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Moaynb noucka 3bC "Anbykc"

Mogaynb noncka 3b6C "/laHb"

HO>XHO-YpanbCKNUn rocyaapCTBEeHHbI
YHUBepcUTeT

Konnekums topnamyecknx AOKYMEHTOB
YHuBepcuteTckas 6ubnmoreka oHnamH
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Moaynb noncka 2bC "Anbykc"
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Konbuo BYy30B

Konnekuums opnamyecknx AOKYMeHTOB
YHuBepcuteTckaa 6ubnmoreka oHnamH
Moaynb noncka 2bC "Anbykc"

Mogaynb noncka 36C "Anbykc"

Mogynb noncka 3bC bnbnnoPoccunka

Mogynb noncka 3b6C "/laHb"
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BBEAEHUE

AKTYanbHOCTb T€MbI. Pa3BuMTME pbIHOYHOM SKOHOMUKM B COBPEMEHHbIX
YCIIOBUSIX XapaKTepu3yeTcs BHeAPEHMEM HOBbIX TEXHOMOMMI, MeEXaHn3aunen um
aBToOMaTm3aumner Npom3BoACcTBEHHbIX npoueccos. CneayeT OTMETUTL, YTO Cpeam
MHOMOYNC/IEHHOr0 apceHasna pa3Hoobpa3HbIX YCTaHOBOK, annapaTtypsbl,
ncnonb3yembixX B cepe NpomM3BOACTBa, LWMPOKOE pacrnpocTpaHeHme noayymnm
anekTpnyeckne MobuabHble MawmnHbl (OMM), Haweglwne NpUMeHeHWe NpakTUYecKn
BO BCEX OTpaC/iaX AesATeNbHOCTU YenoBeka. X BHeapeHue crnocobcTByeT
CyLLeCcTBEHHOMY obneryeHunto ycioBmin Tpyaa v NoBbILLEHUIO ero
NpoM3BOANTENBHOCTMU.

SOMM noBCceMeCTHO UCNOSb3YITCS Kak BO BCEX OTPAC/IAX 3KOHOMUKU, TaK U B
[OMaLLHEM X039 CTBE. M3-3a LWMPOKOro CnekTpa NpUMEHEHNS K HUM
NpeabsBAAOTCS BbiCOKMe TpeboBaHnsa 6e3onacHoCTu.

HecoMHeHHO, 13 Bcero pasHoobpasna MM Hanbonbluee NnpuMeHeHne

NOSYYUIN pyUHble 3/IEKTPUYECKME MALLNHBI YOAPHOIO U yAapHO-BpallaTebHOro
nencrens. OHM yHMBepCabHbl, MOPTAaTUBHbI U MOTMYT UCMOb30BaTbhCH B
pa3HoobpaszHbIX TEXHONOMMYECKNX onepaumsx, B TOM ymcne npm obpabotke
TPYAHOAOCTYMHbIX MECT. TeHAEHUNS pa3BUTUS TakoBa, YTo BHeapeHue DMM B
MPOMbILIIEHHOCTb, PABHO KakK, U Ha 0bbeKkTax aneKkTpoaHepreTuku byaer
COXPaHATbCS.

Bce 3T0 npeabsBnseT noBbilWeHHbIe TpeboBaHMSA K cncteMe 6€30MacHOCTM Npu
aKcnayataumm MM, npnBoanNT K HEOH6XOAMMOCTU COBEPLUEHCTBOBAHMS
CYLLEeCTBYHOLWMNX TEXHNYECKUX N OpraHn3auMOHHbIX MEPONPUSATUIA, BHEAPEHUS
BblCOKO3(h(DEKTUBHbIX 3alUTHbIX CPeACTB.

B cBSi3n ¢ 3TUM, HEObX0ANMMO AanbHellee pa3BUTME UCCIeA0BaHNI C
pacliMpeHneM Kpyra rnpakTmyeckmx 3a4a4q no BONpocaMm OLEHKN BAUSHUA (haKTOpOB

cucTeMbl «4yenosek — OSMM - npoBoauMas onepaumsa — okpyxatwas cpega» («45MM-MNO-0OC») Ha 6e30NacHOCTb AaHHbIX MALWWH, YTO ABASETCS aKTyaslbHON
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Hay4YHO-TEXHNYECKON 3a4a4en MoBblWeHns 6€30NacHOCTN, MPUHATON 4N peleHns
B AAHHOM MUCCefoBaHUMU,

f'mnoTtesa. TexHoreHHasa 6e3onacHoctb DMM MoxeT 6bITb obecneveHa nyTem
KOMIMJIEKCHOIO aHanM3a cMcreMbl 6€30MacHOCTM Npu YCTaHOB/IEHWM B3aUMOCBS3U
Mexay ee KOMMOHEeHTaMM.

Llenbto paboTtbl sBnseTcsa paspaboTka onTUManbHOM cucTeMbl 6e3onacHoCTm

DMM Ha OCHOBE Hay4HbIX U MHXXEHEPHbIX MeTOA0B pacyeTa Kputepmes
6e3onacHoOCTK, CNOCO6CTBYOLNX CO3AaHNI0 3P DEKTUBHbBIX 3aLMUTHbBIX CPEeACTB,
obecneumBatowmx Tpebyemblii ypoBeHb 6€30nacHOCTN PyHKLMOHMPOBAHMUS
CUCTEMbI Ha 06beKTax 3/1EKTPO3HEPreTUKMU.

[Ona JOCTMXEHMA NOCTaBNEHHOWN Llenn HeobxoanMMo pewwmnTb cneaytolmne

3ajaun:

1. MpoaHanuampoBaTb COCTOSAHME ycroBui 6e3onacHocT SMM un BbINOAHUTL
cucTemMaTm3aunto Npu3HakoB-(haKTOpoB YEN0BEKO-MALLINHHOW CUCTEMbI, YCTaHOBUB
X NMPUYNHHO-CIeACTBEHHbIE CBS3N;

2. MNpoBecTn MogenMpoBaHuMe KoMMaekca npM3Hakos, haKTopos,
XapaKTepu3ytowmx ocobeHHOCTM akcnayataumm 3MM n noctponTb 0606LEHHYIO
MaTeMaTU4ecKylo Modeslb CO34aHnsa NepcrnekTMBHON cncrtemMbl 6e30nacHoCTm
MOBMNBbHbIX MalnH;

3. O6ocHOBaTb MeTO4 ONTMMM3ALMMN OCHOBHbIX KpUTepueB 6e30macHoCTm
YenloBEKO-MaWMHHOW CUCTEMBI M MPUHLUMUMBI YNpaBneHns 6e30nacHoCTbIO;

4. Pa3paboTaTb TEXHUYECKME CpeAcTBa NOBbIWEHUS 6e3onacHocTu MM un
onpeaennTb CouManbHO-3KOHOMMYECKYO 3((PEKTUBHOCTb UX BHEAPEHUS.

O6bekT nccnegosaHms - SMM Npom3BOACTBEHHbIX MOMELLEHNIN U

TEeppUTOPUN NpeanpuUsTUA 3NIEKTPOIHEPTreTUKMN,

MNpeameT nccnefoBaHUs - yCTaHOBIEHUE 3aKOHOMEPHOCTEN,

XapaKTepu3YyLMX N3MEHEHNE COCTOSIHUS YENTOBEKO-MaLLUMHHOW CUCTEMbI NMpU
BO34ENCTBUN HebnaronpusaTHbIX aKTopoB, MO3BOASOWMX 060CHOBATb METOAbI
noBbiWweHns 6e3onacHocTn DMM,

6

HayuyHas HoBM3Ha paboThbl:

1. PaspaboTaHbl MaTeMaTM4yeckme MeToAabl aHanm3a 6e3onacHoi aKkcnayaTaumm
SMM, no3BonsoLMe NPOrHo3MpoBaTh ypoBeHb 6&30MacHOCTH;

2. PaspabotaH MeTon MaTeEMaATMYECKOro MOAEIMPOBAHUSA CUCTEMDI

6e3onacHocT MM Ha OCHOBEe MHOIMOKpUTEpPUanbHOro aHann3a;

3. PaspaboTtaH n obocHoBaH MeToA ONTUMM3aLMKM NpoLecca, obecrnevmBatoLwero
adpdekTnBHYto cncremy 6esonacHoctn SMM;

4. PazpaboTaHa n o60CHOBaHa CTPYKTypHas Mmoaenb cnocobos obecneyeHums
TeXHOreHHom 6esonacHocTn SMM.

TeopeTnyeckas M nNpakTnyeckass 3Ha4MMoCTb paboTbl:

1. PaspaboTaHbl MeTOAbl OLLEHKN CTaTUCTUYECKUX AaHHbIX U PYHKLUNOHANbHbIX
CBsA3el KOMMJeKca NpM3HaKoB-(aKTopoB, ONpeaensiowmx cocTossHMe 6e30nacHoCTH
YyenloBEKO-MAaLIMHHOW CUCTEMDI;

2. CchopMMpoBaH MPUHLMI MOCTPOEHUS KOMIIEKCA NPOrpaMMHO-LE/IEBOr0O
ynpasneHunsa 6esonacHoctbio SMM;

3. PaspaboTaH MeToA OUEHKW noKasaTenen n KpuTepues 3HaunMMbIX GakTopoB
cncrembl 6e3onacHoctn DMM;

4. Pa3paboTaHO HOBOE TEXHMYECKOE CPeACTBO 3aWwnTbl DMM, no3sonstoLlee
npeaoTBpaLlaTb C/lyYyan BO3HMKHOBEHWUS 3/1IEKTPOTpaBMaTn3Ma cpeam onepaTopoB
SMM.

MeTogonormsa u1 Metoabl MccnenoBaHms. CUCTEMHbIN aHanns, Teopus
BEpPOATHOCTEN, MaTeEMaTUYeCKas CTaTUCTUKA, METOAbl MaTeEMaTUUYECKOro
MOAENNPOBAHUNSA, PErPeCCUMOHHbIA aHanns, MeToabl ONTUMU3ALUN CUCTEM,

Ha 3awmnTy BbIHOCATCA:

1. KoHuenumsa BepoSsSTHOCTHOrO aHanmM3a ycioBuin 6esonacHoctn MM,
OCHOBaHHas Ha CUCTEMHOM NoAXoAe, NPUMEHEHUM MaTeMaTUYeCcKnx,
CTaTUCTUYECKMX, HAaTYPHbIX METOAOB, XapaKTepu3ayLas NpUYNHHO-CIeACTBEHHbIE
B3aMMOAENCTBUS B YE/0BEKO-MALLMHHON CUCTEME.

2. CTpyKTypHas mogesnb cmcrtembl «4-2MM-MO-0C», no3sonsoLias

onpeaennTb NokasaTeslb CTeNeHW 3Ha4YMMOCTM OMacHbiX akTopoB, aHanAM3npoBaTb
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BO3JENCTBME OMACHbIX CUTyauui, OKasblBalOLWMX BAUSHMUE HA COCTOSIHME
TexXHOoreHHom 6esonacHocTn DMM.

3. MaTeMaTnyeckasa Moaeslb ONTUMMU3ALMKN CUCTEMbl 6€30MacHOCTH C
MCMOJIb30BaHMEM KpUTEPMEB NOA0OMS BaXKHENLLNX PaKTOPOB MOACUCTEM «YEIOBEK>,
«DMM», «npoBoAMMas onepaums», «oKpyxXatoliasa cpega».

4. Pe3ynbTaTbl NpaKTUYECKMX CNOCOH60OB COBEPLLEHCTBOBAHMS KOMMIEKCHOM
6e3zonacHocTy DMM.

CreneHb AOCTOBEPHOCTM M anpobauns pesynbTaToB MCCNeaoBaHUS.

[ OCTOBEPHOCTb MOIYYEHHbIX pe3y/ibTaTOB MOATBEPXAAETCH NpeACTaB/eHHbIM
06bEMOM MCXOAHbIX AaHHbIX MO NMPOM3BOACTBEHHOMY 3/1IeKTPOTPaBMaTtu3sMy 1
YyCII0BUSIM MCNONb30BaHMsa DMM Ha obbeKkTax 3/1eKTposHepreTukm Pecnybnmku
BypsTns; yaoBneTBOpUTENbHOW OLLEHKOW CpaBHEHUSI TEOPETUYECKUX UCCeaoBaHUN C
pe3ysibTaTaMu 3KCrMepuMeHTaNbHbIX NCCeA0BaHWA,

OcHOBHble pe3ynbTaTthl paboTbl M NpaKTUYECKNE PEKOMEHAALMM UCNOMb3YHTCA

Ha NpeanpuaATUSaX 3N1EKTPo3HepreTukn Pecnybnmkn BypaTtus npu akcnayataunm
OMM, a TakXe NpUMEHSIOTCS B y4ebHOM npoLuecce npu NOAroToOBKE CreumnanmcroB
No HanpaB/fieHU0 «DNEeKTPOIHEPreTuKa 1 31eKTpoTexHuka». OCHOBHbIE MaTepuanbl 1

pe3ysibTaTbl paboTbl MPEACTaBASNCD U 06CYXKAANNCH Ha €XKEroAHbIX Hay4HOMNPaKTUYECKMX KOHMEPEHUUSX acmMPaHTOB U NMpodeccopcKo-npenoaaBaTesibckoro

cocraBa BocTo4HO-CnbMpCcKOro rocyAapCcTBEHHORO YHUBEPCUTETA TEXHOIOM M U

ynpasnenuns (YnaH-Ygs, 2012-2016rr.), Ha VIII MexayHapoAHOW 3a04HON Hay4HOMNPaKTUYEeCKON KOHMEpPeHUMN « HayyHas AMCKYCCnsi: BOMPOChbl TEXHNUYECKMX HayK»

(MockBa, 2013r.), Ha II MexayHapogHOW 3a04HOM KOHdepeHumn «MNpobnembl

TexHochepHoln 6e3onacHocTn» (bapHayn, 2016r.), Ha Bcepoccninckon Hay4yHOMpaKTUYeCKOn KOHMepeHUNN «DHepreTnka bankanbCKoro pervoHa: npobnemsl u

nepcnektuebl» (YnaH-Ya3, 2016r.), Ha PecnybnmkaHCKoM HayuYHO-MpaKTUYeCKon
KoHdepeHUMN «DNeKTposHepreTmka, rmaposHepreTnka, HaaeXHoCTb U
6e3sonacHocTb» (QywaHbe, 2016).
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JInyHbIN BKNaa aBTOpa COCTOMT B MOCTAHOBKE 3a4ay MCCNefoBaHus, B

[OKa3aTeNbCTBe HayYHbIX MOJIOXKEHM, pa3paboTke Moaenen cucremMbl 6e3onacHoOCTU
SMM, Mopenen TpaBMOOMACHbIX CUTYaLWUiA, CO34aHUU 3aLLUNTHbIX CPEACTB.
CooTBETCTBME AMCcepTaunm Nnacnopty Hay4yHoOM cneunanbHoCTU. Hay4yHble
MOJIOXKEHUS, MPUBEAEHHbIE B AnCCepTaLUnm, COOTBETCTBYIOT 0651acTu nccneaoBaHum
cneumnanbHoctn 05.26.01 — OxpaHa Tpyaa (3N1eKTposaHepreTmKka), B YaCcTHOCTH, N.3
«Pa3paboTka MeTo40B KOHTPOSIS, OLLEHKM U HOPMMPOBAHMS ONacHbIX N BPeaHbIX
(haKTopoB NPOM3BOACTBA, CNOCO60B M CPeacTB 3alMTbl OT HUX».

My6nnkaunmn. OCHOBHbIE MOAOXKEHMNSA ANCCEPTALMOHHOMN paboTbl

onybnnkoBaHbl aBTOPOM B 13 medaTHbiX paboTax, B TOM Yncne B 4 CTaTbsx
peueH3upyEMbIX U3JAaHUI, BXOASALWMNX B NepedeHb BAK, B 2 naTeHTax Ha nonesHble
mMoaenu.

CrpykTypa 1 o6bemM pabothl. [ucceptaumoHHas paboTa COCTOUT U3 BBEAEHUS,
yeTblpex rnas, obuimx BbiBOAOB, bubanorpaduyeckoro cnucka, Bkaovawwero 165
HanMeHOBaHUM 1 9 npuaoxeHun. CoaepxunTt 150 cTpaHML, OCHOBHOMO TEKCTa, B TOM
umcne 33 pucyHka n 27 Tabnuu.
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1 OBOBLLUEHHAS XAPAKTEPUCTUKA N UCCITEAOBAHUE YC/TOBUIA

BE3O0MACHOCTU 2JTEKTPOYCTAHOBOK, UCMOJIb3YEMbIX HA

NPEANPUATUNAX DNTEKTPOSHEPIETUKW PECNYBNNKN BYPATUA

1.1 CTpyKTYpHbI/ @aHann3 3/71eKTPOoyCTaHOBOK (Ha npuMmepe 3/1eKTpuYecKmnx
MOBMNBbHbLIX MawmnH — DMM), NpuMeHseMbIX B MPOM3BOACTBEHHbIX MpoL,eccax
NpeanpuaTUn 3NEKTPOIHEPreTUKn

Poct noTpebneHuns snekTposHeprnm — ogHa U3 OCHOBHbIX TEHAEHLUNNA pa3BuUTUs
MMPOBON SKOHOMMKWN B COOTBETCTBMM C MPOrHO30M MexayHapoAHOr0 3HepreTnyeckoro
areHTcTBa, kK 2025 roay notpebneHne 3n1eKTposHeprum B MMpe BblpacTeT Ao 26 TpaH.KBTY
no cpaBHeHwuto ¢ 14,8 TpaH.kBTtu B 2003 roagy. MNMpun 3TOM yCcTaHOBMIEHHAs MOWHOCTb
3NeKTpocTaHumi BblipacteT ¢ 3400 Bt B 2003 roay o 5500 Bt B 2025 roay [1].

B Poccmun notpebneHue aneKTposHeprun nocne 3atsxxHoro cnaga 1990-1998 rr.
HeyK/oOHHO pacteT n B 2015 roay, no nporHosam M3PT, npesbicuno yposeHb 1993 roaa.
«JHepreTnyeckon crpatermeit Poccnm Ha nepmog ao 2020 roga» nporHo3upoBascs
NpMpocT notpebneHnsa anekTpoaHeprnm B 2000-2005 rr. B 46-50 mnpa.kBty, ogHako
peanbHbllA NPUPOCT OKasascs Bbilwe 6onee yeM B 1,5 pasa u cocrasun 73 mnpa.kBtu [2].
B cBoto ouepenb, pasBuTUE I1EKTPOIHEPreTUKM, YBEIMUEHMe napka

NCMonb3yeMblX 3/1EKTPOYCTaHOBOK, 3/IEKTPUYECKONM annapaTtypbl U Apyrux, TanuT B cebe
NOoTEHLUMaNbHY ONacHOCTb 415 togaen n cpeabl 06uTaHns. AHaNIM3 TEXHOMEHHbIX Yrpo3
Ha NpOMbILWJIEHHbIX O6bekTax nokasas, yuto 6onee 30% aBapuil, MOXXapoOB U
3/1IeKTPOTPaBM MPOMNCXOANT N3-3a N3HOLIEHHOCTU 3neKTpuyecknx ceten, 40% - n3-3a
HeCcoBepLUEHCTBA HOPMaTMBHO-NPaBOBOM 6a3bl N HECOBNOAEHMNA NMPaBU/T MO OXpaHe
TpyAa u TexHnke 6e30NacHOCTU, a TakXKe HeAO0CTaTOYHO KBanMduLuMpoBaHHOro
obcny>XMBaHUs 31eKTPOYyCTaHOBOK M NpnbopoB nepcoHanom [3].

Bo3HuKLwNe B nocnegHue roapl KavyecTBeHHble npeobpa3oBaHus B cdepe
aneKkTpudmnKaunum npom3BOACTBEHHbIX MPOLLECCOB Ha 06beKTax 3KOHOMUKN MO3BONSIOT
pewnTb psa BaXKHENLWNX coumanbHO-3KOHOMUYECKMX 3a4ay: yayylmnTb YCI0BUSA Tpyda
M NOBbICUTb €ro NPon3BOANTENBHOCTb, CO3aaTh 6e3onacHble 1 6e3BpeaHble yCI0BUS
aKCnayaTaumm TeXHNMYECKOro n aneKTpuyeckoro o6opyaoBaHus, 31eKTPOyCTaHOBOK.
10

HaunHasa c 60-x rogos, B Hallel CTpaHe NPOBOASATCA KOMMJIEKCHbIE UCCIEA0BAHMUS

B 0b/s1act Teopun 1 NMpakTukn snekTpobesonacHoctu [4, 5]. Cioaa cneayer oTHeCTu
(opMmMpoBaHMEe BEPOSITHOCTHOW KOHLIEMNLWM O NPUPOAE 3NeKTpoTpaBMmaTtusMma [6, 7],
pa3paboTky Teopmu onTuMM3aunm cuctemol 6e3onacHocTu [8, 9], nsyyeHmne MexaHm3ma
BO3JENCTBUS I/IEKTPUYECKOro TOKa Ha XXMBOW OpraHmnsm un pa3paboTky npeaenbHO
AOMYCTUMbIX YPOBHEWN HanpshKeHUN NpUKocHOBeHNSA 1 Tokos [10, 11], pa3paboTky
TEOPUM UHXXEHEPHbIX METOAOB pacyeTa 3a3eM/IsLLMX YCTPOUCTB (BK/IHOUAs YCTPONCTB
ONs1 BblpaBHUBaAHUS 3/IEKTPUYECKMX NoTeHumanos — YB3MM) [12, 13], co3gaHne u
BHeapeHne 3 dEKTUBHbBIX CPEACTB 3/1EKTPO3aALUNTbLI — YCTPOUCTB 3alUTHOrO

https://susu.antiplagiat.ru/ReportPage.aspx?docld=427.32330090&repNumb=1&type=3&page=0
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oTknoueHuns [14, 15, 16, 17]. Bce 310 HeE MOI/I0 HE CKa3aTbCs Ha MOKa3aTeNsX YPOBHS
anekTpobe3onacHOCTU. Mcxoas M3 aHannsa CTaTUCTUYECKMX UCCeaA0BaHWM, B KOTOPbIX
OTMeYaeTcs, YTo 3a nepuog ¢ 1960r. no 1980r. NpomM3BOACTBEHHbIN 3NEKTPOTPaBMaTU3M
CHU3uMICA Ha 10%, 0agHaKO CHMXXEHME HeNMpoM3BOACTBEHHOMO 3/1eKTpoTpaBMaTnamMa 6b1s1o
He3HaunTesNbHbIM — He 6onee 3% [18]. iIMess He3HaUNTENbHOE CHUXEHne
Henpon3BOACTBEHHbIV 3/1EKTPOTpaBMaTmn3M cocTasnsan okono 40% Bcex
paccnefoBaHHbIX HECYaCTHbIX cny4vaes. MNocne 80-x roaos 3/1eKTpoTpaBMaTnsM B

Poccnun cran Bospactate n k 2005 rogy ysenmuunca noutn B 3 pasa [19]. 3a nocneaHue
10-15 neTt B CBS3M C NOABLEMOM 3KOHOMUKM CTaNWn LUMPOKO NMPUMEHSATLCA COBPEMEHHbIE
BblCOKO3((PEKTUBHbIE YCTAHOBKM B MPOMbILIEHHOCTU U APYFMX 06beKTax CTpaHbl, YTO
CyLeCTBEHHO OTpa3unocb Ha 6e3onacHocTn npomssoacTea [20].

PazBuTMe pbIHOUYHON SKOHOMWKN B COBPEMEHHbIX YC/TOBUSAX XapaKTepu3syeTcs
BHEAPEHMEM HOBbIX TEXHOMNOMMIN, MEXaHU3aUnen n asToMmatmnlaunelnn Npon3BoaCTBEHHbIX
npoueccoB. CnegyeT OTMETUTb, UYTO LWMPOKOE pacrnpoCcTpaHeHMe Noy4ymam
3neKTpuyeckme MobunbHble MawnHbI(OMM), cpean koTopbix 60-70% cocTaBnsoT
pyU4Hble 3/IEKTPUYECKNE MALLMHbI UK S1IEKTPOUHCTPYMEHT, UCMOMb3yeMble

NMpakTU4ecKn BO BCEX OTPACNsX AeATENIbHOCTM YyenoBeka [21].

MoBbileHWe ypoBHSA MEXaHM3aUNM HenocpeaCcTBEHHO CBS3aHO C yBeIMYEHUEM

06bEeMOB BbIMyCKaeMON NPOAYKLUWN SNEKTPOTEXHMYECKON MPOMbILLNEHHOCTLIO, KOTOpas
exerogHo BbinyckaeT Ao 150-180 MAH. pasnnyHbiX 351eKTponpubopos,
3N1eKTPoyCcTaHoBOK. C yyeToM 3apybexHbIX YCTAHOBOK, NapK 3N1eKTPOTEXHUKM,
NpUMEHSEMON B MPOMbILUIEHHOCTU, CENIbCKOM X035SIMCTBE N BbITOBbLIX YC/IOBUSAX B
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HacTosllee BpeMst npeBbicun 2,5 mnpa. eamHuy [22]. MM noBCceMeCTHO NCMNOMb3YHTCS
B pa3/IMYHbIX MPON3BOACTBAX, B T.4. HAa O6beKTax 3/1eKTpoaIHepreTukun. [laHHble nsgenns
MMEIOT LWNPOKNIA CNEKTP NPUMEHEHUS, BCNIEACTBME YEro K HUM MpeabsaBAsSOTCA BblCOKME
TpeboBaHusa 6e3onacHocTn [23, 24].

B ®epepanbHOW nporpamMMe Mo YayulleHUIo yCnoBMin 6e30macHoCTM Tpyaa Ha
2011-2015 rr. 3anmucaHo: «KpuTnuyeckoe nosioxeHue c 6e3onacHoOCTbIO Tpyaa
06yC/oBNEHO HU3KMM YPOBHEM TEXHUYECKOM OCHALLEHHOCTM MHOIMMX MPOU3BOACTB,
NpUMEHEHNEM YCTapeBLUNX TEXHOMNOMMIN, U3HOLEHHOCTbIO MalluH, MEXaHM3MOB,
obopynoBaHMs, HeAOCTaTOUHbIM obecrneyeHeM N OTCYTCTBMEM MHXXEHEPHbIX pPeLleHMni
no paspaboTke CpeAcTB 3alMTbl paboTaloLWmnX, a TakxXe HU3KON 3(PPEKTUBHOCTbIO
CpeacTB MHAMBUAYANbHOM U KOMIEKTUBHOM 3almTbl» [25].

He pelwleHHblie Ha NPOTSXXEHUWN MHOTUX SIET 3aaumM yNyUlleHns yCnoBMiA Tpyaa m
6e3onacHoOCTM onepaTopoB MOOGUbHBLIX MAWWH NPUBOAST K AaNlbHENLIEMY POCTY
TpaBMaTu3Ma 1 3aboneBaeMoCcTn 3TOM KaTeropnm paboTHMKoB [26]. B cBA3M C 3TUM
HeobxoANMMO OTMETUTb, YTO NpuMeHeHne DMM CBA3aHO C BO3AENCTBMEM Ha YenoBeKa
OMacHbIX U BpeAHbIX (akTopoB. o3TomMy, 6e3onacHocTb MM byaeT onpenensaTbCcsa He
TOJIbKO COCTOSIHMEM 31eKTpob6e30nacHOCTU, HO U YCNIOBUSMWN BO3AENCTBYHOLWNX
HebnaronpuaTHbiX dakTopoB. OnacHble 1 BpeaHble GaKTopbl, Kak 0TMeYeHo B [27] npu
pabote c DMM oka3bIiBalOT HEraTUBHOE BNSIHME HA BO3SHUKHOBEHME
3/eKTpoTpaBMatmamMa. AHanm3 NCnosib30BaHMA MOBUIbHOW 31EKTPOTEXHUKM MoKasar,
4yT0 90% MOBUMNBHbBIX MaWWH ABNAOTCA BUbpoonacHbIMK. B cBS3M € 3TUM, MO MeEpe pocTa
WHTEHCMBHOCTM paboTbl MOGWMIBHbLIX MallWH, BO3POC/IM YPOBHU NepesaBaeMon
BMbpaunm Ha pykmn onepatopos [28].

Bo3HuKalowme HecyacTHble ciiydan SBAAKTCS YacTblo HEraTMBHbIX NOCIEACTBUMN
akcnayataumm SMM, Bbi3BaHHbIX C OAHOW CTOPOHbI, HEMOMHbLIM YCTPaHEHWEM OMaCHbIX
N BpeAHbIX (haKTOpOoB, C APYrOi CTOPOHbI, OTCYTCTBMEM €AMHOro Noaxoaa K
paccMOTpeHu1to npouecca pabotel MM  Kak CNOXHOW CoLManbHO-TEXHNYECKON
CUCTEMbIl, MPU pacCMOTPEHUM KOTOPON HEOBXOAMMO YUMTbIBATb B3aMMOCBA3N MEXAY
3/IEMEHTaMN CUCTEMBbI, BbISIB/ISITb POJib KaXA0ro M3 HUX B obLuieM npouecce
12
(YHKLNOHUPOBAHUS, YUNTbIBaTb KOMMJIEKCHOE BO3AENCTBNE SKOHOMUYECKUX,
coumnanbHbIX, TEXHUYECKMX U MCUXONOrnYecknux akTopos [29].

MN3BECTHO, YTO OCHOBHbIMU (PaKTOPaMu, BANSIOLLMMUN HA TSXKECTb MOpPaXKeHus
3NEKTPUYECKMM TOKOM, SIBASIOTCS YCNOBUS NONYYEHUS SNEKTPOTPaBMbl,
nHAMBUAYyanbHble 0CO6EHHOCTU OpraHM3Ma YesioBeka, T.e. ero Gu3snyeckoe n ocobeHHo
ncnmxuyeckoe cocrosiHme. Mpu pabote ¢ DMM B pesysbTaTe BO34ENCTBMS OMACHbIX U
BpeaHbIX (aKTOpoB Ha ornepaTopa MPOUCXOAUT HApYyLUEHUE NCUXMYECKMX MPOLLECCOB, a
WMEHHO, CYy>XeHNe BHUMaHWs, CONpOBOXAAloLeecs 3aMea/IeHHOCTbO B MPUHATUN
pelleHns U HapyLleHMeM CNocobHOCTM oueHKkM cuTyaumm [30, 31].

Ba)xHeNLW MM 3/1IEMEHTOM JabHENLEro pasBnTmns 06bEeKTOB 3KOHOMUKM CTPaHbI
ABNSETCA co3aaHue 6naronpuaTHbIX YCIOBUIN AN HEMPEPbIBHOrO NOBbILWEHWS
3 PeKTUBHOCTM TPyAOBOro npouecca. 2hPeKTMBHOCTb TPYAOBOro npoLuecca o3Ha4vaeT
COBOKYMHOCTb (paKTOpPOB NMPOM3BOACTBEHHONM CpeApbl, OKa3blBalLWUX BANAHNE Ha
340poBbe U paboTocnocobHOCTb ftoAel, 3aHUMALWNXCA TPYAOBOM AeaTeNbHOCTbio. Kak
oTMeyeHo B [20], 3NeKTpn4ecTBO OTHOCUTCS K BECbMa OMacHbIM, Hecneundmnyeckmm
hakTopam Npom3BOACTBEHHON Cpeapbl B YC/IOBMSAX COBPEMEHHOIO Pa3BUTUS
3NeKTpudmKaLnum NPoMblLWNIEHHOCTU, LWNPOKOro npuMeHeHus 6onblworo pasHoobpasms
3N1EeKTPOYCTAHOBOK, SIBNSIETCS NMPUYNHOM 3HAUUTENbHOrO TpaBMaTU3Ma Noaein, a UMeHHOo
- 3/leKTpoTpaBMaTm3ama. pm 3TOM BaxHOe coumanbHoe 3HadeHue npmobpeno
nepcnekTUBHOE pasBuTne pa3paboTku, BbiNycKa LLMPOKOro BHEAPEHUS CPeacTB
3/1eKTPO3aLnThl, NPeA0TBPaLLAIOLLMX BO3BHUKHOBEHWE 3/1eKTpOTpaBMaTM3Ma npu
3KCnayaTaumun 371eKTPOYCTaHOBOK [32].

BbicTpoe pa3suTue anekTpudUKaumMmn Hawen CTpaHbl onpeaenseTcs
HameTnBwKnMcs ¢ 2000 r. pocToM 31eKTponoTpebneHns n yBenmyeHMeM TEMMOB
noabeMa NpPOMbILLNEHHOCTU U CeNbCKOro X0341MCTBa U NpeBpalleHneM oTpacnemn
3KOHOMUKW B BbICOKOMEXaHM3MPOBaHHOe Npon3BoAcTBo [33, 34]. Ha pucyHke 1.1
npveeAeHa AMHaMMKa NpoOM3BOACTBA 3/1IEKTPOIHEPrnmM B CTpaHe 3a nepmoj OKOHYaHUs
NpoLsIoro ThicayeneTnus n Hadana XXI Beka, oTMeYeHO pasBMTUE IJIEKTPOSIHEPreTUKn B
BalikanbCKOM pernoHe, B COCTaB KOTOPOro Bxoaat Pecnybnuka bypatus, VpkyTckas
obnactb 1 3abalikanbckuin kpan [35].
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MNMepcnekTmBbl yBeNn4YeHns 06beMOB 3/1eKTponoTpebneHns CBA3aHHbl C pa3BUTUEM

W paclnpeHmneM NPoM3BOACTBEHHbIX MPOLLEeCcCOB. Hapaay ¢ pazBuTueM anekTpudukauunm
[OJ/DKHa COBEpLUEHCTBOBATbCS M cucTeMa anekTpobesonacHocTu. CTpyKTypa
anekTpobe3onacHOCTM TakoBa, UTO OHa obecrneynBaeT 6€30NacCHOCTb He TOJIbKO JIAEN,
HO 1 TEXHOreHHYIo 6e30MacHOCTb, N B 3TOM MPOSBASETCA CcBOeobpasme MeponpusaTmii no
obecneyeHnto 3N1eKTpo3aLmThl B YC/I0BMSAX NMPOM3BOACTBA.

PucyHok 1.1 - lnHaMmKa npou3BoACTBa 3/1EKTpo3Heprumn B Poccnn B 1992 - 2015
rogax, B Mnpa. KBtu.

OaHMM 13 nokasaTenen ypoBHS 3neKTpudurKaumn BAsSETCS CTeneHb

OCHALLEeHHOCTW 3JIEKTPOYCTaHOBKaMM, 3/1eKTponpmbopamun, NCnoab3yemMbiMn B
NpON3BOACTBE, B YAaCTHOCTM Ha NpeanpuaTUAX 1EKTPOIHEPreTUKN.

B HacTosiLlee BpeMsi B CTpaHe co34aHbl HEO6X0AMMbIE YCII0BUS, COLMAIbHO3KOHOMMYECKME MPearnocbisiKM pasBUTUS 3NeKTpUudUKauMm n HTeHcndukaumm

NMPOM3BOACTBEHHbIX MPOLLECCOB NMPU LLUMPOKOM BHEAPEHMWN pa3HOO6pasHbIX BUAOB
CTaUMOHAPHbIX U HEeCTauMOHAPHbIX 3/1EKTPOYCTAHOBOK, T.€. 3/IEKTPUYECKMX MOBUbHbIX
MawuH [36].

Mo pe3ynbTaTaM aHanu3a 3/eKTponoTpebneHns n CTaTMCTMYECKUM AaHHbIM MO
MUCNonb3oBaHuio SMM [37], HeobxoAnMMO OTMETUTb YBENWYEHUE NapKa NepeaBuXHbIX U
NepeHOCHbIX MalMH U MEXAHU3MOB, @ TaKXXe PYy4YHOrO 3/IEKTPONHCTPYMEHTA,
NpUMeEHSEeMbIX B MPON3BOACTBEHHbIX YC/TIOBUSX HA O6beKTax 3/1eKTPO3HEPreTuKu,
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Mo 3KCnepTHbIM OLEeHKaM NPUOPUTETHLIMU BUAAMWU MEXaHM3aUMK Tpyaa

SABNSIOTCA 3/1eKTpUYeckme MobunbHble MawwunHbl. MoTpebHocTb B DMM Bo3pacTaeT Kak
B MPOMbILLIEHHOCTU, B CENIbCKOM XO035IMCTBE, TaK U B BbITOBbIX YC/IOBUSIX.
dnekTpuyeckme MobMNbHbI MalWHbI OTHOCATCS K CpeACTBaM Masoi

MexaHu3auMn, OHM NOPTAaTUBHbI, MOBbILWAKT NPOMU3BOAMTENBHOCTL Tpyaa B 4-10 pa3 B
CpaBHEHMWW C PYYHbIM TPYAOM, T.€. WCMOJSib30BaHWE NX JaeT BO3MOXHOCTb
MeXaHM3MpoBaTb /I06YL0 BbliNO/HAEMYIO paboTy [24]. MoaToMy BHeapeHne DMM Ha
NpeanpuaTUaX 371EKTPOIHEPreTUKN 1 Apyrux obbekTax byaeT coXpaHSATbCs, K TOMY Xe
OHW CPaBHUTENbHO HEAOPOrY B U3rOTOBJIEHUM N HECNIOXHbI B KCMyaTauumn.

B 3aBMCMMOCTM OT TEXHONOMMYECKNX Oonepaumii MCNOJb3yeTCsa onpeaenieHHbln TMn
MawuH. B cBS3M € 3TUM npun peleHMn npobnembl 6€30nacHoOn aKkcnayaTaumm
HOMEHK/IaTYpPHbIN NepeyeHb MO6USIbHbIX MalWKWH, @ UMEHHO, CPEACTB Masion
MexaHun3auun KnaccuduumpyeTcs, NpuyYemM no cambiM pasHoobpasHbIM Npr3Hakam. Ans
3Toro TpebyeTcs onpeaennTb Kakoro poaa onacHble 1 BpeAHble Npon3BOACTBEHHbIE
hakTopbl OKa3bIBaT BANSHME HA NPUMEHEHNE AAHHOMN TeXHUKK. Kak ykasaHo B [36,38],
BOMpPOCbl 6e30nacHOCTN MOryT 6biTb HaMy4dw M 06pa3oM BbiSIBAIEHbI U
cchopMynnMpoBaHbl Npu cneaytowen Knaccndbmkaumm:

- No cneunduke obbekTa BUAOU3IMEHEHUS N XapaKTepy BO3AENCTBUS Ha Hero;

- MO BMAY TEXHOJIONMYECKOM onepaunn, peanm3ytolen BO34ENCTBUE;

- N0 pa3HOBUAHOCTN BCTPOEHHOrO ABUraTens;

- N0 KOHCTPYKTUBHOMY UCMOJIHEHUIO NPUBOAA, KaK CBA3YyHOLWero 38eHa, B
KWHETUYEeCKoM uenoyke: pabounin opraH, Nnpmeoa, ABUraTens.

B pamkax nepsoi knaccndukaunm oxmgaercs BuaomsMeHeHne obbekTa B

npouecce BO3AENCTBUSA Ha Hero paboyvero opraHa Mo6MbHOW MallWHbI U NPOSBNEHUS
(haKTOpOoB OKpYy>KatoLen cpebl B COOTBETCTBUM C NpUBEAEHHON B [39] CTpyKTYypoiA.
BTopas knaccndunkauns xapakrepmsyeTcs BUAaMM TEXHOMOrMYECKMX onepauni mn
ncnonb3yembiMM paboumMm opraHamMm, NO KOTOPbIM MMEHYIOT TY UM MHYI0 MOBUIIbHYIO
MallMHy, HanpuMep: CBep/MbHas MalwunHa, CBapo4Hbll annapaT, MOMOTOK U Ap.
MepeyeHb 3TUX MaLIWH, BbIMyCKaeMblX MPOMbILLIEHHOCTbI, COCTaBAsSIET OCHOBY MX
knaccmdukaumm. besonacHocTb B Npegenax AaHHOM knaccndukaunm onpegensercs
15

Heob6X0ANMOCTLIO KOHTPOS (PU3NYECKMX ONACHbIX M BpeAHbIX NMPOU3BOACTBEHHbIX
akTopoB [39] cpean KOTOPbIX BblAeNEHbI CrieayoLme:

NOABMXHbIE YacTXU NPON3BOACTBEHHOr0 060pyAOBaHMUS;

MOBbILIEHHbIN YPOBEHb WyMa Ha paboyeM MecTe;

MOBbILLEHHbI YpOoBeEHb BMbpauunu;

NMOBbILWEHHbI YPOBEHb Y/IbTPa3BYKa;

OCTpble€ KPOMKM W LLEpPOXOBATOCTb HA MOBEPXHOCTU paboymx opraHoB.

Bnarogapsi HanMuMio BCTPOEHHOrO ABMUraTens nosismMnack GopMynmMpoBka —

MobunnbHas MalwnHa. Buapl BCTPOEHHbIX ABUraTenemn, aBnstowmecs TpeTben
Knaccmdukaumen, npuseaeHbl Ha pucyHke 1.2,

Tunbl aBuraTenem MobubHbIX

MaLlnH

MHeBMaTMUECKUI DNeKTpUYECKuin

BHyTpeHHero

cropaHus

mapaBnnyeckni

MexaHunuecknm

PucyHok 1.2 - Knaccndumkaumsa MOBGUIbHBIX MalWH MO TUMY BCTPOEHHbIX ABUraTeNen
M3 yKkazaHHbIX agBUraTenen Hambosbluee NpMMEHEHNE UMEIOT SNEeKTpUYEcKne
apuratenu. MoaTomy anekTpmyeckme MobusbHble MalwuHbI, T.e. (OMM) ncnonb3yrTcs
npakTU4eckn Be3ae, rae ectb A0CTYN K UCTOYHUKY SJIEKTPOSHEPIrUK, U K TOMY XE NMeT
60nee BbICOKYO MPON3BOANTENILHOCTb B CPAaBHEHWM, AOMNYCTUM C MHEBMATUUYECKUMU
MOBMABbHbLIMM MalWHaMKN, KOTOPble, OAHAKO MMEIOT LUMPOKOE NMPUMEHEHNE B Pas/IMyHbIX

OTpacsisiX NPOMbILLIIEHHOCTM, Kak Hanbosee 6e3onacHble U MPoCTble B 3KCMayaTaunn [24].

be3onacHOCTb BbINOMHAEMbIX paboT onpeaenseTcs cneym@uKon BCTPOEHHOr 0
ABuraTens u npeacraBnseT COXHbIN KoMnekc dakTopoB. OCHOBHble Npobnembl
6e30nacHOCTM 3aBUCAT OT KOHKPETHOro BUAa Apurartens. B yacrtHocTuy,
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3/1eKTpPoABUraTeny NpeacTasisaioT ONacHOCTb 3aMblKaHUS TOKa Yepes3 Tesio YesloBeKa;
NHEBMOABUIaTENN XapaKTepU3yTCA MOBbILWEHHbIM BO3AYLWHbIM AaBEHNEM B
NMHEBMOCETU W Apyrue AsUratenv npeacTaBnsioT onpeaeneHHbii Bua onacHoctu. Kpome
TOro, NPaKTUYecKkn BCe ABUraTenn SBASTCA MCTOYHMKAMM NOBbIWEHHOrO YPOBHS WyMa
n BMbpaunn.

YeTBepTas Knaccndmrkauna npeactaBnsieT KUHETUYECKYO COCTaBAIOLWYO, T.€.
npueoa, obecneynBparoLLyo Nnepeaadyy MeEXaHMYeCKOM 3HEPrnm OT BCTPOEHHOMO
apuratens Kk pabouemy opraHy. Knaccmdumkaumsa n KOHCTPYKTMBHOE UCMOSTHEHME
MO6UNBbHOM MaLIWHbI CBA3aHO HarnpsMyto ¢ TMNOM Npueoaa. NpuMeHseMble TUMbI
nepeaBUXXHbIX U MEepPeHOCHbIX MaLIWH, @ TakXXe PpyYHOro MHCTPYMeHTa MoryT 6biTb
KOHTaKTHOro, YAapHOro v yAapHo-BpallaTesibHOro AENCTBMS a TakXe yAapHOro u
yAapHO-MOBOPOTHOroO Aencreuns [36].

Be3onacHocTb paboTbl MO6WABHON MalMHbI HAXOANTCA B HEMOCPEACTBEHHOM
3aBMCMMOCTM OT UCMOJIHEHNSA NMPUBOAA U ONpeaenaeTcsa cneayownmMm yposHammn [23]:
cnocoboM cdbmkcaummn pabouero opraHa;

610KMpPOBKOW, rapaHTupytowen 6e3onacHOCTb onepaTopa;

3KpaHMpoBaHneM paboyein 30HbI.

Taknm o6pa3oM, HaZEeXHOCTb BbIMOSIHEHUS TpebyeMbiX PYHKUMIA U perynmposka
pexnmoB paboTbl, B COOTBETCTBUMU C IPrOHOMUYECKMMN XapaKTEPUCTUKAMU, ABNSAETCH
XapaKTepHON 0CO6EHHOCTbIO KOHCTPYKLUMK MpUBOAA.

BBmay TOro, 4tTo YeNOBEK HAaXoANTCS B MOCTOSSHHOM KOHTaKTe C MO6UIbHOM

MalUMHON B Mepuoja ee aKcnyataumm, no3ToMy, Kpome npuBefeHHbIX B [39] onacHbIX U
BpeaHbIX (haKTOpOB MOryT BO3HUKATb HEYUYTEHHbIE UM BbIXOASLME 32 PAMKU OCHOBHbIX,
(aKTopbl pyCKa BO3HNKHOBEHUWS TpaBMaTU3Ma.

Ecnm npoBoanTb rpaHb CpaBHEHMS MOBUIIbHbBIX MAlWWH MO CTENEHN ONACHOCTMU
TpaBMMPOBaHMS, TO HaMbONbLLY ONACHOCTb MPEACTaBAAIT MalWHbI C
3M1eKTPONpUBOAOM, BBMAY TOrO, YTO NMPW aBapumMHOM pexume, T.€. NpU BO3HUKHOBEHUN
TpaBMOOMNAaCHON CUTyaUWnn, YenoBeK MOXET MOJlyYnUTb He TOJIbKO MeXaHMYEeCKYHo
TpaBMy, HO 1 H6onee onacHyl — 3N1eKTPUYECKYIO TpaBMy.
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B Tabnmue 1.1 npnBeaeH nepeveHb Hanbonee xapakTepHbiX BUAOB paboT Ha
NpeanpuaTUAX 371eKTPOIHEPreTUKN C npuMmeHeHneM MM 1 TUNbl MaLLVH.

Tabnuua 1.1 - Knaccudukaums snekTpmyecknx MobuabHbIX MalwmMH No BUAam
BbIMNOSIHAAEMbIX paboT

Ne

n/n

TexHONOrmyecknin NpoLecc, BbiMONHSEMbIE

paboThl

Tun MM

a) Mpon3BoACTBEHHbIE 06BEKTDI
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1
CTpouTesibHble U1 PEMOHTHO-CTPOUTE/IbHbIE
paboThbi:
CeepnvnbHas, wnndosanbHas,
nepdopaTop, apenb, pybaHok,
MONOTOK, 6ETOHOCMECUTENN :
OT6OMHbIN MONOTOK C NaTpoHoM SDSmax Bosch GSH 11 VC Professional,
PH=1700BT, wtpobope3 3YBP 31500, PH=1500BT, pybaHok MAKITA
1911B PH=900BT, repmetnsatop M26602, PH=1150BT1, nepdopaTtop Bosch
PBH 2900 RE, PH=730 BT,
3KCLEHTpMKOBas WwWandmMamHa
Bosch GEX 150 AC Professional
PH=340BT, 6eToHOCMecnTenb 2407,
PH=800BT
- paspyleHne KNprnnyHbiX n 6€TOHHbIX
¢dyHAaMeHTOB;
- pbiXJIeHMe TBEpAOro 1 Mep3soro rpyHTa;
- npobmneka 60po3a, HULW U OTBEPCTUI B
KMpnn4yHon knaake, 6eToHe;
- OTAeno4YHble paboTbl U ap.
2 DNEeKTPOMOHTaXHble paboThbi:
CBepnunbHas, wnndosanbHas,
HOXHMLbl, FANKOBEPT, LWYpPYNOBEPT:
npenb yaapHas Bosch PSB 680,
PH=680BT, apenb-wypynosepTt
NHTepckon LW-8/7002P, PH=700BT,
yrnownudosanbHas MmawmnHa Metabo
WX 2000, PH=2000BrT, BbipybHblE
HOXHMLbI Bosch GNA 16 (SDS)
Professional, PH=340BT
- CBEpfieHne OTBEPCTUIA;
- pe3ka MeTa/IM4Yecknx KOHCTPYKLWN, MPOBOAOB;
- pe3bboHape3Hble 1 pe3603¢ @BepThiBatoLLme
onepauuu;
- npobueka 6opo3a, oTBEpPCTUIA 1 Ap.
3 ObpaboTka MeTasNIOKOHCTPYKLUNIA:
CeepnunbHas, wnndoBanbHas,
HOXHMLbI, CBAPOYHbIM annapar:
annapaT CBapOYHbIN
MHOroYyHKLMOHanbHbIM Plasma 33
Multi, I=125A, PH=3500BT1
- MPOTMBOKOPPO3NOHHAS OTUMCTKA AS
JIaKOKPACOYHbIX MOKPbITUN;
- pe3bba Tpy6 1 NnucToBoro NpodubHOro MeTanna;
- cBapHble paboThl;
- 3a4NCTKA NOBEPXHOCTEN, CBAPHbIX LUBOB;
- NONNPOBKA MeTa/IMYeCKNX U CTPOMTENbHbIX
nsgenun wn ap.
4
MexaHunyeckne paboTbl B NPpOM3BOACTBEHHbIX
NMOMeLLEHNAX U Ha TEPPUTOPUMN
CeepnunbHas, wnndosanbHas,
nepdgopaTop, Apefb, WypynoBepT,
MOJIOTOK
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MpogomkeHne Tabnuubl 1.1
5 O6bpaboTka ApeBecuHbl K ap.
Muna uenHas, Nnuna amckosas
pybaHok, cBepnuibHas,
wnndosanbHaga: nNuia anekTpnyeckas
uenHas Sterwins 2200CS ILM-2,
PH=2200BT, nuna unpkynspHas Hilti
SC 55W, PH=1200BT1
6) BcrnomoraTtenbHble 06bEKTbI
6 CTponTenbHble U PEMOHTHO-CTpOUTESbHbIE paboTbl
CeepnunbHas, wnudoBanbHas,
nepdopaTop, apenb, pybaHok
7 MNpouune
Jlo63nk Metabo Quick STEB 70,
PH=570BTt
Takmm obpaszomM, kaxxaass DMM npegHasHavyeHa 4151 BbIMOJHEHUSI KOHKPETHbIX
BNAOB paboT M 3KCnlyaTaumMm B KOHKPETHbIX MPOU3BOACTBEHHbIX YC/IOBUSIX.
Ncxopsa M3 Toro, 4To Npu aKCnayaTaumMm 3T MalwnHbl MOryT NpeacTaBnsTb
NnoTeHUManbHY ONacHOCTb MOpaXKeHUs 3N1eKTPUYECKUM TOKOM, B HEKOTOPbIX Cy4asx
NpMBOAS K NeTarbHOMY Mcxoay, No3ToMy TpebyeTcsi npucTasbHoe BHUMAHME K
peLEeHNI0 BOMPOCOB anekTpobesonacHocTu. ObecneyeHune 3awmnTthl onepatopa MM ot
NopaxxeHWs 3/71eKTpPUYECKMM TOKOM SBSeTCs cepbe3Hol npobnemon. K MM
npeabsaBnsoTca 6onee xectkme TpeboBaHUSA 3n1eKTpobe3onacHOCTU, YeM K
CTaUMOHAPHbIM 3/1IEKTPOYCTaHOBKAaM, MOCKO/IbKY MepBble HaxoasTCa B MeHee
6naronpuaTHbIX YCNOBUSAX aKcnayaTauumn, yem stopble [40]. DMM moryTt
3KCMJlyaTMpoBaTbCa KakK KBannduLMpoBaHHbIM NepCcoHasoM, Tak U NnLamMm, He
MMELWNMN CreumanbHOM NOArOTOBKN, @ CaMy MalWHbl MOrYyT MPUMEHSATHCH B
Pa3NNyYHbIX YCIIOBUSIX OKPY>KaloLen cpeabl, NnoaBepraTbCs Meperpy3kaM u
MeXaHW4YeCKMM MOBPEXAEHUSM.
PeweHune Bonpocos anekTpobeszonacHoCTK CBsA3aHO ¢ cobnogeHnem TpeboBaHuni

HOPMaTUBHbIX XapaKTeEPUCTUK AONYCTUMbIX ypOBHGI7I Hanps>XeHnda NpuKoCHOBEHUSA N TOKOB,

npoTeKawLwmx no Tesy YenoBeka, C y4eToM knaccmpukaumm MM (I, I, III) n c
COOTBETCTBYIOL MM BblGOPOM THMA 3aWMTbl OT MOPAXEHUS IIEKTPUYECKUM TOKOM [41, 42].
ObecneuveHmne anekTpobesonacHoCcTK NpuobpeTaeT ocoboe 3Ha4YeEHNE B peLLEHMM
Hambonee BaXkKHbIX BONPOCOB 6e30MacHOCTM aKCnayaTaunm 3/1eKTPUYEecKuX MoObMabHbIX
MaLluH.
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ABTOpPOM 6bININ NpOBEAEHbl NCCIeA0BAHMS YCNOBUI NpUMeHeHns MM Ha
3NeKTposaHepreTnyeckmnx obbektax Pecnybnukun Bypsatns, Taknx kak AO «YnaH-Ya3
SHepro», dunnana NAO «MPCK Cnbupu»-«bypsaTaHepro», B HaCTHOCTU, YPOBEHb
pa3BUTUS NMPUMEHEHUS NIEKTPUYECKMX MOBUBHBIX MAlMH U yCIoBUS obecnedyeHmns
6e3onacHocTu paboThbl C AAHHBIMW MalMHaMU,

B HacTosLlee BpeMsi, B CBA3W C pOCTOM NMPOM3BOANTENbHOCTM TpyAad, YBEIMUYEHNEM
pa3Ho06paszns BbIMNOHAEMbIX ONepauni C MOMOLLbIO CPEACTB Manoh MexaHm3auumu,
anekTpnyeckmne MobusabHble MawmnHbl B 60/blWEN CTeneHn cTann NpeacraBisTb
NOTEHLMANbHYI ONAacHOCTb BO3HUKHOBEHMWS 3/1eKTPoTpaBMaTM3Ma YenoBeka, T.K.
ypoBeHb 6e30MacHOCT! MalnH HegocTtaTodeH. Cneunduka akenayaTtaunm
3MEeKTPUYECKUX MOB6USIbHbIX MalMH CBUAETENLCTBYET O HEO6XO0ANMOCTU KOMMJIEKCHOrO,
CUCTEMHOIO NOAX04a K peLleHnto BonpocoB 6e30nacHOCTM Ha OCHOBE
COBEPLUEHCTBOBAHUSA OpraHmM3auMOHHbIX N TEXHUYECKUX MEPOMPUATUI N aHanuse
(hakTopoB, OKa3blBaOWMX HErAaTUBHOE BO3AENCTBME Ha (POpMMpOBaHMeE npouecca
obecneyeHuns yCTOMYMBOro pasBuTUS NpUMEHEHUS MOBUIbHbBIX MAaWWH, ANs
paclinpeHns X Npon3BOACTBA M BHeApPeHNst Ha 0bbeKTax 3/1eKTPO3IHEepPreTUKHU.
Co3gaHue cucteMbl 6e3onacHoCcT DMM, Npu BbIMOAHEHUN KOHKPETHbIX
TEXHOMNOrMYECKUX Onepaumii TakXe 3aBUCUT OT COCTOSHUS OKpYy>Katoweln cpeabl 1 oT
CaMoro 4yesnoBseka, T.e. BO3HWKAeT C/IoXHas KoMnaekcHas npobnema 6esonacHocTu B
YesIoBeKO-MallMHHOW CUCTEME.

1.2 CraTucrmyeckoe nccnegoBaHme 3ieKTpoTpasMaTm3ma

N ero NUHCTpyYMeHTaNbHbIN aHanns

B obwem koMnnekce Mep no npeaynpexaeHuio U MIMKBnaaLMmn TpaBMaTnima

BeCbMa BaXXHOE MeCTO 3aHMMAEeT aHaIN3 CTaTUCTUYECKNX AAHHbIX MO
3N1EKTPOMNOPAXEHMNAM C LENbIO BbISBNEHNS U YCTAHOBIEHUSA OCHOBHbIX (DaKTOPOB U
NMPUYNH BO3HWKHOBEHMS HECYACTHbIX C/ly4aeB.

MN3BecTHO [43], 4TO CUCTEMaTMUECKNIA aHANN3 3NeKTpoTpaBMaTnU3Ma Ha
Npou3BOACTBE U T.A4. NpoBoAMTCS € 50-X rogoB, B TeYEHME KOTOPbIX HaKomMaeH
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[0CTaTo4YHO 60MbLION CTaTUCTUYECKMIA MaTepran Nno npodunakTnke
NpoON3BOACTBEHHOIO 3/IeKTpPOTpaBMaTmn3Ma. No3aHee Havyanu 3aHMMaTbCs aHaIn30oM
6bITOBOro 31€KTpOTpaBMaTM3Ma, UMetoLero cneyndumyeckme oCobeHHoOCTU, B
yacTtHocTtn, B 1978 roay Bo BHUW oxpaHbl Tpyaa BLCIC 6b1nm pa3paboTtaHbl
MeToanueckme ykasaHus No paccnefoBaHUIO U YUYETY HeCYaCTHbIX Cly4YaeB, He
CBSA3aHHbIX C NPON3BOACTBOM [44]. M03TOMY, KaKk OTMEeYalT caMu aBTopbl [44], yyeT n
aHanu3 NpuvYnH HENpPOM3BOACTBEHHOIO 3/1IEKTPOTPaBMaTn3Ma gaxe C fNeTasbHbIM
NCXOAO0M BbIMOMHAETCS HE NOMHOCTbIO, a JIerkMe HecyacTHble cyyan Boobuie He
peructpupyttcsa. OgHako, HECMOTPS Ha 3TO, Kak OTMevaeTcs B [45],
3/1IeKTpOoTpaBMaTM3M Ha NPON3BOACTBE COCTaBNsAN B cepeanHe 70-x rogos yxe 34,02%.
MN3BeCTHO, YTO 3/1IEKTPOYCTAaHOBKN MNOTEHLUMANbHO OMacHbl U HEBLIMOIHEHUE
TpeboBaHMI 6€30NacHOCTU NMPU UX SKCMJyaTalnm MOXET NPUBECTU K 3KCTpeMasbHON
CUTyaummn: HecdacTHoMy ciydato, asapuun. B 2001 roay, kak ykasaHo B [19], B Poccumn
Ha 3/1eKTPOyCTaHOBKax, MOAKOHTPO/IbHbIX OpraHamM FocoaHeproHaasopa 6b110
3aperncrpmpoBaHo 776 rpynnoBbiX, CMEPTENbHbIX, TAXENbIX U NIEFKNX HECHACTHbIX
Cny4vaeBs, B KOTOPbIX NocTpagano 856 uenosek. MNpu 3ToM B 65 rpynnoBbiX cny4yasx 6bisio
nopaxeHo 145 yenosek (57 cmeptenbHo, 38 Tshxeno, 50 nerko).

