

rac UKB - KOOpAWHAIIMOHHOC BBIACPIKNBACMOC HAIIPSX)KCHUC I'PO30BOI'0 UMITYJIbCA,

L, -cexuus BO3OYNIHONW IMHUM C HOPMOIM IIPOCTOS, PAaBHOM NpUEMIEMON HOpMe
MOBPEXKICHNUS;

R, - npuemniemMas HopMa MOBPEXKAEHHUS 000PyI0BaHUS.

Jlis muHMA 3nekTponepenadn kodgdunmenTsl A 6epyt n3 tabmmubl JIb.5, a mocrosHHBIC
Kiyn , yuuteiBaromme Jaemrnupylollee BIMSHUE KOPOHBI, - u3 Tabmuusl Jb.4. Jlns
pacrpenenuTeNbHbIX CeTeH TpO30BBIE TMEPEHANpPSHKCHUs, KaK MpaBWiIo, MHOrodasHble, |
HEOOXOUMO paccMaTpuBaTh TOK, pacmpefensomuiics mo (a3HsiM mpoBojgaM. B cimyuae
CTaJIbHBIX OMNOpP MEPEKPBITUsl O0Jee YeM OIHOW OMOpbl BO BpeMs yJaapa MOJIHHUU IPUBOIAT K
JaNbHEHIIEMY CHIDKCHHIO TPO30BBIX TepeHanpspkeHui. st stux nuHmid  kodddumment
A ToIONParOT B COOTBETCTBUU C OTIBITOM KCILTyaTAIIHH.

['PY, xak npaBuiio, 3alMIIEHBI Jy4lle, YeM MOJCTAHLIUHU HAa OTKPBITOM BO3AYyXE, TAK KaK
00J1a71a10T BOJTHOBBIM COTIPOTHBIIEHHEM HAMHOTO 00Jiee HU3KUM, YEM BOJTHOBBIE CONPOTHUBIICHUS
BO3IYIIHBIX TUHHUI. BcecTopoHHe 000CHOBaHHAs PEKOMEHAALUS AJSl ONEHKU YIYYIIEeHUs s
FPY 10 CpaBHeHI/IIO C IMOACTAHIIUAMHU Ha OTKpI)ITOM BO3JIYXC HE MOXET 6I)ITI> Hpe}ICTaBJ'IeHa.
Opnako ucnonb3oBanue ypaBHeHus (/1b.7) Ans moAcTaHIIMU Ha OTKPHITOM BO3yXE MO3BOJSET
HOJ'Iy‘-II/ITI) KOHCGpBaTI/IBHI)Ie OILICHKN KOOp)lI/IHaIH/IOHHOFO BI)II[ep)KI/IBaeMOFO HaprDKCHI/Iﬂ
TPO30BOr0 MMITYJIbCA WM 3AIMTHOTO JUAIa30Ha, a CHUKEHHUE OTHOWEHUs A/ A 10 MoJ0BUHBI
3HA4YEHMs], UCTIOJIb30BAHHOTO JIJIsl OICTAHIIMI HAPYKHOW YCTAaHOBKH, €1IE IPUEMIIEMO.

Z[J'ISI HOBBIX HO)ICTaHI_II/II\/'I, Korga rpo3oBas XapaKTCPUCTHKA H30JIAONN CYIICCTBYIOMIUX
MMOICTaHITHI HU3BCCTHA, MpCAnojgaracMoc¢ MAaKCUMAJIbHOC 3HAYCHUC MPCACTABUTCIIBHOTO
TPO30BOTO MICPCHAITPSKCHUA MOKCET OBITh OLICHCHO CICAYIOUM 06pa30M:

(1b.8)

Yopr _ (2 La Uant Yt
USIQ NQ Jil--'1 Usrﬁ Usrl >

rac Urrp - O KNJAa€MO€ MAaKCUMAJIbHOC MMPEACTABUTCIIBHOC IICPCHAIIPAKCHUE,

U - 3amuTHEI yposens PB (OITH) npu rpo30BOM HMITYJIbCE;

M - MUHHUMaJIBHOE YMCIIO BO3YIIHBIX HHHHﬁ, HaxoJdmuxcsa B OKCITyaTaluu U
MNOAKJIFOYCHHBIX K ITOJCTAaHIINH,
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L=d+d +d5 +d (cm. pucynok 2).
Nunekc 1 oTHOCHUTCS K CHUTyalluH, JUIsi KOTOPOM JIOCTATOYEH OMBIT ASKCIUTyaTalluu, a
MHJIEKC 2 - K CUTyallul C HOBOM MOACTaHIIUECH.

