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IIVTABKHUE ITPEJOXPAHUTEJIN. HA3A/I B BYAYIIIEE

Y cmammi nasedeno xopomxuii napuc npo icmopuuni nodii pannb020 emany po3euUmMKy MORKUX 3ANO0OINCHUKIE y KiHUi

XIX — nouamky XX cmonime.

B cmamve npugeden kpamixuil ouepk 06 ucmopuyeckux cOObIMUAX PAHHEZO0 IMANG PA3GUIMUA NIIAGKUX npedoxpanumeneil

6 konye XIX — nauane XX eexoe.

IInaBkuii npegoxpanurens... Kak MHOro B 3TOM 3By-
Ke JJsl cepAua annaparduka cimiocs! Kak MHOro B Hem
OTO3BaJIOCh... Tak M xoueTcs nepedpazupoBaTh BEITUKOTO
[Iymkuaa! W B caMmoMm nene, mpakTH4ecKd HU OJUH y4eo-
HUK II0 DJICKTPUYECKUM ammaparaM He 00XoauThcs 0e3
PaccMOTpEHHs BOTIPOCOB, KACAFOIIUXCS NAHHBIX armapa-
TOB 3amUThl. KOHCTPYKIMS, MPUHINI OSHCTBUSA, MeTal-
nypruueckuil 3GeKT, BpeMsI-TOKOBas XapaKTepUCTHUKA,
CEJICKTUBHOCTh, TOKOOTPAaHWYMBAIONINK 3¢ GdeKT, HHTe-
rpan JDKOyast ¥ MHOTOE JIpyroe — Ka3ajoch Obl, BCe O
MIPEIOXPAaHUTEIIX yXKE JaBHO M3BECTHO, U "TEMHBIX'" M-
TEH B 9TOH o0yiacTu He octasiock. OHAKO B OTEUECTBEH-
HOU nuTepaType Bbl npakTudeckn He Halijgere nHpopMa-
UM O PaHHEM OJTale pa3BUTUS IPENOXpaHUTENeH, UX
MIEPBBIX KOHCTPYKLMSIX, XPOHOJOTMU COOBITMH M HHTE-
PECHBIX HCTOPHYECKUX (PaKTaxX, IUIHOCTAX, KOTOPHIE
OKa3aJli BIISIHAE Ha CTAHOBIICHUE M Pa3BHTHE Tpegoxpa-
HuTenel B koHme XIX — Hagane XX BekoB. Takum oOpa-
30M, PaCCMOTpPEHHE IMEPEUUCICHHBIX BEIIIE BOIPOCOB
ABIISICTCA LENBI0 JAHHOW CTAaThH.

Ha MexnyHapoaHoi KOH(EpEeHIMH MO 3IIeKTphuye-
CKHMM TIPEIOXpaHUTEsIM U X npumeHenuto (International
Conference on Electrical Fuses and their Applications
ICEFA), xortopast mpoxomuia B I. ['maHeck B ceHTsiOpe
2003 r. mpodeccop Crokc m3 CHIHEHCKOTO YHHUBEPCUTETA
orMmeTwi1: "COBpEMEHHBIE 3JIEKTPHUYECKHIE TPEIOXPAHUTENN
— M3YMHUTENBHBIE YCTPOMCTBA JUISl 3aIlIUTHI KU3HU U 000-
PYIOBaHHS OT TOTEHIMAIFHONH MOIIHOCTH OECKOHTPOIb-
HOTO 3IIeKTprUecTBa. HaunHas ¢ BOSHUKHOBEHUS JJIEKTPHU-
gectBa B 70-x romax XIX Beka, oHM OBUIM Ha TIepemHE
JIUHAU 3JEeKTpU4ecKor 3amuThl. CHpaBelinBO CKa3arh,
4TO 0€3 MPAKTHYCCKH OE30TKA3HOM pabOThI AICKTPHUESCKO-
To TpefOXpaHuTENs He ObLIO OBl COBPEMEHHOH 3JIEKTPO-
MIPOMBIIIIEHHOCTH. DJIEKTPUYECTBO OBUIO OBl CIMIIKOM
OTTaCHBIM JIJIs ITUPOKO MTOBCEMECTHOTO TpuMeHeHus" [4].

HecMoTps Ha Takue "Teruible" cioBa B aapec mpejo-
XpaHWTENs, HaBepHoe, Oosiee "oOmkaeMoro" ayeKTpHye-
CKOT'O armapara He HaiTu. YTo TONBKO HE yCTaHaBIIMBa-
0T BMECTO HEr0 B pacCIlpelNeNUTEeNFHBIX YCTPOHCTBaX
(PY) — oT npecioByTHIX "’Ky4KoB" M pa3HOOOpa3HBIX Me-
TaJNTMIECKUX AeTtaneil (puc. 1) 1o OTBEpTOK M HANMIBHU-
xoB (!). MaTepecHo, uro emte 40-50 net Ha3am BO MHOTHX
CIIydasix CUUTAJIOCh IOMyCTUMBIM IPHMEHEHHE BMECTO
IUTAaBKUX TPEIOXPaHUTENeH OOBIKHOBEHHBIX IKEJIE3HBIX
rBo3/iei (B HEKOTOPBIX CIIPABOYHMKAX IO 3JIEKTPOTEXHU-
ke m3aanusg 50-60-x rogoB XX Beka Jaxke MPUBOAMIUCH
JaHHBIC IO TOKY IJIaBJICHUSA FBOSHeﬁ Ppa3JIMIHbIX AUaAMET-
poB u 1uuH) [1].

XarnaTHoe OTHOIICHHE K araparaM 3aIliuThl, MOIbIT-
Ka Ha HUX COKOHOMHTB, 3a4acTyl0 000pauMBaeTCs Cephes-
HBIMH aBapUsSMH, TTOCIECICTBUS OT KOTOPBIX SBISFOTCS He-
COM3MEPHMO OOJBIIMMH C MATEPHATEHON TOUKHU 3PCHUSL.

