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[lems 1 3amaun M3ydeHUs U CIUILTHHEBL

O0opynoBanue U MaTepPHUAITEL

HanmenoBanne nmpaktudaeckux padot

Conepxanne mpakTUHIecKux pador

[Tpaktnueckoe 3ansatre Ne 1. OCHOBHEIE 3TAmbl Pa3BUTHA HAYKHM M TEXHHUKHU.
[lepBrie HAOMO NEHMA ¥ HAYAIO SKCIEPUMEHTAIBHBIX UCCIIEJOBAHUN MATHUTHBIX
1 DIeKTpudeckux sBiaeHnil. JKu3zue u Hayunsle wuccmemoBanus M. B.
JlIomoHoCOBa.

[Tpaktnueckoe 3ansatre Ne 2. OCHOBHEIE 3TAaIbl Pa3BUTHA HAYKHM M TEXHHUKHU.
[TpoBo3BecTHHK 5mOxu snekTpuuectBa Bospra. Breigaronmmeca oTkperrus A.
BomeTel. Co3manue «BoabTOBA CTONMOA». JKM3HE WM HAy4YHBIE HCCIIETOBAHUA
akanemuka Bacumisa [Terposa. JKusue 1 nayunsie uccnenosanus 1. Kymona.
[TpakTnueckoe 3anarue Ne 3. Buasr sSHEPrur 1 COOTBETCTBYIONINE UM HOCUTENM.
JKu3ne n Hayuneie uccnenoanud Jlynmxu ['aneBanu. Hayuneni mo neur Maiikiia
Dapanes. M. Gapaneit — 0CHOBOMOIOKHUK TEOPUN NIEKTPOMATHUTHOTO MOJIA.
[TpakTiueckoe 3anarue Ne 4. Bunel sHEPruu 1 COOTBETCTBYIOIINE UM HOCHUTEIH.
JKu3ne u Hayunseie uccnegoBanus I'. C. Opcerega. OcHOBATENS SAEKTPO IMHAMUKHT
Annpe Mapu Ammiep. A. Ammiep: myTs B HayKy. [ 'eopr Om: uepes TepHUN K Crage.
Owm. 3akon Owma.

[Tpaknueckoe  3amatne 5. MHcropua  osmekrposnepretuku.  Ilepsrie
HIEKTPUYECKNE MAIIWHEL. [I€pBEIN reHepaTrop 3MEKTPUUECKOro TOKa. OTKpPEITHE
XUMHYECKHX, TEIUIOBBIX, CBETOBBIX M MATHUTHEIX JEMCTBUH TOKA.
[TpakTiueckoe 3ansarue Ne 6. UcTopus >aeKTpO3HEPTeTUKN. IIEKTPOAUHAMUKA.
(OCHOBHEIE€ 3aKOHBI ANEKTPUYECKON Hemu. Hauamo mpakTHudecKux mpUMEHEHUH
IEKTPUYECKON SHEPruu. BaxHENmMe OTKPBITHA U UCCIENOBAHMA B 001IacTH
ynekTpomarnerusma. Co3marens MepBOro MAarHUTOAIEKTPUUIECKOTO TreHeparopa
b. Ako0Omn.

[Tpaktinueckoe 3ansatue Ne7. Ucropus snektposnepretuxku. [lepeeie ncrounmkmn

ﬁ%gﬁ%ﬁ%ﬁgEMEHm. [TaBen S10;104KOB — CO3ATENE «PYCCKOTO CBETAN.
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[Tpaknueckoe 3amatue Ne 8. Mcropus passurua sHepretukn B Poccum.
Ouepreruka B XXI Beke. M300perenne Tpancopmaropa. MccnenoBanus B
o0yacTu mepenadu SAEKTPUIECKON SHEPTUU HA OOIBIINE PACCTOAHUSL.
[Tpaknueckoe 3anstue Ne 9. Hcropus passurusa sHepretuku B Poccum.
Ouepreruka B XXI Beke. Co3zmaHue MEPBBIX ACHMHXPOHHBIX ABUTATENEH. Y
HUCTOKOB HneKTpu(pukanm. OCHOBOMOJIOKHUK Tpex(dasHeix cucrem Muxann
HonuBo- {00poBONECKHAIL.

[TpakTiueckasa padora Nel( 3apoxkneHne 3neKTpOSHEPTETUKHA. JHEPTreTHYECKAA
TexHuKa. Mcropuueckue yCcnoBUs BO3HUKHOBEHHUA U PA3BUTHUA SHEPreTUYECKOMN
TEXHUKH. POJIb SIIEKTPUYECKOT0 OCBEMIEHHS B CTAHOBIEHUH JIEKTPOYHEPT ETHKH.
[TpakTiueckas padora Nell Ileperie Tpex(azHeie HNEKTPOCTAHINH.

OCHOBHEBIE 3Talbl PA3BUTHA SIEKTPOIHEPreTUkH B Poccnu. OCHOBHEIE STAITB
pa3BUTHUA  DIEKTPOSHEPIETMKM B MHUpPE. DBO3HUKHOBEHME  PaHOHHBIX
HIEKTPOCTAHIINH.

[TpakTiueckasa padora Nel2 OcHOBHEIE 5TAanbl Pa3BUTHS SJIEKTPUUECKUX CETEH.
PaszBuTne TEmmoOBBEIX OIEKTPOCTAHIMH. Pa3BUTHE THUOPOIIEKTPOCTAHIMIMI.
Pa3BuTie aTOMHBIX SIEKTPOCTAHIMH.

[TpakTiueckasa pabora Nel3 3apoxknenue >y1eKTponpuBOaa, JJIEKTPOTPAHCIOPTA
151 SIEKTPOTEXHOIOTHH. PazBurue HIEKTPOIIPUBOAA. PazBurue
3JIEKTPOTEXHOJIOTHH.

[Tpaktnueckaa padora Nel4 Pazsurme snexkrporepmmn. Pasutue cnmoco0oB n
METONOB AJIEKTPUUECKOU CBAPKU. Pa3BUTHE 3IEKTPOXUMHUYECKON TEXHOIOTHH.
Pa3BuTHe 3IEKTPOTEXHUIECKUX CUCTEM TPAHCIIOPTA.

[Tpaktnueckaa pabora Nel5S PazBurme  SJIEKTPOTEXHMYECKHX  CHCTEM
KEINE3HONOPOKHOTO TpaHcmopra. Pa3Burue 3MeKTPOTEXHONOTHYECKUX CHCTEM
rOpPOACKOr0 TPAHCHOPTA (TpaMBamu).

[Tpaktnueckas pabora Nel6 PasButne 5IEKTPOTEXHOIOTHMUECKHX CHCTEM
roOpoJCKOro tpancmnopra (TpomnenOycer). PazButue moaseMHO-TPAHCIIOPTHOTO
obopynoBanusa.  PasBurue  CyZOBBIX — OJIEKTPOTEXHUYECKMX  CHCTEM.
ABHAKOCMHUECKAA YIEKTPOTEXHHKA.

[Tpaktnueckas pabora Nel7 IlepcnekTuBEI pa3sBUTHA SIEKTPOIHEPTETUKU B

Poccuu. IlepcekTUBEL pa3BUTHSA MUPOBOH SIEKTPOIHEPTETUKHU.

Hﬁﬁ%ﬁ%%%Tﬂ Nel8 CoBpemMeHHAas HayYHO-TEXHUYECKAS PEBOMIOLAA U

Ceptudmkar: 2C0000043ESABEB952205E7BAS00060000043E
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5 YaeOHO-MeTOqUUECKOE U MH(POPMAITMOHHOE 00E€CMEUEHNE TUCIIUIUIMHEL

5.1 [lepeyeHr OCHOBHOM W JOMOJHUTENBLHOM JHUTEPATYPEI, HEOOXOOIMMOM I
OCBOEHHSA TUCIHITINHEI

5.2 llepeuens y4ueOHO-METOIMYECKOrO OOECImeYeHus CaMOCTOATENBHOW pPadOTHI
00y4JaromMX s M0 JUCITUILTAHE

5.3  Ilepeuens pecypcoB HH(POPMATNOHHO-TENIEKOMMYHHUKAIMOHHOU cetu MuTepHer,

HE0OXOIUMEBIX I OCBOECHHA JUCIAIIIAHEI
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Beenenune

[IpakTnueckne 3aHATHA CO3JAIOT ONTUMAJIBHBIE OUOAKTUYECKHUE YCIOBUA UL
NEATEIEHOCTHOTO OCBOEHUSA CTYIEHTAMH COAEPKAHUA U METONOJIOTUNA U3yJaeMOU TUCINIUIHHEI
HCIIOBL30BAHNE CHEIHMAILHOTO JAa00paTOpHOro O0OpYyZOBAHMA W TEXHUUECKMX CPENCTB.
[TpakTueckne  3aHATHA ~ 3aHUMAOT  NPEUMYMIECTBEHHOE  MECTO  NOPH  U3YYCHHH
00menpo()eCCHOHANBEHEIX Y OPO(PECCHOHANBHBEIX — aucHuIUIMH. [IpakTnueckne 3amaTus
MPOBOJIATCA C LEIBI0 BEIPAOOTKN MPAKTUUECKUX YMEHHUH M NPUOOPETEHHNA HABEIKOB B PEMIEHUH
3a7a4, OTPaOOTKH yIIPaKHEHWUN, BEITOJTHEHUHN YEPTEKEN, MTPONU3BOICTBE PACUETOB H T.1I.

Llenpro mpakTU4ecKUx 3aHATHN ABAAETCA (POPMHUPOBAHME NPAKTUYECKUX YMEHMU —
Ipo(PpeCCHOHANEHEIX (BBIMOJHATE ONPEIEAEHHBIE OEUCTBUA, OMEpanyu, HEOOXOOUMEIE B
OOCIEOYIOMIEM B NOPO(PECCHOHAIBHOM JAEATEILHOCTH) WIM YU4€OHBIX, HEOOXOOUMEIX B
MOCIHEAYIOMIEN YUEOHOU AEATENBHOCTH MO OOmIEmpo(eCCHOHATBHEIM U PO (ECCHOHATLHBIM
ITUCIIATLIIMHAM.

bubmiorpapuuecknii COMCOK COOEPKUT CBEAEHUA O COPABOYHOM JUTEPATYPE U

OOTOJHUTEIbHBIX N3IAHUAX, HEOOXOIUMBIX I YTIyOIE€HHOTO U3YUEHUS OTAETBHBIX BOMPOCOB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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1. Ilenw u 3a0auu usyueHus OUCUUNTUHDI

[lenpto m3yuenus mucuuiumHel «lcropus orpacim M BBEAEHHE B CHEHUATBHOCTHY»
ABIIETCA 3HAKOMCTBO C MWCTOPHUEH pa3BUTHS SIEKTPOTEXHUKH, C MCTOPUEH pa3BUTHUA
3JIEKTPOSHEPTeTUKN, C MEPCIEKTUBAMU PA3BUTHUA HSHEPreTUKU; M3YUEHHE 3aKOHOMEPHOCTEHN
pa3BUTHA SHEPrEeTHKHU, UCTOPUUECKOTO MPOIecca Pa3BUTHA TEIUIO-, THAPO-, BETPO-, AMEKTPO- U
ATOMHOM HHEpPreTuku. PaccMarpuBaroTCs OCHOBHBIE HSTANbl WUCHONL30BAHUA YEIOBEUECTBOM
pa3sIMUHBIX BUIOB OSHEPrUM OT €ro HMCTOKOB OO0 HAMMX OJHEH, HCTOPHUYECKUE HPOIECCH
(pOpMUPOBAHNA BCEMUPHOU SHEPre€THKH, ¢ O0COOOM KOHIIEHTpAIMEd BHUMAHUSA HA PAa3BUTHE
OTEYECTBEHHON SHEPreTUKH, METOI0JIOTUYECKHE M €CTECTBEHHOHAYYHEIE OCHOBBI SHEPTETHKHU
Pa3MMUHEBIX AMOX, BAKHEHIINE TEHACHIWMU W HAMPABICHUS €€ Pa3BUTHA, HAYYHBIEC MOIXOIEI K
PELMIEHUIO TEX WIN UHEIX 00MIe-9HEPreTHIECKUX Mpo0IeMm.

OCHOBHBIMM 331a4aM{ W3YYEHWUS AUCHUIINHBL ABIAIOTCA: O3HAKOMIIEHHE C HUCTOPHUEHN
BEIUKUX OTKPBITUH B OOIIACTH SIEKTPOTEXHUKH U SHEPre€TUKH, ¢ UMEHAMH IEPBBIX PYCCKHX
YUEHBIX WU wm3o0perarenei, ¢ WUCTOPUEH Pa3BUTHA MHUPOBOM M OTEUECTBEHHOM SHEPTETHKH;

O3HAKOMJICHHUEC C OCHOBHBIMH ITYTAMHM PA3BHUTHA SHCPTCTHKH.

2. Obopyoosanue u mamepuainl

AnmaparHeie cpencTaa: MEPEHOCHON HOYTOYK, TPOEKTOP, MOCKA MATHUTHO-MapKepHas.

YuebHas ayaquTopus A MPOBEOEHUSA YIEOHBIX 3aHATHIL, OCHAMIEHA 00OpyIOBAHUEM H

TEXHHYCCKHMMH CPCACTBAMH O 6}’ YCHMA.

3. Haumenoeanue npakmuueckux paoom
Jlnga 3aounon (popmel 0OyUEHMS NPENYCMOTPEHBI CAEAYIONIME MPAKTUYECKHE PaOOTHL:
[IpakTnueckoe 3ansatue No 3. Bupgel sHeprum u COOTBETCTBYIONIME MM HOCHTENH. JKU3HB U
HayuHele nccnenopanusa Jlyumiam ['ansBanu. Hayunsnii mogsur Maitkna @apanes. M. @apaneit —
OCHOBOITIOJIOKHUK TEOPUH HIEKTPOMArHUTHOTO moias — 1,5 ugaca; [Ipakruueckoe 3ansatue Noe 5.
HUctopusa onekrposnepreruku. llepBeie onektpuueckue wammHbel. [lepBeiii  reneparop
3JIEKTPUYIECKOTO TOKA. OTKPBITHE XMMWYECKUX, TEIUIOBBIX, CBETOBBIX M MATHUTHBIX OEHCTBUI

Toka — 1,5 gaca.

M3 Hux
No TembhokyverHiMezsOBaHIIE TEM IUCIUIIINHBL, UX KPATKOE O0neMm OPAKTUUECKAS
HHOW MOANMUCHIO )
Cept qﬂﬁlﬁu%%%ﬂﬁa B8B952205E7BA50006000004 3R CP K 4HHE 1acoB MOATOTOBKA,
BJ‘IE,EI,ll.I'IEIJ, lLle6ayxosa TafrbAaHa AnekcaHapoeHa qaCOB
1 cemectp
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IIpakrnueckoe 3ansaTHe Ne 1. OcHOBHBIE dTallbI
pPa3’sBHTHST HAYKH H  TexXHHKH. [lepsrie
HAOMOOEHUA W HAYAI0 HKCHEPHMEHTATHHEBIX
WUCCIIENOBAHMN MArHUTHBIX U SJIEKTPUUECKUX
apneHui. JKu3Hb 1 HayuHbIE HccaenoBanua M. B.
JlomoHOCOBA.

1,5

IIpakTnueckoe 3ansaTHe Ne 2. OCHOBHBIE 3TAllbI
pPa3BHTHS HAYKH H TeXHHKH. [IpoBo3BecTHHK
MOoXU HnekrpuuectBa Bompra.  Berpamommecs
2 oTkperta  A. Bometel. Co3ganume «BOJBTOBA
cromba». JKu3Hp W HAy4YHBIE HCCIENOBAHUSA
akanemuka Bacumisa [lerposa. Kuzne 1 nayunwie
uccnenopanus 1. Kymona.

1,5

IIpakTHueckoe 3ansaTHe Ne 3. BHabl Y)Hepruu
COOTBETCTBYWOIIHE HM HOcHTeIH. JM3HL WU
HayuHele wuccnenoBanua Jlynmxun [ansBanm.
Hayunent nogeur Mankna @apanes. M. @apanen
— OCHOBOMOJONHUK TEOPUH SIEKTPOMATHHUTHOTO
MO JIA.

1,5

IIpakTHueckoe 3ansaTHe Ne 4. BH/bI Y)Hepruu
COOTBETCTBYIOIIIME HM HOCHTeIH. JKu3Hbp u
Hayunele wuccnemoBanna I. C.  Opcrena.
OcnoBarens snekrponuHamMuku  Axnzape Mapu
Ammep. A. Amnep: myTs B HayKy. [ 'eopr Om: uepes
TepHun K cnase. Om. 3akon Oma.

1,5

IIpakTHueckoe 3anatue Ne 5. MHceropusn
YIeKTpodHepreTuku. Ilepeeie snekrpuueckue
R MAMMUHBL [IepBBEINT TEHEpPATOP HIEKTPHUUECKOTO
TOKd. OTI{pLITHE XHUMHYCCKHX, TCIIJIOBEIX,
CBETOBBIX U MArHUTHEIX NEHCTBUH TOKA.

1,5

IIpakTHueckoe 3ansatue Ne 6. MHcropusn
NIeKTPOIHEPreTHKH. ONEKTPOIMHAMMKA.
OCHOBHBIE 3aKOHBI ANEKTPUIECKON 1enu. Hagamo
OPAKTUYECKUX  NPUMEHEHUM  JJIEKTPUYECKOU
SHEprun. BaxHeumme OTKPBITHA U UCCIIENOBAHU A
B oOmactum snekrpomarHerusma. (Co3zparens

MEPBOTO MATHUTOYJIEKTPHUYIECKOro reneparopa b.
SkoOm.

1,5

IIpakTHUeckoe 3aHATHE 7. HUcropus
dieKTpodHepretTuku.  Ilepeele  ucrouHmMkm
HIEKTPHUUECKOTO ocBemieHmuA. [lasen 0moukoB —
CO3JATENIb «PYCCKOTO CBETAY.

1,5

IIpakTHueckoe 3anatue Ne 8. Hceropusn
pPa3sBHTHA YHepreTHKH B PoccHu. JHeprernka B
8 XXI Beke. HM300perenme Tpanchopmaropa.
HUccnenosanmsa B oOmacTu nepegaumn
HTEKTPHUUECKOM YHEPTUH HA OOIBIINE PACCTOSHHUAL.

1,5

RO gpﬁaﬁﬁﬂ&gpmue sansaTHe Ne 9. MHeropus
OMEKT M%%FETHRH B Poccun. DHepreruka B

c - 2&b000043E9 205E7BAS00068000043E
L Mot Beke, CO31AnMe NEepBBIX ACHHXPOHHEIX
nangney;: llleGayxoea TafrsnHa ANekcaHOpoBHa

OBUTATENCH. Y  HCTOKOB  SIEKTPU(PHUKAIMU.

1,5
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OcnHoBononoKHUK Tpex(paszneix cucrem Muxaun
JTonuso-J100pOBOIBECKHIA.

Hroro 3a 1 cemectp:

13,5

HUroro:

13,5

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO
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4. Coodeporcanie npaxkmudecKux paoom
IHpakmuueckoe sanamue Ne 1. OcnogHble 3manst pazgumus HAyKu U MexXHUKU.
Ilepebie Habd10O0eHUA U HAYANO IKCREPUM EHM ATbHBIX UCC1e008AHUN MACHUMHDBIX U

JIeKmpudecKux agnenuu. /Kusno u nayunole uccieoosanus M. B. /lomonocosa.

Ilens: VIzyueHne UCTOpUM Pa3BUTHUA SIEKTPOTEXHUKH WU UIEKTPOSHEPTETHKH, 3AKOHBI

3JIEKTPOTEXHUKHU U (pOPMHPOBAHUE €€ HAYYHEIX OCHOB

Ocrnoevt meopuu:

BaHBIM 1 BITOJIHE 3aKOHOMEPHBIM MIATOM HA MYTH M3YYEHUA SJIEKTPUUECKUX SBJICHUHN
ObLT mepexon OT KA4eCTBEHHBIX HAOMIOAEHWUM K YCTAHOBJIEHHWIO KOJIWYECTBEHHEIX CBSA3EH H
3aKOHOMEPHOCTEMH, K pa3paboTKe 0CHOB TEOPUH SIEKTpUUeCcTBA. Hambomee 3HaYUTENEHEIN BKIIAT
B pEHIEHUE ATUX Tpodaem ObLa caenan nerepOyprekumu akagemukamu M. B. Jlomonocosem, I'.B.
Puxmanom u amepukanckuM yueHeIM b. Opankminom.

Beigatonmiics yuensi-sHiukiaonemuct XVIIL B. Muxaun BacuneeBwu Jlomonocon
(1711-1765 rr.) ABMICA OCHOBOMOJIOKHUKOM HM3YUEHHSA SJIEKTPUUECKUX SABIEHUU B Poccuw,
aBTOPOM TIEPBOM Teopum saekrpuuectBa. [Ipm momnepxke M.B. JlomonocoBa ero kosera
akanemuk ['eopr Bunsrensm Puxman (1711-1753 rr.) pazpaboran B 1745 r. opurnHansHyo
KOHCTPYKIUIO IIE€PBOTO JICKTPOM3MEPUTEILHOTO HpuOOpa HEMOCPEOCTBEHHON OIEHKH —
«INEKTPUUECKOTO yKa3zarexss» (PUCYHOK 1), KOTOPBIM HPUHUUNHAIBHO OTJIUYAICA OT YIKE
W3BECTHOTO HJIEKTPOCKOMA TEM, 49TO OB CHAOKEH NEPEBAHHBIM KBAAPAHTOM CO IIKAIOH,
pazmeneHHon Ha rpagycel. UMmenno 5ro ycoBepmeHcTBOBanue, mo ciaoBam [.B. Puxmana,
MO3BOIWIIO M3MEPATE «OOIBIIYIO WJIM MEHBIIYIO CTENIEHb SJIEKTPUUECTBA». [[1Is SKCIEpUMEHTOB
I'.B. Puxmany Orpuia mpenocTaBiIeHa «OpU ABOpPE 0COOIMBAsA Kamepa», KOTopas, I0-BUANMOMY,
ObL1a MEPBOH OTEUECTBEHHOM SJIEKTPUUECKON nabopaTopuen. DIEeKTpuuecku ykasarens M.B.
JlomonocoB u I'.B. Puxman ucrnoss30Bamy mpd CO3JaHUHA «TPOMOBOM MAIMHED — HEPBOU
CTAIMOHAPHOHN YCTAHOBKU I HAOMIONEHUS 34 MHTEHCUBHOCTHIO AIEKTPUYECKUX Pa3psAOoB B
armochepe (B cepenune XVIII B. 510 ABmeHne OBLIO €1IE COBEPILIEHHO HEU3YUEHHBIM).

«I'poMoOBas MammHa» B OPUHIUIE OTANUAIACE OT «3JIEKTPUIECKOTO 3Mea» b. Opanknnna
1 MPUCIIOCOONECHUN APYTUX MCCIETOBATENIEH, TAK KAK MO3BOJIIA HENPEPHIBHO HAOMIONATE 34
M3MEHEHUEM JIIEKTPUIECTBA, COMEPKAMIETOCA B aTMOC(epe nmpu 1r000M mOroe.

C momonisio «rpomoBo mammHbey M.B. Jlomonocos u ['.B. Puxman ycranosunm, uaTo

AOKYMEHT MOANUCAH
3JIEKTPH GEETBOHEOACPAMTES B AaTMOC(EPE U ITPU OTCYTCTBHUH I'PO3BI, OHU YOEIUTENEHO JOKA3ATH

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Branen@UIC KEPHHECKY IO -HPHPOEYoMO IHUN (PUCYHOK 2).
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Pucynok 1. Onexkrpuueckui ykazarens Puxmana (1 — nepeBAaHHEBIN KBAOPaHT C
OEIIEHUAMU,

2 — MeTamM4ecKas JUHEHKA; 3 — METAJIMIECKUH 11eCT; 4 — ILHAHASI HUTD )

- oF

e

Pucynok 2. Cxema «rpOMOBOM MAIIWHED (1 — 3MEKTPUYECKUN yKAa3aTEb;

2 — COEMUHUTENLHAA TTPOBOJIOKA; 3 — METALIMUECKUH MIECT HA KPBIIIE TOMA)

Jlerom 1753 r. M.B. Jlomonocos u ['.B. Puxman npoBenn yHUKATBHBIA SKCIEPUMEHT H €
MOMOTIBIO0 «TPOMOBOM MAIIMHEI» TOKA3aIH, UTO, KaK micana ta xe razera (1753, Ne 45), «... cue
HaOmOAeHNEe mounTaeTrca 3a upesBeluanHoe. W3 cero nHaOmoaeHus ABCTBYET, 4YTO
3IEKTpUUECKas cuiaa 0e3 OEeUCTBUTENBRHOTO rpomy ObIThE MOkeT. Exkerm BTOpOe mpaBna, TO HE
TPOM U MOJTHHUS MPUUNHA NIEKTPUUECKON CUJIBI B BO3AYXE, HO CaMa SJIEKTPUUECKAs CUJIa TPOMY U
MOJIHUM INPUYUHA». Y UEHBIE HNPH OTPOMHOM CTE€YEHHHM HAPOJA YCTPOWIM NAIL0y W3 1EI0oH
Oarapen mymiek, TpOM «COTpscaI HEOO», HO «ITEKTPUUECKUN YKA3aTEIb» HUYETO HE MOKA3BIBAI
(«MCKYCCTBOM MPOU3BENEHHBIN TPOM SJIEKTPUUECKON CHIIBI HE MMOKA3EIBAETY ).

Brironer M.B. JlomonocoBa mocmykuiam OOHOM W3 OCHOB BHEPBBEIE Pa3zpadOTaHHOU UM

TeOpuHu aTrMOC(epPHOro 3IeKTpuuecTBa. Ha myOmanom coOpannn AkamemMmuu HayK B CEHTAOpe

1753 r. B RS Stiican M.B. Jlomonocos, — «OyzeT mpeniarars ONBITE & 5 — TEOPUIO U

Ceprwdukar. 2C0000043E9ABBBOSS2205E7BA SDDEIEEIEIEIEIEI43E

Bn anen&ﬂﬂ%yﬁﬂ ;FU QHQEL Jé[ RPJ&%WW
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Kak wm3BectHo, 25 wmona 1753 r. Bo Bpemsa rpossl ['.B. Puxman, npuOan3uBmuce K
«IACKTPUUECKOMY yKazaremw», Opul yOour ymapom B 100 «OiemHO-CHMHEBATBHIM OTrHEHHBIM
LLIAPO M.

Tparmueckas cmepre y4eHOTO TMOCHYXWIAa ITOBOOOM J[UIid HAMAOOK HA YYEHBIX,
CTPEMUBIINXCS NPOHUKHYTH B TAMHEI MPUPOIEI, CO CTOPOHEI OYXOBEHCTBA U PEAKIIMOHHBIX
nBopaHCKkuxX KpyroB. OneiTel M.B. Jlomonocora u I'.B. Puxmana Ha3siBanu KONYHCTBEHHBIMH U
TpeOOBAIM UX NPEKPATUTE, MOAUEPKUBAA, 9TO cMepTh [.B. Puxmana — 510 «wakazanmue rocnogue
34 BTOPKEHUE B 001aCTh O0KBIOY.

Ho orpomueiit nayunsnt asropurer M.B. JlomoHOCOBa M moamepkka MpOTrPECCUBHBIX
OTE€YECTBEHHBIX YUYEHBIX MMO3BOJIMIIM €MY J0KA3aTh HEAONMYCTUMOCTE HAHECEHHUA ymiepOa «ciase
u pecTKy» Poccun, u B Hoa0pe 1753 r. OH BBICTYIINII CO CBOMM 3HAMEHHUTEIM JOKIa10M «CII0BO
O SABJECHWAX BO3QYMIHBEIX, OT JJIEKTPHYECKOM CHUIBI MPOUCXOIANIMX», B KOTOPOM (OTMETHM,
MPOU3HECEHHBIM Ha PYCCKOM A3BIKE) BIIEPBBIE OBUIA W3JI0KE€HA pa3padoTaHHas UM CTPOTO
HAydHasd MATEpUATUCTHYECKAas Teopusa armochepnoro snexkrpuuecrsa. [lo yTBepxneHuro
COBPEMEHHEIX CHENUAIUCTOB OTd TEOpHUSA B CBOEH NPUHUMNNAIBHOH OCHOBE BIIOJHE
COOTBETCTBYET COBPEMEHHOMY MHpeAcCTaBiIeHUI0 00 stux sBraeHuax. Kcraru, M.B. Jlomonocos
HOOUEPKUBAI, YTO OH B CBOEH TEOpUH «DPaHKINHY HUIEM HE 005A3aH», BCE Y HETO «COOCTBEHHOE
1 zHoBoe» [10].

[To yrBepxmenmo M.B. JlomonocoBa armocdepHo€ HIEKTPUUECTBO BO3HUKAET B
pe3yIbpTaTe TPEHUSA HNBUIMHOK WU APYTHX B3BEMICHHBIX YACTHYEK BO3QyXa C KAmeJIbKaMH BOJEL,
MPOUCXOIANIETO MPU BEPTUKAIBHBIX MEPEMEMIEHHUAX BO3AYIIHBEIX HOTOKOB. OH yKa3wIBAJI, 4TO
CYIIECTBYIOT BEPTUKAIBHBIE BOCXOQANIME U HUCXOIANINE MOTOKU BO3QyXa, KOTOPBIE «HE TOKMO
TPEMAIIEN HA BO3AYXE HIEKTPUIECKOU CUIIBL, HO U MHOTHUX JPYIHUX SBJICHHUM B aTrMoc(pepe 1 BHE
OHOM CYTh HCTOUHUK U HAYAION.

[Tponecc snexrpmanmm M.B. JlomoHOCOB 00BACHAN Tak: MOTOK TEIIOrO0 BO3OyXa,
YCTPEMIIIONIMICA BBEPX (BOCXOIANIMM ITOTOK), YBJIEKAET 3da COOOM PA3IMUHBEIE «KUPHBIE M
roprouMe mapel» U APYyTrue MPUMECH, Haxomsmuecs B Bozayxe. Hactunel stux mapoB M.B.
JIoMOHOCOB Ha3BIBAJT «IIAPUYKAMUY». OTH «IIAPUYKU», MO €r0 MHEHWUIO, UMEIT CBOMWCTBA,
OJIM3KHE K CBOMCTBAM TBEPAOTO TEJA, U HE MOTYT IO3TOMY CMEIIMBATHCA C YACTHUKAMH BOJBI
(KammsAMU 0K/ ), BCTPEUAIONINMUICA HA UX MyTH. B pe3ynsTaTe TpeHUI MEXKIY «IapudKkaMminy u
KameabKaMu BOJIBI BO3ZHUKAIOT AJIEKTPUUECKUE 3apsinbl KAk HA TeX, Tak U Ha apyrux. M.B.

JIoMOHOCOB mHCAT: «... KUPHBIE MIAPUUKH TOPIOYUX HAPOB, KOTOPBIE pPagyl Pa3HOW HPUPOIEI C

H L= L
BGMMW&%&E%%‘%&T 1 pagu 0e3MEPHON MATOCTH K CBOMCTBAM TBEPAOTO TEIA MOAXOIAT,

Ceptudmkar: 2C0000043E9ABBBI52205E7BAS00060000043E
Bnanen&K OPEIM, BGT PSEHBEM ABHKEHIEM CPAKAOTCA, TPYTCA, AJEKTPUYECKYIO CIIY POXKIAIOT, KOTOpasd,

pacopoCTpaHAsaCh N0 00IaKy, BECh OHBIM 3aHUMAET».
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B paszpaborke »stou Teopun M.B. JlomonocoB Ommxke, yem Kro-mub0 u3  €ro
MPENMIECTBEHHUKOB, [TIOJOUIEN K COBPEMEHHEIM TEOPHUAM I'PO3EL.

M.B. JlomonocoBa HE YIOBIETBOPAIM MHOTOYHCIEHHBIE TEOPUM CTATHIECKOTO
3IEKTPUUECTBA, pa3zpadoTaHHbeIe 3apyOeKHBIMU HCCIEN0BATEIAMM, TAK KAK B OONBIIMHCTBE W3
HUX, KaK OH HNOJUEPKHUBAT, «HEKOTOPBIE K COCTABJICHHUIO SIEKTPUUECKOM TEOPHUU CAMBIE
HYKHEHUIINE BEIIM HE NOBOJBHO HAOMIOAEHBI OBLIN», U OH ABWICA MHHUIMATOPOM OOBABICHUA
Axanemuen HayK KOHKypca Ha TeMy: «CBICKATh MOIIUHHYIO 3MEKTPUUYECKOU CIIIBI MPUYUHY U
COCTABUTHL TOYHYIO €€ TEOPHION.

CBou BO33peHus HA sBieHUs siekrpuaectsa M.B. JlomonocoB cpopmymipoBan B 1 756 r.
B HEOMyO/IMKOBAHHOM M COXPAHUBIIEMCS JHMIIb B BUAE TE3UCOB TPyAE « [eopus sneKTpudecTna,
pazpaboTaHHas MaTeMAaTUUECKHU myTem». B oTmiume oT OOMBIMIMHCTBA CBOMX COBPEMEHHUKOB
M.B. JIoMOHOCOB HOJHOCTBIO OTPHULIAET CYHNIECTBOBAHUE OCOOOM SIEKTPUYECKOM MATEPUH U
paccMaTpUBAET SIEKTPUYECTBO KAk (popmy nBukeHusa s(pupa. B ero tpyme HET HM CiIOBA O
pa3smMUHBIX CyOCTAHIMAX, C HNOMOMIBI0 KOTOPBEIX MHOTHE YYEHBIE TOTO BPEMEHHM ITHITATUCH
OOBACHUTH 3NEKTPUUECKUE ABICHUSA. «IJIEKTPUUIECKASA CHIIA €CTh JEHCTBUE, BEI3BAHHOE JIETKUM
TPEHUEM... OHO COCTOUT B CHJIAX OTTAJIKUBATEIBHBIX U NPUTATATEIBHEIX, 4 TAK/KE B MPOU3BEICHUN
cBeTa u orHa», mumer M.B. JlomoHOCOB B CBOEM TpyIeE.

«JpupHas» TeEOopUA OIEKTpUYeCTBa, paspaborannas M.B. JlomonocoBeiMm, OvLia
MEPETOBOU I CBOET0 BPEMEHH,; OHA ABJISUIACH HOBBIM MIATOM K MATEPUATMCTHIECKOMY B3TJIALY
Ha ABIEHUA NMPUPOABI. Cneayer OTMETUTh, YTO 3Td TEOPUA MOJIYYHId TATBHEHIIEE PAa3BUTHE B
Tpyaax Jleonapnoa Jitnepa, a, mozauee, B XIX B., ee mpunepxuBamics Maiikn @apaneit u gpyrue
kpyrmaenmue yuensie. M. Dapapen, HampuMmep, CUWTAN SIEKTPUYECTBO JBUKEHHMEM HEKOEH
3aIMOJIHAIONIEH BCE IIPOCTPAHCTBO, MPOHU3EIBAIONICH BCE TENA YIIPYTOM CPEIEL.

Cesepuble cusHud, mo mHeHuro M.B. JlomoHocoBa, Takke MMEIOT SIEKTPUYECKYIO
MPUPOIY; OH PACCMATPUBAI WX KAK CBEYEHHE, BBI3BIBAEMOE JIEKTPUUYECKUMH 3apANAMHA B
BEPXHUX CIJIOSAX aTMOC(EpEHI.

M.B. JIoMOHOCOBBIM OBLITM TPOIETAHBI MHTEPECHEIE OMBITEL CO CBEYEHUEM PA3PEIKEHHOTO

BO3yXa B CTEKITHHOM HANIEKTPU30BAHHOM mape (PUCYHOK 3).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynoxk 3. IIpubop Jlomonocosa (1 — meTammueckuii CTEPKEHE € TPEe3yOonem;

2 — MPOBONIOYHASA NPYIKUHA, IPUITAAHHASL K METAJUIMIECKOMY KPYKKY )

Onerrer M.B. JlomoHOCOBAa MO BOCOPOM3BENEHUIO CEBEPHBIX CHUAHWUM HA MOAENAX OBLIH
HOBTOPEHEI TONBKO crycTa 175 ner. Habmrogasmeecs M.B. JlomoHOCOBEIM CBEYEeHME OBLIO IO
CYILIECTBY ABJIIEHUEM SJIEKTPUYECKOT0 pa3psaia B pa3pekeHHOM BO3IyXE.

B mouckax Oosiee 0€30macHBIX METONOB U3MEPEHHUS «AJIEKTPHUECKON TPOMOBOWU CHIIBI»
M.B. JlomonocoB pazpaboran CBO€OOpa3HBEIM ABTOMATHUYECKHM PETUCTPATOP MAKCHUMAIBHOTO
3HAUEHW TPO30BOT0 paspsana; MOCIE yaapa MOJHHH IT0 NpUOOpPY «CEMYy YBUIETH MOKHO KOJb
BenMKa Oblya camas OompmIas rpoMoBas criaay. OCHOBBIBASICE HA MHOTOUYMCIIEHHBIX OmbITax, M.B.
JIOMOHOCOB MPUILENT K BEIBOAY O LETECO00PA3HOCTH MIMPOKOTO NPUMEHEHHA TPOMOOTBOI0B. OH
nmucan: « l'akue cTpessr Ha MecTax, OT 00OpanIeHNs YET0BEYECKOTO [0 MEPE YIAICHHBIX, CTABUTE
3a HeOecnmone3Hoe AeI0 mouYmnTar, Jadsl yaapsaromas MOJIHUA O0IbIIE HA HUX, HEKEIN Ha TOJIOBAX
JEI0BEUECKHX U HA XPAMUHAX, CUJIBI CBOU U3HYPIAY.

B ormiamie ot b. @panknuna M.B. JlomMOoHOCOB mpaBuapHO yKa3aad HA PEMIAIONIVIO POJIE
3a3€MJIEHHA B YCTPOHUCTBE TPOMOOTBOIA.

Becema OpurMHanbHBIE OPEACTABICHHUSA O CYIIHOCTH JIEKTPHUYECKUX SABICHUN OBLIN
BBRICKA3aHBI B ViK€ ymomuHaBmemcsa (QynaamentanpsHoM Tpyae A.T. bomorora [9]. On, B
JACTHOCTH, IMMACAT: «... HO B TOM CYMHEBATHCA HE MOKHO, YTO OHA IT0 HPUMEPY APYTHX COCTOUT
M3 YACTUYEK M 4TO YACTUYKAM CHUM HANOOHO OBITH YPE3BBIYAMHOW M HENOCTHIKUMOM IJIS HAC
MAJIN3HBL, MPUYEM 3TH YaCTUUKH CITOCOOHBI K JBMKEHNUI0, KOTOPOE NPOUCXOIUT C HETTO CTHKUMOH

ckopocTeio». 3arem A.T. bonoToB 3amaer Bompoc: « A KAKOM OHHM — 5TH YaCTHUKHU — (PUTYPEL, TO

ecTs (opMEIRTITBERRGASY, aT0 M0 MX NEHCTBUIO U CIIOCOOHOCTH K OBICTPOMY NEPEABUKCHHIO ...

Ceptudmkar:  2C0000043ESABBB952205E7BAS00060000043E 6 T
Bnagen ADFH&W& qg;@%&a%gmmﬁ 9TO HAIJICHKHUT UM OBITE TOJIBKO KPYTJIBIMH» . 11PUMCYATCIIBHO, YTO

B 3TOM HpDH?.BE,I[EI—l’HH MBI HC HAXO0IHM CTHH,I[HPTHLD{ yHDhﬂ’IHﬂHI’[ﬁ 06 BHEKTPHIIECKDITI AHHUIKOCTH
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— BE€Ob C ATOT0 HAUMHAIU W3JIOKEHHE CYTH SIEKTPUUECKUX SBJICHUN MOYTH BCE (PU3MKU TOTO
Bpemenu. Ormerum, kcratu, 9To A.T. boy0TOB moguepkuBaer, 4To OAHA U TA KE IIEKTPUIECKAsL
MaTepusA €CTh MOBCIOAY — U B arMoc(epe, U B HEAPAX 3€MIIA, U BO BCEX TENlaX, HO HE BE3/€ OHA
HAXOJWUTCA B PABHBIX KOJIMYECTBAX M MTOATOMY HO-Pa3HOMY Ce0s MPOABIAET.

bompmoi BKIAD B M3YUEHHUE HIEKTPUUECKUX SABJIEHUM, B 0COOEHHOCTH aTrMOC(EPHOTO
5JIEKTPUYECTBA, OBLT CHEIAH M3BECTHBIM AMEPHUKAHCKUM YUYEHBIM W OOMIECTBEHHBIM JEATEIEM
benmxamumom @Opankminom (1706 — 1790 rr.). Um Ovumm mpounssenensr (1747 — 1752 rr.)
MHOTOYMCJIEHHBIE OIBITHI [0 YIABJIUBAHUIO W W3YUEHUIO aTMOC(EPHOTO HIEKTPUYECTBA,
yCOBEPIIEHCTBOBAH MOJIHMEOTBOA, pa3paborana Tak Ha3plBaeMas «yHUTApHAS) TEOpUA
synekrpuuecTsa (1747 r.). b. @paHkmH BeICKA34JT TPABUJIBHEIE TPEAITOIOKEHUSA 0 MATEPUATEHOM
XapakTepe SIEKTPUYECTBA, CUMTAA, YTO OHO HPEACTABIAECT COOOM HIEMEHT, COCTOAMIAIN M3
UPE3BBEIYANHO TOHKUX 4acTHUll. EMy y1anocs mogonTH K NpeaCTABICHUIO 00 «3IEKTPU3AINH UEPE3
BIIMAHUE», T.€. K SABICHUIO JJIEKTpocTrarndecko wuwHaykuuu. On  Broepeeie (1749 1))
SKCHEPUMEHTAIBHO OO0KA3ad HSIEKTPUUECKYI0 IPUPOAY MOIHMHM M €€ TOXKIECTBO C YyKe
W3BECTHBIMH CBOHMCTBAMM «AJIEKTPUUECKOM KUAKOCTH». 3HAMEHUTHIM OomelT b. @dpankmunHa c
BO3OYIIHEIM (DJIEKTPUYECKUM) 3MEEeM YOEeIWTEnbHO MMOKAa3ad BO3MOMKHOCTh «M3BIICUCHU
YIEKTPUYECTBA M3 00JAKOB, KOTOPEIM OH 3apsasai JEHICHCKYI O0aHKy mogoOHO TOMYy, Kak 5TO
OCYIIECTBILUIOCE ITOCPEACTBOM DIEKTPOCTATMUECKONM Mamuuel. llpeamonaraercsa, 4ro um
BIEPBEIE OBLIM BBENEHBI TAKHME TEPMHMHBI, Kak «Oarapes», «3apan», «pa3pamn», OH IEPBBIM
coopyauiI Darapero U3 NEUIEHCKNX OaHOK.

Cpenu y4eHBIX pacCMaTpuBAEMOTO MEPHOA, 3aHUMABIIMXCSA U3YUEHUEM NIEKTPUIECKUX
ABJIEHUM, CIIEAYET OTMETUTE YEHICKOTO ecTecTBoucneiTarens [Ipokomna Jlusuma (1698 — 1765 rr.).
On coopymun OONBIIYIO HACKTPOCTATHUECKYH) MALIWHY, HNPENIOKWAI HECKOIBKO THUIIOB
MOJHHUEOTBOOB, M3y4al BIMAHUE NIEKTPUYECKUX pa3pAdOoB HA POCT IMOCEBOB PA3TUIHBIX
KyJIBTYP.

Hagano skcnepuMeHTaIbHEIX HCCIEN0BAHNH JIEKTPUIECTBA U MATHETH3MA

B XVI-XVII 8. B EBpome Bce Oonpmee pacnpoCTpAHEHUE  TOJYUYAET
SKCOEPUMEHTATLHBIA METOI HAYYHBIX UCCJIEAOBAHWN, OJHUM M3 OCHOBOIIOJIOKHUKOB KOTOPOTO
mo npaBy Has3eiBaroT Jleonapmo na Bunum (1452 — 1519 rr.). U300perenns u OTKpeITHA 3TOTO
«TUTaHa 3Mmoxu Bo3poxkneHus» mopaxarmT CBOEH rImyONHON M Pa3HOCTOPOHHOCTBIO. OH OBLI HE
TOJBKO MCKYCHEHIIMM BCAaaHMKOM, (PEXTOBAJBIIMKOM, ITOTOM, MYy3BIKAHTOM, HO H
KOHCTPYKTOPOM Pa3HOOOpPA3HBEIX MANIUH U TPUOOPOB, TEHUATBHEIM XY I0KHUKOM, MATEMATHKOM,

Y
aCTpﬂHGM;%%ﬂépﬁﬂﬁpTam{mM, aHATOMOM, BOEHHBIM WHIKEHEPOM, MBICIUTEIEM-MATE-

Ceptudomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
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Ero 3amiCHeI€ KHMIKKH, SCKU3B] PA3IMUHBIX MAILIMH U MEXAHU3MOB HACUUTEIBAIOT Domee 7
TEIC. JIMCTOB. O4€HL BAKHO OTMETHUTE, YTO OH CYMEJI CAEJIATh ITOPA3UTENEHEIN PEIBOK B Oynyniue
BEKA M OCTABWJI YEPTEKHM M 3CKHU3BI HE TOJIBKO JIETATENBHBIX AMIAPATOB U LMIMHIPA MMAPOBOU
MAIIWHEI ¢ DOPIIHEM, HO W MPENCKA3al BOJMHOBYIO IPUPONY CBETA M MATHETHU3MA, 4TO OBLIO
MOATBEPKIECHO YIEHBIMH CITYCTSA TUIb 0K0JI0 400 net. B 01101 U3 €ro 3amuCHBIX KHKEK MOKHO
HAUTH 3HAMEHATENbHEIE CioBa: «He ciaymai ydeHus TeX MBICIATENEH, HOBOIBI KOTOPBIX HE
TOATBEPHKIEHEI OIIBITOM.

DKCHEPUMEHTANBHBIM METOJ HUCCIENOBAHWIN HAHEC 3aAMETHBIM yAAp MO MHCTHLIM3MY H
Pa3HOTO pOJa BEIMEICIAM M IIPEIPACCYIKAM.

3HAYUTEIBHBIA TTEPETOM B MPEICTABICHUAX 00 SJIEKTPUUECKUX U MATHUTHBIX SBIIEHUIX
HacTynwia B camom Hauane XVII B., korjma Beien B CBET (PyHIAMEHTATBHBIN HAYYHBIN TPV
BUJHOTO AHTVIMHMCKOTO YUE€HOTO (Bpadya aHrmMicKou KoponeBsl Emi3zasersr) Buneama ['mnsbdepra
(1554 — 1603 1T.) «O MarouTe, MAarHUTHBIX Te€aax U 0 OoapmioM maruure — 3emue» (1600r.).
bynyuun mocnenoBarenem SKCOEPUMEHTAIIEHOTO METOAA B €cTeCTBO3HAHNH, B. I'muisbepT nmposen
0onee 600 HCKYCHBIX OINMBITOB, OTKPBIBIINX, KAK OH MHCAJ, TAMHBI «CKPBITBIX MMPUYWUH PA3THUIHBIX
ABJICHUI.

B ormiume 0T MHOTruX CBOMX OpeamecTBeHHUKOB B. [mas0epr cuuran, yTo0 MarHurHas
CTpENKA OIBWKETCA MOJ BIMAHUEM MArHETH3Ma 3€MIIM, KOTOPas ABIACTCA OOJBIIAM MArHUTOM.
CBOM BBIBOJEI OH OCHOBBIBAJI Hd OPUTHHAJIBHOM JKCIIEPUMEHTE, BIIEPBEIE UM OCYIIECTBIEHHOM.
OH M3rOTOBWJI U3 MATHUTHOTO KEJIE3HAKA HEOOIBILON AP — « MAJIEHBKYIO 3EMIII0 — TEPEILTY» U
OO0Ka3aja, 9TO MAarHUTHASA CTPEIKA MPUHUMAET MO0 OTHOUMIEHWIO K MMOBEPXHOCTH STOM «TEPEIIIIBI»
TAKUE K€ MOJOKEHWS, KAKMe OHA NMPUHUMAET B MOJE 3eMHOro marHermsma. OH yCTaHOBWI
BO3MOKHOCTE HAMATHUUMBAHUA K €JI€3a TOCPEICTBOM 3€MHOTO MATHETHU3MA.

Hccnenya marnerusm, B. ['mnslOepr 3anHsanca Takke W M3YYEHHMEM DJIEKTPUUECKUX
aBaeHNM. OH JOKa3aa, 4T0 SIEKTPUYECKUMHM CBOMCTBAMU 00Ja1aeT HE TOJBKO AHTAPh, HO U
MHOTHUE JpPyrH€ TEld: anamas, cepa, CMOJId, TOPHBIM XPyCTalb - SJIEKTPU3VIOMIMECA IIPH HX
HATHPAHUN. DTH TEIad OH HA3BAI «AJIEKTPUUECKUMID B COOTBETCTBHU C TPEUECKUM HA3BAHUEM
aurapa (saexktpoH). Ho B. I'mmeOepr OesycnmemHO MEITANCA HABNEKTPU30BATE METAJUIBI, HE
W30IHUPYS UX, U MO3TOMY MPHILEN K OMMOOYHOMY BEIBOAY O HEBO3MOMKHOCTH JJIEKTPHU3ALNH
METAJIOB TPEHUEM. JT0 3akmoueHue B. I'musbepra Ob1n0 yOenuTensHO OMPOBEPTHYTO CITYCTS
OBA  CTONETHA  BBIJAIONIAMCA  PYCCKHMM  SJIEKTPOTEXHHKOM  akaaeMukoMm  Bacumiem

Baamivmiposuuem [leTpoBeim.

4 u
%ﬂ%ﬁﬁ%@ﬁ%@mHﬂ VCTAHOBWII, 4YTO «CTCICHB 3IJICKTPHUYCCKOHW CHIIBI» OBIBaeT

Ceprudomkar: 2C0000043ESABBESS52205E7BAS00060000043E
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CpaBHUBas MArHUTHEIE U AIEKTPUYECKUE ABIEHUA, B. ['mnp0epr yTBepkaan, uTro OHU
UMEIOT PAa3HYI MPUPOIY: HAIPUMED, «IICKTPUYECKAA CUIA» MPOUCXOOUT TOJBKO OT TPEHMUA,
TOTAA KAaK MAarHuTHas DOCTOAHHO BO3OEUCTBYET HA IKEJIE30; MArHUT ITOJHUMAET TEIa
3HAUUTENBHON TAXKECTH, SJIEKTPHUUYECTBO — TOJBKO JIETKHE TEela. JTOT OmMMOOYHBEIN BEIBOI B.
['unsbepra npopepxancsa B Hayke 0onee 200 ner.

[IpencraBienus 0 TOM, 94TO AIEKTPUIECKUE ABICHUA 00y CIOBIEHBI MPUCYTCTBUEM 0CO00H
«INEKTPUIECKON KUAKOCTH», aHATOTUIHOU «TEIIOTBOPY» U «CBETOTBOPY», OBLIM XAPaKTEPHEI
I8 HAYKW TOTO MEPUOJA, KOTJAa MEXAHWYECKUE B3TJIAAb HA MHOTUE ABIECHUSA NPUPOABI OBLIM

rOCITOICTBYFOIIIUMHU.

Konmponsnwvie eonpocwi:

l. MN300perenns Jlomonocora M.B., cBsA3aHHEIE C QNEKTPUIECKUMUA ABJICHUAMH.

