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HUCCJEJOBAHUE 3AIIUTHI OT HOKAPOOIIACHOI'O IIEPETPEBA
KOHTAKTHBIX COEJUHEHUH YJJIMHUTEJIEN

Yeenuuenue conmpomuenenus nekmpuyecko2o KOHMAKMHO20 COCOUHEHUSl 6bi3blaem MOYeUHbIl
Hazpes U cepuro dNeKMpUieckux 0ye, Komopule 3a4acmyro npugooam K nociedyiouum 80320panusim
CcmMpoumenvHulX KoHcmpykyuil. Tem He MeHee, OauHblll HAcpe8 He OOHAPYICUBAEMCS ODLIYHLIMU
3AUUMHBIMU YCIMPOIICIBAMU, PEATUZ08AHHBIMU 8 YOTUHUMENSAX, 8 CEA3U C YeM YOIUHUTNETbHbIE WHY Db
ocmaromcesi  pacnpoCmMpaneHHol HNPUYUHOLU 60320PAHUl. Y CMAaHOGIeHo, 4mMO npu  yeeaudeHuu
HOpMUpyemoz20 conpomusienus konmakma 6 11 pas, eco memnepamypa nazpesa ygeauuueaemcs 6 3,8
pasa u cocmaensiem 319 °C. Ionyuena 3asucumocmv memnepamypvi HA2PeBanUs NPOBOOHUKA 6
KOHMAKMHOM COeOUHEeHUU Om e20 CONPOMUGLeHUs, MOKA HASPY3KU, KOHCMPYKMUBHLIX (AKMOpos.
Haitioennvie 3asucumocmu no3gonsiom onpedenums napamempsbi 00NyCmuMo20 Hacpesanus (6pemeHu
U memnepamypul) Ha napamempsbl OONOIHUMETbHOU 3AWUMbl KOHMAKMHO20 COCOUHEHUSL YOTUHUMEIIAL.

Knwueswvie cnosa: 3ﬂeKmpu‘l€CKMlZ KOHmMakKkm, Hazcpes, KOKmMAaxKmmnas niacmuna y()ﬂuHum@ﬂ}l.

IHocTanoBka npo0eMbl

CoriacHo CTaTHCTHYECKHX MJaHHBIX, HMEIO-
Mxcs B oTAene noxapHoi cratuctukun BHUUIIO
(Bcepoccuiickoro Hay4HO-UCCIIEA0BATEIBCKOTO HH-
CTUTYTa MPOTHBONOXXAapHOK 00OpoHBI, T. MockBa)
MUC Poccun, B nepuoa ¢ 2016 no 2020 roast B PO,
HECMOTpSI Ha oOlIee CHIKCHUE KOJIMYECTBa IMOXKa-
POB, HaOJIOJAETCsl YBEIMUYECHUE KOJIMYECTBA IMOXKa-
POB, CBSI3aHHBIX C HAPYIICHUEM MPaBUJI YCTPOHUCTBA
W KCIUTyaTaliy 3JIeKTpoodopynoBanus [1].

Ha numarpamme mnpexacTaBiieH CpaBHUTEIbHBIN
aHaJIM3 KOJIMYECTBA I0’KapOB, MPOM3OMIEAIINX IO
MPUYMHAM, CBSI3aHHBIM C DKCIUTyaTalUeH BIIEKTpPO-
npubopos B niepuos ¢ 2016 mo 2020 rogst (puc. 1).

CymiecTBeHHOM MpOoOIeMoil obecreueHus 1o-
XKapHOH 0€30MacHOCTH B HU3KOBOJBTHBIX JIEKTPO-
YCTaHOBKAX KUJIBIX U OOLICCTBEHHBIX 3JaHUN SBIIS-
I0TCS OTKa3bl, CBA3aHHBIE C paCKaJICHHBIMHU COE/IMHE-
HUSIMH ¥ HCKPEHUSIMH, KOTOpPBIE 0OBIYHO BOSHUKAIOT
M3-32 TeperpeBa HEKAYECTBEHHBIX AJIEKTPHUUECKUX
COEMHEHNH, XapaKTEPU3YIOIIUXCS BBICOKUM JJIEK-
TPHUUECKHUM CONIPOTUBIIEHUEM [2].