Cl

Puc. 1. Beunslii "npenoxpanurens"

Ectb npumep, korna Ha NpeATpUSTHHA OblIa yCTaHOB-
JIeHa HOBas COBPEMEHHAsl aBTOMATH3MPOBAaHHAs CHCTEMa
YIOpaBICHUS TEXHOJIOTMYECKUM MPOLIECCOM CTOMMOCTBIO
oxono 10 MIH. IOMIapoB, a €€ 3aluTa OCYIIECTBIISUIACH
npepoxpaHutensaMu B PY, nokasanHeiMu Ha puc. 2.

Puc. 2

Tounas naTa, Koraa npeaoxpaHurens (10 aHrl. fise
ot Jart. "fusus" — MIABUTHCS) BIEPBBIE CTA TPUMEHSTHCS
B JJIEKTPOTEXHUIECKON 00JIaCTH, JI0 CUX TOp HE M3BECTHA
— 3TOT BONPOC OCTAETCSI OOBEKTOM OOCYKIEHHUS.

[lowck paHHMX YNOMHWHAHMKA O 'TpeAIIECTBEHHU-
Kax" mpenoxpaHuTesel IPUBOANUT HAC B JIIOXY CTaTHYe-
CKOTO JJIEKTpUYecTBa, B 1774 T. K MHXKEHepY DIaBapry
Hopny (Edward Nairne), KOTOpBII TBITAICSA HCIOJIB30-
BaTh MPOBOJA ONPEEICHHON UIMHBI AJs pa3psAKU JIeh-
neHckux OaHok [3]. ITo ero 3amymke mpoBoaa JOJDKHBI
ObUTH IEHICTBOBATH KaK PaspsiIHbIE PE3UCTOPHI, OAHAKO, B
cilyyae BO3HMKHOBEHUS, 110 KaKOH-1nO0 mpuyuHe, 00Jb-
IUX 3HAYEHUM pa3psiAHBIX TOKOB, MPOBOJ AEHCTBOBAI
YK€ KaK MpeloXpaHWUTellb, IUIABSICh W pacnajgasch Ha
MeJIKre mapuku [3].

l'oBopst 0 paHHeM 3Tane pa3BUTHA IPEAOXpaHHUTE-
JIeW, HeNb3s HE OTMETUTh poJib NojagaHHoro ®dpaHuuu
Jlyn ®pancya Knemana bpere (Louis Francois Clement
Breguet) (puc. 3).

Jlyu ®pancya Kneman Bpere — ¢panity3ckuit Gpuzuk,
4acoBBIX Jen mactep (ero aen Abpaxam-Jlym Bpere sBis-
eTcs OCHOBAaTelleM BCEMHPHO H3BECTHOM IBeHIapCcKoi
gacoBoil kommanuu Breguet [6] (¢ 1999 1. — gacTh KomITa-
Hun Swatch Group), cpein KIMEHTOB KOTOPOH B pa3HbIe
BpeMeHa ObIIM Takue BBIAAIOIINECS JIMYHOCTH, Kak Harmo-
neoH bonanapr, Anexcaunp I, Yuncron Yepuusuis).
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Puc. 3. Jlyn ®pancya Kneman bpere (1804-1883)

JIyn ®pancya nomyumn gomariHee oOpa3oBaHue, HO
K 14 romam mpakTHUecKd He yMmen uymrtaTh. [locme momy-
yeHns1 oOpa3oBanus B T. JKenese Jlym ®paHcya Bo3Bpa-
maercs B T. [lapmk, paboTtas moHavyamy B CEeMEHHONH KOM-
MIaHWUH Y OTIA, HO 3aTEM pEIIaeT 3aHATHCS JPYTHM JEIOM.
Jlyn ®pancya bpere u300pen pa3auyHble BHIbI JJIEKTPH-
YECKMX M Ta30BBIX CUETYHMKOB, IJIEKTPHUECKUH Tenerpad
JJIA IIMCEM, a TaKXKC MCXAaHU3MbI 3allIMThl IJIA XKCIIC3HBIX
nopor. Yto kacaercsi o0JacTH NpeloXpaHUTeNel, TO B
1847 r. Jlyn Bpere BmepBble HMccienoBai, 4TO MPOBOAA
MaJIOTO JMaMeTpa MOTYT HCIOJIB30BATHCS ISl 3aLIUTHI
TenerpaHBIX yCTAaHOBOK OT YJapoB MOJHHUH. Takxe,
TOHKHE IPOBOJA, PAaCIUIABIISISICH, MOTJIM 3AIIUTUTH ara-
paTypy u IpoBOIa HETOCPEACTBEHHO BHYTpPH 3maHus [5].
OnHako JaHHBIE MCCIIEIOBAHUS HE HAIIM CBOETO IPAK-
THYECKOTO NPUMEHEHHS HHM B BHJIC NATEHTA, HE TOBOPS
YK€ O IIPOMBIIIICHHOM IPOU3BOJICTBE.

Uro Kacaercsi MPaKTUYECKOTO HCIOIb30BaHUs, TO B
psane pabot [2, 3] roBopuTcs, HampuMmep, 4To B 60-X ro-
nax XIX Beka npoBoja U3 IJIATUHBI YK€ UCIIOJIb30BAIIUCH
JUI 3alMThl MOJIBOMHBIX Kabeneil (undersea cables), a
MNPUMEHCHUEC TOHKUX MEIOHBLIX ITPOBOAOB (HO3)K6 — MCI-
HOW onbru) U 3amuThl TenerpadHbIx kabdemnei (tele-
graph cables) n ocBerurenpHbIX ycTaHOBOK (lighting in-
stallations) narupyercst 1864 r.

