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1 3AT'AJIBHI BKA3IBKHA

Meta kypcoBoro npoekrty. IIpaBuibHO 0OpaHe enekTpuuHe oOJagHaAHHS
MOBUHHO:

- Mo-mepuie, 3HU3UTH IMOBIPHICTh BUHUKHEHHS JDKepelia 3arajiOBaHHS
€JIEKTPUYHOTO TOXOIXKEHHS, TOOTO 3an00IrTH BUHMKHEHHIO BUOYXY a00 MOXKEeXK1 y
BUPOOHUYOMY MPUMIILLIEHHI 3 00€pTaHHAM JIETKO3aMMHUCTHX Ta TOPIOYMX PEYOBHH
Ta MaTepiais;

- Mo-Apyre, 3a0e3Me4YuTH HAAIMHICTh €JIEKTPOIIOCTAaYaHHs CII0KHBayiB
€JIEKTPUYHOI EHeprii;

- MO-TpeTe, 3a0€3MEeUUTH eNeKTPOOe3eKy NepcoHaly.

Mertoro kypcoBoro mpoekty (KII) € BuGip cuiioBoro ta OCBITIIOBAIBHOTO
CJIEKTPUYHOTO  OOJaJAHaHHS A  33JaHOr0  BHPOOHMYOTO  NPHUMIIIECHHS,
PO3PAaXyHOK IITYYHOTO 3a3€MJIIOBaYa Ta PO3PAXYHOK OJMCKABKO3aXHUCTY OYIUHKY.
VYci po3paxyHKM TOBMHHI MaTH IOCWJIAHHS HAa HOPMAaTHBHY U JIOBIIKOBY
JiTEPATYPY.

I Bukonanns KII HeoOXimHO BUKOPHUCTOBYBAaTH JaHI METOAWYHI
BkaziBku, I[IpaBunma [1, 2], noBimuuk [3], HamioHanbH1 cra”maptu [4-7].
TeopeTnunuii matepian BUKIaAeHUN y miapydHuky [8]. HeoOximni miteparypHi
oxepena € B enektponHid Oi6mioreni HYI3Y. MoxinuBe BUKOpPUCTaHHS IHIIOT
HOPMAaTUBHOI, HABYAJILHOI Ta JOBIJIKOBO1 JIITEPATYPH.

JloBiaKOBI AaHi, MiHIMalbHO HeoOXimaH1 s BukoHaHHs KII, HaBenmeHi y
J0JIaTKaxX A0 JaHUX METOJUYHHUX BKA31BOK.

Odopmiaenns kypcooro mpoekty. KII cknagaetbcs 3 po3paxyHKOBO-
nosicHroBanbHO1 3anucku (PI13) Ta rpadiunoi yactunu (I'Y).

3pa3zok opopmienHs TutyiabHoro apkyma PII3 KII naBenenuit B Jlonarky 1
710 METOAMYHHUX BKa31BOK.

PII3 moBunHa mMatu 06’em 20+25 apkymiB ¢opmary A4 (210x297 mm) 31
ctanaaptHuMu pamkamu. Ha ycix cropinkax PII3 mpoctaBaserses mudp KII 3
BKa31BKOIO HA3BM BUIIOTO HABYAJIBHOI'O 3aKiaay, HOMEpY (akylbTeTy, HOMEpPY
3aJIIKOBOT KHUKKHU, HA3BU MPEIMETY, HOMEPY TOMY.

[Mpuxnan mudpy B mrramni PII3 ais 3m00yBayiB BUIOT OCBITH (aKyIbTETY
Ned,  sxi  BUBYAIOTh  HaBuyaibHy  aucuuiuliny  «lloxexna — Oesrneka
enektpoyctanoBok»: HYI3Y.4.17.04.001.11BE.PII3-01.

[Mpuxnan mudpy B mramni PII3 ais 3m00yBayiB BUILOT OCBITH (aKyIbTETY
Nel, sxi BuBYalOTHP HaBuajbHy JauUcHUILIIHY «EnekTporexHika Ta Oe3rneka
enektpoyctanoBok»: HYI3Y.1.17.01.001.ETtaBE.PII3-01.

Bci no3nauku (Gi3MUHMX BEJIWYMH TOBUHHI BIAMOBIAATH MDKHAPOHIM
cuctemi oauuunp CI. IX cmig mpocTaBiasTu micas pesylbTaTiB yCiX BUKOHAHMX
po3paxyHkiB. Ilpu mnocunaHHi Ha HOPMAaTHBHY a0oO JOBIJKOBY JITEPATYPY
NOTPIOHO BKa3aTH B KBaJpaTHUX JyKKaX MOPSAKOBUM HOMEp 31 CHHUCKY
BUKopuctaHoi mirepatypu. B Tekcti PII3 HeoOXimHO BHUKPECIUTH HACTYIMHI
PUCYHKH: PO3PaxyHKOBa OJIHOJIHIMHA CXe€Ma eJIEKTPONOCTayaHHs, PO3PaXyHKOBA



OJIHOJIIHIHA cXeéMa OCBITJIIOBAJIbHOT MEPEXi, OAHOJIHIITHA cXeMa JIsi PO3PaXyHKY
omopy Koja oaHoda3zHoro kKopotkoro 3amukanHsa (K3), 30HM 3axucty BiX
BTOPUHHHUX 11l OJIMCKaBKH.

'Y BukoHyeTbCs Ha KpecisipcbkoMy mamnepi hpopmaty A3 (297x420 mm). ['H
MIANUCYETHCS BUKOHABIIEM aBTOPYUYKOIO, IPOCTABIIAETHCA JaTa MIAMKCY.

'Y, six mpaBUI0, CKJIAJIAE€THCS 3 TPHOX APKYIIIB:

1-it apkyur: [Inan po3ranryBaHHs CHIIOBOTO oOJagHaHHS. 3a3eMJICHHS.

2-ii apkyur: [1nan po3ranryBaHHs OCBITIIOBAJILHOTO 00Ja HAHHS.

3-i1 apkym1: biiMckaBKO3aXUCT.

Ha kokHOMY apKyIli BUKOHYETbCSI CTAaHAAPTHUN OCHOBHHI HAmuC, B IKOMY
npocrtapisieThess mM@Pp [ 3 BKa3iBKOIO Ha3BU BUIIOTO HABYAJIBHOTO 3aKIIafy,
HOMEpY (aKylIbTeTy, HOMEpY 3aJlIKOBOI KHWXKKH, Ha3BH MPEAMETY, HOMEpY
KpeCJIeHHS.

[Ipuxnan mudpy B mramni nepmoro apkymy ['H nis 3700yBaviB BHUILOT
ocBiTH (akynbrery No4, sKi BUBYAIOTh HaBYalbHy JucuuIuiiny «llokexxHa
oesneka enekrpoyctaHoBok»: HYII3Y.4.17.04.001.1IBE.T'Y-1.

[Ipuxnan mudpy B mramni nepmoro apkymy ['H nis 3700yBaviB BUILOT
ocBiTH (akynbrery Nel, siki BUBYAIOTh HaBYAJIbHY AUCHUILIIHY «ElekTpoTexHika
Ta 6e3neka enekrpoyctaHoBok»: HYI3Y.1.17.01.001.EtabE.I'Y-1.

Bunpasnenus (miguucTKy, KopekTyBaHHs Toulo) y mrammnax PII3 ta 'Y ne
JIOTTYCKaIOThCS.

PII3 ta I'Y 3mmBaOThCS B €IMHY MAIKYy.

PII3 ta T'Y KII 36epiratorbest Ha kadenpi micas 3axucty KII mpotsrom
BCTAHOBJICHOT'O TEPMIHY.

BkasziBkn a0 BuOopy Bapianty. KII BHKOHY€ThCS y BIANOBIIHOCTI 3
O0COOMCTUM BapiaHTOM 3aBIaHHS.

Ha Buxonanns KII Bumaerbcsa OnaHK 3aBIaHHsS, SKIH CaMOCTIHHO
3alOBHIOETHCST 3100yBayeM BHIIOI OCBITU Ta TMepeBIpAeThCS (MIAMUCYETHCS)
HAyKOBO-MEJAroriyHuM  NPALIBHUKOM-KEPIBHUKOM  KYpPCOBOI'O  TIPOEKTY.
3anoBHeHMM OnaHK 3aBnaHHA € ApyruM apkymem PII3. 3pa3ok 6iaHKy 3aBiaHHS
HaBEJICHUH y OAATKY 2.

Buxigui gani aus BukonanHst KII oGupatorbes 3 Tabmuip Jlogatky 3 (3a
MEPIIOI0 JITEPOIO Mpi3BHINA 3100yBada BHIOi ocBitH) 1 JlogaTky 4 (3a nBoMa
OCTaHHIMH IU(ppaMHu MOPSIKOBOIO HOMEPY 3aJIKOBOT KHMXKKH 3700yBaya BUIIO1
OCBITH).

3 tabmumi onmatky 3 ciim BUOpaTH [aHi, PO3TAIIOBaHI y PSIAKY, AKUN
BIJINIOBI/Ia€ MEPIIiH JIITEP1 MPi3BUILA 3100yBaya BUIIOI OCBITH.

3 tabnuui onatky 4 moTpiOHO BUOpaTH MOTYKHICTh JaMIIU CBITUJIBHHKA,
MOTYXHICTb JABUTYHIB CHCTEMH BEHTWISALII 1 JBHUIYHIB €JIEKTPONPUBOAA
TEXHOJIOTTYHOT0 00JIagHaHH (BC1 3HaYEHHS HaBeJeHi B KBT).

[loTyXHICTh JaMIU CBITWJIbHHMKA BKa3aHa B YMCIIBHUKY. SIKIIO BeJIUYMHA
MOTY>KHOCTI Jammnu  cBiTWiIbHUKA ckiagae 0,04 a6o 0,08 kBr, To 1e



momidectieHTHi Jamnu (JIJI). Sxmo nmotyxuicte namnu 0,06; 0,075; 0,095 kBT,
To 1e Jamnu po3zxkaproBanHs (JIP). Skmo motyxkuicte nammnu 0,25; 0,4 a6o 1,0
kBT 1e ayrosi pTyTHi JtomiHecueHTHI jamnu (PJI). SIKIo mOTy>XKHICTh JIaMIH
0,012; 0,015; 0,02; 0,03 kBT, To 11e ciTnnomionni sammu (CIJI).

[loTyXHICTh JBUTYHIB BKa3aHa B 3HAMEHHHUKY: MEPILIE YUCIO — MOTY>KHICTh
JIBUTYHA CHUCTEMH BEHTWIALII, JIPYre YUCIO — MOTY>KHICTh JBUTYHA TPHUBOIY
TEXHOJIOTIYHOro oOjaaHaHHsA. HasBHICTH 31pKM O3Hayae, MO JIBUTYHH CUCTEMU
BEHTWIALIT BCTAaHOBJIEHI 330BHI MPUMIIICHHS, BIICYTHICTb 3IpKH — JIBUTYHH
CUCTEMU BEHTWJISALIT BCTAHOBJICH] Y IPUMIIICHHI.

Bunpapnennst (ImI4ucTKU, KOPEKTYBaHHS TOINO) y OJAHKY 3aBIaHHS HE
JIOTTYCKaIOThCS.

KITI, mo He BiAMoBia€e 3aBIaHHIO, A0 3aXUCTY HE JIOMYCKAETHCS.

3MicT po3paxyHKOBO-NMOSICHIOBAJIBHOI 3alIMCKU: BU3HAYEHHS KJIacy 30HU
MPOCTOPY, MPOEKT CHIOBOI MEpPEeXkl, MPOEKT OCBITIIOBAIBLHOI MEpexki, MPOEKT
HITYYHOTO 3a3€MJII0Baya, MPOEKT OJMCKABKO3aXUCTY.

Buznavenns kjacy 30Hu npoctopy. Ha ocHoBi aHanmizy (hi3uko-XiMIYHHX
BJIACTUBOCTEM pEYOBMH 1 MarepiadiB, IO BUKOPUCTOBYIOTHCS B 3aJlaHOMY
TEXHOJIOTIYHOMY Tpolieci [3], BU3HAUUTH i OOTPYHTYBATH KJIaC 30HU IPOCTOPY Y
MNPUMIIIEHH], B MICISX PO3TAlllyBaHHS BEHTWISATOPIB Ta I1HIIOIO €JIEKTPUYHOTO
obOnagHanHs 3rigHo [1, 2].

[Ipu BU3HAUEHHI KJIaCy 30HU MPOCTOPY, B IKOMY 00€pTalOThCA TOPIOYl T'a3u
(IT) ta nerxozaiimucti pinuau (JI3P) ciim BBakaTH, 10 HpU PO3PAXYHKOBIH
aBapli pO3BHMBAEThCA HAWIMIIKOBUN TuUCK BuOyxy AP>5klla [9]. fAxmo B
MIPUMIIIEHH]I MOKE 3HAXOJMUTHCS TOprourii mui ado BosiokHa it sikux HKMIIIT
He TepeBuIlye 65 T/M>, TO CIiI BBaXaTH, IO IPH BHOYXY IbOrO IHIY abo
BOJIOKOH pO3BHUBAETHCS HAMIUIIKOBUNA THUCK BHOyXy AP>5kIla [9]. Axmo
sHaueHHs: HKMIIII roprodoro muiry abo BOJIOKOH JOPIBHIOE a0o0 mepeBuInye 65
T/M>, TO CITiZi BBAKATH, [0 HATMIIKOBHII THCK BUOYXY IIHITy CTAHOBUTH AP<SkIla

[Ipy BU3HAYEHHI KJIAacy 30HU MPOCTOPY, B SIKOMY OOEPTaIOThCS TOpIOYl
piguau (I'P), ciin BBaXkaTH, 1110 BOHU HE € MEPErPITUMHU.

IIpoexT cH10BOI Mepe:xki MOBUHEH MICTUTH:

1) oOrpyHTyBaHHS MapKu BUOYX03aXUCTy 200 CTYICHIO 3aXUCTY 00OJOHKH
3a IIVE (HITAOIT 40.1-1.32) [1,2] ycix BUIIB CHUJIOBOTO €JIEKTPUYHOTO
oOnaHaHHS: €JEeKTPOJBUTYHIB, MATHITHUX IYyCKauiB, KHOIOK YIPaBIIIHHSA,
BIITANTY>KYBaJIbHUX (3’ €AHYBaJIbHUX) KOPOOOK, 11ad yrnpaBIiHHS;

2) TANMM  yCIX  BUJAIB  CHJOBOTO  €JEKTPUYHOTO  OOJIagHAHHSA:
€JIEKTPOABUTYHIB, MAarHITHUX IyCKadiB, KHOMOK YIPaBIIHHS, BiralyKyBaJbHUX
(3’eqHyBab-HUX) KOPOOOK, mmiad ympaBiiHHS (BUXOJAYM 31 3HAUYCHHS 3aJaHOL
MOTYXHOCT1), SKI OOMparoThCs 3 TaONUIb JOJATKIB JI0 JAaHUX METOAMYHUX
BKa31BOK;

3) Mapku mnpoBOAiB (KaOemiB) BIATAIY)XEHb 10 CHJIOBHX MNpUMMaYiB 1
crnoci6 ix mpokiaganHs (moaaTok 12);



4) TemnoOBMA  PO3PAaxXyHOK BIATANY>KE€Hb /10 CHJIOBUX MpUKAMAYIB:
BU3HAYEHHS THUIIB Ta HOMIHAJIBHUX MapaMeTpiB amapariB 3axXUCTy (TaOuuis
nonatkie 14 ta 15), TUOIB Ta HOMIHAJIBHHX MapaMeTPiB MAarHiTHUX MyCKayiB
(Tabnuist pojaatky 8), IOl Mepepizy KMl KabenbHOI MPOAYKIIil (TaOIHIll TJIaBU
1.3 [1]).

IIpoexkT OCBIT/II0BAIbHOI Mepe:Ki TOBUHEH MICTUTHU:

1) oOrpyHTyBaHHS Mapku BHOYXO03axXUCTy abO0 CTYNEHIO 3aXHUCTY
o6osonku 3a IIYE (HITAOII 40.1-1.32) [1, 2] yciX BHUAIB OCBITJIIOBaJbHOTO
€JIEKTPUYHOTO OOJIalHAHHA: CBITUJIBHUKIB, BUMHUKAUIB, BIJralyKyBaJbHUX
(3’ eqHyBaNIBHUX) KOPOOOK, OCBITJIFOBAJILHUX IIUTKIB;

2) TANMM yCiX BHUAIB OCBITJIIOBAJIBHOTO €JIEKTPUYHOTO OOJIagHAHHS:
CBITWIbHMKIB, BUMHUKAYiB, BIATATYXYBaJbHUX (3’€IHYBaJbHUX) KOPOOOK,
OCBITJIIOBAJIbHUX IIUTKIB (BUXOJASYM 31 3HAYEHHS 3aJaHOI MOTY>KHOCTI), SKi
obuparThcs 3 Tabsuib gogatkis 10, 11, 13;

3) po3paxyHOK KUIBKOCTI CBITWJIBHUKIB Ta PO3MIIIEHHA iX Ha IUIaHI
MIPUMIIIEHHS;

4) Mapku mpoBOJIB (KaOemiB) IPyMNoBOi Ta PO3MOJLILHOI OCBITIIOBAIBHOT
Mepex 1 crocid ix nmpokiaganus (noaaTok 12);

5) TemnoBHIl PO3paxyHOK OCBITIIOBAJIbHOI MEpEKi: BU3HAUYEHHS THIIIB
Ta HOMIHAJIBHUX MapaMeTpiB amapariB 3axucty (tabmuusg noaatkiB 14 ta 15),
IO Mepepi3y Kuil kabeapHo1 nmpoayKiii (Tabmwmii riaasu 1.3 [1]).

6) OOrpyHTyBaHHS MpAaBUIBHOCTI BUOOpPY MpPOBIIHOCTI (a3zHux 1
HEUTpaJIbHUX  MPOBIIHMKIB 332 yMOBOIO  3a0€3MEYEeHHS  aBTOMAaTUYHOTO
BIJIKJTIOUEHHS aBapiHOiI IUITHKY Mepexi pu KopoTkoMy 3amukanHi (K3) B kiHI
HaNHOUIBII BIAAIECHOI Bl pO3MOAUIBHOTO MPUCTPOIO JTiHii, KA 3aXUIIAETHCS.

IIpoexkT mTYy4YHOro 3azemuioBaya. 3a3eMJIIOBaY 3BHYAHO BUKOHYETHCA
CYMICHHUM JIJIs1 3aXUCHOTO Ta (PYHKIIIOHATBHOTO 3a3eMiIeHb. [Ipu boMy IITYyYHUN
3a3eMJIIOBaY PO3PAXOBYETHCS 3a HAMOUIBII >KOPCTKUX YMOB — JUISL 3aXHMCHOTO
3a3emJieHHs [1].

Po3nin  MOBHMHEH  MICTHUTH  PO3PAaXyHOK  KUIBKOCTI — BEPTHUKAJbHUX
EJIEKTPOIB, TIOPSAOK iX PO3TAIIyBaHHS.

IIpoekT 0JMCKABKO3aXMCTY MOBUHEH MICTUTH MPOEKT 30BHIMIHBOI Ta
BHYTPIIIHBOI OIMCKAaBKO3aXUCHUX cUCcTeM [4-7], a came:

1) xapakTepHuCTHKa 3aXMIyBaHOi OyiBI1 (CIOPY/IN);

2) OUIHIOBaHHS  pI3UKIB  Ta  BH3HAYEHHS  HEOOAHOro  PIBHSA

0JINCKaBKO3aXUCHUTTY;

3) BuOIp TUITY 30BHIINIHBKOI OJIUCKABKO3aXUCHOI CUCTEMU;

4) BU3HayYeHs PO3MIPIB KOMIIOHEHTIB 30BHIIIHBOI OJIMCKaBKO3aXUCHOI

CUCTEMU;
5) mpoeKTyBaHHS BHYTPIIIHBO1 OJMCKABKO3aXUCHOI CUCTEMH.
3mict I''Y:



l-e KpecieHHs: MjIaH BUPOOHUYOIO MPHUMIIIEHHS 3 HAaHECEHUM Ha HbOTO
eJIEKTPOoOOIaJHAHHSAM CHUIIOBOI MEPEXKI Ta IITYYHUM 3a3€MIIIOBAILHUM MPUCTPO-
€M;

2-e KpecJeHHs: IJIaH BUPOOHUYOro MPUMIIICHHS 3 HAHECEHUM Ha HbOTO
eJIEKTPOOOJIaJHAHHSAM OCBITIIIOBAIBLHOI MEPEXKI;

3-e KpeclieHHs: MPOoeKLii 00’ eMy, 0 3aXUIIAETHCS MEPEXOIUTIOBaYeM OJIH-
CKaBKH, 3 TIEPEPI30M FOPU30HTAIHHOIO IJIOMIMHOK HAa BUCOTI HAWOLIBII Bijase-
HUX BiJI TepexoIuIoBaya OJIMCKaBKM TOUOK HA MOBEPXHI 00'EKTY.

Kpecnenns I'Y BukoHytoThes y Maciitadl. PEeKOMeHIyeTbCsi BUKOPHCTOBY-
Batu Macmrtabu 1:50; 1:75; 1:100; 1:200; 1:400 (3ay1e3kHO Bl TEOMETPUUHUX PO-
3MipiB MPUMIIIEHb BIIMOBITHO /10 3aBJIAHHS).

Ha apkymax kpeciieHb mopyd 3 IJIaHaMU PO3MIIIEHHS eJIeKTpooOIa HaH-
HS CJiJl pO3MICTUTH creru@ikallii HaHeCeHOro eJeKTpooOanHaHHsa. Takox Ha
apKyIax MOXyTh OyTH IPUMITKH, 10 MICTSATh TEKCTOBY 1H(OpMAIIiO, SKa MOosicC-
HUTB 1 IOMOBHUTH KPECIICHHS.

2 OCHOBHI TEOPETHUYHI NOJOXXEHHS

2.1 BuzHayeHHS KJIacy 30HU MPOCTOPY

[IpocTip BcepenHi TEXHOIOTTYHOTO 00JIaIHAHHS, BCEPEANH] MPUMIIICHHS
1 Mmo3a MPUMINICHHSIM, B SIKOMY, Xoua O THMYacoBO, MOXYTb CTBOPIOBATHCS
BuOyxoneOe3neuni cymimi [T, mapis JI3P abo BuOyxoHeOe3nmeyHOro muiy 3
OKHCIIIOBaueM, KiacudikoBaHud Ha BuOyxoHeOe3meuHi 30HHU. [IpocTopu
noAuIsitoThes Ha 6 kiacis: 0, 1, 2, 20, 21, 22 [1, 2]. Po3mipu BuOyxoHeOe3meuHo1
30HM BU3HAYAIOTHCA BUXOASYM 3 BEJIUYMHM HAJIMIIKOBOIO THUCKY BHOYyXy AP
IIpY BUHUKHEHHI PO3PaxyHKOBOI aBapii

[Ipoctip BcepeauHi 1 mMo3a NPUMIILIEHHIMH, B SKOMY, X04a O THMYacoBO,
MOXYTh 3HaxoauThcsi I'P, roprouunit mun abo TBepai roproui marepianu (TI'M)
Kjacu(dikoBaHU Ha mMoOXKekoHeOe3neuHi 30HU. [Ipocropu moauisitoThess Ha 4
knacu: I1-1, I1-11, T1-1la, TI-III [1, 2].

@Di3UKO-XIMIYHI BJIACTUBOCTI PEYOBHUH, IO OOEPTAIOTHCS y 3aJaHOMY
TEXHOJIOTTYHOMY TPOIIeCl BU3HAYAIOTHCS 3a JOTIOMOTOI0 JIOBiTHUKA [3].