2. Kakou BKIaa B M3y4EHUE SNIEKTPUUECKUX ABJICHUM, B 0COOEHHOCTH aTMOC(PEPHOTO
3JIEKTPUYECTBA, OBLI CHENAaH M3BECTHBIM AMEPHUKAHCKUM YUYEHBIM W OOMIECTBEHHEBIM JEATEIEM

benmxamunom OpaHknnHOM?

3. KT0 TOM0KUI HAYam0 SKCIEPUMEHTATBHBIX MCCIEOOBAHMN SIEKTPUYECTBA U
MarHerusma’?

4. IlepBrie HAOMIO IEHNUS MATHUTHBIX U SJICKTPUUECKUX SIBICHWM

5. Yro Takoe ABAEHUE MUPOIIEKTPUUECTBA?

6. [ToaroTOBUTE MpE3EeHTAIIMOHHEIE NPOEKTHI HA TEMY: ITIEPBBIEC HAOIIOAEHUA U HAYATIO0

SKCIICPUMCHTAJIBHBIX UCCIICOOB AHUH MArHUTHBIX U 21 CKTPHYCCKHUX ABJICHWI » JKH3Hb 1 HAYUHEIC

uccnenosanua M. B. Jlomonocosa.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ipaxkmuueckoe sanamue Ne 2. OcrHoeHble I3mansl pa3eumus HAyKu U mexHUKU.
IIpososeecmuuk noxu rnekmpuiecmea Bonoma. Buioarouwiueca omxpoimua A. Bonomot.
Co3oanue «eoromosa cmonova». Kusnus u HayuHble UCCTe006anusa akademuka Bacunus

Ilemposa. /Kusznuwe u nayunwie uccneoosanusn lll. Kynona.

Ilens: V3ydenue UCTOPUM PA3BUTHA NIEKTPOTEXHHUKU W SJIEKTPOSHEPrE€THKH, 3aKOHBI

3JIEKTPOTEXHUKU U (pOPMHPOBAHNE €€ HAYIHBIX OCHOB.

Ocrnoevt meopuu:

OnHUM W3 TEPBBEIX, KTO, MO3HAKOMUBIINCE C KHUTOM B. I'mmp0epra, pemmn nonydurs
O0oee CHUIBHBIE MPOSBIAEHUA SJIEKTPUUECKUX CHUI, OB M3BECTHBIM M300perarens BO3OYIIHOTO
HACOCA U OMBITA C MoaymapuaMu MaraeOyprcekuii Oypromuctp Orro on I'epuke (1602 — 1686
rr.). B 1650 r. oH u3roTroBusa map u3 CEpPel pazMepoM C AETCKYH TOJOBY, HACAOWI €ro Ha
K EJIE3HYIO OChb, YKPEIUIEHHYIO HA JEPEBAHHOM IITATUBE. [Ipy moMonm pyuku map MOT BpanmiaTeCcs
Y HATHPAJICA TAJOHAMM PYK WM KyCKOM CYKHA, MPHKUMAEMOTO K mapy pyKou. I10 ObLna mepBasd
npocrenmas snekrpocratndeckas mamuna. O. ['epuke ymanoce 3aMeruts crnadoe cCBeueHUE
5JIEKTPU3YEMOTO 1Iapa B TEMHOTE M, YTO 0COOEHHO BAYKHO, BIIEPBEIE OOHAPYKUTH, YTO MYy IIMHKH,
MPUTATUBAEMBIE HIAPOM, YEPE3 HEKOTOPOE BPEMsA OTTAJIKUBAIOTCA OT HETO — 3TO sABaeHue Hu O.
['epuke, Hu MHOTHE €ro COBPEMEHHHKH IOJTO HE MOriM 00bsacHUTE. Hemenkuu yuensin ['.B.
JenOnwun (1646-1716 rr.), mone3ysace manmuou O. I'epuke, HaOMO DA SIEKTPUIECKYIO UCKPY -
3TO MEPBOE YIOMHHAHHUE 00 3TOM 3araJodHOM SBJICHUH.

B Teuenne nmeproit momoBuHel XVII B. snekrpocraTtnueckas mamwHa npereprnena psm
yCOBEPUICHCTBOBAHWIM: CEPHBIM Iap OB 3aMEHEH CTEKIAHHBIM (TaK Kak CTeKiao Oomee
UHTEHCUBHO JJIEKTPU30BAIOCE), 4 MO3IHEE BMECTO IIAPOB WIM LHWIMHIPOB (KOTOPEIE TPYyIHEE
OBLIO M3TOTOBUTE, M MIPH HATPEBAHUH OHU HEPEIKO B3PBIBAINCE) CTAJM MPUMEHATH CTEKISHHEIE
aucku. [lia HaTHUpaHusa HCOOMB30BATMCHE KOKAHBIE MOAYIIEYKH, NMPHIKUMAEMBIE K CTEKIY
NPy KUHKAMH; MO3HEE I YCHIEHUS JIEKTPHU3AINH IO Iy EYKH CTAIH ITOKPEIBATE AMAJILraMOH
(pucyHOK 4) .

BaXHEIM HOBBIM 5SIEMEHTOM KOHCTPYKIMH MAIIWHBEL CTaad KOHAOyKTOp (1744 r.) —
METAIIMYECKas TPyOKa, IMONBENICHHAA HA NIEJKOBBIX HUTAX, 4 MO3JHEE yCTaHABIMBAEMAs HA
M30IUPOBAHHEIX onopax. Kongykrop coyxun pezepyapom mist COopa sIeKTpudecKkux 3apsaaos,
oOpaszoBanHbIX Tipu TpeHuu. [locne w300perenns TelneHCKkoN OaHKM €€ TAKKE YCTAHABIMBAJIM
pAIOM c%‘ﬁ%ﬁﬁhmaﬁ XVIII B. sanekrpocraTndeckas MammHa mpuodpena OCHOBHEIE

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
Bnafend0 B PEMOHHEBICTHREPTEIcaHiposHa
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Pucynok 4. Onexkrpocrarmueckas mamuna ['epuke

3aMETHBIE YCIIEXM B M3YUCHMU OAIEKTPUUECKUX M MATHUTHBIX ABJICHUM MPUBEIM K
OTKPBITHIO pPAaHEE HEW3BECTHBIX (DAKTOB: OOHAPYKEHUIO IBYX PONOB JJIEKTPHUYECTBA U
YCTAHOBJIEHHIO 3aKOHOB WX B3aUMOJEHUCTBHUA; YCTAHOBIECHUIO «OBICTPOTHI MEpEdAdYH
3JIEKTPUUECTBA»; CO3MAHUI0 HOBBIX JJIEKTPHUUECKHUX NOPUOOPOB, MHO3BOIMABIINX ITONYy4YaTh H
HAKAIUIMBAThL SJEKTPUUECTBO B OONBIINX KOJMMUYECTBAX; WU3YYEHUIO SABIECHUHM aTMOC(EpPHOro
IEKTPUYECTBA; pa3pabOTKe MEPBEIX TEOPHUH AIEKTPHUECKHUX ABJICHUH.

3HAYUTEIBHBIM IATOM B M3YUEHUH CBOMCTB SJIEKTPHYECKHUX 3aPAN0B OBLIN NCCIEN0BAHNA
wieHa anrmaickoro Koponesckoro obmiectBa Credana I'pesa (1670-1736 rr.) m unena
[Tapmixcckoit akanemun Hayk Hlapna @pancya /lrode (1698—1736 rr.).

B pesymerare MHOrOuucCiIeHHBIX SkcnepuMeHTOB (. I'pero ynanoces yCTAHOBHUTBH, UTO
YIEKTPUYECKAS CIOCOOHOCTH CTEKIAHHOW TPYOKM HOPUTATUBATE JIETKHME TEIa MOKET OBITh
nepesaHa JpyruM Tenam, u oH mokasan (1729 r.), uyro Tena B 3aBUCMMOCTH OT UX OTHOWIIEHUS K
3JIEKTPUYECTBY MOYKHO PAa3JE€IUTh HA ABE TPYHIBL IIPOBOAHUKU (HAIPUMEDP, METALINYECKAL
HUTB, ITPOBOJIOKA) U HEITPOBOIHUKH (HAPUMED, IEIKOBASA HUTH).

[Tponomnxas omerter C. I'pes, ILL.D. [{rode (B 1733 r.) oOnapy ki 18a poaa 3MEKTPHYE CKUX
3apA0OB — «CTEKIAHHBIE» M «CMOJISHBIE» M MX OCOOEHHOCTH OTTATKUBATE OTHOMMEHHBIE H
NPUTATHUBATE MPOTUBONOIOKHEIE 3apansl. Jlrode Takke co3aan OpoTOTHH SMEKTPOCKONA B BUAE
IBYX NOJBEMICHHEIX U PACXOMANMXCA IIPH UX JJICKTPU3ALIUN HUTEH.

[Tocne Toro kak OBUIO YCTAHOBJIEHO PA3IEICHUAE TEJI HA MPOBOJIHUKH M HEMMPOBOJHUKH, a
ONBITEI C DIEKTPOCTATMUECKUMHM MANIMHAMHM MOJNYYWIA [IUpOYalmee pacnpoCTPaHEHUE,
COBEPIIEHHO E€CTECTBEHHOW OBLIA MONBITKA «HAKOIMTEY» JJIEKTPUUECKUE 3aAPANEI B KAKOM-TO

CTEKJIIHHOM COCY€, KOTOPEIM MOT UX COXPAHUTE.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynok 5. OmeiTr MrocxenOpyka (Co CTapuHHOU T'PABIOPEHI )

Cpeoqu MHOTMX (PU3MKOB, 3aHABIIMXCSA MOJOOHBIMU SKCHEPUMEHTAMH, HAWOOJIBIIYIO
W3BECTHOCTE MOJyuna royuranackuii mpogeccop u3 r. Jlengena Ilurep MrocxenOpyk
(Mymen0Opyk) (1692—-1761 rr.).

3HasA, 94TO CTEKIO HE IMPOBOAUT SIEKTPHUYECTBA, OH (B 1745 r.) B34m B mpaByl PyKy
CTEKJITHHYI0 0aHKy (k0a0y), HAMOTHEHHYIO BOOOM (KOTOPAs ABIAIACE MTPOBOTHUKOM), OITY CTHII B
HEE METHYIO MTPOBOIOKY, BUCEBIIYIO HA KOHAYKTOPE EKTPOCTATUIECCKON MAIIUHEI, U HOIIPOCHUI
CBOET0 MOMOIIHMKA BPAIIATE AP MAIHWHEL (pUCYHOK 5 ). [Ipu 5TOM OH paBIIEHO MPERITOI0K U,
4TO 3aPA0bl, MOCTYIABIIME C KOHAYKTOpA, OyIyT HAaKAmIMBaTeCA B CTEKIAHHOM Oanke. [locne
TOTO KakK, IT0 €r0 MHEHHIO, B OAHKE HAKOIMJIOCH TOCTATOYHOE KOJIMYECTBO 3aPANOB, OH PEILINI
JIEBOM PYKOM OTCOEOUHUTH MEIHYIO OmPOBOJOKY. [Ipm 3TOM OH OmIyTwia CHIBHBEIN yaap, €My
MOKA34JI0Ch, YTO «HPUILIET KOHEI . OH MUCal, 4TO STOT «HOBBIM CTPAIIHEIN OTEIT COBETYIO CAMUM
HUKAK HE HOBTOPATE» U 4TO pagu KOPOHBI DpaHIu OH HE COTJIACHUTCA MOABEPTHYTHCA «CTOIb
YKACHOMY COTPACEHUION.

Tak Op1a M300perena neraeHckan Oanka (mo HasBanuto T. Jlelinena), a BCKOpe U OEPBEIi
OPOCTEUIINNA KOHAEHCATOP — OJHO W3 PACOPOCTPAHEHEHUIINX SIEKTPOTEXHUYECKUX YCTPOUCTB.
Omerr [1. MrocxenOpyka mpon3Besn MOAINHHYIO CEHCAIINIO0 HE TONBEKO Cpean (PI3HUKOB, HO M CPEaH
MHOTHX JIFO OMTEJIEHN, THTEPECOBABIINUXCA SIEKTPUUECKUMHU OMBITaMU. Y K€ B 1746—1747 rr. Ob1mu

pa3padoTaHEl IEPBEIE TEOPHUH JIEUIEHCKON OaHKH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynok 6. Onekrpocrarnueckas mamuHa boirorosa

OngHuM W3 BAKHEHIIMX TMOCHEACTBUM M300pEeTEeHUA JIEHIEHCKOM OaHKH SBWIOCH
yCTAHOBJIEHUE BIMAHUSA JIEKTPUYECKUX pa3psAIOB HA OPraHU3M UYEIOBEKA, YTO IPUBEIO K
3apPOKICHUIO SIEKTPOMEIUIIMHEL — ATO OBIIO MEPBOE CPABHUTEIBHO MIMPOKOE MPAKTHUUECKOE
MIPUMEHEHHE OJICKTPUYECTBA, CHITpaBIIEE OOJBIIYyI0 pPOAb B YIIYOJEHUM HU3yYEHUA
IEKTPUUECKUX ABIEHUN. OJTHUM U3 MUOHEPOB B O0JIACTH SJIEKTPOMENUIIMHEI OBLIT M3BECTHBIU
pyCCKUH yueHbI->HuuKIoneaucr Anapent TumogeeBuu bomoro (1738-1833 rr.). B ero
counHeHnuu [ 10] moapoOHO ommcaHsl MHOTOYUCIEHHEIE OMBITHL MO JTEUEHUIO «PA3HBIX 00NE3HEN»
C DOMOIIBIO CO3JAHHOW UM OPUTHUHAITBHOM U MPOCTOM AJIEKTPUYECKON MAIIWHEL C JIEHIEHCKOM
OaHk oM (pUCYHOK 6) 1 pa3HO0OPa3HEIX HHCTPYMEHTOB. MM Takxke ObL n300pEeTEHEI KOMIOAKTHEIE
CKJIAOHBIE U JOPOKHBIE MAIIUHEL C IMAMETPOM CTEKIIHHOTr O mapa 20 cm. B co3gannon um neppou
B Poccun crammonapHoit snekrposnedeOHune Oblia Oka3zaHa moOMOINIs TeICAYaM OosbHEIX. A.T.
bonoroBeiMm Obin Hamucan «Kpatkuii snexkrpuaeckuid gedednuk» (1793 r.) u «Mcropus moero
3JIEKTPU30BAHNS M BpAUEBAHUA PA3HBEIX 00I€3HEN OHEIMY» B Tpex Tomax (1792 r.).

Omneir I1. MrocxenOpyka ObLT TOBTOPEH B MPUCYTCTBUM KOPOJIA (ppaHiy3cKuM adbaTtom
Homne (1700-1770 rr.); on obpazosan uens u3 180 rBapaennes, B3ABIIMXCA 34 PYKH, IPUIEM
MEPBBIA AE€PkKaI OAHKY B PyKe, a MOCIEOHUI MPUKACAICA K MPOBOJIOKE, U3BIEKAS UCKDPY. Y Iap
MOYYBCTBOBAICSA BCEMH B OAWMH MOMEHT. OT 53TOM Lenmu COJJaT W MMPOU30MIEN TEPMHUH
«HIIEKTPUUECKAS LIETBY.

[TocrenenHO KOHCTPYKIMA TEUAEHCKON OAHKM COBEPIIEHCTBOBAJIACH: BOAY 3aMEHWIH
Opo0BI0, a 3aT€M HAPYKHAA MOBEPXHOCTH MOKPHIBATACHE TOHKMMM CBHHIIOBBEIMU MJIACTUHAMU, a
MO3JHEE BHYTPEHHIOID U HAPYKHYH ITOBEPXHOCTH CTAJM MOKPHIBATH OJIOBAHHOU (POJBIOM, H
Oanka mpuoOpena COBPEMEHHBIM BUI.

AOKYMEHT MOAMWCAH " "
[ pecrepeBsAcHIMAICCIENOBAHNN ¢ 0aHKOM OBIIIO yCTaHOBEHO (B 1746 r. aHTTMIaHUHOM

Ceptmudomkatr: 2C0000043ESABBBO952205E7/BAS00060000043E
Branendn. BIHIH@OHOM)ya HBEaKEAFICCTBO IEKTPUUECTBA, COOMpaeMoe B 0OaHke, MPOHOPIMOHATEHO

TOJIMIMHE OOKJIAMO0K U 00paTHO NPOMOPIUOHAITEHO TOMMIMHE U30JIAIMOHHOTO cnosA. B 70-x romax
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XVIII B. MéTanmnuecKne IIaCTUHEI CTAH PA3aENaTh HE CTEKJIOM, & BO3QYIIHEIM ITPOMEKYTKOM.
Tax mosBunca npocrenmmii KOHIEHCATOP.

DJIEKTPOCTATUUECKUE MAIIMHBI W JIEMOEHCKUE OaHKM HCOONB30BAINCH MEIUKAMH B
pazneix crpanax Epponbl. Kak yike oTMedanocs, 3HAUUTENBHBIN BKJIA B SJMEKTPOMETUIIMHY OBLT
caenan B.B. [lerpoBeiM, KOTOPEIIT HCHIOIL30BAM IS ATUX LENEH HE TOMBKO 3JIEKTPOCTATUUECKUE
MAIINHEI, HO KAK 5TO OyAET MOKAa3aHO B CAEIYIOMIEH IIABE, U YNEKTPOXUMHIECKUE UCTOUHUKH, B
JACTHOCTH CO3JaHHYI0 UM «OrPOMHYIO HAWMNAYE)» TraIbBaHUUECKYI0 Oarapero |5, 11].

Ycnexu B 00/1aCTH MCCIIENOBAHUA SIEKTPOCTATHYECKUX ABIECHUA U MX HPAKTHYECKOTO
IPUMEHEHU A, TOCTUTHYTHIE K KOHIY X VIII cTonerus, noATOTOBWIN MOYBY TSI OTKPBITHS HOBBIX,
paHee HE W3BECTHBIX fABJIEHWUM, CO3JaHUA MCTOUHUKOB IMOCTOSHHOTO AIEKTPUYECKOTO TOKA U
M3y4EHUs €T0 CBOMCTB. BCe 3TO mMpUBEIO K CTAHOBIEHUIO U TOCIEAYIONIEMY OYPHOMY Pa3BUTHIO
3JIEKTPOTEXHUKMH.

['oBOpss 0 BO3HMKHOBEHMH IOHATHUH «IMOTEHIUAT» («HAOPIKEHHUE») M «EMKOCTB,
HEOOXOOUMO OTMETUTh OONBIION BKJIAI BBIOAIOMIETOCA HWTATBAHCKOTO (u3nka Aneccanapo
Bonera (1745-1827 rr.) [11]. Ero mo mpaBy MO¥KHO HAa3BaTh OCHOBATEIEM SJIEKTPHUYECKOU
merponoruu. B psage csoux pador (1778—1782 rr.) on derko (GpopMyaupyer KOIMYECTBEHHBIE
3aBUCUMOCTH MEXKAY SIEKTPUYECKUM 3apAI0M, €MKOCTBEIO M HampskeHuem. «Korma emMKkocCThb
OosbmIE, TO JAHHOE KOJMWYECTBO SJIEKTPUYECTBA BHI3BIBACT MEHBILIEE HANPSIKEHHE... EMKOCTh U
3IEKTPUUECKOE NEUCTBUE, WIM HANPMKEHUE, HAXOOATCA B 00paTHOM OTHOmEHU». [Ipraem mox
TEPMHUHOM «HAIPAKEHUE» OH MOHUMAET HUHTEHCUBHOCTEH «WJIH yCHJINE, MTPOU3BOAUMOE KaKIOU
TOUKOW HA’IEKTPU3OBAHHOTO Tema». A. BompTa cozman Oonee COBEPIIEHHBIE SIEKTPOQPOPE U
3JIEKTPOCKONEI, B YACTHOCTHU KOHIEHCATOPHEIH 3JIEKTPOCKOTI.

Cpenu psana Teopuil SJIEKTpUIeCTBa, paspadoranneix B X VIII B., 3acnyxuBaer BHUMaHUA
Teopus mnerepoyprckoro akanemmka Jleomapma Oumepa (1707-1783 rr.) — omuoro wus
BBIJAIONINXCS y4Y€HBIX CcBoero Bpemenu. [lomodmo M.B. Jlomonocomy JI. Dunep orpunan
CYIIECTBOBAHUE OCODOM HJIEKTPUYECKOM MATEPUM W CUUTAN, YTO DIEKTPUYECKHE SABIICHUS
00y CIOBIEHEI PA3PEKEHNEM U CTYIIEHUEM d(pupa. ITa TEOPHUA ABIACTCI JATBHEUIINM PA3BUTHEM
uaen M.B. JlomonocoBa u mpubmmxkaercs k A¢gupHeiM Teopusam snexrpuuectBa XIX B. JL
DJUNEPOM OMHCAHA TAKKE U OOHA W3 KOHCTPYKIUM IEKTPOCTATUYECKON MamuHe (1761 r.), ot
KOTOPOH 3apsAKanacek NeNaeHCcKas DaHka.

YraoyOmeHnue uccnenoBaHul B 00IACTH CTATUUECKOTO SJIEKTPHUYECTBA HE MOTIIO HE

MPUBECTH K ONMPOBEPIKEHUIO PANA OMIMNOOYHBIX BBEIBOJOB, CAETAHHBIX (PM3MKAMHA B HAYAJILHBIN

IepUON M%aﬂempuqecma. OmgauM M3 TAKUX OIMIMOOYHBEIX BBIBOJOB OBLIO, KAK

Ceptudmkar: 2C0000043E9ABBBI52205E7BAS00060000043E
Bnanend7KE OTMEHAAQCH, YEBSPHACHUE O HEBO3MOKHOCTHU IIEKTPU3ALNHA METAJUIOB TPEHUEM.
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B konne XVIII B. pan eeponeinickux yueneix, a takxke B.B. IlerpoB mpuxomar
3AKJIIOUEHUI0O O TOM, 9YTO METAIBI MOTYT OBITH HAXJIEKTPU3OBAHEI MOCPEACTBOM TPEHUS IIPU
yCJIOBHUM UX TIIATEARHOM n3onanuu. Hanbonee yoenurensno 1o Ob1110 nokazano B.B. IlerpoBeim
B ero tpyne, uzganuoM B 1804 r. [4, 10]. On nokasan, 9to 0c00eHHO 3((PEKTUBHBIM CITIOCOOOM
YIEKTPU3AINA METAUIOB SABIETCA «CTETAHUE» MX BBLAETAHHBIM MEXOM HEKOTOPBIX KUBOTHBIX;
OH pa3paboTas psaa HOBEIX METOIOB AIEKTPU3ALNN PA3IMIHEIX TEI, & TAKKE YCTAHOBWI BIIMAHUE
BIAJKHOCTH OKPYKAIOMIETO BO30yXd HA HMHTEHCHUBHOCTEL DJIEKTPU3alMU. JTH BEIBOAE B.B.
[TerpoBa, a Takke €ro yKka3zaHue Ha HEYCTOMYUBOCTD ABJIECHUA SJIEKTPU3ALMH TEN ITOATBEPKICHEI
COBPEMEHHEIMH UCCIEN0BAHUAMI.

3acmykuBaeT BHUMaHug yrBepikacHue B.B. IlerpoBa 0 BO3MOKHOCTH 3IEKTPHU3AINH
JETOBEUECKOTO TEJIA MMOCPEICTBOM «CTETAHUM . ITO MO3BOJIIO BpauaM (OH MOAUEPKUBAET 3TO B
CBOEM TPYZAE) MPUMEHATH JJEKTPOJICUCHHE 0€3 YyCTAHOBKHU HIEKTPOCTATUYECKON MAILNHEL,
KOTOPYIO HE BCAKAM MEIUK MOT UMETh B CBOEM PACIIOPAKEHHH.

Pe3yapTaTel OOBITOB MO SJIEKTPHU3AIMM TKaHEH, ocymiecTBaeHHBEIX B.B. IlerpoBrim,
IPUBEJIN €T0 K CO3JaHUI0 3JIEKTPO(opa OPUTMHAIBHON KOHCTPYKIIMH, B KOTOPOM OCHOBAHUE U3
CMOJTBI OBLJIO 3aMEHEHO THIATENBHO MPOCYIIIEHHON «MATKOU 0alKO», CI0KEHHON B UETEIPE CIIOS.
YueHBIH MpPOBEN LENYK CEPUI0 HOBBIX SKCIEPUMEHTOB MO SIEKTPU3AIUN PTYTH U JIPYTHX
BEMIECTB MOCPEICTBOM TPACEHUA X B CTEKJIAHHBIX COCYIax.

B.B. IleTpoB cnenpansHO U3ydan ABJICHUS CTATHYECKOTO SIEKTPUUECTBA B PA3PEKEHHOM
BO3nyxe u armocdepe pazmmuHbeiXx ra3oB. C 95TOM 1EIBI0 OH MOCTPOWI COBEPIIEHHO
OPUTHHAIBHYIO AIEKTPOCTATHYECKYIO MAIIMHY (PUCYHOK §), MOMENIABIIYVIOCS MO KOJOKOJIOM
BO3IYIIHOTO HACOCA. Y CTAHOBJIECHHBIN TAM K€ TEPMOMETP MO3BOIISLIT HCCAEI0BATE YJIEKTPUIECKUE
paspAmbl IPH PA3HBEIX TEMIIEPATYPAX.

B uwacrnoctu, B.B. IlerpoB yOemurensHO mOATBEPANA BO3PACTAHUE DIEKTPUUECKOM
MPOBOOUMOCTH BO3QyXa HpPH €ro HArpeBaHuW; O0OHApYkUJ 00pa3oBaHME OKCHUAOB a30Ta HPH
3JIEKTPUUECKUX pa3pAnax B BO3IyXe.

B mocnemueir uwerBepru XVIII B. mauumaer Bce 0Oomee MpOABIATECS HOBBIM 00pa3s
MBILILIEHUSA YUYEHBIX, UCCIEAYIONMX SIEKTPUIECKUE U MATHUTHEIE ABJICHUA. COelaHHBIE €n1€ B
40-50-x romax M.B. JlomonocoBeim u I'.B. Puxmanom mnepBeie marun OT Ka4eCTBEHHBIX
HAOMIOAEHUN K yCTAHOBJIEHHUIO KOJIMUYECTBEHHBIX 3aKOHOMEPHOCTEH BBI3BIBAIOT BCE OOJIBIIUI
uHTepec. BO3MOKHOCTE mepexofa K KOJMMYECTBEHHBIM HMCCIEI0BAHUAM OOYyCIOBIMBANACH KAK

yCIexaMi MaTeMaTHKH, TAK U COBEPIIEHCTBOBAHNEM M3MEPUTEIBHEIX yCTPOMCTB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Pucynoxk 7. Onexkrpocrarnueckas mammna [lerposa

Kak yxe ormeuanocs, @. DOmMHYC MNBITAICI AHATATUYECKU OINPENEIUTE CHUIY
B3aNMOIEHCTBUS SIEKTPUUECKUX 3apanoB. Benen 3a num anrmuiickuii yuensiit ['enpu KaBenaum
(1731-1810 rr.) B cBOel craree (1771 r.) yKa3eiBas1 HA TO, 9YTO NPUTIKEHUE ABYX MIEKTPUIECKHUX
3apsaa0B 00parHO MPONOPHMOHAIBEHO PACCTOSHUIO B CTENEHW MeEHbHIE Tpersed. B 1766 .
anrmiuanuH 1. JleitH n300pen HOBEIM THIT SIEKTPOMETPA, MPEACTABIABIIETO COO0N pa3psATHUK C
rpangyupOBAHUEM PACCTOSHUA MEKAY IEKTpogaMu. C mMOMOMIBI0 TAKOTO 3JIEKTPOMETPA MOKHO
OBLI0O MO pACCTOSHUIO, OPH KOTOPOM MPOUCXOAWI TMPOOOH, OMPENENATh HAMPIKECHUE
3JIEKTPOCTATHIECKON MAamuWHEL. M3BECTHEI TakK€ MOMBITKA (PU3MKOB HANTH 3aKOH MArHUTHOTO
IEUCTBUA.

BaxuenmumM maroM B Pa3BUTUM KOMWYECTBEHHBIX HMCCIETOBAHUM NIEKTPUUECKUX H
MATHUTHBIX ABJICHUM OBIJIO yCTAHOBICHME 3aKOHA O CWIE B3aUMOJCHCTBUSA MEKAY
HAWIEKTPU3OBAHHBIMHU TEIAMHM M MATHUTHBIMHM ITOFOCAMU. JTHMH BONPOCAMH 3aHUMAJINCH
mHorue yduensie (@. Dmunyc, I'. Kapenaum u ap.), BEICKA3aBMIME OPEIITOIOKEHUE O «3AKOHE
0OpaTHBIX KBAAPATOBY.

Ho manbonpmmx ycmexoB cymen OOCTUYGL (ppaHIly3CcKuil BOEHHBIM wuHkeHep llapas
Orrocren Kynon (1736-1806 rr.). B Teuenne HECKOMBKHUX JIET OH MPOBOJNUI SKCIIEPUMEHTEI C
MOMOILEBIO MPUO0PA, KOTOPEIY BHAYANIE OBLI MPEAHA3HAYECH JJIS N3y YCHUA 3aKOHOB 3aKPYyIUBAHUS
IEJIKOBBIX M BOJIOCAHBIX HUTEH, 4 TAKKE MeTaummdeckux mpoBomok. B 1785 r. . Kynon
yCTAHOBWII, 4YTO «CHJIAa KPYYEHHUSA HOPONMOPHUOHAIBHA YLy 3akpyunBanua». OH pemwun
HCITOJIB30BATE ATOT MPUOOP I N3MEPEHUA «MATBIX AEKTPUUIECKUX U MATHUTHEIX CHD». [Ipubop
MO3BOJISAJT U3MEPATE «MENpUadMe creneHu cuiael», u L. Kymon HaszBam ero «xpyTHWIBHBIMH

BCCAMIL.
JOKYMEHT MNOANCAH

NEKTPOHHOW NOANWUCEIO
Coprucpmiar: 20004 PSIRARTALE 6 MEQLOMMEICHHBIX  OKCIIEPHMEHTOB  OH  YCTAHOBWI, 4TO  CHJIA

Bnaneneu: lllebayxqea TatbAHa AnekcaHpoBHa

B3dUMOICHUCTBHA HADJICKTPU30BAHHEIX TCJI IPOMNMOPIHOHAIEHA «KOJIHYCECTBY J3JICKTPHYCCTBA»?
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(5TOT TepMUH OBLUT UM BIIEPBEIE BBEIEH B HAYKY ) 3APAKEHHBIX TEJI U 0OPATHO MPO MOPHUOHATBHA
KBAZpaTy paccToaHusA Mexkay HuMH. [Ipu 5ToM B 110001 TOUKE MOBEPXHOCTU CUIIA HAIIPABJICHA
NEPINEHANKYJIPHO K 5TOM MOBEpPXHOCTH. lak Obinm oTkpeIT L. Kymonom 3nameHuTsIN 3aKOH,
HOCAmMM ero umsA. J1oT 3akoH L. Kymon pacnpocrpanui u Ha B3auMOJENCTBUE MATHUTHBIX
TOJTFOCOB.

[II. Kynon aHa/mTHUeCKM W ASKCHOEPUMEHTANBHO [O0KAa3ald, YTO SJIEKTPUYECTBO
pacupoCTpPaHAECTCA N0 IMOBEPXHOCTH NPOBOJHUKA, A TAKKE PABHOMEPHO PACHPENENACTCA II0
MOBEPXHOCTH M30JUPOBAHHOMN npoBoaanien cheprl. MccnemoBanusa 1. Kynona cmocoOcTBOBaM
MIPUMEHEHUI0O MATEMATHYECKOTO AaHaiIM3a B TEOPUM OJEKTPUYECTBA W MATHETHU3MA,
pacopOCTPAHEHUIO MATEMATHIECKOTO MOHATHA NOTEHI[UAIA (paHEe BBEACHHOTO B MEXAHHKY ) HA

CKTPHUUYCCKOC 1 MATHUTHOC ITOJIA.

Koumponsnwvie sonpocwi:

1. Kakyro pons i1 4eIoBeKa ChIrpasio n3o0perenue nemaeHckon Oanku?

2 KTO OTKpPBLI ABIEHUE SNEKTPOCTATUIECKON MHIYKIUH

3. HN3o06perenus [lerpora B.B.

4 Kak Ov11 OTKpEIT 3aKk0H Kynona?

5. [ToagroTOBUTE MpPE3CHTAIMOHHEIE MOPOEKTEI HA Temy: [IpOBO3BECTHMK HMOXH
snekTpuuecTBa Aneccanapo Bombsra. Beimatonmecs otkpeitus A. BonsTel. Co3ganne «BOJIBTOBA

cromOa». Ku3Hp u HayuHele uccnenoBanus akanemuka Bacwmis IlerpoBa. Kuzne u HayuHbie

uccraenosanus L. Kymona.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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IIpaxkmuueckoe 3anamiue Ne 3. Buowt snepeuu u coomeemcmeyruiiie UM HoCUmenu.
/Kusznue u nayunwie uccneoosanusn Jlyuoxncu I'anveanu. Hayunwtit noosuz Maiikna @apaoes.

M. @apaodeit — 0CHOBONOI0IHCHUK MEOPUL ITEKMPOM ACHUMHO20 NOJIA.

Ilens: V3yueHne UCTOPHUH PAa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPrE€THUKHU, 3aKOHBI

5JIEKTPOTEXHUKH U (pOPMHPOBAHHME €€ HAYIHEIX OCHOB.

Ocrnoevt meopui:

B teyenme mHOrMX cronetuil BoTh 10 mocaennend gerBeptu X VI B. yuensim Opuin
W3BECTHBI TOJIBKO ABJEHUA CTATHYECKOTO dyieKTpuuecTBa. [Ipomemmaennsi nepeBopor B XVIII
B. JAJ MONIHBIM TOJNYOK PA3BUTHIO PA3MIUYHEIX OTPACIEN HAYKH, B TOM YHCIE HAYKH 00
3IEKTPUYECTBE. B M3ydeHNN AMeKTPUYECKUX ABICHMNI OB JOCTUTHYTHI ONIPENEICHHBIE Y CIIEXH,
MMM HAYUHAIOT BCE O0OJIEE MHTEPECOBATHCSA HE TOJBKO (PM3MKH, HO M €CTECTBOMCIBITATEM, B
0COOEHHOCTH BPa4H, IMBITABMINECA IPUMEHATE SJIEKTPUIECTBO IS T€UCOHBIX 11EIIEH.

OTnoenbHBIE YUYEHBIE BBICKA3BIBAIM HNPEANONIOKEHHA, YTO €CIU «BCA NOpPUpOaa
3JIEKTPUUECKAA», TO U B OPraHA3Max 4YE€JIOBEKA M KUBOTHBIX IO KWJIAM M MYCKyJIaMm IOJIKHA
IPOTEKATH AT TAMHCTBEHHAA Marepusi. OIHUM U3 TOATBEPKACHUN YKA3AHHBIX BO33PEHNM OBLIH
5JIEKTPUUECKUE PBIOBL, M3BECTHEIE EIIE C APEBHUX BPEMEH. 1 aK BOZHUKIIO NPEACTABIEHIE O HOBOM
BUJE JIEKTPUYECTBA, HA3BAHHOM (OKUBOTHBIM).

HMccnenoBannemM MBIMIEUHBIX JBUKEHUM JIATYIIEK 3aHANCA MIPO(Eeccop aHaToOMHUM
bononckoro yausepeurera Jlynmxu I'ameanm (1737-1798). IlepBrie anexkTpopusnoiornaeckue
oneITEl JI. [ampBanm wan narymkamu otHocsarca k 1770 r. Coyersa 11 ner on omyOmmkoBan
pe3yapTATEl CBOMX MCCIETOBAHMI B 3HAMEHUTOM «Ipakrare O Cumax SJIEKTPUYECTBA IIPH
MBIILIEYHOM JBUKEHUN», ITOTYYHUBIIEM IIUPOKYHO U3BECTHOCTE.

Bo BpeMs 0IHOTO U3 9K CIIEPUMEHTOB, KOT A ITPENAaPUPOBAHHASA JIATYIIKA JIEKAJIA HA CTOME,
HAa KOTOPOM HaxOAWiIace HSAEKTpocTarndyeckas MamwuHa, JI. [anmeBanm 3amerwn, 49T0 €ciau
OPUKOCHYTBECS CKANbIENeM (WM TOOBIM HMPOBOOJHUKOM) K OE€IPEHHOMY HEPBY JIATYIIKU B
MOMEHT, KOTAA M3 KOHAYKTOPA MAIIWHBEI W3BAEKAETCSI MCKPA, TO MBIIIIIBI JITYIIKA CYTOPOKHO
cokpamjaroTca. JlormaHo OBIIO MPEAMOIOKUTHE, YTO U ATMOC(EPHOE SNEKTPHUUECTBO TOJLKHO
OEUCTBOBATE AHANOTWYHO. M meucTBUTENBEHO, NMPU BO3HUKHOBEHUW MOJIHHMHM MBIIIIEL JIATY KA
COKpamaInch. JKemas BBICHUTBH, KAKME ABICHUA OyayT HAOmromareca mpu sAcHOM moroxe, JI.
[NameBanu mpuKpenusi MEOHBIM KPHOYOK K JKENIE3HBIM nepunam Oankona. [Ipuxumas apyroi

[IOKYMEHT NOANWUCAH
KOHEI] KPHEHIE®HHOIEPIIArE®H CHOBA HAOMIO AN COKpanieHue Ml Jsrymku. [lomospesas, uro

Ceptudmkar:  2C0000043E9ABBBIS2205E7BA500060000043E
Bnagen@O CTONHHG:ATMOCPEPE-HSMENCTBY €T HA JIATYIIKY, OH MOBTOPWJI SKCHEPUMEHT B CBOEH JOMAIITHEH

HHGDPHTD HH. ITOJIOKHB HPEHHPHPDBHH'H}’I-D JIHF}’[HI{}’ HA4 ME‘THJ’[J’[H'—IECK}’I—D DGUIHBI{}’ CTOJId H
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OPUKAB METHEIN KPIOUYOK, OPOJETHIA UEPE3 CIIMHHOM MO3T JIATYIIKH, K CTOIY, OH CHOBA YBHUIEI
CUJILHBIE COKpAam€HWsA MBI JIArymKd. OmHAKO ©NOCIe 3aMEHBl OJHOTO0 W3 METAIIOB
HEMPOBOAHUKOM MBIIIEUYHBIX COKPANIEHUHN Y JHTYIIKN HE mpoucxoauno. Ho cokpamenus Obrmm
«IHEPrUYHEE U MPOTOJKUTENBHEE», €CIN JATYIIKA JIEKalla HE HAa JKEJIE3HOM JHCTE, a Ha
cepeOpsanont mractune. JI. T'ameBanu caenmam nOpaBWIBHOE TPEATNONIOKEHHE O TOM, UTO
COKPAMIEHNE MBI BEI3BIBAECTCA JEHCTBUEM SJIEKTPHIECKUX CHUJI, YTO MBIIIIEL U HEPBEI 00PA3yIOT
Kak Opl nBe OOkIankyu jmenpeHckou Oanku. Bcee 5T0 co3maBamo MOYBy IS MPEOCTABICHUU O
CYILECTBOBAHUM 0CODOT0 — (GKUBOTHOTO» — DJJIEKTPUYECTBA; TAKYK0 MBICIbL M BBICKazan JI.
[NameBanu niia 00BACHEHNA HAOMIO KABMMXCA UM (pakTOB. ITOMY npenmnonoxenuro JI. I'amsBanu
npugan (popmy TEOpHUM, U3IT0KEHHOM B YIOMAHYTOM «lpakrare 0 CWiIax SJIEKTPUYECTBA IIPH
MBIIIIEYHOM NOBHKEHHWY». [eJ0 KHUBOTHOTO ABIANIOCH, cormacHo Birmamam JI. [ampBadm,
CBOCOOPA3HOU JICUIECHCKON 0aHKOM, CIOCOOHOM HA HEMPEPBIBHOE MOBTOPHOE AEUCTBUE. ONEBITHL
JI. 'aneBanmn BeIBanu OOnemon mHrepec. Cpean (PU3MONOTOB CTana emie OONbIIe, 4EM PaHEE,
YKPEILUATHCSA MBICIE 00 3JEKTPUUECTBE KAK YOIUBUTEILHOM HOBOM CPENCTBE U UCHENEHHA. UTO
Kacaercs (PU3MKOB, TO UX B3TJIAIBI HA ABJIEeHUS, HAOmogasmmecs JI. 'aneBanu, pazouumce. Oqau
cormamanuce ¢ JI. T'ampBanmm u cuwTanm, 9TO0 «TAITBBAHWUYECKOE», WIH (GKHMBOTHOEY,
5JIEKTPUUECTBO HMMEET COBEPIICHHO WHYHK MPUPOAY, YEM SJIEKTPUYECTBO TPEHUSA, APyTrue
OTOIOECTBIIIA 004 BUIA DIEKTPUIECTBA; HAKOHEL, TPEThA rpynna (Pu3uKoB BOOONIE OCHapuBaIa
CYILIECTBOBAHUE «KUBOTHOTO» 3JIEKTPHUIECTBA.

M. ®dapaneni Takxe BEICTYIIAT NPOTUB KOHTAKTHOW TEOPHUN SJIEKTPUIECTBA, YKA3EIBAA, UTO
HET TAKOTO Ciaydas, Jake MPH yaapax SIEKTPUUECKOTO YIPA M CKATa, KOTJa SJIEKTPUUECTBO
HOIy4an0Cce Okl O€3 3aTparsl KAKOT0-IM00 APYroro BUAA SHEPTHH.

MHOrO4UNCIEHHBIE OIBITEL [0 AJEKTPOJN3Y Pa3INUHBIX KHUIKOCTEH BCKOPE INMPUBEIN K
HEOOXOOUMOCTH O00BACHEHHS MEXAHU3MA NIEKTPOIN3A, BEI3BAIN MOTPEOHOCTE B TEOPETUUECKUX
000CHOBAHUAX MPOUCXOANIMX ABJICHHUM. leopum snekTponus3a OB NPENIOKEHBl PAIOM
YUYEHBIX, HO HauboJee MPUOMMIKEHHON K COBPEMEHHEIM BO33PEHHUAM HA MPOLECCHL MIEKTPOIN3A
ABUIACE TEOPUS AIEKTPOIM3a TUTOBCKOTO Tipodeccopa Teomopa I'potryca (1785—1822), kotopas
OpL7a, IO CyNIECTBY, MEPBOM HOHHOW TEOPUEH ANEKTPOMMTHYECKUX ABneHU. 1. I'porryc B 1805
r. omyOomikoBan «Memyap 0 pa3noxKeHUH MPU MOMOIIM TaTkBAHUUECKOTO SJIEKTPUYECTBA BOIHI, 4
TAK/KE€ PACTBOPEHHBIX B HEM Tem». Teopusa T. I'porryca Oplna mepemoBor i CBOETO BPEMEHH,
OHA mpoxepxamack B Hayke Oomee 70 ner, yCTymMB MECTO TEOPHHM SJIEKTPOJIUTHYECKOU

nuccoumarmu. M3secTHeie 3ak0HBI nekTpoansa 0srmt copmymipoBansl M. @apageem B 1833

1834 w.%%%ﬁ%gﬂm&m TEPMHHEL «3JEKTPOI», «AHOI», KKATOI.

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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bospmION BKJIAA B COBPEMEHHYIO IEKTPOTEXHUKY BHEC AHTIMMCKUM yueHBIM Maiki
@dapanei, Tpyael KOTOpPOro, B CBOK OYEpenb, OBLIM MOATOTOBICHBI MPEAMIECTBOBABIINMHU
paboTaMu 10 U3y4YEHHIO AMEKTPUUECKUX U MATHUTHBIX SABJICHHH.

EcTte HeuTo cumBOmmueckoe B TOM, 4r0 B ron poxaenus M. dapages (1791) Obin
omyOmukoBad Tpakrat Jlyumxu ['anpBanu ¢ mepBEIM OMMCAHUEM HOBOTO (PM3MUIECKOTO ABIECHUS —
YIEKTPUYECKOTO TOKa, a B roxm ero cmepru (1867) Owmima m3o0pereHa auHamMoO-mMammnHa —
CaMOBO30YKIAIONINICS TEHEPATOP NOCTOAHHOTO TOKA, T. €. MOABWIC HANCKHBIN, SKOHOMHYHBIH
1 yIOOHBIN B 9KCILTYATAIUA UCTOUHUK SEKTPUIECKOUN SHEPrun. KM3Hb BEMKOTO Y4EHOTO U €T0
YHUKQJIbHAS TI0 METOAAM, CONEPKAHUIO U 3HAUYEHUIO JEATEILHOCTh HE TOMBKO OTKPBIIH HOBBIH
paznen (pu3uKu, HO M CHITPAJM PEIIAONIYI0 POIb B POKACHUHM HOBBIX OTPACIEH TEXHUKH —
5JIEKTPO- U PATAOTEXHUKH.

Bor yxke Oomee Beka MHOIME MNOKONEHWA Y4YANIMXCA HA YpOKax (Qu3umkum u u3
MHOTOYM CJIEHHBIX KHUT Y3HAIOT UCTOPHUIO 3aMEUaTEIbHOMN JKU3HU OJHOTO 13 CAMBIX 3HAMEHUTBIX
YUYEHBIX, WIeHA 68 HAydHBIX 00n1eCcTB 1 akanemuil. O0b1aHo umsa M. @apanes CBA3BIBAIOT C CAMBIM
3HAUATEEHEIM U ITOTOMY HAWOOJIE€ M3BECTHBIM OTKPBITHEM — SBICHHEM SJIEKTPOMATHUTHOM
UHAYKIMM, caenanHsiM UM B 1831 1. Ho emie 3a rom mo storo, B 1830 r., 3a uccnemoBanus B
obnmactu xummm u snekrpomarHetmama M. @apapein Opin M30paH MOYETHBEIM  WIEHOM
[lerepOyprckon akamemun Hayk, uwIeHOM K€ JIOHZOHCKOTO KOPOJEBCKOro OOmIeCTBa
(bpuranckon akamemuu Hayk) oH ObuT M30pan eme B 1824 r. C 1816 r. (korma yBumena cBer
nepBad HayuHasa padbora M. @apanes, mOCBANIEHHAS XUMUUECKOMY aHAIN3Y TOCKAHCKON U3BECTH)
mo 1831 r. (korma cram nOyOMMKOBATBECSA €T0 3HAMEHUTHIM HAYYHBIM  JTHEBHUK
«IKCMEPUMEHTAIEHBIE UCCIENOBAHUA O SnekTpuuecTBy») M. @Dapaneem ObL10 OmyOIMKOBAHO

cBeImE 60 HAYYHBIX TPYOOB.

Koumponsnwie sonpocwi:

l. Kro wu300pen nepBeii npocreumwuit  Tpancpopmarop? Ero koHCTpykumsa u
HAa3HAUYEHHUE.

2. Kakum 00pazom nepenaBanace 3NEKTPOSHEPTUA HA OOIbIINE PACCTOSHUA

3. OcnoBueie ombiTel M. Dapanes mpUBEANX K OTKPBITUIO SJIEKTPOMATHUTHOU
UHIYKIHH.

4. [TogroToBUTE mpPE3EHTAIIMOHHBEIE TMPOEKTHI HA Temy: KW3HB W HAy4YHBIE

uccnenoBanus Jlynmxu [NameBamm. Hayuwerii mogBur Maiikna @apanes. M. ®@apagenn —

OCHO Bﬂngﬁﬁ%ﬁ'ﬁgﬁ%mi@ EKTPOMArHUTHOTO ITOJIA.
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IIpaxkmuueckoe 3anamiue No 4. Buowt snepeuu u coomeemcmeyuiiie UM HoCcumenu.
Kusuwv u nayunote uccneoosanun I. C. Ipcmeoda. Ocrnosamens snekmpoounamuku Anope

Mapu Amnep. A. Amnep: nyms ¢ nayky. I'eope Om: uepes mepuuu k crage. Om. 3axon Oma.

Ilens: V3yueHne UCTOPHUH PAa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPrE€THUKHU, 3aKOHBI

5JIEKTPOTEXHUKH U (pOPMHPOBAHHME €€ HAYIHEIX OCHOB.

Ocrnoevt meopui:

[lepBeiM yueHBIM, YOEOWUTENBHO IIOKA3aBIIMM CBA3b MEKAY OJJIEKTPUUECTBOM H
marmerusmoM, Ovin I'. X. Opceren. XoTs, Kak yxke OTMEYAIOCh, 3HAUUTEIBHO PAHEE 3Ty CBA3b
obnapyxmuin Jl. Pomansosu [10, 11]. I'. X. Opcren, Oyayan nokropom ¢punocodpum, pa3MeInuisas O
B3aMMOICHCTBUHN PA3TUYHBIX (PU3NUECKUX SABJIECHUM, MMPUILEI K BEIBOIY O TOM, UTO JOJIKHA OBITH
b MEXKIY TEMIOTOU, CBETOM, MATHETU3MOM M snekTpuuecTBOM. Ente B 1812 r. B oqHOM M3 CBOMX
TpynoB I'. X. Jpcren BEICKA3BIBAI NPENIOJIOKEHHE O CBA3M MEKAY OJJICKTPUIECKUMH H
MArHUTHEIMH SBJIE€HUAMU: «(Ciexyer ucnpoOoBaTe, HE MPOU3BENET JIM NIEKTPHUUECTBO B CBOEH
CaMOM CKPBITOM CTaOUM KAKWX-TMOO0 OEMCTBUM HA MATHUT KAk TakoBom». Ilo3gHee, korma BO
BpEM: €ro JEeKIUH CTyaeHTaM KomeHrareHCKOoTo YHUBEPCUTETA OH JEMOHCTPUPOBAI HATPEBAHUE
MPOBOJIOKH SJIEKTPUYECKUM TOKOM U CTPEJIKA KOMIIAca, CIy4alHO HAaXOIMBIIETOCA PAIOM,
OTKJIOHWIACK, . X. Jpcren yOenuicsa B CIpaBeaInBOCTH CBOEU JABHEHM TOTAIKH.

B 1820 r. mocne pmomomHuTensHBIX OSkcnmepuMeHToB I X. ODpcren omyOmikoBan
pe3yapTaTel CBOMX HAOMOOEHMI 3a AEHCTBUAMH TOKA HA MATHUTHYIO CTPENKY, BBI3BABIINE
OOMBIION MHTEPEC CPEAU YUEHBIX PA3HBIX CTPAH M MOJYYHMBIIME B MX TPYJAX OANbHEUIIEe
pa3BUTHE.

B 1820 r. memeukuut ¢uzux Horan X. C. Ilseitrrep (1779-1857) npenmoxun
MCITOJIb30BATh OTKJIOHEHHME MATHUTHOM CTPEIKH SJIEKTPUYECKUM TOKOM [UIA CO3JaHHUA IEPBOTO
W3MEPUTENBHOrO Tpubopa — wuHAUKATOpa TOKA. Ero mnpudop, nomyduBmIMIT HA3BAHUE
«MYIBTUILIMKATOPA» (T. €. YMHOXKAIOMIEr0) NPEACTABIAA COOOM MATHUTHYIO CTPENKY,
MOMENIEHHYIO0 BHYTPH PAMKH, COCTOSAMIEH M3 HECKOJIbKIUX BUTKOB MpoBOa0oKH [10].

