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MOJAEJMPOBAHUE CTATUCTHYECKHUX IIPOLECCOB IIPH
YIAPE MOJIHUM B HA3BEMHBIE OBBEKTHBI UIsSI BBIBOPA
CPEJICTB MOJHUE3AIIUTHI HOBBIIIEHHON HAJIEXKHOCTH

PaccMoOTpeHO HCIOIb30BaHHE MATEMAaTHYECKOH MOJIENH, KOTOpast OMUCHIBAET CTATUCTHIECKHE IIPOLeC-
CHl IIPH yJape MOJHHHU B HECTAHIAPTHBIA 0OBBEKT (LIIMHAPOBYIO €MKOCTD IS XpaHEHUs HeTermpo-
IYKTOB), ULl BHIOOpa IIapaMeTPOB CPEACTB MOJIHHE3ANIUTHI, KOTOPhIE 00ECHEeUUBAIOT CYIMIECTBEHHOE
CHIDKEHHE ITPOrHO3UPYEMOT0 YHCIIa IOPaXKeHUIT MOJTHUCH.

KiioueBble c10Ba: MOIHHEOTBOA; JIMJICPHBIH KaHAl MOJHHUH; MOJIHHE3AIUTa; MPOTKECHHBIH
00BEKT; CTPUMEpHAs 30HA.

Beenenue. B Hacrosee BpeMsi, 30HBI 3aIIUTH MOJHHEOTBOJOB OIPEJIENs-
I0TCS B COOTBETCTBHH ¢ HOPMAaTHBHBIMH JIOKyMeHTaMH (cM. Hampumep [1,2]). Oxn-
HaKO MPaKTHIECKOE MPUMEHEHHE MOJJOOHBIX CTaHJapTOB IMPUMEHHUTENIHHO K BBIOO-
Py CpEINCTB MOJHHE3ALIUTHl TMPOTSDKEHHBIX OOBEKTOB BEChbMa 3aTPYIHHUTEIHHO.
VYep6 ot ynapa MOJHHH B HEKOTOpBIE OOBEKTHI, HAIPHUMEP CTAPTOBbBIE KOMITICK-
CBI WJIM €MKOCTH ISl XpaHEeHHs He()TEPOAYKTOB, MOTYT IIPOBECTH K CYIECTBEH-
HBIM MaTepualibHbIM YOBITKaM M Ja)Ke TeXHOT€HHbIM KatacTpodam. Puszndeckoe
MOJICTIMPOBaHNE 3JIEKTPOMATHUTHBIX IIPOLIECCOB, COIPOBOXKJIAIONIMX YIap MOI-
HHH, SIBJISETCS BECbMa JIOPOTOCTOSIIIMM U, K TOMY K€, HEe 00ecleurBaeT IOJHOE
MPE/ICTABIICHUE MPOUCXOAAIINX TIPU yJape MOJHHUM SBICHUHA. DTO BBI3BIBAET He-
00X0MMOCTh Pa3pabOTKH MaTEMaTHYECKUX MOJIENEH MpOIIECCOB, COMPOBOXKIAI0-
KX TPOJBIKEHHE JIMJEPHOTO KaHajla MOJHHHM, MO3BOJIIIOIINX OIEHUTH HANEXK-
HOCTB BBIOMPAEMBIX CPE/ICTB MOJIHHE3AIHTHI.

OpHuM 13 Hanboee pacpOCTPaHEHHBIX METOAOB OLCHKHU 3aIMINAEMbIX 30H
SIBIIICTCS TaK Ha3bIBAEMEIN 3JIEKTporeoMeTpudeckuit meron [2,3].I1pu aTom moma-
raercs, 4TO 30Ha 3alIUThl MOJHHUEOTBOJA JISKUT BHYTPH OOIACTH, BHEUIHSS Ipa-
HUIIa KOTOpoi oOpa3oBaHa "karsmieiicsa chepoit” pammyca Ry swoke=30 M (last
stroke - cpemHee paccTosiHHME, ¢ KOTOPOro HaumHaercs "BBIOOP" MONHWEH Mecta
ynapa).HecMoTps Ha HarIAOHOCTB, AAHHBIM MOAXOA SIBISETCS BECbMa YIPOIIECH-
HBIM TIPEJICTaBJICHHEM IIpOIlecca MOJHUE3AINTHI, HE YUYUTHIBAIOIMM TaKHE Bax-
HBIC XapaKTEPUCTUKHU KaK, HAIpUMep, pa30poc 3HaUCHUH Ry, siroke- B TO XKe Bpems,
Goee CII0KHBIE MOJIEIH TS IPOrHO3UPOBAHMS IIPOLIECCOB MPOJBIKCHUS MOJTHUU

