YK 614.8; 621.3

O.B. Kynaxos, k.m.H., 0oyenm, 3aCmMynHUK HA4aibHUKa Kageopu,
Pyoaxos C.B., k.m.u., ooyenm, HYI][3Y

HOPMYBAHHA BUMOTI 1O IITYYHOI'O 3A3EMJIIOBAYA
CUCTEMMU BJIMCKABKO3AXHUCTY 3 TOUKH 30PY NOXKEXKHOI
HEBE3IIEKHA

[IpoananizoBaHO BHUMOI'M JO YJIAUITYBaHHS IITYYHOTO 3a3€MIIOBayda
CTPHKHBOBOT'O Ta TPOCOBOTO OJIMCKaBKOB1IBOMIB. [lokazaHo, 10 mITydYHUN
3a3eMJIIOBA4 CTaHJAAPTHOI KOHCTPYKIII NMpPU BUCOKUX MHUTOMHUX OIOpPax
I'PYHTY Ma€e BUCOKI omip. 30UIbIIEHHS ONOPY 3a3eMJII0OBava MPU3BOJIUTE 110
MOTIPIIEHHS YMOB pO3TIKaHHS B 3eMJi CTpyMiB OJMCKaBKM Ta TMOSBI
HeOe3lMeyYHnx IIOTEHIAJIB Ha OJMCKAaBKOBIABOJAX, II0 HEOOXIZHO
pO3IIIAIaTH K HACHAKKM MOMMWJIKM IMpPH MPOEKTyBaHHI. BHacmigok 1poro
HMOBIPHICTh TIOSIBU JUKEpesia 3alajlOBaHHA — po3psany OJNHMCKaBKU —
BU3HAYAETHCS JIMIIE WMOBIPHICTIO BIY4YEHHsS OJMCKAaBKM B 3axHILaeMUi
00’€eKT Ta OyZie MAaKCUMAJIbHO MOJKITUBOIO

KirouoBi  ciaoBa:  OMMCKaBKO3axWCT,  ONMCKAaBKOBIABIA,  IITY4YHIN
3a3eMJII0BaY, IMOXKEkKa

Ilocmanoexa npoonemu. llopoky B YKpaiHi BiTOyBa€eThCs OJIU3BKO
1600 moskexx BiJ rpo30BUX po3psiaiB OnuckaBku [1]. TToxkexi Bixg OimMcKaBKU
NPU3BOAATh O MaTeplaibHUX Ta JIOACBKUX BTpar. Tomy yIOCKOHaJIEHHS
ICHYIOUMX METOJIB 3aXUCTy OYyAMHKIB Ta CIOPYJ Bl PO3psiB OJMCKAaBKH €
aKTyaJIbHUM.

AHaJI3 ocTaHHIX JOCsirHeHb Ta myOJikauniii. BinmosinHo 1o BUMOr
[2] 3amoOiraHHs TOSIBI B TOPIOYOMY CEpPEIOBHINI JKEpes 3arajiOBaHHS
MOBUHHO JIOCATATUCS, 30KpEeMa, YJAIITyBaHHSAM OJMCKAaBKO3aXUCTy s
OYJIMHKIB Ta CIIOPYA.

3axuct BiA npsmux ynapiB onuckaBku (I[1YDB) 3aiiicHIO€ThCS HIIIXOM
yJalTyBaHHS OJIMCKAaBKOBIABOAIB [3, 4], CKIaJOBOK YAaCTHHOI SKUX €
3azemitoBay. /[ 3axucty Bif IIYD BUKOpUCTOBYIOTH, SIK PABUIIO, IPUPO/IHI
3a3eMIIoBayl. Y pas3i HEMOKIMBOCTI BUKOPUCTAHHS MPUPOTHUX 3a3€MITIOBAYIB
111 OJTMCKABKOBIABO/11B BUKOPUCTOBYIOTH IITYYHI 3a3€MJIIOBAYi.

