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KATANOI

3MICT « COOEP>XAHWNE

BBepeHue

Kax bl rop yaapbl MOMHWUIA W UMNYbCHbIE NEPEHaNpPsXXeHNA CO34alT MHOTOUYMC/IEHHbIE YTPO3bl U HAHOCAT X03AWCTBEHHbI yLiepb
NOAAM W UX UMYLLLECTBY, MPUBOASA K OFPOMHbIM MaTepuanbHbiM noTepsM. OcobeHHo cTpafaeT cTaBlwas HEOTLEMIEMON HaCTbIO Hallew
KWU3HU BbICOKOUYBCTBUTENbHAS 3/1EKTPOHHAA TEXHUKa, KOTopas ABAseTcs Hanbonee BOCMPUMMUMNBON K BHE3AMHbIM CKavkaM Hanpsxe-
HUS, U NOTOMY eil TpebyeTca ocobas 3awmTa Hapagy co 3ganuamm (31% HapyweHuin B paboTe aNeKTPOHMKM — 3TO pesynbTaT NpAMbIX U
HEMPAMbIX YAaPOB MONHUM]. BbIXOA e 13 CTPOs pPasiMYHOro 371eKTPOHHOM0 060opysoBaHus (B 0COBEHHOCTU MHGOPMALMOHHbIX CETEN
cUCTeM yrnpaeneHns) NPUBOAMUT K BONbLIOMY 3KOHOMUYECKOMY yLlepby B MPOMbILIIEHHOCTW U CO3A4aeT Heyao6CTBa B bbITY, He roBOpA 0
BO3MOXHOW Yyrpo3e YeNoBeYeCcKom XNU3HW.

Mo3ToMy 3alimTa OT MOMHMUI U CKAYKOB HaNpPsXeHUs B CETU ABNAETCA OYeHb BaXKHbLIM U OTBETCTBEHHbIM MEPONpUATUEM, OHA pe-
rnamMeHTVpyeTCcs Ha 3aKOHOAATEIbHOM YPOBHE Pa3fiMyHbIMU CTAHAAPTaMM, CTPOUTENbHBIMU HOPMaMK W NPaBUNaMu, OCHOBLIBAACH Ha
KOTOPbIX, MOXHO ONpefennTs HeobXoAMMOCTb W ypOBEHb MOMHUE3aWNTHON CUCTEMbI. TV pernaMeHTsl NpeaHasHayeHbl Ans paspa-
BOTKM NPOEKTOB NPU CTPOUTENLCTBE, IKCMAYaTaLUU U PEKOHCTPYKLMW 34aHUIM, COOPY>KEHU U KOMMyHUKaLWi. B HUX M3noxeH Becb
KOMMAEKC MEPONPUATUIA 1 YCTPONCTB Ans obecneyeHns besonacHoCTU Nloaen, NpeaoxpaHeHns 3naHunil, CoopyxeHuii u obopyaosaHus
0T NOXapoB 1 paspyLleHunit Npu BO3LEeNCTBUU MONHWUU. TakxKe MOXKHO CONOCTaBUTb 3KOHOMUYECKYo 3GdEKTUBHOCTbL OT Takoi 3aLuThI,
CpaBHUB pacxofbl Ha ycTaHoBKY € 3¢ beKToM 0T NpeaoTBpaLleHUs BO3MOXHOrO yuiepba.

1. O6bwme ceBepgeHUn

MonHua - 3aTo anekTpuyecknin nckposor paspsg anavHon ot 1 go 10 kMNOMETpPoB M fMaMeTPOM HeckonbKo CaHTUMeTpoB. Pa3papg
MOXeT NPOUCXOANUTL Kak Mexay obnakamu, Tak u Mexay obnakoM v 3emaen, Npu 3TOM NPOUCXOAUT 0DMeH 3neKTpUYecknx 3apsaos
(3nekTpoHOB MM MOHOB ra3a), T.e. npoTekaloT anekTpuueckue Tokmn (80% - B ananasoHe 30-40 kA, xoTa bbiBaeT go 150-200 kA).

B MoMeHT pa3psga TemnepaTypa Bo3ayxa B kaHane pa3psiga nogHvumaetca go 30000°C; npoaonxnTenbHocTb BCnbiwkn 0bbiyHo 0.2¢,
B peAkux cnyyasx goxoan go 1.5¢, 3apsan, nepeHoCUMbI B TeHEHUM BCMbIWKW MONHUK, KonebneTcs oT eanHUL, 10 coTeH KynoH. CaM pas-
psf nponcxoguT co ckopocTbto 300 KM/C 1 HAUMHAETCS C Pa3BUTUA Tak Ha3blBaeMOro «ugepa» — cnabocBeTaLerocs kaHana ¢ TokoM
B HECKOJIbKO COTeH amnep, Koraa B y3KoM BO3AyLHOM KaHase NaBMHONOJ06HO HapacTaeT KOIMYeCTBO 3/1eKTPOHOB, ABUIaOLLMXCA NO
HanpaBneHuto oT obnaka k 3emne. 3TM MOHM3MPOBAHHbLIM KaHaNoM, Kak Mo NPOBOLHUKY, HA4YMHaeT nepeTekaTb 3apag — Tak obpasy-
eTca nuaep, KOTopbIv, ABUrasnchb CAOBHO PbIBKAMU C MUKPOCEKYHAHbLIMU Nay3amu, HanpasnseTcs k 3emne. [1o Mepe NpoABMXeHNS Ha-
NPAXEHHOCTb NONA B IMAepe Bo3pacTaeT; B OTBET Ha 3TO C BbICTYNalOLWMX Ha MOBEPXHOCTY 3eMn 06bekToB «BblbpackiBaeTCA» y3Knin
kaHan (cTpumep) nonoxuTensHbix 3apsfos. Mpu KOHTaKTe ¢ AMLEPOM CTPUMEP CIIOBHO NPUTArMBAET JAUAepa K TOMy MecCTy, OTKyAa OH
HaYMHaNCsA — UMEHHO 3TO CBOWCTBO HaYMHAIOLLENCA MONHUW UCNONb3yeTCA ANSA CO3LaHUSA MOHMEOTBOAA.

Mocne ycTaHOBNEHNA CKBO3HOMO MOHM3UPOBAHHOIO KaHana ciefyeT rnaeBHas cTagusa paspsga — bbicTpas HeMTpanu3ayms Hakonus-
LIMXCs 3apsAAoB, CONPOBOXAAOWANACA APKUM CBEYEHWEM U HapacTaHWeM ToKa 40 NUKOBbIX 3HAYeHU. [1pu 3TOM NPOUCXOAUT UHTEH-
CMBHbIN pa3orpes KaHana C yaapHbIM paclunpeHneM, BOCMPUHUMAEMbIM Ha CIyX KaK yaapbl rpoMa.

BonbWWHCTBO pa3psAoB MOMHUIA NPOUCXOAUT BHYTPK caMoro obnaka unu mexay obnakamu. /13 paspanos MonHUM Mexay obnakom
un 3emnen (No Hanpaeneruio ABUXEHUA Nuaepa — oT 061aka BHW3, UK OT HA3EMHOIO COOPYXeHUs BBEPX) — MONHUW NOAPa3AensaoTCcs
Ha Hucxoaawme u socxoasawme. Okono 90 % — 3To oTpuLaTENbHbIE HUCXOAALLME MONIHUM OT obnaka k 3emne («nnaep» 3apoxaaertca B
OTpULATENbHO 3apsAXKeHHOW 30He obnaka 1 pacnpocTpaHAETCA 10 MOSOXKUTENbHO 3apAXKEeHHOW 3eMHoi nosepxHocTh); 10% - MonHuu,
BoCxofsALMe N3 3eMnu k obnaky.

JInpep HucxoAsALLen MONHUK BO3HUKaeT B pe3y/bTaTe npoLeccoB Mexay obnakamu, v ero nosiBNEHMe HUKak He 3aBUCUT OT Hann4ua
Ha MOBEPXHOCTW 3eMAU Kakux N1bo coopyxeHun. CoNpUKOCHOBEHWME HUCXOASALLETO IMAEPa C OGHUM U3 BCTPEUHbLIX CTpUMepoB (1w
KacaHue NMAEPOM NMOBEPXHOCTM 3eMNu) onpegenset MecTo yaapa MoHUW B 3EMJTI0 MK Kakon-n1bo obbekT.

Bocxopswme nnaepbl BO36y>K,El,al0TCFI C BbICOKWX 3a3eMNeHHbIX COOpy)KEHVIVI N C OCTPOKOHEYHbIX 3/1eMEHTOB penbed)a, y BepLwunH
KOTOPbIX BO BPEMA Irpo3bl 3N1EKTpNUYHECKoe nose pe3ko ycnnneaetTcqa — nNo3ToMy B I'OpHOl71 MeCTHOCTHK BoCXxoaAawme MOTHUN BO3HUKAKOT
Yaule, a Ha paBHWHEe BoCXo4AWMEe MONTHMKN NOpa>kakT 0bbekTbl BbicoTOM OT 150 METpPOoB W Bbllle. Mocne Toro, kak nnpep BOCXOAALLEN
MOJTHUW 00CTUraeT rpo3oBoro obnaka, HauMHaeTcA npouecc paspaga.

1.1 Bo3HUKHOBEHUEe MONHUN

Cuna, cozgatowan cam 3apag (pasHocTb NoTeHUManos), HeobxoauMblin ana npobos atMochepsl (T.e. 06pa3oBaHmna MoiHWK), cBA3aHa
C Pa3HOCTblO TEMMepaTyp Mexay NoBepXHOCTbIO 3EMAU 1 BEPXHUMMU CNosiMu aTMocdepbl, @ Take € NpoLeccaMu KoHAeHcaummn u Kpu-
cTannusauuy Boabl U3 atMocdepHoit Bnaru. PasHocTb TemMnepaTyp NpUBOAWUT K KOHBEKTUBHOMY ABUXKEHWUIO BO3AyXa — NpU nogbeme
TENNbIX ¥ BNAXHbIX BO3AYLUHbLIX Macc Ha HOMbLIYIO BbICOTY NPOMCXOAMT KOHAEHCALMA BAaru, KoTopas NepexoauT B KpUCTanamsaumio ¢
obpasoBaHueM nbaa.

Bocxogsaume Bo3aylwHble notoku (co ckopocTbio go 100 kM/4) MoAHMMAIOT Nerkue KpUCTannbl bAa B BEPXHIOK YacTs obnaka, a Mes-
KW rpaf cKanameaeTcsa B ero HUxXHen yactu. Mpu CTONKHOBEHUAX 1 TPEHUM BO3HUKAET pasfeseHune 3apafoB — najatollne BHU3 aapa
CHEXHOM KpyMbl HECYT OTpULATENbHbIE 3apSAAbI, @ 3aHOCUMMble BBEPX JIErKOBECHbIE KPUCTaNIbl ibfa — nosoxutensHble (puc. 1.1.1).

puc. 1.1.1 - PacnpepeneHue 3apsana B obnake

HeobxofnvMan ans BOSHUKHOBEHWUS MOTHUM HAMNPSXXEHHOCTb 31EKTPUYECKOMO MOJIA 3aBUCUT OT M30MpPYtoLLLe cCNocobHOCTH Bo3ayxa
n HaxoauTcs B AnanasoHe ot 0.5 go 10 kB/mM.

0bblyHO rpo3a ¢ obpa3oBaHMEM MOMHWI BO3HWKAIOT MPU CTONKHOBEHWMW TEMNOro W BAAXHOrO BO34yXa C XONOAHbIM BO3AYLUHbLIM
bpoHTOM. ATMOChEpPHBIN PPOHT MOXKHO paccMaTpMBaTh Kak rpaHuLy ABYX BO3LYLUHbIX MAacc, KOTOpas Hak/OHEeHa K 3eMHOW NOBEPXHO-
CTU MOA MasibIM yrioM. Xonof4HbIN BO3AyX HaXOAUTCA PALOM C TeMbIM B BUAe nonororo kavHa (puc. 1.1.2).
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puc. 1.1.2. CxeMa Bo3aywWwHoOro ¢ppoHTa

Tennbin BO34yX NOOHUMAETCA BBEPX MO KJANHY XONO4HOIo BO34yxXa U OXlaXaaeTca, I'IpVI6J1VI)Ka9ICb K COCTOAHUIO HacCbIWeHNA

[lpyro# Tun rpo3bl — Tenn0Bble rpo3bl; 00bIYHO BO3HUKAIOT B rOpax, B pe3ynbTaTe MHTEHCUBHOIO COTHEYHOrO U3Ny4eHNs 1 beicTporo
noAabeMa BAaXHOro Tenaoro Bosmyxa Ha 6onbluyio BeicoTy (puc. 1.1.3).

B ntobom cnydae, npun 6bICTp0M nogbeme TensiblX U BNa>KHbIX BO3AYLWHbBIX MacC NpoOUCXoanuT KOHAeHCauna Bnarm, Kotopaa nepexognTt
B npouecc Kpucrtanansaumm c o6paaoBaHmeM nbAa v pancHenwen nonﬂpmaau.meﬁ.

B npunonapHbix paioHax (Mnn Mopo3HoM 3uMoN) pa3HOCTbL TEMNepaTyp HeBenrka — No3TOMY 1 FPO3bl TaM PEeAKOCTb. Takxe pefKocTb
rpo3bl (HECMOTPA Ha MOLLHbIE KOHBEKTUBHbIE MOTOKM) U B XapKUX NYCTbIHAX — W3-3a Masoro KoNMYecTsa Bnaru; a BOT B TPOMUYECKO
30He rpo3bl bbiBatoT oveHb YacTo. B LleHTpanbHon EBpone B cpegHeM cnyydaetcsa ot 15 go 25 rpo3oBbix fHeN.
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Puc. 1.1.3. TennoBas rposa

1.2 Yrpo3a oT pa3psanoB MOSTHUN

1.2.1 Buabl onacHbIX BO34ENCTBUA MONHUN

HEI'IOCpe,D,CTBeHHaF! M 04YeBMAHAS ONACHOCTb OT MOJTHWUM — 3TO BO3MOXHbIe B3pPbIBbl U MOXapbl, pa3pyweHnd, TpaBMbl 1 rnbens nopew
N XNBOTHbIX, NOBPeXAeHNA 3NEeKTPNUHECKOro 1 aNeKTPOHHOro O60py,D,OBaHMF|.

Bospenctema MmonHuum NPUHATO Noapa3nenAatTb Ha ABe OCHOBHbIe rpynnbl:

HepBMHHbIe, Bbl3BaHHble NPAMbIM yoapoM MOJHUW; BTOPUYHbIE, NHOYUNPOBaAHHbIE €€ pa3pAaaoM UK 3aHeCeHHble B obbekT npoTa-
XEHHbIMW MeTannnyeCckMMmM KOMMyHNUKaunamu.

MpsiMon yoap MONHUK BbI3bIBAET Cleaytolliee BO3LeNCTBUE Ha 00BbeKT:

> 3J'IEKTpl/l‘-|ECKOQ, CBA3aHHOE C nopaxeHunem NOAEN NN XKUBOTHbIX 3NEeKTPNUYeCKMM TOKOM 1 noaBeHNEeM nepeHanpaxXeHnd B He-
CKOJIbKO MeraBoJibT Ha NOPa>KeHHbIX 3/1IeMeHTax, B TOM Yncne onacHble Hanpa>XXxeHna wara n NpuKoCHOBEHUA, «NepeKpbITnAa» Ha
apyrmne 00beKTHI;

> TepMW-IeCKOG, CBA3aHHOE C pe3kM BblaesieHneM TennoTbl Npu NpAMOM KOHTaKTe KaHana MOJIHUK C 00beKTOM 1 npun npoTekaHnn
MOJTHNK Hepes obbekT. B 95% Cny4yaeB 3Ta aHeprna Ha ABa-TPW NopAaakKa npesBbilWaeT 3Heprno BoCcnjaMeHeHuns BonbwmnHcTBa
ra3o- 1 Nbl1e-BO34YLWHbIX cMecen, NCNoNb3yeMblX B MPOMbILLINEHHOCTN. npﬂMODI KOHTaKT C KaHa/loM MOJTHUU MOXeT NPpnUBeCTn K
nponnaBaeHNo KOpNycoB B3PbIBOOMACHbLIX YCTAHOBOK N BbI3BaTb NOXapbl N B3PbIBbI;

> MexaHuyeckoe, O6yCﬂOBJ’IeHHOE MOLLHON y,u,apHoP] BOJIHOW, paCﬂpOCTpaHﬂlOl.I.l,el;lCﬂ OT KaHajla MOJTHUW, U 3NeKTpoanHaMnyeCcKknmMm
cunamu, ,D.el;ICTByIOLLI,VIMVI Ha NPOBOAHUKW C TOKaMW MOJNTHUN. 3710 BO3L,EeNCTBNE MOXET BbITh ﬂle‘-lMHOl;l MexaHun4eckunx pa3pyLLIEHVIl71
06bekToB, HanpuMmep, CNawWnBaHNAa TOHKUX MeTanJin4eCckux pr60K.

BTOpMHHbIe npoaBaeHna MONHUN CBA3aHbl C OencTBMEM Ha 00bekT 3NEeKTPOMAarHNTHOro nona ot 6nn3KNX pPa3panos. 06bl4HO 3TO
none paccMaTpuMBatoT B BUAE OBYX COCTaBNAKOLWMX: NnepBan oBycnosneHa nepemMeleHneM 3apanos B nnaepe n KaHane MonHun [3J'IEK-
TpocTaTnyeckan MH,D,yKLI,MFI], BTOpad - U3AMeHeHNneM Toka MOJTHNUKN BO BpeMeHn [SJ'IEKTpOMal'HMTHaﬂ MH,ElyKLI,VIH].

QHEKTpOCTaTquCKaﬂ NHOYKUNA NPOABNAETCA B BUAE NepeHanpaxXeHnad [,D,O COTeH KVIJ'IOBOJ'IbT], BO3HMWKaKOLWEero Ha MeTaslJIOKOHCTPYK-
umAx 0bbekTa, M 3aBUCALLEr0 OT TOKA MOSTHUY, paccToAHnA A0 MeCTa yaapa U CONpoTUBIEHNA 3a3eManTend.

SneKTpoMarHMTHas UHAYKUMA CBA3aHa C HaBedeHWeM B MeTannuyecknx koHTypax 3[C BennyYMHOM B HECKONbKO AECATKOB KUIO-
BONbT. B MecTax chnmxeHns NpoTsXKEHHbIX METaNNNYeCKUX KOHCTPYKLMI, B pa3pbiBax He3aMKHYTbIX KOHTYPOB CO3[l@eTCcsi 0NacHOCTb
nepekpbITUI N NCKPEHWUNA.

Elle o4HMM BMAOM ONACHOr0 BO3AENCTBUA MOSHUM SIBASETCA 3aHOC NOTEHLMaNa no BBOAUMbIM B 00beKT KOMMYHUWKaUNAM [Ka66J'IF|M,
Ha3eMHbIM U NOA3EMHbLIM KOHCTPYKUMAM, pr6or|poso,u,aM, npoesoAaM BO34YWHbIX J'II/IHMI;I].

1.2.2 Yrposbl gna niogen

Kak y>Xe roeopunaocCb, MOJIHNUA N CONMYTCTBYKOLWee nepeHanpa>XeHne npeactaBnaloT 60ﬂbLLlyI'O 0MNacHOCTb ANA Nogen v nMyulecTBea,
HaHoCS exerogHo 6onbLuon yu.Lep6. |_|03TOMy TaK BaXXHbl Mepbl MO MONHME3alWnTe — Kak BHeLWHWe, TaK U BHYTpeHHWe, KOTopble npeno-
XPaHAT nopen ot CMepTeﬂbHOVI OMacCcHOCTKU, a 3gaHna n 3J'IEKTp0060py,D,OBaHVIe — OT NO>Xapos., aBapm7| n pa3pyLU€HVIVI.

Camas o4eBMAHAs ¥ MpaAMas yrposa A8 Yenoseka OT yAapa MonHuen (kpome mpaMoro monafaHusa) BO3HUKAET npu monajaHunm
MOJIHUM B 34aHWe, AepeBo Unu Aaxe 3eM0 PSAOM C YesoBekoM. Bo-nepBebix, BO3MOXHO NOpaXeHe KOHTAKTHbIM HanpsixXeHneM npu-
KOCHOBEHUS WX NepekpbITUs.

BO-BTOprX, npun ynape BoO3HMKaeT Tak Ha3biBaeMad BOPOHKa NOTeHUManos, rae no Mepe yganeHna oT MecCTa BxoAa ToKa NPponcxoanT

CHUXeHUWe noTeHumana Hanpsxenus B semne (puc. 1.2.1).
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Puc. 1.2.1 - BopoHka NnoTeHLManoB 1 WwaroBoe HanpsxeHue

3a cueTt Pa3HbIX NOTEeHUManoB, AaxXe npu HebonbLoM pa3Hunue B pacCToOAHNNU, BO3HMKAET Warosoe HanpsaxxeHne Uw, B pesynbraTte
yero yenosek noasepraeTca onacHOCTU NOPa>KeHNA TOKOM, NPoXogALLInM Hepes Teno [aHanorquaﬂ ONacHOCTb BO3HUKaeT npu 06pblBe
BbICOKOBOJIbTHOIO NpoBO4a N ero KoHTakTe C BEMJ'IEIZ].

1.2.3 Yrpo3sbl anA 34aHUNA, YCTAHOBOK, 3NE€KTPOHHbIX CUCTEM

Mpu yaape MONHWW B 34aHUE UK NMHWIO 3NeKTPONepeaayn CyLecTByeT onacHoCTb, 06yCNoBNEHHAA BbICOKUM KOHTAKTHbLIM Hanps-
KEHWEM - N03TOMY BCE PACNONOXKEHHbIE BHYTPY U CHApY>W 3AaHUS MeTananyeckme KoMNoHeHTbl HE0bX0AUMO 3a3eMNATL U COEANHATL
C CUCTEMON ypaBHUBAHWA NOTEHLMANOB, YTODLI YyCTPaHUTL 3Ty ONacHOCTb. B NpoTMBHOM cyyae, Npu 0TCYTCTBUM 3aLLMUThI, NPAMON yaap
MOSTHUW NPUBOAUT K «BbITOPaHW0» BCEN BbITOBON U OQUCHON TEXHWUKU, NPO6OK N NOBPEXAEHUAM B INEKTPUYECKON CETH, B CAMOM
3NeKTpoobopyfoBaHUM, PUCKY NOXaPa 1 NOPAXKEHWUS NIOAEN TOKOM.

OD.HaKO ONacHOCTb NpencTaB/AKT HE TOJIbKO NMpAMble yaapbl MONHWN, KOTOPblIe MOTYT NPUBECTN K MEeXaHNYeCKUM NoBpexXaAeHNAM
KOHCprKLI,VIlZ, nopa>eHunto nopewn, no>XXapy nnn BbiXody U3 CTpoA BCEX NIEKTPUHECKNUX CUCTEM, a TaKXe pa3jinyHble nepeHanpaxxeHud,
KOTOpble MOTYT ObITb BbI3BaHbI Aaxe Mexx00nayHbIMK yoapamu MONTHUI [ﬂOBPE)K,D,eHVIH OT nepeHanpsa>XXeHna nocne ygapa MOHWN BO3-
MO>XHbI B pagunyce A0 2 KM]. Hpm FPO30BbIX ABNNEHUAX 32 KOPOTKUNE NMPOMEXYTKN BPEMEHN o6pa3yeTcg Bonblioe KoNMYecTBo 3Hepruu,
B MEeTa/ININYECKUX 3aNIeEMEHTaX KOHCprKLI,VIlh N KOMMYHUKaUNAX BO3HUKAKT MHOYLMPOBaHHbIE NepeHanpa>XXeHnsd, KOTopble MHOFOKpPaTHO
MPeBbIWaT CeTeBoe HanpaXeHune; npu nNpesblleHNN 3Ha4eHnd ﬂpO6V|BHOVI MPOYHOCTUN INEKTPUHECKNUX CUCTEM 3TO NPUBOANT K NPO-
6oto n3onAaunm NnpoBoAHWKOB U O60py,D,OBaHVIF| = BNNoTb A0 HEO6paTVIMbIX pa3pyu.|eHm71.

|_|pl/1 3TOM CaMbIMW HYYBCTBUTENbHbIMU K UMNYNbCaM NepeHanpaXxXeHna ABNATCA OCHalWleHHble BCEBO3MOXHbIMU CUCTEMaMU ACY
CoBpeMeHHble NPOoMblWeHHble YCTaHOBKN U BCEBO3MOXHOE o6opyp,osaHV|e HaﬁﬂIO,D,EHMF! N KOHTpoONA [HaanMep, CncTeMa KoHTpond
3a COCToOAHMEM BO34YyXa Ha XUMNYECKOM I'IpOM3BO£LCTBe]. Yp.apa MOJTHUW B OKPECTHOCTAX U conyTCTBYyHOLWEero «6pocn<a» HanpaxeHna B
ANEKTPUHEeCKUX ceTax A0CTaTo4HO, 4YTOObI BLIBECTN 3TU CUCTEMbI U3 CTpoA: Kak cneacreme — cbon B paGOTe NPOMbIWNIEHHOro 060py-
AOBaHUA, OCTaHOBKa NpPon3BoaCTBa, BO3MOXHAA NOTepd AaHHbIX, yrpo3a XU3HW 1N 300P0BbIO ntogewn, CNOXHbIN U ANAUTENbHbIN PEMOHT
— BCe 3TO y6blTKM Ana npeonpuaTua.

Takylo e onacHoCTb NepeHanpsXXeHUs HeCyT U ANa MHGOPMALMOHHbIX CeTel, NpeAHasHayeHHbIX Ans obMeHa nHpopMaumen B pe-
XUMe peanbHOro BpeMeHu. MaccuBbl pa3HOOOpa3HbIX M BaXKHEWLUNX AAHHbIX, Y4yBCTBUTENbHbLIX K BHELUHEMY BO3AENCTBUIO, TPebyioT
HafeXHO GYHKLMOHUPYOLWMX NyTeih nepefayn U yCTPOMCTB XpaHeHus. Yrpo3y HeceT ONsATb-Taku He CTONbKO MPAMON YAAp MOAHMMU,
CKOJNIbKO MHAYKTUBHOE MepeHanpseHue, obycnoBneHHoe faxe yAaneHHbIMWU FPO30BbIMU paspasamMu, Uy KoMMyTaunoHHble npoLlec-
Cbl B KPYMHbIX U MOLLHbIX 371€KTPOyCTaHOBKaX.

BO3HMKaIOLLLVIe MNKOBbIE HAaNPAXXeHNA NPOHNKAKT B MHq)OpMaLLMOHHylo CeTb No BCeM BMAAM NpoBOAALLNX COE;I,VIHEHMVI, N XKNU3HEHHO
Ba>XHblé KOMMNbIOTEPHbIE CUCTEMbI U yCTpOVICTBa — NoXapHaa cMrHanmsaumns, BVI,D,EOHa6ﬂ|O,EI,eHVIe, CnCTembl 6E3OI'I8CHOCTVI, y4dyeTa, KOH-
TpoNAa, ynpasneHua, XMn3HeobecneyeHns [MeD,VILlVIHCKOG 060pyD,OBaHVIe B 6oanmuax] — BbIXOAAT N3 CTpOA, NpnBoaA K HenonpasnMbIM
nocneactBMAaM M HaHoOCA 6onbLion YPOH.
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1.2.4 Pa3HOBMAHOCTU NepeHanpaXxeHnn

° HepEXO,D,HbIe nepeHanpa>xeHna — 3To0 KpaTKoBPEMEHHbIe [B npepenax MUANIMOHHOW 0NN CEKyHﬂ,bI] NOBbIWEHNA HanpaXeHna,
KOTOpble MOryT MHOFOKpPaTHO NpeBbllWaTb HOMUHaNbHOE ceTeBoe HanpaxXeHue. K nepexoaHbIM nNepeHanpa>xeHnAaM He OTHOCATCA No-
CTOAHHbIE NepeHanpaAXeHna, BO3HNUKakWwme Npn HefonyCTUMbIX yCNOBUAX B 3/IEKTPOCETU.

. KoMMyTauMOHHbIe MepeHanpaxkeHnsa — BO3HWUKAOT NpU HOpMasbHbIX (0nepaTUBHbIX) BKMOYEHUAX U OTKIIOUEHUAX, 3MeHe-
HUAX Harpysku B anekTpuyeckon cetu. Kak npasuno, 3To eANHOBPEMEHHOE BKKOYEHWE UAW OTK/IOYEHME MOLLHbIX 3N1€KTPOMOTOPOB
(Mnu MHoro 0bopysoBaHUA C BONBLIMMK UHAYKTUBHBIMU SNEMEHTAMM WU MOLLHBIMU KOHAEHcaTopamu). Takke Takue nepeHanpsxeHus
BO3HUMKAIOT Npu aBapusax (3aMbikaHusx Ha 3emnio, K3, obpeiBax nposogos u ap.). Kak npasuno, KoMMyTaLMOHHbIE NepeHanpsxXeHns
npesblWwatoT paboyee HanpsaxeHue B 2-3 pasa.

o Fp03osb|e [aTMOCC')eprIE] nepeHanpsa>XXeHna 0atoT MHOMTOKPAaTHO NpeBbllWwakoLne HOMUHaNbHbIN ypoBe€Hb NUKN HaI'IpFI)KeHVII;I
B HN3KOBOJIbTHOM BbiBOAE K I'IOTpe6VITeJ'IIO n O6YCDOBJ'IeHbI HenocpeacTBEeHHbIMU pa3pAafamn MOSTHNI [MOFyT B COTHM pa3 npeBbiwWaTb
HOMWHaANbHOE Hanpﬂ*eHme]. I'Ipm NOABNIEHUN TPO30BOro nepeHanpaXXeHna n3onauna 31eKTpu4ecknx NpoBoaHNKOB U O60py,ﬂ,OBaHMﬂ
HEe MOXeT BblAep>XaTb CTOJNIb BbICOKOI0O HAMpAXeHnqa 1 I'Ip06VIBaeTCF|, Bbl3blBa MTHOBEHHbIN BbIX04 060py,ELOBaHVIH N3 CTpoA.

° MHﬂyKTMBHbIe nepeHanpaxXxeHna NoABNAKTCA BCNeACTBNE PE3KOro USMeHEeHNA 31eKTPOMarHMTHOro nona n MoryT BO3HUKHYTb
OT yAaapa MONHNKX B 3eMN0 pALOM C NNHNEN anekTponepena-. |_|pl/1 3TOM 3Ha4YeHne nepeHanpa>eHna, HeCMOTpPA Ha ero KpaTkoBpeMeH-
HOCTb NO CpaBHEHWUIO C APYrMMU TUNaMu I'IEpEHaI'IpFDKEHMlZ, MOXXeT MHOIoOKpaTHO npeBbiwaTb HOMUHaNbHOE pa6ouee HanpsaxxeHune.
Takoe nepeHanpa>xeHne onacHoO oNna anekKTpnuyecknx I'Ipl/l60p08, NOAKNHOYEHHbIX K CETU, 3NEKTPUYECKNX N CUNOBbIX noAacTaHumMm. Anek-
Tpuyeckne MMnynbCbl MHOYKTUBHOIO NepeHanpa>XeHna MoryT pacnpocTpaHATbCA Ha 3Ha4YUTeNbHblIEe PACCTOAHNUA.

° KBa3MCTaLI,VIOHaprIe nepeHanpa>XeHna B CeTU MOTYyT NPoAO0/IXKATbCA OT HECKONTbKUX CeKyH 00 HECKONbKUX MUHYT U MOTYT
ObITb ONacHbl gna O60py,D,OBaHVIF|, NOAKNHOYEHHOI0 K CeTu. KBa3l/lCTaLI,MOHaprIe nepeHanpa>XeHna BO3HNKAOT Mo cnegyrowmm npnyn-
HaM:

> NoABJIeHMEe 0NaCHOro pe3soHaHca B 3J'|eKTpI/I‘-IECKOI;I cetu;

> MPWN KOPOTKNX 3aMblKaHNAX B CETU;

> npu aBapI/IVIHOM yBe/IMHEeHNN CKOPOCTU 3/1EKTpOreHepaTopa B cjiy4ae pe3koro nageHna aHa4eHna Harpy3kun B CeTu;

> NPpW NoAaBNeHnn 3¢¢eKTa ¢eppope30Hcha B CeTAX C MOWHbIMW NHAYKTUBHbBIMW KaTylWKaMn i MarHntTonposogamMmu.

1.2.5 NocneacTenA nepeHanpAXeHUN

Mpsamoi yaap B Hapy>XHbI MONHNEOTBOA UM HU3KOBOLTHYIO BO3AYLUHYIO IMHUIO 63 BHYTPEHHEN 3aLMUThl OT MOSTHWUIA U UMMNYNbCHbIX
nepeHanps>kKeHWn NPUBOAUT K NOBPEXAEHUAM U30ASLMU U NONHOMY BbIXOAY M3 CTPOs 000pya0BaHUA NOAKMOYEHHbIX NoTpebuTene.
AnekTpUyeckme Toku MONHUM C BONbLIMM 3aNacoM 3HepPruM NPUBOAST K MTHOBEHHOMY pa3pyLleHuo HesaluieHHoro obopygosaHus.

KoMMyTaumoHHbIe U MHAYKTUBHbIE MEePEHanpPXeHNa MOTYT He TONIbKO MPUBECTYM K BbIXOLY M3 CTPOS TexHUYeckoro obopynosaHus, Ho
1 BCEBO3MOXHbIX KOMMbIOTEPHbLIX CUCTEM YNpaBReHNs 1 xkunsHeobecneyeHuns, YTo No NOCNeLCTBMAM He ycTynaeT HenocpeacTBeHHOMY
npsIMOMY yaapy MOHUK.

[0na 3aWuThl 1 OT KOMMYTaLMOHHbBIX, U OT rPO30BbIX (aTMoCchepHbIX) NepeHanpsaxeHni ¢ 6oNbLWNM 3aNacoM 3HepruM HeobxoauMo
yCTaHaBAMBATb COOTBETCTBYIOLLME CUCTEMbI 3ALUMUTHI OT MOSIHUI U NepeHanpsakeHni.

I'IpM HebonbLWNX, HO ANUTENbHBIX nepeHanpa>XeHnax BbIXon O60pyﬂ,OBaHMF| N3 CTpoA NPOUCXoguT NOo UCTEeYeHUN HEeKOTOPOoro Bpe-
MEeHW, MOCKOJIbKY B pe3ynbTaTe Takux nepeHanmeeHmﬁ KOMMOHEHTbI o6opy,uosava noAaBeprarnTca npexagespeMeHHOMYy CTapeHuto
n 3aMefnieHHOMY npoueccy paspyweHuna. B 3aBucuMocTn oT TouHOM NPUYUHBI N MeCTa BO3HUKHOBEHUA NepeHanpaxxeHna Tpe6yr0Tc;|
pas3nunyHble Mepbl 3aUTbl — aBTOMaTUYeCKne Bblkilo4aTenn, pene HanpaXXeHna, pene nepeknrnyeHnd ¢a3 nT.n.

KpOMe TOro, 4aCto MOryT BO3HWUKATb OTHOCUTENTbHO cnabsble nepeHanpaxeHna B Buae rnomex, 06)/CJ'IOBJ'16HHI3IE BbICOKOYaCTOTHbIMU
NCTOYHNKAMKN Nnn ceTeBbiIMN aBapuAMM — OHN He BbIBOAAT U3 CTPOA CaMO 060py,q08aHV|e, HO MCKaXaloT faHHble, NepenaBaeMble Mo
cetam. B atom cny4yae HeO6X0,D,VIMO YCTPaHNTb NCTOYHUKN NOMEX NN YCTAaHOBUTb COOTBETCTBYIOLLMNE CeTeBbIe q)VIﬂprbl.

1.3 OCHOBHble KOMMOHEHTbI MOJIHUEe3alWUTbl U 3alWKUTbI OT UMNYNbCHbIX nepeHanmeeHuﬁ

B uenom cucTeMa MoNHME3aLWmUThl U UMNYNbCHLIX NepeHanpsixXeHnin - 3T0 KOMMNEeKCHasn CUCTeMa, NpejHasHaYeHHas ANs CHUXeHUs
pucka MaTepuansHoro yulepba npu yaape MonHuv B 3gaHue. OHa LennTca Ha BHELWHIO U BHYTPEHHI0 cucTeMbl. B Lenom xe cuctema
3alLMThl OT MOSTHWI U UMNYNLCHBIX NepeHanpsaxeHuin npeactasneHa Ha puc 1.3.1.

BHewHaa cuctemMa MonHuesawmtsl (LPSe) cocToMT M3 MonHMeNpUeMHIUKOB U TOKOOTBOAO0B, KOTOPbLIE AOMXKHBI HALEXHO NepexsaThi-
BaTb NpsiMble yaapbl MonHu cunon Toka fo 200 kA B pa3pspe, bnarofaps HanMuuio 3alWMTHOrO pa3aenbHOro MHTepBana besonacHo
OTBOAMUTL WX K 3eMJle, FAe CUCTEMA 3a3eMeHNn paccenBaeT SHEPruio paspsaaa, NpUYeM 3a3eMeHna AONXKHO HaLeXHO BbIMNOAHATbL
CBOV PYHKLMKN B TeUEHWe BCEro CpoKa aKcnayaTauumn 3aaHNN 1 COOPYXKEHUN.

BrewHsa cuctema LPSe pomkHa HapeXHo 3almwaTe caMu 34aHus, nofen u obopynoBaHus, B HAX HaXoASATCs, OT 0NAacHOCTW nopa-
)KEHUS TOKOM MOTHWU, 1 OT ONACHOT0 UCKPEHUS, YTO MOXET MPMUBECTMU K BO3rOPaHUIo v noxapy.

BHyTpeHHssa cuctema MonHuesawmTbl (LPSi) coctout U3 cuctembl BbipaBHMBAHMA FPO30BbLIX MOTEHLMAN0B C WUCMOMb30BaHUEM
YCTPOWCTB 3aL1Thl OT UMNYNbCHLIX NepeHanpsaxennit (Y3WM) n akpanuposaHue (npu HeobxogumocTw).

3aMeTuM, 4To 3Heprus MosHUW pacnpepensetca Tak: okono 50% Toka MOMHUWM OTBOAMTCA B 3a3eMeHWs, a Apyras yacTb pacTte-
KaeTcs Mo BCEM NIMHUAM W ceTAM 3aaHus. CuctemMa BblpaBHUBAHWSA NOTEHLMANO0B NOAKIOYEHHBIMM K HEll YCTPOMCTBAMM 3aLlWUTbI OT
nepeHanpsxeHus obecneynBaeT pacnpefeseHune U ynpaBaseMoe 0TBOAA 3TON YacTW aHeprum MonHuu. CornacHo MNY3, Y3UM yctaHas-

nueatoTcs B ceTax nutaHua go 1000 B 1 Bo Bcex ceTax nepeaayn AaHHbIX.

[p030BOM MMNYNbLC MOXET AANTLCA 0KONO 1 MC WM [OCTUraTb HaMpPsXXeHUs B LeCATKU WAK COTHU KB, a cuna Toka, mponyckaeMoro
no 100 kA. Hu onHo yctponctso, kpoMe YU, He MoxeT oTpearMpoBaTb Ha Takue KOPOTKME W MOLLHble UMNYNbChl. [1paBuabHO no-
CTPOEHHbIE CUCTEMbl BHYTPEHHEN 3aluTbl 06pasyloT MHOrOypoBHEBLIN bapbep, KOTOPbLIN HAaLEXHO 3aliMliaeT OT UMMNYNbCOB nepe-
HanNpPs>KEHUS, rapaHTUpPys KOHTPOAMPYEMOE BbipaBHUBAHUS MOTEHLMANOB VM NPeAoTBpaLLas PUCKM yaapa BbICOKUM HaMpPsXKeHWEM U
anekTpuyeckoro npobos.

é )
BHeluHAs W ( BHyTpeHHAA
MOJIHUE3allNTa MOJIHNe3alluTa

PaspenutenbHbiit
Montve- WHTepBan
NPVEMHUKN | |
JKpaHupoBaHue
MonHne- YpaBHuBaHue
NPUEMHUKN poMeLcHE noTeHurana
MonHue-
npnemMHnKn
\_ J

Puc. 1.3.1 - CucteMbl BHeLWHEW U BHYTPEHHEN MONTHUE3aLWNTbI

Bce cocTaBnstlLMe MONHMWE3ALWUTbI BLIOMPAKOTCA M PaCcCUUTLIBAKOTCA HA CTAAWMU NPOEKTUPOBAHUSA CETEN U COOPYXKEHWUN W AOMKHbI
oTBeYaTh AENCTBYOLWMNM cTaHAapTaM. Ha cerogHs B YkpauHe AeiicTByeT Ba HOPMaTUBHbIX AOKYMEHTA MO pacyeTy U NPOEKTUPOBaHMIO
cucteM MonHuesawmToi: ACTY EN 62305, koTopbiit cocTouT 13 yeTbipex Yacten [1-4] (puc. 1.3.2), n ACTY EN 62561, koTopbiit onucsl-
BaeT TpeboBaHUA K 3/1eMEHTaM CUCTEMbl MOSTHME3ALLMUTHI.

Yrposa OcTty
nopa)keHus EN 62305-1
MoOJiHVien
AOCTY
EN 62305-2
OueHka
puncka -
nopakeHus
MoNHuen 3awura oT MONTHUMN
(LP)

3awwmTa ort Cucrema 3awumTa
nopakeHus 3almTbl o6opyaoBaHus
MonHuen OT MOJTHMN OT UMnynbca

(LPS) (LPM)

Acty il 3%

EN 62305-3 EN 62305-4

Puc. 1.3.2 - BzaumMocBasb ctaHpaptos ACTY EN-62305

lNepBas yactb: ACTY EN-62305-1 «3awmTa oT MoaHun. 0bwme npuHUMnbI» — onpefeneHbl 06LimMe NPpUHLMNbI 3aLWUTbl OT MOMHUW.

Bropas yacte: AICTY EN 62305-2 «MeHepxmeHT pucka. OueHka pucka» — 4aHo onpegeneHune ynpaBneHusa puckamu.

Tpetbs yacte: ACTY EN 62305-3 «3awuta oT MonHun. Gusnyeckne noBpexpeHns 34aHnin, COOPY>XKEHWUI U ONACHOCTb ANA XU3HU» —
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onpeaesieHbl Mepbl 3aLlWKNThbI, HeoGXO,D,MMbIe ONA YMeHbleHNAa NnoBpexXaeHna 3,[l,aHVIVI [COOpy)KeHVII;I] N CHUXEHNA ONAaCHOCTU ANA XXU3HN
N 300POBbA HAaXo4ALWMNXCA B HUX ﬂlO,ELEVI.

Yereptas yactb: OCTY EN 62305-4 «3awmTta oT aTMochepHOro anekTpuyecTsa. InekTpuyeckme n aNeKTPOHHbIE CUCTEMbI BHYTPY
3[aHWIN N COOPYXKEHWUW» — OnpefeneHbl Mepbl 3aWnThl, HeobXxoAUMble 415 CHUXEHWA KONMYEeCTBa 0TKA30B 3NEKTPUYECKUX U INEKTPOH-
HbIX CUCTEM, HAaXOAALWMXCA B 3aaHUAX (coopyxeHunax).

KOMMOHEHTbI CUCTEMbI BHELIHEN MOTHWE3aLWMUThI (TPOBOAHMKM, 333E€MANTENM, MOJIHUENPUEMHUKM, COEAUHUTENN, AepXKaTenu) Aomx-
Hbl cooTBeTcTBOBaTL cTaHAapTy ACTY EN 62561.

1.4 Knaccupukauma MonHMe3aWwmTbl U oL eHKa PUCKOB

1.4.1. UCTOYHUKKN NOBPEeXAEHUW, NPUUMHBI NOBPEXAEHUN, TUNbI NOTEPb

UcTouHnKn noBpexxaeHumn
B 3aBMCMMOCTM OT MecTa TOYKM MOPaxXEeHNA MOSIHUEN YUUTLIBAIOT YeTbipe CUTyaumun nospexaeHnin S1-S4 (tabnuua 1.4.1.1).
S1 - npAMoW yaap MONHUK B 3aaHue.

Mpyn NPSAMOM yAape MOIHWM BO BHELLHIO CUCTEMY MOJIHME3aLWMUThI (MONHWEOTBOA) MK 3a3eMAeHHbIe COOPYXXEHUS Ha KpbiLUe,
cnocobHble BbIAEpaTb Harpy3ky no Toky MOHWK (HanpuMep, Hapy>KHas aHTEHHa, yCTAaHOBNEHHAs Ha KpbiLe), SHeprus MonHUK
MOXeT DbiITb HafeXHO 0TBefeHa K NoTeHLMany 3emMau.

OfHaKo OAHWUM MOMTHUE3ALLUTHBLIM YCTPONCTBOM Ae/10 He OrpaHWUYUBAEeTCA: B pesyibTaTe MOJHOMO 3NeKTPUYECKOro Conpo-
TUBEHMA 3a3eMAAIOWEN YCTAHOBKM BCA 3a3eMNAI0LLan CUCTEeMa 3AaHNA UCMbITbIBAeT BO3AENCTBME BbICOKOrO MoTeHuuana.
70 NoBbIWeEHMe NOTeHUMana AaeT pacnpefesieHne TOKOB MOJHUU MO CUCTEMe 3a3eMJIEHWA 3A4aHWA, a Takke Mo cucTeMam
371€KTPONPOBOAKM U IMHUAM Nepefadn JaHHbIX K COCEAHUM CUCTEMaM 3a3eMrieHna (cocefiHne 34aHMA, HU3KOBONLTHBLIN TPaHC-
dopmatop 1 T.M.).

Mpu NPAMOM yAape MOJHWM BO3HMKaeT onacHocTb rubenu mogein (L1); noTepu BO3MOXHOCTM NPeaoCcTaBeHns ycnyr Hace-
nenuio (L2) - TenedoHHan ceasb, kabenbHoe TeneBuaeHUE, MHTEPHET W T.M.; PUCK NOXapa Ha obbekTax KysbTypHOro Hacaeams
(My3en, TeaTpbl) (L3) 1 noTepu skoHoMuyeckux bnar (Mmywectso) (L4).

CvcTeMa MoHMe3alWwnTbl NpefoXpaHsaeT 30aHna v Nto4ein 0T NPAMbIX UMNYAbCOB MOMHUNA.
S2 - ypap MonHuu 613K 30aHMA U BBOAA 3NEKTPOCHabxeHUA B paguyce Ao 2-X KM.

B pe3ynbraTte 6nmn3koro yoapa MONHUK CO30atoTCA BbICOKWE MaAarHUTHble NOJsiA, KOTOPble, B CBOK o4epedb, UHOYKTUPYHOT Bbl-
COKuMne nukn HaI'IpFI)KeHVIlh B MPOBOAALLNX CETAX. B pagnyce oo 2-X KM OT TOUKM yoapa MONHUN NHAOYKTUBHbIE U railbBaHW4YecKkne
CBA3V NPUBOAAT K NOBpeXaeHNAaM 060pyﬂ,OBaHMﬂ. B pe3ynbtate ﬂepeHaﬂpﬂ)KeHVll;l BO3HWKAKOT HENCNPABHOCTU B 3/IEKTPUHECKNX
N 3NEeKTPOHHbIX CMCTEMaX, MPOUCXOLANT UX pa3pyeHune.

yCTpOPICTBa 3aWnTbl OT MOSTHUI 1 nepeHanmeeHmﬁ A0J1XKHbI 3aWNTUTL OT HEKOHTPOINPYEMbIX r|p060eB N CBA3aHHOIO C 3TUM
PUCKa BO3HMKHOBEHWA NoXapa.

S3 - NpsAMOI yaap MOAHWM B MUTAIOLLYIO IUHUIO.

HpﬂMOPI yoap MONHNUW B HU3KOBOJIbTHYO BO34YLLWHY0 IUHUIO U NUHUIO Nepefayvu aHHbIX MOXeT NpUBeCTU K NPOHUKHOBEHUIO
BbICOKWX TOKOB MOJIHUM B 30aHWeE, NOAKNKOYEeHHOEe K aton nnuHuu. Ocobana onacHocTb nepeHanpaxeHUa BO3HUKaeT ANA 3NeKTpU-
yeckoro 060py,qoaava Ha KOHUEe HNU3KOBOJIbTHbIX BO3A4YLWHbIX INHUNA.

CteneHb pUCKa 3aBUCUT OT BMUAa NpucoegnHeHna aKpaHMpoBaHNA K CUCTeEME YypaBHUBaKLWKWX NOTEHLMNANoB [CTEI'IEHb pucka
TakXe CMNIbHO CHU>XKaeTcA, ecnin NMHNA He Bo3adylHadqa, a I'IO,EL3eMHaF|]. 3a cyeT noaxoasLmx YCTPOVICTB 3aWunTbl OT MOJTHUN N UM-
NYyNbCHbIX I'IGPEHaI'lpFDKeHMl;I NPONCXoAuT ypaBHUBaHMNE IHEPTNUX MMNyNbCa MONTHUM Ha BXOAE B 3aHKe.

S4 - ynap MONHUM PAROM C NUTaKOWEN NUHUEN

3a cueT 6AU30CTM yaapa MOAHUU B IMHUNAX MHAYKTUPYIOTCA UMMyNbCHble NepeHanpsikeHus. Lanee, B pesynstate NpoLeccos
BK/IOUYEHUSA U BbIKSTIOUYEHUS MHAYKTUBHbIX U eMKOCTHbIX Harpy3okK, a Take NpepbiBaHus TOKOB KOPOTKOrO 3aMblKaHus, Co34at0Tcs
KOMMYyTalUMOHHbIe NepeHanpsixeHus. B yacTHOCTW, OTKOYEHWE NPOM3BOACTBEHHOIO 060PYA0BaHUA, CUCTEM OCBELLEHUS UK
TpaHchOpPMaTOPOB MOXET NMPUBECTU K MOBPEXAEHWUAM 3NEKTPUYECKUX NPMBOpPOB, pacnonoXkeHHbix 86an3n Hux. KoMMmyTaumoH-
Hble 1 MHAYKTUBHbIE NepeHanpsXXeHus B IMHWUAX 06ycnasnneatoT 6onbLUyo Y4acTb NOBPEXAEHW.

Tunbl noBpexaeHun

B 3aBMCKMMOCTHM OT xapakTepucTHK 3aluiiaeMoro 3aanus (coopyxenns) ynap MosHUM MoxeT HaHecTu nospexaerus D1-D3 (tabn.
1.4.1.1 1 1.4.1.2). HekoTopble 13 caMblX BaXKHbIX XapaKTepPUCTUK:

> Tun 3panua (coopyxennsal;

> €ro COAepXWMOoe 1 HasHaueHve 3aanHus (coopyxeHus);
> TUN ANHUA KOMMYHUKaLWUI;

> YCTaHOB/IEHHbIE Mepbl 3aLLUUThI.
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Tunbl noTepun

Kaxabin Tun nospexaerHus (D1-D3), oanH nnu B codeTaHnm ¢ ApyruMM, MOXeT NPUBECTY K Pa3fIYHLIM NMPAMbIM W KOCBEHHBLIM MoTe-
pAM B 3awMiaeMoM saarun (coopyxernn) - L1-L3 (tabn. 1.4.1.1 v 1.4.1.2).

Tabnuua 1.4.1.1 - Knaccudukaumns BO3IMOXHbIX NOBPEXAEHUN

MecTo Tun Tun
NcTouHnk nospexaeHna
ynapa nospexaeHns notepu
CtpoutensHoe D L1, L4
st P D2 L1,L2, L3, L4
coopyxenne D3 L1, L2, L4
[pyHT B6NU3M
S2 CTPOUTENBHOO D3 L1, L2, L4
COOpYyXeHus
MopBepeHHan nuTatoLwas D L1, L4
s3 ppeaeon HTaom D2 L1,12, L3, L4
D3 L1, L2, L4
[pyHT B6AM3K
S4 noaBeaeHHoON NuTatoLen D3 L1, L2 L4
NNHWK
Tabnuua 1.4.1.2 - Tunbl NoBpeXAeHW 1 NoTepb
D1 9NeKTPUYECKMI WOK XUBbIX CYLLLECTB B pe3ynbTaTe KOHTaKTHbIX AN LLIaroBbix
Hanps>XXeHumn
D2 Moxxap, B3pbIB, MEXaHWYECKOE U XMMUYeCKoe BO3AeiCTBUE B pe3ysbTaTe
$pu3snyecknx nocneacTeun paspag
D3 HeuncnpaBHOCTb 3/1EKTPUYECKMX U 371EKTPOHHBIX CUCTEM B pesynibTate
nepeHanpsaxeHnn
L1 TpasMupoBaHue nnu rubens nogen
L2 HeB03MOXHOCTb OKasaHua ycnyr HaceneHuio
L3 YTpaTa He3aMeHUMOro KyfbTypHOro Hacneauns
L4 JKoHOMMUYecKMe noTepu

1.4.2 Knacc MonHUe3awWwmn bl

ypOBeHb MOJTHNE3alWNTbl 3aBUCUT OT:

> HasHayeHuWs 30aHua (coopyxeHns);

> NpUCYTCTBUA Noaen B 3gaHnm (coopyxeHnu);

> 06X pa3MepoBs 3paHna (ecnn sgaHne UMeeT CNoXHYI0 GOPMY, PacCUMTLIBAIOT WWPUHY U ANWHY NPAMOYrONbHUKA, B KOTOPbIN ee
MOXHO BNMCaTb);

> HajMuMe Noxapo- W B3PbIBOONACHbIX MOMELLeHUN;

> CTeMeHu OrHeCcTONKOCTU 3AaHNS;

> MEeCTOHaXOXAeHUs 3aaHNs.

OnpepeneHune knacca MOTHME3ALWMUThI MPOUCXOLUT HA OCHOBE [laHHbIX 0 3[aHMW, @ TakKe YepEe3 aHaNn3 pUCKOB NOPaKeHUsA MOTHUEN
B [laHHOM MecTHOCTU. Ha ocHOBaHMM pacyeTa pUCKoB BbIBUpaeTca oauH 13 4-x KnaccoB MonHuesawmTsl (cornacHo ACTY EN 62305)
(tabn. 1.4.2.1).

[lns kaxporo knacca 3awuTel onpeaeneHbl GUKCMPOBaHHbIE MUHUMAbHbIE W MaKCUMalbHble NapaMeTpbl Toka MoaHUKU. OHM MoryT
BbITb MCMOb30BaHbLI MPK MPOEKTUPOBAHUU KOMMOHEHTOB 3aluTbl (HanpuMep, Npu BbiGope ceYeHns NPOBOAHMKOB, TONLWMHbI 3aLLUT-
HbIX 3KPAHOB, Pa3LeNbHOro MHTepBana, yCTPONCTB 3aLiuThl OT NepeHanpsixXeHun) n onpeaeneHnus napaMeTpoB MoAeanpoBaHNs BO3-
LeNCTBUA MOSIHUM NPU NPOBEAEHUN UCMbITaHWIN 0D0pyL0BaHNA MOHME3ALLNTLI.

"
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Tabnuua 1.4.2.1 - Knaccbl MoIHUE3aWMUThI

Knacc
YpoBeHb noTpebHoCTM B
MonHuesawmuTbl |3HauyeHue Toka MonHUK| AdPeKTUBHOCTb O6nactb NnpuMeHeHUn
3aluTe
LPS
eHTpbl 06paboTkn AaHHbIX, BOEHHbIE 06BEKTHI
| 2.9 - 200 kA 98% HauBebicwas noTpebHocTb lZ\Lac P P A ' !
B3pbiBoONacHble 30HbI B MPOMbILLNEHHOCTYU W
xumunueckon chepe, cknagbl 'CM, ynobperuin
I 5.4 - 150 KA 95% Bbicokas notpebHocTb bepe, A YROOP
¥ XMMUKaTOB, MENbHULbI, 31€BaTOPbI,
NPOMbILLNEHHbIE XON0ANABHUKN
AZLMUHUCTPaTVBHbIE, TOPrOBble, BbICOTHbIE
Xunble 30aHUs, BONbHMLbI, LLKOMbI, NOMELLEHUS
I 10.1 - 100 kA 88% Hwv3kan noTpebHocTb A 4 e
3 pacyeTa Ha MaccoBOe CKOMJIeHve Ntofew
(6onee 100 yenosex)
\% 15.7 - 100 kA 81% Huswas notpebHocTb Bce octanbHoe

1.4.3 YnpaBneHue puckamu

1.4.3.1 OcHOBbI aHanu3a pUCKoB

Puck R - 370 3HayeHune BEpPOATHOro rogoBoro yu.Lep6a. Puck R siBnsieTca 3HauyeHMeM BO3MOXHbIX cpegHux noTepb B rof, pacCymnTaH-
HbIX C YHeTOM Kosin4yecTBa U BEPOATHOCTU NOABNEHNA ONAaCHbIX cobbITUN. ,D,J'IH KaXX4oro Tmna noTepb A0S>KHa ObITb npoeefeHa oueHka
COOTBETCTBYyHOLWEro pnucka:

R, - puck rubenun unu TpaBMnUpoBaHNA Noaeit;

R, - p1CK HEBO3MOXHOCTW NPEAOCTABNEHMA YCIYT HACENEHWIO U YAaCTUYHOIO UK NOTHOrO Pa3pyleHnsa 0BLLeCTBEHHbIX KOM-
MYHWUKaLWUR;

R3 - PUCK HaHeCceHWA Bpeaa obbekTam KynbTypHOro HaaHa4eHnqa;

RA - PUCK 3KOHOMWNYECKUX NoTepb OUeHWBaeTCAa Npu NpUHATUN peweHna o uenecoo6pa3Hocm MOJTHNE3aWNTbl Ha OCHOBE
3KOHOMMNYECKOro aHannsa.

,D,J'IH OLEeHKN pnUcCKa R pomXHbI 6bITb onpeaneneHbl U BbIYHNCNEHbI COOTBETCTBYOLLNE KOMIMOHEHTbI pucKa [B 3aBUCUMOCTU OT UCTOYHUKaA
nTnna I'IOBpE)K,IJ,EHMVI]. Bce PUCKU ABNAOTCA CyMMOVI HECKO/IbKNUX KOMMOHEHTOB RX:

R=IR,
B 3aBMCHUMOCTH OT TMNa NoTepsb, puck R copepxuT pasHbie koMnoHeHTs! R, (Tabn. 1.4.3.1) :

R,=R,+R,+R*+R S’ +R +R +R’+RS
R,=R,+R.+R,+ R, +R,*+R/
R,=R,+R,
R1.=RAb+RB+RC+RM+RUI’+RV+RW+RZ

2 Tonbko Ans 3aaHni (COOpyXKeHWit), B KOTOPbLIX CYLLECTBYET 0NacHOCTb BO3HUKHOBEHMSA B3PbIBA, @ Takxe AN 6oNbHUL U APYrux 34aHui (coopyxeHni),
e 0TKa3s BHYTPEHHUX U BHELIHWUX CUCTEM MOXET NPUBECTH K 0NAcHOCTU rMbBenu uam TpaBMMpPOBaHNS J04e.

® Tonbko Ans 3paHuil (CoopyxeHui), B KoTopbIX BO3HWUKAET 0MacHOCTb r1Beny niu TpaBMUpOBaHWSA KUBOTHbIX.

