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MOXAPHAA ONACHOCTb CYAOBOIO KABE/NIA NMPU CBEPXTOKAX

Mokpsak AHapei KOpbesud, CoicoeBa TaTbaHa NaBnoBHa, Mokpak AHHa BacunbeBHa
CaHnkTt-Netepbyprckmin yHnsepcuteT [MIC MYC Poccuuy, r. CaHKkT-lMeTepbypr, Poccuiickas Pepepaums

AHHOTauumA. B cTaTbe paccmaTtpumBaeTca Nnpobaema NoXKapHOM ONacHOCTM CYyA0BbIX Kabenen, Bos-
HMKaIOLLLEN NPU BO3LENCTBUM HA HUX CBEPXTOKOB. B pesynbTaTe cepuM HAaTYPHbIX SKCNEPUMEHTOB
Nno MOZENMPOBaHUIO NpoTeKaHus Tokos oT 40 a0 480 A c warom 30 A B Kabene mapku CMOB 3x1,5
6blM NONyYeHbl JaHHble O XapaKTepe TePMUYECKOM AECTPYKLUN ero U3oNaLmMm 1 BU3yasibHbIX
NPOABNEHUAX 3TOr0 Npouecca. IKCNEePUMEHTbI BbIMOAHANNUCD HA NEKTPOTEXHUYECKOM CTeHAe.
Bblno yaeneHo BHMMaHWE MOXKapoonacHbIM Npoueccam TENI0BblAENEHMA B CyA0BOM Kabene
NpW NPOTEKAHUM TOKOB BblIlLe AAMUTENBHO A0MNYCTUMbIX. [POaHaIN3MPOBaAHbI ABIEHUA, KOTOPbIE,
B 3aBMCUMMOCTM OT TOKOB HArpy3Ku, MOryT NpMBOAMTb K BO3HWMKHOBEHWUIO, PA3BUTUIO M pacnpo-
CTPaHEHUIO NorKapa. Ha oCHOBaHMWM 3KCNEPUMEHTANbHbIX AAaHHbIX OblIM MOCTPOEHbl anmnpokK-
CMMUpPYIOLLME TPeHAOoBble MHUM 3aBUCUMOCTU BPeMEHU MNOABJIEHUA BU3YasibHbIX MPU3HAKOB
AbIMa, KapboHM3auMM N301ALMN, TOPEHUA N30ALMM OT NPOTEKAtOLLEero Toka. MocpeacTBom BU-
[E0CHEMKN Ha CKPUHLLOTAX B CTaTbe NPOAEMOHCTPUPOBAH NPOLECC AECTPYKLUMN U30NALUN MPU
nNpoTeKkaHUM cBepxToKoB no Kabento CMOB 3x1,5. Pe3ynbTaTbl 3KCNEPUMEHTA/IbHbIX UCCAEA0BA-
HUIA MOTYT ObITb MPUMEHEHbI B PpaMKax NPOBEAEHMUS IKCNEepPTMU3 NO AeflaM, CBA3aHHbIM C NoXKa-
pamM Ha cyaax. B 4acTHOCTM, OHM MOTYT BbITb MCMONb30BaAHbI 417 aHA/N3a 3NEKTPOTEXHUYECKOM
BepCcUM BO3HUKHOBEHWA BO3ropaHuA Ha cyaHe. Kpome ToOro, pesynbraTbl UCCIeA0BAHUA MOTYT
OKa3aTbCA NOJIE3HbIMU NPU NPOEKTUPOBAHUM U IKCN/yaTaLUU CYAOBbIX 3/IEKTPOYCTAaHOBOK, YTO
NO3BO/INT MUHUMMU3NPOBATb PUCKM BOSHUKHOBEHMS NOXKAPOOMNaCHOM CUTyaLUuN.
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Abstract. The article discusses the problem of the fire hazard of ship cables that occurs when
they are exposed to overcurrents. Thus, as a result of a series of field experiments on modeling
the flow of currents from 40 to 480 A with increments in 30 A in the cable of the SPOV 3x1,5
brand, data are obtained on the nature of thermal degradation of its insulation and visual



manifestations of this process. The experiments are performed on an electrical engineering stand.
Attention is paid to fire-hazardous processes of heat generation in a ship cable when currents
exceeding long-term permissible values are flowing. The phenomena that, depending on the
load currents, can lead to the occurrence, development and spread of fire are analyzed. Based
on the experimental data, approximating trend lines of dependence of the time of appearance
of visual signs of smoke, carbonation of insulation, insulation burning, on the flowing current are
constructed. The article demonstrates the process of insulation destruction during overcurrent
flow through the SPOV 3x1,5 cable using video footage and screenshots. The results of the
experimental studies can be used in the context of conducting expert examinations of the cases
related to fires on ships. In particular, they can be used to analyze the electrical version of the fire
on the ship. In addition, the results of the study can be useful in the design and operation of ship
electrical installations, which will minimize the risks of fires.
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BBepeHue

B Hactoawee Bpema B PP Habnwogaetca
aKTMBHOE pPa3BUTME CYyAOCTPOUTE/IbHOM OTpac-
/M, OXBaTblBalOLLEN KaK MOPCKOM M pPeyHoM
&NoT, TaK 1 Heperosble 1 NABYYME COOPYIKEHUA.
3T0 06ycnoBAEHO KaK BOEHHO-MOAUTUYECKOM
CUTyaLMen, yYUTbIBAA 3HAYUTENbHYHO NPOTANKEH-
HOCTb GeperoBont NMHUKM P, cocTaBnstoLLyto
60 985 Kkm [1, 2], Tak 1 HEOBXOANMMOCTbIO Pa3BU-
TWA TaHKepHOro ¢noTa.