HopMaTuBHI JOKYMEHTH, IIO PErIaMEHTYIOTh MNpaBWJIa 3aXUCTY BiJ
pO3psIIB OJIMCKABKHM TOCTIMHO 3MIHIOIOTHCS. BIiaMoOBITHO 3MIHIOIOTHCS W
BUMOT'M JI0 YyJAUITYBaHHS IITYYHUX 3a3€MJIIOBaviB OJMCKaBKOBiABOMIB. o
1987 poky BeaMYMHA IMITYJIbCHOTO ONOPY IITYYHOI'O 3a3eMJjioBaya s
KOXKHOTO OKpeMOro afo0 130JIbOBAaHOTO OJMCKAaBKOBIIBOMY Oyia 3adikcoBaHa
(ae mopuHHa nepeBuiryBatd 10 Om) [5]. BianmoBigHO KOHCTPYKIliS IITYYHOTO
3a3eMJIIOBaya  pO3PAaxXOByBajlacs BHUXOASYM 3 BHMAaraeMoi BEJTUYMHU
IMIIYJIBCHOTO OINOPY Ta MUTOMOIO ONOpPY IPYHTY Y MICII pPO3TallyBaHHS
00’exkty. HopmatuBHum noxkymentoM [6], BBemenum 30 mumHs 1987 poky



3aMmicTh [5], TmpomOHyBajoCs 3aCTOCOBYBAaTH  INTYYHI  3a3€MJIIOBayl
CTaHAApTHOI KOHCTpyKLii (6e3 ix po3paxynky). Ilig wac mnepioguyHoi
MEePeBIPKU  MPUCTPOIB  OJMCKABKO3aXWUCTy BHUMIPIOBABCS OMIp CTPyMy
MPOMUCIIOBOI YacTOTH iX IITYYHUX 3a3€MIIIOBAyiB. 3a3eMJIloBau BBaXKaBCs
CIPaBHUM, SIKIIO OTPUMAaHI pe3yJbTaTH HE NEPEBUILYBaIM OUIbII HIK Yy 5
pa3iB  pe3yiabTaTH  BIAMNOBIAHMX  BUMIPIB Wi 4Yac  MOpUWMAaHHS
OJINCKaBKO3aXUCTy B eKcrulyartamito. OpHak, AesKl BiAOMYl HOPMHU TOTO XK
yacy BBEJICHHS, Hampukiaj [7], 3aduIIMIA HOPMYBAaHHS BEJIMYUHU OMOPY
HITYYHOro 3a3emuioBava (s 00’ekTiB MiHicTepcTBa OOOpOHU IITYYHHM
3a3eMJII0Bay MOBUHHUNA MAaTH OMIp PO3TIKAHHIO CTPYMY IIPOMHUCIOBOI YaCTOTH
He Outbie 10 Om).

VY cydacHOMYy HOpMaTUBHOMY JIOKYMEHTI [4], BBeZieHOMY B YkpaiHi 3 01
ciuns 2009 poky, pEeKOMEHIY€TbCS 3aCTOCOBYBATH IITYYHHH 3a3eMiIioBay
CTaHJApTHOI KOHCTPYKIii, moaioHoi [6] (0e3 po3paxynky). Jns I 1 II piBHiB
OJINCKABKO3aXUCTy IITYYHHH 3a3eMJIIOBaY CKJIQJAETBCS 3 TPHOX 1 OLIbIIE
BEPTUKAJIbHUX €JEKTPOJIB JOBXKHHOIO HE MEHIIe HiK 3 M, 00’ €qHaHUX
TOPU30HTAIBHUM €JIEKTPOJOM 1 BIJCTAHHIO MK HUMH HE MeHIIe HiK 3 M. Sk
Marepiaj i eJeKTPOIiB HeOOXITHO 3aCTOCOBYBAaTH a00 CTallb MepepizoM He
merme 100 mMM” (BiAMOBITHO 7O COpTaMeHTy KPyTioi cTamm MiHiMabHHi
niamerp 11,5 MM (Binmosixuo, mepepiz 103,9 mm?) [8]) a6o Mixb nepepizoM He
MeHme 50 MM,

Toro  vacy airoui mpaBuia [9] 115 MOBITPSHUX JIHIN eJIeKTporepeayl
BUMAraroTh ISl IITYYHOTO 3a3eMJI0Bava 3aXUCTY Bil TPO30BUX MEpeHanpyr
OIip PO3TIKAHHIO CTPYMY MPOMUCIIOBOT 4acTOTH He Outbie 30 OMm.

