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AHHoTaums. B craThe paccMaTpuBaeTCs U aHATU3UPYETCS pa3BUTHE YCTPOUCTB
3aIUTHI DJIEKTPUUYECKUX cucteM. OTMedaeTcs, 4To ux pa3paboTka Havanach eme B 19
BEKE M Ha TEPBOHAYAIBHOM JTalle CBOETO Pa3BUTHSA OblIa OCHOBaHA Ha TEPBBIX
U3MEPUTEIbHBIX pesie. HecMoTpsi Ha TO, YTO MEPBbIE MEXAHU3MbBI 3aAIIUT paHEE HE
OTIMYAINCH COBEPIICHCTBOM, ObUTH pa3paboTaHbl OCHOBHBIC MPHUHIIUIBI, KOTOPHIC
3aJI0)KEHbl B OCHOBY COBPEMEHHON MHKPOIPOIIECCOPHON TeXHUKH. Bce sTambl

pa3BUTHS, CTaBIIME MPEIMETOM JaHHOTO HCClaeAoBaHusA, auddepeHIInpoBaHbI
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aBTOpOM Ha 4 OCHOBHBIX dTamna. B xauectBe ux nuddepeHanyu aBTop MPUMEHUI
I/I306pCTeHI/IC peiac ajd 3alluThl, KOTOPOC COBCPHICHCTBYCTCA C TCUCHUCM BPCMCHMU.
Haubonbiiee 3naueHre NpuaaeTcsi UIMEHHO YETBEPTOMY (3aKITIOUUTEIHLHOMY ) ATy, B
paMKax KOTOpPOro Ha6JIIOI[aeTC}I HAaY4YHO-TCXHUYCCKAsA PCBOJOINHA, BO MHOI'OM
npeaomnpcacianBmasd IMOABJICHUC M HCIIOJIIB30BAHHC MHKpOBJ'IGKTpOHHOfI, a TaKXeE
MHUKPOIIPOIIECCOPHONM TEXHUKH, ONTHMH3WPOBABIIEH paccmaTpuBaemyio cdepy. B
CBA3HW C IIOJYYCHHBIMU PpCE3yJIbTaTaMU HCCICAOBAHHA aBTOP KOHCTATHUPYCT, YTO
pa3sBUTHUC CXCMOTCXHHUKH 3allIUT ICPEMCHHOI0 TOKa HMMCECT IA0CTAaTOYHO JaBHIOIO
HCTOPHIO, OJHAKO HanOoJIee IOJTHOE Pa3BUTHUC OHA I10JIy4nJia Ha COBPpEMCHHOM 3TalIC,
4TO BHAUTCA BIIOJHEC 3dKOHOMCPHBIM, OJHAKO 3HAYMMOCTb HMCIOT p33pa60TKI/I,
KOTOpBIE UMEIN MECTO B yKa3aHHOU c(epe paHee.

Abstract. The article discusses and analyzes the development of electrical
system protection devices. It is noted that their development began in the 19th century
and at the initial stage of its development was based on the first measuring relays.
Despite the fact that the first protection mechanisms were not perfect before, the basic
principles were developed that form the basis of modern microprocessor technology.
All stages of development that have become the subject of this study are differentiated
by the author into 4 main stages. As their differentiation, the author applied the
invention of a relay for protection, which is being improved over time. The greatest
importance is attached to the fourth (final) stage, within which there is a scientific and
technological revolution, which largely predetermined the emergence and use of
microelectronic, as well as microprocessor technology, which optimized the area under
consideration. In connection with the results of the study, the author states that the
development of AC protection circuitry has a fairly long history, but it has received the
most complete development at the present stage, which seems quite natural, but the
developments that took place in this area earlier are significant.