3asn0rom ycnewHor aKkcnayatauum ¢énota
ABnseTca obecneyeHune ero noxapHor 6esonac-
HocTu [3, 4]. UcnpaBHble cyaoBble aneKTpuye-
CKME CUCTEMbI ABNAIOTCA KPUTUYECKM BaXKHbIM
31EMEHTOM (QYHKLMOHUPOBAHMUA U HALEKHO-
CTM MOPCKUX CYyAOB, IAE KarKAblhi KOMMOHEHT
OOJ/I}KEH COOTBETCTBOBAaTb CTPOrMM TpeboBaHMU-
AM K YCTOMYMBOCTU B YC/IOBMAX arpeccuUBHOM
MOpCKoM cpeabl. Ocoboe BHMMaHMe B nocnea-
HWe rogbl yaensetca npobneme noxapHoM
OMNacHOCTM, CBA3AHHOM C 3KcnayaTauumen cypo-

BbIX Kabenew [5, 6], NOCKONbKY X OTKa3 MOXKeET
NPUBECTU K KaTacTpodMYECKMM NOCNeACTBUAM,
BK/IlOYAA YEeNOBEYECKME KepPTBbl, 3KOMOrMYe-
CKUM yuwepb M 3HauynTeNbHble MaTepuasibHble
notepu. B cBasun ¢ atum kabenn mapkum CMOB,
LUMPOKO MPUMEHAEMbIE B CYAOCTPOEHUM bna-
rofaps X OrHECTOMKMM M MAC/103aLMLLLEHHbBIM
XapaKTepuUCTMKam, TpebytoT AeTaNbHOro usyye-
HUA B YCNOBUAX aBAPUMHbIX PEXMMOB, TaKMX
KaK, Hanpumep, NpPOTEKaHNE CBEPXTOKOB.
AKTyaNbHOCTb MccnegoBaHua obycnosne-
Ha TeM, YTO CBEPXTOKM, BO3HMKAOLWME BCAe-
CTBME KOPOTKUX 3aMblKaHUI, Neperpy3ok uau
HeucnpaBHoCTel 060pyAOBaHWUA, CTAHOBATCA
O4HOW W3 KNOYEBbIX MPUYMH neperpesa Ka-
benei, aerpagauum M30nAUMM M nocnepyto-
uwero BosropaHua [7-9]. HecmoTpa Ha 3asB-
JNIeHHY0 orHecTonKkocTb CIMNOB, Mx noBeaeHune
npv AJANTE/IbHOM BO3AENCTBUM TOKOB, MPEBbI-
LWAKOLWNMX HOMMHANbHbIE 3HAYeHMA, OCTaeTcA
HeAO0CTaTOYHO M3y4YeHHbIM. CyuiecTByroLime
HOPMAaTUBHbIE AOKYMEHTbl M CTaHAAPTbl pe-
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TNAaMEHTUPYIOT 06LLME NapaMeTpbl NOXKapHOM
6e30nacHOCTK, OgHaKo cneumduKa TENNOBbIX
npoueccos B Kabenax CMOB npu aBapuiMHbIX
pexumax TpebyeT AOMNONHUTENBHOrO 3KCne-
PUMEHTANbHOTO M aHAUTUYECKOTO UCCNeno-
BaHusa [10].

Kpome TOro, poct MOLWHOCTM CyAo0BOroO
371eKTPo0bopyA0BaAHNA U YBENMYEHUE NAOTHO-
CTM NPOKNAAKM KabenbHbIX Tpacc NOBbILWAOT
PUCKM IOKA/IbHbIX NEPErpeBsosB, YTO yCUANBAET
HeobxoAMMOCTb NPOrHO3MPOBAHUA KpUTUYe-
CKMX cueHapwmeB. OTCYTCTBUE CUCTEMATUYECKUX
AaHHbIX O TemnepaTypHOM AMHAMWKe, Bpeme-
HW A0 BOCMNAMEHEHUA U30AALUN U YCNOBUAX
pPacnpoCcTpaHeHMA MNJaMEeHM  OrpaHUYMBaET
BO3MOMHOCTb pa3paboTKkn 3apPeKTUBHbIX npe-
BEHTUBHbIX Mep.

Lenbto paboTbl ABNAETCA OLEHKA MNOXKap-
HOWM OMACHOCTK cygoBoro Kabensa mapku CMOB
NPy NPOTEKAHMM MO HEMY TOKOB, MPEBbILIAtO-
WMX AUTENIbHO AONYCTUMblE 3HAYEHMA, C TOY-
KW 3pEHMA TEPMUYECKON Aerpagaumm U3onaum-
OHHbIX MaTepranos u GOPMUPOBAHMA YCIOBUN

ANA Bo3ropaHus. MNpoBeaeHHOe UccnefoBaHne
BHOCWUT BK/1aZ, B peLUeHWe aKTya/ibHOM 3adauum
NpeAoTBPaLLEHMA aBaPUIMHbIX CUTyauui B Le-
NAX YCTOMUYMBOrO Pas3BUTUA MEXKAYHAPOLHbIX
CTaHAAPTOB MOPCKOM MHAYCTPUMN.