C npyroii CTOpOHBI, MPEANOJIAraeéMOe MAKCUMaJIbHOE 3HAYEHHUE MOXKET ObITh MOJIYYEHO,
€CIIM MIPETONIOKHUTE HOPMY MOBTOpeHus B opmyite (J1B.4) paBHoit Hymo, mostoMy Ly =0 wu

Uy = e + =

TN (1B.9)

[Ipumeuanue - Paznen JIb.3 3amensier ccbuiky Ha MOK 60071-2 B yacTu NOANMYHKTA
2.3.4.5, nynkra F.2.1, a Takxe pazzaenos F.4 u F.5 (mpunoxenue F).

IIpunoxenune /1B
(pekoMeHnayemMoe)

MonoxeHua M3K 60099-3:1990, ncnonb3yemMble B HaCTOSALLEM CTaHAApPTe

(Hacrosimiee nmpuiio)keHHe 3aMEHSIET CCBUIKM Ha MEXJIyHaponaHbIl crangapt MOK
60099-3:1990, He MpUHATHIN B KAYECTBE HAIIMOHAIBHOTO cTaHaapTa Poccutickori deneparnmm.)

JAB.1 OcHOBHbBIEC PUHITUIIBI

N3BectHO, uTo PB MOXeT BBIHTM U3 CTPOs, HAXOsIChb IOJ HOPMAIbHBIM paboO4YuM
HallpsSDKEHUEM  NPU  HEKOTOPBIX  YCIOBUSX  3arpsA3HEHHs,  BCIEACTBUE  IOSBIICHUSA
HEPAaBHOMEPHOTO DPACIpEe/ICHUs] HAaNpsDKeHHUs Ha €ro BHEUIHEW IMOBEPXHOCTH /MM HU3-3a
OueHb OBICTPBIX W3MEHEHMH B 3TOM pacIpe/eleHHH. YKa3aHHbIE CTaJuU MOSBISIOTCS Kak
cieAcTBUE OOpa30BaHUS MPU STHX YCIOBUSAX HAYAJIBHOTO IOYTH CIUIOLUIHOTO IPOBOJSIIETO
MOBEPXHOCTHOT'O CJIOfA, COCTOSINEro, Kak IIPaBHIO, U3 BOJHOTO pacTBOpa JJIEKTPOJINTA,
00pa30BaHHOIO MpPU BBICOKOW BIAXHOCTH T'MTPOCKONMUYHBIMH TBEPABIMU YaCTHIIAMHU HJIU
KareJbKaMU XUAKOCTH, OCaXKJICHHBIMA Ha ITOBEPXHOCTU. Takke MOKET NMPUCYTCTBOBATh IbLIb,
OKa3bIBas BIUSHHUE HA XAPAKTEPUCTHUKU BIIAXKHOM U CyXOH IOBEPXHOCTH. Y CTAHOBIIEHO TaKXKe,
YTO TOK YTEYKH, HarpeBarOlIMi ITIOBEPXHOCTHBIM CIIOM, KOIZJa MPOBOAMMOCTH JOCTATOYHO
BBICOKA, BbI3bIBAaET (hOPMUPOBAHHE "CYyXHX MOSICKOB", HA KOTOPBIX MPOMCXOJUT OYEHb OOJIBIIOE
MaJICHUE HANpPSDKEHUsA, a KOIJa 3TH IMOSICKM Ha KOPOTKOE BpPEMsl IEPEKPBIBAIOTCA JIYIOW,
BO3HMKAIOT UMITYJIbCHI TOKA YTEUKHU.

OTU SIBICHUS MOT'YT NPHUBCCTU K TOMY, YTO HAIPSIKCHUC, TPUIIOKECHHOC K HCKOTOPBIM
HCKPOBBIM MPOMCIKYTKAM, MMPCBBICUT UX HpO6I/IBHOC 3HAYCHHUC C MOCIICAYIOIINUM HpO6OCM n3-3a
HapymcHus pPacnupCaCiICHUA HAIPSKCHHUA 110 IPOMCEKYTKAaM, BbI3BAHHOI'O C€MKOCTIAMU,
06pa3OBaHHBIMI/I QJICKTpOAAaMU U MOKPBIMH ITOSACKaMH.

CJICI[OB&TGJ'IBHO, OCHOBHas 1ICJIb UCIIBITAHUA PB B YCJIOBUAX 3arpsA3HCHUA - BOCIIPOU3BECTU
BA)XXHBIC YCJIOBUSA 3arpA3HCHHUA, MTPEACTABUTh TC N3 HUX, KOTOPBIC BO3MOKHEBI B OKCIINTyaTallun, 1
YCTAaHOBUTL, 4YTO HOHBCp)KCHHLIﬁ 3arpsA3HCHUIO PB, BKJIIOUCHHBIM Ha COOTBCTCTBYIOIIICC
HAIpsoKCHUEC HpOMBIIHJIeHHOfI YaCTOThI, HC JOITYCKACT HpO60$[ HCKPOBBIX ITPOMECIKYTKOB.