KomnoHeHTkl pucka R, npu yaape MonHum 8 3paHne (coopyxeHne) (S1):

RA - KOMMNOHEeHTa puCka HaHeCeHWA Bpefa XXMBbIM CylleCTBaM B pe3ynbraTe NopaXeHua 3neKTpu4yecknM TOKOM npu yhape
MONHWUW B 30aHNe [COOpy)KEHME], NN Npu CKayvyke HanpaXeHuna Ha pacCToAHUM A0 3 M OT ToK0OTBOAA. BO3MOXHbI nospexapeHna
L1, L4,

R, - KOMMOHEHTa p1cka GU3MYeCKoro NoBpeAeHNs 3aaHuns (COOpyxeHUs), BbI3BAHHOO UCKPEHMe, YTO MOXeET NPUBECTU K
noxapy unv B3pbiBy. B 3TOM cnyyae MoryT BO3HWKHYTb BCe Tunbl noTepb - L1, L2, L3, L4.

R, - KOMNOHEHTa p1cka 0Tka3a BHYTPEHHWX CUCTEM, BbI3BaHHOIO 31eKTPOMarHUTHbLIM MMMYALCOM NPU yaape MonHuu. [oTepu
tna L2 v L4 MoryT npon3oiiTi BO BCex cydasx BMecTe ¢ noTepamu Tvna L1 ana spaHna (coopyxeHuns) ¢ onacHoCTb0 BO3HMK-
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HOBEHWs B3pbIBa, @ Takxke ANA 6oNbHWL U ApYrux 34aHUN, rAe 0TKa3 BHYTPEHHMX CUCTEM Cpa3y CO3[aeT onacHocTb rmbenun nau
TPaBMUPOBaHUIO NIOLEN.

R,, - KOMMOHEHTa pucka Npu yfape MoaHuW B nousy B6113m 3aaHus (coopyxerns) (S2), npertuuHa R
KoMMoHeHTbI pucka npw yaape MoaHUM B JIMHUI0 MUTAHWA MAKM MHDOPMALIMOHHBIX KOMMYyHUKaLWi (S3):

R, - KOMMOHEHTa p1cka HaHeceHWA Bpefa XMBbIM CylLleCTBaM B pe3ysbTaTe NOpaXeHWs 31eKTPUYECKUM TOKOM Npu nepeHa-
NPSXXEHMMU MU CKauKe HampsXeHUA BHYTpY 3aanns (coopyskeHus). BoamMoxHbl nospexaeHus Tvna L1, a B CesbCKON MeCTHOCTU
n L4, ecnv nornbHyT cenbCcKoXo3ANCTBEHHbIE XXUBOTHbIE.

R, - KOMMoHeHTa pucka GpM3MYeCKoro NoBpexAeHNs 3[aHna oT noxapa WAK B3PbiBa, Bbi3BaHHbLIX TOKOM MOHWM, NPUBEAEH-
HbIM Yepe3 BXOAHble NMMHUK. MoryT BO3HUKHYTb Bce Tunbl noTepb D1 - D4.

R, - KOMNOHEHTa pucka 0Tka3a BHYTPEHHWX CUCTEM, BbI3BAHHOMO CKaykaMu HanpaxeHUs B BBOAHbIX NnHUAX. [oTepu Tnna L2
u L4 MOTyT NPOM30MTU BO BCEX Cy4asnx, KpOMeE TOro, BO3MOXHbI noTepu Tuna L1 ansa snaHus (coopykeHns) ¢ onacHocTbio BO3-
HWUKHOBEHUS B3pbIBa, a Takxe ANs BONbHULL U APYrUX 30aHWNA, TAe 0TKa3 BHYTPEHHUX CUCTeM Cpasy co3[aeT onacHocTb rnbenu
unu TpasMupoBaHuio nofei. Mpu aToM yaap MonHUW B Tpybonposog unu BBaM3K Hero He paccMaTpuBaeTCs, MOCKONbKY Tpybbl
BONKHbI ObITb COEIMHEHbI C LUMHON 3a3eMneHuns. Ecnv Takoe coefuHEHME OTCYTCTBYET, TOMAa yrpo3a NoBpexXaeHWi LOMKHa ObITh
paccMoTpeHa.

R, - KOMMOHEeHTa pucka Npu yape MoaHUM BENN3M BBOAHOW INHAN NUTAHUS UM UHGOPMALIMOHHbBIX KOMMYHUKaLMi (S4) naeH-
TnuHa Ry,

Tabnuua 1.4.3.1 - KoMNoHeHTbI pucka, xapakTepHble AAs KaXAoro Tuna notepb

S1 S2 S3 S4
MNcTouHmK yAap
ap MonHUK MOJIHUW PSAOM
noBpexaeHns yAap MoOJSIHUK B 3faHne yAap yAap MONHUK B NUTAIOLLYIO NHWIO pARo
B61M3K 3paHNs C nuTatoLwen
nuHnewn
KomnoHeHT R, Ry R, Ry R, R, R, R,
R, + + +2 +2 + + +2 +2
R, + + + + + +
R, + +
R4 +b + + + +b + + +

2 Tonbko Ans 3aaHunit (Coopy>eHui), B KoTopbIX CyLLECTBYeT 0MacHOCTb BO3HUKHOBEHUSA B3PbIBa, @ Takxe Ana 6onbHUL U Apyrux 3aaHui (coopyske-
HUR), TAe 0TKa3 BHYTPEHHUX U BHELIHWX CUCTEM MOXET MPUBECTU K 0NaCHOCTY rMbenn uav TpaBMmUpoBaHUs Niogen.

° Tonbko ANA 30aHNIA [coopy>KeHm71], B KOTOPbIX BO3HWKaeT 0MNacHOCTb rnbenu nnn TpaBMMUPOBaHUNA XXUBOTHbIX.

Pacuet komnoHeHToB pucka R, - R, nposoautca no obuien dopmyne:
= x X
RX NX PX LX'
roe

N, - Kon14ecTBO onacHbix CobbITWIA 3a rof, YTO 3aBUCUT OT NIOTHOCTW yaapos MonHWUK N, dusnyeckux xapak-
TEPUCTUK caMoro obbekTa, OKpyxatoLwen cpefbl, KOMMYHWUKaLLWIA, CBONCTB MNOYBbI;

Px - BEPOATHOCTb HaHeCeHund yLuep6a, 4YTO 3aBUCUT OT XapakKTepncTunk s3awuniaemoro obbekTa, n NPUHATLIX
Mep 3alWnThbl;

Lx - KOCBEHHble NnoTepun, 3aBucdlne OoT Ha3HadyeHnda 3awuuiaemMoro, NpucyTcTeumA nopen nam nepcoHana,
Thna ycnyr, CTOMMOCTN TOBApoOB U OGOpy,ELOBaHI/lFL

®opMynbl pacyeTa KOMNOHEHTOB prcka R, B 3aBUCMMOCTM OT NCTOYHMKA M TUNa NoBpexAeHus npueeaeHsl B Tabnuue 1.4.3.3.

CneposatenibHo, GyHKLMA aHann3a pucka 3aknodaetca B onpeneneqnn Tpex napametpos N,, P, n L, nns scex cooT-
BETCTBYIOLMX KOMMOHEHTOB pucka R,. CpaBHeHune pucka R (cymmbl komnoHeHToB R,) ¢ qonyctumeiM puckom R, no3so-
NI9eT onpeaennTs Habop HeobXxoaMMbIX MEP MOTTHNE3ALLNTI.
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Tabnuua 1.4.3.3 - KOMNoHeHTbI pucka ansa 34aHus B 3aBUCUMOCTU OT UCTOYHMKA U TUNA NOBPEXAEHWU

McTouHnk noBpexaeHuns
S1 S2 S3 S4

Ynap MonHum Ynap MonHUW Bo3Ne Ynap MOAHUW B NUHWIO Ynap MonHUK BO3Ne NHUK
B CTPOEHWe Coopy>KeHwus KOMMYHMKaLWI KOMMYHWMKaLnUm

Tun nospexpaeHns

D1

ONeKTPUYECKUIA LLOK XMBbIX
cyulecTs B pesynbTarte
KOHTaKTHbIX MW LWaroBbix
Hanps>XxeHuw

D2

Moxap, B3pbIB, MexaHn4eckoe
1 XMMUYeckoe BO3fencTemne

B pe3ynbTaTe GU3NHECKUX
nocnencTenin paspaj,

D3

HeuncnpasHocTb
3NeKTPUHECKNX 1
3/1eKTPOHHbIX CUCTEM B
pesysnbTaTe nepeHanpsiKeHUn

RA = NDxPAxLA RU = [NL+NDJ]xPUxLU

RB = NDxPBxLB RV = [NL+NDJ]xPVxLV

RC = NDxPCxLC RM = NMxPMxLC RW = (NL+NDJ]xPWxLW RZ = NIxPZxLZ

1.4.3.2 Onpepenexune Konu4ecTsa onacHbIX cobbiTn N,

CpenHee konuuecTBo onacHblx cobeiTnit B rog N, Bo3HMKalOWMX BCAEACTBUE YAAPOB MOJHUM, 3aBUCUT OT FPO30BOI aKTUBHOCTY
pernoHa, rae pacnonoxeHo 3paHue (coopyxeHue), n ero dpusnyeckux xapaktepuctuk. Ins pacyeta 3HadeHns N, 06bI4HO yMHOXaIOT
NNOTHOCTb yAapoB MoNHMKM B 3eMnto N Ha 3KBMUBaneHTHylo nnolwaab 06nacTi 3alnTel 06bekTa 1 NONPaBOYHbIA KOIPOULIMEHT, yUnThI-
BaloLMin GrU3NYeckmne xapakTepucTuku 3aaHus (coopysxenus):

NX=NGxAxCx10"’

roe
N, - NNOTHOCTb yAapPOB MONIHUM B 3EMJTIO;
A - skBMBaneHTHas naowanb 06nacTu 3aWnThI;
C - nonpaBoYHbIV KO3PULMEHT.

MnoTHocTb yaapos MonHMK B 3emnto N, — 3T0 KonMuecTso yaapos MoiHuM Ha 1 km? B rog. 3T0 3Ha4YeHWe onNpeaensioT Ha ocHoBe
[aHHbIX MeTeopofiornyeckux HabnogeHnn. [JaHHole ons YkpavHbl npuBegeHbl Ha puc.1.4.3.1

dkBMBaneHTHaa nnowafb 06nacTV 3alWnTbl - 3TO NAOWAAb 30HbI, KOTOPAs HAaXOAUTCH MOJ Yrpo30W NpU HENOCPeACTBEHHOM UK
oueHb 6113KkoM yaape MonHuM. s 3aaHuit (coopyskeHuit) Ha paBHWUHHOM MecTHOCTM o6nacTk 3aWwmTel A NpeactasnseT coboi 06-
NacTb, OTCEKAEMYtO Ha NOBEPXHOCTH 3EMJIN KOHYCOM, 06pa30BaHHbIM BpalLeHeM NPAMOW, NPOXOAALLEN Yepe3 caMble BbICOKME TOUKM
3panus (coopykenns) Nog yrioM k BepTukanu. Yron Mexay BepTukanbio U obpasylowei KoHyca JoKeH BbiTb TakuM, 4Tobbl BbICOTa
KOHyCa OTHOCMNIach K paauycy ocHosaHus, kak 1:3 (puc. 1.4.3.2).

13~
H CTOPOHI S~
TPeyronbH1Ka = o
R S 1 L - ~
1 | |
1 1
1 1
1 1
3xH
1 1
i 1
1 L 1

H - BbicoTa coopyxeHunsa
W - wmpuHa coopyxeHuns
L - pnuHa coopyxeHus
Puc. 1.4.3.2 - 3kBuBaneHTHas nnowaab 3axsata AN NPSMOro yaapa MoONHUU

YepHuros
.
XapbkoB
L]
L]
MonTasa
Qg
KponuBHULKuit
L]
‘ 3anopox

Yepkacchbl

I:I = 4 ypapa Ha kM2 B rop,
I:I = 5.36 ynapoB Ha kM2 B rop,
- = 6.7 ynapoB Ha KM2 B rof,
- = 8 ynapos Ha kM2 B rof,

Cumoepononb

-

Puc. 1.4.3.1 - MNOTHOCTb yAapoB MoNHWM B 3eMNi0 B YKpauHe, ynapos/km?erop,

‘%0 L —nnuHa coopyxennsa
7 W — wupwHa coopyxetua
W H - BbicoTa coopyenua
AD — 3KBMBaneHTHas nnowazb
A M AD H L 3aXBaTa 37aHus
AM — 5KBMBaneHTHas nnowazb
= = 3aXBaTa BBOAOB B pe3ynibTare
1 "S‘g\ 1 MarHUTHOTO BO3AEACTBIA
I I (3nanvte)
! ! AL —>3KBMBaNeHTHad NNoLazb
. | 3aXBaTa NuUTatoLLei NMHUN
Al —3KBMBaneHTHas nnowazb
| A |
1 | 1 L L 3aXBaTa BBOAOB B pe3ynbrare
40m |AL "
| | MarHuTHOro BO3aeiCTBNA
1 1 (npoBogaka)
1 200 m 200 m 1 ;
LL —pAnuHa nuTatowwei nuHun
1 1
I I Lj - pnuHa cocepHero 3paHuA
' N ' Wj — mpuHa coceiHero 3axus
Aoj| H J L J Hj — BblcoTa coceHero 3panua
Adj — 5KBMBaneHTHas nnowazb
3aXBaTa COCe/AHero 34aHua
Wj

Puc. 1.4.3.3 - 3kBMBaneHTHas nnowanb 3axsaTta HENPAMOro yaapa MoHUKN
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Ona npaMoyronbHoro 3ganus (coopyxenns) gnunoit L, wuprHon W v BeicoToit H Ha paBHUMHHOM MeCTHOCTM nnowags obnactu 3a-

WKWTbl paBHa

An=LxW+2x[3xH]x[L+W)+7‘tx[3xH]2

roe, LW, H - yka3sbiBatoTcs B MeTpax.

B cnyuae, korga 3ganue (coopyskeHue) uMeeT cioxHyto GbopMy pacyeT nposBoasaT rpaduyeckum MetogoM. 06nacTbio 3aLmMThl B 3TOM
cnyyae byneT aBNATbCSA 0bbeanHEHHaA durypa, cocTosLan U3 BCeX OTAENbHbIX PACCUUTLIBAEMbIX YacTeN.

KonuyecTtso onacHbix cobbITuil BCIACTBUE yaapa MoHUM B 3aaHnm (coopyxeHne] paccunTbiBaeTca no gpopmyrne:
- -6
= x X x
N,=N, x A xC, x10

roe

C, - K03pPULMEHT, XapakTepnsylownii penbed MecTHocTH (Tabn 1.4.3.4).

Tabnnua 1.4.3.4 - Koaddnunent mectononoxenns C,

OTHocuTenbHoe pacnonoxexue CD C,
3naHne oKpyXeHo BbICOKUMM 0bbekTamu (nn gepesbamm) 0.25
3naHue okpyxeHo obbekTaMu (Mnn aepeBbaAMuM) Takoit e BbICOTbI 0.5
OTcyTcTBytoT Apyrve 06bekTbl BOAM3M 3aaHNA 1
M3onupoBaHHoe 3naHKe Ha BepLUMHE XonMa 2

Konnyectso onacHbix cobbiTui BcsieqcrtBune yaapa MoJiHMKM B cocefHee 34aHve [coopyerMe} paccynTbiBaeTcA rno cpopMyﬂe:

NDJ= NG x ADJ x cDJ x 10-6

roe
A, - obnacTb 3awuTel A ans cocepHero 3aanus (coopyxenus) (puc. 1.4.3.3);

C,, - x0apduumnenT C (tabn. 1.4.3.4) ans cocepHero 3aanus (coopyxeHnus), xapakTepusylolnii pensed MecT-
HocTm (Tabn 1.4.3.4).

Konnyectso onacHbix cobbiTuii Bcsiegcreune ynapa MosHnn B6IN3Y 34aHun {COOPy)KeHMFI} paccynTbiBaeTcAd no ¢opMyne:

N,=N,xA, x10*¢

roe

A,, - 0bnacTb 3awnThl Npu yaape 86113u 3aanus (puc. 1.4.3.3), orpaHunuena pacctosiinem 500 M oT 3gaHus.

Konnyectso onacHbix cobbiTuii Bciiegcrtene yaapa MoJIHUN B INHUKO KOMMyHMKaLlMl;I paccynTbiBaeTCcAd no ¢>opmyne:

N =N,xA xC xC_xC x10*¢

roe
A, - 06nacTb 3aWNTLI NMHUKM KOMMYHUKaLWiA. OnpepensieTcs no dpopmyne A =40 x L (puc. 1.4.3.3);
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C, - K03GPULMEHT, XapaKTepusyoLWwui TMN NPOKNaAKM NTUHUI KOMMYHWKauni (Tabn 1.4.3.5);
C, - k03pPULMEHT, XxapaKTepU3yOLWMIiA TUN AMHUIA KOMMYHWKaLuKi (Tabn 1.4.3.6);

C. - K03bDULUMEHT, XapaKTepUsyloLnid TUN CPefbl NPOKNAAKM NMHUKM KOMMYHUKaLWi (Tabn 1.4.3.7).

Tabnuua 1.4.3.5 - KoapduumneHT Tina npoknaakm auHuin koMMyHukaumi C,

OnucaHue C
Bo3ayLwHbIn 1
[Moa3eMHbIN 0.5

Mop3eMHbIN, NOAHOCTBIO NOKPbITLIV CeTYaTbIM 3a3eMnutenem cornacHo n.5.2 AICTY 0
EN 62305-4

Tabnnua 1.4.3.6 - KoapduumeHT Tvna amHmnin kKommyHnkaumm C.

Onucanune C,
HW3KOBONLTHBIE NMHWW, IMHUW TENEKOMMYHUKALMIA U Nepeaayn AaHHbIX 1
BbicokoBonbTHbIE MMHMK (¢ TpaHcpopmaTopamu BH/HH) 0.5

Tabnuua 1.4.3.7 - KoadpdnumeHT TMNa cpeapsl Npoknaaku NMHWIA koMMyHukaumin C,

Onucanune C.
Cenbckas MeCTHOCTb 1

Mpuropop 0.5
[opopckas yepTta 0.1
[opoackas yepTa co 3gaHunaMK Bolwe 20 M 0.01

1.4.3.3 OnpepeneHne 3Ha4YeHUN BepoATHOCTH P,

3HaveHne BepoATHOCTH PA nopaxxeHus 371eKTpU4eCcknM TOKOM XUBbLIX CyLecTB BCNeACTBNE CKayka 3/1IeKTPUYEeCKOro Toka nnn Ha-
npa>XXeHuq, BbI3BaHHbIX y4apoM MOJIHUN B 30aHne [COOpy)KeHVIe], N 3aBUCUT OT NPUMEHAEMbIX LPSn AOMNONHUTENbHbIX MEP 3aLNThI.

3HayeHwne P, paccumnTbiBatoT no popmyne:
PA - PTA x PB

roe
P, - BEPOATHOCTb, 3aBMCALLAA OT HANNYMA AONONHNTENbHBIX MEP 3aLiMThI (tabn. 1.4.3.8);

P, - BepoATHOCTL GpU3KYeckoro NoBpexaeHUs 34aHna (coopyxenus) Npu yaape MOHUN.

Tabnuua 1.4.3.8 - BepoaTHoCTb P, B 3aBMCUMOCTY OT JONONHUTENbHbIX Mep 3aLLNThI

Mepb! 3aWuThI P
Mepbl 3aLWKTLl OTCYTCTBYIOT 1
MpenynpeanTenbHble 3HaKuU/Hagnucu 0.1
SnekTpuyeckan M30NALNSA TOKONPOBOAALLMUX YacTel 0.01
3ddekTnBHan cucTeMa ypaBHUBAHUS MOTEHLMANOB C 3eMAen 0.01
®usnyeckne orpaHUUYNTENN UK CKPbITasi BHYTPEHHAS CTPYKTYypa 3AaHus , 0
ncnonbayemas Kak TOKOOTBOZ,

BeposTHocTe P, ¢u3ndeckoro nospexaeHus 3fanHus (coopyxeHns) npyu yaape MosiHuM 3aBUCUT OT Kiacca MOMHWe3almuTel. 3Have-
HusA P, B 338BUCMMOCTY OT Kacca MoHMe3almnThl yKasaHbl B Tabnuue 1.4.3.9.

BepOFITHOCTb PC 0TKa3sa BHYTPeHHux cncteM npu yoape MONHWN B 34aHNe [COOpy)KEHVIe] paccynTbiBaeTCA No ¢0pMyne:

PC = PSPD x C

LD
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roe
Pgpp - 3HaueHne BepoaTHOCTM 13 Tabnuubl 1.4.3.10;

C,, - KoadduumMeHT, 3aBUCALLNI OT 0COBEHHOCTEN SKPAaHUPOBaHNSA, 3a3EMNEHNA U N30NALUUN NINHUN KOMMYHM-
Kauui, C KOTOPLIMU CBA3aHbI BHYTPEHHMWe cucTemsl (tabn. 1.4.3.11).

Tabnnua 1.4.3.9 - 3HaueHnsa BepoATHOCTM P B 3aBNCUMOCTY OT K/lacca MOJTHUE3alnThI

Mepbl 3auuTh P,
CucteMa MonHMe3alWnThl 34aHNA 0TCyTCTBYeT 1

MonHuesawmTa knacca LPS | 0.02
MonHunesawmTa knacca LPS |1 0.05
MonHwnesawmTa knacca LPS [l 0.1
MonHuesawmTa knacca LPS IV 0.2

3naHue (coopyxeHue) c cuctemMoin TokooTBOAOB, cooTBeTCTBYIOWEN | knaccy LPS,
1N UMeeT MeTananyeckyto Uan xene3obeToHHYIO CTPYKTYpY, AENCTBYIOLLYIO Kak 0.01
ecTecTBEHHas cUCTeMa TOKOOTBOAA

3panue (coopyxeHue) c MeTananueckoi KpbILWen Uy CUCTEMON TOKOOTBOAOB,
BO3MOXHO BKJIOYAIOLLEN HEKOTOPbIE ECTECTBEHHbIE KOMMOHEHTbI, C MOMHOM
3aLLMTON BCEX YAcTen KpbIlWu OT NPSAMbIX YA4aPOB MOTHWUM U CMJIOLLHON 0.001
MeTannnyeckomn nnu xene3obeToHHON CTPYKTYpPOK, AENCTBYIOLLEN Kak cucTema
€CTeCTBEHHbIX TOKOOTBOA0B

Tabnnua 1.4.3.10 - BepoaTHocTb P, B 338BUCMMOCTU OT YPOBHA MONHME3ALLMUTHI

OnucaHue Pseo

CucTeMa 3alnTbl OT UMNYNbCHBIX NepeHanpsi>keHUin He yCTaHOBAEHa WU He
otBeyvaeT TpeboBaHuam [ICTY EN 62305-4

YpoBeHb MonHue3sawmTel LPL | 0.01
YpoBeHb MonHuesawmTel LPL I 0.02
YposeHb MonHuesawuTsel LPL I 0.03
YpoBeHb MonHKMesawuTebl LPL IV 0.03

Tabnnua 1.4.3.11 - 3Havenna kospduumnertos C v C , B 3aBUCMMOCTH OT yCNI0BUI IKPAHNPOBAHMSA, 3a3EMIEHUSA 1 N301ALNN

Onucanune CoepunHeHMe Ha KOHLAX Co, C,
HeakpaHupoBaHHble BO3AYLIHbIE MMHUWN KOMMYHUKALWIA He onpepenetro 1 1
HeakpaHupoBaHHbIe NoA3eMHble IMHUN KOMMYHUKALWI He onpegeneHo 1 1
Hynesoi npoBoA MHOrOKPATHO 3a3eMAEHHON NNHUK

y POBOA P OTcyTcTByeT 1 0.2
anekTponepenayu
JKpaHMPOBaHHbIE MOA3EMHbIE JIMHUM KOMMYHUKALWIA (N1HUK 3KpaH, He CBA3aHHbIN C WWHON 1 0.2
aNeKTponepesayUn 1 TeNeKOMMYHUKALMOHHbLIE NMHNK) 3a3eMneHuns obopyaoBaHua ’
JKpaHMPOBaHHbIE BO3MYLUHBIE IMHUM KOMMYHUKALWIA (MUHUK 3KpaH, He CBA3aHHbIN C WWHON 1 0.02
3NeKTponepesaUn 1 TENEKOMMYHMUKALMOHHbLIE NNHIK) 3a3eMneHuns obopyaoBaHus ’
IKpaHMPOBaHHbIE MOA3EMHbIE IMHUM KOMMYHUKaLWIA (nHUN 3KpaH, CBA3aHHBbI C LUMHON 3a3eMieHuns 1 0
3NeKTponepeaaqn 1 TenekoMMyHUKaLMOHHbIe TUHNY) obopynoBaHus
IKpaHMpOBaHHbIE BO3AYLLIHbIE TMHUW KOMMYHUKALWA (MMHWK 3KpaH, CBA3AHHbIN C LUMHON 3a3eMieHuns 1 0
aneKkTponepeaayn 1 TeneKoOMMyHUKaLMOHHbIe NNHWN) obopynoBaHua

Kabenb nnmn nposBoja, aKpaHNMpoBaHHbIE OT BO3AENCTBUA < -
3KpaH, He CBA3aHHbIN C LUMHON

MOSTHUN KabenbHbIMW KaHanaMu, MeTannnyeckon onneTkomn 0 0
3a3emneHuns obopyaoBaHua
nnun Tpybkamm, 3aLMLLEHHBIMU OT MOSIHWM
- OTcyTCcTBYET CBSA3b C BHELIHUMU IMHUSMU
OTcyTCTBYIOT BHELWHWE NMHUN KOMMYHUKaLWUI - 0 0
KOMMyHWKauui (aBToHOMHan cuctema)
Bce tunbl M3onupytoume cpeactsa 0 0

BepOHTHOCTb PM 0TKasa BHYTPeHHux cncteM Bcnencremne yoapa MOJTHUN 3aBUCUT OT NPUHATLIX Mep LPM.

Ona cHuxeHna 3HaveHns P, B kayecTse Mep 3alMTbl Hanbonee NoaAxoAAT CheaylouiMe Mepbl: MCNOb30BaHNe MeToa MoHMenpu-
€MHOW CeTKM Npu NPOeKTUPOBaAHWUN MOSTHUE3aLLNTbl; 3KpaHMpPOBaHKe; cobnlogeHne Mep NPeAoCTOPOXHOCTM Npyu Bbibope 1 Npoknagke
Tpacchbl ANA NPOBOAKW; NPUMEHEHWe MaTepuanos, BbigepxuBaloLLvx bonee BbicCOKOe HaNpsix)XeHWe, N30IMPYIOLLNX CPEACTB U CUCTEMbI
YCTPOWCTB 3aLMUTbl OT UMMYNbLCHbLIX MepeHanpsXKeHNN.
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BepOHTHOCTb PM 0TKa3a BHYTPEHHUX CNCTEM pacCCYUTbIBaeTCA No cbopMyne:

P, =P

M SPD x PMS’

roe

Ppp - 3HaueHne sepoaTHoCcTM 13 Tabamusl 1.4.3.10.

,D,J'I‘i-l BHYTPEHHUX CNCTEM C 060py,qosaHV|eM, He 06nap,arou_w|M YPOBHEM COMPOTUBIIEHNA U ycTOVl‘-IVIBOCTVI K Hanpa>xxeHnaMm, yCTaHOB-

3HaueHue BepoaTHoCTM P, . paccunTeiBaeTcs No popmyne:

PMS = (KS1 x KSZ x KSS x KSIo)2

roe

JTIEHHbIM B COOTBETCTBYOLWMNX CTaH4apTax Ha NnpoaykKuuto, 3Ha4eHne BepoATHOCTH PM OOJI>)KHO ObITb NMPUHATO PaBHbIM 1 [PM = 1]

K., - K03pPULMEHT, xapakTepu3yloLwmnit 3¢p$ekTUBHOCTb 3KpaHUpoBaHNa 3aaHKa (coopyxenns), LPS unu apy-

TMX Mep 3aWmThbl B npegenax 3oH LPZ 0/1;

K., - xapakTepusyoLmnin 3bPpekTUBHOCTb 3KPaHMPOBAHMA BHYTPEHHUX CUCTEM 3aaHus (coopyxenus) B npeae-

S2

nax 304 LPZ X/Y (X >0,Y > 1);

K, - Ko3pdunumneHT, 3HaveHmne us tabnuubl 1.4.3.12;

K, - k03dMUMEHT, xapaKkTepr3yloLiMi BbIAEPXKMBAEMOE UMMYbCHOR HanNPAXKEHNe 3alWLLaeMon CCTeMbI.

BHyTpM 30Hbl 3alWKUTbl OT MOSIHMK Ha Be3onacHoM pacCTosHMN OT rpaHnL, 3alNTHOTO 3KpaHa, paBHOM Wary CeTkn w - nian bonee,

K, =0.12xw

m1?

roe

K,=0.12xw_

2

koadppuumenTsl K, n K., nna LPS nnu skpaHa 13 npocTpaHCTBEHHOW CETKW MOTYT BbITh paccunTaHbl ciefyoum obpasom:

W_., W - pa3Mep wara CeTkn NnpoCTpaHCTBEHHOr0 3KpaHa, nan TunoBow ayenkn LPS TokooTBOAA, MK NHTEpP-

m1’ " m2

Ban Mexnay MmetannnyecknmMm ctonbamun 3gaHuns [COOpy)KeHMH], nnn nHTEepBan Mexay xenezobeToHHbIMM banka-
MW KOHCTPYKUNHK, ﬂ,eVICTByPOLLLl/IMM Kak ecTecTBeHHble KOMMNOHeHTbl cnucteMbl LPS. YkasbiBatoTcs B MeTpax.

Koadpdunumentol K, n K, He MoryT npnHumaTh 3Hadenns bonbuwe 1.

,D,J'Iﬂ CNAoWHOro MeTanan4yeckoro akpaHa ToNWmHOM He meHee 0.1 MM

K., = K, = 10*

S1

Tabnunua 1.4.3.12 - 3HayeHns koabduunenTa K , B 3aBUCUMOCTM OT TUNA BHYTPEHHEN NPOBOAKN

Tun npoBopgku

s3

H6onbWwKx 3paHNAX, TO ECTb MOBEPXHOCTb NeT/N OKONOo 50 Mz]

HeakpaHupoBaHHbIi kabenb - HET Mep NPeA0CTOPOXKHOCTU NPY NPOKNAAKE, YTOObI
nsbexatb netens (netnu, 0bpazoBaHHbIE NPOBOAHMKAMM C Pa3fNYHON TPAcCoil B

HeakpaHupoBaHHbI kabenb - Mepbl NPEAOCTOPOXHOCTY NPU NPOKNAAKe,
uT06bI M36exaTh bonbwmx netens (netnu, 0bpasosaHHbIe NPOBOAHUKAMM,
MPONOXEHHbIMU B OAHOM 1 TOW e MOHTaxHo Tpy6e/kabenbHoM kaHane, unu

30aHUAX, TO €CTb NOBEPXHOCTb NEeTJIN OKOJ10 10 M?)

netnu, 06pa3OBaHHble npoBoAHWKAMW C pa3HbIMU NYTAMU MOHTa>a B HebonbLwmnx

0.2

HeakpaHupoBaHHbIV kabenb - Mepbl NPeAOCTOPOXHOCTY NPY NpoKnagke, 4Tobbl
nsbexatb netens (netnu, obpasosaHHbIe NPOBOAHMKAMHM B 04HOM Kabere,
03HayatoT NoBepXHOCTbL netnu okoso 0,5 M?)

0.01

JkpaHupoBaHHble kKabenu n kabenwn, npoxofsilne B MeTananyecknx kabenbHbix

K LWMHe BblpaBHWBaHWUA NOTEHLMaNoB Ha obownx KoHuax, a obopyaoBaHue
MOAKNIOYEHO K TON Xe LWWHe CBA3M)

Tpybax/kaHanax (skpaHbl kabenen u MetTannuueckue Tpybbl/kaHanbl NOAKMOYEHbI

0.0001
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Koadpdunumnent K,, paccunteiBaetca no popmyne:
K, =1/U,

roe

U, - HOMVHanbHOe Bbiep>KnBaeMoe MMNyNIbCHOe HanpaXXeHWe 3aliniiaeMon cuctemsl, kKB.
KoadpduumeHT K , He MoxeT npuHUMaTL 3HaveHune bonee 1.

SHadeHne BepoATHOCTU P HaHeceHns Bpesa XnBbIM CylecTBaM BCeACTBNe yaapa MOHUM B INHUM KOMMYHMKaLWiA, NOABEAEHHbIe
B 3maHue (coopy>KeHWe), 3aBUCUT: OT xapaKTepUCTUK 3KPaHUPOBAHWNA KOMMYHUKALMI; BbIAEPXKUBAEMOr0 HAaMPAXEHNUA BHYTPEHHMX CU-
CTeM, CBA3AHHbIX C KOMMYHMKaLMAMU, 0BbIYHBIX 3alWUTHLIX Mep (bU3ndeckue orpaHuyeHuns, npeaynpeauTensHble HaANUCKH, U30aMpY-
lolme cpeacTsa v Habop yCTPOMCTB 3aLMThbl OT UMMYNbLCHbIX NepeHanpsixXeHuin, obecneynBatoL i BbipaBHMBaHMe NOTEHLMAN0B Ha
KOHLAxX NMHUIA KoMMyHUKkaumit) B cootseTcTenmn ¢ ICTY EN 62305-3.

3HauyeHue P paccunTbiBaloT no ¢popmyne:
P =PTUxPEBxPLDxcL

u D

roe
P, - BEPOATHOCTb, XapakTepn3sylollas Mepbl 3aly/Tbl XNBbIX CYLLECTB OT NOPaXXeHUs 37eKTPUYECKNM TOKOM,

Takue kak GpU3NUeCcKMe orpaHnyeHns u npedynpeautensHblie Hagnuen (tabn. 1.4.3.13);

P, - BEPOATHOCTb, XapakTepu3ylolias ypaBHuBaHue noteHumnanos (EB) B cootsetctnm ¢ ICTY EN 62305-3 u
ypoBeHb 3awwuThbl oT MonHuu (LPL), ana koToporo pazpaboTaHbl 3TW yCTPOMCTBA 3aL4UTHI OT UMMYILCHBIX Nepe-
HanpsxeHunit (tabn. 1.4.3.14);

P , - BEPOATHOCTb, XxapakTepu3ytoLlan 0Tka3 BHyTPEHHUX CUCTeM BCNeACcTBMe yaapa MOAHUN B TNHUN KOMMY-
HUKaLMI, BbI3BABLIEr0 U3MEHEHUSA XapakTepPUCTUK STUX NnuHMiA (Tabn. 1.4.3.15);

C,, - K03ddnumenT, xapakTepusyLwmnint 0CobeHHOCTM 3KPaHMPOBaHUA, 3a3eMEHNA U N30AALNN KOMMYHKa-

uni (tabn. 1.4.3.11).

Tabnnua 1.4.3.13 - BepoaTHocTb P, B 33aBUCMMOCTYN OT NPUMEHAEMbIX MEp 3aLLNTh

Mepbl 3aWnThI P
Mepbl 3aLWnThl OTCYTCTBYOT 1
MpegynpeautensHble 3Haku/Hagnucu 0.1
3nekTpryeckan n3onALuMa TOKONPOBOAALLMX YacTewn 0.01
Dusnyeckne orpaHUunTENN 0

Tabnnua 1.4.3.14 - BepoaTHoCTb P, B 3aBUCUMOCTYW OT YPOBHA MOTHME3ALLNTbI

OnucaHune Peg

CucteMa 3aluThl OT UMNYNBLCHBIX NepeHanpsiXXeHWin He yCTaHOBAEHa UK He
oTBeyaeT TpebosaHuam [JCTY EN 62305-4

YpoBeHb MonHMesawmuTsl LPL | 0.01
YpoBeHb MonHuesawmTbl LPL I 0.02
YpoBeHb MonHuesawmTbl LPL |1 0.05
YpoBeHb MonHuesawmTel LPL IV 0.05

YcTponcTBa 3alWnThl OT NePeHanpPaXeHi ¢ yYLUMN 3aLWUTHBIMK
xapakTepucTunkamu, yem Tpebyetca ana LPL | (Bonee Bbicokas cnocobHocTb
NepeHoCHTb TOK MOSTHUM, 6oee HU3KUI YypOBEHb 3aLLMTLI OT HanNpsXeHus 1 T. 4.)

Tabnnua 1.4.3.15 -8HayeHna BepoaTHOCTM P | B 38BUCMMOCTM OT BbIi@PXWBAEMOr0 MMAYALCHOIO HanpaxeHus obopyaosaHnem U,

Bbinepxwvisaemoe umnynscHoe Hanpsxerve U, kB
1 1.5 2.5 4 6

Tun nuHun Tun npoknagkun AMHUIA KOMMYHWUKaLNA

Bo3gyuwHble N noa3eMHble, 3KpaHWpPOBaHHbIE MW HEIKPAHWUPOBaH-
Hble IMHUN KOMMYHWKaLWA, KOTOPble He COeIMHEHbI C LUMHOW 3a3eMie- 1 1 1 1 1
JlvHun anextpone- | yyq 060pyA0BaHNA

pefayn uau AnHUm
TeneKoMMyHMKa- JKpaHMpoBaHHble BO3AYLIHbIE N NOA3EMHblE 5 0/km < R < 20 O/km 1 1 0.95 0.9 0.8
uum JIMHUY KOMMYHUKaLMH, 3KPaHbl KOTOPLIX coe- 1 /kw < R_< 5 O/kw 0.9 0.8 0.6 0.3 0.1
LVHEHbI C TOW e 3a3eMNSI0LEN WNHOW, 4TO U1
obopynoBaHue R, <1 0/km 0.6 0.4 0.2 0.04 0.02

3HaueHune BepoATHoCcTU P, ¢pun3ndeckoro nospexaeHns 3aaHns [coopyxeHuns] BcneacTeue yaapa MOnHUM B IMHUM KOMMYHMKaLM
3aBUCUT OT XapakTepnCTUK 3KPAHUPOBAHMUA IMHUA KOMMYHUKALMIA, BbILEPXKMBAEMOrO UMMYIbCHOMO HAaNPAXEHNUA BHYTPEHHUX CUCTEM,
M30NMPYIOLLMX CPEACTB W YCTPOMCTB 3alUMThl OT MMNYNbCHbLIX NMepeHanpsXeHui, obecneynBatolLMx BolpaBHUBaHWE NOTEHLMAN0B Ha
BBOAE NMHUI KOMMYyHMKaunn B cootBetcTBum ¢ JCTY EN 62305-3.

3Hauenue P paccunTbiBatoT no Gpopmyne:
I:,v = PEB x PLD x CLD

roe

P, - BEpPOATHOCTb, XapakTepu3ytoLlas ypasHuBaHue noteHunanos (EB) B cootsetctaumn ¢ ICTY EN 62305-3 n
ypoBeHb 3awuTbl oT MonHumn (LPL), ana koToporo paspaboTaHsbl 3TW yCTPOMCTBA 3aLLMTLI OT UMMY/ILCHLIX Nepe-
Hanpsxxenui (tabn. 1.4.3.14);

P , - BEPOATHOCTb, XapakTepu3ylollasn oTka3 BHYTPEHHWX CUCTeM BCeACTBME yaapa MONHUN B IMHUU KOMMY-
HUKaLW, BbI3BaBLUEr0 U3MEHEHWNA XapaKTepPUCTUK 3TUX nnHui (tabn. 1.4.3.15);

C_, - K03pPUUMEHT, xapakTepu3ylomnini 0COBEHHOCTU 3KPAHNPOBAHNSA, 3a3eMNEHNA U N30NALMN KOMMYHUKa-

unn (tabn. 1.4.3.11).

3HaueHue BEepPOATHOCTHN PW O0TKa3a BHYTPeHHuUX cnctem BcJsiegqcrene ygapa MoJHUN B JINHUN KOMMyHI/IKaLU/II;I, Bxogduine B 3aaHune
[coopy)KeHMe}, 3aBUCUT OT XapakKTepUCTUK aKpaHpoBaHUA NNHUI KOMMyHI/IKaLI,VIlZ, BblAEPXNBAEMOro Hanpa>eHna BHYTPEHHUX CUCTEM,
CBA3aAHHbIX C TIUHNAMU KOMMyHVIKaLlMVI, N301npytowmnx cpeacis n CUCTEMbI ychOI;ICTB 3aWnTbl OT UMNYNbCHbIX ﬂepeHaﬂpﬂ)KeHMVl.

3Hauenus P, paccunTbiBaloT no popmyne:
P,= PSPD x PLD x CL

w D

3HauyeHue BepPOATHOCTH PZ 0TKa3a BHYTPeHHUX cCUcTemM Bcaeacrtene ygapa MoaHnmn B61M3UN ANHWI KOMMyHMKaHMﬁ, BXogAWmnx B 34a-
Hune [coopy>|<eHv1e], 3aBUCUT OT XapakKTepUCTUK 3KpaHUpoBaHMA NVHWUA KOMMyHMKaLI,MVI, BblOEPXNBAEMOro Hanpa>xeHna cucTem, CeA-
3aHHbIX C TUHNAMMU KOMMyHMKaLLMVI, N30npytolwmnx cpeacis n CUCTEMbI yCTpOl?ICTB 3aWNTbl OT UMNYNBbCHBIX nepeHanpﬂermﬁ.

3Hauenus P, paccunTbiBaloT no popmyne:
PZ = PSPD x PLI x cLI

roe
P pp - 3HaueHve BepoaTHoCcTH 13 Tabnnubl 1.4.3.10;
P, - 3HayeHue BepoATHOCTN 13 Tabnnubl 1.4.3.16;

C,, - k03ddULNEHT, xapaKTepu3yloLnii 0CobeHHOCTU 3KPAHMPOBaAHUS, 3a3eMAEHUSA 1 U30AALMM KOMMYHUKa-

unn (tabn. 1.4.3.11).

Tabnnua 1.4.3.16 -3HayeHna BepoATHOCTU P | B 338BMCMMOCTU OT BbIAEPXMBAEMOTr0 UMMYILCHOTO HanpsxeHus obopynosaHvem U,

BeigepxxneaemMoe nmnynbcHoe Hanpsxenue U kB
Tun nuHuUm :
1 1.5 2.5 4 6
JInHum anekTponepepaun 1 0.6 0.3 0.16 0.1
JInHWUM TenekoMMyHMKaLUK 1 0.5 0.2 0.08 0.04
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1.4.3.4 Onpepenenue ywepba (noteps) LX Tabnnua 1.4.3.21- BHauenus kosdpduumeHTa h, ans 0cobbix BUA0B ONACHOCTH

MoTepu L, - NpuYMHEHHbIN yaapoM MonHuK yuiepb . BHe 3aBMCUMOCTM OT UCTOYHMKE NOBPeXAeHNU S1-S4, yaap MONHWM NPUMHOCKT Bua onacHocTu h,
onpegeneHHbIn yuepb. Mocneacteua Takoro yuiepba HeobxofnMMo yunTbiBaTh. B nofobHbIX cnyyasx, yuiepb MoxeT nmeeT abcontoTHo 0coBble BUABI ONACHOCTH OTCYTCTBYIOT 1
pa3Hble pa3Mepbl. Hanpumep, yaap MOAHUM B NTMHUIO aneKTponepenay, uMeeT abcontoTHO pa3Hyto BeNn4YnHy yuepba ons agMuHUCTpa-

TUBHOO 3AaHuA, 3aB0Aa, Uy 6onbHULbl. [0Na aAMUHUCTPATUBHOMO 34aHUA - 3TO BbILIEALIAA U3 CTPOSA TexHUKa (KOMMbloTepbl, NPUH- Husknit yposeHsb narunku (Hanpumep, 3paHue (coopyxeHue] ¢ sTaxHoCTbIO He Gonee ABYX 1 2

Tepbl, M T.N.), AN 3aBofa - BbIlLEALIEe 13 CTPOA NPOMbILINEHHOe 06opyfoBaHMe, BO3MOXHAA 0CTaHOBKa HenpepbiBHbLIX NPOLIECCOB, konuuecTeoM nioaeit e Gonee 100)

HEBO3MOXXHOCTb BbIMO/THEHNA KOHTPAKTOB, a ANnd 60J'IbHVILI,bI - noTepa 4enoBevyeckux XKU3HEN. CpeaHuin ypoBeHb NaHUKK [HaanMep, 3aHune [coopy)KeHme], npefHa3HavYeHHoe A5 KYJbTYpPHbIX 5
MAK CMOPTUBHBIX MEPONPUATUR, C KONMYecTBOM ydacTHukos oT 100 go 1000 yenosek)

3HaueHue yuiepba Lx 3aBWCUT OT TMNa paccMaTpuBaemblix notepb L1-L4.

TpyaHocTv npu aBakyauuu (Hanpumep, 3aaHue (coopyxeHue), B KOTOPOM HaxoaATCs NOAN B 5

Mpw pacyeTe L, npumMeHaoTca NoHMkaloLLMe 1 NOBbLILIAIOLWNA KO3GOULMEHTbI (tabn. 1.4.3.17). HEMOABUXHOM COCTOAHUM, BONbHULbI)

Bbicokuit yposeHb nanuku (Hanpumep, 3aaHme (coopyxenue), npegHasHadeHHoe ans 10
KYJIbTYPHBIX UM CMIOPTUBHBLIX MEPOMPUATHI, C KONMYECTBOM ydacTHUKOB cBbiwe 1000 yenosek)
Tabnuua 1.4.3.17- MoHnxatoue 1 nosblwatowne kosdduumneHTsl Npu pacyete yuiepba L,
Koadpdpuumnenr Onucaxue 3HauyeHne
] KO3DGULMEHT CHUKEHNS MOTEPb, CBA3AHHBIX C FUBENbLIO Nogel abn 14318 Mpwu pacuete Lx 3HauYeHua noTepb, 3aBUCALLMX OT Tuna nospexaernnsa D1-D3:
' B 3aBNCMMOCTW OT TUNa rpyHTa unn nona > L, - noTepsa 13-3a TpaBM, BbI3BaHHbIX MOPaXXeHNEM 31eKTPUYECKMM TOKOM B pe3yfbTaTe NPUKOCHOBEHUA U CTYNeHYaToro Hanps-
K03pOULMEHT CHUXEHWA NOTepb BCaeAcTBMe GU3NYECKOoro xeHuns (D1);
r, nospexaeHus 3aaHna (coopyxeHus) B cnydae noxapa unu Tabn. 1.4.3.19 > L - noTepu u3s-3a pusnyeckoro nospexaeHus (D2);
B3pbiBa 3aHus (coopyxeHns) > L, - noTepn n3-3a 0TKa3a 3N1eKTPUYECKNX U INEKTPOHHbBIX CUCTEM (D3).
KO3POULMEHT CHUXKEHUA NOTepb BCNEACTBUE GU3NYECKUX
r, noBpexaeHnit 3aaHns (coopyxeHus) 3a cyeT MCnoNb3oBaHNA Tabn. 1.4.3.20 Tunoseie 3Hauenns LT, LF, LO 3aBucaT oT Tuna noteps L1-L4:
npoTMBONOXapHoro obopynoBaHus > cM. Tabn. 1.4.3.22 pna L1;
K03PPUUMEHT NOBbILWEHWA NOTEPb BCAEACTBUE PU3NYECKOro > cM.Tabn. 1.4.3.23 anna L2;
h, noepexaeHus 3naHna (coopyxeHua) npu HanuuMmu ocobbix Tabn. 1.4.3.21 > cM. Tabn. 1.4.3.24 ana L3;
onacHocTein > cM. Tabn. 1.4.3.25 ona L4.
Tabnunua 1.4.3.18- SHaueHNs NoHMXKaIOWErO KOIGPULIMEHTA I, B 3aBUCMMOCTM OT TUNA NOBEPXHOCTH Tabnuua 1.4.3.22 -Tun notepe L1: Tunoseie sHadenna Ly, Ly, L,
Tvn nospexaeHnn TvnoBoe 3HayeHue Tun 3paHua (coopyxeHuna
Tun noBepxHoCTH ConpoTtusBneHune npu KoHTakTe, KOM r, pPexA A (coopy )
3emns, beToH <1 102 D1 )
Bpef, KMBbIM CyLL,ecTBaM OT NOpaxKeHUs L, 10° Bce Tunbi
Mpamop, kepamuka 1—10 107 371eKTPUYECKUM TOKOM
pasui, rymyc, Koposoe 10—100 10 107 3naHua (coopyxeHuna) c onacHOCTbI0 BO3HNKHOBEHNS B3pbiBa
nokpbITHE .
D2 10 BonbHULbI, FOCTUHULBI, WKOAbI, FPaXAaHCKMe CTPOEHNS
AcdanbT, NMHONEYM, flepeBo >100 10°
¢du3snyeckoe noepexaeHune 3naHusa (coopy- L, 5x 107 KynbTypHO-pa3BnekaTesnbHble LeHTPbI, LepKBU, My3eun
xeHus) 2
2x10 [MpoMbilneHHbIe U KOMMepYeckne 34aHnA
Tabnuua 1.4.3.19- SHaueHna kospduLMeHTa r, B 3aBUCMMOCTHM OT ONACHOCTM BO3HMKHOBEHMNA noxapa/s3pbiBa 102 Opyrve 3nanus (coopyxerns)
Tun noBepxHoCTH Puck r 107 3paHnn (coopykeHus) ¢ 0NacHOCTbIO BO3HUKHOBEHWS B3pbiBa
f
D3 -
NeyebHble yupexaeHns MHTEHCUBHOM Tepanuu an onepaLnoHHble
3owna 0, 20 v TBepable B3pbIBYaTLIE BElleCTBa 1 0TKa3 31EKTPUUECKNX U 3AEKTPOHHbIX L, 102 ydpexa p pat,
oTAeneHuns bonbHUL,
Bspbis 3oHa 1, 21 107 cncrem ;
10 [pyrue noapasaenequns 6onbHNL
3oHa 2, 22 10
Bbicokuit 107
Moxap CpeaHnit 102 Tabnuua 1.4.3.23 -Tun noTepsb L2: Tunosbie 3Havennsa L, L,
Huzknn 10 Tun nospexaeHnn TunoBoe 3HayeHwue Tun nuHun
B3pbie nnv noxa OTcyTcTBYeT 0 D2 10 BopmonpoBog, razonposoa, NMHUK 3aneKkTponepesayn
p P yTCTBY P p ponep
dn3mnyeckoe nospexaeHue 3nanus (coopy- L,
102 TeneBU3NOHHbIE U TENEKOMMYHUKALMOHHbIE NUHUN
xeHus) y
Tabnuua 1.4.3.20- 3naveHuns koadpduumeHTa r, B 3aBMCUMOCTY OT UCMONb30BAHHOIO NPOTNBOMOXAPHOTO obopynoBaHua D3 107 BoponpoBog, rasonposog, MMHWY 3nekTponepesayn
0TKa3 3N1eKTPUYECKUX N INEKTPOHHbIX L,
MNpeanpuHUMaeMble NPOTUBONOXKAPHbIE MEPbI r cHcTeM 102 TeneBM3NOHHbIE U TENEKOMMYHUKALMOHHbBIE TUHUK
MpeanpuHUMaeMble NPOTUBOMNOXAPHBIE Mepbl OTCYTCTBYHOT 1
MpuMeHeHa oAHa U3 CledyioLyx NPOTUBOMNOXAPHbLIX MEP: OTHETYLINTENU; CTaLMOHAPHbIE
YCTaHOBKM NOXapOTYyLIEHUS C PyYHbIM ypaBneHueM; pyuHoe obopynosaHue Ans nopaym 0.5 Tabnuua 1.4.3.24 -Tun noteps L3: Tunosble 3Hauerus L
curHana Tpesoru; BogopasbopHblil kpaH (rMapaHT); orHeynopHbie Neperopoakm; 3allMLeHHbIe Tun nospexaeHuii TunoBoe 3HauYeHne Tun 3nanus [coopyxerns)
MapLpyTLl 3BaKyauum
D2
MpuMeHeHa 0AHa U3 clelyloL X NPOTUBONOXAPHbLIX Mep: CTaLMOHApHbIe aBTOMaTUYecKne 0.2 dU3nyecKoe nospexaeHe 3ganna (coopy- L, 10+ Myseu, ranepen
CHUCTEMbI U YCTAHOBKM NOXapOTYLWEHWS; aBToMaTu4Yeckoe obopyaoBaHue Ans CUrHanoB TPEBOTU. Kenus
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Tabnuua 1.4.3.25 - Tun notepb L4: Tunosbie sHauennsa L, L, L, 1.4.3.5 Npuemnemblin puck RT

Tun nogpe)Kp'eHmﬁ Tunosoe 3HaYeHune Tun 3paHua [coopy){(eng] RT - aneMﬂeMblgl PUCK, 3Ha4eHMe KOTOPOoro onpeaesiseTca pykoBogCTBOM opraHnsaunmn nian ydpexneHus. 3HayeHusa npunemMnemoro
D1 pvcka ana sugos notepb L1, L2, L3 ykazaHbl B Tabn. 1.4.3.27.
Bpef, KMBbIM CyllecTBaM OT NopaxeHUs L, 102 Bce tunbi
3NEKTPUYECKMM TOKOM
o Tabnuua 1.4.3.27- 3naveHuns npuemnemoro pucka R
10 3pnaHna (coopyxeHuns) ¢ onacHOCTbIO BOZHMKHOBEHUA B3pbIBa T
~ -1

05 BonbHULbI, NPOMBILINEHHbIE 3aaHKs (CoopykeHUs), My3en, CenbcKoxo3sii- Tun noteps R, (roa™)
D2 ' CTBEHHbIE NOCTPOVIKM L1 (TpasmuposaHue nau rubens nogeit) 10°
dun3mnyeckoe nospexaeHne naHus (coopy- L,
XeHus) 0.52 FOCTMHNUBI, WKOMBI, 0GUCI, LEPKBY, KYNbTYPHO-pasBiekaTeNbHble 1 L2 (HeBo3MOXHOCTL OKa3aHWs ycyr HaceneHuio) 107

' KOMMepyeckue LeHTpbI
L3 (YTpaTa He3aMeHMMOro kynbTypHOro Hacneans) 10+

102 [pyrue 3paqus (coopyxeHus)

10" 3pnaHna (coopyxeHns) c onacHOCTbI0O BO3HMKHOBEHUA B3pbIBa

10 BOAbHULbI, NPOMBILLAEHHbIE 3AaHMA (CO0pykeHUs), oduchl, FOCTUHMLb, Ona onpepnenenns sHadeHnsa R oT akoHOMUYeckux noTepb L4 Npon3BoamnTCsA pacyeT 0XinaaemMomn 3KoHOMUYeCcKon 3GPekTUBHOCTH.
D3 KOMMepyecKkue LeHTpbI B cnyuyae oTCyTCTBUA UCXOAHBIX laHHbIX NPUHUMaeTCca 3HadeHmne R, = 1073,
0TKa3 3/71EKTPUYECKUX U INEKTPOHHbIX L, - -
cueTeM 10° Myseu, cenbckoxo3ancTBEHHbIE MOCTPONKY, LWKOAbI, LePKBH, KyNbTyp-

HO-pa3B/iekaTe/lbHble N KOMMepYecKye LeHTPb! 1.4.3.5 Bbibop He06x0AMMBbIX 3aLWNTHbLIX Mep
-4
10 Rpyrve 3aanus (coopyxerns) MonHuesalwmTa HeobxoanMa, ecnn xots 6bl 0aMH U3 BUAOB pucka R, R, R, Bbilwe R, TO eCTb ecnu BbINOAHAETCSA X0TA Bbl OAHO U3
HepaBeHCTB:

R,>R,,R,>R,,R,>R..

PacueT yulepba (noteps) L, npueeaeH B 1abn. 1.4.3.26.

B aTom cnyyae 0OJIKHbI ObITb NMPUHATBI COOTBETCTBYOLWME Mepbl ANA CHUXEeHUA PUCKOB A0 NpuneMnemMoro, Korga BbinoJiIHAETCA yCNno-

- <
Tabnuua 1.4.3.26 - PacueT ywep6a (noTeps) L,,B 3aBUCHMOCTM OT TUNA NOTEPb U TUNA NOBPEXAEHUI Bue R < RT ANA KQKAOTO U3 HNX.

,D,J'Iﬂ OLEeHKM I'IOTpE6HOCT€l71 B 3aluTe OT MONTHUM N ero YpoBHA HYXXHO NPOBECTU:

D1 D2 D3
1. MpeHtndukaums 3panna (coopyxenus), kKotTope 3almiaeTcs.
n t n t n t
L1 La=Ly=rxLlyx 2x 2 Lg=Ly=rpxrxhyxLegx —2x = Lc=Ly=Lw="Lz=Lgx —2x —2 2. MpenTndukaumio u oueHky puckos R, - R, ans kaxgoro Tuna noteps L1 - L4. Mpu aTom paccmaTprBatoTcs caMo 3aaHue (coopyxe-
ne 8760 ne 8760 ne 8760 Hue), 0bopyaoBaHUe 1 YyCTAHOBKM B HEM, NPUCYTCTBUE NOLEN B 34aHWUN UKW B 30HE 10 3M OT HEro, 0Kpy>atoLLyto cpeay, Ha KoTopoe
MOTyT NOBANATL NOBPEXAEHNA B 3[aHNN;
n n 3. pernTndukauna npuemnemoro pucka R..
L2 Le=Lv=rpxrexLlegx = Le=Lm=Lw=Lz=Lox = AeHTUUKALUA NP P T
Nt Nt 4. Pacuet noTpebHOCTM B 3aWmMTe nyTeM cpasHeHunsa puckos R,, R, R, c npuemnembimmn puckamm R..
c Bo3MoxHble Mepbl 3aWnTbl AN CHUXeHNA puckos R -R, 3aB1cAT oT Bcex GpakTopoBs, BANAIOWNX Ha KOMMOHEeHTbI R, 3Tux puckos. Ha
Z -
L3 Lg =Ly = rpxry x Lf x o KaX[iblil KOMNOHEHT pucka R, BANAIOT pasnnyHbie GakTopbl. 3aBMCMMOCTL KOMMNOHEHTOB pucka R, oT dakTopos npueefeHa B Tabnuue
t 1.4.3.28.
C Ca+ Ch+ Cc+ C c
L4 LA=LU=rthTxi LB=Lv=rpxrfopx¥ |.(;=LM—Lw=Lz=L(J><fs
Ct Ct Ct Tabnnua 1.4.3.28 - GakTopbl BAMSAOLWME HA KOMNOHEHTbI pUcka
@akTopsbl R, Ry R, Ry, R, R, R, R,
lne: 06nacTb 3aWmTh . . . . . . . .
> N, - KoNn4ecTso NofeN B 30He; ConpoTuBnexue rpyHTa .
> N - KONn4ecTeo niofien B 3naHnm [COOP)’N(GHVWI]} Du3nueckne orpaHUYeHns, 30aUns, NpeaynpeanTeNtbHbIe 3Haku, ypaBHUBaHWeE NOTEHLNAN0B o 0
> t,- BpeMms npucyTcTBus niofei B 30He (B Yacax 3a roa); CucTema MonHMe3awwmTl LPS . . . o o o
> C_ - CTOMMOCTb XMBOTHbIX B 30HE; - . .
a - N3onvpylowme nHtepdencsl . . . . . .
> €, - CTOUMOCTb CTPOEHUI B 30HE; ,
Cucrema 3alWKnTbl OT NepeHanpaXXeHuu L . . .
> C_ - CTOMMOCTb COAEPXMMOr0 30HbI;
> €, - CTONMOCTb BHYTPEHHUX CUCTEM, BK/KOYAS JOXOZ OT X UCMOSb30BAHWUSA 30HbI; MpocTpaHcTBeHHoe 3KpaHpoBaHue ° °
> c, - 06L1an CToMMOCTb MHPACTPYKTYPhI - CyMMa (ca + cb + cc + cs) Bcex 30H; IKpaHMPOBaHWNE BHELIHNX TMHNIA KOMMYHUKaL MK o o o o
> €, - CTOMMOCTb 0BbEKTOB KYNbTYPHOrO 3HA4YEHNS B 30He. 9KpaHNPOBaHMNE BHYTPEHHNX IMHMI KOMMYHKALNH . .
Hanuune cetn COe,ElVIHEHVIl?I .
Mepbl NpoTMBONOXapPHON 3aLLUThI . D
L|yBCTBl/IT8J'I|:H0CTI:v I'IpOTMBOI'IO)KapHOIZ CUCTEMbI . .
Ocobble BUAbLI onacHocTH . .
Bblﬂ,Ep)KMBaeMOe MMMNyNbCHOE HanpsaxeHne . . L . . .
2 TONbKO Ana MOJNTHMe3alWnThbl, BbINOMHEHHON NO meTony MOJ'IHMeI'IpVIeMHOl;I ceTkun
° Tonbko npu Hann4ynn coegnHeHna ypaBHNUBaHUA NOTEHLMNaNoB
€ TONbKO €C/IN OHU ABAAKTCH YacCTblo OﬁOpy,D,OBaHMH
0Bbwmnn anropnT™ pacyeTa pUCKOB 1 oNpefeneHns HeobxoaMMbIX 3alUTHBIX Mep NpuBefeH Ha puc. 1.4.3.4.
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OnpepenexHvne CTPyKTypbl
3awmujaemoro obbekta

OnpepenexHune Tuna note

pb COrNacHo CTPyKType

Y

0ns kax[oro Tuna noTepb, paccyntatb KO3 PULMEHTB pucka

RA’ RB’ RC’ RM’ RU’ RV’ RW’ RZ

Oa

Heo6xoauma 3awmta

PaccuuTatbh 3aHOBO
ko3 duumeHTa pucka

MonHuesawmuTa
ycTaHoBneHa?

