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AHAJIT3 METOAIB PO3PAXYHKY BJIMCKABKO3AXHNUCTY
BYJIUHKIB TA CIIOPYJ

(mpencraBneHo a-pom TexH. Hayk FO.O. AGpamoBuM)

[IpoanamizoBanuii Ccy4acHH CTaH BITYM3HSHOI Ta 3aKOPIOHHOT
HOpPMAaTHUBHOI 0a3u 3 yJamTyBaHHA OJMCKaBKO3aXUCTy OYIMHKIB Ta
criopya. Ha mpukinaai oMMHUYHOTO CTPHIKHBOBOTO OJIMCKABKOBIJIBOTY
MPOBEICHO MOPIBHAHHS MOPSIKY PO3PaxXyHKY PO3MIpiB 30H 3aXUCTY BiJ
MPSIMUX yAapiB OJMCKaBKH METOJaMH BITYM3HSIHHX Ta €BPOIMECUCHKUX
HOpM

Ilocmanoeéka npoénemu. BincoTok TOXeEkK, OOyMOBICHHX
po3psizaMu OJMCKaBKH, 32 CTATUCTHYHMMU AaHUMH [1] cKiIagae HeKijabKa
BIJICOTKIB BiJl iX 3arajbHOI KUTBKOCTI. AJie IPaKTHYHO KOXKHA ITOXKEXKa,
MOB’s3aHa 3 OJMCKABKOIO MPU3BOJAUTH JI0 3HAYHUX MATEpiaJibHUX Ta
JMOJICBKUX BTpaT. TOMy YJOCKOHAJEHHS ICHYIOYMX METOJIB 3aXHUCTY
OyIWHKIB Ta CIIOPY]T BT pO3PsIAiB OJMCKABKH € HEOOXITHUM.

Takox  rapmoHi3auli  BITYM3HSHOI  HOpPMaTUBHOI  0Oasu 3
€BPOINEUCHKUMU Ta MIKHApPOJHUMU HOPMaMH BHUMarae €BpoIerchbKui
BUOIp YKpaiHu, 10 OyB mporosiouieHud Ha oiiiiHoMy piBHI 18 uepBHs
2002 poxky [2].

Ananiz  ocmaunix OocacHenv ma nyoaikayiu. Hakazom
Minperion0yny Ykpainu Big 27 depBHs 2008 poxy Ne 269 Bigomwuit
KEepIBHUU JOKYMEHT 3 OJMCKaBKO3aXUCTy OyJWHKIB 1 criopyn [3] BTpaTuB
yuHHICT. Ha choromni B Ykpaini 3 OJMCKAaBKO3axXUCTy OyJAMHKIB Ta
CIIOPYJT OCHOBHUM CJIiJl BBO)XKATH HAIIOHAIIBHUHN cTaHmapT [4], YHHHHH 3
01 ciuas 2009 poky. Bumoru 1is0ro cTanmapTy po3MOBCIOJKYIOTHCS Ha
IIPOEKTYBaHHs,  OyAIBHUUTBO, PEKOHCTPYKLIIO 1  EKCILTyaTaliio
ONMMCKAaBKO3aXUCTy BCIX BUAIB OyniBenb, CHOPYyA 1 MPOMHUCIOBUX
KOMYHIKAIliil He3aJIeKHO BiJ] BiIOMYOI HAJIEKHOCTI Ta (POPMH BIACHOCTI.
B psai kpain CHJ[ ocTaHHIM 4acoM TaKOX 3’ SIBUJIMCS HOBI HOPMaTHBHI
JIOKYMEHTH Ha 3aMiHy [3], Hanpukiaf [5, 6].

B €Bponi Ha OCHOBI MacmITaOHUX HAYKOBHX JOCIIJIKEHb
MixHapoHOIO €JIEKTPOTEXHIYHOIO KOMICI€I0 (International
Electrotechnical Commission (IEC)) po3po6iieHo Ta BOpOBaI)Ke€HO HU3bKY
crangapTiB [7-10], ski perJaMeHTYIOTh METOJIU Ta 3aco0U 3axUCTy
OyliBeNnb, CIOPYA Ta EJICKTPOTEXHIYHOrO OOJIQJIHAHHS BIJ YpaKeHHs
OJIMCKABKOIO.
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Crnix BIIMITHTH, IO HAIIOHAIBHUN cTaHAApT [4] IeKimapyeTbes sK
HEEKBIBaJICHTHUH eBporeicbkiMm HopMaMm [7-10]. Ane, y upomy pasi y
BiIMOBITHOCTI 3 BUMoramu [11] HeoOXimHI 0diliifHI MOSCHEHHS CTYTICHIO
BIIXWIIy BI1J OpPUTIHANy, Kl 32 TEKCTOM HalllOHAJbHOIO CTaHIapTy [4]
Ha)KaJlb BIJICYTHI.