AHaJIN3 MOCJEeAHUX HCCIEeOBAHUI U MyOTuKANMI

MexxayHapoaHblid GoHI 31eKTpoOe30macHOCTH
(ESFI) moka3eiBaeT, 4TO yATHMHUTEIbHBIC ITHYPHI 5B-
JIAIOTCS pacHpOCTPAaHEHHON NMPUUYMHONW BO3TOpaHUMN
[3]. U3BecTen ciocoO 3amuTel yymmanTes 220 B ot
TOKOB IIEPErpy3KH C IMOMOIMIBI0 TepMOOMMETaNa
ot K3 nmnaBkuMm npepoxpanureneM. OgHako Takou
cnoco0 He oOecrneuyuBacT 3allUTy OT BO3TOpPaHHMH,
BBI3BaHHBIX IEPErpeBOM IUIOXOT0 JJIEKTPUUECKOTO
KOHTaKTa 10 MPUYHHE UCKPEHUS! I MOHOTOHHOTO
W3MEHEHUS eT0 IIePEX0JHOTO CONPOTUBICHUS R, IpU
TOKaX, MEHBUIMX pPado4ero IOMYCTHUMOTO Iln.s0 B
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naterre CIIA [4] paccmoTpen cnioco® oOHapyke-
HUSl TIEPETPETOr0 KOHTAKTa Ha OCHOBE KOHTPOJIS
YPOBHA M JOUHAMUKA H3MECHEHHs HAINPSKCHUS B
KOHIIE LENH MTPU KOMMYTALUHU JOTOJIHUTEIBHOM 10-
CTOSHHOW pE3UCTHBHON Harpy3ku. OmHako OH He
MOJIXOAUT AJISi KOHTPOJISI MEcTa MOBPEXKICHUS B Ma-
paJUIEIBHOM PO3ETOYHON LIENH U3-3a TOTO, YTO U3Me-
PHUTENBHBIA TOK HE MPOXOIHUT Yepe3 MECTO MOBpe-
xneHus. Kpome Toro, moporu no ypoBHIO TWHAMUKA
HanpsDKEHUS] KOHTPOJUIEpa YUYHUTHIBAIOT MapaMeTphl
CTallMOHApHOW KaOeNbHOW JIMHUH — €€ CeUCHHE U
nuHy. [lpy u3MeHeHun 1IMHBI KaOells W/WIi ero ce-
YCHUS! B YAJMHUTENEC YKa3aHHBIE MOPOTH JOJKHBI
OBITH U3MECHEHBI.

DJEeKTpUUYECKHE TOXaphl MOTYT BBI3BIBATHCS
KOHTAaKTHBIM HarpeBoM, Ijisi KOTOPOTO MEXaHU3M
HaKOIUICHUS TeIUla B HAcTofAllee BpeMs HeIocTa-
TOYHO HM3y4yeH. DTO HCCIEJOBAHHE COCPENOTOUYEHO
Ha AJIEKTPUYECKUX BUJIKAX U YAJHUHUTEISAX, H3TOTOB-
JICHHBIX W3 3JEKTPOTEXHUUYECKON JIATYHH, SIBIISIO-
HIMXCSI OCHOBHBIMH KOMIIOHEHTaMH, B KOTOPBIX Ya-
CTO BO3HHKAIOT HEKOHTPOJIUPYEMBIC IIEKTPUIECCKIE
BO3TOpaHMsI M3-32 MEXaHWYECKOTO H3HOCAa U TI0-
oMk [5]. B cratee [6] paccMOTpeHbI MOIXOABI K
OTIpPEJENICHUIO TEMIIePaTyphl HarpeBa KOHTAKTHOTO
COEAMHEHHMS [TPU JOMYLICHUH O ero ¢opMe B BUIE T0-
PHU3OHTATBFHOIO MPOBOAHWKA (UMIMHAPA) JUIMHOH /,
M, U quameTpoM d, M. llomydeHne aHaTUTHUECKUX
3aBHCHUMOCTEH OCHOBaHO Ha (opMmynax i Oe3pas-
MEPHBIX KOAQPHULINEHTOB TEIIOOTIAYH.