O6bekT 3alunLeH

BawmTa ot
nepeHanpsixeHumn
ycTaHoBneHa?

Oa

v A4
YcTaHoBuTh Yeranosur [lononHutenbHble
COOTBETCTBYHOLLYHO cooT3BaeTCTByc|)0|-|-lY'0 MeToAbl 3alnThbl
CMCTEMY MOMHMe3alWmnTbl amry o1 A “
nepeHanpsixeHun
v v Y

Puc. 1.4.3.4 - Bnok-cxeMa aHanu3a HeobxoAMMOCTH 3aLWUThbl OT yaapa MONHUK

2. Cuctema BHelWHen MONHUe3aWwuThbl

BHewHaAs cucteMa MonHuesawmntel LPSe coctont 13 MONHNENPUEMHWKOB, TOKOOTBOAOB N CUCTEMbI 3a3eMNeHNA [pMC. 21] OHa npegHa-
3HayeHa ana nepexesaTta M 0TBOAa TOKa MONTHNW B 3eMJTHO, obecneunBasn npu NpaMoM ygape B NnepByto ovepenb I'IO>KapO6e3OI'IaCHOCTb 340aHNA.

Y1066l NepexBaThbiBaTh Ha ceba yaapbl MONHWUIA, MOTHMeNpueMHoe 0bopyLoBaHMe AONXKHO ABASTHCS ONTUMaNbHON TOYKON ANA 3TOMO
yoapa. Yepes ToKOOTBOAbLlI OHO COELUHAETCA C CUCTEMON 3a3eMieHnsa — TakuM obpasom obecrneunBaeTcs NPOBOAALLUIA NEPexos oT
MONHWEeNpUeMHNKa AN yBOAA U pacnpefeneHns TOKoB MOHWUW B 3eMJIH0.

Mpu 3TOM 0YeHb BaxHO, 4TOObLI AN TOKOB MONHUM Bbin obecneyeH HaflexHbIM BBOA B CUCTeMy 3a3eMneHus, 6e3 obpasoBaHus nckp
1 npoboeB B Apyrue 3NeKTPONPOBOAKM.

MonHunenpnemHmnk

Puc. 2.1. BHewHaAa cuctema MonHuesawmuTbl

Cuctema BHelwHen MONHNE3aWnTbl MOXeT bbITb n301nMpoBaHa OT COOpPYXeHnaA [OT}J,EJ'IbHO crToawme MOJ'IHMEOTBOLI,bI], MOXeT ObITb
yCTaHOB/IEHA Ha 3alWuUlaeMOM COOPY>XXeHUN, MOXeT ObITb €ro YacTbio.

2.1 MonHuenpueMHUKN U MeTOAbI ONpeAeNneHnn ux pasMeleHnsa

MonHWenpreMHUKM - 3TO YaCTb BHELLHEN CUCTEMbI MOSIHUE3ALLMUTHI, BO3BbILLEHHbIE Haj, COOPYXXEHWEM U NpeAHa3HaYeHbl Ana nepexsaTa
pa3psiAoB MonHUK. B 3aBUCMMOCTM OT TNa U KOHPUIypaLUM COOPY>KEHUS, HY>XKAAeTCA B 3aLLMTe, MONHUENPUEMHUKN MOTYT COCTOATL U3
NPOM3BO/ILHON KOMBMHALMYM CTEepXKHE (BK/I0Yan OTAENbHOCTOSLLME MaYThl), HATAHYTLIX MPOBOAOB UM TPOCOB, CETHYATbIX MPOBOLHUKOB, N0-
BbIX APYruX NPUPOLHbIX UM NCKYCCTBEHHbIX 3N1EMEHTOB, KOTOPbIE MOTYT BbINOMHATL POb MOMHUENPUEMHUKa. [Mpn ux Bbibope BaxkHyto posb
Urpaet cTponTesbHan KoHoUrypaLvs 0b6beKToB, BO3MOXHO PAaCcMOIOKEHNE 1 CBOMCTBA BbiIbpaHHbIX TUNOB TOKooTBOAOB. CornacHo Tpebosa-
Huam OCTY EN 62305-3, MonHuenpreMHuky obaszaTenbHo cnepyeT pa3MellaTthb No yrnaM B BbICTYNaloLWMM ToYKaM W Mo KpasM kposau. [na
obecneyeHns oNTUMaNbHOMO PaCcTEKaHWs TOKa OTAENbHO CTOsILLME CTEPXKHW AOMKHBI COELUHATLCSH BMECTE Ha YPOBHE KPbILLW.

HpaKTM‘-IECKOE onpegeneHne pasMeleHna MONTHUENPMEMHUKOB Ha COOPY>XXeHWN BbIMONTHAETCA OAHUM NN HECKONTbKUMKU MeTohaMu
MPOEKTUpOBaHUA:

> MeTopn «pukTUBHOM chepbi» (MeTon «chepbl kaueHnsa») - cosfaHne GUKTUBHOM «Liapa MOTHUU», YTO ABUXKETCA BAOMb 3aLiMLIa-
eMoi nosepxHocTW. Micnonb3yeTcs ANA KOMMNEKCHbIX YCTaHOBOK U COOPY>XEHUIN CNOXHOW dhopMbl.

> MeTop 3alWMTHOrO yrna - NpocTon cnocob NpoekTUpPOBaHUS C UCMONIb30BaHWEM CTEPXKHEBLIX MOSHUENPUEMHUKOB A5 3aLUUThI
NpoCTbIX N0 GOpMe COOPYXEHUN UNK ManeHbKnX YacTen 6onbLLINX COOPY>KEHWI, HO MPU 3TOM NPUMEHSAKTCA OrPaHUYEHNA pacyeT-
HOWN BbICOTbI MONTHUENPUEMHMKA.

> MeTon MonHMenpueMHble CeTKM - NPOCTOM cnocob Ans 3aLuMTbl NAOCKUX MOBEPXHOCTEW, HAaNpUMep, AN NIOCKUX KPbILL.

npOGKTMpOBaHMe N pacyeT MOJTHNENPUEMHNKOB Ha4YMHaeTCa C onpeaeneHna aNeMeHToB 30aHNA N coopy>i<eHm71, KOTOpbl€ HY>XHO 3a-
wuwaTe. 3To MOXeT bbITb caMa KPOB/A, BbICTYyNNeHnA, Ha,ﬂ,CTpOVIKV], BEHTUNALNOHHbIE KaHabl C OGOpyﬂ,OBaHMeM, AHTEHHbI, AbIMOBbIE
pr6b| nnn gpyrve aneMeHTbl, pacnonoXXeHHble Ha Kpbllwe. ,D,J'lﬂ yoeweBneHna CUCTeMbl MONTHME3aLWNTbl peKoMeHayeTCAa onpenennTb,
MOTYyT NCNOb30BaTbCA KakK MOJTHUWENPUEMHUKN NPUPOAHBbIE KOMMOHEHTbI, KOTOPbIe y>)Xe eCTb Ha 34aHnA: MeTannnyeckaa orpaga Kpbl-
wu, MeTannnyeckume pr6b| nnun pesepsByapbl, MeTaIn4eckaa KpoBaa KpbiwWn U T.4.

[na 3awmnThl 3aaHNS U pa3MeLLeHHbIX Ha Hel KOHCTPYKLMI 1 YyCTaHOBOK MOXHO MCMNONb30BaTh CPa3y HECKONbKO METOA0B 3aLUThI.
[naBHOE, 3TO PacnoNoXnTb BbIDpaHHbIE MOMHWENPUEMHUKN TaK, 4ToBbl NpU pacyeTe NO OAHOMY UM HECKONbKUM METOAAMUN 3aLUUThI,
BCE 3[laHue, ee KPOBAS U BCE KOHCTPYKLMKN U 060pyA0BaHMe HAaXOAUANCH B 3aLLMULLEHHOW 30HE, MPU 3TOM BCE MOSHWENPUEMHUKM [ONXK-
Hbl ObITb COeiHEHbI Mexay cobol B 0AHY CUCTEMY.
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2.1.1 MeTopa co3aaHua wapa MonHun (pukTusHomn coepbl)

MeTog cohepbl kaueHns (RSM - rolling sphere method) asnseTca yHuBepcanbHbIM Ans pacyeTta 30H 3alLMTbl BCEX MOJTHUENPUEMHU-
KOB, cuMTaeTcs Hambonee TOUHbLIM, MMeeT HarnagHoe BOCNpuATUe NpuHuMna aeictema (puc. 2.1.1). OcHoBoM MeTopa ABNAETCA 3MeK-
Tpo-reoMeTpuyeckas MOAesb rpo3bl, CO3LaHHasA Ha ABMEHWUU «Inbepa paspana».

Mpw BEINONHEHUM pacyeTa MoaenupyeTcs chepa NPobUBHOO NPOMEXYTKa paanycoM R, «kaTUTCA» N0 NOBEPXHOCTU 34aHWUA UK ero
dparmeHTax. LleHTpom chepbl SBASETCA MHUMOE HaXoXAEHUA «Nuaepa» MOMHUM.

,D,BI/I)KEHVIE Cd)epbl Nno N30MEeTpnYeCcKoMy rniaHy NoOBEepPXHOCTN 30aHUA CO BCEMU BbICTYyNakwLWMMKN 31eMeHTaMn onpefendaeT TOYKU n
NOBEPXHOCTN KOHTAKTa, yKa3biBatolime Ha MeCTta BO3MOXHOIo ynapa MOJIHUU N YCTAHOBKU TaM MOJTHNENPUEMHUNKOB. 3A8HVIE paccmMma-
TpuBaeTCAa Co BCeX CTOPOH, 4TOObI y6e,D,l/1TbCﬂ B TOM, YTO HM OA4Ha M3 ee YacTen He HaXo4MTCA B He3aLLMNLLEHHON 30He. 3aLLI,I/|LLI,EHHOI;1 30-
HOW cynTaeTca NPOCTPaHCTBO MeXAay NpoBOAHWKOM MOJTHNE3aLWUNTbI U 3eMmnen, Kyfoa He nonajaet cq)epa, KacadaCb MOJTHNENPUEMHUNKOB.

Pagunyc chepbl R BoibupaeTcs no knaccy 3awmtbl 3gaHua cornacHo ACTY EN 62305-3 (tabn. 2.1.1).

Puc. 2.1.1 - Mogenb co3paHuA wapa MonHUN

Tabnuua 2.1.1 - Paguyc wapa MofHMM B 3aBUCMMOCTU OT Kflacca 3allnThl.

Knacc monHuesawutol LPS Papuyc wapa
| 20m
Il 30m
1 45M
% 60M

3awwuaemMoe 3gaHue LOMKHO OCHALWATLCA MOMHMENpUeMHUKaMu TakuMm 0bpasoM, 4Tobbl Wwap ¢ paguycom R, cooTBeTCTByOWMUM
BbIBpaHHOMY Knaccy 3alinTbl, He MOr KacaTbcst 0bbekTa. TakuMm obpa3oM onpepenstoT pasMepbl TpebyeMblX ASIMH MOAHUENPUEMHbIX
cTep>kHen h n pacctosHua Mexxay Humu d. Vix Heobxognmo pacrnonarath Tak, 4Tobbl Bce 4acTu 3aLlMLL@eMoi YCTaHOBKM HAaXOAUUCh B
3aumnTHom 3oHe (puc. 2.1.2).

/
E 3 F S

Puc. 2.1.2 - 3awuTHan 30Ha Ha OCHOBE MeToAA CO3AAaHUA Wapa MONHUN
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06beKT cyUTaeTCa 3alMLIEHHBIM, ECIW WAP MOJHUM, KaCasCb NOBEPXHOCTU MOSTHUENPUEMHUKOB, HE UMeeT 06LLIMX ToYeK C 3alim-
WwaeMbIM 06bekToM. [1ng 3T0ro Heo6X0AMMO yUUTLIBATL He TOIbKO reOMeTpuYeckue pasMepbl CTEPXKHEN, 3alimiiaeMblx 06beKToB, pac-
CTOAHWA MeX[y HUMM, HO U TakK Ha3biBAEMylo BEJWYUHY MPOHUKHOBEHUA P, KOTOPY N1bo paccynTbiBaloT no Gpopmyse, nmbo bepyT
TabnuuHble gaHHble (Tabn. 2.4).

p= R- /RZ- (d/2)?

HeobxofMMO OTMETUTb, YTO AN CTPOUTENbHbLIX COOPYXXEHWUI, BbICOTA KOTOPbIX MPEBbLILLIAET PaAnycC Lapa MOMHWUM, CYLLECTBYET eLle U
yrpo3a bokoBbIX yAapoB, HO A5 34aHui ¢ BbicoTol h < 60 M BepoATHOCTL DOKOBOrO yAapa HecyLlecTBEHHa.

Tabnwnua 2.1.2 - MybuHa npoHukHoBeHus (p) no knaccy MonHuesawnTsl B cootsetcTeum ¢ EN 62305

MEJ?EETeOanHMMeeM:E):;'zM p (knacc 3awmtst |, p (knacc sawmTbi 1, p (knacc sawmTs I, p (knacc sawutsr 1V,
d (M) wap R = 20m) wap R = 30m) wap R = 45mM) wap R = 60m)
2 0.03 0.02 0.01 0.01
3 0.06 0.04 0.03 0.02
4 0.10 0.07 0.04 0.04
5 0.16 0.10 0.07 0.05
10 0.64 0.42 0.28 0.21
15 1.46 0.96 0.63 0.47
20 2.68 1.72 1.13 0.84
23 3.64 2.29 1.49 1.1
26 4.80 2.96 1.92 1.43
35 10.32 5.63 3.54 2.61

2.1.2 MeToa MONTHUENPUEMHON CETKHU

MOJ'lHMeI'IpMeMHaFI CeTKa — Tun MoTHnenpueMHoro )/CTpOIZCTBa, KOTOprl;l npeacrasnaeTt cobor MeTananyeckunn NPOBOAHUK, YNOXEH-
HbIV Ha KPOB/O 34aHNA, C onpeaeneHHbIM Wwarom AYerKN B 3aBUCUMOCTH OT KaTeropnun MonHuesawmnThbl.

01 3aWMTHI POBHBIX MOBEPXHOCTEN (34aHMA C NIOCKON KPbILWEN) NCMOb3yeTca MOTHUENPUEMHbIE CETKa B BUE MeTanMyeckoro
cetuaToro nposogHuka (puc. 2.1.3) c onpeaeneHHbIM Warom m, 0byCnoBIEHHbIM KIacCcoM MonHMe3awmTsl (tabn. 2.1.3).

Tabnuua 2.1.3 - Pa3Mmep Aveek B 3aBUCUMOCTU OT KJlacca 3alinThbl

Knacc monHuesawutbl LPS Pa3mep Auenkn m
| 5x5m
Il 10x10M
M 15x15M
v 20x20m

METO):L MOJ'IHMeﬂpMeMHOﬁ CeTKM noaxoanT ona yHMBepCaabHONro NCNONb30BAaHMA, HO MPWU 3TOM A0J1XKHbI BbIMONHATCA onpefeneHHble
ycnosua:

> MPOBOAHUKU CeTKN 06A3aTeNlbHO NPOXOAAT MO KPato KPbILWK, @ Kpbllla BbIXOAWUT 3a rabapuTHble pa3Mepbl 34aHUS;

> eCNU Kpblla AByckaTHas, NPOBOLHMK CETKM NMPOXOAUT MO KOHbKY KpbILWK, eciu HaknoH npesblwaeT 1« 10;

> DoKOBblE MOBEPXHOCTW COOPYXXEHUS, Ha YPOBHSAX BbilLe, YEM pafMycC Lapa MOMHWUK, LOMONHUTENbHO 3aLlMLLATCA MOHWEOTBOAA-
MU MU CETKOW;

> CeTKa BblNosHeHa TakuM 06pa3oM, YTobbl TOK MOSTHUM BCErfa UMen, No KpanHen Mepe, ABa pa3fiMyHbIX NyTW K 3a3eMauTento, a
NPOBOAHUKM CETKM NPOMOXKEHbBI, MO BO3MOXHOCTU, KpaTYanuMu nyTamu;

> HWKakue MeTananyeckme 4acTu He LONXKHbI BbICTYNaTb 3@ BHELIHWE KOHTYpPbl CETKMU.

[ns 3panuii Beicoton h 6onee 60M cywiecTByeT yrpo3a bokoBoro yaapa MonHuu. PekoMeHayeTcs fenaTb AONOAHUTENbHYIO CETHATYIO
nposoaky no 6okam 3ganus (puc. 2.1.4) Ha yposHe oT 80% BLICOTbI 38aHUSA SO KPbILIK.

‘)KOVOFLEX TexHu4yeckoe pyKoBOACTBO « MonHuesawmTa u 3aseMnenune
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Puc. 2.1.3 - MeToa MONHMENPUEMHOW CETKW Ha NNOCKON Kpbille

Puc. 2.1.4 - MeToa MONHUENPUEMHOW CETKM AN 3aWnUTbl oT 6okoBoro yaapa

2.1.3 MeTop 3awuTHOroO yrna.

30Ha 3alMTbl CTEPXKHEBOr0 MOSIHMENPUEMHNKA - 3TO KPYyroBOW KOHYC, BEpLUMHA KOTOPOro COBMAfaeT C BEPLIMHON CTePXHEBOro
MOsTHWenpureMHmka soicoTon h (puc. 2.1.5).

—— |

Puc. 2.1.5- 3oHa 3aWnTbl MONHUENPUEMHOIO CTEPXKHSA
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Puc. 2.1.6 - AnarpammMa ansa onpegeneHns 3alMTHOrO yrna oguHOYHOIo
CTEpPXXHA ANA pa3HbIX KNACCOB MOJIHUE3ALUTbI

raﬁapMTbl 30Hbl 3alLNTbl onpeaendTca yrnomM a Unu pagnycoMm r, KOTopble 3aBUCAT OT BbICOTbI hun BbI6paHHOI’0 KNnacca MoJIHMe3almnThbl.
B paMKax 3aLUNTHOM 30HbI pacnonaratT 060py,£I,OBaHMF|, nogJsexatlero 3awmTe, 06s3aTeNIbHO ¢ CODNOAEHMEM 3aLLNTHOMO pasnenntenb-
HOro nHTepBana S.

3awWwunTHbIN yron a BblbupaeTcs B 3aBUCMMOCTU OT Kflacca MOSHME3alMTbl U BbICOTEl CTEPXKHA NO CreunanbHon guarpaMMoi Ha
pucyHke 2.1.6. MeTop 3alUMTHOrO yrna Henb3s NPUMEHsTb B CNy4Yae, eCiv 3HaYeHUsA HaxoLATCA 3a npefenaMu kpuson. B aToM cnyyae
cnefyeT NpUMeHATb MeTog, chepbl.

Papwnyc 3aWwnMTHOM 30HbI MOXHO onpefennTb No dopmyne:
r=hxtga
Takxe ANnA onpefeneHna sHa4yeHnAa 3alMTHONOo yrna a n 3aWnTHOro pacCToaHMA I MOXKHO N0J1Ib30BaTbCA Ta6m/|u,e17| 2.1.4.

Bbicota h aBnaeTca BLICOTOM MOJHWENPUEMHUKA Haj 3alLWWAeMoi NoBEPXHOCTbIO, MO3TOMY A Pa3/MYHON BbICOTLI yron byset
pa3nuyHbIM (puc. 2.1.7).

Puc. 2.1.7 - PaznuuHble 3aWUTHbIE YrAbl MONHUENPUEMHUKA ANS Pa3fNYHbIX BbICOT h

MeToa He pekoMeHayeTCs 1CnoNb3oBaTh, C/W BbiCOTa CTepxHs h bonblue, yeM paguyc GpukTUBHON cdepbl R Ans BoibpaHHoro ypos-
HA 3aWnTbl. Hanpumep, Ha Kpato Kpblluy 34aHns BbicoToi 20M yCTaHOB/IEH CTEPXKEHb BbICOTOM M, TO ecTb, 06LLas BbICOTa Haf YPOBHEM
3eMAu cocTaBnsaeT 25M. Ecnu Ans nocTpoiiku BbiOpaThb 3-i Knacc MosHMe3aWunTbl ¢ paguycoM chepbl R = 45M - MeTop 3aluTHOro yrna
MOXHO MCNONb30BaTh; ANS 2-T0 Knacca MosHMe3awmnTsl R = 20M, 1 MeTof 3alMTHOrO yrna ¢ 3TOW CTOPOHbI 34aHMNSA UCMNOb30BaTh pe-
KoMeHpyeTcs. B Apyryto cTOpoHy, rae BbICOTa CTEPXKHA Haf, Kpbllei COCTaBUT 5M, METO, MOXHO UCMONb30BaTh.
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Ecnn 3amulaeTca bonbluas nnowanb 30aHNA, OHa OCHalWaeTca HECKONbKUMN MOJTHNENPUEMHbIe CTEePXKHAMU, 3allUTHbIe KOHYCbI

KOTOPbIX CO3Aat0T CMOWHY0 30HY 3awWwnThl (puc. 2.1.8).

Tabnuua 2.1.4 - 3aWNUTHLIN Yron a B 3aBUCUMOCTYM OT BbICOTbI U KNacca MoHWe3alWnThbl

Puc. 2.1.8 - MpumMep 3awWmnTbl 4BYMS MONTHUENPUEMHbIE CTEPXKHAMM

2.2 PaspgenutenbHblii UHTEepBan

Bce KpoBenbHble HAACTPONKY, 3alLMLLAEMbIE MONHUENPUEMHBIMW CTEPXKHAMM, [OMKHBLI BbITh pacnonoxeHbl ¢ cobniogeHnem pas-
OennTenbHoro nHTepeana (S) Mex/ay MeTannMyeckuMm 4acTAMN CTePXKHEN 1 3a3eMIEHHBIMU KPOBESTbHbIMM HAACTPOMKaMM, 0COBEHHO
eCnn KpOBesibHasA HAACTPOIKa MMeeT TOKONPoBoAALLEe NPOAOIKeH e, Befyllee B 3naHue (Hanpumep, Tpyba U3 HepxaBeroLen cTanm,
COeIMHEHHAn C CUCTEMON BEHTUAALMUM UK KoHanunoHepowm) (puc. 2.2).

BesonacHoe paccToaHne S 3aBuUCUT OT Bbl6paHHOI'0 YPOBHA 3alNTbl, MaTepuana, 3anoaHALWEro NPpoMexyToK, B3aWMHOM KOHd)l/II'y-

paunun MOJTHME3aLUTHOM CUCTEMbI U Pa30MKHYTOrro KOHTYpa, ANTNHbI cbnuxxeHua n onpenenaeTca BblpaXXeHunem:

S=kixke/ kmxL

roe

ki - KoapduumeHT, 3aBucaLMiA oT knacca 3awunTsl (knacc | - 0,08; knacc Il - 0,06; knacc llI, IV - 0,04);

Kc - K03 duLmeHT paspeneHna Toka, 3aBUCALLMI OT KONMYECTBA MOTHUEOTBO/0B 1 NPOTEeKaloLL,ero No HUM ToKa MOJTHIK, a Takxe
oT Tvna 3a3emnutens (n. 2.4);

km - K03 dUUMEHT, 3aBUCALLMIA OT MaTepuana usonauuu B npomexytke (1 - Bozayx, 0.7 - ctekno-nnactuk, 0.5 - 6eToH, kKupnny,
nepeso);

L- BepTUKanbHOE pacCToAHNE OT TOYKHU, B KOTOpOVl HeobxognMMo onpenennTb BENNUYUHY pa3fennTenbHOro MHTepeana S, oo 6nn-
Xanwen Toukm BblpaBHMBaHNA NOTEHLMNANOB.

Bce ykazaHHble koadpduumeHTsl cBegeHbl B Tabnuue 2.2.1.

Tabnuua 2.2.1 - KoappuuneHTsl gna pacyeTta pa3fennTenbHoOro npoMexyTka S

Bbicota Knacc LPS | Knacc LPS I Knacc LPS 1lI Knacc LPS IV
MOIHMENpUEMHUKA
h m PaccTtosHue PaccTtosHune PaccTosHune PaccTosHune
' yrona yrona yron a yron a
r,m r,m r,m rnm
1 70 2.75 73 3.27 76 4.01 78 4.70
2 70 5.49 73 6.54 76 8.02 78 9.41
3 66 6.74 71 8.71 74 10.46 76 12.03
4 62 7.52 67 9.42 72 12.31 74 13.95
5 59 8.32 b4 10.25 70 13.74 72 15.39
6 55 8.57 61 10.82 67 1414 71 17.43
7 53 9.29 59 11.65 66 15.72 69 18.24
8 50 9.53 57 12.32 b4 16.40 67 18.85
9 47 9.65 55 12.85 62 16.93 66 20.21
10 45 10.00 53 13.27 61 18.04 b4 20.50
11 42 9.90 52 14.08 59 18.31 61 19.84
12 40 10.07 50 14.30 58 19.20 60 20.78
13 38 10.16 48 14.44 57 20.02 59 21.64
14 35 9.80 46 14.50 55 19.99 58 22.40
15 33 9.74 45 15.00 53 19.91 57 23.10
16 31 9.61 43 14.92 52 20.48 55 22.85
17 28 9.04 42 15.31 51 20.99 54 23.40
18 26 8.78 40 15.10 50 21.45 53 23.89
19 25 8.86 39 15.39 49 21.86 53 25.21
20 23 8.49 37 15.07 48 22.21 52 25.60
21 35 14.70 47 22.52 51 25.93
22 34 14.84 46 22.78 50 26.22
23 33 14.94 I 22.21 50 27.41
24 31 14.42 43 22.38 50 28.60
25 30 14.43 42 22.51 49 28.76
26 28 13.82 40 21.82 49 29.91
27 26 13.17 40 22.66 48 29.99
28 25 13.06 38 21.88 47 30.03
29 24 12.91 38 22.66 46 30.03
30 23 12.73 37 22.61 45 30.00
31 36 22.52 A 29.94
32 35 22.41 A 30.90
33 35 23.11 43 30.77
34 34 22.93 42 30.61
35 33 22.73 41 30.43
36 32 22.50 40 30.21
37 31 22.23 40 31.50
38 30 21.94 39 30.77
39 29 21.62 38 30.47
40 28 21.27 37 30.14
41 27 20.89 37 30.90
42 26 20.48 36 30.51
43 25 20.05 35 30.11
JA 24 19.59 33 28.57
45 22 18.18 33 29.22
46 32 28.74
47 31 28.24
48 30 27.71
49 30 28.29
50 30 28.87
51 29 28.27
52 29 28.82
53 28 28.18
54 28 28.71
55 27 28.02
56 26 27.31
57 25 26.58
58 24 25.82
59 23 25.04
60 23 25.47

Konuuectso
TOKOOTBOA0B N

Tun MonHuenpuemMHuka

3HaueHnm ke
npu 3aseMneHnn Tuna A

3HaueHnm ke
npwu 3aseMneHnn Tuna B

1

n307MpoBaHHan CTep>XeHb 1 1
MONHME3aWUTa
2 Tpoc 0,86 0.5-1
3 1 bonee ceTka 0.44 0.25-0.5
4 v 6onee ceTka 0.44 1/n-0.5

Ecnu oTpeskos anvHon L ana pacyeta S Heckonbko, a Hanbonblwmii pasMep 3aaHua (AAvHa Wan WrpuHa) NpesbiwaeT ee BbICOTY
Bonee YeM B 4 pasa, S paccuMTbLIBAIOT C YUETOM BCEX OTPE3KOB, AN KOTOPbIX 3HaueHue ke u L ByayT pasnuuHbiMu:

Bce 3NeKTpnyeckme NpoBOAHNKN NPOKIaAbIBakOT C cobnopgeHnemM S, nnu oHM JOMXKHbI ObITb 3aLMLLEHbI BeayuwuM aKkpaHoMm, coegun-

S=ki/kmx(k,xL +k,xL,+..+k xL)
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HEHHbIM C CUCTEMOW MONTHME3ALWNTLI B Hanbonee yganeHHon Touke 0T MCXOLHON TOUYKN COeVHEHUS.
lMpumep 1:

3[]aH1E CO CTEPXKHEBLIM MOTHUENPUEMHMKOM U TPEMS TOKOOTBOAAMM, MPOSIOXKEHHLIMU CHapYXK (MaTepuan nzonaumumn - Bosayx),
k_ =1;3a3emnenns Tvna A (TodedHas) c NnpuMepHo oanHaKOBbIM conpoTusnenneM, k= 0.44; knacc 3awuTbl oT MoaHuu I, nos-

m

Tomy k= 0.04; L = 10m.
Paccuntaem: S =0.04 x 0.44 x 10/1=0.176 M.
lMpumep 2:

3aaHve 6oNbWOoN AAMHbLI 3alMLLEeHa MONTHUENPUEMHbIE CETKON U OTAENbHbIM CTEPXKHEM, KOTOPbIN 3alMLLAeT KPOBEbHbIN BEH-
TunaTop. OT ceTkn CHapyxu NpoknagsiBaeTcs 24 TokooTeoAa (MaTepuan usonauum - Bosgyx), k_ = 1; knacc 3awnThl 0T MOHWN
1 [ki = 0,04) 3azemnenus Tuna B (konbuesoe). [nuHa oT cTepkHA K ceTke L,=4m, k= 1; cnenyiowas aavHa L, = 8m, k ,=0.5; L,
=16M, k ,=0.25; L, = 20m, k , = 0.12.

S=0.04/1x(1x4+05x8+0.25x15+0.12 x 20) = 0.566 ™.
NTak cTep>XeHb HYXXHO pa3MecTUTb Ha paccTosaHumn He Mmeree 0.57 M 0o KpoBeNbHOrO BeHTUNATOPA.

[0ns 3pannii n coopyxeHunin 1-in kaTeropum 3awmnTsl, Bbicoton Ao 30M, pasmep S MOXHO OMpeaenuTh C y4eTOM yaeNibHOro CONpOTUB-
neuunsa semnu (p).

Mpu p =100 (OM e M) HaUMEHbBLINI QONYCTUMBIN HTEpBaN S = 3M.

Mpwv 100 < p < 1000 (Om e M) HTepBan S paccumTbiBaeTca no bopMyne:
S=3+0.01x(p-100).

[na 3paHuin 1 coopyxxeHun bonbluei BbicoTbl 30M, HallfeHHoe 3HavyeHWe S HeobxoanMo yBenuuuTh ele Ha 1M Ha kaxable 10 M
BbicoTbl 6onee 30M. Takxke npu obuien onnHe MonHMenpueMHunkos 1 TokooTsogfoB | = 200-300M, nHTepBan S HeobxofMMO yBENUYNTD
eule Ha 2M .

Ona Hn3wnx kateropuin MonHuesawmtsl (I, 11l v IV) 3ToT MeToa He NnpuMeHseTcs.

2.3 Cnocobbl ycTaHOBKM MONHUENPUEMHUKOB

CJ'IEJJ,yF.‘T pas3nnyaTb oTAeNbHOCTOALWME N BCTPOEHHbIE [I'IpMCTpOEHHbIe] cucTeMbl MoHMe3aWwmTbl. OTaenbHOCTOSLME CUCTEMDI yCcta-
HaBNMBAOTCA OTAENbHO OT 06beKkTa 3aLWmnThl B BUAE CTep)KHeﬁ—MOJ'IHMEI'IpMEMHMKOB Unn MadT [pVIC. 231]

MOHHVIeI'IpI/IeMHVIK

Maurta c TokooTBOAOM

3awyaemblin

06beKT

KommyHmKauumn

S3 '

3azemnutenb

53 — paccTtoAaHue OT 3a3eMnunTens 4o KOMMYHMKaLlMI)’I

Puc. 2.3.1 - OtaenbHoCTOAWAA CUCTEMA MONTHUE3ALWUTLI

BCTpoeHHbIe [I'IpVICTpOE‘HHbIe] CNCTEeMbl MOSTHNE3aLWUTbl YyCTaHaBINBAKTCA HENOCPEACTBEHHO Ha 3aWmLaemblt 0bbvekT. OHM MoryT
BbITb N301nMpoBaHbl NN HEN3O0JTMPOBaAHHbIE OT obbekTa. M3OJ‘IVIpOBaHHbIe CUCTEMbI 3alLNTblI CBA3bIBAKOT C HEBO3MOXHOCTbIO UCMNOJTb-
30BaHNA HAaACTpoeK COOpy)KEHVIlZ KaK NpUpPOAHbIX 3N1€MEeHTOB MONTHWEe3aLWnThI.

MosHMenpUeMHUKN BbICOTON [0 4.5 M yCTaHaBAMWBAKTCA Ha MIOCKUX NOBEPXHOCTAX C NOMOLLb0 6eToHHbIX 6r10koB PB (MosHuenpu-
eMHVKM C OMOPHOMN HOXKoM). Mpu 3TOM HE0bX0AMMO yUWUTBLIBATL, MOSHUENPUEMHUKN C OMOPHOM HOXKON Bbilwe 2.5 M J0MKHbI 6biTh
LOMOSHATENbHO 3aKpernseHbl ¢ MOMOLLbI0 U30aMpoBaHHon wraHrm 1ZJ) (puc.2.3.2). Ona 3akpenneHus Bonee BbICOKMX MauT fo 10M
MCNonb3ytoT crneunanbHble ocHoBaHKA - TpeHorn JPOD3, veTtbipeHorn JPOD4, unv fononHuTenbHble pacnopHble kpennexnus. [ins obe-
cneynBaHUs HeobXOAMMOro pasAenuTeNbHOro paccToaHus S n Ans 6onbliei CTOMKOCTU MOSHUENpPUEMHUKA, MOXKHO MCMoNb30BaTh
pasgenutensHble wranrm 1ZJ (puc. 2.3.2).
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Mpu KpenneHnn MoNHNENpPUEMHUKE HEMOCPELCTBEHHO K CTEHE COOPY>KEHWS UCMONb3YIOT PasinyHble HaCTEHHbIe KpoHWTenHbI DJS.
s 3TOro HyXXHO fenaTb MUHWUMYM LBa KpenjeHus, npuyeM BepxHee pacrnonaratoT He Huxe 0.5M oT ypoBHS KpbIlWK, @ Npu BbiCOTe
MonHuenpueMHuka bonee 4™ - Ha yposHe 0.7 - 1M oT ypoBHA Kpbiwwn, HO He bnnxe 0.2M [0 BepxHero kpas coopyxeHus. HuxHee
kpenneHue pacnonaratoT Ha 0.15M BbIle HUXHEro Kpas MOJIHUENPUEMHOTO CTEPXKHS. 15 MONHUENPUEMHUKOB AJIMHOW OT 6 MeTpoB
TakXke HeobXo[MMO fenaTb TPETb TOUKY KpenneHns Ha 0.15M Huxke BEpXHEro KpoHLITENHa.

Puc. 2.3.2 - cnonb3oBaHne N30AMPOBaHHON WTaHru |ZJ pna kpenneHna MONHMENpPUEeMHMUKa Ha ONOPHOW HOXKe

,D,J'I‘FI 3aWNTbl OTKPbITbIX nnowagen [A3C, 3N1eBaTopbl, COJTHEYHbIe 3NeKTPOCTaHUWMW, OTKPbITbIe B3PbIBOOMACHbIE 06"bEKTbI] ncnonb-
3yrTCcA (')yH,EI,aMeHTHbIe MauTbl JF. Takme MauTbl UMeKOT BKOMNAHHbIE apMUpoOBaHHbIE 6eToHHble ocHOBaHWA. MauTbl KPpenaTca K Taknum
OCHOBAHMAM C NOMOLLbIO 6ontoBoro coegnHeHnd.

3[aHna ¢ NNOCKON KpbILWeK 3almLialoT MofHuenpueMHoin cetkon (puc. 2.3.3) ¢ 4OMOSHNUTENbHBIMUY CTEPXKHAMY AN 3aLLUThl Mano-
YUCEHHbIX HAACTPOEK.

3awmueHHas o6nacTb WwWrpuHonm d

PucyHok 2.3.3 - 3aiMTHaA 30Ha MONHUENPUEMHbIE CeTKU

MoHTa)x ceTkun Ha naockom KpbllWe BbINOHAETCA B cne,n,yrou.l.eﬁ nocnenoBaTenbHOCTU:

War 1. Mo nepuMeTpy 3naHNA NpoknaabiBaeTca Kpyrblil npoBoaHuk (nposonoka DRAT). [epxatenamn Takoro npoBOAHKKa
MOTYT BbICTynaTb pa3nunuHblie aneMeHTbl Kovoflex - Hanpumep, PV1P, PV2P, PV3P, PV1Z, PV23, 1 T.n. 3TOT NPOBOAHUK CAYXUT
OCHOBO ANA MOJIHUENpPUEMHbIE CETKM, OAHOBPEMEHHO 3alinwas Hanbonee ya3BuMbIE K yAapaM MOSHWU MecTa (Kpas KpbiLum
W yrbl cTen). MpoBOAHMK COefMHAETCA C TOKOOTBOAAMM, PACMONOXKEHHBIMU Ha BOKOBbLIX NOBEPXHOCTAX 34aHMUSA, 3aXUMHbIMU
coeanHuTenaMm-saxumam (Tuna SU), a 3alnTHbIA Yyron a BLIYMCNAETCA NO BLICOTE 34aHUA W KNACCOM 3aLLMThI B COOTBETCTBUM
¢ anarpammoit (puc. 2.1.6). Hanpumep, npu BbicoTe 3aaHna h = 15M 1 NnepBoM knacce 3alWuThbl, yron a = 33 °. Bce yactu 3gaHua
B Npefenax 3Toro yrna cHMTatTCs 3aluLeHHbIMN.

War 2. lns ycTponcTBa MOSHUENPUEMHbIE CETKM BblBUPAIOT LWMPUHY syeek (M) B 3aBUCUMOCTH OT Kacca MoaHuesawmuTsl (tabn.
2.1.3). KpenneHus npoBogHUKOB, KOTOpbIE 06pa3yloT CeTKY, MOHTUPYIOT Ha KpbILUe C MOMOLLbIO CMeLManbHbIX U30JMPOBaHHbIX
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onop (tvna PV21 unu nogobHbix) ¢ warom 1M Mexay sTuMu onopamu (tabn. 2.3.3, puc.2.3.8). Mpwu npoknaake NpoBOAHMUKOB MO
MeTanIM4eckoi KpoBM Ha HEMPOBOASALLMX OMOpax, B MecTax Nepexofa MoHWENpPUeMHIKa K TOKOOTBOAA PEKOMEHAYeTCs npu-
COEIVHNUTL METANNYECKYIO KPbILLY K CUCTEME MOJTHME3aLWNTbl - TOTAa, eCW [axe 4acTb TOKa NepeknHeTCst U3 NPOBOAHMKA Ha
MeTann4eckyto KpoBAto, TO 3TOT TOK Takxe byneT oTBefeHO TOKOOTBOAOM. [1pn HeobxoguMoCTH obecneunTs pasgenuTenbHbIi
MHTepBan S, ncnonbaylotca 6eToHHbIe onopbl PB ¢ yCTaHOBNEHHBIMUY B HUX M30IMPOBAHHLIMK WTaHramm (puc.2.3.4).

Puc. 2.3.4 - ObecneyeHune pa3penuTenbHOro UHTepeana S MonHUENPUEMHON CeTKU Ha NAOCKON Kpblwwe
C NoMOLWbto GETOHHBIX OMOP U U30NIUPOBAHHbIX WTAHT

[ns coegnHeHna Kpyrnbix NPOBOAHUKOB Mexay cobol MCMoNb3yloT 3aXMMHble coegnHuTenu, Takme kak SS, SU, SK. lMpwu
MCNONb30BaHUWN NAOCKUX NPOBOAHMKOB UCMNONbL3YIOT APYrov TUN 3aXMMHbIX coeguHutenen - SR0O2. B cnyyae HeobxogmumocTu
COeAVHUTb NIOCKME NPOBOAHUKN C KPYrAbiMK ncnonb3yto coeguHutenn SRO3, SRO3S.

Mpu MOHTaXe MONHUENPUEMHbIE CETKM HY>XKHO Y4MTbIBATL KonebaHust TeMnepaTypbl, KOTopas BAUSET Ha M3MEHEHWe reoMe-
TPUYECKMX pa3MepoB ANMHHbIX MPOBOAHUKOB. [103TOMY, ANS 3alWMTLI OT TAKOro ABNEHWUA He0bXoAMMO NPeayCMOTPeTb UCMONb-
30BaHME KOMMEHCaTOpPOB TEMMEPaTYPHOro YAAMHEHWS, KOTOPbIE YCTaHaBAMBAIOT Yepes COOTBETCTByWME UHTepBansl (Tabn.
2.3.1), ecan pasmepbl 3aaHus bonbluei anvHbl. Takm 06pasoM COefMHAKT He TONBKO CaMu MPOBOAHMKM MOSHWENpPUEMHble
CeTKM, HO U mapaneTbl UAN MeTananuyeckne orpaxAeHus Kpbilin, eCin Te NOAKOUEHbl K CUCTEME BHELUHER MOSHUe3alWwnTbI.
KoMneHcaTopbl TeMnepaTypHOro yANMHEHWUS MOXHO yCTaHaBAMBATb Kak Ha OAMHOYHbIE MPOBOAHUKM CETKU, TaK U B TOYKAX WX
nepeceyeHus.

B kauecTBe TeMnepaTypHOro KOMNeHcaTopa A5 KPYribliidi NPOBOAHMKOB MOXHO UCMONb30BaThb rnbkuin nposogHuk LANO gav-
Hon 0.5M ¢ yHuBepcanbHbiMK coegnHuTensiMmn SU Ha KoHLax.

War 3. I'IpM Heobxo4MMOCTH 3aLWwmnTbl 0T HokoBOro yAaapa MOJNIHUU BbINONHAETCA MOHTaX MONHUENPUEeMHble CeTKW Ha CTeHax
34aHnA [pVIC. 2.1 4] Takxe npu HeobxoaMMoCTH YyCTaHaB/AMBAKTCA N NOAKNHOYAKTCA K CETU A0NONHUTENIbHbIE CTEPXHEBbLIE MOJ1-

HUEeNnpUeMHUKN.
Tabnuua 2.3.1 - IHTepBanbl AN ycTaHOBKM TEMNEPATypPHbIX KOMMNEHCaTOpPoB
Matepunan WHTepBan Mexay koMneHcaTopamu
Cranb = 15M
Hep>xaBetowwas ctanb =~ 10M
Meab ~ 10m
AntoMUHMI = 10m

[Onqa 3panHnin ¢ aByckaTHol kpblweit (c yknoHom ot 10:1 1 6onee), MonHMe3alWMTa AOMKHA HAYUHATLCA C NPOKNaAKM BAOb KOHbKA
KPOBJIM NPOBOAHMKA MONHKenpueMHuka (puc. 2.3.5).

MposogHuk DRAT kpenuTtca Ha KoHek C MOMoLbI0 crieumanbHbix aepxartenein PV15 ¢ paccTosHneM Mexay Humu go 1 (tabn. 2.3.3,
puc.2.3.8). BMecTo npoBogHMKa Ha KOHbKE, MOXHO TakXe WCMOMIb30BaThb MOABELIEHHbIA TPOCOBbLIN MONHUENPUEMHUK, U3FOTOBNEHHbIi
Ha ocHose nposoaHuka LANO. Yron sawutsl a onpegensertca no guarpamme (puc. 2.1.6), unu 3oHa 3aWmThl ONpeAenseTca no npu-
6nuxxeHHon dopmyne: r=1,5 ¢ h. Ecnn coopykeHve NONHOCTBIO HAXOAWUTCS B 30HE 3aLLMTbl, 06pa3oBaHHON 3TUM NPOBOLHUKOM, TO MO
KpasaM GPOHTOHA B MPOTUBOMONOXHbIX Yrax 34aHUS MOHTUPYIOT TOIbKO TOKOOTBOZbI; €C/IM HeT, BAOMb Kpblln f06aBNSI0T napannenb-
Hble BepTUKasbHbIe MPOBOAHWKM MOTHUENPUEMHUKOB, MPOJIOXKEHHbIE C MOMOLLbIO COOTBETCTBYIOWMX AepxaTenen (Takux kak PV22) ot
KOHbKa [10 HUXKHEro Kpasi KpOBAW, Fae OHU KPEMNATCA K BOAOOTBOAHLIM Xenoba. YacTu 3pgaHund 3a npefenaMu 3alimuieHHon 30HbI (Abi-
MOXObl, KOHbKU CYXOBbIX OKOH 1 T.M.) 3aLMLLAI0TCA A0MNONHUTENBbHBIMU 3aLLWTHBIMU CTEPXXHEBLIMU MONIHMeNpueMHukamu (puc. 2.3.6).

Kpyrnbii npoBOAHUK KPENUTCA K TOPU30HTaNbHBIM BOLOOTBOAHLIM Xenobam ¢ nomolbio fepxaTtenei SO.

KoHbKn C/TyXOBbIX OKOH N prﬁbl 6e3 3alnTbl

Puc. 2.3.5 - 3oHa 3aWm1Tbl KOHbKOBOrO MONHUENPUEMHUKA

Puc. 2.3.6 - lononHuTenbHan 3awmTa ANa ABYCKAaTHON KPbILWN

Boobue HY>X0AK0TCA B 3allnTe BCe MeTannnyeckme npeameThbl, BbiICTynatouwne Hag KpblLLleVI 6onee yeM Ha 0.3m, 1 npeaMeTbl U3 He-

nposoaaulero matepuana (Hanpumep, MBX-Tpy6bsl), BbicoToin 6onee 0.5 M (tabn. 2.3.2).

Tabnuua 2.3.2 - IHTerpupoBaHue KpoBeNbHbIX HAACTPOEK

KpoBenbHble HapCTPONKK

PasmMepb!

0.3M Hap ypoBHeM KpbiLLK;
MeTannunueckune 1.0M? 06uian nnowagb;

2.0M pnviHa HapCTpPOMKHM

HemeTtannuueckue 0.5M Hap MoONHMENPUEMHUKOM
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Tabnwuua 2.3.3 - PaccTosiHNA Mexay ToukaMu KpernieHns NpoBogHNKOB

PacnonoxeHue Monoca nnu rmbkuit NpoBOAHUK Kpyrnbiii cnaowHoOn NpoBoAHUK
[opu3oHTanbHblE
™ ™
NPOBOAHNKM
BepTukanbHble NpoBOAHUKY, OT T Twm
3emnn oo 20M
BepTukanbHblie NpoBOAHUKY,
™ 0.5m™
Bbile 20Mm

CtepxHu (Takne kak JP, JPD) MOXHO KpenuTb Kak K HafCcTpoiKkaM, Tak 1 Ha rpeberb kpbiwi (puc. B.17). BeicoTa cTepxHeit h, onpe-
AenseTcA pasMepaMi HaaCTPOMKM W YIIOM 0, N0 BbIOBPaHHOMY KNacCy MOAHMEe3alinThl, YTobbl HaaCcTpoka HaxoAmunack MOMHOCTbIO B
3alUMLLEHHON 30He. TakKe Ha BCeX OCTPbIX Yrnax KpoBAM BbIBOAAT NpoBoAHMK Ha 20-30 cM Hapyxy v 3arunbatoT BBepx Ha 45°, Tak kak
3TU yrAbl ABNAKTCA Hanbonee BEPOATHLIMW MecTaMu Ans yaapa MonHum (puc. 2.3.7).

[na obecneynBaHna paspennTenbHOro HTEpBana S CTePXKHU MOMHUENPUEMHMKOB MOTYT KPenuTcsa K NtobbiM BbiCTynatowmm o06b-
€KTaM C MOMOLLbI0 M30NMPOBaHHbIX WTaHr IZJ. [na nogBoAa Kpyrabix NPOBOLHMKOB K MOMHUENpPUEMHMKA, Npu HeobxoanMocTH, mc-
Nnonb3ylo M30AMpOBaHHble WTaHrn IZV.

A

Puc. 2.3.8 - PaccTossHne Mexay ToukaMu KpenaeHus NnpoBoAHUKa

2.4 BeTpoBasn Harpyska

BETpOBaﬂ Harpyska ABndeTcAa 0O4eHb BaXHbIM BOMPOCOM MpW CO3AAHUN BHELWHUX CNCTEM MONTHME3aLWNTbI. ,D,Oﬂ)KHO y4nTblBaTbHCA
BO3LencTeme BeTpa 1 Ha caMW 34aHNA, N Ha CMOHTUPOBAHHOE Ha HNX 060pyp,oaaHV|e, B TOM 4Yucne v afieMeHTbl CUCTEeMbl MOJTHUe3aLWn-
Thbl. I'IpM NPOEKTUPOBaAHUUM TaKNX CNCTEM BETPOBAA Harpyska A0J1>KHA y4UTbiBaTbCA obfAzaTensHo.

Ha ocHoBe MHOT0NETHEro onbiTa, MHOMOYNCAEHHbIX UCCIef0BaHMI U HAabntogeHWI Oblnv onpefeneHbl U CTaHAAPTU3UPOBaHbI HOPMBI,
MOZenu 1 NopsAoK pacyeToB, NO3BOASIOWME ONPeaenaTe HaAexXHble KOHCTPYKLUKU KPenieHns MONMHUEeNpUeMHbIX MauT U MOJTHUEOTBO-
nos. OcHoBHon EBponewckuin ctaHgapT B atom Bonpoce - ACTY EN 1991-1-4 «06wume Bo3aencTBus; BeTpoBble Harpysku». B ACTY
EN 1993-1-3 npuBeneHa MeTofiMka pacyeToB AN MOSHUENPUEMHUKOB C LONOAHUTENbHBIMU 31eMEHTaMu, TaKUMU Kak U30/IMPOBaHHbIe
LUTAHIW WU TPOCOBbLIE OTTAXKMU.

HaVI60J'IbLIJyIO BETPOBYK HArpysky npuHMMarT Ha cebsn BepTUKaNbHble CTEPXXHEBbIE MONTHUENPUEMHUNKN. OueHb BaXHoO npaBuibHO
Bbl6paTb He ToNbko HeobxognMoe KOHCTPYKTUBHOE NCNOJIHEHNE CTEPXHEBOIro MOJTHMENPUEMHWKA, HY a TakXXe onpenennTb Heobxopu-
MY ONOopy MONHMENpUeMHuUKa gna co3gaHuna yCTOlZ‘-IVIBOCTM. B nepByto oyepedb 3TO OTHOCUTCA K OTAENbHOCTOAWNM MONHUENpUeM-
HUKaM.

CornacHo [ICTY EN 1991-1-4, Tepputopus YKpanHbl LENUTCA HA NATb BETPOBbIX 30H (Tabn. 2.4.1, puc.2.4.1). 3Tn 30HbI cocTaBnA0TCS
Ha 0CHOBE CTaTUCTVKKM BeTPOB. B Kkaxpown Takoi 30He onpefeneHa ba3oBan ckopoCcTb BETpa.

basoBasi ckopocTb BeTpa - 3T0 3HaueHue ckopocTu BeTpa nNpu 10-MUHYTHOM ycpeaHeHun Ha BbicoTe 10 M B OTKPbLITON MECTHOCTM C
HW3KOW PacTUTENbHOCTbIO BHE 3aBUCKMMOCTK OT HanpasneHusa setpa (ACTY EN 1991-1-4). Ha ocHoBe 6a30B0¥ CKOPOCTW BeTpa Npo-
BOAMTLCS pacyeT NMKOBOM CKOPOCTU BeTpa v BETPOBOMW Harpy3ki Ha MONHWENPUEMHUK.

Mnkosasn CKOPOCTb BE€Tpa 3aBUCUT OT BbICOTbl yCTAHOBKN MOJTHUENPUEMHKMKa. YeM Bbiwe yCTaHOBJ1IEH MOJTHNENMPUEMHUK, TEM Gonbwe
NrKoBad BeTpoBad Harpyska Ha Hero.

Mpu pacyeTe NMKOBOI CKOPOCTH BETPA, TakxKe He0BXOAMMO yUUTBLIBATbL TMM MECTHOCTU, B KOTOPOIN YyCTaHaBNMBAETCA MOSHWENPUEM-
HUK. B 0TKpbITON MecTHocTH (HampuMep Ha paBHUHax) CKOPOCTb BETpPa Bbille, YeM HaceneHHbIx nyHkTax. B ctanpapte ACTY EN 1991-
1-4 onpepenenbl 5 kateropuit mectHocTn 0-IV. CBoncTBa kaTeropum mectHoctn 0 v | pasnuyatoTcs He 3HAYUTENbHO, U Takaa pasHuua
He BIUAET Ha pacyeTbl MOHWENPUEMHIKOB. [Mo3ToMy Mbl 06beauHunu kateropuun 0 v | (tabn. 2.4.2).

[ns npocToTbl pacyeTos, B Tabnuue 2.4.3 npuBefeHbl 3Ha4YeHUs MMKOBOW CKOPOCTW BeTpa B 3aBUCUMOCTU OT BETPOBOW 30HbI, kaTe-
ropMn MECTHOCTW, U BbICOThHI YCTAHOBKWU MOSTHUENpPUEMHWKA. B faHHOM cnyyae, BbicOTa YCTaHOBKM MOJTHUENPUEMHUKA - 3TO CyMMapHas
BbICOTa 3aHNA/COOPYXXEHMA U ANIMHA CAMOT0 MOJIHUENPUEMHMKA. MICX0Aa N3 3TUX 3HAYEHUI MOXHO ONpPeaenTL BeTPOBOE AaBfeHne
Ha MOSTHUENPUEMHUK.

YepHuros

'&.
Yepkacchbl

Puc. 2.4.1 - KapTa BeTpoBbIX 30H YKpauHbl
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Tabnuua 2.4.1 - 3oHbl BETPOBOI Harpy3ku

3oHa BETPOBOH HAFPY3KN ba3oBan c(l::)/;::c;cm BeTpa BeTpoBan :;‘:\]rpyska (H/
1 25 391
2 27 456
3 28 490
4 30 562
5 31 600
Tabnuua 2.4.2 - Kateropuu mectHoctu (KM)
KM OnpegeneHune

OTkpbITOE MOpE; MOpPS U 03epa co cBODOAHO NOBEPXHOCTLIO HE MeHee
5 KM Mo HanpaBneHuto BETPa; paBHWHHas Niaockas MecTHoCTb be3
npenaTcTBUN

MecTHOCTb C XXMBbIMW N3rOPOASAMU, OTAENBHO CTOALLMMU AOMaMK,
Il [epeBbAMM, CEIbCKOX03ANCTBEHHbIMM NOCTponKaMu (Hanpumep,
CeNbCKOX03ANCTBEHHbLIN panoH)

m Mpuropoasl, panoHbl NPOMbILLAEHHbLIX MPEANPUATUIA U MHAYCTPUANBHBIX
30H; neca

v lopoackue paioHsbl, rae He MeHee 15% 3acTpoiiku — 30aHUS CO CpefHen
BblcoTON 6onblie 15 M

BeTpoBas Harpyska BAWSIET Ha yCTOMYMBOCTb MOHUENPUEMHUKOB K OMPOKUALIBAHWIO U YCTOMYMBOCTb K Aedopmaumm (n3rnby] npwm
CUAbHBIX MOPbIBaX BeTpa.

MexaHuueckasa NpoYHOCTb
MexaHunueckas NPOYHOCTb - BaXKHbI GpakTop, KOTOPbIN HE0BX0AMMO yUNTLIBATL NPY pacyeTe BETPOBOW Harpy3Kku.

Mpwv onpeaeneHHbIX Harpy3kax CTepXeHb MONHWENpUeMHUKa nogsepraercs gedopmauum (M3ruby). OT cBoMCTB MaTepmanos, U3 Ko-
TOPbIX U3rOTOBAEH MOSIHUENPUEMHWK, @ TakKe AAVHbI, 33BUCUT BENIMYUHA OTKIIOHeHUA (NepeMeLL,eHuns) CTepXKHS 0T BEPTUKabHOW OCU.
Takoe 0TKNOHeHWEe HeOBXOAMMO yUNTLIBATL NPY pacyeTe METOLOM 3aLLMTHOrO Yria, Tak Kak M3MeHATCA NONOXEHWEe CTEPXKHS, U BChed-
CTBME 3aliuiiaeMas 30Ha. Takke HeobX0AMMO yumnThIBaTb, YTO Npu AedopMaLun MOXET YMEHbLUUTLCA pa3fennTenbHblin MHTepBan S,
UTO MOXET NPUBECTYU K HEXeNaTeNlbHbIM NOCNeACTBUAM.

Ecnu pencteytolian Ha cTepxXeHb MONHVWENpPYEMHINKA BETPOBAA Harpyska npesbiliaeT Npefen ynpyroctn, MoaHWENpUeMHUK ocTaeT-
CA NOCTOSAIHHO U30rHYThIM (pnc.2.4.2), v nHorAa, B CNydae NpesbileHUs NPeAena NpPoYHOCTY, MOXET NPUBECTH Aaxe K nsnomy (paspy-
weHuio) cTepxxHa. MNpefen NpoYHOCTL MOTHMENPUEMHNKOB onpeaeneH ctanaaptoM ACTY EN 62561-2 (tabnvua 2.4.M).

Ha Ha BenunuuHy nsrnba (nepeMeltieHns) MoHENPUEMHMKA BIUAIOT:

> CBoicTBa MaTepuana MoONHUENpUeMHYKa.

> KoHCTpyKUMS MoNHUENpUeMHUKa - TpybYaTbIi AU LenbHbIN.

> [nameTp cekumin MonHUENpUeMHuKa.

> Hannuue LONONHUTENbHbIX TOUEK KPEMAEHUS MOHMeNpUeMHKKa (Hanpumep, oTTAXKM).

Takum 06pa3oM, Ha GonbLUel BbICOTE B 30HaX M MECTHOCTAX, C BbICOKOM MUKOBOM CKOPOCTbIO BETPA, PEKOMEHAYETCA UCMOob30BaTh
MOJTHUENPUEMHUK C BONBLINM ANAMETPOM CTEPXKHSA, U3TOTOBEHHbIX U3 CTanu, C OAHUM UK ABYMA ApycaMu OTTAXeK (B 3aBUCMMOCTH
OT BbICOTHI).