MeTtoguka nposeaeHnA sKCnepumeHTa

MpoBeaeHMe 3KCNEPUMMEHTA OCYLLEecTBAA-
NNOCb Ha 3/N1EKTPOTEXHNYECKOM CTEH/E, CKOHCTPY-
MpoBaHHOM Ha 6a3e VccnenoBaTenbCKoro LeH-
Tpa 3KcnepTu3bl Noxkapos [11]. KoHCTPYKTMBHO
3NEKTPOTEXHUYECKMI CTEHL, COCTOUT M3 OCHOB-
HOM paboueit Kamepbl CO CTaNbHbIM Kopmny-
COM W MNPO3PaYHbIM KApPOMPOYHbIM CTEKIOM
B CTBOpPKE ANA BM3ya/ibHOro HabntogeHua 3a
XOOOM 3KCNEPUMEHTa, a TaKke TpaHchopma-
TOpoMm, 6/10KOM 6anNNacTHbIX Pe3ncTopos, 6/10-
KOM PEermcTpaLmmn Toka U NaHeam KoOMMyTaLmMm
(puc. 1). Cuctema BEHTUAALMA CAYKUT ANA one-
PaTUBHOrO yAaNneHUA ra300bpasHbIX MPOAYKTOB
CropaHusa nocne npoBeAeHMA 3KCNepuMeHTa
C Kaxkgbim obpasyom.

MpUTOYHO-
BbITA¥HAA
BEHTUAALMA

Supply and
exhaust
ventilation

OcHoBHasa pabo4as Kamepa
main working chamber

TpaHcdopmaTop
Transformer

bannacTHbIi pe3ucrop
Ballast resistor

BA0K pervcrpalmMmM ToKa
Current recording unit

MaHe/Ib KOMMYTaLIMK
Switching Panel

Puc. 1. CTpyKTypHas cxema 3/1eKTPOTEXHUYECKOrO CTeHAA A/1A SKCNEPUMEHTaIbHOTo
MOAENNPOBAHMSA NMPOTEKAHUA CBEPXTOKOB MO NPOBOAHNKAM

Fig. 1. Block diagram of an electrical engineering stand for experimental modeling
the flow of overcurrents through conductors
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B KayecTBe 0b6beKTa MccnenoBaHUA B pa-
6oTe O6bin BblIbpaH TPexKWUAbHbIM Kabenb
Mapku CMOB 3x1,5 (puc. 2). Kabenb npegHa-
3Ha4YeH A4/ YHUBEPCANIbHOTO MNPUMEHEHMUS
B CM/IOBbIX LeEenAx, Lenax yrnpaBaeHUa U cur-
Ha/M3aLUM NPU NEPEMEHHOM HANPAXEHUN
[0 690 B vacTtoton ToKa go 400 ly wam npu
NOCTOAHHOM HanpsaxeHun go 1 000 B Ha cy-
Aax MopcKoro ¢GnoTa HeorpaHMYeHHOro pamn-
OHa nnaBaHWA, pedyHoro ¢nota, Geperosbix
W NNABYYMX COOPYIKEHUAX.

Kabenn mapkm CMOB npeaHasHayeHbl
ONA 3KCNAyaTaunm nNpu TemnepaType OKpyKa-

towen cpeabl oT —50 g0 +65 °C. B X KOHCTPYK-
LMK cogepKaTca meHble MHOTONPOBO/IOYHbIE
XWUAbl C n3onauMen M3 pagnmaumoHHO-MOLM-
dUUMPOBAHHOIO MNOAM3TMIEHA B 060/104Ke
13 NOSIMBUHUNXNOPUAHOIO NAACTUKATA.

Cxema npoBeAeHus 3KCnepMmeHTa npmsee-
OeHa Ha puc. 3.

INEeKTPOTEXHUYECKUI CTeHZ, MNO3BONAET, B
YaCTHOCTU, MOAENNPOBATb NPOTEKAHWE MO TOKO-
BeAyLLMM NPoBoAHMKaM Tokos go 1 000 A [11].
[eomeTpuyeckme pasmepbl 31EKTPUYECKOrO CTEH-
[ A3a0T BO3MOMKHOCTb MOMECTUTb B HErO NPOBOA-

HUK O/IMHOW He bonee 0,6 m. Mcxoaa ms atoro

e [TITIIN TTRRRIN

Puc. 2. Kabenb CNOB 3x1,5: a — TokoBeAyLMe Xunbl Kabens; 6 — BuA c TopLua B paspese
Fig. 2. Cable SPOV 3x1,5: a — current-carrying cores of the cable; b — cross-section view from the end
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Puc. 3. Cxema nogkntoueHns obpasua kabens CMNOB K 31eKTPONUTaHUIO B 31EKTPOTEXHUYECKOM CTEHAE:
1 — BHewWwHAA nsonauma K36611ﬂ; 2— CKPy4YeHHbIe XUAbl Ka6el1ﬂ, NOAKNOYEHHbIE K 3/IEKTPONUTAHULO,
3 — Xuna Kabens, He NOAKNOYEHHASA K 3/IEKTPONUTAHUIO; 4 — CKPYYEHHble MeAHble MHOTOMPOBO/IOYHbIE NMPOBOAHUKH,
Ha KOTOpble OCYLLEeCTBAANACh NOAAYa dNEKTPONUTaHUA; 5 — acbecToBan NoA/0XKKa; 6 — 6ONTOBbIE KOHTAKTbI;
7 — NnaTyHHas WNUAbKa ANamMeTpomM 8 MM ¢ pe3bboit