K 3emite (cM. Hampumep [4-6]), Kak MpaBMiio, BeChMa JaJieK! OT PEIICHUS 3a-
Jlad TIPaKTUIECKON MOJTHNE3aIHTHI.

st Toro 4ro0Bl CMOJETMPOBATH CTATUCTUYECKHH IPOIECC MPOJIBIKEHHS
JTUIEPHOTO KaHAJlA MOIHUH TMPHUMEHUTENHHO K OmeHKe 3(h()eKTHBHOCTH pa3pada-
TBIBAEMBIX CHCTEM MOJIHME3AIIUTHl MOKET OBITh HMCHONB30BaH MOAXOJ, OIMMCAH-
HBIH B [7].
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MartemaTH4ecKasi MO/AeJIb CTATHCTHYECKHUX NPOLECCOB NPH yaape MoJI-
HMHU B Ha3eMHble 00beKTbl. MoJiellb, onrcanHas B [7], OCHOBaHa B 00OOIICHHUH
9KCTICPUMEHTAJILHBIX HCCIICIOBAHUH HUMITYJIbCHBIX BBHICOKOBOJIBTHBIX Pa3psioB B
JUIMHHBIX ITPOMEXYTKax "crepxeHb-1iockocts” n mostHuy [8]. Ipu ee paszpaborke
T10J1arajoch, YTO MOCIEIHUN 3Tall MPOJIBIKEHHUS JINICPHOIO KaHala MOJIHUM NPU
ee¢ OPHCHTUPOBKE Ha Ha3eMHEIN 00BEKT, TaK Ha3biBaeMEIi "last stroke", HaumHaeT-
csl, KOrja CTpUMeEpHas 30Ha JIMIEPHOTO KaHajla HUCXOSIICH MONHHM JOCTHIaeT
ero. [Tonaraercs, 4ro "mociaenHuil ynap" SBUTCA MPOLECCOM MEPEMEIIECHNS KaHana
JUepa yepe3 CTPUMEPHYIO 30HY. IIpy 3TOM y4HMTBIBAIOCH, YTO BEIMYHHBI CKOPO-
CTH W YCKOPEHHsI JIIEpa MOJHHHM 3aBHCST OT €€ IOTEHIMaja, a TaKkkKe OT yria
MEXy BEKTOpaMU CKOPOCTH €€ MPOJBIKEHUS U HANIPSHKEHHOCTH 2IEKTPUIECKOT 0
IOJISl B OKPY?KAIOIIEM IIPOCTPAHCTBE.

ITpu pabote Mozeny monaragoch, MpU BEIIOIHEHUN XOTS OBl OHOTO U3 ABYX
OITMCAHHBIX HIKE YCJIOBHH COOTBETCTBYIOIIAs 3a3€MJICHHAS 00JIaCTh MOXET OBITh
MOpaXkeHa MOJIHMEH B pacCMaTpHBAaeMOM YHCIEHHOM 3KcliepuMeHTe. IlepBbiM
YCIOBHEM SIBIISIETCS] YMEHBIIEHHEM YAEIbHOIO CONPOTHUBIEHHS OJHOTO U3 KaHAJIOB
CTPHMEPOB /10 YPOBHSI, ONM3KOT0 K yJIETbHOMY CONPOTHBIICHHIO JIMEPHOTO KaHa-
Ja MonHUH. BTopoe ycroBue mpearnosaraer, 4YTo OAWH W3 KOHKYPUPYIOIINX KaHa-
JIOB HCKPBI, NEPEMEIIAIOMNXCS B CTPUMEPHOHM 30HE JINJEPHOrO KaHalla MOJHUH,
JIOCTUTAET PacCMaTPUBAEMYIO 3a3EMJICHHYIO 00J1acTb.