€BporneichbKi HOpMU OJINCKaBKO3aXUCTY PEKOMEHYIOTh
BUKOPUCTOBYBAaTH  3a3€MJIIOBAyl 3  BHU3HAYCHOIO BEJIMYMHOIO  OMOPY.
Hanpuxnan, crangapr Himewunnu DIN V VDE V 0185 (wactuna 3, myHKT
4.4.1) pexoMeHay€e BenTUUYHHY ornopy MeHie 10 Owm.

JIJ1st po3paxyHKy KOHCTPYKIIIi IITYYHOTO 3a3€MJII0Baya 3aCTOCOBYIOTHCS
yuceJIbHI METOJH, HaNpUKIaA, MeToJ KoedilieHTiB Bukopuctanus [10].
PesynbTaT po3paxyHKy 3ajiekaTh BiJ THUIy TIPYHTY B MICIi HOro
po3tairyBaHHs. [luromMuil omip IpyHTY MOXKE KOJIMBATHUCS B IIUPOKUX MEKAX
(B8ig 40 Om'M (uoprozeMm) g0 1000 Om M Ta Bute (TCOK, CKes)).

IMocTanoBka 3amaui Ta ii po3B's3aHHA. Bu3HauMMO Ha CKUIbKH
OOrpyHTOBaHa 3 TOYKU 30py IMOKEKHOI HEOE3MeKH BIAMOBA BiJ HOPMYBaHHS
OTOpY WITYYHOTO 3a3eMJItoBada OJIMCKABKO3aXUCHUX MPHUCTPOIB HA MPUKIAJI
HITYYHOIO 3a3eMJI0Bava CTPHXKHHOBOT'O 200 TPOCOBOIO GJIMCKAaBKOBIIBO/IIB.

Po3paxyemo omip cTaHZapTHOI KOHCTPYKII CTaJIeBOIO IMITYYHOTO
3a3emitoBaya  (TpU  BEPTUKAIBHUX Ta  TOPU3OHTAIBHUN  €JIEKTPOAU
BUT'OTOBJIEHO 3 Kpyrjioi crajii aiamerpoMm 11,5 MM, BepTHKalIbHI €IEKTPOAU
JOBXXKHMHOIO 3 M pO3TalllOBaHO MO KOHTYPY Ha BIJCTaHl 3 M OJUH BiJ OJHOIO,
rMOuHa 3aKiIaJieHHs] TOPU30HTAIBHOTO enekTpona 0,5 M BiJ IUIaHyBaJbHOI



BIIMITKH 3€MJTi) OJIMCKAaBKOBIJIBOJY 3aJI€KHO BiJ THUITy TPYHTY B MICIll HOTO
po3TanryBaHHs. 3aCTOCOBYEMO METO]T KO€(III€EHTIB BUKOPUCTAHHS.

Omip  po3TIKaHHIO  CTPyMy  IPOMHCIOBOi  4YacTOTH  OJHOTO
BEPTUKAIBHOTO €JIEKTPO/1a, BATOTOBJIECHOTO 3 KPYTJIOi CTaJIi:
_ pp03p ( 2/ £1n4H+£j

. In==+=
2wl d 2 5.H-¢
 Ppow -(m 23 3, 4:(05+15)+3

2.3 00115 2 5-(0,5+1,5)-3

j ~0,37- P posp > [Om],

€ Pposp =Prp - W — PO3PAXyHKOBHH muToMuil omip 1pyHty, [OmMm'M]; p,, —
MATOMUMN omip IpyHTY, [OM'M]; ¢ — Koe]illieHTy ce30HHOCTI; / — MOBXKHHA
BEPTUKAJIBHOTO e€JeKTpoay, [M]; d — miaMerp crajeBoro Koja, 3 SKOIo
BUTOTOBJIEHO eNieKTpos, [M]; H — BiacTaHp Bij] TUIaHyBaldbHOI BIAMITKH 3€MIIl
110 CEpEIMHU BEPTUKATILHOTO €JIEKTPOa, [M].

KoeiieHT BHUKOPUCTaHHA BEPTUKAIBHMX €NEeKTpoaiB Mz =0,66.