Pe3ynbTaTbl aHann3a NoKasblBalT, YTO H60sbLIE BCEro FPYynMnoBbIX, TSXENbIX U
CMepTeslbHbIX HECYACTHbIX Clly4YaeB MPOM30LUJIO Ha 3/1EKTPOYCTaHOBKaxX
NPOMbILUIEHHbIX NOTpebuTenen n3-3a HeAOCTaTOYHOr0 YPOBHS OpraHM3auMOHHbIX U
3KCMJlyaTauMOHHbIX XapaKTEPUCTUK.

MpeacraBnseT nHTepecC AMHaMuKa 3/1eKTpoTpaBMaTn3Ma B OTpaciasx
MPOMbILLJIEHHOCTM, B TOM YnC/ie Ha 06beKkTax 3/1EKTPOSHEPreTUKN, @ TaKXKe B CE/IbCKOM
xo3sncrBe Poccuiickon depepaumm cornacHo CtaTMCTUYECcKUM AaHHbIM [46], ( cm.
pucyHok 1.3).

M3 aHanusa gaHHbIX cregyeT, YTo Npu pocTte NoTpebneHns aneKTposHepruu,
CBSI3aHHOW C pacllMpeHneM Npon3BOACTBA B OTPAC/ISX MPOMbILWIEHHOCTU N pa3BUTUEM
TEeXHOMNOrn4ecknx npoueccos, HabnwaaeTca TeHAEHUWS NOBbIWEHUS
3/1eKTPOTpaBMaTmM3Ma, B TOM UMC/e Ha NPeanpuaTUSaX 31eKTPO3IHEPreTuKn. 34echb
cnepyeT yuumTbiBaTb crieundunyeckme yoioBus noslyYeHns, nepeaaydm M ucnosb3oBaHums
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3/1eKTPO3HEPrnm B NPON3BOACTBEHHbIX M BCNOMOraTesibHbIX MOMELEeHUSX, Ha
Tepputopuu 1 gp. OgHaKo Npu 3TOM OTMETUM, YTO KOJIMYECTBO HECHACTHbIX C/Tly4aes C
neTanbHbIM NCXOA0M Ha O6beKTax 3/IeKTPO3IHEPreTUKN N NpUBEAEHHbIX Bbllle,
HenpepbIBHO pacTeT, YTO CBUAETENbCTBYET O MMEKLMXCS 06WMX NpU3HaKax, OCHOBHbIM
N3 KOTOpbIX SABNSIETCA HepocTaTovHas 6€30MacHOCTb 06CNY)KMBAHUS 3/IEKTPOYCTaHOBOK
N OTCYTCTBME 3P DEKTUBHbBIX 3/1EKTPO3aLUTHBIX CPEACTB.

PucyHok 1.3 — CpaBHUTeNbHas oueHKa 3/1eKTpoTpaBMaT3Ma

Huxe npuBeaeHbl CTAaTUCTUYECKME AaHHbIE NO NPOU3BOACTBEHHOMY
3/1eKTPOTPaBMaTM3My CO CMepTesibHbIM UCXOAOM 3a NocNeaHee AecATUIETUE B
Poccuiickon ®depgepaumun n ana cpaBHeHUs B 3apybexHbiX cTpaHax. Ha ocHOBaHMK 3TuX
OAHHbIX NPOaHANN3NpPOBaHbl MPUYMHbI BOBHMKHOBEHWS HECYACTHbIX C/ly4YaeB Ha

rnpou3soacTee. VICTOYHUKaMU CTaTUCTUYECKUX AAaHHbIX FIBMJ'IMOQI: OTeYeCTBEHHbIE U30aHUA

[46, 47, 48], 3apybexHble maTtepunanbl [49, 50, 51], a Takxe pe3ynbTaTbl MAacCoBOro
obcnenoBaHMs COCTOSAHMS 31eKTPo6e30nacHOCTU Ha 06beKTax 3/IEKTPOIHEPTreETUKMU
Pecnybnukn Bypstusa. B tabnunue 1.2 npuBeneHbl AaHHbIE MO NPON3BOACTBEHHOMY
3NEeKTPOTpaBMaTU3My CO CMepTeNbHbIM UCXoA0M B Poccuinckon degepaunm un
3apyb6exHbIX CTpaHax.
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Tabnmua 1.2 - MNpoM3BOACTBEHHbIN 31EKTPOTPaBMaTnU3M (CO CMepTeslbHbIM UCXOAO0M)
CTpaHbl

oAbl

HabnogeHns

CpepHsas (B roa) gons

3neKTpoTpaBMaTn3mMa B % OT obLiero)

Poccna 1999-2015 30,0

B TOM uncne

Pecnybnuka bypsatus

1999-2015 33,1

Asctpusa 1999-2008 36,7

CLIA 1997-2007 35,5

Fepmannsa 1996-2005 34,5

BennkobputaHusa 1996-2006 12,1

Cratucrtnyeckne gaHHble Mo 371eKTpoTpaBMaTU3My CO CMEPTE/IbHbIM NCXOAO0M 3a
2015 rop [46] cBMAETENLCTBYOT O TOM, YTO K Hambonee HebnarononyyHbiM OTpacasam
OTHOCSATCA: CTPONTENbCTBO — 45%, cMepTeNnbHbIX 3/1eKTPOTPaBM OT obuiero ymcna
CMepTesibHbIX HECYACTHbIX CITy4aeB, ceNbckoe X035MCTBO - 50% cMepTenbHbIX
3/1eKTPOTpaBM, BECbMa BbICOKMM MPOAO/IHKAET OCTaBaTbCs 3/1IeKTPOTpaBMaTM3M B
3NeKTpoaHepreTnke — okono 40% cmepTenbHbIX 3N1eKTpoTpasM. B Tabnuue 1.3
npvBeAeHbl CTaTUCTUYECKME JaHHble HeCYaCTHbIX C/lyyYaeB Nponcleawnx B
3/1eKTpOaHepreTmKke, N Ana CpaBHEHUS yYKasaHbl AaHHble B HEKOTOPbIX OTpac/iax
9KOHOMUMKM CTpaHbl [52].

Cpeaun ykKasaHHbIX oTpacien Hambonbllee 4nucno HecYacTHbIX Cy4YaeB
3aperucTpupoBaHo B obpabaTbiBatowieM nponssoacrese B 2015 roagy, Takxe npu
NpOM3BOACTBE M pacrnpeaeseHnmn 31eKTPoO3HEPrnn U B CeNbCKOM Xo3aicTee. OTMEYEHOo
HeKOTopoe BO3pacTaHMe 3/1IeKTPoTpaBMaTn3Ma BO BCeX OTPAC/ISAX 9KOHOMMYECKOM
AeAaTenbHOCTU, NpU CKavykoobpasHOM M3MEHEHUM €ro.

CoOTHOLWEeHWEe 3/1eKTPOTPaBM B 3aBMCMMOCTM OT BMAA NOCIEACTBUSA, MPOUNCLIEAWNX B

poccuickon aHepreTuke 3a 10 net (2006-2015rr.) npnBeaeHo Ha pucyHke 1.4 [35, 46, 471.

AHanNM3 NoKasblBaeT BbICOKMN CPeAHUN YPOBEHb CMEPTE/IbHbIX 3/1IEKTPOTPaBM, Npu 3TOM B
oTAenbHble rogbl oH gocturaet 60-70%.
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Tabnuua 1.3 -[IMHaMnKa Hec4YacTHbIX Clly4YaeB No BMAAM 3KOHOMUYECKOM AeATeNbHOCTH
Ne

n/n

OTtpacnb (nogoTpacnb)

3KOHOMMUKM

Konunyectso cnyyaes, TbiC.4en.

2009 2010 2011 2012 2013 2014 2015

1

Mpon3BOACTBO M pacnpeneneHue

3/1eKTPO3Heprum, rasa, soabl

12913,012,612,412,112,2 13,1

2 CrpouTenbcreo 6,7 6,6 6,6 6,34,94,6 7,2

3 ObpabaTbiBatowme npomnssoacrea 25,9 27,1 26,6 23,8 17,0 18,7 28,4

4 TpaHcnopT n cBa3bL 6,57,47,26,65,68,97,9

5 Cenbckoe xo3smncreo 15,9 12,9 10,6 12,0 13,2 13,7 16,2

6 [Jobblya nonesHbix nckonaemoix 4,9 4,2 3,9 3,32,7 2,8 4,9

7 Bcero 72,8 71,2 67,5 64,4 55,560,9 77,7

PucyHok 1.4. AnHaMunka s3n1ekTpoTpasM 3a rnepuog 2006-2015 roapl

AHanus anekTpoTpaBMaTM3Ma Cpeam 3/1eKTPOTEXHUYECKOro nepcoHana Ha
NpeanpuATUSAX 1IEKTPOIHEPreTUKM NoKasblBaeT, YTo Hanbonbluee KOMYECTBO
HeCYacCTHbIX C/ly4aeB MPOMCXOAUT C ONepaTUBHO-PEMOHTHLIM MEepPCOHANoM, 3aHSATbIM
HenocpeACTBEHHO PEMOHTOM 3/1eKTPO06OPYyAOBaHMSA U MPOU3BOACTBOM MeEpPEKIIUYEHUN
[19]. Mpwn BbIMONHEHMM paboT Ha 06beKTax 3/IEKTPOCETEBOIO X035MCTBA Yalle BCEro
TpaBMUPYeTCs nepcoHan nmetowmn IV rpynny no anekrtpobesonacHocTu B
3/1EKTPOYCTaHOBKax A0 M Bbiwe 1 kB (cm. Tabnuuy 1.4) [19, 46].

0,0

https://susu.antiplagiat.ru/ReportPage.aspx?docld=427.32330090&repNumb=1&type=3&page=0

4/31



24.05.2017

0,1

0,2

0,3

0,4

0,5

0,6

0,7

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
CMepTenbHbIX

Taxenbix

Nerknx

24

Tabnuua 1.4 - DnekTpoTpaBMaTM3M Cpean nepcoHasna no rpynmnaM anekTpobesonacHocTu
N? n/n Kateropmn no HanpaBneHUIO AEATENbHOCTU

B cpegHem 3a 10 net (2006-2015) B

%

MepcoHan

1 AOMUHUCTPATUBHO-TEXHUYECKUN 3

2 OnepaTuBHbIN 5

3 HeanekTpoTexHuuecknii 28

4 PeMOHTHbIN 20

5 OnepaTtnBHO-PEMOHTHbIN 33

6 DnekTpoTexHmyeckun 11

pynna anektpo6e3onacHoOCTH

11rpynna5

2 2 (mo 1kB) 7

3 2 (go v Bbiwe 1kB) 3

4 3 (mo 1kB) 12

5 3 (o v Bbiwe 1kB) 14

6 4 (oo 1kB) 17

7 4 (po v Bbiwe 1kB) 23

8 5 (o n Bbiwe 1kB) 5

9 He npucsoeHa 14

Kak cnenyet panee n3 pucyHka 1.5 Hambonbluaa BenMumnHa 3/1eKTpoTpaBMaTuU3Ma,

B MPOLLEHTHOM COOTHOWeEHWK, npu paboTte c MM HabnogaeTcs Ha OTKPbITOM BO3AyXe,
BHe nomewieHunii. Mpuuem, HabnogaeTcs Bo3pacTtaHWe NoKasaTesis 31eKTPONoOpaXeHun
B JIETHUI Ce30H, KoTopoe o0bbscHaeTcs yBennveHmem obbema paboT BHE MoMeLLeHnn,

T.€. Ha TEpPpUTOPUM SNEKTPOIHEPreTUUecKnx npeanpusatmnii. ObcroaTenbcrea
Npo13BOACTBa paboT, B YaCTHOCTU, C 3/IEKTPOMHCTPYMEHTOM Ha OTKpPbITOM 3eMie, B
NoABanbHbIX U NOACOBHbBIX MOMELLEHUAX NMPeaCTaBNATCA NOTEHUMANbHO OMacHbIMK,
KoTopble TpebyloT NOBbILLEHHOr0 BHUMAHUS U MCNOJIb30BaHMe crieymanbHbiX
3/1eKTPO3aLUTHbIX CPeacTB.
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PucyHok 1.5 - InHaMnka aneKTpoTpasMaTu3Ma B 3aBUCMMOCTM OT MecTa
NpouCLLEeCTBUS

MNMpuBeaeHHas B Tabnvue 1.5 knaccndurkaumnsa nocTpagaBlinx No BO3pacTy U B

Tabnuue 1.6 no craxy paboTbl Ha 3NEKTPO3IHEPreTMUecknx npeanpuatnsax Pecnybnmnkm
BypaTnsa nos3BonseT onpesenuTb Havbonee dawie NOBTOPSIOLWMIACS TUN
3M1EeKTPOTPaBMUPYEMbIX, @ MMEHHO, 3TO /iMua B Bo3pacTe Ao 40 fieT co crtaxxeM paboThbl
mMeHee 10 net. C 04HON CTOPOHbLI 3Ta KaTeropus noger Havbonee akTUBHO MPUHUMAET
yyactve B BbIMOSIHEHUWN TEX UM UHbIX BUAOB paboT, cnegoBaTtesibHO, Yalle
cornpuKacaeTcsl C 3/1eKTPOYCTaHOBKaMM, C APYrOi CTOPOHbI, SBNSASCb ManoOMnbITHbIMU
WM HepoCcTaTovyHOo OByYeHHbIMKU CcneunanucramMm, MMeeT camble obwme npeacraBieHns
0 npaBuaax TexHMkM 6e3onacHoOCTn, a MHorga U npeHebperas UMU.

Tabnmua 1.5 - Knaccndukaumsa sanekTpoTpaBMaTtMamMa No Bo3pacTy NocTpajaBLumX
Ne

npu3Haka

CoumnanbHbIN NpM3HaK

B cpeaHem 3a 10 net (20062015r.r.) B %

BospactHasa rpynna

118-24 net 32,5

2 25-39 net 17,9

3 40-49 net 31,1

4 50-59 ner 11,5

5 Cebiwe 60 net 7,0

Utoro: 100
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Tabnuua 1.6 - Knaccndukaums anekTpoTpaBMaTn3Ma no CTaxy nocrpagaBlumnx

Ne

npu3Haka

CoumanbHbIN NpU3HaK

B cpeaHem 3a 10 net (20062015r.r.) B %

OnuTenbHOCTbL cTaxa

6 5-10 18,8

7 oo 1 ropa 27,4

8 1-5 28,6

9 10 n 6onee 25,2

Utoro: 100

M3 aHanusa anekTpoTpaBMaTM3aMa no gHam Hegenum (Tabnuua 1.7) ycTaHOBNEHO,

4yTO HanbonblLEee YNCI0 HEeCUYACTHbIX ClyYaesB Npu akcnayatauun MM nponcxoamT B
noHeaenbHUK U B MATHULY, YTO CBS3aHO C yBenMyeHmneM obbema pabort,
HeyAOBNeTBOPUTENbHOM OpraHmn3aumen paboT, HapyLleHneM TeEXHUKN 6e30MacHOCTH.

Tabnuua 1.7 — DNeKTpoTpaBMaTM3M MO AHSAM HeAeNN Ha 3N1EeKTPO3HEPreTUYeCcKnX
obbekTax Pecnybnmkn bypatusa (% ot obuiero umcna anekTporpasm 3a 2015 r.)

Ne

npu3Haka

[OHn Hepenn Bcero (%)

B T.4. cO

cMepTesnbHbIM

ncxoaom (%)

10 MNoHepenbHuk 25,0 18,6

11 BtopHuk 15,2 9,5

12 Cpepa 10,2 5,8

13 YeTBepr 10,6 5,6

14 NaTHMua 16,0 9,9

15 Cy66ota 14,0 10,5

16 BockpeceHbe 9,0 6,5

Utoro: 100 66,4

B Tabnuue 1.8 npnBeaeHo pacrnpegeneHne 3neKTpoTpaBMaTM3mMa B 3aBUCMMOCTH

OT Tomorpadnyeckoro pacrnosioXXeHUs NOoMeELLEHUN U TEPPUTOPUIA U NX Knaccudurkaumm
27

Mo CTENEHM OMacHOCTM 3JIEKTPOMOPAaXeHMS B COOTBETCTBUM C nNpasuiamm [42]. Ncxoas
M3 aHanusa cneayet, 4To 87,4 % HecyacTHbIX C/lyYaeB npw aKcnayataunm MM
MPOM30LLN B MOMELLEHNAX N HA TEPPUTOPMU NMPOU3BOACTBEHHbIX 06HEKTOB,
OTHOCALLMNXCSA K 0CO60 OMAaCHbIM U C MOBbILUEHHON ONACHOCTbIO.

Tabnuua 1.8 - Knaccupukaumsa snekTpoTpaBMaTtMamMa no Tonorpapuyeckmm ycrnoBmam
Ne

npusHaka

TN N HaMMeHOBaHMe NMoMeLLeHNI

(TeppuTopuin)

B cpeagHeM 3a 10 net

(2006-2015r.r.) B %

I. Ocobo onacHble noMelweHus 28,7

17

Mpon3BoACTBEHHbIE C TEMNEpaTypon BO3ayXxa

cBbiwe 30°C

9,9

18

Mpon3BOACTBEHHbIE C COAEpPXKAHMEM

TOKOMPOBOAALLEN MbIIN U METANIUYECKUMHU

nonamm

10,1

19 lMNMoMeleHnsa ¢ HanmumeM arpeccuBHbIX cpen 8,7

I1. TepputOopuu, oTHocAwWwMeca K 1 rpynne 20,8

20

TeppuTOpUK BO3NE NMPON3BOACTBEHHbIX

rnoMeLleHnin

9,6

21

TeppuTOpUKM BO3NE CTPOSALLNXCS 34aHUN,

COOpYXEHWUM

11,2

III. NMoMeweHns C NOBbILLEHHOW onacHocTbio 37,90

22 MexaHu4eckoe otaeneHue 12,9

23 CronapHoe otaeneHue 8,1

24 DneKTpOpeMOHTHOE oTAaeneHune 7,7

25

DNeKTpora3socBapo4yHoe oTaeneHne

9,2

IV. NMomelwieHns 6e3 NoBbIWEHHOW onacHocTu 8,2

26 AOMUHUCTpaTuBHbIE 3,8

27 Y4yebHble knacchl 1,7

28 AkToBble 3anbl 1,3

29 Cknagbl 1,4

30 V. Mpoune 4,4

Utoro: 100
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Tabnuua 1.9 n Tabnmua 1.10 HarnagHoO MANKOCTPUPYIOT Hanbonee onacHble BUAbI
BblNOSIHAEMbIX paboT ¢ DMM Ha 3n1eKTpo3aHepreTmyeckmx obbekTax. Ocobyto onacHOCTb
npeacTaBnseT aKCnayaTauns 31ekTpoMonoTkos (12,5%); anektponepdopatopos (10,6%);
0CO6eHHO YacTo 311eKTpoTpaBMbl MOBTOPAKOTCA Npu paboTte ¢ anekTpoapesnbto (19,6%).

Tabnuua 1.9 - Knaccndukaums anekTpoTrpaBMaTnsma no smMaam pabor ¢ SMM

N

npusHaka

TexHONOrmyecknin NpoLecc, BbiNnonHsemMas

paboTta

B cpeagHem 3a 10

net (20062015r.r.) B %

31 DnekTpoMOHTaxHble paboTbl 8,5

32 CrpouTtenbHble paboTbl 6,7

33 PeMOHTHO-CTpouTEeNbHble paboTel 19,4

34 CsapHble paboTtbl 14,8

35

CneumnancHble BuAbl paboT (MpoM3BOACTBEHHbIE,

obcny>XMBaHMe 31eKTPOCETEBOro X0O351IMCTBA)

16,8

BcrnomoratencHble paboTbl

36 a - B cTpouTenscree 9,9

37 6 - B nponsBoactee 7,3

38 B —B 0b6CcnyxuBaHuun 6,3

39 CaHuTapHo-TexHU4Yeckne pabotol 5,8

40 lMpouune 4,5

Utoro: 100

TakxXe 4acTo MCTOYHMKAMM 3N1IEKTPOTPaBMaTM3Ma ABMSIOTCA OrOfIeHHbIE YacTu
nutatowero kabens 3MM (B pe3ysibTaTe MEXaHUYECKMX MOBPEXAEHWNIN, CKPYUMBaAHUN),
NCNONb3yeMbIX B SHEPreTUYeCcKOM X035MCTBE NMpu 3aroToBke nunomatepmanos (13,1%).
OCHOBHbIMX MPUYMHAMM 3IEKTPOTPaBMaTM3Ma 34eCb ABNATCA AedeKTbl KOHCTPYKLMMK
MOBMNbHbLIX MallMH, OTCYTCTBME KOHTPONS U NpodunakTukn MM, oTcyTCTBME UN
HEeMCnpaBHOCTb TPAAMLMOHHbIX 3aLWMUTHbIX Mep (3a3eMieHne n 3aHyneHune).
HepeakocTb Korga HecyacTHble Cllyvan BO3HMKAT npu obpbiBe dasHoro kabens
YATMHUTENS, NPUMEHSEMOro npu pabore ¢ 3MM Ha TeppuTopumn
3/1eKTPO3IHEPreTUYeCcKnx NpeanpusTmim Nan HeAOCTaTKOB KOHCTPYKLUMUK WTencebHOro
29

pasbema, B pe3yfnbTaTte vero onacHoe NoAKtYeHne BUKM NUTaoLWero nposoaa B
PO3eTKY 3/IEKTPUYECKON CETU SABSIOTCS MPUUNHON TOrO, YTO MeTa/IMyecKkme 4yactum
Kopnyca MM 6yayT noa HanpsbkeHuem 220 B, T.K. HYJIEBOM 3aLMUTHbIN NPOBOA
HaxO0AMTCS MOAK/IOYEHHBIM K (PasHOMY MpOBOAY CETHU.

Tabnuua 1.10 - DnekTpoTpaBMaTU3M no Bugam SMM

Ne

npu3Haka

HavmeHoBaHue MalnHbI

B cpeaHem 3a 10 net

(2006-2015r.r.) B %

41 CeepnunbHas

9,3

42 WnudosanbHas

7,5

43 CBapouHbIli annapaT

12,6

44 MonoTok

11,1

45 lMepdopaTop

10,3

46 LiMpKynsipHbliA pacnnoBOYHbIN CTaHOK

13,1

47 beToHOCMecuTENb

8,8

48 Openb

16,6

49 PybaHok

6,8

50 Mpoune

3,9

Utoro: 100

AHanu3 NMeLLNXCA AaHHbIX N0 paccnefoBaHUIO NPON30LEeANX HECYACTHbIX
Cny4YaeB Aan BO3MOXHOCTb BbISIBUTb OCHOBHbIE OMacHble CUTyaunmn, KOTOpble BO3HMKaNu
npu obcnyxmsaHmum MM n crpynnmnpoBaTb 3N1EeKTPOTPaBMbl MO NMpUYMHaM,
NPMBOAALLUNX K NX BO3HUKHOBEHMUIO. U3 Tabnmubl 1.11 cnegyeTt, 4to HanbonbLwni
NPouUEHT HecyacTHbIX cny4vaeB (33,5%) cocTtaBnseT rpynna nocrpagaslinx oT
NMPUKOCHOBEHUS K TOKOBEAYLLMM YacTaM, HaXoAasaLWMXCs nog HanpshkeHmeM. [laHHas
rpynmna ciny4daeB He TONbKO camMasi MHOMOYMCeHHas!, HO U NpeacTaBnsieT HanbonbLL Yo
0NacHoCTb, T.K. B HacTosiLiee BPeMs Npu MCMNOSb30BaHUWN 3NIEKTPUYECKNX MOBUIbHbIX
MalnH OTCYTCTBYET LINPOKOE UCMOJIb30BaHME YCTPONCTB 3alMTHOIO OTKJIIOUEH S,
obecneumBatowmx 6€30MacHOCTb Npy NOSIBAEHUN AaHHOW OMACHOM CUTyauuu.

30

Bo BTOpYtO rpynny, NpMBOAALLYIO K 3neKTponopaxeHusam (21,7%), oTHocaTcs
nonomka, gedekTbl U HemcnpaBHOCTM DMM, aBapuiHble peXnMbl NPU UCNOMb30BAHMMN
3N1eKTpoobopyAoBaHNS BO3HUKAIOT U3-3a MOBPEXAEHHON W30ASLUUN U SNEKTPUYECKOrO
npo6osa 1 nocneaywero BO3HMKHOBEHUS Ha META/NIMYECKUX YacTsX KOHCTPYKLMM
BEeCbMa OMACHOr0 3/IEKTPUYECKOro NoTeHumnana. MNpu npnHATUM Mep 6e3onacHoCTH

TaKNX KaK 3alMTHOE 3a3eM/IeHne NN 3aHYyNeHNe U NCMO/b30BaHMeE B CUCTEME 3alUNThI
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3/1EKTPOYCTaHOBOK (B T.4. DMM) yCTPONCTB 3allMTHOIO OTKJIIOYEHUS, KOIMYECTBO

CNy4aeB 3/1IEKTPONOPaXKEHUA MOr/0 bbiTb 3HaYUTENbHO CHUXEHO.

Ncxoaa M3 aHanmsa cTaTUCTUYECKMX AaHHbIX Tabnuubl 1.11 0OCHOBHOM onacHom

cuTyaumen, cnegyeT cumMTaTtb nonagaHme nuy, pabotawowmnx ¢ MM noa gasHoe
Hanps>kKeHne nyTeM HenpeayMbllHEHHbIX MAPUKOCHOBEHWUI K TOKOBEAYLUUM YaCTSM.
MNpn HenpaBWAbHOM NPUCOEAMHEHNMN K pacrnpeaenuTenbHon cetn MM, naoxom

TEXHNUYECKOM COCTOSIHUM MUTaLWMX NpoBOAOB, HECOOTBETCTBUN YCIIOBUSIM

OoKpyXatoLen cpeapl U UCMOb30BaHNM HEKBaNMMULNPOBAHHbLIM MEPCOHAMNOM.

Tabnuua 1.11 - DnekTpoTpaBMaTU3M MO OCHOBHbIM OMACHbIM CUTyauMsM

Ne

npu3Haka

OnacHas cuTyauus

B cpeaHem 3a 10 net

(2006-2015r.r.) B %

51

lNMpUKOCHOBEHWE K TOKOBEAYLLMM YAaCTAM, HaXOAALWMNMCS

noa HanpshkeHnem (Ha OTKPbITOM BO34yXe)

33,5

52

lNMpUKOCHOBEHUE K TOKOBEAYLLMM YaCTAM,

MOKPbITEIM U30M5UNEN, MOTEPSBLUIMM CBOM

M30/1LMOHHbIE CBOMCTBA ( MOHTaXHble paboThbl)

21,7

53

NMpMKOCHOBEHME K METANIMYECKUM YacTaMm SMM,

OKa3aBLUIMMCS NoA HanpsXXeHWEM B pe3yJsibTaTte npobos

N30N5UNN, K OTKPbITbIM MPOBOASALLUM YacTAM

17,3

54

Mpu McNonb3oBaHUW YASIMHUTENEN K NUTaOLWeMy
kabenio MM

20,7

55 Mpoune 6,8

Utoro: 100
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K Hanbonee 4acto NOBTOPSAOLMMCS TEXHUYECKMM MPUYMHAM HECHACTHbIX

CNly4daeB OTHOCATCA: HEBbINMOJ/IHEHNE MepOI'IpVIﬂTVIﬁ Mo YCTPAHEHUIO OMacHOro d)aKTopa,
owmnboYHble AENCTBMSA NOCTPAAABLUNX N HapyLWeHNEe MU TEXHONOMMU BblMOMHSAEMbIX
pa60T. K opraH13aLunoHHbIM NPpUYMHAM HECYACTHbIX C/ly4YaeB OTHOCATCHA: HU3Kas

TpyAoBaa gucuuninHa, HeAoCTaTo4YHasa opraHu3auuns pa60T AOAMUHUCTPAaTUBHOTEXHNYECKMM NMEPCOHANOM.

OCHOBHbIMW NMPUYMHAMN BO3HUKHOBEHUSA 3JIEKTPOTPaBMatn3Ma npu sKcrjyarauum
OMM aBNAOTCA: HeyAOBAETBOpUTENbHAA OopraHm3auns pabot, rpybbie HapylweHue npaBui
TexHuku 6esonacHoctu ( cm. Tabnnuy 1.12).

Tabnmua 1.12 — MNpuumMHbI HECYACTHbIX cny4YaesB npu pabote ¢ MM

Ne n/n FpuyunHBbI

B cpeaHem 3a 5 net

(2011-2015r.r.) B %

1

HeypnoBneTsBopuTenbHas opraHm3aums pabot

( paboumx mecr)

20,7

2 HapyweHue Tpyaosow gucumnavmHel 18,5

3 HapylweHune npaBua TexHukn 6esonacHoctn 16,3

4 HapylweHune WHCTpyKuuu no sakcnayataumm MM 18,2

5

HepocraTtouHas apheKkTUBHOCTb CPpeacTB

3M1eKTPNYECcKOn 3anTbl (aBTOMaTUUECKMNX

BblKtOYaTeNen, NPYXMHHbIX pasbeanHUTENen)

7,1

6

MNMpeHebpexeHne K cpeacTtsaM UHAUBUAYASIbHOM

3anThbI

51

7

Mpoune (He3HaHme 06 OMacHOCTU 3JIEKTPUYECKOro

TOKa, HEOCTOPOXXHOCTb, YCTanoCTb, CHMXXEHNE

BHUMaHUS)

14,1

Utoro: 100
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B uenom aHanm3 CTaTUCTUYECKMX AAHHbIX O HECYACTHbIX Ciy4vasix No3BoNseT

BblAENNTb OCHOBHble NpU3Haku (paKTopbl), XapaKTepu3yoLne 31eKTpoTpaBMy ee
TSHKECTb U Ucxod. JaavMm Takyto XapakTepuctuky npu paborte ¢ SMM.

CoumanbHble NpU3HaK XapaKTepuayeT IMYHOCTb NOCTpajaBLlero, Bolaenss npu

3TOM BO3pacT U cTax paboTbl, poa TPyAOBOW AeATENbHOCTU, HAMU UCCeayeMOMn.
BpemMeHHOIM Npu3HaK ykasbiBaeT B KakoW nepuos BpeMeHun (OHSA Heaenu) Hanbonee
yalle BO3HMKAKOT HeCcYacTHble ciny4au.

Tonorpaduyeckmii NpusHak onpeaensieT Mecro, rae Npou3oLllen Hec4yacTHbI

cny4an, XxapakTepusys KaTeropmio u TMn NoMeLLeHuns, TeppuTopun no ycioBnsam
anekTpobesonacHoCTw.

OpraHu3aumMoHHbIN NMPU3HaK OTpaXKaeT BMA, BbINMO/HAEMON YenoBekoM, paboThbl Ha
MOMEHT BO3HWUKHOBEHMUS Hec4dacTHOro cnydas. Xapaktepusys sn paboTtbl Heobxoammo
y4yecTb, B TOM uncne paboTy, CBA3aHHYIO C AEMOHTAXEM, PEMOHTOM U UCMbITAaHUEM
SMM un ap.

TexHNYeCcKMn NpU3HaK, Xxapakrepmsywmnii MM, yunTbiBaeT TN n BuA
3N1EKTPUYECKON MOBUIIbBHOM MallUHbI C YHETOM TEXHUYECKUX XapaKTepUCTUK
0bopyAoOBaHMA 3/1EKTPOXO3AMCTBA, BEIMYMHY HOMUHANbHOIO HaMpshKeHus 1 ToKa,
HasMune CpeacTB 3/1eKTPo3aLymThbl.

TpaBMOONACHbIM MPU3HaK XapaKTepn3yeT BO3HUKAIOLLYIO CUTYyaLMIO NPU KOTOPOM
yesnioBeK nonagaeTt nog HanpsxxeHune, paboraa ¢ DMM, BcneacTBue Yero vepes Tesno
npoTeKkaeT TOK ONacHOW BEIMUNHbI, ONMPeaensioLmii UCXO4A 3/1EKTPONOPAXEHUS.

1.3 CucremaTtusaums pakTopos, onpeaensowmx ycnosmus

paboTbl DMM

Mpwn paspaboTke cMcTeMbl 31eKTpobe3onacHOCTM Npu aKcnyaTauum MM

Ba>XHOM COCTABHOW YacCTbO SBMSETCS YCTAHOB/IEHNE NPUYNHHO-CNIEACTBEHHbIX CBA3EMN,
XapaKTepu3yLWmMX BOSBHNKHOBEHWE 3/1eKTpOoTPaBMaTn3Ma stoaen. 1o obbsacHaeTcs
TEM, YTO Mcrnonb3oBaHne DMM npeacraBnseT chepy AesTenbHOCTN Yenoseka. OT
COCTOSIAHWNSA cepbl AEATENBHOCTM B NMPSAMOM 3aBUCUMOCTM HaxXoAMTCS COCTOSHUE
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340poBbs U paboTOCNOCOBHOCTL YenoBeka, Kak 06bekTa B3auMOAENCTBUSE C OCHOBHbIMM
3N1eMeHTaMM YenoBeKOo-MallMHHOW cucTeMbl. COBOKYMHOCTb (paKTOpOB BHELLHEN cpeabl,
OKa3blBalOLWMX BAUSHME HA COCTOSIHME YenioBeka U Ha 3dPEKTUBHOCTb B3aMMOAENCTBUSA
€ro C MalWuHOM nNpeacTaBnseT ycnoBna GyHKULUOHNPOBaHNA AaHHOW cucTeMbl [53].
PaboTbl ¢ npuMeHeHneM DMM BbINOHAKOTCA B CNOXHbIX Cneundmnyeckmx

YCNOBUSX, U B HACTOsILLLEE BPEMS MPOAOIKAIOT OCTaBaTbCA C Hanbonee BbICOKMMMN
nokasaTensiMu 3/1eKTPOTpaBMaTM3Ma Ha NpeanpuaTUsax 31eKTposaHepreTuku. BeeaeHue
MOHWTOPHOIO KOHTPOSS 3@ COCTOSSHMEM dKcnyaTauum SMM onpepenset
HeobXxoANMOCTb PacCMOTPEHMSA MPON3BOACTBEHHOINO U HEMPOM3BOACTBEHHOIO Nnpouecca
B 3/IEKTPO3HEPreTMKe Kak CIIOXKHOW COLMANbHO-TEXHOMOrMYECKON CUCTEMBI,
NO3BOMIAIOLLEN HAay4YHO O6OCHOBATb YPOBEHb 311eKTpo6e30MacHOCTN, OMNpeaennTb
XapaKTEPUCTUKN CUCTEMbI C YYETOM BPEAHOrO BO3AENCTBMS HA OPraHn3M YesioBeKa
(aKToOpoB Npu MX COBOKYMHOM B/IMSIHUKN Ha 6e3onacHoCTb YyenoBeka [54].

MN3BeCTHO, YTO 2/1EKTPOTPaBMy MOXHO pacCMaTpuMBaTh Kak COXHOe cobbiTue, Ha
KOTOpOe BO3AENCTBYET MHOXECTBO 06bEKTUBHbBIX U CYObeKTUBHbIX (PakTopoB. Mpnyem
3TU PaKTOpbl UMEIOT AETEPMUHUPOBAHHBLIAN U BEPOATHOCTHLIN Xapaktep [55]. Hannune
BCEX 3TUX (DAaKTOPOB CO34AET 3HaYMTENIbHble TPYAHOCTU NMPU YCTAHOBIEHUW MPUYNH, OT
KOTOPbIX B KOHEYHOM UTOre 3aBUCUT BO3HWKHOBEHMWE, TXKECTb U UCXO0Z 3/IEKTPOTPaBMbI .
OcHOBbIBasACb Ha KOHLEeNUMX CUCTEMHOrO NoaxoAa B 3nekTpobe3onacHoCTy,
3/1eKTpOoTpaBMa paccMaTpuBaEeTCs KakK pe3yJibTaT B3auMOAENCTBUS KOMMOHEHTOB eAVHON,
B3aMMOCBSI3aHHOM CUCTEMbI €4YeSIOBEK — 3/IEKTPOYCTaHOBKA — BHELWHAS cpeda» [56].
Cnenyer NoayYepKHYTb, YTO MUMEHHO cMcTeMa, MnpeaycmaTpyBarowas,

COBOKYMHOCTb B3aMMOAENCTBYIOLWNX Mexay coboli KOMMOHEHTOB N CBA3EN Mexay
HUMK, aBnsaeTcs (B CuJly CBOMCTBA SMEpPAXXEHTHOCTM) KayeCcTBEHHO HOBbIM (MO
CpaBHEHMUIO C X CYMMOMN) obpa3oBaHMEM YeTblpex COCTaB/IAKWMX, @ MMEHHO « YenoBekK
- MallMHa - cpepa — TexHonmorusa» [57]. B obwem Buae Takas mogesb BK/OYaeT B cebs
TexHosornyeckoe obopyoBaHne — MalMHy; SKCNAyaTUPYIOWNIA ee nepcoHan —
yenoseka; pabouyo 06CTaHOBKY — cpeay, B3aUMOLENCTBYHOLWMNX MeXY cobol no
3aJ@HHOMN TEXHOMOIMMN N opraHusaunm paboT — TEXHOMOIMIO.

34

Mpu akcnayaTaumm MM NpuUYMHHO-CNeACTBEHHAs MOAeNlb uccnegoBaHus, T.e.
3NEeKTPOTpaBMbI, BKOYAET B cebs MawunHy — DMM; yenoBeka — nepcoHana, 3aHAToro
BbINMOAHEHMEeM paboT; NpoBOAVMYIO ONepaumto — NPeACTaBASOWY0 NpoBeaeHne
OAHOPOAHbIX MO NpefHasHa4YeHUIo AeNCTBUI AN NONyYeHUs onpeaenieHHOoro
pe3ysbTaTa Ha KOHTPOJSIbHOM 3Tarne NpouM3BOACTBEHHOIO UJIM TEXHOIOrMYEeCKOro
npolecca npv B3aMMOAENCTBUM Mexay cobon nepsBbiX ABYX KOMMNOHEHTOB CUCTEMbI;
OKpYy>awLyto cpesy — 061acTb NPOCTPaHCTBA, B KOTOPOM COBEpLUAETCs NpoBeaeHne
ornepauum, TakKxe npu B3anMogencTBUN NepBbiX ABYX KOMNOHEHTOB. CneaoBaTesibHo,
(YHKLNOHMPOBAHNE OTAENIbHO B3SITOM YeN0BEKO-MAlLINHHOW CUCTEMbI «4yenoBek — MM
- NpoBOAMMAs onepaunsa — okpyxatouwas cpega» (4-3MM-MO-0OC) moxeT
paccMaTpuBaTbCA KakK NMpOLECC BbIMOHEHNS KOHKPETHOM onepauuu,

Ha pucyHke 1.6 npuBeaeHa NpMUYMHHO-CNeACTBEHHASA MOAENb 3N1eKTPOTPaBMbI.
PaccMoTpuM cocTaBnsitowime 3Tol Mogenu.

Yenosek

DMM Okpyxatouwas cpena

MpoBoanmas

onepauus

PucyHok 1.6 — Mogenb o6bekTa nccnegoBaHms

«Yenosek» — onepaTop, 3aHATbIN BbiNOAHEHMEM paboT ¢ 3MM, cBs3aH C

OoKpy>xatowen cpegon n MM HenocpeacTBEHHO B MpoLecce ero akTMBHOMO
BO3AENCTBUS HA 3TU KOMMNOHEHTbI. Hanpumep, BbIMONHEHWEM OpraHM3aLUnOHHO-
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TEXHUYECKMX MepONpUSATUIA MO YCTPAHEHWUIO BPEAHOrO BAUSIHUSA NapaMeTpoB
MUKPOK/IMMaTa, TEXHMUYecKoe obcyxmeaHue n peMoHT MM un apyrue. MosTomy,
BO3HMKaOLWas B npouecce paboTbl OnacHas cMTyaums cBa3aHa ¢ 0coO6eHHOCTSAMU

LEeATeNIbHOCTM YenoBeKa, NCMxodumanyeckmmm CBOMCTBaMM €ro opraHmsma.

«3OMM» — oTobpa)kaeTcs Kak opyave TpyAa; XapakTep B3aMMOAENCTBUS YenloBeKa

Cc OMM B 6onblUel Mepe 3aBUCUT OT KOSIMYeCcTBa NOCNeAHUX, MPUMEHSEMbBIX B
akcnayataunm. SMM, Kak KOMAOHEHT CUCTEMbI, CaMa SABASIETCH NCTOYHUKOM
BO3HWKHOBEHMWS OMACHOW cuTyaunu. XapakTtep U NOCAEACTBUS 3/eKTpoTpaBMaTU3Ma
3aBUCAT OT MHOFMX (haKTOPOB, ONpeaensownx pexmnmel paboTbl DMM, TakMx Kak
neperpysku; yaapbl; KOpOTKME 3aMblKaHWUs, B pe3ysibTaTe NosiB/ieHMe MeEXaHNYECKMX
MOBPEXAEHUN U MOBPEXAEHMUI ISIEKTPUYECKON YaCcTU MaLlLUUHbI; HaAn4mMe wyma m
BMbpaunmn; BpeMs pabotbl MM,

«MNpoBognMas onepaums» — npeacrasnseT cobolri COBOKYMHOCTb MPUEMOB U

MeTOoA0B, NCMOJIb3YEMbIX B MpoLecce 3KCnayaTtaumm 3MM, BKIOYaOLWMX CBONCTBA U
COCTOSIHWE TpyAa, OpraHmn3aunoHHO-TEXHMYECKME MeponpuUaTmMs no obecneyeHmto
6e3onacHocTn. OcyliecTensemMas onepaums nNo 3a4aHHON TEXHOIOMMU HENnocpeaCTBEHHO
CBsi3aHa C AesATeNbHOCTbIO YenoBeKa, NCMofib30BaHUEM TOM UAn nHon SMM n pasnnyHon
CTeNeHblo BANAHUS OKpYXatowwen cpeabl.

«Okpyxatouias cpega» — NpoCcTPaHCTBO, B KOTOPOM HaxoaaTcs DMM un uenosex,
HenocpeACTBEHHO OKa3blBaeT HEraTMBHOE BO3AENCTBME Ha MAaLlUMHY M YenoBeka. Tak,
XMMWYECKN aKTUBHbIE BELLeCTBa, MOBbILWEHHas TeMnepaTypa U BNaX>XHOCTb pa3pyLuarT
3NEeKTPUYECKYI0 U30NSALMI0, TEM CaMblM CO3A4al0T YC/I0BMS NMpeXxAeBpeMEHHOro Bbixoaa
N3 CTpost DMM, BO3HMKalOLWME aBapmMmn 1 3neKTponopaxeHus. Kpome Toro, Bo3aencreme
Ha yesioBeKa OKpYXKaloLlen cpeabl MOXET NPUBECTM K psAy HEFraTUBHbIX SABAEHUN:
YMEHbLUEHUIO COMPOTUB/IEHNA pacTEKAHMIO TOKa, MOBbIWEHWO HU3NO0I0r M4YEeCcKon
YYBCTBUTENbHOCTM OpraHn3Ma 3/eKTPUYECKOMY TOKY, YMEHbLUEHUIO CONPOTUBIIEHUS
KOXXHbIX MOKPOBOB Te€Na W13-3a NOTOBbIAENEHNS.

ObecneveHune 6e30NacHOCTU NCMOIb30BaHMA DMM OCHOBaHO Ha KOMMJIEKCHOM

aHanuse cucTeMbl «4yenoBek — SMM - NpoBoAMMas onepaumsa — OKpyXatllas cpeaa» C
nocneaylLwen ee onTMMn3aumMen Ha OCHOBE AENCTBYHOLMX HOPMaTUBHbIX NapaMeTpos,
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a TakXXe CaHUTapHO-TUFMEeHUYECKUX U SProHOMUYECKMX TpeboBaHMi, N3yyeHuu
MEXaHW3Ma COBOKYMHOro BO3AENCTBUSA (DaKTOPOB CUCTEMbl U COMOCTaBEHUU C
HOPMaTUBHbIMW 3HAYEHUSIMU.,

MpnmeHeHne DMM cBsI3aHO C BO3AEMNCTBMEM HaA YeNOBEeKa BpeAHbIX U OMacHbIX
NMpPOM3BOACTBEHHbIX (PaKTOPOB. B YaCTHOCTM, TaKMX KaK MOBbIWEHNE NN MOHUXEHNE

TemnepaTypbl BO34yXa, BPEMS KOHTaKTa yesioBeKa C MallMHOM.

AHanun3 ykasaHHbIX (paKToOpoB pacCMOTPUM MpWU YCNOBMU, YTO NpoLecc

akcnnyataumn MM anddepeHUnpoBaH, U NO CTPYKTYPHOMY MNPU3HaKy onacHble n
BpeaHble haKTopbl AENCTBYIOT MOCTOAHHO, B COOTBETCTBMM CO CBOMCTBAMU cCneundunkm
paboTbl, MpW HOPMasbHOM (PYHKLMOHUPOBAHMU npoLuecca. PakTopbl, XapakTepusyoLine
COCTOSIHME CUCTEMbI, PasaennM Ha ABe rpynnbl: akTopbl, He 3aBUCsLLME OT
ocobeHHOCTeN npuMeHeHUst DMM, n  haKTopbl, onpeaenseMbie 0CO6eHHOCTAMU
npuMeHeHnst SMM. K nepBoi Fpynne OTHOCATCSH €CTECTBEHHO-NPUPOAHbIE,
coumanbHble, 3KOMornyeckme n apyrme. ®akropbl, OTHOCALLMECS KO BTOPON rpynne,
NoApa3fenstoTcs Ha NPOM3BOACTBEHHbIE U coLManbHO-Ncuxonormuveckune [54]. Bropas
rpynna akTopoB npeacTaBiseT HanbonbLnin MHTEPEC, C TOYKU 3PEHNS UX BAUSHUSA Ha
6e3onacHocTb DMM, T.K. MOryT U3MEHATLCSA B XOAe BbiNONHAeMbIX paboT [20].

[Ona yctaHOBNeHUs NpUYNHHO-CNIEACTBEHHbIX CBA3EM U OLEHKU YCI0BUI
akcnayataunm MM npoaHannanpyeM BCO COBOKYMHOCTb hakTopoB.,
XapaKTepu3yLmMX COCToAHME cucTeMbl «4-2MM-TO0-0C».

Ha pucyHke 1.7 npuBeaeHa 6710k cXxeMa OCHOBHbIX (DaKTOPOB, OT KOTOPbIX 3aBUCUT
ypoBeHb 6e30nacHOCTK aKcnyaTaumm DMM. Takoe AeneHne KpuTepumeB HOCUT
YC/IOBHbIN XapakTep, NOCKO/bKY B TPyAe, KaK NpaBun/io, COYETAITCA pa3/inyHble
KOMMOHEHTbI Harpysku, onpeaensawlimne obuwee dyHKUMOHANBHOE COCTOSSHUE OpraHu3Ma
yenoseka. CocraBnsoLMe YacTn MoAeNn HasoBeM noacmcremMamu. NpoaHannsmpyem
(haKTopbl Ka)aoM NOACUCTEMbI.

Moacncrema «4yenosek». [laHHas nogcucrema npeacrasnser coboin Hambonee
CNOXHYI 6MOMOrMYECKy0 COCTaBSAIOLLY0, TPYAHO NOAAAOLLYHOCS

(dhopMann3oBaHHOMY ONMCaHUID. DPHEKTUBHOCTb DYHKLMOHMPOBaAHNS 0606LLEHHON
NOACUCTEMBI <4Ye/IOBEK» HEepaspblBHO CBA3aHa HeE0bX0ANMMOCTbIO (hopManM30BaHHOMO
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npoBeAeHMs aHaaM3a U yyeTa TEKYLLErO COCTOSIHMUSA YesloBEKA BbIMOHSOLWEro
onpegeneHHble gencrens ¢ MM [29]. PaccmoTpum dakTopnpu nobom

[AHHOW NOACUCTEMBI.

PucyHok 1.7 - bnok-cxema akTopoB, XapaKTEPU3YOLWKNX YC10BUS

akcnayaTaumm SMM

DaKTOp «BHUMaHMeE, MbllLIeHe» — HarpaBJEeHHOCTb NCUXUYECKON AEATEIbHOCTH

B CO3HaHMW 4YesoBeka Ha nsbupartesibHOe BOCAPUSATUE ONpeaeieHHbIX NpeaMeToB U
SIBNIEHWI, T.e. Ha ero BHMMaHMe n MblilneHne. TpeboBaHNS K BHUMaHUIO, MbiLLIEHMIO B
6onblien nnn MeHbllen Mepe NpeacTaBNAlT BCE BUAbl TPYAOBOW AEATENbHOCTY.
BHMMaHMe U MbllWIeHNE BO3HUKAT BCNEACTBME CO3HATE/IbHO MOCTaB/IEHHOM Lenn m
TpebyloT onpeaeneHHbIX BONEBbIX YCUITUMN.
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®daKTop BHMMaHME, MbilWJIEHME YesioBeKa-onepaTtopa DMM wurpaert 60bLuyo

pofib, @ B OTAENbHbIX Cy4asaX U pellaroLLyto. Bcneacrsme Toro, UTo YenoBeK HaxXoanTes
B COCTOSIHUW COCPEAOTOYEHHOIr0 BHUMAHMA CTEMEHb pUCKa BOSHMKHOBEHWUS
3/1IEKTPOTPaBMbl PE3KO CHUXXAETCHA WM 3N1eKTPOTpaBMbl MOXET He 6biTb Boobue [30].
Mpn BO3HMKHOBEHWW 31EKTPOTPaBMbl TSXKECTb U UCXOA 3/1EKTPOTPaBMNUPOBAHUS 3aBUCUT
OT COCTOSIHUS LeHTpanbHON HEPBHOW CUCTEMbI, @ UMEHHO, BHUMaHMWe, MblLlL/IeHne
yesioBeKa YCU/IMEM BOJIM HaMpaBfsSeTCs Ha OXuAaemoe sBneHune, cobbliTue, pasgpaxeHue.
34ecb MMeeTCs B BMAY TakK Ha3blBaeMoe «HEernpoun3BOJIbHOE OMNepaTUBHOE MblLlLSIeHME>,
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KOTOpoe BO3HMKAET 6e3 BCAKOoro HamepeHus, 6e3 3apaHee NoCTaBEHHONW Lienu, He
TpebyeT BOMEBbLIX YCUINIA U Bbi3blBAETCA KaKMM-HNOYAb HEOXWUAAHHbLIM COBbITUEM MK
M3MeHeHMeM BHellHeln cpeabl [58].

B npouecce BbINoOAHAEMbIX Kaknx-nmbo paboT ¢ npumeHeHnem MM MoryT 6bITb
KonebaHnsa onepaTMBHOIO MbILLIEHWUS — 3TO MOBTOPSIOLLEECS HEMPONU3BOSIbHOE,
oTBneyveHue, ocnabneHne BHMMaHMSA. Takxke He NCKNIDYEHO pacrnpegeneHne
onepaTMBHOMO MblLWIEHNS — OAHOBpPEMEHHOE BHMMaHMe K ABYM WUN HECKOJIbKUM
obbekTaM nNpu ogHOBPEMEHHOM BbINOJAHEHUN AEACTBUA C HUMU, TaK Ha3blBaemoe
«paccestHne BHMMaHUS, MblLeHUS», KOTopoe 6e3yCcnoBHO okasbiBaeT narybHoe
BMsHME Ha 6e3onacHocTb obcnyxusaHns SMM.

dakTop «ncmxodunanonormyeckme Harpyskm». lNcnxopunsnonornyeckni

nokasaTeflb — MHTErpasbHOe NMOHATUE, BblpaXatowee creneHb yHKLMOHANIbHOro
HanpsHXKeEHUS opraHuama npu pabore ¢ 3MM, Tpebylollee NpenmMyLLeCTBEHHO
MbILIEYHbIX YCUIUIM U COOTBETCTBYHOLLEFO SHEepreTnyeckoro obecnederms [59]. MNpu
paccMoTpeHun npobseMbl obecneyeHnsa 6e30nacHoCTM HEO6X0AMMO YUMUTbIBATb
NCUXONOrnyeckme oCobeHHOCTN YenoBeKa, MOXHO BbIICHUTb Kakne TpeboBaHns K

TEXHMYECKMM YCTPONCTBaM U cpeacTBaM 6e30nacHOCTU  AO/MKHbI pa3pabatbiBaTbCs,
PYKOBOACTBYSICb 0COBEHHOCTSMU YesIoBEeYECKON AeAaTe/IbHOCTU.
dunsmyeckme Harpyskm Ha OpraHuM3M YesloBeKa 3aBMCAT OT XapaKTepa BblMOJHSAEMbIX
pabot, oT Tuna DMM 1 MOryT W3MEHSTbCH B npeaesnax ot 15 ao
30 kr [60]. YBennyeHne NHTEHCUBHOCTM MU HanpsXXeHHOCTU paboT ¢ npumeHeHneM SMM
MOXET NPOSABUTHCS B HapyLUEeHUW ABUMXXEHWUI, CKOBAHHOCTM MO3bl, HEaAeKBaTHO CUJIbHbIX
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N 6bICTPbIX ABUraTeNbHbIX OMnepauunin, HapyLweHun KoopanHaunum ABmxeHni. Nponcxoamt
HapyLleHne NCUXMYeCcKnX NpoLeccoB N HapyLueHne CNOCOBHOCTM OLEeHKM cuTyaumu. Mpu
aKTMBHOM (PU3MYECKOlM HarpysKe He UCK/IIOUYEHO yBaXHeHMe KoxXu (MoTooTaeneHne), 4to
yBe/IMYMBAET ONACHOCTb MOPaXeHUS 3N1eKTPUYECKUM TOKOM. Takoe COCTOSIHUE KOXM
MOXET HaCTynuUTb Npu ANNTENbHOM KOHTaKTe yenoBeka ¢ MM,
daKTop «3HaHUE TeXHUYECKOoW paboTbl». TexHonornyeckas paborta yenoseka rnpu
aKkcnayataunm DMM nMeeT ABe coCTaBnsitolme: CTaTUCTUYECKYIO U ANHAMUYECKYO
[61].

CraTnyeckas cocTaBnsiowlas — MpoLecc CoKpalleHmnsa Mbliwl, HeobxoauMmbln Ans
noaaepXaHus Tena UM ero Yacten B MpoCTpaHCTBe. B 3aBMCMMOCTM OT XapakTtepa
MYyCKYynaTypbl MOXeT 6bITb pa3geneHa Ha ABa BMAa:

1. Cratnueckasn pabota no yaepxaHumto OMM B npouecce BbIMONHEHNS
YeNIoBEeKOM MPOM3BOACTBEHHbIX oOnepaunii. 3To AOCTUraeTcsa NnyTeM TUTaHW4YeCcKoro
COKpalLleHMs MblLL, BO3SHMKAOLWEro nog BAMsSHWEM MOLHbIX HEPBHbIX MMMYbCOB.
2. Cratuueckas paboTa, HanpaBieHHas Ha nogaepXaHue nosbl. 3Ta paboTa
obecneumBaeTcs 3a cHET TUTAHMYECKMX COKpPALLEHMI MbllL, OHAa OT/IMYAETCA MajbiMU
3aTpaTtaMM SHEPrumM 1 MOXET Npoao/KaThCs 6Honee AnMTeNnbHOE BpeMs.

OcobeHHOCTbIO CTaTMYeCKOor cocTaBnstowen apnseTcs 6onee s3HauMTenbHoe
yBennuyeHne bunsnonormnyeckmx nokasarenen (4acrorta nynbca, abixaHne, notpebneHue
Kncnopoaa v Ap.) HeNoCPeACTBEHHO MOC/E CTaTUCTUUECKOM paboTbl MO CPaBHEHMUIO C
npoueccoM paboTbl, 4eM Npu paboTe NO CpaBHEHMUIO C UCXOAHbIM COCTOSIHUEM.
OnHaMnyeckas cocTaBnaoLwas — MnpoLecc COKpalleHUs MblLL, MPUBOAALWLNI K
nepeMeweHnto DMM, a Takxke CaMOro Tesia YesloBeka UM ero 4Yacrer B NpOCTPaHCTBE.

Mpu 3TOM 3Heprus opraHM3Ma pacxoayeTcs Kak Ha noaaepxaHue onpeaeneHHoro
HanpsH>KEHUS B MbllLAX, TaK U HA MexaHnueckui adpdekT pabotbl. [JduHamMmmnueckas
cocTaBnsitowas pabotel NpeacTaBnaseT Hanbonee 3Ha4YMMbl BUA ABUraTeIbHON
aKTMBHOCTM YesloBeKa B Mpouecce akcnayataunn SMM. Tpu 3TOM pasnnyHble 4acTu
OBUraTeNbHOro annapaTta MoryT NpMHUMaTb BECbMa pa3/IMYHOE yyYacTue B BbIMOJHEHNM

paboTbl M caMa AMHaMM4ecKas CoCTaB/soLWas BCerga coveTaeTcsl B Kakon-To CTeneHun
CO CTaTUYECKON.
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Takoe geneHne KpuTepmeB HOCUT YC/I0BHbIM XapaKTep, MOCKObKY BO BpeMs
akcnnyataumm MM, Kak nNpaBuo, COYETATCH pas3fIMyHble KOMMNOHEHTbl HarpysKku,
onpegensaowme obuwee pyHKUMOHAIbHOE COCTOSIHME OpraHM3Ma 4denoseka.

dakTop «OnacHoe nonoxeHue Tena». [lpu nwbom paboyem NonoXKeHUn Yenoseka
ero nosa Ao/mkHa 6biTb puamMonornyeckn NpaBuabHO 060CHOBaHHOM. HenpaBuabHoe
nonoXxeHue Tena BeaeT K 6bICTPOMY BOSHUKHOBEHWNIO CTaTUYECKOW YCTanocTy,
CHUDKEHWIO KayecTBa U CKOPOCTWU BbINMOSIHAEMOM paboThbl, @ Tak)Ke CHUXXEHUIO peakumm

Ha BO3HMKHOBEHME onacHocTu [54]. Pa3HoxapakTepHble paboTbl ¢ DMM MoryT 6biTb
CBSA3aHbl C BbINMOJIHEHWEM OMNepaLnii B TPYAHOAOCTYMHbIX MecTtax. KpoMme Toro, npu
BbIMOSIHEHUN paboT TpebytoTca 60bLINE MblLLEYHbIE YCUIUS, YTO NpMBOAUT K 6onee
6bicTpOMy yTOMAIEHUIO. OnacHoe NosoXKeHue Tena, CBA3aHO C HeaAeKBaTHbIMU
LENCTBMSAMU, PE3KMMWN HEMPOU3BOJIbHbIMU ABUXKEHUSAMN, YTO YBENMUYNBAET CTEMEHb
pYCKa BO3HUKHOBEHMS MeXaHUYeCKMX MOBPEXAEHUM KOpNyca MalWHbl U N30158LMK
TOKOBeAYLNX YacTel, B YacTHOCTW, NuTawoLwero kabens, BK/IOYaeMoro B CeTb
HanpshkeHnem 220/380 B.