OmgHakO BCIAEOCTBUE BIUAHHUA 3E€MHOTO MATHETH3MA HA MArHUTHYIO  CTPEIIKY
MYJIbTUIUTUKATOPA €T0 moKa3aHusa Opm HeTOUHBIMU. A. Ammep B 1821 r. mokasam BO3MOKHOCTE
yCTPAHEHUS BIMAHUA 3€MHOTO MAarHeTHU3Ma ¢ MOMONIBIO0 ACTATUYECKOH Mapel, MPEACTABIAIONIEN
coOOM [B€ MArHUTHBIE CTPEJIKH, YKPEIUIEHHBIE HA OOme MemHOM OCH M PACHOJIOKEHHBIE

AOKYMEHT MOAMNNCAH
MapALIC ABHOROHHOTAIIFOCAM, OOpANeHHEIMA B NOPOTHUBOIOJOKHBIE CTOpoHBEL. B 1825 1.

Ceprudomkar: 2C0000043ESABBESS2205E7BAS00060000043E

Brapend)J10 peRyHHCKIEHanpageccop Jleonapno HoOwmmu (1784—1835) ckoMOMHUpPOBan acTarM4eCcKyro
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napy C MyJIBTHILIMKATOPOM M IMOCTPOMII TAKUM 00pazom Oosiee 4yBCTBUTEABHEIM HNPUOOp —
npoo0pa3 raJbBaHOMETPA.

B 1820 r. /1. ©. Aparo oOHapyun HOBOE SBJICHHE — HAMATHUYUBAHUE ITPOBOIHUKA
MPOTEKAIIMM IT0 HEMY TOKOM. Ecim MenHas nmpoBOIOKa, COEIMHEHHASA C IMOMICAMU BOILETOBA
CTOJI0a, MOTPYKATACH B JKEIE3HBIE OMAIKHA, TO MOCAETHNE PABHOMEPHO K HEN NPUINNAIH; TIPH
BRIKTIOUEHUHM TOkKa omuiaku maganu. Korma J[. @©. Aparo Opan BMECTO MEIHOM IMPOBOJIOKH
KEIe3HYI0 (M3 MATKOTO JKEIe3a), TO OHA BPEMEHHO HAMATHUYMBANIACE; KyCOUEK CTAIM IMPU TAKOM
HAMArHWYMBAHUM CTAHOBUICA MOCTOAHHBIM MarHuTOM. [lo pexomenmanmu A. Ammepa [[. @.
Aparo 3aMeHUI TNPAMOJMHENHYIO IPOBOJIOKY IPOBOJIOYHOM CIHPANBI, IIPH  STOM
HAMATHUYMBAHUE WIOJIKH, MOMEMIEHHOM BHYTPH CHHUpAIHM, YCHIMBANOCh. lak Obpun co3maH
coneHoua. OmerTel [, @. Aparo mepBeIMHM YKA3aad HA SJIEKTPUIECKYIO MTPUPOTY MATHETU3MA U
MOKA3aJIX1 BO3MOKHOCTE HAMATHUIUBAHUS CTAIN SIEKTPUIECKUM TOKOM [11].

B mponecce ceoux uccnenoBanu [[. @. Aparo B 1824 r. oOnapyxun enie 0OqHO HOBOE
ABJICHUE, HA3BAHHOE UM «MAarHETHU3MOM BPANICHUA», ITPABWIBHOE OOBACHEHHE UETO, KAK Oyner
moKa3aHo panee, 0eno gano M. dapaneem TOMBKO MOCHE OTKPBITUSA SBJIEHUA SJIEKTPOMATHUTHOM
WHIYKIHHA.

HoBEIM marom oT KaueCTBEHHBIX HAOIIOAEHNH JEUCTBU TOKA HA MATHUT K OTIPEAECIIEHUTO
KOJMYECTBEHHBIX 3aBUCUMOCTEM SBWJIOCH YCTAHOBJIEHHWE (DPAHILY3CKUMH YYE€HBIMH JKaHoM
batucrom buo (1774-1862) u ®emukcom CaBapom (1791-1841) 3akona pencTBua TOKa HA
maraur. IlpoBens psang skcmepumenToB, oHM B 1820 r. yCTaHOBWIM CHEOyromiee: €Ci
HEOTPAHWYEHHOM IIMHBI MPOBOJ C MOPOXOAAMIMM MO HEMY TOKOM JEMCTBYET HA YACTHUILY
CEBEPHOTO WJIM IOKHOTO MATHETH3MA, HAXOJANIYIOCS HA W3BECTHOM PACCTOSHUN OT CEpPEIUHBI
MpOBOAA, TO PAaBHONECHUCTBYIOMIAA BCEX CHJI, HCXOIAIMIMX W3 MPOBOLA, HAIpPaBICHA
NEPINEHANKYJHIPHO K KparTdaumemy pacCTOSHUI0 YAaCTUIBI OT MPOBOAA W 00miee OEeUCTBHUE
IpOBOAA HA JIFOOOH, FOKHEIA WIN CEBEPHBIM, MATHUTHBIN 3JIEMEHT 00OpPaTHO OPOMOPILMOHATEHO
PACCTOSHUIO OT MOCHEOHETO N0 mpoBoAa. OOHApPYKEHNE TAHTEHIMAIBHON COCTABIIAIONIEN CHJIBI
MO3BOIIIO OOBACHUTE BPANIATENEHBIN XaAPAKTEP ABUKEHUA MPOBOIHUKA OTHOCUTEIBHO MATHUTA.

Opaniysckuii yuensit [Isep Cumon Jlannac (1749-1827) nokazan BmOCIenCTBUM, UTO
CUJla OEUCTBUsA, CO3JaBaeMas HEOOJBININM YUYACTKOM NOPOBOIHUKA, W3MEHAETCA O0O0parHo
MPOIIO PLIUOHAIEHO KBAAPATy PACCTOAHUA.

Baxueitmee HayuHOE M METOOOJIOTUYECKOE 3HAUEHHE B PACIIMPEHUN HUCCIEIOBAHUSA

HOBBEIX fIBICHWM HUMEIH TPYABl OJHOTO M3 KPYMHEUMMX (PpaHiy3Cckux yueHslXx AHIape Mapu

Amriepa Mgg%ﬁ%amﬂmﬂe OCHOBBI 3JIEKTPOTUHAMUKH.

Ceptvdukar:  2C0000043E9ABSBI52 DEE?BASGEEIEEEIEI. ﬂa%g
Bnaneney: et ADIEP AAPUCYHOK | D) BIJI HEOOBIKHOBEHHO OJAPEHHBIM OT IPUPOAEI YEIOBEKOM.

HecmoTps Ha cnaboe 310pOBBE, OH HEYCTAHHO 3aHUMAICA (PyHIAMEHTATBHBIMM HAyYHBIMH
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HCCIEJOBAHUAMM M BHEC HEMEPKHYIIUM BKJIAA B COKPOBHUIIHHUIY MHUPOBOM IMBUIM3AnUU. Ero
UCCIENOBAHMA B 001IacTH JJIEKTPOMArHEeTU3Ma OTKPBIIM HOBYIO CTPAaHHLY B HCTOPHH
HIEKTPOTEXHUKU. [Ipn m3yuennn sTux ABIEHUH APKO MPOABUINCE (PEHOMEHANBHBIE CIIOCOOHOCTH
A. Ammepa.

On Boepseie y3HAT 00 omerTax ['. X. Opcrena Ha 3acemanuu [lapikckoi akaneMun HayK,
rJI€ UX TOBTOPWI BO Bpems cBoero coodmienus J1. @. Aparo. Bmecre ¢ BocxunieHuem A. Ammep
UHTYWUTUBHO MNOYYBCTBOBAJ BAXKHOCTH OTKPBITUA JPCTENd, XOTA PAHEE OH HE 3aHUMAJICA
M3y4EHUEM NEKTPOMATHUTHEIX ABJIeHUN. W poBHO uepes nenemto, 18 centabpa 1820 ., A. Ammep
BBEICTYHAET HA 3aCEIaHUN AKaIEMHUH C JOKJIAI0M O B3aMMOJEHCTBUM TOKOB U MATHUTOB, 4 3aTEM
OPAKTUYECKH €KEHENENBHO (C TAKOW MEPUOANYHOCTHIO MPOBOAUIMCH 3acenanus llapukckoi
AKAOEMHUU HAYK ) OH U3JIaraeT nepeq KpymHenmmMu (ppaHIfy3CKUMH YIEHBIMH PE3YIBTATE CBOUX
SKCHEPUMEHTAIBLHBIX U TEOPETUYECKUX HUCCIENOBAHNUM, KOTOPEIE ITO3IHEE OBLIN OTPAKEHEL B €r0
3HAMEHUTOM TPYIE MO JIEKTPOIUHAMUKE.

B ognoMm 13 mucem A. AMmep ImoI4EpPKHUBAET, UTO OH «CO3A]I HOBYI0 TEOPHUIO MArHUTA,
CBOANIYIO BCE ABIECHU A K ABIECHUAM ranbBanu3may. [lopazurensna noruka ero o000nieHnui: ecim
TOK — 5TO MArHWT, TO OBA TOKA AOJLKHBI B3aMMOIEHCTBOBATE MOOOOHO MAarHuTam. lemeps 3To
KaeTCs OUEBMIHBIM, HO 10 A. AMIepa HUKTO TaK YETKO HA 3TO HE yKa3al. bnectanme no3Hanus
B 00yacT MaremMaruku mo3BomaM A. AMnepy Teoperudecku 000OmIMTE pPe3ynbTaThel CBOMX
HCCIEN0BAHUIN U C(POPMYTHPOBATHE U3BECTHHIN 3aKOH, HOCSTIAM €r0 UMS.

B. B. IlerpoB emie B Hauane XIX B. yka3zam Ha CBA3b MEXKIy MOMEPEUHBIM CEYEHUEM
OpOBOAHMUKA M BenMuMHOM TOka B Hem. B 1821 r. X. [I3Bu yCcTaHoBUI, 4TO OPOBOIUMOCTH
MPOBOIHUKA 3aBUCHUT OT MATEPHUAJIA U TEMIEPATYPHL; OH TAKKE MPUILIENT K BEIBOAY O 3aBUCUMOCTH
MPOBOJAMMOCTH OT IUIOIIANH ITOIEPEUHOr0 CEYECHUA NPOBOAHUKA. boisee riryOOKo 3Tu ABIEHHA
OpLM HccnenoBansl HeMeKUM (pusukom ['eoprom Cumonom Omom (1789—1854).

[TepBeni sTan nccnegoBanuit, Hadareix ['. C. Omom B 1821 r., korma on padboran yaurenem
MATEMAaTHKU U (PU3UKU B OOHOW W3 MIKOA T. KenbHAa, OTHOCWICSA K W3YYEHUIO MPOBOJAMMOCTH
pPa3mIuHBIX

OpPOBOJHUKOB. 3HAYEHNUE TOKA U3MEPAIOCH MO MATHUTHOMY AEUCTBUIO: /I ATUX IEIEH OH
coopyaui mpudop, moaoOHeIN KpyTWIBHEIM BecaM LI, Kymona, Ho BMeCTO Oy3WMHOBBEIX HIAPHUKOB
HAJ MPOBOJIHUKOM OBIIIA MOABENIEHA MATHUTHAA cTpenka. [1o yrioy kpydeHus HUTH MOKHO OBLITO
CYIUTh O TOKE, NEUCTBYIOMIEM HA CTpesKy. Pacrmonaras mpoBOOHUK B HATPABJIEHHH MAarHUTHOTO

mepuauana, . C. OM yCTaHOBWJI MOCTOSHCTBO yIJIa KPY4YEHHSA HUTH, UYTO IMOATBEPKIAIO

nﬂcmm{gﬂﬁéypﬁﬁmm}ﬁ{mx y4acTKax LEIH.

Ceptudmkar: 2C0QD0043ESABBB952205ETBAS00060000043E
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METAJIIIOB, H3 I{DTDPLIK H3TOTOBIAITIHUCE HpDBD,I[H’H]’:{H, HCCICTOBAJI TAdKXKEC 3dBHCHMOCTE }’Fﬂﬂ
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OTKJIOHEHMSA MATHUTHOM CTpPEIKH OT IUIONIAAM MMONEPEUHOro CedeHus npoBoaHuka. OnH
yCTAHOBWJI, YTO HPOBOJOKKM M3 OJHOTO MW TOr0 K€ Marepuaid, pa3IM4yaromAeci IUIONIAIbIo
MOMEPEUHOT0  CEYEHWA, MMEIT  «...0OMHAKOBYIO HPOBOOUMOCTB, €CJIM MWX JUIMHBI
TPOIIO PIUOHATIBHEI TONEPEYHBIM CETEHHUAM.

Bo Bpemsa mpoBemenus omeiTOB [. C. OMm CTONKHyICA C OONBIIMMH TPYIHOCTIMU:
3JIEKTPOABMIKYIIAA CHIA TAIBBAHWUECKHX SJEMEHTOB 3aMETHO CHUKATACE B MPOIECCE MX
SKCILTyaTaluK, MEXaHM3M pPadOTBEl MCTOYHUKOB HUTAHWA OBLI HEW3BECTEH, OOMIENPUHATBIX
METOJ0B OMNPENEJIEHUA OSJIEKTPOIMPOBOIHOCTH IMPOBOTHUKOB HE CYNIECTBOBANIO, B HAYYHYIO
MPAKTUKY HE OBLIIM BBEIEHBI BEIMUUHEL, XaPAKTEPU3YIONINE TOK B 1I€MH, HE OBLJI0 MpuOOpOB s
U3MEPEHUS STUX BemM4uH. HyxkHO OBLIO paszpadorare HE TONBKO METOOUKY ITPOBEICHUA
YKCIEPUMEHTOB, HO M CO3JaTh COOTBETCTBYIOMIME MPUOOPE, 00€CHeunuTs OOMBITYI0 TOYHOCTH
n3MepeHn. Bce 53T0 moTpedoBanmo OT YYEHOTrO HE3aypsagHOr0 MAacTEpPCTBA, YHOPCTBA U
HAaXOAUUBOCTH. EMy IpHIUIOCE OTKA3aTbCA OT TAJBBAHWYECKHUX Oaraped W 3aMEHUTh HX
TEPMOS3IEMEHTOM, U3TOTOBUTH HECKOIBKO KOHCTPYKIUH MyIbTUIUTMKATOPOB.

Ha ocnoBe mmoroumncnenusix skcnepumMenToB . C. Omy ymaercsa BeiBECTH (popmymy,
CBA3BIBAIOIIYIO «CHITy MATHAUTHOTO JEUCTBHUA IMMPOBOIHUKA» (T. €. TOK) € IEKTPOBO30YyKIar0MIEH
ciwionn (D/]C) ucrouHMka M CONPOTHUBIEHHUEM II€MA, — O5TO yxke€ ObUla OCHOBA 3aKOHA
SJIEKTPUIECKOUN LIEITH.

[Tpomonxkas coBepmeHCTBOBATh M3MEPUTENBHYIO yCTaHOBKY, . C. Om paszpabarsiBaer
OPUTHHAIBHBIE TEOPETHUECKUE MOJIOKEHUA, XAPAKTEPH3YIONINE ITPOLECCH B AIEKTPUYECKHX
LEIMAX: M3YUUB TEOPETUUECKHE UCCIETOBAHNA B 00IACTH TEILUIONMPOBOIHOCTH W THAPABINKH, OH
BIEPBEIEC MPOBOAUT AHAIOTHIO MEXKAY OBUKEHHEM IEKTPHUUYECTBA U TEILUIOBEIM WM BOISHEIM
MOTOKAMH M MPUXOIUT K BEIBOAY, YTO PA3HOCTE ITOTCHIMAIOB UTPAET POJIb MANEHUA TEMIIEPATY]
WM PA3HOCTH YPOBHEU BOOEI B TpyODax.

B 1827 r. BeIXOoOWT B CBeT €ro (pyHIaMEHTAIBHBIM TPya «[ ampBanwdeckas IEms,
paszpaborannas maremarndecku gqokropom I'. C. OMom» (OH Takke€ U3BECTEH MOJ HA3BAHUEM
« Teopernueckune MCCAETOBAHUS HIEKTPUUECKUX IeNe»). 3akoH, Hocammiu ero umsa, ['. C. Om
chopmymupoBan  crenyrommm — oOpazom:  «BemuumHa TOKAa  TanbBAHUYECKOM — LIETH
MPOIIOPLUHOHATIBHA CYMME BCEX HAMPIKEHUH U 00PAaTHO MPOMOPIIMOHAIEHA CYMME IPUBEIEHHBIX
IUH» (MO «IPUBENEHHBIMHU [JIMHAMH» ITOAPA3yMEBAECTCA CONMPOTHBICHHE BHEIIHENM 4YaCTH
nermn). Ecim nens nuraercsa ot 0arapeu, To Tok nponopuuonaier 3J|C snemenra (B uncimTene),

d B 3HAMCHATCIC KPOMC COIIPOTHBICHHA ILCITH VKA3ZBIBACTCA W BHYTPCHHCC COIIPOTHBJIICHUC

NOKYMEHT NOANWUCAH
IICMCHTdAEKTPOHHOW NOAMUCHIO
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TAK U M0 XUMUUECKOMY JIENCTBHUIO TOKA. Heckonpko net 3akoH ['. C. Oma He morydan mpu3HaHus,
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OTYACTU MOTOMY, YTO B IEPBEIX €r0 MyOmMKanuax OBUIM AOMYIIEHEI HETOYHOCTH, a4 TAKKE IO
MPUYNHE HENOCTATOUHON U3BECTHOCTH UMEHH CKPOMHOTO IIKOJIBHOIO YIUTEIA.

OnHako mocne MOATBEPKICHUS NpaBWiIBHOCTH 3akoHA [. C. Oma Takumu W3BECTHBIMH
IEKTPOTEXHUKAMH, KAk merepOyprckue akageMuku Ovuand XpuctuanoBud Jlenn u bopuc
Cemenosuu Sko0u (1801-1874), a takxke mpucyxaenus . C. Omy 30m0T0u menanu JIoHmoHCKUM
KOpOJIEBCKUM 00m1ecTBOM (1842) ero Tpya mo mpaBy 3aH:AJI MOYETHOE MECTO B HayKe. OH ABUICA
(yHZAMEHTOM TEOPETUUECKON NIEKTPOTEXHHUKHA U COXPAHWII CBOE 3HAUECHUE N0 HAmMX qHeH. Ha
[Teppom MexnyHapoHOM KOHIPECCE SMEKTPUKOB €IMHUIA COMPOTHUBIIEHUSA TOKA ObLIa HA3BAHA
«OMOMD).

Kpome uccnemoBanuit B 001acTv 3MEKTpUUECKUX memert Om 3aHumanca mpodrmemMamu
AKy CTHKH, TTOMAPU3AIINU CBETA, CO31aBAJI OPUTHHAIBHBIE TEMOHCTPAIIMOHHEIE TPUOOPEI. B oTBET
Ha OpocbORl kouter Om HAmMCan OYEHb COAEPKATENBHBIM M XOPOMIIO WILIIOCTPHUPOBAHHBIN
yueOHHK 10 (prU3nKe, OQHAKO BTOPOU TOM CBOETO KAMUTAILHOTO TPYAd 3aBEPIINUTE HE ycren. Om
mucana, 9yro padora Ham ydueOHMKOM MPHHECIA €My «MHOTO pamocti». CoXpaHunoCh TaKKe

HEMAJIO 3JIEKTPOMArHUTHEIX YCTPOMCTB, CO3JaHHBIX pyKaMmu Oma.

Konmponsnwie eonpocwi:

l. OOnapyKeHNUe U U3YUECHUE OEUCTBUS SIEKTPUIECKOT 0 TOKA.

2 OTKpBITHE SIEKTPUIECKOMN IYTH U €€ MPAKTUUECKOE UCITOJIE30BAHUE.
3. B3zanmonpencTBue 3MEKTPUIECKOTO TOKA U MATHUTA.

2! YcTaHnoBaeHNE 3aKOHOB AIEKTPUYECKOM TIETH.

5. [ToaroToBUTE mNpe3EHTAIMOHHBEIE TNPOEKTH HA Temy: JKu3HP W HaydHEIE
uccraenosanus I'. C. Opcrena. OcHoBarens snekrpoanHamuk Auape Mapu Ammnep. A. Ammep:

nyTh B HAyKy. ['eopr Om: uepe3 Tepunu k ciase. Om. 3akon Oma.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpaxmuueckoe 3auamue 5. Hemopus snekmposnepzemuku. Ilepevie 3n1ekmpuueckue
Mauwiunst. Hepevlit cenepamop snekmpuueckozo moka. Omipoimue XumuuecKkux, menioeolx,

CECM OBHIX U MAZCHUMHDBIX OCliCM ULl MOKd.

Ilens: V3yueHne UCTOPHUH PAa3BUTHA NIEKTPOTEXHUKH M AIEKTPOIHEPTETHUKU, 3AKOHBI

5JIEKTPOTEXHUKH U (pOPMHPOBAHHME €€ HAYIHEIX OCHOB.

Ocrnoevt meopui:

BaxneMmmMu  HAayYHBIMM  NPEANOCBEIKAMM  BO3HUKHOBEHHUSA  HIEKTPOMEXAHUKHU
MOCIYKWIN NOOCTHKEHUS B 001aCTH SIEKTPOOUHAMUKH M OTKPBITHE SIEKTPOMATHUTHOHU
UHAYKIMA. BaxHyro pons npu pa3padOTKe NMEPBBIX KOHCTPYKIMM SNIEKTPUIECKUX MAIINH H
5JIEKTPOMATHUTHBIX YCTPOMCTB CBHITPAl M OOBIT KOHCTPYUPOBAHWA MAINMH M MEXaHU3MOB
DOSIEKTPUIECKOTO IEPUOIA.

B cBs3u ¢ TeM, 9TO MPUHIMO 0OPATUMOCTH ANEKTPUIECKON MAIIUHEI OBUT OTKPBIT TOJIBKO
B 1830-x rT., @ €ro mmpoKoe MCMOJBb30BAHME HAYAIOCh Jmmb ¢ 1870-x rr., mpeacraBisgercs
BIIOJIHE IPABOMEPHBIM PACCMATPHUBATE OTIENBHO MCTOPHIO CO3OAHUS SJIEKTPOIABUTATENA H
remeparopa B mepuon 10 1870 r. A HOCKOABKY €IWHCTBEHHBIM HAIEKHBIM M HM3YUEHHBIM
MCTOYHUKOM 3JIEKTPOSHEPruM 10 cepenuHsl XIX B. OB TONBKO TaJIbBAHMYECKUH 3IEMEHT, TO,
€CTECTBEHHO, IEPBBIMU CTAIH PA3BUBATELCA IIEKTPUUECKUE MAIIMHEI IIOCTOAHHOTO TOKA.

B pasBuTHM 37E€KTPOABUTATENS ITOCTOAHHOTO TOKA MOKHO OTMETUTH TPA OCHOBHBIX JTAIla,
BIPOYEM, JOCTATOYHO YCIOBHBIX, TaK KAaK KOHCTPYKIMM W HNPUHUWAILI JE€HUCTBUA
5JIEKTPOIBUTATENIEH, XAPAKTEPHBIE I OTHOTO 3TANA, B OTAEIBHBIX CIy4asfX IMOABJIAINCH BHOBE
conyctas MHOro ner. Bmecre ¢ tem Oonee mozmHue u 0OnIEe OMPOTPECCHUBHBIE KOHCTPYKIIMH B
3a4aTOYHON (POpME HEPEAKO MOKHO HAUTU B IEPBOHAYAIEHOM MEPHONE PA3BUTHA
synekTpoaBuraresa.  Jusa XapakTepUCTHKM — KakIOro  JsTama  COBEPIIEHCTBOBAHUA
3JIEKTPOABUTATENS B JANBHEHIIEM HU3I0KEHUM PACCMATPHUBAIOTCA TOJBKO HAM0OJIEe TUIMMYHBIE
KOHCTPYKIIWH.

Hauaneneiit nepuoa pazsutus snekrpoasurarens (182 1-1834) recno cBsa3aH ¢ co3manuemM
(pn3mueckux OpuOOpOB I AEMOHCTPAUM HEMPEPBIBHOTO MNPEOOpa3zOBAHUA SIEKTPHUUECKOHU
SHEPTUM B MEXAHWMYECKYH0 W HAUYMHACTCA C OmucaHHelx Beime omelTOB M. ®apanes. Ha
BO3MOKHOCTE NPEBPANIEHUA NIEKTPHUYECKOW HSHEPIHMH B MEXAHMUYECKYIO YKA3BIBAJIM U MHOTHE
OPYyrUe€ OHKCIEPUMEHTE. B 5TOT mepuon OBIIO CO30aHO HECKOJBKO (PU3MYECKUX MOJENEH

BJIEI{TPG,HBEJTK;EEHT I GIIPIEERA CKVMI yueHelMu [lerepom bapnoy (1824), Yuneamom Pruaun (1833)
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[Tpubop /1xk. I'enpu uaTepecen tem, uTo B 3TOM YCTPOUCTBE BIOEPBEIE CAEIAHA MOMBITKA
VICITOJIb30BATh IPUTAKEHUE PA3HOUMEHHEIX U OTTAIKMBAHUE OJHOMMEHHBIX MATHUTHEBIX ITOJTFOCOB
7 TOJIYUEHUS HEMPEPBIBHOTO IBWAKEHUA (B JAHHOM CIIydde — KadaTeabHOro). MomHOCTE
apuratener mogoOHoro tuma Oblna oueHs HeOompmon (0,044 Bt), M, KOHEUHO, OHM HE MOTJIHM
HICITOJIb30BATHCA HA MPAKTHKE.

Kak Ha mepBoM sTarne, Tak U MO3aHee OBLI0 NPEAT0KEHO MHOTO KOHCTPYKIMU IBUTATENEH
C KA4aTE€IbHBIM JBWKEHHUEM AKOpA. OmHako Ooee IPOrPECCHBHBIMHM OKA3aJINUCh MOIIBITKH
MOCTPOUTB JJIEKTPOABUTATEND C BPAIIATEIbHEIM IBHKEHHUEM AKOPAI.

Bropoit sram panHero pa3BuTHA  Snekrpuueckux — asurarened  (1834-1860)
XapakTepulyercs npeodiagaHueM KOHCTPYKIHMH C BPAlaTeIbHEIM IBUKEHUEM ABHOMOIOCHOTO
AKOps. Bpamaroniiit MOMEHT Ha BaMy V TAKUX JBUTATENEN OOBIYHO OBLI MyIbCHUPYIOMINM.

Haubonee xapakTepHbI€ U CYNIECTBEHHO BAKHEBIE PA0OTHEI MO0 KOHCTPYHPOBAHUIO TAKOTO
pona snekrpoasurarenen npunaanexar bopucy Cemenopuuy fxodu (1801-1874).

B 1834 r. b. C. Axo0u (pucynox 23) nocnan B [lapmxckyro akagemuro Hayk cooOmieHue
00 M300peTEHHON UM «MArHUTHOU MammHe». bonee momnoe omucanue snexkrpoasurarend b. C.
Axo0u Ob1mo omybmikoBano B 1835 r. [Ipeacrasmator unrepec HEKOTOPEIE BRICKAa3pBaHusA b. C.
Slko0u, B KOTOPEIX OH OOPEAEIACT CBOM MOAX0 K n300perenuto snekrpoasurarens: «B mae 1834
I. 1 TOCTPOWJI CBOU HNEPBBINI MATHUTHEIN AINITAPAT, JAIOMIUI MOCTOSHHOE KPYTOBOE OIBHIKEHUE, HO
1 HE MOT CHAayajla OTPEMINATHCA OT MAEH MOJYYHUTH BO3BPATHO-IOCTYNATEINLHOE IBWUKEHHE,
MPOU3BOIMMOE ITOCIETOBATEIEHEIM MPUTATUBAIOIIAM U OTTAIKUBAOIINM JIEHCTBUEM MAarHUTHBIX
CTEpKHEH, a 3aTEM YK€ MPEBPATUTE ATO BO3BPATHO-MOCTYMATENRHOE IBUKEHUE B IMOCTOAHHOE
KPYTOBOE M3BECTHBIM B TEXHUKE CIOCO00OM. MHE Kazamocs, 94T0 Takou nmpudop Oyaer He Oonpme
geM 3a0aBHOM UTPYIIKON UL 00orameHnsa (pu3ndecKknux KaOMHETOB.

Bce otm cooOpameHua 3aCTaBWJIM MEHA OKOHYATENBHO OTKA3aTbCA OT MOIBITKH
MOCTPOUTH ANNApPaT, MOMYYalONIUH BO3BPATHO-MOCTYMATENEHOE IBUKEHUAEY .

Comuenus b. C. flkoOu nerko OOBACHMMEBI: NPUBBIYHBEIM MAPOBOW IOBUTATENL JABAI
BO3BPATHO-MOCTYMNATEIbHOE IBUKEHHUE, M, KOHEUHO, XOTEIOCH MOCTPOUTE HOBBIH, SIEKTPHUIECKUM
JBUTATENb, JAFONINI TAKOE K€ «HOPMAJIBHOE)» IBUIKECHUE.

CoBpemennsie paboOTel B 00MACTH MUHEHNHBIX SIAEKTPOABUTATENEN CBUAETENLCTBYIOT O
TOM, 4TO Cama HMAEsA NOCTYIATEIBHOTO ABHKEHUA B JJIEKTPUYECKUX MAIIMHAX HE ABJACTCAH
MOPOYHON, HO TEXHUYECKYIO PEBOIIOIAI0 COBEPIIMIIN MAIWHEI BPAIIATEIEHOTO JIBHKEHHAL.

JTOT HIEKTPOABUTATENEL padoTan mo MPUHIMAITY B3aMMOJEHCTBUA OBYX KOMIUIEKTOB

Y o o
SHEKTpﬂmmﬁiﬁa KOTOPBIX pacrnojarajcsa Ha NOABIKHOM pame, IOPyrou — Ha

Ceptudmkar: 2C0000043E9ABBE952205ETBAS00060000043E
Bnanendd CIIOABELEHO K Lo BAnHaHEGERE HCTOYHHMKA IMMTAHHMA DSJICKTPOMATHHUTOB IMMPHMCHAIACH GHTHPEH

TaAaJIbBAHHUYCCKHX DJJICMCHTOB. HI[H H3IMCHCHHA HDJIHPHQCTH MMOOBHAKHEIX BHEI{TPDMHI'I-H{TDB
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HCITOJIB30BANICA KOMMYTATOP, KOTOPBIM MPEACTABIAT COOOH OPUTHMHAIBHYIO 4aCTh YCTPOMCTBA
snekrpoasuraress fkodom. KOHCTPYKTMBHO OH COCTOSJI M3 YETBIPEX METAUINYECKHX KOJIEL,
yCTAHOBJIEHHBIX HA BAJIY U U30JIUPOBAHHEIX OT HETO; KAKIOE KOIBIO UMEJIO YETHIPE BRIPE3a 110
0IHOHM BOCBMOMW 9ACTH OKPYKHOCTU. BEIpE3hI 3aM0IHAINCE W30 PYIONIUMH BKIAIKAMU; KaXKI0e
KOJBIIO OBLIO cmenieHo Ha 45° mo oTHomEeHWIo K mpembiaymiemy. [lo okpyxHOCTH KOJBIIA
CKOMB3WI PHIUAr, MPEACTABIABIIMIL COOOM CBOECOOPA3HYIO MIETKY; BTOPOM KOHEI| peldara ObLI
MOTPYKEH B COOTBETCTBYIOMIAMN COCYA C PIYTBIO, K KOTOPOMY HOABONWIHNCE IPOBOJHHUKHA OT
Oarapen. Takum oOpazom, mpu Kaxaom 000poTe KOJMbIA 4 pa3a pa3peBANACh SJIEKTPUUECKAS
nems. OrT KOJen K SIEKTPOMArHUTAM BPAMIAIOMIEroCAd MOUCKA HOOXOAWIN IPOBOTHUKH,
YKPEIUIEHHBIE HA BAJIy MAmMHBEL. OOMOTKH BCEX 3JIEKTPOMATHUTOB HEMOABWKHOW PAMBI OBLTH
COEQUHEHBI ITOCIENOBATENBHO, M TOK B HUX HMENI OJHO W TO K€ HampasiaeHue. OOMOTKH
3JIEKTPOMATHUTOB BPANIAIONIETOCA OHCKA OBUIM Takk€ COEIMHEHBI MOCIEN0BATEIBHO, HO
HAITPABJIECHUE TOKA B HUX C MOMOMNIBI0 KOMMYTAaTOpa M3MEHUIOCH 8 pa3 3a OOUH 000pOT BaIa.
CienoBarensHO, MOJAPHOCTE 3THX AJEKTPOMATHUTOB TAKKE M3MEHAIACH 8 pa3 3a OOuH 000poT
BAJa U OHU MOOUYEPETHO HNPUTATHMBAIMCH U OTTAJIKWBAIMCH AMEKTPOMATHUTAMM HEMNOIBHKHOM
pambl. MOTITHOCTE ABUTATENS COCTABIIAAA IpUMepHO 15 BT.

b. C. Slxo0um mpumaoCe 3aTpaTUTE €MI€ HECKOJBKO JET TPyAd W MPOSABUTH PEIKYIO
N300peTaTenbHOCTE, YTOOB OCYHNIECTBUTE XOTA OBI B CKPOMHBIX MAcCmTAa0ax CBOE JKEIAHUE
«MOCBATHUTEL BCE CBOE BPEM: U BCIO CBOIO SHEPTHIO ATOMY JI€JTY HMEHHO TENEPh, KOTAd HE OCTAETCA
OOnpIIE HUKAKMX COMHEHHMH B YCIEXE 3aQyMAaHHOTO, M HE TOJIBKO IJA TOro, 4TOOBl HE
OTKa3bIBATHCA OT CBOMX MPEKHUX TPYA0B, HO U IJIs TOTO, 9TOOBI MOE HOBOE OTEYECTBO, C KOTOPBIM
A YK€ CBSA3aH MHOTHMH Y3aMH, HE JIMIIIIOCH BO3MOKHOCTH CKa3arh, uto HeBa pansme Tem3sr
mwm Tndpa mokpeuIack CygamMu ¢ MArHUTHEIMA ABUTATEISAMIY» . JTH CI0BA OH HAMUCAI B 3AITHCKE
MUHUCTPY NOPOCBENIEHUS W MNpe3uacHry PoccuiickoM akageMum HayK, NOpOCA Y HETO
MATEPUAITBEHOMN TOMOIIM 11 SKenepuMeHTOB. [lIupokon monaepxku y munucrpa b. C. flkodu ne
HAIIEI, TEM HE MEHEE YeThIpe roaa cmycrs, B 1838 r., mo p. Heee kypcupoBan 00T, BMENIaBIINH
12 maccaxupoB 1 OPUBOAUMBIN B ABIKEHUE diekTpoasurarensimu b. C. SlkoOu.

IT0 OBLI YK€ COBCEM APYTrOM OABUTATEINE, M KOHCTPYKIIUA €r0 TOUHO OTPakana TUHIUUHEIE
MyTH HW300pETATENIBECKOH MBICIHM: IMMOCKOJBKY HE OBLI €me CO3JaH NPUHIUIMHAILHO HOBBEIH
YKOHOMUYHBIM U ManorabapuTHEIN 3JIEKTPUYECKUH asurarens, To b. C. AkoOu momen mo mytu
00BEIMHEHN I MHOTHX MAIINH C JIEKTPOMATHUTAMH, UMEIOTIIUMHA COCPENOTOUEHHBIE KATYIIEYHEIE

00MOTKM, B oguH arperar. CHagama 570 OBLT TAK HA3BIBAEMBIN CABOEHHEIM OBUTATENE MEPBOTO

THIIA. O%&%M%mmx ynekTpoMarauTa (mo 12 ¢ kaxaou CTOPOHBI), 4 MEXKIY HUMHU

Ceptucmkar: 2C0000043E9ABBBI52205E 7BAS00060000043E
BnanenB P ANTAIIIACA JNCK, &L 2 agexkTpomarautamu. K 1838 1. b. C. SIkoOu co3man nBurarens HOBOTO

TUIA (BTOPOTO TUIIA), HO B CO3AHUM ITON KOHCTPYKIIUH OH YK€ OBLI HE MTEPBBIM.
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B 1837 r. amepukanckuit texHuk lomac [lesenmopr (1802-1851) Takxke mocrpomn
3JIEKTPOIBUTATENE C HEMOCPENCTBEHHBIM BPAIIEHUEM SAKOPs, B KOTOPOM B3aMMOJEHUCTBOBAIN
MOJABUKHBIE AJIEKTPOMATHUTEL C HEMOABUKHBEIMH ITOCTOAHHBIMH MArHATAMH.

CpaBauBas koHCTpyknmu snekrpoasurarenert b. C. fkodu u T. JleBennmopra, M0OKHO
OTMETUTE, YTO TPUHIMI WX AEUCTBUA oamHakoB (y msurarens 1. JleBenmopra moOsABIIHNCH
HEMOABUIKHEIE MOCTOAHHBEIE MArHWUTHEI BMECTO AnekrpoMarHuToB asurarens b. C. Slkodu), HO
neurartens 1. JleBenmopra OpL1 OOnee KOMITAKTHEIM OJaromaps pacnoIOKEHHUIO IMOABUKHEIX U
HEIMOJABUKHBIX YAaCTEM B OJHOM IUIOCKOCTH. JTO OOCTOATENBCTBO HE MOTJIO HE IPUBJIEYD
BHuManus b. C. flkoOu, crpemMuBmIErocs yBEIMUUTh MOMIHOCTE CBOETO SJIEKTPOABUTATENSA HMPH
CPAaBHUTEJBHO HEOOIBIIOM yBenuueHnu ero rabapuros. B 1837 r. B pacnopskenue b. C. fkoOu
OvL1 mpenocraBaeH Oor, paccumranHend HA 10 rpebrio. Ha mem mpenmomaranocs yCTAHOBUTH
3JIEKTPOABUTATENE W IPOU3BECTH 34aTE€M COOTBETCTBYIONIME MCIBITAHUA W TEXHUKO-
YKOHOMHYECKHE moacueTsl. B mponecce coBepmencrsoBanud asurarens b. C. fAxkobdu momen mo
MyTH KOHCTPYKTUBHOTO OOBEIUHEHMA HA OOMIEM BEPTUKAJIBHOM Bally HECKOJIBKHX
5JIEKTPOIBUTATENIEN B OJWH arperar, pacrhoJOKUB HEIOIBUKHBIE M BPAIIAIONIMECA MArHUTEHI B
omHOM mIOCKOCTU. IIpu sTOM yBEMMUMBAIUCE pa3sMEPEl SIEKTPOABUTATENSA B BEPTHKAIBHOM
HAIMPABJICHUHN, YTO OBLIO BIOJHE YAOOHO I OMBITHOMW CYyJ0BOU YCTAHOBKH.

Kaxk yxe 0TMeuasnocs, raibBAHUYECKUE DaTapen CyNIECTBEHHO TOPMO3HIN MPAKTUIECKOE
MPUMEHEHUE DJIEKTpOoABUraTenerd. PasBUTHE SIEKTPUUECKUX MAMIWH HATVIAIHO WILIIOCTPUPYET
XapAaKTEPHYIO 3aKOHOMEPHOCTE B PA3BUTHH TEXHUKH BOOOMIE. ITA 3aKOHOMEPHOCTE PO ABIIACTCA
B CICOYIOMIEM: €CIIM PAa3BUTHE KAKOW-TNOO OTPACIM TEXHUKH TOPMO3UTCSA HEIOCTATOYHBIM
YPOBHEM Pa3BUTHA APYTOM OTPACAM TEXHMKW WM OOIACTU HAYKU, TO PAa3BUTHE IOCIEIHEH
yCKOpseTCca TpeOOBaHMAMH IEPBOM. lak, €CiM OTCYTCTBHE SKOHOMHMUHOTO T€HEparopa TOKa
COEPKUBAIO pPACHIMPEHUE NPAKTHUUYECKUX MPHUMEHEHMH OJIEKTPUYECTBA, TO MOCIEIHUE
CTUMYJIUPOBAIH, YCKOPSIN PA0OTHI ITO CO3IaHNI0 00I€€ COBEPUIEHHON KOHCTPYKIIMHU F€HEepaTopa.

B pa3BuTHM SJIEKTPUYECKOrO IE€HEpaTopa MOCTOSHHOTO TOKA MOKHO BBIICIUTHL YETBIPE
yrama. [lepserii stam (1831-1851) xapakrepusyercs co3maHneM AIEKTPUYECKUX TEHEPATOPOB C
BO30yKIEHHEM OT MNOCTOAHHBIX MArHUTOB. lakue TeHEepaTropel B TO BPEMsA HA3BIBATHCH
«MATHUTOAIEKTPUUECKUMH MammHamm». Otkpeitne B 1831 1. ABI€HHUA SIEKTPOMArHUTHOU
WHAYKIMM YKA34JI0 HOBBIM CIOCOO MOJYYEHMSA SJIEKTPUYECKOTO TOKA, KOTOPBIM HAMIEN CBOE
MPAKTUUECKOE BOIUIONIEHWE B MEPBOM YHHUIIOHIPHOM reHeparope — nucke @apapeda. Oqun u3
MEPBBIX IIATOB B UCTOPHUH TEHEPATOPA HECET B cede TallHy, OCTABIIYIOCA HEpA3ragaHHou. Jlemno B
TOM, HT%}MW%%& CAEIABIIErO STOT mIar, OCTAI0Ch HEM3BECTHEIM. BoT uT0 mucan M.

Cepucmgar: 2C0000043E9ABBBIS52205E 7BAS00060000043E
ﬁ)apm@mmgumammHnm JTOHOOHCKOTO HAy4HOro )KypHana 27 momna 1832 r. : «Buepa,

Bnanen

1O BD.?-BPH]].IEHI’H’I B FDpD,I[, q HAIIeln .?-HI{pLITDE-‘ [MHCEMO, OHO dHOHMMHOEC, M g4 HEC HMCHD
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BO3MOKHOCTH HA3BATE €ro aBTopa. Ho BBUAY TOr0, 4TO OMUCHIBAET OMBIT, IPHU KOTOPOM BHEPBEIE
YOAJIOCE IMOJIYUUTh XUMHYECKOE PA3JI0KEHNE MATHUTOAJIEKTPHIECKUM TOKOM, A IMOChUIar0 Bam
3TO MUCHMO I 0y OnukoBaHua». [Iucemo Ob110 moamucano aByms naruHckumu OykBamu P.M.
Tak w Bomen B ucropuro TexHuku «reneparop P.M.». Orta mammna mpexncraBiana coOou
CUHX POHHBIN MHOTOMOJIFOCHBIN TEHEPATOP, T. €. OBLJIa TEHEPATOPOM MEPEMEHHOTO TOKA. [T1ceMmo
P.M. npuBnekno k mpoOiemMe reHeparopa BHUMAHUE MHOTUX YUeHEIX. [Ipouen myOmikarmro 1 cam
P.M.; B mapre 1833 r. on oOparuncs B penakiuio x)ypHana ¢ dmaromapuocrero M. @apanero 3a
OyOMMKAIUI0 OUCBMAa W ONMMCAHUEM YCOBEPIICHCTBOBAHMM B MAalIMHE. | maBHOE M3 HHUX —
n00aBOUYHOE CTadbHOE KOJBIO (APMO), 3aMBIKABHIEE MATHUTHYIO UENb CEPACYHHUKOB
snekTpomaruuToB. M cHoBa Ta ke mogmice P.M.

Ha pucynke mnpencraBieH yCOBEpHIEHCTBOBAHHEIM BapuanT reneparopa P.M. Oagnaxo
MEPEMEHHEIM TOK B TO BPEMSA HE MOI €MI€ HAUTU Ccede moTpedurens, Tak Kak MJId BCEX
MPAKTUYECKUX MPUMEHEHUN NIEKTPUYECTBA (MUHHAA SIEKTPOTEXHHKA, NIEKTPOXUMMA, TOIBKO
UTO 3aPOAUBIIAACH

IEKTPOMATHUTHAA Tenerpadus, MEepPBEIE AJIEKTPOABUTATENN) TPEOOBAICA MOCTOSHHBIMN
Tok. Ilosromy B mocnemyromieMmM H300peTaTem HAMpPAaBUAM CBOM YCUIMA HA MOCTPOECHUE
FEHEPATOPOB, MAIONIUX MOCTOSHHBIM SACKTPUYECKUH TOK, paspadareiBag AiA OSTUX LENEH

pasHo00pa3HEIe KOMMYTAIIMOHHEIE YCTPOUCTBA.

Pucynok 8 I'eneparop P.M. (1 — nepeBsHHEIN IUCK, YKPEIIEHHBIN HA OCH 2,
OPUBOIMMBIN B IBUKEHUE PYKOATKOM 3; 4 — IO ABUKHBIE MTOCTOSHHBIE MATHUTEL; 5 — KEIE3HBIE
CEpICYHUKH KAaTYHIEK /; 6 — CTAIbHOE KONBI0 ¢ 100ABOUHEIMU 00OMOTKAMH, 3aMEIKAIOMIEE

MATrHUTHYIO [[ENb CEPICUYHNUKOB; 8 — MOACTABKA).
[OKYMEHT MOAMUCAH
SNEKTPOHHOW MNOANMUCHIO

Ceptudpukat:  2C0000043E9ABBBI52205E 7BAS00060000043E .
Bnageneu:  LeGB3EPBEIGAIPHEIQGEOBICHNE 11 BEIIPAMIECHHASA TOKA B IMOIMNEPEMEHHO-ITOJIFO CHOM MAIIUHE

(B OTIMYMe OT YHUMOJIApHOU MammHuel M. Dapanes, kOTopas HE HYKIAT4achk B YCTPOUCTBE A
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BEINIPAMICHUA TOKA, TAK KAK JaBaja HENOCPEACTBEHHO IMOCTOAHHBIN TOK) OBLIO MPUMEHEHO B
1832 r. B reneparope (panmy3ckux wuszo0Operarenenn OparbeB [lukcum. W3o00perenue
MPENCTABIIANOCE TOTId HACTOJIBKO BAXKHBIM, UTO COOOMIEHHA O HEM OBLIA OBAKIBI CAEIAHEI B
[Tapmxkckonn akanmemMun Hayk. B MEpBBIX KOHCTPYKIMSAX TEHEPATOPOB Ui MHOJIYYEHUSA TOKA
HEM3MEHHOTO HANPAaBICHUA (HO PE3KO MyJIbCHUPYIOMIETO) MNPUMEHSIOCh TaK HA3BIBAEMOE
KOpOMEICTO Ammiepa. A. M. Ammep orMedast miacTHHYaTeIN OapadaHHBIN KOMMYTATOP B MAIIIMNHE
[Tukcum ¢ $IpUAUMMAIONIMMUACA K AMAJIblaMUPOBAHHEIM ~ HOBEPXHOCTAM  IUIACTUH
MOAIPYKUHEHHBIMH MENHBIMA WM OpPOH30BBEIMH IUTACTHHAMHM — mIeTKamu. [losmnee on cran
OCHOBOH KOMMYTHPYIOIIMX YCTPOHCTB IS BCEX MOCHEOYIONINX KOHCTPYKIIMH TEHEPATOPOB
nocTosHHOTO ToKa. C Mamunuou [Tukcum padoran 3. X. JleHn, 1 umeHHO HA 5TOM MamHeE B 1838

r'. OH JIEMOHCTPHPOBAT MIPUHIINO O0OpPaTUMOCTH.

Koumponsnwvie sonpocwi:

1. Dransl pa3BATHA SAEKTPOABUTATEN.

2. Jransl pazBUTHA DIEKTPUYECKUX TEHEPATOPOB.

3.3apoxkaeHne HIAEKTPOABTOMATHKH, SIEKTPONMPUOOPOCTpOoEHUA U HWH(POPMAIMOHHOM
SJIEKTPOTEXHUKHI

4. IToaroToBUTE NpPE3CHTALIMOHHEIEC MIPOEKTEI HA TEMY: HEPBBIC JJIEKTPUICCKHE MAILINHEI,
MEPBBIM TEHEPATOP HSJIEKTPUUECKOTO TOKA, OTKPHITUE XHUMHUUECKHX, TEIJIOBBIX, CBETOBBIX M

MArHHUTHBIX TEUCTBUH TOKA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IIpakmuueckoe sanamue Ne 6. Hemopus snekmposnepzemuku. InekmpoouHamuxa.
Ocnoegnule 3axkonnt 31ekmpuieckoi uenu. Hauano npakmuyeckux npumeHeHui
1eKmpudeckoit Inepeull. Badicneiuue omKkpolmua u Ucci1eo006anus 6 oonacmu

snexkmpomacHemusma. Cozoamensv nepeoco MacHumoiekmpudeckozo cenepamopa b. Hxoou.

Ilens: V3ydenue UCTOPUM PA3BUTHA NIEKTPOTEXHHUKU W SJIEKTPOSHEPrE€THKH, 3aKOHBI

3JIEKTPOTEXHUKU U (pOPMHPOBAHNE €€ HAYIHBIX OCHOB.

Ocrnoevt meopuu:

Haubonee xapakrepHbeI€ U CYNIECTBEHHO BAKHBIE PAOOTHI MO0 KOHCTPYHUPOBAHUIO TAKOTO
pona snekTpoasurarenen npunaanexar bopucy Cemenopuuy Axodu (1801-1874).

B 1834 r. b. C. fIxobu (pucynoxk 23) nmocnan B [lapmxckyro akagemuro Hayk cooOnieHmne
00 n300peTeHHON UM «MAarHUTHOM MamuHe». bonee monHoe omicanue snekrpoasurarens b. C.
Sko0u OpL10 OomyOmikoBano B 1835 r. IIpeacrasisaror narepec HEKOTOpEIE BEICKAa3pBaHus b. C.
Ak00u, B KOTOPBIX OH OOPEIEIIeT CBOU MOAX0 K M300peTeHmto snekrpoasurarens: «B mae 1834
. 1 TOCTPOWJ CBOH HMEPBBINM MATHUTHBIN AINTAPAT, JAOIIUI MOCTOSHHOE KPYTOBOE IBUKEHUE, HO
1 HE MOT CHAadajla OTPEMIUTECSA OT MAEH MOJYYHUTh BO3BPATHO-NOCTYHATEIRHOE IBWUKEHHUE,
MPOU3BOIMMOE [TOCIETOBATEIEHEIM MPUTATUBAIOIM 1 OTTAIKUBAFOIIMM JICHCTBUEM MATHUTHBIX
CTEPIKHEH, a4 3aTEM YK€ HNPEBPATUTE 3TO BO3BPATHO-MOCTYMATEIRHOEC NBUKEHUE B ITOCTOSIHHOE
KPYTrOBO€ U3BECTHBIM B TEXHHUKE crtoco0om. Mue ka3zanoce, aro Takou npudop Oyaner ne Oobiie
geM 3a0aBHOM UTPYIIKOH A 000TameHns (PU3NIECKNX KaOMHETOB.

Bce stm cooOpaxkeHusa 3acTaBUIM MEHsA OKOHYATENIBHO OTKA3aTkCsA OT HOMBITKH
MOCTPOUTH ANMAPAT, MOMYYAIONIHN BO3BPATHO-MOCTYMATENEHOE IBUKEHNAEY .

Comuenns b. C. SlkoOu nerko OOBACHMMEL: NPUBBIYHEIM MAPOBOW IBUTATENL JABAI
BO3BPATHO-MTOCTYIATEIBHOE NBUKEHUE, U, KOHEUHO, XOTEIOCh MOCTPOUTH HOBBIM, SJIEKTPUYECKU N
IBUTATENb, JAFONINI TAKOE KE «HOPMAJIBHOE)» IBUKEHUE.

CoBpemennsie pabOTel B 00MaCTH TUHEHHBIX SJIEKTPOOBUTATENEH CBUIETENLCTBYIOT O
TOM, 9TO CamMa MAEsS MNOCTYINATEIBHOTO ABUIKEHUA B SJIEKTPUUECKUX MAMIMHAX HE ABIACTCS
MOPOYHON, HO TEXHUYECKYIO PEBOTIOI[UI0 COBEPIIMIN MAIWHEI BPANIATEIEHOTO JBUKECHUAL.