Jla onmcanust mporiecca "BeIOOpa" MHIEpOM MOJHMHM MecTa yaapa Ha 3emiie
OBLT MCIIONIB30BaH MPUHINII, aHATOTHYHBIN npuHIwmy ‘“Least Time — Maximum
Probability” (HanmeHbIIee BpeMs - MakcuMaiibHasl BeposaTHocTh) [9]. [lonaraercs,
YTO BEPOSTHOCTH y/apa MOJHHM B 3a3eMJICHHYIO 0OJIacTh OOpaTHO MPOIOPIHO-
HaJlbHa BPEMEHH €ro JOCTI)KEHHS JIMEPHBIM KaHAJIOM MOJHHH Ha 3aBepIIaronien
CTaJIMN €0 JIBIKCHHS.

Ha obnactp uccneqyemMoro o0beKTa HaKIaJpIBACTCSI MIPSIMOYTOJIbHAS pacdeT-
Has ceTka (HazoBeM ee "cerka 1"). Ha obmacts Haj 00BEKTOM, OTKYa MOXET IIpO-
W30WTH pa3BUTHE JMACPHOTO KaHAJA MOJHMH, TAaKKe HAKJIAAbIBACTCS MPSMO-
yrompHas pacueTHas ceTka (HazoBem ce "cerka 2"). IlpwdeMm mmomans ceTkm 2
CYIIECTBEHHO MPEBBIIIACT IUIOMAAb UCCIEYEeMOTo 00BbEKTa, TOCKOJIBKY OHA COOT-
BETCTBYIOT 30HE, M3 KOTOPOH B paccMaTpHBAEMBIN OOBEKT MOXKET YAAPHUTh MOI-
uus. [Ipn paGore Mozmenn pacCUMTHIBAIOTCS BEPOSTHOCTH yJapa MOJHUH B KaX-
IIyI0 U3 siueeK CeTKH | m3 Kakmol staeiiku cetku 2. [Ipu 3TOM yauTBIBaeTcs: BEpo-
SATHOCTBH TTOSIBIICHUSI MOJIHAH, HECYIIUX K 3€MJI€ PAa3IMIHbIC TOTCHIINAIIBI.

CpaBHEHHE pacCUMTaHHBIX ¥ HOPMHPYEMbIX [1] cooTHOmIEHMI MeXTy Mpo-
THO3MPYEMBIM YHCIIOM TPOPHIBOB MOJHUM Ha MOJHHEOTBOJ W 3aIUIIAEMbI 00B-
€KT TIPH OTOBOPEHHBIX B [1] 30HBIX 3aIIUTHI MOKA3aJI0 UX COBMAJACHHE B MPEAETax
10 % (cm. [10]).

PacyeTHblii BHIOOP CpeICTB MOJTHHE3AIMTDHI MOBBIIIEHHON HAIEKHOCTH.
PaccMoTpuM HCnob30BaHNE TAHHOW MOJENH [UIS BEIOOpA CHCTEMbI MOJTHHE3aIIN -
TBI €MKOCTH JUI XpaHEHUS] HE(TEIPOIYKTOB, MPEACTABIIOMEH COOOH UITHHID
panuycom 39 M u BeicoTOM 34 M. C moMoIbio pa3paboTaHHON MozenH ObIIO pac-
CMOTPEHO HECKOJIBKO BAPUAHTOB CHCTEM MOJHHE3AIUTHI JAaHHOTO OOBEKTA.
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[Ipu ompenencHUN BEPOSTHOCTH TOPAKCHUS MOJHUCH HCITONB30BAIIOCE N —
MIPOTHO3UPYEMOE UI JaHHOW Teorpaduaeckoil 00NIACTH YUCIO MPSAMBIX yIapoOB
MOJTHHH B TOJ B 00BEKT IUIOMAAEI0 S, (cM. Hamprmep [11]):

N = N,-S,,

rae Ny, — cpejiHee KOJTHYECTBO YAapOB MOIHHH B TOX Ha | KM® B JJaHHO#M

reorpaduaeckoii 30He; S, [KMZ] — IUIoMaah 00bEKTA.