2.2 IIpoeKT cHII0BOI Mepe:Ki

CnouaTky  HEOOXiIHO  BUOpaTH  Miclle  PO3MIIIEHHS  TOJIOBHOTO
posnoauibuoro murty (I'PI) Ta amaparie ynpasminus. ['PLL, sx mnpasuio,
BUHOCUTBCS 32 MEXH BUOyXo- ab0 TMOXKeXKOHEOE3MEeUHOro MPOCTOPY
(pO3TalIOBYETHCS Y €IEKTPOLIUTOBIH).

Jani o6uparoThecsi Mapku BUOYX03axUCTy a00 CTyIEeH1 3aXUCTy 000JIOHOK Ta
TUIU IIUTIB, €JIEKTPOABUTYHIB (BUXOJAYU 3 MOTYXKHOCTI), MArHITHUX IYyCKAauyiB,
KHOIIOK YTIPaBJIiHHS, MapKH 1 CHIOCOOM MPOKJIAAKK MPOBOIIB Ta KaOeiB.

Jlani BHUKOHYEThCS PO3PAXyHKOBA CXeMa €JEKTPUYHOI Mepexi. Bona
MOBMHHA MICTUTH BIJOMOCTI MPO KUIBKICTh 1 MOTYXHOCTI JIBUTYHIB, MapKy 1



cnoci0 mpokjaaky kademiB (IPOBOAIB), THM amapariB 3aXUCTY, TUI MarHITHOTO
nmyckaya.

[Ticns 1pbOro MpUCTYHAarOTh A0 Meni08020 PO3PAXYHKY BIITAITYKEHb 0
CWJIOBUX MPUKUMAYIB €JIEKTPUUHOT €Heprii (eNeKTPOIBUTYHIB).

Po3paxyHok A BiAraigyXeHb CHUIOBOI MEPEXl BUKOHYETHCS OKPEMO ISt

KOXHOTO €JIEKTPOIBUTYHA, MOTY>KHICTh SIKOT'O BIJIPI3HAETHCA.

JIJist eeKTPOABUTYHIB OJJHAKOBO1 MOTYKHOCTI BU3HAYAEMO pOOOUYUI CTPYyM,
o0 NpOTIKAE MO TMPOBIIHUKAM BIATaTy>KEHHS Tpu poOOTI JBUTYHA B
HOMIHQJIBHOMY PEXUMI:

e P -10°
" 3.U, cosg

ne [ 113 — po0oyiil CTPYM 1-TO €JIeKTPOJBUTYHA, A;

A, 2.1)

P, — HOMiHaJIbHA TIOTYXKHICTb i-TO €JEKTPOJABUIYHA, KBT (BU3HAYAETHCS 3

BHXIJIHUX JIaHUX);

U, =380 B — mniiiHa Hanpyra;

COS (; — KOe(ILIEHT MOTY>KHOCTI 1-T0 €JIEKTPOJBUTYHA;

1, — Koe(ILIEHT KOPUCHOT [lii 1-r0 €JIEKTPOABUIYHA, B YACTKAX OJUHHUIIL.

Jlami BuOupaeTbcsi BHJ amapaTy 3axucTy 1-I0 €JEKTPOJBUTYHA BiJ
KopoTkoro 3amukaHHs (K3): aBTomaTuuHMil BUMUKa4 a00 IUJIABKUN 3aO01KHUK
(tTabmuns nmopatkie 14, 15). Bun anapaty 3axucTy MOBUHHUM BIANOBITATH TUITY
PO3MOJLIBLYOrO IUTA, SIKUA 0OpaHui paHille.

3a yMOB BUKOPUCTAHHS aBTOMaTUYHUX BUMHKAYiB BU3HAYAEMO HOMIHAJIbHI
CTPyMHU Ta CTPYMHU CHPallbOBYBaHHS iX €JIEKTPOMArHiTHUX PpO3YIILIIOBAyiB, IO
3aXUIATh enekTpoaBurynu Bix K3 3a ymosoto (11.3.1.4 [1]):

]PI{OM.GJT.M > ]11)
| o (2.2)
](IJI'I.CJ'I.M > 1925 ’ ];IyCK

ne som.eny — HOMIHAJIBHUI CTPYM €JI€KTPOMAarHiTHOIO PO3YiILIOBaya, A;

i
CILELM

ABTOMATHU4YHOI'O BUMHWKAaya, A,

— CTpYyM CHpallbOBYBAHHA CJICKTpOMaI‘HiTHOI‘O pOSLIiHJIIOBa‘Ia

Iy — HAWOUIBIIMEA CTPyM KOPOTKOYACHOTO TEPEBAHTAXKEHHS B MEPEXxi,

10 BUHHUKAE TPU MYCKY 1-I'O JBUTYHA, A.
Lo =1 KA, (2.3)

IIyCK
ne K. — kpaTHIiCTh MyCKOBOTO CTPyMy i-TO €IEKTPOJIBUIYHA (BU3HAYAETHCS 3

BHUXIJTHUX JIAHUX).
3a yMOB BHUKOPHUCTAHHS O€31HEpUINHUX IUIABKMX 3aloO0DKHUKIB BHOIp

i

HOMIHAJIBHOIO CTPYMY IUIaBKOi BCTaBKH ([, o

) TIOBUHEH BHMKOHYBATHCS 3a
TakuMu ymoBamu (11.5.3.56 [1]):



i

i MYCK o .
a) ]:{OM.BCT > Y — SAKIIO 3aXUIIa€ThbCA 1-U CJICKTpOIIBI/II‘YH 3 plI[KI/IMI/I HYCKaMI/I Ta

b

3 yCKOBHUM I1€pI0OJIOM HE AOBLIE 5 C;
i

i IYCK [NV
0) ];OM_BCT > gKII0 3aXMINACThCS i-if CJICKTPOJABUI'YH 3 YaCTUMH IIyCKaMH

b

(HampuKIag, KpaHOBI EJIEKTPOJABUTYHH) ab0 €JIEKTPOJIBUTYHH 3 TPUBAJIUM
MYCKOBUM MEPIOJIOM; SKIIO 3aXUIIAETHCS €JIEKTPOJBUTYH 3 HEBITOMUMHU YMOBAMHU
MyCKY.

Jlani BU3HA4a€MO HOMIHAJIbHI CTPYMHU HarpiBajdbHUX €JIEMEHTIB TEIJIOBHX
pesie MarHiTHUX MyCKauiB, 1110 3aXUIIAI0Th €JIEKTPOABUTYHHU BiJl IEpeBaHTAKECHHS
3a HaCTYITHOIO YMOBOIO:

I =(1,05+1,2)- 1}, A, (2.4)

HOM.Harp
Po3spaxoByemo rwionry mepepidy kuia  kKabemo  (IpOBOAY),  SIKUM
MIIKITIOYAI0TECS eeKTPOABUTYHH. [IpUITyCTUMUNM CTPYM JJISL KU BU3HAYAETHCS
3 ymoBu (11.3.1.12 [1]):

L 212510 (2.5)

n
Koedimient 1,25 BBOoguThCs ans 30H kiacie 0, 1, 2, 20, 21, 22 [1,2]. s
IHIIMX BUMAKIB BiH JJOPIBHIOE OJJUHUIIL.
Jlami, BpaxoBYHOYHM KOHCTPYKIIIIO 1 CIOCOOU MPOKIaAKu Kabeno (IpoBoay),
BUOUpaeThCs HeoOXinHa Tabiums 3 1iaBu 1.3 [1], mo sAKid BU3HAYAETHCS

HOPUITYCTUMUHN CTpyM /| Ta Iuiouia nepepizy CTpyMOIPOBLAHOI KHUIIH.

pHIT

Busznauenuii 3a ymoBow (2.5) mpunyctumuii ctpym [ : U1 0OpaHOro

TIpUI
kabero abo MpoBoAY nepeBipseThes 3a ymMoBoto (1.3.1.11 [1]):
TU1s1 BUOYXOHEOE3NeUHUX 30H:

081 . > (2.6)

HOM.HaArp 5
JU1s1 HeBUOYXOHEO0e3MeYHUX 30H:
i i
I— (2.7)

HOM.HaArp

Ta 32 HEOOXITHOCTI 30LIBIIYETHCS 10 HAMOIMIKIOTO CTAHJAPTHOTO 3HAUYCHHS.

2.3 IIpoeKT OCBIT/IIOBAJILHOI MepexKi

CnouaTky MeToA0OM KOE(QIlli€HTIB BHUKOPHCTAHHS BU3HAYAETHCS KLIBKICTh
JamI 3a7aHoi MOTY>KHOCTI, MIHIMaJbHO HEOOXiJHA JUIsi CTBOPEHHS HOPMATUBHOI
OCBITJICHOCT1 Ha pOOOYOMY MICII:

E-S-z-K
=—3 (2.8)
D -n
ne E — HOpMaTuBHa OCBITJIEHICTh MOBEPXHI, JIK (BU3HAYAETHCS 3 TAOJMIIL

Honatky 16, BUXoasiuu 3 IpU3HAUYCHHS TPUMIIIICHHS );
S — mTora MoBEpXHi OCBITICHHS, M



Z — Koe(iIieHT MiHIMaIbHOI OCBITICHOCTI (11 amm po3:xaproBanHs, CIJI
ta [IPJI z=1,15, nnsa mominecuenTHux jami z=1,1);

K; — koediuieHT 3anacy (Bu3HauaeTbes 3 Tabnuui Jonatky 17, Buxoasun
31 CTYIIEHIO 3alMWJICHOCTI IPUMIIIEHHS );

@® — cBITJIOBUN TOTIK JpKepesia cBitia (lammu), [IM] (BU3HAYaeThbCs 3a
Ta0IUIEI0 10JaTKy 18, BUXOAS4YH 3 TUITY Ta MOTY>KHOCTI JIAMITH);

1 — Koe(ilieHT BUKOPUCTAHHS CBITJIIOBOTO TIOTOKY.

3HaueHHs Koe(]illieHTy BUKOPUCTAHHS T BU3Hayaemo 1o tadnuii Jonatky
19 micns BU3HaYeHHs 1HAEKCY NPUMILIEHHS i:

: S
1= (2.9)
H -(A+B)
ne H, — po3paxyHkoBa BUCOTa (BIACTaHb II0 BEPTHKAJ Bijl CBITMJIBHHKA JIO

po60U0T MOBEPXHI), M;

A Ta B — BiIOBIIHO, JOBKWHA Ta IITUPUHA TPUMIIIICHHS, M.

Jami, K 1 JJ1s CUJIOBOT MEpeXi, CIIoYaTKy OOMPAETHCS MICIE PO3MILLEHHS
OCBITJIIOBJILHOTO IIMTY (K TPaBUJIO BHHOCUTHCA 3a MeEXI BHOYyXo- abo
MOKEKOHEOe3MeYHOro MpocTopy) Ta BUMHUKAuiB. [IOTIM BU3HAYAlOThCA MapKu
BUOYX03aXUCTy a00 CTYIEHI 3aXUCTy O0OJIOHOK Ta TUIH OCBITIIFOBAJIbHUX IIUTIB,
CBITWJIBHUKIB (BUXOJSYM 3 MOTYXHOCTI 3a 3aBJaHHSM), BHUMHKAYiB, MapKd 1
cnoci0 MpokiaaKud TpoBOAIB Ta KaOemiB. Ilpu BHUOOpPY CBITHIIBHUKIB, SIKILIO
mxepenom cBitia € CJJI, To oOupaeTbcsi CBITWIBHHUK, PO3PAaXOBaHUM Ha
3actocyBaHHs JIP.

[licns  BU3HAYEHHS  3arajibHOi  KUIBKOCTI  CBITWJIBHMKIB ~ BOHHU
PO3NONUISIOTECA Ha TPYNH B 3aJIEKHOCTI BiJi MAaKCUMAaJIbHOI KUIBKOCTI Tpym Y
BUOpPaHOMY OCBITJIIOBAJIbHOMY IIUTKY T4 MaKCUMAaJbHO MPHUIYCTUMOI KUIBKOCTI
namn (Ha koxHy @¢a3zy He Outemie 20 JIP a6o JPJI; ne Oumbme 60 JIJI
notyxkHicTio 0,08 kBT; He 6utbine 75 JIJI motyxnictio 0,04 kBt (1. 6.2.10 [1]).
BukpecnioeTbess po3paxyHKOBa CXeMa OCBITJIIOBAJIbHOI Mepexki. BoHa MiCTUTh
BIJJOMOCTI MPO KUIBKICTh 1 MOTYKHOCTI CBITWJIBHUKIB B TPYIOBIN JiHIT, MapKy 1
crocid mpoKJIalaHHs MPoBo1Y (Kabesro) BUJT armapatiB 3aXUCTY.

[licns wboro npHUCTYNAlOTh JO MENI08020 PO3PAXYHKY  epPYNOBOi
OCBIMII0BATILHOL MEPEINCI.

Po3paxyHok moynHaeMo 3 po3paxyHKy poOOYOro CTpymMy B OJHIN TpyIoOBii
JIHIT OCBITJICHHS :

k 3
P -10
k HOM.T
Io=—2P A (2.10)
p-rp
Uy - €08 ¢y
) P
e Porirp =ZP§OM.CB — CyMa HOMIHAQJIBHUX IOTYXKHOCTEH CBITUJIBHUKIB B
p=l

OJlHI! rpymi, KBT;
P — KUIBKICTh CBITHJIBHUKIB Y OJIHIN TpyIIi;



P? . .. — HOMIHaIbHA MOTYXHICTb JIAMII OJHOTO CBITHJIBHUKY (CJIiI

3BEpPHYTU yBary, 0 B OJHOMY CBITWJIbHHKY MOX€ OyTH BCTAaHOBJICHO JCKUIbKa
namm), KBT;
U. =220 B — HOMIHaJIbHA HAIIPYra CBITHJIbHUKA;
(1) ’

COS (0, — KOE(ILIEHT MOTYKHOCTI (3aJIeKUTh BiI THUILy Jpkepena cBitia: JIP
—cos@=1,0, IPJI— cos@=0,95, JIJI - cosp=0,9, CAJI - cos p=0,8).

Jlani oGuparoThCsl anapaTu 3aXUCTy rpynoBux JiHid Big K3 Ta ctpymoBux
nepeBanTaxkeHb. Bin crpymiB K3 3axuimarorsbes Bei enexktpuyuHi mepexi (1m.3.1.8
[1]). Bin mepeBanTaXeHHs 3aXHINAIOTHCA HACTYIHI BUAM Mepex (1m.3.1.10 [1]):

- BCEpeaMHI MPUMIlEHb, BUKOHAHI BIIKPUTO MPOKJIAJEHUMHU MIPOBOJAMU 3
rOPIOYOI0 130JIAIII€10;

- JKUTJIOBUX, TPOMAJICbKUX, TOPTOBUX, CIY>KOOBO-IT0OYTOBUX MPUMIILLIEHHSIX
npu OyAb-IKOMY CIIOCO01 IPOKIIAIKHU;

- y BUOYXOHEO0e3MeuHNX Ta MOKEeKOHEOE3MEeYHUX 30HaAX.

Sxumo 3axuct rpynoBoi Mmepexi Big K3 3milicHIOETBCS aBTOMAaTUYHUM

BUMHKAYEM 3 €JIEKTPOMArHITHUM pOo34iIlitoBaueM, BUOHpaeMo 3 Tadiuil JogaTky

k
HOM. EJI.M.IP

14 #ioro ctpym [ 3a ymoBoto (1.3.1.4 [1]):

Liwenmm 2 Inrps A (2.11)

HOM.CJL.M. p.rp?
SIKo 3aXMCT TpyHmoBOi Mepexi BiJl TMEpPEBAHTAXKEHHS 3I1MCHIOETHCS

ABTOMAaTU4YHUM BHMHKAUYCM 3 TCIIJIOBUM posqinmoBaqu BI/I6I/Ipa€MO 3 Ta6JII/II_[i

k
HOM.TEIUL.IP

Lywrennip = Lprps A (2.12)

HOM.TEILI. p.rp?
Sxuro 3axuct rpynoBoi Mepexi Big K3 Ta nmepeBaHTa)keHHS 31MCHIOETHCS
TUIaBKUM 3alO00DKHUKOM, BUOMpaeMo 3 Tabnuii Joxarky 15 HOMIHANBbHUN CTpyM

HNonatky 14 #ioro ctpym [ 3a ymoBoto (1.3.1.4 [1]):

H0ro NaBKOi BCTaBKU [ :OM.BCT.FP 3a ymoBoto (1.3.1.4 [1]):
K K
]HOM.BCT.Fp 2 ]p.rp : (2 13)
Jlani BuOupaemo 1oy nepepisy Kuil IpoBoAiB a00 KabesiB 3a yMOBOIO:
k K
]npnn.rp 2 ]p.rp s (2 14)
ae 1 lljpmrp — CTpPYM, NPUIYCTUMUH MPOTATOM TPUBAJIOTO Yacy AJIsi MPOBOIIB

abo0 kaOeniB, SAKUH BHU3HAYAETHCS pa3oM 3  BILANOBIIHUM  MEPEpi3oM

CTPYMOIPOBIAHOT X WiH 3 Tabnuup rinasu 1.3 [1].

k
MIPUILTP

[Ipunyctumuit crpym [ st oOpaHoro kabemto abo MpoBOIY

nepeBipsieTbes 3a yMoB (11.3.1.11 [1]):
TUTs1 BUOYXOHEOE3MeYHUX 30H:

k k k k
0815 o >1 a6o 0.8-1X = >1 (2.15)

TIPUILT HOM.TCIUL.IP TIPUILT HOM.BCT.I'p ?

TSl HeBUOYXOHEO0e3MeYHUX 30H:



k k k k
I A— a00 Iy 21 (2.16)

TIPUILT HOM.TCIUL.IP TIPUILT HOM.BCT.T'p

Ta 32 HEOOXITHOCTI 30UIBIIYETHCS 10 HAMOIMIKIOTO CTAHJAPTHOTO 3HAUYCHHS.

Jlaii po3paxoBY€ThCs pO3MOILTHHA OCBITIIOBaJIbHA MEPEXKA.

PosnoninpHa OCBIT/IIOBAJIbHA MeEpeka 3axWIlaeTbcsi TUIbKKM Big K3
(mm.3.1.8, 3.1.10 [1]).

SIKIIO >KWBJICHHS OCBITIIOBATBHOTO IUTAa 3IIHCHIOETBCS OHO(DA3ZHUM
CTPYMOM, TO JIJIsi BUBHAYEHHSI POOOYOro CTpyMy B PO3MOJUIbHIN OCBITIIOBATbHIN
MepeKi 3aCTOCOBYEThCS (popMmyIa:

K
o _ k
14 = kz_:‘]p”’ VA, (2.17)

ne K — KUIbKICTb IpyMOBUX JIiHIM OCBITIIOBAIbHOT MEPEXKI
SIKIIO0 SKMBIEHHS OCBITVIIOBAJIBHOIO IIUTA 3IIACHIOETHCA TpU(azHUM

CTPYMOM, TO CTpyM [ ;uo HEOOX1IHO BUZHAYUTHU 32 (OPMYIIOIO:

mo _ gk .
N9, =15 Ky, A; (2.18)

ne KoedirieHT K3d) — HaWOJIMK4e OUIBIIE IIJIE YMCIIO BiJ YHUCIIa E

3axuct Big K3 3miliCHIOETECA aBTOMAaTUYHUMUA BUMHUKadYaMu a00 IIaBKUMU
3aM00 DKHUKAMMU.
ABTOMAaTUYHHUNA BUMHUKAY, IO 3aXWIIAE PO3MOJAUILHY OCBITIIOBAIbHY

Mepexxy Bin K3, BuOUpaeTbcsi 3 TakUM €JIEKTPOMArHiTHUM pO3YIILIIOBAYeM
1,00

som.exn » A1 SIKOTO BUKOHY€EThCst yMoBa (11.3.1.4 [1]):

o > o (2.19)

HOM.en.M — * p(3D) -
Bubupaetbces 3 Tabnuui Honatky 14.
[InaBkuii  3amoOODKHUK, 1[0  3aXHINAE  CJIEKTPUUHY  PO3MOAUTHHY
OCBITNIIOBaJIbHY Mepexy Bia K3, BuOMpaeThcs 3 Takolo MIABKOIO BCTABKOIO, IS
K0T BUKOHY€EThCs ymoBa (11.3.1.4 [1]):

Mo > e (2.20)

HOM.BCT — ~ p(3®d)*
Bubupaerbes 3 Tabaui Jlonarky 15.
[Ipu uboMy HEOOXiTHO 3a0e3MeUeHHS] BUKOHAHHS 8UMO2U CELeKMUBHOCHI
(m.3.1.8 [1]) poboTH anapariB 3aXUCTy Y TPYNOBINA Ta B PO3NOAUIBHIN JIHIAX:
- TIPU 3aXUCTI Mepexl aBTOMAaTUYHHUMH BUMHMKAYaMH — HOMIHAJIbHI CTPYMH
PO3UIIIIIOBAYIB CYMDKHMX aBTOMATHYHUX BUMHUKA4lB MOBUHHI BIAPIZHATHUCS OJUH
BIJl OJTHOTO HE MEHIIE HK Ha OJAMH KPOK 3a IIKaJI00 HOMIHAJIBHUX CTPYMIB;

- MIPU 3aXKCTI TNIABKUMHU 32001 KHUKAMU 32 YMOBOIO:
7P
—HOMET > 1,6. (2.21)

1
HOM.BCT

Jlani BuOupaeMo mionty nepepizy K IpoBOJIiB a00 KabesiB po3MnoAUIbHOT
OCBITJIFOBAJILHOT Mepexi 3a yMmoBoto (11.3.1.12 [1]):



J;J;I?n > 1p(3q,), (2.22)

ne IM°  _ npunyctumuii IpoTArOM TPHBAIOro Yacy CTPYM JUIS IIPOBOJIB abo

ann
Ka0eniB, SIKUA BU3HAYAETHCS PA30M 3 BIAMOBIAHUM IEPEPI3OM CTPYMOMIPOBITHOI
KWy 3 Tabaunp raasu 1.3, A [1].

[Ticns BuOoOpy Mol mepepidy KU MPOBOMAIB ab0 KalOeniB HEOOXiTHO
NEepeBIpUTH BIANOBINHICT 1 MapamMeTpaMm amapaTy 3axucrty. Tak SK 3axXucT
3M1MCHIOEThCS TUTbKH Bifl K3 3acTocoByroThCst HacTymH1 ymMoBH (11.3.1.9 [1]):

- TIPU 3aXUCT1 MEPEKl aBTOMAaTUYHUMH BUMHUKaYaMu:

o
]cnenM —4 5 ]npvmﬂ (223)
- IIpu 3aXMCT1 INIaBKUMH 32100 DKHUKAMU:
]P]{_OHI\(/I)BCT <3 ]npvm (224)

[Tpu HeBuKOHaHHS yMOB (2.23) a6o (2.24) HeoOxiaHO 3 TabauIh raasu 1.3
[1] o6paTu ipoBia abo kabesb 3 OUIBIINM CTaHAAPTHUM TEPEPIZOM.

Jlami BUKOHYETBCS PO3paXyHOK MEpPEKi KUBJICHHS, SIKHHA TOYMHAETHCS 3
BHU3HAYCHHS PO3PaXyHKOBOTO CprMy B HIl:

1”’”l K, 21‘ + I

o LA, (2.25)

ne K. — koedilieHT monury, Mo XapakTepU3ye IMOBIPHICTh OJHOYACHOI POOOTH
BCIX JIBUTYHIB (BU3HAYa€eThcs 3 Tabmuil 2.1).