OO0uMMy HEAOCTATKAMH TaKOT0 MOJIX0/1a MOKHO
Ha3BaTh:

— I7s pacdera Oc HEOoOXOOMMO 3apaHee 3HATh
TEMIIepaTypy YCTaHOBUBLIETOCS IIeperpeBa MpoBOI-
HUKa B KOHTAKTHOM COEIUHEHUU T ycm;
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Puc. 1. KomnuecTBo TMOXapoB M0 NpUINHAM, CBA3aHHBIM C 3J'ICKTp0060p}/'Z[OBaHI/ICM

— omnyue (POPMbI KOHTAKTHBIX TUIACTHH OT I[H-
JTUH/IpA.

Heas (3axaun) ucciaegoBaHus

Lenp nccnenoBanus — MOBbILIEHHE P HEKTHBHO-
CTH 3aIUTHI OT MeperpeBa KIEMMHBIX COEAMHEHHUN
3a c4eT 00OCHOBAHUSI MAPaMETPOB JOMOTHUTEIEHON
3alUTHl yIIMHUTENS (ceTeBoro ¢uiubtpa). st ee
JOCTIDKEHHS MPEJIOKeHa MaTeMaTHyecKass MOJIENb
HarpeBa MPOBOJHHKOB B KOHTAKTHOM COEAMHEHHU
YATMHUTENS], YYUTHIBAIOLIAs €TO IIEPEXOJHOE COMPO-
TUBJICHUE, CHJTYy TOKA HAarpy3KH, pa3Mepbl TEIJIONpo-
BOJSIINX 3JIEMEHTOB U KO3()OUIMEHT TEIUI00TAauN
C TIOBEPXHOCTH MPOBOJHHUKA. JKCIIEPUMEHTAIBHBIM
MyTeM OIpeesieHa 3aBUCHUMOCTb KOd(QHLIMECHTA
TEIUIOOTIa4U C TIOBEPXHOCTU MPOBOAHUKA yIUIHHU-
TeJs OT PACCEeNBAaEMON MOIHOCTH Ha HEM.

OcHOBHOW MaTepHAaJI UCCJIEIOBAHUS

B cymecTByomux yATUHUTENSIX M CETEBBIX
(uIpTpax ecTh TEPMOOMMETAILUTUYECKAS 3aIUTa OT
Meperpy30K, MiaBkuil npenoxpanutens oT K3 u 3a-
1UTa OT MEeperpeBa BHYTPU KOPIIyca B BUIIEC TEPMO-
npenoxpanutens. [locmemnsss cpaboTaer, Koraa
BHYTPH yXke OyJIeT HeJIOITyCTUMEIH MEPEerpeB, T.¢. He
obecrnevnBaeT JUarHOCTHUKHY.

[Mpemnaraercst 100aBUTH B YAJUHUTEIH HOBYIO
3aIIUTYy OT IEPErpeBa IIOXOT0 AIEKTPUIECKOTO KOH-
TaKTa M0 NMPUYUHE UCKPEHUS WIM MOHOTOHHOTO W3-
MEHEHHUS €Tr0 MEePEXOJHOr0 compoTuBicHus. [Ipun-
IUTIOM OOHAPYKEHUS «TOPSYNX» TOYCK SIBISETCS
YCTAaHOBKa TEPMOJATYUKOB JJIsI 3amMepa TeMIiepa-
TYphI HarpeBa MEIHBIX IIACTHH Pa300pPHOTO COC/IH-
HeHusa yanuHutens. EE momycTuMo BCTpauBaTh B
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TOTOBLIC YAJMHUTENIN, COXPAHUB CYIIECTBYIOIINE
BUIBI 3auuT. [IpuMep Takoro moaxona JJis IITaT-
HOTO ceTeBoro (wiIbTpa rmokasaH Ha puc. 2. TexHo-
JIOTUYECKH 3TO BO3MOXKHO, T.K. UMEIOTCS CBOOOTHBIC
TEXHOJIOTMYECKHE MOJIOCTU B KOPITyCe.