YTouHEeHa BETUYHMHA ONOPY BEPTUKAIBHOTO €JEKTpoAa (3 ypaxyBaHHSIM HOTo
Koe(illieHTa BUKOPUCTAHHS):

R 0,37 - Poos
RB = Bl = pp P = 0,56 * pp03p s [OM]
N 0,66

Omip pO3TIKAaHHIO CTPYMYy IPOMHUCIOBOI YacCTOTH TOPU3OHTAIBLHOTO
eJIEKTpoAa 3 KPYyTJioi cTali:

2
r= Pooo -In L =
2-n-L  d-H,
Pposp 9?
= -In =0,21-p .., » [OM].
279 0,0115-(0,5+ 201 Pron (O
ne L — noBxkuHA Tropu3OHTAIBHOTO ejekTpoaa, [M]; H; — Biactane Bin

MJIaHYBAJIbHOT BIAMITKH 3€MJI1 10 CEPEIMHU TOPU30HTATILHOTO €JIeKTpoaa, [M].
KoeiiieHT BUKOPUCTaHHA TOPU3OHTAIBHOrO enekrpoga ni =0,5.

YTouHEeHa BeJIMYMHA OMOpPY TOPU3OHTAIBHOIO €NeKTpoja (3 ypaxyBaHHSIM
Horo xoedilieHTa BAKOPUCTAHHS):

_Ryy 0.21- Py
Nr 0,5

Ry =0,42-p . [OM].



Onip poO3TIKaHHIO  CTPYMy  IPOMMCIOBOI  YacTOTH  IUTYYHOTO
3a3eMJII0Baua BU3HAYAETHCA K OMIP MAPAEIbHO 3’ €JHAHUX TOPU30HTAIBHOTO
Ta BEPTUKAJIbHUX €JIEKTPO/IIB:

— RB 'Rl“ _ 0’42.pp03p .0756'pp03p :pp03p :pr‘p "y
3-Rp+Ry 3-0,42- Pposp T 0,56 - P posp 7,74 7,74

, [Om].

ImnynscHuit omip R, TOB'I3aHMI 3 OMOPOM PO3TIKAHHIO CTPYyMY
npomucioBoi vacrotu R ¢dopmynoro: R, =oa-R, e immynbcHui
KOe(DILIEHT o 3aJeXHUTh BiJl MUTOMOIO ONOpPY IPYHTY Ta JopiBHIOE 0,9 mis
IpyHTY 3 nuToMuM onopoM 10 100 Om'm, 0,7 — 100 Om-M, 0,5 — 500 Om-Mm,
0,3 — 1000 OM*M BIZIOBIIHO.

B tabmumi 1 npuBeaeHO po3paxoBaHl BEIMYMHU IMITYJIBCHOTO Ta
PO3TIKAHHIO CTPYMYy MPOMHCIIOBOI YacTOTH OMNOPIB Il CTaHAApPTHOI
KOHCTPYKIIi IITy4YHOTO 3a3eMJiloBadya CTPUIKHEBOro abo  TPOCOBOIO
OJINCKaBKOBIJBO/AIB 3aJIeKHO Bl BIACTUBOCTEM TIPYHTY B MiCIl HOTO
pO3TalllyBaHHS.

Taoauusa 1
IpyHT CepenHiii 3HaueHHS
[IUTOMUN 3a CEpPEeAHbOL
orip Prp> BOJIOTOCTI IPYHTY R, Om Rivi, OM
Om'Mm
ITicok 700 1,56 141,1 56,4
Cyrticok 400 1,52 78,6 39,3
CyriamHok 150 1,5 29,1 20,4
I'nmuna 70 1,36 12,3 11,1
YopHozem 40 1,32 6,8 6,1