MoacncreMa «anekTpmyeckasi MObuabHas MawnHa». MNpoBeaeHHbIe
nccneposaHus no 6esonacHoCTM akcnayaTaumMm MM nokasanu, YTo AaHHble MallUHbI
NpeAcTaBNsAT MNOTEHUNAbHYO OMACHOCTb MOPa)XXeHMS YenoBeKa 3/1eKTPUYEcKnM
TOKOM.

K rpynne ¢akTopoB B AaHHOW NoACMCTEME OTHOCATCA OCHOBHbIE MCTOYHUKMU
NOBbILLEHHON ONAaCHOCTW, BO3HMKaLWme rnpu pabote SMM. PaccMoTpuM 1
NnpoaHanmM3npyeM OCHOBHble (haKTOpbl, KOTOPbIE B ONpeAenieHHbIX CUTyaumnsax SBastoTCs
OnacHbIMK U BPpeAHbIMU OKa3blBaloLWMMKN OTpULLaTeNbHOE Bo3aencTene Ha 6e3onacHoCTb
akcnayaTaumm SMM.
daKTop «CcocTosiHMe nsonaumm». N3onauma 3MM no cBoeMy Ha3zHaAYeHUID MOXET
6bITb pasgeneHa Ha cneayowmne suapl [62]:

1. Pabouas - n3onsaums, Heobxoammasa ana paboTbl MaWMWHbI, HANPUMEP U30AALNS
Mexay njacTMHaMn KOJJIEKTOPa;

2. OcHOBHas — U30aauMs NpeaoTBpaLlatoLlas nogadvy HanpsH>KeHnsa Ha aetanm,

KOTOpble Y UCMPaBHOM MalWHbI MOA HAM HE HaxoauTcs, Hanpumep dasoBas M3oaaums
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06MOTKM ABurartens. 3Ta n3oaaumsa oCyLLEeCTBASIET OCHOBHYIO 3aLLMTYy YenoBeKka oT
NMOpaXXeHUS 3/1EKTPUYECKMM TOKOM;

3. AononHuTenbHas — N30aaums, He 3aBMcsLlasl OT OCHOBHOWM, CO34aHHas B
OOMOJIHEHME K HEWN Ans 3alMTbl YesioBeKa OT MopaXeHMUs /1eKTPUYECKMM TOKOM B Cyyae

NOBpPEeXAeHUS OCHOBHOW U30/14LMK, HanpUuMep nnacTMaccoBas BTyJ/IKa MeXAy BasioM U
cepaevYHMKOM SIKopst;

4. [1BOMiHas — n3onsaumns, cocrosiLias M3 OCHOBHOW U AOMONHUTENbHON ;

5. YcuneHHas — ynayyleHHas OCHOBHas m3onsauus, obnagarowas TaknMm
MEeXaHUYEeCKUMN U SNEKTPUYECKMMU CBOMCTBaMM, KOTOpble obecneunBatoT TaKyo xe
CTeneHb 3alnTbl YesloBeKa OT MOPaXKEHMUS SNEKTPUYECKUM TOKOM, KaK U ABOMHAS,
HanpuMep Kopnyc BbiKOYaTeNs.

Kak yKka3aHo Bbile Mo CTeNeHM 3almTbl PpyYHbl€ MaWWHbI U UX SIeKTpuyeckmne
ABuratenu aenaTtca Ha Tpu knacca: I, II, IIT.

B HacTosLlee BpeMsl NpeEMMYLLECTBEHHOE PacrnpoCTPaHEHME MONy4YMAN MaLllUHbI
knacca II, ncnonb3ytowme ana paboTbl 3N1EKTPUYECKYHO SHEPr U0 MEPEMEHHOr0 ToKa Npu
HanpsbkeHun nutatowen cet 220B npombiwneHHor yactotel 50 My [21]. B nepuog
paboTbl DMM, KaK yKa3aHo Bbllle, MOryT NOABEprarbCs Neperpyskam, yaapam,
BO34ENCTBUIO MblJIM, BNarn, COIHEYHOW paanMaunm, BO3AENCTBUIO SNIEKTPUYECKUX MONEN,
pe3kuM nepenagaM TeMnepaTypbl OKpy>Katollen cpeabl. CneayeT yunmTbiBaTb, UTO
N30119UNS TepsieT CBOM KayecTBa Npu HaAMUYUM AaHHbIX HEFATUBHbIX ABNEHUN,
Hanpumep, npu neperpyskax NpoMcxoamT 6bICTpoe CTapeHne N3onsiLmm U Cpok ee
OV3NEKTPUYECKNX CBOMCTB COKpallaeTcs. Tak neperpyska Ha 25% cokpallaeTr Cpok
cnyx6bl n3onsaumm go 3-5 mecsaues Bmecto 20 net [63]. Harpes kopnyca MalwWHbI CBbILIE
60°C Hap TeMNepaTypoir OKpyXKalLlen cpeabl TakXe MpuBoOANT K CHUXEHULO
6€e30MacHOCTN TEXHUYECKOr0 COCTOSHUA  U30AUMKU. BO3MOXHbBI MEpeKpyYnBaHms U
pe3kue n3rnbbl kabens, conpoBoXAaloLLMecs MeXxaHUYeCKMMN NOBPEXAEHM MU
n30n5Unn, B pesysibTaTe CO34aeTcs TpaBMoonacHas cuTyauus, T.e. cuTyaums
3/1eKTPOTpaBMMpoBaHmMs Yenoseka. [puM MCNpaBHOM COCTOAHWUM OCHOBHOM M305LMMK
MOXET 6bITb NOBPeXAeHa U30/LMS BHYTPU MallWHbI, T.€. HET BHELHUX MPU3HAKOB
42
HencrnpaBHOCTU (aBapuiiHbIN pexuM). B 3ToM cnyyae ecTb BEpOATHOCTb NonagaHus
yenoBeka nog dasHoe HanpsKeHue.

DaKTop «YpPOBEHb MEXaHWYECKNX BO3AENCTBUN». MexaHn4yeckne Bo34encTemns
NposBASATCA NPUCYTCTBMEM Bnbpaumun npm pabote MM, OCHOBHbIM UCTOYHMKOM
BM6paLnM B 3/IEKTPUYECKMX MALLMHAX SBNSIETCSA, MeXaHM4Yeckass HecbanaHCMpOBaHHOCTb
potopa. iccnepoBaHue Bubpaumun co3gaBaemort HebanaHCcoM poTopa, Npou3BoAUTCS Ha
yacToTe BpalleHus potopa [64]. B MalwiMHax nepeMeHHOro Toka 3Ta YacroTta MHoraa
MOXET MMETb TaKXXe MarHUTHYIO cocTaBnsoLwyto. Mpu nccnegosaHum HebanaHca B psaae
C/ly4aeB 4Ype3BblYaiHO BaXXHO YCTAHOBUTb BO3MOXHOCTb BO3HWMKHOBEHWS TEMJIOBOrO
HebanaHca, UTO yCTaHaBAMBAETCA HarpeBOM poTopa A0 paboumx TemnepaTyp.

MmeeT MecTo BMbpaumsa ctatopa MalnHbl, Bo36y)kxaaeMas MarHUTHbIMW NOJISMA.

Kpome Toro, Ha ypoBeHb BMbpaLnm okasbiBaeT BAUSHUE Bbl6Op NOAWMMHUKOB.
MpakTuKa nokasblBaeT, YTo Hanbosee MHTEHCMBHbLIM NCTOMHNMKOM BUBpaLUnm SBASIOTCA
NOAWMNAHNKN KayeHUs. MNpu BbINOAHEHMW Pa3NnyHbIX BUAOB paboT C MpUMEHEHeM

SMM, 3aperncrpupoBaHbl BbICOKME YPOBHU KonebaTtenbHOW SHeprum B gnanasoHe
yactotr ot 8...500y. Pe30HaHCHble YacTOTbl OPraHOB YesI0BEKA HaxOoAAaTCs B nNpeaenax
ot 5 po 30ly, KoTopble Hanbonee onacHbl Ans BO3HWKHOBEHMS BUbponartonormu [65]. B

cooTBeTCTBMM C [66] npeBbliweHne BU6paLMOHHbIX NapaMeTpoB cBbiwe 12 ab

HegonycTtumo. Mpu pabote c DMM Takoe Bo3aencTBMe BUbBpaLmnm Ha YenoBeka aBnseTcs
NOTEHLUMANbHO ONACHbIM, C TOYKM 3pPEHNS BO3HUKHOBEHMWS BEPOSITHOCTMU
3N1EeKTPOTPaBMUPOBaHUS.
daKTop «ypOBEHb 3BYKOBbIX BO3AENCTBUIN>». [JaHHbIN (DaKTOp XapaKTepusyeTtcs
BO3HMKHOBEHMEM LWyMa npu pabote DMM. HeraTnBHOe BO34ENCTBME LWIYM OKa3blBaeT,

B MepBYIO ovepep, Ha LEeHTpalibHY0 HEPBHYIO CUCTEMY, KakK 1 Bnbpauums.
MHTEHCMBHOCTb WYyMa 3aBUCUT OT TMMNa MallMHbl N XapakTepa BbiNOSHAeMbIX paboT.
Pabota MM conpoBoxaaeTca NpucyTCTBUEM MHTEHCUMBHOrO WyMa. Bo-nepsbix,
3NEKTPUYECKUN ABUraTeNb CO34aEeT WYM U, BO-BTOPbIX, MPOBOAUMbIE Onepaummn
(HanpuMep, ceepneHue, npobnBaHMe TEXHOMOrMYECKMX OTBEPCTUIN, pybKa 1 cBapka
MeTasna 1 Ap.), OT KOTOPbIX B NPSIMOM 3aBUCMMOCTU HaxogaTCs napameTpbl WyMa.
NCcToYHMKaMK WyMa 3/1EKTPUYECKUX MallUH ABASOTCA cneayowme [67]:
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1. DnekTpoMarHUTHbIE CUJbl, AENCTBYIOWME B BO3AYLIHOM 3a30pe MexXAay CTaTopoM
W POTOPOM, WMMEIT XapaKTep BpallalowmnXcst CUI0BbIX BOMH. MIX BEIMUYMHA 3aBUCUT OT
3N1EKTPOMArHUTHbIX HArpy3oK U HEKOTOPbIX KOHCTPYKTUBHbIX U pacYeTHbIX MNapaMeTpoB
MallUHBbI.

2. MoAWNAHUKN, NHTEHCUBHOCTb LWYMa KOTOPbIX 3aBUCUT OT CNeayoLwmnx
akTopoB:

- OT Ka4yecTBa M3roTOBMEHUS CaMUX MOAWNMHUKOB;

- OT TOYHOCTM 06paboTkM Noa HacaaKy MoAWMMHUKOB Ha Ball.

3. AspoanHaMmnyeckme Cusibl, MNHTEHCUBHOCTb 3TOI0 MCTOYHMKA LYMa 3aBUCUT OT
TOr0, HAaCKO/IbKO XOPOLLO C TOYKWN 3peHUs a3pOAMHaMUKN N aKyCTUKN CKOHCTPYWPOBaHbl
BEHTUNATOP N BEHTUNSILMOHHbIE KaHasbl MallWHbl, MOCKOJIbKY OCHOBHYIO 4acTb
a3pOoANHAMMYECKOro LWyMa Co34aeT BEHTUNSATOP.

LLlymoBoe BO34eiCTBME Ha paboTarolmnX pa3HbiX MNpodeccnin 3acnyxmBaet ocoboro
BHMMaHus. [pu pabote c DMM, B YaCTHOCTM, C 3IEKTPUYECKMMN MOSIOTKAMU BO3HUKAET
WYM C YPOBHEM 3BYKOBOM MoWHOCTM 92-98 ABA C MakCMMyMOM 3BYKOBOW SHEPrum B
AnanasoHe 500-8000 My, a akBMBaNEHTHbIM YpOBEHb 3ByKa Ha paccTostHMm 1 mMeTpa oT
LeHTpa MalmnHbl He gomkeH npesbiwaTtb 85 ABA [68].

Mpn annTEnbHOM BO3AENCTBMM 3BYKOBbIX KOebaHU CHUXXAeTCa OCTpoTa cyxa,
yBe/IMYMBAETCA KPOBSAHOE AaBfieHne, ocnabnseTcs BHUMaHne, yxyawaeTcs 3peHme,
HapyLlaeTcs KOOpAMHAaLMS ABUXKEHMUS, YBENNYMBAETCS Pacxos SHepPrum npm oaAMHaKoBOM
dn3nyeckon Harpyske, NpoMCXoasaT U3MEHEHUS B AblXaTeNbHOM LieHTpe. B ntore

nosiBNAITCA DYHKUMOHANbHbIE HapyLWweHns B opraHuamMe (cepaeyHo-CoCcyancTomn
cucTeMe, xenyake, ywax, n ap.) [69]. Kak cneacreme, yBennumBaeTCcst KONMYECTBO

HeCYacCTHbIX C/ly4YaeB, B TOM YNCIE U MO 3NIEKTPUYECKUM MNPUYNHAM.
dakTop «BpeMs paboTbl». MNpoAc/mHKNTENbHOCTb paboT Co cpeacTBaMmM Manom
MexaHu3aunu 1, B YacTHocTu, ¢ MM onpegenseTca pekomeHgaumsmm [70], B KOTOPbIX
pa3paboTaHbl pexunMbl paboT, X ANNTENbHOCTb, C YYETOM BO3AENCTBMS Ha YenoBeka
BpeAHbIX HaKTopoB, TakMX Kak Bnbpaunsa n wym. MNpu BbINOAHEHUN onepauuii, He
CBSA3aHHbIX C OCHOBHbIM TEXHO/I0MMYECKUM MPOLLECCOM, T.e. OTAeNbHbIX BUAoB paborT,
BO3JENCTBME OMNACHbIX U BpeAHblX (haKTOpOB periaMeHTupyeTcs B TpeboBaHusAX,
npueBeaeHHbIX B [66]. XpoHOMETpaXkHas OLEHKa Ucnosab3oBaHns SMM 3a pabounin AeHb
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W CyMMapHasi MpoAO/IKUTEbHOCTb Onepaumii, CONpPoBOXAALWNXCS BO3AENCTBUEM Ha
paboTatowmx Bnubpaunm n apyrux dhaktopos npmeeseHa B [69]. CornacHo,

XPOHOMETPaXKHOW OUEeHKE BpeMsi BbiMoNHEHNS pabounx onepaunii DMM cocraBnsieT 4575% Bcero paboyero BpEMEHM, MOArOTOBUTENIbHO-3aKNOUYMTENbHbIE onepaunn — 15-45%,

apyrue pabotbl — 10%. MNpn paboTte ¢ aneKTpoMexaHM4eCcKMmMm MObMIbHbIMM MallMHaMu,
B COOTBETCTBMW C CaHUTapHbIMK HOopMamun [60], ANMTENbHOCTb paboT He AoMKHa
npesbiwaTtb 2/3 paboyero gHsS.

Ha obbekTax anekTpoaHepreTnkn Pecnybnnkn bypstus npoBeaeH aHanus
CYLLECTBYIOLLMX PEXMMOB paboT C NPMMEHEHUEM 3/IEKTPUYECKUX MOBUbHbBIX MaLIUH
NpY BbINMOMHEHMWN TEXHOMOMMYECKMX OnepaLnii TakuX Kak, pEMOHTHO-CTPOUTENbHbIX,
3NEeKTPOMOHTAXHbIX W Ap. Pe3ynbTaTbl aHann3a nokasasnau, YTo BpeMS BO3AENCTBUSA
Bubpaumm n wyma Ha pabotatowmx cocrasnsetr 60-70% OT gnnTenbHOCTU paboyero AHS.
dakTu4yeckoe BpeMs KOHTakTa paboTtawowmnx c DMM cocrasnsieT 3,5-4,5 yaca 3a NonHbIN
pabounin aeHb.

Moacucrema «nposoanMas onepauunsa». [na yacHeHua CyLwHOCTU rnpoLecca
akcnayaTtaumm OMM, ero yaobHo AeKoMno3mpoBaTb B BUAE MociesoBaTelbHOCTU
CyLLecTBYOWMX onepaumin [71]. HenocpeaCTBEHHO BbINOHEHHAsA AEKOMMO3MLMS
NpoBOANMbIX onepaunii ¢ SMM No3BONSET YTOUHUTb COAEPXKaHNE OCHOBHbIX
KOMMOHEHTOB JaHHOW MOACUCTEMBI, BKOYaOLWMX onpeaeneHHble hakTopb.
PaccMoTpuM 3Tn dakTopbl.
DaKTop «MNOAroToBKa K BbIMOSIHEHMIO paboT». DddOEKTUBHOCTb TPyAO0BOW
0eAaTenbHOCTU YenoBeKa B 3HAaUNTESIbHOW CTEeNEHU 3aBUCUT OT OpraHuM3auum U NOAroTOBKM
paboyero Mecta npuv sKcnjayataunm MM, a Takxke oT (PakTOpoB Harpy3ku n ero
paboTtocrnocobHoCTK, oTMe4veHOo B [61].
Ob6wasa Harpyska, dopMMpyeTCcs B3aMMOAENCTBUEM CEeAYOWMUX KOMMNOHEHTOB!

npeamMeT u opyavs, opraHusaumns paboyero mecra, rurmeHnyeckme akTopsbl
NpON3BOACTBEHHOW Cpefibl, TEXHUKO-OpraHmn3aLoHHble MeponpuaTns. IPpdeKTMBHOCTb
COrnacoBaHUs yKasaHHbIX (PaKTOpOB C BO3MOXXHOCTSMM YenoBeKa 3aBUCHAT OT Hannuuns
onpepeneHHon paboTocnocobHOCTM, Ha KOTOPYHO CyLLECTBEHHOE BIMSIHME OKa3blBatoT
cneundunyeckne ocobeHHOCTU Kaxaon KOHKpPeTHOW onepauuun. B MakcuManbHoOM creneHun
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NoAAepPXaHUIo BbICOKOro YpoBHS paboTocnocobHOCTN cnocobCcTByeT npaBuibHas
noAroToBKa n opraHusauuns paboyero mecra.

B cooTtBeTcTBUM C [72] paboyee MeCTo YyenoBeKa B YEI0OBEKO-MALLMHHON cucTtemMe
OCHalleHOo cpeacTBaMu oTobpaxxeHus nHdopMaunm, opraHamMmm ynpasieHns u
BCNoMoraTenbHbIM 060pyA0BaHMEM, Ha KOTOPOM OCYLLECTBASETCS ero TpyaoBas
LEesATeNIbHOCTb.

Mpn NoaroToBKe K BbIMOMHEHUIO paboT ¢ DMM gomkHbl cobnogaTbcs cneayrowme
yCcrnosus:
CO34aHO AocTaToyHoe paboyee NpOCTPaHCTBO, NO3BONSIOLEE YENOBEKY
OCYLLEeCTBNATL BCce HeobxoAnMble ABUXXEHUS U MepPeMeLLEeHNs B NpoLecce Tpyaa;
obecneyeHbl gocTaToOYHble PU3NYECKME, 3pUTENbHbIE N CITYXOBbIE CBA3M MeXay
YesI0BEKOM N 06bEeKTOM BHMMaHUs;
onpeaeneHbl AoMYCTUMbIE 3HaYeHNS PaKTOpPOB OKpY>KatoLweln cpeabl;
co34aHbl HeobxoAMMble CpeacTBa 3awWmTbl OT AENCTBMS ONACHbIX W BPeAHbIX
NpPON3BOACTBEHHbIX (HaKTOPOB.

MpaBunbHas NoaroToBka U KOMMNoHoBKa paboyero mecra, obecneyeHne yaobHom

no3bl Yenoseka 1 ceoboabl ABMXKeHU obecneunBatoT HanbonbLyo 3PDEKTUBHOCTb
Tpyaosoro npouecca. [pu ntobom paboyem nonoxeHnn onepatopa SMM ero nosa
[o/MKHa 6bITb (PM3MOA0rMYECKN NpaBUIbHO 060CHOBaAHHOW. [peHebpexeHne AaHHbIM
(haKToOpoOM NpUBOAUT K MOSIBAEHUIO YCTaNoCTh, yMEHbLUEHWIO KayecTBa U CKOpPOCTH
ocyLecTBnsemMor paboTbl, a TakXe K CHUXEHUIO BHUMaHUS K OMacHoCTu.,
dakTop «TexHun4yeckoe obcnyxxmneaHne nu peMoHT>». Npn TeXHUYeCcKoM
obcnyxumBaHnm MM B NpOM3BOACTBEHHbLIX MOMELLEHUSAX U HA TEPPUTOPUN NpeanpuaTnii
3N1EeKTPOIHEPreTUKN B 3aBUCMMOCTM OT NMPOBOANMON OrMepaumun Ha YenoBeKa OKasbiBaloT
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B/IMSIHWE OMNacHble U BpeAHble NPOM3BOACTBEHHbIE (PaKToOpbl M OKpyXalwas cpeaa, a
TaKXXe Ha BbIMosiHAeMyto paboTy B uesioM. [103ToMy npaBuibHas opraHn3aumns
obcnyxxmpaHms DMM, npoBeaeHMEe PEMOHTHbBIX U NpoduakTMUYecknx pabot nmeer
WCK/TIOYNTENBHO BaXKHOE 3HavyeHue A1 NpeaoTBpalleHns BOSHMKHOBEHUS
3/1eKTPOONacHon cmTyaumu,
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|_|pl/l 3TOM noAa npasmanon OpFaHVI3aL|,VIel7I NMOHMMAETCA CTPOroe BblMOJIHEHNE pada
OpPraHM3aUNOHHbIX U TEXHUYECKUX MEPONPUATUA N CPEACTB, YCTaHOBMIEHHbIX
TpeboBaHNSIMM HOPMATMBHO-TEXHUYECKON AOKYMeHTauumn [62, 73].

MpoBepka TeEXHNYECKOro COCTOSIHMSA, coaepXaHus n ncnonb3osaHnsg MM no
HasHa4deHuto, cobaaeHe CpOKOB NPOBEPKM KOHTPOJIbHO-N3MEPUTEsbHbIMU Npubopamm
n30naumMm NpeayCcMOTPEHO B TEXHUYECKOM OCBUMAETENbCTBOBAHUN MaluHbl [73]. B
3aK/Il0YEHUN TEXHUYECKOro OCBMAETENbCTBOBaHUS YKa3blBaeTCa TEXHNYECKOEe COCTOSIHME
n cogepxaHue DMM, BbisiBNieHHble HEAOCTaTKM, MPUIroAHOCTb €€ K AafibHenlweMy
MCNOJZIb30BaHMO N CPOK ,u,aaneVlmero TEXHNYECKOro ocBnaeTenbCrBoOBaHUA.

Mpn TeXHNn4YeCKoM 06CNy>XMBaHUN UK peMOHTe DMM nepcoHan A0/MKEH 3HATb
0COH6EeHHOCTN MallWHbI, CXeMbl, MMETb OTYET/IMBOE NpeacTaBieHne 0 BO3MOXHbIX
OMNAacCHOCTAX, XOpPOoLWOo 3HaTb U BbIMOJIHATb Tpe6OBaHVI9| Mo OXpaHe Tpyaa, NnpuBeAeHHbIE B
[73], a Takke MeTb KBaNU(PUKALUMOHHYIO Fpynny no anekTpobe3onacHoCTy,
COOTBETCTBYIOLLYIO BbiNosHsAeMol pabote. B Tabnmue 1.13 npmBeaeHbl NpMHLMNGI,
onpegenawme BaXHOCTb M 3HAYMMOCTb BbIMOHAEMbIX MEPOMPUSATUI MO
obcny>XnuBaHuo 1 peMoHTy DMM.

Tabnuua 1.13 - MeToapl, onpegensioume BaXXHOCTb U C/IOXXHOCTb BbIMOSIHEHMS MEPOMPUSATUN

MeToabl, onpegensiowne BaxxHOCTb

MeponpuaTuin (obcnyxmnesaHne SMM)

MeToabl, onpegensiowme cnoXHoCTb

mMeponpuaTuii (peMoHT DMM)

1. NosbiweHMe ypoBHS 6e3onacHocTn 1. Bpemsa Tpebyemoe Ha BbINoONHEHNE
2. HanpaBneHHoCTb Ha cobnogeHune

3aKOHOB U TpeboBaHUM

2. ®uHaHcoBble 3aTpaThbl

3. YnyJweHue HagexHocTn paboTbl

3. TpyAOeMKOCTb NMJaHNpPOBaHUSA U

BbIMOSIHEH S

4. YnoBNeTBOPEHHOCTb NepcoHana u

crneunanucros

4. BO3MOXHOCTb BbIMO/IHEHNA CBOMMU

cMnamu.

5. Mpouune 5. Mpoune

dakTop «opraHmsaums obecneyeHuns 6esonacHocTn». ObecneyeHune

31eKkTpob6e30nacHOCTN NepcoHana, obciyxusatowero MM, oCyLLECTBNSETCS, BONEPBbIX, KOHCTPYKTUBHbBIMU PELUEHUSIMU MPU U3FOTOBJIEHUWN 3TUX MALIWH, BO-BTOPbIX,
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OpraHn3auMoHHbIMN N TEXHUYECKMMN MEPONPUATUAMUK, obecnevnBaoWMMmN NpaBubHble
nencreuns nogen [23, 42].

MN3BECTHO, UTO M3 TEXHNYECKUX CPeacTB 3awmTbl DMM WNpoKoe NpuMeHeHne

MMEIOT 3alNTHOE 3a3eMieHne, 3alnTHOE 3aHy/IeHne, NpUMeHeHMe MasbliX HamnpsXXeHnmn
[42]. B yacTHOCTM, 3aLlMTHOMY 3a3eM/IEHUIO NOASEXAT MeTalIM4Yeckme Kopnyca
nepeaBMiKHbIX N MepeHOCHbIX TpexdasHbix DMM, a ogHodasHbie DMM (py4yHOMn
3/IeKTPONHCTPYMEHT) MCMNOJIb3YIOTCA B CUCTEMAX C 3aHY/IEHUEM C HY/IEBbIM 3aLlMTHbIM
NpPoOBOAHMKOM. B nomeLLeHnsax ¢ NOBbILLEHHON ONACHOCTbIO U 0co60 onacHbIX, rae
ncnosnb3yTcs DMM, oTMeYeHO paHee, NPUMEHSIOTCA HanpsXkeHns 42B, n 12B.

OaHako, HM 0OAHO M3 PacCMOTPEHHbIX Bbille TEXHUYECKNX CPeACTB He B COCTOSIHUM
obecneunTb 3 HEKTMBHYIO 3aLLUTY YenoBeka.

Hanbonee shPeKTUBHLIM U SKOHOMUYECKWN LIENECO0OpPa3HbIM 3aLLUTHBIM

CpPeACTBOM, HagexXHo cpabaTtbiBalolweM MPU OMACHbIX CUTYaLUSX, CBA3AHHbIX C
HernocpeaCTBEHHbIMN KaCcaHUSMN TOKOBEAYLLMX Yactel DMM u obopyaoBaHMsa Uau npu
3NEKTPUYECKMX NPOBOAX U30NSLMN U 3aMblKaHUSAX Ha KOPMYC, @ TakXXe Mpu CHUXKEHUN
COMPOTUBNEHNSA U30NALIMN HUXKE AONYCTUMOM BENNMUYMHBI, SBASKOTCS YCTPOMCTBA
3alUTHOro oTKAYeHus, T.e. Y30 [74]. Takue yCTponcCTBa ABNSAOTCSA
MHOro(YyHKLMOHaNIbHbIMA N 3HAYMTENbHO MOBbIWalT 6e3onacHocTb MM B cpaBHEHUM
C LUMPOKO NMPUMEHSEMbIMM aBTOMAaTUYECKMMN BbIKOYATENSAMU, BbIMOHAOLWMNMU
dYHKUNM 3aWMTbl OT TOKOB KOPOTKUX 3aMblKaHW, Meperpy3oK U OCHOBHYO —
ynpaBneHue paboTol 3/1eKTPOYyCTaHOBOK, B T.4. DMM.

(daKTop «MOsIB/IEHNE NEepPCOHasna B onacHom 3oHe». OnacHOW 30HOW Ha3blBaeTCs
NPOCTPAHCTBO, B KOTOPOM BO3MOXXHO BO3HMKHOBEHME OMACHOro AN BPeAHOro
NMpON3BOACTBEHHOIrO hakTopa. K onacHbIM OTHOCATCS 30Hbl, PACnOOXEHHbIe PSAOM C
He orpakAeHHbIMW NepenagamMmn No BbliCOTE, HENM30/IMPOBAHHbIMU TOKOBEAYLLIMMMU
4acTAMU 31eKTPOOBOPYyAOBaAHUS.

OnacHble N BpeaHble NPON3BOACTBEHHbIE (haKTOPbl MOrYT NPUCYTCTBOBaTb

NMOCTOSAHHO, BO3HMKATb NEpMOANYECKN WM NOSBAATLCS BHE3anHO B pe3yJsibTaTe
pa3pyLeHns obopyasoBaHUS MU MHbIX aBapuid. No03TOMY OnacHble 30Hbl MO XapaKTepy
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[ENCTBUS YKa3aHHbIX (DaKTOPOB MOryT 6bITb Kak CTauMOHApPHbIMU (MOCTOSHHbIMKW), Tak
W HecTauMOHapHbIMN.

HecraunmoHapHble onacHble 30Hbl 06bIYHO BO3HUKAKOT NOA AEACTBMEM MHOXECTBa
N3MEHSIOLLMXCSA ONacHbIX (haKTOpoB, NpeABMAETb KOTOpPble He BCeraa yAaeTcs.
YCTaHOBUTb NX AEACTBME BO3MOXHO TOJIbKO MPU TLATENIbHOM M3y4YeHUn 06CToATeNbCTB,
npu KOTOPbIX 3Ta 30Ha obpa3oBanack. [lpu akcnnyaTaumMm MM yenosek BbINOMHASA
paboTy MOXeT oka3aTbCsi B 060N U3 yKa3aHHbIX 30H.

MoaToMy AN NPOPUIAKTUKM HECUHACTHbIX C/lyYaeB, TakXe 3JIeKTpOoTpaBM, B

OonacHbIX 30Hax LenecoobpasHa peanm3aumns HUXe Cieayrowmnx Meponpusatnii [73]:

1. YCTpOMCTBO NpeaoxXpaHUTENbHbIX U 3alUTHbIX MPUCNOCobneHni, 6510KMpPOBOK,
aybnmpytowmnx cpeacrts 6e30nacHoOCTM Ha NPoM3BOACTBEHHOM 060pyAOBaHUN.
OrpaxaeHue onacHbIX 30H — ABUXKYLLMXCS YacTelh MalnH U MeEXaHW3MOB, 30H
BblAeNieHMs oTNeTalWwmnx Yactmy oTpaboTaHHOro MaTepuasna, TOKOBeayLnx vyacren
3N1eKTPo0bopyaOBaHMS, 30H BbICOKMX TEMMEPATYP, BPEAHbIX U3NYYEHU, 30H, OMACHbIX
B OTHOLUEHWWN B3PbiBa, JIIOKOB N APYrMxX NpoemMoB, paboTamroLlinx naowanox,
PacrnoNOXEeHHbIX Ha BbICOTE,

2. YcoBepLUEeHCTBOBaHWE B COOTBETCTBUM C NpaBUIaMm 31eKTpobe3sonacHoCcTu
PasMYHbIX MPUCNOCOBNEHNI AN aBTOMaTMYECKOro 3aWMTHOro OTKIK0YEHMUS
TpaHC(OpPMaTOPHbIX YCTAHOBOK, KamMep, MOACTaHUWNW, TMHUI 3neKTponepeaad, CUCTEM.
3. YcraHoBKa NpMbopoB KOHTPOAS CTaTUYECKOro 3/1eKTpUYeCcTBa, N3MepeHme
COMPOTUBAEHNSA U30NSALLIMUN, KOHTPOSS B3PbIBOONMACHOW U ra3o-HacblLLEHHON cpeabl.

4. B yenax 6e3onacHocTn obcnyxXmBaloLLero nepcoHana ABMXKYLLMECS YacTum
0bopyaoBaHMs, OTKPbITbIE MPOEMbl U OTBEPCTMS B 060pyA0BaHMM, Yepe3 KOTopble B
npoLiecce aKcnsyaTaumMm MOryT BblAENSATbCA NaaMs, rasbl, Nblfb, ly4ncras Tenaota v ap.
LO/MKHbI 6bITb HAAEXHO OrPaXKAEHbI.

Mpu npoBeaeHnn Kaknx-nmbo onepaunii ¢ MM yenoBek, yunTbiBas
NPOM3BOACTBEHHbIN NIV TEXHONOMMYECKMIA NpoLecc NpeanpusaTns, NCnonb3yeT
cpeacTsa 3awunTbl, cobntogan npasuia 6e3onacHoCcTy.

Moacncrema «okpyxatowasa cpega». MNpu cosgaHumn 6e3onacHbiX N 6e3BpeaHbIX
yCnoBui akcnnayataumm MM cpepa oKasbiBaeT BAUSAHUE HE TObKO Ha obecriedeHne
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611aronpuUsATHbLIX 1 340POBbIX YCNIOBUIA TPyZAa YenoBeka, HO M Ha YPOBEHb BO3HWKHOBEHMS

3NeKTpoTpaBMaTn3Ma. BbiNnonHMM aHanm3 hakTopoB, XapaKTEPU3YOWNX 3Ty
noaACnCTEMY.
dakTop «ocBeLeHHOCTb paboyero mecra». MpaBuIbHO CMPOEKTUPOBaHHOE U
BbIMO/IHEHHOE OCBeLLeHMe NoMeLLeHnn Kaknx-nmbo o6beKToB OKa3sbliBaeT
NONOXNTENbHOE BANSHWE Ha paboTOCNOCOBHOCTb YenoBeka N ABNSIETCS BaXHbIM
(aKTOpOM, C TOUKM 3pEHUS, CHUXKEHUS BO3SHUKHOBEHMS TPaBMOOMACHbIX CUTYaLuiA.
HopMnpoBaHMe OCBeLeHHOCTM OCYLLLEeCTBIISIETCA B 3aBMCMMOCTM OT XapakTepa u
TOYHOCTM BbIMNOMIHSiIEMbIX paboT, OT BMAa ocseLLaeMor noBepxHoctn [75]. B
NPOM3BOACTBEHHbIX MOMELLEHUSAX NPeanpUATUIA SNEKTPOIHEPreTUKM npun paboTte C
OMM uncnonb3yeTcsa cucrema obuiero ocseLleHmnsl, a B OTAE/bHbIX Onepaunsx
NPUMEHAETCS MECTHOE OCBELLEHME.
DaKTop «MeTeoposiormyeckue ycnoBums». MeTeoponormyeckme yciosms
OKpY>KaKLen cpeabl XapaKTepU3yTCSA TEMNEepPaTypon, OTHOCUTENbHOM BIaXKHOCTbIO U
CKOPOCTbI0 ABMXEHUS BO34yXa cornacHo [76]. Hanbonee 3HaunTeNbHbIM U3 YKa3aHHbIX
napameTpoB, 6e3yCnoBHO, ABNSETCS TeMrnepaTypa BO34yLLHOW cpeabl.
HebnaronpusaTHble METEOPOsIOrMyeckmne yCcrioBus yxyawawT drusnonornyeckoe
COCTOSIHWE YenoBeKa, CHMXarT paboTocnocobHOCTb, MOryT NPUBOAUTL K Pa3fiNyHbIM
3aboneBaHnaM, a TakXKe BO3HUKHOBEHWIO TpaBMaTM3Ma nogen. AnuTtenbHoe u
WHTEHCMBHOE BO3ENCTBUE Tensia U X0104a, OKasblBaeT BANAHNE Ha (DYHKLMOHANbHOE
COCTOSIHWE OpraHmn3Ma, NpUBOAMT K HAPYLUEHMIO 3aWNTHbIX MEXAHU3MOB WU PasBUTUIO
NaToaI0rM4YecKoro coctoaHms [29]. MNpu pabote ¢ DMM KUMeeT MecTo oxNaxaeHue pyK
oTpaboTaHHbIM BO34yXOM M XONOAHbIM METAIOM KOPMNyca MalMWHbl, B AaHHbIX
YCNoBUSAX MOHMXKaeTcs obLaa conpoTUBASEMOCTb OPraHM3Ma K BO3HUKHOBEHUIO
TpaBMaTu3Ma. MccnegoBaHMs MoKasanu, YToO NPaAKTUYECKNU B OCHOBHOM Mpu
akcnnyataumm OMM oTMevaeTCcs HeCOOTBETCTBME TeEMMNEepPaTypbl OKpYyXaloLlen cpeabl B
XONOAHbIA Nepuoa roga cCaHMTapHO-rMrmeHn4yeckmm TpebosaHnsam, Temneparypa
BO34yXa HUXe pernameHTupyemon Ha 2...8 °C. HopMaTuBHOe 3Ha4YeHne TeMnepaTypbl
BO34yXa, Ans kateropmm pabot c 3MM Ha pabounx mectax, B COOTBETCTBUM C [72],
coctaBnsieT 15-18°C (3a uckntoveHnem pabot Ha TeEppUTOPUN NpeanpusTui).
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DakTop «PU3MKO-XMMNYECKOE COCTOsSIHME cpeabl». COCTOSSHME BO3A4YLLHOW cpeapl
B MPOM3BOACTBEHHbIX MOMELLEHUSX SHEPreTUKM OKasblBaeT HeraTMBHOE BO3AENCTBME Ha
KauyeCTBO BbIMOSHSEMbIX paboT ¢ noMowbio SMM 1 Ha TEXHUYECKYIO NPUrOAHOCTb
MallWHbI B 3KCMJlyaTaumm. B nomeweHnax npu BbiNnoAHEHUM paboT ¢ MM KoM4ecTBo
BblAENSIEMOM MbIJIN Pa3/IMYHOrO XapaKTepa NpeBblaeT A0NYyCTUMY HOpMY Ha 10-20%
[69], noaToMy B BO3ayxe pabouyeit 30HbI NpeaycMaTpMBaeTCs NCNob30BaHue
NblneoTAeNnnTeNen U Apyrux nNblieynasBavBatoLLMX YCTPOUCTB. TakxXe NpucyTcTeme B
BO3AYLUHOWN cpeAe B3pblBOOMACHbIX U XMMUYECKM aKTUBHbIX BELLeCTB, T.€. Napos, rasoB
pasIMYHON KOHLEHTpaLMM OKa3blBaeT paspyLlnTenbHOe AeCTBUE Ha n3onsaumio MM un
CpOK 3KCnJyaTaunm ee ymeHbllaeTcs. [JlaHHbI hakT HeraTMBHO OTpaXkaeTcs Ha
6e3onacHOCTM MalnHbI.
DaKTop «BHELIHEee BO34eNnCcTBMe Ha cpey>». K BHEWHMM BO3AENCTBNAM OTHECEM
OTHOCUTENbHYIO BNaXXHOCTb BO3ayxa M HapoMeTpuyeckoe aaBneHue. OTHOCUMTENbHas
BJI@XXHOCTb BO34yXa npeacraBnseT cobol oTHoweHne GakTMYeCcKoro Konn4yecrTsa napos
BOAbl B BO34yXe Npu AaHHoW Temnepartype D (r/m
3
) [69]. Ecim B NpoM3BOACTBEHHOM
NoMeLLEeHNN HaxXoaaTCa pa3IMyHble MCTOYHUKM Tenna, Temnepatypa KOTopbIX
npeBblLIAeT TeMNepaTypy YelloBE€) € EeCKoro Tena, To Tensi0 OT HUX CAaMOMPON3BOSIbHO
nepexoamT K MEHee HarpeToMy BO34yXOM Teny, T.e. K yenoseky. [oBbileHHas
BNaXXHOCTb ((p>85%) 3aTpyaHAeT Tenjo0bMeH Mexay OpraHUM3MOM YesioBeKa M BHeLLHeN
cpefol BCNeACTBME YMEHbLUIEHUS UCMapeHus Barun C NOBEPXHOCTU KOXK. Takxe
HeobXoAMMO yunTbiBaTb HEraTMBHOE BAMSHME aTMOChEPHbIX BO3AENCTBMUIA Ha M3015UMI0
ToKOoBeayLMX vacTern anekTpoobopyaosaHna 1 3MM, a MMEHHO NOBbILWEHWE NN
NMOHMXEHWNe TeMnepaTypbl, NOBbILWEHMNE OTHOCUTENbHOM BNAXHOCTM BO34yXa, UTO
yBennuymMBaeT pUCK BO3HWKHOBEHMS 3N1eKTPOoOnacHom cuTyaumu,
B Pecnybnunke bypsATna KiMMaT pe3Ko-KOHTUHEHTasbHbIM, KOTOPOMY
COOTBETCTBYET, B KQ4YeCcTBe HOPMaTUBHOrO 3Ha4YeHUs, AaBleHME aTMOCHEPHOro Bo3ayxa
paBHoe 720 MM.pT.CT. Icxoaa M3 KNMMaTUYeCcKMX YCNoBUIA, aTMoCPepHOe AaBneHne
BO3JyXa B TEYEHME BCEro CBETOBOro AHA MeHseTcs. Npeaenbl U3BMEeHEHNS COCTaBASIOT OT
715 po 725 mMM.pt.cT. KonebaHusa BennunHbl aTMOCHEPHOro AaBeHNsS BO34yXa
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HeraTMBHO OTPaXXaKTCA Ha COCTOSHUM 340POBbS 4Yen0BEKa, a TakXe Ha ero
paboToCrnocobHOCTU M NPeACTaBnsOT PUCK TPABMUPOBAHMS.
Mpu obocHoOBaHUM LienecoobpasHOCTU U NePCNeKTUBHOCTU NCCNeaoBaHUm
npuHumnna obecneyeHns 6esonacHocTy nNpu pabore ¢ 3MM BO3HMKaET Heob6XxoANMMOCTb
pelleHuns Taknx Tpex 3agad [57, 77]:
HeaonyLweHne oWmnboUYHbIX N HECAHKLMOHMPOBAHHbIX AENCTBUI NEpPCOHana;
yCTpaHeHM1e yCNoBMN BO3HUKHOBEHUSI OTKA30B TEXHOI0MMYECKOro
obopynoBaHus, B T.4. DMM;
npeaynpexaeHne HepacyeTHbIX BHELWHWUX BO3AENCTBUNA Ha NoAeN U TEXHUKY CO
CTOPOHbI OKpY>KatoLleln cpeapl.
[Ona pelwleHns ykasaHHbIX Tpex 3aga4y HeobxoanMo obecneynTb COOTBETCTBEHHO
cnepytolime ycnoBsusa:
npodeccMoHanbHy NPUrogHOCTb U TEXHOOMNYECKYHO
ONCLUUNIMHUPOBAHHOCTb
BbICOKYI HaZ€XXHOCTb U SProHOMUYHOCTb UCMOJIb3YEMOr0 TEXHOMOrMYeCcKoro
obopyaoBaHus, B T.4. SMM;
KoMdbOopTHbIE AN foaen 1 6e3BpeaHble A1 TEXHUKN YCNIOBUS OKpYyXKatowen
cpenbl.
Mpy BbINONHEHUN YKa3aHHbIX TPeX YC/I0BMI MOXET 6bITb MCKOUYEHO NosiBieHMe
NpeanochifIOK K BOSHWKHOBEHWIO M PA3BUTUIO 3/IEKTPOOMACHbIX CUTYyaLNI, Bbl3BaHHbIX
HeCoBepLUEHCTBOM BCEX KOMMNOHEHTOB paccMaTpMBaeMol YenioBeKo-MallnHHOM
CUCTEMBI.
C y4yeToM NpaKTM4YeCcKOM HEBO3MOXHOCTU UM 3KOHOMMYECKOM
HelenecoobpasHoOCTM cobMOAEHMS Bbllle NPUBEAEHHbIX YCIIOBUN BO3HMKAET
HeobXxoANMMOCTb BO3AENCTBUS Ha MPOBOAMMYIO OMepauunio, Kak LeHTpasbHbIn
KOMIMOHEHT MoAenn obbeKkTa nccnegoBaHus, NpuBeseHHoON Ha pucyHke 1.6, T.e.
YCTaHOBUTb TaKOM NOpPsSAOK MOArOTOBKM U NMpoBeaeHUsl paboT npu KOTOPOM
yunTbiBanacb 6bl peasibHasi BO3MOXHOCTb MNOSIBAEHUS OTAEbHbIX MPeanochblsIoK
NMPUYMHHON Lenu 371eKTpoTpaBMaTmM3Ma M npeaycMaTpmBannucb Mepbl No ero
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CBOEBPEMEHHOMY ycTpaHeHuto [19]. ObecneueHne Tpebyemol 6e3onacHOCTU U
cBefeHNe K MMHUMYMY BO3HUKHOBEHMWS 3/1eKTPOTpaBMaTu3Ma, COOTBETCTBEHHO
CHMXeHue yulepba OT HMX, MOXET 6bITb LOCTUTHYTO BO3AENCTBMEM Ha MPOBOANMYLO
onepaumuio nyTeM CBOEBPEMEHHOI0 U KayeCTBEHHOrO KOHTPOJS NepcoHana u
obopynoBaHus, Takxke OMM, MoAroToBKOM K OKasaHMIO MOMOLLM nocTpadaswumMm [23].
YKa3aHHble Bbllle 3a4a4M 1 BbiTEKAKOLWME N3 HUX YCII0BUS HEOBXoaAMMbI Ans
obecneyeHns Npon3BOACTBEHHO-3KOIOrMYeckon 6e3onacHoCTM skcnayaTaunm MM,
UccnepoBaHue n aHanm3 pakTopoB, XapaKTepu3yoLmX YCN0BMUA 3KCnyaTaunm
OMM, a9BNSAOTCA HEOTHEMIEMOM YaCTbio OLLEHKM B pa3BUTUM M pa3paboTke npouecca
obecneyveHns snekTpobe30nacHOCTU, UrparoLen peLarLlyo pofib B CO34aHUN CUCTEMbI
6e30nacHOCTN AaHHbIX MaLIKWH.
MpoBeaeHHbIN aHann3 akTopoB CUCTEMbI «4YefloBek — MM — npoBoanMas
onepaumus — oKpyxatowasa cpefa» nokasan, 4to pabotbl ¢ MM BbINOMHAOTCA B
cneumndunyeckmnx ycnoemusx. B nepmog paboTbl C MalWMHON YenoBeK NoaBepXeH
BO3JeNCTBUIO (paKTOPOB, KOTOPble B COBOKYMHOCTW OKa3blBaloT HEraTMBHOE
Bo3aencTBME Ha 3PHEKTUBHOCTb PYHKLMOHNPOBAHNSA CUCTEMBI U Ha COCTOSIHUE
3nekTpobe3onacHOCTM aKkcnayaTaunm SMM.
1.4 3apauum uccrnenosaHus
BblNofHEHHbIN B AaHHOW rnaBe aHanuM3 rnokasars, YTo uccnenoBaHus no
obecneyveHnto 6€30MaCHOCTU ISIEKTPUYECKNX MOBUIIBHBIX MaLIMH Ha OCHOBE NMpuHUMNa
COOTBETCTBMS HOPMMpPYEMbIM NMoKa3aTensM n pa3paboTkn CpPeAcTB 3aliUThl C 334aHHbIM
BbICOKMM ypOBHEM 6e30MacHOCTM, MOKa He 3aBepLUEHbI.
MoaToMy HeobxoaAMMO AdarnbHelee pa3BUTUE UCCNENOBAHNN C paClUMPEHNEM

Kpyra npaKTUyeckMx 3agad no Bornpocam oLeHKM BANSIHUS (haKTOpOB YesloBEKOMALLMHHOW cucTeMbl «4-DMM-MO-OC» Ha 6€30MacHOCTb 3NEKTPUYECKMX MOBUJIbHbIX

MallWH, YTO SBJISETCS aKTyallbHOM Hay4HOW npobnemori noBbiweHus 6e3onacHocTy,
NMPUHSATON ANA peLeHns B anccepraunm.
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YunTbiBasa Wmpokoe npuMmeHeHne MM Ha obbekTax 31eKTPO3HEpPreTuKm
npeanaraeTcs 415 NOBbIWEHNS YPOBHS 3/1eKTpo6e30nacHOCTU AaHHbIX MallWH pewmnTb
cnepyrolimMe 3ajayn:

1. NMpoaHannanpoBaTb COCTOSAHUE YCOBUIM 6e3onacHocT 3MM mn BbINOSHUTL
cMcTemMaTm3aunto Npu3HaKoB-(haKTOpPOB YeNoBeKO-MallMHHOW CUCTEMbI, YCTaHOBUB UX
NMPUYHNHHO-CNeACTBEHHbIE CBA3N.

2. MNpoBecTn MoaennpoBaHMe KOMIIEKCA NpM3HaKoB, (aKTopoB.,

XapakTepuayLmx ocobeHHOCTN akcnayaTaumn MM n noctponTb 0606LWEHHYIO
MaTeMaTUYECKYH MOAENb CO3aHMS NepPCrneKTUBHOM CMCTeMbl 6€30MacHOCTH.

3. O6ocHOBaTb MeTOA ONTMMM3ALMM OCHOBHbIX KpuTepues 6e3onacHocTn
YyenloBeKO-MalMHHOW CUCTEMBI M MPUHLMUNBI YNpaBieHns 6e30nacHoCTbIo.

https://susu.antiplagiat.ru/ReportPage.aspx?docld=427.32330090&repNumb=1&type=3&page=0
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4. PazpaboTaTb TEXHMYECKME CpeacTBa NOBbIWEHNS 6be3onacHocT MM un

onpeaennTb CoLManbHO-3KOHOMNYECKYIO 3(PPEKTUBHOCTb UX BHEAPEHUS.
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2 MATEMATUYECKUE METOZblI AHANTU3A BE30MACHOM

SKCNNYATALNWN SNEKTPUYECKNX MOBUJTbHBIX MALLIVH

2.1 YacToTHbIN MeToA aHanM3a NpU3HaKoB 3J1EKTPOTpaBMaTmM3Ma

[Ona yctaHOBNEHUS NPUYNHHO-CNEACTBEHHbIX CBA3EN pacCMOTPUM BCHO

COBOKYMHOCTb MPW3HAKOB, XapaKTEpPU3YLLMX 3/IEKTPOTPABMY, aHanu3 KOTOpbIX 6bin
nposeaeH B naparpacde 1.2. B cOOTBETCTBMU C 3TUM pacCMOTPUM CleayoLne NPU3HaKu:
BO3pacT M CTaX MOCTpajaBlInX; AHW Hedenu; Tonorpaduyeckne ycnosms; smasl pabot c
SMM; Buabl DMM; onacHble cuTyauumn. Bce nprMsHakm, ykasaHHble B Tabnmuax 1.5, 1.6,
1.7,1.8,1.9,1.10 n 1.11 nmeloT CBOK HyMepaLumio. icxoaa n3 nx cyMMapHoro

Konn4yecrtea, No NnpnBegeHHbIM Tabnmuam 31EKTPOTpaBMa 6y.qu XapakTtepu3oBaTbcs 5510 npusHakamu. Torga CbOpMaJ'IMBOBaHHOE onncaHme Hec4HacCTtHOoro cnydasa MOXXHo

npeacrtaBuTb B BUAE BEKTOPa-Npmn3Haka:

=[N
1

N

2

o

o
1,(=1,.,)(2.1)
roe M

1

,n

2

o

— BBeJEHHbIEe MPU3HaKu.
Kaxxabli1 U3 3TUX NPU3HaKOB MOXET NPUHMUMaTb 3HayeHue B Npegenax ot 0 go 1 B
3aBMCUMMOCTM OT TOr0, UMeeT /I MeCTO AaHHbIM NMPU3HAK B KOHKPETHOM HEeCYaCTHOM
cnyvae.

JunHaM1Ka 3MeHeHMa MaTeMaTMYeCcKoro OXNaaHna YMcna 31eKTpoTpaBM Ha
[0CTaTO4YHO NMpeacTaBUTeNbHOW BbibOpKe paccMaTpMBaeMblX NMPU3HAKOB HA KOHKPETHOM
WHTepBane BpeMeHu (B cpegHeM 3a nepmog 2006-2015rr.) npeacrasneHa B Buae
NIOMaHOM KpUBOWN Ans Kaxaon Tabnuubl oTaenbHO. CrnaXxmnBaHue CTaTUCTUYeCcKUX
KPWBbIX N3MEHEHUS cpeaHero (3a yKa3aHHbI Nepuoa) KonMyecTsa 3/1eKTPOTPaBM,
npoBeAeHHOE METOAOM HaMMEHbLUMX KBaApaToB, cornacHo [57, 78], no3sonuno
YCTaHOBUTb IMHENHbIE 3aBUCMMOCTU MO KaXXAO0W M3 CEMU FPynn NPU3HaKoB, PUCYHkM 2.1
-2.7:

n
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m
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B

= 36,8120

-0,802

. (2.2)

rae i=1...5 - npu3Hak 31eKTpoTpaBMbl MO BO3pacTy.

C

= 20,4050

—-0,240

. (2.3)

rae i=6...9 — NpM3HaK 3/1eKTpoTpaBMbl MO CTaxy.

Aa

= 21,104N

-0,365

,(2.4)

roe i=10...16 — NpU3HaK 31eKTpoTpaBMbl NO AHAM Heaenu.

T

= 18,771N

-0,665

. (2.5)

roe i=17...30 - npu3HaK 31eKTpoTpaBMbl MO Tonorpadpuyecknm ycnoBmusam.

P

= 12,6300

—-0229

. (2.6)

roe i=31...40 - npu3HaK 31eKTpoTpaBMbl Mo BMAAM pabot ¢ SMM.
3

=10,703N

-0,665

(2.7)

roe i=41...50 - npu3Hak 31eKTpoTpaBMbl Mo engam SMM.
o]

= 39,0090

-0,851

. (2.8)

roe i=51...55 - npu3HaK 3/1eKTpoTpaBMbl MO ONACHbIM CUTYaLUSAM.

Kpome Toro, Bbigenvm obuiyto ana scex 55 npM3HaKkoB IMHENHYo

3aBMCUMMOCTb:
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= 25,8910

-0,304

. (2.9)

Bocrnonb3yeMcs cTaTUCTUUYECKMMU AAHHBIMU MO 371eKTPOTpaBMaTmU3My,
npovclweaweMy Ha NpeanpusaTuax aeKTpoaHeretukn Pecnybnnkun bypsartus,
MoJly4eHHbIMN B cpeaHeM 3a nepmoa ¢ 2006-2015rr. Obuiee KONMYeCcTBO NPU3HaKoB
3neKTpoTpaBMaTu3Ma coctasnseT 55. [1na nocneayowero aHann3sa craTMcTUYecKmx
AaHHbIX NPU NOCTPOEHUN FpadUKOB 3aBUCUMOCTM SN1IeKTPOTpaBMaTn3Ma oT
COOTBETCTBYHOLWMNX NMpu3HakoB «[», npuBeaeHHbIX B Tabnnuax 1.5, 1.6,1.7, 1.8, 1.9,
1.10 n 1.11 BBegem 6ykBeHHble NHAEKCHI: B — 3nekTpoTpaBMaTn3m nNo BO3pacTy
nocrpagaswnx; C — 3neKTpoTpasMaTU3M NO CTaxy nocrtpagaswunx, [ -
3/1eKTPOTpaBMaTmM3M Mo AHSAM Hegenu; T — 31eKTpoTpaBMaTu3M no
Tonorpaduyecknm ycnosusam; P - snekTpoTpaBMatvM3M No Bugam pabot c OMM; 3
— DJIEKTPOTpaBMaTuU3M No BngaMm SMM; O - 31eKTpoTpaBMaTM3M Mo NpU3HaKY
OonacHom cuTyaumu.

Ha pucyHkax 2.1-2.8 n3obpaxxeHbl 3aBMCMMOCTU 31EKTPOTpaBMaTM3ma,
BblAefIeHHbIe MO rpynnam npm3HakoB. AHaNn3 3TUX 3aBUCMMOCTEN MO3BOSET
yCTaHOBUTb CrieaytoLlee:

1. TpaBMUpoOBaHMe NAeN NponcxoanT B Bo3pacte oT 18 o 24 net n ot 40 o
49 neT. 34ecb MaKkCcMMasbHble OTHOCUTE NbHbIE YAcTOTbl MOBTOPSEMOCTU NMpU3HaKa
(Bo3pacra) cocrasnstoT ans 18-24 - (0,61), 40-49 - (0,58).

2. bonbluie Bcero noaseprarTcs 3/1eKTPONopaXKeHMaM nnua npu

nauTenbHocTn ctaxa — Ao 1 roga (0,74), n ot 1 po 5 net (0,71).

3. Mo gHsaM Hepenn Hanbonbllee KONNMYEeCTBO HeCcHacTHbIX C/ly4yaes

NPONCXOAUT B NMOHeAENbHUK, T.e. NOCNe BbIXOAHbIX AHEWN ANS OCHOBHOWM Macchl
pabotatowmx (0,72).

4. Mo TonorpadnyeckmM ycnoB1MsaM onacHbIMK ob6bekTamMu creayeT cunTaTb
BCMOMOraTe/ibHble MoMeLLeHns: MexaHnyeckoro otaeneHuns (0,79), anekTpo- u
rasocsapoyHoro orgenenus (0,57) n Tepputopun BO3nE CTPOALLMUXCH 34aHUN U
coopy>xxeHun (0,68).
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5. Cpean BMAOB BbINOMHAEMbIX paboT 31eKTpoTpaBMaTU3M 0CO6EHHO
pacrpocTpaHeH Ha cBapHbix pabotax (0,82), Ha cneynanbHbiX paboTtax (0,72), B
cTpouTesnbHbIX paboTtax (0,41).

6. Mo Buaam 3MM B pe3ysibTaTe N0Nb30BaHUS 3NIEKTPOAPENAMN,

LMPKYISPHBbIMX PaciMIOBOYHbIMW CTAaHKaMKN, CBapOYHbIMK annapaTtamu,
3/1eKTPOMOSIOTKaMM, HeCYaCTHble Clydyan AOCTUraloT MaKkCUMMasbHbIX 3HAUYeHW M
cooTBeTCTBEHHO paBHbl (0,86), (0,68), (0,66), (0,58).

7. T10 OCHOBHbIM OMACHbIM CUTyauUWsM C/lydan NMPUKOCHOBEHWUI K

TOKOBEAYLMM YacTsM 3/1eKTPUYECKMX MOBUIbHbIX MaWMH U 3n1ekTpoobopyaoBaHus
Npu MX aKCNayaTaumm Ha OTKPbITOM BO34yXe COCTaBNSAOT BeCbMa
pacnpoCTpaHEeHHYO KaTeropuio HecyacTHbIX cnyvaes. OTHOCUTeNbHas vyacroTa
rnpu3Haka NMpMKOCHOBEHUS cocTaBnseT 3aecb 0,91. Takxe BenmMKa yactoTa npusHaka
npu UCNoJIb30BaHNN YAIMHUTENEN K NUTaowemy kabento 3MM (0,57).