Fig. 3. Wiring diagram of the SPOV cable sample to the power supply in the electrical engineering stand:
1 —external cable insulation; 2 — twisted cable cores connected to the power supply;
3 — cable core not connected to the power supply; 4 — twisted copper multi-wire conductors that were supplied with
power; 5 — asbestos substrate; 6 — bolt contacts; 7 — 8 mm diameter brass stud with thread

26
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orpaHuyeHus 6binM NoAroToBneHbl 06pasLbl
AnvHoit npumepHo 0,6 m. C o60Mx KOHLOB
06pasuoB KabenAa cHMMANCA BEPXHWUI CaoMn
M3011AUMN AJIMHON OKOMOo 5 cm, a TakXe bbinia
yAANeHa M30NAUMA KUA KPACHOrO U 3eneHo-
ro uBeta AJMHOW OKONO 2 CM. 3auyulLeHHble
OT M30NAUMM YYACTKU KUA COeAUHANU Apyr
C ApPYrom MeToAO0M XON04HOM CKPYTKU. TpeTbs
KMna ¢ NPo3payHoi U30AALMEN B INEKTpUYe-
CKYIO Uenb He noakntodanaco. Kabenb B HUXK-
Hel 4acTM Mmen NpPoBuC, NOALEPHKUBAEMbIN
CHU3Y acbecToBOM NOAJIOMKKOMN.

Ons onpepeneHva xapaKktepa Tepmuye-
CKOM [OEeCTPYKUMM U30MALMU 1EKTPONpPOBO-
O0B MPW NPOTEKAHMU MO HUM CBEPXTOKA Ha
16 o6pasuoB kKabena CMOB 3x1,5 noasanu
cnepytowme Tokm: 40, 50, 60, 90, 120, 150,
180, 210, 240, 270, 300, 330, 360, 390, 420,
480 A. CornacHo TY 16-505.301-81 «Kabenu
cypoBble ¢ nsonaumein n3 061y4eHHoro Noana-
TUNEHa», ANTEeNIbHO AONYCTUMbIM TOK Kabena
CMnoB 3x1,5 — 16,7 A. YKa3aHHble 3HA4YeHuUA
TOKOB COOTBETCTBYIOT MPUMEPHOMN KPATHOCTM
CBEPXTOKOB OT 2 A0 16 KpaT M OxBaTbiBaOT
BO3MOXHbIM AMaNa30H UX NOABAEHUA NpuU TO-
KOBOW Nneperpyske Uanm KOPOTKOM 3aMblKaHUM
B 3/1eKTPpo0bopyA0BaAHMUN.

MoarotoBneHHbI obpasely, Kabena ¢uk-
CUPOBA/ICA OrONEHHbIMU CKPYYEHHbIMW KOH-
Lamu yepes H0NTOBblEe KOHTAKTHble coeanHe-
HMA B pabouelt Kamepe 3NeKTPOTEXHUYECKOTO

cteHga (puc. 3). CHM3y Kabenb noaaep*kunsan-
cA acbectoBoi noanoxkoi. Ha obpasey, noga-
Ba/ICA NepeMeHHbIN TOK HanpaxeHnem 220 B
yactoTton 50 I,

OAnTenbHOCTb BO3AENCTBUA TOKA COCTaB-
nana 30 MMH. DKCNEepUMEHT npeKpalLanca
paHblle OTBEAEHHOTO BPEMEHM B C/lyvae pas-
AeneHuva kabens Ha yacTu (ecnm TakoBoe nme-
10 MecTo) MoCcpeAcTBOM HarpeBa Bbllle TEM-
nepatypbl NAaBAeHUA MeAW Ha NIOKaNbHOM
y4acTKe Npu NPOTEKaHMMN CBEPXTOKA.

B xome 3KcnepumeHTa OCyL,ecTBAANAChb
BMOEOCHEMKA Mpouecca, pUKcupytowaa npu-
3HAaKN TEPMMUYECKON AECTPYKUMM M30A[UUK,
a UMEHHO noAB/eHNe AbiMa, BUANMMOM Kapbo-
HU3aUUKM HapyXHOM usonaumm kabena n nna-
MEHHOr0

ropeHus. Takxe UKCMPOBaAIOChb

Bpema nx noAsneHUA.

Pe3ynbratbl U Ux 06CcyKaeHue
Pe3ynbTaTbl MNPOBEAEHHbIX 3KCMEPUMEH-
TOB OTpa)KeHbl Ha puc. 4 n B Tabauue. Tak,
Ha puc. 4 NPoAEMOHCTPUPOBaAHbI CKPUHLLIOTDI
BMAEO03aMNUCK, BbINONHEHHblE Ha Pas3/INYHbIX
BPEMEHHbIX OTPe3Kax 3KCNePUMEHTOB.

Pe3ynbTaTbl 3KCNEpPUMMEHTa NPUBEAEHDI
B Tabnuue, rae onucaHbl NPoLEecchl Tepmuye-
CKOW aecTpyKuum nsonaumum kabena CroOB, ko-

Topble HabAaNUCh B XO4e IKCNepuMeHTa.