Ilocmanoeka 3a0aui ma it po3e’azanna. llpoBenemo
NOPIBHSUIBHUI ~ aHali3 METOJIB pO3paxyHKy OJMCKaBKO3axUCTy 3a
JIIOYMMU BITUM3HIHUMU [4] Ta eBponedcbkumu [7-10] Hopmamu. [lepin
3a BCE, JOKYMEHTH HE BIJINOBIIAIOTh OJWH OJHOMY 3a 00CsSroM
(BimmoBigHO 63 cropinku [4] Ta 433 cropinku IEC 62305:2006 [7-10]).

3a ob0oMa JOKyMEHTaMH O00’€KTH 3a  OJMCKaBKO3aXHCTOM
KJIaCU(IKYIOThCS, BBOJIUTHCS MOHSTTS HaJIIHHOCTI 3aXHCTY,
3aCTOCOBYIOTBCS ~OJHAKOBI BHJIM OJMCKaBKONpUWMayiB (OJAMHHUYHI,
Mo/BiiiHI, OaraTOKpaTHI CTPUXKHBOBI, TPOCOBI pi3HOT KOHITYypaIlrii,
CITYaCTi), MPOMOHYIOTHCS METOAHM PO3PAXYHKY PO3MIpIB 30H 3aXHCTY
OJMcKaBKOIIpUiiMaviB. AJie peanizalis KO)KHOIO €JIEMEHTY pi3Ha.

3a [4] o00’ekTH TOAUISIOTHCS Ha 3BUYAKHI  (MPOMHUCIIOBI
N1JIPUEMCTBA, TBAPUHHMIIBKI 1 NTaXIBHUY1 OyIBIl 1 CHOPYIH, KUTIIOBI 1
aJAMIHICTpaTUBHI OYJIBJIl TOIIO) Ta CremiaibHl (00'€KTH, IO CTAHOBJISATH
HeOe3neky Jyisi 0e3MocepelHbOro OTOYEHHS, O0'€KTH, 110 CTAHOBJISITh
HeOe3MeKy AJisi €KOoJIOTii, 00'€eKTH 3 OOMEXEHOI0 HEOEe3MEeKOK Ta iHII).
JIist 00’€KTIB MPOMOHYETHCS YOTUPHU PIBHS 3aXUCTY BiJ MPSAMUX yAapiB
onuckaBku. s [ piBHS 3axucTy HaAIHHICTh 3axucTy ckiaaae 0,99+0,999,
IT-0,95+0,99, III — 0,9+0,85, IV — He Hmxkue 0,85.

3a Bumoramu Tabmumi 7 [7] WMOBIPHICTH TOTO, IO MOXJIHMBI
napamMeTpu CTpymy OJUCKaBKM HE MepeOUIbIIyIOTh MaKCHUMAaJIbHO
MPUIYCTUMHUX 3Ha4YeHb s | piBHA 3axucty ckianae 0,99, I pipas — 0,98,
III Ta IV piBus — 0,97 (ToOTO piBHI 3aXUCTY 32 BKA3aHUMH JJOKyMEHTaMHU
HE € BignmoBigHUMH). Po3paxyHOok (opmu Ta po3Mipy 30H 3aXUCTy 3a
HalllOHAJIbHUM HOPMAaTHUBHUM JIOKYMEHTOM [4], TOpoOBOOUTBCA 3a
HallBEeMIIPUYHUMUA  (OpMyJamMH, BHUBEIACHHMMH 3  T'€OMETPUYHHX
MIpKYBaHb 1Ie y nonepeanbomy cropivyi [12, 13].