Tabnuus 2.1 — BennunHa kKoedillieHTY MONUTY €J1eKTPOBUTYHIB

Kinpkictb MKITIOYCHAX ) 3 4 5 6 ] 10 20
CIICKTPOJIBUT'YHIB

Koedimient nonuty, K. 1.0 0,9 0,8} 0,7| 0,6 0,5 04 0,3

MakcumanbHH CTPYM B MEpPEXK1 )KUBIICHHS] BA3HAYAETHCS 32 (HOPMYII0L0:

n-1
]FPH.[ KC . zll ]Hal/l6 ]

Max IyCK p(3 (1)) ’

A. (2.26)

Mepexa >xuBieHHs 3axumiaetbcs TUlbkK Bl K3. 3axucr Bim K3, sk
MpaBUIO, 3AIMCHIOETbCS ~ aBTOMATHYHUMH  BUMHUKadyaMud a00  TUIaBKUMHU
300 DKHUKAMU.

ABTOMaTUYHUM BHUMHKAY, IO 3axHIIae Mepexy >KubieHHS Bin K3,

. . P
BI/I6I/Ipa€TBC$I 3 TaKUM CJICKTPOMArHITHUM PO3YILIOBAYCM 1 HOI\%J‘[M’ I AKOT'O

BUKOHY€ThCS yMoBa (11.3.1.4 [1]):
<[FPU1 <[FPU1

HOM.CII.M — 2‘27
[P 5125 70 220

[InaBkuit 3amoODKHMK, MI0 3aXWIIAa€ MeEpexy KubleHHS Bing K3,




BI/I6I/Ipa€TBC$I 3 TaKOIO IINTIaBKOIO BCTABKOIO, AJIA SIKO1 BHKOHYE€THCA YMOBA:

]FPLH
Lyomnee 2% (2.28)

3 nopatkiB 14 Ta 15 oOupaemMo HOMIHAJIbHI NapamMeTpu aBTOMATHUYHOIO
BUMHKa4a a00 TUIaBKOTO 3aM00KHUKA.

[Ipu uboMy HEOOXiTHO 3a0e3MeUeHHS] BUKOHAHHS 8UMO2U CELeKMUBHOCHI
(m.3.1.8 [1]) poGoTu anapatiB 3aXUCTy y BIATATY>KEHHAX 10 CUJIOBOTO MpHiimMaya,
PO3MOUIBHIN OCBITIIOBAJIbHIN Ta MEPEXK1 KUBJICHHS.

Busznauaemo mnepepiz KWiM KaOelo Mepexi JKHUBJIEHHS 32 YMOBOIO
(m.3.1.12 [1]):

Lo 21,7 (2.29)

npun  —
Ta 00upaemo ioro 3a tTabaunsamu riasu 1.3 [1].

[licns BuOGopy mnepepidy HEOOXIIHO TMEpPEeBIPUTH BIAMOBIAHICTH HOTO
rnapaMeTpaM amapary 3axucTy. Tak SK 3aXucT 3IIMCHIOEThCS TUTbKKM Binm K3
3aCTOCOBYIOThCS HacTymHi ymoBH (11.3.1.9 [1]):

- TIPU 3aXUCT1 MEPEKl aBTOMATUYHUMH BUMHUKaYaMu:

P TP .
]cn.en.M <45- ]HpHn > (230)
- TIPH 3aXUCTI TUIAaBKUMU 3aTI00KHUKAMH:
P TPII
]HOM.BCT S : ]HpI/II'I ¢ (2'3 1)

ITpu HeBukoHanHs ymoB (2.30) a6o (2.31) HeoOxiaHO 3 TaONUIK rIaBu 1.3
[1] o6paTu ipoBia abo kabeynb 3 OUIBIIMM CTaHAAPTHUM IEPEPIZOM.

BukoHyemMo mnepeBipouHUN PO3PAXyHOK Ha HAJIAHICTh BIJKIIOYEHHS BiJ
JDKepeNl eNeKTPUYHOIO JKMBJIGHHS Npu BUHUKHEHHI K3 HampukiHmi JiHii, 110
3aXUIIAETHCS.

Hanifine BinkirodeHHS 3a0e€3MeUyeThCs, SKIIO BUKOHYIOTHCS HACTYIHI

ymoBH (1. 3.1.8 [1]):
JLN
- —=—2>1,25(1,4) — nana aBTOMAaTIB 3 EJIEKTPOMArHITHUM
HOM.EJL.M.T' P
po3uitutroBauem, ae 1,25 — nis aBToMariB Ha HOMiHaAbHI cTpymu Buile 100 A,
1,4 - nyist aBTOMATIB Ha HOMIHAJIBHI cTpymu 70 100 A;

L-N
1 . :
- —2——2>3(4) — nna mnaBKuX 3anoObKHUKIB (1udpa B AyKKax
HOM.BCT.Ip.
BIJTHOCUTBCS 10 €JIEKTPOMEPEkK Y BUOYXOHEOE3IMEUHUX 30HaX);
2
JLN
- —©——>3(6) — mi1g aBTOMATIB 3 TEIUIOBUM pO3YilUItOBaueM abo

I

HOM.TCIULT P
MarHiTHUX TyCKayiB 3 TEIUIOBUM pene (mudpa B IyXKKax BIZHOCUTBCS IO
eJIEKTpOMEPEX Y BUOYXOHEOe3NEUYHUX 30HAaX).



PospaxoByemo ctpym K3 mix ¢da3zHuUM 1 HEHTpaJIbHUM MPOBIIHUKAMH B
KIHI[ BIATATYKEHHS, IK€ Ma€ HAMOUIbIITY TOBXKHUHY MTPOBOJIIB:

U
JEN =0 A (2.32)
L-N
ne Uy — dasna Hanpyra B Mepexi, B;

71 N — TIOBHUH CyMapHMiA OIIp MOCTIAOBHO 3'€JHAHUX eJleMeHTIB koja K3,
Owm.

Jlist po3paxyHKy MOBHOTO cyMmapHoro omopy B koii K3 HeoOximHO
HAKpPECIUTH PO3PAaXyHKOBY CXeMy, sika OyAyeTbCS Ha OCHOBI pPO3paxyHKOBOI
CXEMH €JIEKTPOIOCTaYaHHs 3 BKa31BKOI HAWOUIbLIOI JOBXHHM I'PYHOBOI JIiHII Bl
OCBITJIIOBAJIBHOTO IIUTA JI0 CBITHJIBHHUKA, PO3MOAUIBHOT OCBITJIIOBAIBHOI MEpexi
Bil ocBiTIoBaJibHOro mmuta g0 ['PII 1 mepexi xuBnenns Bim ['PII mo
Tpanchopmaropuoi miactaniii (TII).

[loBHuit omip kona K3 mix ¢da3zHUM Ta HEHTpaJbHUM NPOBITHUKAMH Z N
BU3HAYa€THCA 32 (POPMYIIOLO:

2 2
Zin AR AR + RS (X x + Y X\ + 2y, [OM], (233)
1 : : .. .
ae R, =p, -S—; X, =a, -{ — BIANOBIAHO AKTUBHUM 1 IHIYKTUBHUU
L
omip IUISHKUA (ha3HOrO Koja, MPOTATOM SKOi IPOBITHUK Ma€ OJHAKOBUU mepepi3 i
Mapky, Owm;

Ry =px -S—; Xy =ay-{ — Te k, ajge A HEUTPaIbHOIO IPOBIIHUKA,
N

Owm;

S. ta Sy — mepepis kwin (GasHOTO 1 HEUTPaJbHOTO TMPOBIIHUKIB,
BIJITOBIJTHO, MM2;

p=32 OM-MM*/KM — TUTOMHUIA OTIip MaTepiady MpoBiTHNKA (aMOMiHii);

p=19 OM-MM*/KM — TUTOMHUIA OTIip MaTepiady MpoBiTHUKA (Mifb);

{ — NOBXWHA JUISHKU 3 OJTHAKOBHM IEPEPI30M JKHII 1 OJJHAKOBOKO MapKOIO
MIPOBIAHUKA, KM;

ap N — CEPEHE 3HAYEHHS IHIYKTUBHOIO ONOPY IUISHKH IPOBIAHMKA (JIJIs
kabemo a;  =0,070M - kM, s mposoay ap y = 0,09 Om - km);

R, — mepexigHuil omip KOHTAKTHUX 3'€1HaHb, OM:

R _=0,0150M — qa PII Ha migcranmii,

R _=0,0200M — 111 po3nOAUIBHUX IIUTKIB, MIAKIIOUEHUX Bl MIJCTAHIIII,

R _=0,0250M — g BTOPMHHUX PO3MOAUIBHUX LIUTKIB 1 HA 3aTHCKa4ax
anaparis, MIJKIIOYEHUX BiJl IEPBUHHUX LIEXOBUX HIUTKIB,

R =0,030m — nns anmapaTypH, YCTaHOBJIEHOI O€3IOCEpPENHbO Iepen
CJIEKTPUYHUMU TpUiMayaMu (BUMHKadi, KOHTAKTOPH, IycKaui), MIAKIOYEHOIO
BiJl BTOPUHHUX PO3MOJIUILHUX IIHTIB;



Z; — npuBeneHuil omip tpanchopmaropa ctpymy K3 — Bu3HadaeThcs 3

BUXITHUX JaHUX, OM.

Horxuna ninsaku Bif TII 1o ronosHoro (nmepsunHoro) PII Bu3HavaeThes 3
BUXIJTHUX JaHUX, JOBXHHA IUISHKH Bi mepBuHHOTO PIII 10 OCBITIIOBAJIBHOTO
IIUTKA MPUUMAETHCS PIBHOK 5 M, a JOBKHHA HAWJOBIIOTO BIiATaMy>KCHHS Bij
OCBITJIFOBAJILHOT'O IIUTKA BU3HAYAETHCS 32 (HOPMYJIIOIO

l,=A+B+H,mMm, (2.34)
Ie A — TOBXXHHA TPUMIIIEHHS, M;
B — mmupuna npuMiiiieHHs1, M;
H — BucoTa nmpumitieHHs, M.

[Ipy HEBUKOHAaHHI YMOBU HAJIHHOCTI HEOOXIAHO a00 3MEHIIMTH KLIBKICTh
CBITWJIBHMKIB y TpyIi (TOOTO 3MEHILUTH CTPYM IPYIOBOi OCBITIIIOBAJILHOI MEpPEXKi)
a00 30UIBIINTH Tepepi3 KU1 KabeJbHUX BUPOOiB, a00 3aMIHUTH KaOelbH1 BUpOOU
3 aJIOMIHIEBUMH KUJIaMU Ha KaOeabH1 BUPOOU 3 MITHUMHM KUJIAMU Ta MOBTOPUTH
TETUJIOBUM PO3PAXYHOK.

2.4 IIpoeKT IITY4YHOIO0 323eMJII0OBA4a

MeToro po3paxyHKy MITYYHOTO 3a3€MIIOBATBHOTO MPUCTPOIO € BU3HAYCHHS
TaKOi KOHCTPYKIII 3a3emiioBada, NpH sKiM Horo (axkTu4yHHil omip pO3TIKAHHIO
CTPYMIB B IPYHTI HE TIEPEBHIIYE€ HOPMATHUBHY BEITHUUHY.

Jlist  po3paxyHKy 3a3eMJICHHSI BHKOPUCTOBYEMO Memoo Koegiyienmis
BUKOPUCMAHHSL.

CrouaTky BU3HA4a€MO JOMMYCTUMUN HOPMAaTUBHUH omip 3a3emimroBada. Jljis
eJIeKTpoMepexi 3 JiHIHHOI Hampyrotoo 380 B HopMatuBHMI omip 3a3emitoBaya
3aXMCHOTI0 3a3eMJIeHHs AopiBHIOE R, =4 Om . 1.7.92 [1].

Busznauaemo po3paxyHKOBHI MUTOMUMN OMIp IPYHTY:

pp03p :prp "V, (235)
1€ Prp — MATOMHH OmIp IPYHTY, [OM-M];
Y — KIIMAaTHYHUA KOe(IIieHT omopy IpyHTy, IO BpPaXOBYE MOXKIIUBE

MIABUIIICHHS ONOPY IPYHTY MPOTATOM POKY Y TMOPIBHSIHHI 3 3aJJaHUM 3HAYCHHSIM
prp (Tabmuna Honatky 20).

B sAKoCTI BEpPTHKAJIBHHX €JIEKTPOMIB  JO3BOJISIETBCS ~ BUKOPUCTAHHS
CTaJICBOIO KOJIa JiaMeTpoM He MeHime 16 MM. J[s 3a1aHOro y BHXITHHX JaHUX
TiaMeTpy BEPTHKAIBHOTO €JEKTPOJY BH3HAYAEMO OIp PO3TIKAHHS CTPYMY

OJIHOTO eJIEKTpoJia (pUcyHok 2.1):
Rl :ppi ln£+llnw

: (2.36)
2w/ 2 5-H-/

(mpu Hy> 0,5 M1 £ >d).
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Puc. 2.1 — EneMeHTH IITYYHOTO 3a3€MIIIOBaya; a) — KpyIJIMi BEPTUKATbHUMA
elneKTpoa, ©0) — Kpyriuid TOPU3OHTAIBHHM €JIeKTPOJ, B) — TOPU3OHTAJILHUM
€JIEKTPOJI 3 MPSIMOKYTHOT 1ITabu

3a1a04nch TOBUIBHO KUIBKICTIO BEPTHKAJIBHUX €JIEKTPOJIIB 1 PO3MICTUBLIN
ix Ha BiacHUI po3cyn Ha 1uiaHi (y pax abo KOHTYp), BU3HAUMBIIM BiJHOIICHHS

. .. . o a .
B1ACTAH1 MIX CJIICKTPOAAaMHU a OO0 1X JOBXHWHU 14 (3BI/I‘{aI/IHO Z HOPIBHIOE 1, 2 abo

3), BU3HA4Ya€EMO KOE(PILIEHT BUKOPUCTAHHS BEPTUKAIBHUX €JEKTPOAIB T,
(tabmuus omatky 21).

Ilicns LBOTO PO3PAXOBYETHCSA OMIp TOPH3OHTANLHOTO €IeKTpoday R 3a
OJIHI€I0 3 popMyT:

- SIKIIIO €JIEKTPOJI — CTajieBa mrada B IPyHTI:

er _ _Prow -In 2-L° HpI/ILZ 5; (2.37)
2-n-L  b-H, H,

- SKIIO €JIEKTPOJI — CTaJIEBUI MPYT:

2
R=Lrow L ulss (2.38)
2on-L doH TUH,




CymapHa JOBXHHA TOpPU30HTAJIBHOrO e€leKTpoay L BU3HAauYaeThCs
BUXOJISIYM 3 BIICTAH1 MK BEPTUKAJIIBHUMHU €JIEKTPOJIaMHM a Ta iX KUIBKOCTI N:
- TIPU PO3TAILyBaHHI BEPTUKAIBHUX €JIEKTPOAIB IO KOHTYPY:

L=1,05-a-n, m (2.39)
- IIpH pOBTaH_IYBaHHi BCPTUKAJIBHUX eJIeKTpOIIiB B pAnO:
L=1,05-a-(n-1), m. (2.40)

YTOUYHIOEMO BENMYHMHY ONOPY TOPU3OHTAIIBHOIO €JIEKTPOAA 3 YPaxXyBaHHAM

roro koedimienta Bukopuctanus 1, (tabauns Jomatky 22):

Rl
R =2 owm. (2.41)
Nr
BI/I?)HaLIaCMO MaAaKCHUMAJIBHO HOHYCTI/IMI/Iﬁ OHip BepTI/IKaJIBHI/IX eJIeKTpOIIiB:
R -R
R =2t o, (2.42)
Rr - RH

[licns 1pboro, BpaxoBYIOUM BEIUYHMHY KOE(IIIEHTa BHUKOPUCTAHHS
BEPTUKAJIBLHUX €JIEKTPO/IIB, BU3HAYAEMO iX OCTATOYHY KUIbKICTb:

n=—f_ (2.43)

N, R,

[TpuiiMmaemo HaitOIMKYe OUIBIIE 1IUJIe 3HAYSHHS N.

Po3paxyHOK  BBa)KaeTbCsi  MpaBWIBHUM, SKIIO oOOpaHa  KUIBKICTh
BEPTUKAJIbHUX E€JIEKTPOAIB MMEPEBUIIYE iX PO3paxOBaHY KUIBKICTh HE OLIbIIIE, HIK
Ha OJIMHHUIIIO.

[Inan 3a3emulIOBajIbHOTO MPUCTPOIO MPHUBOJIUTHCA B rpadidyHiii yYacTuHI
npoekty. Takoxk TaM  TNpUBOAMUTBCA  crenudikalis  MarepiamiB,  sKl
BUKOPHUCTOBYIOTHCS B KOHCTPYKIIIT 3236 MIIIOBAILHOT'O MPUCTPOIO.

2.5 IIpoeKT 0,1MCKABKO3aXUCTY

Bbyaunku 1 ciopyau (a6o iX 4acTUHU), B 3aJI€KHOCTI Bl MPU3HAYEHHS, 1H-
TEHCUBHOCTI I'PO30BOI AISNIBHOCTI B palioHl iX 3HAXO/KEHHS, TOBUHHI OyTH 3aXu-
IIeH1 B MPSAMHUX yJapiB OJMCKABKHU Ta il BTOPUHHUX JiH [4].

[IpoekT OJIMCKAaBKO3aXMCTy TMOBHMHEH MICTUTH TNPOEKT 30BHINIHBOI Ta
BHYTpIIIHBOI cuctemu OnnckaBko3zaxucty (Cb3 abo LPS — lightning protection
system).

[Ipu3naueHHsIM 30BHIIHBOT LPS €:

- TIEPEXOIUTH Clajiax OJIMCKAaBKU y OyIiBIIO (criopyay) (3 JOMOMOTOK0 CHC-
TEMU MEPEXOIUICHHS );

- BiIBECTH O€3MEYHUM YMHOM CTpyM OJUCKAaBKH 10 3eMJl (3 JOMOMOIOIO
CUCTEMH JI03€MHHUX MPOBIIHUKIB);

- pO3CiSITH HOT0 y 3eMJI1 (3 JOTIOMOT 00 CUCTEMU 3€MJISTHOTO 3aKIHUEHHS ).

Oyukiist BHYTpiHbOi LPS nonsrae y 3anobirandi HeOe3Me4HOMY 1CKPIHHIO
BCEepeIUHI OY/iBII (CTIOPYAH), 3 BUKOPUCTAHHIM €KBIMOTEHIITHOTO CIIOIy4YEHHSI



a00 pO3AUIbHOI BiJICTaHl, (M, OTXe, €IEeKTPUYHE 130JIF0BAaHHS) MK €JIeMEHTaMU
LPS Tta iHIIUMH CTPyMOIIPOBIIHUMU €JIEMEHTaMU BCcepeIiHI OyaiBii (CIOPY/In).

Tun nepexoruioBauya OnuckaBku (OJMCKaBKONMpHUiiMaua) BU3HAYAETHCS BU-
ximHuMu ganumu o KIT.

[Ipoext LPS cxnagaerbes 3 nHactynnux etaniB (puc. E.1 JICTY EN 62305-
3):

1) xapakTepucTHKa 3aXHILyBaHOi OyaiBI1 (CIOPYIN);

2) OUIHIOBaHHS PI3UKIB Ta BU3HAYEHHS HEOO1IHOTO PIiBHS OJIMCKAaBKO3aXH-
cuty (PB3 abo LPL — lightning protection level);

3) BuOip TUMy 30BHIIIHKOI LPS;

4) BU3HAYEHHS PO3MIpPIB KOMIIOHEHTIB 30BHIIHBOI LPS (Mmiciie BcTaHOB-
JIEHHSl Ta BUCOTA MEpeXoIultoBaya OJMCKABKU, CUCTEMA JO3EMHUX IMPOBIIHHKIB,
CHUCTEMa 3eMJITHOTO 3aKiHYCHHS);

5) mpoekTyBaHHs BHYTpilIHbOI LPS (BU3HAue€HHS MeX 30H 3aXHUCTy BiJ
BTOPUHHUX Jii OJMCKaBKH, MOPSIOK €KpaHYBaHHS Ha MEXKaxX 30H 3aXUCTy BiA
BTOPUHHUX N1l OJIMCKABKH);

6) BUKOHAaHHS HEOOXITHUX KpPECIIEHb.

VYci 06’extu KIT € abo 3 pusnkom BUOYXy ab0 MokKeKOHEOE3MEUHUMH.

Jlns BuzHaueHHsi kiacy LPS cnii mpoBOAWTH OILIHKY PU3UKY BIIIOBIIHO
JNCTY EN 62305-2. ocBig NpoBEICHHS BKa3aHOI OIIHKHM IIOKa3ye, IO IS
00’€KTIB 3 pU3UKOM BUOYXY HeoOxinHa, sk npasuio, LPS Il-ro xnacy, a ans no-
xexxonebesneunnx o6’extiB — LPS ab6o II-ro a6o Ill-ro kmacy. Tomy nus ycix
00’exTiB KII nouinbHo 3acrocoByBatu LPS He Huxue II-ro knacy.

Binnosinno no tabnumi 1 JJICTY EN 62305-3 LPS II knacy Bignosigae II-it
LPL.

B KII 3axucT 00’€kTa 311HCHIOETbCS 00 BEPTUKAIBHUM CTPHKHBOBUM 200
JIPOTOBUM (TPOCOBHUM) MEPEXOILTIOBAYaMU OJIMCKABKH.

IpoexT 30BHiHBOI LPS. Binnosigno n. 5.1.2 ACTY EN 62305-3 y 06i-
JBIIOCTI BUNAAKIB 30BHIIIHSA LPS Moxe OyTu nmpuenHaHa 10 3aXMIyBaHOi Oy/IiB-
ni. [3onboBany 30BHIIIHIO LPS Hanexxuth po3riasaaTy, KO TEPMIUHI Ta BUOYXO-
Bl €()eKTH y TOULll YpaKeHHsI a00 Ha MPOBIAHUKAX, II0 HECYTh CTPYM OJIMCKABKH,
MOXXYTh CTAaHOBUTH HeOesrneky Jisi Oynisii (cnopyau) ado juis ii BMicTy. Tumo-
BUMHU MPUKIAJaMU € OyAiBiIl (CIOpyAu) 3 3aMUCTOIO MOKpiBieto, OYyaiBil (cro-
pyau) 3 3aMMUCTUMH CTIHAMH Ta 30HAMH 3 PU3UKOM BUOYXY 1 MOXKEXKI.

Binmosinno m. 5.2.2 ta gogatky D JICTY EN 62305-3 koMnoHeHTH miepe-
XOIUTIOBaYiB, BCTAHOBJIEHI Ha OyAiBml (cropyai), Mae OyTH PO3MIIIEHO HA KyTax,
BUCTYIMHHUX TOYKax Ta py0ax (0coOJMBO Ha HAWBHILIMX PIBHAX BCAKHUX (acaiiB) y
BIZMIOBITHOCTI 3 OJTHUM a00 KUIbKOMa 3 TaKUX METO/IIB.

- MeTOoJ 3aXHCHOro KyTa (protection angle design method),

- meton cdepu, mo kotuthes (rolling sphere design method).

Merton cepu, 10 KOTUTHCS BBAXKAETHCA HAMOLIBII TOYHUM METOIOM.