B 1879 . mpocTast KOHCTPYKLHS MIPEIOXPAHUTENS B
BHJE TOHKOTO TpoBofa Obuta MoguduuupoBaHa mpod. C.
Tommicorom (S.P. Thompson) [3], KOTOPBIA TPEUIOKAT
HCIOJIB30BaTh KOHCTPYKIHUIO (pHC. 4), COCTOSIIyI0 H3
JBYX XKEJIE3HBIX IPOBOAOB /, COEAMHEHHBIX MEXKIY COOOH
METaJNIMIECKUM IIIapUKOM 2.
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Puc. 4. Konctpyxuus C. Tomncona

B omucanuym K TaHHON KOHCTPYKILUH YKa3bIBAJIOCh,
YTO LIAPUK MOXKET M3rOTABIMBATHCS U3 CIUIaBa CBHUHIA U
0JI0Ba WMJIU JIIO0Or0 IPYroro MpoBOJLIEr0 MaTepHana ¢
HU3KOM TeMmnepaTypod mnaBneHus. [Ipu gocratodHo
OOJIBIIOM TOKE, MPOTEKAIOUIEM II0 NPEIOXPAaHHUTENI0 B
TE€UYEHUE AIUTEIBHOTO BPEMEHH, IPOUCXOJUT ILIABICHHUE
[IapHuKa, KOTOPBIA MMaaeT MoJ| IeHCTBUEM CHIIBI TSKECTH,
TI03BOJISISL TIPOBOJIAaM PAa30MKHYTHCS M OTKJIIOYHTH LEIb.
3/1eCh CTOMT OTMETHTb, YTO MOJABIISIONIEE OOJBIINHCTBO
IEKTPUYECKHUX LENeH TOro MeproAa ObUIM MOCTOSHHOTO
TOKA, II03TOMY HEOOXOAUMO OBLIO IPHIIOKHUTH HOCTaTOY-

HO OBICTpOE pa3bEAWHSIONICE YCHIIHE U YCIEIIHOTO
TaIllleHHs AIEKTPHIECKON TyTH.

OmnpeneneHHON pa3HOBUAHOCTHIO KOHCTPYKIMH Toml-
COHA SIBIIICTCSI BApPUAHT MPEIOXPAHUTENS, MPEITIOKEHHBIN
Boiicom (C.V. Boys) n Kaaunaramom (H.H. Cunyngham) n
3anaTeHToBaHHbIA MU B 1883 r. B ux BapuaHTe TOk npoTe-
KaJl MO JBYM IUIOCKUM IUIACTHHAM [, W3TOTOBJIEHHBIM M3
NPYXKUHSILETO MaTepuana, OJHU KOHIBI KOTOPBIX ObLIN
JKECTKO 3a()MKCHPOBAHBI, @ BTOPbIE — IPEIBAPUTEIHHO H30-
THYTHI U CIIAsIHBI, KaK [IOKA3aHO Ha pHC. 5.
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Puc. 5. Koncrpykuus botica u Kannnroma

IIpu TOKe, BBIIIE ONPEICICHHOTO 3HAYCHHUS, MECTO
HaﬁKH 2 IJIaBUTCs, W IUIACTUHBI PACXOAATCA B Pa3HBIX
HATIPaBJICHUSIX, 00eCIeunBasi, TeM CaMbIM, OBICTpOE pas-
MBIKaHHE €N, bbiin Takke pa3paboTaHbl ApyrHe, Mo-
XOXKHE BapUAHTHI TIPEIOXPAHUTENICH, OCHOBAaHHBIC Ha
omucaHHOM npuHIuUIe [3].

CrieiytoluM  3TalioM  Pa3BUTHSL  MIPEAOXPAHUTEICH
MOYKHO Ha3BaTh MX NPHUMEHEHHE B KAueCTBE DJIEMEHTA 3a-
LIMTHI HUTEH HAKAIMBAHUS B AJIEKTPUUECKUX JIaMIiax, 1myo-
JUYHAsE JIEMOHCTPALMS KOTOPBIX MPOMCXOJHUT MpPaKTHUe-
CKH OTHOBpEMEHHO (10 pa3HbIM aaHHBIM 1878-1880 rT.)
mo 00e CTOpPOHBI ATIAHTHYECKOrO OKeaHa: B bpuraHuu
JIx. Ceanom (Joseph Wilson Swan), B CUIA — T.A. Dnu-
conoM (Thomas Alva Edison) (puc. 6).

Puc. 6. T.A. Dnucon (1847-1931) u k. Csan (1828-1914)

[MoapobHyro MHPOPMALIUIO O MEPUIIETHSIX TPOTHBO-
CTOSIHUS JIBYX H300peraTelicii Ha MoYBe W300pETCHHS
JIAMITBl HAKAJIWBAaHUS MOXKHO HAWTH BO MHOTHUX UCTOYHU-
kax. Uto ke KacaeTcsi IPUMEHEHHSI IMEHHO IMPEIOXPaHu-
Teleld B JlAMITaX HAKAIWBAHUS W OCBETHTEIBHBIX yCTa-
HOBKaX, TO WHTEPECHBIE CBEICHISI MOXKHO HAWTH, HAIIPH-
Mep, B [7], rme coOpaHBI BEIIEP)KKHA U3 CTAaTeH, muceM,
MEPENUCcOK H300peTaTeneld, ydeHBIX, HHKXEHEPOB TOTO
BPEMEHH, KOTOPBIE TOBOPAT O TOM, YTO €CTh OIPECIICH-
HBIE COMHEHHMS O KOHKPETHOM H300peTarene mpernoxpa-
Hutens. Jlanee kpaTko mpuBeaeM HanOOJIee WHTEPECHBIC
MOMCECHTHI U3 IlaHHOﬁ KHUTI'H.