JTOT DAEKTPOABUTATENER padOTal MO HPUHINIY B3AaUMOICHCTBUSA IOBYX KOMIUIEKTOB
5JIEKTPOMATHUTOB, OJWH W3 KOTOPBIX pacrojlarajicsa Ha IMOABMKHOM pamMe, APYrod — Ha
HEMOABUHOW. B KkauecTBE HCTOYHMKA NUTAHUSA SJIEKTPOMATHUTOB MPUMEHSIACH Oarapes

JOKYMEHT MNOANCAH
I'aJIb BAH BARORERHOABJIORMEHEEDB . H.T[H H3MCHCHHA IMOJHIPHOCTH MOOBHMMHBIX DSJIICKTPOMATHUTOB

Ceptudmkar:  2C0000043E9ABBBIS2205E7BAS00060000043E
Bragendd CIIOUES30BATCH KROMMYLATOP, KOTOPBIM IPEACTABILAI COOOM OPUTMHAJIBHYIO 4acTh yCTPOMCTBA

ynekTpoaBurareni fkodou. KOHCTPYKTMBHO OH COCTOSJI M3 YETBIPEX META/UIMYECKUX KOIEIl,
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yCTAHOBJIEHHBEIX HA BAJY U U30JIUPOBAHHEIX OT HETO; KAXKIOE KOJBIO MMEJIO YETHIPE BRIPE3a MO
OHOI BOCEMOU 9ACTU OKPYKHOCTH. BEIpe3nl 3an0MHAIICE N30 PYIONIUMHI BKJIAJKAMU; KAKI0€
KOJBIIO OO cmenieHo Ha 45° mo oTHomeHWro K mpeabiaymiemy. [lo okpyxHOCTH KOJIBIA
CKOJIB3WJI PBIYAT, MPEACTABIABIINN COOOM CBOEOOpA3HYIO MIETKY; BTOPOM KOHEI peiyara ObLI
MOTPYEH B COOTBETCTBYIOMIAI COCYA € PTYTBIO, K KOTOPOMY HOJABOJWINCHE IMPOBOJHUKHA OT
Oarapen. Takum 00pazom, mpu Kaxaom 000poTE KOIMbIA 4 pa3a pa3peBANACE SJIEKTPHYECKAA
nens. Or KoOJ€n K JJIEKTPOMArHWTaM BpPAmIAOMIErocsa MJUCKA HOOXOOUJIA IIPOBOIHHUKH,
YKPEIUIEHHBIE HA BaJTy MAamMHbl. OOMOTKH BCEX JJIEKTPOMATHUTOB HEMOABWKHOWU PAMBI OBLTH
COEQUHEHBI ITOCIENOBATENBHO, M TOK B HUX HMENI OJHO W TO K€ HampasiaeHue. OOMOTKH
5JIEKTPOMATHUTOB BPANIAIONIETOCA OHCKA OBUIM TakXke€ COEAMHEHBI MOCIENOBATEILHO, HO
HAIPABJICHUE TOKA B HUX C HOMOMIBI0O KOMMYTATOpa M3MEHUIOCE 8 pa3 3a OOuH 000pOT Baia.
CienoBarenpHO, MOJMIPHOCTE 9THX JJIEKTPOMATHUTOB TAKKE M3MEHAIACH 8 pa3 3a OOuH 000poT
BAJa U OHU MOOUYEPETHO HNPUTATHBAIMCE U OTTAJIKUBAIMCH MEKTPOMATHUTAMH HEMNOIBHKHOU
pambl. MOOIHOCTE ABUraTens cocrasisuia mpuMmepHo 15 Br.

b. C. ko0 mpumimoce 3arpaTUTh €mE€ HECKOJIBKO JET TPYyAd U MPOABUTH PEIKYIO
M300peTaTENEHOCTE, YTOOBI OCYMIECTBUTH XOTA OBl B CKPOMHBIX MACIITA0ax CBOE JKEITAHUE
«MOCBATUTE BCE CBOE BPEM: U BCIO CBOO SHEPTUIO ATOMY JI€Iy HUMEHHO TENEPh, KOTAA HE OCTAETCA
OOnpIIE€ HUKAKMX COMHEHHMN B YCIEXE 3aOyMAaHHOTO, M HE TOJILKO IJA TOro, 4roObl HE
OTKa3bIBATHCA OT CBOMX MPEKHUX TPYAOB, HO U IS TOTO, YTOOBI MOE HOBOE OTEYECTBO, C KOTOPHEIM
A YK€ CBSA3aH MHOTUMH y3aMH, HE JIMIIWIOCH BO3MOKHOCTH CKa3ars, uto Hesa pansme Tem3nl
wm Tudpa mokpeUTach CyaMu ¢ MATHUTHEIMA ABUTATEMSAMIDY . ITH CI0BA OH HAMUCAM B 3AMTHCKE
MUHUCTPY TMPOCBENIEHUA MW NOpe3uaeHTy POCCHMICKONM akageMuu HayK, IpPOCA y HETO
MATEPUAITBEHOM ITOMOIIM 11 SKenepuMeHTOB. [lIupokon monaepxku y munucrpa b. C. SIlkodu ne
HAIIEN, TEM HE MEHEE YeThIpe roaa cmycrs, B 1838 r., mo p. HeBe kypcuposan 00T, BMENIaBILINT
12 maccaxupoB U NPUBOAUMBIN B ABWKEHUE dekTpoasurarenamu b. C. SkoOu.

OTO OBLI YK€ COBCEM APYTOH ABUTATENb, U KOHCTPYKIHA €70 TOUHO OTPAKaid TUITUYHEIE
MyTH W300pETATETBCKON MBICIHM: MOCKOJBKY HE OBLI €me Cco31aH NPUHIMIHAIGHO HOBBIH
SKOHOMHUHEIA M ManoradapuUTHEIM SJIEKTPUUECKUM aBurarens, TO b. C. flkoObu momen no mytu
00BEIMHEHN A MHOTHX MAIINH C JIEKTPOMATHUTAMH, UMEIOTIIUMHA COCPEIOTOUEHHBIE KATYIIEYHEIE
00MOTKH, B oauH arperar. CHagama 510 OBLT TAK HA3BIBAEMBIN CABOECHHEBIM OBUTATENEL MEPBOTO
tuna. OH umen 24 HenoABMKHBIX SJIEKTpOMarHuTa (rmo 12 ¢ kaxmon CTOPOHBI), & MEKAY HUMHU

Bpamaronica guck ¢ 12 snexkrpomarautamu. K 1838 r. b. C. SIkoOu co3zman apurarens HOBOTO

THIIA (BTM%EE%%%@%@GE;{&}H{H 3TOU KOHCTPYKIIMU OH YK€ OBLII HE MEPBEIM.

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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B 1837 r. amepukanckuit texHuk lomac [lesenmopr (1802-1851) Takxke mocrpomn
3JIEKTPOIBUTATENE C HEMOCPENCTBEHHBIM BPAIIEHUEM SAKOPs, B KOTOPOM B3aMMOJEHUCTBOBAIN
MOABUKHBIE AIIEKTPOMATHUTEL C HEMOABUKHEIMHU ITOCTOAHHBIMHA MATHATAMH.

CpaBauBas koHCcTpyknuu snekrpoasurarenert b. C. fkodu u T. JleBennmopra, M0OKHO
OTMETUTE, YTO TPUHIMI WX AEUCTBUA oamHakoB (y msurarens 1. JleBenmopra moOsABIIHNCH
HEMOABUIKHEIE MOCTOSHHBEIE MArHWUTBEI BMECTO AnekrpoMarHuToB asurarens b. C. Slkodu), HO
neurartens 1. JleBenmopra ObL1 OONE€€ KOMITAKTHBIM OJarogaps pacrnoOKEHUIO ITOJABUKHEIX U
HEIMOJABUKHBIX YAaCTEM B OJHOM IUIOCKOCTH. JTO OOCTOATENBCTBO HE MOTJIO HE IPUBJIEYD
BHuManus b. C. flkoOu, crpemMuBmIErocs yBEIMUUTh MOMIHOCTE CBOETO SJIEKTPOABUTATENSA HMPH
CPAaBHUTEJBHO HEOOIBIIOM yBenuueHnu ero rabaputos. B 1837 r. B pacnopsaxenue b. C. flkoOu
OvL1 mpenocraBaeH Oor, paccumranHend HA 10 rpebrio. Ha mem mpenmomaranocs yCTAHOBUTH
3JIEKTPOOBUTATEE Y IIPOM3BECTHM 34aTEM COOTBETCTBYHOIIME MCHOBITAHUA U TEXHHUKO-
YKOHOMHYECKHE moacueTsl. B mponecce copepmencTBoBanua asurarens b. C. fxkodu momen mo
MyTH KOHCTPYKTUBHOTO OOBEIUHEHMA HA OOMIEM BEPTUKAJIBHOM Bally HECKOJIBKHX
5JIEKTPOIBUTATENIEN B OJWH arperar, pacrhoJOKUB HEIOIBUKHBIE M BPAIIAIONIMECA MArHUTEHI B
omHOM mIOCKOCTU. IIpu STOM yBEMMUMBAIUCE pa3MEPE SAEKTPOABUTATENS B BEPTHKAILHOM
HAIMPABJICHUHN, YTO OBLIO BIOJHE YAOOHO I OMBITHOMW CYyJ0BOU YCTAHOBKH.

JBurarems b. C. Slkobu koncrpykumm 1838 r. mpencraBman coboun komOunanuo 40
HEOOMBIMMNX JNEKTPOABUTATENEH, 00BbeAUHEHHBIX MO 20 INTYK HA ABYX BEPTUKAIBHBIX Balax,
yCTAHOBJIEHHEIX B JEPEBAHHOMN CTaHWHE. [ muTanus TOKOM 00OMOTOK 3JIEKTPOMArHUTOB HA DOTE
OBLTM YCTAHOBJIEHBI TATHBAHUUECKNE HAMIEMEHTHI. M3MeHeHue HampaBlIeHUs TOKA B 0OMOTKAX
MOABUKHBIX AJIEKTPOMATHUTOB OCYIIECTBIIAIOCE KOMMYTAaTOpaMil. Bpamnienue 0T BepTUKaIbHBIX
BAJIOB C MOMONIBI0 KOHMYECKHUX MIECTEPEH IIEPENABATIOCE HA FOPU30HTAIBHEIA Ball, HA KOTOPOM
YKPEIUIIMCE TPEOHBIE KOJIECA, PACIIOIOKEHHEBIE MO 000nM Dopram OoTa.

Hcnerranus mokasami BO3MOKHOCTE MPAKTHIECKOTO IPUMEHEHU A 3JIEKTPOIBAT ATENIEH, HO
B TO € BpeMs OOHApPYKWUIM, UTO INMPH NOUTAHAM MX TOKOM OT TalbBAHWUECKHUX Oarapeu
MEXAHWYECKAs SHEPTHA HOIydaeTcs upe3mepHo moporoit: 1 m. ¢. B aBurarene b. C. fkoOu
obxomunace B 12 pa3 nopoxe, 4ueM B CiIydae mapoOBOM MAIIIWHEIL.

Heo0xomnmo OTMETHTH, 4TO WIS MPEOAOJIEHUA OCHOBHOTO HEIOCTATKA TAJIbBAHUYECKHX
Oarapel — MaJI0M SHEPrOEMKOCTH — TPEOOBAIOCH UCMOIB30BATE 0YE€HE MHOTO 3JIEMEHTOB, d 3TO
TpeOOBaHWE IJISI MHOTUX TPAHCIOPTHBIX YCTAHOBOK OBLIO HENPUEMIIEMBIM. 1Ak, HAMPUMED, HA
oote b. C. flxo0u BHauane 0110 ycTanoBiaeHO 320 ramsBaHMYECKUX YIeMEHTOB. [IpomsBenennsie
OTIBITHI, & Rakaba R OREFHEGEKOE NCCTETOBAHNE TPHBETH SIKOOM K 0UEHE BAXHOMY /IS TIPAKTHKH

Ceptudmkar: 2C0000043E9ABBBI52205E7BAS00060000043E I 5
BnanenBBIBOIY, SEPHMEHOHUE. ALeKI PO IBUTATEIEM HAXOOUTCA B MPAMOU 3aBUCHUMOCTH OT CTOMMOCTH
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3JIEKTPOSHEPTUH, T. €. OT CO3JaHus TeHeparopa, 00mee SKOHOMHUYHOTO, YEM TaTbBAHUUECKUE
Oarapen.

Opnnako b. C. flkoOu ne cmor 00HAPY KUTH MPUHIMIHAIBLHOTO HEZIOCTATKA IBUTATENIEN CO
CTEPIKHEBBIMM AJIEKTPOMATHUTAMM: B 3TUX ABUTATEIAX MPOMCXOINUT MOCTOSHHOE BKIIOUYEHUE U
BEIKJTFOUEHUE KATYIIEK, U MATHAUTHOE MOJ€ TO CO3JAaercsa, TO ucueszaer. Ha co3manue mons B
MANIWMHE HEMPEPBIBHO TPEOYETCA AIEKTPUUYECKAS SHEPrHsA, KOTOPAs MPH OTKIIOUEHHH KaTYIIEK
npeodpaszyercsa B Temwiory. [losTomy mo noruke pa3BUTUS BCKOPE NOMKHBI OBLIM MOSABUTHCSH
HEMPEPBIBHEIE O0OMOTKM, KOTOpBIE OOECHEYMBAIOT HSJIEKTPOMEXAHMYECKOE IPeoOpa3zoBaHue

SJHCPIHH B YCTAHOBHUBILICMCA PCHKHUME 0e3 u3MeHeHna SHCPTUH MATHHTHOTO ITOJIA.

Konmponsnwie eonpocwi:

1. BzaumonencTBue 3N€KTPUIECKOr0 TOKA M MATHUTA.

2. YCTaHOBJIEHHE 3aKOHOB YJIEKTPUIECKOU HEIH.

3. OTKpBITHE ABAEHUSA SIEKTPOMATHUTHON HHIYKIHH.

4. IloaroroBUTH MPE3EHTAMOHHBIE MPOEKTHI HA TEMY: SJIEKTPOIMHAMUKA, OCHOBHEIE
3aKOHBI IEKTPUUECKOW IE€MH, HAYAT0 OPAKTUUECKUX MPUMEHEHWH SAEKTPUUECKOU HSHEPTUH,
BAKHEHMIINE OTKPBEITHA M HCCIEAOBAHUA B OOJACTH AIEKTPOMATHETH3MA, CO3OATENEL MEPBOTO

MArHUTONIEKTPUUECKOro reneparopa b. flkodmu.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Ilpaxmuueckoe sanamue Ne7. Hemopus anekmposnepzemuxu. Ilepevie ucmounuxu

iekmpuyeckozo oceeuienusn. Ilagen Honoukoe — cozoamens «pycckozo ceeman.

Ilens: V3yueHne UCTOPUM Pa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPreTUKU, 3aKOHBI

3JIEKTPOTEXHUKH U (pOPMHUPOBAHNE €€ HAYIHBIX OCHOB.

Ocnoevl meopuu:

B 40-70 rr. XIX B. cTamu c0o3aBaThCA MEPBBIE UCTOUHUKHU SIIEKTPUYECKOTO OCBENICHHUS.
OcBenieHne ABMAETCA €CTECTBEHHOM M MOCTOSHHOH MOTPEOHOCTBIO uemoBeKa. CaMbIM JOITHUM
OblT MyTh OT JIYUMHEI K CBE€UE M 3aTeéM K MmacmaHou namme. B mepBont momoBune XIX B.
TOCIIOJICTBYIONIEE MOJOKEHHE 3aHUMAII0 Ta30BOE OCBENICHUE, WMEBIIEE CYNIIECTBEHHBIC
IPEUMYIIECTBA MEPEN JAMIAMU C JKUIKUM TOPIOYMM: IEHTPATIM3AINAA CHAOKEHUS yCTAHOBOK
CBETHJILHBIM TAa30M, CPABHUTEIBHAA JEHICBH3HA TOPIOUETO, MPOCTOTA TA30BEIX TOPENOK M
npocrora oOcayxuBanusa. Ho mo mepe pasBATHA KanmuMTAIUCTUYECKOrO IIPOMU3BOACTBA, POCTA
ropoagoB, CTPOWUTENBCTBA KPYIHBIX IPOW3BOACTBEHHBIX 3JaHWH, TOCTHHHUI], MAara3uHOB,
3PEMIIHEIX MOMENIEHU OHO BCE MEHEE YIOBIIETBOPIIO TPEOOBAHMAM MPAKTUKH, TAK KAK OBIIO
OMAaCHO B MOKAPHOM OTHOIIEHWH, BPEAHO T7IA 3M0POBbS, 4 CHJIA CBETA OTAEILHOM rOpenKu Obliaa
Mata. J[1d TEKCTUIBHEIX U MIBEUHEIX (paOpuk, Tunorpaduil, 1epeBO0OIET0IHBIX 1EXOB, TEATPOB
U T. O. TA30BOE€ OCBEMICHUE CO30ABAI0 Yrpo3y IMoxkapoB. OcCoOEHHO HEZOCTATKH Ta30BOTO
OCBEMIEHMA CTAJIM CKAa3bIBATHCA HA KPYMHBIX NPEANPUATHAX C OOMbmIAM 4uCIOM padoumx,
3aHATHIX HA MPONU3BOACTBE MO 12—14 9 B CyTKU, BEI3BIBAS PE3KOE CHUIKEHUE MPOU3BOIUTENBHOCTH
Tpyaa. [1osToMy BriosiHE CBOEBPEMEHHBIMH, OTBEYABIINMU COIHAIIBHOMY 3aKa3y OBLIH ITOIBITKH
CO3JaTh SIEKTPUYECKHE WCTOYHUKH CBETA, KOTOPBIE BBITECHWIM OBl BCE WHBIE MCTOYHHKH.
DJIEKTPUYECKOE OCBEIICHUE PA3BUBAIOCH MO ABYM HANPABJICHHUAM: OYTOBBIE JIAMITBI M JIAMIIEI
HakaMBaHWA BronHe €CTECTBEHHO HAYATH UCTOPHIO SNEKTPUIECKOTO OCBEIIECHU C YITO MUHAHUS
00 omeitax B. B. IlerpoBa B 1802 r., koTOphEIM OBLIO YCTAHOBIEHO, 4TO HOPH ITOMOIIH
3IEKTPUUECKON OYTH «TEMHBIN MOKOM JOBOJILHO SCHO OCBEMIEH OBITE MOKeET». lorga xe, B 1802
r., X. J/I3BU B AHTIMH J€MOHCTPHUPOBAJ HAKAJ HPOBOIHUKA TOKOM.

[TepBeIM mO-HACTOSAMIEMY MACCOBEIM IOTPEOMTENEM ASIEKTPUUYECKOHW SHEPrUU SBUIACH
3JIEKTPUUECKaA jgaMnodka. OHa W MO HBEIHENIHWUN OE€Hb OCTANACh CAMBIM PacCHpPOCTPAHEHHBIM
3JIEKTPOTEXHUYECKUM  yCTPOMCTBOM. Hagamo mmpoKOMy NPAKTHUECKOMY ITPHUMEHEHHUIO
IEKTPUYECKON HHEPTUM TOJNIokmna B 1876 r. nmekTpudeckas CBedYa BEIJAIONIETOCS PYyCCKOTO

AOKYMEHT MOAMWCAH |
n3o0peranesmronmekTporexaika [laBna Huxkomaesnua f10mouxoma (1847-1894), zammmaromias

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E
Bnanen@COO0SMECTR CPEAMAVTOBBIX UCTOYHUKOB CBETA . XOTS M300pETEHUE AEKTPUIECKON CBEUN HE
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3aCIy’KUBAeT OCOOOM OLEHKHM M OTAEIBHOTO pPACCKa3a, MOCKOJBKY IOCIYKWIO MOITHEIM
UMIIYIECOM K OYpPHOMY pPOCTY 3AEKTPOTEXHUUECKOH IMTPOMEIILIEHHOCTH.

OpnHa SJIeKTpUYEeCKas CBEYa MOTJIA TOPETH OKOJIO 2 U; IIPHU yCTAHOBKE HECKOIBKUX CBEUYEH
B CHEHUAIBHOM (poHape, 000PyAOBAHHOM MEPEKIIOYATEIEM [JIA BKIIFOUEHUS OUEPETHON CBEUYH
BMECTO MEPETOPEBIIEHN, MOKHO ObIT0 0o0ecmeunTs OecnepedoiHOe OCBEMIEHUE B TeUEHHUE Domee
OIUTETHEHOTO BPEMEHH.

Upe3BruaniHO BAKHO OTMETUTE, YTO N300PETEHHNE AIIEKTPUIECKOM CBEYN CIOCOOCTBOBAIIO
BHEJIPEHUIO B MPAKTHUKY MEPEMEHHOTO TOKA. B TeueHme BCEro MpeamecTBYIONIETO MEPHOA
3IEKTPUUECKAs TEXHHKA 0a3upoBanace HAa MOCTOSHHOM TOKE (Tenerpadus, raJbBaHOTEXHUKA,
MUHHOE 11€710). JlyroBeI€ 3NEKTPUUECKUE JTAMITBI C PEryIaTOPAMH TAKKE MUTAITUCH ITOCTOSHHBIM
TOKOM. [Ipu TOM MOIOKUTENBHBIA HIEKTPON CTOPAT OBICTPEE OTPUIIATEABHOTO, MOATOMY €T0
IPUXOIUIOCE Opare OONBIIETO TUAMETPA.

[1. H. 5101049k 0B yCTaHOBMA, UTO IJIA MATAHWA CBEYHN JIyUIIE€ MPUMEHATh NEPEMEHHBIN TOK,
B 5TOM CIIy4ae MpU IEKTPOaax OJUHAKOBOTO IMAMETPA MOIyJalach BIIOJIHE yCTOUMBasA ayra. B
CBS3U C TEM, UTO OCBETUTEIBHEBIE YCTAHOBKH MO cucreme I1. H. SIomoukoBa cranmm moakimrogars K
MCTOUHMKAM TMEPEMEHHOTO TOKA4, 3dMETHO BO3pPOC CIPOC HA TEHEPATOPHI HMEPEMEHHOTO TOKA,
KOTOPEIE PAHBIIE HE HAXOIUIN MPAKTUIECKOTO NpuMeHeHNA. O 3HAUEHUHN SJIEKTPUIECKOH CBEIH
B PACIIMPEHUM OPOU3BOACTBA AICKTPUIECKUX TEHEPATOPOB IMIEPEMEHHOTO TOKA MOJKHO CyIUTEH IO
CIEAYIOMIEMY IPUMEPY: ECIH 0 MOSABIEHUA JIEKTPUIECKOH cBedM 3aBoa 3. 1. I'pamma Beimmy Ckan
B Tteuenue 1870-1875 rr. mo HECKONMBKY MOECATKOB MAIIMH B ron, TO 3a 1876 r. BBEIMyCK
reneparopoB Bo3poc moutu A0 1000 mT. 3aBOABI M3TOTOBIAIM AIEKTPUUECKUE TEHEPATOPHI,
CHELMATLHO MPEAHA3ZHAUCHHEIE U1 YCTAHOBOK SJIEKTPUYECKOTO OCBEMIEHUS, U IakKEe MOIIHOCTH
MAalMH 0003HAYaI4aCh IO YUCIy HUTAEMEIX JJICKTPUIECKUX CBEUEH (HAIPUMED, «ILIECTHCBEUHAL

MAILIHA ).

Koumponsnwie sonpocwi:
1. IloaroToBUTE TMpE3EHTAIMOHHBIE NOPOEKTHI Ha TeMy: IlepBeie wuCTOUHUKH

5JIEKTPUUECKOTO0 ocBenieHus. [1asen $l010UKk0B — co3marens «pyCcCKOro CBETa.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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Ipakmuueckoe sauamue Ne 8. Hemopusa paseumus suepeemuxu ¢ Poccuu.

Inepeemura ¢ XXI eexe. Hzoopemenue mpanchopmamopa. Hccneoosanus ¢ odnacmu

nepeoavu 31IeKmpudeCcKoll IHepeul Ha 001bliUe PACCIMOAHUA.

Ilens: V3yueHne UCTOPHUH PAa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPrE€THUKHU, 3aKOHBI

5JIEKTPOTEXHUKH U (pOPMHPOBAHHME €€ HAYIHEIX OCHOB.

Ocrnoevt meopuii:

Bocemunecareie roger XIX B. BONUIM B UCTOPUIO JJIEKTPOTEXHUKH IO HA3BAHUEM
nepuona «rpancopmaropHeix OuTBy». Takoe HEOOBITHOE HA3BAHUE OHU MOJYYHIN IMOTOMY, 49TO
n3o00perenue TpaHncpopmaropa SABWIOCE OTHUM M3 CHIBHEMIIUX ApPryMEHTOB B MOIb3Y
MEPEMEHHOTO TOKA. A HACTOAMIAd OWTBA NUIA MEKIY CTOPOHHMKAMHM CHCTEM ITOCTOSAHHOTO H
MEPEMEHHOTO TOKOB M OTpakajga MOMCKM ITyTEH BBIXOJA M3 HA3PEBUIETO0 SHEPTETUIECKOTO
KPH3UCa, CBA3AHHOIO C IpPOOJEMON LEHTPATIM30BAHHOIO IPOU3BONACTBA JIEKTPOSHEPTHA H
mepenadu ee Ha O0JIbImmMe paccToIHUA.

[lepBeiM mpocTedmmM TpaHcGoOpMaATOPOM C PA30MKHYTHBIM MATHUTONPOBOAOM Oblia
nHAyKIMoHHAA karymka. Ee m3oOperenne B 30—40-x romax XIX B. cBA3aHO C MMEHAMM pPsaa
YUEHEIX U n3o00perareneu, HO HAMOOIBIIYIO U3BECTHOCTE MOMYYIII HEMEIIKUM MeXaHuk [ eHpux
Pymxop( (1803—1877 rr.), cozmaBmmit B 1848 1. D0olee COBEPIIEHHYI0 KOHCTPYKIHIO, U €T0
UMEHEM BIIOCIENCTBUM CTAIM HA3BIBATH MWHAYKIMOHHYI) KAaTymlKy. lakue KaTylku
MPEOHA3HAYAINCE I MMOJIYyUEHUA HCKPOBOTO pa3psAnda BO BTOPUUHOH IIENMM IPHU IPEPBIBAHUHN
MOCTOSTHHOTO TOKA B NEpBUUHOM 1ermud. BmepBeie karymky I'. Pymkopda npumenun ms
aucTaniuoHHOro B3peiBaHusA MuH b.C. flkoOu. B mocnemmeir tpetn XIX B. MHIYKIIMOHHEIE
KATYIIKA ITOMYYIIN MIUPOKOE IMPUMEHEHUE B CUCTEMAaxX 3aKUTAHMA NBUTATEICH BHYTPEHHETO
CropaHus.

Pome WMHOYKIIMOHHOM KATYIIKW, OPEBPATUBIICHCS B ammapar, HA3BAHHBIA MO3JHEE
TpaHcpopmMaropoM, Kak CpPEACTBA SIEKTPUUECKOTO pa3[elIeHUs IEIMEH NEPEMEHHOIO0 TOKA,
orueTnuBO oco3Han [1.H. fI6moukos.

Jlaxce camum (pakTOM MATEHTOBAHUA CUCTEMEL «IPOOIEHN CBETa» BO MHOTHX CTPAHAX OH
Kak OBl TOOUEPKUBAI BAKHOCTE HOBOrO Ipeanokenus. Bo ¢paniysckom marente Ne 115793 or
30 HoaOpsa 1876 r. on mucan: «IIpeagmeTrom 3TOr0 M300pETEHNA ABIAETCA PACIIPENEIIEHUE TOKOB B
LEAIX TPOU3BOACTBA AIEKTPUUECKOTO CBETA, IMO3BOJMIONIEE MOMYYUTh, MHOJB3YACH IEMbIO,

- QOKYMEHT MNoArncAaH
MUTACMOMEKOAHHM N@IMEKTBCHHBIM HMCTOYHHKOM ICKTPUYICCTBA, HCOMNPEIOCICHHOC YHCIIO

Cepmucumkar: 2C0000043ESABBBO952205E7TBAS00060000043E
BnanenddCTOWHIKOB @BeTa oxaldrrarx OBl OTMEKEBEIBASACE OT [IPHUBBIYHEBIX CXCM MHIOYKITHOHHBIX KATVIICK,
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OH yKa3elBaeT: «Ecmm A mpuMeHsr ... SJIEKTPUYECKUM HUCTOYHHMK ITEPEMEHHOTO TOKa, o0miee
PAacHoIOKEHHUE OCTAECTCA HEM3MEHHEIM, HO IIPEPEIBATEL CTAHOBUTCSA HEHYKHEIM ...

Cucrema «apoOnenusa cpera» f0moukoBa MMPOKO JEMOHCTPUPOBAIACH ABA pasa: Ha
[Tapmxkckonn MexmyHapomHou »SiaeKTpoTexHHM4Yeckor BeicTaBke B 1881 1. m nHa Bropon
[TerepOyprekoii snekTpoTexuudeckoi BeictaBke B 1882 r.! (rme Bcio cucreMy cMOHTHpOBAT U
syKCrmoHupoBan npemnaparop Mockorckoro yausepcurera UBan @ununmosuu Y carun (1855-1919
rr.). boOuHEI, KAk MX TOraa HA3BIBAIIM, MUMEIM OJMHAKOBOE YHCIO BUTKOB B IIEPBUYHOM U
BTOPUYHON OOMOTKAx, a CTAanbHOM CEPACYHUK OB PA30MKHYTHEIM WM TPEACTABIAI COOOH
CTEpKEHb, HA KOTOPBIM HAMATEIBATUCE 00MOTKH. Ha sToi ke BeictaBke .M. Ycarun Bnepseie
OeMbHCTPHUPOBAI CXEMY BKIIOYEHHSA BO BTOPUYHBEIE OOMOTKH MHAYKIIMOHHBEIX KATYHIEK KpPOME
CBEUEH M APYTUX OPUEMHHUKOB: AIEKTPOABUTATENS, MPOBOIOYHOM HATPEBATEIBRHOM CHHPAIIH,
OYTOBOU JIAMITEL C PETyIATOPOM. Bee 3T mpueMHnky Moriamu padoTaTe 0 THOBPEMEHHO, HE MEMIas
apyr apyry. JOtuMm skcnepumeHToM W.O. Ycarmn yOemuTenbHO TOKas3ala yHHBEPCAIBHOCTH
MPUMEHEHU S MEPEMEHHOTO TOKA.

B nmawane 80-x romoB CTaHOBWIOCH BCE fCHEE, UTO CHCTEMA SJIEKTPOCHAOKEHUS HA
MOCTOSAHHOM TOKE HE MMEET mepcrnekTuB. M3 ompITa sKkemryaranum JyrOBEIX UCTOYHUKOB CBETA
OrLI0 ycTanoBieHO onTuMansHOe HanpsxeHue 110 B. Paguyc snexkTpocHad)eHMs HE IPEBBITIAIT
HECKOJIEKO COTEH METPOB. [IOMBITKM pacmupUTh rpaHULIEl pAMOHA SIEKTPOCHAOKEHIA ITPUBEIH K
POKACHUIO TAK HA3BIBAEMOM TPEXMPOBOAHOM CHCTEMBI IOCTOAHHOTO TOKAa. HO OCHOBHBIM
HAIIPABJICHUEM Pa3BUTHA JIEKTPOSHEPreTHKH yxe B S80-X romax CTraHOBHUTCA CHCTEMA
MEPEMEHHOTO TOKA.

HoBbIM m1arom B MCHOJI630BAHUH TPAHC(POPMATOPOB C PA30MKHYTEIM CEPACTHUKOM IS
pacupeneneHnus SJIEKTPOSHEPIUM ABWIACH CHUCTEMA PaCHpENeNeHus DJIEKTPHUECTBA UL
MPOU3BOJICTBA CBETA M TAK HA3BIBAEMOW ABUTATEIBHOWU CHJIBI, 3amaTEHTOBAHHAA BO DpaHImuy B
1882 r. anrmmiickum snexkrporexHukom Jlx.J[. T'omapom (1850-1888 rr.) m (paniysckum
yiekTpoTrexHukoM Jlrocrenom T'ubbOcom (ymep B 1912 r1.). 3Ot Tpanchopmarops
MPEOHA3HAYATNCE YK€ HE TOJBKO I «OpPOOIECHUA» HSHEPruM, HO U I IPeoOpa3zOBaHUA
HAMNPSKEHUA, T.€. HUMEmM KOAY(PUiueHT TpaHcPpopmaiuy, OTAMYHBIM OT e€auHuIEl. Ha
NEPEBAHHOU ITOCTABKE YKPEIULAIOCh HECKOIBKO WHAYKIIHOHHBIX KATYIEK, IEPBUYHEIE 0OMOTKH
KOTOPBIX  COEMUHANMMCH  MOCIEAOBATENBHO. Bropuuneie  00OMOTKM  Karymek  ObLiH
CEKIIMOHUPOBAHBI, M KaMkaasd CEKUWs WMelIa OBA BEIBOAA I IMOJKIIOYEHUS IIPHEMHHKOB.

33(3.]'[}’ AMUBAKOT BHHUMAHHWA BBIABHKHBIC CCPICUHHKH 2 KATYIICK, C IIOMOMIBK) KOTOPBIX

pewmpgmwmﬁne HA BTOPUYHBIX OOMOTKax. ['paHc(opmaropel ¢ pPazOMKHYTHIM

Ceptudmkar: 2C0000043E9ABBBI522Q5E7BAS00060000043E
Branen&CPIQEHIKQ ¥ By T ¥SEAHABIMBAIOTCS HA MOACTAHUNAX JIOHIOHCKOrO METpPONMOJIUTEHA, a4 B

1884 r.— na BrictaBke B Typune (Uramis).
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Pucynok 9 Tpancpopmarop ['onapa u ['nbdbca

CoBpeMmeHHBIE TpPaHCPOPMATOPE HMMEIOT 3aMKHYTBIH MATHUTHBIM CEPACYHUK, HX
NEPBUYHBIE OOMOTKM BKIIOYWAIOTCA mapamnenpHo. Ho nma cxemsl «apoOmenHus» sSHepruw,
npemnoxeHnnon [1.H. S10noukoBeiM, TpanCc(hopMAaTOpel ¢ Pa30MKHYTBIM CEPAEYHUKOM BIIOJHE
yIOOBJIETBOPAIN TEXHUYECKUM TpeOoBanuam. [Ipn mocnenoBarensHOM COEOMHEHUH ITEPBUYHBIX
OOMOTOK BKJIFOUEHME M BBIKIIOYEHUE OJTHUX MNOTPEOUTENEN HE OKA3BIBAIO CYMIECTBEHHOTO
BJIMSIHUA HA pexuM padoTel npyrux. Ilpyn nmapannensHoOM BKIIOUEHNMH NPUEMHUKOB IIPUMEHEHHE
TPaHC(POPMATOPOB C PA3OMKHYTEIMH CEPACYHUKAMA CTAHOBUJIOCH TEXHUUECKH HEOIIPABIAHHBIM.
[TosTOMY MOHATHO CTPEMIIEHHE CKOHCTPYHUPOBATEH TPAHC(HOPMATOPEL C 3aMKHYTOM MArHUTHOU
CUCTEMOM, KOTOpEIE 00JamaroT 3HAYUTENBHO JYYIIMMH XAPAKTEPUCTHUKAMHU  (MEHB WM
HAMATHUYMBAIOTINAM TOK, 4 CAEA0BATENLHO, MEHbIINE noTepu 1 Oomsmmii KITJT).

[TepBrie TpaHCPOPMATOPEI C 3AMKHYTBIM CEPACYHUKOM ObLIM cO3aaHel B Aurnuu B 1884
r. opare amvu [xonom n DaBapmoMm ['onkunconamu. CepapedHuk 3T0ro Tpancdopmaropa ObLI
HAOpaH W3 CTAJBHBIX ITOJIOC WM IPOBOJIOK, PA3JEIEHHBIX W30JIMOHHBIM MATEPHAIOM, 4TO
CHIKAQJI0O TNOTEPH HA BUXPEBEIE TOKW. Ha cepaeyHMke MOMEmAINCh, 4Epenysiach, KaTyIIKH
BBICIHIETO M HU3MIETO HANPAKEHUH.

BrnepBeie mpemIOKEHUE O HOAPANIEIBHOM BKIOYEHMH OOMOTOK TpaHc(popMaTopos
Beickazan P. Kemnmemu B 1883 r., HO BCECTOpOHHE OTOT CIOCOO CoeauMHEHUS O0OOCHOBAI
BeHTrepckuil anekTporexHuk Muximom lepu (1854—1934 rr.), koTopent B 1885 r. mosryunn nareHt
HA [MApaJIeIbHOE BKIIOYEHUE MMEPBUUHBIX M BTOPUUHBIX 0OMOTOK TPaHC(OPMATOPOB M MOKA3A
MPEUMYIIECTBO TAKOTO BKJIIOYEHUA. He3aBUCMMO OT HEro aHamOru4yHBIA MATEHT B AHTIJIMH
nonyuun C. L[. @eppanTn.

[lepenaua SnEKTPUUECKOM OHHEPIHMM NEPEMEHHBIM TOKOM BBICOKOIO HAIPAKECHUA
0Ka3a/IaChBRSNEQHFIHHMAECIE CO3IaHNA 0IHO(Pa3HOTo TpancdopmarTopa ¢ 3aMKHYTOHM MATHUTHOH

3NEKTPOHHOW NOANWCHLIO
Ceprnd GHCTEMOH4 3 EHNEBIINOPL BAIUCTATONHO XO0POMIHE SKCINTYATAIIHOHHBIC  ITOKA3dTCIIH. Taxon

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

TpauncpopMaTop B HECKONBKMX MOIU(PUKAIMAX (KOMBIEBOH, OpOHEBOH M CTEPKHEBOU)
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pazpaborami B 1884—1885 rr. BeHrepckue snekrporexuuku Muknom Jlepu, Orro baatu (1860—
1938 rr.) u Kapou llunepnockuu (1853—1942 rr.), BnepBrie NMpemIOKUBIIME U CaM TEPMUH
«rpancpopmarop». BeHrepckue WHKEHEPHl HANIM ONTUMAJIBHBIE COOTHOLIEHHA MEKIY
pacxogoM MEQU U CTAM B TpaHc(popMaropax u 00ecneunam CBOeH MPOIYKIMA IMUPOKUNA COBIT HA
MHPOBOM SIEKTPOTEXHUUECKOM PEIHKE. B wacTHoCTH, 5Ta (pripma ocymiectBwia B 1887 r. onny u3

nepBEIX B POCCHM yCTAHOBOK MEPEMEHHOTO TOKA I OCBENIEHUA ONEPHOro tearpa B r. Onecce.

Koumponsnwvie sonpocwi:

1. Kro wm300pen nepBeii npocrenmwuit  Tpancpopmarop? Ero koHCTpykunsa u
HA3HAUYEHHUE.

2. Kakum 00pa3oM nepenaBanaces SIEKTPOIHEPT A HA O0TBIIIME PACCTOSAHUS !

3. [TogroToBUTE  OpEe3C€HTALMOHHBIE  IPOEKTEL HA  TeMy:  u300pereHue

Tpancpopmaropa, HUCCIENOBAHUA B 00nMacTH Mepenadu SIEKTPUYECKOM SHEPrUU HA OOombmme

PACCTOSHUA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ipakmuueckoe sauamue Ne 9. Hemopusa paseumus suepeemuxu ¢ Poccuu.
Inepzemuka ¢ XXI gexe. Cozoanuie nepevlx aCUHXPOHHbBIX Oguzamenel. Y ucmokos
anexmpupukauuu. Ocrnogononosrcnux mpexgasnvix cucmem Muxaun /lorueo-

Hobposoasckuil.

Ilens: V3ydenue UCTOPUM PA3BUTHA NIEKTPOTEXHUKH WU IEKTPOSHEPIETHKH, 3AKOHBI

3JIEKTPOTEXHUKU U (pOPMHPOBAHNE €€ HAYIHBIX OCHOB.

Ocrnoevt meopuii:

B to Bpems kak H. Tecna u ero corpy IHUKH MBITATHUCE YCOBEPIIEHCTBOBATE ABYX(Pa3HyIo
cucremy, B EBpome Opuma paspaborana Oonee COBEpHIEHHAA DSJIEKTPUUECKAS CUCTEMA —
Tpex(aznas. M3ayueHme MOKYMEHTAIRHBIX MAaTEpUAaNOB MOKa3wiBaer, uro B 1887-1889 rr.
MHOTO((]a3HEIE CUCTEMEI pa3zpadaThBATUCE C OOJBIIMM MM MEHBIINM YCHEXOM HECKOJBKUMHU
YYEHBIMU U UHKEHEPAMM.

Hampumep, Y. bpemmm, crpemaACs H3rOTOBUTE SJIEKTPUUECKYI0 MAMIMHY C JYYLIAM
HCIOIB30BAHNEM AKTHUBHBIX MATEPHATIOB, CKOHCTPYHMPOBAJI IBYX-U Tpex(pa3sHbie TeHEPATOPHI.
Opnnaxo Y. bpennu He 3HAT 0 SBIECHUN BPAMIAIOMIETOCS MATHUTHOTO TOJS U MPEOMONarai, uTo
moTpeduTem B MHOTO (Pa3HEIX CUCTEMAX JOJLKHBI BKIIOUATHCA KaK O THO(PAZHEIE HA KAXK YO Iapy
IIPOBOIOB.

@. XazenpBaHOEp MOIOMIEN K TPEX(PA3HOU CUCTEME TOKOB C APYTUX MCXOIHBIX MO3UIIAH.
3HasA, 4YTO0 KOJJIEKTOpP Yy TEeHeparopa W OBUTATENA MOCTOAHHOIO TOKAa BBIMOJIHAET
B3aMMO00paTUMEBIE (PYHKIMHM, OH PEMIMI €r0 YCTPAHWUTh, CUUTASA, YTO AOCTATOUHO T€ TOUKH
0OMOTOK AKOPEN KAXAOM M3 MAIMMH, OT KOTOPEIX WAYT OTMAMKNW K MIACTUHAM KOJIIEKTOpa,
COEIMHUTE COOTBETCTBEHHO APYT C APYrOM. ITO YAOOHO CAEIaTh y 0OpAmIEHHBIX MAIINH, SKOPS
KOTOPBIX HEMOJBHWKHBI, a ITOJIFOCHEI BPAIIAOTCA. loraa reneparop OyIer CBA3aH C OBUTATEIIEM
TPOBOIAMH, YHCIO KOTOPBIX PABHO YHUCIY KOJUIEKTOPHEIX IUTACTHH. CTPEMACH YMEHBIINUTE YU CIIO
JTUHEUHBIX MPOBOAOB, @. Xa3eneBaHIEp HAMIET MUHUMAIEHBEIN BAPUAHT — TPU OpoBOaa. OgHAKO
OH HE CyMEI YBUAETHh BCEX BO3MOKHOCTEN HOBOM CHCTEMBI M CO37IaTh MMPUTOTHBIE A1 MPAKTHKH
KOHCTPYKIIMM MAIINH.

Hanbompmmx ycnexoB B pasButuu MHOro@aszuerx cucreM podbwicsa Muxamn OcunoBug
JlomiBo-/{00pOBOIECKHI, KOTOPEIM CyMEN MPUAATh CBOMM padOTaM MPAaKTUYECKHM XAPAKTEP.

[TosTomMy OH MO mpaBy CUMTAETCA OCHOBOIIOJIOKHUKOM TEXHUKH TPEX(PA3HBIX CHUCTEM.

M&ﬁﬁﬂﬂ&ﬁﬂ%ﬁpmmmm (1862—-1919 rr.) pomunca B IlerepOypre, yuumncsa B

Ceptudmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnagenddm KOO osalTOFAAT SNHHUOEHO M I*THCTHT}’T €, HO OBIJT OTUMCIEH B CBA3M C MACCOBBIMH

AHTUIIPABUTEILCTBEHHBIMI BEICTYIUICHUAMHM CTYAEHTOB B roa napeyoumiictea (1881 r1.).
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JIumeHHbIN MpaBa MOCTYNATE B BEICIIKME yueOHEIE 3aBeneHus Poccuu, oH Beiexan B I'epmanutio u
3aBepm1 CBoe oOpaszoBanue B Bricmiem TexHmueckom yuununie r. [lapmmranra, B KOTOpOM
00JIbII10€ BHUMAHME YAEIAIOCh MPAKTHYECKUM IMPUMEHEHUAM IEKTPHUECTBA.

Ocenpro 1888 r. M.O. [lomuso-/loOpoBonsckuii mpouen noknax ['. deppapuca o
BPAMIAIOMIEMCS MATHUTHOM ITOJ€ W OBII KpaWHE VYAUBIEH €r0 BBIBOOOM O HPAKTHUECKOH
HEMPUTOMHOCTH «WHIAYKIWUOHHOTO» Anektpoasurarema. Eme no sroro M.O. Jlomigo-
JloOpOBONMBECKMIT  3aMETIII, YTO €COM 3aMKHYTh HAKOPOTKO OOMOTKY SKOpA OBUTATENA
MOCTOAHHOT O TOKA ITPA TOPMOIKEHUH (T.€. B OIIBITE TUHAMHYECKOTO TOPMOKEHHA ), TO BO3HUKAET
O0MBIION TOPMO3AIIMA MOMEHT. «fl ToTHAC )€ ckasan cede, — BcmomuHan nozauee M.O. Jlonuso-
JloOpOBOMBECKMI, — UTO €CIM COENATh BpPallaronieecs MaruuTaoe moiue mo merony I'. deppapuca
11 TOMECTUTh B HETO TAKOM KOPOTKO3AMKHYTBIN SKOPh MAJIOTO COMPOTHUBIEHHUS, TO ATOT AKOPb
CKOpEe caM CrOPUT, 4UeM OyIeT BpamarsCsa ¢ HeOOIpmmMM auciaoM 000poToB. MEICieHHO £ npsAaMo
MPENCTABUI CE0E HNMEKTPOABUTATEG MHOTO(A3HOTO TOKA C HUUTOKHBIM CKOJIBAKEHUEM.

Tak M.O. JlonuBo-/l00poBOABCKMH TIpUIIET K BBEIBOAY O HENENECO00pa3zHOCTH
W3TOTOBJIIEHWA 0OMOTKH pOTOpa C TAKUM OOJILIINM COMPOTHBIEHUEM, MPU KOTOPOM POTOP UMET
Obr ckonpkenue 50 %. B crepxkHAX Mamoro COMPOTHBIECHUA MPU HEOOIBIIOM CKOJIbKEHUH
BO3HUKHYT TOKHM, KOTOpPBIE B JOCTATOYHO CHJIBHOM MAarHUTHOM IIOJ€ CTATOpa CO34anyT
3HAYUTEILHEIN BPAILIAIONIANCI MOMEHT.

Y CcuneHHas AeATEIPHOCTE B 3TOM HAINPABICHUN B HEOOBIYATHO KOPOTKUH CPOK IPUBENA K
pazpaboTke Tpex(dazHOU SIEKTPUYECKON CHCTEMBI W COBEPHICHHOW, B NPUHLUMUIE HE
M3MEHMUBILENCS OO0 HACTOAMIETO BPEMEHU, KOHCTPYKIMN ACUHXPOHHOTO 3JIE€KTPOIBUTATENA.

[Tepeeim BakaeiM marom, kotopeid caenan M.O. JlonuBo-/loOpoBonsckuii, OBLIO
n300perenue poropa ¢ 0OMOTKOM B BUAE Oennubero koneca. s yMEeHbIEeHUsS CONMPOTUBRICHUA
00OMOTKM pOTOpa JIy4YIIMM KOHCTPYKTHUBHBIM PEUIEHHEM MOT OBITH POTOP B BHUAE MEIHOTO
uunnHapa, kak B asurarene . @eppapuca. Ho mens gaBnserca mioXuM OPOBOIHUKOM [JIA
MarauTHOro noms craropa, u KIIJ| Takoro geurarens Obiin Obl 0OueHb HU3KUM. ECiIM k€ METHBIN
LITUHIP 3AMEHUTH CTAIBHBIM, TO MATHUTHBIHN IMOTOK PE3KO BO3PACTAET.

OnHAaKO OTMETHM, UTO SIEKTPUUECKAd MPOBOAUMOCTE y CTAMM MEHBIIE, yeM y Mmeau. M.O.
JlomiBo-/{00poBOIECKHI HAMIEN ONECTANIEE PEMIEHUE — BBIMOIHUTE POTOP B BHAE CTAIHHOTO
HWINHIPA (Y4TO YMEHBIIAJI0 MATHATHOE COMNPOTHBIEHHE POTOPA) M B HPOCBEPIECHHEIE IIO
nepu()epun Mo CJIEAHEr 0 KAHAJIBI 3AKJIAIBIBATE METHBIE CTEPKHU (4TO YMEHBIIAET SIEKTPUIECKOE

compoTuBieHue poropa). Ha moOOBEIX "acTaX poTOpa STH CTEPKHU TOMKHEI OBITE XOPOTIO

SHEKTpHQMEHé&%ﬁa pUC. IPEACTABIEHEl YyepTexku u3 nepeoro marenra M.O. Jlomigo-

CepTuduat: _ 2C0000043E9ABBBI52205E7BA500060000043 ] .
Bnanens:k0 OPOBOIBLCKOED, Bie/Q TH TpE}EE)HﬂHDH CUCTEMEBI. JTHUM IMATEHTOM OH 3aKpenuia 3a coOou
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n3o0perenue poropa ¢ «OEeIUUBMM KOIECOM», KOHCTPYKIMSA KOTOPOTO HPUHIIUIMHAIBEHO
COXPaHWIACE B TOM K€ BUIE U 1O HACTOANIETO BPEMEHH.

Crnepyromum marom M.O. [lomuBo-/l00poBONECKOr0 sABWIACE 3aMeHa ABYX(pa3zHOM
cucremsl Tpex(Pazno. OH COBEPIIEHHO CIIPABEAIMBO OTMEUAN, YTO MPU YBEIUUYEHUH dMucia (a3
YIAYYIIAETCA PACIIPENEICHNE HAMATHIYMBAIONIEH CHJIBI MO OKPYKHOCTH CTATOPa ACMHXPOHHOTO
5JIEKTPOJIBUTATENA. ¥YIKE IEPEX0] OT ABYX(PA3HOM CHUCTEMEBI K TPEX(Pa3HON NAET 3HAUYUTEIIbHBEIN
BEIMTPEINI B 3TOM OTHOHIEHUH. JlampHennee yBeandeHne yucna (a3 Henenecoo0pasHo, Tak Kak
OHO MPHUBEIO OBI K 3HAYUTEIEHOMY YBEIMYEHHUIO PACX01d MEAU HA MMPOBOAA. BCKOpE BRIACHUINCH
1 IPyTHE OPEUMYNIECTBA TPEX(PA3HOU CHUCTEMHEI.