Merton cdepu, 110 KOTUTHCA MOXKe OyAM 3aCTOCOBAHMN MPHU MPOEKTYBaHHI



CUCTEMHM OJIMCKABKO3aXUCTY ISl OyAiBEb Ta CIOPYA OYJIb-IKO1 CKJIaJIHOI (POPMH.
3aCTOCOBYIOUH 11€H METOJ, PO3MIIICHHS CUCTEMU MEPEXOTUICHHS BBAXKAETHCS BiI-
MOBIJTHUAM, SKIIO KOJHA TOYKa OymiBii (CIIOPYIH), IO 3aXUIIAETHCSA, HE TOpPKa-
€TbCSl cpepu pajalycoMm 7, 3aekHO Bix kinacy LPS, mo KoTuThcs HaBKOJIO Ta Bep-
X1BKOIO OyaiBIi (CHOPYIM) B yCIX MOXJIMBUX HampsMmkax. Takum duHOM, cdepa
TOPKAETHCS JIUIIE CUCTEMU TIEPEXOILTIOBAYIB.

Burnsan 06’emy, mo 3axuimaerbes, npuBoautbest y Jomatky A mo ACTY
EN 62305-3.

Ha puc. 2.2 npuBeaenuil nepepi3 y BepTUKaIbHIN IJIOLIKMHI 00’ €My, 110 3a-
XHILAETHCS BEPTUKAIBHUM CTPH)KHEBUM IMEPEXOILTIOBAYEM, 110 PO3PAaXOBAHO Me-
TOI0M c(hepH, 0 KOTUTHCS.

Puc. 2.2 — Ilepepi3 y BepTUKaJIbHIN TUIOMIMHI 00’ €My, 1110 3aXMILAETHCS BEPTHKA-
JBbHUM CTPUKHEBUM NEPEXOIoBaYeM (po3paxoBaHO MeToAoM cdepu, 1o Ko-
TUTHCS)

Paniyc cdepu, mo kotuthesi BU3HavyaeTbest kiacom LPS. BinmosigHo Ta0-
muui 2 JICTY EN 62305-3 ans LPS 11 knacy pazaiyc cdepu, 10 KOTUTbCS, AOPIB-
HI0€ 1, =30 M.

MeToj 3aXHMCHOTO KyTa MiIXOAUTh 10 00’ €KTIB MPOCTOI POpMH.

Po3MillieHHs1 CUCTEMU MEePEeXOIUIeHHS] BBAXXAETHCS BIAMOBIIHUM, SKIIO OY-
HiBJIs (Cropyna), 10 3aXUIIAETHCS, MOBHICTIO 3HAXOJUTHCS Y MEXAaX 3aXUIIEHOTO
00’eMy, AKul 3a0€3MeUy€eThCsl CHCTEMOIO NMEPEXOIICHHS.

O6’eM, 110 3aXUIIAETHCS BEPTUKAIBHUM CTPUKHSAMU, IPUUMAETHCA TaKUM,
1o Mae (Gopmy NpsSAMOro KpyroBoro KOHyca, BEpIlIMHA SIKOTO PO3TalllOBaHa Ha OCi
OJIMCKaBKOMpHiiMaya, 3 MOJOBUHHUM KYTOM TPU BEPILIMHI 0, 3aJ€KHO BiJ] KJacy
LPS, Ta Ha BUCOTI cucTeMu nepexoruieHHs. [Ipukinaau 3axuiieHoro o0’ eMy HaBe-
neH1 Ha puc. 2.3 ta 2.4,



Puc. 2.3 — O6’em, 110 3aXUIIAETHCS BEPTUKAIBHUM CTPHXKHEBUM MEPEXOTI-
JAr0BavYeM (pO3paxoBaHUI METOIOM 3aXMCHOTO KYyTa)

a

A T
\

\
\ h2

Y Y

Puc. 2.4 — O6’em, 1110 3aXUIIAETHCS BEPTUKAIBHUM CTPHXKHEBUM MEPEXOTI-
Jr0Ba4YeM (pO3paxoBaHUI METOIOM 3aXMCHOTO KyTa)

O06’eM, 110 3aXUIIAETHCS IPOTOM, BU3HAYAETHCS KOMIIOHYBAHHAM 00’ €My,
KWW 3aXUIIAETHCS BIPTyaIbHUMHU BEPTUKAJILHUMH CTPIIKHIMU 3 BEpIIMHAMH Ha
npoti. Ha puc. 2.5 npuBeneHo 06’eM, 110 3aXUINAETHCS TPOTOBOIO CUCTEMOIO Tie-
PEXOIUIEHHS, 1110 PO3paxOBaHa METOJIOM 3aXHCHOTO KyTa.



Puc. 2.5 — O0’em, 110 3aXUIIAETHCA TPOTOBOIO CHUCTEMOIO MEPEXOIJICHHS
(po3paxoBaHU METOJIOM 3aXHCHOTO KyTa)

Bignosiano pucynky 1 JICTY EN 62305-3 3axucHUil KyT o 3aJI€XKUTh BiJ
BUCOTH mepexoruioBaya onmckaBku h. Ha puc. 2.6 npuBeneHo 3anexHICTh BENU-
YUHM 3aXMCHOTO KyTa O BIJ BUCOTH nIepexorioBada OmuckaBku h pias LPS 11
KJ1acy.
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Puc. 2.6 — Buznauenns BenuuuHM 3axucHoro kyta mist LPS II kiacy

3a pexomengamismu 0. D.3.3 JICTY EN 62305-3 ans ycix cuctem Oiucka-
BKO3axXHCTy BUOYXOHEOE3MEUHUX CIIOPY/ ClIiJi BHKOPUCTOBYBATH CHUCTEMY 3E€MIIs-



HOTO 3aKiHueHHs (3a3emiieHHs) B-tumy. Llei Tun Bkito4ae 30BHINIHIN KUTbLIEBHMA
MPOBIIHUK CTOCOBHO CIOPYAM, IO 3aXUIIAETHCS, SIKUA KOHTAKTYE 3 IPYHTOM
npuHaiiMH1 Ha 80% #oro 3araabHO1 JOBXHHHU, 400 (PyHIaMEHTHUN y3eMIIIOBAJIb-
HUN €NEeKTPOJ, SIKUUA YTBOPIOE 3aMKHEHE KOJIO. Taki y3eMIIIOBaJibHI €JEeKTPOAU
MOXKYTh TaKOX OyTH MOETHAHI Y CITKY.

Omnip 3emil CUCTEMH 3eMIISTHOTO 3aKiHYeHHS OyIiBeib (Cropyxd), AKi Mic-
TATh BUOYXOBI CyMillll, Ma€ OyTH SIKHAHMEHIIIUM 3 MOKJIUBUX 1 HE MIEPEBUILYBATH
10 Om .

Ipoext BHyTpimHbOi LPS. Cuctema 01uckaBKo3axuCTy OYAMHKY TaKOXK
MOBUHHA BKJIIOYATH BHYTPIIIHIO CUCTEMY 3aXUCTY Bij] OMCKaBKH — yacTuHa LPS,
IO CKJIAJJA€ThCS 3 CUCTEMHU EKBINMOTEHLIMHUX CIOJIYYEHb 3aXUCTY BiJl OJIMCKaBKU
Ta/abo enekTpuyHoi 1305111 30BHIIHBOI LPS (JICTY EN 62305-4).

Buninserscst 30HU 3aXUCTy Bl BTOpUHHUX Jii O6nnckaBku (LPZ — lighting
protection zone): LPZ 0, LPZ Og, LPZ 1, LPZ 2 ... (puc. 2.7).

LPZ 0,
~— Hpor

LPZ 0p

OyIMHOK

o SPRG, L LPZ 1

T | LPZ2 .
! S —

i) ] .

Puc. 2.7 — 30HM 3axuCTy Bl BTOPUHHUX i OJIMCKaBKH MPHU 3aCTOCYBaHHI
JUTSL 3aXUCTY BiJl MPSMUX BIIy4eHb OJMCKABKU JPOTOBOI CUCTEMHU MEPEXOIICHHS

Oe3nevHa
BIZICTaHb

d

\

~

st 06’ extiB KIT 1ocTatHbO0 OOMEKUTHUCS 30HAMU 3aXHUCTY BiJl BTOPMHHHUX
i 6auckaBku: LPZ 04, LPZ Og, LPZ 1.

Ha Mexax 30H MOBHMHHI 3/11MCHIOBATUCS 3aXOJIM LI0JI0 €KpaHYBAaHHS 1 3'€]I-
HaHHSI BCIX METAJICBUX €JIEMEHTIB 1 KOMYHIKAIIiH, 10 TePETUHAIOTh MEXKY.

MertaneBa KOHCTPYKIlis OyiBEIbHOIT CIIOPYI BUKOPUCTOBYETHCSI a00 MOXKE
OyTu BUKOpUCTaHa sk ekpaH. [logiOHa expaHHA CTPYKTypa YTBOPIOETHCS CTaJie-
BOIO apMaTypolo J1axy, CTiH, IiJIoru OyAiBIi, a TAKOXK METaJEeBUMU JI€TAISIMU Ja-
Xy, (pacaniB, cTaneBUMHU Kapkacamu, pemritkamu. Ll expanytoua cTpykTypa yTBO-
PIOE €JEKTPOMArHITHUM €KpaH 3 OTBOpaMH (3a paxyHOK BIKOH, JABEpEH, BEHTUJIS-
LIAHUX OTBOPIB, YAPYHOK CITKHM B apMaTypi, IIUIHH B METaJIeBOMY (acaii, OTBOPIB
JUISL JHIM efneKkTpornocTadyaHHs Touo). [ 3MEHIleHHs BIUIUBY €JIEKTPOMArHIT-
HUX TOJIIB BC1 MPOBIAHI YaCTUHHU 00’ €KTa €JIEKTPUUHO 00'€THYIOTHCS 1 3'€IHYIOTh-
Csl 3 CUCTEMOIO OJIMCKAaBKO3aXHCTY.



[Tpn mepeTHHaHHI MEX 30H €JICKTPHYHUMH KOMYHIKAIIISIMH Ha MEXax 30H
BCTAHOBJTIOIOTHCS MPHUCTPOI 3aXKUCTY Bif IMIyIbCcHUX nepeHanpyr (SPD — surge
protective device).

3 IIPUKJIAJL BUKOHAHHSA KYPCOBOI'O ITIPOEKTY
Buxiaai naui:

— HalilMeHyBaHHS BHUPOOHHUYOrO MPUMILIECHHS: NUTI(QyBadbHA UTBHUIA
MeOJeBoi pabpuku;

— mpuBeAeHuit omnip Tpanchopmatopy — 0,112 Owm;

— nuToMHui omip rpyHTy — 20 OM-M;

— THUU NEepexoIuToBada OJIMCKaBKU — CTPHXKHbOBHIA;

— noxuHa marictpani (Big TII go I'PII) — 100 m;

—  po3Mipn npuMimeHHs — 12x18x4 M’;

—  BUJ BEPTUKAJIBHOTO 3a3€MJII0OBaYa — CTAJIEBE KOJIO AlaMeTpoM 38 MM;

— KUIBKICTb  JIBUTYHIB: TNPUBOJY BEHTWJIATOPIB — 2; MPUBOAY
TEXHOJIOTIYHOTO 00JIafHAHHS — 4;

— OCBITJIIOBaJIbHA MepeXka: BUCOTa CBITWJIBHUKIB Haja mijgjorow — 0,7-H,
koedirienT BiAOUTTS creni — 50%, koeditieHT BinOuTTs cTiH — 30%);

— TOTYXHICTb: JBUTYHIB BEHTWIATOpIB — 1,5 kBT, nBUryHIB npuBomy
TEXHOJIOTTYHOTr0 00JamHaHHsa — 7,5 kBTt, mamn cBituiasaukiB — 0,095 xBT;

— MICLE YCTAaHOBKH JIBUTYHIB BEHTHJIATOPIB — y IPUMIIIIEHHI.

3.1 BusHa4yeHHs KJIACy 30HH MPOCTOPY

Haii6uibin HeOe3MmeyHo0 pPEeYOBHHOI, IO OOEpTaEThCS Yy MNPUMILICHH]
nutidyBanbHOi AUTBHULI MeOaeBoi (aOpuKu € MUl AEpeBUHU. 3 NOBIIHUKA [3]
Ii3HAaeMOCs, 10 JEpeB'sIHUM TNuia — ApiOHOAMCIIEpCHA TOploYa pPEYOBHHA,
HKMIIII=47 /M. Y BigmoigHocTi 110 11. 4.2.23 [2] roproumii AT — IHJI, CyMil
MOBITPA 3 SIKUM y BU3HAUEHHUX MPOIOPLISX MPU HOPMAIBHOMY aTMOC(PEpPHOMY
TUCKY Ta TEMIIepaTypl CTBOPIOE BUOyXOHEOe3eyHe MUJIONOBITPSHE CepeIOBUIIIE.
Y BignoBigHOCTI 10 1. 4.2.6 [2] roprounii mua a00 BOJIOKHA BBaKalOThCS
BUOYXOHEOE3NEYHUMHU, SIKIIO B pa3l iX MUMOBUILHOTO 3arOpsiHHS B YCTAHOBIII 3a
BHU3HAUYECHOI0 HWXHBOIO KOHIIEHTpauiiiHoo ioro wmexetro 3a ['OCT 12.1.044
BUHHMKA€ HAAMIpHUN THCK Ta3iB sk MiHiMyM 5 klla. BBakaemo mun nepeBUHH
BUOYXOHEOE3NEYHUM MHIIOM.

HlnipyBanbHa  AUTBHULIS — OOJIaJlHAHA  MPUMYCOBOIO  BEHTHIIALIMHOIO
CUCTEMOI0, TOMY BBa)KaeMO, 1110 BHOYyXOHeOe3euHe cepeOBUILE 32 HOPMaJIbHUX
YMOB €KCIUTyaTallii BIICYTHE, a MOXE YTBOPUTHUCS TUIBKU Y pa3i aBapii CUCTEMH
BeHTWwsAil. [Ipunyckatoun Haiiripmuid Bunagok AP>5 kIla, poOuMo BHCHOBOK,
[0 y OpUMIIIEHHI Ma€e Miclie BUOyXOoHeOe3neuHa 30Ha Kjacy 22 — MIpocTip, y
AKOMY BUOYXOHEOE3MeUHU U y 3aBUCIIOMY CTaHl MOXKeE 3'SIBJISITUCS HE 4acTo i
ICHyBaTl HEJOBro abo B SKOMYy MIapu BHOYXOHEOE3MEYHOr0 MUY MOXKYThb



ICHyBaTlU ¥ yTBOpIOBaTH BHOYyXOHeOe3NeuyHl cymimi B pas3i aBapii (3riHO 3
nyHkToMm 4.5.7 [2]).

3.2 IIpoeKT cHI0BOI Mepexi

3a BUKOHaHHSM, 3TiIHO 3 KJIAaCOM 30HM B MPUMILIEHHI AUTBHULI (22),
CTYIIHb 3aXUCTy OOOJIOHKH, IO JOIMYCKAETHCS ISl €EKTPUYHOro O0JIaIHaHHS,
BU3HAYaA€EThCA 32 [2].

JIBUTYHU BEHTWIATOPIB Ta MPUBOAY TEXHOJOTIYHOrO OOJIaJHAHHS TOBMHHI
Oyt 0e3 3aco6iB BuOyxozaxucty. CrymiHb 3axucty He MeHiie P54 (tabmuus 4.7
[2D).

Enextpuuni anapatu Ta npuiaad (KHONKH KEpPYBaHHS, MArHiTHI MycKadul,
pPO3NOJUIBHI MPUCTPOi) MOBUHHI OyTH 0e3 3aco0iB BuOyxo3axucty. CTymniHb
3axucty He MeHie [P54 (tabnuus 4.8 [2]).

VY BignosigHocTi 3 1. 4.8.3 [2] y BUOyXoHEOe3MeUyHUX 30HAX OYIb-SIKOTO
KJIACy MOXYTb 3aCTOCOBYBATHCS:

a) MPOBOJIU 3 TYMOBOIO Ta MOJIBIHUTXJIOPUIHOIO 130JIS1II€10;

0) kabeni 3 TyYMOBOIO, TOJIBIHUIXJIOPHUIHOIO Ta TMANEpOBOIO 130JIAIIEI0 B
I'YMOBIH, TOJIIBIHUIXJIOPUAHIN Ta MeTaneBiii 000JI0HKaX.

3a00pOHSETHCS 3aCTOCYBaHHS MPOBOJIIB 1 KaOemiB 3 TMOJIETHICHOBOIO
13051s111i€10 200 000JIOHKOI0 Y BUOYXOHE0E3MEeUHUX 30HaX OYy/Ib-SKOT0 KJacy.

VY BuOyXoHeOe3MeyHUX 30HAaX JOIMYCKAEThCA TMPOKIAAKa 1307bOBAHUX
MPOBOJIIB B cTaieBuX TpyOax (tabnuusg 4.12 [2]).

J1J1st BCTAaHOBJIEHHS IPUHMAEMO eNleKTpoABUTYHU cepii AUP:

- JUIs IPUBOJIIB TeXHOJIOTTYHOro obnagHanHs — AMP132S4 (moTyHICTh
7,5 kBT, N=87,5%, cos¢p=0,86, K,=7,5);

- s npuBomiB BeHTwistopiB — AMP80B4 (motyxuicte 1,5 kBT,
N=78,5%, cosp=0,80, K;=5,3).

JIBUryHU 31 cTyneHeM 3axucty odononku IP54 (nonarox 5).

PosnoainenHs enexTpoeHeprii A0 ABUTYHIB NMPUIMAEMO 4Yepe3 TOJIOBHUMN
posnonutbunii Ut (I'PL) — cunosuit 6mox PYC 8100 31 crynmeHem 3axucrty
ob6ononku P44 (nomarok 11). Becranormtoemo i#oro y mutoBiil. CumoBuii 610K
PYC 8100 KOMIUIEKTY€ETHCSI TPUIIOIIOCHUMHU aBTOMATUYHUMHU BUMHUKAuaMU cepii
AE2000, xinbkicte A3 — nmo 12 (momarok 11). 2 TpUIOJIOCHUX aBTOMATUYHUX
BUMHKA4Ya — 3aXUCT BIATANY>KE€Hb J0 JABUTYHIB BEHTWISTOPIB, 4 TPUMOIIOCHUX
aBTOMATHMYHUX BHMHMKA4a — 3aXUCT BIIradyXeHb JO JBUTYHIB HPUBOJIY
TEXHOJIOTIYHOT0 00JafHaHHs, | TPUIIOIIOCHUN aBTOMATUYHUN BUMHUKAU — 3aXUCT
PO3MOJUILHOI MEpPEeXki O IIMTKA OCBITJIEHHS, pPelliTa aBTOMAaTUYHUX BUMHUKAUIB —
pe3eps.

Mepexa sxuBneHHs (Big TpaHchopmaropHoi minctanmii (TII) mo T'PIIY)
BUKOHYETbCSI KalejaeM 3 allIOMIHIEBOIO JKWJIOIO, 3 TMalepoBOI0 130JIAIIEI0 B
CBUHIICBIN 000JIOHII, OPOHLOBAHUM, SIKHI MPOKJIAJACHUNA B 3eMJIi — BHOUPAEMO
ka0enp mapku ACPb.



JBurynu migkmoyaemo Oesnocepennbo no ['PHI xkabenem mapku ABBI,
MPOKJIAJCHUM BIIKPUTO Ha ckoOax (momatok 12). JIis 3’€HaHb 3aCTOCOBYEMO
3’eIHyBalibHI KOpoOku Y409 31 cTtynenem 3axucty odononku IP65 (Jomatox 10).

JUist ynpaBiliHHA €JIeKTpOJIBUTyHaMH mpuiiMaeMo KHomnkoBi noctu [1KE-
222. Cryninb 3axucty o0OonoHku IP54 (momatok 9). KHONKM BCTaHOBIIOEMO Yy
MPUMIILIECHHI.

[TounHaemo KpECIUTH PO3paxyHKOBY OJTHOJIIHIHY CXEMY
enexktponoctadyanus (puc. 3.1). Cxemy OyaeMo 3aloBHIOBATU 110 Mipi BUKOHAHHS
PO3paxXyHKIB.

KMl QF1 I'PII]

ABBI'(4x4) Ha cko6ax / o

3~ IIME-232,  AE2033,
7,5 kBt TPH-25, 16A  16A
KM2 QF2

T @ ABBI'(4x4) Ha ckobax / o

I[IME-232,  AE2033,
7,5 kBt TPH-25, 16A 16A

KM3 QF3
3T @ ABBI'(4x4) Ha cko6ax / o

IMIME-232,  AE2033,

/T

26

7,5 kBt TPH-25, 16A  16A
KM4 QF4 QF T1
T @ ABBI(4xd) i crotix > o  ACPB(4x10) /5
IIME-232,  AE2033, AE2053, B3emni 777
7,5 kBt TPH-25, 16A  16A S0A 10/0,4 xB
KMS QF5

5B Q ABBI'(4x2,5) Ha ckobax / o
3~

I[IME-132,  AE2033,
1,5 kBt TPH-10, 4A 4A

KM6 QF6

/B Q ABBI(4x2,5) Ha cxobax / o
3~

I[IME-132,  AE2033,

1,5 kBt TPH-10, 4A 4A
0 QF7
ABBI'(4x2,5) Ha ckobax <>~

AE2033,
10A

Puc. 3.1 — Po3paxyHkoBa OJHOIIHIITHA CXeMa eJIEKTPONOCTAYAHHA

Po3paxoByemo Biframy:keHHs 10 JBUTYHIB. BH3HauaeMo po3paxyHKOBI
CTPYMHU BIATAITyKEHb.
JIBUTYHU TIPUBOJIY TEXHOJIOTTYHOTO 008 HAHHS:



i P, -10° 7500
= = ~151A-
J3-U, -cosp-n  +/3-380-0,875-0,86
JIBUTYHU IPUBOJTY BEHTHJIATOPIB:
se_ Py 100 1500 N
P 3.U,-cosp-m  ~/3-380-0,785-0,8

Bu3zHauaeMo mycKOBi CTpyMHU:

36A.

L =10 KL A,

MyCK
ae K; — KPaTHICTh IIYCKOBOT'O CTPYMY 1-TO €JeKTPOIBUTYHA.
I =151-7,5~113 A.

IIyCK

170 =36-53~19 A.

IIyCK
BusHauaemMo0 HOMIHallbHI CTPYMH  €JEKTPOMATHITHUX  PO3YIILUIIOBAYiB

ABTOMATHUYHHUX BI/IMI/IKaI{iB, 10 3aXUIIarTh eJIeKTpOIIBI/IFYHI/I Bi}_'[ K3, 3a YMOBOIO
(m.3.1.4 [1]):

I:IOM.GII.M 2 111)
Ién.en.M 2 1’25 ) lllinK ’
JC ]:{OM.eH.M — HOMIHAJILHHUI CTpyM eJIeKTpOMaFHiTHOFO pO?;LIiHJIIOBa‘{a, A,
](Z;H.GH.M — CTpyM CHpalbOBYBAHHA eJIeKTpOMaFHiTHOFO pO?;LIiHJIIOBa‘Ia

aBTOMaTUYHOI'O BUMHKaua, A.
1-4 -4 _
1 w21 S 15,1A

HOM.CIJI.

I >125- K 1 21,2513~ 141 A

CIL.CJIIL.M —

L2170 =3,6A

HOM.CIJI.