C uenpi0 ompeneNneHus] YCTaBOK TeMIEpaTypbl
cpabaThIBaHUsl NAaTYUKOB TepMoOpese HEeoO0X0IUMO
MPOBECTH MATEMATUYECKOE MOICTUPOBAHNE U TIOITY-
YUTh 000CHOBAHHOE PEIICHHE IO OMPECICHUIO 3a-
BHCHUMOCTH HM3MEHEHUS TEMIEPATyphl HAarpeBa mpo-
BOJHUKA B MECT€ KOHTAKTHOI'O COEIMHEHHUS OT Bpe-
MEHH.

PaccmoTpum nmaHHyio 3ajady Ha mpuMmepe S-Tu
PO3ETOYHOTO YAJIMHUTENS C HOMUHAIBHBIM TOKOM 10
A, momHOoCTBIO 2,2 KBT. OCHOBHBIE pa3Mephl KOH-
TaKTHBIX IUIACTUH yAJTUHHUTEIS B MM (puc. 3) Hc-
MOJIL30BaHbI P BBIYHUCICHUH KOA((UITUEHTA Tel-
JIOOTJAYH.

B xone MoxenupoBaHus MPOU3BOAUTCS OIpeie-
JIEHUE TapaMeTpPOB JOMYyCTUMOIO0 HarpeBa KOHTAKT-
HOTO COCIUHEHUS B 3aBUCUMOCTH OT €r0 COIPOTHB-
JICHUS, TOKa HAarpy3Kd U Pa3MepoB TEIIONPOBOAS-
LIUX SJEMEHTOB YAJIUHUATENS.

[Ipu mpoxokIeHHU TOKa B MPOBOAHHUKE YaCTh
BBIJICJICHHON TEIUIOTHI PACXOJYyETCS HA MOBBLIIICHUE
€ro TeMIlepaTypbl B KOHTAKTHOM COCIUHEHUU U
AIEKTPOU3OJISIUHU, & Apyras 4acTh PacCEeUBACTCS B
aTMoc(epy, MOBBIIIAs TEMIIEPATYPy U0 K-
TPONIPOBOJAKHU U KOPITYCHBIX JETalCH.

CranuoHapHBId peXUM HarpeBa, Mpu KOTOPOM
TeMIiepaTypa MPOBOJHUKA B MECTE KOHTAKTHOI'O CO-
CJIMHCHUS JIOCTUTAeT MOCTOSIHHOTO 3HAdeHUs, 00y-
CJIOBJICH 3HAYCHHEM TOKA, MEPEXOJHOr0 COMPOTHUB-
JICHUS U YCIOBUSIMU TEILUIOOTIAYH.
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CeteBoli MPOBOJ

IInaTa 3amuTEl

Knomnka c 3ammron
oT neperpy3ku 10 A

Tepmonaruuk 95°C

Puc. 2. YanmuHutens ¢ JONOIHUTEIBHON 3alIuToil. BHennuii Bug
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Puc. 3. CO0pouHBIil yepTek KOHTAKTHOW TUTACTUHBI YUTHHUATEIIS

3a BpewMms T, C, B IIPOBOJAHUKC BBIACIIACTCA TCII-
JoTa:

O=I'R_ 1 (1)

xoum "

rae O — KOJUYECTBO BBIACISEMOM TEIUIOTHI B MPO-
BoJiHUKE, JIK;

[ — AMUTENBHO JOMYCTUMBIHN TOK, A;

Riour — TIEPEXOAHOE COMPOTUBICHUE KOHTAKT-
HOTrO coeauHeHus, OM.

bananc Beigensemoit TemnoTel (J pacrmpenens-
€TCsl Ha HarpeBaHUe MPOBOAHUKA U OTAAYy TEIIOTHI
B OKPY>KAIOIIYIO CPEAY C TOBEPXHOCTH KOHTAKTHOTO
COCIMHCHHS:
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Q = Quazp + Qpac ° (2)

A€ Quarp — KOJIMYECTBO TEILIOTHI, 3aTPAUYCHHON Ha
HarpeBaHue MPOBOJHUKA B MECT€ KOHTaKTHOTO CO-
equHeHus, Jx.