Pacuers! ObUTH BBITOTHEHBI JJIS CITydasl CpeHEH 3a rof INIOTHOCTH yJapoB MOJ-
HUM Ha KBaJPATHBIN KMIOMETp, paBHOU: Ny=1.

Ha puc. 1 npexncraBneHO pacCUMTaHHOE pacHpenelIeHUuEe MPOTHO3HPYEMOro
YHCIIa YIapOB MOJIHHUHM B TOJl B €MKOCTh ISl XpaHEHHsI HEPTENPOIYKTOB JUISl CIIy-
4asi OTCYTCTBHS CPEACTB MOJIHHUE3AIUTHI. [Ipy 3TOM cyMMapHOE MPOTrHO3UPYEMOe
YHCIJIO yAapOB MOJIHMM O JaHHBIH OOBEKT TAKOBO, YTO MOJHHUSI MOXKET B HETO IO-
mact | pa3 B 6 ser. HepaBHOMEpPHOCTh paclpesielieHuss KOIMYecTBa HpoOoeB
BJIOJb BHEIIIHErO Kpasl LUCTEPHBI BbI3BaHA JUCKPETHOCTBHIO 33JaHMs y3JIOB, IOMAa-
JTaHWE MOJHHMU B KOTOPBIE PACCUUTBIBAETCS, a TAKXKE B CBSI3U C HCHOIb30BAHUEM
MPSAMOYTOJIEHOHM pacdeTHOM CeTKHM NPHUMEHHUTENFHO K HMIIMHIPUIECKOMY OOBEKTY.

Puc. 1. PaccuntanHOe pacnpeneleHue KOJIMYEeCTBa yJapOoB MOJIHHU B pac-
CMaTpPUBAEMYIO LIUCTEPHY.

Ha puc. 2-4 noka3aHbl pacCUUTaHHBIE PACIPENEICHUS IPOTHO3ZUPYEMOro
YHCIIa YAapoOB MOJHUM B TOJl B UCCIIEAYEMBIH 00BEKT IPH HAJMYMH COOTBETCTBEH-
HO 1-oro, 2-x u 4-x MoaHHEOTBOAOB BbIcOTOM 90 M. Ilpu 3TOM cymmapHoe mpo-
THO3MPYEMOE YHCIIO YIapOB MOJHUHU O JAHHBIH OOBEKT TAaKOBO, YTO MOJIHHS MO-
JKEeT B Hero nonacts 1 pa3 B 8, 11 u 19 51eT cooTBETCTBEHHO.
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Puc. 2. Paccunrannoe pacrpeziesicHne KOIMIECTBa YIapoB MOJIHUHU B CHCTEMe "IHc-
TEpHa — MOJIHUEOTBOJI BBICOTOH 90 M".

Puc. 3. Paccunrannoe pacrpeznesieHne KOIMIECTBA YIapOB MOJIHUU B CHCTEME "IHC-
TepHa — 2 MOJIHUEOTBO/A BBICOTOM 90 M".

Puc. 4. Paccunrannoe pacrpeziesicHne KOIMIECTBA YIapOB MOJIHUU B CHCTEME "IHC-
TepHa — 4 MOJHHEOTBO/A BBICOTOM 90 M".
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Ecmu o cooOpakeHnsM 6e30macHOCTH TpeOyeTcs elle CHH3UTh CyMMapHOE
MIPOTHO3MPYEMOE YMCIIO TIOMAJaHU MOJHHAU B MCCICAYEMBIA OOBEKT, MOTYT OBITH
HCIOJIb30BaHbl TPOCOBBIE MOJIHMEOTBOIbI. PaccunTaHHoe pacnpeneneHue BeposiT-
HOCTH TTOTaJJaHsI MOJHHY B 3TOM CIIy4ae TOKa3aHO Ha pHc. 5 (BBICOTA, HA KOTO-
pYIO TOAHSATHL TPOCHI, cocTaBiser 50 m). [Ipu TakoM pacIioIOXKEHHUH TPOCOBBIX
MOJIHUEOTBOJIOB IPOTHO3UPYEMOE YUCIIO POPHIBOB MOJHUM HAa paccMaTpUBaeMbIil
00bekT He BhIme, yeM ofauH 3a 100 jer. Ilpudem, kKak ITOKa3aixo MPOBEICHHOE
KOMITBIOTEPHOE MOJICTHPOBaHUE (CM. pHC. 6), HCHONB30BaHUE 14 MOIHUEOTBOIOB
BbICOTOM 90 M, pacnonoXeHHBIX TaK K€, Kak Ui Ciiydasi, MOKa3aHHOro Ha puc. 5,
JTAeT TIPOTHO3HMPYEMOE YHCIO MPOPHEIBOB MOJHUHM Ha PacCMATPHUBACMEIA OOBEKT
onuH pa3 B 43 roza.