Ho xaxum 00pa3om mpomie BCero monydurh Tpex(asHyr cucreMy? Yike ObLI U3BECTEH
CIoC00, TPU MOMOTIM KOTOPOTO OOBIYHYIO MANIMHY MOCTOSHHOTO TOKA MOKHO OBLIIO MMPEBPATUTH
B reHeparop nepeMeHHoro Toka. Kak yxe ormeuanocs, [1.H. 510moukos u 3. I'pamm enie B koH1IEe
70-x romoB XIX B. CEKIMOHMPOBAIN KOJIBIEBOM AKOPh T€HEPATOpPA U IMOJYUAIH OT KakKIOU
ceKIMM mepeMeHHBIM TOK. B cepenune 80-x romoB OBIIM MOCTPOEHBEI MEPBBEIE BPANIAOMIMECS
O THOSAKOPHEBEIE mpeoOpa3zoBarenu. ITH MpeodPaz0BaATEIN 0YEHb NPOCTO MOJIYUATUCHh U3 OOBITHOM
MAIIMHEI MOCTOSHHOTO TOKA: OT ABYX OUAMETPATEHO HPOTUBOITOIOKHEIX TOUEK OOMOTKH AKOPA
OBYXIOMIOCHOM MANIMHEL JEIAJIUCh OTHAUKH, KOTOPHIE BEIBOAWINCE HA KOHTAKTHBEIE KOIBIA. B
5TOM CIy4d€ K KOJUIEKTOPY MAIIWHEI IMOJBONWICA ITOCTOAHHBIM TOK, & C KOJIEL] CHHUMAJICA
MEPEMEHHBIN. ECIM B TOM K€ SKOpPE€ MANIMHEI MOCTOAHHOTO TOKA CAENATh OTMAWKHU OT YETBIPEX
PaBHOOTCTOAMIMNX TOYEK, TO HA YETHIPEX KOIBIAX JIETKO MTOJYYUTh ABYX(PA3HYIO CUCTEMY TOKA.

H. Tecna mocTponn CMHXpPOHHBIM TE€HEPATOP, B KOTOPOM HMMEIMCH TPU HE3ABHCHMBIE
KATYIIKH, PACIIOJIOKEHHEIE Toa yriaoM 60° omHa k npyrou. Takoi reneparop gasan tpex(pazHyro
CUCTEMY TOKOB, HO TPEOOBAJI I NEPENAYH SHEPIrUM LIECTh MPOBOJOB, TAK KAK B 3TOM CIydae
MOMy4aJaCh HECBA3aHHAA Tpex(dasHada nems ¢ TOKamu, CABUHYTEIMU mo (paze Ha 60°. M.O.
JlomiBo-Jl00OpOBOIECKMI B pPE3ynbTaTe€ HCCIENOBAHWUA PA3JIMYHBIX CXEM OOMOTOK CHesan
OTBETBJIEHUS OT TPEX PABHOOTCTOANINX TOYEK AKOPSA MAIIWH MOCTOSHHOTO TOKA. 1Takum o0pazom
OBLTM OTy4Y€eHBI TOKH € pa3HoCcThIo (ha3 120°. CoxpaHuB B 5TON MAMIMHE KOJUIEKTOP, MOKHO OBILIO
HCIOIB30BATE €€ B KAUECTBE OTHOAKOPHOT 0 IPeo0pazoBaTeIs.

Taxum myrem ObLna HaliieHa cBA3aHHAaA Tpex(pazHas CUCTEMA, TPU KOTOPOH 1A MEPEIaAIN
1 pacrpeneneHus SIEeKTPO’HEPrun Tpedyercsa TONeKO Tpu npoBoaa. B myxdasznou cucteme H.
Tecmer Takxke uMmenace BO3MOKHOCTH OOOUTHCH Tpemsa HOPOBOJAMH, OJHAKO TOCTOMHCTBA
CUMMETPUUHON CBA3AHHOU TpeX(PazHOU HEMM MOIKPENLINCE JPYTHUMH IMIPEUMYIIECTBAMM KAk

ﬂBMﬂTE&ﬁ%ﬁﬁﬁ%&%ﬁ%@e Tpex(aznou cucremel. [locnegHsaa ABAAETCA CUMMETPUYHOM,

Ceptudmkar: 2C0000043ESABBBS52205ETBAS00060000043E w
Bnanend|PABHABSIHCHHOH A Ky AKOHOMITHOHM. Ha TpH IMpoBOIOd B TpEKq)HEHDH CHCTCMC J1A ICPCod4YH

Dﬂlﬂ{ﬂKDBDﬁ MOIIIHOCTH TpEGDBHﬂDCB .?-H,TPHTT{TB METALIA Ha 25 % MCHEIIIC, UHEM HdA IBd HpDBD,I[H,
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B OaHO(a3HOM. JTa OUEBMAHAA SKOHOMMA MeTamwia Oblsla OOJHUM W3 TJIABHEIX APTYMEHTOB B
MONB3Y TPEX(Pa3zHOU CUCTEMHEL.

Jlanpuenmee ypemuenne uwucna (a3 nOpuBeno Obl K HEKOTOPOMY  YAYYIIEHUIO
HCIOIB30BAHUS HEKTPUUIECKUX MAIINH, HO BBI3BAIO OBl COOTBETCTBYIONIEE YBEIMYEHUE UM CIIA
TUHEVHBIX NPOBOAOB. lakum obOpa3zom, Tpex(azHas CHUCTEMA SIEKTPUYECKHX TOKOB SBIIIETCA
ONTUMATBEHOH MHOTO(Pa3HON CUCTEMOM.

Cucreme Tpex «conpsaxeHHbIx» TOKOB M.O. J[lomiBo-/{00poBOABCKIH AaN CHEHUATEHOE
HaumeHnoBanue «Drehstrom», 4To B mepeBoae HA PYCCKUM A3BIK 03HAYAET «BPAMIAIOTIINHCST TOK.
YKa3aHHBEIM TEPMHH, XOPOIIO XAPAKTEPH3YIOMMU CIIOCOOHOCTH OOPA30BEIBATE BPAIIAFONICEC
MArHUTHOE MOJIE, O HACTOANIETO BPEMEHN COXPAHWIICA B HEMELKOW JIMTEPATY PE.

Becnoit 1889 r. Ol MOCTpOEH MEPBBEIM TPEX(PA3HBINT ACMHXPOHHBIN AJIEKTPOABUTATEND
MOMIHOCTEI0 0K0n0 100 BT. 3TOT mBurarems muraiacs TOKOM OT TPex(pasHOTO OTHOAKOPHOTO
mpeoOpa30BaTesis U MPHU UCIBITAHUAX MOKA3AJI BIIOJHE YIOBIECTBOPUTEIBHBIE PE3YIBTATHI.

[Topaxaer KOHCTPYKTHMBHAA 3aKOHYEHHOCTBH IEPBBIX ACHMHXPOHHBIX SJIEKTPOIBUTATEIEH
M.O. J[lomuso-J/loOpoBonsckoro. CrepxHH «OEnUUBEr0 KOIEca» OH TMpPEIIaraer Oeilarh
HEW30IMPOBAHHBIMHU, CEPIETHUK POTOPA MACCUBHBIM WM IINXTOBAHHEIM, CTEPKHH MO TOPIAM OH
COEOUHMII KOPOTKO3AMBIKAIONIUMH KOJIBIIAMU, JIJIA CTATOPA BOEPBEIE BBEJI MOIY3AKPHITHIE MTA3HI.

Bcnen 3a nepBeIM OTHOAKOPHEIM IpeoOpa3oBarenem ObLI CO31aH BTOPOH, 00JI€E MOILIHEIH,
4 3aTe€éM HA4aJOCh HW3TOTOBJIEHUE TPEX(PAa3HBIX CHHXPOHHEIX TE€HEPATOPOB. YKE B MHEPBBIX
reHeparopax MIPUMEHSINCE OBAa OCHOBHBIX cmocoba coeamHeHusa OOMOTOK: B 3BE30y H
TpeyronsHUK. B mamsneiimem M.O. [lomuBo-/loOpoBomsCkOMy  yAamoCh  YAYYIINUTE
HCIIOJIL30BAHUE CTATOPAa C MOMOMIBIO MIMPOKO OPHUMEHAEMOTO B HACTOANIEE BPEMA METOIA,
3aKJIIOYAIONIETOCS B TOM, 4TO OOMOTKY JE€IAI0T pa3pe3HoOM U IPOTUBOICKANIME KATYIIKH
COENUHAIOT BCTPETHO.

Baxuemm gocrmwkennem M.O. JlomuBo-/100pOBONMECKOTO SBUIOCE TAKKE TO, UTO OH
OTKA3aJICA OT BBITOJHEHUA ABUTATEIA C BEICTYIAIOIIMMH HOJIOCAMHM U Caenan 0OMOTKY cTaTtopa
pacmpeneneHHOM MO BCEU €ro OKPYKHOCTH, Omaromaps 4emMy 3HAUUTEIHHO YMEHBUIIWIOCEH
MATrHATHOE paccesHue no cpaBHeHUIo ¢ apuraremaMmu H. Tecmer. Tak Tpexdaznseiil aCHHXPOHHBIN
OBUTATENb C KOPOTKO3AMKHYTBIM POTOPOM HOIYYWI COBPEMEHHBIE KOHCTPYKTHUBHBIE (DOPMEL.
Bckope M.O. domuBo-/[00poBONMBCKMM OBIJIO BHECEHO €MI€ OOHO YCOBEPILIEHCTBOBAHUE:
KOJIbIIEBAs OOmOTKa craropa Owima 3ameHena OapaOannou. I[locme 5TOro acMHXpPOHHEIM

3JIEKTPOOBUTATENE C KOPOTKO3aMKHYTEIM POTOPOM OPHOOPET COBPEMEHHBIHN BHI.

P@%%ﬁ%@ pa3BuTHM Tpex(Pa3HON TEXHUKH BO3HUKIIO B CBA3U C OTPAHUUEHHOM

Ceptudmkar: 2C0000043E9ABBBI52205E7BAS00060000043E .
BnanenMOIHOCEBIOTHEPBRIX MCTOHHUKOB SHEPr U, KAK OTACNBHBIX T€HEPATOPOB, TAK U IEKTPOCTAHIINN
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pPOTOPOM MOIKET B HECKOJIBKO pPa3 MPEBHIIATE HOMUHAIEHEIN, U O STOMY BKJIOUEHUE TBUTATEILA
MOIIHOCTBIO CBHIIIE 2 KBT OoTpa)kanocs Ha padoTe Apyrux noTpeOuTenei.

M.O. JomBo-/{oOpoBonsckuit B 1890 r. M3roTOBUI ABUraTelh C KOPOTKO3aMKHYTHIM
pPOTOPOM MOMIHOCTEIO HOpuMepHO 3,7 KBT w npu nepBoOM k€ HCHBITAHUA OOHAPY KT
3HAUUTEIFHOE YXYAIIEHHE ITyCKOBBIX CBOMCTB. [Ipuumna 5TOro 3akmodanack B TOM, 4YTO
KOPOTKO3AMKHYTEINL  POTOP OBIT  «CIMIIKOM 3aMKHYT HakopoTko». [lpu yBemmuenun
COIIPOTUBIECHUA OOMOTKM pOTOpa IYCKOBEIE YCIOBUA 3aMETHO YIyYIIAIUCE, HO padoume
XapaKTEPUCTUKHN ABUTATEIN YXYAMATUCE. AHATN3 BOZHUKIINX 3aTPYIHEHUH OPUBEN K CO3/IaHUIO
TAK HA3bIBAEMOTO (pa3HOTO pPOTOpA, T.€. TAKOTO, 0OMOTKA KOTOPOTO IEmaercs, moao0Ho oOMoTKe
craropa, Tpex(a3zHou U ee KOHIBI COETUHAIOTCA C TPEMA KOMBIAMM, HACAKEHHBIMUA HA Bal. C
MOMOMIBIO MIETOK 3TH KOJIBIIA COETUHAIOTCA C MMYCKOBEIM PEOCTATOM. Takum 00pa3om, B MOMEHT
MyCKa LEMb POTOPa UMEET OOJIBIIOE COPOTUBIIEHUE, KOTOPOE YMEHBIIAETCA [0 MEPE HAPACTAHUA
gacTOTHl BpamieHua. Ha puc., B3arom mu3 goknana M.O. JlomiBo-/l00pOBOIBCKOTO HA NEPBOM
Bcepoccniickom snekTpoTexHHIecKoM cre3ne (1899), mokazana npuHImMnuansHas KOHCTPYKIUA

ABHTATCIIA.

Konmponsnwie eonpocwi:

l. M300perenns M.O. [lomiso-/1o0poBomsCckoro.

2. [TogroToBUTE TPE3EHTAIMOHHEIE MPOEKTHI HA TEMY: CO3JAHUE MEPBBIX
ACMHXPOHHBIX JBUTaTENIEH, Y UCTOKOB WIEKTPU(PHUKAIINHM, OCHOBOIIOIOKHUK TPEX(PA3HBIX CUCTEM

Muxaun J{onuso-J[o00pOBOIBCKIII.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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IIpakmuueckan paooma Nel0. 3apooicoenuie 3nekmpoInepecemuku. IHepcemuiecKan
mexHuxka. Hcmopuueckue ycioeus 603HUKHOGEHUA U PA3GUMUS IHEP2CMUUECKOU MEXHUKU.

Ponb 3nekmpuueckozo oceeuieHisa ¢ CMaH061eHUN I/1eKMpoIHeP2emuKi.

Ilens: V3yueHne UCTOPHUH PAa3BUTHA NIEKTPOTEXHUKH M AIEKTPOIHEPTETHUKU, 3AKOHBI

5JIEKTPOTEXHUKH U (pOPMHPOBAHHME €€ HAYIHEIX OCHOB.

Ocrnoevt meopuii:

Hagano pasBurHsa 2I€KTPOTEXHOJIOTUN MPUHATO CBA3BIBATE C paboramu akanemuka B. B.
[TerpoBa, KOTOpBEIH BHEPBEIE MCCAENOBAN AIEKTPUYECKYIO AYTY M yKA3aJl HA €€ BO3MOKHEIC
00y1aCcTH MPUMEHEHUs [ HATPEBAa, IJIABKU U BOCCTAHOBJIEHUA U3 OKUCIIOB METAIIIOB, 4 TAKKE
oA snektpoanmsa Boael. B XIX B. Hauanuce pa3pabOTKH 3IEKTPOTEXHOMOTHUECKUX YCTAHOBOK
pa3IMYHOrO0 HA3HAYEHMS, KAK YUCTO HCCIEOOBATENBCKUX, TaK U UMEIONMX MPOMBINUIEHHOE
IpUMEHEHUE. ITO padOTEI TAKMX yueHBIX, Kak M. [lenpe (Opanuus, 1849) — neus conpoTuBaeHus
u ayroBas neds, JI.-A. Ilumon (Opanuwmsa, 1853) — nqyrosas meus KOCBEHHOTO OEUCTBUS IJIA
meraiunypruu, B. Cumenc (Anarms, 1879) — nyroBeie meyu mpsamoro 1 KOCBEHHOTO neucrsus, O.
XoBucana (Aurmua, 1884), H. I'. CmasnoB (Poccus, 1888) — myromas smexkrpocBapka, C.
Tommncon (Aurmua, 1891), Usunar (Anurmsa, 1892), C. @eppanru (Uramusa, 1887) — teopus u
MpakTUKa WHAYKIMOHHOTO HarpeBa W I1aBku. MONMEIT UMIyIeC U1 Pa3BUTHA
3JIEKTPOTEXHOIOTUH JATH MHOTOUHUCIEHHBIE PpA0OTHI IO MOIYIEHUIO ATFOMUHHUSA, B XOA€ KOTOPBIX
pazpadareIBAIMCH PA3IMUHBIC TUIEL YIEKTPOTEXHOJIOTHUECKUX YCTAHOBOK (DTY): rapuuccaxHas
neub Y. C. bpagm (CILA, 1883), pe3ucTuBHEIE PyIOBOCCTAHOBUTEIBLHEIE ITEUH MPSIMOT0 HATPEBA
OpatreB A. u E. Koynecc (CILIA, 1884), smexkrpommusie Banusl [1. JI. T. Opy (Opanuusa, 1886) u
Y. M. Xomnna (CLLIA, 1886). Omnako >¢)peKTuBHOE PA3BUTHE U NPUMEHEHHUE CTAIO BO3MOKHEIM
JUIIb C MEPEXOAOM OT XMMHWYECKMX HCTOUHUKOB MUTAHUA K UCTOYHUKAM IMUTAHUA, OCHOBAHHBIM
HA 3daKOHE DJJIEKTPOMATHUTHOM WHAYKOWU, T. €. C CO3JaHMEM MOIIHBIX T'€HEPATOPOB H
yBEIMUYEHUEM MMPOU3BOACTBA SJIEKTPOsHEPTUU B KOHIE XIX — nauame XX B. C 3TOr0 BpeMeHU
HAYaIM PAa3BUBATLCS PA3MMUHBIE BUOGI AIA OCYMIECTBICHHUSA PA3HOOOPA3HBIX TEXHOIOTHMUECKHX
OpPOLIECCOB, B YACTHOCTH I MOJAY4YEHUA M 00pabdOTKM KAYECTBEHHBIX CTAIEH, IIBETHBIX U
TYTOIUIABKUX METAUIOB, MOJYIPOBOIHMKOB, IUTACTMACC U ApYyrux marepuanoB. Ha co3pmanue
CUJIbHOE€ BIWSHHUE OKA3alu pa3BuTHe aBToMOOmnecrTpoenusa (ocodenno B CIIIA), a mo3nHee aBua-
U PakeTOCTPOEHUS, ATOMHON MPOMBINUIEHHOCTH W Ap. JIEKTPOTEPMUUECKHE YCTAHOBKH

AOKYMEHT MOAMUCA .
chﬂﬂhgynﬁmqmmmﬂﬂmmc%ﬁmqem{ne MEXAHU3MBL MPEO0OPA30BAHUS SIEKTPUIECKON SHEPTUU B
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° PE3UCTUBHBIM;

° YIEKTPOTYTOBOM;

° WHIYKIIMOHHBIN (HATPEB MPOBOJHUKOB B AJIEKTPOMATHUTHOM TOJIE);

° TUHIEKTPUUECKUN (HATPEB OUAIEKTPUKOB B MEKTPOMATHUTHOM II0JIE);
° IUIA3MEHHBIN (HATPEB MOTOKOM ILIA3MBI — HOHU3UPOBAHHOTO Ta3a);

° HYIEKTPOHHO-TY YEBO;

. ()OTOHHBIN (HATPEB C UCITOIB30BAHUEM JIA3€PA — JTA3EPHBIN).

OTrmeruM, 4TO €CJIM MEPBBIE TPH BHUIA HATPEBA M3BECTHHI ¢ XIX B., a IUAIEKTPUIECKHI
HarpeB cranu npumMeHath ¢ 30-x rr. XX B., TO HAYaI0 pa3BUTHA SIEKTPOHHO-ITYYEBOTO,
MIA3MEHHOTO M JIA3€pHOTO HarpeBa oTHOCUTCA yixke K S0—60-m rr. XX B. UcTtoputo pa3sutus
3JIEKTPOTEXHOMOTUH  ILIENECO00pa3HO pACCMATPUBATE B COOTBETCTBUM C  IPHUBEICHHON
KIIacCU(PUKaIuen.

Kak n3BecTHO, OTHUMH U3 HauOOJIEe pACHPOCTPAHEHHBIX B MIPOMBIILIEHHOCTH ABIAIOTCA
mexanngeckue nponeccel. [Tostomy yxke B 70—80-x romax XIX cTonerus HAYMHAET MPOSABIATE CA
CTPEMIIEHHE SIIEKTPU(PUIMPOBATE STH IMPOLECCHL, T.€. OCYIIECTBUTH SIEKTPUUYECKHUH IPHUBOJ
pPa3MMUYHBIX HCHOMHUTENBHBEIX MexaHu3moB. OpnHako 10 Hagana 90-x TOZOB NPUMEHEHUE
3JIEKTPOIIPUBONA HOCWIO DSIH30QUYECKHH Xapakrep. JIume B HEKOTOPEIX Cioydasx, KOrjaa
NPENNPUATHA  pacmojgarayii  OJOK-CTAaHUWUAMM — JUIA  OJJIEKTPUYECKOT0  OCBEMIEHHA,
3JIEKTPOIBUTATENN MPUMEHAINCE UL IPUBOIA BEHTHJIATOPOB, HACOCOB, MOJBEMHHUKOB U IPYTHX
MeXaHn3MoB. Cnenyer OTMETUTE, 4TO HA BCEepOCCMUCKON MOMMTEXHUIECKOU BEICTABKE B 1872 T.
B.H. Yukones BnepBrie AEMOHCTPUPOBAI IBEUHYIO MAMINHY C SAEKTPUIECKUM MTPUBOIOM — 3TO
OBLI MEPBEIM B MUPE «ANEKTPH(PUIIMPOBAHHEIN CTAHOKY.

[Tomoxenne M3MEHMWI0CE KOPEHHEIM 00pa3oM B CBA3M € M300peTeHneM aCHMHXPOHHOTO
aBUrarend. B 1oCTaTro4HO0 KOPOTKUH CPOK 3TOT THUIM ABUTATENSA 3aHAT JOMUHUPYIOMIEE MOJIOKECHUAE
B CHCTEME JJIEKTPONPUBOLA IPOMBINIJIEHHBIX MPEanpuAThil. Ype3BeldaiiHas IpoCTOTa
ACMHXPOHHOTO JBUTATENSA, OCOOEHHO C KOPOTKO3AMKHYTBIM POTOPOM, €r0 HAIEKHOCTH H
HEBEICOKAA CTOMMOCTE MMO3BOJIAIOT YCTAHOBUTE B IFOOOM I1€XE€ COTHU U THICAYU ABUTATENEH MIPH
HEOOMBEMIOM OOCHy)KHUBAOMIEM MEpPCOHANE. lakue [OBUrarem MOTYT BBINOIHATHECA B
FEPMETHUECKUX KOPITyCax, U, CIEOOBATEILHO, X MOKHO HCITOJIB30BATh B TAMKEIBIX YCIOBUAX: B
arMoc(epe MOBBIMIEHHON BJIAXKHOCTH, OEH3MHOBBIX MAPOB U T.IT. ACHHXPOHHBIE OBUTATENH 0€3
MOBPEKIACHUN BBIAECPKUBAIOT 3HAUUTEILHEIE KPATKOBPEMEHHBIE MEpPETrpy3KH, TOTAA KAk B

OBUTATEJAX NOCTOAHHOT O TOKA JIF00asA meEpPErpy3Ka YCKOPAET U3HOC KOJUIEKTOPA.
AOKYMEHT [MOAMWCAH

G}Fﬁ;ﬂéﬂmmbﬁb OCTATKOM  ACHHXPOHHOIO IBUTATEIA SABIACTCA  TPYAHOCTE
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5JIEKTPOTIPUBOAA. HemocTaTrkoOM AaCHMHXPOHHBIX ABUTATENEH C KOPOTKO3AMKHYTBIM POTOPOM
TAKKE ABJIACTCA OrPaHMUYECHHE KX MONIHOCTH YCIOBHAMH ITyCKd. JTO OOCTOATENBCTBO B
HAYAJBHEIM NEPUO] PA3BUTHS TPEX(PA3HOU TEXHUKHU, KOTJA MOIIHOCTH JJIEKTPUIECKUX CTAHIIUN
OBLIM HEBENIMKM, 34CTABIIAJIO BO MHOTHUX CIyYasX OTKA3BIBATHCS OT MPUMEHEHUS IBUTATEICH C
KOPOTKO3AMKHYTEIM  pOTOpOM. MomniHele pgBUrarenn ¢ KOPOTKO-3aMKHYTBIM — POTOPOM
MPUMEHSUTUCE TOJBKO B CIydasX, KOTJa OHM OUTAINCE OT OTAEILHOTO TeHeparopa. lakue
yCTAHOBKM YACTO MCITOJIB30BAINCE, HAIIPUMED, B BOTOKAUKAX.

[IpakTruecku pasBuUTHE SIEKTPONPHUBOJA MNPOUCXOIWIO JABYMA HEPABHO3HAYHBIMH
nyrtamu. [lepBeiii, Hauboixee TUMMYHEBEIM, - 3aMEHA MNAPOBBIX ABUTATENEH, padOTAaBIIMX HA
TPAHCMUCCHIO. JTO OBLI OyTh CO3JAHWA KPYITHOTPYMIOBOTO SJIEKTPONPUBOAA, KOTOPBIM HE
VCKTIOYAT TSKEIBIX MPOW3-BOACTBEHHO-TUTHEHUYECKUX YCIOBHM, ONMPENEIABIINXCA HAUTMINEM
TpancMuccuil. Bropoi nyTe — 30M300UMUECKO€ NPUMEHEHNE OAMHOYHOTO npuBoaa. [lociennee,
KaK MPaBUIO, UMEIO MECTO TONBKO B CIy4a€ KPYITHBIX OTBETCTBEHHBIX HWCHOJHWUTEIBHBIX
MEXAHU3MOB, MPEIBABIABIINX CIENU(UIECKHE TPEOOBAHNA K TPUBOIHOMY ABUTATEMO (IIPUBOX
KPaHOB, HEHTPU(]PYT, TPOKATHBIX CTAHOB W T.m.). HO yke€ B KOHIIE BEKa MPAKTUKA HATJISAIHO
yOexmana B IpenMyIIECTBAX OJUHOYHOTO IPHUBOIA.

[Tocnequuit BUO mpuBoaa 0CBOO0KIAET MPOMBILUIEHHOE MIPEANPUATHE OT TPAHCMHCCHH U,
IJIABHOE, ITO3BOJLIET padOTaTe KakKIOMYy OTAEIBHOMY HWCIOJHUTEIEHOMY MEXAHU3MY IIPH
MEPEMEHHBIX HATPY3KaX M HAMBBITOTHEHWIIMX CKOPOCTAX, d TAKKE MO3BOJAET YCKOPUTH MYCK U
M3MEHEHNE HAMPAaBJICHUA BpamieHua. OIMHOYHBIN MPUBOJ 0Ka3an CYNIECTBEHHOE BIMAHUE U HA
KOHCTPYKIIMIO CAMOTO MCHOJTHUTENRHOTO Mexanu3ma. COmmKeHWe TPUBOJHOTO ABUTATENS C
HCITOJTHATEIEHBIM MEXaHN3MOM MHOT/1A TTOTy9aI0Ch HACTOJIBKO TECHBIM, UTO KOHCTPYKTUBHO OHU
IPENCTABILIM CO00N ennHoe nenoe. Hampumep, B cinydae 3I€KTPONPUBOLA PONBraHTa POJIHK,
CJTY AU T MEPEMEIIEHNA METALNIA, ABJIAETCA HAPY KHBIM POTOPOM ACHHXPOHHOTO IBUTATEA.

B 70-x u ocobenno 80-x romax XIX B. mpoOBOOWIOCE MHOTO padOT MO MPUMEHEHHIO
5JIEKTPUUECTBA HA TPAHCIOPTE. 1ak HA3bIBAEMBIE KOHHO-JKEJIE3HBIE HOPOTH VIKE HE
yIOOBJETBOPSAIN BO3POCHIMX MOTPEOHOCTEN TOPOACKOTO HACENEHUS, 4 TMPUMEHEHHE MapOBOTO
FOPOACKOTO TPAHCHOPTA OKA3aI0Ch HEMPUEMJIEMBIM M3-3a ObIMAa M KOmOTH. PeanbHas
BO3MOJKHOCTh IS MPOBENEHUS OMBITOB MO ANIEKTPU(PHKAIMU TPAHCIIOPTA MOABWIACH MOCIE
n300perenusa reneparopa ['pamma.

Bo Bcex cmydasx, KOrma SJIEKTPUYECKAs SHEPrus U IMUTAHWA TATOBOTO IBUTATEIA

FeHEPUPOBATACH TATEBAHMUECKOM TN AKKYMYJIATOPHOU OaTapeen, TEXHUUECKOE PENIEHNE IO B

Y o
HﬂHpﬂBHﬁ%%%@Hﬂmﬂ{m YCTPOUCTB TATH, T.€. TAKUX, B KOTOPBIX KAK T€HEPUPY IO A
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OEVUCTBUE COOTBETCTBYIOMIMMH IMAPOBEIMU ArperaraMu, CUCTEMa ABTOHOMHOM AJIEKTPHUECKOU
TATHU IIEpecTana pacnpocrpanarscs. [Ipodmema 31eKTpuiecKon TAru MOTJIa HAWTH PELICHUE UL
MpU YCIOBUM pa3pabdOTKA NMPHUEMOB SKOHOMHYHOM MEPENAUYM SIEKTPOIHEPTHM OT MECTa €€
TEHEPHUPOBAHUSA K JBHKYIIEMYCA SKHUIMAKY, BATOHY U T.II. TakuM 00pa3zom, 3IEKTPHUYIECKAs TATa
MOTJIAa Pa3BUBATECA B BUIAE HEABTOHOMHOH TATH C NPUMEHEHUEM METOO0B SKOHOMHYHOH
Mepenauu AMEKTPOSHEPTUN HA PACCTOSIHUE.

CucreMa aBTOHOMHOU DJIEKTPHUYECKOM TATH, OJHAKO, HE OBLIA ITOJHOCTBIO OTBEPTHYTA;
yCOBEPIIEHCTBOBAHUE AKKYMYJIATOPOB IMO3BOJIJIO YCTPauBaTh CUCTEMY ABTOHOMHOMW TSTH,
MOMB3YACh CMOHTUPOBAHHOM B BATOHE WM HA CyJIHE AKKYMYJIATOPHON Oarapeei, TOKOM OT
KOTOPOH MUTAJICA 3JIEKTPOIBUTATEIb.

B 1879 r. B. CumencoM OpuTa MOCTpOEHA MEpBaA HEOOIBIIAA YAEKTPUUECKAS KEIE3HAA
IOpOra Ha MPOMBINUIEHHON BBICTABKE. JJIEKTPUYECKAA SHEPIUA MO OTAEIBHOMY KOHTAKTHOMY
PENBCY MEPENABANACE K JIBUTATEIIO HEOOMBIIOTO BAroHa, HAMOMUHABIIETO COO0NM COBPEMEHHYIO
AKKYMYJIATOPHYIO TENIEKKY (IMEKTPOKAap); 0OpaTHEIM MPOBOAOM CIYKUIN PEIBCHI, 0 KOTOPEIM
OBUTAJICA «JIOKOMOTHB». K mocimemnemy OBLIM NMPUIEIIEHBEI TPU TEIEKKH, HA KOTOPBIX MOTIIH
pa3MecTuThCs 18 maccaxupos.

B Poccun mepBei€ OOBITEI HEABTOHOMHOM SIEKTPUYECKOU TATH Ol mpoBeneHsl D.A.
[Tupouxkum. Enie B 1875-1876 rr. OH ucmons3oBan i ONEpeadn SJIEKTPOSHEPIHUH OOBITHEIM
K EJIE3HO JOPOKHBIN PEILCOBBIM MyTh. YTOOBI yJIydmUTE MPOBOIUMOCTE PEABCOBOTO MYTH, OH
MPUMEHWI CTBIKOBBIE JJEKTPUYECKUE COECIMHEHWA, 4 AJd YCHIEHHS HM30JLAIAN OBYX HUTOK
PEIBECOB OMHOU KOMEH (OHU OBLIU M30JIMPOBAHEI CJI0EM OKATMHBI U HMIMATAMU) — CMA3Ky MO JOMIBEI
pEIBCOB ac(ambToM.

B aBrycre 1880 r. ®.A. Ilupoukuii OCymeCTBHII ITyCK SJIEKTPHUYECKOTO TpamBas HA
ONBITHOM JIMHUU B paloHe PoxmecTBEHCKOro mapka KOHHOM Kele3Hou poporu B llerepOypre.
[Turanace 5Ta muHMA OT HEOOJNBIION SJIEKTPOCTAHIMH, MOCTPOEHHOM B MAPKE, C TEHEPATOPOM
MOMIHOCTEI0O 4, a mo3gnee 6 n.c. llog TpamBaliHEIM 5JIEKTPOBAroH OBLI MPUCITOCOOIIEH
OBYXBAPYCHBIM BATOH KOHHOW JKEIE3HOM mOporu (macca ¢ maccaxkupamu 6,5-7.0 T), ¥ pame
KOTOPOr0O OBLI MOABEMIEH 3JIEKTPOJABUTATENb, MPUBOAUBIINI B ABUKEHUE BEAYIIYIO OCh 4epe3
OBYXCTYMEHUaTyo0 3ybOuaryro mepenauy. Cxema, nmpennoxenHas @.A. [lupouxkum, HekoTopoe
BpeMs NMPUMEHANACH I NUTAHUA TPAMBAMHOU CeTH U 3a pybOexom. OnHa ObLIA TOCTATOYHO
MpoCTa U OaBajga BO3MOKHOCTE OOOUTHCH 0€3 TPEThEero penbca, 3aTPyIHSABIIETO YJIMIHOE

OBIKEHUE M VCIOKHABILIETO BCE COOpyxkeHue. HemocTarkoM TakoM CXeMBl OBUIO HATIUUME

Y o
Gﬂmm%rﬁm%%%ﬂepmn OT TOKOB YT€UKH WU3-3a IUIOXOU U30JIALMU PEILCOB.
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penscaM MEepPEeCcTamd MPUMEHATH HA SJIEKTPOTPAHCIOPTE, €CIM HE CUMTATH €€ NPUMEHEHHUSA B
HACTOANIEE BpeMs WA aBTOOIOKUPOBKU. 3acayron @.A. [Tuponkoro sABiseTcs Takx)e BBEICHUE
3yOgarou nepenaqu (BMECTO PEMEHHOM) OT Basia aBurareind K konecam. B 1889 r. mogoOusbI #xe
MEPEIATOUHBIT MEXAHW3M, MOJYUYUBIIMM HA3BAHUE «TPAMBAMHOTO MNPUBOAA», OBLI NMPUMEHEH
Coposrom B CIHIA.

C 1883 r. meiicrroBana muausa Tpameas B T. [lopryme (Mpmanmis) qminoit 9,6 km; B 1884
r. OBLIIN OTKPBITHI 1A SKCIUTyaTAIMK TPAMBAWHEIE IMHUM B ropoaax bpaurone (AHrausa) InmuHou
1,5 xm u OpankPypre-na-Mavne (I'epmanusa) pmunon 6,56 k. I[lepBeiii TpamBan B Poccun,
KHUEBCKWH, OBLI IMYIIEH I 00mIero moasp30Banud B 1892 r., mpuuem pemeHue 0 CTPOUTEILCTBE
TPaMBAMHOW JTUHUH OBLJIO MPUHATO JIUIIE MTOCHE TOTO, KAK YOeTUINCh, 9TO HA KOHHAA, HA MapoBas
TATA HE CITOCOOHEI TPEOO0AETE KPyTOH moasem ot yi. [Tomon k Kpe-maruky. TpamBainas miHus
COEOVHNIA TYCTOHACEICHHYIO OKpanHy Kuesa ¢ ueHTpom ropoaa.

Ha »snekrpuaeckoM TpaHCMOPTE MMOUTH MCKIIOYUTENBHOE MPUMEHEHWE MOTYIWI
MOCTOSHHBINA TOK, 00ECIIEINBAIONINN HANEKHYI0 pa00TY TATOBEIX JIEKTPOABUTATENEH U yO0OHOE
perymipoBaHue ckopoctu. [TosTomy mo mepe pa3BUTHA TEXHUKH MEPEMEHHOTO TOKA MPHUILIOCH
COOPYIKaTh MPe0OpPa30BATENBHEIE MTOICTAHIINN.

Haubonee ecTeCTBEHHBIM M TMOSTOMY IIEPBEIM MO BPEMEHH MPEo0pA30BATEIEM
MEPEMEHHOTO TOKA B IMOCTOAHHEIN OBLIA ABUraTEIb-T€HEpAaTOpHAA ycraHnoBka. B 18851889 rr.
CO3/IaI0TCS MEPBBIE OTHOAKOPHBIE MPEOOPA30BATENMN MMEPEMEHHOTO TOKA B MTOCTOAHHBIA, KOTOPBIE
B Ka)XIOOM CIy4ae MNPEencTaBand CO00M KOMOMHAIIMIO CHHXPOHHOTO SIEKTPOOBUTATENS H
reHeparopa mOCTOSHHOTO TOKAa ¢ oO0mmM skopem. OOHOSKOPHEIN MpeoOpa3zoBarteas 00mamaer
PAIOM CYNIECTBEHHBIX IMTPEUMYIIECTB NEPE IBUTATEIB-TEHEPATOPHON YCTAHOBKON: MEHBIIASA HA

3040 % macca, 3nagnrensHo MeHbme radaputsl (0o S0 %), Bercokmit KIT/I.

Koumponsnwie sonpocwi:
1. ITyTi pazBuTHA 3IEKTPOTEXHOIOTHH.
2. ITogroToBUTE MPE3EHTAMOHHBIE MPOEKTHI HA TEMY: 3aPOKIECHUE SIEKTPOSHEPTETUKH,

SHCPIreTU4YCCKas TCXHHUKA, HCTOPHYCCKHUEC YCIOBHA BOSHHKHOBCHHA M PA3BUTHA BHEPFE'THLIECI{Gﬁ

TCXHHKH, POJIb SJICKTPHICCKOT 0 OCBCIICHHA B CTAHOBJICHHH 3JICKTPOSHCPT CTHKH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpakmuueckaa paooma Nell. Ilepevie mpexgpasuvie snekmpocmanyuu. OcnogeHvle
Imanvl pazeumiua 3iekmpornepzemuku ¢ Poccuu. Ocnosrvie 3mansl pazeumus

IeKMPOIHEP2eMUKU ¢ Mupe. Bo3HUuKHoGeHUe pAltOHHBLX 371eKMPOCM AHW L.

Ilens: V3yueHne UCTOPHUH PAa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPrE€THUKHU, 3aKOHBI

5JIEKTPOTEXHUKH U (pOPMHPOBAHHME €€ HAYIHEIX OCHOB.

Ocrnoevt meopuii:

DJIEKTPOCTAHIIMHA, TTOJT KOTOPBIMUA MOHUMAOT (padpHKU M0 NPOU3BOACTBY AJIEKTPUUECKOM
SHEPIUH, HOQIEKAMEN PACITPEIEICHUIO MEKIY PA3INIHEIMH NPOU3BOIATEIAMH, MMOIBUINCE HE
cpazy. B 70-x u nmagane 80-x romoB XIX B. MECTO MPOU3BOACTBA SAEKTPOSHEPTHUU HE OBLIO
OTAEJIEHO OT MECTa MOTpeOmeHus.

DNIEKTPUUECKHUE CTAHIMH, 00CCIEUNBABIINE SIEKTPOIHEPTHEN OTPAHUIEHHOE KOJINUECTBO
HOTPEOUTENEN, HA3BIBAINCE ONOK-CTAHIIUAMM (HE IyTAaThb C COBPEMEHHEBEIM HOHATUEM OJIOK-
CTAaHIIMM, IO  KOTOPBIM  HEKOTOpPBIE  aBTOPEl ~ HNOHUMAIOT  (PAOPUUHO-3aBOACKUE
TEMI0ANEKTPOLEHTPAIH). TaKkne CTAHIIMY MHOT 14 HA3BIBAIN «10MOBBIMI)).

PazBuTHne mEPBEIX SJIEKTPOCTAHIMNA OBLIO COONPAKEHO C MPEOOOJIEHHEM TPYIHOCTEN HE
TOJEKO HAYUHO-TEXHUYECKOTO Xapakrepa. [ak, TOpOACKHE BIACTH 3ampemiain COOPYKEHHUE
BO3AYIIHEIX JIMHUM, HE JK€nasd IIOPTUThH BHEIIHWUH BUA Tropona. KoHKypupymoomme ra3oBEI€
KOMITAHUHA BCAYECKH ITOJUEPKUBAIN NEHCTBUTEIBHBIE U MHHMBIE HEZOCTATKHM HOBOTO BHIA
OCBEILIECHHUSL.

Ha Omok-CTaHmuAX B KA4ECTBE IEPBUUYHBIX ABUTATENIEM HPUMEHAINCH B OCHOBHOM
MOPIIHEBEIE MTAPOBBIE MAIINHEL M B OTJAENBHEIX CIyUasAx IBUTATEM BHYTPEHHETO CrOPaHUA (B TO
BpEMsA SBJLIBIINECS HOBUHKOM), MIUPOKO HCIOJB30BAIMCE JOKOMOOMmM. OT IEPBUYHOTO
OBUTATEIA K SIEKTPUIECKOMY TEHEPATOPY AeNaack peMeHHas nepenada. OObIuHO OIMH MapOBOH
IBUTATENb MMPUBOINI B NEHCTBUE OUH-TPH T€HEPATOPA; MOITOMY HA KPYMHBIX OIOK-CTAHIUAX
yCTAHABJIMBAINCH HECKOIBKO MAPOBBIX MAIIWH WM JOKOMOOMnen. J{7a perymmpoBKY HATAKEHUSA
PEMHEHN DSIIEKTPHUYECKHE TEHEPATOPBl MOHTHPOBAJIMCE HA cana3kax. Ha puc. mokaszan BUT
5JIEKTPOCTAHIIMM 1A OCBEMIEHUA OJHOTO T0MA.

Bnepsrie Omok-craniiuu Ovin moctpoeHsl B [lapuxe nna ocsenmienus ynunel Oneper. B
Poccun nepBoM yCTaHOBKOW TAKOTO POAa ABWIACH CTAHIMA Iia OCBenleHuA Jlurennoro mocra B
[TlerepOypre, cozgannas B 1879 r. npu yuactuu I1.H. fI6noukosa.

AOKYMEHT MOANACAH
OmBaroHHIASMIMYEHDPATN30BAHHOTO MPOM3BOJICTBA AJIEKTPOSHEPrUM OBLIA HACTOIBKO

Ceptucumkar: 2C0000043ESABB8B952205E7TBAS00060000043E
Brafgen3KOHOMWHEC KA HOIPpaBaaHON M  HACTOJBKO COOTBCTCTBOBAJId TCHACHIMK KOHIICHTPALHMH

HPDN[BIUIHE‘H'HDFD [MPOHU3BOOCTEBdA, UTO HEPBLIE HEHTPHJTE:HLIE EHEI{TPDCTHHHPM BO3HHKJIH }’}HE B
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cepeaune 80-x rogoB XIX B. 1 OBICTPO BEITECHWIM OIOK-CTAaHUMU. B CBA3M € TéM, UTO B Hauamne
80-X ro10B MaCCOBEIMU IMOTPEOUTEILIMU AJIEKTPOIHEPTUHN MOTJIN CTATh TOJIBKO UCTOYHUKH CBETA,
MEPBBIE LEHTPAIBHBIE JIEKTPOCTAHIWNNA MPOEKTUPOBAINCE, KAK MNPABWJIO, A ITMTAHUA
OCBETUTENBLHOW HATPY3KHU U BEIPA0ATEIBAIA ITOCTOAHHEBIH TOK.

B 1881 r. HECKOMBEKO MPEANPUUMUNBEIX AMEPUKAHCKUX (DMHAHCUCTOB IO BIEYATICHUEM
yCrexa, KOTOPEIM COMPOBOKAANACE JEMOHCTPALINA JIAMIT HAKAJIMBAHUSA, 3AKIFOYIIN COrIAIIECHUE
¢ T.A. Da1COHOM U NMPUCTYNHIJIA K COOPYKEHUIO MEPBOM B MUPE HEHTPAIBEHOM 3JIEKTPOCTAHIIUN
(ma Impmecrpur B Hero-Mopke). B centsbpe 1882 r. sra siaekrpocranmms Obiia craHa B
SKCILTyaranui. B mMammHHOM 3aime craHiuu OBLJIO YCTAHOBJIEHO MIECTH TreHeparopoB TA.
DIUCOHA, MOIITHOCTE KakKI0ro cocrarisana okono 90 kBr, a o0mias MONIHOCTE 3JIEKTPOCTAHIIMH
npeeiiaia 500 kBt. 3ganme cranium U ee o0OpyaoBaHue OBLIM CHPOEKTUPOBAHBI BECHMA
LIEIeCOo00pa3Ho, TAaK YTO B JANBHEHUIIEM NP CTPOUTEIBCTBE HOBBIX JJIEKTPOCTAHINHN
Pa3BUBAIMCE MHOTHE M3 TEX MPUHIMOOB, KOTOPBIE O mpemnoxkensl [.A. Dmuconom. Taxk,
rEHEPATOPHl CTAHIIMM MMEIN HCKYCCTBEHHOE OXJIAKICHHUE U COENUHAIMCH HEIMOCPENCTBEHHO C
neurareneM. HampskeHwe peryampoBanoch aBTOMATHYECKHM. Ha CTaHmMy OCYMIECTBIISAIHCH
MEXAHMUECKAsA IMOJada TOIUIMBA B KOTEJIBHYIO M ABTOMATHUYECKOE YIAIEHHUE 30JI6I M ILUIAKA.
3anmta OO0OpymOBaHUS OT TOKOB KOPOTKOTO 3aMBIKAHMSA OCYHIECTBISANACH IUIABKUMHA
OPENOXPAHUTENAMHA, d MArACTPAJIbHBEIE JTUHUM Obum KaOeneHbIMH. C(Crannuusa cHaOxcama
9JIEKTPOSHEPryeii 0OIIMPHET IT0 TOMy BpEMEHH paifoH miomansio 2,5 kv. Bekope B Hero-Mopke
OBLIO TOCTPOEHO eme HEeCKOoNpko cranumii. B 1887 r. paboranm yxke 57 ueHTpambHBIX
HIEKTPOCTAHIIAM CUCTEMBI 1. A. DmucoHa.

McxomHoe HanpsKE€HWE MEPBBIX SIEKTPOCTAHIMN, OT KOTOPOTO BHOOCIEACTBUM OBLIH
IPOU3BENEHEL IPYTHE, 00Pa3yONIUe U3BECTHYIO MIKAIY HAIPAKEHUH, CI0KUIOCH HCTOPHUUECKHU.
Jlemro B TOM, 4TO B NEPHUOJ HCKIIOUMTEIBHOIO PACHPOCTPAHEHHA TyTOBOTO 3JIEKTPHYECKOTO
OCBEMIEHUA SMITMPUUECKH OBUIO YCTAHOBJIEHO, YTO HAM0O/IEe MOAXOIANIAM IS TOPEHUS TyTH
aBigerca Hanpsikenue 45 B. UToObl yMEHBIIMTE TOKH KOPOTKOTO 3aMBIKAHUA, KOTOPBIE
BO3HUKAJIM B MOMEHT 3aKMTAHU A JTAMII (IIPY COMMPUKOCHOBEHWH YTJIEN ), U A7 00JI€€ yCTOMUUBOTO
FOPEHUA OYTH BKJIIOUAIN MOCIEI0BATEILHO C AYTOBOM JIAMITON OAMIaCTHEIN PE3UCTOP.

Taxxke smmupuueckn OBLIO HAMAEHO, YTO COMPOTUBACHHE OALTACTHOTO PpPE3UCTOpPA
OOJLKHO OBITH TAKMM, 4TOOBI MAAEHNUE HANPSKEHUA HA HEM ITPU HOPMAIBHOU padOTe COCTABIIAIO
npumepHo 20 B. Takum o0Opazom, o0niee HanpsxeHue B yCTAHOBKAX MMOCTOSTHHOTO TOKA CHAYasIa

cocTaBno 65 B, 1 5TO HANpsAKEHHUE TPUMEHSIOCH 0AT0oe Bpema. OgHAKO 4acTo B OOHY IIEMb

Bmmqwﬁ%m%wﬁ oA paboTel KOTOPEIX TpeboBanoce 2x45 = 90 B, a ecim k sTomy

Ceptudmkar: 2C0000043E9ABSBY EDSETBASGGGEG&G&G@E
Bnanend® AdITPAKCHEIQ IIPH I ELEC » IPUXOTANTHCCA Hd COIIPOTHBIICHHC OayTacTHOTO pE3ucTropa,
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TO momyuutcsa HampsxxeHue 110 B. Dro HanpsxeHne mouTtH mOBCEMECTHO OBLIO MPUHATO B
Ka4eCTBE CTAHIAPTHOTO.

YK€ Opu OPOEKTHUPOBAHMH IEPBBIX IEHTPAIBHBIX SJIEKTPOCTAHIIUM CTOJKHYJIUCH C
TPYOHOCTAMU, KOTOPBIE B JOCTATOYHOM CTENEHN HE OBLIM MPEOI0JIEHEI B TEYEHUE BCETO ITEPHOaA
rOCIIOACTBA TEXHUKH MOCTOAHHOTO TOKA. Paguyc SaeKTpoCHAOKEHUSA  ONPEeneIsIeTCs
OOIMYCTUMBIMHU MOTEPAMHM HANPIKEHUA B UIEKTPUUECKOU CETH, KOTOPHIE /I JAHHOM CETH TEM
MEHBILIE, Ye€M BhIIIE HanpsxeHue. VmeHHo 310 O0O0CTOATENECTBO 3aCTABWIO  CTPOUTH
3JIEKTPOCTAHIMM B LIEHTPAIBHEIX PAHOHAX TOpPOJd, YTO CYMIECTBEHHO 3aTPYIOHAIO HE TOJBKO
obecrieueHne BOOOM M TOIUIMBOM, HO W YAOPOKAIO CTOMMOCTH 3€MEJIBHEIX YYAaCTKOB [UIA
CTPOUTENLCTBA NIEKTPOCTAHIIAM, TAK KAK 3€MJIS B LIEHTPE TOpoAa Oblna 4pe3BRUAUHO AOPOTA.
OJTUM, B YACTHOCTH, M OOBACHAETCS HEOOBIYHBEIM BHI HBIO-MOPKCKUX HIEKTPOCTAHI[MM, HAa
KOTOPEIX 000pyI0BaHHE PACHOIATAIIOCH HA MHOTHX dTaxax. [10o10xeHne 0CImoKHAIOCE €n1e TEM,
4TO HA NEPBBIX JJIEKTPOCTAHUMAX IMPUXOIUIOCH PA3MEMATh OOJMBMIOE KOJMYECTBO KOTJIOB,
MapONPON3BOIUTENBLHOCTE KOTOPBIX HE COOTBETCTBOBAIA HOBBIM TPEOOBAHMAM, MPEXBABICHHBIM
3JIEKTPOSHEPTr ETUKOU.

He wmenee ymuBunca OBl Ham COBPEMEHHUWK, VBHIEB IIEPBBIE METEPOypPrcKUe
3IEKTPOCTAHIINN, KOTOPBIE 00CTy)XUBaH pailoH Herckoro mpocnekTa. B nagane 80-x romoB XIX
B. OHM pasMEmaMCh HA Oapikax, 3aKpEIUICHHEBIX y npudanoB Ha pexkax Moiike u DonrtaHke.
Ctpourenu MCXOOWINW U3 COOOpa)KEHWH OEMIEBOTO BONOCHAOKEHMA, KPOME TOr0, MPU TAKOM
pELIEHNN HE HYKHO OBLIIO0 MOKYIIATh 3€MEIbHBIE YUACTKH, OJIM3KHe K moTpedurento.

B 1886 r. B IlerepOypre Opno yupexaeHo aknpoHepHoe «OOMIECTBO AIEKTPUUYECKOTO
ocemieHuA 1886 r.»: (cokpamieHHO Ha3weBanoce «OOmecrBo 1886 r.»), koTOpoe mpuodOpeno
yIeKTpocTaHuy Ha pekax Molike u @oHTaHKe ¥ moCTpowio eme ase: y Kazanckoro codbopa u Ha
WMuxenepuon mnomanay. MonmocTs kaxaou U3 3TUX dIEKTpocTaHnumil enpa npessimana 200 kBr.

B Mockse nepBas nieHTpaibHas snekrpocranius (I'eopruesckas ) Ovina mocrpoeHa B 1886
. TOKE B IEHTPE ropoaa, Ha yriry bonsmoit JImutpoBku u I'eopruesckoro nepeyika. Ee sHeprus
MCIIOMB30BANACE A OCBEIICHMUS MPWIETAloNIero paioHa. MONIHOCTE  SIEKTPOCTAHITUM
cocrasmaaa 400 kBr.