5-6 5-6  15-6 '
Loenn 2 L25- K57 - 177 =125-19~24 A
3 nopatky 14 npuiiMaeMo aBTOMaTHYHI BUMHUKAYi:

- JUIsl JBUTYHIB TPHUBOJY TEXHOJOTIYHOTO OOJagHaHHA — TpudazHUil

TPUMNOMIOCHUNA  aBToMatuyHui  Bumukady AE2033 3 enexkTpoMarHiTHUM

pO3YIILIIOBaYEM 3 napamMeTpaMHu: I :,;;lm =16A;
1-4 1-4 _
]CH.CJ'[.M = 12 ) ]HOM.p03 = 12 ) 16 = 192A 2
- JUI1 JBWUTYHIB TIPUBOJLY BEHTWIATOPIB — TpU(a3HUHA TPUIIOIIOCHUI

apromMaTuuyHuid BuMHKad AFE2033 3 eJeKTpOMAarHiTHUM pPO3UIIUIIOBaYeM 3
napamerpamu:: 120 =4A; 100 =12.120 =12.4=484.

HOM.pO3 CII.CJI.M HOM.pO3
Jljist 3amycKy Ta 3aXMCTy BiJl IEPEBAHTAKEHb €JIEKTPOABUTYHIB MPUKMAEMO
HepeBepcuBHI MarHiTHI myckaui cepii [IME. Crynine 3axucty o6ononku [P54
(momatok 8). MarHiTHI myckadi BCTAHOBIIIOEMO Y MTPUMIIIICHHI.
JI1st IBUTYHIB IPUBOAY TEXHOJIOTIYHOTO OOJIaHAHHS 0OMPAEMO MAarHITHUMA
nmyckad 2-i BenuuuHu — Mmapka [IME-232.



JlJist IBUTYHIB IPUBOAY BEHTHJIATOPIB OOMpPAEMO MarHiTHUM myckad 1-i Be-
auyuHu — mapka [IME-132.

BusHauaemMo HOMiHaJIbHI CTPYMH HarpiBajJbHUX €JIEMEHTIB TEIUIOBUX pelie
MarHiTHUX myckadiB [IME, 110 3axuiaioTh e1eKTpOABUTYHHU Bijl IEpEBaHTAKEHb,
3a YMOBH:

Il =(L,05+12) I}, A.

HOM.Harp

I =(1,05+12)-151=159+181 A.

HOM.Harp

¢ =(1,05+12)-3,6=38+43 A.

HOM.HaArp
3a Tabnuiero 1oAaTKy 8, 3TiAHO 3 OTPUMAHUMU pe3yIbTaTaMH MiqOUPaEMO
HACTYIIHI pelie:
- IUIsl ABUTYHIB mnipuBoay oOnamnHanHs — TPH-25 3 mapamerpamu:

I =16A;

HOM.HaArp
- IUIsl ABUTYHIB npuBoAy BeHTwisaiTopiB — TPH-10 3 mapamerpamu:
I8 —40A.

HOM.Harp.
Po3paxoByemo mepepi3 xui1 Kabelto, SIKUM JKHBIIATBHCS €ICKTPOIBUTYHH, 3a
ymoBH (1. 3.1.12 [1]):
Ill]pHH 21,25-[113, A
Ta nepesipsemo 3a ymooro (1m.3.1.11 [1]):
0,81 |

1
MIpUI 21 HOM.Harp *
3rigHo 3 TOMNepeNHIMH BHCHOBKaMHU TnpuiiMaemo kabenbp Mapku ABBI,
MPOKJIaJCHUM BIIKPUTO Ha ckobax (Tabdu. 1.3.7 [1]):

- hi (o JIBUTYHIB MIPUBOY oOJiaTHaHHS 3a YMOBOIO
Lown 21,25-151~19A
— kabenbp ABBI'(4x4), I = 27 A;
14 > 10 g0 '
.8
- 10 JBUTYHIB MIPUBOY BEHTWJIATOPIB 3a YMOBOIO
I >2125-3,6~5A
— kabenp ABBI'(4x2,5), Ipun. = 19 A.
56 > % =5A ($23),

3.3 IIpoeKT OCBIT/IIOBAJIBHOI Mepe:Ki

EnexTpuyHi CBITWJIBHUKM MOXYTh OyTH 0e€3 3aco0iB BHOYX03aXHUCTY.
Cryninb 3axucty He meHiue [P54 (tabnuusg 4.9 [2]).

Enextpuuni amapatu Ta mnpuigaau (BUMHKayl, pO3MOAUIbHI KOPOOKH)
NOBUHHI OyTu 6e3 3aco0iB BuOyxo3axucty. CTymiHb 3axucTy He MmeHme [P54
(tabnuis 4.8 [2]).



JXKuBneHHs1 OCBITIIOBAILHOT MEpEXk1 MOBUHHO BUKOHYBATHUCS BiJl TPYIOBOTO
ocBiTiroBasibHOTO muTKa IO, sikuii sxuButhest uepes ['PILI.

B sKocTi TpymoBOro OCBITIIOBAJBHOTO IIUTa NPUIMAEMO IIUTOK,
obnmagHannii DIN-pelikoro Ta po3paxoBaHHMil Ha BCTAHOBJICHHS TaKO1 KUIBKOCTI
OJIHOTIOJIFOCHUX aBTOMAaTUYHUX BUMHUKAUIB, 110 € HE MEHIIE pO3paxoBaHOI
KUTBKOCTI TPYTI OCBITJIIOBAJILHOT MEpexi.

OcBIT/IOBaJIbHUI  IMUTOK BCTAaHOBIIOEMO Yy IIUTOBIA. YIpaBiiHHS
ocBiTieHHsM npuitmaemo Bia 111O.

3axuct TrTpynoBux JiHiM Big K3 Ta nepeBaHTaXeHh BUKOHYIOTH
OJIHOTIOJIFOCHI aBTOMAaTu 3 KOMOIHOBaHMM po3suirioBaueM ¢Gipmu  Legrand.
Posnoninena mepexxa Bim I'PI] no IO Bukonana xabGemem mapku ABBI, mio
MPOKJIaJICHUN BITKPUTO HA CKOOAX.

B sxocti mpunaziB OCBITJIEHHS BUOUPAEMO OJHOJIAMIIOBI CBITHJIBHUKHU 3
nammamu posxkaproBanns tuimy HCII01-100 31 crynenem 3axucty o6ononku P54
3 JJaMIIor0 oTyxHicTio 95 BT (nomarok 13).

Po3paxoByemMo MIHIMaIbHO TOTPIOHY KUIBKICTh  CBITWJIBHUKIB IS
OCBITJICHHS TIPUMIIIEHHSI.

[nidyBanbHy AUTBHUITIO BUIHECEMO 10 PO3psiAy V HiApo3psay ') 30pOBOi
poOOTH — MaJIoi TOYHOCTI. J[J1s1 Takoro po3psiAy HOpMalibHA OCBITIICHICTh CKIIAJIA€
E=100 nx (mnomatok 16). Koedimient Binoutts ctemi — 50%, koedilieHT BIAOUTTS
cTiH — 30%, notyxHicth Jlamn — 0,095 kBT.

BuzHnauaeMo 1HEKC MPUMIIICHHS:

S 12-18

i: = =
H,-(A+B) 0,7-4-(12+18)

1e S — TIoIIa MOBEPXH, M
H, — po3paxyHkoBa BHucOTa (BIICTaHb 110 BEPTUKAJI BiJl CBITMIBHHKA JO pOO0OYOI
MOBEPXHi), M;
A Ta B — BiIOBIIHO, JOBKWHA Ta IITUPUHA TPUMIIIICHHS, M.
Koedirient BukopucTanHs cBIiTI0BOTO MoToKy N = 0,5 (momarok 19).
3a 3aBlIaHHAM NpuiiMaeMmo jJammnu pozxaproBaHHs bBK 220-95 notyxHicTiO
0,095 kBT, cBiTiioBHit MOTIK AaHOi Jamnu ckiaagae O@=1145 am (nomarok 18).
BuzHnauaeMo BeTMUMHY CBITIIOBOTO TIOTOKY:
E-S-z-K, 100-18-12-L15-L5
n 0,5
ne E — HopmaTuBHA OCBITJICHICTh MOBEPXHI, JIK;
S — mToI1a MOBEPXHI, M,
Z — Koe(dilieHT MiHIMaIbHOT OCBITIICHOCTI ([J1s1 Jiamn posskaproBanus, CIJI
ta [IPJI z=1,15, nnsa mominecuenTHuxX jami z=1,1);
K, — koediuieHT 3anacy (BU3HAYa€THCA 3a TAOIMUIEIO AOJATKY 17 BUXOASUH
31 CTYIEHIO 3allWJICHOCTI IPUMILEHH), npuiiMaemo K, =1,5;

b

N-®&= =74520 M.

@ — CBITJIOBHI MOTIK JKepesia CBITIa (JaMIIn), JIM;



1 — Koe(ilieHT BUKOPUCTAHHS CBITIIOBOTO MOTOKY.
3riIHO 3 OTPUMAHOIO BEJIMYMHOIO CBITJIOBOTO MOTOKY BU3HAYA€EMO KLIBKICTh
CBITWIBHHMKIB (y KOXXHOMY CBITWIBHMKY | usamma), axi 6 3a0e3neuyBaiu
HOpPMaJIbHE OCBITJICHHS:
74520
N —

1145
Ha oxgHy rpymoBy mdiHit0 He MOBUHHO OyTH Outblie 20 JaMIl po3KaproBaHHS
(mm. 6.2.10 [1]). Po3buBaemo mepexy Ha 6 rpyn, B KOXxHi o 11 CBITUIBHUKIB,
BCHOTO — 66 CBITHJIBHHUKIB (3 3aI1aCOM).
Busznauaemo cymy HOMIHAJIbHUX MOTY>KHOCTEH CBITHJIBHUKIB B OJIHIN TpyIi:

~ 65 nami (CBITUJILHUKIB).

HOM.CB

P
Py =D PPy =11:0,095=1,05kBr.
p=l1

Busznauaemo poOouunii CTpyM B KOXKHIN 3 TPYNOBUX JiHIM:

Iyip= Puwrp 10 _1,05-10° =45 A.
Uy -cosg 220-1
['pynoBa ocBiTiioOBajgbHa Mepeka MmoBuHHA MaTu 3axuct Bix K3 (m. 3.1.8
[1]) Ta Bim mepeBantaxkenb (m. 3.1.10 [1]). [Ipunaam 3axucTy — OJHOIOJIIOCHI
aBTOMaTU4YHI BHUMHMKaul 3 KOMOIHOBaHUM po3uirumroBaueMm (ipmu Legrand.
HominanbHuii cTpyM KOMOIHOBAHOTO pO3YiILIIOBa4a IOTO aBTOMATUYHOTO
BUMHKAa4a MPUHAMAEMO 332 YMOBH:

Ik > [k

HOM.CILM.Tp = * p.rp

Ik > [k

HOM.TEIUL.Ip — * p.rp

3 nomatky 14 oOupaeMo aBTOMATHYHHMM BHUMHKad 3 KOMOIHOBAaHUM

k

posuiruoBadeM Ha [, ous.p

=6 A, Tun B (TOMyI110 MyCKOBUI CTPYM CIIIBIIAJa€

3 pobouuMm).
[lepeBipsiemo mpaBUIBHICTH BUOOPY: 6 A > 4,5 A — yMOBa BUKOHYETbHCS.
BusnaunMo Mapky Ta cnoci®d mpokiagku mpoBoiiB (kadeniB). IIpuitMaemo
kabens Mapku ABBI, npoknanenuii Biikputo Ha ckobax. [lepepis sxuin nmpuiiMmaemo
3a YMOBHU:

Ik > [k

MpUILTP = ~ p.Ip *
3a Ttabmuuero Ne 1.3.7 [1] migOupaemo st TpymnoBoi JiHIT KaOenb

k . k
ABBI'(3x2,5), mna  sxoro [, =21A. Tlpunycrumuit  crpym 1., 0
nepeBipsieTbes 3a ymoBoro (1.3.1.11 [1]):

0,8 ];(pvm.rp 2 ]:OM.TCHJ'[.I']I)

0,8-21=16,8 A>6 A — yMOBa BUKOHYETbHCS.
Jlani po3paxoByeMO pO3NOAUIbHY OCBITIIOBAIEHY MEPEXKY.



3axucT po3noAUIbHOI OCBITIIOBaILHOT Mepexi (Bin muTta ['PI mo 111O) Bix
K3 s3miiicHioeThest TpumosntocHuM aBtromatoM AE2033 3 enekTpoMarHiTHUM
posuiruttoBaueM. Kinbkicts rpym — 6. Tomy:

k
19, =15, Ky =5-2=10 A.

p.p
3a tabnunero qonatky 14 3 ymoBu

I
HOM.CIL.M — (3(1))
HpHﬁMaGMO aBTOMAT 3 CJICKTpOMaFHiTHI/IM pOS‘IiHJIIOBa‘{eM ];gr\?en M =10A.

Bumora cenextuBHOcTi (11.3.1.8 [1]) BUKOHYETBCS: 3aXHCT PO3MOALTHHOI
OCBITJIFOBAJIBHO1 Mepemi 3MIMCHIOETECS ~ TPUIOJIOCHUM ~ aBTOMaToM 3

posuimmonaueM IO =10A; 3axucT TIpyHOBOi OCBITJIIOBaTBHOI Mepexi

3IIII/ICHIO€TBC$I OJHOIIOJIFOCHUM AdABTOMATHUYHHM BHMHKAUECM 3 pOS‘IiHHIOBaLIeM Ha
5 ousry =6 A; 10A>6A.

Jlani BuOupaeMo mionty nepepizy >Kui IpoBOJIiB a00 KaOesiB po3MnoAIbHOT
OCBITJTFOBAJIBHOT MEPEXKi 32 YMOBOIO:

mo
]npnn = ]p(3d))
3a Ttabmuuero 1.3.7 [1] migOupaeMo s PO3MOAUIBHOI OCBITIIOBAJIBHOI

Mepeski kabenb Mapku ABBI'(4x2,5) 3 miomero nepepisy i 2,5 MM, ISt IKOTO
IO =19A.

TpUI
[lepeBipuMO MpaBWIIBHICTE BUOOpPY IUIONLY mepepidy kui 3 ymoBu (1.3.1.9

[1]):

]CLIII-ISJ'[M = 4 5: ]npnn
Tpunomrocauii aBromat AE2033 3 eJIeKTpOMaFHiTHI/IM PO3UIIITIIOBaYEM
]}Egr\?en +=10A  Mae cTpyM cCHpanbOByBaHHS ]CH oy =3 Lionipos = 3.10=30A.

[lixcraBnsiemo:
30A <£4,5-19=85,5A - ym0OBa BUKOHY€THCS.

Po3paxyHkoBa OJHOJIIHIHA CX€Ma OCBITJIIOBAJIbHOI MEpEi MpUBEIeHa Ha
puc.3.2.

(" 11 HCII01-100 QF1 110
@_ _@ ABBI'(3x2,5) Ha ckobax <>~
E\. BbK-220-95 Legrand, 6A, B
< ABBI (25) 1y | o rpiyy
N
11 HCTI01-100 QF6 Ha cKrofax
ABBI'(3x2,5) Ha ckobax <>~
(K-
BK-220-95 Legrand, 6A, B

Puc. 3.2 — Po3paxyHkoBa OJHOIIHIITHA cXeMa OCBIT/IIOBAJIbHOI Mepexi



Bukonaemo po3paxyHnok Mepexi skupnenns (Big TII no I'PILI).
Bunucyemo poGodi cTpyMH, SKi CIIOKMBAIOTHCS Y€PE3 MAriCTPAJIbHY JIHIIO.

174 =151 A.
17°=36 A
mo  _
Iy =10 A
Takox BUMHCYEMO IMYCKOBI CTPYMHU:
Lyec =113 A;
I8 =19A;

IIyCK
JUIS OCBITITIOBAJILHOTO IIUTA MTyCKOBUN CTPYM HE BU3HAYAETHCA.
Bu3HauaemMo po3paxyHKOBHH Ta MaKCUMAJIBHO MOXKITUBUH CTPYM B MEpExi
KUBIIEHHS. Bim CcWiIoBOro mmra MiAKIIOYEHO OCBITIIOBATBHUN IIUT, TOMY
dbopmyna st BU3HaAY€HHSI poO0YOro cTpyMy HaOyBa€ BUTIISIAY:
n
P =K Y L+ LA,
i=1
dbopMyna s BH3HAUEHHS MaKCHMAaJIbHOTO CTpyMy KOPOTKOYaCHOTO
MIEPEeBAHTAKCHHS

Max IyCK p(3d)>

n-1
L =K DT+ I + 150 A
i=l

Koediuient nonury enekrpoasuryHiB K. Bu3Hauaerbcs 3a tabnuuero 2.1.
[TincraBnsemo:

IPLL 5 i mo _ ~
[P =KD+ 105, =0,6-(4-1514+2-3,6)+10 = 51 A,

i=1

max ITYCK

n-l .
Lo =K DL+ Ieid + 1050 =0,6-(3-15,1+2-3,6) + 113+ 10~ 155 A.
i=1

Mepexa kuBieHHS 3axuiaerbest Tutbku Big K3, 3axumer Big K3
3I1MCHIOETHCSI aBTOMATUYHUM BUMHUKAUYEM.

ABTOMaTUYHHUA BUMHKAY, IO 3axXWINAE MeEpexy KubileHHsS Bing K3,

. . I'P
BI/I6I/Ipa€TBC$I 3 TaKUM CJICKTPOMArHITHUM PO3YIIIIOBAYCM 1 Honﬁn.m’ A1 AKOT'O

BHKOHYE€THCA YMOBA:
Liomern 21,7 =51A
~ P

HOM.CII.M

TP >125. TP —125.155~194A

CII.CJII.M Max

3a tabmunero goaatky 14 obupaemo apromat AE2053 3 enekTpoMarHiTHUM

PO3YITLTIOBaYEM 3 rnapaMeTpamMu ]Sﬁm =63 A IS SKOTO
reup _ rPL] _ _
lionn =3 Lyeny=3-63=189A.
YMoBa

189A =1I" >125. 71" =1 25.153=194A

CII.CJI. Max



HE BUKOHYETHCS.
Tomy 3a Ttabmumero goxatky 14 oOupaemo astomatr AE2053 3

CJICKTpOMaFHiTHI/IM posqimnoBaqu 3 HnapamMeTpamMu 1 rl;(l)r\}.Le[:n.M =80A JIs1 AKOTI'O
reir Pl _ _
]cn.en.M =3- ]H.en.M =3-80=240 A.

Bumora cenextuBHocTi (11.3.1.8 [1]) BUKOHy€eThCS:
3aXUCT MEPEXKI KUBJIEHHS 3HIMCHIOETHCS TPHUIIOIIOCHUM aBTOMAaTOM

AE2053 3 eeKTpOMarHiTHUM posuimoBadeM 3 10 =80A ;

HOM.CJI.M
3aXUCT BIATAY>)KEHHsI J0 JIBUTYHIB NPUBOJY OOJIaJIHAHHA 3A1MCHIOETHCS
TpunoidtocHuM aBToMaroM AE2033 3  elleKTpOMarHiTHUM pO3YiILIIOBaYeM

I =16A (80A>16A);

HOM.PO3
3aXUCT BIATAIY>KEHHSI 70 JIBUTYHIB MPUBOJY BEHTHJISATOPIB 3I1HMCHIOETHCS
TpunoidtocHuM aBToMaroM AE2033 3  elleKTpOMarHiTHUM  pO3YiILIIOBaYeM

76 =4A (80A >4A);

HOM.pO3

3aXUCT PO3MOJILILHOI OCBITIIOBAILHOT MEPEKI 3/11MCHIOETHCS TPUIIOTIOCHUM

apromatoM AE2033 3 ejexkTpoMarHiTHUM po3uilioBadyeM [ Pﬁ? ey = 10A
(80A >10A).

BusznauaeMo niepepi3 xuiid kaOenro MepexKi KUBIESHHS 3a yMoBoto (11.3.1.12
[1]):

Lo 21,7 =51A.

npun  —

Bubupaemo 3rigHo 3 Tabnuieo 1oaaTky 12 kabenb 3 aatoMiHIEBOIO JKHIIOKO,
3 TAnepoBOIO 130JIAIIIE€I0 B CBUHIIEBIN 000JIO0HI, OPOHbOBAHUN, YOTHPUKUIHHHUM
(mapka ACPB), npokianenunii B 3emuti. O6upaemo niepepi3 xuiu 3 Tabnaumi 1.3.16

[1]: ACPB(4x10), I'™ =65 A (65A > 51A — yMoBa BUKOHYETHCS).

npun
[licns BuOOpy mnepepizy NepeBipsSeEMO BIAMOBAHICTh HMOro mnapamerpam
amapaTy 3axucty. Tak sSK 3aXWUCT 3IHCHIOEThCA aBTOMaroM Tulbku Bix K3
3aCTOCOBYEThCS HacTyrHa ymona (11.3.1.9 [1]):
I <4570

CILeJI. pHI *
[lepeBipsiemo:
240A £4,5-65=292,5A — ymMOBa BUKOHYETHCH.

BukoHyemo mepeBipouyHUN PO3paxXyHOK Ha HAJIMHICTh BIAKIIOYEHHS BIJ
JDKEepeNl eNeKTPUYHOI0 JKMBJIGHHS TpH BUHUKHEHHI K3 HampukiHmi JiHii, 110
3axuiaerbes (m. 3.1.8 [1]).

HapiitHe BinkitoueHHs 3a0e3MedyeThbesl, SKIIO BUKOHYETHCS HACTyITHA
ymoBa (1m.4.10.3 [2] - 1yt aBTOMATy 3 €JIEKTPOMArHiTHUM po3uiruioBadeM 10 100
A):

L-N
]]“3 >1,4,

H.pO3.




Yo
Z N\

Po3paxyHok omopy kona omHodazHoro K3 BHKOHYeTbCS HJIsI CXEMH, sKa
300paxeHa Ha puc. 3.3.

e ]L—N —

Y

—
-

110 ['PIL{ QOF
ABBI'(3x2,5) Q/V ,o IABBF(4X2 5) p/ ACPB(4x10) Vs
Ha ckobax A Ha cKobax X @
Legrand, * AE2033, AE2053, B 3eMuIl
6A, B 10A 80A 10/0,4 xB
34w ‘A S ‘L 100 u
| —

Puc. 3.3 — OgnouiniiiHa cxeMa ISl pO3PaxyHKYy onopy koJja onHopasnoro K3

3HaueHHs Z; N BU3BHAYAETHCA 32 POPMYIIOLO:

N z\/(ZRL +ZRN +ZRK)2 +(ZXL +ZXN)2 +Z1, [OM],

!

ne R, =p, -—:; X,  =a, ¢, [OM] — BIANOBIAHO AaKTUBHUHN 1
L
IHAYKTUBHUMA oOIip AUIAHKA (a3HOro KoJjia, MPOTATOM  SIKOT MPOBITHUK Mae

OJIHaKOBHH mepepi3 1 MapKys;

Ry=py = Xy=ay-¢,[OM] — Te X, ame 1 HEUTPAIBHOIO
N

MPOBIIHUKA;

St Ta Sy, [MM?] — mepepi3 ®ua (Ga3HOTO i HEHTPATBHOTO MPOBITHHKIB,
BIITOBIJTHO;

pLN=32 OM-MM’/KM — IUTOMHX OTIip MaTepiaTy MpOBiTHMKA (ATIOMiHii);

pLx=19 OM-MM?*/KM — IUTOMHMIT OMip MaTepiany MPOBiTHIKA (Mifb);

{, [KM] — MOBXXMHA NUISIHKH 3 OJHAKOBUM TIEPEPi30OM KHJI i OJHAKOBOIO
MapKoIO MPOBIIHUKA;

ay N — CEPEHE 3HAUCHHS IHAYKTHBHOTO OIOPY AUISHKM IPOBIAHMKA (M1

kabemo a; \ =0,070M - kM, s mposoay ap y =0,09 Om-km);
, [OM] - mepexinHuii onip KOHTAKTHUX 3'€THAHb:
R _=0,0150M — qa PII Ha migcranmii,
R =0,0200M — 111 po3n0AUIBHUX IIUTKIB, MIAKIIOUEHUX BiJ MIJCTAHIIII,
R =0,0250M — nais BTOPMHHUX PO3NOAUIBHUX LIUTKIB 1 HA 3aTUCKa4ax

amapariB, MIIKIIOYEHUX BiJl IEPBUHHUX 1IEXOBUX IUTKIB,

R =0,030m — nns amapaTypH, YCTaHOBJIEHOI O€3IOCEpPENHbO IEpen
CJIEKTPUYHUMU TpuiiMayamMu (BUMHKaui, KOHTAKTOPH, IycKadi), MIAKIIOYEHOIO
BiJl BTOPUHHUX PO3MOJIILHUX IIHTIB;

Z.= 0,112 Om — nipuBenenuii omip Tpanchopmaropa ctpymy K3.