PucyHok 2.1 - N'padmk npr3Haka 31eKTpoTpaBMaTM3Ma Mo BO3pacTy MocTpajaBLInNX
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PucyHok 2.2 - 'padmk npu3HakKa 3/1eKTpoTpaBMaTM3Ma No CTaxy NocTpagaBLunX
PucyHok 2.3 - F'padmk npu3Haka 31eKTpoTpaBMaTM3Ma no AHAM Heaenu
PucyHok 2.4 - 'padmk npusHaka 3/1eKTpoTpaBMaTM3Ma Nno Tonorpadunyeckmm ycioBnam
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PucyHok 2.5 - Npadmk npu3Haka 3/1eKTpoTpaBMaTM3Ma no Buaam pabot c MM
PucyHok 2.6 - 'padunk npmsaHaka anekTpoTpaBMaTnsMa no sugam MM

PucyHok 2.7 - 3aBUCMMOCTb 3/1EKTPOTPpaBMaTn3Ma rno npusHaky onacHon cuTyauunm
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PucyHok 2.8 - JlnHeHas 3aBUCMMOCTb A4/1s1 55 Npu3HaKoB 3/1eKTpoTpaBMaTU3Ma
BbiNnoHAEMbIN aHann3 NpM3HaKOB 3/1eKTPOTpaBMaTM3Ma no3BonseT

YCT@HOBUTb CTAaTUCTUYECKYIO CBSI3b MEXAY HUMMU.

Bbigenmm Ha pucyHkax 2.1-2.7 3HauMMble Npu3HaKku, T.e. Hanbonee vawe
nosTopswowmecs: MNB

, nc

,na

, NT

, NP

, N>

, MO. Kak 6bl1/10 0TMEYEHO BbilLE, 3TU

NpU3HaKMm MOryT NPUHMMaThL Jlornyeckne 3HayeHmna ot 0 go 1. Ecim cpeamn ykasaHHbIX
NnpuM3HaKkoB HabnwaaTCa 3HadYeHMsa npubankawwmecs K eguHuue, TO MOXHO
caenaTb BblBOA O CYLLECTBOBAaHUU TECHOW CTAaTUCTUYECKOW CBA3M MexAay MpusHakamm
Mx

n My

[nsa ycTaHOBNEHUS KONMYECTBEHHOW CBA3WN Mex Ay KayeCTBEeHHbIMU

NpU3HaKaMun, XxapakTepU3yOLMMN 3/IEKTPOTPaBMaTU3M, BOCMOJIb3YEMCSH Tak
Ha3blBaeMbIM KO3(MDPULUNEHTOM ABYX(DAKTOPHON CBSA3M, BbIBOA KOTOPOro AaH B [8],
3anueM ypaBHeHue cneayowmnm obpasom:
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Kak cnegyeTt U3 aHanm3a, KO3 hUUMeEHT r
n

n

XapakTepu3yeTcs AByMs
norpaHM4YHbIMK 3Ha4YeHusMu B npegenax (0, 1). Ecm r
n

n

0, To CBA3b MeXxAay

npu3Hakamu oTcyTcTByeT. Ecnm xe r
n

n

1, To mexay lMx
n My
cyliecTByeT nonaHas
cTaTucruyeckas cessb. Moatomy, npu r
n
n
> 0, CcBA3b MexAy NpusHakamun cnegyet
Yy4YuTbIBaTb, €CAN
n
n
< 0, To 3TOM CBA3blO NpeHebperaem.
B Tabnuue 2.1 npuBeaeHbl KO3PPULUUNEHTbI ABYXHAKTOPHON CBA3WN, MPU3HAKOB
paccyMTaHHbIX MO AAaHHbIM PUCYHKOB 2.1-2.7. PacyeTy Ko3dhd1UNEHTOB
NnpeaLecTBoBas CoaepXaTe/lbHbll aHann3 CBA3eN Mexay Kakon-nmbo napom
npusHakoB. Kak cneayet u3 Tabnuubl 2.1, cywecrtByeT BecbMa TecHas cBs3b (0,710)
Mexay Mnpu3HaKoM NPUKOCHOBEHUS K MPOBOAAM C MOBPEXAEHHOW U30NsSILMEN U
nuuamuy B Bo3pacTe oT 18 go 24 neT, nonyyarowmmmn B pesysbtaTe 3Toro
3N1eKTPOTpaBMy. MiMeeTcs Takxe cylwecTBeHHas cBasb (0,605) mexay
ncnosib3oBaHmeMm MM B 0€060 onacHbIX MOMELEHUSAX U FPYMNMNON INL, CO CTaXXeM OT
5 pno 10 ner.
Takum 06pa3oM, Ha OCHOBAHMW PAacCMOTPEHHOro B ANCCEpPTaLMmM YaCTOTHOrO
MeTo4a aHanM3a NpU3HaKoB 3JIeKTpoTpaBMaTM3Ma BblSB/IEHbI U3 BCEro MHOroobpasus
npu3HakoB Haubonee riaBHble, OTpaXatoLwme CyLeCTBEHHbIE CBOMCTBA M3y4aeMoro
HaMu ABNEeHMUS.
Tabnuua 2.1 - KonmuectBeHHast oueHKa ABYX(aKTOpPHOM CBSA3U
N
n/n
MpusHak My
Mpn3Hak MNx
pynnbl nogen
Buabl noBpexaeHui n
HeucnpaBHocTen MM u
31eKTpoobopyaoBaHus
Bospacr 18-24
ner
Crax 5-10 net
DNEKTPUYECKU A
npobom
nsonaunm
MexaHuyeckoe
nospexaeHne
nsonaunm
3aMblKaHue Ha
Kopnyc
OTcyTCcTBUE
nsonaunm
1
MprKocHOBEHME K NpoBodaM C
NOBpPEeXAEHHONM M3onsumnen
0,710
2
Ncnonb3oBaHne OMM B 0cob60
OMacHbIX MOMeLLEHUSX
0,605
62
MpopomkeHne Tabnnubl 2.1
4
Ncnonb3oBaHne DMM Ha OTKPbITOM
BO34yXe.
0,516
3
Pabota B nomeleHunsx ¢
NOBbILLEHHON ONACHOCTbIO
0,375
5
Pa6oTta B noacobHbIX noMeLleHnaxX
C OMM 1 yanuHuTensmm
0,331
6
MpnmeHeHne DMM B HepaboueMm
COCTOSIHUM
0,246
2.2 MaTeMaTMyecKkui annapaTt OUueHKN BAUSIHUS (PaKTOopoB,
onpeaenarwmx ycnosns paboTbl C 371eKTpUMYECKMMN MOBUIbHBIMK MallnHaMn
AHanus nccnenosaHui no paspaboTke OUeHKN BANSHUA PaKTOPOB Ha COCTOSIHUE
YyesfloBEKO-MAaLWMHHOW CUCTEMBI, OTBevarLwen TpeboBaHMAM NpakTUYeCcKMX 3aaay,
NMoKa3blBaeT He3aBepLEeHHOCTb pelleHns AaHHOW npobnemsl.
HecuacTHble cny4dan, BO3HMKAaLWMeE NpU 3KCnyaTaunm 31eKTpuyecKnx
MOBMbHbLIX MallMH, XapakKTEePU3YHOTCS HE TOMIbKO Ka4YeCTBEHHbLIMU daKTopaMu, HO U
KonmyecTBeHHbIMU. CNocob OLEeHKM KONMYECTBEHHOro ¢akTopa MOXET 6biTb BblpaXXeH
6annamu. B 3TOM cilyyae BO3MOXHA CpaBHUTENbHAA KONMYECTBEHHAs OUeHKa 6e3
OrpaHWYEHMNI BMJIOTb A0 YCTAHOBJIEHMS OTHOLLEHUS MeXAy UccneayeMbiMm hakTopamu.

Cnocob oueHKkn wunccneayeMbix hakToOpoB CPeAHEB3BELUEHHbLIMU MOKasaTeNsaMm, KOTOPLIN
Hambonee npuemneMm, TpebyeT nNpuBeAeHUSA 3HAYEHMN BCEX (AKTOPOB CMCTEMbI K OAHOMY

nokasatento. Hanbonee CNoXHbIM ABASETCS NpMBEAEHWE K OAWMHAKOBbIM eAnHULaM
n3amepeHuns [53]. OrpaHMYeHHOCTb BO3MOXXHOCTU MPUBEAEHUNS eANHUYHbIX (DAaKTOPOB K
OAHOMY w3MepuTento 06ycnaBAMBaET LLeNeco0bpasHOCTb MCNONb30BaHUS 6annbHoM
OLIEHKM, KOTOpas, cornacHo pabotam [79, 80], no3BonsieT ornepupoBathb JH06bIM
KO/IMYECTBOM (DaKTOPOB M UX KOJIMYECTBEHHbIM pe3ynbTaToM. [okasaTtenem
OTpaxarLmnM XapaKTepHble NPU3HaKMU MPUMEHEHMNS 31eKTpPUYECcKon MobUIbHOM
MallWHbl, B YaCTHOCTM, DMM, ABNseTCA: «0NacHOCTb» — KOJIMYECTBEHHASA Mepa,
XapakTepu3yoLaa 3Ha4MMOCTb AAHHOI0 PakTopa B COBOKYMHOM BO34ENCTBUM
KOMIJIeKCa ONacHbIX U BpedHbIX hakTopoB. CTeneHb OMacHOro BO3AENCTBUSA
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onpegenseTcs C Lenbk yCTaHoB/eHNa Hanbonee 3HaunMbiX HakToOpoB U UX BAMSHME Ha

U3MeHeHue pe3y/ibTaTUBHOro nokasarensd. AHanm3 paGOTbI ¢ ODMM Ha ocHOBe MeToAa

aHanmM3a KayecTBEeHHOro BNMSAHMSA (PAKTOPOB Ha N3MEHEHWUS pPe3y/IbTaTUBHOIO 3HA4YEeHUS

3aBUCUT OT CJIeAyoLWNX NapaMeTpoB: OTKIOHEHUS DAaKTUYECKOr0 3Ha4YeHus;
3HAYMMOCTM OMNACHOro BO3AENCTBUA KaXkAoro dakTopa; napaMeTpa, y4YuMTbliBaloLWero
COBOKYMHOe Bo3AelcTBme dakTopos. MNpn aHanmse yenoBeko-MalMHHON CUCTEMBI
Hanbonee NnpMeMnemM MHTErpanbHbli METOA OLEHKM (PaKTOPHOro BAUSAHUSA

06YCNOBMEHHbI TEM, UTO 3HAaYEHUE PaKTOpPa, BblPaXKEHHOE Yepes MHTErpasbHbIin 6an,

MOXeT 6bITb MpUBEAEHO K CONOCTaBMMOMY BUAY, B POPMe BECOBbLIX XapaKTepUCTuk, a
TakXxe, Npu AaHHOM MeToAe cobnoaaeTcs NoAoXKEHME O HE3ABUCUMOCTU PaKTOPOB,
MOCKONbKY MCK/IIOYAOTCS Kakme-nnbo npeanoxeHus o ponn hakTopoB A0 NpoBeAeHUS
aHanm3sa [81].

B KauecTBe yHMBEpCaNbHOro MeToAa OUEeHKN (haKTOpOB XapaKTepU3YHOLWMX

CNCTEMY «YesIOBEK — MallMHa — BHELWHSAS cpeaa» MCrnob3yeTcs CTaTUCTUYECKUn MeToq
MoHTe Kapno [82]. 3ToT MeToA OT/IMYAETCHA MPOCTOTOM M MOXET 6biTb pEKOMEHAOBAH
LN OLLEHKW nccneayeMbiX (hakTopoB, WMMEKLWMX, CNOXHY CTPYKTYPY U CIIOXHbIE
dyHKUMOHanbHble cBs3n. K Hegoctatkam metoaa MoHTe-Kapno cneayet oTHecCTu
HEesBHYI0 3aBUCUMOCTb (PaKTOpOB, XapaKTepu3yLwmnx paboTy 3neKTpuyeckmx
MOBMIbHbIX MaLUWH.

MeToanKa KONMYEeCTBEHHOM OLEHKM COCTOSIHUS CUCTEMbl «4YefloBeK — MallnHa —
BHeLWHSS cpeda», paspaboTtaHHas B [81], 6asnpyeTcss Ha METOANKO-(PU3NONOrMYECKOon
Knaccmdukaumm gakTopoB. MIHTerpanbHasa 6annbHasa oLeHKa COCTOSHUSA CUCTEMbI
BeAeTCs C YYEeTOM BeayLmMX 3Ha4YnMbIX (hakToOpoB, pe3yibTaTOB UX MHTErpasbHOn
OUEeHKM. MeToanKa OLEHKM COBOKYMHOIO BO3AENCTBUS HA YenoBeKa pasiMyHbIX
onacHbiX akTopoB, 6asnpyetcd Ha noaxoge [83], ncnonb3yrouiemMm B OCHOBHOM
3MMAUPUKO-TUMOTETUYECKME 3aBUCUMOCTU MeXAY MHTEHCUBHOCTbIO, SKCTEHCUBHOCTbIO
BHELIHEro Bo34eNCTBUSA U BEPOATHOCTBD BO3HWKHOBEHUS TPABMOOMACHbIX CUTYaLU U,
OueHka BedeTCs C MCNoMb30oBaHMeM NokasaTtens hakTOpoB CUCTEMbl M 3aBUCUT OT
XapakTepa BblNOMHSAeMbIX paboT, OT BUAa Npon3BOACTBA U XapaKTepPUCTUKKN
NpMMeHseMbliX MOBUbHbBIX MalWnH. B ykasaHHOM paboTe Ha OCHOBE BEPOSITHOCTHOIO
noaxoaa rnpw HopMasibHOM 3aKOHe pacrnpeeneHns 3HavyeHnin hakTopoB CUCTEMbI U
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NOCTPOEHUMN YpaBHEHUI perpeccun paspabotaHa MeToaMka aHanvsa akTOpPHOro
B/IMAHNS Ha yCIOBUS 3KCnyaTaumm MoObUbHbIX MaLIWH.

NHTerpanbHbllA METOA OLEHKN B3auMOAeNCTBUSA (DaKTOPOB MO3BONSET BbISIBUTb UX
COBOKYMHOE B/IMSHUE Ha 3D @EKTUBHOCTb cucTeMbl «4-DMM-MO-0C». BaxxHon
0COBEHHOCTbIO MHTErpanbHOr0 MeToda PaKTOPHOro aHann3a OTMeYeHHOoro B [79],
SABNSIETCH TO, YTO OH AaeT O6LMA NOAXO0A K PELUEHMIO 3a4a4 CaMoro pasHoro B1Maa,
HEe3aBMCUMO OT KOJIMYECTBA 3/IEMEHTOB, BXOASALMNX B MOAENb (PaKTOPHOM CUCTEMBI, U
(OpMbI CBSA3M MeXAY HUMMU, BbiSIBASIET NPON3BOACTBEHHbIE (DAKTOPbI, BANSIOWNE Ha
obobuiaoLwmin nokasaTenb, T.e. pe3y/bTarT.

Mpepnaraemas B guccepraunm MeToAMKa aHaNM3a KOIMYECTBEHHOIrO BAUSAHUS
MO3BONSET YCTAHOBUTb CTeneHb 3HAa4YMMOCTN (DaKTOPOB MOACUCTEM «YefloBeEK» «DMM»,
«MNpoBOAMMAs onepauns», «OKpyXallLllas cpega»>» B npoLecce KOMMAEKCHOro
BO34ENCTBUSA Ha pe3ynbTaTUBHbIN nMokasatenb — 6e30nacHOCTb NpUMeEHeHUS
3M1EeKTPUYECKNX MOBUIIbHbIX MaLWKH. Micxoas N3 METOANKM aHaaM3a BbISIBASIOTCA

akTopbl (ONMCaHUE N UX XapaKTepucTuKa NpueeaeHbl B naparpade 1.3), okasbiBaolimne

BIMSHWE Ha NonyYeHne pesynbTaTa, NpU NPUHSATOM AOMYLWEHUU: AOMHKHO COXPAHATHCS
MOCTOSIHCTBO CKOPOCTEN M3MEHEHUSA (DaKTOPOB.
Mpeanonoxum = (®

) — HekoTopas MYHKUUSA U3BMEHEHMUS

pe3ynbTupyloLero nokasarens dakropos; ®

1

,®

2

)

— 3HayeHus haKTopoB, OT

KOTOPbIX 3aBUCUT 3HaYEHME pe3ysibTUPYHOLLEro nokasartens «y». Heobxoanmo
onpeaennTb A0S0 YMCIEHHOMO NpUpaLLeHMs Kaxaoro haktopa oT npupalleHns
dyHKUNM = (O

1

,®

2

)

). ®aKkTopbl N3MEHSOTCH BO BPEMEHU C M3BECTHbIMMU

3HaYEeHMAMM KaXkaoro akTopa B «n» To4kax, B M- MEPHOM MpocTpaHcTee [83].
A

1

= (®

= (®

N =

NN

) (2.11)

=((D

)
roe ©
- 3Ha4yeHMue j-ro dakTopa B MOMeHT i, t — BpeMeHu; A

- 3HayeHuns

duKkcnpyeMbix akToOpoB B M - MPOCTPaHCTBeE.
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MpeanonoXxuM, YTo NoKasaTenb «y» MNoay4ua npupalleHme Ay 3a aHanu3MpyeMblit
nepuoga; Toraa pyHkumsa = (®

1
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) — ecTb 4acTHas Npov3BOAHas OT 3TOM PYHKLUWUU NO aprymeHTy O@j

Torpga napaMeTpuyeckoe ypaBHEHME MOXHO 3anucaTb B C/ieaytolemM Buae:
(0]

=0

+ (®

+1

-0

), (2.12)

roe j=1,2,..,M; 0t >1.

Beenem o603HauveHMe:

. (2.13)

YuntbiBasa 3Tn gse gopmysbl (2.12) 1 (2.13), npupaweHmne dyHKLNN MOXHO
3anucaTtb B BUAeE :

=]

b

1

[®

1

+ (©

+1

)P

+ (@

+ (®

+1

-0

(@

+1

-0

), (2.14)

rrej=1,2,...,m;i=1,2,..,n-1.

Mocne cooTBETCTBYOLWMX Npeobpa3zoBaHuii U MaTeMaTnyeckon 06paboTku
BblpaxeHue (2.14) MOXHO 3anucaTtb B CliedyoLWeM BUAE :
= [X(

N>~ & ©

]
0.5

-0.5

. (2.15)

[JaHHY0 MeTOANKY, MHTErpanbHON OLLeHKW YCNOBUI 3KCNyaTaunm

3NEKTPUYECKMX MOBUBbHBIX MalIWH MPUMEHUM A1 pacyeTa BO34ENCTBUSA OMacHbIX U
BpeAHbIX haKTOpPOB B NOACUCTEMAX «4enoBek», «DMM», «npoBoauMas onepauns»,
«OoKpyXxatwLuas cpega». OueHka ycnoBuin npuMeHeHns 3MM cBoANTCA K YCTaHOBJIEHUIO
COOTBETCTBMS YPOBHSA Kaxkaoro gakrtopa TpeboBaHMAM HOPMAaTUBHO-TEXHUYECKNX
OOKYMeHTOB. [lanee onpeaensieTcs COBOKyNnHas oueHKa Ha ocHoBe 0606LeHHOoro
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nokasaTenis «0NnacHOCTb» Ha OCHOBaHWU METOAMKW NpeanioXeHHOW Bbllle.
NHTerpanbHy0 OUEHKY yC/IoBUA NpuMeHeHnsa DMM onpeaenum no dopmyne (2.15).
Mpn aTOM 0603HaUUM: O

— peanbHoOe 3Ha4yeHue j-ro HebnaronpuaTHoro gakropa

cncremsbl; Oi

- npeaenbHO-A0NYCTUMbIA YpOBEHb (KOHUEHTpauus) i-ro daktopa

CUCTEMbI; N — YNCNO N3MEPEHHbIX (PaKTOPOB B M- NpocTpaHcTBe. [puMeM gonylieHune,

yto npn Ay < 1 HebnaronpusiTHoe BO34ENCTBME (PaKTOPOB OTCYTCTBYET, B ciydae Ay > 1

BO3AeNCTBME (PAKTOPOB C/IEAYET CYUMTaTb 3HAaYMMbIM. PacueT nHTerpanbHoro 6anna

« OMACHOCTb» B NoACMCTEMax «4yenosek», «3IMM», «npoBoamMas ornepaums>»,
«OKpy>atLasa cpefia» OCHOBaH Ha CpeAHEeCTaTUCTUYECKMX 3HAUYEHNAX nokasaTtenen
OMacHbIX U BpeAHbIX (pakTopoB, (OPMUPYIOLLMX YCAOBUS 3KCrayaTtaumm SMM.
PaccMoTpuM oTAENbHO cocTaBnsowme eauHon B3aMMOCBA3aHHON CUCTEMBI

«4yenoBek — SMM - npoBoauMas orepauuns — OKpyXKatolias cpeaa», onpeaennm
YMC/IEHHbIW NoKasaTenb ( MHTerpanbHbin 6ann) Ang Kaxaoro dakTopa BXoAsLero B
noacmcrembl M 0606l EHHbIV NoKa3aTeslb «0ONacHOCTb>» .,

MoacncreMa «4yenoBek>.

Mo NnpuBeAeHHOW MeToaMKe ornpeaennuM nHTerpanbHblii 6ann BnmaHns hakTopos,
hopMUpyOWKNX YCI0BMSA IKCnlyaTaumm MM, T.e. UX 3HAYMMOCTb, B AAHHOM
noacmcreme.

[Ona onpefeneHns KOMYECTBEHHOr0 3HAaYeHMs OMacHOCTM Kaxaoro dakropa,
BBeAEM AoNnyLeHNe 0 HOpMUPYeMbIX YPOBHAX hakTopoB. C y4eTOM OCHOBHbIX
3ProHOMMYECKN 3HayMMbiX PakToOpoB ycioBuMin paboTbl DMM 1 ¢ UCMNOAb30BAHUEM
nokasaTesiell COOTBETCTBUS NpeAenibHO AOMYCTUMbIM 3HaYeHWsAM, onpeaenmm
OTK/NIOHEHWE (PaKTUYECKOro YPOBHSA 3TUX (HAaKTOPOB OTHOCUTENIbHO HOPMaTUBHOIO

3HaAYeHus, T.e. HTerpanbHbl 6anna, a UMEeHHO, 3HAUMMOCTb BAUSAHUS pakTopa,
onpegensairoLwero ycinoBus skcnsyataumm DMM [84, 85, 86] B moAcucTEMe «4YesioBeEK>»
Ncnonb3ys BbipaxkeHue (2.15).

Pe3ynbTaTbl pacyeToB NapaMeTpoB, YUYNTbIBAKOLLMNX CTENEHb OMACHOro U1 BpPeaHOro
BINSAHUS (DAaKTOPOB, OnpeAesieHHbIe METOAOM UHTErpasibHoOM 6anbHOM OLEHKM,
npuseaeHbl B Tabnmue 2.2.
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Tabnuua 2.2 - NHTerpanbHasa oueHKa akTopoB, BANSIOWMX Ha YCNIOBUS 3KCMyaTauum
OMM B noacucreMe «4yenoBek»

®dakTopsl

Yen.

0603H.

(ea. n3m).

®dakTu4yeckoe 3HayeHue

dakTopa

Hopm.

3Hau.

dakTopa

NHTerpanbHbIN

6ann

=~ I g ungrHrPr,grrwgrHr NS HHS

O6o3Ha

yeHune

3HaueH

ne

BHuMaHue,

MblLLIEHNE

B,

(ycn. en)

1416 1317 1510-12 U

1

y

1,73

Mcmnxodursnonoroyeckmne

Harpy3ku

H, (Kr) 28 29 27 28 28 20-25 "

2

Y

1,28

3HaHue

TeXHUYeCKoMn

paboTbl

P, (BT) 59 63 65 58 63 45-60 U

3

y

1,25

OnacHoe

nonoXxeHue Tena

T,

(oTH. en)

0,610,640,590,570,610,55M4

4

y

1,13

Kak BMAHO 13 Tabanubl 2.2, akTtopbl HOPMUPYIOLLME YCIOBUS 3KCrayaTaunmn SMM
NO 3HaYMMOCTWN BENNUYNHbBI MHTErpasabHOro 6anna, pacnonaralTcs B CieaytoLLen
NnocnefoBaTelbHOCTU: BHMMaHue, MbiwneHue (U
1

Y

=1,73) oka3sbiBaeT 60/blLIOE BANSAHUE HaA
BO3HMKHOBEHME OMACHOM cMTyaumun; criepyowme gakTopbl — «ncnxoduamonormyeckme
Harpy3ku» (U

2

y

=1,28), « 3HaHMe TexHnueckorn pabotbl» ( U
3

Y

=1,25), « onacHoe nonoxeHne

Tena» (U

4

y

=1,13), cneayeT cuntaTtb HEGNAronNnpUSATHBIMU M OKa3sblBaKOLWMMN OTpULaTesibHOe

BO3JeNCTBMNE Ha pe3ynbTaT, B NoCnen0oBaTe/ibHOCTU onpep,eneHHoﬁ MHTErpasibHbIM 6annom.

[Ons onpeneneHns o606LLEHHOO MOKa3aTeNs COBOKYMHOro He6NaronpusaTHoOro
BO3AENCTBUA (PaKTOPOB Mpu 3KCMayataunn SMM npuMeHuUM dopmyny,
MpeacTaBnAoLWYlo BEIMUMHY UHTErpanbHoro 6anna «m»:

68

= [3(

*
-0.5

,(2.16)

roe Oi

- cpeaHee 3HayeHue i-ro HebnaronpuaTHoro daktopa; ®Hj

— HOpMMpyeMoe

3Ha4yeHme dakTopa.

[Ons noacucrembl «4enoBek», 0606LLEHHbIN NMOKa3aTeslb «0NacHOCTb», T.€e.
WHTerpanbHbIn 6ann cocrasnseT U

y

=1,53.

Moacucrema «3MM».,

OnacHble n BpegHble aKTopbl, KOTOPble OKa3blBaloT Hanbonbluee BAMAHNE Ha
nosiBNeHNe onacHoM CUTyauun, UMelT 3HaUYUTENbHbIE MPeBbIWEeHNS HOPMUPYEMbIX
3HaYeHuN.

PaccmMoTpuM onacHoe BavsiHMe (hakTOpOB, XapaKTepu3yoL X COCTOSHMNE
noacucreMbl «3MM». Ncnonb3ys BblpaxeHue (2.15), onpeaenMm KoaMYecTBeHHbI M
nokasaTeflb OnaCHOro BO3AENCTBMSA KaXXAoro daktopa AaHHOW NMOACUCTEMbI Ha YC/10BUS
sKkcnnyataumm SMM. Tlocne COOTBETCTBYHOLLMX PAcYETOB, MOJyHYeHHbIE 3Ha4YeHns
aHanmampyembix HakToOpoB 3anuLleM B BUAE MHTerpanbHoro 6anna, mcxoasa w3
ypaBHeHUS (2.16), pacdeTHble AaHHble NpuBeAeM B Tabnuue 2.3.

Kak BMAHO 13 Tabnnubl 2.3, Hanbonbllee HebNaronpusaTHOE BO3AENCTBUE Ha
yCnoBus npuMmeHeHns DMM  oka3biBaeT haKTop «BpeMsl paboTbl», BeIMYMHA
WHTerpaneHoro 6anna cocrasnset U

4
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2

=1,78. Cneayownm pakTopoM, KOTOPbI

OKa3blBaeT OrnacHoe BO3AENCTBME, SIBASETCH — «COCTOSIHUE U30MALUN>», UHTErpasbHbIN
6ann kKoToporo cocrasnsiet U

1

3

=1,33; BnmsHuMe daKTopa — «ypoBEHb MEXAHUYECKUX

BO3JAENCTBUN>», CUUTAETCH TakXe 3HAYMMbIM, KOJIMYECTBEHHbIN NOKa3aTeNb paBeH
n

2

3

=1,28, panee, COOTBETCTBEHHO MO BENNYMHE MHTErpanbHOro 6anna onacHbiM
(haKToOpoOM ABMAETCS «NOTEHLMan 3ByKOBbIX BO34ENCTBUI», U

3

C]

=1,16.
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Tabnuua 2.3 - UHTerpanbHas oueHka akTopoB, BANSIOWNX HA YC/I0OBUS 3KCMayaTaumm
SOMM B noacucreme «MM»

®dakTopsl

Yen.

0603H.

(en. n3m).

dakTnyecKoe 3HayeHmne

dakTopa

Hopm.

3Hau.

dakTopa

NHTerpanbHbIN

6ann

NI OSONUSGNDMSGNWSGNNGNREG

O603Hau
eHune
3HaueH
ne
CocrosiHne
nsonaunm
n, (mMOmM)4,1484,2464,351U
1
3
1,33
YpoBeHb
MexaHn4YecKnx
BO3AENCTBUI
V, (ob) 87 86 90 89 88 85 U
2
C]
1,28
YpoBeHb
3BYKOBbIX
BO34ENCTBUI
Po, (abA) 125 128 131 134 129110 U
3
3
1,16
Bpems pabotbl t, (MMH) 235 225 230 215 225210 U
4
3
1,78
Ona nHTerpanbHOM OLEHKW YCNOBUIA 3Kcnyataunm MM, Apu COBOKYMHOM
BO34eNCTBUKN BCeX (haKTOPOB, NCMOJb3yeM 0606LLEHHbI NOKa3aTesb « OMacHOCTb,
KOTOPbIN OnpeaenseTcs n3 BblpaxxeHusa (2.16), nHTerpanbHbli 6ann cocrasun U
3
=1,56.
MNoacucrema «npoBoanMast ornepauns».
Ncxoasa 13 aHanmsa (akTopoBs, onpeaensowmx CoCTosHNe CUCTeMBI
6e3onacHoCTK akcnayaTaumm MM, B 3aBUCMMOCTU OT TEXHOIOMTMK Kakoro-nnbo Bmnaa
paboTbl, paCCMOTPMM OCHOBHbIE HEraTUBHbIE BO3AENCTBMS KOMMNOHEHTOB MNOACUCTEMBI
«MnpoBoAnMas onepaums». PyKoBOACTBYSICb paHEE U3T0XXEHHOW MEeTOAUKON AaanM
oLeHKy haKToOpoB AAaHHOW MNOACUCTEMbI, Ha OCY € OBaHUN aHanMsa, NpMBeaeHoO B
naparpade 1.3. B 3aBUCMMOCTN OT BO3HMKHOBEHUS COObITUI MM NPEeAnoCbISIOK K HUM
HOpMUpYyeMble 3HadeHUs haKToOpPOB NPUBOASTCS B OTHOCUTESIbHbIX eAMHMNLAX B
npegenax 0 < 0,5 < 1 [87]. KonnuyecTBeHHbIN NOKasaTe/b ONacHOro BO34ENCTBUS
kaxxgoro daktopa npu pabote MM B 3TOM noACUCTEME ONpeaeInM C MOMOLLbIO
BblpaxeHus (2.15). Pe3ynbTaTbl BbINO/IHEHHbBIX pacyeToB MHTerpanbHoro 6anna ans
Kaxaoro cdaktopa BHecem B Tabnnuy 2.4.
70
PacueTHble AaHHble MOKa3blBaloT, YTO PaKTOPbl, TAaKNE KaK: «MNoaroToBKa K
BbIMOSHEHUIO paboT», «TexHn4yeckoe ob6Cy)XMBaHNUE N PEMOHT», «MNOsIBfIeHMe nepcoHana
B OMACHOWM 30He» OKa3blBalOT HE3HAUMTENIbHOE OnacHoe BO3AENCTBUE, T.€.
oTpuuaTenbHOE BO3AeNCTBME 3TUX (PaKTOPOB OTCYTCTBYET. B COOTBETCTBUM C NPUHATBIM
[onylleHneM BennymHa nHTerpansHoro 6anna U
6]
MeHble eagnHuLbl. MNoaToMy
3Ha4YnMbIM (pakTopoM byaeT «opraHusauns obecnedeHmns 6esonacHocTu» U
3
6]
=0,99, T.e.
BE/IMYMHA UHTerpanbHoro 6anna 6amska K eguHuLe.
Ycnosus npuMeHeHns DMM, KOTOpble OnpeaenstoTcs noKasaTesieM «onacHOCTb»
BO3aelcTBNS HaKTOpOB NOACUCTEMBbI «MPOBOAMMAs onepaumsa» onpeaensercs

3HaAYeHMEeM MHTerpanbHoro 6anna U

O

=0,98.

Tabnmua 2.4 - UHTerpanbHas oueHKa pakTopoB, BAUAKOLWLNX Ha YCIIOBUS 3SKCMyaTaumm
SMM B noacncremMe «nNposoaMMasi ornepaums»
daKTopbl

Yen.

0603H.

(ea. nsm).

dakTnyeckoe 3HayeHue dakTopa

Hopm.

3Hau.

hakTo

pa

UHTerpanbHbI

6ann

WIOWUOoWDHOWWHWNLGWERHSYH

0O603Ha

yeHune

3HayeHun

e

MoarotoBka K

BbIMOSIHEHUIO

paboTt

01,

(oTH. en)

0,56 0,840,720,680,86 0,5-1 1

1

o]

0,71

TexHunyeckoe

obcnyxxmBaHue u

PEMOHT

02,

(oTH. en)

0,780,870,730,820,790,5-1 1

2

o]

0,84

OpraHusauus

obecneveHuns

6e3onacHocTn

03,

(oTH. en)

0,990,970,950,980,870,513 1"

3

o]

0,99

MosasneHune

nepcoHana B

OrMacHoM 30He

04,

(oTH. en)

0,670,810,750,690,880,5-1 1

4

6]

0,78
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Moacncrema «okpyxxatowasa cpefa».

AHann3 $haKTopoB, XapaKTepusyloLWwmnx yCi0BUS KCAyaTaummn a1eKTpuyeckmx
MO6UNbHBLIX MalLWH, NPOBEAEHHbIV B naparpade 1.3, no3BONSET BblAE/IUTb OCHOBHbIE
HebnaronpusaTHblie GakTopbl B MOACUCTEME «OKPY>KatoLlasa cpeaa».

B cooTBeTCTBUM C paHee NpuUBeAEHHOW METOAMKOW, OnpeaeniuM NHTerpasnbHyto
oueHKy (haKTOpoB MOACUCTEMbI «OKPYXKatoLlas cpeaa».

Onpepensiem no dopmyne (2.15) uHTerpanbHbIY 6ann BAMAHUA Kaxaoro gakropa
NMOACUCTEMbI «OKpYyXatoLlasa cpefa» Ha BO3HWKHOBEHME TPAaBMOOMACHOM CUTyauuu.
PacueTHble 3HayeHus nHTerpanbHoro 6anna GakTopoB U NOACUCTEMbI «OKpYXatoLlas
cpena» npvBeaeHbl B Tabnmue 2.5.

Tabnuua 2.5 - UHTerpanbHas oueHka (akTopoB, BAUSIOWMX Ha YCIOBUS 3KCnJyaTaumm
OMM B noAcCMCTEME «OKpyXKawLliasa cpega»

dakTopsbl

Yen.

0603H.

(En.

n3m).

dakTnueckoe 3HayeHue dakTopa

Hopm.

3Hau.

takTopa

MHTerpanbHbIn 6ann

(0]

AT o PrPUSRAPASPRAWEAEANGg AR

O603Hau

eHune

3HayeHune

OcBeLeHHOCTb

pabo4yero mecra

E, (JIk) 160 150 170 140 155 150-180
n

1

0,89

MeTteoponoruye

CKue ycnoBus

t°,(°C) 12151013 11 15-23
n

2

1,26

DdnsnKoxmmMmmyeckoe
cocTosiHne

cpeapl
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o
(Mr/m
3
)
6,57,24,35,13,84-6
n
3
0,83
ATMOCdeEepHble
BO3JENCTBUSA
P,
(MM.pT.
cT)
710 715 710 715 720 720-725
n
4
0,74
AHanu3s nosly4YeHHbIX AaHHbIX MOKa3blBaeT, YTO haKTopbl NOACUCTEMbI
«OKpy>atLasa cpeia» OKa3blBaT HE3HAUYNTENbHOE BO34ECTBME HA BO3HUKHOBEHNE
0OMacHOCTU U OTpUuaTeNbHOE BO3aeNCcTBUE (hakTOPOB OTCYTCTBYET, T.K. COF/IaCHO
NPUHATOrO AONYLEHUS BENNYMHA MHTErpanbHoro 6anna U
MeHbLUEe eanHULbI.
72
OCHOBHbIM (haKTOpPOM, KOTOPbIA ByAeT ABASATCS 3HAYUMbIM, OTHECEM
«METEOopOJIornyeckmne ycnoBus» - BeUYMHA MHTEerpanbHoro 6anna cocrasnser U
2
=1,26.
lNokasaTesb «0ONacHOCTb» COBOKYMHOIO BO34AENCTBUA (DAaKTOPOB MOACUCTEMBI
«OKpYy>Xatllas cpega» BblYMCIEHHbIN No dopMmyne (2.16) coctaBnset U
S
=0,93.
M3 pe3ynbTaToB MHTErpasibHOW OLEHKWN ClefyeT, YTo MPOrHo3npoBaHue,

njaaHUpoBaHWe YPoBHS 6€30MacHOCTU 3/1eKTPUYECKUX MOBUIIbHBIX MalWnH, HeobxoAMMO

OCYLLEeCTBAATb C MOMOLLbLO BblbOpa onTMManbHbIX N0 6€30NacHOCTU ynpaBasieMblX
¢daKTopoB CUCTEMbI «4yenoBek — SMM — npoBoaMMas onepauuns — oKkpyxatlLlas cpeaa».
AHanm3 0606LLEeHHOro MeEToAa COBOKYMHOIr0 BO3AENCTBUS (DAKTOPOB «4YesI0BEK>,
«DMM», «npoBoAMMas onepaums», «oKpyxatrlias cpeia» no3BoaseT yCTaHOBUTb
ypoBeHb 6€30MacHOCTM yCNoBuMil aKcnyaTtaunmm MM B 3aBMCMMOCTM OT YN paB/iseMblX
dakTopoB noacmcreM. M3 aHanmsa pakToOpHOro BAMSHUSA C/IEAYET BblBOA, YTO BaXXHYIO
ponb B obecneyeHun ypoBHS 6e30MacHOCTM UrpaloT akTopbl NOACUCTEMbI « DMM»,
0606LLEeHHbIN MHTerpasnbHbl 6ann, KoTopbix coctaBnseT U

3

=1,56, paHHbIV NokasaTesb

OTPaXaeT He TONbKO BpeMs paboTbl U CHUXXEHWE COMPOTUBMEHNSA n3onsumMn MM, HO U
YPOBEHb BANSAHUA Ha YenoBeKa APYrux PakTopoB, XapaKTeEPU3yOLWMX NCNO/Ib30BaHNe
MalKWHbI. B cOBOKYNHOCTM hakTopbl NoACUCTEMBbI «OMM>» B onpeaeneHHon cTeneHmn
OKa3blBalOT BAMSIHWE HA BO3HWKHOBEHWE ONACHOW CUTyaunmn U pa3BuTne Kakmx-nmbo
naTasnormM4yeckmx U3MEHEeHUM B OpraHmn3Me 4yenoBeka, CBA3aHHbIX C ONacHbIM U BpeAHbIM
BO3JEMNCTBMEM TAaKOro ConyTCTBytoLero akTopa Kak ypoBeHb MEXaHMYECKNX
BO3JENCTBUMN.

0606WeHHbIN MHTErpasbHbIf 6ann HebnaronpusaTHOro BO3AeNCTBUA (DaKTOpPOB
NOACUCTEMbI «4esloBeK» cocTasniseT U

]

=1,53. No BennunHe nokasaTenss «ornacHoOCTb»

0606L,eHHOro nHTerpanbHoro 6anna U

3

, N

y

cnepyeT cunTaTb 3HAUYNMMbIMU,

2.3 AHanu3 nokasaTenein TEXHOreHHON ONacHOCTU BO3HUKHOBEHMUS
3/1IeKTpOTPaBMMUPOBaHMS Npu sKcrayataunmn MM

Mpon3sBoacTBEHHAA AEATENbHOCTb NOTEHLUMANbHO OMacHa, Tak Kak cBs3aHa C
npoBeaeHMeM TEXHONOrMYECKUX NPOLLeCCOB, a Noc/iegHne ¢ anekTponoTpebneHnem
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(BblpaboTkoin, Nnpeobpa3oBaHWEM 3NEKTPUYECKON IHEPrun u ap.). Npn 3TOM BO3HUKaeT
TEeXHOreHHas OMacHOCTb, KOTOpas MPosIBASETCS B pe3y/ibTaTe HECAaHKLUWOHMPOBAHHOIoO
WM HeynpaBAsieMoro BbIXo4a SHEpPrmn, HakoMIEHHOro B TEXHOOr MYeCKOM
obopyzoBaHuK, yCTaHOBKax, B OKpy>KatlLien cpege. B ceoto ouepeab

HecaHKLI,VIOHMpOBaHHbIﬁ N HeyrlpaBJ'If-IEMbIVI BbIX04 SHEPrn NpUBOANT K TpaBMaTU3My

n rmnbenun nogen. NMosToMy TEXHOreHHast ONACHOCTb SAABNSETCS CNeACTBUEM, MPUUNHHOMN
uenu Npeanocbiyiok, NPUBOAALWLMX K MOTepe yrnpaBaeHUs TEXHONOrMYECKUM NpoL,.eccom,
obopyaoBaHueM, yctaHoBKaMu u ap. [71]. B 4yacTHOCTK, pacCMOTPUM COCTOSIHUE
cucTeMbl «4yenosek — MM - npoBoguMas onepauns — oKpyxatwas cpeja» 1
ornpeaesiMm oueHKY TeXHOreHHOM OMacHOCTM 31eKTPOTPaBMMPOBaHUS YesioBeka npu
aKkcnayaTtaumu SMM.

MpuMeHeHne nHTerpasnbHOro METOAA OLEHKU BANSHUS hakTopoB cnucteMbl «4OMM-TMO-0C» Ha ycnoBus skcnayataunm MM no3BoAsET yCTaHOBUTL NokKasaTtesnun

TEXHOreHHOM OMacHOCTM BO3HMKHOBEHWS 3/1€KTPOTPaBMUPOBaAHNS NMOAEN.
MpuBeneHHbIV B Naparpade 2.2 aHann3 NoslyYeHHbIN AaHHbIX MOKa3blBaeT, uUTo
UYMCNEHHbIM NOKasaTeNb «ONaCHOCTb», BbIYUMC/IEHHbIN AN8 KaXXA0W MOACUCTEMbI B
WHTerpanbHon opMe oTpakaeT BO3MOXHOCTb BOSHMKHOBEHWUS 3/1eKTPOTPaBMaTn3mMa.
Mpn nccnegoBaHMM N aHannse ycnoBuin akcnayataunmn MM, HabnogalTcs
CToXacTu4yeckne 3aBMCMMOCTU S1eKTpoTpaBMaTrU3aMa OT pacCMaTpuBaeMbiX Bbille
(haKTOpOB, CBA3b MEXAY BENMUYMHAMM KOTOPbIX MPOSABASETCS B TOM, YTO MMEKOTCA
(aKTopbl, pearMpylouime Ha 3SMEHEHME APYroro, M3MEHEHNEM CBOEr0 3HAYeHMU, a

oT/IMYalTCA NPUBAN3NTENIbHOCTLIO U HeornpeaeneHHocTbio [79, 88]. OHU NposABAsAOTCA

TOJIbKO B CpeAHEM 3HAYEHUU MPU HEOAHOKPATHOM KonM4vecTBe HabnwaeHwi. MosTomy,
Nnpv aHannse BO3HWMKHOBEHMS 3/1EKTPOTPAaBMMpPOBaHMS YenoBeKa B 3aBUCMMOCTM OT
pasfIMuYHbIX OMacHbIX (haKTOPOB, UCMOMb3YEM METOAbI MaTEMATUUYECKON CTaTUCTUKMU
[89]. U3@@eHeHne aHannu3npyemMoro npoLecca BO3HMKHOBEHWSA 3/1eKTpoTpaBMaTn3imMa
MOXHO MpeacTaBUTb, KakK C/lydalHbI NPOLLECC, B KOTOPOM TpebyeTcsl yCTaHOBUTb U
OLIEHUTb 3aBUCUMOCTb M3YYaEMOWN BEIMUNHbBI OT OAHOM UM HECKONbKUX APYrnX
BE/IMYNH. [JaHHasi 3aBMCMMOCTb MPOSABASETCA B TOM, YTO NPy U3MEHEHUUN OAHON U3

74

BE/IMUYNH N3MEHSETCA 3HadeHue apyron. MNpu aHanmM3e ycnoBuii npuMeHeHus MM
WMHTErpaabHbIM METOAOM Obi/IN ONpeAeseHbl KOMYECTBEHHbIE OLLEHKN 3HAYMMOCTU
OTAENbHbIX (DAaKTOPOB B AMHAMUKE U3MEHEHUSA. BEPOATHOCTHbLI METOA aHanu3a

MO3BOJIAET AOMOJIHUTb MHTerpaﬂbeIVl METOoA T.€. OonumncaTb MaTeMaTU4YeECKN N YCTAHOBUTb
KOoppenAaunoHHblIE 3aBUCUMMOCTUN CTEMEHU BIMAHUA OTAENbHbIX (baKTOPOB Ha BEPOATHOCTb

BO3HUKHOBEHMWS TEXHOMEHHOW OMacHOCTM M pasBUTMe anekTpoTpaBMaTtnama [90, 9117.
Bce @akTopbl, OT KOTOPbIX 3aBUCUT 3/1EKTPOTPaBMaTn3M, AENCTBYIOT B

KOMMJieKce, B3aMMOCBA3aHO. OnTuMM3auus hakTopoB AAET BO3MOXHOCTb ONpeaeuTb
CTeneHb BO3AENCTBMA KaXA0ro U3 HUX Ha BEIMUYNHY McCneayemMoro npolecca. Ans

onpeaeneHnss MHTEHCUMBHOCTU M aHaIMTUYECKON (DOPMbl B3anMMO3aBMCMMOCTM (PaKTOpPOB
NCnonb3yeM MeToAbl KOPPENsSUMOHHOIRO U perpeccMBHOrO aHanusa, KoTopble MO3BOMSOT

pewnTb cneaylowme 3agaum [57, 921:

BblAEINTb CyLLECTBEHHbIE U HECYLLeCTBEHHbIe (DaKTopbl, YCTaHOBUTb
OTHOCUTESIbHYIO CTENEHb 3aBUCMMOCTU 3N1EKTpOTpaBMaTM3Ma OT Kaxaoro gakrtopa;
onpeaennTb, Kak M3MEHSIETCS BeIMUYMHA UCCNeayeMoro npolecca npu

M3MeHeHUU (HaKTOpOB;

YCT@HOBUTb 3aKOHOMEPHOCTM BANSAHMSA (PaKTOpPOB Ha pa3BuTue
3/1eKTPOTpaBMaTmn3Ma YenoBeka;

KO/IMYECTBEHHO BblpasnTb B3aMMOCBS3b Mexay ¢aKTopaMn CUCTEMBI.

[nsa peleHuns NocTaBleHHbIX 3aaa4y NMoCTPOUM CTPYKTYPHO-/IOFMUYECKYHO 6/10KCxeMy haKTOpPHOW cUCTeMbl 6€30MacHOCTY Ha OCHOBAHWM PacCMOTPEHHOIO B
AMccepTaummM MHTErpasbHOro MeTofa OLUEHKWU BIMSHUS OMacHbiX (PaKTOPOB Ha YC/IOBUS

sKcnayatauum MM (cM. pucyHok 2.9). INpu 3TOM BbiSIBIEHbI, U3 BCEN COBOKYMHOCTU
(haKTopOoB rnaBHble, OTpa)xkatolme Hambonee CyleCTBEHHbIE CBONCTBA
paccMaTpuBaeMoro npolecca, Koim4yecTBeHHble 3Ha4YeHM KOTopbIX 6blv npuBeaeHbl B
naparpade 2.2.
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MpuBenemM aHanMTMUeCcKoe YypaBHEHME, KOTOPOE XapaKTepu3yeT 3aBMCUMOCTb

Mexay AByMs nmokasartensmu [85, 89, 90]:

=+,(2.17)

rae X — akTopHbIM MoKa3aTesb YCI0BMIW 3aKcniyaTaumm SMM;

aunb - napameTpbl ypaBHEHNS perpeccumn, KoTopble TpebyeTca onpeaennTb;

Yx

— pe3y/ibTaTMBHbIN NOKa3aTeslb TEXHOMTeHHON ONacHOCTU BO3HUKHOBEHMUS
3/1eKTPOTPaBMMPOBAHMS YenoBeka.

OTO ypaBHEHME OMNUCHIBAET TaKyo CBSA3b MeXAy ABYMs (akTopaMu, MNpu KOTOPOM

C UBMEHEHUEM 3HayeHus (HaKTOPHOro nokasaTesis Ha ornpeaeneHHY BENNYMHY
HabnogaeTcs paBHOMEPHOE BO3pacTtaHme nam ybbiBaHMeE 3HAYEeHUN pe3ybTaTUBHOIO
nokasaTens.

PucyHok 2.9 — CTpyKTypHO-/ornyeckas 61ok-cxeMa MHTerpasbHoM OUueHKN (hakTopoB
YyCIoBUM 3Kcnayatauun SMM

Ucnonb3ys dopmyny cesa3m (2.17), onpeaennm 3aBMCMMOCTb NoKa3aTesns
TEXHOreHHOM OMacHOCTU 3/1IeKTPOTPaBMMPOBaHUS OT BO3AeNCTBUS (hakToOpoB Npu
akcnayataunm 3MM. ns aToro cornacHo [90] Heob6xoaMMOo pewmnTb CcMcTemMy
ypaBHeHuI (2.18). N3 gaHHOM cMCTEMbl YpaBHEHUM, NOYYEHHbIX MO CNOCOby
HanMeHbLUNX KBaApaToB, ornpeaensemM 3HavyeHns KoapdununeHToB a u b.

OMM TexHoreHHas onacHocCTb Yenosek

MpoBoanmas onepaunsa OkpykatoLasa cpeaa

(2.18)

rae n — KoJM4ecTBO HabnaeHun.

KosddULUMEHT «a» — NOCTOSIHHasa BeMdnHa pe3yibTaTMBHOro nokasarens
TEXHOreHHOW OMacHoOCTM, KOTOpas He CBA3aHa C MU3MEHEHUEM AaHHOrO dakTopa.
MNMapameTp «b» mokasbiBaeT cpegHee U3MeHeHue pe3yibTaTMBHOIO nokasaTtens c
NOBbILLIEHMEM UM MOHUXEHUEM BEIMUNHbBI haKTOpa HAa €AMHULY ero U3MEHEHMUS.
3Ha4yeHus ¥,3,>,>

2

paccynTbIBAOTCA Ha OCHOBE (haKTUYECKUX

NCXOAHbIX AaHHbIX. TECHOTY CBA3WU Mex Ay (hakTopaMu U rokasaTesns TEXHOreHHOMN
OMacHOCTM OnpeaennM C NoMoLLLbI KoadduuneHTa koppensiunm (r), n koaddunumeHTa
AetepMmHaumu (d), KOTOpble pacCUMTbIBAOTCA NO Crieayowmm dopMyiaMm :

2

+

,(2.19)

2

. (2.20)

KoadduumeHT Koppensiumm MoXxKeT NpUHUMaTb 3HadeHus ot 0 go 1.

Yem 6amxe ero sennumHa K 1, Tem bonee TecHasa CBA3b MexAy 3HaYEHUSAMU
(haKTOpoB paccMaTpyMBaEMON 3aBMCUMOCTU. Mcnonb3oBaHe KO3 duLMeEHTa
AeTepMUHauns MNO3BOSET YCTAHOBUTb MPOLIEHTHYIO 3aBUMCMMOCTb BAUSAHUS
nccneayemoro daktopa, a Takxke Apyrmx akTopoB Ha BeNMYMHY MokasaTtens
TEXHOreHHOM OMacHOCTU 3/1eKTPOTPaBMMPOBaHMS.

M3 pucyHka 2.9 cneayet, 4to Hambonee 3HaUMMbIMK PaKToOpaMm SBASIIOTCA B
NoACUCTEME «YENOBEK» — BHMMaHue, MbiwneHue (U

1

y

=1,73); B noacncreme «3MM» -

BpeMs paboTtbl (U

4
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2

=1,78); B noacMcreMe «npoBoavMas ornepaums» — opraHusayms

obecneueHunsa 6esonacHoctu (U

3

o]

=0,99); B noacucreMe «oKpyxatLlasa cpea» —

MeTeoposiornyeckmne ycnoeusa (A

2

=1,26). Ana onpegeneHns BAMSHUS AaHHbIX (akTopoB

Ha U3MeHeHMWe nokasaTens TEXHOreHHon onacHoctn (Yx

) 3NeKTpoTpaBMMpPOBaHMUS
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MCcnosb3yeM ypaBHeHue (2.17), XxapakTepusyLiee B3aMMoCBsA3b C PaKTOPHbIM
nokasarenem (x).

[ns BblAeNEeHHbIX Bblle (haKTOPOB MOACUCTEM «YeIOBEK», «DMM»,
«MNpoBOAMMAs onepauns», «oKpy>xalmLas cpega» onpeaennM ypaBHEHUS CBA3M,
NCNOoNb3ys CTaTUCTUYECKMNE N SKCMEPUMEHTAlIbHbIE AAHHbIE MO aHann3y yCcioBUmn
npuMeHeHuss MM Ha obbeKkTax 3NeKTposaHepreTukn Pecnybnunkn bBypstus.
PerpeccroHHbIN aHanM3 Nosy4YeHHbIX AaHHbIX C IMHeapu3aunern no MeToay
HaMMeHbLIMX KBaApaToOB cOriacHo [92], mo3BOAMA MOAYy4YMTb Clieaytolime ypaBHeHUS
perpeccuu Asa nokasarene TeXHOreHHOM ONnacHOCTU 3/1eKTPOTPaBMMPOBAHMS Mpu
aKcnnyaTaumu 3MM, ncxoasa m3 ypasHeHun (2.17) n (2.18).

b

= 0,606 — 0,019B,

= -0,292 + 1,653,
(2.21)

=0,923 - 1,3850

w

~

i

2
=2,532 -1,568°,
roe b

- 3Ha4yeHMs nokasaTesiel TEXHOreHHOW ONacHOCTH

3/1eKTPOTPaBMUPOBaAHUS;

B, t, t°, O3

- cooTBeTCTBYOWME dhaKTopbl NoacMcreM (BHUMAHME, MbllLSIEHUE;

BpeMsi paboTbl; opraHu3auuns obecnedyeHns 6€30MacHOCTN; METEOPOIOrnYecKme
ycnosus).

Mony4yeHHble rpadunyeckmne 3aBucnmoctTn (pucyHkmn 2.10, 2.11, 2.12, 2.13),
NpeACTaBNSAT M3MEHEHME NoKa3aTesiel TEXHOreHHOM OMnacHOCTU
3N1EeKTPOTpaBMMpoBaHUSA npu pabote ¢ MM, B 3aBMCMMOCTM OT BO3AENCTBUSA

onpeaeneHHoro gakrtopa cmcrembl «4-OMM-MO-0OC» n yCcTaHOBUTb NMPUYNHHOCIEACTBEHHbIE CBSA3M MEXAY UccneayemMbiMu hakTopamu.

AHanNM3 NoslydeHHbIX AaHHbIX MOKa3blBaEeT, UTO BCe (haKTOpbl OKa3blBalOT BAMSAHME
Ha BO3HMKHOBEHMWE 3/1IEKTPOTPaBMNUpPOBaHUS.
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PucyHok 2.10 — 3aBMCMMOCTb TEXHOrFEHHOW OMacHOCTW 3/1eKTPOTPa€) @MMPOBAHNS OT
hakTopa «BHUMaHWE, MblLUIEHME»

PucyHok 2.11 — 3aBMCMMOCTb TEXHOFEHHOM OMACHOCTW 3/1IEKTPOTPaBMMPOBaHMS OT
dakTopa «BpeMsi paboTbi»

PucyHok 2.12 — 3aBMCMMOCTb TEXHOEHHOW OMACHOCTU 3/1IEKTPOTPaBMUpPOBAHUS

OT (pakTopa «opraHmnsauma obecneveHumsa 6esonacHocTn»
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911131517
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PucyHok 2.13 — 3aBMCMMOCTb TEXHOFEHHOM OMACHOCTW 3/1IEKTPOTPaBMMPOBaHMS OT
hakTopa «MeTeoposiormyeckmne yciosmus»

MNpuBeaeHHbIe 3aBUCMMOCTN Ha pucyHKax 2.10, 2.11, 2.12, 2.13 oTpaxatoT
COBMeCTHOe BO34encTBme Hanbonee 3HauMMblX PakToOpPOB NOACUCTEMbI «YesI0BEeK>,
«DMM», «nNpoBoAMMas onepaumsa», «oKpyxatwas cpeja» Ha U3MEHEeHMe TEXHOreHHOM
OMacHOCTU 3/1eKTPOTPaBMUPOBAHMUSA, NMEOLLEro TEHAEHLUNIO K BO3PAaCTaHMUIO.

MpoBeaeM aHann3 N3MEeHEHUS KaXaoro akTopa n ero BAMSHUE Ha

BO3HUKHOBEHME TEXHOrMEHHOW OMacHOCTU 3JIEKTPOTPaBMMpoBaHus npu pabote ¢ MM,
YpaBHeHue perpeccun (2.21) n pucyHok 2.10 nokasblBaloT, YTO NpU yBEIUYEHUMN
3HAYeHNa «BHUMaHMWe, MblillfieHne» Ha 1 ycn.ed., nokasaTeslb BO3HUKHOBEHUS
TEXHOrEHHOWM OMacHOCTU 31IEKTPOTPaBMMPOBaHMSA yMeHbluaeTcs B cpeaHeM Ha 0,052
eanHuubl. AHanns gakTopa npuBeaeH B naparpadge 1.3.

YpaBHeHue (2.21) un pucyHok 2.11, onucbiBalowme cBA3b Mexay hakTopom

«BpeMsi paboTbl» K NokasaTeneM BO3HUKHOBEHMWS TEXHOMEHHOMW OMacHOCTU
3/1eKTpoTpaBMaTmM3Ma, NO3BONSKOT OTMETUTb, YTO C YBe/IMYeHneM BpeMeHn paboTbl Ha 10
MWH. BEPOSITHOCTb 3/1EKTPOTPAaBMMPOBaHUS BO3pacTaeT (nokasaTeNb yBeIMYMBAETCS Ha

0,065 eamHunu). aHHbIN NokasaTesb B3aMMOCBA3aH C ApyruMu aktopamm cucrtemol «43MM-MO-0OC» B LenoM 1 B onpeaenéHHON cTeneHun, Hanpmmep, GakTop «PrU3NKOXMMNYECKOe COCTOSTHUE cpeabl» U GakTop «COCTOSIHME U30AIUNN>»> C yBENNYEHUEM
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BpeMeHn paboTbl NponCxoamT 6bICTPbIN M3HOC U30MSLUN U YBETMYEHUE CTENEHN
OMacHOCTM 31eKTPOTpaBMMPOBaHMS.

AHann3 ypaBHeHUSs cBA3M (2.21) nokasatens TEXHOreHHOW ONacHOCTH
3NEeKTPOTPaBMMPOBaAHMS B 3aBUCMMOCTU OT hakTopa «opraHm3aums obecneyeHmns
6e3onacHoCTM>» 1 rpadmMyeckor 3aBUCMMOCTM Ha PUCYHKe 2.12 noka3bliBaeT, YTo Nnpwu
yBennuyeHnmn 3HadeHms gakrtopa Ha 0,1 ycn. ea. nokasatenb TEXHOreHHON OnacHOCTH
3NEeKTPOTpaBMMpoOBaHUS cHUxaeTcsa Ha 0,043 eanHuubl. HecMoTpsa Ha To, UTO dakTop
«opraHusaums obecneyeHmns 6e30NacHOCTU» pacCMaTpMBaETCH U YUNTbIBAETCA B
OTHOCUTESIbHbIX eanHuLuax, 3Ha4yeHne gaHHoro daktopa 6y4eT 3aBMCeTb OT BO3AENCTBUS
ApYrux akTopoB NOACUCTEMbI «MPoBOAMMAs onepauus» U B LLeSIOM CUCTEMbI.