O6paTnTe BHMMaHWe, YTO CTaHAAPTHbIE KOHCTPYKTUBHbIE pelieHns paaa nponssoantened, Bkawdasa Kovoflex, o6bi4Ho paccunta-
Hbl Ha npuMeHeHmne B 30He 1 (B 30He, rae 6a3oBas ckopocTb BeTpa [o 25 m/c).

Puc. 2.4.2 - OctaTouHas gedopmauus (M3rub) MonHuenpmemHuka

Heobxoanmo npupepxwnsatbes pekomeHpaumnn ACTY EN 62305 n OCTY EN 62561-2, cornacHo KOTOpbIX, MUHUManNbHbIA AnaMeTp
MOJTHUENPUEMHUKOB JoNIXeH ObiTh 15 MM (Tabnnua 2.4.M).

[ins cTepXHEBbIX MOSIHWENPUEMHWKOB, Ha KOTOPbIe BETPOBAsA Harpy3ka He 3HauuTeNbHa, MOXHO UCMONb30BaTb CTEPXKHU ANAMETPOM
9.5 MM, Npu AnuHe Takux ctepxHen He bonee 1 M. [loaToMy pekoMeHayeTcss MCNonb3oBaTbh MoaHUenpueMHukn JPD, koTopble nMetoT
cocTtaBHyto YacTb 1M x 810 MM, Tonbko B 30He 1. B gpyrux 3oHax pekomeHayeTca ncnonb3osaTe MonHuenpuemumkn JP sBmecto JPD.

[ina pononHuTenbHoM 3awWwmnThl OT fedpopMaLmmn pekoMeHayeTca MonHnenpreMHunkn Tuna JTK BbicoTon oT 6 M JONONHUTENBHO PUK-
cupoBaTb oTTAXKaMK, a JTKS - BeicoTon oT 2.5 M. MonHUenpreMHUKN Ha ONOPHOM HOXKe BbicoToM Bonee 2.5 M HE0OXOAUMO [ONONHM-
TeNbHO PUKCMPOBATb N30ANPOBAHHOW WTaHron 1ZJ.

Tabnuua 2.4.M - MaTepuansl CTEpP>KHEBbLIX MOSIHUENPUEMHUKOB

MuHUManbHoe ceyeHmne
(anameTp)

176 Mm? (815 MM)
176 MM? (815 MM)
176 MM? (815 MM)
176 MM? (815 MM)

Matepuan Mpepen npoyHocTn

Mepb 200-450 H/MM?
120-280 H/mm?
290-510 H/mm?
400-770 H/MM?

AntoMUHUI 1 cnnassbl

OunHKoBaHHas cTanb

Hep*aserom.aﬂ CTanb

YcTonumnBsocTb K ONPoOKUAbIBAHUIO

OTpenbHocTosIWMe cTep>XXHeBble MONTHMENPUEMHUKN MOTYT yCTaHaBNMWBaTbCA HENOCPeACTBEHHO Ha HeToHHbIe Bnoku [MOJ'IHVIEI'Ipl/I-
eMHUK C OI'IOpHOlZ H0>KKOI7I], Tak 1 C NOMOLbIO CNeunanbHblX OCHOBaAHWI MauyT - TPEHOr N YeTblpeHor. ,D,J'IFl TakKnx MOJTHNENpPpUeMHUKOB
Ba>XHa yCTOllell/IBOCTb K ONPOKUAbIBAHWUIO NPU CUNbHbIX NOPbIBax BeTpa. ,D,J'lﬂ yCTOVI‘-IMBOCTM HeobxognMMo npaBubHO onNpeaennTb Kon-
4ecTBO HETOHHbLIX OCHOBAHWI, @ B cnlydae ncnonb3oBaHUA TPEHOr U YeTbIpeHOor - ANNHY HOT.

Ha yCTOVIHMBOCTb K ONpoKMAbIBaAHNIO OTAOENbHOCTOALLEro MONTHUENPUEMHNKA BITNAKOT:

1. Mnowanb noBepxHOCTU MOAHWENPUEMHMKA, Ha KOTOPYIO BO3AENCTBYeT BeTpoBas Harpyska. Onpefenserca AMaMeTpoM 1 ANNHON
BCeX CeKLMN MONHMENnpreMHUKa.

2. Mnowanb NoBepXHOCTU yCTaHOBIEHHbIX OTTAXEK, Ha KOTOPYIO BO3AENCTBYeT BeTpoBasa Harpyska. OnpepenseTtcs AnameTpoM U
LNVHOM NPOEKLMN BCEX CEKLMIN OTTAXKEK.

3.Mnowanb noBepxHOCTH YCTaHOBIEHHbIX M30MPOBAHHbIX LUTAHI, HA KOTOPYI BO3AEeWCTBYeT BeTpoBasa Harpyska. Onpepensercs
AMaMeTpoM 1 ANNHON BCeX WTaHT. Takxe Heobxo[nMMo yunTbiBaTb M/10LaAb NPOeKLMMU NPOBOAHMKAE, KOTOPbIN yaepXKUBaeTCcs U30-
NIMPOBAHHbBIMU LUTAHrAMU.

4. CyMMapHbI BEC MONTHUENPUEMHUKA, OTTSXKEK, N301MPOBaHHbIX LUTAHT.

5. CyMMapHbIii BeC 0CHOBaHUA MOJIHMenpueMHuka (TpeHoru, 4eTobipeHori) n 6eToHHbIX 0CHOB.

6. Pagunyc ocHoBaHua MoniHuenpueMHuka (TpeHory, 4eTbipeHoru] n 6eToHHbIX 0CHOB.

YcTonymeocTb onpegenaeTca CpaBHeHWeM MOMeHTa yCTOl;ILII/IBOCTl/I MVCT_ N MOMEHTa ONpoKMAbIBaHNA Monp, rne MyCT onpepenaeTca
BE€COM KOHCTPYKUUN N pafnyCcoOM OCHOBaHUA, a Monp- BeTpOBOI;I Harpy3|<0171 Ha KOHCTPYKUWIO MONTHNUENPpUEeMHWKa 1 BbICOTY MONHUENpu-
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eMHuKa. [Ina Toro 4Tobbl KOHCTPYKLUS BblNa ycToOMYMBa, MOMEHT YCTOMYMBOCTU Myc'r LonKeH bbITb 6osblle MOMEHTa 0NpPoKNAbIBAHUA
M e T.e. cooTHOWeHME MyCT K Monp [LOJIXHO ObITh Bonblue 1.

0
Ncxons M3 3Toro, NoBbICUTL yCTOVNVIBOCTb MOXHO NtobbIM 13 cnegytoumnx MeTonos:

> TOHM3WTb NNoWaab MOJHUENPUEMHMKA, HA KOTOPYO BO3AENCTBYET BETPOBas Harpyska, T.e. UCNONb30BaTb MONHUENPUEMHUKN
C MeHblWUM anameTpoM. Hanpumep, MoxHO ncnonb3oBaTb MonHuenpueMHunkn D16 Bmecto D40. Heobxogmmo yunteiBaTh, UTO
yMeHbLUEHWe fuaMeTpa CHUXAET MeXaHWYeCKy NPOYHOCTb MOSTHUENPUEMHUKaA.

YBeNMUNTb BEC KOHCTPYKLMK, NCNONb3ya bonbluee KoAMYecTBo HEeTOHHbIX onop.

YBennunTb pagnyc ocHoBaHus. [Ing MONHWENPUEMHMKOB Ha OMOPHON HOXKe Nlyylle UCNoNb30BaTb 0aHY BeToHHyt ocHoBy 20 Kr
(PB20), yem age ocHosbl no 10 kr (PB10), Tak kak anameTp onopbl y PB20 - 360 MM, ay PB10 - 260 MMm. Mpu ncnonb3oBaHUM 0CHO-
BaHW B BUAE TPEHOT U YeTbIPEHOT, MOXHO UCMO/b30BaTh Takue 0CHOBaHUs ¢ Bonblueln fanHon Hor. HanpuMep, BMeCTo TpeHoru
JPOD306 ¢ panHou Horn 600 MM MoxHO ycTaHoBUTL TpeHory JPOD310 ¢ gnuHow Horn 1000 Mm.

v

v

[nsa ynpolienuns pacyeTa Ha ONpokuAbIBaHUE, Mbl MOATOTOBUIN NPOCTOM METOA,
Mopanok pacyeTos bynet cneayowmi:

LWar 1.0npeneneHne ckopocTu BeTpa U BETPOBOIO AAB/IEHNA MO 30He BETPOBOW HArpy3KuW, B KOTOPOI HaxoaMTca 0bbekT (Tabn. 2.4.1,
puc.2.4.1). Ecnm 3awmuiaembiin 06beKT HaxoaUTCA Ha rpaHuLLe ABYX 30H, BbibpaeTca BeTpoBas 30Ha ¢ bosibllei CKOpoCTbio BeTpa.

LWar 2.0npenenenune kateropum mectHoctn (KM), koTopas BanAeT Ha Harpysky 1 CKOpoCTHoe AasnieHue BeTpa (tabn. 2.4.2). PakTo-
pOM L5 pacyeTa BETPOBbIX Harpy3ok fABAATCA cneunduyeckme Ans KOHKPETHON MECTHOCTU HArpy3kun U CKOPOCTHbIE faBeHUs.

Lar 3.0npepeneHne MakcMManbHOW CKOPOCTM MOpbiBa BETpa Ha MecTe YCTAHOBKW MoJHWenpueMHuka. [Ina aToro Heobxomnmo
ONpeaennTb NCXOLHYIO BbICOTY, KOTOPas COOTBETCTBYET BbICOTE 3[aHWUS U ASIVHY MONHUENPUEMHOMO CTEPXKHA. [INs LONONHUTENbHOMO
3anaca NPoYHOCTM pekoMeHayeTcsa ucnonb3oBaTh AnsA pacyeta 70% AnuHbI MonHUenpueMHuka. Mo obwen panHe ns Tabnuubl 2.4.3 B
3aBUCUMOCTM OT BETPOBOW 30HbI U KATEFOPUM MECTHOCTU MONly4aeM MakCUMasbHYI0 PacyeTHY CKOPOCTb BETPA.

Tabn. 2.4.3 - CkopocTb NopbiBa BETpa N0 BETPOBbIM 30HAM U N0 KaTEropusaM MECTHOCTU

Buicora BeTpoBas 30Ha 1 BeTpoBas 30Ha 2 BeTtpoBas 30Ha 3

| ] 1} v [ Il 1] v | I 1] v

5 136 122 114 104 145 131 116 112 152 136 124 116
10 146 134 116 104 156 144 123 112 164 150 127 116
15 152 141 122 104 165 153 133 112 171 158 137 116
20 158 147 129 111 170 158 137 118 176 164 143 123
30 164 155 138 121 176 166 147 130 183 173 154 135
50 172 163 148 133 184 175 159 143 192 183 166 149
60 175 167 152 137 189 179 163 147 196 187 170 153
80 179 172 159 144 194 185 169 155 201 192 177 161
100 184 177 163 150 197 190 177 162 205 197 183 168
150 190 184 173 160 203 197 189 180 212 205 194 185
200 195 189 182 167 208 203 196 188 215 209 202 195
300 201 197 187 176 215 211 205 198 222 217 213 205

Tabn. 2.4.3 (npogonxerue) - CkopocTb nopbiBa BeTpa Mo BETPOBbIM 30HAM U N0 KAaTEropyuamM MeCTHOCTU

Buicora BeTtpoBas 30Ha 4 BeTtpoBas 30Ha 5

[ ] 1} v [ Il 1] v

5 163 146 133 124 168 150 135 125
10 176 162 137 124 181 166 140 125
15 183 171 147 124 189 175 151 125
20 190 176 155 133 195 182 159 137
30 196 185 164 144 203 191 170 149
50 206 196 178 159 213 203 184 165
60 210 200 182 163 217 207 188 170
80 215 206 190 173 222 213 196 179
100 220 211 195 180 227 218 202 185
150 227 220 207 292 235 227 214 198
200 233 226 215 201 241 234 223 209
300 240 235 226 213 248 243 234 221

Lar 4. Onpepenerune HeobxonMMoro konmyecTsa beToHHbIX 610K0B.

Mo Tabnuue 2.4.4 onpegenseM KoNMYeCcTBO HETOHHbLIX 6N10KOB A5 CTEPXKHEBLIX MOHUMENPUEMHUKOB C ONOPHON HOXKON. CKOpOCTb,
ykasaHHan B Tabnuue fonxkHa 6bITb He MeHblUe, CKOPOCTU NOpbIBa BETPA, ONpeAeNeHHoN B ware 3.

Tabn. 2.4.4 -MakcuManbHas CKOPOCTb BETPA ANS CTEPXKHEBbLIX MOTHUENPUEMHMKOB C ONMOPHON HOXKON

BbicoTa ™ 1.5m 2m 25M 3M 3.5M
Tun JP JP JP JPD JP JPD JP JPD JPD
ApTukyn 0JP106 AL | OJP156 AL | 0JP206 AL | OJPD20 AL | 0JP256 AL | 0JPD25 AL | 0JP306 AL | OJPD30 AL | 0JPD35 AL
10 kr

PB10 133 90 - - - - - - -
20 kr 216 145 109 120 87 95 - - -
PB20

40 kr

2 x PB20 - 222 165 182 131 142 110 117 99
60 kr

3x PB20 - - 220 - 173 188 144 154 130

PaccmoTpum npumep:

> o 06beKT HaxoAnTCs1 B BETPOBOW 30He 2. TeppuTOpusi MPOMBbILLIEHHOr 0 NpeanpusaTus - kateropmsa mectHoctu Ill. Obwyas BbicoTa
3aaHus n MoniHuenpuemHuka - 30 M. [To 3TUM gaHHbIM U3 Tabanuybl 2.4.3 onpegenseM, 4To MakCUMasbHas CKOPOCTb NOPbIBA BETPA
B MecTe pacrnosioxeHns obbekTa coctasnaet 147 km/u;

> o [lpumeHsieTcs MOHUENPUEMHbIN CTEPXKEHb BbICOTON 3 M;

> o [loTabnuuye 2.4.4 nna cTepxHs BbICOTON 3 M onpeaenseM MakcuMasbHYyt0 CKOPOCThb opbiBa BeTpa, koTopas nmeeTt bosbluee
3HayeHue, yeM CKopoCTb 147 kM/u. B Halem ciiyyae Mbl MOXEM MPUMEHATb ABa TUNA CTEPXHEBbLIX MoHMenpuemHukos JP (146
kmM/u] u JPD (156 km/4), ;

> o Tpebyetcsa Tpu beToHHbIx boka no 20 kr.

Bonee BbiCOKan yCTOMUYMBOCTb MOSHUENPUEMHUKOB Ha OMOPHON HOXKE MOXET BbiTb JOCTUrHYTa, C/IN MPUMEHATH OAHY MM HECKOSb-
KO [OMONHUTENbHBIX KpenexHbIX wraHr (puc. 2.3.1.1).

[na onpenenexuns KonnyecTsa BETOHHLIX OCHOBaHMI Ansa MonHuenpueMHnkos JTK (yctaHoBneHbl Ha TpeHorn JPOD3/JPOD4) Mox-
HO Mcnonb3oBaTh Tabnuubl B kKaTanore npogykumu (oTaenbHbIR Katanor).

2.5 Bbibop MaTepuanoB anA BbINONHEHUA 3NEeMEHTOB MOJIHUE3ALWMUTbI.
MUcnonb3oBaHue ecTeCTBEHHbIX KOMMOHEHTOB Kak MOTHUENPUEMHUKOB.

MaTepman N pa3Mmepbl aneMeHToB A4 BHELUHEN CUCTEMbl MONHME3aLLNTbI [LPSG] Bbl6MpaFOT C y4eToM BEepOATHOCTN BO3HMKHOBEHUA
KOPPO3nKn, KOHCTPYKLUWW 30aHNA U TUNa Bbl6paHHOI;I MonHMe3aWwnTbl. KOMNOHEHTbI BOMKHbI BblAep>XNBaTb 3N1IEKTPOMArHnTHbIE BO34EeNCTBUA
TOKa MOJIHUU N NPOrHo3npyemble aBalel;lele Hanpsa>XeHnd be3 ﬂOBpG)K,D,EHMVI. OCHOBHbIMY MaTepuanamMu ona U3rotoBneHnd anemMeHToB
MOJSTHME3aLUNTLI SBNAETCS Meflb, aNOMUHUN, Hep>kaBekulana U ouMHKOBaHHaA CTanb. OcHOBHbIMU q)OpMaMVI MPOBOAHWNKOB ABNAKTCA CnaoLw-
Hbl€ NJI0CKKe, Kpyrnble U MHOFOXWJTbHbI€ NPOBOAHUKN. ,D,J'Iﬂ n3roToBneHnAa erl'U'leHl/ll;l NCNONB3YHT 3TN Xe MaTepuanbl, 6eToH 1 nnacTuk.

YunTbiBas pas3nunyHble LeHOBble KaTeropnmn KOMNOHEHTOB U3 pPa3/INdHbIX MaTepuanos, Bbl60p HY>XHO cornacoBbliBaTb C 3aka34yMKoOM,
X0TA Hanbonee aKOHOMMYECKM LI,eJ'IECOO6p83HbIM ABNAETCA NCNONb30BAaHNE OUMHKOBAHHOW CTanw. O,D,HaKO BO MHOIMX cny4yaax KoMno-
HEHTbl MOJTHMEe3alWNTbl MOTYT COCTOATb U3 Pa3/INYHbIX MaTepunanos, HanpuMmep, antoMMHNEBbIE MOTHUENPUEMHUKN, MeOHbIN npoeopg
no Kpoene, OUMHKOBaAHHAA NMPOBOJZIOKa TOKOOTBOAOB. Tor,ua HY>XHO obecneunTb coegnHeHne pas3indHbliXx MaTepmnanoB C MNOMOLbIO 6n-
MeTannmn4yecknx coegnHuUTenen.

OumHKoBaHHaA cTanb, KOTOpPasa KOHTaAKTUpyeT C apMaTypHon cTanbto 6eToHHON KOHCTPYKUMK, Npun onpeneneHHblX yC10BUAX Bbl3blBa-
€T paspyweHune beToHa. AntoMuHKeEBbIE NPOBOAHNKN HE O0J1KHbI KacaTbCA N3BECTKOBOW MOBEPXHOCTU. MHoroxunbHble NPoOBOAHUNKMN
bonee noaBep>XeHbl KOPPO3nK, 4em CcnaolHble.

MpuBeneM HeckoNbko NPUMEPOB:

1. MokpbITHe N3 BUTYMHON MAK HaTypanbHON Yepenuubl. MoXHO NCMONb30BaTb MPOBOIOKY U3 aNOMUHMUA MW OLMHKOBAHHOM CTanu
LUaMeTpoM 8 MM U KpenneHUs, N30IMPOBaHHbIe AN NOSHOCTHIO U3 OLMHKOBAHHOM CTanu. Takke MOXHO UCMOb30BaTb MefHbIN
NPOBOLHUK AMaMeTpoM 8 MM U MeAHOe KpenneHus, Ho aTo byneTt fopoxe.

2. MokpbiTve N3 MeTannoyepenuubl M npodHacTUna. MoXHO MCNONb30BaTh antoMUHUEBYIO MPOBOOKY MU NPOBONOKY U3 OLMH-
KOBaHHON CTann AMaMeTpoM 8 MM, U KPenaeHUs U3 OLMHKOBAHHON CTanu WaK NnacTuka.

3. Mnockas kpoBna, nokpbiTaa pybeponaoM. Mcnonb3yoT oLMHKOBaHHYO NPOBOMOKY AMAMETPOM 8 MM 1 NNacTUKOBbIE KpenieHus,
3anofiHeHHble 6eToHOM.

4. Tlnockas UAW HakNOHHas KPOBAS, NOKPbLITas METaNMYECKUMK UAW aNlOMUHUEBLIMU MCTaMu. VIcnonb3yloT oUuMHKOBaHHYO UK
aslOMUHWEBYIO MPOBOJIOKY AMAaMETPOM 8 MM 1 crieumansHble danbuesble kpennenus (Tuna PV32).

CTepXHW MOSTHUENPUEMHMKOB BbICOTON 10 4M (Takme kak JP, JPD) B 6o/bLIMHCTBE Clly4aes W3roTaBIMBAIOT U3 allOMUHWA, @ BbICO-
Toit o 10M (JPT) - 13 HepsaBetowen cTanu ana obecnedeHns ux ycTonuMBOCTH W NPOYHOCTY.

KpoBenbHble HAaACTPONKK, KOTOPbIE BbICTYNAOT HAf, COOPY>KEHWEM, OCHALLLAIOT LONONHUTENbHOW 3alLMTON, @ TOKONPOBOASLLNE HAf-
CTPOWKM MOTYT BXOAUTb B CUCTEMY BHELUHEW MONHME3aLNTbl Kak eCTECTBEHHbIE KOMMOHEHTbI NMPU YCNOBUU, YTO OHWU UMEKOT COOTBET-
CTBylOLWME pa3Mepbl.

EcTecTBEHHbIMW KOMMOHEHTaMu MOJTHNENPMEMHUKOB, HE3aBUCUMO OT KjacCa 3alnTbl, MOTYyT BbICTYyNnaTb U30MPOBAHHbIE OT BHY-
TPUAOMOBbIX ceTeln afieMeHTbl 13 TOKONPOBOAALWMX MaTepManoB, KOTOPble MOCTOAHHO HAXO4ATCA Ha COOPY>XXEHUU U HEe AOJIKHbI U3Me-
HATbLCA:
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1. MeTannunueckue nUCTbI, KOTOPLIMU MOKPLIBAIOT COOPYXEHMA (MeTanno4epennua, IMCTbl NPobHACcTUMA), MPY BINMOJHEHUN Cleay-
IOLLLMX YCNIOBUIA:

a) obecrnedyeHune HafeEXHOro 31EKTPUYECKOW CBA3M Mexay 4acTaMu (C MCronb3oBaHWEM CBapku, Naiku TBEPAbIM MPUMOEM,
dbanbueBblix UK 6oNTOBLIX COEANHEHNI, FOGPMPOBaHNS, 3aKpyYnBaHNs)

b) TonwmMHa MeTanaMYecKoro N1CTa He A0MXKHa BbiTb MeHblie 0.5 MM 419 KPOBAM M3 OLMHKOBAHHOM 1 HepXaBeloLen ctanu,
megwn , 0.65 MM ona antoMuUHKA.

C] HY>XHO y4eCTb, YTO Npw yaape MONHUN MeTannan4yeckum nucT KpOoBM MOXeT ObITb nospexpneH, HoO TOK MONHUN 6y,qu oTBeneH
K 3a3eMNIeHunto;

d] ecnu npn noBpexgeHnn nncta B MecCcTe ygapa MOJIHUU €CTb ONMAaCHOCTb BO3ropaHna nerkoBocniaMeHAWwmnxea Mmatepmanos
non Kpoaneﬁ, HY>XXHO NCNoNb30BaTb TNCTbI TONWMHOM 4 MM ANA cTann, 5 MM ana Meaun, 7 MM ANa antoMUHUN;

e] MeTannanyeckune NUCTbI, He MOKPLITbIE U30NALMOHHBIM MaTepUanoM, a INLb TOHKUM CII0eM Kpacku ToAwmHoi 1 MM uan MBX
TonwuHom 0.5 MM, He paccMaTpuBatoTCs, Kak U30NaTop;

f) MeTannnyeckne KOMMOHEHTbI KpbIlWw (CTpOMUAbHbIE GepMbl, MeTananyeckas apMaTypa W T.4.), KOTopble pacnonoxeHbl Mog
HEMETaUYECKUM NOKPLITUEM KPbILWW, NPU yAaPe MOSHUM TakxKe MOryT BbiTb MOBpeXAeHbI.

2. PacnonoxeHHble Ha Kpbllle MeTannmyeckune Tpybbl M pesepByapbl NpY YCIOBUM, YTO OHW U3FOTOBNEHbI U3 MaTepuana, niowanb 1
MWHMManNbHan TONLLMHA KOTOPbIX - MEAU U HepXKaBeloLler cTanu 2 MM, cederne 50 MM?; ANa antloMUHUA - MUHUManNbHaA ToALWMHA 3 MM,
ceyenune 70 MMZ; oNs OLMHKOBAHHOW CTaNW - MUHUManbHaa TonwmHa 2.5 MM, ceyerne 50 mm2,

3. MeTtannuyeckue orpaxpaeHusa, pr6b|, NOKPbITNUA NapaneToB U T.4., NnowWanb nonepe4yHoro ce4eHns KoTopblX He MeHbLUe YyKa3aH-
HbIX BbllUE.

4. Ecnu TpeboBaHuA k TonwmHe He cobntofeHo, TpebyeTcs gononHMUTeNbHas 3awWwuTa.

BHyTpVI 3[aHWIN CO CNNOLWHbLIMU apMUpOBaHHbIMU CTEHaAMU U KpblLLlePI, Mnn CnNNoWwHbIMKU MeTannn4yeCcknmMun ¢aca,u.an1 n MetTannnye-
CKUMU KpblWaMu, cobnopeHne pa3fenbHoOro nHTepBana HeobsA3aTenbHo, npun 3TOM MeTaIn4yeCkKne KOMMOHEeHTbl, KOTOPbIe HE NMEeKT
TOKOMNPOBOAALEro NPoAOJKEHNE BHYTPb 34aHNA U pacnoNoXXeHbl Ha paCcCTOAHNN MeHee 1-ro MeTpa OT NPOBOAHWUKA BHELHEN MONHU-
e3alnTbl HenocpeacTBeHHoO CoOeANHAKTCA C MONTHMEOTBOAOM.

[Mpumep: kpoBAsA 34aHUA MOKPbITa METaNNNYECKUMU IncTamu TonwmHou 0.5 MM, KoTopbie ckpernaeHbl BUHTamu. JINCTbl NPoaoXeHsl
no MeTanin4yeckuM KOHCTPYKUMAM U He MMEeIT HernocpefCcTBEeHHOro KOHTakTa C BOCMIaMeHALWMUMUCA MaTepuanamu. Takyto KpoBo
MOXHO MCM0/1b30BaTb Kak NPUPOSHbIA MOTHUENPUEMHUK, HO HYXXHO y4nUTbIBaTb, YTO NPpU yAape MOSHMM OHa MOXeT bbiTb MOBPeXAeHa.

2.6 30Ha 3aWMUTbLI TPOCOBOr0 MONHUENPUEMHUKA

,D,J'Iﬂ 3aWnTbl BO3AYLWHbIX NWNHWUWA, NoACTaHUMUK, OTKPbITbIX pacnpenennTenbHbIX yCTpOVlCTB, TONAUBHbBIX pe3epByapoB U T.M. TakXxe
NCNONb3YKT TPOCOBbLIE MONTHMENPUEMHUKN BblcoToM go 150 M.

TpOCOBbIl;I MOJTHNenpueMHuK [MJ'll/l I'pO3O3aLLI,l/lTHbII7I TpOC] - 3TO 3aerI'IJ'IeHHbIl7I Ha MayTax TpocC [MJ'IM HECKOJIbKO TPOCOB Ha HECKOJ1b-
KUX Ma‘-ITaX], 3a3eMseH c obeunx CTOPOH. QakTnyeckn TPOCOBaA KOHCTPYKUMA [pMC. 261] 3aMeHdAeT pAag OANHOYHbIX CTep)KHeVI, no3TomMy
npowe B UCNOJTHEHUN N CTONb Xe 3¢¢EKTMBH8. YcTaHaBnnBaeTca I'pO3O3aLLI,VITHbIl7I TPOC, Kak N CTep>XHeBble MONTHUENPUEMHUKN, NN
nobnunsocTtun ot 0bbekTa, K Hag 06BbEKTOM, UK faxe Ha caMoM obbekTe, HY>XHO 3alWUTUTb OT yaapa MONHUN.

[Ins MoHTaxa TpocoBOro MosHWenpueMHuka ncnonbsytotca Mautel JTK nnu dyHnameHTHble MauThl JF.

Sb

hon|

hx

S-  HaMMeHbLIN JOMYCTUMbIN Pa3feNnuUTeNbHbIA NHTepBan

Sb-  HaMMeHbLUMIA JONYCTVMbI MHTEPBan O TPOCCa B CepeiuHe nposneTa
hon - BbicoTa onopbl

hx- BblCcOTa 3awMLLaeMOro o6beKkTa

Puc. 2.6.1. TpocoBbIt MONHUENPUEMHUK

3awuwaemMasn TPOCOBbIM MOJTHNENPUEMHUNKOM 30HA NOKa3aHa Ha puc. 2.6.2.

rpaHnuUa 3aWmnTbl Ha ypoBHe hX
rpaHnuUa 3aWmnTbl Ha ypoBHeE 3emnn

Puc. 2.6.2. 3oHa 3awWu1Tbl TPOCOBOIro MONTHUENPUEMHUKA

C yyetom nposucanus Tpoca cevennem 35-50 MM? 1 Npu n3BeCTHOM BbicoTe onop h_, BeicoTa Tpoca B cepeanHe nponeTa h B 3aBu-
CUMOCTU OT ANIMHbI NponeTa k, bygeT:

npn k <120 m

npun 120 < k <150M

on

CTeneHb HafeXHOCTW 3alUTbl TPOCOBLIM MONHWENPUEMHUKOM Pa3fensatoT Ha ABa TUMNa: 30Ha A - cTeneHb HafEeXHOCTU 3alnThl
npesblwaeT 99,5%; 3oHa b - cTeneHb HagexHocTH 3awmnTbl 95-99,5%.

Bbl60p TWNa 30Hbl 3aWKUTbl BbINOTHAETCA B 3aBUCUMOCTU OT Ha3Ha4dYeHUd, pacnosioxXeHnd, KnacCcoB B3PbIBO- M NOXXapoonacHOCTHU
obbekTa 3aLWmnThl, @ TakXe C y4eToM cpe,u,Hel7| I'pO3OBOl;I aKTUBHOCTW B AA@HHOW MECTHOCTW.

[na Tuna A pa3mepsbl 3aLWMTHOW 30HbI ONpeaenstoTcs no popmynam:

h,=0.85x h
r, = (1.35 - 0.0025 x h) x h
r,=(1.35-0,0025 x h) x (- 1.18 x h )

[na Tuna b pasmepbl 3aWLWUTHON 30HbI:

h,=0.92x h
r,=1.7xh
r=17x(h-11xh).

|_|pl/1 M3BECTHbIX 3Ha4YeHUAX hx nr BbiCOTa h nponeTa Tpoca And 30Hbl TUNa b onpegenaeTca:

h=(r +1.85xh)/1,5
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Mpu npoBepke 3awmuieHHocTH 0bbekTa BbicoTon h, AnnHON L W WKPUHOJ d LOMKHBI BEINONHATLCA YCAOBNSA: Tok MonHuK pacnpegensaetca no Tokootsogam (puc. 2.7.2). Yanwl HymepytoTca. Kaxablil TOKOOTBOA UMEET CBOe COnpoTUBeHwue, 06-

pa3sys CxeMy COeAMHEHWA y3/10B 1 CONPOTUBIEHN R, Fae 3Ha4eHns CONpoTUBEHNIA PACCUMTLIBAIOTCA OIS KOHKPETHbIX MPOBOAHUKOB
no onpegaenexHoi anuxe (M) n ceveruio (Mm?).
h,>h;r >d;

l<k

nnu

N

5 <r

2.7 06wan xapakTepucTuKka yCTpoucTea TOKOOTBOAOB

TOKOOTBO,EL - 3TO Y4aCTb BHEWHEN CUCTEMbI MOSIHME3ALLNTHI, npegHasHadeHHaa ANA 0TBOAA TOKA MONMHUW OT MONHWENpPUEeMHUKa K
3a3eMieHunto. ,D,J'Iﬂ obecneyeHnss oNTUMaNbLHOIoO pacnpeneneHna Toka MONHUN N YMEeHbLUEHUA BO3MOXHbIX nocnencTsunm nopaxeHua,
npu yCTpOﬁCTBe N30MPOBAHHbLIX TOKOOTBOAOB A0JIXXHO BbINONMHATLCA:

> AN CTEPXKHEBbLIX MOMHWENPUEMHUKOB, YCTAHOBAEHHbIX HA OTAENbHbIX 0NOpax, yCTaHaBAMBAETCS MUHUMYM OAWH TOKOOTBOZ Ha
Kaxxzyto onopy;

> AJIS TPOCOBOr0O MOSTHUENPUEMHMKA Ha KaXX bl KOHEL, TPOCa Hy>KHO MUHUMYM MO OAHOMY TOKOOTBOAA;

> [JIS CeTYATOro MOJIHMENpUeMHUKa Ha KaX Ayt onopy ceTku Heobxoaum xoTa bbl OAUH TOKOOTBOL;

> 3alUWTHbIN pa3fgenbHbll UHTEpBan S obecneynBaeTcs He TONbKO MeXAy TOKOOTBOAOM W HaACTPOMKaMU M KOMMYHWUKALUAMMU, HO
M 0T ABepew 1 OKOH - He MeHee 0.5M;

> TOKOOTBOZAbI NMPOKAaAbIBaOT KpaTyanwmmM nyTeM, 6e3 pe3kux NoBOpPOTOB U NeTeNb, a TaM, rAe 3TO HEBO3MOXHO, paccTosiHue S

Mexay ABYMS TOYKaMM Ha NPOBOAHUKE M AJMHA NPOBOAHWKA MEXAY 3TUMM TOUKAMM LOMKHLI COOTBETCTBOBATL GOpMye 3alnT-
HOro pasgenbHoro nHTepsana (n. 2.2).

Puc. 2.7.2 - PacnpepeneHue TokoB No A4elikaM TOKOOTBOA0B

KonuuecTtso 1 pacnonoxeHne TokooTBOAOB onpegensieTca rabaputamu 3gaHna, 3almnaeMoro Ho B 1t06oM cnyyae nx AoNxHO bbiTb CocTaBnseTcs npuHuMNMansHas yanosas cxema (puc. 2.7.3).
He MeHee ABYX. [1pu MOHTaxe TOKOOTBOAbI PaBHOMEPHO PacMpenensaioTcs BOKPYr BHEWHUX CTeH, HaduHaa ¢ yros (puc. 2.7.1). Ha
MecTe COefJMHeHNs KaxAoro TOKooTBOAa C CUCTEMON 3a3eMaeHNsa AoKHa ObiTb NpeaycMoTpeHa Toyka AN NPOBEAEHUA N3MEepeHUN
(NpuMeHsatoTCA KoHTpoNbHbIE coefuHUTeny SZ). Bce 3Tv TOUKM N3MEPEHWI JOMKHbI BbiTh MPOHYMEPOBaHbI ANA YeTKOW UaeHTUdMKa-
umn (npumensaeTcs Mapkupoeka STITKY).

R1 1

PaccTtosiHne «a» MeXay napannenbHbIMM TOKOOTBOAAMUN 3aBUCUT OT KNnacca 3alnTbl 1 Bbl6MpaeTCﬂ n3 tabn. 2.7.1.

Tabnuua 2.7.1 - PaccTosiHve Mexzy TOKOOTBOAAMMU

Knacc MONTHUE3aWnTbI PacctoaHue Mexpay TokooTBogamu
[ 10m R4 Rs
I 10Mm
Il 15Mm P2 P4
IV 20M

Riof 4Rmu Ri2F | R

P3 P1

R4 R1s Ri6 R17

Puc. 2.7.3 - YanoBan cxema conpoTUBNEeHUI
,D,J'Iﬂ nposeneHnAa pacyHeToB NCNONb3yeTCA 06paTHaF| BeNNYNHa COI'IpOTVIBJ'IEHVIVI R - nposoanUMOCTb G. Mo cxeMe BblYNCASAOTCA B3a-

MMHbIe U COBCTBEHHbLIE MPOBOAMMOCTU. B3auMHble NPOBOAMMOCTU - 3TO MPOBOAUMOCTU BETOK, COEAUHAOLWMX y3nbl (Hanpumep, G4-5,
G2-3). Mpu 3ToM B3aumHas nposoguMocTb G1-2 pasHa nposogumoctn G2-1 u T.4.

CobcTBeHHaA NPOBOAMMOCTL - 3TO NPOBOAMMOCTb BCEX MPOBOAHMKOB, CXOAALLMXCA B 0a4HOM y3ne (Hanpumep, G5-5=G1+ G2 + G3 +
G4 + Gb).

Puc. 2.7.1 - PacnonoxeHue TOKOOTBOA0B

,D,anee COCTaB/iIAeTCA y3/10BO€ ypaBHeHUe:

Mpn HEBO3MOXHOCTU YCTAHOBKW PacyeTHOro KOAMYeCcTBa TOKOOTBOLOB Ha OJHON U3 CTOPOH 3A4aHWA, NOCNefHWe pacnonaraloTcsa Ha
LPYrvx CTOpoHax Ha paccTosaHum He MeHee 1/3 oT ykasaHHbIx B Tabn. 2.7.1.

Gxgp=J
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roe Cama apMaTypa Tak>XXe MOXeT NCNosib30BaTbCA B Ka4eCTBe 3/1IEMEHTOB NMPMPOLHOro ToOKOOTBOAA, €C/in Takoe Ucnosib3oBaHue npen-

- - - CMOTPEHO NPV NPOEKTUPOBaHUN. [1pn 3TOM AONXKEH BbINOAHATHCA KOHTPOJb M MPOBEPKA CONPOTUBEHUSA:
G- MaTpuua y310BbIX MPOBOANMOCTEN, KOTOPana onpeaendaeTca 3a CHeT COCTaBNeHnA nepson MaTpuLbl MHUMAEHUNN M; y P P P P P A P P P P

> Mexfy ABYMS TOYKaMW NPUCOEANHEHMA apMaTypbl CONPOTUBAEHNE JoMKHO BbiTb MeHee 10 MOM;
¢ - MaTpnua HanpaxXeHua B y3nax COEANHEHNA TOKOOTBOAOB; > MeX[y TOYKOW NPUCOeMHEHNS apMaTypbl C FaBHOMN WWHOW 3a3eMNeHUst CONpPoTUBNEHWE AoMKHO 6biTb MeHee 10 MOM Ha 1 MeTp

J - MaTpuua onpeaenstowmnx TOKOB B y3nax. BbICOTbIl 30aHMSA.

PelaeTcs B COOTBETCTBUM CO 3HAYEHUAMM NOTEHLUMANO0B B y3nax @: McnblTaHua nyyle NpoBoAUTL ABaXAbl - 0 U NOC/e HAaNoNHeHUs BETOHOM, U eCNK yKa3aHHble 3HaYeHUs He AOCTUMHYThI, TO apMa-
Typa He MOXeT UCMONb30BaTbCs B Ka4yecTBe TOKoOTBoAa. B 3ToM cnyyae Heobxoguma Npoknafka OTAENbHOMO BHELIHEro TOKOOTBOAA.
@=J G- Bce BHyTpeHHMe CTeHbI 1 Neperopoaky ¢ BedyWwmuMu Yactamu (apMatypoit), Ans koTopbix He BbinonHAoTCA TpebosaHua cobaopeHus

- [ ]

pPa3fenbHOro nHTepBana S, LOMXKHbBI COBAUHATLCA C CUCTEMON 3a3eMIEHNS U MOJTHUENPUNEMHUKOM.

Yepes nonyyeHHble 3HaYEHMA @ onpeaensaoTca Toku B BeTBAX |, ... | 1 koapduumMeHT pacnpepenenuns Toka MonHuM k_ans pacyeta 2.9 CucteMbl 3a3eMneHuns, knaccudpukauua sasemnutenei U ux KOHCTPYKTUBHOE UCNONTHEHUEe

3aWMnNTHOro nHTepeana S. < - <
OD,HOM N3 BaXHbIX HaCTen BHeWHeN MONHNE3aLWNTbl ABNAETCA CUCTEMa 3a3eMNeHns, CoOCToALlan U3 TOKONpoBoaALWKUX 3/1IEMEHTOB,

CeueHune BHelLHero NNEHTOYHOro, Kpyrnoro nan TpocoBoro ToKOOTBOAA 0bbluHO cocTaBnqaet 50 Mm% B cny4yae OTCYTCTBUA XKECTKUX 3arﬂy6)’|eHHbIX B 3€MJ1I0 NN B APYryto TOKOMPOBOAALLYIO Cpedy, KoTopaa nMeeTt BJ'IEKTpVI‘-IeCKMI;I KOHTaKT c 3emnent. Cuctema 3asemneHns
TpE6OBaHVIl7I K MexaHn4yeckomn MPOYHOCTN TOKOOTBOAA, €ro cevyeHne paspellaeTcqd yMeHbWNTb A0 25 MMm? ¢ CoKpalleHneM paccToaHnA npeaHasHa4yeHa Anda otesofa Toka MONHUKU B 3e€MJ0, BbiIpaBHUBAHWA NOTEHUKWMANOB MeXAy TOKOOTBOAAaMWU NPpU paCTekaHn Toka MOJ-
mMexnay onopaMu KpenneHuna. HWUW B 3eMJII0 N yNpaBneHna noTeHunanaMm HanpaxxeHna, BO3HNKaolne BONM3K cTeH 30aHnNA. 3aseMnuTensb MOHME3aWNTbl BCeraa

[0JKEeH coegnHATbCA Co BCeMU OpyrnMun CylweCcTByolWMMM KOHTYpaMn 3a3eMyieHnd, 3a NCKD4YeHneM, eciimn MoONTHMeoTBOoA4 YyCTaHOBEH
OTAENbHO. B Cnydae, Korga KOHTypbl 3a3eMNeHnsA BbINMONHEHblI OTAENIbHO MO TEXHONOrMYeCKNM yCnoBuaM, nx cnegyet O6be,D,MHVITb, nc-
nonb3yAa CUCTEMY BblPpaBHUBAHUA NMOTEHUMANOB 30aHNA, MOCKOJIbKY C TOYKWN 3peHNA 3alinTbl OT MOSTHNI pexkoMeHOyeTca npuMeHeHune
eJ],I/IHOVI MHTerMpOBaHHOVI CUCTEMDbI 3a3eMNIEHUA.

Ecnu cTeHa BbiMoNHeHa 13 HEroOploYero MaTepmana, TOKOOTBOAbI MPOKIAAbIBAOT OTKPbLITLIM CNOCOOOM C 3aKpenseHneM Ha nosepx-
HOCTW CTEH, MW CKPbLITO NOA CNOEM LUTYKaTYpPKN UK B CTPOUTENbHbIX MONOCTAX. B NpoTMBHOM cnyyae Bo3HWKaeT NoTpebHOCTL B yyeTe
BO3MOXHOIO BAVAHMUA MNOBbILEHNA TeMMNepaTypbl MPOBOAHMKA NPU NPOTEKaHUM ToKa MOSHUK (Hanpumep, LepeBAHHan CTeHa, CTeHa C
yTennutesem). B 3ToM ciydae TOKOOTBOALI pa3MeLLatoT Ha pacctosiHun He MeHee 0.1M 0T Takoi cTeHbl. Ecnn Takoe paccTosHue obe-
CneynTb HEBO3MOXHO, CeYeHMe NpoBoAHMKa yBennymeatoT o 100 Mm2, B peicraytowmx ctangapTax Ykpaudsl [ACTY EN 62305] paznuyaloT ABa Tuna CUCTeM 3a3eMIIEHNA: CTepxHeBble Tuna A v konbLesble Tuna B.

He pexkomeHayeTca npoknagbiBaTb TOKOOTBOAbI HEMOCPEACTBEHHO B CJl0€ LITYKATYpPKM HapyXHbIX CTEH, Tak Kak OHa MOXeT pa3py-
WaTbCs B pe3ynbTaTe TENJ0BOro pacliMpeHns npu NpoTekaHnn Toka MonHun. KpoMe Toro, B pe3ynbrate XMMUYeCKnX peakunin B aTux 2.9.1 3azemnutenu tuna A.

MeCTax WTYyKaTypKa MOXET MEHATb LiBET.
y yp H K T™mny A oTHocATcs FOPN30HTaNbHbIE U I'J'Iy6l/IHHbIe CTep>XHeBble BEPTUKaJIbHbIe 3a3eMInTenun, NpucoeguHATCA K KaXXA40MYy OTAe b~

HOMY TOKOOTBOAY U yI'J'IyGHHIOTCFI B 3eMJ1K0 CHapy>XW 3alLUTHOro obbekTa.

2.8 Ucnonb3oBanne eCTECTBEHHbIX KOMNOHEHTOB Kak TOKOOTBOAA BepTukanbHble cTepxHeBble 3a3eMnuTenu yrnybnaoTcs B NoYBy y OCHOBaHWUA COOPY>XKEHWA Ha PaccTosiHUKU ~1M oT cTeHbl. B HekoTo-

MeTannnyeckune anemMeHTbl KOHCTPYKLUMIA 1 TPYDONPOBOAbLI, KOTOPbIE NOCTOAHHO HAaXx0AATCS B 3AaHUN U HE [ONXKHbI U3MEHATHLCS, MO- pbIX CAyyasx ux LenecoobpasHo ycTaHaBAMBaATL M BHYTPU COOPYXEHWs, Hanpumep, B NoaBsane.

ryT UCNOMb30BaTbCA KakK eCTECTBEHHbIE KOMMOHEHTbI TOKOOTBOAA NPU YCNOBUAX: . . .
y Aanpny Ha puc. 2.9.1 nokasaH obwmin Bug ctepxxHeBoro 3asemnutens tuna A. Takon 3a3eMnuTenb cocTouT U3 ctepxHen ZT, mydT ZTM, 1

> AONTOBEYHOCTU KOHCTPYKLNK; HakoHeuyHuka ZTH. CTep>XHuW 3a3eMneHnsa narotaBaunsatoT ganHon 1.5M 1 nokpeiBatoT unHkoM. Cpok akcnayaTaumm Takux 3asemMamTe-
> WX pa3Mepbl COOTBETCTBYIOT 3HAYEHNAM HOPMUPOBAHHbLIX TOKOOTBOAOB; new coctaBnseT 5+ 15 feT B 3aBUCUMOCTU OT TONLLUMHBI LLUHKOBOTO NMOKPbLITUA. 3a3eMAnTeNb COBAUHAIOT C MPOBOAHMKOM TOKOOTBOAOB
> TpybonpoBoAbl C rOPHOYMMU UK B3PLIBOONACHBIMU COAEPXKAHUEM MOTYT MCMONb30BATHLCS, ECAN YNIOTHEHUA B dnaHLax nocnemn- WY C KOHTYPOM 3a3eMAeHNsA C NoMoLlblo coefuHnTenei SJO1L, SRO3B.

HWX UMEIOT TOKOMPOBOAALLMNE COBAUHEHUS.
> 9neMeHTbl dacafa U BHEWHWE MeTananyeckne KOHCTPYKLMU TakKe MOryT BbiTb MCNONb30BaHbl B KAYeCTBE eCTECTBEHHbIX TOKO-
0TBOJOB, NPU YCNOBUSIX:
> WX pa3Mepbl COOTBETCTBYIOT TpebOBaHUAM, NPeabsBAAEMbIM K MPOBOLHUKAM;
> DOJIKHbl UMETb CMNOWHOE 3NeKTPUYECKoe COeAUHEHNE; ==
> KOMMOHEHTbl TOKOOTBOAO0B BbiNosHAtOTCSA B cooTBeTcTBMM ¢ ACTY EN 62305-3.

Bonbline, HO OTHOCUTENBHO HU3KKE CTPOUTENIbHbIE COOPYXEeHNA 6onblon nnowann [HaanMep, 3aBofackue Kopnyca], Nno BO3MOX-
HOCTU O0JIXKHbI ObITb OCHalleHbl 4ONONHNTENIbHBIMU BHYTPEHHNUMUN TOKOOTBO4AaMMU. OHn npoknagbiBatoTCAa paaom C apMaTypoﬁl Hecyuwunx
CTeH (pVIC. 281] PacctosiHne «a» cooTBeTCTBYeT Tabn. 2.7.1. B Toukax 3a3eMneHun TOKOOTBOAbI AOMOJIHNTEJIbHO NPUCOeaNHATCA K
apMaTtype C NoOMOLblo cneunanbHbIX KNeMm ZB.

Puc. 2.9.1 - 06wnin BUA BEPTUKANBLHOMO CTEPXKHEBOr0 3a3eMnuTens

[nuHa 3a3emnenusa Tuna A onpepenera ctangaptom OCTY EN 62305-3 n 3aBMCHT 0T kacca MOHWE3ALWNTbI U YAEeNbHOro CONpPoTUB-
neHna rpyHTa p 1 coctasndet L1 ans ropusoHTanbHbix NnposoaHnkos 1 0,5 e L1 ana BeptukansHbix (puc. 2.9.2).
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Puc. 2.9.2 - OnpepeneHune pnuH 3asemMnutenen tuna A
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N3 puUCyHKa BUWOHO, HTO MUHWMaNbHaA ONMHA 3a3eMnieHna onsd III'n IV knacca 3aWNTbl HE 3aBNCUT OT P M COCTaBNAET 5M ons ropun-
30HTaNbHbIX 3a3emnntenen u 2.5 m A9 BEPTUKabHbIX. HOCKOﬂbe OCHOBHOE Tp96OBaHI/|e K 3aseMndarnuemy yCTpOVICTBy LPSe - ero
conpoTmBneHne NoJIXKHO COCTaB/IATbL MeHee 10 Om B ntoboe BpeMd roga, MUHUMasnbHYO AJTMHY BO3MOXHO HE NPUHUMATb BO BHUMaHWeE,
ecnu conpoTuBsieHne 3a3eMnidaroLwero YCTPOIZCTBB COOTBETCTBYET 3TOMY yCJ/IOBUIO.

lopu3oHTaNbHbIE 3a3eMANTENN TUNA A MCNOMB3YIOT, KOF4A MOHTaX BePTUKaNbHbIX 3a3eMNTeNEe CBA3aH C TEXHONOMMYECKUMU Orpa-
HUYEeHWUAMU, Unn Korga HeobxogMMo co3paTh 3a3eMnsiollee YyCTPONCTBO B BUAE CETKW. [OpU30OHTasIbHbIE 3a3eMANUTENN ANUHON He
MeHee 5 MeTpoB NpoknaabiBatoTcs B TpaHwee Ha rnybuHe 0.5-0.8m.

MpKY UCMOMb30BaHUU BEPTUKANLHBIX FYGUHHBIX 3a3EMANUTENEN MOHTaX CTEPXHEN TakxXe BbiNoAHAETCA B TpaHwenx (puc. 2.9.3), 3a-
3eMINTENN CORANHAIOTCA Mexay coboil ropu3oHTaNbHbIMKU NpoBoAHWUKaMK (kak npasuno nonocoit PAS). CoegunHeHune 3asemnnTenei
DOJKHO BbITb KayecTBEHHbIM, YTOObI UCKNOUYNUTL BO3HUKHOBEHME Pa3HOCTU NoTeHLManos v n3bexartb nckposblix Nnpoboes. [Ana nog-
KIOYeHMA UCMONL3YIOT cneunanbHble coeanHuTenn (tuna SJ01, SRO3) (puc. 2.9.1). MecTa coeaunHermns 06pabaTbiBaloT aHTUKOPPO3UI-
HbIM NacTol 1/unu 0bMaTLIBAIOT CeunanbHON aHTUKOPPO3UOHHO NeHTol Tuna PLP (puc. 2.9.4).

[MybuHa NpoHWKHOBEHWS BEPTUKaNbHOrO 3a3eMSIeHUs B 3eMI0 A0MKHA ObiTb Tako, YTobbl OH NpoLien BepXHUW CNON MOYBbI U
yrnybuncs B HUXKHUIA CRoM NOYBbI C NPAKTUHECKM CTabubHbIM 3HAYEHWEM YAeNbHOro conpoTuBneHus P. [leno B ToM, YTo BeANYMHa
YAENbHOro CONPOTUBNEHWS P BEPXHEr0 CNOSi MOYBbLI HEMOCTOSIHHA W 3aBUCUT OT ero BNaKHOCTU U BpeMeHu roga. CTeneHb BNaxHoOCTH
onpefensieTcs B 0CHOBHOM KOIMYECTBOM 0cafkoB. B pesynbtaTe conpoTvBneHue 3asemneruns byget TeM ctabunsHee, yeM rnybxe oH
pacrnonoXeH B HUXKHEM He3amep3alolweM cfoe rpyHTa. [ns yMeHbleHUs BAUSHUS KAMMATUYECKMUX YCNOBUI Ha CONPOTUBNEHME 3a-
3eMJeHWs BEPXHIO YacTb 3a3eMieHUs pasMmellaloT Ha rnybuHy t He meree 0.7M, a nonHoe yrnybieHne CTEPXHS MOXHO ONpefenuThb
no ¢popmyne:

T=L/2+t

Ha coeanHeHnn
C TOKOOTBOAOM

CoepunHutenb

CrepxHeBble:
3a3emnuTenu

Puc. 2.9.3 - Tny6uHHbIN 3a3eMnuTensb

Puc. 2.9.4 - 3awuTa MecTa coeguHeHusn (6aHaax) aHTUKOppo3UOHHOM NneHToin PLP

3aszemnuTenun tmna A uenecoobpasHo McMonb30BaTb ANS HEBONbLWNX CTPOUTENBbHBIX COOPYXKEHWA, OCHALLLEHHbIX MOSTHUENPUEMHbLIMU
CTEPXKHSAMW WAV TPOCaMWU, U ANt YCTPOMNCTBA U30JMPOBAHHON CUCTEMbI MONHUe3aLwnTbl. ObLiee KomyecTBo 3a3emManTenei Ha 35aHune
[O/IKHa bbITb HEe MeHee 2-X, yCTaHaBAWBaTb UX HY>XXHO Ha Be30nacHOM pacCTOAHUM OT MOA3EMHbIX UHXEHEPHbIX KOMMYHUKALWMIA U 3neK-
Tpuueckux kabenei. CTepXHU MOXHO pacrnonaraTb B psg Uiv B Buae noboi reomeTpuueckoint durypbl (keagparta, NpsMOyroibHMKa,
TpeyronbHuka) B 3aBUCUMOCTM OT yao6CTBa MoHTaxa U niowaan. CoBOKYMHOCTL CTePXKHEN, COeAUHEHHbIX Mexay coboi, obpasyeT
KOHTYp 3a3eMeHus.

le/l BbIMOJTHEHUN p860T No MOHTaXy 3aszemnuTtenen NCNONb3YKTCA CneunanbHble yogapHble MHCTPYMEHTbI, TakKne Kak 3/1eKTpo-, 6eH-
30-, THEBMOMONOTbI. HO‘-IBy BOKpyr 3aszemnunTtenen YNNOTHAETCA [yTpaMGOBbIBaeTCH] ona obecneyeHna onTUManbHOro 3NeKTpnyeckoro
KOHTaKTa.

CTep>KHM M3roTaBanBardTCA U3 CTanu, U NOKPbIBAKOTCA C/I0EM UNHKA. B 30Hax ¢ BbICOKUM PMCKOM KOppoO3nun cnepgyet nCcnonb3oBaTb
TONbKO Hep>XXaBetLuwyk CTanb.

2.9.2 3azemenutenu tuna B
,D,pyI'MM TUNOM 3a3eMInTeNnen ABNATCA 3a3eMAUTeNn Tuna B, N 0enaTcAa Ha KonbueBble U ¢yH,D,aMeHTHbIe.

Konbueson 3azemnutens tvna B (puc. 2.9.5) npoknaabisatoT Bokpyr GyHAaMeHTa oMa B BUAE 3aMKHYTOro KoHTypa (unu cetku) Ha
paccTosHuu bonee ogHoro MeTpa oT 3aaHuna u Ha rnybuHe 0.5-0.8M, npu 3ToM MUHUMYM 80% BAMHBI LOMKHO MMETb KOHTAKT C 3eMNeNn.
[lononHnWTenbHO MOXHO yCTaHaBAMBaTb U NOAKAOYaTb OTAENbHbIe 3a3eMnuTeny Tuna A.

" TokooTBOA
i

- Mnockuin
npoBoj
3asemnuTesna

Puc. 2.9.5 - KonbueBon 3azemnutens tTuna B

LnHa TokooTBOA
3a3emneHus /

4 CrepeHb
AN BBOAA

3a3emMnuTtesb

CoefnHeHne
C apmatypon

BbiBog 13 dyHOaMeHTa
N COeAVHEHNIE CO CTEPXKHEM
TOKOOTBOAA

Puc. 2.9.6 - ®yHpaMeHTHbIN 3a3eMnuTens Tuna B

HOCKOJ‘Ibe OCHOBHbIM 3a3eMnnTenem Tuna B asnsetca 38MKHyTbIl;1 Kpyr, BONPOC ypaBHMBaHNA NOTEHUMAN0OB MexXay TOKOOTBOAAaMU
He BO3HWUKAET, M LOMNONHUTENbHbIN Be,D,yLLI,MlZ KOHTYP Ha ypOBHE 3eMNN He HYXeH.

[Ina konbLUeBbIX 3a3eManTeNen MoXHo ncnonb3osaTh (tabnuua 2.11.1):

> Kpyrnble npoBogHuku (nposonoka DRAT) @8 +10 MM (cTanbHble, antoMuHnesbie, MeaHbie)
> nnockue nposoaHukm (nonoca PAS) 25x4 MM, 30x3,5 MM, unu 40x4 MM (cTanbHble).

OcHoBHble npenMyulecTea U He4OCTAaTKM KONbLEBOro 3aseMamnTena Tuna B Takue xe, kak u Yy CTepP>XXHEeBbIX 3aszemanTenen tuna A.

®yHaaMeHTHbIN 3a3emauTens Tuna B (puc. 2.9.6) npoekTrpyeTca ToNLKO ANA HOBOTO A0OMa M YCTaHaBAWBAETCA Ha 3Tane CTponUTeNb-
CTBa, HEMOCPEACTBEHHO B OETOHHOM byHAAMEHTE CTPOUTENBHOTO COOPYXKEHUS.
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4> KOVOFLEX

4> KOVOFLEX

MonHuesawumTa u 3aseMneHune  TexHu4eckoe pykoBoACTBO



Takve 3azemnutenen MCNONb3YHT B 34aHNAX, MOCTPOEHHbIX Ha CKaiNCTOM, TNWEHHOM MATKOro cnoa no4yse, Uan Npn NOBbILLEHHOM
pnUCKe noXapos. B noyBax ¢ BbICOKUM conpoTnBneHneM nNnpu CTpomTenbCTee BO3MOXHO NpUMeHeHe MeToa 3aMelleHna No4yBbl. 3toT
MeTo[ peanunsyetca 006beMHON 3aMeHON KaMEeHUCThIX U NecyaHbIX MOYB B MecTax yCTpOlZCTBa 3a3eMJIeHUN Ha MNHUCTbIE.

,D,J'Iﬂ NOAKNHYEeHUA K TOKOOTBOAAM npefycMaTpmnBatoTCca BbIBOAbI N3 ¢yH,D,aMeHTa Hapy>Xy C NOMOLWbIO KNeMM ZB.

JNleHTy 3a3eMneHuns NpokiafbiBaOT MeXAY apMaTypoi U COeLUHSAIOT UX C UHTEPBaNoM 2M. OyHaaMeHTHbIe 3a3eMAUTENN OTAENbHbIX
34aHUI Npn HeobXxoANMOCTM CoeAnHATCS BMecTe. BeToH oNXKeH NoKpbIBaTb 3a3eMAAIOLWNIA INEKTPoA B PyHAaMeHTe He MeHee Ha 50
MM, TOFA4a 3TOT 3NEKTPOA CYUTAETCH 3aLUULLEHHBIM OT KOPPO3UN.