Qnazp =cmdT 3)

¢ — TEIUIOEMKOCTh MaTepuaja MPOBOIHHKA,
T/ (icr-K);

m — Macca MpoBOJIHUKA, KT

Opac — KOJMYECTBO TEIUIOTHI, 3aTPaunBaeMoil B
KOHTaKTHOM COCJIMHCHUHU Ha U3ITyYCHUE C
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Tnarp, C

Puc. 4. 3aBucumocTs KOHBEKTUBHOH (1) M paguannoHHoOH (2) TEmI00TaAaYN
B IPOBOJHUKE OT BPEMEHH TIPH cUie TOKa 3A

MOBEPXHOCTH MPOBOIHUKA, KOHBEKIUIO U TEILIONPO-
BOJHOCTD, JIK.

0, =aSTydr 4)

0L — KO3 PUIMEHT TEIUIOOTA4X C TTIOBEPXHOCTH
npoBojuuka, Bt/ (M*K);

S — IUIOmAas TEIUIOOTIAIONICH ITOBEPXHOCTH
IPOBOJHHUKA, M%;

Ts — Temriepatypa MOBEpXHOCTH MTPOBOIHUKA, K.

B dopmye (4) Hanbosee CIIOKHO ONpeEeIeTCs
KO3 GUITMCHT TETUIOOTAaYH O C TIOBEPXHOCTH TPO-
BogHuKa. Crlemyer OTMETUTh, YTO O 3aBUCUT OT
OOJNBIIOTO  KOJIMYECTBA  PA3NIUYHBIX  (PAKTOPOB:
(hopMBI U pa3MepoB Tena, JaBJISHUS U CKOPOCTH JIBU-
KCHHS OKPYXKarolled cpeipl, (PU3NUecKuX CBOKCTB
CpeIIbI U JIp., HO caMoge TJIaBHOE, KaK MOKa3aJIn 1ajlb-
HEHIINe OKCIEPUMEHTBI, C YBCIWYCHHUEM TOKa
Harpy3Kd YJUIMHUTENS PAacTeT TaKKe U O, IPpUYeM
ATOT POCT UMEET HEITMHEHHEBIN XapakTep B 3aBUCHMO-
CTH OT KOJMYCSCTBA BBIJCIICMOM MOIITHOCTH P.

B ompeneneHHBIX yCIOBUSIX JOJS JIYYHCTOTO
TeI1000MeHa MOXKET coCcTaBIIATh 110 30 % [6].

[To 3akony HploTOHA KOIMYECTBO TEILUIOTHI, OT-
JTaBaeMOM CIMHUIIEH TOBEPXHOCTH Tella B EAMHUILY
BPEMEHH, TIPOMOPIIMOHAIBHO PAa3HOCTH TEMIEPATypP
MMOBEPXHOCTH MPOBOIHUKA Ts M OKPYKAFOIIEH CPEIb
TIc:
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q.=a.(T;-T,), Bt/M>, (5)

TJie 0lc — KOHBEKTUBHBIN KO3()(DUIIHMEHT TeIUIO0TAAYH,
Br/(M*K);
Tc — TemmiepaTypa oKpy>katoeii cpensl, K.
C yuerom ypaBuenutii (1), (3), (4) Beipaxxkenue (2)
MPUMET BUA:
I’R,, dt=cmdT, +aSTdx (6)
Iepexons k nuddypaBHEHHIO C pa3AesIONIU-
MHUCSI IEPEMEHHBIMU:
[I°R

KoHm

—aST;dtv=cmdT @)

[Tocne unrerpuposanus (7):

T T

Hazp nazp Cde

I dt= I L - )
0 7 LR — ST

KOHm

YcTaHOBUBIIAs TeMmIiepaTypa HarpeBa HpOBO/I-
HUKa B KOHTAKTHOM Y3Iie 7)., TONTy4eHa u3 (6) ¢ yue-
TOM TOTO, YTO B 3TOM pexume cmd1s=0:

_ [2RK0Hm (9)
e as
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148)

THarp, C

Puc. 5. 3aBucumocTs TEMIIEpaTyphl HarpeBa NPOBOJIHUKA B MECTE KOHTAKTHOTO COEAMHEHUS
oT BpeMeHH (1 — 3KcTIepuMeHT, 2 — Teopusi)

Wnterpupys (8), HaXoauM 3aBUCUMOCTD TEMIIe-
patypsl HarpeBaHus MPOBOJHHUKA B MECTE€ KOHTAaKT-
HOTO coeIUHEHUS Tqzp. OT BPEMEHHU:

‘t,,was

cm ’(10)

I’R I’R
I) — KOHM _( KoHm_ __ 7‘(’))6

T KOHm aS (ZS

T;-taep ( Hazp ?