[TigcraBnsgemo:

/ 0,1 0,005 0,012+0,018+ 0,004

R = — =32 (= +-= + = ’ ’ ~ 0,819 Om,
2R=2p s, 2 0t s 25 )
S Ry = Sy 32 (BL, 0005 0012400180004 o 1o

Sy 10 25 2,5
> R, =0,015+ 0,020 + 0,025 + 0,03 = 0,09 Owm,

> X =>a; -£=0,07-(0,1+0,005+0,034) ~ 0,01 Om,
> Xy=D ay-£=0,07-(0,1+0,005+0,034) ~ 0,01 Om,

Z, n z\/(ZRL YR AR X S xS 42, =

= (0,819 + 0,819 +0,09) + (0,01 + 0,01 +0,112 =,

= /2,986 + 0,0004 + 0,112 =1,840 Om,
1;—N=;—¢—@=119,6A,

1,84
1N 119,6

¢-o

K3

1

H.pO3.

~20,0>1,4 - ymoBa BUKOHY€THCS.

3.4 IIpoeKT ITYYHOr0 323eMJII0BA4Ya

[Ipunyckaroum, M0 KOHTYp IITYYHOTO 3a3eMilloBaya TOETHAHUN IS
3aXUCHOro Ta (YHKIIOHATBHOTO 3a3eMieHb [l], po3paxoByemo ioro Ha
HOpPMaTUBHUM OIIIp 3aXUCHOrO 3a3eMileHHs R, =4 OM (s niHiiiHOT Hanpyru 380

B, n. 1.7.92 [1]).
I'pynt mae muromuii omip p,, =20 Om. 3a tabmuuero moxatky 20 wme

YOPHO3€EM.

3a Tabmuuero gonatky 20 KIIMaTUYHUNA KOEQIIIEHT OMOpY IPYHTY st
yopHO3emy v = 1,32.

Busznauaemo po3paxyHKOBHM MUTOMUH OMip IPYHTY 32 POPMYIIOLO:
=P, W=20-1,32=26,4 Owm.

Bun BepTukanpbHOro 3a3emiiroBaua — CTajeBe KOJIO jiaMeTpoM 38 MM.
OOupaeMo BepTHKAIBHUN €JICKTPOJ JOBXKHHOIW =5 M, 3a0utuii Ha Hy=0,5 M B
MIMOWHY BiJl IJTAHYBAJIbHOT BIAMITKH 3eMiti. Tomi

H=£+H0=§+0,5=3M.
2 2

P po3p

BuzHnauaeMo omip 0JJMHOYHOTO BEPTUKAIBHOTO €JIEKTPO/Ia:
Rlzzppm[(lnz-al 1n4-H+zj 26,4 (1 2:5 4-3+5J:
. ’n: .

©2.314-5

d 2 S5-H-/

n +0,5:1In
0,038 5-3-5




264
2-314-5
BynuHOK Mae posmip 12x18 M’ Po3TamoByeMo BEpTHKAlbHI €I1EKTPOIH
3a3eMJiIlOBaya y psija Ha BiacTaHi 1 M Big (QyHIaAMEHTY B3/IOBXK JIOBrOro OOKY
OyauHKy. B sKOCTI TOpPH3OHTAJIBHOTO €NEKTPOAYy MPUIMAEMO CTaleBy IMITA0y
po3mipom 40x4 Mm>.
[lonepenubo mpuitMaeMo 2 BEPTUKAIBHHUX €JIEKTPOJM, PO3TAIIOBAHUX Ha
BiJICTaH1 a=5 M OJIMH BiJ] OJTHOTO B PSI]I.
INopuzonTanbauil  enekTpon 3aknaaeHuit Ha Hy=0,5 M B rimbuny BiAg
MJIaHYBaJIbHOT BIIMITKU 3eMJil. Bu3Hawaemo omip rOpU30HTAIBLHOTO EJIEKTPOIY.

Cnouatky BU3Ha4aeMo L — TOBXKHHY TOPU3OHTAIBHOTO €JIEKTPOAY
L=1,05-a-(n-1)=1,05-5-1=5,25 m.
2 2
Rll — pp03p . ]n 2 L _ 26,4 . ]n 2 5,25 ~
2-m-L  b-H, 2-3,14-5,25 0,04-0,52

[Ipuitmaemo ayis 2 BepTUKAJIBHUX €IEKTPOIIB (IIPU BIAHOILIEHHI BiJICTaHI

. . a 5
MK CJICKTpOIIaMI/I A0 1X JOBXHNHHU Z =—= 1)

(5,57 +0,27)~ 4,9 Om.

6,3 Om.

- KoeilIEHT BUKOPUCTAHHS BEPTUKATBLHOTO eleKTpoy: N~ 0,85 (momarok 21),

- KOeQIlI€EHT  BUKOPUCTAHHS  TOPU3OHTAIBHOIO  €JIEKTPOAY  MpH
po3TalnryBaHHI BEPTUKAIBHUX €IEKTPOIB y psia: N~ 0,87 (momaTok 22).

BuszHnauaeMo peanbHUlt omip ropu30HTAIBHOTO €JIEKTPOIY:

R!
R =—F= 6,3 ~7,2 Om.
n, 087
BuzHnauaeMo MakCcUMalIbHO TIPUITYCTUMUIN OIIP BEPTUKAIBHOTO €IIEKTPOY:
R R, 72-4 _9 Oum

* R -R, 72-4

[licns 1poro, BpaxoBYIOUM BEIUYHMHY KOE(IIIEHTa BUKOPUCTAHHS

BEPTUKAJIBLHUX €JIEKTPO/IIB, BU3HAYAEMO iX OCTATOYHY KUIbKICTb:
R 4,9 N

n, R, 0,859

OTpumaHuil pe3ynbTaT CBIIYUTH PO TE, 110 JBa BEPTUKAIBHUX €JIEKTPOIH,
3’€THAHl TOPU3OHTAJIBLHUM EJIEKTPOAOM, 3a0€3Meuyl0Th HOPMATHUBHE 3HAUYCHHS
OIIOPY LWITY4YHOrO 3a3eMiieHH R, =4 OM.

n=

3.5. IIpoeKT 0.IMCKABKO3aXHUCTY

Cucrema OmmckaBkoszaxucty (LPS — lightning protection system) OyauHKy
BKJIIOYA€ 30BHILIHIN Ta BHYTPIMIHIA OJIMCKAaBKO3aXHUCT.

Pospaxyemo 3oBHimHIO LPS.



HlnidgyBanbHa AUTbHULS Me0IeBOi (GaOpUKU € 00’ €KTOM 3 PU3UKOM BHOYXY
(yTBOprO€ThCA BUOyXoHeOe3neuHa 30Ha knacy 22). Tomy 3actocoByemo LPS II-ro
KJIacy.

Binnosinno no tabnumi 1 JJCTY EN 62305-3 LPS II knacy Bignosigae II-it
piBeHb OsnckaBko3zaxucty (LPL — lightning protection level).

VY BIAMOBIIHOCTI 3 3aBJAaHHSAM OOMPAEMO CTPUIKHBOBHUH IEpEXOIUIIOBaY
OJINCKaBKH.

Binmosinno m. 5.2.2 ta gogatky D ICTY EN 62305-3 koMnoHeHTH miepe-
XOILTIOBAYiB, BCTAHOBJICHI Ha OY/IBII (CIIOPY/l), Ma€ OyTH PO3MIIIEHO Ha KyTax,
BUCTYITHUX TOUYKaX Ta py0Oax (0COOJMBO Ha HAMBUIIUX PIBHIX BCSIKUX (acajiB) —
CTPY>KHBOBI MIEPEXOIUTIOBAYl BCTAHOBIIOEMO Ha JaxXy OYy/IBI y KyTax.

Po3paxyHok 30BHImHBOI LPS 3ailicHIOEMO METOJOM 3axHCHOTO KyTa
(protection angle design method). O6’em, 110 3aXUIAETHCSA OJJHUM BEPTUKAIBHUM
CTpUXKHEM Ma€e GopMy MPSIMOTo KPYroBOro KOHYCa, BEpPIIMHA SKOI'0 PO3TalllOBaHa
Ha OCl1 NMepexoIuUIoBaya, 3 MOJOBUHHUM KYTOM MPU BEPIINHI 0.

Binnosinno tabmuii 2 JICTY EN 62305-3 nna LPS Il-ro kiacy 3axucHuii
KyT O 3aJIeXUTh Bl BUCOTH IMEpEXOIUIioBaya OJMCKAaBKUA h Ta BU3HAYaEeTHCS 3
rpadiunoi 3anexHocti 3 pucyHky 1 JICTY EN 62305-3 (mpuBeaena Ha puc. 2.3
METOJIMYHHUX BKA31BOK).

[TpuiiMaeMo BUCOTY nepexoruitoBaya onuckaBku Bif 3emii: h, =10 m. Big-

MIOB1JTHO BUCOTA HEPEXOIUTI0OBaYa OJIMCKaBKU Haj JaXOM:
h,=h,-H=10-4=6mM. Y 1npoMy BuUNaAKy BEJIWYMHHU 3aXUCHUX KYTIB JOpIB-
HIOIOTb O, ~55°, o, ~ 65° BIANOBIAHO.

3 TeOMETPUYHUX MIPKYBaHb 3aXUIyBaHUM 00’ €M Il OTHOTO CTPUXKHS Ma€e

(dbopmy IpsIMOTo KPYroBOro KOHyca 3 HaCTYITHUMH PO3MipaMHu:
- BUCOTA KOHYCY HaJ gaxoM — h, =6 M,

- BUCOTa KOHYcy Bix 3emii— h, =10 m,
- paJilyc KOHyCY Ha piBHI 3emil - 1, =h, - tgo, =10-tg55°~14,3 ™,
- pajilyc rOpU30HTAIBHOTO NEepepi3y I, Ha BUCOTI OynuHky H=4 M
r, =h, -tgo, =6-tg65°=12,9 ™.
Takox 3 reomeTpuyHuX MipKyBaHb (Teopema Iliaropa) na Bucori H=4m

KOHYC 3aXHCTy MOBUHHUN MaTH pajiiyc (MOJOBHHA JOBXKWHU JlIaroHall Jaxy Oy-
JMHKY) HE MEHIIIe

I, = \/(éJz +(EJ2 =\/(§Jz +(%j2 =97 +62 =117 =10,8 M<12,9 M.

2 2 2

ne A — nopxuHa 6ynuHky, B — mupuna 6ynunaky, H — Bucora OyauHKy.

ToOT0, OYyIUHOK TMOBHICTIO 3aXMINAETHCS IMEPEXOIUTIOBAUYEM OJIMCKABKU Y
BUTJISIZII YOTUPHOX BEPTUKAIBHUX CTPUMIKHIB BUCOTOIO 6 M BiJ Jaxy, po3TalloBa-
HUX Y KyTax OyJIuHKY.



Binmosinno m. 5.2.1 JICTY EN 62305-3 okpeMi CTpukKHI TIEPEXOILITIOBAYIB
OJINCKaBKU MarOTh OYTH 3’€JHaHI MK COOOI0 Ha PIBHI MOKPIBIII JIsl 3a0€31eUeHHs
PO3IOALTY CTPYMY.

Jlns enemenTiB 30BHIMHKOI LPS 00uparo oiiHKkoBaHe cTajieBe Kojio (Tald-
auis 6 JICTY EN 62305-3):

- HepexoIlToBad GIHMCKABKHU — Iepepi3 He MeHIe 50 MM7;

- JI03eMHi POBITHUKH — Mepepi3 He MeHIIe 50 MM,

3a pexomengamismu 0. D.3.3 JICTY EN 62305-3 ans ycix cuctem Oiucka-
BKO3aXHCTy BUOYXOHEOE3MEUHUX CIOPY/ CJiJl BAKOPUCTOBYBATH CUCTEMY 3€MIJIS-
HOTO 3aKiHueHHs (3a3emiieHHs1) B-tumy. Lle#t Tun BKiIroYae 30BHINIHINA KUTbLIEBUI
MPOBITHUK CTOCOBHO CIOPYAM, IO 3aXUIIAETHCS, SIKUA KOHTAKTYE 3 IPYHTOM
npuHaiiMH1 Ha 80% #oro 3araabHO1 JOBXHHHU, 00 PyHIaMEHTHUN y3EeMIIIOBAJIb-
HUN €NEeKTPOJI, SIKUUA YTBOPIOE 3aMKHEHE KOJIO. Taki y3eMIIIOBajibHI €JlEeKTPOAU
MOXKYTh TaKOX OyTH MOEAHAHI Y CITKY.

3rigno Tabmumii 6 JICTY EN 62305-3 nist 30BHIIIHBOTO KUTBIIEBOTO MPOBi-
JTHUKa 0OMpPaEMO OIMHKOBAHE CTaJeBE KOJIO AlaMeTpoM He MeHIe 14 mw.

Bin nepexoruttoBada OJIMCKaBKH O CUCTEMH 3€MIITHOTO 3aKIHUEHHS IMPO-
KJIAJJaEMO J03€MHI MPOBIAHUKY HAMKOPOTIIMM HUISIXOM Yepe3 MICLs, MaJTOHMOBI-
PHI1 17151 3HAXOI)KEHHS JII0JIeH.

Omnip 3emil cUCTEMH 3eMIISTHOTO 3aKiHYeHHS OyJiBeib (Cropyxd), AKi Mic-
TATh BUOYXOBI CyMillll, Ma€ OyTH SIKHAHMEHIIIUM 3 MOKJIUBUX 1 HE MepEeBUILYBAaTH
10 Om .

Pozpaxyemo BHyTpimHi0o LPS — crucreMy eKBINOTEHLIWHUX CIIOJIYYEHb 3a-
XHUCTY BiJi OJMUCKaBKU Ta/ab0 eneKTpu4Hoi 13oismii 30BHIHbOI LPS (JICTY EN
62305-4)

CroyaTtky BUIUISIEMO 30HM 3aXUCTy Bl BTOPUHHMX A1l OnuckaBku (LPZ —
lighting protection zone): LPZ 04, LPZ O, LPZ 1 (puc. 3.4).

LPZ 0,
// ~~\\ | ""‘ \\
RN R
,’/ \~i" N
P " LPZ0s
R e
L | OyIMHOK 1 Oe3meuyna ™
Ve  LPz1 ! 1 BIICTaHL N
. - . .

Puc. 3.4 — 30HM 3axucTy Bil BTOPUHHUX i OJIMCKaBKH MPHU 3aCTOCYBaHHI
JUISL 3aXUCTY B NOPSIMUX BIy4eHb OJIMCKaBKH 4-X KpPaTHOrO CTPUKHBOBOTO
NEPEXOIUTIoBaYa OIMCKABKU

Ha mexax 30H 3A1MCHIOIOTBCA 3aX0M II0JI0 €KPaHYBaHHSA 1 3'€IHAHHS BCIX
MeTaJeBUX €JIEMEHTIB 1 KOMYHIKaIlli, 110 nmepeTuHaTh Mexy. [Ipu nepetuHaHH1
MEX 30H €JEKTPUYHUMM KOMYHIKAIISIMH Ha MeXaX 30H BCTAHOBJIOIOTHCS IpH-
CTpOi 3axuCTy Bi iMIyiabcHUX nepeHanpyr (SPD — surge protective device).



ExpanyBaHHs € OCHOBHMM CIOCOOOM 3MEHIIEHHS €JIEKTPOMArHiTHUX Iie-
pemkoa. MeraneBa KOHCTPYKIIS OyAiBENbHOI CHOPYIM BUKOPHCTOBYETHCS abo
Moke OyTH BUKOpHCTaHa sk ekpaH. [lomiOHa ekpaHHa CTPYKTypa YTBOPIOETHCS
CTaJICBOIO apMaTypoIO Jaxy, CTiH, MJJIOTH OY/IBII, a TAKOX METAJICBUMU JICTAJIS-
MU J1axy, ¢acajiB, cTaleBUMH Kapkacamu, pemitkamu. s expanyroua cTpykTypa
YTBOPIOE €JIEKTPOMArHiTHUI eKpaH 3 OTBOpaMu (3a paxyHOK BIKOH, JBepeH, BEH-
TWISIIAHUX OTBOPIB, YAPYHOK CITKM B apMatypi, HIUIMH B MeTajeBoMmy dacai,
OTBOPIB JJIs1 JIIHIN €JIEKTPONoCcTayaHHs Too). [[s 3MEHIIeHHs! BIUIUBY €JIEKTPO-
MarHiTHUX IOJIiB BCI MPOBIJIHI YaCTHHU 00’ €KTa €JICKTPUYHO 00'€ THYIOThCS 1 3'€/1-
HytoThcs 3 LPS 00’ ekTy.
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1. 3oBHIMHIA OGIHCKABKO3axXHCT 3ade3medyeThesa 4-X
KPaTHHM  CIDHUKHeBHM  IIepeXOILTIoBadeM  OIHCKABKH
BHCOTOK hy=10 M Bix 3eMIi.

2. Po3MipH KOHYCIB 3axHCTy: Ih=10 M. padiyc Ha piBHI
3eMii 10=14.3 M. pazmiyc Ha BHCOTi OyIHHKY 1x=12.9 M.

3. Jdna 3a3eMIeHHA BHKODHCTOBY€TBCA  CHCIEMaA
3eMISHOIO 3aKiHUeHHd B-THIY — 30BHIMHIH KiTblIeBHH
OPOBITHHK CTOCOBHO CHOPYIH, INO 3aXHINAETBCA, AKHH
KOHTAKTye 3 IPYHIOM IpHHaHMHI Ha 80% HOro 3araibHOL
JIOBKHHH. [[iaMeTp MPOBLTHHKY 14 MM.
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Jonartoxk 1
3pa3ok opopMiICHHS TUTYJIBHOIO ApPKYyIIA
HarnionanbHuii yHIBEpCUTET HUBUILHOTO 3aXUCTY YKpaiHU
Kadenpa moxexHoi 1 TeXHOT€HHOT 0e31eKH 00’ €KTIB Ta TEXHOJIOT1H

KYPCOBUM ITPOEKT
3 HaB‘{aJIBHOI III/ICI_II/IHJIiHI/I
«HO)Ke)KHa 6631‘[61(21 CJICKTpOYCTaHOBOK»

Ha TeMy: 3a0e3MeUeHHs TTOKEKHOI 0€3MEKH eJIEKTPOYCTAaHOBOK BUPOOHUYOTO
MIPUMIIISHHSI

3100yBada BUIIIOT OCBITH 32 OCBITHBO-
KBaJTi(IKALIITHUM pIBHEM «OakaiaBp»

B ranysi 3Hanb 26 "l{uBinpHa 6e3neka”
cremnianbHICTh — 261 "IloxkexHa 6e3nexa”

Kypcy rpynu

(mpi3BUILE Ta 1HIIIATN)
KepiBHuk

(mocaza, BUeHe 3BaHHsI, HAYKOBHII CTYIiHb, IPI3BHUIIE TA 1HILIaIN)
HanionanpHa mkana

Kinpkicts OaniB:  Ominka: ECTS

Yenu koMicii

(mipmuc) (mpi3BHILE Ta 1HILIAIN)
(migmuc) (mpi3BHILE Ta 1HILIAIN)
(migmuc) (mpi3BHILE Ta 1HILIAIN)

M. XapkiB — 20 pik



HarmionanbHuii yHIBEpCUTET HUBUILHOTO 3aXUCTY YKpaiHU
Kadenpa moxexHoi 1 TeXHOT€HHOT 0e31eKH 00’ €KTIB Ta TEXHOJIOTIN

KYPCOBUM ITPOEKT
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«EJICKTpOTeXHiKa Ta 6631‘[61(21 eJIeKTpOYCTaHOBOK»

Ha TeMy: 3a0e3neueHHs O€3MeKH eJIEKTPOYCTAaHOBOK BUPOOHHYOTO MPUMIIICHHS

3100yBayda BUIIIOT OCBITH 32 OCBITHBO-
KBaJTi(IKALIITHIM pIBHEM «OakaiaBp»

B raiysi 3Hanb 26 "l{uBinpHa 6e3neka”
criemianbHICTh — 263 "[{uBinbHA Oe3meka”

_ Kypcy  TpylmH

(pi3BUILE Ta 1HIIIATN)
KepiBHuk

(mocaza, BUeHe 3BaHHsI, HAYKOBHII CTYIiHb, IPI3BHUIIE TA iHILIaIN)
HanionanpHa mkana

Kinpkicte OanmiB:  Ominka: ECTS
Unenn xomicii
(mmarmmc) (Tpi3BUIIE Ta HIITIATN)
(Tmiarmmc) (Tpi3BUIIE Ta HIIIATN)
(migmuc) (mpi3BHILE Ta 1HILIAIN)

M. XapkiB — 20 pik



JlonaTox 2
3aB/IaHHsS HA BUKOHAHHS KYPCOBOI'0 MPOEKTY 3 TUCIHUNIIHU
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3aBaHHA HA BUKOHAHHSI KYPCOBOI'0 POEKTY 3 THCHUILTIHA
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1 2 3 4 5 6 7 8 9 10 11 12 13
A JIUIBHUI TIPUTOTYBaHHS IIYKPOBOI 2.11 20 | CTPHE | 5000 24x24x 50 6 4 0.7H 50 30
ITy1pr HEBUU 5
JIIBHULI TIPOCOYYBAHHS OOMOTOK
b | enekrpuunux wmamwuH (po3zuumHuuk | 1,237 | 250 :Ig;l:; 600 24)(612)( 30 4 2 0,7.H 50 30
TOJIYO)
B Hacocna craHmiss mo mnepekauil 0.305 50 CTpI/I)\IJ( 200 12x12x 3 3 3 0.7H 50 30
OeH30ITy HEBUU 3
r Me).(aHISOBaHI/II/I ckian 30epiranHs 1,949 300 z[poTo 300 120x24 50 6 4 0.8H 50 30
COJIONY BUI x10
il MamusHun _san aMIa4qHo1 1,949 | 400 CTPHK | 5000 18x36x 25 3 4 0.6:H 50 30
KOMITIPECOPHO1 HEBUU 5
E | KomGikopmosuit riex 1237 | 100 PO 5o | 00| 5 6 | 4 | 06H | 30 10
BU1 10(12)
€ | ®apbonpuroryBaabHa JUTHHHUII 0,487 80 (}:11;311)::1;1( 300 24X61 2x 16 6 4 0,8-H 30 10




2 3 4 5 6 7 8 10 11 12 13

JIUIbHULIST 3HEXKUPIOBAHHS JeTalei 2.11 200 CTpI/D\IJ( 1000 24x24x 30 ) 0.8 30 10

(1M3enpHEe NaIUBO MAapKHU 3) HEBUI 5 ’