(DyH,D,aMEHTHbIe 3a3eManTenn N3rotTaBanBatoTCA M3 TOro XXe MatTepuana, 4To 1 Konbuesble. B Cny4yae BblABEHUA HefoCTaTOYHOM
3J'I€KTpMHECKOl71 npoBoAMMOCTH beH,D,aMeHTa 30aHVA, pekoMeHayeTCA yCTaHaBIMBaTb AONONHUTENbHbIE KONbLEBbIX 3azemnuTenen B
rpyHTE pAgoM C q)yH,D,aMEHTOM, HO HYXHO 3aMeTUTb, 4TO NPN NCNONb30BaHNUW CTalbHbIX 3aseMnuTenen, NOrpy>eHHbIX 0o4HOBPEMEHHO
B 6eToH 1 no4yBy, MOTYT BO3HNKATb rasibBaHW4eCckmne noTeHumnanbl HanpaxeHnem Ao 1B, uT0 oTpMuaTenbHO BNUAET HA KOPPO3NOHHYIO
CTOMKOCTb 3a3eMAnTenen B FpyHTE. |_|03TOMy 3aseMaunTenu, ebixogdauime n3 beH,D,aMeHTa B IPYHT, peKoOMeHOyT BbI6MpaTb n3 Mean nnu
n3 ctanu, I'IOKprTOl;1 Meablo NN UMHKOM.

‘DyH,EI,aMeHTHbIVI 3a3eMnTenb coeguHAaeTca C BHEWHWM KONbLUEBbIM 3a3eMyinTeneM 4epes Kaxjble 20Mc NOMOLLbIO CneunanbHbIX
CoefANHUTEeNbHbIX MPOBOAHWKOB, HAanMpaB/leHHbIX BEPTUKalIbHO BAOJIb CTE€HbI K TOYKaM CcoegnHeHnAa C TOKOOTBOA4aMu. Bce coeguHeHunn
LOMKHbI ObITb BUHTOBBIMW, 38XKUMHbBIMU UK CBapHbIMU.

[JonyckaeTtcs Takxe UCMNONb30BaTh «eCTECTBEHHbIE» 3a3EMAUTENN, B KAYECTBE KOTOPbIX MOryT BbICTYNaTb NPOAOXEHHbIE B 3eMe
BOAOMPOBOAHbIE M TennobuKaLMoHHble TpyBObl, CTanbHbIe KOHCTPYKLMM 34aHWIA U COOPYXKeHuit, apMaTypa beToHa v T.n. Npu ucnonb3o-
BaHWW apMaTypbl CiefyeT yaenuTb ocoboe BHUMaHWe BHYTPEHHWUM COefiMHeHUeM A NpefoTBPaLLeHUs MexaHU4eckoro packanbiBa-
HWst BeToHa BCNEACTBME NPOTEKAHNSA TOKA MOSHUM, KOTOPbIA MOXET BbI3BaTb HELOMYCTUMbIE MeXaHWUYeckue HarpysKku.

[Mocne MoHTaXxa cUCcTeMbl 3a3eMNEHNS BbINONHAETCA n3MepeHuna COI'IpOTl/lBJ'IEHl/II;l cornacHo nacnopTy.

2.10 KoHTponbHble coeguHUTENn
,D,J'lﬂ npoeseaeHnAa nepunognvecknx VIHCHEKLLMVI 3a3eMneHuna HEOGXO,D,MMO npegycMaTpuBaTb KOHTPOJIbHbIE N3MEPUTEJIbHbIE TOYKN.

Takve TOYKM BbINOSHATCA B MECTe COeAMHEHMA CUCTEMbI 3a3EMJIEHUA C CUCTEMON MOSIHME3ALWMNTbI UK C CUCTEMON ypaBHUBaHUA
noTeHUunanos. ,D,J'IH 3TOro0 NCNONb3YKT cneunanbHble KOHTPOJIbHbIE COeguHNTENn Tuna SZ. Takown coeanHUTENb NO3BONAET Nerko oT-
COeANHUTb CUCTEMY BHELWHEN MONHMEe3aWmnTbl Unn ypaBHMUBaAHUA NOTEHUMaNoB OT 3a3eMnuTend, 4To gaeT BO3MOXHOCTb NMpPoOBeCTH
KOHTPOJIbHblE 3aMepbl CONPOTUBNEHNA 3a3eMaunTena.

KOHTposbHbIE CoeaMHNUTENN YCTaHaBIMBAOTCA Ha cTeHax (0TKpbITas ycTaHoBKa), B cTeHax (B MOHTaXHbIX kopobkax), n1bo B n3Mepu-
TenbHbIX Konoguax B rpyHTe (Tuna KRB).

PEKOMeHD,yeTCH yCTaHaB/nBaTb 40NO/IHUTE/IbHbIE MapKepbl TUNa STlTKY, ana VILI,eHTVId)VIKaLI,VIVI KOHTPOJIbHbIX COG,D,I/IHVITeJ'lEVl.

2.11 MaTepuanbl KOMNOHEHTOB MOJIHUE3aLWUTbI

KOMMOHEHTbI CUCTEMbI BHELIHEN MOTHME3aLLUTbI MOCTOSIHHO HAXOAATCS MO BO34ENCTBMEM OKpPY>Katolen cpefbl, 0COBEHHO 3TO Ka-
caeTcs 3a3emnuTteneil. Bce 3Tu cocTaBnsiolwme aneMeHTbl NOABEPraloTCA KOPPO3UM, B TOM YMCIE U 3NEKTPOKOPPO3UM, YTO MPUBOAUT K
noTepsiM CBOWCTB MaTepuana, n3 KoTOPOro OHW M3roToBieHbl. [pu 3aNeKTPoKoppo3nK, BO3HMKAlOLLEE BCNEACTBUE UCMONb30BAHNUA NPO-
BOAHMWKOB M3 Pa3HbIX METAN0B UM pa3MeLLeHnUs NPOBOAHUKOB B pas3finiHbIX cpefax, obpasyloTcs ranbBaHWyeckne napbl, NpoLeccsl
paspyLeHns 3HaYUTEeNbHO YCKOPSITCS.

|_|O3TOMy ANA MONTHWEe3aWmnTbl NCMONb3YKT TOJIbKO Takne MaTepuanbl, KOTopble CNOCOBHbI ANUTENBHO NPOTUBOCTOATL 3TUM Npouec-
Ccam.

B tabnuue 2.11.1 npuBefeHbl faHHble 0 MUHWManbHbIX pa3Mepax 31IEMEHTOB B 3aBUCMMOCTU 0T MaTepuana. B Tabnuue 2.11.2 npu-
BefAeHbl laHHble 0 MaTepuanax 31eMeHTOB MOJTHME3aLLMTbl U 061acTb UX MCNONb30BaHUS.

Mpwv coefMHEHNM pa3HbIX MAaTEPUANOB ClefyeT YUYUTLIBATb UX rasbBaHUYeckylo coBMecTuMocTsb (Tabnvua 2.11.3).

Ecnu Tpe6)/ETC9| coefnHeHne OBYX Pa3/INyHbIX MaTepnasoB, KOTOpoe He peKkoMeHOyeTCAa BbIMOJIHATb, c/iefyeT NCNnoNb30BaTb NpoMe-
XYTO4YHbIE bumetannuyeckue mMaTepuanbl.

0n10BO - caMblit yaobHbIA MaTepuasn B 3TOM OTHOLUEHMM, XOPOLLO COYETAeTCs CO BCEMU APYrvMM MeTannamu. Takke MOXHO MCMosb-
30BaTb Kak MPOMEXYTOYHYIO NPOKNaAKy HepxaBsetoLlyto cTanb. Meab camas TpebosaTtensbHad. Ho mokpbiTaa onosom (nyxeHasn) Meab
MoxeT 6e3 npobneM coueTaTbes C ApyrMu MaTepuanaMu, TakuMmn Kak OLMHKOBaHHas cTanb. ANIOMUHUIA He JOSIXKEH NPOoKIaabiBaTeCs
HenocpencTeeHHo (6e3 unTepsana wnu 6e3 usonAuMM) No WTyKaTypKe, LeMEHTHOMY pacTBOpy, BETOHY, B HUX UK B FpyHTE.

Tabnuua 2.11.1 - MaTepunanbl 3/1eMEHTOB MONTHUE3ALLUTbI U UX MUHWUMaJbHbIE pa3Mepbl

MuHUManbHble pasMepsbl
Martepuan ®opma CtepxxHeBoM MpoBoaHwK
TokooTBOA, MonHuenpmeMHuk
3asemnutenb 3asemnutens
Kpyrnbii 50 MM? (8 MM) 176 MM? (815 Mm) @ g14MM 78 MM? (210 MM)
OuwnHKoBaHHan NAOCKMUI 50 mMm? (20x2.5 mm) - - 90 Mm? (30x3 Mm)
cTanb TPOCOBbLIN 50 MM2 - - -
TpybyaTbin - - 825 MM -
Kpyrnbii (50 mm?) ® 176 Mm? (915 Mm) @ g16MM 50 Mm? (28 MM)
Megnb Mnockui 20x2.5 MM (50 mMm?) - - 50 MM? (20x2.5 MM)
Tpocosbiii 50 MM2 - - 50 Mm? (28 MM)
HepKas q Kpyrabii 28 mMm (50 MM?) 176 Mm2 (915 Mm) @ 215MM 78 mm? (210 Mm)
epxasetolia Mnockuin 20%x2.5 MM (50 Mm?) - - 100 MM? (25x4 MM)
cTanb -
Tpocosbiit 50 Mm2 - - -
2 a - -
, Kpyrnbii @8 mMm (50 MM?) 176 uu? (915 um)
AntoMuHUI - - - -
TpocoBblit 50 MM2 . } B
Crinas Kpyrasii 28 MM (50 MM?) 176 MM? (815 MM) @ - -
Mnockui 20%x2.5 MM (50 mm?) - - -
antoMUHNA _
TpocoBblit 50 MM2 - - -
HenokpbiTas Kpyrnsii - - - 78 MM? (210 MM) ©
cTanb Mnockui - - - 75 Mm? (25%3 Mm] ©
a) [lns cTep>KHEBbIX MOJTHNENPUEMHWKOB, Ha KOTOPbIE BETPOBAs Harpy3ka He 3HaUYMTesIbHa, MOXHO MCMOJb30BaTh CTEPXKHU AUAaMETPOM
9.5 MM, Npu fnnHe Takux cTepxHen He bonee 1 M.
b) Ecnu MexaHnueckas NpoYHOCTb He BaXKHa, MOXHO MCMONb30BaThb NPOBOAHUK ceueHreM 25 Mm2.
c) Tonbko Ans 3anueku B 6eToH Npy MuHUManbHon raybuHe 50 Mm2.

Tabnuua 2.12.2 - Cpefia Ucnonb3oBaHWsA U KOPPO3USI SNEMEHTOB MOJTHUE3ALLUTbI

Ucnonb3oBaHune Kopposus
MaTepuan Pa3pywaeTtcsa 5
Ha Bo3ayxe B 3emne B 6eToHe ConpoTtusnexue YBenuunsaetca ranbBaHU4Yeckon
napow BmecTe C
OAHOXUNbHbIN OAHOXUNbHbIN
OLHOXUNbHBIN
. . Xopoliee BO OpraHuyeckue
Mepb MHOroXunbHbIN MHOroXunbHbIN -
- MHOIMX cpefax MaTepuansbl
MHOroXunbHbIN
Kak nokpbiTne Kak nokpbiTne
. . [ocTatoyHan Ha
lopsyeoumnHkoBaHHasn OAHOXUNbHbIN OAHOXUNBHbIN Bbicokoe
. BO34yXe, B beToHe,
cTanb OLHOXUNbHBIN copepxaHue Megb
. _ | B BnaronpuaTHOM
MHOrOXMAbHbLIN MHOrOXMAbHbLIN XNopuaoB
rpyHTE
Ctanb ¢ MegHbIM . . . Xopowee Bo
OaHOXUNbHbIN OAHOXUNbHbBIN OaHOXUNbHBIN CopepxaHue cepbl -
noKpbITUEM MHOrMX cpefax
OaHOXUNBHbIN OaHOXUNBHBIN OaHOXUNBHBIN XoDoLee BO Bbicokoe
HepxaBelowas ctanb P copepxaHue -
- - - MHOrUX cpefax
MHOroXMAbHbIN MHOroXMAbHbIN MHOroXMAbHbIN XNopuaoB
OaHOXUNBHBIN
- XopoLllee Ha
AnloMuHUR He npurogeH He npurogeH LLlenoyHas cpega Meab
- BO3ayxe
MHOroXunbHbIN
Xopollee B
. . Megb
OfHOXUNBHbIN OfHOXUNBHbIN atMocdepe
CsuHel, He npuropeHn C BbICOKMM KncnoTHbIN rpyHT
Hepxasetowasn
Kak nokpbiTue Kak nokpbiTue cofepxaHuem crans
cynbdpaToB
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Tabnuua 2.11.3 - CoBMecTUMOCTb MaTepnanos

MATEPUAN

OunHkoBaHHanA

AnioMuUHUIN
CnnaB antoMuHuA

Hepxasetowasn
cTanb

OuMHKoBaHHasA cTanb

CTanb

AntoMuHun
CnnaB antoMuHuA

Mepb

X

v
X

Hep)KaBe}ou.l,aﬂ cTanb

Onoso

ANA

CRRK &)

3. CucteMa BHYTpPeHHEN MONHUE3ALWMUTDI

Mpu NpAMOM yaape MoNHUK B 3aaHKe, 000pyf0BaHHYIO CUCTEMOW 3aLLUTbl, BHELLIHAA MOHME3aLLMTa JOKEH YCNeLHo CNpaBnaTbCs
¢ Tokamu MonHumn go 200 kA, oTBOASA ee 3Hepruio B 3eMto. Ho onbIT nokasbiBaeT, 4To Tonbko 50% 3Heprum MonHUKM OTBOAMTCA B CUCTe-
My 3a3eMJIEHMS, @ ApYyras YacTb NPOHUKAET BHYTPb 34aHusA - npuMepHo 35% no MeTannuueckum Tpy6am (Bogonposog, ras, otonsneHue,
kaHanusauws), 10% no nuHUAM anekTponuTaHusa u 5% no NUHUAM nepefayun LaHHbIX.

970 NPOMCXOAMUT N3-3a HEHYNIEBOr0 COMPOTHUBAEHWE 3a3eMieHns R, Ha KOTOpOM BO3HMKaeT nageHue HanpsxkeHus U npu npotekaHunm
MMMynbca Toka MofHuK |. 3To HanpsxXeHne NpUKNagbiBaeTCca MexXAy 3a3eMeHHbIMU akTUBHbIMW NPOBOAHWKAMU B MOYBE W BHYTPEH-
HUMW BeAyLLMMUW d71eMEHTaMU COOPYXXEHMS, TakKMMU Kak MeTaannyeckne KOHCTPYKL MK, TOKOMPOBOASALLME BHYTPEHHUE KOMMYHMKALM-
OHHble CUCTEMBI U JIMHWU, KOTOPbIE MPUCOEAUHEHBI B 34aHKe CHapyxu. Hanpumep, npu umnynbce Toka Moanuum | = 50 (kA) npogonxu-
TenbHocTbio t = 10-350 Mkc, Ha onope 3azeMmneHnd R = 1 (OM) BosHukaeT nmnynsc Hanpsaxerus U = 50 kB, KoTopbli ABnAeTca yrpo3on
L5 3N1eKTPUYECKMNX CUCTEM BHYTPU 3AaHWA, Tak KaK HAMHOTO NPeBbILLAeT NPOBUBHYO NPOYHOCTbL M30AALUN.

[ins 3aWmnTbl OT MMNYNLCOB NEpPeHanpsXeHWa NCNONb3YIOT CUCTEMY BblpaBHWBAHWUA NOTEHLMaN0B BMeCTe C YyCTPOMCTBAMM 3aLUThI
OT UMMYNbCHBIX NepeHanpsxeHuin (Y3UMM).

3.1 YpaBHuBaHue noTeHUManos

Cuctema BbIpaBHMBaHNA NOTEHLMANOB - 3TO INEKTPUYECKOe COefIMHEHEe BCeX TOKOBeAyLWMUX YacTel CTPOUTENbHOIO COOPYXXEHUs C
rNaBHOW LWMHON 3a3eM/IeHNs C NOMOLLbI0 OTAENbHON CNeLuanbHOW WWHLI BblpaBHWBaHWA NOTEHLMAN0B, NPUBOAUT K PaBEHCTBY Mo-
cnegHuX B MOMeHT yaapa mMonxum (puc 3.1.1).

MONHNenpueMHuUK

A\

dneKTpo- dneKTpo-
06opyaoBaHu o6opyaoBa

BoponpoBsoaHble Tpy6bl,

Hue KaHanmsauma

OTonnexve

TokooTBOA

LnHa rnaBHoro
3asemMmneHus

2
VA
BHewHune
BBOAbI
/

Puc. 3.1.1 - YpaBHMBaHMe NOTeHLMANOB 34aHNA

K TOKOBEAYyLWMM HacCTaM COOpy>K8Hl/|l71 OTHOCAT MeTannnyeckme 4acTu Kapkaca 3faHunda, Metannamndeckune pr6bl BOAOCHabxeHus, Ka-
HanuMsauuu, oToNNeHUs, ra3ocHabxeHns, MeTannmyeckme obonoukm HapYy>XHbIX NVHUIA NUTaHWUS U CBSI3WN, MeTannMyeckme 4yacTu cUCTeM
BEHTUNALNN N TOMY nogobHoe. CoeiMHEHNE BCEX BXOLHbBIX METANNNYECKUX NTNHUIA, TUHWUIA anekTponepenay U aHHbIX XXenaTtenbHo fe-
naTtb ULEeHTPpann3oBaHHO B O4HY TOYKY. Ecnu aTo HeBO3MOXHO B cnny MeCTHbIX yCJ'IOBl/ll;L MCNONb3YHT KONbLEBOE 3KBUMNOTEHUMNANbHOE
coegnHeHmMe C NOMOLW b0 HECKONTbKUX WWNH U BHYTPEHHEro KoJibLeBoro nposogHMKa [pMC. 312]

W.\EI
I'_L;——l___'!'_"—__'l
I I T [] I

XXX)
d

m Apmatypa creH u ¢ Ta E TMna B

E JApyrue 3a3emnaowme 3neKTpoab! Y3Ur (SPD)

IE, Touka nofKnIoUYeHNs K apmaTtype LnHa ypaBHNBaHNA NOTEHUMANOB
E BHYTpPeHHWI1 KonbLEeBOW NPOBOAHNK E Kab6enb snektponutaHus

E MoaKnioueHne K BHEWHUM VN TeNeKOMMYHUKauMin

Hactam Mna A

Puc. 3.1.2 - CBA3b cucTEMDI BblpaBHMBaAHUA NOTeHUMaNoB C BHYTPeHHUM KonbueBbiIM NPOBOAHUKOM
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npOBO,D,HI/IKVI, KOTOpPble MOCTOAHHO HaxoA4ATCA No4 HanpAXeHnewM, obazaTensHo coegnHAKTCA C WnHOM BblpaBHNUBaHNA NoTeHUNa-
NIOB MW C WMHOW 3a3eMeHunn yepes YSVIH, KOTOpble YCTaHaB/INBAOTCA Ha BBOA4E NUHUIA NUTaHNA r|0Tpe6|/1Tenel7| B 3[aHue. CornacHo
|—|y3, yCTaHOBNEeHNe Y3UM s 3N1IEKTPOYCTaHOBKAaxX HU3KOro Hamnpa>XXeHna AaBnaeTca 06H3aTeﬂbelM, HE3aBUCUMO OT HaNnU4na CUCTEMDbI
BHELIHEN MONTHNE3aWnThbl.

Bnarop.apﬂ CcucTemMe BblpaBHMBAHWA NOTEHLUMAN0B, B MOMEHT yaapa MOJIHMMN Ha BCEX 3/IEKTPONPOBOAALLMX HAaCTAX 34aHNA PAa3HOCTb
noTeHunanos 6yJZLET NPpUMEPHO PaBHATLCA HYNKO, HTO NpefoTBpallaeT BO3SMOXHOCTb 3/IEKTPNUYHECKOro I'IpO6OF| 1N BO3HWMKHOBEHWIO onac-
HOro UCKpeHnA.

OpHako HY>XHO 3aMeTUTb, 4TO TOK MOJTHNUWX NPU NMOJTHOM COeAUHEHUNN INeKTpOoNnpoBOAALLNX yacTen MOXeT 4acTUYHO HEeKOHTponunpye-
MO NMPOHMKaTb 3a npeaenbl CO34aHHOW CUCTEMbI BblpaBHMBaHNA NOTEHUMANOB, NepeTekan Aaxe Ha Apyrne coopy>xxeHua.

I'Ipm MOHTa>Xe CUCTeMbl BbiIpaBHMBAHNA NOTEHLNAN0B A0/1XKHbI BbINONHATLCA yCNoBUA:

> MOACOeAMHEeHUe BCEX TOKOBELYLLMX HYaCTEN COOPYXKEHWIN K CUCTEME BbIpaBHUBAHWS NOTEHLMAOB BbIMOAHAETCS MO PafManbHOM CXeMe;

> MeTanIMYyecKne 3NEMEHTbI UHXEHEPHbIX COOPY>KEHWUW LOMKHbI ObiTb COefiMHEHbl MexXay coboin U CUCTEMOW MONHME3aLWNTLl Ha
ypOBHe NOYBbI;

> BHELUHWe TOKOMPOBOAALLME YacTu U Kabenun CoeAnHSIOTCS C CUCTEMOW BbIpaBHMBAHMA NOTEHLMAN0B MOXHO bAnXKe K Touke BXoga
B 34aHWe, COEANHUTENbHbIE MPOBOAHMKIN [OMXKHbI BbITh MPAMBIMU U KaK MOXHO KOPOYe;

> ANnA 3paHui Boicotoit 6onee 30 M pekoMeHayeTca co3aaTh (CHapyXu UK BHYTpY) LOMNOAHUTENbHbIE KONbLEBbLIE MPOBOAHUKM ypaB-
HWBaHWA NoTeHLManoB Yyepes Kaxgble 20 M BbICOThI;

> B CJly4ae N30MPOBAHHOIO BHELUHEN MOSHWUE3aLLMTbI COELMHEHNS CUCTEMbI BbIPAaBHUBAHWS MOTEHLMAN0B BbINOMHAETCS HA YPOBHE MOYBbI;

> eC/iM B CUCTEME BHELUHEeR MOSIHME3aLWMTbl UCMONb3YeTCs HECKOMBbKO AOMONHUTENbHbIX 3a3eMAnTenei Tmna A, ux Hafgo COeauHNTb
Mexzy coboi KonbLEeBbIM MPOBOAHUKOM AW NPOBOAHWKOM B BUAE Pa30MKHYTOr0 KObLA;

> BO B3PbIBOOMACHbIX 30HaX CMCTeMa BblpaBHMBaHWA NOTEHLMAN0B BbiNonHsaeTcs B cooteTcTBuM ¢ [JCTY EN 60079-11.

O6bIYHO WKWHbI BbIpaBHWBAHUS MNOTEHLMANOB - 3TO KOHTAKTHbIE KOMOAKM M3 HEPXKaBEILLEN CTann Unu Meu ¢ KneMMaMu Ans nog-
kntouermna go 100 kA (tuna EPM). OHu aBnatoTca yHWBEpCasbHbIMK, YA06HbLI B MOHTaxXe U UMeloT HagexHoe kpensenue (puc. 3.1.3).
LLInHbl ycTaHaBNMBalOTCA Ha CTeHax 34aHua 6113Ko K ypOBHIO nosa psgoM € BBOLHbIM YCTPONCTBOM NUTaHWA, a 419 COOPY>KeHUI bonee
20M L/IMHON UCMONB3YIOT KOMbLEBYIO WWHY MW HECKOMIBKO WWH, COeAUHEHHbIX Mexay coboit (puc. 3.1.2,).

PucyHnok 3.1.3. LUnHbI ypaBHuBaHua noteHumanos Kovoflex EPM

[ns coefiMHeHNA 3NEMEHTOB CUCTEMbI BbIpaBHWBaHWA NOTEHLMANOB C MeTananyecknummn Tpybonposogamu, bporeit kabenen u T.n.
MCMONb3YIOT 3a3EMAAIOLLMNE XOMYTbI PA3IMYHOM KOHCTPYKUMK, HanpuMep, Tuna RZ (puc 3.1.4).

PucyHok 3.1.4 - 3azemnaiowuim xomyT

COE,D,MHEHI/le NPOBOAKN MeXAYy pa3/IMYHbIMN TOKONPOBOAALWNMN HAaCTAMU BbINOJIHAETCA NyTeEM KECTKOW nanku, CBapKu, NpokaTku,
¢aﬂbLLOBKVI, BMHTOBOIMO WM 3aKNEMNOYHOI0 COEAMHEHNS, U LONXKHO obecneynBaeT HaAEXHOCTb KOHTaKTa U AJNTENbHbIN CPpOK 3Kkcnaya-
Tauun. I'IpM MOHTaxe 0653aTeNbHO MCNonb3yrTCA cneunanbHble UHCTPYMEHTbI. COG,D,I/IHVITEJ'IbeIe MPOBOAHUNKW CUCTEMbI YypaBHUBaAHNA
NoTeHLManoB [OMKHbI BbiTb CNOCOBHBIMK BblAep>XMBaTb COOTBETCTBYHOLWY Y4aCTb TOKa MONHUN [TaGJ'l. 311] M BbiTb 3alUMLLEHbl OT
MexaHn4eckunx ﬂOBDE)K,ELEHMI;l, XUMUNYECKNUX UITN INEeKTPOXUMUNYECKNX pa3pyLUEHVlVI, 0T BO3LeNCcTBUA 3NeKTpo- n TepMognHaMnN4eCcknx
Harpy3ok, a TakXXe He UMeTb NPOMEXYTOYHbIX BHYTPEHHUX COELVHEHUN.

ObopynoBaHuio, NPUMEHSIEMOMY BO B3pbIBOOMACHbIX 30HaX, TpebyeTcs cucTeMa ypaBHWBaHWUA noTeHumanos B cooteetcTammn ¢ ACTY
EN 60079-14. Bce kopnyca 3nekTponpoBOAsALLMX YacTeln He NPOCTO MOAK/0YATCS K CUCTEMe ypaBHMBAHMA NoTeHUManos, a obecne-
YyMBaeTCs 3allMTa BCEX COEAUHEHWI OT CaMomNpon3BoabHoro ocnabnerus. Myt oTBoAA TOKa MOMHWUU AOMXKHbI BbITb BbINOMHEHbI TAKUM
06pa3oM, 4Tobbl BO3MOXHbIN HarpeB Npu 0TBOLE 3TOr0 TOKa, @ TakXXe BEPOATHOE, B CiyYae kakoi 1nbo aBapuu, nckpoobpasosaHue, He
CTann UCTOYHWUKOM BOCMNAMeHeHWs B3PbIBOOMACHOW Cpesbl.

LnHbl ypaBHMBaHuA noteHunanos Kovoflex EPM komnnekTyloTcs Npy>KWHHbIMK Wwanbamuy, 4To 3alimLiaeT COefMHEHUs Ha BCeX
KneMMax oT Npon3BoabHOro ocnabneHuns. Takme WUHbBI MOTYT NPUMEHATLCA BO B3PbIBOOMACHbIX 30HaX.

Tabnuua 3.1.1 - MpoBoOAHUKYM ANs CUCTEMbI BbIpaBHUBaHUS NOTEHLMAN0B

CeyeHne NPOBOAHWUKOB, COEANHAIOLLNX
MaTepuan CeyeHne NPOBOAHWUKOB ANSA COEAUHEHUSA C pasnuyYHbIe WHHbLI BbIpaBHUBAHUA
P LUMHOW BblIpaBHMBAHUA NOTEHLMANOB noTeHuUnanos Mexay coboi unm c cuctemon
3aseMneHuns
Menb 6 MM? 16 MM?
ANOMUHWIA 10 MM? 25 Mm?
Cranb 16 Mm? 50 MMm?

3.2 KoHuenuua 30H MONHUWE3aLWuUTbI

CucteMa BHyTpEHHel MOosTHMe3alMTLl 6a3npyeTca Ha CO34aHWUK NoKabHbIX 30H MonHKuesawuTsl (3M3 nnu LPZ). OcHosolt kKoHuen-
UMen co3/aHnsA 30H MOMHME3aLLNTbl ABNSETCA NPUHLMUM CTYNEHYaTOro YMEHbLUEHUA UMMYNbCHbIX NepeHanpsXKeHUn, KoTopble MOryT
BO3HMKATb NP NPAMOM UV OTRANEHHOM yaape MonHuK, o 6e3onacHoro ypoBHA. [ns peanusauny 3Toro NnpuHLMNa BCo 371eKTPOCeTb
30aHUS [ENsT Ha 30Hbl, B KOTOPbIX A0SIKeH ObiTb CO3A4aH OAMHAKOBLIN YpOBEHb NepeHanpsxeHuin, obecneynBaeT orpaHuyeHne nx
BAUAHUA.

Ha puc. 3.2.1 npepcTaBneH ofuMH 13 BapuaHTOB co3faHusa 30H MonHuesawmnTsl LPZ-0 - LPZ-2 B oTaenbHOM COOpYXeHUN.
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| y3un 0a/1 é
@ — yposeHb 3emnn @

W — mecTa yctaHoBKM Y3UI Ha rpaHnLax 30H MOJIHUE3ALM T

1 — 3paHue (coopyeHue)

2 — cMcTeMa MOSTHUENPUEMHUNKOB

3 — cucTema TOKOOTBOAA

4 — cncTema 3a3emneHuns

5 — nomelyeHvie ¢ 0bopyaoBaHNEM
6 — BBOAbI KOMMYHWKaLWiA B 34aHNe

S1 — yaap MOfHUM B 3aHKe (COOpYXKeHUe)

S2 — yaap MonHUM B6NIU3M 30aHNA (COOPYXKeHNs)
S3 — yaap MOMHWU B IMHUM KOMMYHUKaLUi
3[1aHVA (COOPYKeHWs)

S4 — ypap MonHUM B6IU3U NNHWIA
KOMMYHWKaLWi 3aaHun

r— pagmnyc GUKTMBHOU chepbl
ds — 3a30p (MaTepuan KOHCTPYKLWI 1 CTeH), ocnabnaiowuii BIMAHWE 31eKTPOMarHUTHOTO nosns
Puc. 3.2.1 - 3oHbl MonHuesawutbl 3M3 (LPZ)

PaspeneHune Ha 30HbI MOTHME3ALLUTbI ONPEAENAETCA B COOTBETCTBUM C BbIDPAHHOW CUCTEMbI 3N1EKTPOCHABXEHWS, MOCKONbKY NMPOBO-
OHWKW NUTaHUS NPONOXKeHbl BO BCEX 30HaX. Mexly30HOBbIe Mepexofbl, Kak MpaBuIo, COBNaAatoT C pacrnpefennTenbHbIMU yCTpoicTBa-
MW, B KOTOpbIX ycTaHaBnusatotca Y3UI. Bece 30HbI coeguHaAloTca Mexay cobol ¢ NOMOLLbIO LWKH BbipaBHMBAHWA NOTeHLMaNoB, obpasys
eAMHYI0 CUCTeMy BHYTpeHHen MonHuesawuTel. MapameTpol Y3UIM u fononHuTeNbHble Mepbl 3aLWKThl, TakMe Kak aKpaHMpoBaHue npo-
BOAOB U NMOMELLEHWNI, ONpefenstoT XapakTePUCTUKM 30H 3aLLUThI.

OCTY EN 62305-1, ACTY EN 62305-4 patoT xapakTepucTUKy 3alMTHbIX 30H 3gaHud (tabn. 3.2.1).

[pv aToM nonHas cucTeMa Mep 3aluTbl OT BO3AENCTBUSA MONHUK pa3pabaTbiBaeTcs, ecnun aHanus puckos B cootsetcTeun ¢ ACTY
EN 62305-2 noka3sbiBaeT, 4TO CyLLECTBYIOLMNIA PUCK NOpaXkeHUs Ans obopynoBaHus Bbile fonyctumoro. Torga cnepyet pa3paboTaTtb
3awWnTHble Mepbl B cooTBeTcTBuu ¢ ACTY EN 62305-4 (tabn. 3.2.2).

HﬂaHMpOBaHME LOJKEeH oCywecTBNATb cneunanmnct no MoaHMe3awnThl. B pes3ynbtate naaHNMpoBaHNA O0JXKHO ObITb MOKa3aHo, YTo
0CTaTOYHbIN pUCK CTan MeHblle, 4eMm )J,OI'IyCTMMbM
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Tabnuua 3.2.1 - 30HbI MONHME3ALLNTbI

HesawwuieHHan 30Ha 3a Npegenamu 3aaHns - NpsIMoe BO34eNCTBUE MOSTHUM,
3M3 0A OTCYTCTBME 3KPAHMPOBAHMA OT 371eKTPOMArHUTHbIX UMMYNbCOB. BHyTpeHHNe
(LPZ 0A) CUCTEMbl MOTYT HAaXOAUTHLCS NOA BAUAHWEM NOAHOI0 MAN YaCTUYHOIO
3NEKTPUYECKOr0 TOKA MOTHUM W CKAYKOB HaMNpsixXeHNs

30Ha, 3aWyLLEeHHan BHELHUMN MONTHUENPUEMHUKAMM TOIbKO OT NPSIMOT0O
3M3 0B yoapa MonHuu. OTcyTcTBME 3KPaHUPOBAHME OT 3NEKTPOMArHUTHbLIX UMMYNbCOB.
(LPZ 0B) BHyTpeHHME cucTeMbl MOryT BbITh NOL BAUSHUEM HYaCTUYHOMO 31eKTPUYECKoro
TOKa MOSIHWUM U CKaUYKOB HaMpPSKeHUs.

[lepBas BHyTPEHHNAA 30Ha BHYTPY 3aaHWsA. BO3MOXHbI YaCTUUHbIe NonagaHus
3HEPruM MOSHUW B CEPEAUHY 34aHNA: TOK MONHWUKW Nepepacnpejensercs
CUCTEMON TOKOOTBOAOB MOTHME3ALLUTI, @ Takxe Yepes chucTemy

3M31 BblpaBHUBaHMA noteHunanos 1 Y3UI Ha rpaHuue 30H 0-1 no npoBogHuKaM
(LPZ 1) pacnpefennTenbHON CeTU 1 MeTanNoKOHCTPYKLMI 0bbekTa. Tokun Bo BCex
TOKOMPOBOAALLMX HACTAX UMEIOT 3HAUYNUTENbHO MEHbLUEe 3HaYeHve no
cpaBHeHMto ¢ 30Hoi 0. InekTpoMarHUTHoe none Takxke CHUXeHo bnaropaps
3KPAHMPYIOLLUM CBOWCTBAM CTPOUTENbHbIX KOHCTPYKLIWIA.

BTopas 30Ha BHYTpW 3AaHNUS - BTOPOil YPOBEHb OTPaHUYEHNS UMMYNbCHbIX
nepeHanpsixeHui u akpaHuposaHue. Huskue nepeHanpsxeHns, Toku

?LIVILSZ’ 3] pacTeKkaHWsa MOIHWM yMeHbLIaloTca 6narogapa ux paBHOMEPHOro
pacnpefeneHuns No ajieMeHTaM CUCTeMbl BbIpaBHUBaHWA NOTEHLMAN0B
ucnonbsosaHua Y3UM Ha rpanuue 30H 1/2.
TpeTbs 30Ha BHYTPY 34aHWS - MeTannnyeckuit Kopnyc obopyaoBaHus.

3M33 OTcyTCcTBME MMNYNBLCOB U NepeHanpsixeHuit bnarogaps pacnpepeneHns no

(LPZ 3) 3NeMeHTaM CUCTEMbI BbIpaBHWUBAHWUA NoTeHLManos n ucnons3osanus Y3UM Ha

rpaHuue 30H 2/3.

Tabnuua 3.2.2 - NnaHupoBaHve Mep 3awwmThl 3gaHmin B cootBeTcTBumn ¢ ACTY EN 62305-4

Mopspok pencreum Lenb OTBeTCTBEHHOE NUL0

OueHka HeobxoaMMOCTM Mep Mo 3alyuTe oT
3neKTpoMarHnUTHbIx Bosaenctanii (LEMP). B cnyuae
HeoBXOAMMOCTH — BbIBOP COOTBETCTBYIOLLIEN CUCTEMBI
3awuTsl (LPMS).

CooTHoweHwe ueHa/nosnb3a 419 BbiGpaHHbIX Mep
3awuThl. [MoBTOpHasn oueHka puckoB. [LomkHbl bbITb
onpepeneHbl: ypoBeHb MOHWE3ALWMTbI, FPaHMLbl 30H
(LPZ) v nx napameTpsbl.

Cneumnanunct no MosH1esaluTe

[epBOHaYanbHbIN aHaNU3 pUCcKoB
Bnageneu 3naHus

CneunanncT no MonHuesawmTe

OkoHYaTeNbHbIN aHann3 puckos
Bnageneu, 3gatus

PaspaboTka cuctemsl Mep 3awmtsl (LPMS): Mepbl
NPOCTPAHCTBEHHOMO 3KPAHUPOBAHUSA; CUCTEMbI
MnaHnpoBaHWe cUCTeMbl 3aLLUThI ypaBHMBaHWS NOTEHLWANOB; CUCTEMbI ypaBHUBAHUA
(LPMS) NOTEHLMaNoB; MapLUpPyTU3aL s NPOBOAHNKOB;
9KPaHMPOBaHWe BXOAALLIMX IMHWI; pa3paboTka cucTeMsl
3alWMThI OT UMNYALCHBIX NepeHanpsixeruin (SPD)

Cneumannct no MonHWe3aLmTe
Bnapeneu 3panua

ApxuTekTop

[pOEKTUPOBLLWK BHYTPEHHUX CUCTEM
CneumanncT No 3alnTHBLIM YCTPOCTBAM

06Lwme cxeMbl M onucaHue cucTeMbl; MogroToBka
TeHAEPHbIX CNNCKOB Ha NOCTaBKYy 060py,D.OBaHVIFI,' KOHCprKTOpCKoe 6+0po NN NHaAa NpoeKTHanA
[eTanbHble vepTexu n Fpa¢MKM ANA yCTaHOBKK yacten opraHusauna

N CUCTEMbI B LLENTOM.

Pa3pa60TKa CUCTEMDI, AOKYMEHTaLuna

CI'IeLLVIaJ'IMCT no MONHme3awunTe

YcTaHoBKa 1 npoBepka CUCTEMbI

MonHas pokymeHTauws; [poBepka kayecTsa yCTaHOBKU;
B03MOXHbIV nepecMoTp YepTexe.

Ycranosumk no LPMS
KoHcTpykTopckoe 6topo B nnLe pykoBoauTens
npoekTa

ﬂpMHHTMe CUCTEeMbI B 3KCnyaTaumo

MpoBepka 1 LOKyMEHTUPOBaHUE CUCTEMbI

HezaBucumbliin 3KCMepT no MonHuesawmTe

PykoBogutens npoekTa

NHcnekTop

Mepuoamnyeckme nposepkin3) Bnagened 3aaHus

ObecneyeHne cooTBeTCTBYIOLLErO YpoBHSA No LPMS

[ns HOBbIX KOHCTPYKLMI ONTUMaNbHasA 3aLMTa 3NeKTPOHHBIX CUCTEM C MUHUMAJbHBIMW 3aTpaTaMu MOXeT BbITb JOCTUMHYTA TONbKO
B TOM CNlyyae, ec/iv BCe NOAKYEHUs U BBOAbI AN 3/eKTPOHHbIX CUCTeM pa3paboTaHbl BMeCTe CO 34aHMEM elle 0 ero CTPoUTeNbCTBa.
TakuM 06pa3oM, CTpOUTENbHBIE KOMMOHEHTbI, TakMe Kak apMaTypa, MeTannuyeckue banku u KOHTpGOpPCh U T.M. MOTYT BbITb UHTErPUPO-
BaHbl B CUCTEMY 3aLLMThI OT 3NEKTPOMArHUTHbLIX MMNYNbCOB. 3aTpaThl Ha 3aLWMTY AN CYLLEeCTBYIOLMX 34aHWI 0ObIYHO BbILLE, YeM Ans
HOBOCTPOEK, OfLHAKO, EC/IM 30HbI 3aLLUTbI BbIOMPAOTCS COOTBETCTBYIOWMM 06pa3oM, a yxKe CyLLeCTBYIoLMe CUCTEMbI UCMONb3YIOTCS UK
06HOBNAOTCA, 3aTPaThbl MOTYT BbITb YMEHbLUEHbI.

3.3 9kpaHupoBaH1A NOMeLLeHUN

TOKM MONHUM U CBA3AHHOE C HUMW 3NEKTPOMArHWTHOE Mnosie NpeacTaBnaoT coboi NePBUYHBIN UCTOYHUK NOMEX A5 3NEKTPOHHbIX
YCTPOWCTB, Tpebytowmnx 3awnThl (MOCKObKY KaXablil MPOBOAHMK C TOKOM 0bpasyeT Bokpyr cebs anekTpoMarHutHoe none). Mpu nomo-
LM 3KPAHMPOBaHMA 3aLLMLLAIOTCS NOMELLEHNS, TAe HaX0AATCH BaXKHOe M YyBCTBUTeNbHOE obopynoBaHue, LeHTpbl 00paboTku AaHHBbIX,
cucTeMbl ynpasnenus u T.n. Pacuet, onucaHnHbin 8 ICTY EN 62305-4, ocHoBaH Ha NpeanonoXeHnsax v oLeHKax KOMNAEKCHOro pacnpe-
LeNeHNa MarHWTHOro Nonst BHYTPU CETYATOro aKpaHa.

HpMHLLVII'I pa6OTbI CeT4yaToro aKkpaHa nokasaH Ha puc. 3.3.1. Pacyet y4nTblBaeT CBA3b MarHMTHOMO NoNA KaXXaoro nposogHMKa B CeT-
4aTOM 3KpaHe C TOKaMy BO BCeX OCTasibHbIX MPOBOAHUKAX, BKAOYadA CMO,IJ,EJ'IMDOBBHHbIPI KaHan MONTHUN.

Puc. 3.3.1 - YMeHbLleHWe YypOBHA MarHMTHOro NoNs 3a cHeT 3KPaHUPOBaAHUSA

3aWmnTHLIN 3¢¢eKT CeT4yaTbIX 3KPAHOB B C/iydae NpAMOro ygapa MOJIHMM MOXHO paccynTaTb No q)opMyne HanpA>XeHHOCTNU MarHnTHO-
ro nond B 3alinuiaeMoM nNoMeLleHnn:

_ kpXigxW,,
Hy = du X/d

roe:

H, - HanpAXeHHOCTb MarHMTHOrO NONIA B ONpPeAeseHHON To4Ke NPOCTPAHCTBa 3aliMilaeMont 30Hbl LPZ
1 oTHocutensHo LPZ 0-A (A/m);

d_- kpaTyanwee paccTosHNe MexX/y 3aliMLIaeMOoN TOYKOM NPOCTPAHCTBA M KPbILWEen 3KpaHMPOBaHHOIO
nometeHus (m);

d - kpaTuaillee paccTosiHue MeX/y 3aliMLLaeMor TOHKOM NPOCTPaHCTBA W CTeHOM (M);
W_ - pa3mep ceTkn akpaHa (m);

i, — TOK MOTHUM B He3awuLeHHoi 3oHe LPZ 0-A (A);

k, - k0o3appuuneHT koHPUrypauum (Tunuyneiin k. = 0.01 (1/Vm) ).

Ecnu skpaH BbinonHeH B cooTBeTcTBUM C nyHkToM 5.2 ctanpapTa ACTY EN 62305-4, yposeHb MarHutHoro nona H, gomxeH 6biTb B 2
pa3a MeHblUe No cpaBHeHuio ¢ Hj B HesawmuieHHo 3oHe LPZ 0-A.

BHyTpeHHMe 3NeKTPOHHbIE CUCTEMbI LOMKHBI YCTaHaBNUBATLCSA TONLKO B 30He 6e30MacHOCTH, Ha COOTBETCTBYIOLWEM paccTosHun dS
0T 3KpaHa. IT0 paccTosHue MOXHO oNpefennTs No NpubanxKeHHon bopmyne:

ds1 = (me SF] / 10 secan S,z 10m

ds1=Wm, ecnn S < 10 m

roe
S, - ko3pduLMeHT akpaHnposaHus B 46 (Tabn. 3.4);
W_ - pasmep ceTku akpaHa (m).

|_|pl/1 3TOM 3KCNepuMeHTanbHble AaHHbIE NOKa3blBatoT, YTO peasibHadA HaNpPAXXeHHOCTb MarHUTHOro nonga BbAM3M oT 9KpaHa MeHblle,
4eM pe3ynbTaT ypaBHEHUA Bblle.
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Tabnnua 3.3.1 - 3aTyxaHue 3NeKTPOMarHUTHOro Nons B pesynbrate akpaHuposaHua (cornacHo ACTY EN 62305-4)

SkpaHupytownit koapduumnent S_ (nb)

Matepuan
YacToTa 25 kl'y, YacToTa 1MIy
Megab v anioMUHUNA 20-1g(8.5/W ) 20-1g(8.5/W )
Cranb 20-19(8.5/W_)/v(1+18-0100*(-6)/r_c"2) 20-1g(8.5/W )

r.— pannyc npoBoAHMKa, N3 KOTOPOro caenaH skpaH.

,D,J'IF! npuMmepa pacCMOTPUM HECKOJIbKO 3KPaHOB N3 CTaNlbHOM CeTKM:

W_ (M) r, (M) nb (pns 25 kM) b6 (ans 1 Mlu)
0,012 0,001 JA 57

0,1 0,006 37 39

0,2 0,009 32 33

0,4 0,0125 26 27

3awnTHbI 3dpdeKT ceTyaTbix 3KPaHOB B CAydae BAN3KOro yaapa MOSHUK onpeaenseTcs Yepes ypoBeHb MarHUTHoro nonsa Hy, aen-
CTByloLWero Ha 0bbekT B He3aluueHHon 3oHe LPZ 0-A:

Hy =1,/ (2xn xS,) (A/m)

roe:
I, - Tok MostHuK (A);

S, - 3T0 paccTosiHMe Mex y TOUKOW yaapa v TOUKOiA, rae MepseTcs ypoBeHb nons (m).

YMeHblIeHNe HanpsXXeHHOCTM nons ¢ yposHA H; 0 ypoBHA H, BHYTpK 3awmwaemon 3oHbl LPZ 1 MoxHO nonyuunts, ncnonb3ys sHa-
yeHue KoapduuneHTa akpaHmuposarms S_(tabn. 3.3.1).

- S¢/20
H,=H,/ 10 52 (A/m)
5narop.apﬂ 3TOMY MOXHO onpenennTb besonacHoe paccToAHMe OT 3KpaHa BHYTPU 3KPAaHMPOBAHHOIO NoMeLeHna:

d =W S”/zu,ecnms 210 M
s2 m F

d52= Wm, ecnn S, <10m

[na nonyyeHus 6onee nogpobHon MHbOpMaLMmM o pacyeTe HaNPAXKEHHOCTU MarHUTHOIO NOMS BHYTPU ceTyaTbix akpaHoB — cM. ACTY
EN 62305-4.

3HayeHus, paccynTaHHble ANA MarHUTHOrO NONS, CNpaBeAnBbLl ANA YpoBHA 6e3onacHocTh V., BHYTPU 3KpaHMPOBaHHOrO nomelle-
HUS, KOTOpble onpefensatTca 6e3onacHbIM paccTosHneM d.. PacyeTbl yunTLIBAIOT MakCMManbHble 3HaYEHUA HaNPAXEHHOCTU MarHuT-
HOrO NONS HEMOCPEACTBEHHO B CTPYKTYpe ceTky (Mockonbky GbopMynbl MMetoT NpubankeHHbin xapakTep). 3awuiiaeMoe obopyaosaHme
AONXHO yCTaHaBNMBaATLCS TONLKO B 3TOM 0bbeme V..

B kayecTBe 3KpaHNpyLwmnx cpencts ot BO3,D,EI;ICTBVI9| 3NEeKTPOMArHUTHbIX noneu MOTryT NCNonb30BaTbCA MeTaJUIUYECKNE 3NeMEHThI
CTPOUTENbHbIX KOHCprKLI,I/IPI, apMaTtypa, pr60I'IpOBO,ELHbIe cucTteMbl U T.n. CoBMecTHOe UCMoNb30BaHMe 3TUX KOHCprKLJ,V]PI c gonon-
HUTEJIbHbIM 3KpaHWPOBaHWEM co3naeT 3¢¢eKTVIBHbIVI 38LLLMTHI3II;I 3KpaH. rlpaKTVIKa NMOKa3bIBaET, YTO 3KPaHMpPOBaHWE CTPOUTEJIbHbIX
KOHCprKLI.VII;I MOXEeT YMEeHbLUUTb ypOBEHb HAaMPAXEeHHOCTN MarHMTHOro nosida NnpuMepHo B 2 pasa.

ObecneyeHnss oNTUMaNbHON 3alWNUTbI OT 3NEKTPOMArHUTHbIX BO34ENCTBUI MONIHUU Ha 3N1eKTPOHHbIE CUCTEMbI C MUHUMATIbHbIMK 3a-
TpaTaMn MOXeT 6bITb LOCTUTHYTO TONbKO B C/nyd4ae KOMNNEKCHOro NpoekTnpoBaHUA 30aHNA. Tonbko B TakoM cny4yae cTpouTenbHble
KOMMNOHEHTbI [apMaTypa, MeTannuyeckue 6anku un T.I'I.] MOoryT ObITb MHTErpupoBaHbl B 06LLlyIO CUCTEeMY 3alinTbl OT 3NIEKTPOMArHNUTHbIX
MMNyNbCOB.

3.4 06wWan xapakTepuCcTUKa YCTPOMCTB 3aLMTbl OT UMNYNbLCHbIX NepeHanpPAXeHUN

YeTpoAcTBO 3aWnTbI OT UMIMYLCHBIX NepeHanpsaxenrni (Y3UI) - 3To ycTpoMCcTBO MHOFOKPAaTHOrO eMCTBUA, MpeaHa3HaueHHbIR Ans

OrpaHWYeHns UMMYNAbCHBIX NepeHanpsxXeHun go besonacHoro ypoBHs. Kak cocTaBHas 4acTb CUCTEMbI BblpaBHUBAHWA MOTEHLMAN0B,
Y3WM npucoeanHseTcs K cNoBON MW MHGOPMALMOHHON CETU U B MAaCCMBHOM COCTOSTHWUM HIKaK He BAUseT Ha paboTy obopynosaHus.
Mpw pe3koM pocTe HaNPsXXEHUs, KOTOPOe MOXET UMeTb pasHyt NpUpPoAy nponcxoxaeHus, Y3UM cpabaTbiBaeT n cHUXaeT HanpskeHue
no0 besonacHoro ypoBHs.

Hy)KHO OTMETUTb, 4TO B YCNOBUAX 3KCNNyaTaUuUn 3NeKTpu4ecKkoro 060py,ELOBaHMFI MOTryT BO3HUKATb pa3finyHble aBapmﬁHue pPexuMbl B
CeTdax, conpoBoXaaknwWmnXxca ANnTenbHbIM NOBbILWEHNEM HaNpAXXeHNA, HO OHW He NOBAUAIT Ha CpaGaTbIBaHME y3un, KOTOpble HacTpo-
eHbl Ha bonee BbICOKKe YPOBHMU I'IEpEHBI'IpFl)KGHMl;L |-|pl/1 TakKnx aBapVIl;IHbIX pexunmax 3almTon ABNATCA npenoxpaHnTenn n 3alllnTHble
aBTOMaTn4yeckne BblkNK4YaTeNn C 3NeKTPOMarHMTHbIMWU U TeNNOBbIMU pacuennTenamMun.

Y3UTM pasznuuatoT no knaccam v ypoBHAM TpeboBaHUii B 3aBUCMMOCTU OT MeCTa UX pacnonoxeHnus. B anekTpuyecknx cetax nepemMer-
Horo Toka HanpsxeHueM go 1000B npombiwneHHon yactoTbl ncnonb3ytoT Y3UIT Tpex knaccos, koTopble knaccuduumpyoTcs no Lenomy
pAfy NapaMeTpoB, B 3aBUCUMOCTH OT UX Ha3HAYeHWS, KOHCTPYKLMW, KNaccoB UCMbITaHUN.

BaxxHenwnm napametpom, xapaktepusytowmum Y3UI, asnsetca yposeHb 3awmntel U, - MakcuManbHoe 3HaueHne nafeHns Hanps-
)eHuns Ha Y3UI npu npoTekaHUn Yyepes Hero MMNynbCHOro Toka pa3psaga. [lapaMeTp xapakTepusyeT cnocobHOCTb yCTPOMCTBa orpa-
HUYUTbL NepeHanpsxXeHne, KOTOPOe NOSIBASIETCHA Ha ero KieMmax, [0 ONpefieseHHOro YpoBHS, 1 onpeaensieTcs Npu npoTekaHUn HoMu-
HaslbHOTO MMNYNbCHOTO PaspsiAHOro Toka | . YposeHb U He A0/KeH NpeBbilaTh yCTOMYNBOCTL 31eKTPO060PpYA0BAHNSA K UMMY/IbCHBIM
nepeHanpsXXeHUsM.

HPM ncnbltalumn Y3UIN NCNONBL3YKT ABa TMNA UCNbITaTe/IbHbIX UMNYNbCOB C Pa3NnUyYHbIMKU aMnep-CekKyHAHbIMN XapakTepucTnkamu
(puc. 3.4.1).

®opMa amnep-cekyHAHOW XapakTePUCTUKN T UMUTUPYET TOK, BO3HMKAIOLLMI NPU NPSIMOM yaape MoaHWUKU. Ero npogonxunTenbHoCTb
coctasnaet 10/350 mkc (10 Mkc - Bpems HapacTaHua Toka, 350 MKC - Bpema nony-cnaga). Takme UMNynbCbl NPOXOAAT Yepes rpo3osble
TOKOOTBOJbI 1 Yepe3 KOMMOHEHTbI CUCTeMbl BHELLIHEN MONHMe3aLnTbl, a Takxke Yyepe3 Y3UI knacca 1.

®opmMa aMnep-cekyHAHON XapakTePUCTUKM 2 UMUTUPYET TOK, BO3HUKAIOLLMIA B pe3y/bTaTe yAaseHHOoro ygapa MoHUM UAn KOMMyTa-
LMOHHOro npouecca. Ero npogonxutensHocTs - 8/20 Mkc (8 - HapacTaHue, 20 - nony-cnaga). 3Tum nmnynscom TectupyroT Y3UM 2 n 3
knacca.

1 (kA)
60 o

50 of
40 o
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10 *
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0 00 200 300 400 500 600 700 800 900 1000 t(MKc)

-10 o

= (Dopma nmnynbca 1: NPAMON yaap MONHUN
(cumynauma nmnynbca monHum), 10/350 MKc.

=== (Dopma uMnysnbca 2: yaaneHHblii yaap MOHAN
VN KOMMYTaLIMOHHbIN NpoLlecc (cumynauma
MMMy/bca TOKa Npy nepeHanpskeHnn), 8/20 MKc.

PucyHok 3.4.1 - Buabl UMNynbcoB, UMUTUpPYLOLLME TOK MOSTHUKN

Wtak, Y3UM 1-ro knacca npegHasHayeHbl AN 3alWnThl 31eKTpoobopyaoBaHna oT NepeHanpskeHU, BbI3BaHHbIX NPAMbIM YAApPOM
MOSTHUUM B CUCTEMY MOJHUe3almnThl 3aaHus. OHW ycTaHaBnuBaloTca B BBOAHO-pacnpeaenuTensHom yctpoiictee (BPY) uau rnasHom
pacnpegenutensHom wute (MPLL). YposeHb 3awmtsl Up 1o 4 kB. Mpu nposepke paboTtocnocobHoctn Y3UI ynap MonHUM uMntrpyeTcs
KOHTPONbHBIMU MMMyNbcaMun Toka bopmbl 1 [Iimp o 100 kA).

Y3WI 2-ro knacca npefHa3HayeHbl AN 3alWTbl 31eKTPUYeCcKon pacnpefennTenbHon ceTn obbekTa 0T KOMMYTaLMOHHbIX NepeHa-
NPSXEHUN, MW KakK BTOpas CTyneHb 3aluTbl Npu yaape MonHuu. OHW JOMXKHBI CHUXATb NepeHanpsaXeHns Ao ypoBHA, besonacHoro
Ana BbIToBbIX NPMOOPOB U 3neKTpoceTH. YCTaHaBAMBAIOTCA B MMaBHbIX Y BTOPUYHbIX pacnpeAennTeNbHbIX LMTax nepes ycTpONCTBOM
3awnTHOro otkModeHns (Y30), utobbl Y30 He pearnpoBan Ha UMMYbCHbIN TOK Kak Ha aBapuiHbIi U He obecTounsan notpebutenen.
YpoBeHb 3aLuThl Up A0 2,5 kB. MpoBepka AeecnocobHOCTH BbINOAHACTCH KOHTPObHLIMU UMAYNbCcaMu Toka Gpopmbl 2 (I 0 20 kA).

Y3WI 3-ro knacca ycTaHaBAMBalOTCA HENOCPEACTBEHHO ¥ 000pyaoBaHUs U NpefHa3HayYeHbl ANa 3alnTbl onpeaeneHHoro noTpebum-
Tens 0T 0CTaTOYHbIX NepeHanpsaxxeHnin nocne cpabateiBaHns Y3UI nepsoro n BToporo knacca, KoTopble BO3HUKAKOT MeX Ay NpoBOAaMU
dasbl (L) u «HeirTpansio» (N). YposeHs sawuntsi U ao 1,5 kB. Mpyu nposepke AeecnocobHOCTH MMUTUPYETCA KOHTPONIbHBI MMNYNLC TOKa
dopmbi 2 (I no 10 kA).

Mpu ynape MonHum Bce Tpu knacca Y3UT gonxkHbl cpaboTaTb NocneoBaTeNbHo, CHUXAA UMNYALC NepeHanpsaxkeHns A0 AONyCTUMO-
ro 3HauYeHus.
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Kak 3JIEMEHTHYIO 6a3y Ona co3fgaHuna y3Unn NCMONb3YKT PAa3PAAHNUKN PA3SIUYHBIX TUMOB, BaApMCTOPbl HA OCHOBE OKCUAHO-LUWNHKOBbIX
NN MeTanno-oKCNAHbIX NONYyNPOBOAHNKOBbLIX 3IEMEHTOB U UX KOM6I/IHaLJ,V]VI.

06bluHo Y3UIM-1 - 370 rasosbln paspagHuk. Ero sawmtHoe pencteme basnpyeTcs Ha npoboe ra3oBoro NnpoMexyTka BONHOM nepe-
HanpsxeHus, bnarofaps 3TOMy TOK MOJHWAU MepexoauT B 3asemsieHue (Tak HasbiBaeMas QyHKUUA «NPepbiBaHUA BOMHbI»), UTO 3Ha-
YUTENbHO CHWXaeT NPOLOMKMUTENbHOCTL BXOLHOMO UMMNY/bCa WM, COOTBETCTBEHHO, BPEMS BO3AENCTBUSA NepeHanpsxeHus Ha obopyno-
BaHue. [lanee cneumansHoe yCTPOCTBO B pa3psaAHMKe NpepbiBaeT ToOK Ayrk |, NpefoTBpallan KopoTkoe 3aMblkaHue Mexay Gpa3oi u
«3eMnemn».

rlpel/lMyLLl,eCTBOM pPa3pAfAHNKOB ABNAETCA LNNTEeNbHbIN CpOK 3kcnayaTaunn, He4yBCTBUTENIbHOCTb K CBEPXCUJIbHBIM UMMNYNbCHbLIM TO-
KOB, OTCYTCTBME TOKOB yT€4YKN B COCTOAHUN OXUNAAHUA. HepoctaTkoM siBnsieTca OTCYTCTBME pearnpoBaHnAa Ha cnabeble MMNynbCbl Ha-
npaxxeHna, MmegneHHoe BoOCCTaHOBIEHNE feecnocobHocTu npuv Haandmnum conpoBoANTENbHbBIX NOCNEKOMMYTALUNOHHbIX TOKOB |ﬁ.