[TepexppiTie noBepxHocT PB B ycnoBusix 3arpsA3HEHHs ONACHO C TOYKH 3PEHHS €ro

OKCIUTyaTalliy, CJICIOBAaTEIbHO, B 3TOM OTHOIICHWH TAaKXKe JODKHA OBITh OINpe/esicHa
XapaKTePUCTHKA.
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HmeroTcs naHHble, IMOJNyYEHHBIE KaK M3 ONBITA JKCIUIyaTallUd, TaK MW U3 IPAKTHKU
UCTIBITAHUHN, YTO YCIIOBHSI 3arps3HEHUs, CIOCOOHBIE BBI3BAThH MpoOoi PB, Moryt ortinnyarbes ot
YCIIOBUH 3arpsA3HEHMs, IPUBOIAIIMUX K IEPEKPBITUIO 110 MOBEPXHOCTH. [locieanue, kak npasuio,
CBS3aHBI C JKECTKUMU YCJIOBHUSAMH, XapaKTEPU3YIOIUMHUCS YaCTBIMU UMITYJIbCAMHU TOKA YTEUKH C
OOJBIIMMH aMIUIUTYAAMHU, TOTJa KaK MpoOOH MCKPOBBIX MPOMEXKYTKOB, KaK IPaBUIIO, CBS3aH C
PE3KUM YCUJIEHUEM 3arpsi3HEHUs WIHM BBICBIXaHHWEM 3arps3Hstoniero areHra. CooTBETCTBEHHO,
MOTYT HOTPeOOBATHCS OTJENIbHBIE UCIIBITAHUS JUISL TUX JIBYX PA3JIUYHBIX MyTeH, NPUBOIAIINX K
IIOBPEXKICHHUIO.

[Ipumeuanue - Paznen [IB.1 3amensier ccpuiky Ha MOK 60099-3 B uactu paznena 3.

AB.2 IIpunoxxeHue HaNpsKeHUs

Jns PB B ceTsX C HW30JMPOBAaHHBIMU W PE30HAHCHO-3a3¢MJICHHBIMH HEHTpaJIsiMU
(Ouanason I) B Te4eHUE BCEro MEPHOJIa UCHBITAHUN OJDKHO OBITh MPUIIOKEHO IJIUTEIHLHOE
HaNpsDKCHUE, pPaBHOC HOMHHAJIbHOMY HampsbkeHuto PB. Tlpu 3ToMm, eciu HOMUHaIbHOE
HaIpsDKEHUE TpEeBhIIIaeT HauOoubliee pabouee HampspkeHwe (Mexay (aszamu) cetd, 1o
COTJIAIICHUIO MEXY TIOTPEOUTEIEM U U3TOTOBUTENIEM B KAYECTBE MCIBITATEILHOTO HAIPSKCHUS
BBIOMPAIOT MOCJIEIHEE.

s PB B ceTsix ¢ 3a3eMiIeHHBIMEH HeUTpansmu (Ouanazonwvt 11 u I1) ¢ xod3pduimeHTOM
3aMbIKaHus Ha 3emito Mexay 1,2 u 1,4 cHavanma JOMKHO OBITh MPUIIOKEHO HCIBITaTeIbHOE
Hanpspkenue, coctapisromee 0,75-0,8 (st ko punmenTor 3ambikanus Ha 3eminto 1,33 u 1,25
COOTBETCTBEHHO) OT HOMHUHaJIbHOTrO Hamnpsykenust PB, wiu 0,87 (t.e. 1/1,15) oT ycraHOBIEHHOTO
JUTUTEIBHO JIOMYCTUMOTO pabouero HampspkeHus PB  (0oHO paBHO WM MEHbINE, YeM
HOMHHANIbHOE HampsbkeHue PB), B 3aBucumocTu oT Toro, kakoe MeHblie. [lanee 3HaueHue
WCIIBITATEILPHOTO HAIPSKEHUSI C MMPOMEKYTKAMH YBEIMYHMBAIOT J0 O0Jiee BHICOKOTO 3HAYEHUS,
COOTBETCTBYIOIIETO HAMPSHKEHUIO KOPOTKOTO 3aMbIKaHMs, B Te4eHHe 1-2 c, a 3areM OBICTPO
CHIDKAIOT JIO HAYaJIbHOTO 3HAYCHUS.