40, 50, 60 A, 26 muH

27
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120 A, 25 muH 150 A, 10 muH

180 A, 4 muH 210A,1muH 11 c

240A,2 MmH 42 C 270A,33c

300A,1muH 20 C 330A,5c360A,9c

28
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360A,9c 390A,7c

420A,7c 480A,5c

Puc. 4. Tepmuyeckan aectpykumsa nsonaumm kabens CMNOB 3x1,5 npu npoTeKaHnn No Hemy
Pa3/IMYHbIX CBEPXTOKOB. YKa3aHO Bpema OT MOMEHTa Hava/ia noAayuun

Fig. 4. Thermal destruction of the insulation of the SPOV 3x1,5 cable when various overcurrents
flow through it. The time from the start of submission is indicated

Tabnuua

BusyanbHO Habnogaembie TepMmudecKme NopaXkKeHusa U3oNaLum
Kabena CMOB 3x1,5 npu npoTeKaHUM CBEPXTOKOB

Table

Visually observed thermal damage to the insulation

of the SPOV 3x1,5 cable during overcurrent

OnucaHue xapakrepa

Tok, A TePMUYECKUX NOPaXKeHU n3onaumm
Current, A The description of the nature of thermal damage
to insulation

BM3Ya/IbHO NPM3HAKOB TEPMMUYECKMX NMOPaXKeHU n3onaumm He Habaogaerca

40, 50, 60 . ; . .
visually, there are no signs of thermal damage to the insulation
90 AbiMoBblaeneHne cnaboe, KapboHM3aLMA M30NALMM He HabaogaeTcs
smoke emission is weak, carbonation of insulation is not observed
120, 150, AbIMOBbIAENEHNE CUAbHOE, KapboHU3aLMA U30AALUK MO BCen ANNHE Kabens
180 strong smoke generation, carbonation of insulation along the entire length of the cable
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MpoaonxkeHue Tabaumubl

OnucaHue xapakTepa

Tok, A TePMUUYECKUX NOPaXKeHUt U3onaunm
Current, A The description of the nature of thermal damage
to insulation

AbIMOBbIAENIeHNE CUbHOE, TOPEHUE U30NALMM HA KOHLLEBOM OrOJIEHHOM yyacTKe Kabens, Ha aTom
Ke yyacTKe HabntogatoTca Kanatowme pparmeHTbl ropAaLelt nsonaumm, yepes 3 MMH 5 ¢ npekpa-
LeHWe NNAMEHHOTO rOPeHUs, Ha LLeHTPaNbHOM YacTu Kabensa nnameHHOEe ropeHune OTCyTCTBYET,
OTCYTCTBYET PacnpoCTpaHeHWe NAaMEHU B TOPU3OHTAIbHOM HANpPaBAEeHUN

the smoke emission is strong, the insulation is burning at the end of the exposed section of the
cable, dripping fragments of burning insulation are observed in the same section, after 3 min.

5 sec. cessation of flame burning, there is no flame burning on the central part of the cable, there
is no flame spreading in the horizontal direction

210

ObIMOBbIZENIeHNE CUIbHOE, TOPEHUE U30NALLMM HA KOHLLEBOM OTrOJIEHHOM y4acTKe Kabens, Ha 3Tom
K€ y4acTKe HabnroaatoTcs Kanatowme pparmeHTbl ropaLLel M30aALMK, Yepe3 2 MUH NPeKpaLLeHne
NJIAMEHHOr0 rOpPeHKs, Ha LLEHTPAIbHOM YacTu Kabens n1ameHHoe ropeHue OTCYTCTBYET, OTCYTCTBY-
€T pacnpocTpaHeHMe NaaMeHu B rOPU30HTa/IbHOM HamnpasBaeHUM

the smoke emission is strong, the insulation is burning at the end of the exposed section of the
cable, dripping fragments of burning insulation are observed in the same section, after 2 min. the
flame burning stops, there is no flame burning on the central part of the cable, there is no flame
propagation in the horizontal direction

240

AbIMOBbIAENIeHME CUIbHOE, FTOPEHNE U30NALMMN HA KOHLEBOM OTO/IEHHOM Y4YacTKe Kabens, Ha 3ToM
e yyacTKe Habao4atoTCa Kanatolwme dparmeHTbl ropaiuen nsonaumm, yepes 2 muH 30 ¢ npekpa-
LWeHMe NNaMeHHOro ropeHuns, Ha LeHTPaAbHOW YacTh Kabens naameHHOe ropeHme OTCYTCTBYET,
OTCYTCTBYET PacnpOCTPaHeHUe NAaMeHN B FOPU3OHTA/IbHOM HanpasaeHnn

the smoke emission is strong, the insulation is burning at the end of the exposed section of the
cable, dripping fragments of burning insulation are observed in the same section, after 2 min. 30
sec. cessation of flame burning, there is no flame burning on the central part of the cable, there is
no flame spreading in the horizontal direction