PaboTa BapuCTOpHbIX OrpaHUyKTenen nepeHanpsixkeHus 6asmpyeTca Ha NpUHLMMNE NaBUHOOOpa3HOro pocTa Toka B NMoaYNpoBOAHMKe
13-3a Pe3Koro yMeHblUeHUs ero CONPOTUBAEHWS NPU POCTE HaNPSXKEHUS Bbille HOMUHANbHOrO 3Ha4YeHUs. Manblit Tok yTeuykn yepes
BApUCTOP MpW 3TOM Pe3Ko BO3pacTaeT, a HanpsxeHne GUKCUPYETCA Ha YPOBHE HOMWUHANBHOIO 3HaYeHUs (ToueuHbli rpaduk Ha puc.
3.4.2). 3TOT NMpouecc ConpoBoOXAaeTca BblAeNeHeM TeMNI0BOM SHepPrumn, pacceuBaemMon Ha BapucTope.

MpenmyliecTBoM BapucTopa aBnserca beicTpoe cpabatbiBanue (8o 25 Hc), YyBCTBUTENBLHOCTL K CNabbiM UMMYSbCAM HaMpPSXeHUs,
OTCYTCTBME NOCNEKOMMYTALWOHHbIX TOKOB, bbICTpoe BoccTaHoBNeHWe aeecnocobHocTu. HegoctaTku - M3HOC KpUcTanna noaynposo-
LHVKa C TeM, OrpaHMyeHuns No cune Toka MMNynbCa, Hannmuue TOKOB yTeuku B HepaboTalolweM CoCTOSHUM.

3.5 Bbi6op Y3UM 1-ro knacca

Y3UM-1 npegHasHaveHbl gns 3alMTbl HU3KOBONLTHbIX CUI0BbIX pacnpepenuTtensbHbix ceten go 1000 B oT uMnynbcHbIX nepeHanps-
)KEHUN, NCTOYHUKOM KOTOPbIX MOXET ObITb: MPSIMON yAap MOAHWUM B CUCTEMY MOSTHUE3ALUTbI AW B BO3AYLUHYIO JIMHUIO 31eKTPOCETH B
HenocpeacTBEHHON 6AM30CTW OT ee BBOAA B 00beKT; yaap MosHUKM B6AM3KN 06bekTa Man KOMMyHUKAUUMA, NOABEAEHHBIX K HEMY; KOMMY-
TaLMM MOLLHbIX Harpy30K UKW aBapuitHble PEXUMbI B pacrnpefeNuTeNbHbIX CETAX BbICOKOrO U HU3KOF0 HanpsXeHun.

Bbl60p Y3WUM-1 BnuseT Ha 3aWnTy BCEro Coopy>xeHna B LesoM. ot Bbl60p 3aBUCUT OT KNacCa MOJIHUEe3alWnThbl, Konn4yecTtea ¢a3
nUTaOLWEN IMHUK, TUNA CUCTEMbI 3a3EMJIEHNS U napaMeTpoB CaMOoro )/CTpOI;ICTBa.

OcHoBHble TexHu4eckue napameTpbl Y3WM: tvn Toka (MepeMeHHbI UAK NOCTOAHHbIN); YPOBEHb 3aLLUTHI U,; MakcumanbHoe anu-
TenbHoe paboyee Hanpsikerne U ; koMMyTUpyeMmbiid 3apsa Q, MMAYNbCHBIA TOK |, 4TO onNpedenseTcs NuKoBbIM 3HaueHnem | ncnbl-
TaTenbHoOro umnynbca Toka 10/350 Mke v 3apagom Q; yaensbHas sHeprus W/ R; HOMUHanbHbI pa3psaaHbii Tok | (8/20), koTopeii Y3UN
MOXET BblA€PXWBaTb MHOFOKPATHO; MaKCUMasbHbIA UMAYNbCHBIA pa3paaHbii Tok | (8/20), kotopsiit Y3UM MoxeT nponycTuTL 0AnH

pa3 ¥ He BLINTW U3 CTPOS; CONPOBOANTENbHOE TOK | (Tonbko ANs paspagHuKos).
AnropuTtm Bbibopa Y3WI 1-ro knacca no 3HaYeHWI0 TOKa MONTHUN:

1. PaccunTatb puckn ot nopaxerus monHwuein cornacHo CTY EN 62305-2 n onpefnenuts HeobXxoAuMbI YypOBEHb MOSHME3ALLUTSI,

KOTOPOMY COOTBETCTBYET onpeneneHHoe NMKoBoe 3Ha4eHne ToKa MOJTHNK Ipeak'

2. OnpenenuTb TOK B Touke ycTaHoBkM Y3WUII, gna aToro Hy>kHO 3HaTb pacnpefeneHune Toka MoIHMK No ceTu obbekTa. Takxe Heobxo-
AVMbl pe3ynbTaTbl U3MEpPeHU CONPOTUBAEHUS CUCTEMbI 3a3eMNEHUS, COEAUHEHU METaNIMYeCckUX YacTel C CUCTEMaMU 3a3eMIeHNs
1 BblpaBHWBaHUS MOTEHLMAN0B U T.N.

3. Boibpatb Y3UI, napamMeTpbl KOTOpOro NpeBbIWatoT paccynTaHHble 3HaveHns TokoB Ha 20-30%; 3To No3BOAUT yyecTb HepaBHO-
MEPHOCTb PacTeKaHUA TOKOB MOSTHUW.

B cnyuae, korfa HeT BO3MOXHOCTU BbINOMHUTL ONpefeneHne puckoB NocNeaCcTBUIA MOpaXKeHWa TOKOM MOAHWK, BbIGop napamMeTpos
Y3WTM BbinonHaeTcA No ynpoLeHHON MeToanKe:

1. M3 1abnuubl 3 nn. 8.2 ACTY EN 62305-1, B cOOTBETCTBMM C ONpPEAENEeHHbIM YPOBHA 3aLLMTbl 0T NPAMOro yaapa MofHuKM BbibupaeTtca
nukoBoe 3Hauerwue | (tabn. 3.5.1). Hanpumep, ans obbekta nepsoro ypoBHS MosHME3ALLMUTSI I‘.rnp =|  bynet umeTb 3HaueHue 200
KA, dopma nmnynbca 10/350 Mmkc.

peak

2. [lanee onpepnensetca Tok |,

npumepHo, 50% ot obuiero Toka |, =200 kA. Utak, |,

KOTOPbIN OTBOAUTCA B 3a3eMJIEHUS Yepe3 YCTPOMCTBA CUCTEMbI BHELUHEN MOJIHMEe3alWnTLl U paBHa,
= 100 KA.

3. lMpeanonaras, 4o BTOpas 4YacTb obujero Toka I, = 100 KA paBHOMepHO pacnpenenseTcs Mexay BCEMW BHEWHUMWU BBOAAMU B
00beKT, HaxoAMM BENNYMHY Toka |, KoTopas NPOXoAMUT Yepes oTAeNbHbIe BBO/bI:

l|=|52/n

roe:

N - KOSIn4ecTBO BBOO0B B 00bekT.

Tabnuua 3.5.1 - OueHka napamMeTpoB UMMNYIbCHOrO TOKA MOMHWK

MNepBbI UMNyNbC TOKa YpoBeHb MOIHWE3ALWUTbI

EpnHnua
n3MepeHus

MNapameTpbl Toka 0O6o3HaueHne | 1] 1l \%

[MnkoBoe 3HayeHue Toka Ipeak KA 200 150 100

SnekTpuyecknin 3apsag,

q Kn 100 75 50
“uMnynbca Toka Kopork

YnensHada W/R

MIx/Om 10 56 2,5
3Heprus

BpeMeHHble napameTpsl T/T

AMnyAbea JT, MKC/MKC 10/350

Tabnuua 3.5.2 - Mog6op Y3UIM 1-ro knacca ana pasnuyHbIX CXeM NUTaHKA

Tunbl cxeM ANeKTponuTaHnAa

Yucno TN-C,
¢das TN-C-S
" npo- X+0 X+0 X+1 X+0 X+1 X+0 X+1
BOOHMU-
Kig L-PEN L-PE L-N N-PE L-PE L-N N-PE L-PE L-N N-PE

0 (KA)

IMP.

TN-S 1T IT 6es N ITiaN
Knacc Makc.
LPS TOK

3¢as.
5npos.
3das.
4npos..
1¢as.
3npos.
1das.
2npos.
3¢as.
5npos.
3das.
4npos..
1das.
3npos.
1das.
2npos.
3das.
5npos.
3¢as.
4npoB.
1das.
3npos.
1das.
2npos.

25 - - - 25 25 100 - 25 100

200 kA

- 33,3 33,3 66,7 - - - 33,3 - -

50 - - - 50 50 100 - 50 100

18,8 - - - 18,8 18,8 75 - 18,8 75

Il 150 kA

37,5 - - - 37,5 37,5 75 - 37,5 75

12,5 - - - 12,5 12,5 50 - 12,5 50

1, v 100 kA

- 16,7 16,7 33,3 - - - 16,7 - -

25 - - - 25 25 50 - 25 50

WHorpa paxke Bo3HMKaeT He0bXoAMMOCTb onpegeneHna Toka B OTAEJIbHbIX XUnax kabens. ,D,ﬂﬂ 3TOrro I'IOﬂy‘-IEHHbIl;l TOK |I LEeNNTCA Ha
KONMMYecTBO Xun kabens m:

I,=1,/m

Mo 3HayeHuto li unan lv, ¢ yueToM HepaBHOMEPHOCTM pacTekaHusa TOKOB MONIHUK, No npubnauxeHHon Tabnuue 3.5.2 BoibupatoT TMN
Y3WUTM-1, koTopbli ycTaHaBAMBaOT Mexay ¢pa3HbiMM NpoBogamu L, nposogom paboyero «Hyns» N v npoBogoM 3awunTHOro «Hyns» PE.

B cnyyae BBeeHUA NNTaHUA K O6'beKTy BO3,ELyLLIHOI7l NnHWen, npun npaMoM ygape MOJIHUKN HeNnocpeacTBeHHo neped BBOAOM B 0b6beKT,
npun ycnoBmn paBHOMEPHOro pactekaHna ToKa Kak K cucrtemMe 3J'IeKTp0CH86>KEHMF| obbekTa, Tak U K TpchcbopMaTopHoﬁ noactaHuuu,
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Ha BBOAE B 06BLEKT MOXET NpoTeKaTh UMMYAbCHbIN Tok 40 25 KA (10/350 Mkc). B cnyyae HepaBHOMEpHOCTM pacTekaHus TOKOB 3TO 3Ha-
YyeHune MoxeT Bo3pacTun go 50 KA.

Mepsan BykBa TMNa cxeMbl 31eKTPONUTaHNA 0603HaYaeT pexxum HelTpanu nctouHuka Toka: T (Terre) - HenocpeacTBeHHOe 3a3eme-
Hue Hentpanu; U (Isolation) - nsonuposarHas HenTpans.

BTopas bykBa 0603HauaeT cocTosHWE [OCTYMHbIX MPOBOASLLMX YACTel OTHOCUTENBHO 3eMAK: T - KOPNYC 3NEKTPUYECKOT0 YCTPOICTBA
HenocpeacteerHo 3azemnen; N (Neuter) - kopnyc 3nekTpuyeckoro ycTponcTea CoeiMHEH C MyX03a3eMNEHHON HENTPabio UCTOUHMKA
ToKa.

TpeTbs bykBa 06o3HauaeT B3aMOCBSA3b Mex/y NPOBOAOM HelTpanu paboyero 3azemnerHns N 1 NpoOBOAOM 3aLUTHOMO 3a3eMNIeHNs
PE (tonbko ansa cetn TNJ: C - coefuHeHne GpyHKUMOHANIBHOMO «HYNeBOro» NpoBoAHUKa «N» 1 3aWnUTHOro nposogHuka «PE» B oguH
06wmn nposog PE- N 0T ncTo4HMKa ToKa K 3NeKTPUYeckoMy yCTPoncTBy; S - obocobneHHoe ncnonb3oBaHua npoogoB «N» n «PE» ot
MCTOYHMKA TOKa A0 3NEKTPUYECKOro yCTPOMCTBA.

[Onsa cxem TN-C vnun IT, ecnu oHM BbINoAHEHbI 6€3 GYHKUMOHANbHOroO «HyneBoro» npoogHuka «N», ncnoneaytoT Y3UII, konuyecTtso
Mofynen B KOTOPbIX PABHO Yncny dpas «X».

[na cxem TN-S vnun TT, B 32BUCUMMOCTM OT pacnonoXeHns Mexay npoBoaamu, ucnonbsyt Y3UT, konuyecTBo Mogynen B KOTOPbIX
paBHO yncny ¢as NAC 0OANH MOAYNb-pPa3pAAHMK «X + 1».

[Onsa cxembl TN-CS Ha BBoge obuiero nposogHuka PE-N yctaHasnusatoT Y3UI, B KOTOPOM KONMYECTBO MOZyNel paBHO KONUYeCTBY
ba3 «X», a nocne pasgeneHuns Ha otaenbHble HyneBon «N» 1 3aWnTHbIN «PE» NpoBOAHWKM - C [ONOAHUTENbHLIM MOAYNEM-Pa3psf-
HUKOM [«X+1).

3.6 PasmeweHune Y3UIN no ypoBHAM 30H MONHUE3aLWUTDI

Ocoboe BHVWMaHWe, KOTOPOE yaenseTca B 3aluTe KabenbHbIX IMHUA NUTAHUA U TeNeKOMMYHUKaLWIN, 06bACHAETCA TEM, YTO 3TW -
HUW NPONOXeHbl Yepe3 Bce 30Hbl 3awmnTbl oT 363-0 go 3653-3. MNosToMy nocTpoeHne cncTeMbl 3aLLUTLI OT UMMYAbCHbIX NepeHanps-
KEHUN ana kabenbHbIX MMHWUI NUTAHUA UMEET MHOrOYPOBHEBYIO CTPYKTYPY, MAe KaxXAbli Cnepylowmil ypoBeHb 3alnTbl 6asupyeTcsa Ha
npeablayweM. Ha kaxgnoM yposHe yctaHanmatoTca Y3UI, koTopble BMecTe ¢ CUCTEMON BbIpaBHUBAHUA NMOTEHLMANOB B CUUTaHHbIE
L0V CeKyHLbl 06ecneunBaloT «TyLIEHUS» SHEPTUN MOSTHUW.

06wwe npuHumnnel yctaHosneHus Y3WI no ypoBHI 3aLMThl M CNOCOOHOCTbLIO BbIAEPXKMBATL COOTBETCTBYIOLLME TOKW Harpy3ku npes-
cTaBneHbl B Tabn. 3.6.1.

Tabnuua 3.6.1 - YctaHoBka Y3WUI Ha rpaHuLLe 30H MONHME3aLLUTbI

MexX30HHble nepexoabl yCTpOlZCTBO 3aWuThbl

Y3WM 1-ro knacca: npaMble nnn banskue yaapbl MOSHUK C
0B -1 HanpskeHveM o fecsaTkoB kKB cHuxatoTcs o Up1 =4 kB, Tok oo
50 kA, 10/350 mkc. YctaHaBnuBsatoTca Ha Beoge B 3aaHve 8 [ PLL

Y3WM 2-ro knacca: HanpsixeHue 4 kB nocne Y3UM-1 cHuxa-
1-2 toTCca 0o Up2 = 2.5 kB, Tok 8o 25 kA, 8/20 mkc. YcTaHaBAMBatOTCH B
rNaBHOM WM BO BTOPUYHbBIX pacnpeaenuTenbHblX LnTax.

Y3WM 3-ro knacca: HanpsxeHwue 2.5 kB nocne Y3UM-2, nnn
MMMNYNbCHbIE MepeHanpsiXXeHns 0T KOMMYTALMOHHbIX MPOLLEeCccoB
CHUXalTCA Ao Upa =1.5kB, Tok go 10 kA, 8/20 mkc. YcTaHaBnusa-
0TCA HENOCPeACTBEHHO PsSiAOM ¢ obopynoBaHueM noTpebutens.

Mpenenom mMexay 3oHaMun MonHuesawmTel LPZ-0 - LPZ-1 ana pasmewenns Y3UT-1 npu BBoAe HU3KOBONLTHOMO kabens B OM Yalle
BCero BbIGMpaloT rasHbIi pacnpeaenutesbHbiin wut (FTPLL), Ho npu 3ToM Bo3MoxHoCTb pacnonoxeHns Y3UM-1 8 MPLL Heobxoanmo
COrnacoBbIBaTb C OMepaTopoM pacnpefenutensHoi cetun, ecnun [PLL HaxoguTca Ha ero BanaHce. To xe camoe KacaeTcs TefeKoMMy-
HUKALMOHHbIX NMHWUIA. WN3bpaHHbii Y3UM-1 ponxkeH coOTBETCTBOBATL HAMPAXKEHUIO B MECTe YCTAHOBKW B COTNAcoBaHUW C YpOBHEM
3alWTbl 06bEKTa OT MOSHMMK.

Y3WM-2, yctaHaBnnBatloT Ha Mexay30HoBoM nepexofe LPZ-1 - LPZ-2 nna yMeHblUeHNs 0CTaTOYHbIX 3HAYEHUN MMNYNbCHbIX Hanps-
XeHun, obblYHO pacnonaratoT BO BTOPUYHbIX pacnpegennTenbHblX WwuTkax. PasrpysouHas cnocobHocTb Y3WUI knacca 2 Bbibupaetca
no ctaHpapty ACTY EN 62305-1.

Y3WUM-3 yctanaBnueatoT Ha rpaHu LPZ-2 - LPZ-3 u pacnonaratoT Bo3ne obopygoBaHua unm xe B caMoMm obopygoBaHum, KOTopoe
Hy>XAaeTca B 3aluTe.

MHorpa Takxe BCTpevatoTcs cyyau, Koraa B CUy KOHCTPYKTUBHBIX 0COBEHHOCTEN 34aHUS NPUXOLUTCA BbINOAHATL MEXAY30HHbIN
nepexop, cpasy ot LPZ-0 k LPZ-2.

B 3ToM cnyuae, BO-nepBbIX, €CAKM KOHCTPYKUMS 3[aHUSA N03BoAsSeT, Nnowanb koHTakTa Mexay LPZ-0 - LPZ-2 cTouT caenatb MuHU-
ManbHoW, a LPZ-2 B 3TOM MecTe 0CHaCTUTb JONOAHUTENbHBIM 3KPaHNMPOBAHUEM.

Bo-BTopbIx, TakXke 0cobeHHO TwaTenbHo Hy>kHo BblbpaTb Y3WUI, nockonbky oHW AoMKHbI 0becneynTb COOTBETCTBYIOLWMI YPOBEHb
3awnTbl obopynoBaHua cpasy B LPZ-2. [ina obecneveHnsa HafexHON 3aLuTbl BO3MOXHO UCNONb30BaHMe Kak oTaenbHbix Y3UM 1-ro un

Y3WM 2-ro knaccos, ecnu ecTb A0CTaTO4HOE PacCcToAHME Mex Ay TOUKO BBOAa U 060pyaoBaHmeM, KOTopoe HyxaaeTcs B 3awuTe (puc.
3.6.1-a), Tak 1 ncnonb3oBaHWe KOMBUHWPOBaHHbIX Pa3pAAHMKOB Knacca 1 + 2, 4To BoobLie pekoMeHayeTca B NogobHbIX cyuasax, 0co-
BEHHO NPU UCMONb30BaHNUU 3KPAHUPOBAHHbIX JIMHUIA CBA3M B cepeauHe aoma (pnc.3.6.1-6).

. OrpaHununtens
pososawmTHbIii Y3UM nepeHanpsxeHns pom———- "
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Puc. 3.6.1 - PaznuuHble Tunbl Y3UM Ha rpaHuue 363-0 - 363-2

= Knaccy3uni+2

3awmTa oT UMMYNbCHBIX NepeHanpsXeHU ANA TeNeKOMMYHUKALMOHHbIX JIMHWUA CBSI3W, B KOTOPbIX UCMOMb3YIOTCA CrneluanbHble
3KpaHUpoBaHHble kabenu, BbinonHaeTca no obwmm npasunam (puc. 3.6.2).
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TeﬂEKOMMyHVIKaLlI/IOHHaﬁ NUHUA

Puc. 3.6.2 - 3awuTa TeneKoMMyHUKALUOHHOW NTUHUN

AnekTponposoasMit akpaH kabena (puc. 3.6.2) HENOCPEACTBEHHO MPUCOEAUHAIOT K 333E€MIIEHMIO UW K LMHE BbIPaBHWBAHMUA Mo-
TEHUMANO0B, a Kaxaas xuna saluiaetca Yyepes otaenbHbin Y3MI oTHOCUTENBHO OKPYXKatoLWUX 3a3EMIEHHbIX 3/1eMeHTOoB (akpaH, noT-
KU, KapKacbl) M OTHOCUTENBHO COCeAHUX XU kabens.

3awWwunTHbIe 3KpaHbl NPUCOELUHSAIOT K CUCTEME BblpaBHUBAHWUA NOTEHLMAN0B C 06enx CTOPOH, OHU A0MXHbI BblAEePXKMBaTb KpaTKoBpe-
meHHoe pencTeue (10/350 mMkc) yacTu Toka MosiHUM. OBbIYHO 3KpaHMPOBaHME LOMKHO BbiTb HEMPEPbLIBHbIM, OAHAKO, B C/lydYae coefnHe-
HWS 3KPAHWPOBAHHbIM TENIEKOMMYHMUKALMOHHbLIM KabeneM oTAeNbHbIX COOPYXKEHWI, MOXKET 0Ka3aTbCsl, YTO CONPOTUBIEHNE UX CUCTEM
3a3eMJIeHUs pa3Hblil, U Ha KOHLAX 3KpaHa kabens MOXeT BO3HWKHYTb Pa3HOCTb MOTEHUManoB. Beneacteme aToro no akpaHy HayHeT
npoTeKaTb HM3KOYACTOTHbIN YPaBHUTENbHbIN TOK, MOXET NPUBECTU K NOABEHUIO NEePeKPECTHbIX MOMEX, KOTopble byayT uckaxaTtb cur-
Hanbl B kabene.

3awuTon ot YPaBHUTEJIbHbIX TOKOB MOXET CNY>XNTb «KOCBEHHOE 3a3eMIeHne» 04HOro N3 KOHLO0B 3KpaHa Yepe3 rasoBblv pPa3pAAHNK
[pVIC. 363] - 3TO caenaet HEBO3MOXHbIM NMPOTEKaHNA Yepe3 3KpaH ypaBHUTE/IbHOIO TOKa. B cny4yae Xe LencTBUA ToKa MOSHUM pa3-
PAAHNK <<I'Ip06MBaETCﬂ>>, N TOK MOJTHUN 6y,£l,€T oTBefeH no obe CTOPOHbI kabens.
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cTpoiicTBo 1 cTpoiicTBO 2
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— rus LnHa ypaBHuBaHua
noTeHymanos

Puc. 3.6.3 - KocBeHHOe ogHOCTOpOHHEe 3a3eMneHune akpaHa kabensa

3.7 Ucnonb3oBaHue Y3UI B cucrtemax anekTpocHabxxeHunsa

I'Ipm ocywecTtBneHnn Mep 3aWnThbl 34aHUI 0T OTAANEHHbIX, BAN3KKX UK NPAMbIX yAAPOB MOJTHNUU NCNONB3YKT CTyNeH4YaTyto 3alnTy
Ha ocHoBe Y3WII, korga MMNYyNbCbl NepeHanpaXeHna yMeHbLatTCcA No3TanHo. HayanbHbIN cTeneHb NornoweHna Heprnn MonHun
[y3[/||-|-1] npegoTrspawiaeT NPOHNKHOBEHUE OCHOBHOW YacTu ee nMnynbCa B CUCTEMY, @ OCTaJibHbI€ - YMEHbLUATCA Ha rpaHnLe 30HHbIX
nepexonoB CUCTEMDI 3J'IEKTpOCH86>KeHVIF|.

[na npoekTMpoBaHUs CUCTEMbI BHYTPeHHen MonHue3awmTel 1 Bbibopa Y3UI Heobxognmo cobpaTh nonHyto nHbopmauuio o napa-
MeTpax CeTu, Npo 3neKTpUYeckoe 1 anekTpoHHoe obopynoBaHue. HenpasunbHo nogobpaHHbie Y3UI He cnocobHbl obecneynts Hapne-
XKallyto 3aLMTy ¥ MOTYT CTaTb NPUYNHON aBapUMHON CUTyaLUK.

1. OI'IPEAEJ'IFIGTCH Knacc MosHMe3aWwmTbl 06bekTa, pa6oqee Hanpa>xeHne n Hann4vune BHELHEN MOSTHME3ALLNTDI,

2. Onpe,u.enﬂeTcsq pacnonoXxeHne raBHOro pacnpenennTenbHoOro wuTa, Koan4ecTtsBo BTOPUYHbBIX pacnpenennTtenbHbiX WNUToB, pac-
nosoXeHne n pacctoaHne Mexay HuMn.

3. OnpepenseTca cxeMa cucteMbl anekTpocHabxernna: TN-C, TN-C-S, TN-S, TT, IT n cnocob BBOfa NuTaHus B 3haHve: BO3AYLWHON
Unu KabenbHom NUHNEN.

4, OI'IPE,D,EJ'IﬂI’OTCﬂ napameTpbl pexXnMa CUCTeMbl: HOMMHaIbHOE N MaKCUMasibHOE HanpaXXeHna B CeTU; ToK CpaGaTbIBaHMH npeno-
XpaHuTena nnn 3alllMTHOro aeTomarta.

5. Onpep,enmomﬂ 30HblI MOJTHNE3aLWNThI.

MpocTo cuctemont anekTpocHabxeHns cxema TN-C, B koTopow anekTpuyeckoe obopyaoBaHve NUTaeTca € NOMOLLbI0 Tpex dasHbIx
nposogos (L1, L2, L3) n obuiero HenTpanbHoro nposoaa (PE-N), koTopblit BbinonHAeT GyHKLUMK 1 paboyero «Hyaa», 1 3alUTHOro Npo-
BoAHMKa. Knaccuyeckas TpexctyneHuyatas cxema nogkntovenus Y3UM gna TpexdasHon 4-x nposogHon cetn TN-C nokasaHa Ha puc.
3.7.1.
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Puc. 3.7.1 - Y3WUN B 4-x npoBoaHow cetn TN-C

Y3WM 1-ro knacca n Y3WUM 2-ro knacca nogkntoyeHnn no cxeme 3 + 0. Bo3MOXHO [ONONHUTENbHOE YyCTaHOBNEHWE OTAENbHbIX Npe-
foxpaHuTenen nepep KaxabiM 13 Hux. Y3UM-3 npumMeHaloTcs ans 3aWmnTbl 0T KOMMYTaLMOHHbLIX NEPEHanpPsXXeHUn B a1eKTpuYeckon
uenu notpebutenen n yctaHaBnmBarTcs Mexay dasHbiM npoBogoM L n «Hynem» PE-N.

CyLLI,ECTBEHHbIM HepocTaTkoM cxeMbl TN-C siBnseTca noTepa 3alUTHbIX beHKLI,Ml;I B Cny4yae noeBpexpeHunda Hynesoro nposoga, 4to
MOXEeT NPUBECTU K NOABNEHUIO HAaNPAXKEHNA Ha HEN30NMPOBAHHbIX KOpNycax OGOpy,D,OBaHVIFL HECMOTpﬂ Ha 370, 6naro,u.apﬂ CBOEW 3Ko-
HOMWYHOCTHN NO CPaBHEHUIO C ApyrMMK CXeMaMun, Takad CUCTeMa WWMPOKO Ncnonb3yeTca, ocobeHHo B ceTax YNNYHOro ocBelleHnA.

Haunbonee 6esonacHoi ¢ Touku 3peHns anekTpobesonacHocTu ABnsAeTca 5-Tu NpoBoaHaa cucTeMa anekTpocHabxernus TN-S (puc.
3.7.2).
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Puc. 3.7.2 - Y3UN B 5-u npoBopHown cetu TN-S

OHa BbINONHAETCA C NoMoLLbio Tpex ¢pasHbix nposogos (L1, L2, L3), Hynesoro nposogHuka N 1 npoBogHuka 3asemnenns PE (3awmT-
HbI «HOMb»). 0COBEHHOCTbLIO CXeMbl ABASAETCA U30MMPOBAHHbIN OT CUCTEMbI 3a3€MNEHWUS HYNEBON MPOBOAHMK, KOTOPbINA BbIMONHAET
TOJIbKO CBOIO FNaBHY0 GyHKLUMIO «paboyero Hyns».

MonHuesawmnTHble paspsagHukn Y3UT-1 npumensatoTcsa no cxeme «3 + 1», To ecTb dasHble npoBofHuku L1, L2, L3 npucoepgunHatotcs
K HynesoMy nposoay N Ana orpaHnyeHuna nepeHanpsaxeruit «nposog-nposon» n3 Y3WI, a cam Hynesow nposoa N yepes cymMMapHbIii
MCKPOBOW NPOMEXYTOK COeLMHAETCA C 3alMTHbIM NPOBOAHMNKOM 3a3emnenus PE gna orpaHnyeHns nepeHanpssxkeHnn «NpoBoA-3eM-
na».

Y3WNM-2 takxe npuMeHstoT no cxeMe «3 + 1», YBUM-3 - unm no cxeme «3 + 1», unu «3 + 0», npuuem cxema «3 + 1» npumeHnaeTca
NPenMyLLeCTBEHHO B NPOM3BOACTBEHHbIX 34aHNAX C BONbLIMM KONMYECTBOM KOMMYTaLMOHHbIX annapaTos .

[Mpn HeobxoamnmMocTwn, nepes kaxabiM Y3UIT 1-ro n 2-ro knacca MoryT 6biTb YyCTaHOBAEHbI [ONONHUTENbHbIE NpefoxpaHnTenu. Takxe
B cxeme TN-S (B otnnumne oT TN-C) BO3MOXHO MCNONAb30BaHKeE YCTPOICTBA 3alUTHOro oTkaYeHns (Y30).

HenoctaTkoM cxeMbl TN-S siBnsieTCs 0THOCUTENBHO BbICOKAsA CTOMMOCTb. [103TOMY paHblue, NPy NPOEKTUPOBAHUM CUCTEM 31eKTPO-
CHabxxeHus, AN XUNbIX 34aHWIN B OCHOBHOM MCMOMb30Banack YeTbipexnposogHas cuctema nutaHua TN-C. B HacTosAwee BpeMs, ¢ Le-
Nbto 6e30nacHoOro NCNonb30BaHUS COBPeMEHHbIX DbITOBbIX NPUBOPOB 1 NpefoCcTaBAEHUs BO3MOXHOCTH ycTaHoBKM B cxeMy Y30, yeTbl-
pexnpoBofHas cucteMa TN-C nckyccTBeHHO NpeBpallaeTcsa B aHanor nATMNPOBOAHON bnarofaps pasBeTBNeHUI0 KOMOUHUPOBAHHOMO
«Hyna» PE-N Ha N u PE B MecTe ycTtaHosku [PLL. Takas cuctema nonyyuna Hazsanue TN-C-S (puc. 3.7.3)

Heobxonnmo obpatuth BHMMaHMe Ha To, 4To N 1 PE Ha BBOZe BCe ele coeinHeHbl Mexay cobor, noatomy Y3UI-1 yctaHaBnuBatoTcs
nepep MectoM passeTBneHus nposoga PE-N Tonbko no cxeme «3 + 0». Mocne passetBneHuna Y3UMM-2 npucoenmHaeTcs unum no cxeme
«3 + 0», unn «3 + 1», B 3aBUCMMOCTM OT paccTosiHMUA Mexay Toukon passetneHusa n Y3UIM-2; ecnn paccToaHne MeHblue SM, UCNonb-
3ytoT cxeMy «3 + 0». B cnyyae yctaHoBneHns Y30 obsizaTenbHo npuMeHsaeTcs cxeMa «3 + 1». Y3UM-3 npucoennHaeTca nnm no cxeme
«3 + 0», unn «3 + 1».
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Puc. 3.7.3 - Y3UN B cetn TN-C-S

CyLLleCTBEHHbIM HefocTaTkoM cucteMbl nuTaHua TN-C-S ecTb 6onblias BEPOATHOCTb BO3HWKHOBEHNA ONACHOINo HanpaXeHuda Ha
060py,ELOBaHVIM B Cny4dyae nospexpaeHuna nposoja PE-N po BBOAa B 3maHue Tpe6yeT OTAEeNbHbIX CNeunanbHbIX Mep 3allnTbl NpoBOAa
PE-N.

B cenbckoi MecTHOCTUM anekTpocHabxeHna noTpebuTenet B 0CHOBHOM BbIMOAHSAETCA BO3AYLWHbIMKU AnHUAMK no cxeMe TN-C co Bce-
Mu ee HepgocTaTkamu. Cuctema nutaHus TT 6asmpyeTcs Ha ucnonb3oBaHun cuctembl TN-C, roe ona ynyyweHns 3awnTHbIX QYHKLUNA Y
noTpebuTensa co3paeTcs cOBCTBEHHbIV HE3aBUCUMBIN KOHTYP 3a3eMeHuna ¢ conpoTusneHneM He bonee 10 Om, k KoTopoMy Npucoenm-
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HATCA 3alWNTHbIe NPOBOAHWKN PE. B ropogax Takad cxemMa Uucnosb3yeTcda And nutaHna BpeMeHHbIX 0bbekToB.

3awWwunTHbIN KOHTYp B cxeMe TT HUKaK He 3aBUCUT OT cocTosHMs npoBofHuka N, bnarogaps yeMy rapaHTupyeTtcs paboTocnocobHocTb
3aWWmMThl OT aBapuiHblx cutyaunn. Y3UM-1, Y3UM-2 n Y3NUM-3 npucoennHsatotca no cxeMe «3 + 1». OcobeHHocTblo cucteMbl TT sBns-
eTcqa obazatenbHoe ncnonb3osaHue Y30, koTopoe 06bIYHO yCTaHABAMBAETCA BO BTOPUYHOM pacnpefenntenbHoM wute nocne Y3UM-2,
MHaye oHO byneT BOCMPUHUMATL UMMYAbCHbIA TOK Kak aBapWinHbIA M Pa30MKHET 3MEeKTPUYECKyto Lenb. Ecan no kakuM-To npuymHam
HEBO3MOXHO BbINONHUTL ycnosue ycTaHoBneHua Y30 nocne Y3UM-2, ucnonbaytot Y30 Tna S ¢ 3agep>KKov NPOAONXUTENbHOCTH cpa-
baTblBaHWA, KOTOPbIE CNOCObHBI BblAepKaTb UMNYbCHBLIN ToK A0 3 KA (8/20 Mkc), yctaHasnusas nx nepeg Y3UIM-2.

OcHoBHoOe oTanyne cucteMsbl IT 0T BCeX ONUCAHHbIX paHee cnuctemM TN cocTounT B TOM, 4TO <<HeVITpaJ'|b>> NUCTOYHWKa NUTAHUA Unn non-
HOCTbIO N30/IMpOBaHa OT 3eMNN UK 3a3eMNeHa C NOMOLWbIo cneynanbHbIX yCTpOl7ICTB c bonbwum conpoTnBneHnem. Takxe cyulectsyeT
BapuaHT CXeMbl, KOTrAa <<Hel;lTpaJ'Ib>> OTCYTCTBYET NONHOCTbIO, YTO NpeanosaraeT ToNbKo 3-x ¢a3HO€ nnuTaHune I'IOTpe6VITeJ'Iel7I.

Cuctema IT ncnonb3yeTca B NepeHOCHbIX NOPTAaTUBHbLIX FreHepaTopHbIX YyCTaHOBKax, Npu paboTe B MONEBbLIX YCAOBUAX HE UMEIOT Ha-
L,EXHOro 3a3eMNeHus; B MeJULMHCKUX YUPeXAeHUsAX ANA anekTponutaHua obopygoBaHus kusHeobecneyeHns; Ha NpeanpuATUNAX
HedpTenepepaboTku N 3HePreTUKK, yroNbHON OTPACaM, HayYHbIX nabopaTopuax 0cCobeHHO YyBCTBUTENbHBIMWU NpubopaMu 1 apyrux oT-
BETCTBEHHbIX 0bbekTax. 3T0 CBA3aHO C TeM, YTO faxe npu npoboe pasbl Ha «3eMJ0», 38 CHET Maoro Toka yTeyku, CeTb MPOJOSIKUT
paboTaTth 6e3 cpabaTbiBaHMA 3aWMTHOrO aBTOMAaTa, KOTOPbIN OTKOYUT CUCTEMY TONILKO NPY KPYMHOW aBapun, Hanpumep npu Mexdas-
HOM KOPOTKOM 3aMblKaHWW.

C Apyroi CTOPOHbI, Takasa HW3Kas YyBCTBUTENbHOCTb Kk TokaM K3 onacHa, noatoMy TpebyeTca LONOAHWUTENIbHAA CUCTEMa ONOBEeLLEHUS
nepcoHana ob aBapuu, kotopas npounsowna. Y3UM-1 1 Y3UM-2 npucoeanuaiotca k cetn IT no cxeme «3 + 0» npu ycnosum oTcyTcTBUSA
npoBofHuka N; B MPOTUBHOM Clly4ae Takxke MOXET UCMO0Ab30BaTbCs U cxeMa «3 + 1».

3.8 Oco6eHHocTH noakntoueHun Y3UN k anekTpocetu

MoHTaXx cucTeM BHYTPEHHEN MONHME3aLWMThI OCYLLLEeCTBAAETCA B COOTBETCTBUM ¢ AercTeytowmmm MY3. OgHako cyuiecTBytoT ocobeH-
HOCTU, CBsA3aHHble ¢ TeM, kak Y3UT BcTpanBaeTca B 06LLyt0 crcTeMY 3neKTpoCHabxXeHus.

Y3UM-1 n Y3WUM-2 pekoMmeHayeTcs yctaHaBnueaTtb B [PLLL nnun apyrue pacnpenenutenbHble WNUTbI, FAE YCTAHOBNEHbI KOMMYTaLWOH-
Hble annapaTbl, NPUYEM NOCIef0BaTENbHOCTL NPUCOEANHEHNSA A0XKHA BbITh TakoBa: aBTOMaTUUECKWI BbiKoYaTenb (UK npeaoxpa-
HuTens) - Y3UM. 3710 faeT BO3MOXHOCTL aBTOMaTa 3aLUTUTb CUCTEMY 3/1eKTPOCHABXEHNA 0T KOPOTKUX 3aMbIKaHWIi, B TOM YUCie U Npy
HeBO3MoxHocTH Bo3spaTa Y3UM B HopManbHoe cocTodHMe nocie cpabaTbiBaHWs (HEBO3MOXHOCTb OTKIIOYEHUS COMNPOBOXAAIOLLEND
Toka | ). Ha aToT cnyyait npegycmaTpuBaeTcs ycTaHoBKa pe3epBHOro npegoxpanntens F2 (puc. 3.8.1).
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Puc. 3.1.1 - Npepoxpanutenun ana sawutel YSUM

MpenoxpaHutenn F1 v F2 nsbupatotca nytem cpaBHeHUA UX HOMUHasbHbIX TokoB. Ecnun |, <1, To pesepsHbIn F2 He HyxeH, Ho ero
OTCYTCTBME MOXET 0TpULLaTENIbHO NOBAUATH HA HafleXHOCTb BCEN CUCTEMbI 31eKTPOCHAbXEHNs B Cllydae KOPOTKOro 3aMblkaHWsA Hemno-
cpeacTeeHHo B Y3UI.

Tok pe3sepBHOro npefoxpaHutens F2, KOTopbI [ONXKEH BbILEPXKMBATL KPAaTKOBPEMEHHbIE UMMYAbChbl YACTUYHOMO ToKa MOJIHWM, yKa-
3blBaeTca B kaTasorax npoussoautesnen Y3 (obbiuro 31o 100, 250, 315, 500 A). Hanpumep, Y3WUM, paccuntaHHOM Ha MMMYNbC MOf-
Hun 25 kA, 10/350 MK, COOTBETCTBYET NpefoxXpaHuTesb C HOMUHaNbHLIM TOKOM cpabaTbiBanus 315 A.

Mpwu yctanoske Y3WUTM-1 Ha rpanuue 30H LPZ-0 - LPZ-1 pnuHa coeguHUTenbHbIX NPOBOAOB He AomkHa npesblwaTe 0.5M. 370 cBs-
3aHO C TEM, YTO MPU NPOTEKAaHUMN Yepe3 HUX YaCTUYHOrO TOKa MOJIHWMW, Ha KOMMIEKCHOM COMPOTUBIAEHUMN 3TUX NPOBOLOB BO3HMKAET
KpaTKoBpeMeHHbIV cnaj Hanpsixerust Uy, KoTopblid MoXeT gocTurat yposHs bonee 1 kB Ha Tm.

Mpwn nogkntoveHnn nposogHukos Kk Y3UI HeobxonvMo n3berats 0b6pa3oBaHus neTenb, COBMECTHOW NPOKIAAKN 3aLLMLLEHHBIX U He-
3alUMLLEHHbIX Y4aCTKOB MPOBOAHMKOB, 323eMJIAOLLEr0 NPOBOAHMKA U NMPOBOAHWUKOB, KOTOpble HyXAatoTcsa B 3awuTte. [MogknoyeHune
Y3WM-1 BbINOAHAT MEAHLIM NPOBOAOM cedeHneM 16 MM2 UK anioMUHMEBbLIM MPOBOAOM ceveHreM 25 MM2,

3.9 U3bupatenbHocTb paboTbl Y3UMN

KpOMe pacyeTa n onpepeneHnda napamMeTpos yCTpOPICTB 3aWnTbl OT UMNYNbCHbIX nepeHanpﬂ)KeHmZ 1-ro - 3-ro Knaccos, OAHUM N3
Ba>XHbIX BONPOCOB CO34aHNA ﬂ,ePICTBeHHOI;I CUCTEeMbI BHyTPEHHEI;I MOJTHME3aWNTbI ABNAETCA obecneyeHne MUx CeNeKTUBHON pa6OTbI.

37a 3ajada O0J1KHa pewaTtbCa Ha CTaaun NnpoekTnpoBaHna BCEWN cUCTeMbI MOJTHNE3AWNTbI.

CunTaeTcs, 4To CUCTEMA 3NEeKTPOCHABXKEHUS HafexXHO 3alMLLeHa 0T MMNYNbCOB NEpeHanpsixXeHWs, eCNU NoCNef0BaTeNbHOCTb Cpa-
6aTbiBaHMA Y3UI cooTBeTCTBYET MX knaccaM. B TpexcTyneHuaTbix cxeMax 3awwmThl ¢ paspagHukamun Y3UM-1 n sapuctopamu Y3UIM-2,
nocnefoBaTesbHOCTb MX cpabaTbiBaHUA 0bycnoBNeHa BpeMEHEM pearnpoBaHmsa Ha MMMYNbC NePEHanPXeHNs.

M3BecTHO, YTO BpeMsi pearMpoBaHuUs pa3psigHUKoB bonblue, YeM BapuMCTOPOB, MO3TOMY OYeHb BaXHO, Y4ToObl MpuU ycTaHOBKe 3a-
WUTHBIX YCTPONCTB, MEXAYy COCeAHWMUN CTYNEHAMM 3alunThl, AAnHa Kabens anekTponuTaHus boina He MeHee 7-10M. YBenuueHve uH-
LYKTUBHOMO COMPOTUBAEHUSI METANIMYECKUX XM Kabena B MOMEHT BO3HUKHOBEHWS UMMYNbCHbIX NepeHanps>xeHuin obecneynsaet
Heobxo4MMYI0 BPEMEHHYIO 3afep>KKy B POCTE MMMy/bCca NepeHanpsXXeHUst Ha BTOPON CTyNeHW 3aluTbl, obecneynsaeT nooyepegHoe
cpabatbiBaHns Y3UI ot bonee MoLWHOMO B MeEHee MOLLLHOTO.

B cnyyae HeBO3MOXHOCTM Npoknagku kabens Heo6XoAMMON AWHbI, UCNONL3YIT UMNYbCHbIE pasgenuTenbHble gpoccenu XL, Ho
npu 3TOM yBenuyMBaioTca rabapuTHble pasmepsl cxeMbl. [10aToMy Ansa ynobcTea MoHTaXa v 0bCy>KMBaHUA ee nydlle pa3MecTUTb B
OTAENbHOM LMTKE 3aWMUTbl OT UMAYALCHLIX NepeHanpsaxenuit (LLSWMN), rae Y3WM obeunx creneHen 3awuTbl MOryT BbiTb yCTaHOBNEHDI
BMecTe.

HenocTaTkoM cxeMbl ABNAETCA JONOAHUTENbHAA NOTEPS MOLLHOCTU. Takxe npu Bolibope apocceneit HE0HXO0AUMO yUNTLIBATb, YTODbI
TOKM Harpysku B dasHbiX NMPOBOAHUKAX He NPeBbILanyt HOMUHANbHLIX TOKOB APOCCENEei, TO eCTb UMEEM OrpaHWyeHus no TokaM Ha-
rpy3Ku.

Jlyyqwasn cenektuBHocTb pabotbl Y3UI MoxeT 6biTb JOCTUIHYTA MPU UCMNONb30BaHUN YCTPOMCTB KOMBMHMpOBaHHOMO Tvna «1 + 2»
nnn «1 + 2 + 3», KOTopble MOryT ycTaHaBnMBaTbcA He Tonbko B [PLL, HOo 1 pacnpenenuTenbHbIX WKTaX, PACnoNoXeHHbIX BO 2-1 UK
paxe B 3-# 30He MonHuesawuTsl. [pn ycnosun ncnonszosaHuns Y3UM «1 + 2 + 3» 1 paccTossHUA Mexay WMToM 1 obopynoBaHueM
He bonee 5M, oTpenbHbIn Y3WT-3 MoXHO He ycTaHaBnmBaTb. B npoTMBHOM cnyyae oba3aTenbHO yCTaHABNMBAETCS AOMNONHUTENbHbLIN
Y3WM-3 c paspsgHukom B kpyry N - PE.

He MeHee BaxHbIM aBnAeTca cornacosanne mexay Y3UM-1 (10/350 mkc) n Y3UM-2 (8/20 mkc) no cune nmnynbckHoro Toka |, . Ecan
Y3WM-1, cpaboTaB nepBbIM, «NepeknoyaeT» UMNYNbC HanpsaxXeHUs Ha 3a3eMneHue, nponyckas yepes ceba NoyYTn BeCb TOK MOAHUM,
MPOUCXOANT TakK HadbiBaeMas «byHKUWUA NPEPbIBAHUS BOMHbI» C CYLLLECTBEHHbIM YMEHbLUEHWEM BPEMEHW U IHEPrUM BTOPUYHOMO UM-
nyneca, noctynatowero Ha Y3UM-2. Ecnu 3HaveHne I‘vmp n3bpaHHoe Y3UM-1 okaxeTcs HefoCTaTOYHbIM, TO HECMOTPS Ha €ro cBoeBpe-
MeHHoe cpabaTbiBaHWe, BTOPUYHbIA UMNYNbC Harpy3ku Ha Y3WTM-2 bynet 3HauuTenbHo bonblie ypoBeHb, C KOTOPbIM BapuCTOp MOXeT
He CnpaBUTbLCA U BbINTKU U3 cTposi. Torga, Nnpy HeBo3MoXHoCcTU 3aMeHuTb Y3UI-1, HyxxHo BbibpaTh Takon Y3UI-2, 4yTobbl OH Mor BbI-
JepXunBaTh 4acTb UMMybca Toka dpopmbl 10/350 Mkc.

WNTak cenektusHocTb paboTbl Y3WI 3aBrcKT oT 06ocHOBaHHOro Bbibopa BCex TEXHUYECKMX NapaMeTpoB, XapaKTepU3YoLWnX UX U CeTb.

CyLLecTBYIOT TUNOBbIE peLLEeHUs: HanpUMep, eCNu BO3AyLIHAA MMHUA NUTAeT 00bEKT, TO HE3aBUCKHMO OT HaIMYMA BHELLHEN CUCTEMDI
MOSHMe3alWwnTbl Ha BBoAe Ans nuHui LN pekomeHpyetcs yctaHasnusath Y3UM-1 Ha 6a3e paspsifHMKa ¢ ypoBHEM 3aLLuTbl MO Hanps-
XKEHWI0 Up = 4 kB, cnocobHbix nponyckats Yepes ceba umnynbcHble Tokn dopmbl 10/350 mMke ¢ amnanTygon no 50 kA u racuTb conpo-
Boxpawuine Toku | no 3 kA; ana nnHuin N-PE pekomeHayeTca paspAaaHuk ¢ ypoBHEM 3alinTbl no Hanpsxenuio U = 2 kB, cnocobHbix
nponyckaTk Yepe3 cebs uMnynbeHble Tokn Gopmbl 10/350 Mke ¢ amnaunTygoit go 120 kA v racuTs conposoxaatolime Toku |, go 300 A.

[Mpu kabenbHOM BBOAE NMUTAHWUS U HAIMYMUN BHELLHEN CUCTEMbl MOTHME3aLWUTbl pekoMeHayeTcs yctaHoBuTb Y3UIM knacca 1+ 2+ 3 ¢
YPOBHEM 3aLUNThI N0 HANPSXEHWNIO Up =1.5kB, cnocobHble nponyckats Yepes ceba MMnybCHble Tokn popMbl 10/350 MKC ¢ amnanTygon
0o 25 KA.

[Mpn ycTaHoBKke oTaenbHbix Y3WIT BTOpon cTyneHun 3awuTtbl nposofnos L-N, pekoMmeHayeTtca ncnonb3oBath Y3UIM-2 Ha 6aze Bapu-
CTOPOB C YPOBHEM 3aLLUTbI MO HANPSXEHWIO Up = 2.5 kB 1 ycTOMYMBOCTBIO K UMMYALCHBIX TOKOB ¢ amnauTygon 20-40 kA, ¢popmbl 8/20
mkc. [ina nposopoB N-PE npumensatoT Y3UIM-2 Ha ocHoBe pa3psALHMKOB C YPOBHEM 3aLLWTbI MO HAMPAXEHWIO Up = 1.5 kB, cnocobHbix
BbIAEPXKMBATL UMNYNbCHbIE TOKM ¢ amnanTtynon 50 kA, 8/20 mkc.

Ha TpeTbei cTynenn 3awuTel Takxe ncnonbsyioT Bapuctoptslie Y3UI-3 ¢ yposHeM 3awunTel no Hanpsixernio U, < 1.5 kB 1 Makcu-
MasbHbIM UMMYbCHBIM TOKOM 6-10 KA, 8/20 MKc. MOXHO Takxe YyCTaHOBUTb AOMOSHUTENbHbIE YaCTOTHbIE GULTPLI C paboyer nonocoi
yacToT 0.15 - 30 Ml'w,
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4. anMepbl peanun3auunun cuctem MonHUe3aWunUTbI

4.1 MonHnesawmTa CNYTHUKOBbIX QHTEHH

B HacTosiwee BpeMsa CNyTHNKOBbIE aHTEHHbI [«TapeflKVl»] NpPakTn4yeckn NoBCeMeCTHO YCTaHABINBAKOTCA Ha KpblWaX nnn cteHax 3fga-
HUI. ,D,J'Iﬂ MX 3aLWnTbl Heobxoanmo npenycMoTpeTb Mepbl BHELWHEN MONMHME3aLWNTbI 4151 CAMOW @HTEHHbI, 3a3EMIEHUA 1 ypaBHWUBaHUA
noTeHLManoB ans noasoasawmx kabenen un yCTpOl;ICTB KpenneHna. Ecnu 3paHne y>Xe oCHalleHo CUCTEMON MOMHWE3ALMUTLI, aHTEHHA
LomKHa b6bITb pacnonoxeHa B 3alULLEHHOM NMPOCTpaHCTBE CyLLl,eCTByKJIJJ,el;l CUCTEMbI BHELLIHEN MONTHWE3ALLUTbI, ECIN HET — aHTEHHA
3awmuiaeTcd oTaeNbHbIM MONTHMENPUEMHBIM CTEPXHEM [pVIC. 411] ,D,J'IH obecneyeHus paspenutenbHOro nHTepeana Swu nyyqwero 3a-
KpenneHna MONTHNeNpPpUeMHOro CTep>XXHA BO3MOXHO NpUMeHeHNe AONONHUTENbHbBIX N30TNPYOLWNX pa3fgennTenbHbIX WTaHr 12J.

s — TOKOOTBOJ,
S — pasaenuTenbHbIi HTepBan

o — 3aWUTHBIA yron

:

Wuxa
3asemneHna

meab 4 Mm2
PR )

1
Puc. 4.1.1 - 3awunTa CNYTHUKOBOW aHTEHHbI CTEPXKHEBbLIM MOTHUENPUEMHUKOM

Ecnv 3paHue ocHallleHo CMCTEMON 3a3eMiIeHNs, TO BO3MOXHO MOAK/IYeHNe KPEnieHUa aHTeHHbI K 3ToMy 3asemneHuto (MEB - main
earthing busbar - rmasHas wwuHa 3asemnenus). LLUnHa nogkioyYeHNs K 3a3eMAEHNIO, €C/IN OHA He UMeeT A0MOHUTENbHON MexaHu-
UeCKOM 3aWnTbl, OSXKHA UMETb cedeHne He MeHblue 4 MM? ana Meau (puc. 4.1.2). Bee kabenw, Bxogaiwime B 34aHue, Takxke AOSKHbI
BbITb COEAMHEHBI C LUMHON ypaBHMBaAHWA NOTeHUMaNoB (MCKNYNB, pasyMeeTcs, rajbBaHWYeCcky CBA3b C BHYTPEHHUM NPOBOLHMKOM).

Mop
TOKOOTBOAA
K MONHUenpuemHomy
CTepXxHIO

1
Onnetka _ 1

2

KoaKcuanbHoro kabens A 4mm2 (mepp)

: 3 cToliKn
LWnHa yp | T | 1 Kopnyca ycTpoiicTsa
noTeHUManos

Koakc

kabenb

1
1
1
Pacnp Tenb -
(multiswitch) :
1
1
i i ________ 3aszemnenune
n n L

Puc. 4.1.2 - NopknoyeHne 3a3eMNeHNA CNYyTHUKOBON aHTEHHbI
yepes rnasHylo WWHY 3a3eMneHuns 3parHus (MEB)

Ecnu aHTeHHa pacnonoxeHa BHYTPW 30aHUA N Ha PacCTOAHUN HE MeHee 2M oT KpbIWW, nan Ha BHELWHEN CTEHE, HO BbICTynaAa He
bonee yeM Ha 1.5m [pMC. 413], OHa MoXeT He 3a3eMnATbeA. OgHaKko 3KBMNOTEHUMANbHOE CoeaMHEeHMEe NS CUCTEMBbI BHyTPEHHeVl MO~
HWEe3aLWMTbl TakXKe LONXKHO bbITb yCTaHOBNEHO.

BHyTpeHHsA YacTb MONHME3aWMTLl obecneynBaeTca He TONBKO WWHOW YypaBHMBAHUA NOTEHLMANO0B, HO M YCTPOMNCTBAMU 3alLuThbl OT
neperanpskenunin (Y3UM), koTopsle ycTaHaBAMBATCA MexXy BHeWHen 1 BHyTpeHHen 30Hamu (puc. 4.1.4). Ocoboe BHUMaHWe cneayeT
yOenuUTb ceTeBbIM YCTPOMCTBAM |-ro knacca 3alinTbl, NOAKMOYEHHbBIM K KabenbHoN ceTu. Ecnn B a1eKTponpoBofike NCNONb3yeTcs CU-
ctema TN-C nnu paxe TN-C-S, BO3MOXHO NosiBNEHWE BbICOKOYACTOTHOW rapMOHWUKMN B 3KPaHNPOBaHWUK kabenen, 4To MOXeT BbI3BaTb
HencnpaBHOCTb 1 NOXap.

i

4 mm2 (MeAab)

——mN\--

Makc. 1,5m
Puc. 4.1.3 - PacnonoxeHune, Npu KOTOPOM @aHTEHHY MOXHO He 3a3eMNATb

BHyTpeHHsA YacTb MoNHMe3aLWwuTbl 0b6ecneynBaeTcs He TONbKO LUMHOW ypaBHUBAHWA NOTEHLMAN0B, HO U YCTPOMNCTBAMM 3aLLUTLI OT
nepenanpsxennin (Y3UM), koTopble ycTaHaBAMBAOTCA MexXay BHeWHel 1 BHyTpeHHen 30Hamu (puc. 4.1.4). Ocoboe BHUMaHWe cneayeT
YOENUTb CeTeBbIM YCTPOMCTBAM |-ro knacca 3auTbl, NOAKNOYEHHbIM K kKabenbHol ceTu. Ecnu B anekTponpoBofKe UCNONb3yeTca Cu-
ctema TN-C nnun paxe TN-C-S, Bo3MOXHO NosBaeHMe BbICOKOYACTOTHOW FrapMOHWKN B 3KpaHMpoBaHuu kabenen, 4YTo MoXeT Bbl3BaTb
HencnpaBHOCTb W Noxap.

Mop

ToKkooTBOAA

K MONHMenpnemHomy
CTePXKHIO

LnHa ypaBHuBaHUA

1
= Knemnv
y3un
220V

Puc. 4.1.4 - BHYTpeHHAA cucTeMa MoNHUEe3aLWwmThbl

Ecnu xe B 30aHUM HET OCHOBHOMO 3a3eMJIEHNSA, MU NOAKIIOYEHMNE K HEMY HEBO3MOXHO, CleAyeT CO34aTh OTAENbHOE 3a3eMieHune
ANA aHTeHHbl. OHO CTPOUTCA CTaHAAPTHO U MOXEeT COCTOSATb M3 OLHOTO MM HECKOMbKUX 3a3eMAAI0LLMX 31eKTPofoB ceyeHneM 50MMm?
(Meab) nnu 90 MM? (cTanb HepkaBeloLas AN OUMHKOBaHHAA), FOPU30HTaNbHBIX MW BEPTUKabHLIX, AJIMHON 00 2.5M Kaxabli, pacno-
NOXEeHHbIX ¢ MHTepsanom 3M. Mposop 3azemnenus (puc. 4.1.5) gonxeH bbiTb yCTaHOBEH BEPTUKANLHO MO NMPAMONA W AOSXKEH MMETh
nonepeyHoe cedeHune He MeHee 16 MM? (Meab), 25 MM? (M30nMpoBaHHbIN antoMuHKiA) v 50 Mm? (cTanb). TeM He MeHee, MOAK/IYEHNE
K LWUMHE ypaBHMWBAHUS NOTEHLMAN0B 3A4aHNS He0bX0AMMO, NPY 3TOM COEAUHEHUS NPOBOLHUKOB, HANpUMep, C TPYOHbIMU 3aXXnMamMu 1
3KBUMNOTEHLMANbHBIMU COEANHUTENBHBIMU LUMHAMU, LONXKHbI ObITb paccyMTaHbl Ha MOSIHVWEBbIE TOKW U MPOBEPEHbI HA COOTBETCTBMUE.

Ecnu ncnonbsyetca MoLiHas KONJeKTUBHAsA aHTeHHa, OT KOTOPON B 3[aHWe BXOAWUT WMPOKOMONOCHbIV Kabenb, cnefyet NpuMeHnTb
CTaHAapTHbIE MEpbI 3aLLM1ThI, Kak NMpW BBOAE TENEeKOMMYHUKAUMOHHbIX Kabeneit (puc. 4.1.6).