[Tpumeuanue - Paznen JIB.2 3amensier ccouiky Ha MOK 60099-3 B wactu pasznena 6.

JAB.3 MeToauka uctibITaHUS

JAB.3.1 Hauano ucnsiTanus

[Togroronennsiit PB ycranaBnuBaioT B €ro wucneITaTenbHoe mnonoxeHue. Coznarot
HEOOXOJMMBIC YCIIOBUS 3arpsi3HEHHUs] W BO3JCHCTBYIOT HAMNpPSOKEHHEM B COOTBETCTBHHM C
BBIOpaHHBIM METOJOM. VICIbITaHHWE CUMTAIOT HAYaBIIMMCS, KOT/Ia IPU HEOOXOJUMBIX YCIOBUSIX
3arpsi3HEHUS IOJDKHO OBITh MPUJIOKEHO MOJTHOE UCTIBITATEIbHOE HAMPSIKEHHE B COOTBETCTBHH C
paznenom /IB.2.

JAB.3.2 ITopsinok ucneITaHus

HcnbiTanue cinenyeT NpoBOAUTH MPU KaKIOM U3 TpeX ypoBHeW 3arpsizHenus u3 [[B.3.3,
MIPUMEHSST COOTBETCTBYIOIIUE METOJIBI U UCIIONB3Ysl MPEANTMCAHHbBIN 3arps3Hsronmi areHT. [Ipu

9TOM OTMCYAIOT BCEC ClIydaunu Hp06051 PB unn NEPCKPBITUA U30JIIHUU 110 TOBECPXHOCTH.

JAB.3.3 YpoBHU 3arps3HEHUS
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YpOBHM 3arpsi3HCHUST XapaKTEPU3YIOTCS COJCHOCTBIO pacTBOpa JIsi METOAA COJICBOTO
TyMaHa ¥ MPOBOJUMOCTBIO CYCIIEH3UH JKUKON TJIMHBI JUISI METOJIOB C TBEPABIM 3arps3HSIOIINM
areHToOM. PeKOMEHIYIOTCSI CIIeyIOIIIE YPOBHH:

- cosieBoit TymaH: 2,5, 5,0 u 10 kr NaCl/m? ;

- TBEPABIH 3arps3HAIONINIA areHT (yBIaXHSIOMMN Meton): 2,5, 5,0 u 10 mCMm/cMm;

- TBEPJIBIN 3arpsA3HAIONINIA areHT (BBICYIINBAIOUINA MeTO): He Oomnee yeM 2,5 MCwm/cM.
JB.3.4 Orenka uCIbITAHUS

B coorBercTBMM ¢ pe3ynbTaTaMu  HCIBITAHWM YCTAHABIMBAKOT YPOBEHb, KOTOPBIA
pa3psAIHUK BBIACP)KUBAET 0€3 NEPEKPHITHS B YEThIPEX UCHBITAHUAX IIPU JAHHOM YPOBHE.

He JOJIDKHO OBITH 3HAUUTEIBHOTO U3MEHEHNS HU B CYXOpa3psaAaHOM 3HAUCHUU IIECPCKPBITUA
npu HpOMBIHIJIGHHOﬁ YaCTOTEC, HU B paCpCACIICHUU TCKYLICTO 3HAYCHHU A IMOCJIC UCIIbITaAHU .

JAB.3.5 Habnroienue Bo BpeMs UCTIbITAaHUS: MHAUKALMS IPO00st

KpuBble NpUII0KEHHOIO UCIBITATEIIBHOIO HANPSIKEHUs, TOKA, IIPOTEKAIOLIEr0 BHYTPH, H
TOKa YTE€UKH 110 TIOBEPXHOCTH CJIEyeT 3alUChIBAaTh 110 OTAEIBLHOCTH ¢ HOMOIIBIO ocLuIorpada,
yTOOBl BUJETH pa3IMuue MEXAY MEPEKPHITUEM IO MOBEPXHOCTU WU MPOOOEM HCKPOBOIO
IIPOMEKYTKA.

BHe3anHbIi pocT TOKa MO MOBEPXHOCTH JI0 TOKA, OJIM3KOr0 K TOKY KOPOTKOI'O 3aMbIKaHMS,
KaK MpaBuUjIo, J00aBIsieMbli K BH3yaJbHbIM U CIYXOBbIM HaOJIOJIEHUSM, YKa3bIBaeT Ha
nepekpbiTHe. [IpocToil pocT BHYTpeHHEro Toka yKa3bIBaeT Ha MPOOOI HCKPOBOIO MPOMEXKYTKA.