Tak, cormacHo muceMy Jlx. Xommca (J.H. Holmes),
npuBeneHHOro B nepsoM tome JIk. Jpemxka (J. Dredge)
"Electric Illumination" (omyOsikoBan B aBrycre 1882 r.)
TOBOpHTCS, 4TO maTeHT T.A. DaucoHa, SBISETCS TEPBBIM
OoHITMAaTPHEIM W3BECTHEM O CBHHIIOBOM IIPOBOJEC 0Oe€30-
MacHOCTH (OpUTHHANEHOE HazBaHue "safety guard"). OmHa-
KO TYT ke 3asBisieT, uto /x. CBaH B cepenuHe nexaOps
1880 r. wmcmoyb30Bai IS 3aAIUTHI JaMIl HaKaJIMBaHUI,
YCTAaHOBIICHHBIX B OJHOM M3 moMmecTuii 61m3 r. JlonmoHa,

4 ISSN 2074-272X. Enexmpomexuika i Enekmpomexanika. 2010. No6



"ONOBSHHYIO (DOJIBTY [UIS TIPEOXpaHUTENCH, KOTOpast ObI-
Ja 3a)kaTa MeXIy ABYMS JIATYHHBIMH OJIOKAMH JETaIBIO 13
JepeBa, a mo3ke u3 creatura'. A B katajore "Swan United
Electric Light Co" (1883 r.) yxe ObUIM NMPUBEICHBI TaKHE
MIPEeIOXpaHUTENN, KOTOphIe Ha3bBAINCH 'safety-fusing
bridges".

IMpu omucanum B xypHane "Engineering”" (mapt
1882 r.) cucTembl AIEKTPUUYECKOTO OCBEUICHUS JIOHJIOH-
ckoro tearpa Casoii (The Savoy Theatre), B koTropom
HCTIOJBb30BaMuCh namibl k. CBaHa, TOBOPUTCS, YTO pas-
paboTaHHBIE UM HEKHE IUTaBKHE NIYHTHI 0€30MacHOCTH
("fusible safety shunts") ObUTH TpemHA3HAYCHBI, MPEKIC
BCEro, IS 3alIUTHI JIAMIT OT Pa3pyIIeHUs MpPH MPOTEKa-
HUU 110 HUM OOJIBIIOTO TOKA, a HE JJIS 3aIUTHI OT DJIeK-
TPUYECKOH OMAcHOCTH, KoTopas, o MHeHuio /[x. Cana,
"MmouTH HEeBO3MOXKHA Ha mpakTuke". OIHAKO B TOM XKe
HOMeEpe JXypHajla OMUCHIBACTCS SKCIEPUMEHT, 3aKOHYUB-
HIMHACS CECPLE3HBIM KOPOTKHUM 3aMbIKaHUCM, U 1O IIPEI-
noxenuto JIx. Poyopra (John S. Raworth) mposonm u3
JIETKOIUIABKOTO MeTaJlla HeoOX0AMMO ObLIO B JajibHEH-
meM pa3Meniath B 3aKpbITOW o0yiacTu (TO4YHEee, OH Ipe/I-
JIOXKWII UCIIOJIB30BaTh JEPEBAHHYIO KOPOOKY H3-TIOJ TIH-
mronb). BOT Takoii mpemok 0BT y COBPEMEHHBIX KepaMu-
YECKUX KOPIyCOB IIpeOXpaHUTENei!

Hamnume B kaxkmoil mnamme HakamuBanusg CsaHa
MIPEIOXPAaHUTENSI, KOTOPBIA MPEICTABISI COO00I Kycodek
OJIOBSIHHOW (HOJIBrH, OBLJIO BBI3BAHO, KaK OTMEYAIOCHh
BbIIlIe, HEOOXOUMOCTBIO 3AIIMTHI JIAMIIBL, TaK KaK B TO
BpeMsi 00ecrednTh Heo0X0IMMOe 3HaYeHHE HalpPsDKeHUS
U TIOAJEPKUBATh €ro Ha TpedyeMoM YpOBHE OBUIO J10-
BOJIBHO CIIO’KHOM 3aJavei, a CTOMMOCTh JIaMIIbl OblIa, 1o
TE€M BpEMEHaM, JOBOJIbHO BBHICOKOW — 25 1eHTOB [§].

[epeuncnennsie (aKTOPHI CIOCOOCTBOBAIM JIaib-
HEHIIMM HCCIeOBaHMUSAM IO pa3paboTke Ooiiee Hamexk-
HBIX B 0€30MaCHBIX KOHCTPYKIIUH MpenoXpaHuTeeH, TaKk
KaK JPYTHX 3alIATHBIX allapaToB B TO BPEMs IOMPOCTY
He O0b110. OO 3TOM TOBOPUT CIEMYFOIINH (PaKT.