4.2 MonHuesawmTa anAa cucteM BugeoHabniogeHuna

Cuctembl BuaeoHabniogeHna (CCTV system) ncnonb3syoTcs ans KoHTpoAA Hag 0bbekTaMu 1 KOHTPOAs AocTyna. Takas cucTeMa co-
CTOUT, N0 MeHblUEel Mepe, U3 OA4HON KaMepbl, MOHUTOPa U kKabena nepefaun sugeo. CTaHUMM C AUCTAHLMOHHO yNpaBnaeMoin KaMepon
BbIBalOT OCHALLEHbI FOI0BKOW NaHopaM1poBaHunsa/Hakn0Ha, KOTopasa No3BOAET ONepaTopy MHAMBMAYANbHO PeryMpoBaTh NoNoXeHe
1 nepcnekTUBY BUAEOKAMEPSI.

B npocTenwem cnyvae nuHuns nepefayv npeacTtaBnaeTt cobov koakcmanbHblM nnv cbanaHcnpoBaHHbIN ABYXNPOBOAHbIN kabenb. Ko-
akcuanbHble kabenn ncnonbsyTca ana HecbanaHcMpoBaHHOW nepedayn, T.e. BULEOCUTHAN NepefaeTcs yepe3d ceppeyHuk Koakcu-
anbHoro kabens (BHyTpeHHnit NposoaHuk]. IkpaH Kabens (3azemneHHbIN) ABAAETCA BTOPOM TOUKOM OTCUETa ANA Nepefaqn curHana.
CbanaHcupoBaHHas nepegaya UCNONb3yeTCA NPY ABYXNPOBOAHOM Kabene.

Kabenb nutaHus obbl4HO NogaeTca oTAenbHo, ogHako ans IP-kaMep npu nepegaye BUAeocUrHana v nofaye Hanps>kKeHns Ucnosb-
3yeTcsa ofAMH kabenb, natoc wWuHa Tuna RS465 ana ynpaBneHns nonoxeHneMm BuaeokaMepbl.
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LWnHa ypasHUBaHUA

220V

<—=— DIN-peiika
1
]

CobcTBeHHOR
3azemneHue

Il —=—

LleéT BBOAA
kabena JlokanbHaa
3 3nanie Pt ® | hiasasemnenun

1
= = X 4mm2 (menb)

|
MEB - rnasHas
- s

Puc. 4.6 - LLinpokononocHoe kabenbHoe coeANHEHMNE C YCTPOMCTBAMM 3aLLUTbLI OT NEPEHANPAXKEHUN

Ha puc. 4.2.1 nokasaHo nogknw4yeHne CnuCcTembl BI/l,ELEOHaﬁJ'IlO,D,EHI/lﬂ K 30aHUKO, 060pyﬂ,OBaHHOMy CUCTEMOWN MOSTHME3ALUTHI. Cama
KaMepa yCTtaHoBJ1eHa Ha OTAENbHOW CTasbHOW MayTe U AONONHUTENBHO 3aliulLeHa CTep>XHeBbIM MONTHNENPUEMHUNKOM. y3u1n yCTaHOB-
neHbl Ha 060mx KOHUax kabenew, KoTopble 00bluHO npoknagbiBatOT BHYTPU MayThl.

Ecnv aTo HEBO3MOXHO, Kabenb KaMepbl NPoKNAAbLIBaOT OTAENLHO B MeTananyeckon Tpybke, NogkaoueHHon k MauTe. B aToM cnyyae
Y3WM MoxHO He ycTaHaBAMBaTb B pacnpefenuTensHoit kopobke, ecnn anuHa kabens He npesbllWaeT HeCKONbKUX MeTpoB. B Touke
BXOfa B 3aHue Bce Kabenu [onxHbl 6bITb MOAKIIOYEHbI K KOHTYPY ypaBHUBaHWa noteHuyunanos (puc. 3.1.1).

Ecnu KaMepa yCTaHoB/i€Ha Ha BHEWHeEM anca,u.e 3haHua, cnegyet obecneynTb, 4TOOLI OHa HaxogMnach B 3aLLULLEHHOM NPOCTpaH-
cTBe, UM bbina 3awmiLeHa ot npAMbIX yaapos MOJTHUKX C NOMOLLBK AONONTHUTENbHOTO MOJTHUENPUEMHUKA.

Ecnu npun aHannse pnckos paC‘-IeTHbIVI pUCK yoapa MONTHUN B 3aHNe cHUTaeTCcqa npneMnemMo HU3K1UM, 3faHne MOXeT He ObITb 060py-
0oBaHO BHELLIHEN cUCTEMON MONTHNE3aLWNTbI. B atom cnlyqae yCtaHOBKa OrpaHI/Il-IVITeJ'IeI;I nepeHanmeeHMl?l obecneunBaeT AO0CTaTO4YHYIO
3awunTy [pVIC. 421] HOCKOﬂbe paC‘-IeTHbIVI puUCK yaapa MOJHNK CHNTaAeTCAa HU3KNUM, MadTa He 060pyp,OBaHa HW MOJTHNEeNnpuneMHUKoOM,
HW 3a3eMJIeEHNEM.

N,

N CTepxeHb MonHMenpuemHmka
N\

AN Monurop

BN B— \

ynpaenenus

Bl

y3un [] y3un

7T Koakcuanbhbiii unn
ABYXNPOBOAHOI Kabenb
RS 485

@ = 220V
m PacnpepunutenbHas Kopobka mEE;;;‘;:’::gNM o0
[2] Kamepa
KoMGUHUpOBaHHBIA
[3] Mexarmsm ynpasnermn yaun

= Hecywas cTanbHas mauta =

Puc. 4.2.1 - Kamepa, noaknto4eHHan K 34aHUI0 C CUCTEMOW MONHUEe3aLWUTbl

MonuTop

2] 2]
: -

o ([

RS 485

17" " o I’ " KoakcuanbHbiit nnn

ABYXNpPOBOAHOMN Kabenb

220V

IIl Pa3pagHuK

Mposopg PE

PacnpeaunutenbHaa kopobka

Kamepa

HMEE

MexaHusm ynpasneHuna

Puc. 4.2.1 - Kamepa, nogkntoyeHHas K 3aaHunto 6e3 cuctemMbl MonHUE3aLWUTbI

4.3 MonHuesawmTa aNa cCBETOANOAHbIX CUCTEM OCBELLEHUA

CBeToAVOAHOE OCBeLLeHWe AR YAULL U OTKPLITOrO MPOCTPAHCTBA BbIFTOAHO C 3KOHOMUYECKOW TOYKW 3PEHUs, MOCKObKY 3aMeHa
06bI4YHBIX AYroBbIX PTYyTHbIX N1aMn Ha LED-cBeTUNbHWKM B MPOMBbILINEHHOR Chepe U yIMYHOM OCBeLLeHUU, Npu 1x AnuTensHoi paboTe,
HEeCMOTPSA Ha BbICOKYIO 3aKyMOYHYIO LIeHY, MOXET CIKOHOMUTL 3HAYUTENbHbIE CPEACTBa, PACXOAyeMble Ha IHeprut. nnTenbHbI cpok
cnyx6bl, aKonornyeckas 6e30nNacHoOCTb, HU3Kas HYyBCTBUTENLHOCTL K TEMMEpAType W MHAWBUAYaNbHbIe HACTPONKM ANS Pa3nYHbIX 06-
nacten NPUMEHEHWUsA AeNnalT CBETOANOAHbIE CBETUIIbHWUKU YAOOHLIMKU B MPUMEHEHUN U IKOHOMUYECKU BbIrOAHbIMU. CBETOAMOAHOE
oCBelleHne MeeT cnefylolive ocobeHHoCTH:

> Bbicokas ceseTooTgava - go 110 Jim/BrT;

> PacnpepeneHve cBeTa nerko afanTupyeTcsa K KOHKPETHON 3afaye 0CBELLEHWS C MOMOLLbIO pa3HbIX 06bEKTUBOB;

> PasnunyHble LBETOBbIe OTTEHKW/LBETOBAsA TeMMNepaTypa;

> CseTopunopbl nMetoT cpok cnyxbbl ot 50000 o 100000 yacos B 3aBUCUMMOCTH OT paboyero Toka;

> CBeToBOW NOTOK CBETOAMOAO0B cnabo 3aBucuT ot Temnepatypsl (95% npu 40°C, 115% npu -30°C) 1 nerko perynvpyeTcs ¢ NoMobio
crneunanbHbIX CBETOAVMOAHbIX L paiBEPOB;

> CBeToamonbl npeanbHO NOAXOAAT ANA CUCTEM OXPAHHOIO OCBELLLEHMS U3-3a UX BbICOKOTO CBETOBOMO NMOTOKa 6e3 3agepXKu BKIt0-
YyeHus.

OpHako OKynaemocCTb BIOXXEHWI B HOBOE OCBELLEHNE MOXET CABMHYTbLCA BO BPEMEHU B pe3ynbTaTe npexnesBpeMeHHOoro Bbixoaa
LED-cBeTUNbHUKOB 13 CTpOA, MOCKOJIbKY OHWN 04eHb YyBCTBUTENIbHbI K UMNYNbCHBIM NEpPeHanpaXeHnaMm. ,D,VI3J'|EKTpMLIeCKaﬂ MPOYHOCTb
HOBbIX CBETOAMOAHbIX CBETUNLHWUKOB focTuraet 4 kB no Hanpa>XxeHnw u 2 kA no TOKY, 04HAKO NMNYNbCHbIE TOKWN N NepeHanpa>xeHnaq,
BO3HUKaoUWmne B CeTn, MOryT MHOITOKpPaTHO NpeBbIWaThb 3T 3Ha4YeHUA.

|_|pl/l pemMoHTe Xe, NOMUMO pacxo4oB Ha HOBble CBETUNIbHUKN U D,paPIBepbl ynpaB/iieHNA, KOTOpble CTOAT AOPOXe CTapbixX namn, 6onb-
wmne pacxonbl I'IOTpe6leTCF| N Ha TexHU4Yyeckoe obecneyeHue npun 3amMeHe J],eq)eKTHbIX ,ELETC—]J'IEVI - n3-3a H606XO,ELVIMOCTM npunene4yeHnd
cneu,maanoPl BbICOTHOW TEXHUKN U O6y‘-IeHHOF0 nepcoHana. nOTOMy cnenyet 3apaHee NpUHATbL COOTBETCTBYHOLWME 3aLlLNTHbIE Mepbl.

[lns ycTaHOBKM CBETUABHUKOB MCNONBb3YIOTCSH Pa3fiMyHbie MeTanIMYeckne MayTol — MeTananyeckuin Kopnyc paccenBaeT pesynsTu-
pylole notepu Tenna Ha bonbwoi naowaau; (ecam ucnonssyotca Madtsl u3 MNBX, Heobxoanumo cobniofaTb LONOAHUTENbHbLIE MepbI
3aWnTbl OT aNeKTpocTaTuyeckoro 3apsaaal. Bes Tpacca ocBeltenns cHabxaeTcs anekTposHepruein Yyepes LeHTpanbHble pacnpegenu-
TenbHble Kopobku (Wkadbl ynpasieHus), B KoTopble BCTpauBaloTcs 670KM yrpaBneHns u 3alnTHble KoMnoHeHTsbl (puc. 4.3.1). Muta-
folee HanpsxXeHne NocTynaeT B CoefUHUTENbHbIE KOPODBKM, YCTAHOBNEHHbIE B MayTax, a 0TTyaa nogaetcsa K caMuM doHapsam. Ecau
NoMUMO 0BbIYHON ceTu HanpsxeHnus LED-cBeTUNbHUK NUTaeTcs elle oT Kakoro AMbo Apyroro, aKBUBaNEHTHOO UCTOYHMKA MUTAHWUS,
3TOT UCTOYHMK BONXKEH ObITh GU3UYECcKN pa3feneH C CeTbio B COOTBETCTBUM C HOPMATUBHLIMU TpeboBaHUAMY.

Y3WI cooTBeTCcTBYytOLWEr0 TMNA yCTaHaBAMBAETCA U B COeAMHUTENbHON Kopobke, n B Wkady ynpaBneHus. [naBHbIM ycnosunem npu
Bblbope KoHKpeTHbIX TunoB Y3UI ABnseTcA COOTHOLEHME YCTOMYMBOCTU U30NALUN U CBETOLMOLHOMO Kackaja C YPOBHEM 3aLUUThI
Y3WT. Mpwn atom camun Y3UTT gonskHbl 6biTb B COCTOSSHUM MHOTOKPATHO 1 Be3 pa3pylleHns 0TBOAUTb UMNYNbCHbIE TOKU.

YcTaHoBka Y3WI B coeanHuTeNnbHON KOpobKe B OCHOBaHWM MayTbl AAeT BO3IMOXHOCTb MPOBEPUTL UM 3aMeHUTb ero be3 cneunans-
HOro NOAbEMHMKA.

BbiBaloT cnyyan MoHTa)a, Korfa KOHCTPYKUMA KpenneHus HenocpeacTBeHHo caMmoro LED-cBeTunbHMKa He coeguHeHa MeTannmye-
CKMM KOHTaKTOM C OCHOBHO MauToi. Toraa gononHutesbHblin Y3UI ycTaHaBnnBaeTca v Bo3fie caMoro ceeTusbHuka (puc. 4.3.2).
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Takxe 419 NOBbILWEHWS YPOBHA MOSHWE3aLLUThl, BMECTO OTAESbHbLIX 3a3eManTeNel AN KaXaoi MauTsl, B4OJb NuTaoLwero kabens
Tpacchl ocBeleHus, Ha ry6ure 0,5 M 1 NPUMepHO Ha Takol e BbICOTe HaA NMUTalWwmuM kabeneM, npoknagbisaetcs obLwmnit 3a3eMnsio-
Wit nposogHMK. OH 3awWwmwaeT nuTaowmin kabenb No BCer ANMHe, a Takke Bnarogaps HeMy NPOVCXOANT YPaBHMBaHWE NOTEHLMANO0B
BLONb BCew Tpaccsl (puc. 4.3.2, 4.3.3).

- S

Wkad
ynpasnexus
3awmra —
KOMGMHMPOBaHHbIN
Y3UN una I+l

3awura —
KOMBVHUPOBaHHbII
Y3UN vna I+I

Puc. 4.3.1 - CxeMa nuTaHua n 3awuTtbl npu noMowm Y3UM nuHumn cBeToanoaHOro oceeLeHns

[ ] _7 CBepopuopHas cuctema
3awyra Y3 unall

CoepuHUTeNnbHaA

CoeanHuTenbHas Wkad

Kopobka ynpasneHus
3awumra — 3awura —
KOMGUHMPOBaHHbIi KOMGUHUPOBaHHbIit
Y3Un tuna 411 Y3UM twna 1+11

05m

3azemnsiowuit Murarowwmit
NpOBOAHNK Kabenb

Puc. 4.3.2 - NonHana 3awunta LED-cBeTUNbHMUKA OT NepeHanpsKeHumn

Takxe 419 NOBbIWEHWA YPOBHSA MOSHWE3aLLMThl, BMECTO OTAESbHbLIX 3a3eMANTENel AN KaXaoi MayTsl, BAOb NuUTalowero Kabens
Tpacchl ocBeleHus, Ha rybure 0,5 M 1 NpUMEpHO Ha Tako e BbICoTe Had NuTalwmuM kabeneM, npoknagbliaetcs obLwmnin 3a3eMnsio-
Wit nposogHuK. OH 3awWwmwaeT nuTaoWwmin kKabesb No BCel ANMHe, a Takke Bnarogapsa HeMy NPOUCXOAWT ypaBHMBaHWE NOTEHLMAN0B
BAO/b BCel Tpacchl (puc. 4.3.2, 4.3.3).

B pesynbTaTte, gaxe npu NpsiMoM yaape MOAHWMW B MaYTOBbIN CBETUNIbHUK, MayTa 3alMLLaeT NPONOXEHHbIN B Hell kabenb, a MOLHbIe
MONHUEPA3PAAHMUKM, PACMONOXKEHHbIE Y OCHOBAHUA MauTbl B COEAUHUTENLHON Kopobke, paspsaxatoT Tok MonHuK (06wuin Tok go 50 KA,
10/350 Mkc) B pacnpefeneHHbin 3a3eMAnTeNb — 60/blaA 4acTb TOKA MOJHUW CTeYeT NPAMO B rpyHT. B komBuHaumm ¢ Y3UT Ha caMmom
CBETUNbHWUKE 3TO He JaCT BO3MOXHOCTW BO3HUKHYTb 60NbLION Pa3HOCTV NOTEHLWAN0B MeX/Ay 3NeMeHTaMu MayTbl, NuTaoLwmnm kabe-
NeM 1 CBeTOTeXHUYeCKUM 060pyaoBaHNEM, T.e. 3aLLUTUT BCIO KOHCTPYKLMIO.

MopnobHas cucTeMa 3aLLMThl XOpoLOo cpaboTaeT U Npu yaaneHHoOM yaape MOSIHWUM, KOTOPbIA MOXET CreHepnpoBaTb UMMYNbCHOE Me-
peHanpsixeHue B paguyce 1.5/2 kM oT MecTa ynapa. HasegeHnue WHAYKTUBHOMO MMNynbca Yepes nutalowmii kabenb bygeT ocnabne-
HO 3a3eMINTeNEM, a TO, YTO MOXET NMPOHUKHYTb B OCBETUTE/IbHOE YCTPOWCTBO, DyAeT UMEeTb He cToNb BONbLWON 3anac aHepruu, Kak
npu NPAMOM yaape MOMHWKW — 3aliMTa OT UMNyNbCca NepeHanpsXeHWs B COEAUHUTENbHON KOpobke U cBeTUNbHUKe obe3onacut cam
LED-cBeTUnbHUK.

B otnnyum ot YINYHOro oceeleHna, ceetognoaHble CUCTEMbl OCBELEeHNA NPOMbIWNEHHbIX U aAMUHNCTPATUBHbIX 30aHnn bonble
CTpapakdT UMEHHO OT UMNYNbCHbIX nepeHanpﬂmeHmﬁ, O6yCJ'|OBJ'IeHHbIX WHOYKTUBHbIMW BBOAAMUN TN KOMMYTaUWOHHBbIMU npoueccamMu.
ﬂ,J'IFl 3aWnTbl, NPpN MOHTaXXe CUCTeMbl OCBeLLEeHNA, BCe NUTaowne NMHUN Ha BXoLe B 30aHNEe OOJIKHbI ObITb 3aLMLLEHbI COOTBETCTBY-
OWNMN MONTHNE3aLWUNTHBbIMUW pa3pAanHNKaMN. He3aBMCKMMO OT 3TOro, B NUTAKOLLMX pacnpegenntenax AoJXKHa TakXXe yCTaHaBanBaTbCA
3awmTa oT UMNYNbCHbIX nepeHanmeeHm?I L4NA BCEW CUCTEMbI OCBELLLEHNUS.

MockonbKy B NPOMBILINEHHbBIX Liexax naMmbl Tak)Ke YacTo MOHTUPYIOTCA Ha BoMbLUOW BbICOTE, @ AJIMHHbIE NOABOASALLME NPOBOAA UMeE-
t0T BbICOKUIA NOTEHLMaN K MHAYKTUBHOMY BBOAY MMMYNbCOB NepeHanpsixkeHus, A5 3alnTbl CBETOANOAHBIX OKOHEYHbIX KackafoB Takxke
TpebytoTcs ycTaHoBka Y3UI HenocpepcTBeHHo nepes LED-cBeTunbHMKamMu.

Mpw ycTaHOBKE CBETUBLHUKOB, K MPUMeEpY, NPAMO nog kabeneHecywnumu cuctemamu (Hanpumep, notku), Y3MM MoxxHo MoHTMpOBaTbL
B KabesbHOM OCBETUTENbHOM slMKe neped namnamu. [ns ucnonb3oBaHUs 3KpaHupytowen cnocobHocTn MeTannuueckunx kabeneHe-
CYLMX CUCTEM, UX HEOBXOLMMO NMOAKNI0YATL C ABYX CTOPOH K CUCTEME ypaBHUBAHUA NOTEHLWANO0B.

O — 3aWuTHBIN yron max 90°
hi- rny6uHa B 3emne He MeHbLe 0,5 M
ha- paccTosHmne He MmeHbLwe 0,5 M

Ka6enb nutaHna nuuun

Puc. 4.3.3 - NpuMeHeHWe CNOLWHOro 3a3eMNAI0LLEro NPOBOAHMKA

4.4 MonHnesawmnTa Ana CTaHLUNA COTOBbIX MOBUNbHbIX ceTen

13-3a noBbIWeHHOro crpoca Ha 0bbeMbl MepefaBaeMblX faHHbIX, F106anbHbIR CIPOC Ha MOMOCHI NPOMNYCKaHWUA PagMoCBA3N OYeHb
BbIpOC. YBeNMyeHne NCnoNb30BaHWa cMapTOOHOB U APYruX MOBUbHbLIX YCTPOWCTB NPUBOAUT CYLLECTBYIOLLME CETEBLIE CNEKTPbI K UX
npegenam. Boicokve MHBECTULMOHHbIE 3aTpaThl AN HOBbLIX CETEBbIX MHPACTPYKTYP, @ TakxKe BbICOKME IKCMAyaTaLMOHHbIE PacXoibl
L1951 CYLLLeCTBYIOLLMX CUCTEMHbIX TEXHOIOM NI ABASIOTCA HefoCTaTKaMU, C KOTOPbIMU MPUXOLUTCA CTaNKMBaTbCA onepaTopamM MobuabHo N
cBA3K. [103TOMY UX LieNlb COCTOUT B TOM, 4TOObl 3pEKTUBHO COKPATUTb Pacxofbl Ha TexHUYeckoe obcnyxuBaHue 1 akcnayaTauuo 1
obecneynTb NOCTOSIHHO pacTyLlee YNCNo Nonb3oBaTened MObUNbHLIX TenedoHOB CO 3HAUYNUTENbHO boMbLUeln LOCTYMNHOCTbIO U Hafex-
HOCTbI0 MOBMAbHBIX yenyr. OnepaTopbl MOGUABLHOM CBSI3U M NPOM3BOLUTENN CUCTEMHbIX TEXHOMOTUI BO BCEM MUPE NEPEXOANT Ha Bbl-
cokockopocTHyto TexHonoruio UMTS (3G) unu LTE (4G). Lna 3T0ro ncnosib3yoT HoBble NPUEMO-TepeaatoLne CTaHLuu.

B 06bIYHbIX CeTAX AnA nepefayn curHana MCnonb3ylTcs KoakcuanbHble kabenu, Takke HasbiBaeMble BOJHOBOAHLIMU Kabensamu.
OueBMAHLIM HEJOCTaTKOM 3TON TEXHONOTUW ABNAOTCHA BbiCOKMe noTepu npu nepepade (go 50%) B 3aBMCUMOCTM OT ANUHLI U None-
PEYHOro CeyeHus BbICOKOYACTOTHbIX kabenei. bonee Toro, pagvonepefaTuvk B TakoW TEXHONOrMU UHTerpupoBaH B ba3oByl pagu-
octaHuuio (RBS), uto TpebyeT NOCTOAHHOrO OXNAXAEHUS TEXHUYECKOro 060pyn0BaHNSA W MOMELLEHN. ITO NPUBOAUT K YBEINYEHUIO
noTpebneHns aHeprum 1 yBennyeHuio pacxofos Ha TexHuueckoe obenyxusanue (puc. 4.4.1).

Hosble ynanerHble pagnoctaHuum (RRHs/RRUs - Remote Radio Head/Unit - YaanenHoe Paguo YcTpoiicTBo) ycTaHasnmneaoTcs He-
NOCPeLCTBEHHO Ha aHTEHHAX, YTO YMEHbLUAET NOTEPU U YBENUYMBAET CKOPOCTb Nepefayn. BbicokoyacToTHbIN cUrHan reHepupyeTcs
HemnocpeACTBEHHO Ha aHTEeHHE K 3aTeM nepepaetca. [pyrum nNpenMyLLecTBOM SIBASETCS TO, YTO M3-3a CAMOOXJIaXAEHUS yaaneHHbIX
papvocTaHumin TpebyeTca MeHblUe CUCTEM KOHAMLMOHMPOBaHUs Bo3ayxa. ONToBONOKOHHbIE Kabenn nNo3BonsoT nepefasaTh AaHHblE
Mexzy 6a3oBol paguocTaHuMeNn v yoaneHHbIMU yCTPOMCTBaMM Ha pacctosHue go 20 kM 6e3 notepu kavectsa. Mcnonb3oBaHue yaa-
NEHHbIX TEXHONIOMUI Y COBPEMEHHbIX Manopa3MepHbIx 6a30BbIX CTAHLMIN 3KOHOMWT 3aTpaThl Ha 3NEKTPOIHEPIUIO, @ TakKe pacxofbl Ha
apeH/ly 13-3a cokpalleHus niowaan Ans TexHuueckoro obopynosarus (puc. 4.4.1)

AHTeHHbI AHTEHHbI

KabenbHas
nepembiuka

KabenbHan
nepembiuka

Ycunurens

BHewwHWi 610K NUTaHNA|
(no Heo6xodumocmu) A

Yeunuteno

KoaKcnHoBbIii Kabenb
C BbICOKIM 3aTyXaHuem curHana
Maxc. dnura -0 50 m

BonokoHHo-onTnyecKkuii
Kabenb
IModkntouetiue Ges nomepo - 30 20 km

PsU
6onbwoi|

PsU
manbiit

Basosan
craHuua

[Korauumorep|
6onbuwoit

ABapwitHas
curanuzauus

AsapuitHas
cnrannsauns|

Konauumonep|
manbii

Papno
cepBep

TpaanuMoHHan cTaHumA

CraHuyms c RRHs

RRH: remote radio head -
yAaneHHas pagnocTaHuna

PSU: power supply unit -
Bnok nutanua

Puc. 4.4.1 - CpaBHeHWe pagMocTaHUNi, CO3AaHHbIX N0 06bIYHOW U HOBOW TEXHONOTUK

4.4.1 BHewHAA MONHUE3aWwuTa

AHTEHHbI YNOMSAHYTLIX CUCTEM YacTo yCTaHaBNMBAKOTCA Ha apeHAoBaHHOW Kpbiwe. OnepaTop ceTv v Bnageney 34aHus 3auHTepe-
COBaHbl B TOM, 4TOObl pa3MelleHne aHTEHH He NPeACTaBnAN0 LONONHUTENbHOro pucka Ans 34aHus. [na cucTeMbl MONHWE3aLMUThI
3TO 03HAYaeT, YTo B C/y4Yae yaapa MoOMHUM K aHTEHHON BaliHe He JOMXKHbI MONACTb YaCTUYHbIE TOKWU MOJHUM, MOCKOMbKY YaCTUUHbIE
TOKM MOAHUM, NPOHWUKHYB BHYTPb 3faHus, byayT yrpoxaTtb 371eKTPUYECKUM U 3NeKTPOHHbIM ycTpoicTBaM. Ha pucyHke 4.2 nokasaHa
aHTeHHasn BaLHA C 3aLMTHBIM MOTHMENPUEMHUKOM 1 TOKOOTBOAOM. MonHMENnpUeMHUK NprcoeamnHeH K ballHe aHTeHHbI NOCPeACcTBOM
0MOpPHOM TPYBbI, U3roTOBAIEHHON U3 HENPOBOASLLEr0 MaTepuana.
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BHewHune
pacnpegkopo6ku

AaneHHanA pagnocTaHuna
\HT€HHa
loNTHNenpuemMHUK

[OKOOTBOA (CUHUM LiBETOM)

K ynaneHHon
paanocTaHLn Tpy6Ka

OnopHas n3onAUMOHHaA

Puc. 4.4.2 - AHTeHHas ballHA ¢ MONHUENPUEMHUKOM U TOKOOTBOAOM

BbicoTa MonHMenpueMHuKa 3aBUCHT OT BaLLHM @aHTEHHbI, BO3MOXHOMO 371eKTpUYeckoro obopynoBaH1s aHTeHHOW CUCTEMbI U [OMXKHA
ObITb BbIOpaHa TaknM 06pa3oM, 4ToObl BCe 3TV 3NEMEHTLI HAXOAMANCH B 3aLLMLLEHHOM NpoCTpaHcTBe. B cnyyae 3paHna ¢ HECKONbKUMY
aHTEeHHbIMU CUCTEMaMK HeObXOAMMO YCTAHOBUTH HECKONIbKO M30AMPOBAHHbIX MOSTHUENPUEMHUKOB.

4.4.2 Basosble paguoctaHummn (RBS)

Bnok nuTaHus 6a3o0BoM CTaHLWUU LONKEH UMETb OTAENbHbIV GUAEPHbIN Kabenb, KOTOPbINA He 3aBUCUT OT LWNHbLI NUTaHWs 3aaHua. na
paboTbl COTOBbIX CETEN [OKHA ObITh NpefycMOTPeHa OTAeNbHAA pacnpefenuTenbHan nnata, kotopasa fosxHa bbiTe ocHaleHa Y3
(pazpagHukamu Tuna 1). Kpome Toro, KOMBUHMPOBaHHLIA pa3pagHuUK TWna 1 ycTaHaBAMBAETCA MOCNE MaHenu CYeTYMKa, a UMEHHO
nocne npepoxpanutenenn. ina obecneyennsa npasunbHon koopanHauum pabotsl Y3NI B 060mx MecTax ycTaHOBKM JOAXKHbBI UCNOABL30-
BaTbCA YCTPOMCTBA OAHOMO MPOU3BOAUTENS.

Mpun Mcnonb3oBaHWM KOMBUHUPOBAHHbIX Pa3pALHNKOB HEODXOAMMO Takxke 0becneynTb «CenekTUBHOCTL pasbefMHeHNA» B OTHOLWe-
HWW NpPefoXpaHuTeNen, pacnoNoXeHHbIX BbllLe Mo NOTOKY 3Hepruun, YTobbl n3bexaTb NOXHOro cpabaTelBaHUSA CUCTEMHbIX Npefoxpa-
HWTenewn v, cnefoBaTeNbHoO, OTKN0YeHWs Baoka NuTaHus. CneynansHblie KOMBUHWpPOBaHHbIE paspaaHMKkK TuNa 1, paspaboTaHHbie Ang
3aWunThl 610KOB MUTaHMA B cUCTeMax nepeaadn/npueMa gaHHbIX, MCNONb3ylOTCA ANA 3alWmnTel 610ka nutanua (PSU) 6asoson ctaHumm.

YnaneHHble paguoctaHuum (RRHs/RRUs) TpebytoT 0TAENbHOrO UCTOYHMKA MUTaHWA MOCTOAHHOrO HampsxeHnus 48 B. [na 3toro
0BbIUHO MCMOMb3YIOTCA 3KPAHWPOBAHHbLIE MHOFOXUIbHbIE MefHble Kabenn ¢ nonepeyHbiM ceyeHneM oT 6 o 16 MM? (duaepsl). 3T
kabenu ycTaHaBnusatoTca BHe 3aaHua nubo [0 nosepxHocTU Kpbiwy, rae ctoaT RRH/RRU, wan oT 6a3oBoi cTaHuuu A0 MauThbl, rae
3akpenseHsl RRH/RRU, 1 nx akpaHbl 4OMKHbI BbITb MOAK/IOYEHbI K 333EMNEHMI0 @aHTEHHbI U K WKHE 3a3eMieHus 3aanus (B cooTeet-
cteum ¢ ACTY EN 62305-3). Mepegava gaHHbix 4o RRH/RRU ocyuiectenaetca ¢ Ucnonb3oBaHMeM NpefiBapuTebHO MPOOXKEHHbIX
BOJIOKOHHO-ONTUYeCcKMX kabenen BMeCcTo paHee UCMOMb30BaHHbIX KoakcuanbHbIx kabenen.

B oboux cnyyanx yctaHoBkW, dupepHble kabenu n yaaneHHble CTaHUMM PUCKYIOT NONacTb Nof yaap MonHuW. PaspagHuku Tvna
1801KHbI 6bITb CNOCO6HBI Be3onacHo NPOBOAWTL MOHWEBBIE TOKW B CUCTEMY 3a3eMeHuns — ToNbko pa3psgHble Y3UI tuna 1 obecne-
YMBAIOT HALEXHYK COrNacoBaHHOCTb MO 3HEPTUU C 3aLLUUTHLIMU LLensiMU, PAcioNOXEHHbIMU HUXE MO NMOTOKY U BCTPOEHHBLIMU B OKO-
HeyHoe obopygoBaHue. bnarogapsa aTomy obecneynBaetca HafexHasa 3awmta obopymnosaHua. [na caMux yaaneHHsix ctaHumin RRH/
RRU pa3paboTaHbl cneunanbHble pa3psagHuky tuna 1 gns paboTbl Ha HUM3KOBOMBTHbIX Kabenax NocTosHHOro HanpsxeHusa. OHK ycTa-
HaBnuBaloTCcs B 610K pALoM ¢ BIOKOM NUTaHWA B KOMHaTe TeXxHUYecKkoro 06opynoBaHMsA U Hapy>XHOW Kopobke Ha MayTe aHTeHHbI. B
KopobKke Ha MauTe NONOXMTENbHbIN NOMOC U 3KpaH kabens coefuHeHbl KOCBEHHO, Yepe3 UCKPOBON NPOMEXYTOK AN NpefoTBpaLleHuns
Koppo3uu n bnyxgatowmx TokoB. B bnoke nuTaHnsa NonoxuTenbHbIM NoNtOC 3a3eMneH Yyepes ogHonontocHbi Y3UI tuna 1, npu atom
YPOBEHb 3aLunThl Mo HanpsxeHns Up paspsgHUKOB [LONXKeH ObITb HUXe, YeM AU3NeKTpruyeckan NPOYHOCTb U30AALMK 1 060pyaoBaHMUS.

C6opkun Y3UM Tuna 2 Takke ncnonb3yoTca B 3aBUCKMOCTU OT NAAHUPYEMOW 3aLLUThI, TEXHUYECKNX XapaKTEPUCTUK U KOHKPETHbIX
YyCNOBWI Ha MecTe ycTaHOBKW. BapucTopHble pa3pagHuky Tuna 2 yaobHbl B NPUMEHEHUW ANA 3alWTbl OKOHeYHoro obopyaoBaHus,
ucnonssylotca ans RRH/RRU. [na ux ycTaHOBKM NPUMEHSIOT CreunanbHble KOpobkW AN MOHTaxa — 3anupaeMblii Kopnyc U3 cre-
knosonokHa (GRP) co cTeneHblo 3awumThl IP 66 obecneunsaet npoctpaHcTso ana wect RRH/RRU u BkntovaeT B cebsa Bxopdawime u
ncxopsLwmne nuHUM 48 B ¢ KpenneHneM Ha KNeMMHbIX Konofkax; yaobHbl B ycTaHOBKE, B 4YaCTHOCTU, B C/ly4ae YCTAHOBKM Ha MauTy v
[00CHALLLEHMA, NOCKIIbKY MMEIoT NMpoCTbie B yCTaHOBKe akceccyapsl (KpOHWTeMHbI AA CTEeH M MayTbl) C HaTAXKHbIM peMHeM, 4To obe-
cneynBaeT nerkyt v BbICTPYH yCTaHOBKY.

4.4.3 CornacoBaHue Y3UM tunos 1 n 2

CornacoBaHue Mo MOLLHOCTU UCKPOBbLIX pa3paaHukos Trna 1 (10/350 Mkc) ¢ 3almuiaeMbiM OKOHEYHbIM 060py0BaHMeM U BapuCTO-

paMn Tuna 2 ABNAeTCA BaXHOMW 3a,u,at4e|7| Nnpun NOCTPOEHUN 3aLnTbl OT nepeHanpﬂmeHMﬁ.

Tak Ha3biBaeMas «PyHKLMS NpepblBaHWs BOMHbI» LOCTUraeTca bbICTPbIM 3aMNyCKOM UCKPOBOIO MPOMEXYTKa B TEUEHWE MUKPOCEKYHAbI. ITO
o3HayaerT, 4yto uckposon Y3UI Tuna 1 n BapuctopHbii Y3UT Tuna 2 cornacoBaHbl N0 BpeMeHU M MOLWHOCTW cpabaTbiBaHUs, UMMYAbLC TOKa
npoxogut Yepe3 Y3UI Tuna 1 npakTUyecky MOAHOCTLIO M MOYTU He NoNafaeT B OKOHeYHoe 060opyaoBaHMeE, KOTOPOE JOMKHO ObITb 3aLLMLLEHO.

OTHoCcUTeNnbHO HebonbLlOE KONMYECTBO 3Heprnun, noctynarwuwiee B OKOHeYHOe 060py,u,osaHV|e [B cnyyae L'IF.)93BbI"Ial;IHO BbICOKUX UM~
NyNbCHbIX TOKOB], HEKPUTUYHO ANA BapMUCTOpa, BCTPOEHHOIo ANnA 3alnTbl OKOHEYHOro 060py,D,OBaHVIﬂ.

Ec/n e vcnonb3yeMble ycTpoicTea 3almuThl He ByayT cornacosaHbl, (Hanpumep, Y3WUM tuna 1 He cMor NponycTuTL BECb MMMYNLC
Toka), Torna 6onbLIOE KOMYECTBO 3HEPrMM MONageT Ha BapucTop. B ciiydae, eC/iv BapuUCTOp He CNpaBiseTcs, 3Ta SHeprus nonagaer B
OKOHeYHoe obopyLoBaHMe, YTO NPUBOAUT K MOBPEXAEHNAM, @ B XyALLEM C/lyyae — K pa3pyLueHuto obopyaoBaHus.

4.5 MonHuesawmTa ana CNOPTUBHbIX NNOLWAA0K

Bce bonee WUPOKO BHEAPAIOTCH CUCTEMbI MOHWE3ALLUTbI U HA UTPOBbLIX NONAX M CNOPTUBHLIX NAOLLAAKAX, FAEe MOSHUA MOXET Mo-
pa3uTb BbIWKKU C NPOXEKTOpaMu, 3puTenbckue TpubyHbl, Orpagbl UAK Nose, 4To CO34aEeT BbICOKUIA PUCK ANA CMOPTCMEHOB U 3puTene.
Jtogn, nonaswwe nog NPAMON yaap MONHWKM, MOTYT BbITh Cepbe3HO paHeHbl UK ymMepeTb. JTloAW, CTosAWwmMe psaoM ¢ TOYKON yaapa, Nog-
BEPraloTCs OMaCHOCTY «LWaroBoro HanpsxeHWs», YTo MPUBOAUT K TpaeMaMm (bubpunnauus, cepaedHas apuTMus); Takke BO3MOXHbI
TpaBMbl, Bbl3BaHHbIe NaHWKoi. MoToMy MecTa, rae pucK yaapa MOMHWUM BbICOK, U FAe NPOMCXOAAT MaccoBble CKOMneHus nogei (4to
MOXeT UMEeTb Cepbe3Hble NOCNeACTBMA), OMKHbBI BbITb OCHALLEHbl MOCTOAHHO AENCTBYIOLLMMU CUCTEMAMU MOTTHUE3ALLUTLI.

KpbiTble TpubyHebl, pasfgesanku 1 T.n. obecneynsaioT ybexulle B cnydyae HEOXUAAHHOTO CUABHOTO [OXAA W rpo3bl. [Jns 3Tux TMnos
3naHnin, cornacHo ACTY EN62305-3, Tpebyertca cuctema Monnuesawutsl (LPS) no knaccy Ill. [na He3akpbITbix 3pUTenbCkux TpubyH
knacc LPS MoxeT bbITb nogHAT go Il-ro.

[lns 3a1u1Thl OT NPAMbIX YA4APOB MONHWUI TpUBYH ANA 3pUTeNnei, MeTanMyeckunx orpaxkaeHuin, NpoxeKkTopos, GbnarwTokos uim Tabno
MCMONb3YITCH CUCTEMBI OTAENbHBIX MOSTHUENPUEMHbBIX CTEPXKHEN. BbicoTa 1 KOAUYECTBO MOHMENPUEMHIUKOB PACCUUTHIBAOTCSA UCXO-
45 13 BbIBPAaHHOro KNacca MONHUE3aLWnTbI.

MpoxeKTopbl PAAOM C ranepesaMn Uau TpubyHaMmu AONXKHbI BbITb OCHALLEeHbl CBOEN CUCTEMON MONHMe3aWwmnTbl. CucTeMbl 3a3emne-
HUA OTAENbHBIX MUNOHOB JOMXKHbI BbITh COEANHEHbI APYr C APYrOM W C CUCTEMaMU 3a3eMNEHWUS CNOPTUBHbIX COOPYXeHW (3anbl, pas-
LeBasnku, TexHuueckne 3nanns). 3T JONONHUTENbHbIE COEAUHEHUA YNYYLLIAIOT IKBUMNOTEHLMANbHOCTL U 3bPEKTUBHOCTb OTAENbHbBIX
byHOAMEHTHbIX 3a3eMAAtoLLMX aneKTpofoB. Co3aaHmne CBA3aHHOM CUCTEMbI YypaBHUBAHWA NOTEHLUMAN0B NPEA0TBPaLLAET BO3MOXHOCTb
3NEKTPUYECKUX PA3PSAA0B MeX/y PasHbIMU KOHCTPYKLMAMU U UX YacTaMK. Ecnv oHW NnpaBunbHO ycTaHoBNEHbI, TO 06pa3ytoT 3almTHoe
NPOCTPaHCTBO Ha Cy4ai NPsMOro yaapa MofiHWK no kabenbHbIM Tpaccam npoxekTopos (puc. 4.3.3).

Jioaw, okasaslIMecs pAAOM C KOHCTPYKLMER, B KOTOPYIO MPULLENCA yaap MofiHWKM (Hecylme MauTbl, NUoHbl, 3a6opbl, GrarwToku,
MHble CTPOEHNA), 0Ka3bIBAKTCA MOA Yrpo30M NMBO KOHTAKTHOrO HaMpsXeHNs, Mbo «LWwarosoro HanpsaxeHua» (puc. 1.2.1). Puck nony-
YeHWA TpPaBMbl MOXET ObITb YMEHbLUEH NyTEM M30NALKMM NoBepxHocTH — B cooTBeTcTBUM ¢ [ICTY EN 62305, focTtaTouHo nsonupytoLlero
cnos acdanbta He MeHee 5 CM BOKpPYr 3TUX YacTewn.

[ns yMeHbleHUs WaroBoro HanpsXeHUs Takxe nNpefycMaTpuMBaeTca Npoknagka AoNoAHUTENbHbIX 3a3eMASIOLLMX NPOBOLAHUKOB BO-
Kpyr MeTannnuyecknx KOHCTPYKLMIA 1 pAfoM co 3gaHuamm (puc. 4.5.1).

Obpa3syeTcsa 30Ha ynpaBneHus pa3HOCTbI0 NOTEHLMAN0B, Fe LaroBoe HanpsXeHne yMeHbLIaeTCs, a TOk MOHMK paBHOMEPHO pac-
npepenserca no semne (4.5.2).

4.6 MonHuesawuTa ana potoanekTpuyeckux cucteM (PVS), yctaHoBNEHHbIX Ha Kpbllwe 3aaHUA

®otoanektpuueckune cuctemsl (PVS - Photovoltaic systems) (conHeuHble anekTpoctaHumm) npegHasHadeHbl 4 aBTOHOMHOMO 371eKTpo-
cHabxeHwus 0bbekToB, 1 BCe Dosee WMPOKO HAUMHAIOT NPUMEHATLCA B paMKax NOAUTUKM Nepexoaa Ha 3KoNorMyeckn YnucTble, BO30bHoBNsE-
Mble pecypcbl. [naBHOe LOCTOMHCTBO NOA06HbLIX cMcTeM — obecneyeHre BbICOKON CTeNeHN He3aBUCUMOCTH OT INEKTPUUECKON CeTU.

OpnHako BCe 3TV CUCTeMbl NOABEPraloTCsl BO3LENCTBUIO Nt0ObIX NOFOAHbIX YCNOBUM U AOMKHbI BbIAEPXKUBaATb UX HA NPOTAXEHUN fe-
cATUNETUN.

Bospencreme MonHum noBpexXaatkT He TOJIbKO PV-MO,EI,YJ'IM, WHBEPTOPbI U UX KOHTPOJIbHYH 3/TEKTPOHUKY, HO W BbI3bIBAE€T 3N1€KTpU4e-
ckune nomexu. B cBasu ¢ yBenndyeHneM OnuHbl kabenewn, KOTOpble 3aTeM BXOAAT B 34aHNEe U MOAKIHATCA K UX CeTU 3ﬂeKTp0CHa6)Ke-
HWNA, TOK MOJTHUU NPOHWKAeT B 34aHNe N MOXEeT NOBPeAnTb BHYTpEeHHNE yCTpOVICTBa. Ecnu 3NeKTpocTaHuna pa60TaeT ABTOHOMHO, yOoap
MOJTHUWN MOXET NoBpeanTb oGopy,uosaHme, pa60Tarou.|,ee OT COJIHEYHOro aneKTpmn4yecTBea.

4.6.1 HeobxoauMocTb MONHUe3awWUTLl Ana PV-cucteMbl Ha Kpblwe

Bonpoc yctaHoBku PV cucTeMbl Ha Kpbille NPOMBbILAEHHbIX UK HYaCTHbIX 3AaHUM 3aBUCUT OT UX MECTOMONOXEHUS, TUNA KOHCTPYKLMNK,
BO3MOXHOCTeW npuMeHeHus. Ewe ao atana npoekTupoBaHus cucteMbl PV n3BecTHo, ycTaHOBNEHa NN cUCTeMa MONHME3aLnThl Ha 3aa-
HWK, NOTOMY BOMPOC peLuaeTcs cnegyloLimmM obpasom: ecnu fa - kakaa notpebyetca MogepHU3aLMs; eCNK HeT — LoKHa v bblTb ycTaHOB-
neHa cucteMa MonHuesalwmTel. C 3Tol Lenblo cnefyet onpeaennTb BEPOATHOCTL yAapa MOSIHUM U NPOCYMTATb BO3MOXHbIE NOCNEeACTBUS.

CornacHo coBpeMeHHbIM 3HaHWAM, ycTaHoBKa Mogynei PV cama no cebe He yBennumBaeT puck yaapa MoaHuK. [103ToMy 0TBET Ha Bompoc
0 Heobxo4MMOCTV Mep MOSHME3aLLUTLl He MOXeT DbiTb NoflyYeH NpocTo U3 dakTa cyllecTBoBaHus cucteMbl PV. Ha ocHoBe aHanusa pucka
yAapa MOSIHUW NMPOBOAMUTCS HOBbIN pacyeT 3KOHOMUYECKo 3PPEeKTUBHOCTY CUCTEMbI MOSTHUE3ALLMTBI — U €CIM PacyeT NoKaxeT Heobxoau-
MOCTb B 3alliMTe, OHa AoxHa bbITb ycTaHoBNeHa. Boobuue xe pasgnen «YnpasneHue puckamux» ctangapta JCTY EN 62305-3 onuceiBaeT, 4to
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cucTeMa MOMHMe3allmnThbl, pa3paboTaHHan ans knacca MonHuesalmuThl |, cooTBeTcTBYeT 06bI4HEIM TpEHOBAHUAM K POTOINEKTPUHECKUM CH-
cTeMaM - ClieloBaTeNbHO, CUcTeMa MostHMe3awmThl (cornacHo knaccy LPS I11) MoxeT 6biTb ycTaHosneHa ana PV-cucteM (> 10 kBT) Ha kpbiwwe.
Tak>ke [onKHbI 6bITb NPUHATBLI MEPbI 3aLLUThI OT NEPeHanpPsXeHWn — faxe A1s 34aHni 6e3 BHELHEN MONHNE3aLLUTbI.

Munon
Puc. 4.5.1 - flononHuTenbHoe 3azeMneHne BOKpyr NuaoHa

Puc. 4.5.2 - CHu>KeHMe BOPOHKN NOTEHLMAN0B 1 LLAroBoro HanpsXXeHus

4.6.2 KabenbHan npoknapka PV-cuctem u 3asemneHune

Kabenu Heobxogmmo npoknagbiBatb TaknM o6pa30M, 4T06bI M36EXaTh HoNbLIMX NHOYKTUBHbIX KOHTYpPOB: NpW COeANHEHUN OTAeNb-
HbIX NaHenen n 6BNOKOB NOCTOAHHOMO Hanpa>XeHna onqa q)OpMVIpOBaHVIﬂ KNIMHUU» N NPpU COeAUHEHUN HEeCKONTbKNX <NUHUA»; npoesoja
ANa nepefayvyn gaHHbIX [MOHMTOpVIHI' BbIXOQHOIO Hanmeeva] Win NUHUN 0aT4nKoB [HaanMep, AaT4vunkK M3J'Iy‘-IeHMF|] He AO0JKHbI Mpo-
KnagblBatbCA pagoM C CUI0BbIMN. 370 Takxe cnegyet yd4nTbiBaTb NPU NOAKAKOHYEHNN UHBEPTOPa K CeTu. ﬂpm 3TOM BCe JINHUN, Hepes
cooTBeTCTBYHOLWMNE Y3U1n LOMKHbI ObITh NOAKNOYEHBI K LWKMHE ypaBHNUBaHWA NOTEHLNANOB.

Camu dpoToanekTpryeckme Mogynm obbl4HO GUKCUPYIOTCS Ha METaNIMYECKUX MOHTAXHbIX CUCTEMAX U UMEIOT YCUNEHHYI0 N30MAUMI0.
[eno B TOM, 4TO MeTanIMYeCKNn MOHTax 0ObIYHO 3a3emieH (cucTema KOHTPOAA M30MALMKM, BCTPOGHHAA B MHBEPTOPLI, OENCTBYeT,
TONLKO €C/M CUCTEMa KpensieHus 3asemnena). Ecan PV-cucteMa HaxognTca B 3aliMLLEHHOM NPOCTPAHCTBE BHELHEN MOHWEe3aLUThI,
LoNeH cobnoaaTtbea pasfennTenbHbli MHTepBan S.

CoeanHEeHNA MOHTaXHbIX KOHCprKLI,l/ll;l BbIMNONHAEGTCA MeAHbIM NPOBOAHWKOM C NONEepeYHbIM Ce4YeHneM He MeHee 6 MM? [I/IJ'II/I 3KBU-
BaNeHTHbIX N0 I'IpOBOﬂ,VIMOCTl/I].

Oﬂ,HaKO €CNKn 3TOT NHTEpBan He MOXeT COGJ’I}O,D,aTbCH n cnucTemMa KpenjeHna HanpaMyr nogknryeHa K BHELUHEN cucTeMe MosHuesa-
LWNTbI [VIJ'IVI BHELLHewn MONTHME3aWnTbl HET], MEeTaNnNoKOHCTPYKLUMN BbINOHAKT POQ1b MONTHNENPUEMHWNKOB, @ Ha PV-MO,D,yﬂVI, npwnynape
MONTHWUN, 6y,EI,ET BO3,£LEVICTBOBBTI: noJiHaA aHeprua MONHNEBOro pa3pana. ﬂ,ﬂﬂ 3TOr0 Hy>XHa ycuneHHaa naonauuna.

CoeanHeHNa MOHTaXHbIX KOHCprKu,MVI npuv 3TOM CTAHOBATCA YaCTbio CUCTEMbI YypaBHUBAHNA NOTEHUMNAN0B MOTHUW N AO0J1XKHDbI 6bITb
CrnocobHbl nepeHoCnTb MONHUEBbLIE TOKWU. MuHUManbHbIM Tp66OBaHMEM 05 cUCcTeMbl MonHMe3awmThl knacca lll apnaetcs MegHbIv
npoBOAHWNK C NONepeYvYHbIM ce4yeHnem 16 MM? [MJ'IVI 3KBMBaﬂ6HT]. Takxe B 3TOM C/Nly4ae MOHTa>XHble Hanpasaawwmne OOJKHbI 6bITb NO-
CTOAHHO COefnHEeHblI Mexay coboit ¢ noMouybto NPOBOAHWKOB 3TOr0 NONEpPevYHoOro ce4yeHnq.

CoueTaHue pasnuuHbIx TexHonormin Ha PV-mMopynax u nuseptopax (Hanpumep, ¢ ranbBaHM4eckomn passaskon unv 6es Heé) npuso-
VT K pa3nnyHbIM TpeboBaHMAM K 3a3eMNEHMI0, 04HaKO0 B N0OOM cnyyae GyHKUMOHANbHbIA 3a3eMSIOWMIA NPOBOLHMK [OMXKEH ObITh
pacrnonoXeH Kak MoXHO bauxe K kabensM NOCTOSHHOrO MK NEpPeMEHHOro HanpsxeHus. 3asemnsiowimne 3axuMsl Tuna UNI yaobHbl
BN19 UCMOb30BaHWSA; OHU NPUCOEAMHSIOT MEAHbIE MPOBOAHMKM C NONEPEYHbIM cedeHneM 6 Unu 16 MM2 1 orofieHHbIe Kpyrible NPoBOAa

ANaMeTpoM OT 8 0o 10 MM K MOHTaXHOW cucTeMe Takum o6pa30M, 4YT0ObI MECTO KOHTaKTa MOT/0 BblAep>XaTb MOJIHNEBbIE TOKU. BCTpO—
€HHaA KOHTakKTHadA nnactuHa u3 Hep)KaBelOLLlelh cTanu obecneymnsaeT 3alWunTy OT KOPPO3nu ona antoMMHMEBBLIX CUCTEM KpenieHnA.

4.6.3 3aTeHeHne CONHEYHbIX 3/1IEMEHTOB

OTHoCcUTeNbHOE pacnonoxeHne CONHEeYHbIX 6aTape17| N CUCTEMbl BHELWHEN MONHWE3aWNTbI [B cnydyae ee HaJ'IM‘-H/IFl] AOO0NXHO ObITb
TakoBbIM, YTOObI, MO BO3MOXHOCTW, He 3aTeHATb d)OTOBJ'IeMEHTbI.

Pa3MbITble TeHM OT, HanpUMep, BO3AYLIHbIX IMHWUI, HE 0Ka3bIBAKOT CYLLEECTBEHHOrO BAMSHWSA Ha paboTy dpoTosneMerToB. OfHako Ha bnan3kom
paccTosiHUK oT 06beKTa TeMHas, YeTKO o4epUeHHasn TeHb, OTOpacbiBaeMas Ha NOBEPXHOCTb 3a 0DbEKTOM, M3MEHSAET TOK, NPOTeKaloLMI Yepe3
PV-Mopynu — no ToN NpuunHe CONHeYHble 3neMeHTbl He [OMKHbI NoABepraTbCsH BO3AENCTBUIO TakuX ryCTbix TeHer. 3TOro MOXHO JOCTUYb
NyTeM BbIAEPXKUBAHUA HYXKHOrO PaCCTOAHMS MEXAY, HanpUMep, CTEPXKHEM MOMHUENPUEMHIKA U CONHEYHON NaHenbto. CTepXkeHb AUaMeTpoM
10 MM 0TBpachIBaeT TeHb, KOTOpPas NOCTENEHHO pa3MblBaeTcs, U Ha paccToaHun L 6onee 1,08 M ocTaeTcs Tonbko pasmbiTas TeHb (Tabn. 4.6.1).

Tabnuua 4.6.1 - Pacctoanune mexay PV-mMofynem u ctepxHeM, Heobxofnumoe Ans NpefoTBpaLLEeHNS TYCTbIX TEHEN

LOunameTp cTepxHsa Pacctosanue |
10 MM 1,08 M
16 MM 1,76 M

4.6.4 0cobeHHocTn Y3UM ana nUHUIK CONHEYHbIX 3N1eMEHTOB

BonbTraMnepHble xapakTepuCTUKM MCTOYHUKOB HOTOINEKTPUUECKOTO TOKA CUIIbHO OTAIMYAKOTCA OT XapaKTEPUCTUK 0DbIYHbBIX UCTOYHU-
KOB MOCTOSIHHOMO HaMNPSXXEHUS: OHWN UMEeIOT HENUHENHYI0 XapakTepUCTUKY M MOTOMY Bbl3blBalOT AOSTOBPEMEHHYIO YCTOMYMBOCTL BOC-
nnamenuswewncs ayrn Y3UM paspsgHoro Tuna. 3ta ocobeHHOCTb MCTOYHMKOB Toka Ha PV-aneMeHTax TpebyeT cneunanbHoro pasbe-
avuutensa ansa Y3WI, cnocobHoro cnpasnatees ¢ PV-Tokamu.

Y106kl 06nerynTs Boibop Y3UM TNa 1, B Tabnnuax 4.6.2 n 4.6.3 nokasaHa TpebyeMasn MOLLHOCTb N0 UMMYNbLCHOMY TOKY limp B 3aBu-
CMMOCTM OT K/lacca cucTeMbl MosHMe3awnThl (LPS), konuyectsa TokooTBOAOB, a Takxe Tuna Y3UM (orpaHuunBaowmnin HanpaxeHue

sapuctop unu Y3UM ¢ paspagHukom).

Tabnuua 4.6.2 — Bbi6op MUHMMaNbHbIX pa3paaHbix TOKOB AN orpaHuuutenein Hanpsxerus (Y3UM tuna 1 - sapuctop) nnu koMbrnHnposaHHbix Y3NUM
tna 1 (MocnepoBaTensHoe coeAnHeHe BapUCTOpa U MCKPOBOTO NpoMexyTka)

Knacc MonHuesawmnTbl/
MaKCUManbHbIA TOK MOSTHUM

KonuyecTBo TOKOOTBOAO0B BHELLIHEN CUCTEMbI MONTHUE3ALWUTbI

<4

24

3HaueHunsn orpaHnyeHns Hanpsxkenus ana Y3UM tuna 1 unu kom6uHuposarHoro Y3UN tuna 1 (nocnegosaTensHoe coeguHeHne) Ha

ocHoBe Bblbopa mexay |

8/20

nl

10/350

(10/350 mkc)
Lo = b R S Lo = b bouns = boun 1 + boun = o
8/20 " '10/350 8/20 " '10/350 8/20 ~ '10/350 80 0050
1 (200 kA) 17/10 34/20 10/5 20/10
11 (150 kA) 12,5/7,5 25/15 7,5/3,75 15/7,5
111, 1V (100 «A) 8,5/5 17/10 5/2,5 10/5

Tabnuua 4.6.3 — Bbi6op MUHMManNbHbIX pa3paaHbix TOKOB AN orpaHuuutenein Hanpsxerus (Y3UM tuna 1 - uckposon paspagHuk) nam koMbruHmMpo-
BaHHbIX Y3V tna 1 (napannensHoe coeanHere BapuMCTopa U MCKPOBOTo NpoMexyTka)

KonnuyecTBo TOKOOTBOAOB BHELLHEN CUCTEMbI MOMTHUE3ALLUTbI
Knacc MonHuesawmtsi/ <4 | 24
[1’("]7;;;”"3";’“"'” TOK MONHUM 3HaueHus orpaHuueHns Hanpskenna ana Y3WUM tuna 1 uan kom6unmposanHoro Y3UM tuna 1 (napanensHoe coeanHexve)
MKC
IYGMI'I‘ = lySMﬂZ IYGMI'I3 = IYSMI'l1 + IYBMI’IZ = Itotal IVGVIFH = I‘ISMHZ IVGMH3 = Iy3|11|'|1 + IYGMI'IZ = Itotal
imp imp imp imp

| (200 kA) 17/10 34/20 10/5 20/10

11 (150 kA) 12,5/7,5 25/15 7,5/3,75 15/7,5

111, 1V (100 kA) 8,5/5 17/10 5/2,5 10/5

4.6.5 CneunansvHble Y3UN ana ucnono3oBaHua 8 PV-cuctemax: Y3UMN tuna 1

CneymnanbHble Y3UI ¢ TpexcTyneHYaTbiM KOMMYTALMOHHBIM YCTPOMCTBOM MOCTOSHHOrO TOKa ANA GpOTO3NeKTPUYEeCKUX YCTaHOBOK
YLOBNETBOPSAOT BCEM BbllLeynoMsaHyTbIM TpebosaHuam k Y3UM tuna 1. Camo Y3WI cocTonT n3 KOMBUHMPOBAHHOrO yCTPOMCTBa pas-
MblkaHusa (nepeknouatens) ¢ TepMOAMHAMUYECKUM YNpaBNEHWeM 1 NPefoxpaHuTens B 06BOAHOM MyTW, 0B6beANHAN pPa3pagHUK MOJ-
HWUW U NpefoXpaHUTeNb B OA4HOM Koprnyce, 4To obecneunsaeT 3pdeKTUBHYIO 3aLLUTY OKOHEYHOro obopynoBaHus.
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Takas cxema besonacHo oTk/t4aeT pas3psafHUK OT HanpsxeHus PV-reHepatopa B ciydyae neperpy3kn U HafleXKHo racuT Ayry nocto-
AHHOMO HaNpsXXeHWa 3a c4eT TOro, YTo nocnie cpabaTbiBaHUA NepekyaTens, ToK B Leny NpoLosixKaeT TeYb HEKOTOpPOe BpeMs Yepes
npefoxpaHuTens. 3a 3TO BpeMs fyra ycnesaeT MoracHyTb, @ 3aTeM npefoxpaHutens cropaeT. He byab atoro, gyra npogoskana bbl
ropeTb Nocse NepekYeHns, 4To NpuBeno 6ol K BbiropaHuio kopnyca Y3WI 1 Bo3MOXHOMY noxapy B LuTe.