Keywords: alternating current, relay, protection.
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Pa3paboTka 3ammT 3HEprocucTeM Havaiach Ha pyoexe BekoB 19 u 20, ocobeHHO
B TCUCHUU IMEPBBIX JECATHIETHI MPOIUIOrO BEKAa, BMECTE C MOSABJICHUEM CAMUX
AIEKTPOYCTAaHOBOK, OCHOBBIBASChH HA MEPBBIX AIEKTPOMEXAHUUECKUX U3MEPUTEIIBHBIX
pene nans MakcuMaiabHOro Toka. KiroueBble MpUHIMIBI B cdepe padoThl 3allluT,
pa3paboTaHHBIX paHee, JOCTATOYHO aKTUBHO MPUMEHSIOTCS U HA COBPEMEHHOM JTare
pa3BUTHA, B TOM 4YHUCJE, B PA3IMYHBIX YCTPOMCTBAX PEJICWHOW 3aIUUTHI. SpKUM
MIPUMEPOM  SIBIIIFOTCS  TOKOBBIEC 3aIUTHI, PABHO KaK CBS3b MEXKIY KIIOUYEBBIMU
MPUHITMIIAMA pa0OTHl 3alIUT W HCIOJIH30BAHHEM B TPAKTUYCCKON JEATEIHLHOCTH
AJIEMEHTHOMN 0a3bl.

[Ton mMakCMMaJIIbHOM TOKOBOM 3alMTOM MOHUMAIOT 3aILUTY OT ITOBBILICHUS
BEJIMUMHBI TOKA B CJIydae, €Clid MMEET MECTO KOpOoTKoe 3ambikaHue (nanee-K3). B
CBOIO OYEPENb, O]l TOKOBBIMHA HANPABJICHHBIMU 3aIUATHl IOHUMAOT TAKUE 3aIlUTHI,
KOTOPBIE XapaKTEPU3yIOTCSI OTHOCUTEIbHOM CEIEKTUBHOCTHIO. DTO 03HAYAET, YTO OHU
OyIlyT pearupoBaTh Ha TOK, a HanpaBjeHue K3 OyaeT B MecTe X HEernoCpeACTBEHHOTO
NOAKIIOUEeHUS. TakkKe B 3TOM AacleKTe CTOMT OTMETUTh TaKyl 3allluTy, Kak
nuddepennpanbHas 3amuTa, MoJi KOTOPOH MOHMMAIOT 3allUTy, OTIUYAIONIYIOCS
OTCYTCTBHUEM UCKYCCTBEHHOM BBIICPKKH M HAJTUUUEM a0COIIOTHON CEIEKTUBHOCTH.

3a mociegHee CTOJETHE C MOMEHTa IMOSIBICHUS 3alIUThl JO HACTOSILIErO
BPEMEHHU, peJieiHast 3al1uTa YHEPTOCUCTEM MPOIILIa psiji ATaroB pa3Butus. Eciu B3sSTh
B Ka4yeCTBE KpUTEpUS PAa3BUTHUA DJIJIEMEHTHYIO 0a3y, TO Tiepeis BHayajie oT
AIEKTPOMEXAHUYECKOM DSJIEMEHTHOM 0a3bl K TOJYNPOBOJHUKOBOM, a 3aTeM K
HMHTETPaJIbHBIM CXeMaM U UX BEPIIMHON — MUKpOIIpoIieccopHoit 6aze. C TOUKM 3peHust
WCITOJIb30BAHUS BUIOB CUTHAJIOB BHYTPH 3JIEMEHTHOM 0a3bl, OT aHAJIOTOBBIX CUTHAJIOB
K JUCKPETHBIM M K UX BepilnHe — IuppoBbIM curHainam. CerojaHs 1udpoBbie pesne
3allATHl B KPYIHBIX DSHEProCMCTEMax OJU3KH K TIOJHOMY BBITECHCHUIO TaKUX
YCTPOWCTB 3aIlIUThI, KOTOPhIe (YHKIIMOHUPYIOT Ha OCHOBE OTJAEIBLHO B3SITHIX pelie,
MpUYEM pedb UACT JaKE TEX peie, KOTOPhIE SBISIOTCS dJIEKTPOHHBIMH.