TAC Tuazp — BpEMSI HArpeBa, C,

o — K03 PUIHMEHT TEIJIO0TAAYH C IOBEPXHOCTH
npoBojuuka, Bt/ (M*K);

C yuerom (9):
s

T Hazp a

~Ty)e ™, (11)

cm

Tp=T,, ~(T,

nazp

rae To— HadanmbHAs TeMIepaTypa HarpeBa MpOBO-
HHUKa B MECTE KOHTaKTHOTO coequHeHus, K;

Tuazp — BPEMSI HArpeBa, C.

[lepenaya Temna B KOpHyce YAJIMHUTENS COOT-
BETCTBYET 3ajjaye Mo ONpEACICHUIO TEIUIOOTAAYH B
OTpaHUYEHHOM IPOCTPAHCTBE B YCJOBHUSX CBOOO-
HOW KOHBEKIMHM, HampuMep, Ui KaHAJIOB, LIEJEH,
pa3IMYHOro poja mpociaoek. OCOOEHHOCTBIO TEILIO-
OTJauy B 3TOM Clly4yae SBJSIETCS TO, YTO HarpeBaHHe
U OXJIaXKAEHHE BO3IYLIHON MPOCIOWKH MPOUCXOIUT
BOJIM3M TpaHul (CTeHOK). Takol mpoiecc paccMar-
pHBaeTCs Kak eIMHOE LeJI0e CIoco0O0B TeIIonepe-
Jayll — KOHBEKIMH U TEIIONPOBOTHOCTH.

2(28)'2022
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[Nopsinok pemeHus 3agayn:

— 3a/1al0TCsl pa3Mepbl KOpIyca W KOHTaKTHBIX
TUTACTHH, a TAK)KE UX MaTepual;

— OMpEeNeNsIOTC TeIUIOPU3NUECKUE CBOMCTBA
MaTepHaja KOHTAaKTHBIX IJIACTHH U BO3IYLIHOM Mpo-
CIIOWKH B BUJIE TaOJIHLI;

— TIpH 3aJaHHOW TeMIlepaType BO3AyXa Ompere-
JISIIOTCA €T0 TeTo(U3NIecKre CBOMCTBA;

— onpezpemnsitorcss kputepun ['pacrodpa Gr u
[Ipanarns Pr;

— Ompenensercsl SKBUBAJICHTHBIH Kod(duiuent
TEIUIOTIPOBOJHOCTH  TJIOCKOM  BO3LYIIHOH  MpO-
CIIOUKHU E;

— ompenensercss KO3(Q(OUIMEHT KOHBEKTUBHON
TCIIOOTAAYH Olkone;

— omnpezensercss KOdGOUIUEHT pagrualuOHHON
TEIIOOTAAYH Oy

— ompezenseTcs CyMMapHbIi KOdQQHULINUEHT Ter-
JIOOTAAYH O=0consOlpay-

[lepedyeHb MCXOOHBIX NAHHBIX 00 YAJIMHUTENE,
HEOOXOIUMBIX JAJIS pacyera:

— MaTepuall IIaCTUH YAJHUHUTENS — JIaTyHb;

— Macca MpOBOJHMKA (TJIacTUHA + ITHQTHI) —
0,0102 xr;

— pa3Mepsl IIaCTUHBI yAIuHUTeNs d, dy, 1y, 15,
I3, l4(cm. puc. 3);

—6=0,016 M — mmpuHa kaHajia (IIOJIOCTh BHYTPU
YAJTUHUTENS, CM. PHC. 2);

—&=0,73 — cTeneHb YEpPHOTHI MOBEPXHOCTH;

43

ISSN 2518-1653 (online). NHTepHeT: vestnik.donntu.org



BECTHMKHOHHTY'.................................................................