270

ObIMOBbIZAENIeHNE CUIbHOE, TOPEHUE U30NALLMM Ha ABYX OFONIEHHbIX Y4aCTKax Kabens c 6onbLiel
NoLWaAblo pacnpocTpaHeHns (Mo CPaBHEHMIO C NPEAbIAYLLMMMN SKCNEPUMEHTAMM), HA ITUX XKe
yyacTKax HabogatoTca Kanatowme dpparmeHTbl ropawen nsonaumm, dyepes 3 muH 30 ¢ npekpa-
LEeHMe NNaMEHHOTO rOPEeHUs, Ha LLeHTPaANbHOM YacTu Kabens nnameHHOe ropeHue OTCyTCTBYET,
300 OTCYTCTBYET PacnpoCTpaHeHWe NJaMEeHU B TOPU3OHTAIbHOM HANpPaBAeHUN

the smoke emission is strong, the insulation burns in two exposed sections of the cable with a
larger area (compared to previous experiments), dripping fragments of burning insulation are
observed in the same sections, after 3 min. 30 sec. cessation of flame burning, there is no flame
burning on the central part of the cable, there is no flame spreading in the horizontal direction

AbIMOBbIZENIeHME CUIbHOE, TOPEeHNe U30NIALMMN HA ABYX OTO/IeHHBIX YYacTKax Kabens ¢ bosblieit
NAOWaAblo PAacnpoCTpaHeHUs (N0 CPaBHEHMIO C NPEeAbIAYLMMMN SKCMEPUMEHTAMM), Ha TUX Ke
yyacTKax HabntogatoTcs Kanatowue dparmeHTbl ropsLeit nsonsauuu, yepes 2 muH 10 ¢ npekpa-
LeHMe NNaMeHHOro ropeHus, Ha LieHTPaNbHOW YacTu Kabens naameHHOe ropeHme OTCYTCTBYET,
330 OTCYTCTBYET PacnpoCTpaHeHUe NaaMeHn B rOPU30OHTA/IbHOM HanpasieHnn

the smoke emission is strong, the insulation burns in two exposed sections of the cable with a larger
distribution area (compared to previous experiments), dripping fragments of burning insulation are
observed in the same sections, after 2 min. 10 sec. cessation of flame burning, there is no flame
burning on the central part of the cable, there is no flame spreading in the horizontal direction

ObIMOBbIAENIeHNE CUbHOE, TOPEHUE U30NALLMM Ha ABYX OFONIEHHbIX Y4aCTKax Kabens ¢ 6osbLiel
NOLWaAblo PacnpocTpaHeHna (Mo CPaBHEHMIO C NPEAbIAYLLMMMN SKCNEPUMEHTAMM), HA ITUX XKe
yyacTKax HabaogatoTca Kanatowme GpparmMeHTbl ropsawen U3oaLMK, Yepes 2 MUH. NPeKpaLleHme
NJIAMEHHOrO rOpPeHKs, Ha LLEHTPAIbHOM YacTu Kabens n1ameHHoOe ropeHue OTCYyTCTBYET, OTCYTCTBY-
360 €T pacnpocTpaHeHMe NaaMeHun B rOPU30HTa/IbHOM HamnpasBaeHUU

smoke generation is strong, insulation burning in two exposed sections of the cable with a larger
area (compared to previous experiments), dripping fragments of burning insulation are observed
in the same area, after 2 minutes the flame burning stops, there is no flame burning on the central
part of the cable, there is no flame spreading in the horizontal direction
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TEPMUYECKUX NOPAXKEHUIN U30NALUN
The description of the nature of thermal damage
to insulation

390

ObIMOBbIZENIEHNE CUNBbHOE, TOPEHME U30/1ALMMK Ha ABYX OrONIEHHbIX Y4acTKax Kabensa ¢ 6onblien
NAoLWaAblo PacnpocTpaHeHus (Mo CpaBHEHUIO C NPEAbIAYLLMMM SKCNIEPUMEHTAMM), Ha ITUX XKe
y4yacTKax HabnrogatoTea Kanatowme pparmeHTbl ropaLLeit nsonaumnm, yepes 1 muH 55 ¢ npekpa-
LLeHWe NAaMEHHOTO FOpPeHUs, Ha LEHTPAIbHOM YacTu Kabens nnameHHOE ropeHue OTCYTCTBYET,
OTCYTCTBYET PAacnpoCTpaHEHME NAAaMEHN B TOPU3OHTAZIbHOM HamnpaBieHUMU

the smoke emission is strong, the insulation burns in two exposed sections of the cable with

a larger area (compared to previous experiments), dripping fragments of burning insulation are
observed in the same sections, after 1 min. 55 sec. cessation of flame burning, there is no flame
burning on the central part of the cable, there is no flame spreading in the horizontal direction

420

AbIMOBbIZE/IeHNE CUIbHOE, TOPEHNE U30NALLMM Ha ABYX OFONIEHHbIX Y4acTKax Kabens ¢ 6onbLiei
NAOLLAAbI0 PAacipPOCTPaHEHMA (MO CPAaBHEHMIO C NPEAbIAYLLMMM SKCNEPUMEHTAMM), HA STUX XKe
yyacTKax HabogatoTca Kanatowme dparmeHTbl ropawein nsonaumm, yepes 1 mmH 50 ¢ npekpa-
LWeHMe NNaMEHHOTO rOPeHUs, Ha LLeHTPaNbHOM YacTu Kabens nnameHHOE ropeHue OTCYTCTBYET,
OTCYTCTBYET PacnpoCTPaHEHWE NAAMEHW B TOPU3OHTAIbHOM HAaNpPaBAEHUN

the smoke emission is strong, the insulation burns in two exposed sections of the cable with

a larger area (compared to previous experiments), dripping fragments of burning insulation are
observed in the same sections, after 1 min. 50 sec. cessation of flame burning, there is no flame
burning on the central part of the cable, there is no flame spreading in the horizontal direction