Ecnu ocumnnorpaMMa moka3bIBaeT Craj HAmpspKEHUS B TEUYEHUE MPUOIU3UTENBHO MSATH
NEPUOJIOB 10 3HAaYeHHsI, MEHbIIET0 YeM 10% HCIBITaTeIbHOTO HANPSIKEHUS, CIEI0BATENBHO,
3a(UKCUPOBAHO BHEIlIHee nepekpbiTre. Crmaa 3HaYeHUS HANpsDKEHUS 0 3HAYSHHH, OONBIINX
yeMm 10%, yka3piBaeT Ha MPOOOI HCKPOBOTO MPOMEKYTKA.

[Tpumeuanue - Paznen JIB.3 3amensier ccouiky Ha MOK 60099-3 B wactu paznena 7.

IIpunoxenune AI
(cipaBOYHOE)

COBpeMeHHaH oTe4YyeCTBeHHas NpaKTuKa

[Tpu mpOeKTHPOBAHUHU M SKCITyaTallud JIEKTporepeaad He0OX0IUMO peniaTb OCHOBHYIO
3aJauy KOOpJIWMHAIMU HW3OJSIUH, KOTOpash COCTOMT B OOECHeYeHHH ONTUMAIbHOM, C
HSKOHOMHYECKOW TOYKH 3pEHMs], HAJEKHOCTH pabOThl H3O0JSLHMU C YYETOM 3allUTHBIX
XapaKTepUCTHK 3alIUTHBIX allapaToB U JPYTHX CHOCOOOB OrpaHUYEHHUs IMEpEeHANpsKeHWUH, a
TaKXe B YCTAHOBJICHMM U TMOAJIEPKAHUU HEOOXOAMMOTO COOTHOIIEHHS MEXIY AJIEKTPHUECKON
IIPOYHOCTBIO U30JIALIMH U BO3/IEUCTBYIOIIMMH Ha HEE HANPSIKEHUSIMHU.

Pexomenparmmun MOK He CBS3BIBAIOT OJHO3HAYHO YPOBHHM H3OJSAIMUA OOOPYAOBAHHUS H
HOMUHAJIbHOE HAINPSKEHHUE CETHU, B KOTOPOM OHO ycTaHOBIeHO. IIpym 3TOM ypoBHU uH30IsA1UU
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BLI6I/IpaIOT 1o MHOFOCTyHCH‘IaTOI\/'I MKaJIC MUCIBITATCIBHBIX WMITYJIbCHBIX HaprDKCHI/Iﬁ B
3aBUCHUMOCTH OT 3aIIUTHBIX Xapaktepuctuk PB wimn OITH.

B Poccuiickoit denepaiuu pacueTHas 3JEKTPUYECKasi MPOYHOCTh WIIM YPOBHHU HU3O0JISIIIUU
BBICOKOBOJIBTHOTO O0OpyIOBaHUS JOJDKHBI ObITh 3amanel mo ['OCT 1516.3, xotopslit
yCTaHaBIMBAaeT JUIsl  KaXIOro  Kjacca  HAmpsHKEHWS  UCHBITATENbHBIE  HAMpPsDKEHUs
MPOMBIIUICHHOM YaCTOTHl U UMITYJIbCHBIE UCTIBITATEIIbHBIE HAMIPSKEHUS.

B 1999-2001 rr. Obum pa3paboTaHbl M BBIITYHICHBI METOAWYECKHE YKa3aHHUS H
PYKOBOJICTBA, NPEJHA3HAUYEHHBIE JJIs1 UCIIOJIB30BaHUs MPEXKIE BCErO MEPCOHATIOM MPOEKTHBIX U
OKCIUTyaTallMOHHBIX ~ opraHu3anuii  Poccmiickoro — akmuoHepHoro  obOmectBa  "EnuHas
sHepreTnueckas cucreMa Poccun", miis onpeseneHus XxapaktepucTuk u Bbeioopa tuna OITH mo
YCIIOBHSAM €ro pabOThl B 33JJaHHOM TOYKE AJIEKTPHUYECKUX ceTel HampshkeHueM 6-1150 kB mpu
IJIaHOBOM 3aMeHe PB, pEeKOHCTPYKIIMM W MPOEKTUPOBAHMM HOBBIX pacHpeleauTeIbHbIX
YCTPOMCTB.

Mepsl 3aIUTHl 3IEKTPOOOOPYAOBAHKS OT TPO3OBBIX U BHYTPEHHUX TMEPEHANPSIKEHUM, B
ToM uymcie c¢ nomouplo PB u OIIH, nns geilcTByronmx, BHOBb COOpPYKA€MbIX U
PEKOHCTPYMPYEMBIX 3JIEKTPOYCTAHOBOK HampsbkeHuem a0 750 kB gocraToyHo mNOIHO U
noipoOHO n3noxeHsl B [IpaBuiax ycrpoiictBa anektpoycranoBok (ITYD) [1].