BucnoBok. /i1 TpyHTIB 3 BHUCOKMMH NHTOMHUMH OINOpPaMH (IMICOK,
CYIICOK, CYIJIMHOK) SIK IMITYJIbCHUW TakK 1 PO3TIKAHHIO CTPyMYy HPOMHUCIOBOI
YaCTOTU ONOPH IITYYHOTO 3a3eMJII0Baya OJIMCKAaBKOBIIBOY 30UIBIIYIOTHCS Ta
MOXYTh CSATaTd BHUCOKUX 3Ha4YeHb (coTHI Owm). 3O0UIBIIEHHS OIOpPY
3a3eMIItoBava, sk Bijomo [10], mpu3BOAUTH 0 MOTIPIIEHHS YMOB PO3TIKAHHS
B 3eMJI CTpyMiB OJMCKaBKM Ta TOsABlI HEOE3MEYHUX TMOTEHINaliB Ha
0JINCKaBKOBIJBO/AAX, IO HEOOXIAHO PO3TISAAATH SK HACHIAKKA MOMWIKH MpU
MpOeKTyBaHHI. BiANoBinHO [2] npu po3paxyHKy WMOBIPHOCTI MOSIBH JIKEpeia
3amajgtoBaHHs  IMOBIPHICTh BIACYTHOCTI HECHPABHOCTI, HEMPaBUIBHOIO
KOHCTPYKTUBHOI'O BHUKOHAaHHS a00 BIAMOBHM OJMCKAaBKO3aXHCTy NMPUHMAIOThH
PIBHOIO OJIMHMII Y BUMAAKY HAsBHOCTI MOMUJIOK MIPHU HOro mpoekTyBaHHI. Y
IbOMY BHMAJKy WMOBIPHICTh MOSIBU JDKepenia 3amajlloBaHHS — pO3PSIy



OJINCKaBKM — BU3HAYAETHCS JIMIE WMOBIPHICTIO BIIYYEHHS OJINCKABKU B
3axuiaeMuii 00’ €kT Ta OyJe MaKCUMAJIbHO MOYKJIUBOIO.

3acToCcyBaHHSl IITY4YHOrO 3a3eMJIOBada CTaHAAPTHOI KOHCTPYKINT
CTPY)XKHBOBOTO a00 TPOCOBOTO OJIMCKABKOBIABOAIB MOMJIMBO TIUIBKH JIJIS
IPYHTIB 3 MaJIMMHU BeJIWYMHAMU TUTOMOTO omnopy — g0 100 Om-M (riuHa,
YOPHO3EM).
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Kynaakos O.B., Pynakos C.B. HopmMupoBanue TpeGoBaHuii K HCKYCCTBEHHOMY
3a3eMJIMTEJII0 CHCTeMbl MOJTHME3AIUTHI C TOYKHU 3peHHs MOKAPHOH ONACHOCTH
[Ipoananu3upoBaHbl  TpeOOBaHMS K  YCTPOMCTBY HMCKYCCTBEHHOTO  3a3€MJIMTENS
CTEP>)KHEBOT'O U TPOCOBOI'O MOJHUEOTBOAOB. [I0Ka3aHO, YTO HCKYCCTBEHHBIN 3a3€MIIUTENb
CTaH/IAPTHOW KOHCTPYKLUUU HpPHU BBICOKUX YAEIbHBIX CONPOTHUBICHUAX TpPyHTa HMEET
BBICOKOE CONPOTHUBJICHHE. YBEJIUYEHUE COMPOTUBICHHUS 3a3€MIIMTENS MPUBOAUT K
YXYALIEHUIO YCIIOBUN pacTeKaHusi B 3€MJI€ TOKOB MOJIHUM M TIOSIBJICHHUIO OIACHBIX
MOTEHIIMAJIOB HAa MOJIHMEOTBOJAaX, 4YTO HEOOXOJMMO paccMaTpuBaTh Kak I0OCIEICTBUS
OIIMOKK MpPH MPOEKTUPOBaHUH. BcelieZcTBUE 3TOr0 BEpOSTHOCTH IMOSBICHUS HCTOYHHKA
3aKUTaHUST — pa3psla MOJHUU — OINPEIENeTCs TOJIbKO BEPOATHOCTBHIO IMOMAJaHUS
MOJIHMHM B 3aIIMIIAEMbIl 00BEKT U OyJIeT MaKCUMaJIbHO BO3MOKHOM

KiroueBblie cjioBa: MOJTHHME3ALUTA, MOJIHUEOTBO/], HCKYCCTBEHHBIN 3a3€MIIMTEINb, II0OKAP

Kulakov O.V., Rudakov S.V. Standardized of requirements for man-made earthing of
system lightning protection for ensuring a fire hazard

Requirements to man-made earthing of lightning lead are describe. Standard construction
of man-made earthing at high resistant of soil will be have high resistant. If resistant of man-
made earthing is high, conditions of flow current lightning in earth will be bad, nigh
potential will appear on lightning leads, that

Keywords: lightning protection, lightning lead, man-made earthing, fire