480

[AbIMOBbIZlENEHME CUIBHOE, FTOPEHMEe U30NALMKN HA ABYX OFONIEHHbIX y4acTKax Kabena c bonbLuein
NAOLWaAb0 PACNPOCTPAHEeHUA (MO CPAaBHEHUIO C NPeAbIAYLLIMMM SKCMEPUMEHTAMM), Ha ITUX Ke
yyacTKax HabogatoTcA Kanatowme dparmeHTbl ropAwen M3onaumm, Yepes 1 MUH NpekpalieHme
NNaMeHHOro ropeHus, Ha LeHTpasibHOM YacTn Kabena naameHHOe ropeHune oOTCyTCTBYeT, OTCYTCTBY-
€T pacnpoCTpaHeHne NaamMeHu B FOPU30OHTAIbHOM HanpaBieHUM

smoke generation is strong, insulation burning in two exposed sections of the cable with a larger
area (compared to previous experiments), dripping fragments of burning insulation are observed
in the same sections, after 1 min. there is no flame burning in the central part of the cable, there

is no flame spreading in the horizontal direction

AHanunsupys BM3yasbHble HabaoAeHUA B XO-
[, 3KCNepUMEHTOB MO NPOTEKAHUIO CBEPXTOKOB
B Kabene CMNOB 3x1,5, moxHO caenaTb cneayto-
LMe BblBOAblI OTHOCUTENIbHO XapaKTepa TepMMU-
YEeCKOM AeCTPYKLUMU ero U3onauum U SBAEHUN,
KOTOpble CONPOBOXAANM 3TOT NpoLiecc.

Mpwn Tokax 40, 50, 90 A oTcyTCcTBYIOT Npwu-
3HAKN TEPMMYECKOMN [ECTPYKLUUM U30AALUM,
a TAK)Ke OTCYTCTBYET ee NAaMeHHOe ropeHue.

Mpwn ToKax 120, 150, 180 A npoucxogAat
KapboHM3aumMa 1 naaBaeHMe U30nAUMK, B TO
e camoe Bpemsa ee MNJAaMeHHOe ropeHue
OTCYTCTBYET.

Mpwn TOoKax 210, 240, 270, 300, 330, 360,
390, 420, 480 A BO3HMKaeT NJameHHoe rope-
HME N30NALUN SNEKTPONPOBOAOB TO/IbKO B Me-
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CTax UX NPUCOEANHEHMA K NMUTAOLWMM KOHTAK-
Tam, NpU 3TOM MPOUCXOAUT MafeHWEe Kanesb
ropawen msonaumun. Cnegyet oTMETUTb, YTO
NpPW 3TUX TOKax NPaKTUYECKM OTCYTCTBYET pac-
NPOCTPaHEeHMe NaamMeHn No U3onALMnN B ropu-
30HTa/IbHOM HanpaBAEHUMN.

Harpes »xunntokamu 120, 150, 180, 210, 240,
270 A BbI3blBa€T NOCTENEHHYO KapboHM3auuo
N30ALMN, YTO MOMKET NMPUBECTM K HEMOJHOMY
KOPOTKOMY 3aMblKaHWIO, KOTOPOE OrpaHUYmBa-
eT TOK, Tpebyembili ans cpabaTbiBaHUSA aBTOMa-
TUYECKUX BblKtoYaTenen. MopobHan cutyaumn
OnacHa C TOYKWU 3peHUss BO3HWMKHOBEHWSA, pas-
BMTUA M PACMPOCTPAHEHMA NOXKapa.

MonyyeHHble 3KCNEpPMMEHTaNbHble AaH-
Hble, 3aPUKCMPOBAHHbIE MPU BUAEOCHEMKE,
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0Al0T OCHOBaHWEe npegnonaratb, 4YTO Hau-
6onbluas NoXapHas OMacHOCTb NpPU NPOTeKa-
HMWU CBEPXTOKOB Mo cyaoBomy Kabesnto CMOB
BO3HMKAET Ha OroJIeHHbIX Yy4acTKax Kabens,
HanpuMmep B 30HE KOHTAKTHbIX COeAMHEHWIA.
MpoBoumpyoWMM (GaKTOPOM TaKKe MOXKET
BbICTYNaTb JIOKa/IbHbIA pa3orpes nNpu nepe-
XOAHbIX COMPOTUB/IEHUAX B 30HE KOHTAKTa.

MoxapHas onacHocTb Kabena CIMNOB 3x1,5

700 ~

MOXET NPOoABAATLCA NPU TOKax cebiwe 210 A
BC/IeACTBME pasfeTa ¢GparMeHTOB TropALLei
NONMMEPHON M30NAUMK. TaKKe YCTaHOBAEHO,
4YTO B FOPM3OHTA/IBHOM MNOJIOXKEHUN Kabens
CMOB He npoucxoauT 3aMeTHOro pacnpocTpa-
HEeHWA ropeHna N3oNALMUN.