Cragmapr IEC [9] mnpomoHye 3acTOCyBaHHS pO3paxyHKOBHUX
METOJIIB 3aXMCHOTO KyTa (protection angle design method), Ta cdepu, 1o
kotuthes (rolling sphere design method). B sikocTi eexktuBHOTO METOITY
3aXMCTy MOBEPXOHB, MPOMOHYETHCS 3aCTOCYBAHHS 3aXUCHUX CITOK (mesh
method). HaitOubm1 TouHMM, 3 METOIB, IO MepeiueHo, € MeTo chepu,
0 KOTUTHCA, SKHM MOXe Oyau 3acTOCOBaHUN MpU MPOEKTYBaHHI
CUCTEMHU OJMCKAaBKO3axUCTy (200 OIHII HAIIAHOCTI ICHYIOUOT) s
OyniBens Ta ciopyn Oyab-sKoi ckinanHoi popmu. B ocHOBY 11b0T0 MeTOIY
MOKJIAJIECHO HAYKOBO OOIPYHTOBaHE YSBJICHHS MPO (I3MUHY NPHPOTY
MPOIIeCy Opi€HTYBaHHS ONMCKAaBKA Ha OO0 €KT ypakeHHs. [[ucraniis, 3
SIKO1T OJMCKaBKa MOXE ypa3uTh OO0 €KT, 3aJ€XUTh BiJ BEIUYUHU
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MOTEHIIIAJy Ha TOJIOBIN Jifepy OJMCKaBKH, Ta 3HAXOJIUTHCS B MEXKaX Bif
10 m 1o 200 m. Ilpu 1mpomy, 30Ha ypakeHHS Mae (GopMy TMiBKYII.
HampsiMok, B sKOMy HaiOUIbII BIPOTiAHE MPOPOCTaHHS KaHAIY
ONMCKaBKHM, BU3HAYAETHCS HAWOMIKUOI0 TOUYKOW cucteMu (OymiBii
CYMICHO 3 CUCTEMOIO OJINCKABKO3aXHCTY ), SIKa Ma€ 3B’ A30K 3 3€MJICIO.

Hamionanbuuii  cranaapt [4] oswuiie BKazye Ha  MOMKIIMBICTh
3aCTOCYBaHHS IIUX METOJIB PO3PAXYHKY 30H 3aXUCTY (CNiJ BIAMITHTH, LIO
«rolling sphere design method» mnepexnaneno sk «Meroa (QIKTUBHOI
chepm»).

JI1st mOpiBHSIHHS BU3HAYUMO (DOpMY Ta pO3paxyeEMO PO3MIpH 30HU
3aXUCTy, HANpPUKIAJ, OIMHUYHOIO CTPHXKHHOBOTO OJIMCKABKOBIJIBOMY
Bucororo 30 M mgig1 oO’ekty [ piBHS OJNMCKaBKO3axUCTy 3a
HarmiBeMIipuuHuMHA (GOpMyJIaMu HalllOHAJIBHOTO CcTaHAapty [4] Ta 3a
METOJIOM, IO PEKOMEHIyeTbca  cTraHmaprom [9]. Baxkaemo, 110
HaJIIHHICTh 3aXUCTY B MpsIMUX yaapiB OavckaBku ckianae 0,99.

3a Bumoramu Tabmumi 10 [4] 30Ha 3axXUCTy OAWMHUYHOTO
CTPMKHBOBOTO OJIMCKABKOBIABOLY BHCOTOIO h ysiBisie cob60i0 KpyroBuit
KOHyC BHCOTOO h, 3 pazaiycom ocHOBU 7;. i OIMCKaBKOBIIBOIY

BUCOTOI0O h =30M KOHYC 30HU 3aXUCTy Uil piBHA HajiiHOCTI 0,99 Mae
HacTynHi po3mipu: h, =0,8-h =24m, 1, =0,8-h =24m.

Tabmuns 2 crangapty [EC [9] mpomnonye miisi BU3HAYCHHSI 30HH
3axXUCTy OMMCKaBKOBIIBOAY BUCOTOIO h =30M o0’exty I piBHS 3axucry
3aCTOCOBYBATH METOJI cpepH, 1110 KOTUTHCS, TIPU LIbOMY pajiyc 1€l chepu
nopiBHIO€E R=20 M.

Ha pucynky 1 npuBeneHo A HOPIBHSIHHS MEPEPi3 y BEPTUKAIIBbHIN
TUTOLIMHI 30HU 3aXUCTy OJIMHUYHOTO CTPHKHBOBOT'O OJMCKAaBKOBIJIBOAY,
IO PO3pPaXxOBaHO METOJIOM, IO periamMeHTyeTbes [4] (ropu3OHTaIbHUN
MITPUX) Ta METOJIOM cepH, 0 KOTUThCA [9] (HaxuiabHU mTpux). Buana
CyTT€BAa HEBIAMOBIAHICTH (OPMH Ta PO3MIPIB TEpepidy 30H 3aXHCTY.
Tobro, mMeron cdepu, MO KOTUTHCS, € OUIBII >KOPCTKIIIMM METOIO0M
PO3paxyHKy y MOPIBHSHHI 3 METOJIOM 32 HaIllBeMIIPUYHUMHU (HopMyiaMu
HaIllIOHATBHOTO CTaHIAPTy [4].