Bo Bpemst m3BectHOM Jlayden-PpankdypTcKoit dmek-
Tpomepenaun, KoTopyro ocymectsmwi M.O. lomuBo-
Jlo6poBOTIBCKHIL B paMKaxX MEXIyHapOJHOH BBICTaBKH B T.
Opankdypre-na-Maiine (1891 r.) ObUTH TPUMEHEHBI TIPaK-
THYECKH BCE DJIEMEHTHI CHCTEMBI Iepe/iaukl dJIEKTPOdHED-
I'MHU, pa3pabOTaHHBIE €le TOrJa M HCIOJb3YIOLIHUECS II0
cell JieHb MpakTUYecku 0e3 m3MeHeHWid. [lepen TiiaBHBIM
BXOJIOM Ha BBICTaBKY B I. ®pankdypre-Ha-MaitHe Obu1
MMOCTPOEH UCKYCCTBEHHBIA BOJOINAJ M YCTAHOBIICH MOIII-
HBIA acunxpouuwili osueamens (100 m.c., T.e. okomo 75
KBT), KOTOPBIi IPUBOIUII B IBIKCHNE HACOC, TIOAABABIIINIA
BOIy K JIeKOopaTHBHOMY Bomomany [9]. Hebombmast ruapo-
SIIEKTPOCTAHIUS C MpexasHbiM CUHXPOHHBIM 2eHepamo-
POM, KOTOpast C OMOILBIO mpancghopmamopos nepenasa-
JIa 3JIEKTPOdHEPTHio 1o JIDI] Ha nepeBSHHBIX CTOI0aX Ha
HEBUJIAaHHOE B T€ BpeMeHa paccrosiuue B 170 kM (110 aToro
MOMEHTa JIaJIbHOCTh 3JIEKTpoIiepenayd OObIYHO HE Npe-
BhIIaNa 15 kM), Obu1a noctpoeHa Ha p. Hekkap, B mecteu-
ke Jlaygen [9]. Takum oOpa3zoM, HEOOIBIIONW HCKYCCTBEH-
HBIA BOJIONAJ TPUBOIMICS B JCHCTBHE SHEPTUCH ecTecT-
BEHHOT'O BOZONAJa, YJAIEHHOTro OT mepBoro Ha 170 kM —
HAIIMIIO HE 9TO MHOE, KaK dHepreTudeckas 1ems. Cymect-
BYET TOYKa 3PEHHsS, YTO UMEHHO C 3TOr0 MOMEHTa OepeT
CBOE Havayo coBpeMeHHas AnekTpudukarys [10].

Bce xopormo, monHbIA BOCTOpPT, HO... Kak OTKIiIO-
YUTh JaHHYIO Ienb? Pa3paboTaHO NMpakTHYECKH Bce, HO

KaK TaKOBBIX alllapaToB 3aIIUTHI B 3TOH LEMH HET — CH-
JIOBBIE BBIKJIIOYATENH €I¢ HE M300pETEeHBI, a BpaIleHHE
JBUTaTeNs HEOOXOAMMO K KOTZa-To ocTaHoBHUTh. Ha mo-
MOIIb NPHUIIUIN KaK BCETAa MPEIOXPaHUTENH!

M.O. [onuBo-J{oOpoBOSIBCKUI NpeaycMOTpen B
CBOCH 1eny BOMU3M MCTOYHHKA dHeprun ydactok JIOII ¢
TOHKUMHU TMPOBOAaAMHU, a HCIOCPCIACTBCHHO Ha BBICTABKE,
BONMM3M JBUTATENsT HAj TPOBOJAMHU OBUI MOIBELICH
Metajuindeckuid npyt! Korga asuratens Hy>KHO ObLIO
OTKJIFOUUTB, TPYT OIYCKalH, CO3AaBIOCH TpexdaszHoe
KOPOTKO€ 3aMbIKaHHe, TOHKHE MpPOBOJA Ieperopaimd u
Lenb OTKIoYajach. B Kakoil-To Mepe Takoe pelieHue
OBUIO BBIXOZIOM M3 IOJIOXKEHHS, OJHAKO, OE3yCIIOBHO,
BPEMEHHBIM, U TIOAPOOHO OCTAHABIMBATHCSI HA HEAOCTAT-
Kax TaKoTo PEeICHHs CMBICIA HET.

3HAUNTEIBbHBIN BKJIAJ B TEOPHIO MPOLECCOB, IPOMUC-
XOSIIUX MPU IUIaBJICHUH NpenoxpaHuTens, BHec A. Kok-
oypa (4.C. Cockburn). OH KPUTHYECKH OT3BIBAICA O
MNPpEAOXPAHUTEIIAX CBOUX MNPCAIICCTBEHHUKOB W MPCa-
NPUHSUT TIOMBITKY pa3padoTaTh TaKyl KOHCTPYKIIHIO,
KOoTOpasi ObI MaKCHMaJIbHO OCHOBBIBAIACh HA TEOPETHYE-
CKHUX mojoxeHusx. st storo B 1887 r. oH mpoBen wuc-
CJIEZIOBAHUS, KacalolIMecsl HarpeBa IpeJOXPaHUTENS,
YCTAHOBHWJI BIIMSIHWE TEMIIEPaTyphl HarpeBa IUIaBKOTO
3JIEMEHTA HA MMHUMAJIbHOE 3HAUCHHE TOKA, TPH KOTOPOM
HauMHAaeTCsl IUIaBJICHUE NpefoxpaHuTens. B mombiTke
OIIPENEINTh Hanbonee MOAXOSIINE MaTEPUaAIbl Ul H3-
TOTOBJIEHUSI IUIABKUX O3JIEMEHTOB MpPEAOXpaHHUTeNeH, A.
KokOypH ucciemoBan XapaKTepUCTHKH (TEIUIOEMKOCTB,
TEIJIONPOBOIHOCTD, JJIEKTPOIIPOBOAHOCTD)  Pa3IMUHBIX
MaTepuasioB. B 4acTHOCTH, yCTaHOBWII, YTO MaTEpUAJIbL,
KOTOpBIE TIOABEPXKEHBI OBICTPOMY U 3HAYUTEIHLHOMY
OKHCJICHHIO, SIBJITIOTCS HEIIPUTOIHBIMH K HCIIOIb30BaHUIO
B KauyecTBE IUIABKMX JJIEMEHTOB IpelOXpaHuTeset, T.K.
XapaKTEPUCTUKHU MOCIEAHUX MPU 3TOM OyIoyT HECTaOMIIb-
HBIMH, ¥ CO BpEMEHEM OyayT U3MEHSTHCS.