OrpaHnn4eHHBIE BO3MOKHOCTH PACIIUPEHHUA Pagny ca 3JIEKTPOCHAOKEHNA NPUBEIH K TOMY,
4TO YAOBIETBOPUTH CHPOC HA SIEKTPOIHEPTHIO CO BPEMEHEM CTAHOBWIIOCH BCE TpyaHee. lak, B
[TerepOypre u Mockse k cepenune 90-x ron0B BO3MOKHOCTH MPHUCOEAUHEHNUS HOBOU HATPY3KH K

CYIIECTBYIOMINM 3JIEKTPOCTAHIMAM OBLIN MCUEPIAaHBl U BCTAJ BOMIPOC 00 M3MEHEHNUN CXEM CETH

ot neoncs ARCHRTERAIHE 0 70 Toxca.

Ceptudmkar: EC[;%E,}[I'GMLEEABBBQEEE 2E7BAS00060000043E

Bnapgeneu ek Qe TadkT el B DJICKTPOSHCPIHH 9(1) q)EI{THBHD CTUMYJIMPOBAJI ITOBBIIICHHC

HpDH?.BD,I[HTEI[BHDCTH H JSKOHOMHYHOCTH TEHHDBDﬁ qadCTH HHEKTPHIIECKPE{ CTH,HT_[Hﬁ. HpEHf,I[E
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BCEro CJIEOYET OTMETUTH PEMIMTEIBHEIN MMOBOPOT OT MOPIIHEBEIX MAPOBEIX MAIIMH K ITAPOBEIM
TypOunam. IlepBas TypOuna na snexkrpocranumsax Poccum Oputa ycranoBiena B 1891 r. B
[TerepOypre (cranuusa Ha p. @onTaHKe). 3a TOA OO0 3TOTO UCHBITAHUE TYPOUHBI OBLIIO MPOBEIEHO
HA CTAHIMHU, pacrmoyoxkeHHon Ha p. Moiike. Beime yxe ormeuancs HanOomnee CymeCTBEHHBIN
HEOOCTATOK HJIEKTPOCHAOKEHMA NOCTOAHHBEIM TOKOM — CIWIIKOM Majas IUIOmAnb panoHa,
KOTOpass MOKET OOCIyKMBATBCA LEHTPATBHOH NIEKTPOCTAHUMEH. Y JAJCHHOCTH HATrPY3KH HE
IPEBBIIIANIA HECKOJIBKHX COTEH METPOB. OJJIEKTPOCTAHIMH CTPEMHINCE PACIIHUPUTE KPYT
DOTPEOUTENEN CBOETO TOBApA — JJIEKTPOSHEPTHHU. ITUM OOBACHAIOTCA HACTONYHUBEIE MOUCKH
MyTE€H YBEJIMYEHUSA IUIOMIANH SIEKTPOCHAOKEHUA ITPU YCIOBHHM COXPAHEHUSA YKE MOCTPOECHHBIX
CTAHIIMH MNOCTOSHHOTO TOKA. DBBIIO MOPEemIoKeHO HECKOJBKO HAEH, KAK YBEIUYUTh PAguycC
pacupeneneHus SHEPrvH.

[leppas wmped, He momyumBmIas 3aMETHOTO PACHPOCTPAHEHMSA, Kacanach ITOHWKEHUA
HAIPKEHUA OJJIEKTPUYECKHUX JIAMIT, HOJKIFOYABIIAXCA B KOHNE JIMHAM. OIHAKO pPaCUETEHI
MOKA3aJIW, YTO IPU MPOTIAKEHHOCTH ceTr Oomnee 1,5 KM 5KOHOMHYECKH BRITOHEE OBLIIO ITOCTPOUTH
HOBYIO 3JIEKTPOCTAHIINIO.

Jlpyroe pemienue, KOTOpPOE€ MOTJIO BO MHOTMX CIydasx YJIOBICTBOPUTE HMOTPEOHOCTS,
COCTOAJIO B U3MEHEHUH CXEMBI CETH: MEPEXOAE OT ABYXIMPOBOIHBEIX CETEH K MHOTONPOBOIHEIM,
T.€. (JAKTHYECKHU K MOBBIIICHUIO HANPKEHIA

TpexnpoBonHas cucrema pacnpeneIeHusa SIEKTPOIHEPrun Oblna nmpemroxeHa B 1882 r.
k. 'onkuacoHoM U He3aBucumo OT Hero 1. Smguconom. Ilpu 3TOM CcuCTEME TEHEPATOPHL HA
HIEKTPOCTAHIIAN COEOVHSINCE MOCAETOBATENBHO U OT OOMIEN TOUKU €T HEUTPATbHEBIM, MM
KOMIIEHCAIMOHHEIN OpoBoA. IIpu 3TOM OOBIYHEBIE TAMOBEI COXpaHATUCE. OHM BKIIFOUATNCE, KaK
MPaBWIO, MEXKIYy pabdOuMMHM M HEWUTPAJIbHBEIM IIPOBONAMH, a JBHUTATENNW U1 COXPAHEHHA
CUMMETPHH HATPY3KH MOKHO OBLIIO BKIIIOYATh HA MOBBIMIEHHOE HANpskeHue (220 B).

[TpakTrueckumm pe3ynpTaraMu BBEIEHUS TPEXIIPOBOTHON CUCTEMEI ABUIOCH, BO-IIEPBHIX,
yBEIIMUEHUE pamuyca sMeKkTpocHadxkeHus nmpumepHo no 1200 m, BO-BTOPBIX, OTHOCUTENLHAA
SKOHOMHSA MeIU (OpH BCEX MPOUMX OJMHAKOBBEIX YCIOBHAX PACXOd MEOU MPH TPEXIPOBOIHOH
CUCTEME OBUT MPAKTUYECKH BABOE MEHBILE, YEM MPH ABYXHIPOBOTHOM).

Jlna peryimpoBaHusA HANPMKEHWA B BETBAX TPEXIMPOBOOHOM CETH IMPUMEHINCH
pa3sIMuUHBIE  YCTPOMCTBA:  PETYJHMPOBOYHBIE  JOMOIHHUTENBHBIE TEHEPATOPEI,  JIEIUTENH
HANPSKEHUA, B YACTHOCTH MOy YUBILINAE 3HAYUTEIEHOE PACHPOCTPAHEHNE TETUTETN HAPSIKEHUA
Muxanna OcunoBuua J[onmn-Bo-/[00poOBOABCKOTO, AKKYMYJIATOPHBEIE OaTapeu. TpexmpoBOaHAasA

"
cumema%ﬁlﬂ%ﬁga% kak B Poccun, Tak u 3a pydexxom. OHa COXpaHWIacek BIUIOTE 110

Ceptud 6T: EEﬂﬂﬂﬂﬂdﬂﬂﬂ@ﬁEEDSETBASGDEEDDGﬂﬂdSE
Bnaﬂeﬂi_ -X Lﬂ‘m ﬂﬁaﬂﬂeﬁaﬂﬂ:ﬁﬂmﬁm}{ CJT}”IHHE HPHME-‘HHHHCE H I[TO3THCEC.
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MaxkcumaneHeIT BAPUAHT MHOTOIIPOBOJHEIX CHUCTEM MHATUIIPOBOIHAS CETh MOCTOSHHOTO
TOKd, B KOTOPOH MNPUMEHAINCE YETBIPE IMOCIENOBATENRHO BKIIOUEHHBIX TEHEPATOpA H
HAPKEHUE, YBEIMINBAJIOCE BUETBEPO. Pannyc sanekrpocHadxenus Bozpacrai scero a0 1500 m.
OpnHako 5Ta CUCTEMA HE MOJIyYWJId IIUPOKOTO IMTPUMEHEHHS.

Tperwmit myTtes yBenmuueHws paguyca HSAEKTPOCHAOKEHMSA MPEONoIaran COOPYKEHHUE
AKKYMYJIATOPHBEIX MOACTAHIMH. AKKyMyIATOpPHEIE Oarapen ObLIM B TO BpPEMA 00A3aTEIBHBIM
DOTOJTHEHUEM KaKI0M JIeKTpOocTaHIny. OHU NOKPEIBAIM MUK HATPY30K. 3aPsKasachk B JHEBHEIC
Y MO3HUE HOUHBIE YAChl, OHU CIIYKWIH PE3EPBOM.

Cern ¢ aKKyMYyJATOPHBIMA ITOACTAHIMAMHA IOJIYUYHIN HEKOTOPOE pacmpocrpanenue. B
Mockse, Hampumep, B 1892 r. Opma mocTpoeHa akKyMyJIATOpPHAs MOACTAHIMA B BepxHux
TOProBeix panax (merHe ['YM), nmaxomuBmasca Ha paccrosHuu 1385 m or ['eoprueBckoit
LIEHTPAIBEHON CTaHuuu. Ha 5ToM moacraHnuy OBLUIM YCTAHOBIIEHBI AKKYMYJIIATOPEI, MMTABLINE
okor0 2000 mamMn HakanMBaHUA.

B mnocnemnue nBa necatwietus XIX B. OBLUIO MOCTPOEHO MHOTO 3IEKTPOCTAHIIMI
MOCTOSTHHOTO TOKA4, ¥ OHWU MOJIT0€ BPEMS NABATHM 3HAYWUTENBHYIO OO0 00mENn BBIPAOOTKH
YIEKTpOsHEPru. MONHOCTE Takux snekrpocranimil penko mpesesimmana 500 xkBr, arperars
00BITHO UMeTH MOTITHOCTE 10 100 kBT.

Bce BO3MOKHOCTH YBEIMYEHMSA paauyca 3IEKTPOCHAOKEHMUS IPU IMMOCTOAHHOM TOKE
OOBOJBEHO OBICTPO OBLIM UCYEPHAHEBL, 0COOEHHO B KPYITHBIX TOPOJAX.

B 80-x romax XIX B. HAUMHAIOT COOPYKATHCA AJIEKTPOCTAHIIMU HEPEMEHHOTO TOKA,
BBRITOJHOCTE KOTOPBIX I/ YBEIMUEHUS PaIyca sneKTpocHa0xenus Osina Oeccnopuoii. Ecau ne
CUNUTATh OMOK-CTAHIMM MEPEMEHHOTO TOKA, MOCTPOEHHBEIX B AHrmmu B 1882-1883 rr., T0, mo-
BUIUMOMY, IEPBOM MOCTOSHHO AEMCTBOBABIIECH JJIEKTPOCTAHLUMEH ITEPEMEHHOIO TOKA MOKHO
cuurare snekrpocranuuioo ['poBuepckou ranepen (Jlommon). Ha sTon craHnum, mymeHHOW B
SKCIuTyaranuio B 1884 r., ObUM yCTAaHOBIEHEI IBA reHepaTopa nepemMenHoro toka B. Cumenca,
KOTOPBIE UEpPEe3 MOCJIeA0BATENBHO BKIOUeHHBIE TpaHchopmaropsl [x.Jl. I'omsapa u JI. T'ubodca
paboranru Ha  ocBemeHne raneped. HemocTaTkhn — MOCHEZOBATEILHOTO  BKIIFOYECHHSA
TpaHnc(popmMaTopoB 1, B YACTHOCTH, TPYAZHOCTH NOJAEPKAHUS MOCTOAHCTBA TOKA OBLIIN BEIABIICHEI
OOBOJBHO OBICTPO, M B 1886 . 3Ta cTanumsa Okina pekoHcTpyupoBana no npoekrty C.1. @eppanru.
['eneparoper B. Cumenca Oprmn 3amenensl MammuaMu KOHCTpyKiuu C.1. deppadnTu MONIHOCTEIO
1000 kBt xaxnmaa ¢ HanpskenueMm Ha 3axumax 2,5 kB. Tpancdopmatopsl, H3rOTOBIEHHEIE MO

npoekty C.II. ®eppantn, BKMOUATMCE B LEMb MAPAUIETIRHO W CAYKWIA I CHUKEHUA

Hanpﬂmegﬁﬁ%%m@ﬁmaﬁ OMM30CTH OT NOTPEOUTETEH.
Ceprudukar: 2C0QQ0043E9ABBRIS2205E 7BAS00060000043E
Bnapene mﬂggmjﬁéifﬁimamm 6IE[D €PPAHTA BHOBL BEPHYJICA K OPOOIEME HIEKTPOCHAOKECHU

Jlonmona ¢ uensro o0ECHEUEHUS HNEKTPOIHEPruen panoHa mOHIOHCKOro Cutu. B cBa3um ¢
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BBICOKOM CTOMMOCTBIO 3€MEIBHOI0 yYacTKa B LEHTPE ropoaa OBLI0 pPEemeHo MOCTPOUTH
3JIEKTPOCTAHIIAI0 B OOHOM u3 npeamectud Jlonpona, B Jlenrdopne, naxomsmiemcsa B 12 km ot
Curn. OueBHAHO, HA TAKOM OOJIEIIOM PACCTOAHUU OT MECTAa MOTPEONEHMA SIIEKTPOIHEPTHUH
3IEKTPOCTAHIAA OOKHA Oblna BeIpadareiBaTh mepeMeHHbI TOK. [lpu coopyxkenum 5Tou
yCTAHOBKHU OB MPUMEHEHEI MOTIIHBIE IO TOMY BPEMEHU T€HEPATOPHI BEICOKOTO HanpsixeHus (10
kB) momocTeio mo 1000 x.c. Obmasa momHOCTE JlenT(opackon 3IeKTPOCTAHIIUKA COCTABIIANA
okomo 3000 xkBr. Ha 4erelpex ropoackux MNOACTAHUMAX, MUTABMIMXCA MO YETBIPEM
MArucCTPaabHBIM KAOEIbHBIM JIMHUAM, HAanps:keHue noHwxkanoce mo 2400 B, a 3arem yxe y
norpedburenent (B gomax) —ao 100 B.

[Tpumepom KpynmHOU THAPOCTAHIMN, TUTABIIEN OCBETUTENBHYIO HATPY3KY B 0MHO(A3HOM
I, MOKET CIAYKUTh CTaHuusA, mocrpoeHHas B 1889 r. na Bomomame BOmm3u r. Iloprienma
(CILIA). Ha o5roM craHiuM TUAPABINYECKHE OBUTATENIM NOPUBOIMIM B JEHUCTBHE BOCEMB
oxHO(pa3HeIX TeHEpaTOpoB 00mien moniHoCcTEI0 720 KBT. Kpome Toro, Ha snekrpocraniinmu ObLH
yCTAHOBJIEHHI | 1 reHepaTopoB, MpeaHA3HAYEHHBIX CIENUATBHO IS MUTAHUSA TYTOBBIX JAMII (110
100 mamn Ha KaKABIA TEHEPATOP ). JHEPTHUA 3TOM CTAHIMN NEPENABATIACE HA paccTosHue 14 b
B . [loprnensa.

XapaktepHada OCOOEHHOCTE TEPBBEIX SIAEKTPOCTAHIUM MEPEMEHHOTO0 TOKAa —
W30IUpoBaHHas padora oraenpHbIX MammH. (CHHXpOHM3AuUMs TE€HEPaTOpOB €MIE  HE
IPOU3BOAWIACE, U OT KAXKIOW MANIMHBI NUIA OTAENbHAA LEMb K mOoTpedurenam. JIerko moHATs,
HACKOJIBKO HESKOHOMUYHBIMH IIPH TAKUX YCIOBHUAX OKA3AINCH OJIEKTPUYECKHE CETH, HA
COOPYKEHHE KOTOPBIX PACX0I0BATMCEH KOJIOCCATBHEIE KOTHMUECTBA MEON U U30JIATOPOB.

B Poccun kpymHenmue CTaHIMM NEPEMEHHOTO TOKA OBLIM COOPYIKEHHBI B KOHIE 80-x u
Hagasuae 90-x ronos XIX B. IlepBas nentpanpHast 3JIEKTPOCTAHIMSA ITOCTPOEHA BEHTEPCKOU (PUpMOH
«l'ang u KO» B 1. Opmecce B 1887 r. OcHoBHBEIM moTpedOurenem sHeprum Obla ogHO(a3HaL
CHCTEMA SJIEKTPHUECKOTO OCBEMIEHUA HOBOTO TEATPA. ITA AJIEKTPOCTAHIINA MPEACTABIAIA COO0M
U1 CBOETO BPEMEHHU IPOTPECCHUBHOE coopyxkeHne. OHa MMeNna 4eThIpE BOAOTPYOHBIX KOTIIA
00mIel MPOM3BOAUTENRHOCTRIO 5 T Mapa B 4ac, 4 TAKKE JBA CHHXPOHHBEIX TE€HEpaTtopa 00mieH
mMomHOCTRI0O 160 kBTt npum nampsxenumn wHa 3axumax 2 kB u uwacrore 50 T Ot
pacupenemTeNbHOTO IIUTA SHEPrUsd IMOCTyNaJla B JWHUIO JUIMHOW 2,5 KM, BEOYNIYIO K
TpancpopMaTOPHON IOACTAHIIMM TE€ATPa, TOE HANPSKEHHE MOHMKAIOCH 00 65 B (Ha koTopoe
ObLIM  paccuuTaHbl JaMmIlbl HakammBaHuA). OO0opymoBaHwe HSIEKTPOCTAHUMU OBITO  CTOJb
COBEPIIEHHBIM I CBOETO BPEMEHHM, YTO, HECMOTPS HA TO YTO TOIUIMBOM CIYKHJI IPUBO3HOH
HHFMHC%HWHH%?Q%@JGCTB YIEKTPOSHEPrun OblIa HMKE, 4YeM Ha 0osee MO3AHUX

Ceprucukar 00043E9ABBBY52205E7BA500060000043E
Bnaﬂeﬂgﬂepégﬂgm% MOCKQBEKMX dIEKTpocTanmax. Pacxon Tomnuea cocrasman 3,4 kr/(kBr/4) [Ha

neTepOyprekux anekTpocranuuax 3,9-5.4 kr/(kBr/4)].
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B ToM ke romy Hauamace SKCIUIyaTalMsA SMEKTPOCTAHIIUU MOCTOAHHOIO TOKa B L{apckom
Cene (uprne 1. [Tymkun). [Iporsaxennocts Bo3gymuou cetu B Llapckom Cene yxe B 1887 r. OpL1a
OKOIO 64 KM, TOrJIa Kak ABa roaa CIycTsa cymmapHas kabempHas cerh «Obmecra 1886 r.» B
Mockse u [lerepOypre, cocrasisuia Tomeko 115 km. B 1890 r. Llapckocensckas smekTpocTanips
1 C€Th, OB PEKOHCTPYUPOBAHBEI U MEPEBENEHE HA OAHO(DA3HYIO CUCTEMY MEPEMEHHOTO TOKA
HanpsokeHueMm 2 kB. 1o ceunerensCcTBy coBpemMeHHUKOB, L{apckoe Ceno ObL10 NEPBEIM FOpPOIOM
B EBpone, KOTOPEIH OB OCBENIIEH UCKIIFOUATEIBHO SJIEKTPUIECTBOM.

Kpymuenmen B Poccum snekrpocranumen mis cHaO)eHus OmZHO(A3HOM CHCTEMEI
mepeMeHHoro0 Toka Obina cranuusa Ha Bacumsesckom octpose B [lerepOypre, nocrpoennas B 1894
r. umxenepom H.B. Cyvupnoseim. Momnocts ee cocrasmana 800 k Bt u mpeBocxoamnaa MOIHOCTE
000 CYyNIECTBOBABIIEN B TO BPEMsA CTAHIIMM IMOCTOSHHOTO TOKAa. B KadecTBE MEPBUYHBIX
OBUTATEJIEH HCIOJIB30BAMCh YETHIPE BEPTUKAIBLHBIE MAPOBBIE MAMMWHBI MOMIHOCTEIO 250 1n.c.
kaxnada. [Ipumenenne nepemennoro nanpsxenusa 2000 B mo3Bommio ynmpocTUTE U yIEIIEBUTE
HIEKTPUUECKYIO CETh U YBEJIMYUTE PAaNyC SIEKTpocHAOxkeHua (0omee 2 kv mipu morepe no 3%
HAMPSKEHUSA B MATUCTPAIBHBIX MPOBOIax BMeCTO 17-20% B ceTsax mOCTOSHHOTO TOKA).

Taxum o00pazom, OOBIT HKCILTYATAIIUM IEHTPATBHBIX CTAHIUM M OMHO(A3ZHBIX CETEH
MOKA34JI MPEUMYIIECTBA MEPEMEHHOTO TOKA, HO BMECTE C TEM, KAK YiKE OTMEUATIOCH, BRIABUII
OTPaHUYEHHOCTE €10 npuMeHeHna. Onno(asnas cucreMa TOPMO3WiIa Pa3BUTHE SJIEKTPOIIPHUBOIA,
yCJIOKHUIA €r0o. ak, Hanpumep, Mpu NOAKII0YEHNN CHJIOBOH HArpy3ku k cetn Jlenrdopackon
CTAHIIUH NPUXOOWIOCH JOIMMOJHUTEIEHO MOMENIATE HAa BATY KAXKA0T0 CHHXPOHHOTO OOHO(Aa3HOTO
OBUTATEIA €€ PA3TOHHBIN KOMIEKTOPHBIA ABUTATENHh HEPEMEHHOTO TOKA. JIETKO MOHATH, 4TO
TAKO€ YCIIOKHEHHE YIEKTPONMPUBOIA AETATI0 BECEMA COMHUTEIBHON BO3MOKHOCTE €T0 IIUPOKOTO

[TPHMCHCHH .

Koumponsnwie sonpocwi:

l. Yro Takoe 3EeKTPOCTAHIINN U KAK UX HA3BIBAIH paHee”

2. Kak mponcxoquio pa3BUTHE MEPBBIX SIEKTPOCTAHIIMI !

3. KTo pmam Hauano MmMHUPOKOMY MPAKTUYECKOMY HOPUMEHEHUIO SICKTPHUECKOH
SHEPTUUN?

4. [TogroToBUTE MOpPE3EHTAIIMOHHBIE TIPOEKTHI HA TEMY: MNEPBBRIE Tpex(da3zHbie

JICKTPOCTAHIHH, OCHOBHEIC 5TAITBI PA3BUTHA SJICKTPOSHCPTCTHKH B Po CCHH, OCHOBHEIC 3TAIIELI

Pa3BUTHA AJIEKTPOIHEPTETUKHN B MUPE, BOSHUKHOBEHNE PAMOHHBIX 3JIEKTPO CTAHIIHI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IIpaxkmuueckan paooma Nel2. OcrogHble 3manvl pa3eumus 31eKmpudeCKux cemeil.
Pazeumue mennogwix siekmpocmanyuil. Pazeumue cuoposnekmpocmanyui. Pazeumue

amoOMHBIX 31eKMPOCMAHU L.

Ilens: V3yueHne UCTOPHUH PAa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPrE€THUKHU, 3aKOHBI

5JIEKTPOTEXHUKH U (pOPMHPOBAHHME €€ HAYIHEIX OCHOB.

Ocrnoevt meopui:
DIIEKTPUYECKUE CTAHIIMMN, KOTOPBIE CTATA UHTEHCUBHO CTPOUTHCA B /0—80-x rr. XIX B. u
IPOAOJIKAIOT CTPOUTHCA B HACTOSAIIEE BPEMS, MOKHO KIACCU(PUIIUPOBATE ITO NEPBUUHON SHEPTHH

Ha CJIEIYION[AE BUIBL:

. TEIUIOBBIE, BKIIOUAS ATOMHEIE;
. TUAPABINIECKUE;

. BETPOBEIE;

. reITNOCTAHIINH;

. r€OTEPMAILHEIE;

. OPWINBHEIE U JIP.

TennoBeie snexkTpoCcTaHIi, B 3aBUCHMOCTH OT THIA HNEPBUYHOTO JOBUTATENA (a
YIEKTPUYECKAS SHEPrUsA MOKA ABIACTCA TOJBKO BTOPUYHOM SHEPTHEH ), MOAPA3AEIIAIOTCA HA
3IEKTpOCTAaHIUKU: C mapoBeimu  TypOmnamu — KOC (konpencanmonneie) wau [POC
(rocymapCTBEHHAsA palOHHASA OJIEKTPOCTAHINA), BEIPAOATHIBAIONIME TOJBKO JJIEKTPUYECKYIO
YHEPTUIO; C TEMJIOPUKAITHOHHEIMU TypOrHaMmu — TOL], B KOTOPEIX 0/THA 9ACTH TEIIIOBOH SHEPTHUH
OTHAETCS TMOTPEOUTEIAM B BUAE TOPAYEN BOILI WIM Mapa, a APyras 4acTb HUIET HA BBIPAOOTKY
5JIEKTPOSHEPIrUM; C MOPMIHEBBIMM MAlIMHAMH — JOKOMOOWIAMHM WIM OW3EIAMHU; C Ta30BBIMH
TypOMHAMI; ATOMHEIE U JP.

TenmoBeie HIEKTPOCTAHIMM MCMOJB3YIOT I BBHIPAOOTKHM HSHEPIUM  OpPraHU4YECKOe
toruBo. [lo Bumy BeIpabaremBaemounn sueprun 19C OpBaroT kOHAeHcauuoHHBIMH (KOC),
BEIPAOATHIBAIONIMMHU TOJBKO SIEKTPUUECKYHO SHEPruio, W Temroldnekrpouenrpamamu (1O1]),
BEIPAOATHIBAIONIMMUA HE TOJIBKO SIEKTPUYECKYI0, HO W TEMIOBYH OSHEPruio. lemnaoBbIe
synekTpocTaHiumu (19C) coOCTOAT N3 OCHOBHBIX KPYMHHBIX Y3JI0B.

KorenpHas ycraHoBka (peakTop) CIyKUT O BRIPAOOTKA mapa W3 BOABL 34 CUET

HCOOJIL30BAHMA TEILIA TOILIMBA (yriad, Topda, HeTH, MaszyTa U T. 1.). B KOT€IpHYI0 YCTAHOBK
NOKYMEHT NOANWCAH yrid, Topda, Herw, yt HYIO ¥ y

Cepry qmﬁéﬁ’%am;jfﬂ%%@@%‘%% CHUraHIe TOIUTHBA, U napoBOU KOTEI. Kpome 3TOro B HEE BXOIUT

Bnageneuy; llleBayxoBa TateAHa AnekcaHgpoBHa o w
ﬁﬂpﬂl’[e ETpE‘EﬂTEJTE:, DK HUM&HEEP (,I[.TL'F[ HG,HGFPEBH [MUTATEIEHOH ECI,II;E:I), BU.?.,I[}’KQHGI[GFPEEHTEJTB
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(1A momorpeBa BO3ayxa misa TONKM). KoTremsHas yCTAHOBKA MMEET TAKKE BCHOMOTATEIBEHOE
000pynOBAHUE: TATOTYBHOE YCTPOMCTBO — ECTECTBEHHOE (B BHUIE BBICOKOU TPyORI) WM
UCKYCCTBEHHOE  (OYTBEBBIE  BEHTWIATOPHI);  30J0YJOBUTEMM  ((PUABTPEI);  CUCTEMY
BOJOIMOArOTOBKHU (OUMCTKA BOBI).

['azoTypOuHHEIE AIEKTPOCTAHIINN PAOOTAIOT MPUMEPHO MO TOMY K€ HOPUHIIUIY, YTO U
napoTypOMHHEIE, HO B Ka4eCTBE pabOdYero BEMIECTBA MCHONB3YETCA HE BOAAHOM Iap, a ra3 —
OPOOYKT CrOpaHus TOILUIMBA WINW NPUPOAHEIN ra3. [Ipumenenue razoBelx TypOMH B HACTOAMIEE
BpEMSA — OJTHO W3 MEPCIEKTUBHBIX MYTEH CHWKEHUA 3aTPAT HA MOJYYEHUE DIEKTPUUECKOH U
TENJOBOM HHepruu. Jlnd HUX XapakTepHo OJIOUHO-MOAYJIBHOE MCIIOJHEHHE, BBICOKHUE
TEXHUYECKUE XAPAKTEPUCTUKH, MAIBIE Ta0ApUTHI (TAK Kak HE TpeOdyercs mapoBOM KOTEI U
maponpoBOaEl). [ moBermenus 3P eKTUBHOCTH OHM YKOMIUIEKTOBBIBAIOTCSA BOASAHBIM KOTIOM
yrwmmzaropoM, KIIJI ¢ Takum korimom npumepno pasuo 77 %.

B mugpocrannuax (I'DC) nma mpou3BOACTBA SJIEKTPOIHEPTHN MCITOIB3YETCS SHEPrUsd
OBWKYIIENC BOABL. [IepBUYHEIMU NBUTATEIAMY 3JIEKTPOTEHEPATOPOB ABIAOTCA THAPOTY POHUHEL,
B KOTOPBHIX INOTEHIHWANBHAS U KMHETUYECKAsA SHEPrus BOOBI IIPE0Opa3yercs B MEXAHMUECKYIO
SHEPTUIO IS BPAIIEHUA POTOpA FEHEPATOpa.

['mppoTypOuna cocrour U3 pabouero kKomeca W HAMPABIAOMIETO ycrpoucrBa. Pabouee
KOJIECO KECTKO 3aKPEIJIEHO Ha BalIy TYPOHMHEL, UMEET HA CBOEM 0001€ MO BCEMY IEPUMETPY Pl
0c000 M30THYTHIX JIOMATOK. Hampapistomiee yCTpPOMCTBO MPUIOAET ABWIKEHHUIO BOJBI HYKHOE
HAIIPABJIEHUE W PETYJUPYET KOJIMYECTBO BOOBI, MNOCTYIIAONIEE B TYypOMHY C HIOMOIIBIO
MOBOPOTHBIX JIONATOK. Mexanusm pa3BopoTa HAMPABIAIONIMX JIONATOK CBA3dH C PETYIATOPOM
TYypOMHBI, HOAAEPKUBAFOIIAM DOCTOAHHOE YUCJIO 000OPOTOB TYPOUHEI U TEM CAMEIM 4aCTOTY TOKA.
13 pabouero komeca BOga OTBOAUTCS U€PE3 BCACEIBAIONIYIO TPYOY B HUKHUU Ob€ () ruipo CTaHI i,

[lepBonauwaneuseie 3arparsel mpu crpourensctBe ADC B 1,5-2 pasza Beime, yem mpu
crpourenscTBe 111, HO cedecTommocTs snekrposneprun Huxe B 1,3— 1,7 paza.

ASC nmng momydeHusA 3JIEKTPOSHEPTUN U TEIUIA UCHOJIB3YIOT ANEpHOE roproyee. Bmecro
KOTEJILHOTO arperara Ha aTOMHBIX CTAHIMAX WCHOJB3YETCA AOEPHBIM PEakTop M 0COOBIE

TAPOTEHEPATO PHI.

Koumponsnwie sonpocwi:
1. [ToaroTOBUTE MpE3EHTAIMOHHBIE MPOEKTHI HA TEMY: OCHOBHBIE STAmbl Pa3BUTHS

5JIEKTPUUECKUX CETEH, PA3BUTHE TEIUIOBBIX SJIEKTPOCTAHIMH, PA3BUTHE THAPOAIEKTPOCTAHIINH,

paseirring ARSURER BN e rarunit

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IIpaxkmuueckaa paooma Nel3. 3aposcoentie 3nekmponpueooa, 31eKmMpompaHcnopma

u anekmpomexnono2uu. Pazeumue snekmponpueooa. Pazeumue snekmpomexmonocui.

Ilens: V3yueHne UCTOPUM Pa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPreTUKU, 3aKOHBI

3JIEKTPOTEXHUKH U (pOPMHUPOBAHNE €€ HAYIHBIX OCHOB.

Ocnoevl meopui:

Kax u3BecTHO, OTHUMH U3 HauOOJIEe PACHPOCTPAHEHHEIX B IIPOMBIILICHHOCTH ABIAIOTCS
mMexanngeckue nponeccel. [Tostomy yxke B 70—80-x romax XIX cToneTus HAYUMHAET MPOSABIATH CA
CTPEMJIEHHE SIEKTPU(PUIMPOBATH STH MPOLECCH, T.€. OCYMIECTBUTH NIEKTPUYECKUHM IPUBO]T
Pa3IMUHBIX HCHOMHUTENBHBIX MexXaHu3moB. OpnHako 10 Hagana 90-Xx TOZOB NPUMEHEHUE
3JIEKTPONPUBOAA HOCHIO SIU30IUUECKHI XapakTtep. JIMmb B HEKOTOPHIX CIaydasx, KOTraa
OPEANPUATAS  pacmojaraau  OJIOK-CTaHIMAMM A8 ANEKTPUYECKOr0  OCBEMICHHA,
3JIEKTPOABUTATEIN IPUMEHUIUCE /I IPUBOA BEHTUIATOPOB, HACOCOB, MOALEMHUKOB U IPYTHUX
MexaHn3MoB. Cnemnyer OTMETUTE, 4TO HA BCEPOCCUUCKON MOMMTEXHUIECKOU BRICTABKE B 1872 T.
B.H. Yukones BnepBrie 7EMOHCTPUPOBAI IIBEUHYIO MANINHY C SAEKTPUUIECKAM OPUBOIOM — ITO
OBLIT MIEPBBIA B MUPE «OAECKTPUPUIIMPOBAHHEIN CTAHOKY.

[Tonoxkenne M3MEHUIOCE KOPEHHBIM 00pa3oM B CBA3U C M300pETEHMEM ACHMHXPOHHOTO
nBuUrartess. B 1oCTaTro4HO0 KOPOTKUN CPOK 3TOT TUM ABUTATEIA 3aHT JOMUHUPYIONIEE MOJIOKECHUAE
B CHCTEME JHIEKTPONPUBOAA MPOMBINUIEHHBIX MNpeanpuarvii. YpespelualiHasg MpOCTOTA
ACUHXPOHHOTO [JBUTATENA, OCOOEHHO C KOPOTKO3AMKHYTBIM pPOTOPOM, €r0 HAIEKHOCTH H
HEBBICOKAA CTOMMOCTD MMO3BOJIAIOT YCTAHOBUTE B IFOOOM 11€XE€ COTHHU M THICAYH ABUTATENEH MIPH
HEOOMBEmIOM OOCHy)KHUBAOMIEM MEpPCOHAne. [akue ABUTATENMM MOTYT BEBEINOJMHATHECA B
FepPMETHYECKUX KOPITyCax, U, CI€I0BATEIbHO, X MOKHO UCIOJIb30BATh B TAKEIBIX YCIOBHAX: B
arMoc(epe MOBBIMIEHHON BJIAXKHOCTH, OEH3UHOBBIX MAPOB U T.NT. ACHHXPOHHBIE JBUTATENH O€3
MOBPEKICHUN BBIOECPKUBAIOT 3HAUUTEILHBIE KPATKOBPEMEHHBIE IEPETPY3KH, TOTAA KAaK B
OBUTATENAX MOCTOAHHOTO TOKA T100asA meperpys3ka yCKOpSeT U3HOC KOJUIEKTOPA.

CymiecTBEHHBIM  HEIOCTATKOM  ACHHXPOHHOTO  JBUTATEIS  ABAACTCA  TPYAHOCTEH
perymmpoBaHus 4acTOThl BpamieHuda. [losTomy m0 HACTOSAMIETO BPEMEHM €II€ OYEHB BEIHK
VOCIBHEIL BEC PETryJUPYEMBIX MANIUH IIOCTOSHHOIO TOKAa B CHUCTEME IPOMEILLIEHHOTO
3IEKTpONpuBOad. HemocTtaTkoM ACHMHXPOHHBIX OBUTATENEH C KOPOTKO3AMKHYTBIM POTOPOM
TAKKE SABJIAETCS OTPAaHUUEHUE MX MONIHOCTH YCIOBUAMH IIyCKAa. JTO OOCTOATENBCTBO B

HOKYMEHT MNOANcAH J »
HH'—IHJTE:HB]]E}G'HEIHHQH MPABBEH A TpE‘ECl)HEH Ol TCXHHUKH, KOTOd MOTITHOCTH DJICKTPUYCCKUX CTAHIHMH

Ceptucumkar: 2C0000043ESABBBO952205E7TBAS00060000043E
BranenddBIJTHL HOBEATHUIYa30TaBistA0 BO MHOTHX CIIy4YadAX OTKA3BIBATHCA OT IMPHUMCHCHHA JIBHUIATCIICH C

KO pD TKO3 HMI{H}’THM pDTﬂpﬂM. MD]]J,HLIE IBHUTATCIIH C I{Dp OTKO-3 HMI{H}THM pDTDpD M
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MIPUMEHSJINCE TOJABKO B CIyduasxX, KOTJAa OHM MOHUTAIUCH OT OTAEIRHOrO reHeparopa. Takue
YCTAHOBKHU 94CTO UCITOJIB30BAINCE, HAIPUMED, B BOJOKAUKAX.

[IpakTHueckn pa3BUTHE HACKTPONPUBOAA MPOUCXOAUIO ABYMSA HEPABHO3HAUHBIMHU
nyrtamu. [lepBeiii, Hauboixee TUMMYHEBEIM, - 3aMEHA MNAPOBBIX ABUTATENEH, padOTaBMIMX HA
TPAHCMHUCCHUIO. JTO OBIT TYyTh CO3JaHUA KPYMHOTPYIIOBOTO ASIEKTPONMPUBOAA, KOTOPBIM HE
HCKITFOYAJT TSKEIBIX MPON3-BOACTBEHHO-TUTHEHHIECKUX YCIOBUM, ONMPENEIABIINXCSI HATMIHEM
TpancMuccuil. Bropoi nyTe — 30M300UMUECKO€ NPUMEHEHNE OAMHOYHOTO npuBoaa. [lociennee,
KaK MNPaBWJIO, UMEI0 MECTO TOJBKO B CIy4a€ KPYIMHBIX OTBETCTBEHHBIX HCIOJIHUTEIbHBIX
MEXAaHN3MOB, NMIPEIBABIABIINX ClE(Pruueckre TpeOOBAHUA K MPUBOTHOMY OBUTATEIIO (IIPUBO/T
KPaHOB, HEHTPU(]PYT, TPOKATHBIX CTAHOB W T.m.). HO yke€ B KOHIIE BEKa MPAKTUKA HATJISAIHO
yOekaana B IpeuMynIeCTBAX OAMHOYHOTO IPUBOIA.

[Tocnemnuii Bux mpuBoga 0CBOOOKIACT MPOMBINUICHHOE IPEANPUATHE OT TPAHCMUCCHH U,
TIaBHOE, TMO3BOJIAET padoTaTh KakAOMYy OTIEIbHOMY HCIOJHUTEILHOMY MEXAHU3MY IIpH
MEPEMEHHBIX HATPY3KaX M HAMBBITOJHEHWIINX CKOPOCTAX, 4 TAKKE MO3BOJIAET YCKOPHUTH MYCK U
W3MEHEHHE HarpasjeHusa BpanieHus. OIUHOYHEIN MPUBOJ OKA3aJ CYHNIECTBEHHOE BIMAHHME U HA
KOHCTPYKIIUIO CaMOTO MCIOJHUTEILHOTO Mexanu3ma. COmmkeHue TPUBOTHOTO IBUTATENS C
W CIOTHUTEIBHEIM MEXaHN3MOM MHOT 14 0Ty 9aI0Ch HACTOIbKO TECHBIM, YTO KOHCTPYKTUBHO OHH
IPENCTABILIM CO00N ennHoe nenoe. Hampumep, B cinydae 3JI€KTPONPUBOLA POJIBraHra POJIHK,
CJIY KAIIUH U1 MEPEMENIEHUA METAILIA, ABJIIETCA HAPY AKHBIM POTOPOM ACUHXPOHHOTO ABUTATENA.

B 70-x u ocobenno 80-x romax XIX B. mpoOBOOWIOCE MHOTO padOT MO MPUMEHEHHIO
5JIEKTPUYECTBA HA TpAHCHOpPTE. Tak HA3BIBAEMBIE KOHHO-JKEIE3HBIE HOOPOTH VKE HE
YIOOBJIECTBOPSAIM BO3POCHIMX HOTPEOHOCTEN TOPOACKOTO HACEIEHUs, 4 NPUMEHEHUE MapOBOTO
FOPOACKOTO TPAHCIOPTA OKA3aJ0Ch HENPUEMIEMBIM HW3-3a ObIMa M KomoTu. Peampnas
BO3MOKHOCTh Uil MPOBEAEHUS OIBITOB MO SIEKTPU(IUKAIMU TPAHCOOPTA MOABWIACH IOCIE
n300perenusa reneparopa ['pamma.

Bo Bcex cayuasx, KOrma SIEKTPUYECKAs SHEPrus i MUTAHUA TATOBOTO JIBUTATENA
FeHEPUPOBATACH TATEBAHMUECKOM TN AKKYMYJIATOPHOU OaTapeen, TEXHUUECKOE PENIEHNE IO B
HAIPAaBJICHUH CO3/IaHNA ABTOHOMHBIX YCTPOMCTB TATH, T.€. TAKUX, B KOTOPHIX KaK TEHEPHUPYIOMIAA
yCTAHOBKA, TAK U SIEKTPOABUTATENb OBLIM Pa3MENIEHBI HA CAMOM SKHUITAKE Win cyane. Korga ke
O BBEIPAOOTKHM SIEKTPOSHEPTHMM CTAJIM NPUMEHATH TeHeparopel ['pamMma, mpuBOIUMEIE B
OEUCTBUE COOTBETCTBYIONIMMU MHAPOBEIMHM Arperaramu, CUCTEMA ABTOHOMHOMW SJIEKTPUUECKOU

TATH NIEpecTana pacnpocTpanarscsa. [Ipodnema >1ekTpudeckoi TIru MOTJIA HAWTH PENIEHUE JTUIITE

Py ycnj}ﬂ gmﬁonp}{em{ﬂﬂ S5KOHOMHUYHOW MEPERAYMN SIAECKTPOIHEPTUM OT MECTa €€

Ceptudmkar: 2C0000043ESABBB952205E7TBAS00060000043E
Bnanendl CHCPHERQ BAHIEL K [ABHAYHEMY CA DOKHITAXKY, BAI'OHY H T.II. Taxkum DGPHEDM, JICKTPHUCCKAA TiATrd
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MOTJIA Pa3BUBATECA B BUJAE HEABTOHOMHOH TATH C NPUMEHEHUEM METOJ0B SKOHOMHUYHOH
MEPENAUH SIEKTPOSHEPTUN HA PACCTOSIHHUE.

CucreMa aBTOHOMHOUW SIEKTPUYECKOM TATH, OJHAKO, HE OBIIA ITOJHOCTBIO OTBEPTHYTA;
yCOBEPIIEHCTBOBAHUE AKKYMYJIATOPOB IMMO3BOJMIO YCTPAMBATL CHCTEMY ABTOHOMHOM TATH,
MOMB3YICh CMOHTUPOBAHHOM B BATOHE WM HA CyJIHE AKKYMYJIATOPHOUN Oarapeen, TOKOM OT
KOTOPOH MUTAJICA SIEKTPOABUTATEIb.

B 1879 r. B. CumencoMm Oputa mocTpoeHa nepsas HEOOIbIIAA YIEKTPUUECKA HKEIE3HAL
IOpOra Ha MPOMBINUIEHHON BBICTABKE. JJIEKTPUYECKAA SHEPIHUA IO OTAEIBHOMY KOHTAKTHOMY
pPEIBCY MEPENABanach K IBUTATEII0 HEOOMBIIOrO BArOHA, HAMMOMHUHABIIETO COOONM COBPEMEHHYIO
AKKYMYJIATOPHYIO TENEKKY (IMEKTPOKAp); 0OpaTHEIM MPOBOAOM CIYKUIN PEIBCH, 0 KOTOPEIM
OBUTAJICA «JIOKOMOTHB». K mociaemHemy OBLIM MPUIIETIIIEHBI TPH TEIEKKH, HA KOTOPBIX MOTIIH
pa3mMecTuTsCs 18 maccaxupos.

B Poccun mepBeI€ ONBITEI HEABTOHOMHOM 3IEKTPUUECKOU TATH Oblmu mpoBencHsl D.A.
[Tupoukum. Emie B 1875-1876 rr. OH ucmons3oBan i ONEPENAYN HJIEKTPOIHEPTHUHU OOBITHEIM
K EJIE3HO JOPOKHBIN PEIECOBBIM MyTh. YTOORl yJIyU4mUTE MPOBOIUMOCTE PENLCOBOrO MYTH, OH
MPUMEHWI CTBIKOBBIE AIEKTPUYECKHE COECOMHEHWA, 4 AJd YCHJIECHHA W30JIAIUN JOBYX HUTOK
PEIECOB OOHOUM KONEH (OHU OBLIM M30IUPOBAHEI CIIOEM OKATUHBL M HINATAMH) — CMA3KY 10 JOIIBEI
pPEIBECOB ac(hamsTOM.

B aBrycre 1880 r. ®.A. [lupoukuii OCYmIECTBWI ITyCK JMEKTPUUECKOTO TpamBas Ha
ONBITHOM JIMHUU B paloHe PoxmecTBEHCKOro mapka KOHHOM xkene3nou noporu B [lerepOypre.
[Turanace 5Ta muHMA OT HEOONMBIION SIEKTPOCTAHIMU, MOCTPOEHHON B HApKe, C TEHEPATOPOM
MONIHOCTEIO 4, a mno3xHee 6 in.c. Iloxg TpamBaWHBIM SIEKTPOBATOH OBLI MPUCIOCOONIEH
OBYXBAPYCHBIM BATOH KOHHOW JKEIE3HOM OOpOoru (macca ¢ maccaxupamu 6,5-7.0 1), k pame
KOTOPOro OBLI MOABEMIEH 3JIEKTPOJABUTATENb, MPUBOAUBIINN B ABUKEHHE BEAYIIYIO OCh 4EpE3
OBYXCTYMEHUATy 3ybuaryro mepemauy. Cxema, npemnoxenHas O.A. [lupouxkum, HekoTopoe
BpeMs MPUMEHANACH I NUTAHUA TPAMBAMHOU CeTH U 3a pyOexom. Oua ObLIA TOCTATOYHO
MpOCTa M OaBajta BO3MOJKHOCTE OOOMTHCH 0€3 TPEThEr0 penbca, 3aTPyIHSABIIETO YIMIHOE
OBWKEHUE W YCIOKHABILIETO BCE COOpyxkeHue. HemocrarkoM TakoM CXE€MBl OBLIO HaIMUHUE
OOJIBIIUX MOTEPH NEKTPOIHEPTHH OT TOKOB YTE€UKHU U3-34 IUIOXOH U30JIALNU PEILCOB.

[Tocne n3o0perennsa cnoco0a MATAHNS OT BEPXHETO KOHTAKTHOTO IMTPOBO/IA, CIEIAHHOTO B
1883 r. nezaBucumo Ban-/lemynem (CLLIA) u B. Cumencowm (I'epmanus), cxemy muranus 0o JBym

penscaM mepecrtanu MPUMEHATH Ha JJIEKTPOTPAHCIOPTE, €CIW HE CYUTATH €€ IPUMEHEHUSI B

HaCTGHm@%W%ﬁ%%@HGKHpQBKH. 3acayrout @.A. [Tupoukoro ABIAETCA TAKKE BBEIECHUE

Ceptucdukar. 2C00QD043E9ABBBIS2205E7BA500060000043E _
Bnanendy OUATON HEPEAATH(BMECETQ PEMEHHON) OT Bana apurarers K kojgecam. B 1889 r. mogoOHEril xe
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NEPENATOYHBEIN MEXAHW3M, IMOJYUMBIINM HA3BAHUE «TPAMBAMHOTO MPUBOA», OB MPUMEHEH
Coporom B CIHIA.

C 1883 r. meiicroBana munusa Tpameas B . [lopryme (Mpnanous) nminoit 9,6 km; B 1884
r. OBLIIN OTKPBITHI 1A SKCIUTYaTATIMM TPAMBAWHBIE IMHUM B TOpoaax bpanrone (AHTausa) InmuHOH
1,5 xm u @pankdypre-na-Maime (I'epmanus) pmumou 6,56 kM. I[lepsrrit TpamBait 8 Poccun,
KHUEBCKHM, OBLI MymIeH A1 00mero noas30oBanua B 1892 r., npuuemM pemeHue 0 CTPOUTEIECTBE
TPaMBAMHOU JTUHUH OBLJIO MPUHATO JIUIIE ITOCHE TOTO, KAK YOeIWINCh, 9TO HA KOHHASA, HA TapoBas
TATA HE CITOCOOHEI MTPEOOONETE KPYTOHN Toasem ot yiI. [Togon k Kpe-maruky. TpamBainas miHus
COEQUHMIIA TYCTOHACENEHHYI0 OKpanHy Kuesa ¢ nentpom ropona.

Ha osiaekrpuueckoM TpaHCHOPTE IOYTH HUCKIOYUTENBRHOE NPUMEHEHHE MHOIYyYHI
MOCTOSTHHBINA TOK, 00ECITETUBAIONINI HATEKHYIO pA0OTY TATOBEIX SJIEKTPOABUTATENEH U yO0OHOE
perympoBaHue CKOpoctu. [103ToOMy M0 MEpe pa3BUTHA TEXHUKHU IIEPEMEHHOTO TOKA ITPUILIOCH
COOpYyKaTh NpeoOpa30BaTEIbHBIE TOACTAHIIHMH.

Haubonee ecrecTBEHHBIM W MO3TOMY IIEPBEIM II0 BPEMEHH IpeodpazoBaTeiem
MEPEMEHHOTO TOKA B MOCTOAHHEIN ObLIa ABUTATENb-T€HEpATOpHAsA ycranoBka. B 1885-1889 rr.
CO3AI0TCA NEPBBIE OTHOIKOPHBIE MPEOOPA30BATENN MEPEMEHHOT0 TOKA B MOCTOAHHBIN, KOTOPEHIE
B KaXKJOM CIIydydae MNOPEACTABIUIM CO00M KOMOMHALIMIO CHHXPOHHOTO SJIEKTPOJBUTATENA H
reHeparopa NOCTOSHHOTO TOKAa ¢ o0mmMm skopem. OgHOAKOPHEIM ITPeoOpa3oBaTens 001agacT
PAIOM CYIIECTBEHHBIX IPEUMYIIECTB MEPE IBUTATENL-TEHEPATOPHON YCTAHOBKOM: MEHBIIAA HA
3040 % wmacca, 3naunrensHo MeHbue radaputsl (0o 50 %), Bercokuit KIT/I.

['pomagHOE 3HAUEHWE B PA3BUTUM MNPOU3BOIUTEILHBIX CHJI CHITPATIA HOBBIE OTPACIH
MPOMBIILIEHHOTO MPOU3BOACTBA, IOABICHUE KOTOPEIX OOYCIOBIMBANOCHE HPUMEHEHHUEM
3JIEKTPUUECKOH SHEPrUM B KAUECTBE€ OCHOBHOI'O TEXHOJIOTMYECKOTO (PAKTOpaA: MPOMBINUICHHAA
SJIEKTPOXUMHA U OAEKTpoTepmudA. [IpoOMBINIUIEHHAA SIEKTPOXMMHA 3apOAMIACh BMECTE C
raJIbBAHOTEXHUYECKUMH MACTEPCKUMH U NPEINPUATHAMU I10 IIPOU3BOACTBY IMEKTPOITUTHIECKUM
IyTEM KHUCIOPOd U BOIOPOA.

OnBITEL IO OPUMEHEHUIO SIEKTPUYECKUX OYTOBBIX MEUEH IJIA IUIABKUA Py, METALIOB U
OPYTUX BEMIECTB HAUAIUCE €nle B KOHIE 40-x rogoB, HO ymuib B 1878 1. B. Cumency ymanocs
CO3aTh TAKYIO0 KOHCTPYKIHMIO IYTOBOM MEYH, UTO OHA MOTJIA UCIOJIB30BATECA B ITPOMBIIUIEHHOM
TPOU3BOJICTBE.