DaKTOp «MeTeoponornyeckne ycroBmsa» MMeeT BaXXHOe 3HayeHne B obecrneveHunmn
KOMMOPTHbIX YCIIOBUI A4S YenoBeKa Npu akcnayataumm OMM. Mcxoas n3 aHanmsa
ypaBHeHus (2.21) n pucyHka 2.13 BUAHO, YTO NpW MOBbIWEHNM TeMnepaTypbl Ha 1°C,
nokasaTtesflb TEXHOreHHOW ONacHOCTU 3JIeKTPOTPaBMMPOBaHUS yMeHbLLaeTcs Ha 1,6
eanHuL.

Takmm o6pa3oM, Npu MCNOIb30BAHMM MaTeMaTUYECKUX YPaBHEHWNIA HEIMHENHOMN
3aBUCMMOCTU, C YYETOM IMHEeapun3aumun, onpeaeneHa creneHb BAnsaHusa Hambonee
3HaYMMbIX (PAKTOPOB Ha COCTOSAHUE CUCTEMBI «4yenoBek — 3MM - npoBoaMmas onepaums
— OKpy»>KatoLlaa cpeaa», nosydeHbl 3Ha4YeHUs nokasaTenen TeXHOreHHON onacHoCTH
3/1eKTPOTPaBMUPOBAHMS, C UBMEHEHMEM KaXXA0rO paKTopa Ha eaAMHULY B 3aBMCUMOCTU
OT pa3MepHOCTU. [poBeAEeHHbIN perpecCMOHHbI MeToA NO3BON/ OLEHUTb
B3aMMOBANSAHMNE U CBA3b (DAaKTOPOB MPWU BO3HMKHOBEHMM DNEKTPOOMacHbIn CUTyaUnn,
NosyYnTb OAHO3HAYHbIE 3aBMCUMOCTU. 1N onpeaeneHms oLeHKNU U3MeHEeHUs BANSHUS
Mexay akTopamu, BO3AENCTBYIOWMMM Ha NOKasaTeslb TEXHOrEHHOM OMacHOCTH
3/1eKTPOTPaBMMPOBAHMS, MPUMeHEHbl KO3 PMLUNEHTbI KOppensumu U geTepMMHaLnm,
KoTopble onpegeneHbl Mo dopmynam (2.19), (2.20). PesynbTaTbl pacyeToB NpvBeAEHbI B
Tabnuue 2.6.

AHanu3 NoNy4YeHHbIX AaHHbIX Tabnnubl 2.6 NokasbiBaeT, 4To Hanbonee

NpakTU4YecKn 3Ha4YNMbIM aBNsSeTCa KoadduumMeHT Koppensumm

3

o]

= 0,85. MNonyyeHHble

3HauYeHnsa Ko3PPNUMEHTOB AeTEPMMHALIMN NMOKA3bIBAKOT, UTO NMOKasaTelb TEXHOreHHOM
81

OMaCHOCTM 3/1eKTPOTpaBMmMpoBaHus Ha 56% 3aBncuT oT akTopa «BblHUMaHKE,
MbiweHne», Ha 85% 3aBMcKT OT hakTopa «BpeMsl paboTbl», Ha 55% 3aBucnT oT dakTopa
«MeTeopoJsiormyeckmne yciosus» n Ha 91% 3aBmcuT OT dakTopa «obecnedeHue
6e3zonacHocTu». (PacyeT ypaBHeHMIM B3anMocBA3n HakTopoB, KO3(hMdOULNEHTOB
Koppensiumn u getepMmHaunmn npueeaeHbl B MpunoxeHun A).

MNpepnaraemas MeToamka, NnpeaHa3HavYeHHas Anas peleHns 3a4ay no oueHke
6esonacHocTn skcnnyaTaumm SMM, OcCHOBaHHas Ha BEPOSATHOCTHOM MOAXOAE U
COCTaB/IEHNMN KOPPENSLMOHHbIX YpaBHEHUN, C 06paboTKoM CTaTUCTUYECKUX U
3KCMepuMeHTanbHbIX AAHHbIX METOAOM MaTEMaTUYECKOro aHaam3a, No3BoJISET
YCTaHOBUTb B/IMSHME KaXA0ro akropa Ha BeIMYMHY OMNacHOCTU M BpeaHOCTU 1 BblbpaTb
W3 Yncia ynpasaseMblX akTopoB onTMMasbHble N0 KpuTeputo 6esonacHocTn. B
KayecrBe ornpeaensemMoro Kputepus, B JAHHON METOAMKE, MPUHSAT nokasaTenb
TEXHOreHHOWN OMacHOCTWU 3NeKTPOTPaBMMPOBAHUS, KOTOPbIN AaeT KOMNYECTBEHHYIO
oueHKy 6e30nacHOCTM COCTOSAHUS cucTeMbl «4-DMM-O-0C».

Tabnmua 2.6 — Pe3ynbTaTbl pacyeToB KO3hDdOULNEHTOB KOppensumn n geTepMMHaumnm

KoaddunumeHT Koppensaumm

2O WWN L~

3HayeHne 0,750,120,85-0,92
KoadbdunumeHT getepmMmHaumnm

A O WWN LCIH

3HayeHne 0,56 0,013 0,43 0,85

2.4 CueHapHOe NporHo3MpoBaHME U ero oLeHKa pasBUTUS 3NEKTpoTpaBMaTM3Ma.
BakHOe MecTo B pelueHnmn NpoBOAMMbIX UCCNeA0BaHNI TEXHOMeHHOM ONacHOCTMU
3aHMMaeT BbINOJIHEHME CLLeHapHOro NPOrHO3MpoBaHMA U OnpeaeneHne ero OUeHKn B
pasBMTUK 31EKTpoTpaBMaTu3Ma npu pabote c SMM.

MeToa cLeHapHOro NporHo3MpoBaHus, AaeT BO3MOXHOCTb ONpeaenmTb

BEPOSTHOCTHblE TEHAEHLUWU Pa3BUTUSA COBbITUIA U BO3MOXHbIE NOCIEACTBUS
NPUHMUMaEMbIX pPeLLlEHU C Lenbto Bbibopa Hanbonee noaxoasulen anbTepPHaTMBbI
ynpaBneHus. MeTtog npeaycMaTpuBaEeT yyacTue B pa3paboTke CLeHapueB pa3BuUTus
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aHanu3npyemomn cuTyauunn, cneymanncros pasiM4yHoro npoduas n 4acrto C pasaMyHbIMU
B3r/S4aMn Ha paccMaTpuBaeMyto npobnemy. OH BK/IOYaeT B cebsi nMpueMbl U MeTOoAbI
coaepXXaTenbHOro 1 opMann3oBaHHOr0 onmMcaHnsa NpobneMHon cuTyauun u
KOHKpPEeTHble METOAbI, U aNroOpUTMbl MOCTPOEHUS U UCCNEA0BAHNSA CLlEHapUeEB ee
pa3BUTUSA C LLUMPOKUM NMPUMEHEHUEM HOBbIX MH(MOPMALMOHHbIX TEXHONOrMN [93, 94, 95].
|_|0,£I, cueHapueM NoHMMaeTcd r’mnoTeTnyeckaa KaptuHa nocieaoBaTtesibHOro

pasBUTMSA U BO BPEMEHWN M MPOCTPAHCTBE COBbITUIA, MPEeACTaBAAOWNX B COBOKYMHOCTU
3BOJIIOLUMIO YMpaBAseMoro obbekTa B MHTEPECYIOLWEM uccreaoBaTens paspese. B
CcueHapuu B ABHOM Buae MGUKCUPYHOTCS NPUUNHHO-CIEACTBEHHbIE 3aBMCMMOCTM
NnapaMeTpoB, OMNpeaensowmnXx BO3MOXHYIO AMHAMUKY U3MEHEHUS COCTOSHMSA obbekTa,
nencreyrowme hakTopbl U YC/I0BUS, B KOTOPbIX 3TU U3MEHEHUS ByayT NponNcxoanThb.
CueHapuin iBNsieTc HEKOTOPOM OTHOCUTESNIbHOM, YCIIOBHOW OLLEHKOM BO3MOXXHOIO
pa3BUTUSA CUCTEMbI, TaK Kak BCeraa CTPOMTCS B paMKaxX NpeanosioxXeHui o byayumx
YC/IOBUSIX Pa3BUTUS, KOTOPbIE Yalle BCero NpMHLUMNManbHO Henpeackasyembl [96].
CueHapHbI METOA NpeayCMaTpMBaEeT MHOrOBapMaHTHOCTb, T.€. pa3paboTky

HEKOTOPbIX aslbTEPHATMBHbIX BAPMAHTOB BO3MOXHOIO PasBUTUS CUTyaLuMu,
paccMOTpeHMe KOTOPbIX MO3BOMSAET ONPeAeUTb KPUTUYECKME CUTYaummn, a Takxe
YCTaHOBUTb BO3MOXHbIe MOCIeACTBUSA NpeAnonaraemMblX BapuaHToB C Liefblo UX
cornocraBneHns n Bbibopa Hambonee agdekTnBHoro. CueHapuin pasBUTUS
aHanM3npyeMor cuTyalmn No3BonsieT C TEM UN MHBbIM YPOBHEM AOCTOBEPHOCTM
onpeaennTb TEHAEHUUN pa3BUTUS, B3aMMOCBA3M MexXay AEeNCTBYOWNMU pakTopamm,
chopMMpoBaTb KapTUHY BO3MOXHbIX COCTOSIHUM, K KOTOPbIM MOXET MNPUATU CUTyaums
noa BAUSIHWEM TEX UM MHbIX BO3AENCTBUN. Pa3spaboTaHHble cLeHapum No3BoasloT 6onee
MOJIHO N OTYET/INBO ONnpeaesinTb NepCnekTnBbl pa3BUTUA CUTYalUUN, KaK Npun Hainvynum
PasMYHbIX YNPaBasioOLWMX BO3LENCTBUIN, TaK U MPU UX OTCYTCTBMKU. C ApYron CTOpPOHbI,
CLleHapuK OXXMAAEMOro pa3BUTUS CUTyaLnK NO3BOJSIOT CBOEBPEMEHHO OCO3HaTb
OMacHOCTM, KOTOPbIMX YpeBaTbl HeyAauHble YnpaBieH4Yeckne BO3AeNCTBUS NN
HebnaronpusaTHoe pasButmne cobbiTnin [93, 96].
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CueHapHbI MeTo NpeanonaraeT CocTaBNeHNe TpeX BO3MOXHbIX BApUaHTOB
(cueHapueB) pa3BuUTUA CUTyaUMM — ONTUMUCTUYECKOrO, Hanbonee BEpPOATHOro
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«MJIAHOBOr0»> U MEeCCUMUCTUYECKOro. [pu BbIMOAHEHUW UCCNeaoBaHUW B aguccepTaumm
npumeHeH 6onee NnpueMseMblin — BTOPOM METOA CLLEHapHOro NporHo3npoBaHus, a
UMeHHO, Hanbonee BEPOATHOrO.

C [Apyrow CTopoOHbl, COCTOSIHUE 3/1eKTpo6e30nacHOCTU, Kak M3BECTHO, 3aBUCUT OT
MHOFMX npu3HakoB (hakTopoB), MPUMEHEHMNE KOTOPbIX Bbl3bIBAETCA MHOFMMU
npuyMHamMm n obcroaTenscreamMu. NoaTOMy MCKIOYAETCH BO3MOXHOCTb YCTaHOBIEHWS
XKECTKUX OAHO3HAYHbIX 3aKOHOMEPHOCTEN Mex Ay MoKa3aTensMyM >SeKTpoTpaBMaTu3Ma,
NpU3HaKaMn, XapakTEPU3YIOLWMN €ro U MPUYNHAMU, Bbi3blBAOWUMN U3SMEHEHUNE 3TUX
npu3Hakos. B 3TOM cny4yae 3agada Tak HasblBAEMOrO0 BEPOSTHOrO MPOrHO3MPOBaHUS
MOXEeT 6bITb CBEAEHA K KAYECTBEHHOMY MM KONMYECTBEHHOMY aHaNN3y BANSHUS
NMPU3HAKOB Ha COCTOSAHME 3/71eKTPO6e30MacHOCTM 1 OnpeaeneHntio TeHAEHUUN U3MEHEHUS
nokasaTesiel 3/eKTpoTpaBMaTM3aMa Ha nepcnektusy [97, 98].

PaccmoTpuM 3Ty 3agadvy, npeaBapuTesibHO BbIAENWB 3Tambl:

1. yctaHOBNeHnsa ob6bekTa NporHO3MpoBaHuS;

2. oTbopa Hambonee 3Ha4YMMbIX NMPU3HAKOB, XapaKTEPU3YHOLLMX 06beKT
NpOrHo3npoBaHus;

3. onpepeneHns nepuoga NporHo3MpoBaHus;

4, 0bocHOBaHMA MeTOAA NPOrHO3NMpPOBaHMS.

MeToa cLeHapHOro NporHo3MpoBaHMS AAeT BO3MOXHOCTb ONMpeaeuTb BEPOSATHbIE

TEHAEHUWW Pa3BUTUSA 3/1eKTpoTpaBMaTM3Ma, KakK CreacTBMe BO3HUKHOBEHUS

TeXHOreHHoln onacHoctn 3MM, B 3aBMCMMOCTM OT Hanbonee 3Ha4YMMbIX MPU3HAKOB U
paccMaTpuBaeMbIX cMTyauni. B cueHapun GUKCUMPYIOTCA NPUYMHHO-C/IEACTBEHHbIE
CBA3W, onpegenswowme AUMHAMUKY U3MEHEHUS COCTOSIHUS 3/1eKTpoTpaBMaTm3ma, npu

AeCTBYIOWMX NpU3HaKax-dakTopax, 1 yCNoBuUS, B KOTOPbIX 3TU U3MEHEHUSA
NponcxoasT.

Mpu oTbope Npu3HaKkoB, Nognexalimx NporHosy, 6yaem pykoBoaCTBOBATLCS
cnegylowmm: HeoboCHOBaHHOE yBEMYEHNE YNCa MPU3HAKOB MPUBOAUT K CIIOXHOCTH
aHanusa M HeoAHO3Ha4YHOCTU NMPOrHO3HbIX OLeHOK. Kpome Toro, kak oTMevaetcs B [97],
CHWXaeTCs AOCTOBEPHOCTb pe3yfbTaToB NporHo3a. C Apyrol CTOPOHbI, MOMbITKa
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OLEHUTb 06bEKT NPOrHO3NPOBaHMUSA, CKaXXeM MO OAHOMY MU ABYM MPU3HaKaM MOXET
NPUBECTU K CHUXXEHUIO NOoKasaTenen kayecrsa (TOYHOCTU, AOCTOBEPHOCTU U MOJSIHOTHI).
MpaBunabHbIM 1 060CHOBaHHbLIN OTOHOP NPU3HAKOB, XapaKTEpU3YOLLMX
3/1eKTPOTPaBMaTU3M, MOXHO MPOBECTU C MOMOLLbIO N3BECTHOro npasuna [99],
OCHOBAHHOIrO Ha PaH>XWpPOBaHWM MPU3HAKOB, HAPSAY C U3BECTHbIM METOAOM 3KCMEPTHbIX
OLLeHOK Mnn MoxeT 6biTb MOMyYeH C MOMOLLbIO MPOBEAEHHOr0 B ANCcepTaumm
YaCTOTHOro aHanu3a. [ins 3Toro HeobxoAMMO B BEKTOpe-NpusHake

F=(N1

,n2

geee M

,...TK

), (i=1,55) BblgennTb NpU3HaKku, nMmerowmne 3HadyeHuns Mi

, MMax

.B

COOTBETCTBUMU C PUCYHKaMun 2.1-2.7 3TuMM npusHakamm sasnswoTcs M1

, N8

, MN10

, N22

, N33

’

n48

, N51

B Tabnmue 2.7 npmBeaeH paHXu poBaHHbIN psg 3HAYMMbIX MPU3HAKOB,
XapaKTepu3yoLWmX 31eKTPOTPaBMaTU3M N COCTaBNSALWNX 06bEKT NPOrHO3NMpoBaHMS.
Tabnuua 2.7 — PaH>XMUPOBaHHbIN pag 3HAa4YMMbIX MPU3HAKOB

nBei

BO3pacT

(B)

ncs

CcTax

©

naio

OHWU

Hepenu

(AH)

nT22

Tonorpaduyeckme

ycnosus (TY)

nrP33

BUAbI

paboTt

(BP)

n>48

BUAbI

SMM

(B3)

nos1

onacHas

cnTyaums

(0C)

0,32 0,280,450,580,670,830,92

[Ona onpepeneHns nepnoaa NporHO3MpoBaHUS BOCMONb3yeMCs pekoMeHAaumsaMm
[97], B COOTBETCTBMM C KOTOPbIMW NPEeAYyCMOTPEHbI MHTEPBasbl ynpexaeHus: oo 5 ner
(KpaTKOCPO4HbI NPOrHo3) 1 oT 6 A0 15 net (cpeaHeCcpoYHbI NporHo3). MNepebi BUA
NporHo3a cnegyeT NpUMeHsTb ANS OTAEsbHbIX 3/1eKTPO3HEepreTMyYecknx npeanpusaTni
WM B LEeNOM TaKnxX NpeanpusaTuii, Hanpumep, pecnybnmkn, obnacru c uenbio
opraHusaumm onepaTtMBHON NOMOLM B NpodunakTnke TpaBmMaTuama. CpeaHecpoYHbIi
NpoOrHo3, AnAs OTpacin WA pervoHa, AaeT BO3MOXHOCTb BblpaboTaTb CTpatervio no
paunoHanbHOMY UCMONb30BaHMIO MaTepuanbHbIX CPEACTB U PECYpPCOB, BblAeNSEMbIX Ha
OXpaHy Tpyaa.

[Ons BbINOAHEHUS KPaTKOCPOYHOrO MW CPeAHECPOYHOr0 MPOrHo3a pauMoHasbHO
NCNOoNb30BaTb 3KCTPaANONALNOHHBIN MeTod [97], CYLHOCTb KOTOPOro COCTOUT B TOM, YTO
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CNOXWBLUASACA B NPeAnporHO3HbIi Nepuos AMHaMuKa U3MEHEHUS nokasartenem

( NpM3HaKoB) 31eKTpOTpaBMaTM3Ma MEPEHOCUTCHA Ha 3a4aHHbI MHTEpBan ynpexaeHns. B
KayecTBe peTpOCNEeKTUBHOM MHMOPMaLMN MOXET 6biTb NCMO/Ib30BaH BPEMEHHOW
OUHaMUYECKUIA psd, OTpaXkaloLwmMii COCTOSHUE 31ekTpobe3onacHocTum
(anekTpoTpaBmaTMama) npu pabote c DMM.

CueHapui pa3BUTUSA 3MIEKTPOTpaBMaTM3Ma SBJIASCb HEKOTOPOM OTHOCUTENIbHOMN
YC/TOBHOM OLLEHKOM MOCTPOEH MCXO0AS N3 CTaTUCTUYECKMX AAHHbIX MO
3NeKTpoTpaBMaTn3My Ha obbeKkTax 3fieKTpoaHepreTukn Pecnybnunku bypsatusa B nepunog
c2011r. no 2015r. (NnpeanporHO3HbLIN Nepnoa), BoiaBieHa TeEHAEHUNSA U3MEHEH NS
npu3sHakos [Mi

BO3HWKHOBEHWS 3/1EKTPOTPaBM.

[nsa nocTtpoeHne agMHaMM4YecKoro psaa npeactaBuM ypaBHEHME perpecCMOoHHOM
3aBMCMMOCTM 371eKTpOTpaBMaTmM3aMa B TpEXMEPHOM NpocTpaHcTee. Kaxaomy BpemeHn t
i

COOTBETCTBYET BMOJIHE OnpeAesieHHas cTaTucTmyeckas Kpusas Qi

. C nomouwbto

CTaTUCTUYECKOM KPUBOM MO OCK BpeMeHU t B MPUHLKNMNE MOXHO BbISiBUTb TEHAEHLUMIO
M3MEeHEeHMSs Kaxaoro npusHaka [i

(i=1,55) B TeyeHuu 5 net. Toraa ansa Kaxagoro

TPEXMEPHOro NPOCTPaHCTBa B KoopAnHaTax N-t MOXHO MOAYYMUTb AMHAMUYECKUI Psj,
npusHaka Mi

Ncnonb3ys M3noXeHHyo npoueaypy, NoCTpoOMM AMHaMMYeckne psaabl ons
OTMEYEHHbIX Bbllle 3Ha4YMMbIX Npu3Hakos MNB1

, NC8

,naio

, NT22

, NMP33

, NMM48

, No51

(OuHaMmnyeckme paapl NPU3HaAKOB 3MEeKTpoTpaBMaTU3Ma Npu akcnayatauum SMM
npueeaeHbl B MNpunoxeHun B). AHann3 3TUX pSaoB B BUAE TIOMAaHHbIX KPUBbIX
NMoOKa3blBaET, YTO MMEEeTCH 3aMeTHOEe U3MEHEHMe, T.e. yBeNnyeHne nx yposHs. Ans
«BblpaBHMUBaHMNA» pSAAOB BOCMONb3yeMCs CNocobOM HaMeHbL X KBAApaToB, B
pesysbTaTe Yero NocTpouM Kpmeble @(t), xapakTepusyowme TeHAeHUNU U3MEHEHUS
AnHammnuecknx psgos. OyHkumns @(t), annpokcMmMmpyrowas AMHaMmMyecknin psg
npusHaka i

, K&K N3BECTHO, Ha3blBaeTCsd TPEHAO0M. DKCTPanonnpys noyyeHHyo

3aKOHOMEpPHOCTb i

(t) Ha nocneaytowme 5 net (Bnnotb Ao 2021roaa), BbINOAHUM

KpaTKOCPO4HbI NMPOrHO3 NpM3HaKoOB, Hanbonee CyLWecTBEHHO XapaKTEPU3YoLWnX
3M1eKTpoTpaBMaTm3m npu paborte ¢ DMM. MNonyvyeHHbI Ha NHTEPBaNe ynpexaeHus pag
3Ha4eHuni npusHaka i

COCTaBMT TaK Ha3blBaeMbl MapaMeTpuUyecKnii psa npm3Hakos

86

aneKkTpoTpaBMaTm3ma. MofHy COBOKYMHOCTb NapaMeTpuy4eckmx psaos MOXHO
OUEeHMBaTb, KaK pe3ysibTaT MHOMOKpUTEPMasibHOro NporHO3MpoBaHMUS.

Ha pucyHke 2.14 npuBeaeHbl NnapameTpnyeckme psabl MHOMrOKPUTEPUAabHOMoO
NPOrHO3MpOBaHMA NPU3HAKOB 3IeKTpOTpaBMaTM3Ma Npu aKkcnayaTaumm MM,
NpuMeHeHne MeToAa CUEHAPHOro MPOrHO3MPOBaHUSA ANs peleHuns 3aaay
3anekTpobesonacHOCTn 060CHOBbIBAETCH CrieLndUYECKMMN CBOMCTBAMN SBNEHNS
3NEeKTPOTPaBMaTU3Ma, XapaKTepusyLWMMUCS ero nHepumen ( 3BoLMOHHbBIM
XapaKTepoM pas3BUTUSA) U KYMYNSATUBHOCTbIO, T.e. CMOCOBHOCTbI0 MOHOTOHHO BO
BPEMEHW HaKanaMBaTb CTaTUCTUYECKY MHbopMaunio [96]. OTMETUM, 4YTO 3TN CBOMCTBA
MOryT COXPaHSATCS NP HEM3MEHHOCTU YCNOBUIA 31eKTpobe30onacHOCTU NpUMEHEHNs
NEKTPNYECKNX MOBUIbHbIX MaLUMH.

PucyHok 2.14 — MHorokputepuasabHOE NPOrHO3MpoOBaHME 3/IEKTPOTpaBMaTmM3Ma

B cooTBeTCTBMM C NOCTpoeHHOW (hyHKuUMeN P(t), annpoKCcMMUpytoLen

ONHaMUYECKMI psg OTHOCUTENBHOMO NokasaTens YacToTbl 3/1eKTpoTpaBMaTU3Ma (CM.
pncyHok 2.15) k 2021 rogy 0XXunAaeTcs NOBbIWEHNE YPOBHA TEXHOMEHHOMW OMacHOCTU
OMM no cpaBHeHuto ¢ 2015 r. B 1,36 pa3sa.
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PucyHok 2.15 - IntHaMnKa KpaTKOCPOYHOro NporHo3a 3/1eKTpoTpaBMaTmM3Ma
Ncnonb3yeMblin MeToA 3KCTpanonsiumMm Npu3HakoB 3/1eKTpoTpaBMaTM3Ma obnagaer

[OCTaTO4YHOM TOYHOCTbIO (OTHOCUTENbHAst MOrpeLHOCTb He npeBbiwaeT 10%).

2.5 BbiBOAbI

1. Pa3BuThbIl B paboTe 4acTOTHbIV MeToA aHanm3a COBOKYMHOCTM NMPU3HAKOB,
XapaKTepu3ylLWmMX 31eKTpOTpaBMy NO3BONSET NPOBECTU ero KOIMYECTBEHHY0 OLLeHKY
NPUUYNHHO-CNEACTBEHHbIX CBSI3EN, BblAENNB NX HUX Hambonee 3HauYMMble, OKasblBaloLime
CYLLECTBEHHOE B/IMSHUE Ha COCTOSIHME 3/1eKTPoHe30nacHOCTM 3N1eKTPUYECKMX MOBUBHbIX
MalluH.

2. PazpaboTtaHHas MeToanKa MHTerpasbHOW OLEHKN BAMSHMUSA (haKTOpPOB Ha YC/10BUS
npuMmeHeHnss DMM no3BONSET BblAEUTb M3 HUX Hanbonee rnaBHble, OKasbiBaOLWMeE
CYLeCTBEHHOE BAMUSHME Ha YPOBEHb 3/1eKTpobe30nacHOCTU U AaeT BO3MOXHOCTb
OonpepenuTb MnokasaTelb COBOKYMHOrO BO3AENCTBUS DAKTOPOB Ha BO3HWKHOBEHME
3M1eKTpoTpaBMaTm3ma,

3. NMony4yeHHbIN 0606LEHHbIV NOKa3aTenb HeGNaronpuaTHOrO BO3AENCTBUS
(aKTOpOoB, BblpaXXEHHbIN BEAMYNHON MHTErpasibHOro 6anna no3BosseT onpeaenmTb
KONMNYECTBEHHYIO XapaKTEPUCTUKY 3HAUMMOCTU €AMHUYHOrO NoKasaTens Kaxaown
noacucTeMsl B cucrteme «4-2MM-M0O-0C»,

0
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4. C NOMOLLbIO BEPOATHOCTHOIO METOAAa aHaam3a yCTaHOB/IEHbl KOPPENSUMOHHbIE
3aBMCMMOCTU BANSIHUSA OTAENbHbIX (DaKTOPOB Ha BO3HMKHOBEHWE TEXHOMEHHOM ONacHOCTH
pa3BUTUSA 3N1eKTpoTpaBMaTmM3Ma npu paborte c SMM.

5. Npepnaraemas metoamka no oueHke 6e3o0nacHOCTM NpuMeHeHns MM,
OCHOBaHHas Ha NCNoNb30BaHUM METOAOB MaTEMaTUUYECKOrO aHamM3a No3BosSieT BblAENNTb
ynpasnsiemble hakTopbl NpU UX KONMYECTBEHHOM M3MEHEHUU U BbibpaTb ONTUMasbHbIE NO
nokasaTesito TEXHOFeHHOM OMacHOCTU pa3BUTUSA 3/1EKTPOTpaBMaTmn3ma.

6. PaspaboTaHHbIli MeETOA CLLEHAPHOr0 MPOrHO3MPOBAHUSA YPOBHS TEXHOIMEHHOWN
OMacHOCTM MO3BOASIET NOCTPOUTb AMHAMUKY U3MEHEHMUS COCTOSIHMSA 3N1eKTpoTpaBMaTm3ama
npu AeACTBYHOLMX NPU3HAKaXx B YCIOBUAX MCNOMb30BaHUa SMM.

7. B pe3ynbTate NOCTpOeHMs MNOMHOM COBOKYMHOCTW NapaMeTpuyecKkmnx psgoB
NpM3HaKoOB NoslyYeHa KONIMYECTBEHHAs M KadeCTBEHHasi XxapakTepucTmka, oLleHnBaeMasl Kak
MHOroKpuTepuasbHoe NporHo3npoBaHMe 3/1eKTpoTpaBMaTM3Ma, nokasblBatllee
yBennuyeHune ero B 1,36 pasa k 2021 rogy no otHoweHuto k 2011 roay.
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3 AHAJIUTUYECKUA METOQ MATEMATUYECKOIO

MOAENNPOBAHUA N OMNTUMUSALUNUN CUCTEMbI BE3OIMACHOCTU

SMM

3.1 MonobHo-KpTEpPHanbHoOe MoAeNMpoBaHMe CMCTeMbl 6€30nacHOCTH
3NEeKTPUYECKNX MObUSIbHbIX MaLlUH

Ha coBpeMeHHOM 3Tane pa3BuTUS UCMOb30BAHMS SNEKTPUYECKNX MOBUIbHbBIX
MalnH B NPON3BOACTBEHHbIX YC/IOBUSIX NPeanpusTUA 3N1eKTPoIHepreTukn obecneyeHme
6e30nacHOCTM CBSA3aHO C COBEPLUEHCTBOBAHMEM MPUMEHSEMbIX METOAOB OpraHm3aumm
paboT Ha 0CHOBE KOMIMIEKCHOMO0 CUCTEMHOMO NOAXO0AA C YY4eTOM (hakTopoBs,

OKa3blBalOLWKMX BAUSHUE Ha MpoLecc akcnayataumum 3MM. [laHHble d)aKTOpr YyenloBEKOMaLINHHOM CNCTEMDbI, KaK OTMEYEHO BblllE, an06peTaeT ocoboe 3HaveHne npu

co34aHnm cuctembl 6esonacHoctn MM,

KoMnnekcHbIN nmoaxoa K co3aaHuio ontTuMmanbHom cuctembl 6e3onacHoctu (OCB)
npu pabote c MM b6asmpyeTcst Ha CneayrLWmnX OCHOBaxX:

1. ObecneveHnn anekTpobe30nacHOCTU — COBOKYMHOCTU B3auMMOCBS3AHHbIX

https://susu.antiplagiat.ru/ReportPage.aspx?docld=427.32330090&repNumb=1&type=3&page=0
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OpraHmM3aunOHHO-TEXHNYECKMX MEPONPUSATUI M 3aLlMTHbIX CPEeACTB, CO34aloLmX
6e3onacHoe B3anMoaelicTBme Yenoseka ¢ OMM B npouecce ee akcnayaTtaumn. B ceoto
oyepenb, cucTeMa a51ekTpobe3onacHoOCTM MMEET CI0XKHYH MO MepapXmnu CTpyKTYpy M No
CBOMM MpU3HaKaM OTHOCUTCS K KaTeropmm 6onbinx cucrem [56].

2. besonacHoct 3MM paccMaTpMBaeMOl CUCTEMbI MCXOAS U3 PeE3YNbTAaTOB
WHTEerpasbHOM OLEHKN B3aUMOAENCTBMSA KOMMOHEHTOB CUCTEMbI «4enoBek — MM -
npoBoaMMas onepaumns — okpyxawwas cpega — OCb». lNMpunyeM B KayecTBe KOIMYECTBEHHOM
Mepbl NPeanoXXeHO BBECTU BEPOATHOCTHbIE XapakTepucTuku, T.e. nog OCb MM cneayet
MOHMMATb TaKOe COCTOsIHME « DMM», Mpu KOTOPOM C HEKOTOPOM BEPOATHOCTbLIO YENTIOBEKY
He yrpoXaeT OnacHOCTb 6bITb 31eKTpoTpaBMmMpoBaHHbIM [100, 101].

3. OueHke kadecTtBa pyHKUMOHUpoBaHns OCB, KOTOpylo cneayet npoBoANTb C
MOMOLLbIO NOKa3aTenen TEXHNYECKON N 3KOHOMUYECKON 3P HEKTUBHOCTH.
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B kauecTBe nokasaresnien TEXHNYECKon 3P HEKTUBHOCTU, OTPaXkaloLLen CTeneHb
BbINMOJHEHNA NocTaBneHHoMN nepen OCHB uenun, cneayeT MCNonb30BaTb BEPOSATHOCTHbIE
XapaKTepUCTUKN ypoBHS 6e30nacHoCTu.

OKoHOMMYeckyto addekTBHOCTb OCB HEO6X0AMMO OLEHMBATL MO Tak

Ha3blBaeMOMY CpeAHEeroA0BOMY 3KOHOMUYECKOMY 3ddeKTy, npeacrasnsowemMy
pPasHOCTb MexAy MpeAoTBpPaLLEHHbIM OT 3/eKTpoTpaBMaTu3Ma yuepbom m
npuBeAEHHbIMW 3aTpaTaMu, CBA3aHHbIMKU C co3aaHmem OCB [102].

4. OnTnMmsaumm OCB - MNOCTPOEHUU TEXHUYECKN SPDEKTUBHON U SKOHOMUYECKN
LuenecoobpasHonm cucremMbl 6e3onacHOCTK 3KcrsyaTaumn SMM. OnTuMM3auunio
(CTPYKTYPHYIO M MapaMeTpUUecKyto) LenecoobpasHo NpoBoAnTb NMpu 3a4aHHOM
nokasartesie TexHM4YecKon 3PhEKTUBHOCTU NyTEM ONTUMU3ALUN NPUBEAEHHbIX 3aTpaT.
[JaHHas cncreMa paccMaTpyMBaEeTCs Kak ClI0KHOe cobbiTMe, Ha KOTOpoe BO3AENCTBYET
MHOXXECTBO 06bEeKTUBHbIX U CyObeKTUBHbIX (PakTopoB. [na pa3paboTkm cncrembl
6e3onacHocTM Npu akcnayataumm MM UCnonb3yeM KOMMJEKCHbI METOA
NCCNefoBaHUS, BKIKOYAOLWMIA: aHANMTUYECKNE UCCeA0BaHMSA, MeToAbl 0606LeHNS K
aHanm3a hakTopoB NMPOM3BOACTBA, METOAbI MaTeEMaTUYECKOW CTaTUCTUKK U
MoAeNMpoBaHus, NPON3BOACTBEHHbIE SKCNEPUMeEHTbI U ncnbitaHusa [103, 104, 105].
ObLwasa MeTofoNorna ncciegoBaHnUs U COBepLIEHCTBOBAaHUS ONTMMasibHON

cucTteMbl 6€30MacHOCTU CTPYKTYPHO-NIOFMYECKMMU U MaTeMaTUYECKMMU  MeToAaMu
6a3npyeTcs Ha pacCMOTpeEHUW creayrowmnx acnekTos [72, 78]:

CUCTEMHO-3/1IEMEHTHOM, KQ4YeCTBEHHO U KOIMYECTBEHHO XapaKTepu3yoLWwmm

COCTaB CUCTEMbI;

CUCTEMHO-CTPYKTYPHOM, KOHLEHTPUPYIOLWMM BHUMAHNE HA MaTeMaTuyeckKnx

crniocobax CBA3WN M OpraHusaumun B3aMMOAeNCTBUS ee 3/1IEMEHTOB;
CUCTEMHO-(YHKLNOHANIbHOM, YUYMTbIBAIOLMM 334@a4M OCHOBHbIX KOMMOHEHTOB

CUCTEMBI.

Cucrema 6e30MacHOCTM pacCcMaTpMBAETCH Kak CIOKHOE MOHATME, Bt eecs
CpeACTBOM MpeAcTaB/ieHMs O6bEKTOB N MCNOMb3yEMOE B LiesIaX UX Ka4eCTBEHHOro
NccnefoBaHMsl U COBEPLLEHCTBOBAHMS.
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MpuMeHasa MaTeMaTuyeckme Mmetodbl aHannsa OCB Hy»XXHO onpeaennTb posib

nogobus n MoAeNnMpoBaHMSA, UX 3HAYEHME B NpoLecce CoO34aHUS CUCTEMbI U BblAEUTb TO
obuee, 4YToO NpucyLLe BCeM MoAeNsAM. OTO obLuee 3aK/Ito4aeTca B HANIMYMU HEKOM
CTPYKTYpbl, KOTOpas nogobHa, nan paccMaTpuBaeTCa B KayecTBe Nogobus CTpykType

OpYron cucrembl. Taknm 06pa3omM, Moaesb — 3TO €CTECTBEHHbI UM UCKYCCTBEHHbI
06bEKT, HaxoAsILWMICA B COOTBETCTBMM C Hay4dHbIM o6bekToM [104]. MogenvpoBaHue
0O3HavaeT OCyLLEeCTBEHNE KaKUM-TMB0 cnocobom oTobpaxkeHnsa namM BoCNpon3BeaeHU s

LENCTBUTENb @ @OCTN ANS N3YUEHUS MMEOLWNXCS B HEll 06beKTMBHbIX 3aKOHOMEPHOCTEN .
MopenvpoBaHue Kak no3HaBaTebHbIA NPoLecc, cogepXxalwmin nepepaboTky
WHdOopMaLmmM, AaeT npeacraBieHne obpasa, MMetoLWero CXoaCcTBO C COOTBETCTBYOLWLNMU
obbektamm. CyMMa 3Tux obpa3oB NO3BOMSET BbISABAATb CBONCTBA M3yYaeMbIX 06bEKTOB
N UX B3amMmogerncrene. Matematnyeckas 3anmcb, COCTaBleHHas Ha OCHOBAHWU CyMMbl
06pasoB n cogepxallas onMcaHne 3aKOHOMEPHOCTEN, NpeACcTaBseT aHanoroByo
MaTeMaTnyeckyto mMogesnb [106].

NHdopMaums o COCTOSAHMM cucTeMbl 6@30MacHOCT NMpU U3YHEHUU METOAaMU
MOAENMPOBaHMNS A0/MKHA bbITb ynopsigoydeHa. 3TO OCYLLECTBSETCA C MOMOLLbIO TeEOpUm
nofobus, No3BoNAOLLEN MO 3a4aHHbIM XapaKTePUCTUKaM O4HOFO HECYACTHOro ciyyas
CyanTb O 60/bLLIOM KONMMYECTBE HECYACTHbIX Cly4aeB B TOM UM MHOM CMbIC/lE€ MOA0OHbIX
nepsoMmy. Mogobue ABNEHUN O3HAYAET, YTO AAHHbIE O MPOTEKAHMM MPOLLECCOB, MONYYEHHbIE
Npu U3y4YeHUU OOHOrO SIBJIEHMS, MOXXHO PacrnpoCTpaHUTb Ha BCe SiBNIeHUs, NoAobHbIe
AaHHoMy. Mpu 3ToM Moaenb obecneumBaeT nogobre ToNbKO TeX MPOLLECCOB, KOTOPbIE
YAOBJIETBOPSAOT KpUTEPMAM Noaobus, Ha ocHoBe Teopuun noaobus [107].
WccnepoBaTtenbckue 3agaym, KOTOpble pellatoTcs B AaHHOM paboTe, € MOMOLLbIO
MOAENN — 3TO NpsiMble 3aZa4Yn aHann3a, Npu peleHnn KOTOpbIX nccaegyeMas cmcrema
3afaeTca napamMeTpaMu CBOMX 3J/IEMEHTOB M MapaMeTpPaMmn MCXOAHOrO PeXunMa,
CTPYKTYPOW UAN ypaBHEHMEM. [pn 3TOM, He06X0AMMO OnpeaennuTb peakunto CMCTEMbI
Ha AencTBylowme cuabl. MoaenmpoBaHue OCyLLECTBASETCA Ha OCHOBE HEKOTOPbIX
MaTeMaTU4eCKUX COOTHOLIEHWUN, KOTMYECTBEHHO (PUKCUPYIOLWNX YCI0BUSA nogobus —
Kputepue nogobus [107].
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B npouecce akcnnyataumn MM ans yctpaHeHUst BOSHUKHOBEHUS OMacHoOM
cMTyaumm HeobxoonMo BblAeUTb OCHOBHbIE (haKTopbl, BAUSIOLLME Ha YC/I0BUK ee
npumeHeHuns (cM. naparpad 1.3), onpeaenvTb B3aMMOAENCTBME U COCTOSSHUE MOACUCTEM
«besonacHoCTb — Yenosek», «besonacHocTb — DMM», «6e3onacHOCTb — NpoBoAMMast
onepaumnsa» «6esonacHoOCTb — OKpyXatowas cpega». aHadyanbHO NoaACUCTEMBI
paccMaTpuBaeTCs Mo OTAENbHOCTU, C Lefblo n3yyeHns u pa3paboTku B KpuTepuanbHon
dopMe KONMYeCTBEHHbIX COCTaBASOWMX NOACUCTEM, KPUTEPUN COCTOSTHUSA U
pa3paboTkn napamMeTpoB NOACUCTEM C BblSIBIEHWEM OCHOBHbIX Hanbonee 3HauYnMbIX
dakTopoB cucteMbl «4-IMM-IMO-OC», NOCTPOEHMUS 0606LLEHHONM aHanoroBowm
MaTeMaTU4ecKon MoAenn Afs nomcka KpuTepueB nNogobus B BUAE KpUTeEpUasbHbIX
YPaBHEHWN.

O6o6LweHHas aHanorosas MaTemMatmyeckast Mogenb cucrembl 6esonacHoctn MM
nMeeT BUA:

B=(M,>30,) (3.1)

roe Y, 3, O, S - noacncrembl 6€30MacHOCTM, COOTBETCTBEHHO: Y — «yenoBek», 3 -
«3MM», O — «npoBoAuMas onepaumns», S — «oKpyxatrwas cpega».

B cucrteme «6e30nacHOCTb» 3aBMCUMMOCTb ONTUMAbHbIX YCAOBUIA 3KCnyaTaunm
SMM OT (haKTopoB, BANAIOLWMX HA AaHHYK CUCTEMY, MNpPEeACTaBUM B BUAE
(dYHKLUMOHANbHOW 3aBUCUMOCTHU.

DyHKLMOHanbHasa 3aBUCUMOCTb, Noa/exallas NCCNefoBaHUD CUCTEMbI
«be3onacHoCTb», MeeT BUA:

(b, B,W,, ,0

3

,°, E)=0.(3.2)

B kauecTBe OCHOBHbIX KOMMOHEHTOB, BANSIOWNX Ha cucTeMy «6e30MacHOCTb>,
NnpMMeM K paccMoTpeHuto cneayowme daktopbl nogcmcrem Y, 3, O, S:

B - BHMMaHMe, MbllLNeHNe;

N - cocTtosiHne nsonaunm;
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t - Bpemsa pabotbl (OMM);

V - MexaHu4yeckmne Bo3aencreusi(Bubpauns);

03

- opraHusaumsa obecneveHns 6e30MacHOCTU;

t° - MeTeoponornyeckue ycnosusi(temnepartypa);

E - ocBeweHHOCTb paboyero mecra.

MpoBoanMbIl ganee aHann3 6asnpyeTca Ha NnpuMeHeHun n-teopembl [107],

KOTOpasi MO3BOJISIET MPOM3BECTU 3aMeHY NMEPEMEHHbIX pa3MepHbIX BE/IMUMH M, COKPaTUB
nx yncno 6e3pasmMepHbIMU BEMUYMHAMKM A0 N-K, U TEM CaMbiM NepenTn K 3anmcu
ypaBHEHUN MoAenn cucrTeMbl «6e30nacHoOCTb» B KpuTepuasnbHon dopme. [Npu 3ToMm
ynpouwiaetcsa obpaboTka nccneaoBaHui, Tak Kak CBA3n Mexay 6e3pasmMepHbiMu

BeJ/IMYMHAMKN M- KPUTEPUSMU NoA06MS, BbIMOAHSAOTCS MPOLLE, @ MMEHHO MEPEXOA K
6e3pa3mMepHbIM COOTHOLLEHUSAM MO3BOJISET MepeHecTU pesysibTaTbl NCCeA0BaHUS Ha psa
NOoAOBHbIX ABNEHUN. 3HAaYeHNs KpUTepueB N SBASIOTCA OAMHAKOBbIMKU Ans boro
Ko/mMyecTBa NoAOBHbIX MPOLLECCOB.

[ns onpeneneHns KpUTepmMeB C MOMOLLLbIO M-TeopeMbl Heobxoanmo [107]:
BblSIB/IEHME M MapaMeTpoOB, KOTOPble XapaKTePU3YHOT U3yYaeMblil NpoLLeECC;
COCTaBJ/ieHMe MaTpuLbl pa3MepHOCTEN M MapaMeTpos;

YCTaHOB/IEHME YNCNa K HE3aBUCUMbIX MeXxay cobol napameTpos;
COCTaBJ/ieHMe BblpaXXeHUN M-K KpuTepnes nogobus.

B cucrteme eguHuy (CU) 3anunwem ypaBHEHUS BeIUUYNH HAKTOPOB ANS UX
OCHOBHbIX pa3MepHocTel (kpome B n O3

— M3MepsEMbIX B OTHOCUTENbHbIX eanHuLax),

npu 3ToM MacwTabamMm Moaenu ABASIOTCS 3HaYeHUs AnnHbl L, maccel M, Bpemenn T.
(Bl =[]

0

(]

0

(1

0
y[1=11
-1

(]

0

(1

0

(11 = [1°01(]
-1
;=11

0

(]
3

(]

-2

; (3.3)
[1=11
0

(]
0

(I; 1=101101]
-2

(6] = [101[1;
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MpnMeHUM B KayeCTBe He3aBUCUMbIX BENNYUH cneayowme: t, E u t°.
MpaBunbHOCTb BbI6Opa NOATBEPXAAETCH COCTaB/EHNEM MaTpULbl PasMepPHOCTEN
Bbl6paHHbIX NapaMeTPOB:

=[

001

11-2

03 -2

1=3,(3.4)

T.€. D # 0, cnepoBatenbHO, BeMUmnHbI t, E n t° penncrBntensHo He3aBUCUMbI.
CornacHo n-TeopeMbl, YpaBHEHME 3aNMCaHHOE B KpUTepuaabHOM opMe A0MKHO
6bITb 6e3pa3MepHbIM. [103TOMY ero cocrtasslowme NnpeacTrasMm B Buae :
B=0

0

)

; (3.5)

n=10

1

0

1

()

1

; (3.6)

=0

2

0

2

)

2

. (3.7)

®dakTop B (BHMMaHuMe, MbiuneHne) un gaxktop O3

(obecneyeHune 6e30MacHOCTN) He

MMeeT OCHOBHbIX pa3sMepHOCTEN, MPUHATBIX B BblYMCIEHUSX, MO3TOMY NMPUMEM UX KakK
CaMOCTOSITENbHbIN KpuTepuin Nl

— onepauvoHHON HanpsH>KeHHOCTU.

3aBNCUMOCTb CUCTEMbI «6e30MacHOCTb» OT NepeMeHHbIX (aKTOPOB 3anuiLeM B
crnenyouwem Buae:

b

0

0

)

— HEW3BECTHble NoKa3aTenun cTeneHewn nepeMeHHbIX d)aKTOpOB.
7

0
1

0
1

()
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1

[1°01c]
-1
(]
1

(]
1

(]
1
(]
-2
1
(]

. (3.9)
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MpupaBHMBas NoKasaTenn CTeneHen OgHOMMEHHbIX BEUYNH, CTOALLUX B
yncanTene U 3HaMeHartesne, NoyyYnMm:

A [Ml: 1=y

1

ona [L]: 1
1+3z

Il
~<

ona [T]: 3
12y
13z

Il
X

= o=
I n

= O
N <

. (3.10)

MpupaBHMBas NoKa3aTenn CTeneHen OgHOMMEHHbIX BENYNH, CTOALLUX B
yncamTene u 3HaMeHartesne, NoyyYnMm:

ona [M]: 0 = x

2

7

ona [L]: 0 = x

2+y

2

onsa [T]: 1 = 2x

22y

2+z

2

’

T.e. X

2=-1;y

2=0;z

2 =0.

MNocne BblaeNneHnsa KpuTepus @GyHKUNOHANbHON HAAEXHOCTN — N2

, OTpaxkaroLero

conpoTusneHune nsonaunm MM, KpUTepuit UHTEHCMBHOCTU Harpysku — n3
, 3aBUCALLUN

OT YPOBHS MEXaHWYECKUX BO3AENCTBUI 1 BpeMeHu paboTbl DMM, byaeT nmetb
cnepytollee BblpaxeHue:

=.(3.11)

daKTopbl, ABAAOWMECT NCTOYHUKAMN TEXHOMEHHOM OMacHOCTU, BblpaXkatoTcs
yepes KpuTepuii onepaurMoHHOM HanpsXXeHHoCTn — nl

W KpUTEPUN (PYHKLIMOHANBbHOMN

HageXHoctn — n2

Torpa kputepun nl

nn2

6yayT MMeTb crneayloLlme BblpaXeHus:
1

= B,0

3

. (3.12)

0°(°)
-1
nm

[/| 0

. (3.13)

Bbigenmm kputepuin t° (MeTeoponormyeckme ycroBms) B CaMOCTOSATENbHbI M
KpUTepun — meteoponorndecknx ycnosun (n4

), 3HaumT N2

n

Torpaa BbipaxeHue (3.1) 3anmMweM B KpuTepuanbHon dopme:
5)

= (

1

’

2

’

3

’

4

)- (3-14)

Ha ocHoBe Teopuu nogobus ycraHoBNEHbI 3aKOHOMEPHOCTU COCTOSIHUS CUCTEMbI
6e3onacHOCTM B 3aBMCMMOCTU OT (PaKTOPOB W MOJTyYeHbl KpUTEpUN nogobus,
XapakTepu3syLime COCTOSHNE CUCTEMDI :

Kputepuin nl

— onepauMoHHOW HaNpsHXKEHHOCTWU, 3aBUCALLUIN HEMOCPEACTBEHHO

OT MCUXONIOrMYECKNX OCOBEHHOCTEN OpraHmM3Ma yenoseka, (BHyTpeHHMe dakTophbl), T.€.
peleHnin, 4eNCTBMNIA, NOBEAEHUS YeoBeKa U OpraHM3aLMOHHO-TEXHNYECKNX (DaKTopoB
6e3onacHocTy;

KpuTepun n2

- (PYHKUNOHaNbHON HaAEXHOCTHN, YunTbiBaeT 6€30TKa3HOCTb

TEXHWUYECKOr0 COCTOSIHMSA nlonsaumm 3MM mn ocsewleHHOCTb paboyero Mecra;
Kputepun n3

— DHEPreTUYECcKOn HarpysKku, y4mTblBaloLWmii ypoOBEHb

MeXaHM4YeCKMX BO3AENCTBUI N BpeMs paboTbl DMM;

Kputepuin n4

— METEOopOosIorM4YeCKNX YCI0BUN, yUNTbIBAET TeMNepaTypy

OKpY>KawlLlen cpeabl U BO3MOXHOCTb HebNnaronpusaTHbIX BO3AENCTBUIA Cpeabl
(Tonorpadgunyeckmne ycnoBus B Nepmon MCnosib3oBaHUS 3N1eKTPUYECKONn MoObUbHOMN
MalUWHBI).

lNMpoBeAeHHbI aHanM3 NoKasblBAET, YTO PU3MYECKMNIA MPOLLECC MaTEMaTUYECKHN
oTpaxaetcsa dyHKumen M-k 6e3pa3mMepHbIX COOTHOLEHUA — KpUTepmMeB nogobus .
YpaBHeHMe, Jatoliee CBS3b MEXAY M y4yacTByOWMMN dhakTopaMn, NpeacTtaBieHHoe B
KpuTepuanbHoun dopme (3.14), N03BONSET BblpasnTb ero Kak PyHKLUNIO M-K-1 KpuTepues
nopobus.
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CooTHOWweEHWE BMnAaa :

), (3-15)

npeacTaB/sSieT MaTeMaTUUYecKyo (MOPMYJSIMPOBKY M-TEOPEMbI U Ha3blBaeTCs
KputepuasbHblIM YPaBHEHUEM. OHO NMOKa3bIBa€T, YTO OANH U3 M-K KpUTEPUEB I'IOLI,OGVIFI
aBnseTcs MyHKUMEN oCTanbHbIX M-K-1 KpuTepueB. TakuM 06pa3oM, YNCIO BEANYMH
onpegensaowmnx 6esonacHocTb 3Kcrayataunm SMM npu KputepuanbHon gopme
3arnucu, yMeHbLIaeTca Ha K-1, Toraa He3aBUCUMbIX KpUTEPUEB OCTaeTcs M-K-1.
Mony4yeHHble KpUTEPUN NOAOOUS, HA OCHOBE TEOPUM MOoAo6US, ABNAIOTCA
nokasaTensiMu cucteMbl 6e3onacHocTn OMM, KOTOpble SABASKOTCS OAMHAKOBbIMU NS
Nto6oro KonnmyecTsa NoA06HbIX YCNOBUN. [Nl NMPUHATUS PELUEHUIA NPU yrpaBleHnmn
NMpoLEeccoM MoBbILLEHNA 6e30MacHOCTM HeEO6X0ANMMO MCMOb30BaTb KpUTEPUN Noaobus,
T.6. MaTeMaTMYEeCKNE BblpaXKeHUS, AalOLME KOIMYECTBEHHYIO OLLEHKY COOTBETCTBUS
onpepeneHHbIM TpeboBaHMSAM.

3.2 MogenupoBaHune ¢hopMannM3oBaHHOro nNpouecca BO3SHUKHOBEHME
371eyTPOoONacHbIX CUTyauunin B cucrteme obecneveHmsa 6esonacHoCcTm

MN3BeCTHO, UTO MoAEesNb — 3TO TakoW MaTepuanbHblii MU MbICIEHHO

NnpeacTaBfeHHbI 06bEKT, KOTOPbI B NMpouecce no3HaHus (M3yvyeHns) 3aMellaeT obbekTOpUrnHas, COXpaHsas HEKOTOPbIE ero BaxHble ANs AaHHOr0 UCCeaoBaHMUs TUMUYHbIE

yepTbl. MogenmpoBaHuMe NpoLecc NOCTPOEHUS N NCNoNb3oBaHus Mogenn [104].

Mogenu n mogennpoBaHue obnaaalT onpeaeneHHbIMU NpU3HaKamu m

CBOMCTBaMM, KOTOpble HEO6X0ANMbI ANst TOro, YTOObI: MOHSATb, KaK YCTPOEH KOHKPETHbIN
06beKT- OpuUrnHasn; KakoBbl ero CTPyKTypa, OCHOBHblE CBOMCTBA, 3aKOHOMEPHOCTU
GdYHKLUNOHNPOBAHNSA N Pa3BUTUSA; HAaYUMTbCS YN paBnsaTb 06bEKTOM B npoLecce ero
(YHKLNOHNPOBAHMS, B TOM YnCrie, onpeaensTb Han/lyylwme 415 Hero ynpasnswoume
BO3AENCTBUS MpPU 3afaHHbIX LEnax U KpUTepusiX; NpPorHo3MpoBaTb NpsiMble N KOCBEHHbIE
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nNocneacTBUS peannsaumMn KOHKpeTHbIX cnocoboB n HopM BO34ENCTBUSA Ha

MoaennpyeMbit 06bekT [106].

Mogaenb KOHCTpynpyeTcs o6bekToM UccienoBaHns Tak, YTobbl oTobpasuTb
XapaKTepPUCTUKN 0bbeKTa — CBOMCTBA, B3aMMOCBA3U, CTPYKTYPHble N DYHKLMOHA bHbIE
napaMeTpbl, CyLleCTBEeHHble Ans Lenu nccneaoaHus. CogepXkxaHne MoaenmpoBaHums
COCTaBNSAOT MOAENM HA OCHOBE MpeaBapuUTelbHOro U3y4YeHUs UccnesoBaHms m
BblAENIEHUS ero CyLeCTBEHHbIX XapaKTePUCTUK, TeopeTUYecKnii aHanm3 Mogenu,
cornocraBfieHne pe3ynbTaToB C AaHHbIMK 06 ob6bekTe [57].

lMpn aHann3e cocTosiHMS 31ekTpobe3onacHOCTM Npu 3Kcnayataum 3MM
NCMonb3yTCS MaTeMaTUYecKmMe MoAenu, onucbiBarLWmMe n3yyaemblil NpoLuecc ¢
MOMOLLbIO YPaBHEHWI, HEPABEHCTB, MYHKLMIA N APYrUX MaTeEMAaTUYECKMX CBOMCTB.
Co3sgaHue cncrteMbl 6€30MacHOCTM MMEET CNOXHYHIO CTPYKTYpPY, T.K. B npouecce
aKcnyaTaumm MM 3aHAT YenoBek C XapaKTepPHbIMU MCUXOPU3N0NOr NYECKUMN
0COH6EHHOCTSAMW, MPUMEHSAIOTCS TEXHUYECKME CpeacTBa 3/1eKTpPo3aLnTbl C
onpeaeneHHbIMM NapaMeTpaMu, OKpyXawlLlas cpeaa C U3MEHSILWMMMCA NapaMeTpamMm
TemMnepaTtypbl, BAXHOCTU BO34yXa M T.A4., OT KOTOPbIX 3aBMCUT 6e3onacHoe cocTosHue
CUCTEMbI, BO3HMKAET HeE06X0AMMOCTb YNpoLLeHMS n3yyaemoro obbekrta. MNpu aTom
CTerneHb yNpoLleHna TakoBa, YTO BCE CYLLEeCTBEHHble A5 AaHHOro NccienyeMoro
obbekTa CBOMCTBA B COOTBETCTBUU C LieSIbl0 NCCNIe0BaHNSA OTPaXKeHbl B MOAENN.
Ba)kHbIM 3TanoM MOAe/IMPOBaHNS SBSETCS OonpeaeneHne KOHeYHON Lenm —

MOCTpOeHne Moaenn coctosHus 6esonacHoCcTM 0bbekTa nccneaoBaHus, a Takxke
onpegeneHne Kputepmes noaobus, No KOTopbIM 6yAyT CpaBHMBATLCA pa3IMyHbIe
BapuaHTbl peweHns. Ha ocHoBe aHanv3a ypaBHEHWN, NCMONb3YS M- TEOPEMY,
YCTaHOB/IEHbI YC/I0BUSA NOA06MA M 3aKOHOMEPHOCTb MOAENMPOBAHUS. A Takxe,
NCNoNb3ys N-TEOPEMY, KOTOPasi SB/SETCA OCHOBOM aHanM3a pa3MepHOCTEN, MOKa3aHo,
4YTO pe3ysibTaTbl NOH60ro GM3nMYEeCcKoro sKCNepMMeHTa COCTaBAIT HEKOTOPbIE
6e3pasMepHble KOMOBMHaLMKM BEANYMH, Yy4acTBylolMe B M3yYaeMoM npoLecce.
CooTHOLWEHUSA U DYHKLMOHa/IbHbIE 3aBMCUMMOCTU, XapakTepusyoLlme Mpouecc n
npeacTaBfieHHbIE B BUAe 6e3pa3MepHbiX N-BeMYNH — KpUTEpPUEB noaobus, cnpaseaimBbl
99
HEe TONbKO A1 JAHHOrO MpoLecca, HO U A1 BCEX NMPOLECCOB, UMEKLWNX YNC/IEHHO Takue
Kputepun nogobus [107].