Ha ocHoBanuu npoBeneHHbIX HccaenoBanui A. Kok-
OypH NPeIJIOKIIT KOHCTPYKIIUIO MpeaoXpanutens (puc. 7),
B KOTOPOM Tpy3 M3 HENPOBOASINEr0 MarepHana 2 Haxo-
JIUJICSI Ha ITaBKOM anieMeHTe /. IIpu noctaTtouHol cTeneHu
OIUTABJICHUS TUIABKOTO 3JIEMEHTa (IIPOBOAA) TPY3 BI3BIBAII
ero oOpbIB, U, N0 3asBieHnI0 A. KokOypHa, XapakTepucTu-
K{ TIPEJOXPAHMTENS OKa3bIBAIHCH Oojiee CTAOMIBHBIMH,
4eM y JApyrux Inpenoxpanurene toro BpemeHu. A. Kok-
OypH Ha3BaJI TAKOH pe3yIbTaT MAarMUECKUM, BOJIICOHBIM.

2

S
Puc. 7. Koncrpykuus A. KokOypHa

UccnenoBanns A. KokOypHa nokasaiu, 4ro Hpeno-
XPaHUTEIHN TOTO BPEMEHH "IaJieKu OT HAyYHOH OCHOBHI',
TaK Kak OBbUTM CiTydau, KOTia MHHHMAaJIbHBIN TOK ILIaBIIe-
HUS TIPEIOXPAHUTENS BO MHOTO pa3 MPEBOCXOAWI HOMH-
HaJIbHBIN TOK 3amuuiaemMoro obopynoBanus. A. KokOypH
NPEIUIOKWI, YTOOBI TPEIOXPAHWTENb CpadaThiBal IpU
TOKe, 0OJIbIIIEM HOMHMHAJIBHOTO TOKA 3alMIIAeMON LIeT B
1,5-2 paza. OmgHako HH BpeMeH cpaOaThIBaHWS, HU TEM
Oosiee BPEMS-TOKOBBIX XapaKTEPUCTHK, K COXAJICHHIO,
TIPUBENCHO HEe OBLTO.

4 wmas 1880 r. T.A. DaucoH TONXy4YHMiI MaTEHT
No227226 Ha wm300peTeHHe MPOBOJHUKA O€30MacCHOCTH
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U anekTprdecknx stami (safety conductor for electric
lights), m300pakeHHsT KOTOPOTO HEMOCPEACTBEHHO U3
onucanusa nateHta [11] mpuBenensl Ha puc. 8. B — 310
TJIaBHBIM MPOBOJ| LIEMH, pa3/IeJICHHbI Ha JBE 4acTH, U
COeMHEHHBIA TpoBogoM C Majoro JuaMeTpa, Croco0-
HBIN MMPpOBOAWUTH TOK B HOMUHAJIBHOM PCKUME, HO IJIaBs-
IIMHCA U, TEM CaMbIM, OTKJIFOYAIOIIMI II€Ib, KOrJAa TOK
pe3ko yBenuuuBaetcs [11].

B naTeHTe TarKe OmMcaHo J[Ba BapHaHTa 00OIOYEK U3
HETPOBOJAIIEr0 MaTepuana IJisl MpeJoXpaHuTes — "mpo-
croii”" ¢opmbl (cHH3y Ha puc. 8) U 000J0uKH (CBEpXy Ha
puc. 8), cocrosiieil U3 ABYX MOJOBHHOK a ("TIpemrnodru-
TenpHas" (hopMa), oZlHa M3 KOTOPBIX MOKa3aHa Ha puc. 8 1o
LEHTpY. JTa 000JI0YKa BHINOJIHEHA C HEOOJBIIMM BHYTPEH-
HUM (hr1aHIEeM, Ha KOHIaX CyXaeTcs — JUIsl HaJe)KHOH (k-
callyy [JIABHOT'O NIPOBOJIA B ¢ HOMOIIBIO KOJIEL UJIU JIEHT E.

Koncrpykmms T.A. DaucoHa SIBISETCS YK€ ITOIHO-
CTBIO 3aKPHITOH (paHee PacCMOTPEHHBIE BAPHAHTHI OBLIH
OTKPBITOTO HCIIOJHEHUsI), OTCYTCTBYIOT MEXaHHYECKOE
pacTspkeHHe M fedopMaris Kak IJJaBHOTO IPoBoja B, Tak
u nipoBoaHKKa O6e3onacuoctu C. [IpencraBnser Takxe WH-
Tepec IIaBHOE Ha3HaYeHHe 00OJIOUKH JUIS MIPEeIOXpaHuUTe-
JIs1, KOTOPOE, COTJIaCHO MATEHTY, 3aKJIF0YaeTCsl B HCKITIOYe-
HMM BO3MOYKHOCTH IIONAJIaHMSI Karelb pacIuIaBJIeHHOTO
MeTajula IpU MeperopaHuy MPOBOIHHUKA OE30IIaCHOCTH Ha
KOBpBI, MeOenb, Apyrue mpeamers! uaTepbepa [11]. Takum
00pa3oM, BIEPBbIE B MIPEAOXPAHUTEIISIX CTAIN NPUMEHSTh-
Csl KOHCTPYKTHBHBIE MEPONPHATHS, 00ECIIEUNBAOLINE OIl-
PEIeIeHHYIO TIO’KapHy0 0€30MacHOCTb.

[TmaBkwmii sneMeHT B pepoxpanutene T.A. Damcona
HaXOAWICS B BO3yXe, — KaKoil ObI TO HU OBLIO JOIONHU-
TENBHBIM HAIIOJIHUTENb BHYTPU OOOIOYKH OTCYTCTBOBAI.
DTO SABIAIOCH CEPLE3HOM MPOOIEMOH, C KOTOPOH CTAIKU-
BaJIUCb TMEPBbLIC MPCAOXPAHUTCIIU IIPU OTHOCUTECIHBHO
6OJ'II)H_IOM Halps>KEHUHU IMMOCTOAHHOI'O TOKA.