JUid ucnonb30BaHnsl  PEKOMEHJALUM, COAEpXKAIUMXCs B HACTOSALIEM  CTaHAapTe,
BBIILICYTIOMSAHYTBIX M JIPYTMX HCTOYHUKAX, OCOOEHHO B HEOPAMHAPHBIX CIy4yasX NPUMEHEHUS
anmnapaTtoB 3alUThl OT HEPEHANpsPKEHUH WIM IPU ONTUMHU3ALUMM Mep 3allUThl, TPeOyrTCs
CHElMaJIbHbIE 3HAHUS M HaJIWYME COOTBETCTBYIOLIETO IPOrpaMMHOr0 oOecrneueHus s
IPOBE/IEHUS] HEOOXOIUMBIX PACYETOB, IO3TOMY MOTPEOUTENSIM, HE 00JaAA0UINX UMH, CIEIYeT
oOpaiiatecsi B CHEIUAIM3UPOBAHHBIE IPOEKTHBIE OpPraHU3alMd WM CEPBHUCHBIE CIIYKObI
NPEANPUATUI-U3TOTOBUTEIICH.

[Tpunoxenue /]
(cripaBOUHOE)

ConocTtaBreHue CTPYKTYpPbl HAaCTOSILLEro CTaHAApTa CoO CTPYKTYPOWN NPUMEHEHHOro
MeXAyHapoAHoro craHgapTta

Paznensi | u 2 Hacrosimiero craHaapTa (Janee - CTaHAApT), HECMOTPS Ha COOTBETCTBHE
OTIpEe/ICIICHHBIM ITYHKTAM MPHUMEHEHHOTO MEXIyHApPOJIHOTO CTaHIapTa, O0QOPMIICHBI COTIACHO
tpeboBanusim 'OCT P 1.5.

Paznen 3 "Tepmunbsl u omnpenenenus” craHaapTra (B OTIMYME OT HMPUMEHEHHOTO B HEM
MEXIYHApOJHOTO CTaHIapTa) BBeJeH B coOoTBeTCTBUU ¢ TpeboBanuem ['OCT P 1.5.

Paznen 4, a Ttaxxke paszmensl 5-9 craHmapTra MPAKTUYECKU TMOJTHOCTBIO HIACHTUYHBI
COOTBETCTBYIOIIMM MYHKTaM paszzena 1, a Takxke pazgenaMm 2-6 MeXIyHApOAHOTO CTaHAapTa

COOTBETCTBCHHO.

[Ipunoxenue A cranaapTa MOJHOCTHIO HIACHTUYHO MPUIOKEHUIO A MEXIYHAPOIHOTO
CTaHaapTa.

[Ipunoxenus JA, b u JIB crangapra BBeAEHBI [OMOJHHUTEIBbHO, MOCKOJBKY OHH
3aMEHSIOT CChUIKM Ha MEXyHApPOIHbIE CTAHAAPTHI, HE MPUHSATHIE B KAUECTBE HAIMOHATIbHBIX.
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B nmpunoxxenun JII' cranmapra (B COOTBETCTBUM C PEKOMEHAALMSIMM INpUIOXKEHHS B
IPUMEHEHHOTO MEXIyHapOJHOI0 CTaHJapTa) OXapaKTepU30BaHA COBPEMEHHAs OTEUECTBEHHas
npaxkThka BelOopa u npumeHenus PB u OITH.

CormocTtaBieHue CTPYKTYp HACTOSIIIETO M MPUMEHEHHOTO MEXIyHapOJIHOTO CTaHIapTOB
npeacrasieHo B Tadmuie JJ1.1.

Ta6muna /1.1

CTpyKTypa HaCTOSIIEro cTaHapTa CrpyKTypa MeXIyHapOJIHOIO CTaHJapTa
MDOK 60099-5:1996+A1:1999

1 OOwIMe m0JI0KEHMS

1 O6nacts mpumenenus (1.1) 1.1 O6nacth NpUMEHECHUS

2 HopmaruBasble ccbuikd (1.2) 1.2 HopmaTuBHBIE CCBUIKA

3 TepmuHBI U onpeeIeHUs

4 OO01Me MOI0KEHUS

4.1 O0mue MPUHIMITE TPUMEHEHNS BeHTHIIBHBIX pa3psaHukoB| 1.3 OOmue mpuHIKIB IPHMEHEHUS pa3psIHUKOB
Y HEJIMHEWHBIX OTpaHuYnTeNeH nepeHanpspkenui (1.3)