OtMeTuM, 4TO peseiiHas 3aluTa B LEJOM IpoILia psiJ ATAnoB pPa3BUTHUA, B
paMKax KOTOpoW oHa TpaHC(PopMHpOBaaCh M3 AJIECKTPOMEXAHUUYECKOM 3alllUTHl B

MMOJYIIpOBOIHHUKOBYIO, a 3aTcM nepenuia K HHTCTPAJIbHBIM cxXeMam )41
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MUKPOIIPOILIECCOPHBIM TexHOJorusiM. Ha ceronnsinuii nens, undpossie pesie Ha 0ase
MHUKPOIPOLIECCOPOB BO BCEX 00JIACTAX 3alIUThI YHEPTOCUCTEM 3aMEHSIOT OOBIYHBIC
pene.

[IpoBOAs MCTOPUYECKHUI SKCKYpPC Pa3BUTHS 3aLIUT MEPEMEHHOTO TOKA CTOUT
OTMETUTH, YTO HAUMHAETCS UX UCTOpHs B 1888 romy, Tak Kak HIMEHHO B 3TOT NEPHUO/T

M.O. Jonuso-/{o0poBoibCcKuit H1300peTaeT cCUCTeMy Tpex(a3zHOro ToKa. 3aTeMm,
Ha OCHOBE JIAHHOTO M300pETEeHUs, OCYILECTBISIETCS Mepeaadya dMEeKTPUIECKOro TOKa
Ha OOJIBIIIME PACCTOSHUA TOKaMH BbICOKOTO HampspkeHus (15kB). IlpencraBnsercs
BIIOJIHE E€CTECTBEHHBIM, YTO BIOCIEIACTBUM MEXaHU3M MOJOOHOTO poja MOJIYUHII
BECHbMa IIPOKOE PacCIpOCTPAHEHUE.

OOHOBPEMEHHO C 3THM, HCIOJb30BaHUE JJIEKTPHUUECKUX CHCTEM €Ba JIU
IIPEICTABIIAECTCS BO3MOXHBIM B OTCYTCTBHUE 3AILUTHI OT JIEKTPUUECKUX ITOBPEKACHUIM,
B YaCTHOCTH, OT KOPOTKOTO 3aMbIKaHUs, MPEICTaBIISIIOIIEr0 COOOM JOCTaTOYHO
BBICOKYIO OMACHOCTh. MI3BECTHO, UTO KOPOTKOE 3aMbIKaHUE B OOJIbILIEH YACTH CITy4aeB
COIPOBOXAAETCSA JIOCTATOYHO pEe3KUM yBennueHuem Toka. Ha stom ¢one, cambie
NEepBbI€ 3aIIMTHl OT JAHHOTO SIBJIEHHUS padOTalldi HA OCHOBE TOTrO, YTO €CIH HMEET
MECTO TPEBBIIIEHUE paHEE YCTAHOBIEHHBIX 3HAYEHUU TOKOB, OyaeT cpabaTbiBaTh
3aIllMTa, OJTHAKO CaMO YCTPOMCTBO U3 CTPOSI B JAHHOM CJIy4ae HE BBIXOJIHJIO.

Takke B JaHHOM AacHeKTe MHTEpeC MPEACTABISIET WCTOPUS Pa3BUTHS
CXEMOTEXHHUKH 3aIIUTHI IEPEMEHHOI0 TOKA, TAK KaK YCJIOBHO OHa Au(depeHuupyercs
Ha 4 OCHOBHBIX 3Tarna.

[TepBe1ii aTan otHOCUTCA K KOHIY 19 Beka. Tak, B 1890 roay npennpuHumarorcs
OJIHU M3 MEPBBIX MOIBITOK, HAIIPABJIEHHBIX HA IPUMEHEHHUE pelie s 3ammThl oT K3.
B vactHOCTH, CBET yBUJIETHN NIEPBBIE DJIEKTPOYCTAHOBKHU, B KOTOPBIX ObLIN 3aJI0/KEHBI
JIEKTPOMArHUTHBIE PEJIe TOKA MPSIMOTo AEHCTBUA. Takue pelie yCTaHABIMBAIUCH Ha
BBIKJIFOUATENIAX.

BTopoii aTam oxBaTeIBaeT NEpBYIO NMOJIOBUHY 20-TO BEKa.