B xonne XIX Beka BeCOMBIH ycrex ObUT JOCTHIHYT
B 00JacTH KOHCTPYKLIHMH IpEIOXpaHHUTENeH, KOTOPBIH
MO3BOJIMJI PELINTH JIaHHYIO TpobneMy. ['TlaBHBIH WHKe-
Hep Brush Electrical Engineering Company aHrnmmyaHux
B. Mopau (W.M Mordey) 3amaTeHTOBAI IIEPBYIO 0007104~
Ky (cartridge) I mpeIOXpaHUTENs, 3aIOTHEHHYIO MaTe-
puamoM Ui TameHus dIeKkTpudeckor ayrm [12, 13]. B
ero narenre 1890 r. ommcana ruiaBkast BCTaBKa U3 MEIHO-
ro mpoBoja (OTHOTO MM HECKOJIBKUX MPOBOJOB) MAJIOTO
JUaMeTpa WIN JIpyroil TOHKOH (poNbru, pa3MerieHHas B
CTEKJSIHHOW TpyOKe WM JApyroi momoOHOI oOoiouke
(puc. 9). ['maBHBIM B ONUCaHHH SIBIISUIOCH TO, YTO TPyOKa
JIOJDKHA OBITH TOJTHOCTBIO WIJIM YaCTHYHO 3arlojHeHa MeJl-
KOJIMCTIEPCHBIM MaTepHaIoM, 00JIaalouM OTHOCHUTEIb-
HO TOKa NOJyNnpoBo My (semiconducting) mnum rwio-

xompoBomsmmmu (badly conducting) cBoiicTBamMu, KOTO-
pBIil Takke AOJDKEH OBITh HETOPIOYMM M HEBOCIIIAME-
HAOMUMcs. B kauecTBe BO3MOXKHBIX HANOJIHUTENEH ObI-
I TIPEIUIOKEHBI CIEAYIOIIME MaTepualbl: CyXoi Med,
Mpamop, KUPIHY, IECOK, CIIF0AAa, KOPYH], acOecT.

Kak BUIHO U3 onMcaHus KOHCTPYKIMU MPEIOXpaHu-
Tes M €ro BHELIHEro Buja, y>ke B koHue XIX Beka mup
yBUZET TpPeNOXpaHUTENb, NOUISAIINNA 10 CEeroAHALIHUX
JTHEH MPAaKTUIEeCKH 0€3 N3MCHCHH.

Puc. 9. Koncrpyxuus B. Mopau

MenkoaucnepcHbld KBapLEBbIA MMECOK BBICOKOU CTe-
MIEHU YUCTOTHI CErOJHS SBJISCTCS MPAKTHYECKH Oe3aIbTep-
HATUBHBIM CPEJCTBOM TallleHUs 3JIEKTPUYECKOH IyrW B
npepoxpanutensax. IIpu ramenun gyru KBapueBblil HaroJ-
HUTENb OIUIABIISIETCS, PACCEMBAET SHEPTHIO JIYTH, OXJIaX-
JlaeT ee, OIUIABJISICTCS W 3aTBEpIEBacT B BUJE TaK Hasbl-
BaeMbIX (QyJIBIYpUTHBIX TpyOOK (puc. 10). Ha3Banue npu-
IO K HAM M3 JIaBHUX BPEMEH: KOIZa JPEBHHE PUMIITHE
BUJIENM Y/Iap MOJIHUM B ITyCTHIHE B 3eMJIIO (B IIECOK), TO
Ha3bIBAJIA TBEPbIC, OIUTABICHHBIC KYCKH Tecka "(yibpry-
purom" (oT nat. fulgur — yaap monaum). CoriiacHO CIIoBa-
pro B. dans, "gymeryput" — rpomMoBast cTpena, 4epToB Ia-
JIell, CIUTABIICHHBIA MOJHUEH B TPYOKY MECOK.

Puc. 10. [1naBkuii anemeHT npenoxpanutens (1 — 1o miaBneHus;
2, 3 — mocne iaBneHus ¢ 00pa3oBaHueM (DYIIBTYPUTHBIX TPYOOK)

B Hauane XX Beka MOMyJISIPHOCTBIO MOJIb30BAJIACh
HoBas pa3pabotka T.A. Daucona — maBkas BeraBka ("Edi-
son safety insert") (puc. 11,a) ¢ HapyxHOW pe3pOoii / Ha
Kopmyce 2, BHYTPHM KOTOPOTO HaXOIWJICA CepeOpsHbIA
TUTaBKH DJIEMEHT 3 B KBaplIeBOM HamnoiauTene 4 [14].

- —

Puc. 11
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JlaHHas TUTaBKas BCTaBKa MO 3HAMEHUTON pe3b0e DIm-
coHa (pe3p0a Ha IOKOJIe OOBIYHBIX JIAMITOYEK — HE YTO HHOE
Kak pe3pba Daucona, auametpoM 27 MM, T.e. E27) BBUHUM-
BaJlaCh B OCHOBAHHWE IPEJOXPAHNUTENA, COIePIKaIlee TepMH-
HAaJIBI TS IPUCOEAWHEHHSA B YJIEKTPUYECKYTO TIETTh.