3po3ymisio, MmO  3acCTOCyBaHHS  30HHOIO  METOAY, IO
PETJIaMEHTYEThCSl  HAIIOHAIBHUM  CTaHAApTOM [4] & TOABIWHUX,
O0araToKpaTHUX CTPMXKHBOBMX Ta TPOCOBHX pI3HOI  KOH(iryparii
OJINCKaBKOINPUHMAYiB, JIMILE MOCHIIOE L0 PO3OLKHICTD 3 pe3yJbTaTaMu
MPOEKTYBaHHS 32 METOAOM c(epH, 0 KOTUTHCA [9].

Jloka3zoM IbOTO MOXIJIMBO PO3IIIAJATH BHIAJIOK, IO TPAMMBCS Y
2003 pomi Ha OAHIM 3 aTOMHUX €JIEKTPUYHHMX CTaHIIM YKpaiHu.
bnuckaBka Biydnsia B BHCOKOBOJIBTHUN TpaHC(POPMATOp EHEProOJIoKy
CTaHIlli, 110 MPU3BEJIO JO CYTTEBUX EKOHOMIYHUX BTpAT, MOB’S3aHHAX 3
3aMiHOI0 TpaHcopMaTopy. AHaii3 MTPOEKTHOI TOKyMEHTAIlli BUSIBUB, 110
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30HU OJIMCKABKO3aXWCTy JUIsl TEPUTOpii cTaHiii OyJo po3paxoBaHO Y
BIAMOBIIHOCTI 3 BHMoramMu [3], sAKI CXOXi [0 BHUMOT HaIllOHAJIBHOTO
cranaapty [4]. Po3paxyHok 3a meromamu crangapry IEC 62305-3 [9]
MO0Ka3aB HASBHICTb CYTTEBUX PO3MIpPIB 30HU 3 MOHIKEHUM pIBHEM
3axucty. Came B 1110 30HY 1 OyB npopuB OauckaBku [14]. BaxxnuBuM € Te,
M0 II€ MOXKE CTaThuCA Ha OyIah-SKOMYy 00’€KTI BHACTIAOK 3aCTOCYBaHHS
OJIHAKOBHX I1JIXO/I1B MPU MPOEKTYBaHH1 CUCTEMU OJIMCKaBKO3aXHUCTY .
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Pucynok 1 — Ilepepi3 y BepTUKaJbHUN NJIOIIMHI 30H 3aXHCTY OMHHUYHOIO
CTPUKHBOBOI0 0J1MCKaBKOBIABOY, PO3paxoBaHMX METOA0M, 11()]
periiaMeHTY€TbCsl HANIOHAJIBHUM CcTaHaapToM [4] Ta MmeromoM cdepu, mio
kotuTheda (ctanpapt IEC [9])

Cy4acHi ysIBJIEHHS TIPO MEXaH13M OpPIEHTYBaHHs OJTMCKABKH Ha 00’ €KT
[12, 15, 16] cBiquath, 110 MeTO CepH, 110 KOTUTHCS, € HAUOUIBII BIPHHUM.
BaxmMBUM acnekToM IHOTO METOMY, SIKMM HE BpPAaXOBYE 30HHHM METOJ
cTaHmapTy [4], mojsrae y TOMy, IO TPH OIHII IMOBIPHOCTI MPOPUBY
ONMMCKaBKM TMPUIUMAIOTBCA [0 YBark HE TUIbKA OJMCKABKU 3 BEJIMKUM
CTPYMOM, aJie 1 TaKi, CTPyM SIKHX B 3HaXOJUThCSA Mexkax BiJ 3 KA 1o 10 KA.
Cawme BiJ TaKAX «MaIUX» OJMCKABOK 3aXHUCT € HAMOUIBII CKJIaJHUM.

Bucnoexu. Bumorm  cyyaCHUX  HaIllOHaJbHUX  HOPM 3
OJIMCKABKO3aXUCTy BIAPI3HSAIOTHCS BiJ] BUMOT MDKHApOJIHUX HOPM
(cranmaptiB  [EC). Metonu po3paxyHKy, 10 PEKOMEHAYIOTHCS
MiKkHapoaHuMu — crangapramu  I[EC, € OuIbll  JKOPCTKMMH  Ta
JOCTOBipHUMH. TakuM YWHOM, HE 3BaXAOYM HA TOSBY HOBOTO
HAI[IOHABHOTO CTaHAAPTY [4], saxuit BBeaeHuit B Ykpaini 3 01 ciuns 2009
poky, rapMmoHizaiis Bumor HopMm IEC B VYkpaini 3anumiaerscs
aKTyaJbHOIO 33/a4€lO.
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