Takum obpasom, Takne cneumnansHble Y3UI nossonstoT 3awmtute PV-renepaTtopbl go 1000 A 6e3 fononHWTENbHOrO pe3epBHOro
npefoxpaHuTens. bnarogaps paspagHomy Toky | B 12.5 kA (10/350 mkc) n HanpsxeHnam Up 600 B, 1000 B n 1500 B, ero MmoxHo rubko
MCNOoNb30BaTh AN5 BbICWIMX KNACCOB MoNHMe3aluThl. [1oaToMy Takne Y3UIM - ngeanbHbin KOMBMHUPOBAHHbINA pa3psgHuK Tuna 1 ans
MCNONb30BaHUA B CUCTEMAX MOSTHUE3ALUTbI ANA GOTOINEKTPUUECKUX CUCTEM SNEKTPONUTAHUS.

4.6.6 Y3UN Tuna 2 pna ucnonbsosaHua B PV-cucrtemax

[na HapexHon paboTbl cucTeMbl 3awuThl Heobxoaumel Takxke Y3UI Tuna 2 B uensax noctosaHHoro toka PV-cuctem. Y3WUI moryT
nogkntoyatbea k PV-reHepatopam fo 1000 A 6e3 nononHUTENbHOro pe3epBHOro NpeaoxpaHuTens.

Texrnonorus SCI yBennynsaeT cpok cnyxbbl Bcert PV-crcTeMbl Ha CTOPOHE MOCTOSHHOIO HaMpsXXeHUs, NpeAoTBpallas noBpexaeHne
Y3UTI, cHuxan puck BOZHUKHOBEHUA NoXapa Neperpy>KeHHoro paspsafgHuka; nepeBonsa paspagHuk B besonacHoe anekTpuyeckoe co-
CTOAIHWeE, He HapyLwas npu 3ToM paboTy PV-cucteMsl.

4.6.7 Bbi6op Y3WUI no ypoBHIO 3aWuTHOro HanpsaxeHua Up

MocToaHHoe pabouee HampskeHue PV-cucTeM oTnMYaeTcs OT cUCTeMbl K CUCTEMe (B HAcTosllee BPeMS BO3MOXHbI 3HaYeHUs 0
1500 B); cnemoBaTenbHo, AM3neKTpMYeckas NpoYHOCTb OKOHEYHOro obopyaoBaHuUa Takxe pasnuyaercd. YTobbl rapaHTMpoBaTh Ha-
AexXHyt 3awmTy PV-cuctemsbl, ypoBeHb 3awutbl no HanpsxeHuto Up Y3UI ponxeH ObiTb HUXE, YeM AM3aneKTpuyeckas NpoyYHoOCTb
PV-cuctemsl, koTopyto 0HO foskHa 3awmuiaTe, npuMepHo Ha 20%. Y3UT tuna 1 unu Trna 2 fonxHbl BbITb cornacoBaHbl N0 3HEPrum ¢
BXOL0M oKoHeuHoro obopynosaHusa. Ecnun Y3UI yxe nHTerpupoBaHbl B okoHeuHoe obopynoBaHue, koopanHauns mexay Y3UM tuna 2
1 BXOLHOW Lienbto OKoHeYHoro obopyaoBaHus obecneynBaeTca U3roToBUTENEM.

4.6.8 PV-cucteMbl 6e3 BHeLWHen MONHUE3aLWUTbI

OnacHble ckayku Hanpa>XxeHna nNocTynakwT B PV-CMCTEMy n3-3a l/IH,EI,yKTl/IBHOl;I CBA3M, BO3HMKAOLWEN B pe3ynbraTte NI ynapos
MOJTHUW NN OT CETU INEKTPONNUTaHnAa Yyepe3 BXo4 B YCTAaHOBKY I'IOTpe6VITeJ'Iﬂ. Y3UM trna 2 ponxHbl 6bITb yCTaHOBJ1IEHbI B cneayrouwnx
MecCTax:

> CO CTOPOHbI NOCTOSIHHOrO TOKA — Ha MOJYNAX U UHBEePTOpax
> CO CTOPOHbI NepPeMEeHHOro Toka — BbIXOA UHBEPTOpa

> OCHOBHOW HWU3KOBOMbTHbIV pacnpefennTenbHbli WUT

> WHTepdenchbl NPOBOAHOM CBA3N

Kaxnabl Bxoa MHBEPTOpa Ha CTOPOHE NOCTOAHHOMO HanpsaXeHna AonxeH 6biTb 3awmweH Y3UIM Tuna 2. Takke HeobxogMMo ycTaHOBUTL
pononHutenbHbl Y3UI Tuna 2 Ha cTopoHe Moayns, ecnu paccTosiHue Mexay BXofoM uHsepTopa v PV-reHepatopoM npesbiwaeT 10M.

Bbixofbl NnepeMeHHOro HanpsXeHnst UHBEPTOPOB TakXe A0CTaToYHO 3amieHbl Y3UM tuna 2, ecnu pacctosiHue Mexay npeobpaso-
BaTENAMM U MECTOM YCTaHOBKM pa3pafHUKa TUNa 2 B ToUKe NOAK/IOUEHNA K ceTu (H13KoBonbTHaA noaaya) coctasnaeT MeHee 10 Me-
TpoB. B cnyyae bonblien gnvHbl kabens, nepep ycTpOCTBOM NEPEMEHHOIO HAMPSXXEHUS [OMXKHO ObITb YCTAHOBNEHO AONONHUTENBHOE
Y3WM tuna 2. Kpome Toro, Y3UI Tna 2 nonkHo bbITe yCTaHOBNEHO Nepea n3MepuTenemM HU3KOBObTHOW Nofayu.

4.6.9 PV-cucteMbl c BHElWHEX MONHUE3aLWMTON Npu cobniogeHun pa3penutenbHoro MHTepeana S
Ha pucyHke 4.6.1 nokaszaHa PV-cucTtema c BHellHen MonHWe3aLwWwnTon u cobnofeHnem pasgenntensHoro nHTepsana S.

I'IemeuHaﬂ LeNb 3alWMTbl 3aKtoyaeTcs B TOM, 4Tobbl n3bexatb I'IOBpQ)K,D,EHVIVI [r|0>|<apa 3,D,aHl/|F|] B pe3ynbTraTte yoapa MOJHUN. B atom
KOHTeKCTe BaXHO, 4Tobbl PV-cnuctemMa He Melwana BHelWHeN MofIHMe3allLnTe, Ho Dblna 3aliuuieHa ot NPAMbIX yoapos MOJTHUN.

Puc. 4.6.1 - PV-cucTtema Ha kpblwe 34aHUS C BHELWHEN MONTHUEe3aLwWwmnTon

970 3alMLLEHHOE NPOCTPAHCTBO 06pa3yeTca nyTeM yCTaHOBKM CUCTEMbl MOJTHUENPUEMHUKOB (HanpuMep, cTepxkHM), koTopble npe-
LOTBpaLLaloT npsiMble yaapbl MonHuu no PV-naHensm u kabenam. OnpefeneHue 3Toro 3allMLLEHHOrO MPOCTPAHCTBA MOXHO BECTU
METO/0M 3alMTHOrO Yr/a UK MeToAoM Wwaposon chepsl (puc. 4.6.2), kak onncaHo B ctaHgapte ACTY EN 62305-3.

II‘ S — pasgenuTenbHbI MHTEpBan

IZl Paguyc chepbl B 3aBUCMMOCTY OT K/acca MOJIHUE3aLLUThI
IE‘ MonHuenpremHblii CTep>KeHb

E‘ 3awWunTHbIA yron

Puc. 4.6.2 - OnpepeneHune 3aWnLLeHHOro NPOCTPaHCTBA MeTOA0M chepbl U 3aLUTHOrO yrna

Cucrtema ypaBHMUBaAHWA NOTEHLUWANOB TakXe ABNAeTCA HEOTbEM/IEMOMN YacCTbio CUMCTEMbl MONHWE3ALLNTbI. OHa nogknt4yaeTca Ko
BCeM nposogAlmMM cncteMaM n N1MHNUAM, BXooAaAWNM B 34aHNe [qepea KOTOpPble TOKW MOHUU N MOTYT NMPOHUKHYTb BHypr]. ,D,J'IH 3TO-
ro Npon3BognTCA coegnHeHne BCex MeTannyecknx CMCTeM 1M nogkntovYeHne K 3a3eMieHnto, a Takxxe KocseHHoe nogkntoyeHne Bcex
OCTaJIbHbIX MOAKMKYEHHbIX K CETU CUCTEM Yepe3 pa3pAaHNKM TOKa MOJTHUKX TUNa 1.

MopkntoyeHne K NoKanbHbIM LUMHAM BblpaBHVWBaHWA MNOTEHLMANO0B A0XKHO OCYLLECTBAATLCSA KakK MOXHO BanXe K BXOLHON Touke B
3AaHuK, 4Tobbl NpeaoTBPaTUTL NoNafaHNe YacTUYHbBIX TOKOB MOSTHUKM BHYTPb 3faHusA. Touka NoAKMoYeHUA [o/mkHa bbiTh 3awuLleHa
mHoronontocHelM Y3UTM tuna 1 unn 1+2. 3101 Y3UI 06beanHaeT paspafHvK Toka MOAHUN U Pa3psagHUK OT CKayka HampsXkeHUs B 0f-
HoM ycTpoicTee. Ecnun anuHa kabens mexay paspsagHukom u nueeptopom Merble 10 M, obecneunsaeTtcs foctaToyHas sawumTa. B cny-
yae bonblen ganHbl kabens, nepen yCTPOMCTBOM NePEMEHHOr0 HanpsaXeHns HeobxoAnMo ycTaHoBUTL fgononHutensHole Y3UIM Tuna 2.

Ka)l(ﬂ,bl;l BXO4 NepeMeHHOro Hanpa>XeHna nHBepTopa [0J1KeH ObITb 3almnieH pa3pagHnMKoM Tuna 2. Ecnn MHBEPTOPbI NOAKNHOYEHbI
K IMHNAM OaHHbIX, HanpuMep, ona KOHTPONAA BbixoAa, A9 3aWmnTbl nepefayvyun AaHHbIX OOJIKHbI ObITb yCTaHOBJ/1EHbI CBOU y3nn ona nn-
HWUM C aHAaNOroBbIMWU CUTHANBbHBIMU U LUIMHHbLIMYK LOAHHbIMUW, HanpuMep RS485 - oH aBTOMaTMyUeCkM onpegenaetr pa60qee HanpsaxeHune
MoNe3Horo CurHana n perynnpyet ypoBeHb 3aLlnTbl OT 3TOr0 pa60qero Hanpsa>XXeHna.

4.6.10 PV-cucteMbl ¢ BHELWHEW MONHUE3ALWMTON NPU HEBO3MOXKHOCTU CObNtoaeHna pa3nennuTenbHOro MHTepeana
S

Ecnu KpOBAA BbINOJIHEHA M3 MeTanna [MJ‘IM no MHoOWm I'IquMHe], paB,El,eJ'IMTEJ'IbeIlZ nHTEepBan S He MoxeT bbITb BblAep>XKaH. Torpa
MeTannnyeckme KOMMOHEHTbl CUCTeMbl KpenneHua PV-naHenen noakntoyaloTcs K BHELWHEN CUCTEME MOMHMEe3alWunTbl [MOJ'IHVIEI'IpM—
EMHMKaM], a NPOBOAHWKN ypaBHMBaAHNA NOTEHUMANoB [I'I. 5 Ha puc. 461] npeeBpawatoTCca B TOKOOTBOAbI; OHW AOJIKHbI BblAEPXNBaATb
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MOJITHNEBbIE TOKN U N3Tr0TaBINBAOTCA U3 MeQHOIro NpoBOAHWKA C nonepe4YHbIM Ce4eHneM He MeHee 16 MMm? [I/IJ'II/I 3KBVIBaﬂeHT].

Take 3T0 03HAYAET, YTO TOK MOMIHUM NOMAAAET Ha JI0KasbHYIO LWKMHY ypaBHUBaHMA noTeHuunanos (n. 8 puc. 4.6.1) - 3HauwnT, coepuHe-
HUe Mexay kpenneHuamu PV-naHenen - nokanbHas WKHA - raBHas WWUHa 3a3eMeHUs Takxke LOXKHO ObiTb BbINONHEHO MEAHbIM Npo-
BOAHUKOM ceyeHune 16 MM2. 3HauuT, BbipaBHUBAHWE NOTEHLMAN0B MOTHUM TakxXe AO/KHO BbiTb peann3oBaHo ANS NMHWUIA, BXOAALLMUX B
3naHue cHapyxu. Ins aToi uenu ncnonbayeTcs KOMBUHUPOBaHHbIN paspagHuk Tuna 11 Tuna 2.

Take BblpaBHUBaHWe NOTEHLMAN0B MONHUM JOMKHO ObITb peanvu3oBaHo B HU3KOBONLTHOW nogave. Ecan npeobpasosatens PV Ha-
xoguTcs Ha pacctoaHun bonee 10m ot Y3UI Tuna 1, ycTaHOBNEHHOIO B TOUKe COEAMHEHUA ABYX 3NEKTPUYECKUX CeTel NepeMeHHoro
HanpseHus, Ha npeobpa3oBaTenb HeobxoAMMO ycTaHOBUTL gononHuTenbHbi Y3UI tuna 1 nan tun 1 + 2. Takxke ponxHbl 6bITb ycTa-
HoBneHbl nogxoadAwme Y3UI ona 3awmTbl COOTBETCTBYIOLWMX TMHUIA AAHHbIX, HANpuMep Ha ocHoBe RS-485.

4.6.11 PV-cucrteMbl C MUKpOUHBEPTOPaMHU

MMKpOMHBepTOpaM Tpe6yeTc9 COBepLWeHHO Apyraa kKoHuenuna 3aunTtbl OT nepeHanpm(eHMPl. JInHua PV-MO,D,yJ'IH [I/IJ'II/I napbl MO-
p,ynelh] HanpAaMyo NoAK4HaeTCca K MaaoMy NHBEPTOPY. I'Ipm 3TOM HeO6X0,D,VIMO n3beratb HEHY>XHbIX NPOBOAALNX KOHTYPOB, XOTA UH-
OYKTUBHAA CBA3b C Takon MaNeHbKon CprKTypOPI CO CTOPOHbI MOCTOAHHOIO HaMpAXeHund, Kak npasuno, MMerT HU3KNI noTeHunan
SHepreTn4eckoro BO3,D,el;ICTBMF|.

3aTo 06LIJVIpHaF| kabenbHas ceTb PV-cucteMsbl ¢ MUKPOUHBEPTOPaAaMN pacnonoXXeHa Ha CTOPOHE NepeMeHHOro HanpAaXxXeHuq.

Ecnn MmukpounHsepTep nogknioveH HenocpeacTeeHHo K PV moaynto, Y3UIT MoryT 6biTe ycTaHOBNEHbI TONIbKO HA CTOPOHE NEepeMeHHOro
HanpsxeHns.He3aBNCKMMO OT KOHKPETHbLIX NPOM3BOAUTENEN, MUKPOMHBEPTEPbI OCHALLLEHbl CUCTEMaMW MOHUTOPWHIA AaHHbIX. Ecnn
JaHHble bepyTca B NMMHWW NePeMEHHOr0 Hanps>XXeHUsa Nociae MUKPOUHBEPTOPOB, JOMKHO ObITh npeagycMoTpeHo Y3UI Ha oTaenbHbIX
npUeMHbIX ycTpoicTeax (akcnopT gaHHbix / 06paboTka gaHHbIX). To e caMoe 0THOCMTCA K MHTePENCHbIM COBAUHEHWUAM C HUCXOAA-
WMAMMN WUHHBIMW CUCTEMaMK 1 Ux NuTaHueM (Hanpumep, Ethernet).

ConHeuHble aHeproreHepvpyoLLMe CUCTEMbI Ceyac ABAAITCA HEOTbEMIEMON YacTbio COBPEMEHHbIX aneKTpuyeckux cucteM. OHu
LOMKHbI 6bITb OCHaLLEHbl af,eKBaTHbIMK 3aLLUTHBIMK YCTPOMCTBaMMU, YTO 0becneynT LONrocpoYHyto 1 besynpeyHyto paboTy aTux ncTou-
HWKOB 31EKTPO3HEPT UL,

4.7 MonHuesawmTa Ana ¢potoanekTpuuecknx cuctem (PVS),ycTtaHoBNEeHHbIX HA OTKPLITOM NPOCTPaHCTBE

YcTaHOBKa COMHEYHbIX 371eKTPOCTaHLMIA Ha OTKPLITOM MPOCTPAHCTBE MO3BOMAET NOAYYaTh Ha BbIXof4e ropasfo 6osbLlyio MOLHOCTb
- 00 100 MBT v Bbiwe. Mpu ctabunsHoit pabote (MuHnMyM 20 neT), MUHUMKU3aUMM NOTEPL U «3€/1eHOM Tapude» 3T0 No3BoAAET paccyu-
TbIBaTb HA OKYNaeMoCTb MHBECTULUN.

,D,J'lﬂ Ha4vana Tpe6yeTc9| OUEeHKa pucka, BO3HMKaKLWero B pe3ynbrate yaapa MONHUN, N MPUHATUE Mep 3allnTbl, B€Ob PV-cucremsbi
noaBepratTcA BO3L,ENCTBUIO NOrOAHbIX ycnosmﬁ, TaKNX KakK rpo3bl, Ha NPOTAXEHNN LecATUNeTUn.

4.7.1 Heo6x0ANMMOCTb CUCTEMbI MONTHUE3ALUTDI

CyLiecTByeT CBA3b MexX/y COMHeYHbIM U3/yYeHMEeM, BAXKHOCTbI0 BO3MyXa M 4acTOTON pa3psafos MONHWU. PervoHbl ¢ BbICOKOW con-
HEYHOW paiMaumen v BNaxHOCTbI0 Bo3Ayxa bonee nogsepxeHbl Takon onacHocTy. MoToMy perroHanbHas 4acToTa yaapos MonHuu (Ha
KBafpaTHbIN KUNOMETP B rof), pacnonoxeHue u pasmepbl PV-31eKTpocTaHLmm COCTaBNSAIOT OCHOBY /1A pacyeTa BEpOATHOCTW yaapa.

Kak n paHee, puck, CBA3aHHbIV C yAapOM MOJHWUW, JOMXKEH onNpeaensTbca B cooTBeTcTBUMU co cTanHgapTtom OCTY EN 62305-2, u pe-
3ynbTaTbl 3TOr0 aHanM3a AOMXKHbl YUUTLIBATLCA Ha 3Tane NpPoeKkTUpoBaHuA. B pesynbrate fo/KHA NONYYMTHCSH TEXHUYECKW U SKOHO-
MWYeCKM ONTUMU3NPOBAHHAA KOHLeNUWUS MONHME3aLWMTbl, KOTOpasi MOHUMaeTCa BCEMU y4acTBYIOLMMK CTOPOHaMu v obecneynBaeT
HeobxoAMMYI0 3aLLMTY NO Pa3yMHbIM LieHaM.

I'Iospe)Kp,eHVle PV-cucrtem MPONCXOOUT KaK OT NPAMOro yaapa MOJHUU, TaK U OT NHAYKTUBHOIO Ui eMKOCTHOro BBo4a MMnynbCcoB
Hanpa>XeHns, BbI3BaHHbIX 3/IEKTPOMArHUTHbIM noneM MOJTHUN. VIMI'IyJ'IbeI MOJTHNUWM TaKXXe BbI3bIBAKOT NMpexaespeMeHHoe CTapeHune ¢O-
TO31IEMEHTOB, CUJTOBbIX NOJYyNMPOBOAHWKOB BO BXOAHbIX M BbIXOAHbIX Lendx, B CEeTU CUCTEeMbl OAaHHbIX. KpOMe TOro, MNynbChbl NepeHa-
npa>XeHnqa, BO3HNKaLWmne B pedysbrate KOMMyTaunn Ha CTOPOHE NepeMeHHOro HanpaXXeHud, TakXe MOryT NnpuBecTu K NoBpexXaeHuto
PV-MO,D,yﬂeVI, MHBEPTOPOB, KOHTPOJ/I/1EPOB 3apAfa N UX CUCTEM MOHUTOPUHIa N CBA3U.

Bce 370 NpuMBOAUT K yBENIMYEHMWIO 3aTPaT Ha 3aMEHY U PEMOHT, T.€. K CHUXKEHUIO [OXOLHOCTM anekTpocTaHuun. Kpome Toro, ceTeBble
onepaTopbl ycTaHaBnMBatoT TpeboBaHUA K HEeMPEPLIBHOCTU U AOCTYNHOCTU NPOU3BEAEHHOM 3Heprum, a baHku U cTpaxoBble KOMMaHWUK
TpebyioT npuMeHeHna MonHMesalwuTsl (MuHrnMym knacc LPS I1I) gna PV-cucTteM MouiHocTsio 6onee 10 kBT.

,D,J'lﬂ obecneyeHus Sq)q)eKTl/IBHOl;I 3aWnTbl Tpe6yeTc9 cncTteMa € onNnTuManbHO CKOOPAUHUPOBAHHbBIMKW 3NEeMeHTaMu [MOJ'IHI/IeI'Ipl/IeM-
HWUKWN, CUCTEMa 3a3eMNeHnd, ypaBHUBaAHWE NOTEHUWNANOB MONTHUN, yCTpOPICTBa 3aWnTbl OT nepeHanmeeHMﬁ ANA NCTOYHUKOB NUTaHUA
n cucTem nepegaymn ,D,aHHbIX]‘

4.7.2 MonHuenpueMHUKU U TOKOOTBOAbI

[ins npepoTBpaLleHna NpsMbIx yAapoB MofHUK PV-cucTeMbl AOMKHbI BbiITb pacnonoxeHbl B 3alLMLLEHHOM NPOCTPAHCTBE CUCTEMBI
MONHUENPUEMHUKOB. [TpUMeHeHe MeToL0B GUKTUBHOM cdepbl 1 3aWwuTHOro yrna (puc. 4.6.2) naeT BOZMOXHOCTb 419 ONpeAeneHns
UX KonnyecTBa.

MOJ'IHMEI'IpMEMHMKM o6pa3yr0T 3aumuieHHoe NpocTpaHCTBO Hag MoAyNbHbIMA cTOnKaMu, paﬁOHVIMM 34aHuAMKN 1 kabenamn. N3-3a
BO3MOXXHOI0 MHAYKTUBHOINO BBOA4a noMex cnepgyet yCtaHaBUBaTb pacnpenennTenbHble K0p06KM reHepaTopos, 3akKpensieHHble Ha MO-

AYNbHbIX CTOVIKaX, NN MUKPONHBEPTOPbLI KakK MOXHO Aajibwe OT MONTHUENpUeMHUKOB U TOKOOTBOAOB. Bbicokne Ma4yTbl, Ha KOTOPbIX
yCTaHOB/IEHbI CUCTEMDI BI/I,ELEOHBGJ'I}O,D,EHI/IF! [CCTV], Takxe ,ELEVICTByPOT KaK MONMHUENpPUeMHUKN. le/l 3TOM CaMa cucrtema BI/I,D,EOHaﬁJ'I}O-
AeHna O0oJ1I>KHa ObITb yCTaHOBNEHa TaknMm o6pa30M, 4YTOObI OHA Haxognnachb B 3alnLLEeHHOM NMPOCTPaHCTBE MaYyThl.

Bce TokooTBOAbLI AOMKHbBI DbITh MOAKOYEHbI K KNEMMaM CUCTEMbI 3a3eMeHnsa. BbiBoabl 3a3eMneHmnsa AonxKHbl bbiTb KOPPO3MOHHO-
CTOMKUMU [Hepxaserol.u.aﬂ CTaJ'Ib], 0cobeHHO B Touke, FAe OHM BbIXOAST U3 NOYBbI MK beToHa. KOHTaKTHbIE KNeMMbl U3 OLMHKOBAHHOM
CTanu JOMKHbI ObIThb 3aLMLLEHbI cooTBeTCTBYOLWLNMMN MepaMN, TepMOYyCaa04YHbIMW BTYyIKaM NN cneunanbHbIMW NEeHTaMWU.

[lns mMexaHnuyeckon Gukcaumm CTepXKHU MONHUENPUEMHMKOB MOXHO MoAkatyaTb K cTtonkam PV-mogynen. K cucteme 3asemneHua
OHW MOTYT ObITb MoAKNOYEHBI Yepe3 dyHAAMEHTbLI, ONMOPHbIE Ha CBaW, YTo obneryaeT nocneayllee obcnyxnsaHue.

4.7.3 Cuctema 3azeMneHun

CwucteMa 3a3eMneHuns GpopMupyeT 0CHOBY ANs peann3aunn 3ddeKTUBHbIX Mep 3alMTbl OT MOTHUM U UMMNYNbCHbLIX NepeHanpssxKeHnn
Ha PV-anekTpocTaHuuax, ons kotopbix B ctaHfapte ACTY 62305-3 pekomeHayeTca 3a3emneHne tuna A. B niobom cnyvae conpotusne-
HUWe 3a3eMNeHna foMKHO ObiTb MeHee 10 Om.

CeTka 13 nposofa nunameTtpoM 10 MM 13 HepxaBetowlen cTanu, ¢ paamepom aveek oT 20Mx20M po 40Mx40M, nponoxeHHas HUxe
JIMHWUKN 3aMep3aHua, LONroBeYHa U fokasana cBoto 3QHEKTUBHOCTbL Ha NpakTuke. MeTannnyeckne CTOMKW MOFYT MCMONb30BaTbCA Kak
YyacTb cucTeMbl 3a3emnenuna. Ctangapty ACTY EN 62305-3 pekoMeHayeT, 4Tobbl MeTananyeckme CTonkn bbinm coeguHeHbl apyr ¢ Apy-
roMm.

CucteMbl 3a3eMneHnsa PV-reHepaTopos v paboymnx 3aaHuil JOMKHbI BbITh CBA3aHLI Mexay cobor nnockon nonocoi (30 MMx3,5 MM)
nnwn kpyrnoi nposonokon (@ 10 MM) (HepxaBetowas cTanb, UK Medb, AN OLMHKOBAHHAA CTallb). 3Ta B3aUMOCBA3b OTAENbHbIX CUCTEM
3a3eMNeHuna CHWxkaeT obuee conpoTuBneHne 3a3emMnerHuns. K ToMy e co3faeTcs cucTeMa ypaBHUBAHUSA NOTEHLMANO0B TOKa MOJTHUY,
YTO NPW pa3psALe MOSHUN 3HAYNTENBHO CHUXKAET Pa3HOCTb HAaMPSXKEHWU Ha 3NEKTPUYECKMUX COELUHUTENbHBIX TMHUAX MEXY MacCUBOM
PV-anemeHTOB 1 pabounm 3paHnem.

Y10o6bl coxpaHuUTb paboTocnocobHOCTb CUCTEMbI 3a3eMNIeHNA B TeHeHWe MHOTMX NeT, HeobXxoAMMOo yunTbIBaTb BAUSHWE KOPPO3UK,
B/I@XKHOCTW NOYBLl U Mopo3a. [loToMy ANnA pacyeTa ANUHbLI 3a3eMAAOLWEro 3NeKTPoAa cleayeT yunThlBaTe TONbKO 061acTb HUXeE nn-
HUK 3amep3anua (2.5M). MeTannnyeckme MoHTaxHble CUCTEMbI AN1F yCTaHOBKKM PV-Moayneit, co cBaiHbIM AN BUHTOBbIM OCHOBAHUEM,
LOMKHbBI BbITb COEAMHEHbBI APYT C APYrOM U C CUCTEMON 3a3eMneHus (puc. 4.7.1).

E]] [l

II|\ K

CBaiiHbli pyHAaMEHT BuHTOBOW dyHAAMEHT

[7] Nogkniouenme TokooTBORA
[2] Monkuenpuemnmk

Puc. 4.7.1 - MopkntoyeHne 3a3eMNeHUA K MOHTaXHbIM cTokam PV-Moaynen

Kaxpan PV-maTpuua Takxe gonkHa bbiTb coeguHeHa ¢ 3a3eMneHneM TakuM 0bpasoM, 4yTobbl oHa Morna NepeHoCUTb TOKM MOSTHUK
(c noMoLLbI0 MPOBOIOKM 13 HepxkaBetoLLer cTanu TonwmuHon 10 Mm).

4.7.4 CucteMa ypaBHMBAHUA NOTEHUMANOB

COG,D,VIHEHME BCexX MeTaIn4ecCKnx CUCTeM And BbIpaBHNBAHNA MNOTEHLUWAN0B TOKa MOJTHUW faeT BO3MOXHOCTb NepeHoCnTb MU MOJ-
HueBble TokKn. Ecnun mMonynwu, kabenu n 3paHua pacnoioXeHbl B 3alWMNLLEHHOM NMPOCTPAHCTBE CUCTEMbI BHELHEN MOSTHME3ALWNTbI, MOX-
HO 0OXXKNAaTbh, HTO NPAMbI€ TOKN MOJTHUUN He 6y,u.yT BBOAMUTLCA B MMHUK. Ecnun coefinHeHwne ¢ onepaTtopomM pacnpep,enMTeanoﬁ ceTun [DNO]
yCTaHOBJIEHO Ha ypOBHE HN3KOIo HanpAa>XXeHnd, 3Ta To4YKa nogknyaetca K OCHOBHOMW LWNHE 3a3eMNIeHUA [MEB] Hyepes pa3pAanHUKK TOKa
MONHUK Tuna 1, MOCKOJIbKY MPUCYTCTBYIOT YaCTUYHbI€ TOKU MOJTHUN. To >xe camMoe OTHOCUTCA K BXOAALLUM TENEKOMMYHUKAUNOHHbBIM
Kabensm, A1A KOTOPbIX A0JI>KHbI ObITb YyCTaHOBJIEHbI Pa3pAAHUKN TUNA 1.

4.7.5 YcTtaHoBka Y3UN

B cnyyae ygapa MOJIHUK BO BHELWHKOK CUCTEMY MONTHMWE3alWnTbl, Ha BCeX 3N1eKTPUYeCKMX NpoBOgHMKaAX NHAYUMNPYOTCA UMNYNbChbl
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BbICOKOI0 Hanpa>XeHnqa, a 4aCtn4Hble TOKU MOJTHUM NOCTYNakT BO BCEBO3MOXHbIe kabenn [I'IOCTOFIHHOFO Hanpa>XeHnqa, nepeMeHHoro
HanpaxeHnaq, kabenn ,U,aHHbIX]. BennuynHa 4acTUYHbIX TOKOB MOMHUM 3aBUCHT, HanpuMmep, OT TUNa CUCTeMbl 3a3eMNeHnd, yaeabHoro
conpoTmnBNEHNA TPyHTa Ha MecTe N Tuna kabenew.

B cnyuae aneKTpocTaHUMin C LeHTpasbHbIM MHBEPTOPOM, kabenn MOCTOAHHOrO HaMpsXeHUs HanpasNalTCA B 3haHue, rae CTouT
nHseptop (puc. 4.7.2).

JInHUA faHHbIX
=== Cunosoii kabenb
NOCTOAHHOTO HaNpAXeHna

Puc. 4.7.2 - KoHuenuus MonHue3awmuTbl ana PV-anekTpocTaHUMN C LEHTPanbHbIM MHBEPTOPOM

HacTUUHBIA TOK MONHWUYW Yepe3 kabesib MOCTOAHHOr0O HaNPSXeHUa MOXeT NPOHUKHYTb B MHBEPTOP. [TOTOMY Ha CTOPOHE NMOCTOAAHHOTO
HanpsxeHua Tpebyetca yctaHoska Y3WM T1na 1 ¢ MUHUManbHbIM pa3pagHsiM TokoM ltotal 10 kA (10/350 mkc). Takxe stoT Trn Y3UTM
NPUMEHUM U B OTHOLIEHMN BO3MOXHbIX 0DpaTHbIX TOKOB.

[eno B ToM, 4to B PV-cucTemax ¢ LeHTpaibHbIMM MHBEPTOPaMK OT 06paTHbIX TOKOB 3allWLalT NpeaoxpaHnTeni. MakcumanbHbili
LOCTYMHbBINA TOK 3aBUCUT OT GaKTUHECKOr0 CONHEYHOro U3ydYeHns. B HekoTopbix pabounx cocTosHNAX NnaBkie NpeaoxpaHnTenu cpa-
BaTblBalOT Yepes HeCKoNbKOo MUHYT (puc. 4.7.3).

Bpems cpabaTbiBaHuA
npepoxpaHuTens
(B 3aBMCMOCTM OT TOKa)

BO3MOXHbI 06LWI TOK
Imax PV-cucTembl= Pa6ounii Tok+O6paTHbI TOK

IN Tuwus 1 lo6p

[ 900A 10,1 cex.

— DS+ .
fgsoqmﬁ Tk 10 — %G,Pam"""

Nubna 1

p———

L =

T 10

|PMCK BO3HMKHOBEHMA AyTW § |

pacnpegunutenbHas
KopoGKa reHepaTopa

6,5 MUH.|
100A o

é ) L) é
100% 75% 50% 25% o 25% 50% 75%  100%

] Bl

m ﬂOCTyI'IHaﬂ CONHeYHaA sHeprua (B 3aBMCMMOCTM OT BpemeHn CyTOK)

|z| MnaBkui npegoxpaHnTens 125 A

Puc. 4.7.3 - PV-cuctema c TokoM 1000 A: NMpepnonaraeMbii TOK KOPOTKOr0O 3aMblKaHUA HA pa3psafaHUKe B 3aBUCUMOCTU OT BPEMEHU CYyTOK

Mo3aToMy yCcTpOMCTBa 3almUTbl OT NepeHanpsixXeHUn, yCTaHOBNEHHble B pacnpefenuTesbHbix Kopobkax reHepaTopa, A0SXHbl bbiTh
paccynTaHbl Ha BO3MOXHbIN 06LLMI TOK, COCTOSLLMI N3 paboyero Toka n 0bpaTHOro Toka, 1 obecneunTb aBTOMaTUYECKoe OTKOYEHNE
6e3 BO3HWKHOBEHUS Lyrn B Cyvyae BO3MOXHOW neperpy3ku. B octanbHoM Bbibop 1 ocobeHHocTn npumenenns Y3UI Takue, kak gns
PV-cuctem c ycTaHOBKOM Ha Kpbllwe 3aaHns (paspenst 4.6.4 - 4.6.7).

4.7.6 PV-anekTpocTaHuMu C AeUeHTPanu30BaHHbLIMU MUKPOMHBEPTOPaMH

Ha pacnpegeneHne Toka MOJTHNUW OKa3bIBaKT BANAHWE BUL N KONNYECTBO CUT0BbIX Kabenen [Ll,eHTpaJ'IbeII;I NHBEPTOp nnn geueH-
Tpann3oBaHHbIE MVIKpOVIHBepTOpr]. B PV-3HEKTPOCT8HLI,VIV] C AeueHTpaan3oBaHHbIMWU MUKPOUHBEPTOpPaMn 60NbLWMHCTBO CUOBbLIX
kabenew yCTaHaBNMBAKTCA Ha CTOPOHE NMepeMeHHOro HanpaxXeHund, a CaMn MHBepPTOopbl YCTaHaB/IMBAOTCA B nosie, nog MoayibHbIMU

CTOMKaMW COOTBETCTBYIOLLMX COTHEYHbIX reHepaTopoB. M3-3a 6ansocTu k Mogynto npeobpa3oBaTtenb BbIMONHAET ele U GyHKLMKN pac-
npepenuTenbHbix kopobok. B aToM cnyyae cunosble kabenn MCNonb3yoTcs B KAYECTBE 3KBUNOTEHLMANBHOMO COEANHUTENBHOMO NPOBO-
LHUKa MexX [y NoKanbHbIM NoTeHUnanom 3eMnu Maccuaa PV, nopaxkeHHbIM MONHWEN, U yaaneHHOoW 3KBUNOTEeHLUMaNbHON NOBEPXHOCTHIO
nofatollero TpaHchopMaTopa. EAMHCTBEHHOE OTANYME OT YCTAHOBOK C LLEeHTPaibHbIMU MHBEPTOPAMM 3ak/t04aeTcs B TOM, YTO B Cyyae
PV-cuctem co MukponHsepTopamu, YaCTUYHbIE TOKM MONHUW NOCTYNatT B IMHUM NEepeMeHHoro Toka. [1o3ToMy TaM ycTaHaBAuBaTCS
pa3pafHMKK TUNa 1 Bo3ne caMUx MUKPOMHBEPTOPOB, U HA CTOPOHE HW3KOro HanpsXeHUs nogatoLero TpaHcpopmaTopa.

[ns cTopoHbl NocTosiHHOro HanpsxeHua goctatodHo Y3UI Tuna 2. Ecnu 3a3emnaiowas cuctema, npeobpasosateny v cBA3aHHble
¢ HUMK PV-MaTpuubl 06pasytoT foKkanbHY 3KBUMNOTEHLMANbHYO CeTb, HE CTOUT 0XUAATb, YTO MOJIHUEBbIE TOKWU MPOHWUKHYT Ha CTOPOHY
NOCTOSIHHOro HanpsXxeHus. Kabenun nepeMeHHOro HanpsXeHus 0T 3TUX HAPYXXHbIX UHBEPTOPOB COEAMHSAOTCA B MOHTAXHbIX KOpobKax.
Ecnu Tam ycTaHoBNeHbl paspsagHuku Tuna 1, oHM 3alMLLaloT Bce BbIxoAbl NnpeobpasoBatens ao pacctosHus 10 M. [lanee nonesble
Kabenu nepemMeHHOro HanNpsixXeHWa HanpPaBAAOTCS B 34aHWe, rAe MOLHbIA KOMOUHWPOBAHHbLIN paspsaHUK TUNa 1 1 Tuna 2 3awmuaeT
anekTpoobopynoBaHMe Ha TOUYKe MOLKNUYEHUS K CeTH.

4.7.7 Y3UN pna uHPopMaLUOHHBIX U TEXHONOMMYECKUX CUCTEM

ﬂ,aHHble B MoneBbIX yCNOBUAX, @ TakXe faHHble, noNy4yeHHble 0T ANCTaHUMOHHOIo 06Cﬂy>Kl/lBaHMﬂ onepaTtopoM CTaHuuun, naMepe-
HNA N KOHTPOJIb MOWHOCTN OT PV-ceTkn, CO6MpaIOTCF| B onepaunoHHOM 34aHNN. Y106bI O6CJ'|y>Kl/lBaIOLLI,VIl;l nepcoHan CMOor KOHKPeTHOo
onpenennTb NPUYNHbLI cb0s ¢ NOMOLLBIO ANCTAHLUMOHHOM ANArHOCTUKN 1 YyCTpaHUTb UX Ha MecCTe, HeobxognMo obecneynTb HaAeXHYyr
nepefavy naHHbIX B noboe BpeM4a. Cucrema KOHTpONA, 6ok c6opa LOaHHbIX 0 noroge, cMcteMa 3alWunThbl OT KpaXX N BHEWHAA CUCTEMa
CBA3M OCHOBaHbI Ha Pa3/INYHbIX ¢M3MLIECKI/IX MHTepd)echax‘

B cnyyae anekTpocTaHUMI C LLeHTpanbHbIMW MHBEPTOPaMyK B MoJe yCTaHaBNMBAOTCA pacnpefennTensbHble KOpobku ¢ AoNoNHUTENb-
HbIMW U3MEPUTENbHLIMK faTynkamu. B cnyyae anekTpocTaHLMin C MUKPOMHBEPTOPAMU UX MHTErPUPOBaHHanA cucTeMa KoHTponsa bepeT Ha
cebs 3Ty 3apady. B 06oux cnyyasx namepeHHble 3Ha4YeHUs U3 NoNA NepefalnTca Yepes MHTepdenchol AaHHbIX. JIMHUKM AaHHbIX 13 cnyxeb-
HOW KOMHaTbl yCTaHaBMBalOTCA BMeCTe C CMNoBbIMK Kabenamu. 13-3a KOPOTKMX AANH NUHUIA CUCTEM MONEBLIX LWWH Kabenn faHHbIX UH-
LVBWAYanbHO HANPaBAsOTCA Nonepek kK MoaynaM. B cnyyae npsiMoro yaapa MOAHMMW 3TU NONEpeYHble COeJUHEHNA TakKe HecyT YacTuy-
Hble TOKWM MOSTHUW, KOTOPbIE MOTYT NOBPEAUTb BXOAHbIE LLenu v Bbi3BaTb NepekoyeHne Ha cunosble kabenn. Bonblune MHOYKLMOHHbIE
netnu GopMUpYOTCA 3a CYeT B3aUMOAENCTBUA CUI0BbIX Kabenen, pAA0B MeTaNInYeckux Moaynen U IMHWUA faHHbIx (puc. 4.7.4).

= JINHUA AAHHBIX
= Cunosble Kabenn

D Pacnpenkopo6ka KOHTPOJIbHOO reHepaTopa

Puc. 4.7.4 - OCHOBHOW NPUHLMUN MHAYKLUOHHbIX NeTenb Ha PV-anekTpocTaHumsx

970 ngeanbHan cpefa Aaa NepexofHblX MPOLECCOB, BbI3BaHHbIX Pa3psaaMu MOHWIA, KOTOPbIE MOTYT NPOHUKHYTb B 3TV AMHUK. Takne
MUKW HanpsaxeHWs CrnocoBHbI NPeBbIWAaTh NPOYHOCTL U30AALNU/AN3NEKTPUUECKYIO MPOYHOCTL CUCTEM, YTO MPUBOAUT K MNOBPEXAEHUIO
obopynosaHusa. CnegosatensHo, Y3UI nonkHbl 6biTb ycTaHOBAEHbI B 3TUX pacnpefenuTenbHbix Kopobkax KOHTPOAbHbLIX FeHepaTopoB
WAN BEeUeHTPann30BaHHbIX MUKPOMHBEPTOPaxX ANs 3aliWTbl nepefayn AaHHbix. KabenbHble akpaHbl JOMXKHbI ObiTb MOAKAOYEHbI KO
BCEM TOUKaM NOAKN0YeHNs 3a3eMneruns. Ecnu TpebyeTca npefoTBpatuTh by AaloLwme TOKW, MPUMEHSAIOT KOCBEHHOE 3a3eMeHMe.

[MocTosAHHasA 3awWwmTa OT MONTHUN 1 nepeHanpa>XxeHna ona BCcex CUCTEM NO3BONAET 3HAYNTENIbHO YBEJIUHNTD KO3¢¢MLI,M€HT npon3Bo-
ANTENBbHOCTU PV-3J'I€KTpOCTaHLI,VII7I, MOCKOJIbKY COKpallaeTca BpeMAa TeEXHNYEeCKOoro 06CJ'Iy>KV|BaHVIﬂ N 3aTpaTbl Ha PEMOHT N 3anacHble
4yacTtu.
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5. MpoBepku n TexHnyeckoe obcnykxmsaHue

5.1 Buabl usucnekuumn

[ina Toro 4ytobbl 3aaHUs, NOAW B HUX, INEKTPUYECKME U S3NEKTPOHHbIE CUCTEMbI U T.N. ObINN MOCTOSIHHO 3alULLEHBI, MEXaHWYeckune
W 3N1eKTpUYyeckne napaMeTpbl CUCTEMbl MOTHUE3ALWUTbI JOKHBI 0CTaBaTbCA B HOPME B TEYEHME CPOKa BCEN CBOEN cNyxXObl. s KoH-
TPONA Hag 3TMMU NapaMeTpaMun A0KHbI NPOBOAUTLCS PEryNapHble NPOBEPKU CUCTEMbI MONTHME3aLWKUTLI. Cneynanuct no npoeepkam
(cornacHo gononHenuio 3 ctanpapta ACTY EN 62305-3) gonkeH uMeTb COOTBETCTBYIOLYIO KBannduUKaLmio u bbiTe cnocobeH npoek-
TMPOBaTb, YCTaHaBAUBATb U MPOBEPSTb CUCTEMbI MOSIHWE3ALLUTLI B COOTBETCTBUMU C AEWCTBYOLWMMMN cTaHAapTaMu. CaMu nposepku
pasnuyatoTcs:

> KOHTpOﬂb Ha CTagun NpoekTnpoBaHnA, KOTOprl7I OO0J1KEH obecneynTb COOTBETCTBUE BCEX KOMMOHEHTOB CUCTEMBI MONTHNE3aLWHnTbl
Tpe6y6MblM 3ajadvaM elle A0 Hayvana cTponTenbCTBa.

> ﬂposepKM Ha 3Tane CTpounTenbCTBa — KacatkTcAa TOW 4acTW CUCTEMbl MOMTHNE3ALLUTHI, KOTOpad He ﬁyﬂ,ET Gonbwe AOCTynMHa no
3aBeplweHnn CTponUTeNbHbIX pa60T. 310 B nepByto ovyepenb q)yHﬂ,aMeHTHble 3a3eMnuTtenn, apMaTypa B 6eToHe, ncnonb3yemMand B
KayecTBe TOKOOTBOAA WUJIN IKPAHUPOBaAHUA, @ TakXXe BCe COeANHEeHUA N KOHTaKTbl, KOTOpPble He 6y,u.yT AOCTYNMHbI B LanbHeunweM.
ﬂpOBepKa BK/IlOHaeT MHCNeKunto Ha MecTe nposefeHna pa60T n CBepky C TeXHUYecKkon ,D,OKyMeHTaLLl/lePI.

> ﬂpl/lEMO‘-IHbIVI TeCT — BbINOJIHAETCA, KOrga cncreMa MoJIHMe3alwnTbl NMONHOCTbIO 3aBeplUueHa. Bkntouvaet npoBepKy Ha COOTBET-
cTBMe KoHuenuuun, CtTaHgapTaM, TeXxHN4eCkKMM napaMeTpam [BﬂﬂOTb 00 TunoBs O60py,ElOBaHI/IF|].

> Perynﬂprle TeCTbl BO BpeMd aKcnayaTaumm — ABndaoTca I'Ipe,D,I'IOCbIJ'IKOVI ana 3¢¢EKTVIBHOI;1 N HafeXHoN pa6OTbI CUCTEMbI MOJTHN-
€3alnTbl Ha NPOTAXEHUN BCEro Cpoka ee npnMeHeHunA.

anEMOHHbIﬂ TeCT O3Ha4aeT, YTO Nocne YCTaHOBKKM KaXK4adA CUMCTeMa MOJTHMUEe3aWmnTbl A0/1>KHa NoABEPrHyTbCA NPUEeMOYHbIM UCNbITa-
HUAM. TecTbl BO Bpemd 3kcnayatayum 03Ha4yalT, 4To B fanbHenwem 6y,ELyT npoBOAUNTLCA perynapHble NpoOBEpPKN Ha npeagMeT ncnpas-
HOro q)yHKLI,VIOHMpOBaHMﬂ CUCTEMBbI.

Kpome TOro, BCA CuUCTteMa A0JIXKHa noaBepratbCA KOHTPOJHO nMmnTaumnen yoapa MOJIHUU N UMNYNbCOB NepeHanpa>XxeHuna. B coort-
BEeTCTBUKN CO CTaHOAPTOM, NpoBepkKe nognexat Kak MONTHUEeNnpueMHUKNU U TOKoOoOTBOAbl, Tak N CUCTEMbl 3a3eMNeHnA U BblpaBHUBaAHNA
noteHuuanos. [loMnmo BM3yaNlbHOro KOHTPOSA YCTaHOBKW Ha COOTBETCTBME C ,D,OKyMeHTaLLVIEI;I LOJDKHbI U3MEPATBLCA CniolWHbIe CONpPo-
TUBNEHUA. I'IpM KaXpon npoBepke n TEXOGCJ'IyM(VIBaHVIVI B AOKYMEHTaLUUNIKO BHOCATCA COOTBETCTBYOWME OONONHEHNA.

5.2 MpoBepKN CUCTEMbI BHELWHEW MOTHNE3ALWUTI

MpoBepkn Ha npegMeT UCMPaBHOro GYHKLMOHUPOBAHWUA CUCTEMbI BHELUHEN MOSHWE3aLLWUTLl ClnefyeT NpOBOAUTL PEryaspHo, YTo-
Obl BOBpEMS BbIIBUTb BO3MOXHbIe HECOOTBETCTBMA U NPU HEOBXOAMMOCTU MPUHATL MEpPbI K WX yCTpaHeHuto. [poBepka BkaloYaeT B
ceba KOHTPONb TEXHUYECKOW [OKYMEHTALMMW, U3MEPEHNA U OCMOTP CUCTEMbI MOSIHME3aLWUTLI. KOHTPOsb 1 TexHWYeckoe obcykuBaHme
[OJSIKHbI BBINOJHATLCA € cobnogeHneM HopM 1 npuHumunos EN 62305-3. kcnnyatupylollee npeanpuaTte n cobcTBeHHMK 3aaHna (ecan
3TO He OfLHO 1 TO e ML) HEeCYT OTBETCTBEHHOCTL 3a 6e30MacHOCTL U HEMeAIeHHOe ycTpaHeHue gedekTos. Kputepumn nposepku:

> KOHTpONb BCEW JOKYMeHTauuu, BKIYas COOTBETCTBUE HOPMaM;

> npoBepka 0bLero cOCTOAHUA MOSIHUENPUEMHUKOB U TOKOOTBOJO0B, @ TakXe BCeX COeIMHUTENbHbIX KOMNOHeHTOB (oTcyTcTBME OC-
Nablnx coeAnHeHUN) U ypOBHS CMAOLIHOIO COMPOTUBNEHNS;

> MpoBEpKa CUCTEMbl 3a3eMIeHUs], CONPOTUBIIEHUN 3a3eMEeHNs, BKIOYas Nepexofbl U COefUHEHUs;

> npoBepka 0bLLero CoCToAHUA KOPPO3NK;

> KOHTPOSb COCTOAHMSA KpenneHus NPOBOAOB U UX 3/1eMEHTOB;

> [OKYMEeHTUPOBaHWEe BCEX BHECEHHbIX M3MEHEHWUI U JOMOAHEHUI CUCTEMbI BHELLHER MOJIHMEe3alnThl, @ TakKe U3MeHeHWi, kaca-
fOLLMXCA CaMOro 34aHus.

MpoBepka JoXHa BECTUCH CMeuranucTaMmm B COOTBETCTBUM ¢ rpadukoM (tabn. 5.2.1). Kputnueckmn BaxHble 06beKTbI 4OMKHbI NPO-
BEPSATHLCA eXerofHo.

Tabnuua 5.2.1 - Mepuoabl NPOBEPOK CUCTEM MOHUE3ALLUTHI

Knacc MonHuesawmTol

BusyanbHbin ocMoTp

MonHasa npoBepka

0Oco60 BaxkHble 06bekTbl 12

Il

yepe3s 1 rog

yepe3 2 roga

Kaxabln rog,

Mwlv

yepes 2 rofa

yepe3s 4 roga

Kaxkabln rog,

) CucTeMbl MONHME3AWMUTLI, UCMOJTb3YeMble B CTPOEHUAX, CBA3AHHbIX C B3PbIBOONACHLIM NPOU3BOACTBOM, [OMIKHbLI 0CMATPMBATLCA
Kaxnable 6 MecAleB. NeKTPUUECKUE UCMBITaHWA AOMKHBI BLINOAHATLCA KaxAabl rof (4onycTuMoe oTknoHeHue oT rpaduka — pas B
14-15 MecsueB, korga cuntaeTcsa LenecoobpasHbiM NPOBOAWTL UCMLITAHWUA B pa3Hoe BpeMs rofa, 4Tobbl nNoayuntb MHGopMaLuno o
BAVAHWUMN CE30HHbIX KonebaHun).

2 K 30@aHMAM U coopyeHUsaM 0coboii BaXHOCTU MOFYT OTHOCUTLCA 06beKTbI, cogepKallve LeHTpbl 06paboTku 1 XxpaHeHUs AaHHbIX,
MeCTa C BO3MOXHbIM MPUCYTCTBMEM BOMbLIOrO KOAMYECTBA II0AEN, BaXHble KOMMepyeckune, agMUHUCTPATUBHbIE, UCTOpPUYECKUE 34a-
HUS.

KoMMNOHEHTbI CUCTEM BHELLUHEN MONHWE3aLWMTbl NMPOBEPSAIOT HA NPEAMET UX MCNPaBHOIo GYHKLMOHWPOBaHWSA, HAarpyxas ux ucnbita-
TENIbHBIMU MMMYAbCaMMU TOKA: MOTHUENPUEMHUKN HarpyxatoT Tpema umnyascamu toka no 100 kA, anutensHoctbio 10/350 Mkc - 3T0
KaTeropus UcnbiTaHWin H; TOKOOTBOALI U COEIMHEHNA B CUCTEMe 3a3eMIeHUs TECTUPYIOTCA TPeMA UMNynbcaMun Toka no 50 KA gnutens-

HocTbio 10/350 MKe - 3To kaTeropus ucnbiTanui N.

[ns KOHTpoMA KonM4yecTBa yAapoB MOMHWMW U MPOTeKaloLero Npy 3TOM MO CUCTEME MOMHWE3aWMThl TOKa MOXHO WMCMOMb30BaTh
cneumanbHbIi aatuunk nukosoro Toka (PCS). [laTumk B BUAE MarHWTHOM KapTbl yCTaHaBAWBAETCA MPW NOMOLLM AepPXKaTensa Ha NpoBoae
TOK0OTBOAA M GUKCUPYET KONMYECTBO YAAPOB M NMPOoTeKakLWnit Tok: ananasoH namepenns 3/120 KA. Mpu yctaHoske PCS Mexay WwnHom
ypaBHMBaHWA NOTEHLMWAN0B U CUCTEMON 3a3EMNIEHUS MOXHO DyAeT Takxke U3MepUTb TOK MOAHWK, NPOLUEALINA B 3aaHue. o pesynbTta-
TaM n3MepeHuin ByaeT MoXHO CAenaTh 3akNioyYeHWe 0 BO3MOXKHbIX MOBPEXAEHUSAX B 3EKTPONPOBOLKE.

5.3 MpoBepku cucteMbl BHyTPEHHEN MONHUE3ALWMKUTDI

OCHOBbI M NPeANOoCHLINKK, peryaupyolie NPoBepky W NOAAEPXKaHME CUCTEMbl Mep 3alUWTbl 0T NepeHanpsXkeHWn Takue xe, Kak 1
npoLenypbl KOHTPONA U 0BCNYXKUBAHUA CUCTEM 3aLLUWTbLI OT MOJIHUK, Kak onucaHo paHee. OcobeHHO BaXHbI NPOBePKYM, NPOBEAEHHbIE Ha
3Tane CTPOUTENbLCTBA, NOCKObKY MHOTME KOMMNOHEHTbLI CUCTEMbI Mep BHYTPEHHEW MOMTHME3ALLUTbI MO OKOHYAHWUW CTPOUTENbHBIX paboT
Bonblue He ByayT pocTynHbl. MoaToMy BCce npoBoguMble paboTbl (Hanpumep, nogknoueHre apMaTypbl) 4ONXKHbI BbITh 3a40KYMEHTUPO-
BaHbl kenaTenbHo ¢ hoTorpadmamMu) v BKIOYEHbI B OTYET 06 UCTbITAHMAX.

MpoBepkn [OMXKHbI NPOBOANTLCA:

> BO BPEMS YCTaHOBKM CUCTEM BHYTPEHHEN MOMHWE3aLLUThI;

> N0 OKOHYaHUW paboT Mo yCTaHOBKe CUCTEM BHYTPEHHeN MONHMe3awWwmnThI;

> NEpPUOAMYECKMN Yepes YCTAaHOB/IEHHbIE N0 MPOMEXYTKM BPeMEHU B paMKax NMpPoBEpOK 3MeKTPOMOHTaXa 1 nocse Kaxaon Mogudu-
KaLMu KOMMNOHEHTOB CUCTEMbI BHYTPEHHEN MONHMe3awmThl;

> nocse cnyyas yaapa MOSHUM B KOHCTPYKLMIO.

MopfobHble NpoBepka BHYTPEHHEN CUCTEMbl MONHUE3aLLMTbI 3aK/104aoTCsA B NPOBEPKe CUCTeMbl ypaBHUBaHWNA NOTEHLMAN0B, a Tak-
xe paspagHukoB Y3UI n npepoxpanutenen. Bce obHapyxeHHble aedekTbl LOMKHbI BbITb HEMEANEHHO YCTPaHeHbl, @ COOTBETCTBYO-
Wan TexHWYyeckan foKyMeHTauusa obHoBneHa.

YacTo TpebyeTca npoBoANTL NpoBepkM ncnpaBHocTu ¢yHkuMoHpoBaHusa Y3UM B npenenax nuHuu nepepayn nudopmaumm tene-
KOMMYHUKaLUOHHON cucTeMbl. [pyn 3TOM BaxHO, YTobbl MpoBepka yCTPOMCTB 3aLiMThbl He MOBAUSAAA Ha CUTHanN, nNepepatLnincs no
AnHuu. MopobHble NpoBepKN HEBO3MOXHbBI be3 crneLnanbHbiX KOMMNbIOTEPU3UPOBAHHbIX U3MEPUTENbHbIX KOMMNEKCOB U METOAMKMN Npo-
BefeHnA namepeHuin. KOHTponbHbIM CTepXeHb ¢ faTtynkom obecneynsaeT koHTakT ¢ Y3WT 6e3 oTkNOYEHNA ero oT IMHUK, @ UHTErpu-
pOBaHHbI MUKponpoLieccop oTobpaxaeT pesynbtaT Ha gucnnee. PesynbTaThl 3anncbiBaloTCA B 31€KTPOHHYI0 NAaMATb U3MEPUTESIbHOTO
KoMnnekca.

5.4 MNpoBepku cucteMbl 3a3eMneHunn

,D,J'Iﬂ NpoBEpPKN CUCTEMY 3a3eMneHna HeobxoaMMo npoBecTn n3MepeHnda conpoTueneHnAa 3aseMnuTenen. ,D,J'IH 3TOoro Heobxogmmo
NPOBEPUTb 3HAYEHNA CONPOTUBIEHNA KakK BCEW CUCTEMbI, TaK 1 BCEX MHOWBUOYaANbHbIX 3a3eManTenen. ﬂ,)’lﬂ npoeBefeHna Takmux npo-
BEepokK HEeobX0A4MMO OTKNOYNTL cncrtemy BHELIHEN MOTHNE3ALLNTBI U CUCTEMY ypaBHMBaAHMA NOTEHLMANOB OT CUCTEMbI 3a3eMJIEHUA.
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