OgHUM 13 3TanoB MoAENNMpPOBaHUA npouecca 6€30MacHOro COCTOSAHUS CUCTEMBI

saBnsieTcsa Bblbop Hanbonee paunoHanbHOro MeToaa Ans peweHns 3agad. Nockonbky,
obecrneveHne ycnoBuim 6e30MacHOCTU MPUMEHSETCA B Pa3/IMYHbIX TEXHOIOrNYECKNX
npoleccax Npy UCNoab30BaHMM pasHbiX BUAOB DMM, MNO3TOMYy Npu UCCNeaoBaHWW 3TOM
Npobnembl CyLLeCTBEHHbIM BNSETCA 0606LEHHbIN CUCTEMHBIN MOAX0A C MPUMEHEHNEM
Teopuu nogobmsa 1 MOAENMPOBAHMUS.
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He meHee Ba)XHbIM 3TanoOM MOAE/IMPOBaHUS SABSETCS BCECTOPOHHUI aHanuns3
pe3ynbTaToB. OKOHYaTeNbHbIM KpUTEPUEM AOCTOBEPHOCTU MOLENU ABSETCA: NMPaKTUKa,

COOTBETCTBME MOJTyYEHHbIX pe3y/ibTaToB U BbIBOAOB peasnbHbIM YClI0BUAM MNpon3BoacTea [78].

MopenvpoBaHue CMCTEMbl OCHOBbLIBAETCA Ha CleAyoWmnX KpUTepusax BblaeneHns
(aKTOpOB Kak 3/1eMEHTOB (PAKTOPHOM CUCTEMBI: MPUYUHHOCTU, AOCTAaTOYHOM
cneunduyHOCTN, CaMOCTOATENBHOCTM CYLLEeCTBOBaHUS, YYETHOMW BO3MOXHOCTU. C
dopManbHON TOUKM 3peHus haKTopbl, BKIOYaeMble B AAHHYI0 CUCTEMY, AO/MKHbI 6bITb
KOIMYECTBEHHO M3MEPEHHbLIMU. Moaenb AomkHa 6biTb ageKkBaTHON AEACTBUTENBLHOCTH,
OTpaxkaTb CyLLEeCTBEHHblE CTOPOHbI 1 CBA3WN M3yvaemoro obbekTa [104].

B coBpeMeHHbIX YCIOBUAX 3KOHOMUYECKOrO PasBUTUSA, HA NMPEAMNPUATUAX KaKMXINBO0 CTPYKTYP, TaKKe Ha 06beKTaxX 3NEKTPOSIHEPreTUKM, OTCYTCTBYET METOAONOrUSA Mo

OLleHKe coCTosiHUSA 6e30MacHOCTN, MpUMEHSEeTCs ynpoLweHHas dopManmsauns npm
peleHMn 3aaa4 no obecneveHnto 6e3onacHOCTN Tpyaa, NpeaynpexaeHnto HecHacTHbIX
C/ly4aeB U BO3HMKHOBEHWIO 3N1eKTpoTpaBMaTm3ma nogen [108].

Mpun pa3paboTke Meponpu§@Tuii, MO NpeaynpexaeHNIo BEPOSATHOCTH

BO3HWKHOBEHMS TPaBMOOMACHbIX CUTyauWnii, BO3HMKAIOT 3afa4yu OTbICKaHUSA
ONTUManbHbIX pELEeHNN SKOHOMUKN, LeneHanpaBJeHHOro NaaHUpoBaHUS U
(DUHaAHCNPOBaHUS MEPOMPUSATUA MO CHUXEHUIO YPOBHEN omacHbixX dakTopos [109].
B naparpade 1.2 BbINOAHEH aHann3 OCHOBHbIX OMACHbIX CUTYaUNiA U PpacCMOTPEHbI
OpraHu3aLMoHHbIE U TEXHUYECKME NMPUYMHBI BO3HUKHOBEH WS 3/1€KTpOTpaBMaTU3Ma npu
pabote c DMM.
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O6bIYHO TPaBMOOMACHOW Ha3bIBAOT TaKy CUTYyaL MO, BO3SHUKAIOLWLYIO Npu
obcny>xmuBaHnm DMM, B KOTOPOW YenoBek NnornagaeT nog Hanpsi>xeHune, BCneacTBMe Yero
Mo ero Teny NpoTeKaeT 3/1eKTPUYECKMN TOK ONacHOM BeMunHbI. Kak y)xe yKasblBanocb
OnacHoOM CUTyauMun MOXET MpeaLecTBOBaTb Kak NOBpeXAeHe N3onaumnmmM unm asapus
OMM, TaK 1 HapyleHne NpaBu/l TEXHUKM 6€30NacHOCTN 4YesloBEKOM.

PaccmaTpuBas BO B3aMMOCBA3M CUCTEMY «4YenioBek — DMM - npoBoanMas

ornepauus — okpy)katollias cpeaa», creayer OTMETUTb, UTO 3fieKTpoonacHasl cuTyauus
BO3HWKAET MPWU HapyLUEHWW 3TOM B3aMMOCBS3M U SBSIETCA MPsMbIM €€ CreACTBUEM.
MoaToMy, ANng yCcTpaHEHUS BO3HUKHOBEHWUS 3/1EKTPOOMNacHbIX CUTyauuni, Heobxoammo
BbISIBUTb Cneymdunyeckmne MMMaHeHTHbIE CBOMCTBA KOMMOHEHTOB (MOACUCTEM) CUCTEMBI,
dopmupyoLme B TOW UM MHOM Mepe OMACHYH CUTYaUWUto 1 BAUSIOWME Ha UCXOA,
snekTponopaxeHus [110].

B3anmogelictBue CoCcTaBnsioLWwmMX B MPOCTPaHCTBE M BO BpeMeHu ( naparpad 1.3,
PUCYHOK 1.6) MOXET NpMBOAMTb MOAENb « YenoBek — MM — npoBoavMas onepauus —
OKpy>KawLiasa cpega» K ogHOMy M3 coctosHui [111, 112, 113]:

- 6e3onacHoe;

- NpefaBapuUiHOE;

- OMNacHoe;

- nocneaBapuiiHoe.

lMepBoe cocTosHME He Co3AaéT HUKaKMX onacHoCcTen yenoseky. Bropoe

COCTOsIHNE, 06YC/OBIEHHOE HaNMUYMEM CKPbITbIX AedekToB DMM, eé noBpexAaeHUsaMmu,
npoboeM 3/1eKTPUYECKON N30MALNK B CETU U T.4., GOPMUPYET OMACHYI0 CUTYyaL Mo,
CO34aéT peasibHYI0 Yrpo3y 340POBbI0 U XXU3HWU YenoBeka. 10 ncreyeHuun onpenenéHHoro
BPEMEHW BTOpPOE COCTOSIHME MOXET MepenTn B TpeTbe (HanpuMep, B ciy4vae
NMPUKOCHOBEHMWS K MEeTa//IM4ecKoln Yactu kopnyca SMM, okasaslierocs noa
HanpshkKeHWeM B pe3yfibTaTe NoBpeXAeHUs M3015uMn). Hepeako TpeTbe COCTOSIHUE
MOAENN MOXET BO3HMKHYTb B pe3ysibTaTe HenpaBubHbIX AENCTBUI YeNOBEKA,
BbI3BaHHbIX HapyLEeHNAMN NpaBua TEXHUKN 6e30MacHOCTU U MHCTPYKLUA NO
akcnayataumm SMM un obopyaoBaHus. B 3ToM ciyyae onacHas cutyaums
COMpOBOXAAETCA 3/1eKTPOTPAaBMON, UCX04 KOTopon ByAeT onpeaensTbCs BEANYMHON
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TOKa, NpoTeKalLero Yyepes Tefo Yenoseka, AIMTENbHOCTbIO ero BO34eNCTBUS, a Takxke
dunsmonornyecknmm ocobeHHoOCTIMM NoCTpadaBLUIEro, y4MTblBalOWMMKN NOJ, BO3pacT,
6onesHb, ankoronbHoOe onbsiHeHWe u ap. [109].

Ha pucyHke 3.1 npuBeAeHa ceMaHTM4YecKasi MoAesflb pasBMTMSA ONacHOM cuTyauunm
npu sKcnayataunm MM, B KOTOpPON BblAeNeHbl eé ANCKPETHbIe COCTOSAHMUS.

Hwn3koe Ka4vecTBo

KOHCTpYKUMMK

HeypobcTBo
TEXHOSI0rn4ecKom

paboThl

Owmnbkn ncnonHuTens

paboTt

Bo3MoxHOCTb

0MacHOCTU BHELIHUX

BO3JENCTBUMN

2kcnnyaTtaumsa SMM

MpuKocHOBeHME K

MeTa/IM4eCKON YacTn

OKa3saBLUencs nog

HanpshkeHnem

MNMpukocHoBeHUE K
TOKOBeAyLEen Yactn

Bo3MOXHOCTb OTKasa

WN OTCYTCTBME 3aLUNTHI

OTcyTCTBME

camoobnaganumsa n

dunsmonornyeckne

XapaKTepUCTUKN

BennunHa Toka u Bpems

BO3JENCTBUSA

MyTb TOKa

OnacHasa cuTyaums

PucyHok 3.1 — CeMaHTMyeckas MOAENb pasBUTUS ONMACHOM CuTyauum

npu sKkcnayataunm MM,
AHann3 BO3HMKHOBEHMS OMACHOM cMTyauMn HeobxoanM Ans BbIMONHEHUS
npodunnakTMYeCKMX MEPONPUSATUIA, TO ECTb obecnedeHns 6e3onacHon AedaTenbHOCTH
yenoseka. CUCTEMHbI MOAXOA K pelleHunio NpobiemMbl, NO3BOMASET paccMaTpMBaTh
[eATeNbHOCTb YesloBeKa B NpoLecce BbINONHAEMbIX paboT c mpuMeHeHneM 3MM Kak
C/TOXXHYIO COLManbHO-TEXHUYECKYIO CUCTEMY C 3aAaHHOW CTPYKTYPOWN, Ha3HaYeHnEM 1
ycnoBusaMu dyHKULMOHMPOBaHUS. JaHHbI Noaxon TpebyeT yCTaHOBNEHUS OCHOBHbIX
B3aMMOCBS3€M MexAay dN1eMeHTaMM, TO eCTb KOMMNOHEHTAMWN CUCTEMbI; BbliSIBAEHUS POn
KaXk4oro n3 HUx B ob6uiem npouecce GyHKLNOHNUPOBAHNSA CUCTEMbI, YYETA BCEX aCMeKTOB,
onpegenspWwmnx 6e3onacHOCTb. Mcnonb3oBaHMe CUCTEMHOrO NoAXo4a NO3BONSET
06bEeKTMBHO onucaTb Npouecc 6e3onacHoOro yHKLMOHNPOBAHUSA CUCTEMbI Kak
opraHundecku uenoro [53, 56]
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PeweHne npobnembl obecneyeHns 6e3onacHOCTU npu aKcnayaTaumum MM c
npuMmeHeHnem nogobmsa n MoaenMpoBaHUs AaeT BO3MOXHOCTb MPUHMMaTb Hanbonee
npaBuJibHble BapUaHThbl.

MonyyeHHble KpUTEPUM Noaobus B cncrtemMe «6e30MacHOCTbL» MO3BOMAIOT
CNCTEMATU3NPOBaTh, 0606 NTL 3aKOHOMEPHO (hOpMannM30BaTh OLLEHKY COCTOSIHUS
6e3onacHocTn npwu skcnayataumm OMM, onpeaenMTtb 3aKOHOMEPHOCTU B BuUAe
MaTeMaTU4ecKon MoAenu, No3BOSOLWME PacllMPUTb SMAOUPUYECKNE NCCIIEA0BAHUS U
nepenTn K KOIMYEeCTBEHHOW OLIEHKE.

Ha ocHoBaHMM nony4YyeHHbIX B Naparpade 3.1 KkpuTepueB noaobusa nocrpomm
MaTEMaTUYECKYH MOAENb, CUCTEMbI « 6€30MacHOCTb» MpW UCNONb30BaHUM MM,
3aBMCMMOCTM BO3HWMKHOBEHWS 3/1EKTPOOMNaCHbIX CUTyaumii oT hakKTopos.,
XapaKTepusyLwmx 3Ty cucremy. [laHHyl0 MoAesb NpeacTaBuMM B BUAE YpPaBHEHUS B
KpuTepuanbHon dopmMe. Uccnegyemasa 3aBUCMMOCTb MMEET BUA:

3T = (n

). (3.16)
Byaem paccmaTpuBaTbh KpuTepumn nogobus, BKAOYaoWMe 3HaunMble GakTopsl,
noflydeHHble B naparpade 3.1. B noacncreMe «4enoBek» M NOACUCTEME «MPOBOAMMAS

onepauus» 3To Kputepuii Nl — onepaumMoHHON HaNPSHXKEHHOCTU, KOTOpPbI 3anncaH B BUAe

nl1=B,03
; B noacucremMe «OMM» — kputepuii N2 — GyHKUNOHANbHON HAAEXHOCTWN, KOTOPbIN
COOTBETCTBYET BblPa)Ke€HUI0: N2

n

N KpUTEPU N3 — 3HEpreTuyeckon Harpyskm MM,

COOTBETCTBEHHO onpeaensiemMbii 3 BblpaxeHunsa: n3=V t. B nogcucreme «okpyxatoLas
cpefa» - Kputepuii n4

— METEOpPOSIOrMYECcKMX YCI0BUIA, COOTBETCTBYIOLWMIA BblPaXXeHUI0

n4=t°. Kputepmun nogobus moryt npeobpa3oBbiBaTbCA B KpUTEPUU APYron hOpMbI,
nony4YaeMble 3a CYET onepaunii NePEMHOXEHNA NN AENIEHNS KPUTEPUEB, BO3BEAEHNS B
CTENEHb NN YMHOXEHWNS Ha NItoboN NMOCTOSAHHbIN K03 dumumeHT [107].

Mcnonb3ys 3ToO BaXHOE CBOMCTBO KpUTepmeB nogobus, nonyyaem Kputepum

nofobus NOACUCTEMbI «4esIoBEK» B BUAE:

Yy

= B, (3.17)
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KpuTEpUn nogobmus B nogcucremMe « SMM»:

3

"
, (3.18)
KpMTepMﬁ I'IO,CI,OGMH B NMOACUCTEME « MpoBOAMMada onepauna»:

, (3.19)

KpuTepuin nogobmus B NOACUCTEME « OKpy>XXaloLias cpeaa»:

= °.(3.20)

PacueT Mogenu perpeccMoHHOW 3aBMCMMOCTM (POPMaNM30BaAHHOIo npouecca
BO3HWKHOBEHMWS OMAaCHbIX CUTyauni, NPUBOASALLNX K SNeKTPOTpaBMaTn3My, BbINMOSIHEH B
COOTBETCTQUN C METOAMKON paccMoTpeHHon B [106], npuBeaeH B MNpunoxeHuun B.
B pe3ynbTaTe BbIMOMHEHHbIX MaTeMaTU4eCcKMX pac4yéToB, NoslydeHHas Moaenb

nmeeT BUA:

ST = -53,25 - 0,21

y

+ 0,02

3

+ 0,01

o]

+1,19

. (3.21)

OCHOBHbIMM NpuMHUMNaMM obecneyeHns 6e30MacHOCTM Npu 3KCcNayaTaumm MM
SABNSIIOTCA YCNOBUS, MPU KOTOPbIX HE BO3HWKAKOT T€ UM UHbIE OnacHble cuTyauunn. [lpu
TEOpPETMYECKMX NCCNEeAOBaHNAX U pelleHnmn 3agadumn no obecneveHunto 6e3onacHbix
ycnosun pabotsl DMM B MOAENM MpUHATA Npoueaypa naeannsaumu, 3akaroyarLlascs
B Bbl6bope haKTOpOB 1 NOSYYEHUN KPUTEPUEB B AOMNYCTMMbIX npeaenax. MpuMeHnTenbHO
K cucreme 6esonacHoctn MM, KpuTepum Nogobus ABASIOTCA pacHeTHbIMU
nokasaTensMu, a Takxke, NokasaTensiMm, oTpaxkaolWmMmM HopMasibHble U 6e3onacHble
YCoBUS MNpUMeHeHns DMM.

B Tabnmue 3.1 npmBeaeHbl dakTUyeckme U HOpMUpyeMble 3HadeHus Hanbonee
3HaYMMbIX HAKTOPOB MOACUCTEM U BblUMCIIEHHbIE MO YpaBHeHUAM (3.17-3.20) kputepumn
noaobus.
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Tabnuua 3.1 — 3HayeHMe dhaKToOpoOB M KpUTepmeB Noaobus

3HaueHus

daKTopoB

BUtVETt°

y

3

o]

®daktndeckme 15 4,5 216 135135 12,8 15 4044,2 0,98 12,8

Hopmupyemble 12 5210 150 150 1512 1002,8 1 15

MoacTtaBnB HanAeHHbIe 3HAa4YeHNa KpuTepmes Noaobus B ypasHeHue (3.21),
NoNy4YMM MoAenb Npouecca BOSHMKHOBEHUS 3/1IEKTPOOMNACHOM CUTyauum npm
akcnayataumm SMM. BenvumHa pa3BUTUS 3NEKTPOONACHbIX CUTYyauMi, NPUBOASLLNX
K BOSHMKHOBEHWIO 3/1eKTPOTPaBM, COCTABSET: NpU (PaKTUUYECKNX 3HAUYEHUAX
dakTopos - 0,41; npu HOpMMPYEMbIX 3HAYeHnax dakTopos — 0,02.

Ha ocHOBaHWM aHann3a perpeccuoHHON MOAEM BO3HUKHOBEHMUS OMaCHbIX
cUTyaumii, NpUBOAALLMX K 3NEeKTPOTpaBMaTmn3My, YCTAHOB/IEHO, YTO Hanbonbluee
KOJIMYECTBO TaKMX CUTyaumii noseBiseTcsa M3-3a akTopoB NoacMcTeMbl «DMM» —
60,90%, BnnsaHmne ¢hakTopoB NOACUCTEMbI «4YENoBEK» Ha BO3HUKHOBEHMNE
3NeKTpoTpaBMaTm3Ma cocrtasnsieT 13,45%, noacucremMbl «NpoBOAMMas onepauns» —
10,40%, noacmcreMbl okpyxatwas cpega» — 15,25%.

3.3 OueHka ypoBHS 371eKTpo6e30nacHOCTM 31eKTPUYECKNX MOBUbHbIX MaLIVH
Bbe3sonacHocTb NpuMeHeHns MM Byaem paccMaTpuBaTb Kak COCTOSHUE

CUCTEMbI, MPU KOTOPOM HE BO3HMKAEeT ONacHOCTU HaHeceHM s yuepba 340pOBbio
yenioBeka, CNOCOH6HOCTb COXpPaHATb 6e30nacHoe COCTOSHME MpU BbIMOAHEHUW 334aHHbIX
(dYHKLWN B onpeaeneHHbIX YCIIOBUAX B TEYEHUM YCTaHOB/IEHHOrO BPEMEHMU.
SnekTpobe3onacHOCTb — 3TO CTeneHb ONacHOCTM uan 6esonacHocTM Yyenoseka [11].
Ncxoaa M3 ABOMCTBEHHOMO XapakTepa siIBflieHUs 31eKTpoTpaBMaTn3ma,

OTMEYEHHOro Bbllle, AaANM OLEHKY YPOBHS 3N1eKTpo6e30nacHOCTU B
LETEPMUHMPOBaHHOM N BEPOSITHOCTHOM BMAAX.

[JeTepMnMHUpoBaHHas oLEeHKa CBOAMTCS K TPaAULMOHHOMY aHann3y

CTaTUCTUYECKMX OAHHbIX U COCTOUT B pacyeTe OTHOCUTENbHbIX NOoKa3aTenen —
KO3(PULMEHTOB HacTOTbl U TSXKECTU 3SfeKTpoTpaBmaTm3Ma [8].
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B Tabnuue 3.2 npuBeaAeHbl pe3ynbTaThl PACHETOB AeMOrpadnyecKon u
SHEpPreTMnYecKom 4acToT 3/IEKTPOTPaBMaTM3Ma M COOTBETCTBYHOLMX X KO3 PHNLUMEHTOB
NpMpoCTa, a TakxXe nokKasaTtesb, XapaKTeEpPU3YyOLWNN 40N CMepTeSlbHbIX NCXOA0B OT
obLiero KonM4yecTsa aneKTponopaxeHuin. B Tabnuue NnpuHATbI cneayowmne ycnoBHble
obo3HaueHuns:

2l - cpegHeroaoBoe KOMYECTBO 3/1eKTPOTpaBM Mpu akcnayatauun SMM;

N - Konm4yecTBo NoAel B onpeaeneHHOM MHOXECTBE;

i

— KOJIMYECTBO 3/1IeKTPOTPaBM 3a i-blil roa;

aNi-1

— KOJIMYECTBO 3/1EKTPOTPaBM B NpeablAyLLnii roa;

M - rogoBoe KOMmM4yecTBo UCMosibdyeMblX MM, Mo KOTOPbLIM NPOBOANTCS aHanu3
3/1eKTpOoTpaBMaTm3ma;

J1 — KonM4yecTBO 3/1EeKTPONopaKeHN’ Co CMepTesbHbIM UCXOAOM.

M3 aHanusa Tabnmubl 3.2 cneayeT, YTo nokasartenun gemMorpaduyeckon m
dHepreTMYecKkom 4actoT NpU He3HAUUTEsNbHbIX X KonebaHusx No rogam UMerT
TeHAeHLUMI0 BO3pacTaHus (cpeaHue 3HadveHus K

n KE

6onbwe egnHunybl). Mokasatenb

netanbHocTtu KJ1

cTtabuneH n octaeTcs A0CTAaTOYHO BbICOKUM, UTO 06bSACHAETCS

cneundunyeckMmMm ycnoBmaMmn akcrlyataumm MM,

Tabnuua 3.2 - [leTepMMHMpPOBaHHbIe NoKasaTenu 37eKTpoTpaBMaTM3Ma, BO3HMKAOLWeEro
npu akcnayataunm 3MM Ha obbekTax a1eKTposHepreTukm Pecnybnmkn bypaTtusa 3a
nepuog 2006-2015rr.

https://susu.antiplagiat.ru/ReportPage.aspx?docld=427.32330090&repNumb=1&type=3&page=0
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N©

n/n
lMokaszaTenu
Foapl

2006

2011

2007

2012

2008

2013

2009

2014

2010

2015
CpegHee
3HaveHne
3a 10 net
1

YacroTa 3nekTpoTpaBMaTn3Ma
nemorpacduyeckas
Y

il

an

10

-6

20,9 18,9 16,9 27,9 25,6 19,8
2

KoaddurumeHT npmpocta

K

A

oM

an

-1

-0,910,921,76 0,85 -
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MpopomkeHne Tabnuubl 3.2

3

YacToTa anekTpoTpaBMaTM3Ma
3HepreTmyeckas

L.|

an

10

-6

19,5 20,6 23,8 28,3 25,9 23,86
4

KoaddurumeHT npmpocta

K

30
3N

-1

-1,061,11 1,04 1,1 -

5

[Noka3aTenb NneTajbHOCTHU

10

-6

100%

41 3542 44 41 41

MpeacraBuM 3TO CO6bITUE B BUAE CYMMbl IBYX HECOBMECTHbIX COBbITUNA!

3N = 2r

1

+ 30N

2

, (3.22)

roe 21

— 3/IEeKTPOMNoOpa)XkeHne, KOTOPOE MPOM30LLJIO B pe3y/ibTaTe NPUKOCHOBEHUS K
MeTaIM4YecknM 4YactsaMm 3SMM, oKasaBLIMMCH NMoA Hamps>XXeHUeM B pesyJsbTarte npobos
3N1EKTPUYECKON N30N5aUNK;

32

— TO XX€ U3-3a MPUKOCHOBEHMNS K TOKOBEAYLUMUM YACTSM, HOPMasilbHO
HaxoAsLWmMMCa NoA HanpshkKeHUeM (nonagaHve nog gasHoe HanpshkeHne Ud
).

YCNoBHO nNpuMeM AOMNyLEeHNEe, YTO YEeNIOBEK MOXET NMOrMbHYTb TOIbKO Npu
BO3HWKHOBEHMWWN OAHOr0 U3 ABYX CObbITMI D1

n oM2

B Takon cuTtyaumm cobbitme Sl

npon3onaeT npv OAHOBPEMEHHOM COBMaAeHUU

crnepyLmx cobbiTmin:

Al

- npo6oi M30a59UMN N NosBNEHME Ha Kopnyce SMM 31eKTpnyeckoro
noTeHunana;

Bl

— NPUKOCHOBEHME YenoBeka K MeTa//IM4yeckorn Yactu MM, okasaBLliencs noa
Hanps>XeHneMm nnn nonagaHue nog HanpsxXeHue NPUKOCHOBEHUS, T.€. BO3HUKHOBEHUS
OMacHon cuTyaumu;
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c1

— YC/IOBHOE 3/1eKTPOMNOopaXKeHune venoBeka, onpeaensieMoe 3Ha4eHmeM Toka I

h

’

npoTeKarLLero No Teny, Npu AIMTENbLHOCTN BO3AeNCTBUS t

BO3],

, KOTOpOE BbI30BET

CMepTesbHbIN ncxoa,.

Torpa B COOTBETCTBUM C [92], BEpOATHOCTb 3/1EKTPONOPaXKeHUs yesnioBeka cnegyet
paccMaTpuBaTb Kak Npou3BeaeHne BEPOSTHOCTEN OTAENbHbIX 3/IEMEHTOB COObITUNA:
3N

1

1

1

1

, (3.23)
nnu:
P3N

1

) =
1

) P(

1

) P(

1

), (3.24)
roe P(30)
1

. P(

1

) P(

1

) P(

1

) — BEPOSATHOCTU COOTBETCTBEHHO CobbITMIA Il
1

I

1

CobbiTre 2I2

, Mpouncxogsdiuiee B HoOpMaJibHbIX 3KCMJlyaTalMOHHbIX YCNOBUAX

pabotbl MM BO3MOXHO B C/ly4ae nMornagaHus YenoBeka nog HanpshkeHne
npuKocHoBeHus (B2

) n NpoTeKaHMKW NpU 3TOM TOKa MO Tesy, MPeBbILLAloWero npeaesbHo
[OMyCTUMoe 3HadeHune [8].

CnepoBaTenbHo, cobbiTue 212

MOXeT 6bITb MpeacTaBNeHo Kak

3N

, (3.25)

roe C2

- To Xe, yto n C1

Unu:

P(aN

2

) =P(

2

) P(

2

)- (3.26)

lMonHas BEpOATHOCTb 3/IEKTPONOPAXEHMSA YenoBeKa Npu aKcnayartaumm SMM
ONpeaenseTcs BblpaXKeHUEM:

P(3I) = P(

1

) P(

1

) P(

1

)+ P(

2

) P(

2

)- (3.27)
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BblpaxxeHue (3.27) cnpaBeanvBo NMpu AOMNYLUEHUSX:

1. SneKkTponopaXeHne MOXET NPOU30OATU B pe3ybTaTe OAHOMOOCHbIX
NMPUKOCHOBEHMI K TOKOBEAYLMM YacTsM SMM MAn K Kopnycy, oka3asLUeMyCcs noja
Hanps>XeHWeM B pe3ysibTaTe 3/1eKTpUYeckoro npobos nsonaumm.,

2. MNoBpexaeHne n3onaunm nutatowero kabens MM M NPUKOCHOBEHUE

yesioBeKa K NoBpexaeHHOMY kabento.

3. MpuynHOM 3neKkTponopaxeHus aBnseTca Gubpunnaums cepaua.

B MpunoxeHun I npuBeaeH pacyeT BEPOSATHOCTEN 3/1€¢€TPONopaXxeHus YenoBeka, B
COOTBETCTBUM C KOTOpbIM P(2MM) = 13,32 10

-6

. MonyyeHHoe 3HayeHue P(3M) npeBbiaeT

pPEKOMEHAYEMYIO HOPMY YPOBHS 3sekTpobe3onacHoctu [114], paBHyto 1..3 10

-6

, bonee

yeMm B 4 pasza.

OueHka ypoBHS 3/1eKTpobe3onacHOCTX Npu aKcnjayatauum SMM nposegeHa wucxoas
M3 aHanmM3a CTaTUCTUKW 3N1eKTpoTpaBMaTM3Ma Ha NpeanpusaTUaX 31eKTPO3IHEPreTUKN
Pecnybnukun Bypsatusa 3a nepnog 2006-2015 rr., paccMoTpeHHoro B naparpade 1.2.
PaccmaTpuBas 3/1eKTpoTpaBMaTM3M Kak HEKOTOPOE CII0XHOEe MHOroKpUTeEpUasbHoe
asneHune, 6binn BblAeNeHbl ABE 3aKOHOMEPHOCTU, XapaKTepusylowmne 370 ABAeHne:
OeTEPMUHMPOBAHHAA U BEPOATHOCTHasA. [eNCTBUTENbHO, Kak bbln0 Bbille NoKa3aHo,
N3yyeHne AMHAMUKW 3MeKTpoTpaBMaTU3Ma MO3BOJIUIIO YCTAHOBUTbL AOCTATOYHO TECHYIO
3aBMCUMMOCTb MexXAy YBelIMYEHUEM uCrosb3yembiXx MM n pocToM nokasarens
3HepreTnyecKomn 4acToTbl 31eKTpoTpaBMaTmM3mMa.

OpHako cnepyeT OTMETUTb, YTO NMOBblWeHMe 3hDDEKTUBHOCTN obecrneveHuns
anekTpobe3onacHOCTM NCnosb3oBaHMs MM MOXeET NPUBECTU K CYLLECTBEHHOMY

CHUXeH Mo nokasaTens P(3M). Tak, cornacHo HEKOTOPbIM OTEYECTBEHHbIM U 3apyBeXHbIM

nccneposaHuam [14, 56, 115, 116, 117, 118] maccoBoe NpUMEHEHUE CPeacCTB
3MEeKTPOo3alnThl, B TOM YMC/le YCTPOUCTB 3alMTHOrO OTK/IKOUYEH WS MO3BOMSIET CHU3UTD
YPOBEHb 3/1eKTpOTpaBMaTmn3Ma B 9-12 pas.

3.4 MNpuHUMNbI NpOrpaMMHO-LLENEBOr0 yrnpaeneHns obecneveHnem 6e3o0nacHOCTH

Ha cragmun 6ypHOro pasBmTmns NpUMEHEHNS SNEKTPOTEXHUKN B

NpOM3BOACTBEHHOM Mpouecce OTAe/IbHble MEPONMPUATUS MO YAyULLEHWIO YCI0BUI
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6e3onacHOCTM OKa3blBAOTCA HEAOCTAaTOYHO 3 dEKTUBHbLIMU. HeobxoanMo, YTO6bI OHYU
OCYLL,ECTBASASINCb KOMMJIEKCHO, 06pa3ys ynopsAOYEHHYIO cuctemy 6e3omacHoCTu ¢
ynpasnseMbiMn noacmucremamn. [Mpu 3TOM co3patoTca Hanbonee wmpokme
BO3MOXHOCTM (hopMMpoBaHmsa 6e3onacHbiX YC/I0BMIA 3KCMNyaTaumm 3/1eKTPOYyCTaHOBOK,
B T.4. DMM Ha aneKkTpoaHepreTudecknx obbvektax [119, 120, 121]. B ycnosusx
OelCTBYOL,Eero Npon3BoACTBEHHOrO npoLecca HeobxoanMMo yUnTbIBaTb

BO3MOXXHOCTW YenoBeka, ynpaBstoLwWero 3/1eKTpoyCTaHOBKaMm, B YacTHOCTK, MM,

N TEXHOMOrMYECKUMM NpoLeccaMn — NpoBOANMOIN onepaumen, a Takxke COCTOsSSHUEM
OKpyXatoLen cpeapl B KOMMJEKCe C TEXHNUYECKMMU cpeacTBaMm obecneyeHmns
6eszonacHoctu [57].

CyLWHOCTb NporpaMMHO-LLeNIEBOro Noaxoaa K yrnpasnieHunto obecneyeHmem
6e3onacHOCTM paccMaTprBaeMbiX NMPOLECCOB U CTPYKTYPOIM COOTBETCTBYOLLUNX
MeponpuaTUn NOATBEPXAAET NMPUBEPXKEHHOCTb MPUHATLIM NpPeaCcTaBeHNaM 0 Npupoae
OMAaCHOCTU U BbITEKAOLWMM U3 HUX NOSTIOXXEHUSAM. DTO NO3BONISET COXPAaHUTb MPUHSATYHO
NOrUKY U3N0XEeHUs MaTepuana, obocHoBaTb Hanbonee npuemnemole METOAb! U
NpONNNIOCTPUPOBaTh MX PaboTOCNOCOBHOCTL Ha NpUMEpEe peLleHNss KOHKPETHbIX 3a4au
ynpaBfieHUs MpoLeccoM npeaynpexaeHns TeEXHOreHHbIx nponcwecrsui [119].

Ha ocHoBe nporpaMMHO-LIENEBOr0 YNpaBieHNS OCYLLECTBASETCA KOMMIEKC
B3aMMOCBS3@aHHbIX OPraHM3auMOHHbIX, TEXHNYECKUX N COLMANbHO-3KOHOMNYECKUX
MeponpusTUin, Ans 6e30MacHoOro BbIMOJHEHMS pa3IMUHbIX BUAOB paboT ¢ SMM Ha
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NpeanpuAaTUAX 31EKTPO3IHEPreTUKM,

B uenom xe BHeapeHMe nporpaMMHO-LLeNIeBOro Noaxo4a B NpakTuky

obecneyveHnsa 1 coBepLLeHCTBOBaHNS 6€30MacHOCTN 3/1EKTPOYCTaHOBOK MOXeT 6biTb
pa3geneHo Ha ABa TakMX B3aMMOCBA3aHHbIX 3Tana [57]:

1. cTpaTernyeckoe njaaHMpoBaHMe — C Lenbio BbipaboTku oblien naeonornm m
nporpamMMbl obecnedyeHms 6€30NacHOCTN KOHKPETHbIX MPOLLEeCCOB NpY 3KCnyaTaunm
3N1EeKTPOYCTAHOBOK;

2. ynpaBneHune 6e30MacHOCTbIO 3/1eKTPOYCTAaHOBOK — A1 CO34aHMs YCNOBUMA,
MaKCMMaslbHO COOTBETCTBYHOLLMX BbIMOSIHEHWIO TAKOWM Mporpammbl.

CneundmnyHOCTb paccMaTpmMBaEeMoi NpobnemMbl onpeaensieTcd o6bekTUBHOMN
CNOXHOCTbIO 0becneyeHns 6€30NacHOCTU 31eKTPOYCTaHOBOK, 00yCnoBneHHOW
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HannMuMeM B ee COCTaBe HECKOMbKMX, CaMUX NO cebe CNOXHbIX U B3aUMOCBA3aHHbIX
KOMIMOHEHTOB, LiefleHanpaB/eHHOCTbIO MM CTOXACTUYHOCTbIO MOBEAEHUS OTAEbHbIX U3
Hux [100, 122]. Takoh KOMMNOHEHT, Kak DMM, MOXET N3MEHATbLCS HEOXUAAHHbIM
obpa3oM BCneacTBue CilydaliHbIX BO3AENCTBUIN OKPYXKatoLen cpeabl, Ype3BblUYaliHOM
HeCcTabuNbHOCTbIO CO6CTBEHHbIX MapaMeTpoB.

OCHOBHOWM 0CO6EHHOCTbIO BO3HMKHOBEHWNSI HECHACTHbIX Clly4YaeB M OMacHbIX
cUTyaumii B cMcTeMe B3aMMOAenCcTBus venoseka n OMM, Kak 6blJ10 OTMEYEHO paHee,
SIBNISETCA MHOroobpasune n cilyyailHbli XapakKTep OTAENbHbIX MpeanoChiioK.
CnepoBaTenbHO, A1 CBOEBPEMEHHOIMO BbISIBAEHUS U YCTPAHEHNSA UX HEFATUBHOW YacTu
TpebyeTca nnaHOMepHasa 1 LeneHanpassieHHas pabota. be3onacHOCTb CUCTEMbI
obecneunBaeTcs CBOMCTBAMM OTAE/bHbLIX KOMIOHEHTOB, YTO TpebyeT 60/bLIOro Yncna
MEPOMNpPUATUIA MO CO34aHUI0O WX B3aMMHOW coBMecTtumocTu [72, 103].

B uccneposatenbckmx paborax [56, 123] oTMe4deHOo, 4To npu 06CnyXmBaHuUm

3/1IEKTPOYCTAHOBOK BaXHO€ 3HAa4YeEHNE MMEET COCTOAHUE ynpaB/EHUSA cucteMon obecneveHuns

6e3onacHoctn (COB), npeacraBnsoWen COBOKYMHOCTb B3aMMOCBA3aHHbIX MEPOMPUATUN,
OCYLLECTBNSEMbIX B LesiaX YCTaHOBEHUS, obecneyeHmns, KOHTPOS N NOAAEP)KAHUS
TpebyeMoro ypoBHS YHKLMOHMPOBAHMS COOTBETCTBYIOLWLMX MOACUCTEM, TaKMX KaK:
nHdopmaunoHHom, obecneunBatowlein cbop, xpaHeHue, o6paboTky u aHanus
cBefeHnl 06 anekTpoTpaBmax;

3alWMTHbIX CnocoboB n cpeacTs (3a3eMmneHue, 3aHyneHne, BblpaBHUBaHWeE
3M1eKTPUYECKUX NOTEHUMAN0B, YCTPOMCTB 3alMTHOMO OTK/OYEHUS U 4p.);
3KCMJlyaTauMOHHOr0 KOHTPOJIS NapaMeTpoB 3/1IeKTPOYCTaHOBOK (OMM),

BMSAOLWNX HA YPOBEHb 3/1eKTpobe3onacHoCTu;

OpraHmM3aunOHHbIX MEPONPUSATUIA, HaNpaBieHHbIX Ha NpeaoTBpalleHne

nonagaHus NOAeN NoA HanpskeHmne nNpu saKcnayataumMn 3a1eKTpoycTtaHoBok (IMM);
naaHUpoBaHMe MeponpuaTuii 6esonacHoctTn obcnyxumBaHms

3NEeKTPOYCTaHOBOK;

CTaHAapToB, NpaBwuJl, HOPM N PYKOBOASLLUX AOKYMEHTOB MO BOMNpOCaM
anekTpobe3onacHoCTH.
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Kak yka3aHo B [123] dpyHKLMOHMPOBAHNE NOACUCTEM OCYLLECTB/SETCS Moj,
KOHTponeM cnyx6bl oxpaHbl Tpyaa.

CTpyKTypa ynpasneHus 6e30nacHOCTbIO0 3/1EKTPOYCTaHOBOK (OMM) npuBeaeHa

Ha pucyHke 3.2.

OnpepeneHve 3agay n cnocoboB ynpasneHns 6e30MacHOCTbIO

SMM 1

C6op 1 obpaboTka MHPOpMaLMM O COCTOSSHUM 6e30MacHOCTM NpeanpusaTui
3N1IEKTPO3HEPreTnKM 2

OueHka BO34eNCTBMI Ha npouecc obecnevyeHmns 6e3onacHOCTH

SMM 3

O6ocHoBaHWe 1 BbI6Op KOMMiekca Hanbonee sPeKTUBHbIX

yrnpasnsowmx Meponpmsatni 4

MnaHnpoBaHWe, opraHM3auns U KOHTPOJb YCI0BUI 6e30MacHoCTH, nX

pean3auna 5

PucyHok 3.2 — CTpykTypa yrnpasneHnst 6€30nacHOCTbIO 3/1IEKTPOYCTaHOBOK (3MM)
Mpwn paspaboTke cmcTeMbl obecrneyeHnsa 6e30MacHOCTU Kaxkapli BXOASWNA B Hee
3/1EMEHT XapaKTepu3yeTcs CBOMM KayeCTBOM, a Mpy B3aMMOCBA3U C APpyrMMuM npuobpeTtaet

COBEpPLLIEHHO HOBOE CBOWCTBO. [MoaToMy opraHusauyms obecneveHns 6e30MnacHOCTM AO/MKHA

BK/IIOMaTb CO3A4aHUE UM NpuBeAEHNE BCEW CUCTEMbI B COCTOSIHUE YNOPSAOYEHHOCTU U
€AVHCTBa B3aMMOAENCTBUA ee 3/1eMeHTOB (pUCYHOK. 3.3).
OcHoBHble 3agaun COB Bko4yaT: obecrnevyeHne BbICOKOrO YPOBHS
6e3onacHocTn 3kcnayataumm DSMM Ha pasnnyHbIX CTaguax BbiNOMHSEMbIX paboT,
npeaynpexaeHne npoM3BOACTBEHHOIO 3/1IEKTPOTPaBMaTn3Ma, CHUXEHNE, TPYAOBbIX U
MaTepuanbHbIX NOTepb, YNy4lleHue, Ha 3Tol ocHoBe, 3hHEKTUBHOCTN UCMNONb30BaHUS
SMM. Kpome Toro, 3aga4aMm CUCTEMbI SIBASKOTCA: NOBbILUIEHWE NPOM3BOAUTENBHOCTU
TPpyAa Ha OCHOBe co3AaHusA 6e30nacHblX U 34€) € POBbIX YCNOBMA MNpu pabote ¢ MM,
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obecneyeHne CMCTEMHOrO NOAX0Aa K PeLLEHMI0 YaCTHbIX BOMPOCOB TEXHUKMU
6e3onacHocTn, a Takxe cobnogeHne 3akoHOB 06 oxpaHe Tpyaa, HOPM U NMpaBuM TEXHUKU
6e3onacHoctun [29, 53, 124].

Llenb cucrembl obecneveHmnsa 6e3onacHOCTH
Co3zgaHue bnaronpusaTHbIX U 6e30MmacHbIX YCI0BUMN

sKcnnyatauymm MM

LleneBas opmeHTaumns
6esonacHoctn 3MM

MoTeHumansl
6esonacHoctn MM
YcraHoBneHue

Kputepnes
6e3zonacHoctn MM

MpodeccmoHanbHbI
otbop n obyyeHune no
6esonacHoctn MM
dopmMmupoBaHune
cpeacTs
anekTpobe3sonacHoOCTn
OMM,
obecneumBatoLwmnx

npoueccol paboTt Ha
obbekTax
3N1eKTPO3HEpPreTnKn
ObecneueHne
coumnasnbHbIX U

MaTepuasnbHO -
TEXHUYECKNX YCITIOBUMN

no 6esonacHocTn
Tpyaa

Hopmanu3auums npoueccoB 3n1ekTpobe30nacHOCTU Ha

obbeKTax 3/1eKTPO3HEepPreTnKkn

2ddekTnBHOCTL cnctembl 6e3onacHoctn SMM

PucyHok 3.3 - CxeMa B3anMOCBSA3M 3a4a4 cMcTeMbl obecneyeHus 6esonacHoctn MM
O6bekToM nccnenoBaHms npu paspabotke COB sBnsieTca onpeaeneHmne
BO3HMKHOBEHMSA TPaBMOOMACHbIX CUTyaLMin U 31EeKTPOTPaBMMPOBAHNS YesioBeKa Npu
paboTte ¢ DMM B pasMyHbIX YC/IOBMSAX SKCMTyaTauMu U Ha pasnyHbiX obbekTax
3/1IeKTPO3HEPreTUKM,

Mpu BbISIBNEHMM OCHOBHbIX NPUYNH HecobnoaeHnsa TpeboBaHNN TEXHUKMK
6e3onacHocTK 1 onpeaeneHnn o6beKTUBHBLIX U Cy6bekTUBHbIX aKTOpOB, cieayet
Bbl6paTh HanpaBieHNe, KOTOpoe C HaMMEHbLUMMM 3aTpaTaMyM MaTepuanbHbIX CPEACTB,
BPEMEHW KOJIEKTUBHbBIX YCUIMA MNpUBEAET K OXXnaaeMoMy pesynbtaty [53].
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Ha ocHoBe cncTeMbl PyHKLMIA KIaCCMYECKOro ynpasneHus [71]: aHanms, oueHka

— NMJlaHMpoBaHWE — OpraHu3aums — KOHTPOAb — MOTUBaLNSA (CTUMYIMPOBAHMUE)
0obpasyoTcs ynpaBneHYeckme NHCTPYMEHTbI, No3Bonatowme Hanbonee sphekTMBHO
peann3oBaTb MEPONPUSATUS MO Bonpocam obecneyeHnsa 6e30MacHoOCTU.
MpMMEHUTENBHO K peLleHnto 3a4a4 No 3/1ekTpobe30nacHOCTU, YyKasaHHble

dYHKLUNW OT/IMYAKOTCH CrneumdruyecKMM CoaepXKaHMEM YN paBleHYECKUX PeLLEHUN,
KaXkZl0e U3 KOTOPbIX MO3BOMSIET BbIMOJHUTbL OnpeaeneHHble 3adaun [123]. AHanus u
OLleHKa YC/IOBUM 3KChlyaTaumMmn 3/1eKTPOyCTaHOBOK — KtouveBas MyHKLMSA ynpaBieHus B
cucreme obecrniedeHmst 6€30MacHOCTU 3/1EKTPOYCTaHOBOK, B TOM yucie DMM,
peanusaumnsi KOTOPOn Mo3BoOJSIET onNpeaenuTb: akTUUYECKOEe COCTOSIHUE YCIOBUI
npuMeHeHns SMM; ypoBeHb COOTBETCTBMS HOPMaTMBHbIM TpeboBaHMAM 6e30nacHOCTU
npouecca pabotel DMM; cTeneHb ONAacHOCTU 31IEKTPOTPaBMMPOBaHUS NOLEN ;
BEPOSATHOCTb BO3HMKHOBEHMS OMacHon cuTyaumun. BaxHoe mecto B COB nMeeT oueHkKa
cocTosiHmnsa 6e3onacHOCTM npumeHeHns MM B BUAE OCHOBHbIX KpuTepues: nl
onepauuoHHON HanpsKeHHOCTU; N2

— (YHKLUMOHANbHOM HaAeXHOCTH; N3

9HEepreTnYecKkon Harpyskmu; n4

— MEeTeOopOoIOrMYeCcKNUX yCI0BUN, 3HAYeHMUS KOTOPbIX

no3BoNsAOT Hanbonee achdekTUBHO pa3pabaTbiBaTb MEpPONPUSATUSA MO NpPeayrnpexaeHuro
3/1eKTPOTPaBMaTM3Ma, LeneHanpasieHHo dUHaHCMpPoBaTb MEPONPUATUS MO OXpaHe
TpyAa. 3hdEKTUBHOCTb CUCTEMbI 6€30MaCHOCTU ONpeaensieTcs KoNmMUYecTBeHHOM
OLIEHKOW KpUTEpUEB, BblpaXeHHbIX MaTeMaTUYEeCKOM MOAENbIO N MONYyYEHHbIMU
YMCIEHHbIMW NOKa3aTensiMu, XxapakTepusyowmmm Tpebyembiin ypoBeHb 6e3onacHoCTum
SMM.

YnpaBneH4yeckyt GyHKUMIO 6e30nacHOCTU cneayeT paccMaTpmMBaTh Kak
COCTaBNAOLWYI0 YacTb cncteMbl obecneveHns 6eszonacHocTu. besonacHoCTb Kak
dyHKUNOHaNbHOE CBOMCTBO CUCTEMbI, OMPEAENSETCA HE TOJIbKO KaYyeCTBOM OTAEbHbIX
KOMMOHEHTOB, HO U XapaKTEPOM NX B3aUMOAENCTBUS C OKpYy>Kallen cpeaon. 31o
npegnosiaraetT Heob6xoAMMOCTb B YrpaB/eHUN ycnoBusiMM ee (OpMUpPOBaHUS, T.€. B
NJaHOMEPHOM LiefleHanpaBAeHHOM OCYyLLEeCTB/IeHNM KOMMJieKca COOTBETCTBYHOLLMX
mMeponpuaTuii. Ans paspabotku COB ncnonb3oBaH NporpaMMHO-LLENEBOM MOAX0A,
NpUMeHSAWMNICA Ha 06bekTax 9KOHOMUKMK, B TOM UYNC/IE U B 3/IEKTPOIHEPreTUKe, Kak B
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Hallelh CTpaHe, Tak n B 3apybexHbix cTtpaHax [8, 119, 120, 121, 125]. AeicTBytowimne
cucTteMbl 6€30MacHOCTM Ha NpeanpuaTUSX SNeKTPOIHEpPreTuKNU WUMeIT HeaocTaTkn. K
TaKUM HeJocTaTkaM, B 4acTu ynpaBfieH4YecKon yHKLNM, OTHOCATCS: OTCYTCTBUE
CUCTEMHOIO Y4yeTa YesI0BEYECKMX, MALIMHHbIX (aKTOpoB U (haKTOPOB OKpY>KakoLL e
cpefdbl; OTCYTCTBME aHanM3a NpuYNHHO-CNEACTBEHHbIX CBA3eM Mexay 6e30MacHOCTbio U
(akTopaMun yCI0BUIM 3KCMJlyaTauum 3/IEKTPOYCTAHOBOK; HE pa3paboTaHbl Kputepun ans
OLLEHKW 1 aHann3a cUcTeMbl. [laHHble HeAoCTaTKM He NO3BOSIOT NPUHUMATL

3P EeKTNBHbIE PELLEHMS N MepornpuaTMsa no obecneveHuto 6e3onacHocT SMM.

Ha prcyHke 3.4 nokasaHa cxeMa MOCTPOEHUS MaTPUYHOM CTPYKTYpPbl

yrnpaB/ieH4YecKon GyHKLUM NporpaMMHO-LLeNeBOro Noaxoaa K CUCTeMe yyeTa OCHOBHbIX
(aKTOpOB, BblpaXXeHHbIX B KpUTepuanbHoOW dopmMe.
Takolh aHanm3 gaeT BO3MOXHOCTb BbISSBUTb MCTOMHUKM MOTEHLUWabHbIX

OonacHoCTen, NAeHTUDULMPOBATb UX, ONPEeAEeUTb KOIMYECTBEHHbIE U KaYeCTBEHHbIE
XapaKTEPUCTUKM OMACHOCTEN, @ TaKXKe BO3MOXHble HeraTMBHbIe NOCIEACTBUSA MpPU UX
BO3AENCTBMM Ha YenosBeka. MeTogamu COMOCTaBiEHUS MONyYEHHbIX MOKasaTenemn ¢
HOpMMpPYeMbIMM TpeboBaHUSAMM MO KaXKAOMY BMAY OMACHOCTM MPOBOAAT (haKTOPHYIO
KOMMJIEKCHY OLIEHKY COCTOsSIHMS 6e3onacHocti 3MM. Mo pe3synbTatam obcnenosaHms
COCTOSIHMSA 6€30MacHOCTM OCYLLECTBNSETCS OpraHM3auns MeponpusaTUin U COCTaBSIOTCS
Lenesble NporpaMMbl MO yay4dweHuto ycnosmin 6esonacHoctn [124].

YnpaBneHuyeckmne pyHkumm COB OCyLLECTBAAIOT: Ha OCHOBE UHMOpPMaLUn O
COBOKYMHOCTW MEPONPUATUI HanpaBfieHHbIX Ha yny4lweHue PpyHKLMOHNpPOBaHMUS
ynpaBaseMbiX (akTOpoOB CUCTEMbl B COOTBETCTBUMU C MMetoLLencs Lenbto. OCHOBHOe
Ha3HadeHue PyHKUUI yrpaBieHnsa npoueccom obecneyeHns 6e3onacHoCcTm
BbIMO/IHAEMbIX MPOLLECCOB C 3/1eKTPOyCTaHOBKaMu, B T.4. DMM, 3aknioyaercs B
CO3[aHNM YCNOBUI, HEOBXOANMBIX ANt 06ecneyeHns COOTBETCTBYIOLWMX NMOKa3aTenen Ha
3aaHHOM YpPOBHE N COXpaHEHME UX B AONYCTMMbIX Npeaenax.
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CTpyKkTypa cncteMbl obecneveHmns 6esonacHocTn

«YenoBsek»

«[poBoanmas

onepauusa»

«OMM»

«Okpyxatowas

cpena»

Mcmxonormnyeckune,

npodeccmoHanbHble,

BO3pacTHble,

OpraHm3aunoHHbIE,

npodunakTnyeckune,

coumanbHO3KOHOMMYECcKue

MoaroTtoBka,

BbIMOSHEHME paborT,
TexHuyeckoe

obcnyxxuBaHune

KOHCTpYKTUBHbIE,

MexaHuueckne,
TeXHOoMornyeckme

CaHunTapHoOrmrmeHumyeckme,

3arasoBaHHOCTb,

3anblIEHHOCTb,

OCBELLEHHOCTb

WccneposaHune ycnosuin 6e3onacHoCTym

YyeT, 06paboTka, aHann3 nHdopMaumm 06 ycnosmsx 6e3onacHoCTH

Cratucrtnyeckas obpabotka AaHHbIX, pacyeT OCHOBHbIX KpUTEpues

nl

— onepaunoHHOM

HanpsHKeHHOCTN

n2

- PYHKUMNOHaNbLHOM

HaZAeXHOCTH,

n3

— DHEpreTMYecKon

Harpy3sku

n4

— METEeOopOosIorM4ecKknx

yCnoBui

OpraHusaumsa n nnaHmpoBaHue pabotr no obecneveHuto 6e3onacHoCcTn

PucyHok 3.4 - CxemMa MatpuyHOW CTPYKTYPbl YMpaBieHYeCcKoN DYHKLUWUN CUCTEMBI
obecneuveHnsa 6esonacHoctn MM

C Touku 3peHune mogenmposaHusa COB npeacrasnset cobor COBOKYMHOCTb

obbekTa ynpasaeHns u MHPOPMALMOHHOM YacTu, CBA3aHHbIX MeXay € €obon
MHMOPMaLMOHHBIM obecneveHnem ( pucyHok 3.5).