4.2 OOmias MeToAvKa BHIOOpPAa BEHTWIBHBIX paspsaHukoB H 1.4 OOmas MeToanKka BEIOOpA pa3psIHUKOB
HENTMHEHHBIX OrpaHIYHTeNei nepeHanpsokennit (1.4)

43 CoxpaHeHue paboTocrocoOHOCTH BeHTHIbHBIX| 1.5 CoxpaHeHne pabOTOCIOCOOHOCTH pa3psIHUKOB IIpY|
pa3psAHUKOB u HEJMHEHHBIX orpaHUYUTeNeH| 3arps3HEHUH MOKPBIIIEK
MepeHANPSHKSHUH MTPH 3arpsI3HEHUH MOKpHIIek (1.5)

5 BenTtunbHsele pa3psaHuku B cootBerctBur ¢ 'OCT 16357 2 Pa3psiiHUKM ¢ HEJIMHEHHBIMU PE3UCTOPaMHU U UCKPOBBIMY]
npoMexyTkaMmu B cootBeTcTBuU ¢ MOK 60099-1

5.1 XapaKTepuCTUKH BEHTUJIBHBIX pa3psaaHUKOB (2.1) 2.1  XapakTepuUCTUKH  paspsOHUKOB C  HCKPOBBIMHY]
HPOMEKYTKaMH

5.2 Bo160op (ha3HBIX BEHTUIIBHBIX Pa3psAaHUKOB (2.2) 2.2 Bwibop pa3psamaHuKoB (aza - 3eMiii C HCKPOBBIMHU]
HPOMEKYTKaMH

6  HenuHeitHble ~ OTpaHMYMTENM  NEpeHANpsHKEHUH B 3 MeTaloOKCHIHBIE — Pa3psAAHUKH  0e3  MCKPOBBIX

cootserctBun ¢ OCT P 52725 MPOMEXKYTKOB B cooTBeTcTBIH ¢ MOK 60099-4
6.1 XapakTepucTHKH HETUHENHBIX orpannuutenerl| 3.1 XapaKTepHCTUKH METaUIOOKCHIHBIX Pa3psIHUKOB Oe3
nepeHanpspxeruit (3.1) HCKPOBBIX IIPOMEKYTKOB

6.2 Boibop  dasHbix  HenMHEWHbIX  orpanuuutenei| 3.2 BbiOop MeTamIoOKCHAHBIX Pa3psIHUKOB (asza - 3eMilsl
nepeHanpspxeruii (3.2) 0e3 HCKPOBBIX TPOMEKYTKOB
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7 IlpuMeHeHHE BEHTUIBHBIX Da3psAAHUKOB U HEIMHEHHBIX
OTpaHMUUTENEH IepeHanpsHKEHUN

4 IIpuMeHeHue pa3psIHUKOB

7.1 IlpuHIMNBI KOOPAMHAIMA H30JLIIuH (4.1)

4.1 IIpuHIMIBI KOOPAUHAIIMY U30JISILIUU

7.2 Bamura OT epeHanpsHKeHui ¢ nonoruM Gponrtom (4.2)

4.2 3amuTa OT nepeHanpsLKeHU ¢ oJI0TUM (ppoHTOM

7.3 3ammra OT rpo30BBIX epeHanpshkenuit (4.3)

4.3 3amuTa OT rpO30BbIX MEpeHANPSHKEHUN

8 BeHTHIBHBIC paspaIHUKH U HEJIMHEHHBIC OTpaHUYIUTEIIY]
nepeHanps{)KeHHﬁ CIICUAJIBHOTO Ha3HAYCHUA

5 PaBpS{Z[HI/IKI/I JUIL CIEUAaJIbHOT'O IPUMEHECHUS

8.1 BeHTuiIbHBIC pa3psiiHUKM U HEIMHEHHbIE OrpaHUYUTENY|
MepeHaNPsHKCHUH U1 HelTpaieit Tpancdopmaropos (5.1)

5.1 PazpsagHuku it HelTpasei TpanchopMaTopoB

8.2 BeHTUIbHBIC Pa3psAAHMKH M HEIUHCHHBIC OIPaHUYUTEINH
nepeHanpspkeHui Mexy dazamu (5.2)

5.2 Pa3pagauku Mexny hazamu

8.3 BeHTWIbHBIC Pa3pAAHMKN M HEIMHCHHBIC OIPaHUYUTEINH
NepeHANPSHKCHUH TS BpaImaromuxcs MamuH (5.3)

5.3 Pa3paaHuKy A7 BpallatOUINXCs MaIIiH

8.4 JlomomHUTENBHEIE CTIENHATbHBIE IPIMEHEHHST BEHTHIIBHBIX
Ppa3psAHUKOB u HEJTMHENHBIX OTpaHUYUTENEH|
nepeHanpspxenuit (5.4)