— R=0,33 Om — conpoTuBIeHNE KOHTAKTA;

— I=2 A — cuna Toka, MPOXOAIIETO Yepe3 KOH-
TaKT;

- p=I?- R, BT — MOIIIHOCTb TEIJIOBBIACICHUS B
KOHTAKTEe;

-a,=01-" 1073 K'- temmeparypHbli K03¢-
(DUIMEHT CONPOTHUBIICHUS JaTyHH.

OnpepensieTcs IWIOLIAb IOBEPXHOCTH KOHTAKTa
(puc. 3) mo popmye:

S=2-L-L+m-dy-L+m-d,-(,—1,) =
=2-0,203-0,005+3,14-10-1073-7-1073 +
+3,14-4-107%-(18-1073 —7-1073) =
=2,388-1073 M2

Yucno I'pacroda onpenensiercs no popmyie:

1
(tnzﬂnnas)

()2 ’

9,80666- tg—tg|-83

G, =

rne t; — Temreparypa nosepxsnocty, °C;
t, — TeMmeparypa Bo3ayxa, °C;
2
M
V¢ — KHHEMaTHYECKast BA3KOCTh BO3/yXa, ——;

OHpCI[eJ'IHCM YHUCJI0 HpaHI[TJ'ISI:

tpt+t
_ e ( nz 2

r

tptt
)Cp- (e
tptt s
A (2 te)

rae [y — AMHAMHYECKHH KO3(QQHULIUEHT BA3KOCTH
Bo3ayxa, Ila - c;
Cp; — yzaenbHas nzo0apHas TEMJIOEMKOCTh BO3-
xa, 2.
Ayxa, kr-K’
A¢ — K03 ULMEHT TETIOMPOBOJHOCTH BO3/yXa,
Bt

WK’

OnpepensieTcsi KBUBAJICHTHBIA KOI((GUIMEHT
TEIUIOTIPOBOJHOCTH  TIOCKOM  BO3LYIIHOH  MpO-
CJIOMKH:

_ 0,25,
e =0,18-(G.-P)"7; (12)

[Hanee ompenensiercss KO3GPUINESHT KOHBEKTUB-

HOU TEIUIOOTAAYH:

t +t

A ()
CZKUHS = (5 ; (]>3)
Koadpdumuent paananimoHHON — TEIUTIOOTAAYU

paccuuThIBaeTCs 10 hopMyJie:

_ £-5,67-107 - ((t, +273,15)" = (¢, +273,15)") - (14)
tn_tﬁ

a pao
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BI:I,Z[CHSICMEUI TCIJIOTAa B IIPOBOAHUKC!

O=I-R -(+a,-(t,—20) (15)

PaccmoTpuM 0coOCHHOCTH pacyeTa Ha pUMEpe
TOKOBOW Harpy3k l..,=3 A. ConpoTHBIEHHE KOH-
TaKTHOTO COCIWHEHUS MPUHUMACM Rioum—=0,33 Om,
MOIIHOCTb, BBIJEIAEMAs B KOHTAKTHOM COCIUHCHUN
P=P-Roun=2,97 B, a Ty=25,3 °C.

Koa¢ddunments! TennooTnaun Oy > gy I3ME-

KOH8
HSIOTCS B TIporiecce Harpesa (puc. 4).

TemnepaTypa KOHTakTHOTO COEAWHEHUS YIJIU-
HUTEIS OT BpeMEHH IpH cuiie Toka oT 3A 1o 8 A pac-
cunThBasiach 1o (11) u mpoBepsiachk dKCIEpUMEH-
TaNbHO B OTAENE AekTpoobopyaoBanuss MAKHUN
(puc. 5). MakcuManbHas OTPENTHOCTh IPU TOKe 8 A
coctrasuia 16,3%. T.o., mpuBeIEHHBIN METO TO3BO-
JIICT PACCUUTHIBATD 1Yy IIPH JTFOOBIX COUCTAHMSIX [y,
U Riowm 1751 YKa3aHHOTO THIIA YIUIMHUTENEH.