beicTpoe pa3BuUTHE 3JEKTPOYCTaHOBOK, COIPOBOX-
JIatolieecsl yBEINYEeHUEM MOILHOCTH, MPUBENO K OTpaHH-
YEeHHIO MPUMEHEHMs IUIaBKOW BcTaBKH T.A. DaucoHa mo
MIPUYHMHE HU3KOH OTKITFOYAIONICH CITOCOOHOCTH, O YEM CBHU-
JICTCIILCTBOBAII CEPUM  HCHBITAHUWA, IPOBEJCHHBIC Ha
anextpocTaHiusix ['epmanun B 1904 r. Tak, cornacHo [14]:
"MHOTHE BCTaBKH JTaBaJIK OO ¢ TPOMKHM XJIOTIKOM, KOTO-
PBIii COIPOBOXKAANICS BEIOPOCOM IUIAMEHH, YTO MOTJIO TIPH-
BECTH K cepbe3HBIM Iokapam". OIHAKO MHOTHE TPHUHIIUIIEI
T.A. DnmucoHa B TOCTPOSHHWU TPEIOXPAHUTEICH, B TOM
qHUcIie crocod COeMHEHUS] CheMHOH (TUIaBKON BCTAaBKU) U
HECheMHOW (OCHOBaHMS) HacTed MpPEOXpPaHHTENS C II0-
MOIIIBIO PE3b0bI, COXPAHIINCH U B Hary 1HH (puc. 11,0).

B 3axitoueHne HEOOXOAMMO OTMETUTH TIOIYJISIPHYIO
KOHCTPYKLIMIO TIPEeNOXpaHuTeNd Hayaja XX BeKa, KOH-
LENIHs KOTOPOTO, IO CYyTH, C HEOOIBIIIMMU H3MCHEHUSMHI
HCTIOJB3YeTCs | Mo cell neHb. Peub uaer o mpenoxpaHu-
tensax "ZED" (mozxe — "DIAZED") (puc. 12) mpousBoa-
cTBa KoMmaHnu Siemens Brothers, o0mmit 06peM mpomax
KOTOPBIX TONBKO B BemmkoOpurannu k 1912 r coctaBmn
OoJee 4eTBEpTH MUJUIMOHA INTYK [3].

. I i3
Puc. 12. Siemens-Schuckertwerke (1904 r.)

"DIAZED"  o3nauaer  "DIAmetral  gestuftes
Zweiteiliges sicherungssystem mit EDisongewinde" —
JraMeTpalibHasA ABYXCTyII€HYaTass CHUCTEMa HNPCAOXpaHH-
Tenst ¢ pe3b0oit Daucona. Hazeanue conepikut B cede 1Ba
KJIFOYEBBIX IIPUHIIMIA JIAHHBIX TIPEIOXPAHNTEIICH:

1) npunyun paszoenenuss KOHCTPYKLUUH HA JBE OCHOBHBIE
YacTH — ChEMHYIO U HECHEMHYIO, 1 UX COEANHEHHE C II0-
MOIITHIO PE3bOBI DIUCOHA;

2) npuHyun Hes3aUMO3aMeHAeMocmu, KOTopas obecriedn-
BaeTCs YCTAaHOBKOW CIICIMATBHBIX AeTalel (KaarnOpoB —
mo3. 4 Ha puc. 11,6) ¢ pa3sHBIM AHaMETPOM BHYTPEHHETO
OTBEPCTHs, IO3BOJLIIOUIAS NPEAOTBPATUTh YCTAHOBKY B
OCHOBAaHHE MPENOXPAHUTENS IUIABKOH BCTaBKH 3 ¢
6éﬂb1HHM 3HAYCHUEM HOMMHHAJILHOI'O TOKa, HEXKEIIW MpU
KOTOPOM O0ECTIeUMBAETCSI 3AIUTa MIEKTPUUECKON LICTIH.

KanuOpbl, kak U3BECTHO, OTIIMYAIOTCSI HE TOJILKO JIUa-
METPOM BHYTPEHHErO OTBEPCTHS, HO M IBETOM. TaK, Ha-
TIpUMep, KanOp U IJIaBKasi BCTaBKa HA 6 A NMEIOT 3€JIeHYI0
MapKupoBKy, Ha 10 A — kpacHyto, Ha 20 A — cuHroro. MHTe-
pecHa HCTOpHUs BEIOOpa MMEHHO TaKHX LBETOB VIS IPEO-
xparuteneir "DIAZED". B nauane XX Beka B ['epmannu
y’Ke HaxOJWINCh B 000OPOTE MOYTOBBIE MAPKHA HOMHHAIOM
5, 10, 20 ndennnroB paszHoro 1pera (puc. 13), kK KOTOPHIM
MIPUBBIKIIO OOJIBIIMHCTBO uTenel. [Iabbl He 3amyTarh Ha-
CEJIEHHE OKOHYATEIbHO, ObUIO MPHHSTO PELIEHNE UCIIONIB30-
BaTb TaKWUE K€ 1BETAa U IJII MapKUPOBKU KaJ'II/I6pOB " I1J1aB-
KHX BCTaBOK (ceiuac psii HOMMHAJIBHBIX TOKOB Ipenoxpa-
HUTEJEH U3MEHUIICS — BCTABOK Ha 5 A HET, BCTaBKa 3€JICHO-
ro nBera—Ha 6 A [15]).

20 A

o o

KpacHbIN

3EJICHBIA

lasssssmssasasnana

Takum 00pa3oM, B CTaThe PACCMOTPEH PaHHHUH STarl
pa3BUTUSL TPEOXPAHUTENICH; YCTAHOBJICHO, YTO MHOTHE
KOHCTPYKTUBHBIE penieHuns Oblin pa3paboTaHbl Oojee BeKa
Ha3aj U, TeM HEe MEHee, JI0 CUX MOpP YCHEUIHO MPUMEHSIOT-
Cs1, TOJIBKO JIMIIb C MCIOJIb30BAHUEM HOBBIX MATCpPUAJIOB,
TexHosoruit. [Toatomy, nosesHo, MHOrA, 0OEPHYTHCS Ha-
3a]1, YTOOBI C YBEPEHHOCTHIO CMOTPETh B Oy IyIIee.
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Fuses. Back to the future.

The article gives a brief outline of historical events in the early
stage of fuses development in the late XIX — early XX centuries.
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