JineHUIS I0ApIOHEHHS BYT LIS 0,487 80 HEE;O 100 12)?1%24 20 4 0,7-H 30 10

Bomea crammis 0305 | 50 |CPE| 5gg | 20XI0X) 5, 4 | o7H | 50 | 30
HEBUH 3

JIIbHULIL OTPUMAHHS alleTHIICHY 1,949 | 600 CTPHAH 1800 24x12x 16 2 0,6-H 50 30
HEBUH 8

Aremve 3 purotosnenma onary | 1,949 | 300 | P | qgpp | XIS | 5¢ 6 | 08H | 30 | 10
HEBUH 6

HacocHa craniis 3 nepexadyBaHHs 311 200 | CTPHE | g00 24x12x 30 5 0.6:H 30 10

CIHUPTY €TUIOBOTO HEBUI 10

HacocHa craniis 3 nepekadyBaHHs 0312 150 | STPHE | 500 18x18x 16 6 0.8H 50 30

JIM3EJIbHOTO TaJIMBa MapKu 3 HEeBUU 3

HUII)HITIHSI Q)ap6yBaHgﬂ MeTajieBnx 0,779 150 | APOTO | oo 48x12x 40 ) 0.8H 50 30

BUpoOIB ((apOa Ha oidi) BUI 6(8)

HacocHa craHmis mno mnepekauit 1237 120 | APOTO | 400 12x6x3 3 4 0.7-H 50 30

OeHzuny A-92 BUI (5)

KorenbHs Ha npupogHOMY Ta3y 3,11 100 | PP 2600 24x12x 30 4 0,7H 30 10
HEBUH 6

Mexa.Hl?,?BaHI/I.I/I CKJaja 30epiraHHs 311 50 APOTO | 550 60x12x 2 6 0.6-H 50 30

y Tapl yauT-CIIPUTY BHI 4(6)

JliconunbHa ~ AUIbHHULLS 0,779 10 HPOTO 1000 60x12x 25 4 0.8H 30 10

NepeBOo0OPOOHOTO KOMOIHATY BHI 6(8)

HinpHuns QapOyBaHHS JBUTYHIB 1237 | 200 CTPIK | 400 48x24x 3 3 0.8H 50 30

(pO3YMHHUK - COJILBEHT) HEBUU 8

OmiitHa ~ gimpHUIS  (OTPUMAaHHS - 12x12

COHAIIHUKOBOI oiii 3 Haciuasg | 3,11 160 HCI;I/Iﬁ 2100 X3 x 22 4 0,6-H 50 30

BI/DKMMAaHHSIM )




0l

2 3 4 5 6 7 8 10 11 12 13
T HUII)HITIHSI (bapOyBaHHS JepeB'sTHUX 1237 30 APOTO | sy 48x12x 28 ) 0.8H 70 50
BUpOOIB (pO34MHHUK P-5) BUI 5(7)
v JutbHUIA IIPUTOTYBaHHS 0,487 20 | CTPHX | 500 24x12x 25 4 0.7H 50 30
KPOXMAJIIO HEBUU 5
@ | 3apsgHa CTaHINS aKyMYJISTOPIB 3,11 60 HEE;IO 200 12()(76))(6 28 2 0,7-H 50 30
X I{gIanuﬁ HAllOBHEHHSI  OaJoHIB 311 800 | ®POTO | 1500 36x18x 40 ) 0.8H 50 30
3pUIKEHUM IIPONIaHOM BUI 6(7)
[ | BiumemHa o ymakommm - Ta | 4ep | 500 | CTPHE | gg | ABXIOX | 56 6 | 07H | 30 10
30epiraHHs caxi HEBUU 10
Y | MexaHi30BaHe KHUTOCXOBUIIIE 1,949 | 100 CTPHA| 450 P0x48x 30 6 0,6-H 70 50
HEBUM 11
I JIUIbHULISL 3HEKUPIOBAHHS JeTalel 311 200 HPOTO 940 24x12x 20 4 0.6:H 50 30
(mu3enpHe nanuBo Mapku JI) BUI 8(9)
1 MexaHISOBaHI/II/I. CKJaja 30epiraHHs 1,949 100 | STPHE | 400 12x12x 30 3 0.7H 50 30
T'YMOBHX BHPOOIB HEBUH 7
10 JinpHuns OTpUMaHHsS OeH3011y 13 0312 100 | TPHE | g0 48x24x 50 5 0.6H 30 10
KOKCOBOTO rasy HEBUI 8
q 3€pHOZIpO6I/IJI.I)He ~ BiLIUTEHHS 311 20 | STPHE | jasn 18x12x 36 4 0.8H 50 30
KOPMOIIEXY CUIBTOCIITIIPHEMCTBA HEBUIi 6




Honpatok 4

BuxigHi 1aHi, 110 BU3HAYAKOTHCS 32 IBOMA OCTAHHIMHU HU(PPaAMHU MOPSIAKOBOIr0 HOMEPY 3aJ1iKOBOI KHHKKH 3100yBaya

BHIIIOI OCBIiTH

[Tepenocranns OcTranusa u]/[(l)pa
uudpa 0 1 2 3 4 5 6 7 8 9
9 0,4 0,08 0,095 0,015 0,02 0,03 1,0 0,25 0,095 0,015
1,1;5,5% 1,5;7,5% 2,2;11,0 0,55;7,5 0,75;15,0 | 3,0;11,0* | 3,0;15,0%* 2,2;:4,0 1,5;5,5 1,1;7,5
2 0,02 0,03 0,03 0,02 0,015 0,095 0,04 0,095 0,015 0,02
0,55;4,0* 1,1;5,5 1,5;7,5 0,55;11,0 1,1;3,0 1,5:4,0 2,2:3,0%* 3,0;5,5 0,37;7,5 0,55:4,0
7 0,03 0,02 0,015 0,095 0,02 0,03 0,095 0,02 0,03 0,095
0,75;11,0 | 0,75;15,0 | 0,75;22,0* | 1,1;11,0 1,5;7,5% 2,2;5,5 3,0:4,0%* 4,0;4,0 5,5:4,0 0,55;5,5
6 0,04 0,08 0,095 0,08 0,095 0,02 0,012 0,015 0,02 0,015
0,55;7,5* | 0,55;18,5 | 0,75;11,0 | 4,0;7,5* 3,0;5,5 2,2;:4,0 1,5;5,5% 1,1;4,0% 0,75;7,5* 0,75;5,5
5 0,03 0,095 0,02 0,012 0,4 0,095 0,015 0,02 0,03 0,02
4,0:5,5 3,0;4,0* 3,0;7,5% 2,2:4,0%* 1,5:5,5 1,1;7,5% 1,1;4,0* 2,2:3,0 3,0;5,5 4,0;7,5%
4 0,015 1,0 0,095 0,02 0,012 0,03 0,095 0,03 0,015 0,095
5,5;15,0 4,0;5,5%* 3,0;7,5 2,2;3,0% 2,2;:4,0 1,5;5,5 1,5;7,5 3,0;11,0 4,0;11,0 2,2:3,0
3 0,02 0,015 0,08 0,095 0,08 0,095 1,0 0,02 0,03 0,4
2,2:4,0% 2,2;:4,0 3,0;3,0 4,0;5,5 3,0;7,5% 4,0;3,0%* 1,5:4,0%* 2,2;5,5 1,5;7,5% 2,2:5,5
) 0,08 0,095 0,015 0,02 0,03 0,03 0,02 0,015 0,095 0,08
1,1;3,0 1,5:4,0%* 0,75;5,5 0,75;7,5* | 0,55;11,0 1,1;11,0 2,2;5,5 1,5:4,0 1,1;3,0%* 3,0:4,0%*
1 0,25 0,4 0,08 0,095 0,015 0,25 0,03 0,03 0,02 0,015
4,0;5,5 1,5:4,0 1,1;3,0%* 2,2;:4,0 2,2;3,0 3,0;5,5 4,0;5,5%* 3,0;7,5 2,2;:4,0 4,0;3,0
0 0,095 0,08 0,04 0,04 0,04 0,08 0,095 0,015 0,02 0,03
0,75;7,5* 0,75;3,0 2,2:4,0% 3,0;5,5 1,5;3,0%* 3,0:4,0 4,0;5,5 2,2;3,0 1,5:4,0%* 2,2;5,5

[Tpumitka. 3ipka o3Hauae, MO0 JBUTYHU CUCTEMU BEHTWIALIIl BCTAHOBJICHI 330BHI MPUMIIIEHHS, BIICYTHICTh 31PKU — ABUTYHH
CUCTEMU BEHTUJISLI] BCTAHOBJIEH] Y IPUMIIIICHHI.

[
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Homatok S
TexHiuHi 1aHi ACHHXPOHHUX JABUTYHIB cepii AUP
(cTtyninb 3axucty 0000HKkH I1P54, 1500 00./xB.)

: I
T HOT?];TCTB’ KK, % | cos ¢ Kn = Hy;
ANP63B4 0,37 68 0,7 5
ANP71A4 0,55 71 0,71 5
ANP71B4 0,75 72 0,75 5
ANP80A4 1,1 76,5 0,77 5,0
ANP80OB4 1,5 78,5 0,80 53
ANPI0LA4 2,2 80 0,79 6,0
ANP100S4 3,0 82 0,82 7,0
ANP100L4 4,0 85 0,84 7,0
ANP112M4 5,5 85,5 0,86 7
ANP13254 7,5 87,5 0,86 7,5
ANP132M4 11,0 88,5 0,85 7,5
ANP160S4 15,0 89 0,87 7
ANP160M4 18,5 90 0,89 7
ANP180S4 22,0 90,5 0,87 7
JonaTok 6
TexHiuHi JaHi ACHHXPOHHUX ABUI'YHIB cepii B
(mapka BuOyxo3axucry 1ExdIIBT4, 1500 00./xB.)
: Il
Tun HOT)I’ZI];TCTB’ KK/, % Ccos @ Ky = ]r::
B63B4 0,37 74,0 0,74 5,0
B71A4 0,55 75,0 0,77 5,0
B71B4 0,75 76,0 0,77 5,0
B80A4 1,1 79,0 0,82 5,0
B80B4 1,5 81,0 0,83 5,0
B90L4 2,2 81,5 0,82 5,5
B100S4 3,0 82,8 0,83 5,5
B100L4 4,0 84,3 0,83 5,5
B112M4 5,5 87,0 0,84 6,7
B132S4 7,5 88,0 0,83 7,0
B132M4 11,0 89,0 0,85 7,0
B160S4 15,0 90,0 0,85 7,0
B160M4 18,5 91,0 0,85 7,0
B180S4 22,0 91,0 0,88 7,0




Honmatok 7
TexHiuHi 1aHi ACHHXPOHHUX JABUTIYHIB cepii AUM
(mapka BuOyxo3axucry 1ExdIIBTS/2ExdIICTS, 1500 00./xB.)

. 1
Tun HOT};?];I:CTB’ KK, % cos @ Ky = ]zcj:
AVIM-M63B-4 0,37 71,2 0,77 4,1
AVM-M71A-4 0,55 74,4 0,77 4,1
AVIM-M71B-4 0,75 76,2 0,78 4.4
AVIM-MB0A-4 1,1 79,0 0,81 5,1
AVIM-M80B-4 1,5 80,3 0,80 5,1
AVM-M90L-4 2,2 80,0 0,80 6,0
AVIM-M100S-4 3,0 81,5 0,80 5,8
AVIM-M100L-4 4,0 84,0 0,82 5,8
AVIM-M112M-4 5,5 85,5 0,84 7,0
AVIM-M132S-4 7,5 87,0 0,85 6,5
AVIM-M132M-4 11,0 88,5 0,86 6,5
AVIM-M160S-4 15,0 88,5 0,84 6,5
AVIM-M160M-4 18,5 89,5 0,85 7,0
AVIM-M180S-4 22,0 92,0 0,89 7,6
JonaTok 8

TexHiuHi XapaKTepHMCTUKN MArHITHUX MycKaviB Ha Hanpyry 380 B

Cepia IIME

Mapxka [IME-XXX po3umudpoByeTbcs HACTYTHUM YHHOM:

[epmia nudpa (1 ado 2) — BenuunHa nyckaya; 1 — HomiHanbHUM cTpyM 10
A,2-25A.

Hpyra uudpa (Bix 1 go 3) — crymins 3axucty odononku (1 — IP00, 2 — [P40,
3 —IP54).

Tpers nudpa — MOXKIUBICTH peBEpCy Ta HAsBHICTH TEIJIOBOro pene : 1 —
HEPEBEPCUBHUI 0€3 TEIIOBOIO pelie; 2 — HEPEBEPCUBHUM 3 TEIUIOBUM pelie; 3 —
pEeBEPCUBHUN O€3 TEMIOBOIO pefie; 4 — peBEPCUBHUM 3 TEIJIOBUM peJle.

Cepis ITAE

Mapka [TAE-XXX po3mudpoBy€eThCsi HACTYITHUM YHHOM:

[epmia udpa (Big 3 10 6) — BeIMUMHA MTycKaya: 3 — HOMIHAJIBHUI CTpyM
40 A,4-63 A,5-100 A, 6 -160 A.

Hpyra mudpa (Bix 1 go 3) — crymins 3axucty odononku (1 — P00, 2 — [P40,
3 —IP54).

Tpers nudpa — MOXKIUBICT peBEpCY Ta HASBHICTH TEIJIOBOro peine : 1 —
HEPEBEPCUBHUI 0€3 TEIJIOBOIO pelie; 2 — HEPEBEPCUBHUM 3 TEIUIOBUM pelie; 3 —
pEBEPCUBHUN O€3 TEMIOBOIO peiie; 4 — peBEPCUBHUM 3 TEIJIOBUM pEJIE.
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TexHiuHi XapaKTePHUCTUKHU TEILUIOBUX peJie AJIs1 MATHITHUX IyCKaviB

cepiii [IME, ITAE
Bennuunna Tun MakcumanbHui Howminaneuuit ctpym, A Mexa
mycKaJa TEIJIOBOTO cTpyM, A peryinroBaHHs
pene HOMIHAJIEHOTO
CTPyMY YCTaBKH
1 TPH-10 10 0,5; 0,63; 0,8; 1,0; 1,25; (0,75+1,3) 1,
1,6; 2,0; 2,5; 3,2; 4; 5;
6,3;8; 10
2 TPH-25 25 5;6,3;8;10; 12,5; 16; 20; (0,74+1,3) 1,
25
3 TPH-40 40 16; 20; 25; 32; 40 (0,75+1,3)1,
4 TPII-60 60 25; 30; 40; 50; 60 (0,75+1,25) 1,
5 TPII-150 150 50; 60; 80; 100 (0,75+1,25) 1,
6 TPII-150 150 100; 120; 150 (0,75+1,25)1,
Cepii IIM-701, 702
[TapameTtp Mapka MartiTHOro nmyckaya
I[IM-711-25, IIM-711-100, I[IM-711-250,
I[IM-702-25 I1IM-702-100 1IM-702-250
Mapka HMB (3a IIMBD), mo Bianosigae
BUOYX03aXUCTY 2ExolICT2 (3a HITAOII 40.1-1.32-01)
HominanpHuid 25 100 250
CTpyM, A
MakcuManbHa 12,5 54,5 100
MOTYXHICTb
JIBUTYHA (npu
Harpy3i 380 B),
kBT

BOynoBaHo TemioBe pese B 3aJ€KHOCTI BiJ] BEJIMUYMHUA MarHiTHOTO IycKaya,
10 po3paxoBaHo Ha ctpymu: 1,5; 2,5; 4; 6; 8; 10; 12; 16; 20; 25; 30; 35; 42; 50;
72; 85; 100; 120; 135; 150; 180; 200; 220; 250 A.

Cepin I1B

Mapxka [1B-XXX po3mugppoByeTbCsl HACTYITHUM YHHOM:

[1B — nyckau BuOyxo3axuileHuid (Mmapka Bubyxo3zaxucty 1ExdellBT4).

[epmia mudpa (Big 1 10 7) — BenuuuHa nmyckaya: | — HOMIHAJIBHUI CTpyM
10A,2-25A,3-40A,4—-63A,5-80A,6-125A,7—-160 A.

Hpyra mudpa (0 abo 1) — HasgBHICT, aBTOMATMYHOTO BUMHKaya: 0 —
BIICYTHIH BOyJIOBaHMM aBTOMAaTHYHUW BUMHKa4, | — € BOyAoOBaHMI
aBTOMAaTHUYHUN BUMHKAY.




Tpers nudpa — MOXKIUBICTH peBEpCy Ta HAsBHICTH TEIJIOBOro pene : 1 —
HEpPEBEPCUBHUHN 0€3 TEIIOBOTO peiie; 2 — HEPEBEPCUBHUM 3 TEIUIOBUM pelie; 3 —
peBepCcUBHUN 0€3 TEIIOBOTO peie; 4 — peBepCUBHUN 3 TETUIOBUM peEJie.

3aieXHO BiJ BEJIWYMHU MAar”HiTHOrO ITyckaua BOYJOBaHE TEIUIOBE pelie,
po3paxoBaHo Ha cTpymu 1,5; 2,5; 4; 6; 8; 10; 12; 16; 20; 25; 30; 35; 42; 50; 72;
85; 100; 120; 135; 150 A.

JonaTok 9
TexHiuHi 1aHi KHONKOBHUX IOCTIB YIIPABJIiHHA
(HominaabHa Hanpyra 380 B, HoMiHaIbHMH CTPYM 10 2 A)
Tun kHonkoBoro nocra | CTyniHb 3aXUCcTy 000JOHKH 200 MapKa BUOYX03aXHUCTY

ITIKE-222 1P54
[IBK-3 PB ExdI; 1ExdIIBT6; 1ExdIICT6;
Jonarox 10
Biarany:kyBaJsbHi (3’€IHYBaJIbHI) KOPOOKH
Tun Kkopo6Ku Cryninb 3axucty 000J0HKH a00 [Tpumitka
Mapka BUOYX03aXHUCTy
Y409 1P65
KCB 1ExellCT5
KTO-20 1ExdIICT6 JInst IpOBOJKM B
CTaJIEBUX TpyOax

Honartok 11
Posnoginbyi npucrpoi
Tun po3noaibyOro Cryminb Tun BOygoBaHUX anaparis Kinpkictb
MPHUCTPOIO 3axucty 3aXHUCTY amapaTiB 3aXHUCTY
000J10HKH 200
Mapka
BUOYX03aXUCTY
Cuioa mada CI162 1P23 ITH2-100 (HITH2-80) 6
CuioBa mada
CIIVER P44 [TH2-100 (HITH2-80) 6
Cunouii 610K
PYCR100 P44 [1P2 a6o AE1000 (AE2000)| 6 ado 8 a6o 12
Posmopunbunit mykt| 55y A3710 (16+160A) 6 a6o 8 a6o 12
[1P22
[I{uTok
OCBITJIFOBAJIbHUIM P21 AE1000 6 ado 8 ado 18
110 abo 24

15




[utox
ocsiTmoBanbauii | 1ExedIIBT4 AE1000 6 abo 12
[ITOB-b
[uTox 3 DIN- ABTOMaTHYHI BUMHKa4ul | 6 abo 8 abo 18
. P23
PEUKOI0 1MOOYTOBOTO NMPU3HAYCHHS a6o 24
JonaTox 12

EnexTponpoBoaku i crocodm ix NpoKJIagaHHsA

3aJ1€KHO BiJl KJIaCy 30HH IPOCTOPY

Mapku
Xapaktepuctuka | Bua enexrpo- Crnioci0 BUKOHAHHSI KaOeJIbHUX
cepesioBUIa MPOBOJKH MIPOBOJKH BUPOOIB, 110
PEKOMEHIYIOThCS
3a KOHCTPYKIISIMU Ta
Bubyxonebe3neune CxoBaHa HOBer.IjHMH’ mo € I1B, ITPTO, BBI'
BOTHECTIHKUMU a00 y
CTaJIEBUX Tpybax
besnocepennbo no AITP®, ABBI'
Binkpurta Oy/iBEIbHUM
[Toxexxonebe3neune KOHCTPYKIIISIM
CxoBaHa VY craneBux abo AIIB, AIIPTO
MOJIIMEPHUX TPyOax
JonarToxk 13
TexHiuHi 7aHi CBITHILHUKIB
Tun MakcumainbHa Cryninb 3axucty 000J0HKH a00
MOTY>KHICTb JIAMITH, Mapka BUOYX03aXUCTy
Bt
CBITWIBHUKH 3 JIAMIIAMU PO3KapIOBaHHS
HCTIO1-100 100 1P54
HIII103-100-001 100 1P65
HCTI21BEx 150 1ExdelICT6
HCTI123-200 200 2ExedIICT2
HIII125-100 100 2ExdIIBT4/11CT1
H4BbH-150 150 2ExedIICT2
B3I'-100 100 1ExedlIBT4
CBITWIBHUKH 3 JIIOMIHECIICHTHUMU JIAMITaMHU
JITIT1-04B-1x40 1x40 1P65
JITIT1-04B-2x40 2x40 1P65
JICTI-3902-2x40 2x40 1P65
JITITIOS YEx-2x40 2x40 1ExedlICT5




JITII124Y-2x80 2x80 1P65
JICITIO3BEx-2x80 2x80 1ExedIICT5
JICITIO3BEx-1x80 1x80 1ExedIICT5

CaitunpuukH 3 Jammamu JIPJI
PCII04B-250 250 1P54
PCII104B-400 400 1P54
PCII04B-1000 1000 1P54
Jonarox 14

TexHiuHi 1aHi OAHOMOJIOCHUX TA TPUIOJICHUX ABTOMATHYHMX BUMHUKAYIB

OnxnonorocHi (AE1000) ta tpunosarocHi (AE2000, AKS50, A3710, AIIS0)
AaBTOMATHYHI BUMHKa4i npomMucaoBoro npusHadedns (IEC 60947-2)

. Crpym
HOMIHf”H’ ) ) Crpym CHpaIfOBaHHS
auii  [HoMIHANIBH]  |cnpamroBany X
T CT CTpyME pO3- | Termrosoro| ok POMATHIT
Cepis | Mapka |po3ullioBaya PYM |CTPYMI P : HOTO
aBTOMATa,|qi[uIoBaya, A|po34llIoBa .
A ua, Ty, seny, A[PO3TIILTIOBAYA,
. ICl'l.eJ'l.M) A
AE1031-11|Kom0OinoBanmii| 25 6; 10; 16; 25| 1,5:-Igpoz | (12-18)-Ixpo3
AE1000/|AE1031-12| TemmoBuii 25 6; 10; 16; 25 | 1,5-Ip03 -
Enekrpo- 1. 1e. )
AE1031-13 VAL 25 6; 10; 16; 25 (12-18)-I1 po3
Enektpo- 0,6;0,8; 1;
AE2033 1 rwithuii 25 1,25; 1,6; 2; i 3-Iypos
2,5, 3,2;4; 5; abo
AE2000 AE2036 |KomGOinoBaumii| 25 |6; 8;.10;.12,5; 1,25 p03 121 po3
16; 20; 25
Enexrpo- 16; 20; 25; ) 3-Iiipos
AE2053 | armitsmi 100 32; 40; 50, abo
AE2056 |Komb6inoBanwmii| 100 63; 80;100 | 1,25-Iypo3 121 po3
0,6;0,8; 1;
1,2, 1,55 2;
2,5;3;4;5;6;
AK50 [AK50-2MI'(KomOinoBanwmii| 50 8; 105 12,5; | 1,25-Iypo3 | (5,7,10)-Ii1p03
15; 20; 25;
30; 35; 40;
45; 50
16; 20; 25;
. . 32;40; 50;
A3710 | A3710b |Komb6inoBaumii| 150 63: 80: 100: 3-Igpo3 10-Ii po3
125; 150
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1,6; 2,5; 5,4;
AII50 | AIISOb |KomGOiHoBanwmii| 63 6,3; 10; 16; | 3,5-Ipo3 8-Inpo3
25; 40; 50; 63