UT0O0BI O1IEHUTH 3HAYEHUE SAEKTPOTEPMHH B KOHIE XX B., 1OCTATOYHO HAITOMHUTE, 9YTO
ATIOMAHAM ~ Omaromapss SJIEKTPOTEXHOIOTHMM MeEpectan OBITh APArOlEHHBIM — METAJLIOM.
BHEKTp@ﬁ%ﬁEEEﬁW MOy YE€HUS AIFOMUHM A OBLI pa3paboTaH aMEPUKAHCKUM UHKEHEPOM

E:Z;ZTEJEM‘E” ﬁ%f&i%ﬁﬂﬂﬁﬂﬁﬁ}iEHepﬂm I1. Opy B 1886—1888 rr. Benmen 3a smexrpomizom

ATIOMWHWS HAUWHAET PA3BUBATHCS P APYTUX SIEKTPOTEPMUIECKUX MTPOU3BOACTB. B konme XIX
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B. OBl HaMeH crioco0 nmomyueHusa kapObopyHaa. lTorga ke OpL1 pa3zpadboTaH METOA MOJTYUEHHA
KapOuma KamplusA, KOTOPBIM CTaldl MOTPEOIATHECA B OOMBIIMX KOMWYECTBAX IS BBEIPAOOTKH
anerwineHa. [lozgnee OblmM M300pEeTEHBI M YCOBEPIIEHCTBOBAHBI PA3JIMYHBIE KOHCTPYKIIUH

ICKTPHYCCKHUX rmeuen JJLA IMTPOHU3BOACTBA BEICOKOKAYCCTBCHHBIX CTaJIeH.

Konmponsnwie eonpocwi:

l. [TyTn pa3BuTus SI€KTPONIPUBOIA.

2. [TyTn pa3BuTHs 5MEKTPOTPAHCIIOPTA.

3. [TyTn pa3BuTHA SMEKTPOTEXHOIOTHH.

4. [ToaroToBUTE NMpE3€HTALMOHHEIE NPOEKTHI HA TEMY: 3aPOKIECHHE SIIEKTPONPHUBOIA,

YNEKTPOTPAHCHOPTA M AIEKTPOTEXHOJIOTUM,  Pa3BUTHE  IEKTPONPUBOAA,  Pa3BUTHE

ICKTPOTCXHOJIOTHH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpakmuueckaa paooma Nel4. Pazeumue snekmpomepmuu. Paszeumiue cnocoooes u
Memoo06 IneKkmpuieckou ceapku. Pazeumue snekmpoxumuyeckou mexnonocuu. Pazeumue

1EKMPOMEXHUUECKUX CUCmeM mpancnopmada.

Ilens: V3yueHne UCTOPHUH PAa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPrE€THUKHU, 3aKOHBI

5JIEKTPOTEXHUKH U (POPMHPOBAHME €€ HAYIHEIX OCHOB.

Ocrnoevt meopui:

[IepBrIE SKCIEPUMEHTHI MO HATPEBY MPOBOTHHUKOB JIEKTPUUECKHUM TOKOM OTHOCATCS K
XVIII B. B 1749 r. b. ®pauxknun (CLIA) npun uccnemoBanuu paspsana JEHICHCKON OaHKH
00HApYKUII HATPEB U PACIUIABICHHE METAUTHYECKUX MMPOBOJIOYEK, 4 MO3IHEE MO €0 YKA3AHHIO
Ilx. Ilpuctmm (1766), mouernsin unen IlerepOyprckoil akamemum HAyK, W3ydalal HArpeB
PA3IMYHBEIX METALIOB M OTMETWII PA3JIMIMA B UX MPOBOAUMOCTH |31, 32].

Harper npoBoanukoB uccnenopanu JI. Tenap (@Opannus, 1801), B. B. Ilerpor (Poccus,
1802) nu X. IsBu (Aarmus, 1807). Ucnome3ya BoneToB crond, [lx. I'. Huwnnpen (Anrmas, 1815)
OCYNIECTBWJI HATPEB M PACIUIABIEHUE PA3NINMYHEIX MeTtamnoB. Heckomsko panee [lem (Anrmis)
MOCTABWJI SKCIIEPUMEHTEI IO HATPEBY AIMA3HOM IBLIM B Pa3pe3e JKEIEe3HOW MPOBOJIOKH, KOTOPAs
IpU MPOTEKAHWN SJIEKTPUYECKOTO TOKA pacKalAnach TOKpacHa. Yepe3z HEKOTOpOE Bpems
aJIMa3Has IbLIIb UCYE3aJIa, a JKEJIE30 IIPEBPAIAIOCH B CTAJb.

[TepBrIE MpUMEHEHUA PE3UCTUBHOTO HATPEBA B MEIUIIUHE:!

K. A. llrennxens u K. Xennep (ABcrpus, 1845) ncnone30Bany 3J€KTPUUECKUHN HATPEB
oA ymepusinenus 3yonoro nepsa; Munnemsgopnd (I'epmanns, 1854) mpuMeHw 5J1eKTpOHATPEB
B XUPYPruu. Y BEIMYEHUE MPOU3BOACTBA HeKTposHepruu B koH1e XIX B. [TozBommo co3naBars
KpyHHEIE dJeKkTponeun conpotusieHus. B 1886—1888 rr. Oparea Koynece cozmami neus npsamMoro
HAarpeBa Ajsd TOMYUYEHUS ATFOMHHHUA M3 TJIMHO3eMa (OZHOBPEMEHHO C PACIUIABJICHUEM MIEN
3IEKTPOIN3). TOK mPOXOOWI MENKIY SJIEKTPOAAMH depe3 CIoW muxTel (MomiHoCTsE — 300 kBT,
Hanpssxenue — 60 B, Tok — 1o 6000 A). B re e roget I1. JI. T. Opy usrorowi neus 118 nony YeHus
ATFOMUHHUEBOM OPOH3EI C MPOBOIANINM TUTJIIEM U 3JIEKTPOOOM CBepxy. CHauana pacruiaBisuiach
MEIb, 3aTEeM 3arPyKAJICA TIMHO3EM W MIEN 3JEKTPOIN3. TOK MPOTEKAT OT 3MEKTPOaa K KOPIyCy
(yroseHas (pyrepoBka) uepe3 muxry. Ognospemenno Y. M. Xomnn co3gan mogoOHyo nmeds. ITH
MeYr CYMIECTBEHHO CHU3WIN CTOMMOCTH TonyueHus amomunaua. B. bopxepe (I'epmanus, 1891)
CO3/1aJ1 OTIBITHYIO [T€Yhb IS BOCCTAHOBICHUA OKCUIOB C yrOMbHEIM HarpeBarenem. E. A. Auecon
(CILA, bﬂ%ﬁ;%g%%ﬁﬁmm Ha IT€Yb IS HArpEeBa CMECH ITECKa, KOKCAa U JPYTUX MaTepPHAIOB.

Ceprudmkar: 2C0000043ESABBBO52205E7BAS00060000043E
Bnagendd pu UHAPPEBEHTAAGMEQEsIPEBPAIACTCA B OTHEYHNOp — KapOopyHp (kapOun kpemuus). Ilpu
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mMontHOCTH neun 746 kBT 3a 36 u nomyueno 3150 kr kapOopynaa. Takas ke KOHCTPYKIMA ITEUU
OpLna ncnonms3oBana E. A. AueconoM aida monyueHus rpapura u3 yris.

DIIEKTpUYECKaA TyroBas cBapka Oeina mzooperena B Poccuu. H. H. benapnoc 6 nrossa 1885
r. MOJAJT 3aABKY WU HOJyuui npuBwieruio JlemapramenTta toproBiu u manygaxkrtyp Ne 11982
(1886) ma crmocod «coegmHEHUA W PAIBEOUHEHUS METAIIOB HEMOCPEACTBEHHBIM IEHCTBUEM
3JIEKTPUIECKOTO TOKAY.

H. I'. CuaaBsnoB B 1888 r. mnpemmoxun OyroByro CBAPKY C HCHIOJIB30BAHUEM
pPacIuIaBaAEMOrO SIEKTPOIa. ITOT METO I BIIEPBBIE OBLII UCIOIB30BAH B TOM € rony Ha [lepmckux
Ka3€HHBIX 3aBOJAX NPU CBAPKE Bana mapoBoM mamwmHbel. B 1889 r. nmyromas cBapka mo merony
CrnasganoBa Obla ncmone30Bana Ha [lepMCKHX Ka3€HHBIX 3aBOJAX NPH CTPOUTENILCTBE MAPOX0Ia
«Penena xua3p Koccorckuity. B 1891 r. H. I'. CnaBanos nonyunn B Jlemapramenre TOprosian u
many(paxtyp npusuineruu Ne 8747 n 8748 na n300peTeHNA «IIEKTPHIECKOU OTVIMBKH METAUIOB)
U «AJIEKTPUYECKOTO YIPOYHEHUSA METAnIoB», a 3areM u mareHtel CIHIA u gpyrux crpan. Um
pazpadaTeIBAIMCh METOIEI ABTOMATHUECKOTO PETYJIMPOBAHUA AJIUHBI IYTH, MPUMEHEHHS CBAPKH
MOA MUIAKOM (MCIIOIB30BAJIOCH JAPOOIEHOE CTEKJIO), HCHONL30BAHUA MPEABAPUTEIHHOTO
MOJOTPEBA CBAPUBAEMBIX AETAICH, MPUMEHEHUSA MPUCAI0K (PEPPOCHIABOB A PETYIMPOBAHMA
XUMHYIECKOTO COCTABA BAHHBI U CBAPHOTO IIBA.

B 1905 r. B.®. MurkeBud npemmoKuia UCHOIL30BATE TPEX(PazHyr OyTy UL CBAPKHU
METAJLJIOB.

Omna w3 mpoOieM SIEeKTPUUECKON CBAPKU — 3alUTa pPACIUIABJIEHHOTO MeETauia OT
OKHUCJIEHUS W TMOBBIIIEHHE YCTOMUMBOCTH TOPEHUA IyTHM, OCOOEHHO TPHU HCIOJIB30BAHUHN
nnaanieroca snexkrpona. O. KeemsOepr (Lleemusa, 1907) npennoxun cnenuansHeIE TOKPBITHSA
1L CBAPOYHEIX 3JIeKTponoB, M. Jlenrmiop (CLUA, 1911) paspaboran nponecc nyroBou CBapku B

arMocpepe Boaopoaa, a mo3aHeEE U C UCMOJIB30BAHUEM IPYTHX Ta30B.

Koumponsnwie sonpocwi:
[ToaroToBUTE Mpe3EHTAIMOHHEIE TTPOEKTHI HA TEMY: PA3BUTHE AIEKTPOTEPMUM, PA3BUTHUE

CIOCOOOB M METOIOB SIEKTPUUECKON CBAPKH, PA3BUTHE SIEKTPOXMMHYECKOM TEXHOIOTHH,

pa3sBUTHE BIEKTPOTEXHUUECKUX CUCTEM TPAHCIIOPTA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ipakmuueckan paooma Nel5. Pazeumiie 31eKmpomexnudecKux cucmem
HCEIE3HO00POICHO20 mparcnopma. Pazeumiue 31eKmpomexHo102udeckux cucmem

20pOOCKOo20 mpancnopma (mpameai).

Ilens: V3yueHne UCTOPHUH PAa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPrE€THUKHU, 3aKOHBI

5JIEKTPOTEXHUKH U (pOPMHPOBAHHME €€ HAYIHEIX OCHOB.

Ocrnoevt meopui:

B nanbonee pazButeix crpaHax mmpa enie B XIX B. mpeanpuHUMAINUCE MOIBITKH
HUCIONB30BATE AAEKTPUUECKYIO SHEPIUI0 OJA MEPEMENIEHUS HSKUMAXKEH, B TOM UYHCIE IO
PEIECOBOMY ITYTH.

PaznuuaroT qBa BHUAA JKEIE3HOIOPOKHOTO TATOBOTO MOIBHIKHOTO COCTABA: ABTOHOMHEIN U
HEAaBTOHOMHEIU. [Ipu aBTOHOMHOM MOOABMKHOM COCTABE HA JIOKOMOTHBE (TEILUIOBO3€ WJIH
MOTOPHOM BArOHE [U3€Nb-I0€344) YCTAHABIMBAIOT NEPBUYHBIN OW3EIBHBIA JIBUTATEID,
OPUBOISANIAN BO BPANIEHUE TEHEPATOP (IMOCTOAHHOTO TOKA WJIM CHHXPOHHBINM), OT KOTOPOTO
MOMYYAr0T ANEKTPOSHEPTUIO TATOBEIE AMeKTpuueckue npurarenu ( 13]1), CBA3aHHBIE C KOJTECHBIMU
mapaMi 1 00ECIEUNBAIONINE TTEPEMENIEHNE ITOIBUKHOTO COCTABA MO PEILCOBOMY ITyTH.

[Tpn HEABTOHOMHOM MOABMIKHOM COCTABE HA JTOKOMOTHBE (3JIEKTPOBO3€ WM MOTOPHOM
BATOHE OJJEKTPOIIOE€34a) YCTAHABIMBAIOT TOMBKO 13/ ¢ ammaparypoul yHOpaBlIeHUS U
peryJmpoBanus (a WHOTAA W TPeoOpa30BATENM OSJIEKTPUUECKOHU HOHEPrHUH), HNEPBUYHBIM
UCTOYHUKOM DJIEKTPOSHEPTHH ABJIAETCA HSHEKTpocTaHnuA. llpm 5TOM BIEKTpOsHEprus ot
3JIEKTPOCTAHIIMM K JIOKOMOTHUBY Tiepenaercsa uepes auHum snekrponepenaun (JISIT) u cucremsr
TATOBOTO SIIEKTPOCHA0KEHMA, BKIIOYAIONINE B C€0 MOACTAHIIMA U KOHTAKTHYIO CE€Th, OT KOTOPOH
IpPU DOMOIIM TOKOIMPUEMHHUKA ITOaydaroT muranue 13]] mokomoTuea.

B 3aBMCHMMOCTH OT pOJa TOKA B KOHTAKTHOM CETH PA3INYAIOT TPH CUCTEMBI ITEKTPUIECKOMN
TATH. IOCTOAHHOTO TOKA, OAHO(PA3HOTO HEPEMEHHOrO TOKA IPOMBINUIEHHOM YaCTOTHI H
0AHO(Aa3HOT O MEPEMEHHOTO TOKA MOHUKEHHOHN YACTOTHL.

Ha xene3nsix pmoporax Poccuu TPUMEHSIOTCS TOMBKO OBE MEPBBIE CHUCTEMEI. B
COBPEMEHHOH CHUCTEME SIEKTPUUECKOM TATU MOCTOSHHOTO TOKA HOMWUHAIBLHOE HAMPIAKEHHE HA
TOKOITIPHUEMHUKE JTOKOMOTHBA cocraBmier 3 kB. Takou ypoBeHbr HanpsiKeHHUA BEIOpaH 1A
BO3MOKHOCTH COTJIACOBAHMA C HOMHUHAILHBIM HANPsKEHUEM 1D/], KOTOpPBIE N3rOTABIMBAIOT HA
Hanpspkenue 1500 B (mmr 750 B) u coegunArOT HA MOCHEOHEH MMO3WLMHU PETYIMPOBAHUSA

[IOKYMEHT NMOAMWCAH
COOTBETGNBEHHBHONOONBALIALTN UeThIpe mnocnaenoBarensHO. [lommmo T3]l na moxomoruse

Ceptudmkar:  2C0000043E9ABBBIS2205E7BAS00060000043E
Bnanen{da3MOIHAOT TOHIS AV @Y OROPETYIMPYIONIYIO ammaparypy. Ha TAroBeIX mOACTaHIMAX B TAKOH

CHCTCMEC THATH CTAHABJIMBAKOT ITOHMHKAROIIHC Tpﬂch)DpMﬂTDpLI H HDJ’[}’ HPDBD,I[HHI{DBLIE
Nencteutened: ¢ 19.08.2022 no 19.08.2023
75



BEINPSAMHUTEIEHO-UHBEPTOpPHEIE  arperatel. [Ipm  sToM  paccrosHme MEXOIy CMEKHBIMH
MOACTAHIUAMUA HE IpeBeImaeT 15—20 kM, a IIomans NOnepeyHOro CEYeHN S METHBIX KOHTAKTHBIX
npoBoaoB aocruraer 600 mM2 u Oomee, 4TO NPUBOOUT K 3HAYUTEINBHBIM PACX0JaM IIBETHBIX
METAJLJIOB.

C10BO «TpamMBal» MPOMUCXOIUT OT AHTJIMHCKOTO framway (tram — BaroH U way — IyTh) —
rOpOJCKasA HA3E€MHAA SJEKTPUYECKas nopora. I'pamsaun cran pazBuBateCs ¢ Hagana 80-x rr. XIX
B. Bneprie TpamBait Ovun mynien B npuropoae bepauna B 1881 r.

TpamBaiineie BArOHBI TOTO BPEMEHHW UMEJIN MAJTYIO BMECTUMOCTE — BCETO 24 maccaxkupa,
OTKPBITHIE IIOMIAIKH, MATOMOIIHEIE IBUTATEN B 4,5 11. C., pyYHOU TOPMO3. DIEKTPUUECKHUH TOK
MOABOOWIICS K ABUrATENAM N0 penbcam. CKOPOCTh TAKUX BATOHOB HE MpeBbImana 19 kv/u.

C mnpumenennem B 1883 T. BepXHEr0 KOHTAKTHOTO TPOBOAA W  POITMKOBBEIX
TOKONPUEMHUKOB HAYaJICA II€PUOJ UHTEHCUBHOTO YyCOBEPIIECHCTBOBAHWA BArOHOB U
CTPOUTENLCTBA TPAMBANHBIX MTPEAMPUATHH.

B Poccuu nepBriil TpamBail Osi1 moctpoed B Kuese B 1892 r., 3aTem ObLa mynieH TpamBait
B Huxmnem Hosropone, Kazanu, Tamkente. B Mockse TpamBaitHoe ABUKEHUE OBLIIO OTKPBITO B
1903 r., B Cankr-ITerepbypre — 8 1907 r.

[Tporpecc B 00n1acTu TpaMBaeCTpOEHNUA COMTPOBOKAAIC MMPOTPECCOM B 0071ACTH TATOBOTO
3JIEKTPUYIECKOTO 000PYI0OBAHUA, KOTOPOE BKIOUATIO B CEOS COBPEMEHHBIE TATOBBIC IABUTATEIIN
tuna JIK-259 mommocteio 40—45 kBT, yrpasinenne KOTOpeIMI OCYNIECTBILAIOCE ABTOMATHYE CKOU
KOHTAKTOPHO-pe3ucTopHon cucremon ympasnenusa (PKCY), a snexkrpuueckas ammaparypa
XAPAKTEPU30BATACE OONBINON CTEMEHBI0 YHU(PHUKAIMHN. DIEKTPOOOOpyI0BaHME OOECIIEYMBAIIO
MAaHEBPOBBIN PEKUM PAOOTEL, ABTOMATHUE CKUIH Ty CK, SJIEKTPOIUHAMHUIECKOE TOPMOKEHHUE, CITYCK
C YKJIOHOB C Pa3JIMUHBEIMU YCTABKAMHU, pa0OTy BATOHOB IO CUCTEME MHOTUX eaunuil. [Ipumenenue
HOBOT'O 3IEKTPOOOOPYI0BAHNS MOBBICHJIO AMHAMHUYECKHUE MOKA3aTEIN BAarOHOB (CKOPOCTH — 0
65-70 km/4, yckopenune — no 1,3 m/c2, zamennenne — no 1.2 m/c2) m ynydunuio kom@opt

ITACCAKUPOB.

Koumponsnwie sonpocwi:
[TonroToBUTE NpE3EHTAIMOHHBIE MPOEKTHI HA TEMY: PA3BUTHE SJIEKTPOTEXHUUECKUX
CUCTEM  JKEJIE3HOIOPOKHOTO TPAHCIOPTA, PA3BUTHE  SJIEKTPOTEXHOJOTHUYECKUX  CHCTEM

rOPOACKOTO TPAHCHOPTA (TpaMBau).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpaxmuueckan paooma Nel6. Pazeumue 3;1eKmpomexHo102U4eCKUx Cucmem
20p00CKo20 mpancnopma (mponneuoycel). Pazeumue nooveMuo-mpancnopmuo2o
obopyoosanua. Pazeumue cyooeulx snekmpomexnudecKkux cucmem. Asuakocmudeckan

1EKmMp OmexHuKa.

Ilens: V3yduenue UCTOPUM PA3BUTHA NIEKTPOTEXHHUKU M SJIEKTPOSHEPTETHKH, 3AKOHBI

3JIEKTPOTEXHUKU U (pOPMHPOBAHNE €€ HAYIHBIX OCHOB.

Ocrnoevt meopuu:

CnoBo «rpomneiidycy» mpoucxomur oT aHrymickoro trolleybus (trolley — xowTakTHBINH
MPUBOJ, POJMKOBEI TOKOTMPHUEMHHMK M bus — aBTOOyC) — BHJ TOPOJCKOTO OE3persCOBOTO
TpaHCIOPTA. ITOT BUI TPAHCIOPTA POAUICA KAK THOpUI TpamMBas U OMHHOYCA U BIOCIEICTBUA
IPEBPATHIIC B ABTOOYC € AMEKTPOIBUTATEIIEM.

[Tepas TposmenOycuas nunus Oputa mocrpoena B 1882 r. B I'epmannu, B r. lnangay.
Bcnen 3a I'epmanuen ONBITHBIE MAPMIPYTHI O€3pPENBCOBOTO AJIEKTPUYECKOTO TPAHCIOPTA
MOABIAIOTCA Tak»€ B psage apyrux crpan. llepBeie poccuiickue tpomnenOycel tuma JIK,
MOCTPOEHHBIE 3aBOAOM «J[uHamo», SIpocnaBckum 1 MOCKOBCKIM aBTOMOOWIBEHBEIMU 3aBOIAMU, U
Hayunsim aBrorpaktopHsiM uHCTUTYTOM (HATH), moasunuce 8 Mockee B 1933 r. B 1936 1.
SIpocnaBckuil aBTOMOOMIIEHEIN 3aBOJ COBMECTHO C 3aBOAOM «JliHamMo» HAYa1 CEPUITHBIN BBITYCK
TposuienOycoB Tuna S Th-1. 910 Op11 HAanboIee KOM(POPTHEIN IS TOTO BPEMEHH TPOJLIEHOYC: OH
UMEJT CIeNHUATBHOE ACCH U MOJy00TeKAaeMBIN Ky30B, HANEKHYIO TOPMO3HYIO MTHEBMATHUECKYIO
CUCTEMY, 4 TAKIKE IEHTPATBHBIM TOPMO3, JEHCTBYIONIUH HA TATOBYIO epenady. BeiCOKOBOIBTHAS
anmaparypa pacmnojaraisace B mkadax B CamoHE TpOomIenlyca. IDIeKTpudeckasa cxema C
aeurareneM MOniHOCThI0 60 kBT odecneunBana pe3ucTOpHOE U PEKYIIEPATUBHOE TOPMOKEHHUE U
MpUEMIEMBIE TMHAMUUECKHE MOKa3arenu MamuHel. B teuenne 1937-1941 rr. Ob1i BEIMYTIIEHB
monenu ATh-2, ATb-4, ATb-4A, ATb-5, a rtakxke nByxosraxuein Ttpomnendyc ATh-3.
YCcoBepuieHCTBOBAHME NUIO IO JUHUM JOPA0OOTKU Ky30Ba, MPUMEHEHUS KOJIECHOTO TOPMO3a,
AYUIIEN 3amIdTBL  SIEKTPOOOOPYOOBAHMA, MOAEPHU3AIMHA UYEPBIAYHOTO penykropa. Ha
Tpoanendyce A 1b-4 Oein mpumeHeH aBurarens MOMHOCTREIO 74 KBT, 94TO mO3BOMANO €My
pa3BUBATE OOIBIINE CKOPOCTH, YCKOPEHUS U 3aMEJICHUS.

Tpomnenbycer  3uy-9  obopymoBaner  pabouum  MHEBMATHYECKHM  TOPMO30M,
OEUCTBYIONIIMM HA BCE€ KOJECA MANIMHBL, PYYHBIM CTOSHOUYHBIM H SJIEKTPOTUHAMHYECKUM

ao EHT ﬂDﬂﬂlﬂl(}gi U w
TOPMO3a M nn WoAX BEOVIITHH 3aTHUH MOCT C KOJICCHBIMH ITAHETAPHBIMH IIEPCITAYdMH

Ceptudmkar:  2C0000043E9ABBBIS2205E7BAS00060000043E
Bnagendd: TJ1ABHOWHEHTPANBHOMPHHONIHON nepenadei. [lnuna u mmpuHa Tponnendyca COOTBETCTBEHHO

11 709 u 2500 v, macca taper — 10 050 kr, macca TpoenOyca ¢ HOMUHAIBEHOU HArPy3Kkou — 16
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490 kr, yncno MecT miA cuaeHusa — 31, KOHCTpyKTuBHAA CKOPOCTh — 70 km/u. C 1988 r. 3aBoas
um. M. C. VYpunkoro u «/luHamo» HagaiM BEIITYCKATE YCOBEPIIEHCTBOBAHHBEIE MOIEIH
TponnendycoB — 3uyY-682I" u 3uY-682I'1, nByxocHBIE, TpEXIBEPHEIE, MPEAHAZHAUCHHBIE IJIS
ropoackux nepeBo3ok. KommuecrBo mect mnga cupeHus — 27, momHas BMECTUMOCTE — 118
MacCaXKUpoOB, TepenaTouHoe oTHomieHue Ttpancmuccun — 1@ 10,699. Ha TponneitOycax
HCITOJIL30BAHA KJIACCUUECKAasA PEIEHHO-KOHTaKTOpHAsA cucrema ympasiaeHusa PKCY, kak u Ha
Tpoutedyce 3uy-9. YnpasneHne npuBogOM KOCBEHHOE, MOJYABTOMATHYECKOE C IPYMIOBEIM
PEOCTATHEIM KOHTPOJUIEPOM. Pexmm paboThl 3amaeTcs KOHTPOJUIEPOM BOAUTENA. [posumenOyc
3uyY-6821" o0opynmoBan ycoBepmeHCTBOBAHHBIM asurarenem tuma JIK-113  cmemannoro
B030yxkneHus MONIHOCTHIO 115 kBr. MakcumansHo mpeoqoneBaemMeId HOJBEM 1A STOM MAIIMHBI
— 8 %. C uenpro peamm3anuu JIy4YmnuX JUHAMUYECKUX IMOKa3arenend, OONpmIMX MOIBEMOB HA
Tpomnendyce 3muyY- 682I'1  ycramoBnener  TaAroBemi  aBurarene tuna  JIK-211BM
MOCIEN0BATEILHOTO BO30YyKIeHUsS MomHOCTEI0 170 kBT u anmaparypa ynpaBneHus U 3alidThl
MOBBIIIIEHHON YHEPTOEMKO CTH.

B ormnume ot 0OIBMMHCTBA IPYTUX MPOU3BOICTBEHHEIX MEXAHU3MOB I'PY30I10 TEEMHBIE
MAIINHEL XAPAKTEPU3YIOTCA BEChbMA PAa3zHOOOPA3HBIMH peRkUMaMi padOTHl KaK IO 3HAYEHHIO
CTATUUECKOU HATPY3KH, TAK U IT0 MPOAOIKATEIBHOCTA PAOOTEL M UACTOTE BKIFOYEHHUM.

B coorBeTrcTBHM C OEUCTBYIOMIMMH B HANIEW CTPaHE CTAHOAPTAMM BCE MHOr000pazue
PEXUMOB PAOOTHI TPY30MOABEMHBIX MAIINH CBOAUTCS K MATH PEKAMAM: JIETKUN — JI; cpemnmit —
C; taxemsid — 1; Becema Tsxensiii — BT Becema Taxensiit, HenpepeiBHeid — BTH. B monsarue
«pexuM pabOTEI» BXOIAT: OTHOCHTENBHAS NPOAOTKUTENRHOCTE BkarodeHui (I1B), wacrora
MyCKOB, TOAOBOE U CYTOUHOE MCHOJIB30BAHUE, KO PUIIMEHT UCITOIB30BAHUS TPY30MOIBEMHEIX
MAILIWH [0 IPYy30II0IBEMHOCTH U JPYTHE ITOKA3ATEIN HANIPAKEHHOCTH PaOOTEL.

Kareropuen HanpsSKEHHOCTH PEKUMA YUUTHIBAETCS TEMIIEPATYPA OKPYKAIOMIEN CPEBI, &
TAKKE TAKOW MOKA3aTEJb, KAK CTENEHb OTBETCTBEHHOCTH MALIMHEL, KOTOPAas MOKET IMOTPEeOOBATH
MOBEIILIEHHBIX 34MMACOB MPOYHOCTHU. 1ak, HAaIpUMep, pa3aUBOUYHBIN KPAH MAPTEHOBCKOTO 11€Xa IO
gactote BKmoueHud 1 [IB moxeTr ObITh OTHECEH K neTkoMy pexumy. OTHAKO TPEIBABIAEMBIE K
HEMY MCKIIOYWUTENbHEIE TpeOoBaHusa Oe3omacHOCTH OOYyCIOBIMBAKOT BBEIOUPATH KpaH
npuMeHUTENEHO K pesxxkumy BT mwmt BTH. B munax apumice 0CHOBO A1 CO3TaHUSA CITETIHATEHBIX
CEpUM SNEKTPUUECKUX NIBUTATEIEH W anmaparoB KPAHOBOTO MCHOMHEHUA. B Hacrosmiee Bpems
KPAaHOBOE NIEKTPOOOOPYIOBAHUE UMEET B CBOEM COCTABE CEPHM KPAHOBBIX SIEKTPOIBUTATEIEH
MEPEMEHHOTO U MOCTOSHHOTO TOKA, CEPUN CHIOBBIX KYJIAYKOBEIX U MATHUTHBIX KOHTPOJLIEPOB,

KOMdaHI K OITOYHEBIX ITOCTOB, IIVJIBTOB VIIPABJICHHA, KOHCUHBIX BLIKJIPD‘IHTEHEﬁ,
B Y y

Ceptudmkar: 2C0000043ESABBB952205E7TBAS00060000043E o
Bnanend© PMOSHBLY, TaiCKTROMAIHIITOB MW SJICKTPOTHAPABIMYCCKHX TOJIKATCICH, ITIYCKOTOPMO3HBIX
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paguoKaHany WiIH OOHOMY MIPOBOAY WU PAN APYIUX ammaparoB, KOMIUIEKTYIONIUX Pa3/IMYHbIE

KPAHOBEIC NIEKTPOIPUBOIEL.

Koumponsnwie sonpocwi:
[ToaroToBUTE Mpe3eHTAIMOHHEIE MPOEKTEI HA TEMY: PA3BUTHE SJIEKTPOTEXHOIOTHUYECKHUX
CUCTEM TOpPOACKOTO TpaHcmopra (TpoyuieHOycChl), pPa3BUTUE MOOIBEMHO-TPAHCIIOPTHOTO

000pymOBaHWA, pa3BUTHE  CYNOBEIX  OJJIEKTPOTEXHUYECKHMX  CHCTEM, aBHAKOCMHUYECKAsA

ICKTPOTCXHHKA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpaxmuueckan paooma Nel7. Ilepcnexmuent pazeumus 31eKmMpoIHEPIeMUKHU 6

Poccuu. llepcnexkmugnl pazgumus MUPOGOU 31eKmpoIHepeem UK.

Ilens: V3yueHne UCTOPUM Pa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPreTUKU, 3aKOHBI

3JIEKTPOTEXHUKH U (pOPMHUPOBAHNE €€ HAYIHBIX OCHOB.

Ocnoevl meopuu:

DJIEKTPOTEXHUYECKAsT MNPOMBIIUICHHOCTE BCETAd pPacCMaTpUBAIacCh Kak OCHOBHAA
TeXHUUECKaa 0asza suekrpupukannu. [Ipu 5TOoM peusr mua 00 M3roTOBIEHUHN U3OETUN, KOTOPEIE
JEXKaT B OCHOBE DIIEKTPHYECKOTO XO3AMCTBA MOTPEOUTENEH — SIEKTPUKU. JIEKTPHUECKOE
X03AMCTBO MOJKHO PACCMATPUBATH MOAJIEMEHTHO, HAMPHUMEP YCTPOUCTBO U PadOTy OTHEIBHOTO
3JIEKTPOABUTATENS, 3aTEM BBLAEIATH SJIEKTPUU ECKUE TIEMN 1 CUCTEMBI, OIMUPAsACh HA KIIACCUUECKHIE
3akoHBl [ O3.

CeromHsa BaKHEHILME 3a0aUd DJIEKTPUKHU CICAYIONIME: U3 CKOHCTPYMPOBAHHBIX U YK€
WM3TOTOBIEHHBIX AIEKTPOTEXHUKOHW U3OETUN TTPEACTABUTE HEKOTOPBIN 00pa3 — Oyayniuii 00BEKT,
yT00BI 000CHOBATH MHBECTHUIMM M pa3padoTare pabodyr MTOKYMEHTAIWIO HA SJIEKTPUYECKYIO
JacTh OOBEKTA; BBIMOMHATE CTPOWUTENBHBIE, MOHTAXKHBIE, HATATOYHEBIE, MPUEMO-CIATOTHEIE
paboThI; OCYHIECTBIATE SKCIUIYATAIIUIO SJEKTPOTEXHUYECKUX W3AETMH U UX SJIEKTPOPEMOHT;
obecreunBaTey A1EKTPOOE30NACHOCTE U SKOJOTUIECKUE HOPMEL, IPEAYCMATPUBATE YTUIM3AIHIO
IPOAYKTOB JKHU3HEAEATENLHOCTH AIEKTPUUECKOTO XO3IUCTBA U €T0 JUKBUAAIUIO (B LIETOM HJIH
gactu). C ocHoBHbeiIMM npuHinmamu maaHna ['ODJIPO (paszpaborannoro B 1920 .
["'ocymapcTBeHHON KOMHCCHEN TO YIeKTpUuKanm Poccun): CTpOUTENBCTBO SJIEKTPOCTAHINM T10
€AMHOMY TOCYAApPCTBEHHOMY IUIAHY, OMEPEKAIONIEE PA3BUTHUE TAKEIOH MPOMBIIUIEHHOCTH,
YIEKTpU(PUKANMA OPU KOHUECHTPAIIUM MOIIHOCTEM M LEHTPAIM3AlUN SJIEKTPOCHAOKEHU S,
CO3JIaHNE HA NPENNPUATHH €IUHOTO SHEPrOX03AHCTBA.

Cobcreenno munan ['O3JIPO, paccunrannsiii no 1935 r., Obu1 BeinosmHeH k cepeaune 1931
r. B sror nmepuon Ormo mpomsBemeno 10 687 I'Breu: 570 meHbIIE rogoBOro moTpeOIeHUA
KPYIMHOTO ATIOMUHUEBOTO 3aBofa. OueBnana monoxurensHas ponas miaana ['O3JIPO kak
OCHOBOMOJATAIONIETO MJAHA Pa3BUTHA  HAPOZHOTO  XO35AHMCTBA, MPEAYCMATPUBAIOIMIETO
«ynexkrpudukannio Bceu crpanel» (B. M. Jlennn). Ho ecrm oOpaTtuthca k peamiam O0nbLIel 4acTH
Tepputopun Poccun, TO cnenyer mpu3HATh, 4r0 K Hadany XXI B. «anekrpuukaums BCEH
CTPAaHBI» TAK U HE OBLIA OCYIIECTBICHA.

[Enarrrba% IBVOBDT HeoOxomuMm (uCKIrouas mocnenyiomiee paspymenue B 1930-x rr.

Ceprudmkar:  2C0000043E9ABBBI52205E 7BA500060000043E

Bragengi€HCIBDBABITEOW-CeTHcMEIKHX U B 1950-X IT. CperHUX 3HEProOUCTOYHUKOB), ITOKA CTOsIA 3anada

HH,I[}’CT HAJIHU3AI1, gE-‘H_IHTE I{DTDP}’PD GLII[D HCBO3IMOKHO 6&3 THT'dHTOB METHJD’[}’pPIﬂ{, XHMHH,
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MamuHOCTpOoeHuA. OHM, B CBOIO oOuepens, TpeOOBAmMM COOPYIKEHUSA TUTAHTOB SHEPrETHKH,
CTPOMTENLCTBO KOTOPBEIX CTan0 NpUOpPUTETHEIM. IlomokeHne w3MEHMIOCE B NOCIEIHUE
OECATUNETHA, KOTAA HOPUOPUTETHRIMH  CTaym  TpeOoBanusa  nortpedurens. Muposeie
MPOU3BOIUTENH SEKTPOTEXHUKA JABHO 3TO MOHIN, OYKBAIBLHO 3aBAJIMB IIOTPEOUTENA HE TOJIBKO
TEM, O UEM OH 3HAET, HO U TEM, YEr0 OH U MPEICTABUTE HE MOT. CEroIHs CIIEeHUATN CTRI-3IEKTPUKHT
OOJKHBL  yMeTh  (popmymupoBare  TpeOOBaHuA  mOTpeOuTEns K  U3rOTOBUTEIAM
3IEKTPOTEXHUUECKNX U3AEIHUI U K SHEPrOCHAOKAIONIEN OPraHN3alHu, a 3aTEM U OTCTAUBATE UX.
[Ipaktaeckn 5T0 O3HAvaer peamms3anuoo yTBepxkaaemoro ['paxmanckum koxekcom PO
PaBEHCTBA TAKMX HOPUIUYECKUX JIMI], KAK HYHEProcHaldxarpmas OpraHu3anus U MOTPeOUTENs,
nepexon oT adbcomoTrama 00IBIION SHEPTEeTUKHU K Te3ucy «lloTpedurens Bcerma mpasy.

HcTropuueckuii OTBIT CBUIAETENBCTBYET, YTO HOBAA TEOPHA, KAKME OBl MPAKTHYECKUE
pe3yapTaTEl OHA HMU JaBana, a TeM 00Jiee HOBOE€ MEILNUICHUE, HE CpPa3y OBIANEBACT MACCAMM.
GopmupoBanne (IMOCTPOEHUE)  HAAEKTPUYECKOTO  XO3AMCTBA M 3aKOHOMEPHOCTH  €r0
()YHKIIMOHUPOBAHUS CPABHUTEILHO HOBBIM 00BeKkT wuccinemoBanusa. Jlumes B 1944 1. mpu
['ocymapcrBennom komurere 000poHBI Oblma co3mana ['ocHMHCHEKIMA 1O OPOMBINUIEHHOH
SHEPTETUKE M HHEProHam30py, OcHOBaH kypHan «lIpompimuienHas sHepreTmka», BBEIEHA
OOJGKHOCTE TIABHOTO SHEPreTHKA HA OPEANPUATHAX C moTpednaemon montHOCTEI0 0T 1000 kBT
(IO PIEKTPUUECKOU HATPY3KE CETOIHS ATO MEIKOE MPEAIPUATHE, T€ IITATHOTO SJIEKTPUKA MOKET
HE OBITH COBCEM), B BBICHIEH MIKOJIE 3arOBOPWIM O BHYTPHU3ABOIACKOM JIEKTPOCHAOKEHUHU,
MOATOTOBKE MHKEHEPOB-IIEKTPOMEXAHUKOB, SMEKTPU(PHKATINH IT0 OTPACIAM.

[TocTpoenne >meKTpUUIecKoro X03aiCTBA B HEPHUO MEPBLIX MATHUIECTOK OCHOBEIBAIOCH HA
KITACCUUECKUX NPEICTABICHUAX, KOTJa MOKHO OBLIO MOJCUMTATE BCE PENUMBI I KAKIOTO
IOBUTATEJA (AJIEKTPOIIPUEMHHUKA), & CYMMHPOBAB, ITOJYYUTE SIEKTPUYECKYI0O MONIHOCTE, PACXOX
SHEPTrUH, 00BEMEI 3HEprocOepexkenusa. M 510 ObLIIO NpaBUIBEHO U peATM3yEMO, €CIIH B KY3HETHOM
nexe B 1930-x rr. ycranaBmuBanu 11 pBurarenein, B MexanndeckoMm — 34, 3IEKTPOPEMOHTHOM —
20, B cucreme BogocHaOxkenusa — 25, nHa llenrpansnon snekrpuueckon craniuu (191]) — 40 (na
KpymHENINX 3aBoaax ceirgac B 100 pa3 Oonslie), a COpTAMEHT OBLI €IUHUUEH.

Poccuiickas 3neKTpOsHEPreTHKa, CO3JaHHAA OTEUECTBEHHEIMHM YUCHBIMU, MHKEHEPAMHI U
paboumnmu, ABIAETCA HAIIEN HAITMOHAILHOWU FOPOOCTRIO Onmaromaps HE TOJBKO €€ HANEKHOCTH U
5 (EKTUBHOCTH, HO M €€ CYMIECTBEHHOMY BKJIAAy B CONMAIBHYIO CTAOMIBHOCTH OOMIECTBA M
KOHKYPEHTOCIMIOCOOHOCTE SHEPrOEMKHUX OTpaciel. OTO0 HEeMAIO Iifd MoOOU CTpaHbl, a s

POCCUMCKUX KIMMATHYECKUX YCIOBUM M PACCTOAHUN ABIAETCA JOCTOSHUEM, YTPATOH KOTOPOTO

prckopast RENRBAOE o

Ceptudmkar: Eﬂﬂjiﬂﬂd ESABEBBO9S BAS00Q60000043E

Bnageneu:  Lle beeBs POCCHM nencTBoBano cBeime 100 akIIMOHEPHEIX SHEPTOKOMITAHUM, B

TOM 9UCIE /8 BEPTUKAIBLHO MHTETPUPOBAHHEIX PETHOHANBHBIX Heprocucrem (AO-sHepro) u 25
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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KPYITHBIX SJIEKTPOCTAHIIMNA B BUAE AKIIMOHEPHBIX 00MIECTB. XOJAWHTOBOM SHEPrOKOMITAHUEH

AByAn0ock PAO «EDC Poceuny, roe 52 % axkumi npuHaanexano Poccmickou @enepanyn.

Koumponsnwie eonpocwi:

l. Bek 3neKTpOsHEPreTUKN
2. Bek 3IeKTPOTEXHUKHT
3. [ToaroTOBUTE MPE3EHTAIMOHHBIE MPOEKTHI HA TEMY: HEPCHEKTHUBEI PA3BUTHA

3JIEKTPOSHEPreTHKU B POCCHH, MEPCIIEKTUBEI PA3BUTHA MUPOBOM SIIEKTPOSHEPTETHKH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpaxmuueckan paooma Nel8. Cogpemennan HayyHo-mexHUYeCKAA PeGOTIOUUA U

pazeumue IHepeemudeCKoi mexHuKu.

Ilens: V3yueHne UCTOPUM Pa3BUTHA NIEKTPOTEXHUKH W SJIEKTPOSHEPreTUKU, 3aKOHBI

3JIEKTPOTEXHUKH U (pOPMHUPOBAHNE €€ HAYIHBIX OCHOB.

Ocnoevl meopuu:

Jnsa pocTwxeHusa CTONL TIO0ANBHBEIX LEIEH B PA3BUTUH SHEPreTUKH HEOOXOIHMO
MPUBJIEUEHUE HAYKU U 00pa3oBaHus MO CAEAYIONIAM HAMIPABICHUAM:

1. PazpaboTtka LleneBoro BumeHus pasBuTHA 3JIEKTPOSHEPreTUKHU HA nepuon n1o 2030 r.

2. MccnepoBanusa mo CO30aHUI0 HOBOTO KOHKYPEHTOCIOCOOHOTO 000pymOBAaHMWS IS
YHEPTOKOMITAHWH.

3. PazpaboTka 1 OCBOCHHE HOBBIX TEXHOJIOTHI.

4. CorpynHMUecTBO € OTpaciaeBeiMu By3amu. [Ipumem na pabdoTy BEIITYCKHMKOB BY30B.
[IporpamMmel  TMOArOTOBKM MW MOEPENOArOTOBKHM  KAaApPOB, IMOBBIMIEHUSA KBATU(PUKAIIAM.
KopnoparuBHeie CcTHONEHOUM M KOHKYPCHl. C yueToM peduiura OpPraHudeCcKoro TOIUIMBA
HEOOXOIMMO MCKATh HOBBIE MEPCHEKTUBHBIE TEXHOJOTUH MOJYYEHHS HSJIEKTPOSHEPTHH H
BKJIAJBIBATE WHBECTHUIIMM B UX pa3paboTky. K NepCHneKTUBHBEIM HANPABICHUSAM OTHOCHUTCA
SHEPTH, MOJIyJaeMas B MPOLECCE TEPMOAICPHOTO CHHTE3A.

DJIEKTPOTEXHUYECKAS MNPOMBIILIEHHOCTh BCETAA pacCMaTpuBalach Kak OCHOBHAA
TeXHUUecKaa 0asza suekrpupukannu. [Ipu 5TO0M peur muna 00 M3roTOBIEHUH U3AEIAN, KOTOPEIE
JEeXKaT B OCHOBE DIIEKTPUYECKOTO XO3AMCTBA MOTPEOUTENEH — SIEKTPUKU. JJIEKTPHUECKOE
X03AMCTBO MOJKHO PACCMATPUBATE MOAJIEMEHTHO, HAMPUMEP YCTPOUCTBO U PadOTy OTHEILHOTO
3JIEKTPOABUTATEIS, 3aTEM BBLAECIATE SJIEKTPUY ECKHE LEMN U CUCTEMBI, OITUPAsACh HA KJIIACCUUECKUE
3akoHEl TOD.

CeromHsa BakKHEHILME 3a0aUd SJEKTPUKH CIEAYIONIME: U3 CKOHCTPYMPOBAHHBIX U yKE
W3TOTOBIEHHBIX AIEKTPOTEXHUKOHN U3ETUN TTPEACTABUTE HEKOTOPBIN 00pa3 — Oyayniuii 0OBeKT,
yT0OBI 00OCHOBATH MHBECTHUIIMHM M pa3padOTarte pabdouyro MTOKYMEHTAIMIO HA SJIEKTPHUECKYIO
JacTh OOBEKTA; BEIMOJTHATE CTPOWUTENBHBIE, MOHTAXKHBIE, HATATOYHEIE, MPUEMO-CIATOUHEIC
pabOTEI; OCYNIECTBILATE SKCILIYATAIIMIO SJIEKTPOTEXHUYECKUX W3OEIMH U UX JJIEKTPOPEMOHT;
obecreunBaTsy AMEKTPOOE30MACHOCTE U SKOJOTUIECKUE HOPMEBI, MPEAYCMATPUBATE YTUIN3AIHIO
MPOAYKTOB JKHU3HEAEATENLHOCTH AIEKTPUUECKOTO XO3SIUCTBA U €T0 JTUKBUAAIUAIO (B LIEIOM MJIH

OKYMEHT MOANUCAH
qacTH). okEkTROEHOBHEIMICHLIopUHIMITAM  mmaHa ['O3JIPO  (pazpaboramnnoro B 1920 .

Ceprvcukar:  2C0000043E9ABBBI52205E7BA500060000043E
Bnanend O CYAPETB CHHOAKOMIIOGHEN MO YIEKTpU(puKarmu Poccun): CTPOUTENBECTBO AJIEKTPOCTAHIINI IT0

CIHHO T'DC}’,I[ J%CTBEH’I—IDB{}’ HJ’[HH}’, DHEPERHTDHJ,EE pﬂ?-BHTHE THH\E‘HDH HpDN[E:IUlJ’[EH’I—IDCTH
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YSNEKTpU(PUKAIIUA OPU KOHUEHTPAUWMMA MOMIHOCTEM W UEHTPAIU3AlAU  SIACKTPOCHAOKEHUA,
CO3JIaHNE HA NPENIPUATHH €IUHOTO SHEProX035AHCTBA.

Cobcreenno muan ['O3JIPO, paccunrannsiii 1o 1935 r., Obu1 BeinosmHeH k cepeaune 1931
r. B sror nmepuon Ormo mpomsBemeno 10 687 I'Breu: 570 meHbIIE rogoBOro moTpeOIeHUA
KPYIHOTO ATIOMUHUEBOTO 3aBoma. OueBnpHa monoxurensHas poms mrana ['O3JIPO kak
OCHOBOMOJATAIONIETO MJAHA Pa3BUTHA  HAPOZHOTO  XO35AMCTBA, MPEXYCMATPHUBAIOMIETO
«ynexkrpudukannio Bceu crpanel» (B. M. Jlennn). Ho ecrm oOpaTtuthca k peamiam O0nbLIel 4acTH
Tepputopun Poccun, TO cnenyer mpu3HATh, 4r0 K Hadany XXI B. «anekrpuukaums BcCeH
CTPaHBI» TAK U HE OBLIA OCYIIECTBICHA.

[Inan T'ODJIPO Opl1 HEOOXO0MMM (UCKIOUAS Tocaenyroniee pazpymenue B 1930-x rr.
OEMCTBOBABIIEHN CETH MENKUX U B 1950-x IT. cpeqHux SHEProOUCTOUHMKOB), ITOKA CTOSIA 3a7a4a
UHAYCTPUATN3ALMHN, PEMINTE KOTOPYIO OBIJI0O HEBO3MOJKHO 0€3 TMTaHTOB METAUTYPrUU, XUMUH,
MamuHOCTpoeHuA. OHU, B CBOIO OUepenb, TPEOOBAIM COOPYKEHHMSA THUTAHTOB HSHEPrE€THKH,
CTPOUTEILCTBO KOTOPBEIX CTAI0 MNOpUOpUTETHEIM. [lomoxkenue wW3MEHMIOCHE B MHOCIEIHUE
OECATUNETHA, KOTAA NOPUOPUTETHBRIMM CTayM TpeOoBanus  nortpedurens. Muposeie
MPOU3BOIUTENN SMEKTPOTEXHUKN JABHO 5TO MOHIHN, OYKBATLHO 3aBAMB MOTPEOUTENA HE TOIBKO
TEM, O UEM OH 3HAET, HO U TEM, YEr0 OH U MPEICTABUTE HE MOT. CEeroIHs CIEeHUATH CTRI-3IEKTPUKHT
OOJKHEL  yMeTh  (popmymupoBate  TpeOoBanus  morpedurens K  WU3rOTOBUTEILIM
HIEKTPOTEXHUUECKUX U3IEIUN U K SHEPrOCHAOMKAIONMIEN OPraHU3aluid, a 3aTEM U OTCTAUBATH UX.
[IpakTnaeckn 510 O3HAvaer peamms3anuoo yTeBepxkaaemoro ['paxmanckum komekcom PO
pPaBEHCTBA TAKHUX IOPUAMUECKUX JIHUIl, KAK HYHEProcHadKaromias OpraHu3aiys U MOTpeOuTens,
nepexon oT adcomroT3mMa OOIBIION SHEPrETUKH K Te3uCy «lloTpedurens Bcerma mpasy.

HcTropuueckuil OIBIT CBUIAETEINBLCTBYET, YTO HOBAA TEOPHA, KAKUE OBl MPAKTHYECKHUE
pe3yapTaTel OHA HHU JaBana, a TeM 00Jie€ HOBOE MEBINLUIEHHE, HE Cpa3y OBIAAEBAET MACCAMM.
GopmupoBanue  (MOCTPOEHUE)  HAAEKTPUYECKOTO  XO3AMCTBA M 3aKOHOMEPHOCTH  €ro
()YHKIIMOHUPOBAHUS CPABHUTEILHO HOBBIM 00BekT uccinemoBanusa. Jlumes B 1944 1. mpu
l'ocymapcTBennom kommutere 000OpOHBI Oblma co3mana ['ocHMHCHEKIMA 1O OPOMBINLIEHHOH
SHEPTETUKE M HHEProHaA30py, OCHOBaH kypHan «lIpomeinuieHHas sSHepreTuka», BBEIEHA
OOJKHOCTH TJIABHOTO SHEPTETHUKA HA NPEANPUATUAX € moTpednaemMon MoniHOCTEIO 0T 1000 kBt
(MO PAEKTPUUECKON HATPY3KE CETOTHS ATO MENKOE MPEAIPUATHE, TI€ IITATHOTO JIEKTPUKA MOKET
HE OBITH COBCEM), B BBICHIEH MIKOJIE 3arOBOPWIM O BHYTPHU3ABOIACKOM SIEKTPOCHAOKEHUHU,

MOATOTOBKE MHKEHEPOB-AIEKTPOMEXAHUKOB, SMEKTPU(PUKATINH IO OTPACTAM.