CocrosiHne obbekTa ynpasneHus (6esonacHOCTb Ha paboyem MecTe)

onpenenseTcs BXOAHbIMM MapaMeTpaMu (aKTopoB, BO3AENCTBYOWMX Ha 6e30nacHOCTb
aKcnyaTaumu npumeHenms (OMM): X1

, X2

, ., XN

. K HUM oTHOCATCSA onacHble n

BpeAHble NPOM3BOACTBEHHbIE hakTopbl. [10CKONbKY, peanbHble NPOU3BOACTBEHHbIE U
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WHbIE YC/I0BUS He SABNSAKTCSA abcontoTHO 6e3onacHbIMU, TO BbIXOAHOM XapaKTepUCTUKON
CNY>XUT HEKOTOPbIN YpPOoBEHb obecriedeHns 6e3onacHoCTU nNpuMeHeHns 3MM: Y=f(X1

I

X2

, ey X0

). MokasaTenn KoNM4YeCcTBEHHOM M KayeCTBEHHOM OLLEHKM YpOBHS 6e30macHoCTm
npw akcnayataumm MM, aenstotca kputepmamm addektmBHoct COB. BHaveHus
ynpaBnseMblX HaKkTOPOB CUCTEMbI, T.€. BbIXOAHbIE XapaKTEPUCTUKMK, COCTOSAHUS
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6e3onacHoctn OMM cBsi3aHbl Yepes cucremy cbopa WHdboOpMaunn.
NHdopmMaumoHHas YacTb

Cucrema cbopa

MHpopMaunm

HakonneHune

WHdopmMaumm

CraTncrmnyeckas

obpaboTka

XpaHeHune

nHdbopMaunm

O6beKkT ynpaBneHus

Buabl pabot

DneKTpo3HepreTMyeckmne

npeanpuaTus, nogpasgaeneHms,

PEMOHT, CTPOUTENALCTBO

Be3sonacHocTb Ha paboyeM MecTe, B

noMeLLeHnmn, Ha TeppuTopmmn

NHdopmaumoHHoe

obecneuveHune

Y=f(X1

, X2

;e X0

)

YpoBeHb

6e3onacHocTn

obbekTa

®daKTopbl

BO34ENCTBYIOLWME

Ha 6e30MacHOCTb

obbekTa

X1

X2

Xn

OTyeTHas

nHdbopmaums

BHewHa4q

WHdopMauma

PucyHok 3.5 — CTpykTypHas cxemMa MH(POPMaLMOHHOW COCTaBnsowen n obbekTa
ynpaB/ieHns B cucteMe obecneyeHns 6esonacHoctu 3MM
MHdopmMaLMa 0 BbISIBAEHHbIX B MPOLECCe 3KCMNyaTauMoOHHOro KOHTPONs

OTK/IOHEHMSIX OT HOPM 3NEeKTPUYECKMX napameTpos MM, BAUSAOWMX HA NX

2J1EKTPO3alUNTHbIE CBOVICFBa, M 0 BOBHUKHOBEHUWN NOTEHUUMANIbHbIX OHaCHOCFeVI, a Takxe

AaHHble O HEeCHACTHbIX C/ly4asx, NoCTyrnarwT B MHMOOPMALMOHHYIO YacTb AN
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cTaTucTuyeckor ob6paboTkun B Liensx nccnegoBaHns sOeKTUBHOCTU CUCTEMbI
akcnayataumm MM n aensaTca kputepusamm addekTnsHocTn COB. BHewHss
WHdopMaumsa, nocrynatouwas B MHOOPMaLMOHHYIO YacTb, €CTb: 3aKoHOAaTe bHas,
HOpMaTUBHas, pernamMeHTUpytoLwWwas ycioBms aKCnyaTaumm 31eKTpoycTaHoBok (IMM).
TakuM 06pa3oM, OCHOBHbIMW 3aAa4yaMu cucTeMbl obecrnieveHms 6esonacHoCcTm
ABNSAIOTCA: peannsaumns onepaTuBHbIX GYHKLMN ynpaBieHUs U KOHTPONs,
NAaHMPOBAHMSA, NPOrHO3MpPOBaHUA U aHanu3a 6e3onacHoCTM Npu sKkcnayataumm MM
(pucyHok 3.6).
AHanu3 n oueHka
6e3onacHocTn
lMporHo3unpoBaHue
MnaHupoBaHune
6e3onacHocTun
OnepaTuBHOe
ynpasneHune
KOHTPOsIbHO-MH(MOPMaLIMOHHbIE
byHKUNN
O6beKkT ynpasneHus
PucyHok 3.6 — ®yHKUMOHanbHas cxeMa cucrembl obecnedeHmns 6esonacHoctn MM
DKCnyaTauMOHHbIM KOHTPO/Ib MapaMeTPoB 3/1IEKTPOYCTaHOBOK (OMM)
NO3BOJIAET NONYUYUTb MHMDOPMALUIO O (DAKTUYECKOM COCTOSSHUM YCnoBUIM 6e3onacHoCTm
N BbIABUTb MMEIOLLMECH OTKIIOHEHNS OT HOPMATUBHbIX 3HadYeHun. CHop w
cucTeMaTmsaumns CTaTUCTUYECKUX JaHHbIX O HECYACTHbIX C/lyyYasix Ha NpoOU3BOACTBE
NO3BONSIET MPOBECTU aHanM3 3/1eKTpoTpaBMaTm3ma.
Ha ocHoBe MHMpOopMaLmm, NoNyyYeHHON B pe3ysbTaTe dKCNayaTauMoHHOro
KOHTPONS U aHanM3a 3/1IeKTpPOTPaBMaTuU3Ma, NPOBOAMTCS OLE€HKa U MPOrHO3MpoBaHne
YPOBHS 3/1eKkTpo6e30MacHOCTM 3/1eKTPOYyCTaHOBOK. [1py 3TOM, Kak 6b1J10 OTMEYEHO
Bblle, YCTaHaBAMBAIOTCH CTeNeHb COOTBETCTBMS (PaKTMUYECKOro COCTOSAHUS
6e3onacHocTn TpebyeMoMy, BbISACHAOTCSA MPUYUHBI, 3aKOHOMEPHOCTM BO3HWKHOBEHMUS
NnoTeHUMaNbHbIX OMacHocTen, GopMynnpyroTcs NnpobaeMHble cuTyaummn m
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OTbICKMBAIOTCA BO3MOXHbIE MYTU UX pelleHns. Pe3ynbTaTbl aHanv3a v nporHosa
COCTOSIHMSA 6€30MacHOCTM 3N1eKTPOyCTaHOBOK (OMM) cy>XaT OCHOBOW ANs pa3paboTku
3P EKTUBHbBIX PELLUEHUN.
OpHol 13 Hambonee BaxHbIX MyHKUMn COB aBnseTcsa nnaHMpoBaHWE, KOTOpoe
npeaycMaTpyMBaeT pa3paboTKy KOMMAEKCHbIX MIAHOB Y/IyULWEHNS MeponpuaTuUi
MOBbILLEHNS YPOBHSA 6€30MacHOCTN 31eKTPOYyCTaHOBOK.
MnaHupoBaHue MeponpuAaTUiA No 6€30MacHOCTN 3/1EKTPOYCTAaHOBOK COAEPXKUT
cneaytouime nosropstowmecs satanbl [119]:
NOCTaHOBKa MPUOPUTETHbLIX 3a4a4 obecrneveHnsa 6esonacHocTu
3/1EKTPOYCTaHOBOK (3MM) paccmaTpuBaeMbiX pazHO0b6pa3HbiX BUAOB paboT;
NPOrHO3MpoBaHMeE BO3MOXHbIX TPABMOOMACHbIX CUTYyaLN, BO3MOXH bIX
N3MEHEeHUN cncTemMbl obecrnedeHunst 6e30nNacHoOCTH;
Bbl6bop M 060CHOBaHME OCHOBHbIX cnocoboB obecnedeHns 6e3onacHOCTN nx
(YHKLNOHUPOBaHUS;
onpegeneHne GyHKUNA MEPONPUSATUIA MO NpeaynpeXaeHnI0 BO3HMKHOBEHUS U
pasBUTUS 3N1eKTpOTpaBMaTM3Ma;
BblAENEHME N pacrnpedeneHne pecypcoB No 3TanaM BbiNONHAEMbIX paboT ¢
3/1eKTpoyCcTaHoBKamMm (OMM)
oTpaboTKka BOMPOCOB KOOPANHALMU N B3aMMOAENCTBMA NPU NAaHUPOBAHNMU
obecneueHnsa 6esonacHocTtM 3kcnayaTaumun SMM.
B npouecce nporHo3mpoBaHuns ycnosuin gyHkumnoHnposaHms COB rnaBHoOM
3ajaven ABnseTca nosbiweHne ee 3OMEKTUBHOCTU, YTO AOCTUIrAETCA NyTEM BHEAPEHMUS
N pa3paboTkn TEXHUYECKMX CPeACTB 3alinThbl U MPOBEAEHUEM MeponpuUsaTUii No
6e3onacHoCTK anekTpoycraHoBok (OMM). Ncnonb3ys TeXHUYecKne CpeacTsa 3awmThl
HeobxoaMMO AaTb OLEHKY XapakTepa BO3MOXHOIM0 W3MEHEeHUs KayecTBa KOMMOHEHTOB
nccnegyemor CMcTeMbl Mpu M3MEHEHUU OKPYXKatoWwmnX YCI0BM. 3TO NO3BOMSET
NMpOrHo3npoBaTb peanbHble CUTYyaLnn, NPeayCMOTPETb AOMOHUTENbHbIE PeCypChbl UK
KOPPEeKTMPOBaTb NoCTaB/ieHHble 3agaum [97].
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Mpu onpegeneHnn yHKLMOHANA N MEPONPUATUIA MO BbINONHEHUIO 6e30nacHOCTH
3/1EKTPOYCTaHOBOK (3MM), Heo6X0ANMO OCHOBbLIBATLCS N3 MEPAPXNYECKON CUCTEMBI U
BO3MOXHOCTW MnepepasMeLleHns NOCTaBIEHHbIX 3a4a4 Mexay COCTaB/SoWNMU
«4yenoBek» — «3MM» — «npoBoAMMas onepaumsa» — «oKpyxarwas cpeaa».
Cpeacrsamum ansi noBbiweHms 6e3o0nacHOCTM Npu aKcnayaTtaumm DMM aBnsiioTcs
OpraHmM3aunoHHble, TeXHNYEeCKMe, SIKOHOMMYeCcKMe, counanbHble. BaxkHbIM 3Tanom
pa3sutusa COb sBnseTca dopMmpoBaHue 3KOHOMUYECKUX CPeaCTB
npeaycMaTpyBaoLWmMX MateprasnbHY OTBETCTBEHHOCTb 3a ywep6, MpUUYNHEHHbIN
340pOBbI0 NtoAel, paLMOHanbHOE NCMOJIb30BaHNE CPEeACTB, NIAHNPYEMbIX Ha
npoBeAeHMe MepPONpuUATUIA MO 6€30MacHOCTU Tpyaa, onpeaeneHne 3KOHOMUYECKUX
nokasaTesnen 6e3onacHoCT 35eKTpoycraHoBok (3MM) [119, 124].
3apaum obecneveHuns 6e30MacHOCTM peLlatoTCsd Ha OCHOBE MPUMEHEHUS
COBPEMEHHbIX CpeAcTB 06paboTKM AaHHbIX U 9KOHOMMKO-MaTeMATUYECKMX METOAOB.
B cucreme obecneuveHns 6e30MacHOCTM 3/1eKTPOYCTaHOBOK BbIMO/IHEHbI peLleHuns
no cosgaHuto MM c ynydlleHHbIMU TEXHUYECKMMU XapaKTEPUCTUKAMMN NMPU CHUXKEHUM
OMacHbIX MEXaHUYECKNX BO3aenCcTBuin (BMbpauunm), KOTopbie NPsMO UM KOCBEHHO
OKa3bIBalOT BAMSIHWE HA COCTOsSIHME 6e30nacHOCTU MalwnH. B pesynbtate paspaboTku
BMOpO3aLUNTbl 411 PYYHOM 3N1EKTPUYECKON MALLMHbI MNOyYEeH MNaTeHT Ha MNONE3HYHO
mMogenb [126].
BHeapeHune COb Ha NpeanpusTUSaX aNeKTpoaHepreTukn Pecnybnuku BypsaTtus,
npuv UCNosib3oBaHMM >SMM, B yC/I0BMSAX cneumdnyeckoro B3anMoaencrBns
KOMMOHEHTOB cucTeMbl «4-3MM-NO-0C», no3sonseT obecneuntb Heob6XoaNMyto
6e3onacHoCTb noaen.
3.5 BbiBOAbI
1. B pe3ynbTaTe aHanM3a OCHOBHbIX DaKTOPOB CUCTEMbI «4esioBek» — «DMM» —

«npoBoAMMada onepauna» — «oKpyxawuwaa cpeaa>» BblAeNIEHDI Hanbonee 3HaUYMMbIe U Ha

120

OCHOBe Teopuu Nogobus nonyyeHbl KpUTepun Nogobus, aBnsaoWwmMecs nokasaTensimm
cncTeMbl 6€30NacHOCTU 31eKTPUYECKMX MOBUITbHbBIX MaLLWH.

2. MNpuHAaTble KpuTEpUK Noaobms No3BONAKT 3aKOHOMEPHO MOJYUYUTb OLEHKY
COCTOSAHMSA 6€30NacHOCTN 3NeKTpUYeCKnX MOBUbHbBIX MAlWWH B BUAE MaTteMaTM4eCcKon
MOZEeNun npouecca BOSHMKHOBEHWUS 3/1IEKTPOOMNACHbIX CUTyalu M, KOTopas NoKa3blBaeT,
4YTO Hanbonbluee KOJMYECTBO 3JIEKTPOTPaBM MPONCXOAMT M3-3a PaKTOPOB NMOACUCTEMbI
«3IMM>» un cocraBnsaet 60,90%.

3. B pe3ynbTaTte oueHKN YPOBHS 3/1eKTpoHe30nacHOCTN 3/1eKTPUYECKMX

MOBMbHbLIX MalWH, B AETEPMUHUPOBAHHOM 1 BEPOSITHOCTHOM BUAE, YCTAHOBJIEHO:
noka3saTeslb 3/IeKTpoTpaBMaTnU3Ma CO CMepTENIbHbIM MCXOA0M cTabuneH,

OCTaeTCs AOCTaTOYHO BblCOKMM Kn = 35 10

-6

100%;

BEPOSATHOCTb 3/iekTponopaxenmsa P(3MN)=13,32 10

-6

, YUTO NpeBblWaeT

pekoMeHayeMyto HopMy B 6onee yem 4 pas.

4. Ynpasnswowasa pyHKUMSA ABNSETCS COCTaBSAOLWEN YacTbio CUCTEMbI

obecneyeHns 6€30MacHOCTM M MNOCTPOEHA Ha OCHOBE COBOKYMHOCTU (DaKTOpPOB CUCTEMbI
M MOAENNPOBaHMM B3anMOCBA3M 06beKkTa ynpaBneHms n nHhOopMaLMOHHOM YacTu.

5. 3agavamun cucrtembl 6e30MacHOCTM ABASIOTCA: peannsaumns onepaTuBHbIX

(hYHKLUNM ynpaBneHUs n KOHTPOJIS, NJaHMpoBaHUS, MPOrHO3MPOBaHNA N aHann3a
6e3onacHocTM Npu akcnayataumm SMM.

121

4 MEXAHW3Mbl YNPABNEHWNS TEXHOTEHHOMN

BE30MNACHOCTbIO MM

4.1 MeToabl coBepLieHCTBOBaHNSA 6e3onacHon paboTel MM

B oTnnume oT 60NbLLINMHCTBA 3N1EKTPOTEXHNYECKUX U3AENNA  SJIEKTPUYECKON
MOBMIBHOM MalUMHOW MOJb3YIOTCS NMMua, 3a4acTylo He MMerlwmne creynanbHom
NMOArOTOBKM, MO3TOMY Takas MallWHa M ee ABUraTesb AO/MKHbI YAOBNETBOPATb 0C060
BbICOKMM TpeboBaHusAM 6e3onacHOCTM. OCHOBHbLIM AOKYMEHTOM, ONMpeaensiowmm
TpeboBaHMa 6€30MacHOCTM K 3/IEKTPUYECKMM MOBUBHBIM MallMHaM, SBISeTCs
Mybnukauna MexayHapoaHOW 3neKkTpoTexHuveckon kommccunm (M3K) [127]. STtomy
[OKYMEHTY COOTBETCTBYIOT TpeboBaHMS roCcyAapCTBEHHbIX CTaHAAPTOB, CAHUTapPHbIX
HOPM U1 Ap.

Kak ykasaHo B naparpade 1.1 no creneHu 3alinTbl onepaTtopa oT NOpaKeHuns
3N1EKTPUYECKMM TOKOM MaLLWHbI U UX ABUraTenn aenaTtca Ha Tpu knacca I, IT, III.
3almTa OT NMOpPaXKeHUs SNEKTPUYECKMM TOKOM onepaTtopa DMM obecneunBaeTtcs
HannuneM He MeHee YeM ABYX He 3aBUCALLMX APYr OT Apyra 3alMTHbIX CPEACTB. DTUMU
3aWNTHBIMK CpeACTBaMu SBASOTCA OCHOBHASA M30/LUNS Ha BCEX 3/IEMEHTAX,

HaXoAALMXCH NOA Hanps>KEHWEM, Y MallMHbl 1t060ro Knacca v, KpoMe Toro, 3a3emieHne

BCEX AOCTYMHbIX A/ MPUKOCHOBEHUS METa/lIMYeCKMX YacTen y MawmnH knacca I;
OOMOSIHUTENbHAS AN YCUNIEHHAs U30N5SLUUS BCEX AOCTYMHbIX 4151 MPUKOCHOBEHUS
yacrten y MmawmH knacca II; ocobo HM3Koe HanpsXKeHne U SMeKTPUYEcKoe pasaeneHmne
Lernen B UCTOMHMKE NUTaHUA y MawnH knacca III [42, 63].

YCTaHOBMIEHO, YTO CPeau BCEX BUMAOB TPaBM, 3/IEKTPOTPaBMa no KOJMYeCcTBYy

CMepTesbHbIX MCXOA0B 3aHNUMAET OAHO M3 NepBbiX MecT [35], NMO3TOMy CHUXXEHWEe YPOBHS

3/1EeKTPOTpaBMaTM3Ma BO3MOXXHO MpuY NMpaBuIbHOM Hay4YHON NMOCTaHOBKE peLleHus
BOMPOCOB 3J1eKTPo6e30nacHoOCTU.

KoMnnekcHoe pelleHne BONpOCOB 3/1eKTpo6e30nacHOCTU Npu SKCnayaTaunm

SMM uMeeT pelatolee 3Ha4eHNE C TOYKN 3PEHUS CHUXEHWUS BO3SHUKHOBEHMUS
3/leKTpoTpaBMatm3ma.  ockonbky MM aKCnyaTUpyoTCa B CaMblX PasfMyHbIX
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YCNOBUSIX MO COCTOSIHMIO OKpYXaloLlen cpedbl U TonorpaduryecknM ycrnoBusMm, B CBA3M
C 3TUM BEPOSTHOCTb BO3HUKHOBEHWS ONACHOW CUTyaL UK YBENNYMBAETCS.
HeobxoanMMoCTb NpUMEHEHNS 3/IEKTPO3aLLUTHbBIX CPEACTB ONMpeaensieTcs XapakTepoM
MOMELLEHUN U YCNOBUAMU UCNONb30BaHMs DMM B paboTe [42]. B cOOTBETCTBUMU C
NPUHSATON KnaccudurKaumen noMeLleHMI No CTeENeHM ONacHOCTM MopaXKeHus Niaen
3/IEKTPUYECKUM TOKOM MPUMEHSETCA onpeaeneHHbIn Bua 3awnTbl. B Tabnuue 4.1
npuBeaeHbl knaccbl MM 1 cnocobbl 3/1eKTPO3aLMThl B TaKUX MOMELLEHUAX.
Tabnuua 4.1 - YcnoBus Mcnosb3oBaHus B paboTe 31eKTpuyeckmx MOBMIbHbIX MallWH
pasfMYHbIX KNaccoB

MecTo npoBeaeHus

pabot

Knacc

3/1IEKTPUYECKNX

MOBMBbHbIX

MalnH No TMny
3aWnTbl OT

nopaxeHus

3NIEKTPUYECKUM
TOKOM

HeobXxoanMMoCTb NpUMEHEHNS 3/1EKTPO3aLLUTHbBIX

CcpeacTs

MoMelleHne 6e3

MOBbILLEHHOW

OMacHoCTMW.

MomeleHmnsa c

MOBbILLEHHOW

OMacHOCTbIO

I

MpuMeHeHne xoTa 6bl OAHOro M3 3NEKTPO3ALLUTHbBIX

cpeacTB (ANINEKTPUYECKNX MepyaToK, KOBPOB,

NoACTaBoOK, ranow) bes npuMeHeHns 3NeKTpo3aLUTHbIX

CpeacTs, eC/iv MpW 3TOM TOSIbKO OAUH  3/1EKTPONpPUEMHUK

nony4yaeT NUTaHUEe OT pasAenbHOoro TpaHcdopmaTopa,

aBTOHOMHOW ABUraTeNlbHOM YCTaHOBKM,

npeobpasoBaTens YacToTbl C pasaennTenbHbIMU

06MOTKaMu nnan Yyepes yCTPOMCTBO 3alUTHOrO

oTkA4YeHnA(Y30)

IT be3 npyMeHeHNS 3/1eKTPO3aLlUUTHbIX CPeacTB

III Be3 NnpMeHeHUs 3N1eKTPO3aLLNTHbBIX CPeACTB

Oco60 onacHble

nomeLLeHuns

I He ponyckaeTtcs NpuMeHsTb

IT Be3 NpUMMeHEHNS 31EKTPO3aLLUTHbBIX CPEACTB

III Be3 NpMeHeHUs 3N1eKTPO3aLLNTHbBIX CPeACTB

BHe nomelweHnm

(HapyXHble

paboTbl)

I He ponyckaeTtcsa NnpUMeHaTb

IT Y30 1 pononHuUTeNbHbIE 31EKTPOo3alUUTHbIE CpeacTBa

III Be3 NnpuMeHeHUs 31eKTPO3aLLNTHbBIX CPeacTB
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MpogomkeHne Tabnuubl 4.1
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Mpy Hannunmn
ocobo
HebnaronpusaTHbIX
ycnosui (B
cocypax, annapatax
W Apyrunx
MeTaVIM4ECKNX
EeMKOCTSIX C
orpaHu4eHHomn
BO3MOXXHOCTbO
nepeMeLLeHms n
Bbixo4a)

I He ponyckaeTcsa NpUMMEHATb
II

MNpuMeHeHMe XOTSa 6bl OAHOr0 W3 371EKTPO3aLLUTHbIX
cpeacTB (ANINEKTPUYECKNX MepyaToK, KOBPOB,
NoOACTaBoOK, ranow). bes npMMeHeHns 31eKTpo3amTHbIX
CpeacTB, €eCN NpU 3TOM TOMIbKO OAUH  3NEKTPONPUEMHUK
nony4yaet NMTaHUe OT pas3AeUTeNbHOro
TpaHcdopMaTopa, aBTOHOMHOW ABUraTeflb-reHepaTopHOmn
yCTaHOBKM, NnpeobpasoBaTens 4acTtoTbl C

pasgenuTenibHbIMM 0BMOTKaMu WUaM Yyepe3 YCTPOUCTBO
3aWNTHOro oTKYeHMA(Y30)

III be3 NpuUMEeHeHUS 3/1eKTPO3aLLUUTHBIX CPeacTB
B Y3 oTMeyeHo, 4TO B 3neKkTpuyeckmx cetax Ao 1000B npeaycmaTpusaetcs
NMpUMEHEHME YCTPONCTB 3alnTHOro otknoyeHus (Y30) B aBapuiiHbIX pexXuMax cet npu
paboTe ¢ aneKkTpoycTtaHoBKamMu [42].

YCTPOMCTBO 3aLLMTHOrO OTK/IIOYEHUS aBAsSeTca Hanbonee spheKTUBHbLIM U

SKOHOMMYECKW LieniecoobpasHbIM 3alNTHBIM CPEACTBOM, HaAeXHO cpabaTbiBalowmM npu
ONacHbIX CUTYaLMSAX, CBA3aHHbIX C HEMOCPEACTBEHHbIMW KacaHUAMU TOKOBEAYLLMX YacTewn
3/1EKTPOYCTAHOBOK M 060pYAOBaHMS MW MPU 3JIEKTPUYECKUX MPOBOSIX M30AALUN U
3aMblKaHUAX Ha KOPMNYC, @ TAaKXXe NPU CHUXEHUWN COMPOTUBMEHUS N30NAUNU HUXKE
[OMYyCTUMON BennumHbl [128,129].

Y30 nony4mnau LLNPOKOE pacrpocTpaHeHNe BO MHOrMX ctpaHax mmpa: CLUA,
Benukobputanuun, FepmaHun, ABCTpumn, ANOHUK 1 Ap., ABASIOWNXCA BEQyLWnMm B obnactu
OCBOEHMSA 3aLLUNTHOIO OTKIOYEHNSA U UMEIOLWNMU  BbICOKWMMA YPOBEHb Pa3BUTUS AaHHOW
annapatypbl. [ocTtaTouyHO NonHas Knaccmdukaums U CpaBHUTENbHbIA aHann3 YCTPOUCTB
3alMTHOro OTKAYeHns npusegeHbl [130, 131, 132, 133, 134].

B coBpeMEeHHbIX YCOBUSX Pa3BUTUSA OH6bEKTOB SKOHOMUKMW CTpaHbl CO3AaHbl YC/IOBUS
ON1s1 MaccoBoro BHeapeHus Y30 No TOKY YTEYKM B pasiM4dHbIX cdhepax AesTenbHOCTH
yenoBeka [117, 118]. Takoe BHeApPeHUE MOXET OCYLLECTBAATLCA Ha AEACTBYIOLUX U
npoekTupyembix ob6bektax. OgHako BBeaeHme Y30 B cocTtaB cucrteM 6e30macHOCTM Ha
OelcTBYOLWMX obbekTax NoTpebyeT 3HaunTenbHbiX 3aTpat [125].

B HacTosLlee BpeMs HaMeTunacbk TeHAEHUUS (POPMUPOBAHUS U MEPCMEKTUBDI

pa3BuTuA pbiHka Y30 B Poccnun. B [118] oTMedeHo, 4To B CTpaHax 3anaaHoi EBponbl
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eXerogHo Npov3BoANTCA U ycTaHaBaMBaeTcs cBbiwe 10 MAH. Y30 pasnuyHbIX TUMOB.
CTeneHb UX HaCbILWEHHOCTU OLEHNBAETCA U3 COOTHOLWEHUS 3,5 eAnHULbI 3N1eKTPo3aLlUTHON
annapaTypbl B CpeAHeM Ha Kaxkaoro xxutens. B Poccnun 3a nocnegHue ggaguatb nATb NeT
yCTaHOBNEHO MeHee 1 MnH. Y30 0TeUeCTBEHHOr0o U 3apy6exHOoro Npom3eoacrea. Emkoctb
noTeHunanbHoro pbiHka Y30 B Poccun oueHnBaeTcs OpueHTMPOoBOYHO B 30 MAH. eanHuL,
T.e. oaHo Y30 Ha 5 yenosek.

B ocHoBY Bcex Y30 NosoXXeH MpUHLUM UCNOJIb30BaHUSA B KaYeCcTBe AaTyuKa, T.e.
onddepeHuranbHoro TpaHchopmaTopa Toka (ATT), BbIXOAHOW CUFHaNA KOTOPOro
npubnMsanTensHo NponopumoHaneH pasHocTu (anddepeHunany) TOKOB B NEPBUYHbIX
npoBoAHMKaxX TpaHcdhopMaTopa [135]. Tok yTeukn B 3eMt0 B 3aLLNLLAEMON 30HE
asnsetrca ana OTT anddepeHunanbHbIM TOKOM, Bbi3blBaloWMM NOSBAEHNE BbIXOAHOIO
CUrHana, no3TOMY B HEKOTOPbIX onncaHmax Y30 anddepeHunanbHblii TpaHcdhopMaTop
TOKa HasblBalOT AATUMKOM Toka yTeuku (ATY). Ana Bcex Y30, pearnpyoLmx Ha

pa3HOCTb TOKOB B Harpy304HbIX MNepBMYHbIX NPoBOAHUKaX B [135] ycraHoBneHo obuwee
o6o3HaueHue Y30-[, a B MexayHapoaHbiX cTaHgapTax [136, 137] BBeaeHbl

o6o3HauveHna BAT ( BbIkAOYaTeNb AnddepeHLumansHoro Toka), ABAT ( aBToMaTnyeckui
BblK/loYaTeNb AnddepeHLnansHOro Toka).

CywecrtBytowme ctangaptel [136, 137] onpeaensitoT OCHOBHOE Ha3Ha4YeHmne Bcex
TunoB Y30, B ToM uncne BAT n ABAT, Kak AONONHUTENBbHYIO 3aliUTy JIIOAEN OT MOpPa)KeHus
3NEKTPUYECKMM TOKOM MPU MPUKOCHOBEHUM K OTKPbLITLIM TOKOBEAYLLMM YacTsM
3N1EeKTPOYCTaHOBOK.

B cooTtBeTcTBUM C TpeboBaHussMm MY n TOCT B Tabnmue 4.2 npuBeaeHbl OCHOBHbIE
dyHkunm Y30 [138].

K Hanbonee BaxHbIM XapakTepucrtmkam Y30 oTHocaTcs [128]:

uncno dhas 3almLLaemMon ceTu;

pabounii TOK B 3alMLLAEMON CETH;

HOMWHaJ/IbHOE HanpsXXeHUe NUTaHus;

ycTraBka cpabaTtbiBaHWS 1 BpeMs cpabaTbiBaHUS;

Hannuue 3aWwmTbl OT Neperpy3kn M KOPOTKNX 3aMblKaHWI;

BO3MOX>XHOCTb CAMOKOHTPOS UCMPaBHOCTMU.
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Tabnuua 4.2 — OCHOBHbIE U AOMONIHUTESNbHbIE PYHKLMN YCTPONCTB 3aWMUTHOro
OTKJIOHEH US.
naBHasa u
obsasatenbHas
AornonHuTenoHas
CraHpapTHble
BcnomoraTtenbHblie
Onpepenswowmne
™n
PekomeHayeMblie
OTko4eHne
3alMLLLaeMON Lienun
OT NUTaoLEN ceTu,

Korga
anddepeHunancHbl i
TOK, BO3HUKaOLWNMN

OT TOKa YTEeUKN Un

TOKa 3aMblKaHUA Ha
3eMJ/o, NnpeBblLIaeT
3aaHHOe 3HayeHune;
3KCnyaTaunoOHHbIN
KOHTposb Y30

3awuTa oT

CBEPXTOKOB;

BblAepXXKa

BpeMeHMU

cpabaTtbiBaHUA

(tun S);

obecneveHune
YYBCTBUTENBHOCTHU

K TOKY 3aMblKaHusl

Ha 3emnio,

cogepkauiemy
COCTaBNSAOLLYHO
NOCTOSIHHOr O TOKa

(Tvn A); 3awumTa ot
MOHWKEHUS
Hanps>XeHus;
aBTOMaTU4ecKoe
NOBTOPHOE

BKJlOYEHMEe

CoxpaHeHue
YYBCTBUTENBHOCTHU

Y30 K TOoKy

yTeuku B C/lyyae
LBOMHOro

3a3eMneHuns

HYneBoro

paboyero

NpoOBOAHMKA;
CaMOKOHTPO/Ib
NCMpaBHOCTH;

yKasartesnb

NONOXeHNs

rnaBHbIX

KOHTaKTOB

3awmnTa oT UMNYIbCHbIX
nepeHanps>XeHun; 3almnTta
OT BPEMEHHbIX
nepeHanpsXeHumn; 3awmnTa
OT TEenJ0BbIX BO3AENCTBUN
(TemnepaTtypHas 3awunTa);
WHAMKALMSA Hanmuns
HanpshkeHnsa B NuUTaloLWwen
CeTU; ANCTaHLMOHHOEe
oTkNto4eHune Y30;
CUrHanmMsaums o NpuunHe
cpabaTbiBaHus Y30;
obecneuveHune
4yyBCTBUTEAbHOCTM Y30 K
TOKY Harpysku npm
NOBTOPHOM 3a3eMJIEHUMU
Hynesoro pabouyero
NpoBOAHMKA; 3awmTa OT
nponagaHus dasbl; 3awmnTa
OT NoTeHuMana Ha Kopnyce
aeKTpoobopyaoBaHms
OTHOCUTESIbHO 3eM/IU;

KOHTPOJSIb UCMPABHOCTHU
3alWMTHOro NpoBOAHMKA
B Tabnumue 4.3 npuBeaeHbl TEXHUYECKNE XapakTepuctukn Y30 oTe4yecTBEHHOro U
3apybe>xxHoro npomM3BoAcTBa, B cooTBeTcTBMM Cc [117, 138].

Bbi60p cpeacTB 3almThl B 3HAYUTENbHOW MEpe 3aBUCUT OT CUCTEMbI 3a3eMJIEHUS
cetn. CornacHo [139, 140, 141] npeayCMOTPEHbI TPU CUCTEMbI 3a3eMSIEHUS ceTen: TT—

HelTpanb UCTOYHWKA NUTAHWUA N KOPNyCa 3/1eKTPONPUEMHMKOB 3a3eMIeHbl, MPUYEM
3a3eMieHns MoryT 6biTb pasgenbHble; TN-HelTpanb NCTOMHWKA NUTaHMS 3a3eMieHa, a
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KOopnyca 3/1eKTPONpUEMHUKOB 3aHyneHbl; IT-HeNnTpanb UCTOYHMKA NUTAaHUS U30/IMPOBaHa,
a Kopryca 3/1eKTponpuEMHMKOB 3a3eMIeHbl.

B anekTpuueckol cetn ¢ cncremoin TT kopnyca DMM yepes ycTpoincrea ans
3a3eMfieHMs NOoAK/IYATCA K 3a3eMastolleMy ycrponctBy [142, 143]. MNpu ogHodaszHOM
3aMblKaHWM Ha 3eMJI0 MaKCMMasbHas TOKOBas 3allMTa aBTOMAaTUYECKOro BbIKaO4YaTens He
cpabaTbiBaeT BBUAY HEAOCTAaTOYHOrO 3HAaYeHUS TOKa 3aMblKaHWUS, OFpaHUYEHHOrO
COMPOTUBNEHUSMN HENTPanu 1 3asemsnieHns SMM, BKIIOYEHHbIMU MOCneaoBaTeNbHO. B
TaKOM CJ/lyyae npsiMoe NPUKOCHOBEHWE K TOKOBEAYLL MM YacTsM BCerga onacHo, T.K.
Hanps>XeHne NPMKOCHOBEHMUS paBHO hasHOMY HanpshkKeHuto cetu. KocBeHHoe
NPUKOCHOBEHME (K Koprycy 3MM) Takxe MOXET 6biTb onacHo. MNoaToMy ansa 6eicTporo
OTKIYEeHNA DMM HeobxoauMa ycraHoBka Y30 B Havase nutatowen cetu, a ansa 6onee
3 deKTUBHON 3alLNTbl — Ha Kaxxaom SMM, cornacHo My3.

B anekTpuyeckon cetn c cuctemon TN npumMeHsoTca DMM noboro knacca 3alnThbl.
Mpu ncnonb3oBaHuu knacca I 3asemnate MM He pekomeHayetcs. [pn ogHodasHoM
3aMblKaHWM Ha 3eMJIt0 B TaKOM CETM TOK 3aMblKaHUs ByAeT AOCTaTOYHbIM A4S
cpabaTblBaHMS MaKCMManbHOW TOKOBOM 3allMTbl aBTOMATUYECKOrO BblK/IHO4aTeNs, T.K.
CONpOTUBNEHWE NeTNn da3a-HyNb byaeT He3HaUNTENbHbIM. [pAMOe NPUKOCHOBEHME K
TOKOBEAyLUM YacTaM Npu akcnayatauMm 3MM Bcerga onacHo, T.K. HanpsXeHue
NMPUKOCHOBEHMS paBHO hasHOMY HanpsXXeHUIO NuTarLwen cetn. Nockonbky MM B
OCHOBHOM 3KCMJlyaTUPYeTCs B TAXENbIX YCIOBUSAX C TOYKU 3peHnsa 6e30macHoCTM, 3Ha4YUT
M KOCBEHHOE MPUKOCHOBEHME NMpu pabote ¢ MM, Takxe MOXEeT 6biTb OMacHo, NO3TOMY B
TaKuX CceTsax HanpsbkeHnem 380/220B HeobxoauMo rnpuMeHeHue Y30, HECMOTPS Ha TO, YTO
ceTb ¢ cucrtemor TN obecneumBaeT 6biCcTpoaencTBytoLee cpabaTbiBaHMe MaKCMMaibHON
TOKOBOW 3alLMTbl MO CPaBHEHUIO C CETbIO cUCTeMbI TT [144].

B anekTpuyeckon cetu c cucrtemon IT MOryT mpuMeHsTbcss DMM knacca I,
npucoeanHEHHbIe K CeTsAM 3a3eMneHuns. MNpu 6onblio EMKOCTU NUTAOLWEN CETU NMpPsIMOe
MPUKOCHOBEHME K TOKOBEAYLINM YacTsaM onacHO. BBUAY He3HauMTenbHOW BENNYMHBI
0AHOMA3HOro ToKa 3aMblKaHWNS Ha 3eMJI0 KOCBEHHOE MPUKOCHOBEHWE Masio OMacHO.
Hanps>keHnsa npsMoro u KOCBEHHOr0 MPUKOCHOBEHWS B ceTU IT 3HAUNTENbHO OTAMYAKTCA
OT COOTBETCTBYHOLLMX HAaNps>xeHun B ceTax TT u TN [144].
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MocKoNbKY BbiMyCKaeMble OTEYECTBEHHON MPOMbILUSIEHHOCTLIO U MPUMEHSEMbIE
3apybexHble DMM MoryT 6bITb 0gHOMa3Hble U TpéxdasHble [36, 145] 1 B OCHOBHOM
WNpPOKO ncnonbdyrTca II knacca 3alinTbl, 3HAYUT UCTOUYHMKOM NUTaHUSA aBastoTca TN
cetn ogHodazHble U TpEXdasHble. Bbilwe oTMedeHO, 4TO DMM NpUMEHSAIOTCA B
PasfIMYHbIX MPON3BOACTBEHHbIX MOMELLEHNSAX U Ha TEPPUTOPUM MPeanpusaTmui
3N1EKTPOIHEPreTUKN, NO3TOMY B 3aBMCUMOCTM OT YC/I0BUI 3KCMyaTauMmn MCNob3yeTcs
T1n Y30.

B [117] yka3aHo, 4TO 3almTa OT NOpPaXXEHUS 3JIEKTPUYECKNM TOKOM Mpwn

NMPUKOCHOBEHMM K OTKPbITbIM NpoBoASALLMM YacTaMm ( kopnycam) B cuctemax TN-C n TNS npomcxoamT nyTeM 3KCTPEHHOro OTK/IKOYEHMNS 3aLllMLLLAeEMOro y4acTka TOKOBOM
3alMTOM Npu 3aMbiKaHNM asHbIX NPOBOAOB, coeanHeHHbIX ¢ PEN nnu PEnpoBogHMKOM Kopnyca anektponpunbopos. [ns HagexHon paboTbl TaKMX CUCTEM

TpebyeTca 60NbLION TOK 3aMblKaHWS, YTO JaNeKo He Bcerga BbinonHeHo. C nossneHneM
Y30 1 npumeHeHueM nx B cncreme TN-C-S HagexHOCTb 3awnTbl 3HAYNTENBHO
NOBbICUIACh.
PacuétHasa Harpy3ka B 3/1eKTPOaHepreTnyecknx MpoM3BOACTBEHHbIX
MOMeLLEeHNAX, FrAe Ucnonab3yTcs SMM, 3aBUCUT OT KOJIMYECTBa paboTaromx
3N1EeKTPOYCTAaHOBOK, MX NOTpebnseMon MOLHOCTU N B COOTBETCTBMU C 3TUM
ocyliecrenseTcs Bbi6op Y30 4ns COBMECTHON W MHAMBUAYANbHOM 3awunThl. MNpu paboTte
C SMM Ha TeppuTOpuMWU NPEAnpPUATUIA, B MPOU3BOACTBEHHbLIX MOMELLEHNSAX
ycraHaenusatoTcs Y30 Ha BBoAe nuTarowen cetun [74, 146]. Mpun Harpyske o 10kBT
Y30 pomkHbl 6bITb paccunTaHbl Ha paboTy B Tpéxda3sHon ceTu ¢ paboymMM TOKOM A0
50A.
YunTbliBas BO3MOXXHOCTb MCMO/b30BaHMs Y30 ans ogHodasHom, AByxdasHon u
Tpéxda3Hon ceTu LenecoobpasHo Hanps>keHue NuTaHus BolbupaTb paBHbiM 220 1 380B.
OCHOBHbIMM NapaMeTpamMu, onpeaenawnmm 3P heKTUBHOCTb YCTPONCTB
3aWMUTHOr0 OTKJIIOYEHMUS, SIBMSIETCA TOK YCTaBKM U BpeMs cpabaTtbiBaHus. Ans
NOBbILLEHMS 3N1eKTPOo3aLMTHON 3 HEKTUBHOCTN TOK ycTaBkm Y30 n BpeMs ero
cpabaTbiBaHMS HEO6X0AMMO yMeHbLUaThb, a Ans obecneyeHns HaaéxXHoro
3NeKTpocHabXeHnsa — yBennumBaTb. AHaNN3 CYLLECTBYHOLLMX OTEYECTBEHHbIX U
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3apybexHbix Y30 nokasbliBaeT, YTO OTCYTCTBYET eAnHOe MHeHMe B Bbibope yCcTaBokK
cpabatbiBaHna [16, 147, 148, 149].
ObocHoBaHMe npeaenbHbIX YCTaBOK YHUbMUnpoBaHHoro psaa Y30 ansa ceten c
3a3eM/ieHHOoN HelTpanbto gaétca B [15], rae ykasbiBaeTcs, 4YTo pa3paboTka n BHeagpeHue
yHudunumposaHHoro psga Y30 npegycmatpmeaeTcd KoopaMHaUNMOHHbLIM MIaHOM Ha
1976-1980 r.r. no teme 07408 «Pa3paboTaTb U BHEAPUTb METOAbLI U CPEACTBa,
obecneumBalome CHMXeHMUe TpaBMaTU3Ma, NpodeccnoHanbLHoON 3abonesaeMocTu 1
YNy4lleHUs CAaHUTapHO-TUrTMEeHNYEeCcKUX yCNoBMIN Tpyaa». B yKasaHHOW paboTe Ha
OCHOB@HMW BbIMOIHEHHbIX NCCIEA0BAHMMN N C YYETOM PEKOMEHA0BaHHbIX A5 CTPaH
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C3B 3HaueHun ycraHosok (5, 10, 30, 100, 300, 500, 1000MA) npeanaratoTcst 3Ha4YeHUs
yCTaBoK ansi yHudunumposaHHoro psiaa Y30 (cMm. Tabnmuy 4.4).

Tabnuua 4.4 — 3HayeHns yCTaBoOK AN yHuuumposaHHoro paaa Y30

HOMMHanNbHbIN TOK Harpy3ku B 30He 3aWuTbl, A

10 254063 100

YcraBka npw paboTe B 30HE 3alUNTbl OAMHOYHOrO

norpebutens, MA

1010 30 30 100

YcraBka npu paboTe B 30He 3alnTbl FPynnbl

notpeburtenei, MA

10 30 30 100 300

HoMMHanbHbI TOK Harpysku B 30He 3awuTbl, A

160 250 400 630

YcraBka npw paboTe B 30HE 3aLUNTbl OAMHOYHOIO

notpebutens, MA

300 500 500 1000

YcraBka npu paboTe B 30He 3alnTbl FPynnbl

notpebutenen, MA

500 500 1000 1000

MpuBoasiTca ceegeHma o Tmnax Y30, yctaBkax cpabaTbiBaHWs, B HaUMOHANbHbIX

HopMax ®paHumu, NepmaHun, Benmkobputanum, Anonmnm, Asctpumn, CLLUA n ap. un nx
COOTBETCTBUWN MEXAYHAPOAHbIM HOPMUPYIOLWKMM AOoKyMeHTaMm [148, 149, 150, 151, 152].
B nepeuncneHHbIX Bbile CTpaHax, B TOM umMcne u Poccuun, aaHbl cBeAeHUS O TOM, YTO

0N 3alNTbI NI0Aer OT NOPaXKEeHUS 3NEeKTPUYECKMM TOKOM obLienpuHsaTon asnsetcs I
yct=30

MA, a 415 3alKnThl OT BO3ropaHuii Npu noBpexaeHmnun msonsaunum n 1.n. — 300 MA n 500 MA.
Tok, Ha KoTopblIn pearnpyeT Y30, Npy NPUKOCHOBEHUW YenoBeKa K TOKOBEAYLLUMM YacTaM
ornpegensieTcs He TOJIbKO COMPOTUBIEHWEM TeNna JesioBeka, HoO 3aBUCUT Takxke oT
COMPpOTUBEHNSA 3a3eM/IeHns HyneBoro nposoga [153].
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Kpome Toro, Ha ycrtonumsyto paboty Y30 oka3sbiBalOT BIUSIHUE HaMnpsiXKeHne

HebanaHca M 4YaCcToTHblEe XapaKTepucTukm amddepeHumanbHOro TpaHchopmaTopa Toka,
HENMHENHOCTb U HECMHYCOMAANIbHOCTb TOKOB U HaMNpPS>XXeHUN B 3NEKTPUYECKNX CETSX,
nepexogHble npoueccol 1 ap. [117].

Takum obpasom, Bbibupas ycrtaBky cpabatbiBaHus [15, 147] B Npon3BOACTBEHHbIX
nomeLeHmnsax ¢ y4€tom paboTbl 3/1eKTPOYCTaHOBOK, B T.4. MM, npu rpynnosBoi 3awmTe v
yCTaHOBKE Ha BBOAE B NMomMelleHne Heobxoammo yBenmunTb ycrtaBku cpabatbiBaHms Y30 B
3aBMCMMOCTM OT YCT@HOB/IEHHOM MOLLHOCTWU Harpyskm m HOMWHaNbHOIrO TOKa B NUTaoLen
cetn, T.e. B npegenax 300; 500MA, a npu nHamsmayansHon pabore MM - 30 MA, npu
rpynnoso — 100 MA.

B yactHocTH, npu akcnayaTaumm MM He NCKIDYEHO, YTO TOKOBeAYyLMe YacTu
3/1eKTpoABMraTens MOryT 3aMblKaTb Ha KOpNyc Uan B npouecce paboTbl MOXeT 6bITb
noBpeXJeHa M30auMs TOKOBEAYLUNX XM NuTatowero kabens npyu ckpyunBaHusXx,
TpeHusX, yaapax. B pesynbTaTe yenoBek NoagepraeTcs ONacHOCTU 3/1eKTPOTPaBMUPOBAHUS
npu NPUKOCHOBEHUAX K Kopnycy MM mnnum K noBpexAEHHbIM yyacTKaM nuTaroLero
kabens. Kpome TOro, BO3HMKAOT MOBPEXAEHUS U30N5LMN TOKOBEAYLLMX YacTen npu
NCNONb30BaHUN YASIMHUTENEN.

lMpy OAHOMNONIOCHBIX MPUKOCHOBEHUAX K TOKOBEAYLLMM YyacTaM DMM 3awmTa ¢

nomowbto ¥30 npu ycraske 30 MA n 6onee obecneunsaetca B 70-80%. B 10 e Bpems
Be/IMYMHA TOoKa yTeukn B 30 MA npeBblLlaeT NOpOroBble 3Ha4YeHUs HEOTNYCKaoLWero ToKa,
YTO MPUBOAUNT K CHUXXEHMUIO 3n1eKTpo3awnTHon addekTmBHOCTM Y30 C ycTaBkoM
cpabaTtbiBaHma 30 MA u Bbiwe [154, 155].

MoaTtomy npwu Bblb6Ope BpeMeHu cpabaTtbiBaHus Y30 npeacraBnisaeTcs O4eBUAHbIM
YMEHbLUEHWE ero 3Ha4YeHns, YTO NO3BONISIET CHUXATb BEPOSATHOCTb CMepPTEeSIlbHOro
3/1eKTPOMNOpPaXXeHMs B C/lydae nonagaHmsa YyenoBeka noj HanpsxxeHue. B cooTBeTCcTBMM C
HOpMaMu NpeaesbHO AONYCTUMbIX TOKOB Yepes Tesno Yenoseka [10, 41] B TedeHue 1c
[OMyCTUMO BO3AENCTBME TOKa He 6onee 50 MA, a B TedeHune 0,1¢c-500 MA. Mpu 3TOM
COYeTaHMM TOKa U BPEMEHW OTK/IOYeHUS AomkeH obecneumBaTbcs 61arononyyHblii UCXo4
3NeKTpoTpaBMbl. [pyrumMmn cnoBamm, anekTposawmTHasa (amnep-cekyHaHas)
xapaktepuctmnka Y30 aomkHa NpoxoanTb HUXKE KPUBbIX 6€30MacHOCTM, YCTaHOBMIEHHbIX
HopMamu [7] n MK [156].
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B cooTBeTcTBMK C TpeboBaHnsaMM MIK [156] Ha pucyHke 4.1 npuBedeHbl KpuBble
6e3onacHocTn. KpuBas 2, peKkoMeHayeMas Kak «KpuBasi 37ieKTpobe3onacHoCTu>»,
npeacTaBnseT rpaHuLUy, Bblaenss Ase obnactu: A — 6e3onacHyio U B — onacHyto, B KOTOpPOW
BO3MOXHO 3/1eKTPOTpPaBMMpPOBaHME YefloBeKa C TSXKENbIMU NOCNeACTBUAMN.
AHanNTUYeCcKn KpmBas 2 ONMCbIBAETCS BblpaXeHneM:

= 183,75 e

—-2,66

. (4.1)

roe I — Tok, BO3AENCTBYIOWMIA Ha YyenoBeka, MA; t — Npoao/mKNTENbHOCTb BO3AENCTBMS, C.
I,MA U,B

220 - 220 -

200 - 200 -

180 - 180 -

160 - 160 -

140 - 140 -

120 - 120 - obnacte B
100 -100 -
70-70 -

55--2

40 --1

35--

30 --

25 - 25 - obnactb A
12-12-3

2-2-

0,050,10,20,3040,5060,70,80,91,0¢t,cC

PucyHok 4.1 - Mpadmk npeaenbHo gonycrtumblx Unp

, 1

h

B 3aBMCMMOCTU OT

BpeMeHn Bo3gencTems t:

1 - HopMupyemble BennumHbl Unp.gon v Th gon (no FOCT 12.1.038-01); 2 - kpuBas
anekTpobe3onacHoCTK; 3 — KpuBas npegenbHO AONYCTUMbIX TOKOB (MO AaHHbIM M2K),
YunTbiBas, YTO TEXHUYECKMM NPeaesioM BPEMEHW OTKIIOYEHNSI COBPEMEHHbIX
KOMMyTauMOHHbIX annapatos asnsetcs (0,01...0,05)c, 3HaunT Bpemsa oTkatoyeHums Y30
LO/MKHO 6bITh He 6onee 0,05c.
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OgHUM 13 rnaBHbiX TpeboBaHWN, NpeabaenseMblx K Y30, aBnseTca obecneyeHune
BbICOKOW 3KCMNJTyaTauMOHHON HAAEXHOCTM 3TUX YCTPOUCTB. B nocneaHme roabl NosiBUNOCH
MHOro paboT no pa3paboTke HOBbIX KOHCTPYKLMA N COBEPLLUEHCTBOBAHUIO U3BECTHbIX Y30
obnaparLWmnx BbICOKOM 3KCMNAyaTaLMOHHOMW HaAéXHOCTbIO,

B yacTtHoCTM, 04HUM 13 TpeboBaHM, KOTOPOMY AO/MKHbI OTBeYaTb Y30, aBnseTcs

NX MHOMOMYHKLMOHANbHOCTb, T.€. 3alnTa KOHTPOJMPYEMOM CETU OT CIIeAYoLWMX
aBapuMHbIX U HEHOPMaslbHbIX PEXWUMOB:

- 0AHOdAa3HbIX KOPOTKUX 3aMblKaHWI;

- OBYX 1 TpéxdasHbIX KOPOTKNUX 3aMbIKaHU;

- neperpysok;

- TOKOB YTEUKWN Ha 3eMJI0.

2T DyHKUNN peannsytloTcs npu BbinosiHeHUM Y30 Ha 6a3e coBpeMeHHbIX
aBTOMaTMYECKMX BbikNoYaTenen [138].

OaHUM 13 BaxHenwmnx kayects Y30 SBNSETCA CAMOKOHTPOSb UCMPAaBHOCTU CXEMbI.
YuuTbiBas HeperynsapHoCcTb NpoBepok Y30 37eKTpPOTEXHMYECKUM MePCOHANoOM Uan ero
HU3KYI0 KBanndunKaumnio, OTCYyTCTBME YKA3aHHOMO KavyecTBa CXeMbl MOXET NPUBECTM K
ONNTENbHOM 3KCNN@@aTtaummn HemcnpasHbix Y30, TeM caMbiM, NogBepras BblCOKOM
OMacHOCTU 3/IEKTPOMNOpaXeHuns noaern paboTalowmx c aneKTpoycraHoBkamm (SMM).
MoaToMy ucnpaBHOCTb Y30 A0/MKHA KOHTPOAMPOBATLCA CaMUM 3alUMTHbLIM annapaToM.
Kak nokasblBaeT aHanM3 3aWMTHbIX annapaTtoB (Tabnunua 4.3), yKa3aHHOoM
COBOKYMHOCTU TEXHNYECKMX TpeboBaHUI B HacTosILee BpeMsl He OTBeYaeT HU OAUH U3
oTeyeCcTBeHHbIX U 3apybexxHbix 06pa3LoB 31eKTpo3aLmThl.

4.2 Pa3paboTka yCcTponcTea 3alWMTHOro oTkaoyeHus (¥Y30- agantep)

MepeHOCHOe YCTPOWCTBO 3alMTHOrO oTkAYeHus (Y30- Bunka, Y30-aganTep)
MPUMEHSAETCS NpU OTCYTCTBUN CTaLMOHAPHO ycTaHoBAeHHOro ¥Y30. ®yHKuumn atnx Y30

COOTBETCTBYIOT CTaHAAPTHbIM 3aWUTHbIM yHKUMaM Y30 [135]. MNpeaHasHaveHbl Y30Buaka nnm Y30-agantep 418 opraHusaumm onepatmBHOW 3allMThl OAENA OT MOpaXXeHus

3/1EKTPUYECKMM TOKOM MPU MPUKOCHOBEHUMW K TOKOBEAYLLMM YacTsM 31eKTPUYECKON
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CETU NN K KOPNYCY 3JIEKTPOYCTaHOBKMW, OKa3aBLUEMYCS MOA Hanps>XXeHUeEM npum
NoBpeXAeHUN WU30N5SLMN TOKOBEAYLLMX YacTen N 3aMblKaHWM Ha KOPMyC U 3almTy OT
BOCM/IaMeHEeH M, MOryLLero BO3HUKHYTb BCEeACTBUE AINMTENbHOMO NPOTEKAHWS TOKOB
YyTEUKN, TaKXe NOBPeXAeHUN U30M9UnmM 1 3aMblKaHUW Ha 3eMo. lNepeHocHble Y30
MOryT 6bITb 0OgHOMasHbIe N TpexdasHble C perynampyemon ycrtaBkon cpabatbiBaHmnsa (10
n 30MA) [74, 146].

MepeHocHble Y30 npuMeHSTCa Npy rpynnoBor M OONHOYHOM 3awmTe U, B
0653aTeNIbHOM NMopsaAKe, B CIOXHbIX, C TOYKM 3peHNs 31ekTpobe3onacHoCTH, YyCIoBMAX
3KCrnJlyaTaunm 3/1eKTpoyCcTaHOBOK, B TOM uncne MM, B yacTtHocTH, gaHHble Y30
ncnonb3yTcs Npu pabote ¢ SMM B pas3nMyUHbIX NOMELLEHUSX U HA OTKPbITOM BO34yXe,

T.e. Ha TeppUTOPUM NPeanpuUaTUS, a B CJlyyae HEMCNpaBHOCTU MOBUNLHON MalLWHBbI
(noBpexaeHMN N30159UNM TOKOBEAYLUMX YAacTel M 3aMblKaHUW Ha MeTassIMyeckue 4actu
Kopnyca) Ans 3aluThbl Nt0Ael OT 31eKTPOTpaBMMpoBaHus. NMpuMeHeHne nepeHoCHbIX

Y30 npeaynpexaaeT BO3MOXHOE BO3ropaHue, UCKPeHMe N Harpes 3/1eKTPONpoOBOAKU B
pe3syfibTaTe BEPOSATHOIO KOPOTKOr0 3aMblKaHus, T.e. Y30 oTcnexuBaeT onacHbI
Npouecc Ha 3Tane yTe4yku TOKa U OTKJTIIOUAET 3/1eKTPOyCTaHoBKY (OMM) OT UCToYHMKaA
nutanuns. Y30-sunka n ¥Y30-agantep obnagatoT 4OCTaTOMHOW YyBCTBUTENbHOCTbBIO,
yTObbl OTpearMpoBaTb Ha HEOCMOTPUTENIbHOE UCNONb30BaHMe DMM nnun Ha
HenpaBubHOe obpalleHne C 3/1IEKTPONpPOBOAKON, MUTAOWMM Kabenem, yanmHuTeneM,
NPpUBOASALLMM K BO3HUKHOBEHMIO AeeKTOB N30/5LUNMM TOKOBEAYLUNX YacTen 1, Kak
CneacTBue, TOKOB YTEUKM, MpeBblwalowmX ycTaBky cpabaTtbiBaHms Y30.

B cooTtBeTcTBUM C TpeboBaHUAMN NpuBedeHHbIMK B naparpade 4.1 Hamu

pa3paboTaHO NepeHOCHOe YCTPOMCTBO 3alMTHOMO OTKAoYeHus Tuna AMNA-T
(amddepeHuManbHbIN NepeHOCHOM aganTep-TpexdasHbiin), T.e. Y30-agantep, nony4yeH
naTeHT Ha nonesHyw mozens [157].

OCHOBHbIMU COCTaBHbIMK 3neMeHTamMn Y30-agantepa AMA-T ansaoTcs

cneagytouwme (CM. pucyHok 4.2):

OuddepeHumanbHblin TpaHchopmaTop Toka, (ATT);

KoMMyTaumnoHHbIN 610K (cnnoBas KoHTakTHasa rpynna), (KB);

Llenb BkntoueHus, (BKI);
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KaTtywka oTkntoueHunsa (coneHong), (KO);

Llenb TectupoBaHus, (T);

Yeunutenb-npeobpasosaTesib.

B coctaB ycunutens-npeobpasoBaTens BXOAAT CNeaytolime 3/1eMEHThI:

DNEeKTPOHHbIN yeunuTens, (3Y);

MyckoBoe ycTporicTso, (MY).

OTTKB T

Y ny

BKJ1 KO

2 Wr N = -

Harpy3ka

PucyHok 4.2 - ®yHKuMoHanbHas cxema Y30-agantepa OMA-T

2nekTpnyeckas cxema ycrporicrsa AMA-T npuBeaeHa Ha pUCyHKe 4.3 a BHEWHUN

BWA YCTPONCTBa 6e3 CbeMHOW KpbIlWKN NpeacTaBieH Ha pUcyHke 4.4.

TpexdasHoe Y30 (BAT) paboTaeT cneaytowmm o6pas3om. MNMpu BKAKOYEHUN

TpéxdasHoro Bbika4yaTens andpdepeHumnanbHoro Toka (Y30-aganTtepa) B CeTb
Tpéxdas3HOro WMCTOYHMKa NUTaHWMSA B pa3HbIX U HYIEBOM MPOBOAHUKAX 3 BO3HUKAET TOK
N CUIOBbIE KOHTaKTbl 7 OKa3blBaKOTCA MO Hanps>XeHUEM,

OZHOBpPEMEHHO Ha 0AHY MoslyobMoTKy coneHomnga 6 ( KO), MoAKMYEHHYHO K

a3HOMy U HyNIeBOMY MPOBOAHWKAM, NOAAETCA HanpsXKeHue (Mpu BKIOYEHHON BUIKE 9
aganTepa B pO3eTKY UCTOYHMKA NMUTaHMA 3Ta NONyobMOTKa MOCTOSSHHO HaxoAMTCs Noa,
HanpsxxeHuneMm). Bropas nonyobMmoTka coneHomaa npucoeanmHseTcs K KHomnke 11

(«BKJ1») (B MHAMKATOPHOM OTBEPCTUU BKJIKOYAETCS MHANKATOP KPAacHOro LiBeTa), U BO
BTOPOM Mo/lyobMOTKE coneHomAaa NosiBASETCS HanpskeHue. B pesynbTtate coneHong 6
3aMblKaeT KOHTaKTbl CM/I0OBOM KOHTAaKTHOM rpynnbl 7 un B a3HbIX NpoBojax oT
NCTOYHMKA NUTAHWUA K Harpyske npoTekaeT Tok uan Y30-aganTtep nponyckaeT Tok. [pu
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OTNYCKaHUW KHOMKWN «BKJ1» BO BTOpPOM MoayobMOTKe cofleHomaa HanpsXXxeHue ncyesaert,
a coneHouA yaepXXMBaeT CUOBble KOHTaKTbl B 3aMKHYTOM COCTOSIHUWM NPWU Hannunu
Hanps>XeHus B NepBOM NMoslyobMoTKe coleHomAaa. B MOMEHT BKIKOYEHUS BUJIKM adanTtepa
B PO3eTKY MCTOYHMKA NUTAHUS CMNOBas KOHTaKTHas rpynna HaxoauTCa B Pa3OMKHYTOM
COCTOSIHUU.

W NOO IT WM DN ZH=T

u >4 x
_|

7

BKJ

KO

c)

PucyHok 4.3 — DnekTpuyeckasi Cxema yCTpOMCTBa 3alMTHOro oTkntodeHus OAMNA-T

B HOpManbHOM pexumMe, T.e. Npu OTCYTCTBUM TOKA yTEUKWN, reoMeTpruyeckas nam
BEKTOpHas CyMMa TOKOB (4YeTbIpéX TOKOB) B PasHbIX M HYNEBOM NPOBOAHMKaxX paBHa
HY/I0 MU CYMMapHbIM MarHUTHbIA MOTOK, CO3A4aBaeMblli STUMU TOKaMU, TOXXE PaBeH HYJIIO.
Mpy BO3HMKHOBEHUM TOKA YTEYKM B 3aLiMLLAEMOM Lenn (HanpuMep, MPUKOCHOBEHME
yesioBeKa, CTOsLEero Ha TOKONpoBoAsLLEM NONY K ha3HOMY NMPOBOAHUKY UAN
NMPUKOCHOBEHME K KOPMNYCY 3/IEKTPOYCTaHOBKM, OKa3aBLLEMYCsl MOA4 Hanps>XXeHUeM B
pe3ysibTaTe NOBpeXAeHUS N308LMMN TOKOBEAYLLMX YacTeN N 3aMblKaHUM Ha KOPMycC)
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NPOMCXOANT HapyLLueHne 6anaHca TOKOB B (hasHbIX M HY/IEBOM MPOBOAHMKAxX 3 n
CYMMapHbIA MarHUTHbIN MOTOK B cepaevHmnke anddepeHumanbHoro TpaHchopmatopa
TOKa 2, NPOMNOPLMOHaAbHbIA Pa3HOCTU TOKOB B MPOBOAHWKAX NEPBUYHON 0BMOTKM,
HaBoanT SAC ( 3N1EKTPOABMXKYLLYIO CKUYy), CO34AlOLLYI0 TOK BO BTOPUYHOM 06MOTKe 4.
Ecnun 3TOT TOK NpeBbllaeT 3Ha4YeHMe YCTaBKM NMOPOroBoro 3qieMeHTa 5, T.e. nyckoBoro
YCTPOMCTBa, NOAKJ/IIOYEHHOr0 KO BTOPUYHOM 06MOTKE Yyepes 3IeKTPOHHbIN YCUUTENDb
JY anddepeHumanbHOro TpaHchopMaTopa Toka U K NoslyobMoTKe coneHomnaa,
YAEPXMBAKOLEro CU0Bble€ KOHTaKTbl B 3aMKHYTOM MOJ/IOXXEHUM, OHO cpabaTtblBaeT,
BO3AENCTBYSA Ha UCMOSIHUTENbHbIN MEXaHWU3M (CONEeHOMA U CUITOBYHO KOHTaKTHYHO
rpynny), oTKA4Yaa nutaHue coneHonaa. OTKIOYEHHbIW CONeHouA He yaepXXuBaeT
KOHTaKTbl CM/TIOBOWN KOHTAKTHOM FpynmMbl, U OHWU pa3MblKalTCA No4 AEACTBUEM CUbI
Npy>XuHbl, 06ecToumMBas HeMcnpaBHYy Harpysky H.