Ha rpaduke (puc. 5) nokasaHbl 3aBUCUMOCTH
BPEMEHU MNOABMEHUA BU3Ya/ibHbIX MPU3HAKOB

TEPMUYECKOW AECTPYKLMM U30M1ALMMN OT TOKA.
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Puc. 5. 3aBUCMMOCTb BPEMEHU NOABAEHWUA BU3YasIbHbIX NPU3HAKOB TEPMMUYECKOM AECTPYKLMMU U30NALMMN OT TOKA:
a — NoAHbIN rpaduk; 6 — yyacTok rpadmKa 1 TPEHAOBbIE IMHUKN CTEMEHHOM annpoKcMmMmaLmm

Fig. 5. Dependence of the time of appearance of visual signs of thermal insulation destruction on current:
a — full plot; b — plot section and power-law approximation trend lines
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Huke nprBeaeHbl CTENEHHbIe annpPoKCUMU-
pylowme NMHUM TpeHAa 3aBUCUMOCTU BPEMEHMU
NoABNEHUA Pa3/INYHbIX ABAEHUMN, 3adUKCUMpPO-

BaHHbIX B 3KCNEPUMEHTE, OT NPOTEKAOLLEro TOKa.

Obim:

y =4 759 009 906,2x3".

KapboHunsauua nsonsaumnm:

y=7516 652 343,9x7".

[opeHune nsonaunm:

y =3304 791 920 910,4x*°.

3aknoueHue

B pesynbTate NpoBeAeHHbIX IKCNepuMeH-
TOB BbIMOJIHEHA OLLEHKA NOXAPHOM ONAaCHOCTH
Kabens CMOB 3x1,5 B 3aBMCMMOCTHM OT BO3aeM-
CTBOBABLUMX Ha HErO CBEPXTOKOB.

MpoxoxaeHMe TOKa Yepe3 TOKoBeayline
*¥unbl B ananasoHe ot 120 go 270 A Bbi3biBaeT
KapboHM3aumto n3onauum. IToT npoLecc crno-
cobeH cnpoBOLMPOBATb Kak BO3HMKHOBEHME
TOKOB YTEYKM, TaK U aBaPUMHbIN PEXMM HEMNO-
HOFO KOPOTKOTO 3amblKaHWA. Bo3HMKatowmin
npu 3TOM TOK, KOTOPbIM OrpaHMYeH COnpoTUB-
NleHneM KapbOoHM3MPOBAHHOINO C/0A, MOXKET
OKa3aTbCA HeAOCTaTOYHbIM ANA BbINOJAHEHUA
OCHOBHOM YHKLMN aBTOMATUYECKUX BbIK/IO-
yaTenen, a UMEeHHO 3aLMTHOro OTKIOYEHUSA
3NEKTPMYECKOM LLeNn OT KOPOTKUX 3aMblKaHUM
MU neperpysok. MogobHaa cuTyaums MOXKeT
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Mony4yeHHble annpPoKCMMaL M MoryT BbiTb
MCMNONb30BaHbl MPU aHanu3e 0b6CTOATENbCTB
B XOZe MPOM3BOACTBA MOXKaPHO-TEXHUYECKOW
3KCMepTM3bl.

(1)

(2)

(3)

NPMBECTM KaK K MOXKapy, Tak U BO3HWKHOBE-
HMIO 04AroB ropeHus.

MoxapHass oMacHOCTb MNpPU MNPOTEKAHUM
CBEPXTOKOB MO cyaoBomy Kabento CMOB 3x1,5
BO3HMKaEeT, B YaCTHOCTW, npu Tokax oT 210
00 480 A B 30HE KOHTaKTHbIX COeAMHEHUI N 0O-
YC/I0B/IEHA, BO-NEPBbIX, MJ1aMEHHbIM TOPEHNEM
M301AUMN, @ BO-BTOPbIX, PA3NETOM €€ ropALLnX
dparmeHToB.

HecmoTps Ha TO 4TO Kabenb B yCNOBUAX
SKCNepumeHTa He Nogaep»KMBaeT pacnpocTpa-
HEHWEe FOPEeHUsA, NO KpalHe Mepe B FOPU3OH-
TA/IbHOM TMOJIOXKEHUM, €ro MnoXKapHaa onac-
HOCTb MPOABNAETCA Ha OrOJIEHHbIX Y4YacCTKax,
rae ectb AOCTYN K N3015LUUM TOKOBEAYLLMX XKW,
KOTOpas, B CBOKO oyepenb, NPOABAAET roptoumne
CBOICTBA.

MprBeaeHbl 3KCNepMMEHTa/IbHblEe YCTaHOB-
JIeHHble 3aBMCMMOCTUN BPEMEHMW MOABNEHUA BU-
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3ya/ibHbIX MPU3HAKOB TEPMUYECKOW [ECTPyK-
UMK n3onaummn (noasneHne abiMma, KapboHusa-
LMA U301ALNN U ee TOPEHUE) OT TOKa.
MonyyeHHble pe3ynbTaTbl MOTY T ObITb UCMOb-
30BaHbl NPU NPOBEAEHUMN IKCNEPTU3 MO AeNam

O MOMapax Ha CyAaX, B YaCTHOCTM A/1A aHANM3a
3NEKTPOTEXHUKOM BEPCUMM NPUYMHBI BO3rOPaHMS,
a TaKXe A/1A NPOEKTUPOBAHUA M IKCMAyaTaumn
CYL0BbIX 3/1EKTPOYCTAHOBOK C LeNbi0 MUHUMM3a-
LM PUCKOB BO3HWMKHOBEHMSA MOXKaPOB.
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