Cormacuo 'OCT 31223-2012 [7] B HOpMalbHOM
peXMME B YJUIMHUTENSAX, MMEIOIUX COEAMHEHUS
MEXy HEMOJBWKHBIMU U TIOJBUKHBIMU YaCTSMHU,
JOJDKHO BBITOTHATHCA Rionm<0,05 OM. B mpoBenen-
HBIX HAMU 3KCIEPUMEHTAX R.oum HE TIpeBbImao 0,02
Om, Ttorma npu l.=10 A u3 (11) momyuwmnn
Tyen=86,5 °C. Briopano TepMoperne
ThermalFuseSeries ¢ Temnepatypotii neiictust 95+5°
C u remnieparypoii Bozpata 70+10°C.

BrIBOIBI

1. 3HaunTENHEHOE KOJMUYECTBO BO3TOPAHUN CBS-
3aHO C aBapUUHBIMH PEKUMaMU PabOTHI AIIEKTpHYe-
CKHX ceTell. MecTa coequHEHUs! MTPOBOJIOB, B YacT-
HOCTH, B KJIIEMHBIX COCIUHEHUSX BHYTPU KOPITYCOB
SIEKTPOU3ACTUN, OCTAIOTCS HEAOCITaeMbIMU JJIs
MPOBEPKH U MOTYT CTaThb HCTOYHUKOM MOXKapa
BCJIC/ICTBUE BO3HUKHOBECHHS OOJIBIINX MEPEXOTHBIX
CONPOTHUBJICHUM.

2. BriepBbie mpeasioxKeHbl yIOOHBIC IS HHKE-
HEPHBIX PacdeToB (DOPMYIIbI JJIS ONPEICIICHUS TEM-
nepaTypsl HarpeBa KOHTAKTHBIX IUTACTUH YJJIMHU-
TS B 3aBHCHMOCTH OT KOJHWYECTBA BBIACIACMOI
MOIIIHOCTA HAa TpPUMEpPE TUIIOBOTO 5 PO3ETOYHOTO
YIUIMHUTENS! C HOMUHAIBHBIM TOKOM 10 A.

3. [lyreM pa3paObOTaHHOTO PACYETHOTO METOMA
OTpeJielicHa TeMIieparypa cpabaThIBaHHS JTaTYHKOB
TepMOpeNe 3alUThl YUIMHUTENSL OT IeperpeBa ero
KOHTaKTHBIX coeinHeHnH (95+5° C) npu pa3nuyHbIxX
COUCTAHUSAX [yazp U Rioum IJIS1 YKA3aHHOTO B 1. 1 TUMa
YIUTUHUTEIIS.
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I.A. Bershadsky /D. Sc./, A.Yu. Gladkov /Cand. Sci. (Eng.)/, N.A. Savinov, A.D. Mykh
Donetsk National Technical University (Donetsk)

INVESTIGATION OF PROTECTION AGAINST FIRE-HAZARDOUS
OVERHEATING OF TERMINAL CONNECTIONS OF EXTENSION CORDS

Background. An increase in the resistance of an electrical contact connection causes spot heating or a
series of electric arcs, which often lead to fires. However, this heating is not detected by conventional
protective devices implemented in extension cords, and therefore extension cords remain a common
cause of fires.

Materials and/or methods. It is established that with an increase in the normalized contact resistance
by 11 times, its heating temperature increases by 3.8 times and is 319°C. The schematic solution for
protecting the extension cord from overheating of the contact connection above 90°C is given, which
helps to prevent fires at rated currents. The constructive implementation of the protection provides the
required compactness and allows it to be located in the technological cavity of the extension housing.
Results. The parameters of the permissible heating of the contact connection were determined
depending on its resistance, load current and the size of the heat-conducting elements of the extension.
Conclusion. By means of the developed computational and experimental method, the temperature of
operation of the sensors of the thermal relay for protecting the extension cable from overheating of its
contact connections, as well as heat transfer, heating temperature and the amount of heat generated by
the contact plate of the extension is determined.

Keywords: terminal connection, voltage, temperature, current, relay, wiring, electric extension cable.
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