Yoy, N (per year)

Puc. 5. PaccuutanHoe pacnpeneneHue KOJIMYecTBa yAapoB MOJIHHUU B CHUCTE-
Me "HuCcTepHa — 7 TPOCOBBIX MOJTHHAEOTBOIOB".

Puc. 6. PaccunranHoe pacrnpeneneHrue KOJIHMISCTBA yAapOB MOJIHHUA B CHCTE-
Me "mucrepHa —14 MOTHUEOTBOAOB BbICOTOM 90 M".

3axouenne. [IpoBe/IcHHOE KOMITBIOTEPHOE MOJIEIIUPOBAHUE MPOIECCOB,
COIMPOBOXK/IAIONINX MPOJBIDKEHUE JTUICPHOr0 KaHAIA MOJHUU HA TIOCIICAHEM JTare
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niepen "BIOOpOM" MecTa yrapa 3a3eMIICHHOTO OOBEKTa MO3BOJIMIO ONPEICITUTh
IIPOTHO3UPYEMOE YHCIO MOPAKEHHH MOIHHEOTBOAOB M 3aIlUILAEMOr0 HECTaH-
JIAPTHOTO 00BEKTa (LUCTEPHBI ¢ HEPTEIPOMYKTaMH), OLIEHUTH CTEIICHb BIJIMSHUS
YHCIa UCTIONIB3YEMBIX MOJICHHEOTBOOB, a TAKXKE MOKA3aTh, YTO NPUMEHEHUE TPO-
COBBIX MOJIHHMEOTBO/IOB BBIOpPAaHHOW KOH(HIYpaIlMK ITO3BOJISET MPAKTHYECKH HC-
KJIFOUUTH TOMAJJaHAE MOJHUM B PACCMOTPEHHBIH OOBEKT B TEUECHHH BCETO CpPOKa
€ro JKCIUTyaTaluu.
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VIK 621.317.42
MopennpoBaHue CTATHCTHYECKHX MPOLECCOB NPH yAape MOJTHHH B Ha3eMHbIe 00BEKTbI

AJIS BHIGOPA cpeAcTB MOIHHe3amuTHl noBbimennoii nanexunocrun. / M.M. Pesunkuna E.E.

CBeTIMYHAA // Bicuuk HTY «XIII». Cepis: AproMatika Ta mpuianobyaysanns. — X. : HTY
«XIII», 2013. - Ne (). — C. —. Bi6miorp.: 11 Ha3zs.

PO3risiHYTO BUKOPUCTAaHHS MaTEMaTHYHOI MOJENI, 10 ONMICYE CTATHCTUYHI HPOLECH HPH yaapi
OJIMCKaBKM B HECTaHAAPTHUU 00'eKT (WMIIHAPUYHY €MHICTb Ui 30epiraHHs HaQTOMPOAYKTIB), IUIs
BUOOPY MapaMeTpiB 3ac00iB OIMCKABKO 3aXHCTY, 110 3a0€3MeUyI0Th ICTOTHE 3HU)KEHHS IIPOrHO30BaHO-
TO 4HcIIa HOro mopasok GJIMCKaBKOIO.

Kuro4oBi ciioBa: GyMCKaBKOBIABI/; JIIEPHBINA KaHAT OJIMCKABKH; OJIMCKABKO3aXUCT; NPOTSHKHUN
00'eKT; cTpMEpHas 30Ha.

Usage of the mathematical model, describing statistical processes at lightning attachment to a
nonstandard vulnerable object (an oil storage tank) for providing its lightning protection with substantial
reduction of prognosticated lightning strokes has been considered.

Keywords: rod; leader channel lightning, lightning protection; the object; streamer zone.
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