OyHKUMOHaNbHO ¥Y30- aganTep npeacraensieT 6bICTPOAENCTBYOLYO

3NeKTpo3almnTy, BPeMs OTKNoYeHNS anddepeHLmanbHOro Toka (Toka yTeukm)
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cocrasnsdet 0,03 cek.

[ns ocylecTBneHns KOHTPONs ncnpaBHocTn kKHonka 10 (T - «TECT») no3sonsier
npoBepuTb pabotocnocobHocTeb ¥Y30- agantepa NyTéM NponycKkaHUs HebonbLoro Toka
Yyepes TeCTOBbIN pe3ncTop. TeCToBbI Pe3nCTop NOAKIIYAETCS K HYNEBOMY
NPOBOAHMKY, NPONYLLEHHOMY Yepe3 OKHO cepaedHuka avddepeHumanbHoOro
TpaHcdopMaTopa Toka, U K kKHornke «TECT», oT kHonkn «TECT» Kk ¢pasHoMy
NPOBOAHWKY COEANHEHHOMY C UCTOYHMKOM MNUTaHUS. [M03TOMY TOK B TECTOBOM LiEnu
SKBWBasieHTeH HecbanaHCMpPOBaHHOMY TOKY B MPOBOAHUKAX MEPBUYHOMN OBMOTKM, N Mnpwn
Ha)kxaTuu Ha KHomKy «TECT>» npoucxoant 6bicTpoe cpabaTtbiBaHue Y30 (OTKIOUEeHNE
HanpshkeHns, No4aBaAEMOro Ha 3aliMLLAEMYHO 3/IEKTPOYCTaHOBKY ), 3HAUUT OHO
MCNpaBHO. B MHAMKATOPHOM OTBEPCTMM MCHE3AET MHANKATOP KPacHOro useta. Ecam
Y30 He OTKA4YNIIOCh, 3HAYUT, OHO HEUCTIPABHO.

OcHoBHble TexHn4yeckue napameTpbl Y30- agantepa AMA-T npveeneHbl B
Tabnuue 4.5.
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Tabnuua 4.5 — OcHOBHble TexHUYeckne napametpol Y30- agantepa AMNA-T
N2 n/n HaumeHoBaHWe napameTpa BennuuHa
1 HommHanbHoe HanpsixeHue, B 380
2 HOMMHanbHbIM TOK, A 16
3
XapakTepucrnka dyHKLUNOHUPOBAHUSA NpuU
HanMuMn anddepeHUnanbHOro Toka c
COCTaBNAOLWEN NOCTOAHHOrO Toka, A
4
HOMWHanNbHbIN OTKAOYAOLWNIA
anddepeHunancHbl ToK (ycTaBka), MA
30
5 Bpemsa oTkntoveHus, ¢ 0,03
6 DnekTpryeckas M3HOCOCTOMKOCTb, uMKkbl B-0 He meHee 10 000
7 MexaHun4yeckast UBHOCOCTOMKOCTb, UMkbl B-0 He meHee 20 000
8
Knnmmatnyeckoe NCnonHeHWe U KaTteropus
noMeLeHns
yXn4
9 CreneHb 3awwmnTbl IP20/IP44
10 Cpok cnyx6bl, net 15

Ha pucyHke 4.4 B Y30-agantepe B kopnyce 1 dasHbIli 1 HYNEBOW NPOBOAHUKN 3
MOAKMNIOYEHbI K YETbIPEM LUTLIPSIM BUAKW 9, NpONyLEeHbl B OKHO TOpPOMAANbHOro
cepaeyHuka anddepeHLmanbHOro TpaHchopmatopa Toka 2 U NoAKItYEHbl K KOHTaKTaM
CUI0BOM KOHTAKTHOW rpymnnbl 7, @ TakXe K YeTbIpeM CUIO0BbIM YNpyruMm nnactmHam 8
pPO3eTKM, B KOTOPYIO BK/IIOHAETCA Harpyska.

JlabopaTtopHble ncnoiTanmsa Y30-agantepa AMA-T npoBoAnIMCb MO Creaytowen

MeToauke:

MNMpoBepka yCcTaBkM cpabaTbiBaHWA MO TOKY YTEUKN MpPU HOPMasbHbIX YCI0BUAX
(TemnepaTtypa Bo3ayxa +20°C, oTHOCMTENbHAsA BNaXXHOCTb Bo3ayxa 75%);
MpoBepka BpeMeHn cpabaTbiBaHMUS;

MpoBepka caMOKOHTPOAA paboToCnoCO6HOCTH.
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PucyHok 4.4 - BHewHunn Bng Y30-agantepa OMNA-T
1 - kopnyc, 2 - ATT, 3 - nepBmMyHasa obMoTKa, 4 — BTOpu4yHas o6MoTka,

5 - noporoBbin anemMeHT, 6 — coneHona, 7 — CUIOBas KOHTaKTHas rpynna,

8 - po3eTka, 9 - Bunka, 10 - TECT, 11 - BKJ1.

BHewHM BMA NnaHenn nabopaTopHOro CreHaa npuBeaeH Ha pUcyHke 4.5.
OpraHbl ynpasneHus cteHaa (CM. pucyHok 4.5):

— BbIK/OYaTeNb C noacBeTkon «CeTb» (3aMblkaHMe/pa3MbliKaHMe nepeknoyaTens
SA1l) Ans BKAOYEHUS/BbIKIOYEHUS CTeHAa;

— YCTPOWMCTBO 3alMTHOro OTK/IlYeHns anddepeHumansHoro Tuna;

- NepeknoyaTens Tnna Y30;

- MHAMKATOp TOKa Tena 4YenioBeka n BpeMeHun cpabatbiBaHma Y30;

- nepekstoyaTenb conpotTmeneHnsa obyeu yenoseka «Rob

+ (KOM)»;

- nepekstoyaTenb CONpoTMBAeHUS nona «Rnona

+ (KOM)»;

- KHonka ¢ noaceetkon «KACAHUE» aons npssMOro ogHomnoIl0CHOro

NMPUKOCHOBEHUS YesloBeKa C TOKOBEAYLUMM YacTaM, HaXoAsaLWwMMCS Mo4 Harnps>KeHnem
(3aMblkaHuMe nepektodatens SA2).
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CETb
SA1l

wWrrNFE 2 =1
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SA2
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R

nona

R =10000mh

A0-4-32-100

A-4-32-30

A0-4-32-300

Bpems cpabaTtbiBaHus

I

h

Tok

YCTPOVICTBO 3ALLUTHOIO

OTKJTIOHEHNA

PucyHok 4.5 — BHewHWMn B4 naHenu cteHaa

JlabopaTopHbIV CTeHA npeacTaBnsieT cobon moaenb TpexdasHoM 3/1eKTpuyecKon

CeTW C NOAK/TIOYEHMEM Harpy3Kn 4yepes yCTPOMCTBO 3alWmTHOro otkaoyeHunsa (Y30) ans
3alLNTbl YesloBEKA OT MOPAXKEHUSA SNEKTPUYECKMM TOKOM NMPU MPUKOCHOBEHUWN K
MeTa/lIMYEeCKMM YacTsIM Harpyskm, KOTOpble MOryT OKa3aTbCs MoA HarnpshKeHueM, a
TakxXe K MeTa/IM4eCKMM 4acTsM, OKasaBLUMMCS NOA Hanpsh)KeHneM BCieacTeme
NOBpPeXAEHUS U30NALUN.

C nomoublo nepeknovatens «Y30» B CTeHAe MOASNPYIOTCS XapakKTepucTukum
TpexdasHbiX Y30 amddepeHumanbHOro Tmna ¢ pas3HbiMM HOMUHANbHbIMU
oTKAYarwmnmmn auddepeHumansHbiMM Tokamm (Tokammn cpabaTbiBaHmsa) 30 MA, 100
MA, 300 MA (ans Y30-agantepa 30 MA) n BpeMmeHun cpabatbiBaHUSA. B pesynbtate
nabopaTopHbIX UCMbITAaHUI yCTaHOBMEHO, YTo Y30-agantep AMNA-T cooTBeTCTBYET
TEXHUYECKMM napameTpam.
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Mpy npoBeAeHN UCMbITAHUIA YCTaHOBMIEHO, YTO dyHKUMKN Y30-aganTtepa
COOTBETCTBYIOT CTaHAAPTHbIM 3alWNTHbIM dYHKUMSAM Y30 [137] n OHO MOXET LUNPOKO
NCNONb30BaTbCs NMPW ONEPaAaTUBHON 3alunTe Io4eN OT NMOPaXKEHUS 31EKTPUYECKMM TOKOM
npu paboTte C 3/1IEKTPOyCTaHOBKaMun, B ToM umcie OMM Ha obbekTax
3/1eKTPO3HEPreTnKn 1 Apyrmx.

4.3 CoumnanbHas n aKoHoMM4yeckas 3hdeKTUBHOCTb MPUMEHEHUS CPeACTB
3NeKTpo3awmnTsl SMM

B kayecTBe OCHOBHOIO KpUTEPUS OLLEHKW COLMaibHO-3KOHOMMUYECKOW

3P PEKTNBHOCTM MEPONPUATUI MO OXpaHe TpyAa UCMOJIb3yeTcs roA0BOM
3KOHOMMYecknii addekT Kak obobliatowmnii nokasarenb 3hHOEKTUBHOCTM BHEAPSEMbIX
OOCTVMOKEHUW HAayKU U TEXHUKWN, KOTOPbIN XapaKTepu3yeT NpMpocT HauMOHabHOMo
[0X0A4a 3a CYET HAayYHO-TeXHMYecKoro nporpecca [158, 159].

Kak otmMedeHo B [159], yBennueHune ob6bémMa pMHaHCMpoBaHMs paboT No oxpaHe
TpyAa HarnpaBfieHO Ha MoBbliLeHne 6e30MacHOCTM 31eKTPoobopyaoBaHMS U paboumx
MeCT, BHeApeHMe HOBOrO NOKOMEHMS CPeACTB 3/1eKTPO3alinThbl, NOBbILLEHME
apdekTnBHOCTU 6e30nacHOCTN paboTbl CUCTEM.

3ajaun onTUMM3aLMKM cucTeMm anekTpobesonacHOCTU 6a3npyroTCa Ha OCHOBE

y4yéTa rnokasaTtenen TeXHM4YeCcKon U counanbHO-3KOHOMMYecKkon addekTnsHocTn, B
pabote [8] nsnoxeHa KOHLENuMsa «oNnTUMMaabHON 3a1ekTpobe3onacHoCTM», KoTopas
dopMmpyeTca Ha BEPOATHOCTHOM MOAXOAE K OLEHKE SBIEHWNSA 31eKTPOTpaBMaTmM3Ma M Ha
y4yéTe npenoTBpalLéHHbIX ywepbos oT rubenn niogen. B cOOTBETCTBUN C 3TOMN
KOHLenumen B HacTosilee BpeMsi He06XoAMMO co34aTh Ha 06beKkTax 3/1IeKTPO3IHEPreTUKM
TaKylo cucTtemy, kotopas 6bl obecneunBana npv 3agaHHOM YPOBHE
31eKkTpo6e30MacHOCTN MUHMMYM NPUBEAEHHBIX 3aTpaT WK Xe NpuY 3adaHHbIX 3aTpaTax
- obecneumBasna MakCMMabHbIN YPOBEHb 3/1eKTpobe3onacHoCTu.

B MNMpaBunax ycTpoircTBa asekTpoycraHoBok (MY3) npeaycMoTpeHO BHeApeHMe
YCTPOWCTB 3aLlMTHOro OTKI0YEHUS Mo TOKy yTeukun ( Y30) Ha obbekTax 3KOHOMUKHU, B
T.4. B 9/IeKTPO3HEpreTnke, No3BonstoL,ee NoBblICUTb 3PPEKTUBHOCTb CUCTEMDI
6e30nacHOCTM 31eKTpoyCcTaHoBOK. Mpouecc BHeapeHus Y30 noTpebyer

141

OOMONHUTENbHbBIX 3aTpaT Ha OpraHM3auunto u yrnpasneHue B CoO34aHUM ONTUMANbHbIX
cncreM anektTpobesonacHocTu. MNobiweHne 3 HEKTUBHOCTM CUCTEMbI 6@30MacHOCTH
3/1eKTPOYCTaHOBOK CBA3aHO C obecneyeHnem onTuManbHOro Beibopa napameTpos
CYLLECTBYIOLWMNX YCTPOUCTB 3allMThbl, T.e. aBTOMaTUYECKNX BblKJllOHaTeNeN,
npegoxpaHutenen n sHegpsieMblX Y30 € yYETOM CTPYKTYPbl 3/IEKTPUYECKUX CETEN.
Mpn ncnonb3oBaHmm Y30 He TONBKO YBEMUYNBAETCSH CPOK CIYXO6bI

3/1eKTPOYCTaHOBOK, B T.4. DMM, NoBbILWAETCa UX 3KCNayaTauMoHHasa HaaéXHOoCTb, HO U
CHWXXAEeTCs 3N1eKTpoTpaBMaTM3M, NpeaoTBpaLLaeTcs TpaBMaTmaM u rubens noaen
BC/IeACTBME MOXXApPOB M BO3ropaHuii, Bbi3BaHHbIX MOBPEXAEHWNEM N30LNN
3/1eKTPOYCTaHOBOK, 3/1IEKTPONpPOBOAOK B MPOM3BOACTBEHHbIX MOMELLEHUSX U Ap.
CoumnanbHbI 3 deKT B AaHHOM C/ly4ae MOXHO Bblpa3uTb B BUAe npeaoTBpalléHHbIX
ywepbos [160, 161].

MockonbKy coumnanbHble N SKOHOMUYECKME NoKasaTe M XapaKTepusyTcsa TECHOMN
B3aMMOCBS3bI0, coUManbHbIM 3ddEKT OT pa3paboTkm U BHeAPEHUS HOBOW TEXHUKMK
crnepyeT oueHuBaTb 3KOHOMUYECKMMIN nokasaTensamu [162, 163].

Hwuxe paccMaTpmBaeTCst pacdéT coumanbHon 3P HEeKTUBHOCTU NpU BHEAPEHUN
Y30-agantepoB Tuna AMNA-T Ha obbekTax 3/1IEKTPO3HEPreTMKM Pecnybnmku bypsTus.
CoumanbHas 3¢ dekTnBHOCTb BHeapeHusa Y30-agantepos Tuna AMNA-T MoxeT

6bITb OLEHEHa MO MeTOAMKE, U3NOXEHHOM B [161]. B COOTBETCTBMU C A@HHOM METOAMKOM
coumnanbHas aPeKTUBHOCTb CPEeACTB I1EKTPO3aLLMThI OLLEeHNBAETCH YNCIIOM
npeaoTBpaLEHHbIX 2N1EeKTPONOpaXeHu nnpes

npea

= [(3M)

5}

- (3M)

H

1, (4.2)

roe N — uncio eanHnL 3NeKTPOYCTaHOBOK;

P(3M)

5]

, P(3M)H - BEpPOATHOCTb 3/1IEKTPONOPAXKEHNSA, MPUXOASALLAACS Ha eauHNLY
3/1eKTPOYCTaHOBOK COOTBETCTBEHHO NMpu 6a30BbIX N HOBbIX CPeACTBaX 3alUuThl.

BbINONHMM pacyéT BEPOSITHOCTU 3JIEKTPOMNOPAXKEHNS NPU MCNoNb3oBaHWK Y30azanTtepa B NpoM3BOACTBEHHbIX MOMELLEHUSIX U HA TEPPUTOPUM NPEaNnpPUATAIA

3/1eKTPO3HEPreTUKM NMpu 3KCayaTaunm 3aeKTpoycTraHoBok (IMM).
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BeposTHOCTb BO3HWKHOBEHMS OMACHOM CUTyauMn B pe3ysbTaTe NPUKOCHOBEHNS K
KOprnycaMm 371eKTpPoyCcTaHoBOK (DMM), okasaBLUMMCA MoA HarpshKeHUeEM:

OCK

(0]6C)

nK

. (4.3)

roe POCS

— BEPOSATHOCTb OMAaCHOro COCTOSIHMSA 3/IeKTPoyCcTaHoBkm (OMM), POC3
=1,93

10

-7

) (cM. MpunoxeHne B);

PMNK

— BEPOSATHOCTb MPUKOCHOBEHUS K KOPMYCY, OKa3aBLIeMyCs Noj
HanpskeHneM. 3HaveHune

nK

*

, OTHECEHHOE K OAHOMY YerioBekKy, cocTaBnsieT 6,66

10

-2

, (cMm. MpunoxeHwne B).

[ns BepoSATHOCTM NPUKOCHOBEHUS K Koprnycy no dopmyne (4.4) Heobxoammo
onpeaennuTb 3HadyeHune PriK

, OTHECEHHOE K O4HOWN 3/1eKTpoycTaHoBke (OMM):

nK

nK

*

SMM

(4.4)

rae M — yncneHHoOCTb CpegHeCnUCcOYHOro cocrasa paboTarowmx Ha obbekTax
3N1EeKTPO3HEpPreTnkm Pecnybnmkun bypaTtmsa no aaHHbIM [46];

N3MM - uncno eamHuny MM, HaxoAsaLWMXCA B 3KCNyaTaunm Ha uccneayemblx
obbekTax.

YunTtbiBas, 4to B Pecnybnnke Bypsatna npoxuBaeT OKOMo 1 MAH. YenoBeK, U3 HUX
M coctaBnseT 20 TbIC. YENOBEK.

MprHMMasa KOMMYECTBO eANHUL, 3/TIEKTPOYCTaHOBOK OPUEHTUPOBOYHO paBHbIM 75
TbiC., U3 HNUX 15 TbIC. — DMM, nonyuum:

nK

= 6,66 10

-2

20 10

3

1510

3

= 8.88 10

-2

MoacraBnsAs UMCNeHHble 3HavyeHus B popmyny (4.3), noayunm:

OCK
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BepoaTHOCTb 3/1eKTPONOpaXKeHMs B pesysibTaTe MPUKOCHOBEHUSA K KOprycaMm
3/1EKTPOYCTaHOBOK, OKa3aBLUMMCS MO/ HanpsXXeHNeMm:
oMK

OCK

CM

. (4.5)

raoe PCM - BepoATHOCTb fleTaslbHOr0 McXoaa 3/1eKTpoTpaBMbl cocTtasnseT 2,42 10
-5

(cm.

MpunoxeHne B).

oMK

=17,110

-9

2,42 10

-5

=4,110

-13

BeposTHOCTb BO3HMKHOBEHWS OMACHOW CUTyauWUn B pe3ysbTaTe MPUKOCHOBEHMUS K
TOKOBEAYLMNM YacTSM:

OoCT

(0]6C)

nTt

, (4.6)

roe POT

— BEPOSITHOCTb MPUKOCHOBEHWUS K TOKOBEAYLUMM YacTaM,

YunTbiBas, YTO COOTHOLLUEHME C/TyYaeB NMPSIMOr0 U KOCBEHHOIO KOHTAKTOB MO
OaHHbIM (cM. Tabnnuy 1.10) coctaBnsieT (60; 40), MOXXHO NPUHSATL, YTO

nTt

nK

60

40

4.7)

nt

= 8,88 10
-2

60

40
=13,32 10
-2

Torpa
oCT
=1,9310
-7
13,3210
-2

= 25,7 10
-9
BeposiTHOCTb 3/1eKTponopaXxXeHus B pe3ysibTaTe NPUKOCHOBEHUS K TOKOBEAYLLMM
yacTam:
NT

OoCT

CM

. (4.8)
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B uMcneHHOM BblpaxXeHuun:
20T

= 25,7 10

-9

2,42 10

-5

=6,210

-13

BeposiTHOCTb 3/1EKTPONOpPaXeHns B pesysibTaTe NpsiMoro UM KOCBEHHOr o
KOHTaKTa onpeaensieTcs Kak:
an

3NK

+

aNT

. (4.9)

3N

=4,110

-13

+ 6,2 10

-13

= 10,3 10

-13

[onycTtumas BEpOSATHOCTb 3/1IEKTPOMNOPAXEHMS B COOTBETCTBUMN C [163]
onpepensetcs no dopmyne:

SMaon

0,1

SMM

(4.10)

SMaon

0,1

1510

3

= 6,66 10

-6

Mockonbky P3N < PaMgon

, 9NnekTpobe30nacHOCTb B npeaenax AonyCcTuMon

BeNnUMHbI ByaeTt obecnedveHa.

[Onsa onpeneneHns ymMcna npefoTBpaLLEHHbIX 3/IEKTPOTPaBM B TeYEHME roja
HeobXxoaAMMOo paccynTaTb BEPOATHOCTb 3/1eKTponopaxeHuns PIMNb
, IpUXoAsaLLyoCcs Ha

OfHY €ANHULY 3/IEKTPOYCTaHOBOK, B T.4. DMM.

YuuTblBas, YTO BEPOATHOCTb 3/1eKTponopaxeHus P3MY

, OTHECEHHas K O4HOMY

yenoBeky Ha obbekTax 3neKTpoaHepreTukun Pecnybnuku bBypsatna PIMY
= 13,32 10

-6

(cM. naparpad 3.3), 3HayeHune PIMb

MoXeT 6bITb HangeHo no dopmyne:

3aNb

oMYy

SMM

(4.11)

B 4nCeHHOM BblpaXKeHuun:

oMb

=13,32 10

-6

2010

3

1510

3

=17,76 10

-6
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Toraa Yncno 3neKTpoTpaBM, NpeaoTBpalEéHHbIX B TeYeHne roaa B pesysbTaTte
BHeapeHunsa Y30-aganTepoB COCTaBUT:

npea

=7510

3

(17,76 10

-6

-10,310

-13

)=1,3

BaxxHelwmnM yCcrnoBmeM, onpeaensitowmm LenecoobpasHoCTb WMPOKOro
NPUMEHEHWNs YCTPOMCTB 31eKTPO3aLLMThl HA MPOMbILLIEHHbIX NPeanpUsATUAX U ApYTruxX
obbekTax, SABASETCA MX SKOHOMMYecKas 3PdeKTUBHOCTb. OCHOBHbIMK hakTopamu
9KOHOMMUMW, KOTOPble MOryT 6biTb YUTEHbI MPU OLLEHKE 3KOHOMMYecKoro addexTa,
YCNOBMMCS CYMTaTh:

CHWXXEHWNE roAoBbIX NOTEPb B. SKOHOMWKE CTPaHbl B pe3ynbTaTe

npeaoTBpaLleHuns 31eKTpoTpaBMaTM3Ma lngen Ha obbeKkTax 3/1eKTPO3IHEPreTUKN;
CHM)XEHWe rofoBbIX ywepboB OT MOXKapoB MO «3NEKTPUYECKUM MPUYMHaM» Ha
obbeKTax 3/1IeKTPOIHEPreTUKMN.

Mpn pacyéte 3KOHOMMYECKOro addeKTa yUnTbiBaAIOCh CHMXEHME yuepba To/bKO
OT CMepTefibHOro 3/1eKTpoTpaBMaTmM3ma, T.K. OTCYTCTBUE CTaTUCTUYECKMX OAHHbIX HE
NMo3BONSIET B MOJIHOW Mepe OLEHUTb 9KOHOMMUYECKME MOCNeACTBMSA 31eKTpoTpaBMaTM3Ma
C TSXKENbIM U NEFKNUM UCXOA0M.

Pacuét npomssoamnca B COOTBETCTBMM C MeToanKamm [159, 161, 164]. B kauyectBe
6a30Boi HOpMyibl MCNOML30BANIOCh CeayoLLee BblpaXeHune:

3= (N-
H
), (4.12)

rae N — npmbbinb OT peannsaunm HOBOW NpPOAYKLMK;

K — yaenbHble KanuTanoBloXXeHns Ha Npon3BOACTBO HOBOW MPOAYKUWUK;

EH - HopMaTuBHbIN kK03 durumneHT acdpdekTuBHoctu (0,15);

A - rogoBoit 06bEM HOBOM NPOAYKUWW B HaTypasibHbIX eaAnHMLaX.
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B dopmyne (4.12) napametp N onpenensieTcs COBOKYMHOCTbIO (PaKTOpOB,
CHUXKAIOLWMX SKOHOMMYECKME MOTEPWU MPU BHEAPEHUU YCTPOWCTB 3/1EKTPO3allimThl,
KOTOPbIN B CBOIO o4epedb MOXeT 6blTb NpeacTaB/eH B BUAE:

n=n

*

,(4.13)

raoe N

*

npenoTBpaléHHble rogoBble NoTepy Npu BHEAPEHMM 3alWmnThl Ha i-M obbekTe,
06yCNoBNEeHHbIE CHUXEHMEM MaTepuasnbHOro yulepba B pesynbTaTe npeaoTBpalleHuns
NMOXapoB MO «3J/IeKTPUYECKMM MpUUnMHam» u rmbenu nogen;

Ci

— rofoBble U3OEPXKKN.

Takum obpaszom, opmyna (4.12) 3anncbiBaeTCs B BUAE C/leAyoLero BblpaXKeHns:
3=3[N

*

= (

H

+

1

=1

, (4.14)

roe Ki

— KanuTanbHble BNIOXEHNSA Ha BHeApPeHMe 3alnThbl Ha i-M 0b6bekTe;

L - konnyecTtBo 06bEKTOB 3aLLNTbl, PaBHOE KOMYECTBY 3alMTHbIX annapaTos.
B cooTtBeTcTBMM € [160, 163] dopmyna (4.14) MmoxeT bbITb NpeacTaBneHa B BUAE:
o= {N

NnoXx

1

2

+ Y[(2M)

b

- (3m

H

1h+

H

)}, (4.15)

roe MMOX - maTepmanbHble NOTEpU OT NoXapa Ha obbekTe;

f — BEpOSATHOCTb BO3HMKHOBEHWUS NOXapa;

K1

- KO3(PPUUMEHT, YUMTbIBAIOLLMIA JOMO MOXKAPOB MO SNEKTPUYECKMM NPUYMHAM
B 0bweM nx konndecrse (ans Pecnybnunkn Bypstns no gaHHbiMm MB/[ K1

= 0,5);

K2

- KO3 PUUNEHT, yUMTbIBaIOLWMIA A0SO MOXAPOB MO NPUUNHE KOPOTKMUX
3aMblKaHUM U TOKOB yTeukn (K2

=0,7);

Y - 3KOHOMMYecKni yuepb OT cMepTeflbHOM 311eKTPOTPaBMbI;

h - konuuecTBo Nogen, 3almaembiX annapaTom 3aWmnTbl, T.€. YMCNo paboTarowmx
(opueHTUpoBoYHO h = 1);
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P(a)

5}

, P(BN)H - BeposATHOCTb 3N1eKTponopaxeHuns npu 6a3oBbiX U HOBbIX

cpeacTBax 3aWnTbl, OTHECEHHASA K OAHOMY YeflOBEKY;

Z15)

, H — akcnnyaTaumoHHble 3aTpaThl Npy 6a30BbIX M HOBbIX CPeACTBaX 3alUUThI;
Kb

, KH - kanutanosnoxeHus npun 6a3oBbIX N HOBbIX CpeACTBaX 3anThbl.

[na BbINONHEHMSA NMPaKTUYeCKMX pacyéToB Mo Nosy4YeHHOMY BbipaxkeHuio (4.15)
BBEAEM crieaytowme JonyLweHus:

1. NMpwu onpepenennmn 3HaveHms NMOX pykoBOACTBYSICb pekoMeHAaunsmMm [164] m
CTaTUCTUYECKMMU AaHHbiMK [165], npumem MNOX = 27,42 10

3

py6.n f = 153 10

-4

2. MNpwn oueHke cpegHeCcTaTUCTUYECKOro MaTepmanbHoro yuepba ot ogHomn
3M1EeKTPOTPaBMbI C JIeTaslbHbIM MCXOAOM BO3MOXHO ABa noaxoaa. Mo aaHHbIM [8]
pacyéTHoe 3Ha4yeHue ywepba oueHmBaetcs 128,425 Toic.pyb., @ no gaHHbIM [161] aTa

https://susu.antiplagiat.ru/ReportPage.aspx?docld=427.32330090&repNumb=1&type=3&page=0

AHTUNNarvar

25/31
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BEIMYMHA NPUHMMAETCS 3HAYUTENBHO HUXe Y = 75 Thic.py6. OTMETUM, YTO yLiepb,
paccuMTaHHbIN No [8] yunTbiBaeT AMHAMUKY U3MEHEHMS HaLMOHalbHOro AOX04a 1
cpefHerogoBoro Bkaga pabortawouero. 3ta BeiMYMHA NepeMeHHas U U3MeHseTcs
exerogHo, nmes obwyo TeHAEHUMIO K yBennyeHuto. Npnmem pacyéTHoe 3HaveHne
ywepba paBHoe Y = 100 Tbic.pyb., Aaowiee MMHMMaNbHbIA 3KOHOMUYECKUIM 3P deKT.
3. Mpw oTcyTCcTBMM 6a30BOro BapraHTa KanutanosnoxeHue Kb

npuHUMaeTcs

paBHbIM HyNt0. M0 aHanornyHbIM coobparkeHnsM aKcnayaTaumMoHHble 3aTpaTel b
v NH

B pacyeTe paBHbl HYJHO.

4. KanutanosnoxeHne KH Ha co3gaHue HOBOW 3/1€KTPO3alnTbl NMpMpaBHMBAETCS
OMNTOBOM LieHe 3allMTHOro annapara, pasHon 760 pyb.

5. C y4yétom TOro, uto 3HauveHue P(IMN)H << P(3MM)

5}

, BenuunHom P(AMN)H

npeHebperaem.

6. Yncno 3awmnTHbIX annapaTtos L 66110 NpuHATO paBHbiM L = 15 10

3

MoacTaBnsas YMcnoBble 3Ha4YeHUS B BblpaxeHue (4.13), nonyymm:

3=1[27,42 10
3

15310

-4

0,50,7 + 100 10
3

(13,32 10

-6

1) - 0,15
7601 15 10

3

=592,4 10

3

py6.
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Mpn 3TOM pacy€THbIV NpeaoTBPaLLEHHbIN yLiepb Ha 06beKTax 3/1eKTPO3HEPreTUKMN
Pecnybnunkn bypsatnsa B pesynbTate BHeapeHus Y30-agantepoB B konudectee 15 10
3

COCTaBMUT Kak MMHUMYM 667,4 TbiC.py6.

4.4 BbiBOAbI

1. BoinonHeHa knaccndpukaums coBpeMeHHbiX Y30, BbIMYCKAaEMbIX OTEUYECTBEHHOWN

MPOMbILINEHHOCTBIO C LLE€JIbKO BO3MOXXHOCTU UCMOJIb30BaHMA AN1A 3alUTbl 3JIEKTPUYHECKUNX

MOBMAbHbLIX MaWmnH NpY OAMHOYHON W FPYNMNOBOM 3KCMayaTauumn.
2. B pe3ynbTaTe aHanm3a CTPYKTYypbl NMTaOWMX CETEN NPpU 3KCMyaTaumm
3N1eKTPOYCTaHOBOK OrnpeaeneHa uenecoobpasHocTb NpumMmeHeHus Y30-aganTepos npum

YCTaHOBKE B NMUTAIOLLEN CeTU Ha Kaxaoh MM ans 6onee aphekTUBHOM 3alinTbl. YCTaBka

cpabatbiBaHna Y30-agantepa npy nHaMBuayansHon pabore DMM cocraBnset 30MA.
3. PaspaboTaHo yCTpPOMCTBO 3aWmnTHOro oTkaoveHns (Y30-agantep) tuna ANA-T

AN UHAMBMAYANbHOWN 3almnTbl DMM, NOAKMOYEHHbIX K TpeXdasHoW cMcTeMe NUTaHns
HanpsbkeHneM 380B c ycraBkol cpabatbiBaHusa 30 MA.

4. MpoBeaeHbl 3KCNepUMEHTabHbIE UCCeA0BaHUS paboTocnocobHocTh Y30aaanTepa B Hay4YHO-UCCIeA0BaTeNbCKOM TabopaTopumu Ha UCMbITaTeNbHOM CTeHAE MO

npoeepke skcrnnyatauunn Y30.
5. KonnuectBeHHas counanbHas n 3koHoMmnyeckas 3hdeKTUBHOCTb MCMNONb30BaHNS

¥30-afanTepoB B KayecTBe 3alUNTbl 31EKTPUYECKUX MOBUbHbBIX MalWH, MOKa3blBaET, YTO
yCTaHOBKa TaKoro annapaTa B NUTalLWNX CeTIX Npu aKcnayataumm MM B noMeLleHnsax

N Ha TEPPUTOPUN 31IEKTPO3HEPreTMYECKMX NpeanpusaTuin Pecnybnmkm Bypsatua no3sonumt
npefoTBpaTUTb B FOA OAHY 3JIEKTPOTPaBMYy U CHU3UTb MOTEpPU Ha 0bbekTax 3KOHOMUKU Kak
MUHUMYM Ha 667,4 TbiC. py6. 1 NONYy4UNTb 3KOHOMUYecknin addekT okono 592,4 Teic. pyb.

6. MoBblWeHne ypoBHA 6e3onacHocQ @ aKcnnyaTaumn MM MoxXeT 6bITb
OOCTUIHYTO 3@ CHET COYETAHMSI OCHOBHbIX U AOMONHUTENbHbIX MEPOMNPUSATUIA MO

3nekTpobe3onacHOCTH, T.e. Npu co3aaHnmn 6e3onacHblX YCIOBUI Tpyda B COOTBETCTBUMN C

pa3pa6OTaHHbIMI/I TEXHNYECKNMUN CpeacTBaMn 3allUThl.
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OCHOBHBIE BbIBOAb! W PE3Y/IbTATbI MICC/TEAOBAHNI

1. UHTeHCndmKauma Npon3BOACTBEHHbIX MPOLLECCOB CBA3aHa C LUMPOKNM
BHEeApPEHMEM B 3KCMNJlyaTaunto 3/IEKTPUUYECKMX MOBUNbHBIX MawnH (3MM), koTopble
NCMoNb3YTCS NPU BbINOSIHEHMW pa3HO06pa3HbIX orepaumii, co3aarLmX yCIoBums

MOBbILLEHHON ONAaCHOCTH 3/1IeKTpOTpaBMMpoBaHn4. NosaToMy npumMmeHeHue 3TOM MalUWHbI

NpeacTaBAeT CIOXKHYIO COLManbHO-TEXHOOMMYECKYHO CUCTEMY.
2. Pa3paboTaHHble B AUcCcepTaLmMmnm MateMaTnyeckne MeToabl aHanmsa

obecneveHns 6e€30MacHOCTM NO3BOASOT YCTaHOBUTb KOJIMYECTBEHHbIE CTaTUCTUYHECKNE

N PyHKLMOHaNbHbIE CBA3N KOMMJEKca Npu3Hakos, hakTopoB 1 NapaMeTpos,
OTpaXkarLwmnx 0CO6eHHOCTU aKcnyaTaumn OMM. MNMonyyeHHble AaHHbIE AatoT
BO3MOXHOCTb BbIMO/IHUTb MHOFOKpUTEpPMaibHOE MPOrHO3MpoBaHNe 3Ha4YMMbIX

NMPU3HAKOB, XapaKTepnU3yrwwnx BOBHUKHOBEHNE N pa3sBUTUE BHEKTDOOHaCHOVI CUTYaunun

npy ncnonb3oBaHnn MM.

3. B pe3ynbTaTe MaTeEMaTUUYECKOro MOAENMPOBaHMS BbisSiBNIEHblI Hanbonee

3HauYMMble PaKTopbl, ABMAAIOLWMECS NMOKa3aTENSAMN COCTOAHUS cucTeMbl 6e3o0nacHoCTy,
OTpaXarLmne 3aKkOHOMEPHOCTM ee PYHKLMOHUPOBAHUS.

4. Ha ocHOBe aHanu3a 1 MoAeNMpoBaHMs TPaBMOOMAaCHbIX CUTyaLUui npm

3KCnnyatauunun SMM nosy4yeHa oueHKa YPOBHA OMACHOCTU 31EKTPONOpaXXeHunsd, KotTopas

cocraenser 13,32 10

-6

, YUTO MpeBbIlLaeT peKOMeHAYEMYO HOPMY YPOBHS

anekTpobesonacHoctu (1-3 10

-6

) 6onee yem B 4 pasa.

5. Ucxopsa 13 npoBefeHHbIX nccneaoBaHuMin copMmpoBaHbl OCHOBHbIE 3Tanbl
onTuMMsaumm cuctembl 6esonacHoctn DMM, onpeaeneHa CTpyKTypa NOCTPOeHUS
nporpaMmMHO-LeNIeBOro ynpaeneHus obecrneyeHneM 6e30nacHoOCTu.

6. Pe3yanaTb| TEOPETUYECKNX U SKCNEPUMEHTAlIbHbIX VICCﬂe,EI,OBaHVIﬁ
noaTeBepAnNIN NEPCNEKTUBHOCTb PEKOMEHAYEMbBIX N DKOHOMUYECKUN u.enec006pa3Hb|X

cpeactB obecrneyeHns 6esonacHocty SMM. Mpu 3TOM NepBooYepeaHOe 3HaYEHNE UMeEeT

co34aHne cMcTeMbl 371eKTpob6e30nacHOCTN, OCHOBHbIM 3/IEMEHTOM KOTOPOW ABNSAETCH
Y30, B YacTHOCTU, nepeHocHble Y30-Bunkun, Y30-aganTtepbl, obecrneymsatoLime
HaAEXHYIO 3aLNTY NPV BOSHUKHOBEHWM Pa3fiMyHbIX TPaBMOOMNACHbIX CUTYaLNNA.
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7. CounanbHas 3¢deKTUBHOCTL Npu BHegpeHun Y30-agantepos Ha obbekTax
3NeKTpoaHepreTnkn Pecnybnunku BypsTus xapakTepusyoTcs KOMYECTBOM
npeaoTBpaLleHHbIX 3/IEKTPOTPaBM, paBHbIM 1,3, Npy 3TOM 3KOHOMUYECKas

3¢ dekTnBHOCTb cocTasnseT 592,4 Toic. py6b., a NpeaoTBpalLeHHbIN ywepb — 667,4 TobIC.

py6.
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MPUNOXEHUE A

PacueTt ypaBHeHun perpeccmun, KoaddunLUMEeHTOB KOppensauuu 1 AeTepMmHaumm B
3aBUCMMOCTU OT (DAKTOPOB 4YesI0BEKO-MAaLMHHOW CUCTEMbI MPU SKCMyaTaumm
3NEKTPUYECKMX MOBUITbHBIX MaLLWH

Pe3ynbTaTbl pacyeToB Mo Ka)kaon noacucremMe BHOCUM B Tabnumubl.

1. Noacucrema «4yenoBek»

1.1. ®akTop — BHUMaHWe, Mbill/IEHNE

Bi

- BHWUMaHWe, MblLUfIEHME,

y

i

- NnokasaTesflb TEXHOreHHOW ONacHOCTU pa3BUTUS I1eKTpoTpaBMaTM3mMa.
Tabnunua N.1.1 - PacyeT Npon3BOAHbIX BEIMYMH AS OnpeaeneHns napaMeTpoB
ypaBHEHUS CBA3N

Bi

10121415163 B

=67

Y

i

0,410,380,370,250,33 >
=1,74

Bi

2

100 144 196 225 256 2 B
2

=921

Bi

y

|

4,14,56 5,18 3,75 5,28 3 B
=22,87

Ha ocHoBaHMW cucTemMbl ypaBHeHuM (2.18) onpeaensieM 3HayeHus
KoapduruymenTos al
ual

= 4 O U1 A -

=1,74

921

= 4 O

22,87

=

-0,019;

0

= 0,606

YpaBHEHME CBA3U, KOTOPOE OMMUCLIBAET 3aBUCMMOCTb TEXHOMEHHOM OMacHOCTH
pa3BUTUSA SN1EKTPOTpaBMaTM3Ma OT BHUMaHUS, MbllWAEHUSs, cornacHo (2.17) MMeeT BUA:
5}

1

y

= 0,606 — 0,019B (M.1.1)
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Tabnuua M.1.2 — PacyeT ncxoaHbIX AA@HHbIX ANS ONpeaeseHns KOppensuMoHHOro
OTHOLUEHMSA NPU NPSAMOSIMHENHON 3aBUCUMOCTHU
(B

— B)

-34-14061,62,6

(B

— B)

2

11,56 1,96 0,36 2,56 6,76

(

-)0,062 0,032 0,022 -0,098 -0,014

(

-)

2

0,00384 0,00102 0,00048 0,00960 0,00032
(B

- BX(

-)

-0,2108 -0,0448 0,0132 -0,1568 -0,0468

B =

> B

67

5

=13,4;

2 (B

— B)

23,2

lNoacTraBnsas COOTBETCTBYIOLME 3HadeHWe B ypaBHeHus (2.19), (2.20) onpeaenum
KO3 dDUUMEHT KOppenaunm n getepMmHanmn,

0,75

= 0,56
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2. Noacncrema «SMM»

2.4. ®akTop - BpeMs paboThbl

t

i

- Bpems paboTbl,

y

i

— MokasaTe/lb TEXHOrMeHHOM OMacHOCTM pa3BUTMS SNEKTPOTpaBMaTM3Ma.
Tabnuua MN.1.3 — PacyeT Npon3BOAHbIX BENNMUYMH A5 ONpeaeneHns napaMeTpoB
YPaBHEHUS CBSA3U

t

i

235225 235215225 3

= 1135

y

i

62,553 65,453 68,353 71,253 74,153 >
= 341,8

t

i

2

43080 48300 5290 57200 57500 >
2

= 259500

t

i

y

i

13136 14400 15721 17101 18538 >
= 76468

Ha ocHoBaHMW cucTeMbl ypaBHeHUM (2.18) onpeaensieM 3HayYeHus
kKoadpuuymeHTos al
nal
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7,801

-

1,653;

o

-0,292
YpaBHEHME CBSA3M, KOTOPOE OMMChIBAET 3aBUCUMOCTb TEXHOMEHHOI OMacHOCTU
pasBUTUSA SNEKTPOTPABMaTU3Ma OT BpeMeHU paboTbl, cornacHo (2.17) WMeeT BUA:

w > o

-0,292 + 1,653 (N.1.2)
Tabnuua M.1.4 — PacyeT ncxoaHbIX AAHHbIX AN ONpeaeseHUs KOPPensSUMOHHOro

OTHOLWLEHWNA Npn I'IpﬂMOJ'IMHGVIHOVI 3aBNCUMOCTU

(

—-)-20-100 10 20

(

-)

2

400 100 0 100 400

(

-)-5,797 -2,897 0,003 2,903 5,803
(

=)

2

33,618,39 08,43 33,67

(

- X
—)115,94 28,97 0 29,03 116,06
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>(

=)

2

= 0,275

> (

-)

2

= 0,023
>(

- X
-)=0,08
= 0,235;
= 0,068;
2

= 0,015

MoacraBnsis COOTBETCTBYIOWME 3HaveHMe B ypaBHeHus (2.19), (2.20) onpegennm
KO3 DULMNEHT KOppensaumm n geTtepMmHaumnm.

w N

0,12;

W N

0,013.

. Moacncrema «npoBoanmas onepaumsa»

.3. ®akTop —opraHusaumsa obecneyeHns 6e3onacHoOCTm

03

— opraHu3auus obecneyeHus 6e3onacHocTu,

y

i

— rnoka3saTesilb TEXHOFeHHOMW ONacHOCTWN pa3BUTUS dNeKTpoTpaBMaTu3ma.
Tabnmua MN.1.5 — PacyeT Nnpon3BOAHbIX BENMUYMH A1 ONpeaeneHns napaMeTpoB

W W |

YPaBHEHUS CBA3U

O3i
0,580,590,610,630,64>0
3

= 3,05

Y

i
1185232
= 29

03i

2

18,50 19,4 20,25 21,16 22,09 5 O
3

2

=1,9

03i

y

i

6,38 4,72 3,05 1,26 1,92 3 O
3

=17,33

Pewas cucremy ypaBHeHui (2.18) onpegensem 3HavyeHus koadbduuymeHTos al
nal

17,33

=

-1,385;

0

= 0,923

YpaBHEHME CBSI3M, KOTOPOE OMMChIBAET 3aBUCMMOCTb TEXHOMEHHOW OMacHOCTH
pasBMTUSA 3/1eKTpoTpaBMaTM3Ma OT opraHu3saummn obecnedeHuns 6e30MacHOCTMN, COrnacHo
(2.17) wmMeet BUA:

170

b

3

0]

= 0,923 -1,3850

3

(Mn.1.3)

Tabnuua M.1.6 — PacyeT ncxoaHbIX AaHHbIX ANSt ONpPeAesEHUS KOPPENSLUMOHHOIO
OTHOLLEHNS NPU NMPAMOSIMHENHOWN 3aBUCUMOCTH

(
3

-0,03-0,0200,020,03

w N -~ W

3

)

2

0,0009 0,0004 0 0,0004 0,0009
(
-)5,202,20-0,80-3,80-2,80
(

=)

2

27,04 4,84 0,64 14,44 7,84
(

3

3

X
-)-0,15-0,044 0,05 -0,076 - 0,084
> (

3

3

)

2

= 0,0026
> (

-)

2

= 54,8

2 (

3

3

X
-)=0,36
=0,022;
= 3,311;
2

= 0,072

KoshdUUMEHT Koppensunum u AeTepMUHaLNM ONpeaesnsieM Ncnosb3ys GopMysibl
(2.19) n (2.20).

3

0,85;

W

= 0,43.

4. NoacucreMa «oKpyXKatuwasa cpega»

4.2. ®aKTop — METEOpPOsIorMyeckme ycrioBums
t° - meTeoponormyeckme ycnosms,

y

i

— BEPOSITHOCTb TEXHOrEHHOW OMacHOCTM pa3BUTUSA 3/IeKTPOTpaBMaTm3ma.
Tabnuua N.1.7 — PacyeT Npon3BOAHbIX BENNUYMH A1 ONpeaeneHns napaMeTpoB
YpPaBHEHUS CBSA3U

to

i

10111213153 °

= 61

y

i

1185433

= 31

tO

i

2

100 121 144 169 225 > °

2

=729

tO

i

y

i

11088 605245 3

o

= 355

171
Pewas cucremy ypaBHeHun (2.18) onpegensem 3HavyeHns koadbduuymeHTos al
nal

—1,568;

0

= 2,532

YpaBHEHWE CBSA3M, KOTOPOE OMMChIBAET 3aBUCUMOCTb TEXHOIMEHHOM OMacHOCTH

pasBUTUSA 3NEKTPOTPaBMaTU3Ma OT METEOPOIOrMYECKMX YCIIOBUIA, cornacHo (2.17) uMeeT
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BUA:

2,532 — 1,568° (M.1.4)
Tabnuua M.1.8 — PacyeT ncxoaHbIX AA@HHbIX ANS ONpPeAeeEHUS KOPPENSLUMOHHOIO
OTHOLUEHUS NpU NPSAMOSIMHENHON 3aBUCUMOCTHU

(

o

o

)-2,2-12-0,20,82,8

4,84 1,44 0,04 0,64 7,84

(

-)4,801.80 - 1,20 - 2,20 - 3,20
(

=)

2

23,04 3,24 1,44 4,84 10,24

(

o

o

X

-)-10,56 -2,16 0,24 - 1,76 - 8,96
°©=12,2; =6,20

>(°

— 0)

2

= 14,8

> (
=)
2
=4,28

s (°
- °X
-)=6,97

~-

1,72;
2,93;

Nl

1,38
MNoacTraBnss COOTBETCTBYHOLLME 3HAYEHUS B ypaBHeHUS (2.19) u (2.20)
KO3 DULMEHT KOppenaumMm U geTepMmMHaLmu.

= -0,92;

4

= 0,85.

172

MPUNOXEHUE b

DKCTPanonsuMOHHOE NPOrHO3MpoBaHNe NPU3HAKOB 3/1eKTpoTpaBMaTM3mMa
Ha pucyHkax .2.1 - .2.6 npuBeaeHbl AMHaAMNU4Ueckme psiabl OCHOBHbIX
NPU3HAKOB, XapaKTepPU3YIOLWMX M OTPaXKaloLWNX 3MEKTPOTPAaBMaTU3M Npu 3KCryaTaumm
SOMM. OnHammuecknii psg Mi

pasbuBaeTcs Ha ABe BpeMeHHbIX obnactu:
npeanporHo3HbI nepuog, (1-as 06n.) n MHTepBan ynpexaeHus (2-as obn.). Kaxaas ns
3Tnx obnacren COOTBETCTBYET Nepuoay BpeEMEHW, paBHOMY 5-Tn rogam.
[na Kaxkaoro peTpocnekTUBHOro AMHaMM4eCcKoro psiaa c NoMoLwblo MeToaa
HaMMeHbLUMX KBaApaToOB CTpoUTCs kKpmBas @(t), koTopas 3KCTpanonmpyeTcs Ha
NPOrHO3HbIN nepuod. TpeHa @i

(t) mo kaxxgomy daktopy MMi

xapakTepu3ayeT obLLyo

TEHAEHUMIO N3MEHEHUS AMHAMMYECKOrO psija Ha NepCreKkTUBYy.
PucyHok MM.2.1 - lMporHo3npoBaHue npusHaka MNB1
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PucyHok IM.2.2 - lMNMporHo3nposaHue npusHaka MNC8
PucyHok M.2.3 - MNporHo3nposaHue npusHaka MA410
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PucyHok MM.2.4 - lMporHo3npoBaHue npusHaka MNT22
PucyHok M.2.5 - MporHo3nposaHue npusHaka MNP33
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PucyHok MM.2.6 - lMNMporHo3npoBaHue npusHaka N33
PucyHok MM.2.7 - lMporHo3npoBaHue npusHaka Nos51
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NMPUNOXEHUE B

MaTemaTnyeckoe MOAeNMpPOBaHME BO3HUKHOBEHMWS 31EKTPOONAaCHbIX CUTyaunii B
cncteMe 6e30MacHOCTM 3NEeKTPUYECKNMX MOBUIbHbBIX MaLIMWH
MogennpoBaHne BO3HMKHOBEHMS 3IEKTPOONACHbIX CUTYaLMi BbIMOAHUM C

MOMOLLbIO NakeTa «AHann3 AaHHbIX» B «EXCEL».

[Ons BbluncneHms Koah@MLUMEHTOB KOPPENSALUN UCMOb3YEeM MpoLenypy
«Koppensumsa» ns naketa «AHann3 AaHHbIX>»>. Pe3ynbTaTbl KOPPEIALNOHHOIO aHannsa
npueBeaeHbl B Tabnuue M.3.1.

M3 aHanusa paaHHbIX Tabnuubl M.3.1 MOXHO caenatbh BbiBOA O TOM, YTO Hanbonee
3HaYUTENbHOE BAIMSHUE Ha BO3HMKHOBEHME 3/1eKTPOONACHbIX CUTYyauun, NpUMBOAALLNX K
3NEeKTPOTpaBMaTU3My, OKa3blBalT MaKTOPbl MOACUCTEMbI «MalWNHa» (KOPPensuus mexay
3/1EKTPOTPaBMaTU3MOM U KPUTEpUMEM Nogobus NoACUCTEMbl «MallMHa» paBHa 0,92)
Tabnuua N.3.1 - KoppensiuMoHHbIN aHanms

OTYMOS

oT1

40,471

20920411

00,210,480,04 1

$0,180,40,030,021

Ncnonb3ys npoueaypy «Perpeccusa» npoBedeM perpecCMOHHbIN aHanm3 u
ONCNEPCUOHHBIN aHanuM3 nccieayemMon 3aBUCMMOCTU, pe3ybTaThl KOTOPOrO NpYBeAEHb
B Tabnuuax M.3.2 n MN.3.3.

Tabnuua M.3.2 — PerpeccMoHHbI aHanu3

PerpeccMoHHaga cratucruka

MHo)ecTBeHHbIM R 0,99

R-kBagpat 0,99

HopMupoBaHHbI R-kBaapat 0,99

CraHpapTHas owunbka 0,06

HabnwoaeHuna 5

177

Tabnuua N.3.3 - AMcnepcMoHHbIN aHanm3
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df SS MS F 3HaummocTb F

Perpeccusa 3 128,67 51,25 13921,79 0,007

Ocratok 1 0,005 0,005

WUtoro 4 128,68

B Tabnuue N.3.4 aMcnepcuoHHbIM aHanus, oueHmnBaeT 0bllee Ka4yecTBo
NONy4YEHHOW MOAENWN; ee AOCTOBEPHOCTb MO YPOBHIO 3HAUMMOCTU KpuTepus duiiepa -
p, KOTOpbI aomkeH 6biTb MeHble, YeM 0,05 (cTpoka Perpeccuns, ctonbel 3Ha4YMMOCTb
F, 3gecb p=0,007, TO ecTb MOAE/b 3HAYMMaA) U CTEMEHb TOYHOCTU OMNMCaHUS MOAEbIO
nporpecca - R-kBagpat (tTabnuua M.3.2. PerpeccvoHHas cratucruka, 3gecb K-kBaapat
paBeH 0,99). lNockonbky K-kBagpat 6onblie 0,95, MOXXHO roBOpUTb O BbICOKOM
annpokcMMaumun (MoAenb XOpOLLO OMUChIBAET UCCIeAyEMOE ABIEHNE). 3Ha4YeHus

KO3 (pDULMEHTOB MOAENN OMnpeaenatoTca n3 Tabnmubl M.3.4 cronbey «KoadbdurumneHTbl>».

B ctonbue P-3HayeHne NPUBOANTCH AOCTOBEPHOCTb OT/IMYNS COOTBETCTBYHOLLMUX
K03 (pdbUMLUMeHTOB OT Hyna. B cnyyasax, korga p> 0,05, kKoaddUUMEHT MOXKET CUMTATLCS
HY/EBbIM. 34eCb BCe KO3MPUUNEHTbI 3HAYMMO OT/IMYAIOTCA OT HYNS.
Tabnuua N.3.4 - 3HavyeHnsa K03hpdULUNEHTOB MoaeNM
KoaddpunumeHTsl
CraHpapTHas
owunbka
t_
CTaTUcTuKa
P_
3HaveHne
Y-nepeceyeHue -53,25 0,51 -93,89 0,007
4y-0,210,01-18,150,035
20,02 7,88 192,13 0,003
00,01 0,02 38,23 0,032
$1,190,0341,530,023
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NPUNOXEHUE I
PacueTt BeposiTHOCTM anekTpornopaxeHus P(3MM) yenoBeka npu akcnayaTauum
SMM
1. OnpegeneHune BeposaTHocTm P(3MM)1
1.1. BepoaTHOCTb Npob0osi 31eKTpMYecKon n3oa5aumMn Ha kopnyc MM
onpeaenseTcs U3 BblpaXeHus:
(
1
)=
(
)+ (
)
2
, (M. 4.1)
rae (
)=20,110
-2
[56] - BeposTHOCTb Npobos MpoBoAa Ha kopryc OMM;
(
)=1510
-2
[56] - BeposTHOCTE Npob60s pa3HOro NpoBoaa Ha MeTasiMyeckme
YacTu MawwuHbl.
B Takom cnyuae (
1
)=10,810
-2
1.2. BepoaTHOCTb nonagaHus yenoBeKka noj HanpshkeHne NpUKOCHOBEH WS MOXET
6bITb OUEeHeHa CTaTUCTUYECKM MO cneaytoLwen dopmyne:
(
1
) =
Kac
3KcnN
, (M. 4.2)
roe
Kac
- cpeaHee BpeMsi BO3MOXHOMO KOHTakTa ¢ DMM B TeueHue pabodero aHs;
aKenn
— CcpefHecyTouyHoe BpeMs aKkcnayatauuu 2MM;
- cpeaHee KOMYeCTBO 3KCNAyaTupyowmnxes MM, Haxoasawmxcs B NOMELLEHUN
n ap.;
— CpeAHsst YnCeHHOCTb paboTalowmnx ¢ MM,
CornacHo pesynbTtataMm obcnefoBaHUs MCNONb30BaHUA DMM NpuHMMaeM:
Kac
=80 MWH,,
akenn
=240 MuH., n = 10, N = 50.
179
Torpa (
1
) =
80
240
10
50
= 6,66 10
-2
1.3. CornacHo [56] ycnoBHasi BEpOSITHOCTb 3/1EKTPOMNMOPaXXeHUSN:
(1
)=110
2
1.4. BepoATHOCTb 3/1EKTPONOPaXeHns
P(2r)
1
=0,810
-2
6,66 10
-2
110
-2
= 5,33 10
-6
2. OnpegenerHue seposiTHocTn P(3I1)2
M3-3a oTCcyTCTBUSA 3HaYeHun (
2
yn (2
)BeposTHOCTL P(3IM)
2
He MoXeT 6bITb
onpegeneHa no dopmyne (3.26). OgHaKo CTaTUCTUYECKM OLLEHUTb BEPOSATHOCTbL P(3MM)
2
BO3MOXHO C MOMOLLbIO NPOBEAEHHOr0 B AMCCEPTALUM aHanusa AdaHHbIX Mo
3N1EKTPOTpaBMaTn3My Ha ob6beKkTax 3/1eKTposHepreTukn B Pecnybnuke bBypstus.
CornacHo 3TuM AaHHbIM (CM. Tabnmuy 1.10) CoOOTHOWEHWE KOMMYECTBa
NMpoON3BOACTBEHHbIX 3/IEKTPOTPaBM, Bbl3BaHHbIX cobbITUAMK D1 n IIM2
, CoCTaBnseT
COOTBETCTBEHHO 4 K 6, T.e. YacTtoTa 3TuX cobbiTui oueHmnBaetcss 40% un 60 %. B 3Tom
Ccny4yae, BBOAS NOMNpaBoYHbIN KO3 PULUMEHT, paBHbl 1,5, nonyumm:
P(3)
2

1,5 P(3M)

[Ey

1,55,33 10

-6

=7,99 10

-6

3. lMonHasa BEpOSATHOCTb 3/IEKTPOMOPAXKEHUS paBHa
P( 2M) = P(3)

P )

N + =

5,33 10
-6

+7,99 10

-6

=13,32 10

-6
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MPUNOXEHVE [
181
MPUNOXEHWE E
182

183
MPUNOXEHWE X
184
MPUNOXEHVE W
185

186
MPUNOXEHUE K

CvcTema aHanm3a TeKCTOB Ha Ha/lnyme 3aMMCTBOBaHU
Copyright © 2005—2017 3A0 «AHTU-Nnarnar». Kak ¢ HamMu cBsizaTbCs
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