OIHONOJIIOCHI TA TPUIIOJIIOCHI ABTOMATUYHN BUMHUKAYi
nodyrosoro npusHayenus (IEC 60898)
Bupo6uuku: ABB, Legrand, Moeller, Schneider Electric, Siemens toriro.
MonTytoTbes 'y po3noauibHi mpuctpoi (madu) 3 35 mm DIN-peiikamu.
BumnyckaroTbcst 0JJHO-, TBOX-, TPhOX- Ta YOTHPHUITOITIOCHUMHU.
[lepeBakH1 3HAaU€HHS HOMIHAJIBHOI'O CTPYMY KOMOIHOBAaHUX PO3UIILIIOBAYIB: 6, 8,
10, 13, 16, 20, 25, 32, 40, 50, 63, 80, 100 u 125 A.
CraHJapTHi J1alia30Hd MUTTEBOTO PO3YITUICHHS

Tun posuimitoBaya CTpymy B C D
Jlianazon (3+5-1 HOM.pO3 5+10)-1 HOM.pO3 (10+50)-1 HOM.pO3
Jonarox 15
TexHiuHi naHi MIaBKUX 3an00i:kHUKIB Hanpyromo 10 1000 B
. .| HoMiHansHU# HowminasibHMii cTpyM IJ1aBKOi
Tunu niaBkux 3am001>KHUKIB
CTpyM, A BCTaBKH, A
15 6;10; 15;
60 15; 20; 25; 30; 40; 50; 60
100 60; 80; 100
11p-2 200 100; 125; 160; 200
350 200; 225; 250; 300; 350
600 350; 450; 500; 600
100 30; 40; 50; 60; 80; 100
TTH.2 250 100; 120; 150; 200; 250
400 200; 250; 300; 350; 400
630 300; 400; 630
HITH-15 15 6;10; 15
HITH-60M 60 20; 25; 35, 45; 60
HITH2-60 63 6; 10; 16; 20; 25; 32; 40; 63




HopMmaTnBHA OCBITJICHICTH

Hopatok 16

Haiimenmmit IIITy4yHe OCBIT/ICHHS
. . KonTpacr . .
XapaKTepucTHKA po3Mmip Pospsain | Ilinpo3psin R OcBiTJ/IeHICTD, JIK
, N .. 00’€eKTYy Xapakrepucru
THITY 00’€eKTy 30pOBOi 30pOBOi .. npu
. . BiIpi3HeHHSs Ka ¢ony . NpH 3arajJbHOMY
30poBOi podoTH po3pi3HeHHs1, | podoTH podotu KOMOIHOBAHOMY . .
3 poHoM . . OCBITJIEHHI
MM OCBIiTJICHHI
1 2 3 4 5 6 7 8

a MaJuin TEMHU U 5000 1500
MaJIui cepemHiin

6 — peAr 4000 1250
CepeHIN TEMHU I
MaJui CBITIMH

HaiiBumioi Tounocti | menme 0,15 I B CepeIHii CepeHii 2500 750
BEJIMKUU TEMHU U

cepesHin CBITJIHUI 1500 400
r BEJIMKUU CBITIMH
BEJINKUMI cepesHin

a MaJIHIA TEMHUU 4000 1250
MaJIui cepenHiin

6 — peAr 3000 750
CepeHIN TEMHU U
N . 0.15 MaJuin CBITJIMH
K€ BUCOKOI TOHAJ = ™

Y . . I B CepeHIi CepeHIi 2000 500
TOYHOCTI 1o 0,3 " =
BEJIMKHI TEMHU I
cepeHii CBITIIUN

r BEJIMKUU CBITJIMH 1000 300
BEJINKUI cepesHin

—_ | Burcokoi TouHOCTI | Ilonan 0,3 | 11 a | MaJIuH | TEMHUUI | 2000 500

o




0¢

1o 0,5 MaJIui cepenHiin
’ - peAHT 1000 300
CepeHii TEMHUMI
MaJini CBITIUT
cepesHin cepesHin 750 300
BEJIUKUN TEMHUU
CepeHii CBITIIUH
BEJIUKUN CBITIUT 400 200
BEJINKUMI cepesHin
MaJini TEMHUU 750 300
MaJIii cepenHiin
L peAHT 500 200
CepeIHii TEMHUMI
MaJini CBITIUT
. } nouax 0,5 ™ —
CepenHbO1 TOYHOCTI 10 1 v cepeaHIn cepeaHIn 400 200
BEJIUKUN TEMHUU
CepeHii CBITIIUN
BEJIUKUN CBITJINH 300 150
BEJINKUM cepesHin
MaJini TEMHUU 300 200
MaJIui cepenHiin
- peAHT 200 150
CepeHii TEMHUMI
MaJini CBITIUT
. ) noHax 1 — —
Mauiioi TouHOCTI 105 A% cepeaHIn cepeaHIn - 150
BEJIUKUN TEMHUU
CepeHii CBITIIUN
BEJIUKUN CBITIUH - 100
BEJINKUMI cepesHin




IC

I'py6a, nyxe manoi

He3zanexno Bif

LOMHOCTI ITonan 5 VI XapaKTepucTUK (poHy Ta 150
KOHTpacTy 00’ €KTy 3 GOHOM
Pobora 3
MarepiajaMu, 110 Hezanexno Bif
CBITSTBCSA, T ITonan 5 VII XapaKTEepUCTUK (OHY Ta 200
BUpoOaMu y KOHTpAacTy 00’€KTy 3 (OHOM
rapsmx Iexax
[Tocriiianit .
3araJIbHU HarId 3a Hesanexwo Bin
XOJIOM BHPOGHIYOTo - VIII XapaKTepucCTUK (poHy Ta 75
KOHTpacTy 00’€kTy 3 pOHOM
npouecy
3arajJpHUI HATJIA
3a X0JI0OM
BUPOOHUYOIO He3zanexHo Bin
Ipouecy npu - VIII XapaKTepucTUK (poHy Ta 50
MOCTITHOMY KOHTpAacTy 00’€KTy 3 (OHOM
nepeOyBaHHI1 JTOEH
y IPUMIILIEHHI
Te ¢ came ipu )
nepioanHoﬁy He3anexno Bifg
- VIII XapaKTepucTUK (poHy Ta 30

nepeOyBaHH1 oI
K IPUMIIIEHHI

KOHTpacTy 00’€kTy 3 pOHOM




(44

KoedinienT 3anacy K3

Hopatok 17

KoedinienT 3anacy K;

IPH 3BUYAIHOMY OCBITJ/ICHHI i pO3TallyBaHHi BiKOH

NPH IITYYHOMY OCBITJICHHI

KHCJIOT, JIYT, T'a3iB

ra3opo3psiaHi JIaMITH
BEPTHKAJIBHO YXWIBHO TOPU30HTAJILHO
JIaMInu PO3:KapIOBaHHS
BupoOH1Y1 NpUMIILIEHHS 3 TOBITPSHUM CEPEIOBUIIEM, SIKE MA€E Y poOOUiil 30HI:

GLTBIIT HIX 5 MI/M° 180%010% 1,5 1,7 2 2 1,7
Bin | 10 5 Mr/™m’ 1805010 1,4 1,5 1,8 1,8 1,5
mennre 1 Mr/m’ iy 1,3 1,4 1,5 1,5 1,3
3HAaYH1 KOHLEHTpAllii napis, 15 1.7 ) 1.8 15

BupoOuuyi npum

1IIIEHHS 3 0OCOOJIMBUM PEKUMOM 32

YUCTOTOIO NOBITPS IPpU 0OCITYTrOBYBaHH1 CBITUIILHUKIB!

3 TEXHIYHOTO MOBEPXY - - - 1,5 1,15
3HHU3Y NPUMIIICHHS - - - 1,4 1,2
Hopatok 18
CBIT/10Bi MapaMeTpH eJIeKTPHYHHUX JaMIl npu Hanpy3i 220 B
Jlamnu CsitaoBuii Jlamnu CaitaoBuii JIromiHecrieHTHI CsitaoBuii Ceitaoaiogni | CsitaoBuii
PO3KapPHOBAHHA NMOTiK, JIM JAPJI NMOTiK, JIM JAMITH NMOTiK, JIM JAMITH NMOTiK, JIM
BO 220-60 720 JIPJI 250 11000 JIb 40 3000 0,012 kBt 900
BK 220-75 940 JIPJI 400 19000 JIb 80 5220 0,015 kBt 1200
bK 220-95 1145 JIPJI 1000 50000 0,02 kBt 1800
0,03 kBt 2500




Honpatok 19
KoedinicHT BUKOpHCTAHHS CBITJI0BOr0 MoTOKy 'l

Jlamnu Jlamnu
Jlamnu . . . .
Tun | po3:kaproBaHHS PO3:KapIOBaHHS JlromiHecHeHTHI JJamMnu JlromiHecueHTHi
. Jlamnu JAPJI . PO3:KapIOBAHHSA
JamMnu | (CBITMJILHUKH (CBITHILHUK (cBiTnabmmk B3T-100) 40 Bt aamnu 80 Bt
HCII, HITII) H4bH-150)

p, % | 30 | 50 | 70 | 30 | 50 | 70 30 50 30 50 70 30 50 70 30 50 70

pm, % | 10 | 30 | 50 | 10 | 30 | 50 10 30 10 30 50 10 30 50 10 30 50

1 Koedinient Bukopucranus, n-100

0,5 19 | 21 | 25 | 21 | 24 | 28 25 22 12 14 17 23 26 31 14 16 19

0,6 24 | 27 | 31 | 27 | 30 | 34 28 25 16 18 21 30 33 37 18 20 22

0,7 29 | 31 [ 34| 32 | 35 | 38 31 28 19 21 24 35 38 42 21 23 25

0,8 32 134 |37 ] 35 | 38 | 41 33 31 21 24 26 39 41 45 23 25 27

0,9 34 136 |39 ] 38 | 40 | 44 36 33 23 25 28 42 44 48 25 27 29

1,0 36 138 140 | 40 | 42 | 45 38 35 25 27 29 44 46 49 26 28 30

1,1 37 139 |41 | 42 | 44 | 46 40 37 26 27 30 46 48 53 27 29 31

1,25 | 39 [ 41 | 43 | 44 | 46 | 48 42 39 27 29 31 48 50 54 29 30 32

1,5 41 | 43 | 46 | 46 | 48 | 51 45 43 29 30 33 50 52 56 30 31 34

1,75 143 | 44 | 48 | 48 | 50 | 53 47 45 30 32 34 52 55 58 31 33 35

2,0 44 1 46 | 49 | 50 | 52 | 55 46 47 32 33 35 55 57 60 33 34 36

2,25 146 | 48 | 51 | 52 | 54 | 56 51 48 33 35 37 57 59 62 34 35 37

3,0 49 | 51 | 53 | 55 | 57 | 60 53 51 35 37 39 60 62 66 36 37 40

3,5 50 | 52 | 54 ] 56 | 58 | 6l 55 53 36 38 40 61 64 67 37 38 40

4,0 51 | 52 | 55 | 57 | 59 | 62 56 54 37 39 41 63 65 68 38 39 41

5,0 52 | 54 | 57 ] 58 | 60 | 63 57 54 38 40 42 64 66 70 38 40 42

194




JonarTox 20

ITutomi onopu Ta KoedinieHTH Ce30HHOCTI I'PYHTIB

I'pynr IHuromuii onip, Om M natenus v 11.p1/1 cepenuiit
BOJIOTOCTi TPYHTY
ITicok 700 1,56
Cyrticok 400 1,52
CyriamHok 150 1,5
I'muna 70 1,36
YopHozeMm 40 1,32

Honarok 21

KoedinieHT BUKOpHCTAHHSI BEePTUKAJBHUX €JICKTPOAIB

Ilpu po3milieHHi B psaj Ilpu po3MinieHHi 32 KOHTYpPOM
Binnomenn
11 Biacrani KinbkicTh KinbkicTh
MiK BEPTUKAJIb BEPTUKAJIb
eJIeKTpoaaM HHX Mo HHX Me
U 10 iX eJICKTPOAIB eJICKTPOAIB
HOBKHHHU

2 0,84-0,87 4 0,66-0,72

3 0,76-0,8 6 0,58-0,65

1 5 0,67-0,72 10 0,52-0,58

10 0,56-0,62 20 0,44-0,5

15 0,51-0,56 40 0,38-0,44

20 0,47-0,5 60 0,36-0,42

2 0,9-0,92 4 0,76-0,8

3 0,85-0,88 6 0,71-0,75

5 5 0,79-0,83 10 0,66-0,71

10 0,72-0,77 20 0,61-0,66

15 0,66-0,75 40 0,55-0,61

20 0,65-0,7 60 0,52-0,58

2 0,93-0,95 4 0,84-0,86

3 0,90-0,92 6 0,78-0,82

3 5 0,85-0,88 10 0,74-0,75

10 0,79-0,83 20 0,68-0,73

15 0,76-0,80 40 0,64-0,69

20 0,74-0,79 60 0,62-0,67




JonaToxk 22
KoedinieHT BUKOpHCTAHHS TOPU30HTAJIBHOIO €J1CKTPOAY

Bignomenns
BijcTaHi Mixk . . .
KinbKicTh BepTUKAJIBHUX €JIEKTPOAIB
eJIEKTPOAaMHU
J10 IX IOBKMHH
4 8 10 20 30 50 60
[Tpu po3TanryBaHH1 BEpTUKAIBHUX €JICKTPOJIIB Y PSI
1 0,77 0,67 0,62 0,42 0,31 0,21 0,20
2 0,89 0,79 0,75 0,56 0,46 0,36 0,27
3 0,92 0,85 0,82 0,68 0,58 0,49 0,36
ITpu po3TanryBaHH1 BEpTUKAIBHUX €JIEKTPOIIB IO KOHTYPY
1 0,45 0,36 0,34 0,27 0,24 0,21 0,20
2 0,55 0,43 0,40 0,32 0,30 0,28 0,27
3 0,7 0,6 0,56 0,45 0,41 0,37 0,36
JonarTok 23

YMOBHI I03HAYCHHS AeAKHX eJeKTPOTEXHIYHUX BUPOOiB Ha cxeMax

EnexktporexHiunmnii BUpio YMOBHE IO3HAYECHHSA

Tpanchopmatop

Tpudaszuuii en1eKTpoaABUTYH 3 KOPOTKO3aMKHEHUM pPO-
TOPOM

Jlamna po3kaproBaHHs

JIromilHECIIEHTHA JIaMIIa

4426

Jlamma JIPJI

CBITJIOO101HA JIaMIIa

&

KoHTakT, 10 3aMHuKa€e, aBTOMaTHYHOTO BUMHKa4a —/O/x_

IimaBkuii 3ar1001>KHUK

KoHTakT, 1m0 3aMukae, MarHiTHOTO ITycKada 3 TeIIo- 1
— [ W

BUM peJie

[IIuHa eNeKTPUIHOrO IIHUTA IH"




JliHis, 1m0 CKIagaeThes 3 TPbOX MPOBIIHUKIB 77

Micue K3

Jonarox 24
YMOBHI N0O3HAYEHHS AeSKNX eJIeKTPOTEXHIYHUX BUPOOIB Ha IJIaHAX
(ACTY b A.2.4-19:2008)

EnexktporexHiunmnii BUpio YMOBHE IO3HAYECHHSHA

EnexTpoTexHIYHUI NPUCTPIH 3 €IEKTPOIBUTYHOM @

CunoBuii IUT OAHOCTOPOHHBLOTO O6CJIYFOBYB3HHH ] —

S
r .. . _\_
pyr[OBI/II/I OCBITJIFOBAJIBHUU OIUT §

[lyckau MaruiTHuM

KHonkoBHif MOCT KepyBaHHS Ha /1Bl KHOTIKU

3arajibHe IM03HAYEHHA CBITHIbHUKA 3 JIP

3arajgpHe MO3HAYCHHS CBITHIbHMKA 3 Jammamu J{PJI

3arajibHe IM03HAaYeHHA CBITHIbHUKA 3 JIJI _

3aranpHe mo3HadueHHs cBiTuibHUKA 3 CJIJI

JIiHis 3a3eMJIeHHS

3azemMitroBaul —-O-—-0O-




Kareropii Ta r

JonarTox 25
ynu ra3o- naponosirpsinux cymimeii 3a 'OCT 12.1.011

Kareropis
cyMmili

I'pyna
cyMmilli

PeyoBuHw, 1110 YyTBOPIOIOTH 3 MOBITPSIM BUOYXOHEOE3MEUH1 CyMiLl1

I

T1

Mertas (pyAHUYHBIH)*

ITA

T1

AMMMaK, aJTT XJIOPUIHBIN, alleTOH, alleTOHUTPUII, OCH30J1, OEH30-
Tpu(TOPUA, BUHWI XJIOPUCTHINA, BUHWIWJEH XJIOPUCTHIH, 1,2-
OUXJIOPOpPOINAH, JIUXJIOPITaH, AUSTUIAMMH, JAUU30NPONUIOBBIN
3¢up, JOMEHHBIN ras, W300yTWIIEH, U300yTaH, M30IPONUIOEH30,
KHCJIOTa YKCYCHas, KCUJIOJ, MEeTaH (MIPOMBILUIEHHBIN)**, MeTunane-
TaT, a-METUJICTUPOJI, METHJI XJIOPUCTHIM, METUIN30I[MaHAT, METHUII-
xJiopopmMuaT, METWILHKIONPONII-KETOH, METUIIITUIIKETOH, OKUCH
yriaepoja, mpornaH, nupuanH, pactsoputenu P-4, P-5 u PC-1, pa3-
6aButens PD-1, coyibBeHT HeQTAHOHM, CTUPOJ, CHUPT JUALIETOHO-
BbIH, TOJIy0J1, TpU(TOpXJIOpHponaH, TpudropnponeH, Tpudropartas,
TPUPTOPXIOPITUIICH, TPUITHIIAMUH, XJIOPOEH30J1, LIUKJIONEHTAAUEH,
9TaH, ITWJI XJIOPUCTHII

T2

Ankwi0GeH301, aMuialeTrar, aHTHAPUJA YKCYCHBIM, alleTUJIalleToH,
aleTus XJIOPUCTHIN, aneronponuixiopun, 6ensun b95/130, Oyran,
OyTtwnanerar, OyTHJINPONMOHAT, BUHWIAIICTAT, BUHUIUIACH (HTOpHC-
ThI, AMATON, AMM3OMPONMIAMHUH, AUMETUIAMUH, JUMETHIdopma-
MUJ, HU30MEHTaH, M30IpPEH, H30NPOINUIAMUH, HW300KTaH, KHUCIOTa
MPONHUOHOBAsA, METUJIAMUH, METUIN300YTUIKETOH, METUIMETAKPHU-
JaT, METWIMEpKaITaH, METWITPUXIIOPCUTIaH, 2-METUITHO(]EH, Me-
TuadypaH, MOHOM300YTUIAMUH, METHIXJIOPMETHIIUXIOPCUIIAH,
OKHCh ME3UTHUJIA, IeHTaueH-1,3, mponuaamMul, nponwieH. Pactso-
putenu: Ne 646, 647, 648, 649, PC-2, BD® u AD. PazbaBurtenu:
P/IB, PKb-1, PKb-2. Cnuptel: OyTuia0BBIH HOpPMalbHBIN, OyTHIIO-
BB TPETUYHBIN, M30aMUJIOBBIN, N300yTUIIOBBIN, U30MPOTUIIOBHIH,
METHJIOBBIN, 3TWIOBbIN. TpudropnponuiMeTuIaAuXIOpcCuiial, Tpu-
(GTOpITUIIEH, TPUXJIOPITUIIEH, H300YyTUI XJIOPUCTBIA, AITHIAMUH,
STHIIALETaT, JSTWIOyTUpaT, ATWIEHIUAMHUH, STHICHXJIOPTUIPUH,
STHJIN300yTUPAT, ITHIOEH30J1, IUKIOT€KCAHOJI, IIMKIOreKCaHOH

ITA

T3

bensunsr: A-66, A-72, A-76, "ramoma", b-70, 3KCTpaKIMOHHBIN 1O
TV 38.101.303-72, skcrpakuuonnsii o MPTY12H-20-63. Byrui-
MEeTaKpwiaT, IeKcaH, renTaH, AUU300yTUIaMHH, JWIPONUIAMUH,
aJbJIeru]l U30BAJIEPUAHOBBINA, U300KTHIIEH, KaM(eH, KepOCHH, MOp-
¢donuH, HEPTH, F3pup nerposielnblil, nonuspup TI'M-3, nenran, pa-
ctBoputenb Ne 651, ckunuaap, CUpT aMUJIOBBIM, TPUMETUIIAMUH,
torumBo T-1 u TC-1, yalT-ciupuT, HUKIOreKcaH, IUKIOreKcuiIa-
MUH, STWIIUXJI0pTHOPOCcPAT, STHIMEPKANITAaH

ITA

T4

Arteranpnerns, ajabAeTUI M30MACISIHBIN, alIbIETH] MACIITHBIH, alb-
Jeru]l TMPONMUOHOBBIM, IEKaH, TeTpaMeTwianamuHomerad, 1,1,3-
TPUITOKCUOYTaH

TS

T6

11B

T1

KoxkcoBrlii ra3, CHHUIIbHAS KUCI0Ta

T2

Jusunami, 4,4-1UMETHIAMOKCAH, NUMETHIIUXIOPCHIAH, JAMOKCaH,




OUATUIIUXIJIOPCUIIAaH, KaM(OpHOE Macio, KUCIOTa aKpuioBas, Me-
THJIAKPUJIAT, METUIBUHWIINXJIIOPCUIIAH, HUTPWI aKPUIIOBOW KHCIIO-
Thl, HUTPOLIMKJIOTEKCAH, OKHCh MPOMHUIIEHA, OKHCh-2-METHIIOyTeHa-
2, okuch 3tuieHa, pactBoputenu AMP-3 u AKP, tpumerunxiopcu-
naH, Gopmaneaerua, ¢ypad, Gypdyposn, sTUXITOPTUIPUH, STHITPH-
XJIOPCWJIAH, 3THUJIEH

AKXpoJieuH, BUHWITPUXJIOPCUIIAH, CEPOBOJOPOA, TeTparuapodypas,

I1B T3 TETPAdTOKCUIIAaH, TPUITOKCUCUIIAH, TOIUIMBO JU3eIbHOE, (OpMaIbI-
JIMKOJIb, STWIIUXJIOPCUIIAH, 3TUIIEII030JIbB
T4 JuOyTunoBelil 3¢up, AUSTUIOBBIN dPUp, AUITUIOBBIA 3GUp dTHIIE-
HIJIMKOJIS
T5 -
T6 -
IIC T1 Boniopon, BonsiHOM ra3, CBETUIIBHBIN a3, BOgopoa 75% + azot 25%
T2 AlLeTWIEH, METHIIIUXJIOPCHIIAH
T3 Tpuxnopcuiian
T4 -
TS5 Cepoyraepon

T6




[Tinnucano o apyky 08.12.18. ®opmar 60x84/16.
Hamip 80 r/m’. Jlpyk pusorpad. YM.apyk. apk. 4, 1
Tupax 100 npum.  Bua. Ne 09/09. 3am. Ne
Binminenns penakiiiHo-BUIaBHIYOIT AISITBHOCTI
HarionaneHOTO yHIBEPCUTETY LIUBUILHOTO 3aXUCTY YKpaiHu
61023, m. XapkiB, Bya. UepHuiueBcbka, 94