54 JlonomHUTEbHBIC crienuaIbHbIe

Pa3psTHUKOB

TIPUMCHCHUS|

8.5 BeHTWIIbHBIC Pa3psAIHUKH M HEJIHHEHHBIE OTpaHUYHTEIH|
HEepeHaNpsHKEHUH Ul aHOMAJbHBIX YCIOBHH IPUMEHEHUs
(5.5)

5.5 Pa3psaqHuKH 1Sl aHOMAJIbHBIX YCIIOBHM IPUMEHEHUS

9  JluarHOCTMYECKHE  UHAUKATOpbl I  HEJIMHEHHBIX
OTpaHMYUTENEH epeHanpsHkeHU B SKCIUTyaTaluu

6 JluarHocTUYeCKHe HHIUKATOPBl Al METaNIOOKCHUIHBIX
Pa3psIHUKOB B SKCILTyaTalllH

9.1 O6ye monoxenus (6.1)

6.1 OOuMe NoI0KEHUs

9.2 NzamepeHwne MOIHOTO TOKa yTeukH (6.2)

6.2 3MepeHwne TOHOTO TOKA YTEUKH

9.3 U3MmepeHHe aKTHBHOTO TOKa YTEYKH WM MOLIHOCTH
noreps (6.3)

6.3 l3MepeHne axkTUBHOTO TOKAa YTE€UYKH WM MOIIHOCTH
HOTEph

9.4 Hndbopmamus O TOKE YTEYKH OT HM3TOTOBUTEN]
HENMHEHHBIX OTpaHHYHTEINeH MepeHanpsokeHuit (6.4)

6.4 Napopmanms o TOKEe YTEUKH OT U3TOTOBUTEIIS
Pa3psTHAKOB

9.5 O600IIeHHE TMATHOCTHYECKIX METOI0B (6.5)

6.5 O000LIEHNE JMATHOCTHYECKMX METOI0B

[Tpunoxenue A Omnpenenenue KBa3UCTALlMOHAPHBIX

[Mpunoxenne A OmnpeneneHue  KBa3HCTAIMOHAPHBIX

IEepeHanpsDKeHUH  BCJIEACTBHE  3aMbIKAaHUM Ha  3eMIIIO| TepeHanpsDKEHHH BCIEACTBHE 3aMbIKaHMI Ha 3eMIII0
(npunoxenue A)
IIpunoxenue JIA  Tepmunsl u  onpexpenenus MOK
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60071-1:2006, ncnonb3yeMble B HACTOSIIIIEM CTaHAAPTE

Ilpunoxenne b  Ilomoxenms MOK  60071-2:1996
HCHOJIb3YEeMbIe B HACTOSILIEM CTAHAApTe

IIpunoxenne JB  Ilomoxkenus MO3K  60099-3:1990
UCIIONb3yEeMbIe B HACTOSIIEM CTaHIapTe

IIpunoxenue JII' CoBpeMeHHas 0T€4ECTBEHHAs IIPAKTHKA IIpunoxenue B CoBpeMeHHas paKkTuKa

IIpunoxenne [/l ComocraBieHHe CTPYKTYPbl HaCTOSIIETO
CTaHIapTa CO CTPYKTYpOH NPHUMEHEHHOTO MEXIyHapOIHOIO)
CTaHJapTa

Bubmmorpadus [punoxenne C  bubmuorpadus

IIpumeuanne - 3a HaMMEHOBAaHUSAMH pa3leioB (MOAPA3/AEIOB) HACTOSIIETO CTaHAApTa IpPHUBEACHBI B CKOOKax Homepa
QHAJIOTUYHBIX MM Pa3ziesioB (MIOAPa3aeNoB, IIYHKTOB) MEX/YHAPOAHOTO CTaHAAPTA.

Bubnuorpacpusn

[1] IIpaBuma ycrpoiictBa 3nekrpoyctanoBok (I1YD-7). - 7-e u3n., ¢ U3MECHEHHSAMH U JOMOJHEHUSMHU MO COCTOSHUIO Ha |
staBaps 2006 roxa (yTBep:kKIeHE MUHHCTEPCTBOM 3HepreTHkn Poccuiickoit denepannu, nprukassl ot § uronst 2002 r. N
204 u ot 20 mas 2003 r. N 187)

DNEeKTPOHHBIA TEKCT JOKyMEHTa
noarorosieH 3A0 "Kozaekc" u cBepeH no:
oduIMaIbHOE U3JaHNE
M.: Crangaptuadopm, 2011
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