OTOT mepuon XapakTepusyercss pa3pabOTKOM M COBEpPUICHCTBOBAHHUEM

A0CTAaTOYHO MPUMHUTHUBHBIX CUCTEM IJI 3allIUThI. B gactHoCTH:
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- Ha ocHOBe WHAYKIMOHHBIX M3MEPUTENIBbHBIX MeXaHu3MoB, B 1901 ronmy
MOSIBIIAETCS. MHAYKUMOHHOE pelie TOKa, MPEIJIOKEHHOE ©  BIIOCIEICTBUU
nzooperenHoe M.O. lomuBo-/{oOpoBoibekum [1]

- K Hayany XX Beka BbIITyCKarOTCS IEPBBIE AUCTAHIIMOHHBIE 3aIIUTHI, PABHO KaK
pa3pabaThIBaeTCs TaK Ha3bIBaEMbIN « AU (pdepeHIIuaTbHbI TOKOBBIN TPUHIIUID.

- C 1923 mo 1928 rox HaumHAET MPUMEHSTHCSA AJIEKTPOHHMKA AJS peleiHON
3aIIUThI, B TOM YHCJIE, OHH NPUMEHSIOTCA AJISI TOKOB, KOTOPBIE MMEIOT BBICOKYIO
4acToTy, NIepelaBacMyIo 110 TIPOBO/IY 3alTUINCHHON JTUHUH. [1]

Tpetuii 3Tam OTHOCUTCA KO BTOPOM IMOJOBMHE XX BeKa. OTOT JTall
XapaKTEepU3yeTCs 10CTATOYHO AKTUBHBIM PA3BUTHUEM CHCTEM 3aIUTHI HA OCHOBE pEJIe,
a TaK)Ke pa3BUTHEM HU(POBBIX 3AITUT U 3aIIUT AHATIOTOBBIX:

- B 1960 romy Hpo3zmoB A.Jl. 3apeructpupoBai «YCTPOHCTBO ISt
MaKCHUMAJIbBHOW TOKOBOM 3aLIUTHI JIEKTPOBO30B IEPEMEHHOTO TOKa»

- 1861 «3amura ¢uaepoB KOHTAKTHOM CETH MEPEMEHHOTO TOKa OT TOKOB
KOPOTKOTO 3aMbIKaHUs 4yepe3 OOJIbIIoe Mepexo/iHoe conpoTunieHue» Maraii I'.C.,
Kpemnes 1. A.

UYeTBepThlii 3Tan pa3BUTUA BKIOYAET B ceOst Hauano XXI Beka.

Tak, Ha COBpPEMEHHOM »JTafn€ pa3BUTUSA BIIOJHE MOXHO TOBOPUTH O
MOJHOLICHHOM HAYYHO-TEXHUYECKON PEBOJIIOLMHU, B pPaMKaX KOTOPOM J1OCTATOYHO
AKTUBHO MPUMEHSIETCS MUKPOIPOLECCOPHAss U MUKPO3JIEKTPOHHAs TexHuka. Kpome
TOro, CErOAHS MMEHHO WHMOpMAIMS SBISETCS OAHUM U3 TJIABHBIX YCIOBUN st
MUKpoOTpolecCopHbix 3ammT. Ho cpasy mosBisiercss mpoOiieMa 00pabOTKU
nH(pOpMaIuu, a UMEHHO JieiaTh 3To 3PP ekTUBHO 1 ObICTPO. Bee MukpomnporieccopHbie
3aIUTHI IPOTPECCUPYET OT BEPCUU K BEPCHH, TO €CTh MPOTrpecc OyIeT OrpaHUYNBaTHCS
BBIYHMCIIUTEITLHBIMU MOIITHOCTSIMU M TIPOITYCKHOM CIIOCOOHOCTHIO ONITOBOJIOKHA.

[Tpuxoaum K BBIBOAY, YTO Pa3BUTUE CXEMOTEXHHMKHU 3AIIUT MIEPEMEHHOTO TOKA
MMEEeT JIOCTaTOYHO JABHIOI0 HMCTOPHIO, OJIHAKO HamOoJjee IMOJHOE pPa3BUTHE OHA

MmoJryduJia TOJIbKO Ha COBPEMCHHOM JSTallcC.
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