%%E%%%{HECKGFG X034ICTBA B IEPHUO IO MEPBEIX MATHIICTOK OCHOBBIBAJIOCE Ha

Ceptudmkar: 2C0000043E9ABBBI52205E7BAS00060000043E
BnanendTACCHEECIITX, JIPEACTARACHNAX, KOIAd MOMKHO OBLIO NMOACYUTATE BCE PENKUMEBI LA KAXKIOTO

OIBHUTATCIIA (BHEKTPDHPHENH-IHI{HL d C}’Mpﬂﬂﬂﬂﬂ HDH}’ HHUTE BHEKTPHIIECI{}’TD MOIIHOCTE, pHCKD,I[
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SHEPTUH, 00BEMEI 3HEprocoepexeHust. YU 510 0110 MpaBUIBEHO U pEATM3yEMO, €CJIM B KY3HETHOM
nexe B 1930-x rr. ycranaBmuBanu 11 pBurarenein, B MexanndeckoM — 34, 3IEKTPOPEMOHTHOM —
20, B cucreme BogocHaOxkenusa — 25, Ha llenrpamsnon snekrpuueckou cranmuu (191]) — 40 (na
KpynmHEN X 3aBojax cewdac B 100 pa3 Oonbiie), a COpTaMenT ObLUT €EqUHHUYEH.

Poccuiickas aIeKTposHEPTeTHKA, CO3JaHHAA OTEUECTBEHHBIMHA YUEHBIMUA, HHKEHEPAMH U
pabounmu, ABIAETCA HAMIEH HAIIMOHAIBRHOU FOPIOCTBIO Omaromaps HE TOJBKO €€ HAIEKHOCTH U
5(p(EKTUBHOCTH, HO M €€ CYMIECTBEHHOMY BKJIAAy B COHMAJBHYIO CTAOMILHOCTE OOMIECTBA U
KOHKYPEHTOCIMMOCOOHOCTE SHEPrOEMKHUX OTpaciel. JTO HEMAIO MiA MoOOW CTpaHbl, a A
POCCHUHCKUX KIMMATHYECKUX YCIOBUH M PACCTOAHUM ABIAECTCA JOCTOAHUEM, YTPATOH KOTOPOTO
PHCKOBATH HEMO3BOJUTEIHHO.

Jlo 1 urons 2008 r. B Poccun geiictBoBanno cBeimie 100 akiMoOHEPHBIX SHEPTOKOMIIAHUI, B
TOM 49UCIE /8 BEPTUKAIBLHO MHTETPUPOBAHHEIX PETMOHANBHBIX HeprocucreM (AO-sHepro) u 25
KPYIHBIX SJIEKTPOCTAHIMN B BUJAE AKIMOHEPHBIX 0OMIECTB. XONIWMHTOBOW SHEPrOKOMIIAHUEH

aByAnocs PAO «EDC Pocenny, roe 52 % axkuumit npuHaanexano Poccuiickon @enepanmn.

Koumponsnwie eonpocwi:
[TonroroBUTHE MPE3EHTAIIMOHHEIE MPOEKTHI HA TEMY: COBPEMEHHAsA HAYUHO-TEXHWYECKAsA

PEBOIIOLNS U PA3BUTHE SHEPrETUUECKON TEXHUKU.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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5. Yueono-memoouueckoe u unghopmayionnoe ovecnedene OUCUUNIUHDI

5.1 Ilepeuenv OCHOGHOII U OONOJHUMENLHOU JUMEPAMYPbl, HEODXO00UMOU 01
0C60CHUA OUCHUNTIUHDI

5.1.2 Ilepeuenv 0CHOGHOIL TUMEPAMYPbL:

1. CumonoB, H. C. Hagano snextposuepretuku Poccuiickonn MUmmepun u CCCP, kak
npobnema texnonenosa / H. C. Cumonos. — Mocksa : Uadpa-Umkenepus, 2017. — 640 ¢. —
ISBN 978-5-9729-0143-2. — Tekcr : snekrponnsiii // L{lupposoii odOpazoBarensHsiii pecype IPR
SMART : [caiiT]. — URL: https://www.iprbookshop.ru/68995.html

2. Beenenue B CHENUANBHOCTB: SJEKTPOSHEPTETUKA U AIEKTPOTEXHUKA | INMEKTPOHHBIN
pecypc]: yaedbnoe mocodue / M. Macremanenko, U.K. [llapunos, U. Boporaukos u ap.; ®I'bOY
BIIO CraBpomonsckuil roOCyIapCTBEHHBIN arpapHeiid yHUBEpcUTeT. - Crasponons : CI'AY, 2015.

- 114 e¢. : Tabm, cxem., wi. - bubmmorp. B ku. — Pewum pgoctyma: URL:

//biblioclub.ru/index.php?page=book&i1d=438870

5.1.3 Ilepeuens oononumenvHoll 1Umepamypbl:

. byTeipun I1.A. OCHOBEI 3IEKTPOTEXHUKH | INEKTPOHHEIN pecypc|: yueOHUK Aid CTy-
NEHTOB CPEOHUX U BEICIINX YIE€OHBIX 3aBeIEeHNI TPO(ECCHOHANEHOT0 00pa30BaHN MO HAIPABIIE-
HUAM DIEKTPOTEXHUKU U snekTposHepretukn/ byreipun [1LA., Tomueer O.B., lla-kupszanos
®.H.- Dnekrpon. tekcroBeie manueie.- M.: M3naremsckuit jom MOU, 2014.- 360 c.- Pexum

noctyma: http://www.iprbookshop.ru/33220.- 5bC «IPRbooks»

5.2 Ilepeuenv yueOHO-MemoeOUUECKO20 o00ecneHeHUA CAMOCHOAMEIbHOU pPadombl
ooyuarowuxca no OUCUUnJIUHe

1. Meronnueckue ykazaHus MO BBIMOJIHEHHWIO MPAKTUYECKUX padOT Mo IUCIUILUIMHE
«HWcropusa oTpacnu U BBEAEHHUE B CIIEHUATBEHOCTEY.

2. Merogndeckue ykKa3aHusa MO OPraHu3aiui U MPOBEACHUIO CAMOCTOATENEHON pPadOTEI

MO JUCIUITJIIMHC {{HCTQPI{H OTpac/ii 1 BBEACHHC B CIICITHAJIEHOCTE» .

5.3 llepeuens pecypcos unpopmayii ot 0-meneKoOMMyHuUKayuonnoi cemu Hnmepnem,
Heo0X00UMBbBIX 018 0CB0CHUA OUCHUNTUHDI

1. http://www.biblioclub.ru -3bC "Yuusepcurerckas OndOmioTexka oHmamH"

%mygﬁﬂﬁﬁgkshnpmf - DnexkTpoHHO- Onbmoreunas cucrema [PRbooks

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MUWHUCTEPCTBO HAVKHU U BBICHIET'O OFPA3OBAHIS POCCUMCKOU ®EJIEPALIUU
OEJ/IEPAJIBHOE I'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJIEHUE BBICHIET'O OBPA3OBAHWSA
«CEBEPO-KABKA3CKHNI ®EJIEPAJIBHBIM YHUBEPCUTET»

[Taruropckmii uHCTUTYT (puiman) CKOY

MeToan4yecKue YKazaHUus

M0 OPTAHW3AIIMU U TPOBENEHUIO CAMOCTOATENBHOM PAOOTEI
o aucuummne « MCTOPUS OTPACIIN U BBEJIEHUE B CIIELTUAJIBHOCTb»
IUISL CTYAEHTOB HANIPABIEHUS MTOATOTOBKH
13.03.02 DOnekTposHepreTHka U SJIEKTPOTEXHUKA

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Copepxanue

Brenenne
1 OO0mias xapakTepUCTUKA CAMOCTOATENbHOM padoTel oOyuaromierocs mpu
M3y4YEHUN TUCHUMIINHEL «IcTOpusA 0Tpacnu U BBEAEHUE B CHEUATBEHOCTHY
[Inan-rpaduk BEIMOTHEHNA CAMOCTOATENBHON PAOOTEI
KOHTpOJIEHEIE TOUKY ¥ BUIEI OTYETHOCTH ITO0 HUM

Meromueckne peKOMEHIAIAN TT0 U3YYEHUIO TEOPETUUECKOTO MaTEpHAIa

h = W

Yuebno-meroquueckoe u MH(POPMAINOHHOE 00eCTIeueHne QTUCIIUIITNHEL

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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BBenenue

CamocroarensHas padoTa — mmaHnupyemas yueOHas, yaeOHO-UCCIeI0BATENL CKAA, HAYTHO-
HCCIIe0BATENBCKAS pab0oTa CTYAEHTOB, BEIITOIHAEMASN BO BHEAYIUTOPHOE (ay IUTOPHOE) BPEMH I10
3aJaHUI0 U OPH METOOUUECKOM PYKOBOICTBE MPEMONABATENA, HO 0€3 €ro HEMmOCPEOCTBEHHOTO
y4acTuA (IPH 9aCTUYHOM HEIMOCPEICTBEHHOM YUACTUH NPEMOJABATEINA, OCTABIAIONIEM BEAYIIYIO
OB 3a padOTOM CTYAEHTOB).

CamocroArensHas padbora CTyneHTOB B BY3e ABIAECTCA BaKHBIM BHIOM Y4EOHOH M
HAYYHOHU NEATENBHOCTH CTYIEHTA.

Begymas nems opranmszauum u ocymiecrBaeHus CPC momxkHa cOBOAmares C ILENBIO
o0OyueHus CTyaeHTa —moAroTOBKOM Oakamaspa ¢ BeicmmM oopazosanuem. [Ipu oprammsamum CPC
BAXKHBIM WU HEOOXOAMMEBIM YCIOBHEM CTAHOBATCA (POPMUPOBAHUE YMEHHS CAMOCTOATEIBHOU
paloTHI )11 TPUOOPETEHNA 3HAHWI, HABEIKOB U BO3MOKHOCTH OPraHU3aluy yueOHOH U HAyUHOH!
NEATEIbHOCTH.

Llenpro camocroaTensHOM pabOTEI CTYAEHTOB ABIAETCA OBIANCHUE (DYHIAMEHTAIBHBIMHU
3HAHUAMHA, MPO(PECCHOHATEHBEIMA YMEHUAMHI 1 HABBIKAMHU OEATEIBHOCTH MO MPO (IO, OTBITOM
TBOPUYECKOM, MCCIAEIOBATENRCKON AeaTeasHOoCTH. (CamocroATensHas padoTra CTyIEHTOB
CHOCOOCTBYET pa3BUTHIO CAMOCTOATEIBHOCTH, OTBETCTBEHHOCTM M OPraHU30BAHHOCTH,

TBOPYECKOTO MOAXO0d K PEMIEHNIO MPoOneM yueOHOro v npo) €CCHOHAIBEHOTO YPOBHSL.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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O01Ias XapakTepHCTHKA CAMOCTOATEILHOH padoThI 00y4Yarerocs nNpu H3y4eHHH

JHCIIHILITHHBI {{HETUPHH 0Tpac/ii H BBE/ICHHE B CIICITHAIBHOCTB»

CamocroarensHas padora - mmanupyemas yueOHas, yaeOHO-UCCIEN0BATENbCKAL, HAYTHO-
HCCIe0BATENBCK A pad0TA CTYAEHTOB, BEITOIHAEMAS BO BHEAYIUTOPHOE (ay IUTOPHOE) BPEMS TI0
3aJaHUI0 U OPH METOOUUECKOM PYKOBOICTBE MPEMOOABATENA, HO 0€3 €ro HemoCPEOCTBEHHOIO
y49acThA (IIPH 9aCTUYHOM HEIMOCPEICTBEHHOM YUaCTHH IIPETIOABATEIA, OCTAB/IAONIEM BEAYILYIO
POk 32 padOTOM CTYIEHTOB).

CamocroArensHas padbora CryneHTOB B BY3e ABIAECTCA BaKHBIM BHIOM Y4EOHOU M
HAYTHOM NEATEIBHOCTH CTyaeHTa. CamocTodaTenpHas padoTa CTyIEHTOB UTPAET 3HAUYUTEIBHYIO
pPOIb B PENTUHTOBOU TEXHOIOTHMN 00yueHus. B cBsa3u ¢ atum, 0Oyuenue B BY 3e Bknrogaer B ce0s
IBE, MPAKTUYECKA OJMHAKOBEIC MO 00BEMY M B3aUMOBIMAHHUIO JACTH — IpoIecca o0yueHus u
nponecca camoo0yuenuda. [losromy CPC momxna crares 3(P(PEKTHBHON U IIEIEHANPABIECHHOU
paboTou cryaeHra.

K coBpemMeHHOMY CHENMATUCTY 0OMECTBO NMPENBABIAET JOCTATOYHO MINUPOKUHI MEPEYEHE
TpeOOBaHU, CpEeau KOTOPBIX HEMAJOBAKHOE 3HAYEHUE HMMEET HAJIUYNE V BBEIIMYCKHUKOB
OMPENENIEHHBIX CIHOCOOHOCTEM M YMEHHUS CAMOCTOATENBEHO O0OBIBATE 3HAHWA W3 PA3IMIHBIX
UCTOUHUKOB, CHUCTEMATH3UPOBATE MNOJYUEHHYIO HMH(POpManNMIOo, OaBaTh OLEHKY KOHKPETHOH
(pnHancoBou curyaru. QOpMHUPOBAHUE TAKOTO YMEHHUA MPOUCXOJUT B TEYEHUE BCETO MEPHOIA
00yueHua depe3 ydacTue CTYINEHTOB B ITPAKTHYECKHUX 3aHATHUAX, BBIITOJHEHUE KOHTPOJIBHBIX
3a0aHNN U TECTOB, HAMMCAHUE KYPCOBBIX U BBITYCKHBIX KBATH(PMKAIMOHHEIX padot. [Ipu stom
CaMOCTOATENREHAA Pad0OTa CTyIEHTOB UTPAET PEMIAIONIYIO POJIBL B XO€ BCETO yueOHOT 0 mporjecca.

Begymas nems opranmszauum u ocymiecrBaeHua CPC pomxHa COBMamate C IEMBIO
00ydeHHs CTyIeHTa — MOArOTOBKOW CIeruanncTa v 0akamaBpa ¢ BeICIIMM OOpaszoBanuem. [Ipu
opranm3anuu CPC BaxHBIM U HEOOXOOUMEIM YCIOBHUEM CTAHOBATCA (POPMUPOBAHUE YMEHUS
CaMOCTOATEIBbHON padOTHI OJIs1 MPUOOPETEHNA 3HAHUH, HABEIKOB M BO3MOKHOCTH OPraHU3aIuu
yueOHON 1 HAYUHOU JAEATEIILHOCTH.

DopmMEI CAMOCTOATEIREHOM PAOOTEI CTYAEHTOB pasHOo00pas3Hel. B coorBeTcTBIHN ¢ paboue
OPOrpaMMOM AUCHUIIINHEL OPEIYCMOTPEHBI CAEAYIONINE BHUOBI CAMOCTOATEIBEHOM pPaOOTHI
CTyIEHTA:

- CAMOCTOATENBHOE U3YUECHUE JTUTEPATY PHI;

- CAMOCTOATCIBHOC PCIIICHUE 3a1a4,

W
- BHPSTIHFOHFVPLEBOTO IPOEKTa,

Ceptudmkar: 2C0QDD043ESABBB952205E7TBAS00060000043E
Brnaneneu: mefﬁ@&haﬂwﬂgmm'lbﬂﬂfﬂ UiyueHuna Jumepamypsl — CaAMOCTOATCIBEHOC OBJIAICHHC

3HAHHAMH, OIIEITOM HCCIICITOBATCIIE CI{Dﬁ JEATCIEHOCTH.
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Jaoauamu CaMOCTOATEIHFHOT O U3YUEHUS TUTEPATYPEL ABIAIOTCA:

. yrayOneHne U paClMpPEeHNE TEOPETHUECKUX 3HAHUIM;

° (popMUpOBAHNE YMEHUM MCIIOJB30BATH HOPMATUBHYIO, NPABOBYH), CIIPABOYHYIO
JOKYMEHTALMIO U CIIEHUATBHYIO JIATEPATYPY;

. pa3BUTHE MO3HABATEIBHBIX CIIOCOOHOCTENH U AKTUBHOCTH CTYJEHTOB.

Ilens camocmoamenvhoco peutenus 3a0qy - OBJIAJCHUE IPO(PECCHOHATBHBEIMA
YMEHUAMH U HABBIKAMHU JEATEIBLHOCTH MO PO (prtro Oyaymnien IeaTeIbHOCTH.

3adauamu CaMOCTOATEILHOTO PEILIEHUS 34049 ABJIAIOTCA:

. CUCTEMATHU3alMA M 3aKPEIUVIEHHE TOJYyYEHHBIX TEOPETUUECKMX 3HAHUM U
MPAKTUUECKUX YMEHUI CTyIEHTOB;

. (popMHUpPOBAHHME CAMOCTOATEIPHOCTH MBINUIEHUS, CITOCOOHOCTEN K CAMOPA3BUTHIO,

CaMOCOBEPIICHCTBOBAHUIO U CAMO PEATN3ALINH;

. pa3BUTHE UCCIAEOOBATENBCKIX YMEHUM.

Ilenvio camocmoamenvHo20 6bINOJIHEHUA pacyemHo-Zpaguueckon padompl 10
OUCHUILINHE SBJIAETCA OBJAAEHWE (PYHIAMEHTANBHBIMM 3HAHUAMH, MPO(JECCHOHAIBHEIMHU

YMEHUAMM M HABBEIKAMU JEATENBHOCTH MO PO (Priato, ONEITOM TBOPYECKOH, MCCIIEOBATENECKOM

ACATCIBEHOCTH.

JadauaMu TAHHOTO BUAA CAMOCTOATENRHON PAOOTEI CTYAEHTA ABJIAIOTCA:

® CHCTCMATHU3AlUA W 3dKPCINICHHC [MMOJYYCHHBIX TCOPCTHYCCKHUX 3JHAHUHN H

MPAKTUYECKUX YMEHHM CTYIEHTOB;

. yrayOlneHne U PACIIUPEHNE TEOPETUIECKUX 3HAHNM;

. (popMHPOBAHME YMEHUHM HCIIOJB30BATH HOPMATHUBHYIO, IPABOBYIO, CHPABOYHYIO
JOKYMEHTAIMIO U CIIENUAIBHYIO TUTEPATYPY;

. pPa3BUTHE MO3HABATEIBHBIX CIIOCOOHOCTEN U AKTUBHOCTH CTYAEHTOB: TBOPUECKOM
WHUIIMATUBEI, CAMOCTOATENBEHOCTH, OTBETCTBEHHOCTH M O PraHU30BaHHOCTH,

. (popMUpOBAHNE CAMOCTOATEMRHOCTH MBILILIEHU, CHOCOOHOCTEN K CAMOPA3BUTHIO,
CaMOCOBEPIICHCTBOBAHUIO U CAMOPEATIU3ALINH;

. pa3BUTHE UCCIIENOBATENECKUX YMEHUH;

. WUCIIOJIL30BAHUE  MATre€puaia, COOpaHHOr0 M IOJNYYEHHOIO B XOJIE

CAaMOCTOATENBHBIX 3aHATHUH HAa CEMHHAPAX, HA MPAKTUUYECKUX M JAOOPATOPHBIX 3aHATHUAX, IPH

HAMCAHUN KYPCOBOHU pabOTHI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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B pesynsrare

OCBOCHHMA

TUCHUIJIAHEL  (DOPMUPYIOTCA

CAEAYIONIUM  TEPEUEHB

IAHUPYEMBIX PE3YJIBTATOB OOYYEHUSA II0 IUCIMILIAHE, COOTHECEHHBIX C IUIAHUPYEMBIMH

pe3ynbpTaTaMHu OCBOEHHA 00pa30BATENBHON MTPOTPAMMEI:

Kon, popmymipoBka

KOMIICTCHITHH

Kox, popmymipoBka
UHOUKATOpA

[Inanmpyemsie pe3yasTarsl
00ydeHMs M0 TUCIIUIIINHE
(MOIymIO),
XAPAKTEPU3YIOIINE STAIIEI
(popmMuUpOBaHUA
KOMITETEHIIUH, UHIUKATOPOB

VYK-5 Crrocoben

BOCIPUHNUMATD

MEKKYJIbTY PHOE
pasnooOpasue o0miecTBa B
COLMAILHO-UCTOPUIECKOM,
STUUECKOM U (PIIIOCO(PCKOM

N]J1-3vk-s Anammsupyer
pa3IMYHBIE
COLIUOKYIETYPHBIE
TEHAEHINH, (DAKTEL U
ABJIEHHUA HA OCHOBE
LETOCTHOTO MPEACTABICHUA
00 OCHOBAxX MUPO3JAHUS U
MEPCIIEKTUBAX €TO Pa3BUTHA,
MOHUMAET B3aMMOCBSI3H
MEXKIY pazHooOpaznem

3HAET UCTOPUIO PA3BUTHS
SHEPTrE€TUKU, SJIEKTPOTEXHUKHU
1 DIIEKTPOSHEPreTHKH, a
TaKK€ UCTOPHIO OTKPBITUSA
OCHOBHBIX 3aKOHOB
SMEKTPOTEXHUKH U
(pOpMUPOBAHHE €€ HAYUHBIX
OCHOB.

Ywmeer anamupoBaTh
OCHOBHBIE ATAIBI HAY YHBIX
OTKPBITHH SAEKTPOTEXHUKH U
HIEKTPOIHEPrETUKH HA

KOHTEKCTax MUPOBO33PEHUH U XOJ0M
OCHOBE 3HAHUA UCTOPHUH.
Pa3BUTHA UCTOPHUH, HAYKH,
o Brnaneer HaBrIkaMH
OPEICTABIECHUH YET0BEKA O
OCMBICIIEHUS UCTOPHIECKOTO
OpUpoae, 0OMIECTBE,
1 COBPEMEHHOTO PA3BUTHS
[MO3HAHUHA U CaMOTO ceO.
TEKTPOTEXHUKU U
IEKTPOSHEPr €THKH
[IOKYMEHT NOANUCAH

3NEKTPOHHOW NOANMCLIO

Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Inan-rpauk BuINOJTHEHHS CAMOCTOATE/ILHOH padoThI

O0BeM "4acoB, B TOM UHCJIE
Konapr
Cpencrea u KoHrakTHas
peann3yemMbIxX Bun negarennHOCTH 5
KOMIIETECHIIHI, CTyZIEHTOB TEXTOA0TIH CPC pabora ¢ Bcero
pHpRATOPA(0E) OLIEHKHU IMPETOaaBaT
ereM
Ounas popma 00ydenus
1 cemecTp
CaMOCTOATEILHOE
myuenne gurepatypel | CobecemoBanme | 93,555 10,395 103,95
rmo Temam Nel-7
YK Hoxroroska k Co6ecenopamre | 1,215 0,135 135
N1-3vks JIEKIUAM
[TonroToBKa K
MPAKTHYIECKUM CobecenoBanne | 2,43 0,27 2,7
3aHATHAM
Hroro 3a 1 cemecTp: 97,2 10,8 108
Hroro: 97,2 10,8 108
3aogHasg popma 00yIeHH
1 cemectp
CaMOCTOATEILHOE
myuenne gurepatypsl | Cobecemoanme | 115,29 12.81 128.1
o Temam Nel-7
VK-S [oxroroska k Cobecenopamme | 0,27 0,03 0,3
N1-3vks JIEKITAAM
[ToaroToBka K
MPAKTHYECKIM CobGecenoBanmne | 0,54 0,06 0,6
S3dHATHAM
Hroro 3a 1 cemecTp: | 116,1 12,9 129
Hroro: | 116,1 12,9 129
NOKYMEHT MOAMMUCAH

SNEKTPOHHOW NOAMNUCHLIO
Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu:

llleGayxoea TaTeAHa AnexkcaHgpoBHa
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KﬂHTpﬂJ’lehlE TOYKH H BHIbI OTHE¢THOCTH 110 HHM

Ne Bun nedarensHOCTH CTYIEHTOB Cpoku Komnuectso
/o BBIMTOJTHECHHS OamoB
1 cemecTp
l. [TpakTiueckoe 3ansatue No 2 6 Henensa 25
2. [IpakTuueckoe 3anarue No 5 10 nenensa 15
3. [IpakTuueckoe 3anarue No 7 16 nenens 15
Hroro 3a 1 cemectp 55
HUroro 55

Maxk cumMansHO BO3MOKHBI 0arI 3a BECh TEKYIIAN KOHTPOIE MakCiMaIbHO BO3MO KHEIH

Oannm 3a BECh TEKyNIMH KOHTPOJIBL YCTAHABIMBAETCA pAaBHEIM S55. Tekymniee KOHTPOIBHOE

MEPOIPUATHE CUUTACTCA COAHHBIM, €CJIM CTYOEHT NnOJydwa 3a Hero He Menee 60% ot

YCTAHOBJIEHHOTO [JIA OSTOT0 KOHTPOJSA MAKCUMAIBLHOTO Oamnma. PewruHroBern  Oam,

BBICTAB/IEMBIA CTYIEHTY 34 TEKyNIEE KOHTPOJBHOE MEPOIPHUATHE, CHAHHOE CTYIOEHTOM B

yCTAHOBJIEHHBIE TPA(PHUKOM KOHTPOIBHBIX MEPOIPUATHI CPOKH, OMPENEIIETCA CIEOYIONIUM

obOpazom:

YPOBEHB BEIMOJHEHUA KOHTPOJIBHOTO

PeirruHrossiit 0amwt (B % 0T MaKCUMAaIBLHOT O

3agaHud Oania 3a KOHTPOJILHOE 3a0aHKE )
OT/MYHBIN 100
Xopommii 80
Y 1OBIETBOPUTEITEHEIN 60
HeynoBieTBOpUTENBHEIN 0

PelrTunrosas cucrema yCneBaeMoCTH CTYIEHTOB HE MPENYCMOTPEHA IJ1S 3a09HOU (PO PMEL

0OyueHmus.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MeToanueckue PEKOMEHTAIHHA M0 H3IYUYCHHIO TCOPETHYECKOI'O MaTepHaJia

CamocrosarenpHas padoTa CTyZEHTA HAYMHAETCA C BHHUMATEIBHOTO O3HAKOMIIEHHA C
CoOepKaHueEM yueOHOro Kypcea.

M3ydenune ka0l TEMEI CIE€IYET HAYMHATE C BHUMATEIEHOTO O3HAKOMIEHH C HA0OpOM
BOIIPOCOB. OHU OPHEHTUPYIOT CTYAEHTA, MOKA3BIBAIOT, UTO OH JOJKEH 3HATH IO JAHHOW TEME.
Bonmpocel TeMBI Kak OBl HAKITAABIBAIOTCS HA COOTBETCTBYIONIYIO ITIABY M30PAaHHOTO YUE€OHMKA WIIH
yueOHoro mocodus. B urore momkHO OBITE ACHBIM, KAKHE BOMPOCH TEMBI YUEOHOTO Kypca U C
KaKOW TJIyOMHOM PacKphITEI B KOHKPETHOM Y4€OHOM MaTepuaie, a Kakue BOOOMIE OMyIICHHI.
TpeOyercs TBOpUECKOE OTHOMIEHUE U K CAMOMY COAEPKAHUIO TUCIIATLINHEL.

Bompocsl, cocTaBistonine ee coaep:xanne, 00IagaroT pa3Hoil CTENEHbI0 BAKHOCTH. ECTE
BOIIPOCHI, BEIMOIHSIONIUE (PYHKI[UIO JIOTUUECKOM CBA3KU COAEPKAHWUA TEMBI U BCETO Kypca,
UMEIOTCS BOMPOCH! OIMMCATENBHOTO WIA Pa3biACHUTENBHOIO XapaKTepa, a TAKKE UCTOPHIECKOTO
KCKypCa B 00JACTh M3y4aeMOW AUCIUIIMHEL. BCe AT BONMPOCHEI HE COCTABIAIOT CYTH ITOHS-
THUMHOTO, KOHIIEONTYAIBHOTO COJIEPKAHUA TEMBL, HO HEOOXOOUMEI IS HETOCTHOTO BOCHPUATHS
M3y4JaEMBIX TPOOIEM.

M3yuaemas nuCHMILUIMHA UMEET CBOM KATETOPHAIBHO-TIOHATUWHEIA annapat. Hayunwie
MOHATUS — OTO Ta 0a3a, HA KOTOPOU CTPOUTCA Kaxaas Hayka. [lomaTnsa — y310BEIE€, OMOPHEBIE
MyHKTHI KaK HAYYHOTO, TAK ¥ Y4€OHOr0 MO3HAHMA, JOTHYECKUE CTYIIEHU IBUIKEHHUA B yuede OT
IPOCTOTO K CA0KHOMY, OT ABJIEHUS K CYIIIHOCTH. be3 ACHOTO MOHNMAHWS MOHATHN yueda KpaiHe
3aTPYAHAECTCA, a COAepKaHnue MpuOOPETEHHBIX 3HAHUM CTAHOBUTCS TYCKJIBIM, PACTIIBIBUATEIM.

CTyneHT JOKEH HOHUMATh, 4TO CAMOCTOATENLHOE OBJAIECHUE 3HAHUAMHM SABJIACTCA
TJIABHBEIM, OIPENeIAoninM. BeIciias mkoaa co3aaeT A1 5TOro He00X0AMMEBIE Y CII0BHSA, HOMOTAET
Oy nymiemy BBICOKOKBATH (DPUTTUPOBAHHOMY CHEIHATUCTY OBIANETE TEXHOIOTHEHN
CaMOCTOATEIHHOT O MMPON3BOICTBA 3HAHUM.

B camocroAaTemsHOM padoTE CTyaeHTaM MNOPUXOOUTCA WCHOIB30BATE JHUTEPATYPY
pa3MMUHBIX BHOOB: MNEPBOMUCTOYHWUKHA, MOHOTpauu, HayuHele COOpHHKHM, XPECTOMATHH,
yueOHukH, ydueOHbIie mocoOus, xypHamsl U Ap. M3yueHue kypca Opeamosaraet 3HAKOMCTBO
CTyJEHTOB C OOnpmmM OOBEMOM HAYYHOU U YUEOHOM JIATEPATYpPBI, YTO, B CBOIO OYEPEIb,
MOPOKTAET HEOOXOOUMOCTE BEIPAOOTKM Yy HHMX PalMOHAIBHO-KPUTHUECKOTO MNOOXO0OA K
MU3y4aEMBIM UCTOUHHKAM.

Yto0Bl HE «YTOHYTE» B OTPOMHOM OOBEME PEKOMEHIOBAHHBIX €MY I W3yUYECHUS
MCTOTHIKRR: Ty Hag HDGHIE BCETO, JTOMKEH HAYUMTHCS TPABIIBHO WX UATATh. [IpaBMIBEHOE

Ceprvcukar: 2C0000043E9ABBBI52205E7BAS00060000043E
BnanendliTCHIG PEKOMERA QARAHHBBEX MCTOUHUKOB IIPEAITONATAET CI€I0BAHNE HECKOJIbKAM HECIOKHBIM, HO

BECbEM4A ITOJIC3HEBEIM HpﬂBHHﬂM.
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[TpenBapuTenbHEIT MPOCMOTP KHUTH BKIIOUAET O3HAKOMIIEHHE C TUTYJBHBIM JIMCTOM
KHUTH, AHHOTALMEH, NPEIUCIOBHEM, OriasjieHueM. [Ipm oO3HakOMIEeHHMM C OIVIABJICHHUEM
HEOOXOIUMO BBIZIEMUTE Pa3eiibl, TIABEl, maparpa(sl, MPEACTABIAIONIME A BAC HHTEPEC, OErIo
UX MPOCMOTPETHh, HAWUTHM MECTA, OTHOCAIMMECS K Teme (a03aupl, CTpaHulbl, maparpadsr), u
MO3HAKOMUTHCA C HUMHU B OOIMINX 4epTax.

Hayunrie n3nanusa COMpPOBOKIAIOTCA PA3IMIHEIMU BCIOMOTATENEHBIMU MATEPHATAMA —
HAYYHBIM AIIapaToM, HOATOMY BaKHO 3HATh, U3 KAKMX OCHOBHEIX 3JIEMEHTOB OH COCTOUT, KAKOBEI
€ro () YHKIINH.

3HAKOMCTBO C KHUTOM Jy4II€ BCET0 HAYMHATH C M3YUYEHHA AHHOTAIMU — KPATKOM
XapaKTEPUCTUKN KHUTH, PACK PBIBAIONIEH €€ COIEPKAHNE, HIEHHYIO, TEMATHIECKYIO U KAHPOBYIO
HAIIPABIECHHOCTh, CBEOEHMA OO0 aBTOpE, HA3HAUCHWE M JPYrUe€ OCOOEHHOCTH. AHHOTAIMA
ITOMOTA€T COCTABUTE IIPEABAPUTENLHOE MHEHHUE O KHUTE.

['my0ke mOHATE COMEPKAHNE KHUTH ITO3BOJIAIOT BCTYMUTENIBHAS CTATh S, B KOTOPOR JAETCA
OLIEHKA COJIEPAHUA KHUTH, 3aTPArMBAEMOUN B HEHU MPOOJIEMATHUKH, COAEPKUTCI UH(POopMAIUs O
KU3HEHHOM W TBOpUYECKOM Owmorpadum aBTOpa, BBICKA3BIBAIOTCS IMOJIEMHYECKHE 3aMEYAHUS,
Pa3BACHAIOTCA OTAEIBHBIE MOJOKEHWS KHWUTH, OAIOTCA KOMMEHTApUM U T.A. BOT mouemy
3HAKOMCTBO C BCTYIIMUTEILHOU CTATHEN NMPEACTABIACTCA OUEHb BAKHBIM: OHO MOMOTAET CTYyIEHTY
COPHUEHTUPOBATLECA B TEKCTE PadOTEI, 0OpATUTE BHUMAHWE HA €€ HANMOOJIEE€ LIEHHBIE U BAMKHEBIC
pas3aeJsl.

Toit ke nenn cConencTBYET 3HaKOMCTBO € OTJIABIEHUEM, IMPEOUCIOBUEM, IT0CIECIOBHEM.
Becema mnome3HeIMM HIEMEHTAMH HAYUYHOTO amnmapara SBISIOTCA CHOCKH, KOMMEHTAPUH,
TAOIUIEI, TpapUKH, CIIUCKU TIUTEPATYPEL. OHU HE TONBKO WLTHOCTPUPYIOT OTIEIBHBIE TTOJIOKEHU
KHUTH WIH CTATBH, HO M CaMHU IO Ce0€ ABILAIOTCA NOMOJIHUTENBEHEIM HCTOYHMKOM HH(pOpMAan
IJI UMTATENA.

Ecmi unrarens 3auHTEpecoBana Kakas-TO BRICKA3aHHAS ABTOPOM MEICIb, HE HAILEANIasn
MOAPOOHOr0 OCBENIEHUA B JAHHOM HCTOYHHMKE, OH MOJKET OOpaTHTBCA K TEKCTY HCTOYHUKA,
YIIOMHHAEMOTO B CHOCKE, MM00 K UCTOUHUKY, KOTOPEIM OH MOKET HANTH B COUCKE TUTEPATYPHIL,
PEKOMEHIOBAHHOM ABTOPOM IS CAMOCTOATEIFHOT O U3y YEHUA.

CymiecTBy€eT HECKOIBKO (POpPM BEIEHMA 3ATTUCEN:

— 11aH (OpOCTOM U pa3BEPHYTHIN ) — HanOonee Kparkas (popmMa 3armmucu OpOYUTAHHOTO,
MpEenCTaB/IAoNIas CoOOM IepedeHb BOMPOCOB, PACCMATPUBAEMBIX B KHUIE€ WIM CTAThE.
PasBepnyTerii mmaH mpeacrtaBiasger coOoil Oomee moapoOHyIO 3amiCh MOPOUYUTAHHOTO, C
TICTATI3 AHHE Bl ABihIX,BOTOKEHIIT M BEIBOIOB, C BRITIMCKON IMTAT, CTATHCTHYECKHX TAHHBIX

Ceprvcukar:  2C0QQ0043E9ABBBI52205E 7BAS00060000043E .
Bnanendd: T.Hesh)@3BePHYTBIM I, — HEOLCHUMEIM IMMOMOIIHMK IIPA BBEICTYIUIEHHMM C JOKJIAJOM Ha
KOHKPETHYIO TEMY Ha CEMHHApPE, KOH(EPEHIINH;
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— TE3UCBl — KPATKO C(POPMYIUPOBAHHBEIE IMOJOKEHUA, OCHOBHBIE IOJIOKEHUSA KHUTH,
crarbu. Kak mpaBuiio, TE3UCH COCTABIIAIOTCA ITOCIE MPENBAPUTEIFHOTO 3HAKOMCTBA C TEKCTOM
UCTOYHUKA, IPH €ro ITOBTOPHOM ITpoYTeHNH. OHM MOMOTarT 3aOMHHUTE U CUCTEMATU3UPOBATH
WH(O pMAIHIO.

CocraBieHne KOHCIIEKTOB

bosplIyio posiE B YCBOGHHMM U MOBTOPEHHUM MPOMIEHHOTO MATEPUANIA UTPAET XOPOIIHH
KOHCIIEKT, CONEP/KANINi OCHOBHEIE UIEH IMPOUYUTAHHOTO B YUEOHMKE U YCIIBIIIAHHOTO B JIEKIHH.
KoHncnekT — 510, o CymecTBy, HAOPOCOK, pa3BEPHYTHIH IMJIAH CBA3ZHOTO PacCKa3a mo OCHOBHBIM
BOITPOCAM TEMEI.

B kakoul-TO Mepe KOHCIEKT pacCuuTaH (B 3aBUCUMOCTH OT WHIWBUIYATbHBIX
O0CODEHHOCTEN CTYAEHTA) HE TOJBKO HA HWHTEIUIEKTYATRHYIO W SMOIMOHAIBHYIO, HO U HA
3PUTEIBHYI0 HAMATh, NMPUYEM TEKCT KOHCIEKTd HEPENKO ACCOLMHPYETCA €m€ M C TEKCTOM
yueOHuKa wiM 3anuchio jgekuuu. [losToMy nerde 3amoMmHAeTCa COOEPKAHWE KOHCHEKTOB,
HAIMMCAHHBIX Pa300pYHBO, C ITOJUEPKUBAHUEM WJIM BBIOEIIEHUEM Pa3PANKON KIIFOYEBBEIX CJIOB U
(ppas.

CaMOCTOATENBPHO W3YYEHHBIE TEMBI MNPENOCTABIAIOTCA TMpenogaBatemo B (opme
KOHCIIEKTA, [0 KOTOPOMYy OPOHUCXOIUT cobecemoBanue. Teopernuecke TeMsl Kypca (OTOENEHBIE
BOIIPOCEHI ), BEIHOCHUMEBIE HA CAMOCTOATEIBHOE H3YUCHHE, ITPEACTABIECHEI HUKE.

TunmoBele KOHTPONBHBIE 3a0aHUA W WHBIE MATEPUAIBI, XAPAKTEPU3YIONINE HTAITbl
(pOpMUPOBAHUA KOMIETEHIIHI

Bompocsr nis codbece qoBaHus

1. Kakoe 3HaueHne UMEET 3HAaHNE UCTOPHUH (B KOHKPETHOH 00macTu)?

2. KakoBel nem u 3amauu Hayku? Ee craquu pazsurns?

3. ITon BmuaHnem kakux (PakTOpoOB pa3BUBAETCS HAYKA

4. KakOBBEI OCHOBHBIE 3aKOHBI PA3BUTHS HAYKH

5. JlaiiTe COBpeEMEHHOE OMPENENEHNE SHEPTHH.

6. Hocurensamit Kakoro BUIa SHEPTUH SBITIOTCS TIOOA M JKUBOTHEIE?

7. HazoBuTe npupogHEIE HOCUTEIN MEXAHUYECKOU SHEPIUH !

8. UTo moHMMAaroT oI SHEPropecypcamu?

9. Kakue sHepropecypcsl Ha3pIBaOTCA BO300HOBIAEMBIMHU! [lepeuncnnure ux B mopsaake
3HAYUMOCTH B COBPEMEHHOM SHEProdaaHce.

10. Kakue sHepropecypcsl Ha3bIBAIOTCSI HEMCUEPITAEMBIMU

14,1%3%&%&%@%}&%&@;(3 4EPTY B3aMMOOTHOMICHUs YEJIOBEKA C OKPYKAWIMIEN CpPEaoU
Ceptudmkar: 2C0000043E9ABBBIS2205E7BA500060000043E
Bnanen@T PAMKACT PAHHAL THARQ;so:k: BETPOSHEPTICTHKA?
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12. Yem Ob11 BEI3BAH MEPEXO OT BOASHBIX KOJIEC C TOPU30HTAIBHEIM BAJIOM K KOJIECAM C
BEPTUKATIBHEIM BAJIIOM?

13. Uto maer COOpyKEHUE IUIOTHUH U JEPUBALMOHHBIX KAHAIOB M KAKOBO MX BIMAHHUE HA
OKPYI KAy cpeny?

14. Ilowemy BOOAHON HABUTATENL HE OTBEUAET TPEOOBAHUIO YHUBEPCAIBHOCTH
(OPUMEHUMOCTH [JI1 Pa3HOOOPA3HBIX HYKJ HPOMBINUIEHHOCTH € MAJOM 3aBUCUMOCTBIO OT
MECTHBIX YCIOBHUU)?

15. Kakas ycTranoBKka ABUIACH BEICIINM JOCTHKEHUEM THAPOIHEPTETUKH cepenuubl X VIII
BeKa’

16. B Teuenne kakoro BPEMEHH BOISHOE KOJIECO SBILSLJIOCE OCHOBOM SHEPrE€THYECKOTO
MpPOU3BOACTBA?

1'7. Korma u moueMy ruApOSHEPreTuKa yCTYITIIA BEAYIIEE MECTO TEMIOSHEPT ETUKE?

18. B cBa3m ¢ pemeHneM KakOM TPOOJEMBI M KOTAA HAYAJICAd HOBBIM HOIBEM
TUAPOSHEPT ETUKA !

19. Oxapakrepu3yure COBPEMEHHOE COCTOSIHUE BETPOIHEPTETHKH.

20. HazoBuTe OCHOBHEIE TEHIEHIINHA (HAMMPABIECHUS ) PA3BUTHUA MAPOBOTO KOTJIA C MOMEHTA
€T0 CO3aHMA 10 HACTOAIIEE BPEMSL.

21. Kakue 0CHOBHEIE M3MEHEHU nTpeTepnen napoBou koren (XIX—-XX BB.)?

22. KakuMmu 0CHOBHBIMU 9E€PTAMM XaPAKTEPUIYETCS MAPOBOU MTOPIIHEBON IBUTATEINS

23. Uem ommyancia mNapoBOM ABWUTATENL Yarra OT JAPYTAX MNAPOBBIX ITOPIIHEBBIX
IBUTATENEH?

24. 3a cuer 4ero mapoBOM KOTEN ABJAETCA MPOU3BOAUTEIBHBIM, SKOHOMUYHBIM H
HAJCKHBIM NAPOTEHEPATOPOM?

25. Kakne Tpu OCHOBHBIE ABIEHUA, YCTAHOBJIEHHBIE HA NPAKTUKE, JETIH B OCHOBY
CO3JIaHUsA TEIIOBOTO JIBUTATEIA

26. Jlaure onpenenenne napoBOu TypOuHE.

27. UeM xapakTepu3yIoTCsA ra30BbIE TYPOUHBI IO CPABHEHUIO C MAPOBBIMU !

28. Uto maeT npuMEHEHUE PACHIMPAIONIErOCs COMIA B TAPOBOM TypOuHeE?

29. B kauecTBe KakOr0 OJJIEMEHTA JJIEKTPOTEHEpPATOPA MOTYT OBITH HCITOJBE30BAHEI
MapoBEIE TYPOUHBI?

30. Kakas Bennuuna Owruta BBenmeHa B koHue XVII Beka nma xapakTepUCTHKN BOIISHBIX
TypOuH?

34ty Enlﬁgﬂﬂﬁ%ﬁ%{ﬂ@m CTPEMIIEHHE MCCIEAOBATEIEH TMOBBICUTE KOY(D(PUIMEHT

Ceptucbygar: 2C0000043E9ABBBIS2205E7BA500060000043
BnanenddbI CTROXQIACE BOLARBEX. TYPONH
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32. Ha yem OCHOBaH NpUHIMII AEUCTBUA BompToBa CTOI0a—TIEpPBOTO TEHEpPATOPA
SIEKTPUYECKON SHEPruun’?

33. Ilepeuncnure NpakTUYECKUE MPUMEHEHUA XUMHYECKOTO IEUCTBUA JIEKTPHUUIECKOTO
TOKA.

34. Kakoe otkpertue caenan X. J[9Bu, ceirpasiiee 00abII0€ 3HAYEHUE I PACHIMPEHU
NPAKTUUECKUX MPUMEHEHUH SIIEKTPUUECTBA?

35. DO@@dekTUBHEIM MPOABICHUEM KAKUX CBOWCTB JICKTPUUECKOTO TOKA ABJISAETCSH
3IEKTpUYECKas ayra’

36. Ilepeuncanre npak THIECKUE TPUMEHEHUS SJIEKTPUUECKOM TYTH.

37. Korga u K€M OTKPBIT 3aKOH, YCTAHABIMBAIOMIAN KOJIMYECTBEHHBIE XAPAKTEPUCTHUKH
TEMJIOBOTO AEUCTBUA AAEKTPUIECKOTO TOKA?

38. Kakoe otkpeiTHe comepxana pabora pmarckoro (¢usuka I X. Opcrena,
omyonukoBanuas B 1820r.7?

39. Korpa ObuT OTKPEIT U B UeM 3akrouaercs 3akoH (ppaniy3ckux yueHbx JK. b. buo u @.
Cagmapa, yrounennsiii nozguee [1. JTanmmacom?

40. Kakue sBneHus, 0OHapyKEHHBIE AMIEPOM, OH HA3BIBAT «OJIEKTPOIMHAMNY ECKUMI»?
Korpa u roe onyOmikoBan A. AMiiep CBOIO 3IEKTPOIMHAMUYECKYH TEOPUIO !

41. Kakyro CBA3b MEXKAY TOKOM M CEUEHHEM ITPOBOIHNKA BIEpPBEIE yCTaHOBWI B 1802 romy
B. B. Ilerpos?

42. CdopmynupyiiTe [ABa 3aKOHA [JIA PA3BETBICHHBIX OJJIEKTPUYECKUX —IIETEH,
ycranoBaeHHsbIE B 1847 ronqy Hemenkum (pusnkom ['. P. Kupxrogom?

43. B uem 3akmouaercsa 3akoH J. X. Jlenna, copmynupoBanHei UM B 1832 roay
(mpaBuiio Jlenna)?

44. J10 Kakoro BpEMEHH U MOYEMY PA3BUTHE HIEKTPOABUTATEIEH U SIEKTPOTEHEPATOPOB
1710 PA3TUIHBIMH ITYTSIMH !

45. Uem xapakrepu3yeTcsi HAYAJIBHBIM MEPUOJ PA3BUTHUSA  SJIEKTPOIBUTATENEHN
MOCTOSHHOTO TOKA?

46. Ilouemy mpakTHUECKOE TPUMEHEHUE SJIEKTPOJABUTATENEH BHAdane OBLIO
OTPAHUYEHHBIM?

47. Kakoe  OpPUHIMOUATEHO  HOBOE€  HANPABIECHUE  OTKPBLIA  KOHCTPYKIIUA
3IEKTPOIBUTATENA UTAMBAHCKOTO yueHoro AuTonno [Taunnorru (1860r.)?

48. UeM XapakTEpPU3YIOTCA COBPEMEHHBIE JIEKTPOU3OIIAIMOHHEIE MATEPUABEI HA OCHOBE

paammg#%ﬁf%%ﬁ%mm KOMOJIEKYJIAPHBIX MATEPHAIOB?

Ceprvdmkar: zr:,::nm 043E9AB8BI52205E7BA50006000004
§ ﬁﬂﬂ%ﬂ@ﬁ%@gﬂy DﬂHﬂ&)ﬂEHDM}’ TOKY OpUIIEN IBYX (pa3HEIH, a 3aTe€M 3-X (pa3HBIN TOK?

Bnaneneu:

50. ITouemy 3()(peKTUBHOCTE ANEKTPONEPENAYN 3ABUCHUT OT BETUUNHEI HAMMPAKEHN !
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51. Kakyro pons urpaet TeXHuKa B 00MIECTBEHHOM PA3BUTHH /

52. Kakue 5Tanel MOKHO BEIACIUTE B PA3BUTHU TEXHUKU !

53. Kakoe 3HaueHe UMET TEXHOJIOTHH B IeITEILHOCTH YeJIOBEKA?

54. Kakyro poas UTpaeT 3JIEKTPOIHEPTETHKA B JKU3HU YEIOBEUECKOr0 00niecTna?

55. Kakyo NEepBUYHYIO SHEPTUI0 TPATUIMOHHO MOJYUYAIOT MPU MOPEoOpa30BAHUU HE-
BO300HOBIISIEMBIX YHEPrOPECYPCOB?

56. Kakou 3aKkOH JIEKWUT B OCHOBE MPEeOOpA30BaHUA OZHOTO BHAA BHEPTUH B IPYTOM’
[IpencraBpre cXeMaTUIHO MPOIECC MPEOOPA30BAHMA TOTO WX UHOTO BUIA SHEPTHH B IPYTOU.

57. UTOo MOHUMAIOT MO SHEPTETUKOM !

58. Uto Takoe «ynenpHas BECOBAA SHEPrOEMKOCTh HOCUTEIA SHEPT UM 7

59. Kakune HenoCTarku HE MO3BOJIAIOT SHEPrUd BETPA 3aHATH 3AMETHOE MECTO B 00MIEM
SHEPreTUUECKOM Oamance?

60. Ilepeuncanre 31€MEHTEI BETPOIHEPTETHIECKUX YCTAHOBOK.

61. KakoBeI TexHMUECKHE Xapakrepuctuku BOY.

62. Kakue suner BOV Bri znaere?

63. Omumure IPUHIMO JEUCTBUS BETPOIIEKTPHIECKUX YCTAHOBOK.

64. [lepeuncnure nyTH akKKyMyIAIINA SHEPTHH, TTOTYIEHHOMN ¢ momMonisio BOY.

65. KakoBEI NEPCHIEKTUBEL PA3BUTHA BETPOIHEPTETUKA !

66. Kakoi CMBIC] BKIAIEIBAETCS B MOHATHE «YHUBEPCAIBHBIN) JBUTATEND !

67. Kakue npuunHEI CrioCOOCTBOBAIN PA3BUTHIO TEMIOYHEPTETUKY B Hauane XX Beka?

68. CKOTBKO M KaKHE STanbl MOKHO BBIACIWUTH B PA3BUTHU TEIUIOBBIX 3IEKTPHUECKHUX
CTAHITHH !

69. Ha3zoBuTe OCHOBHBIE TUIIBI TEIUIOBBIX SJIEKTPUYECKUX CTAHIUN.

70. ITouemy B mocnemHue BpeMA €AUHUYHAA MONTHOCTE SHEPTETUUECKOTO 000PYI0BAHUA
HE OTPAHUYMBAETCSA pa3MEPaAMH BO3MOKHOTO pe3epsa’

71. I'me B Poccun Opina mocrpoena neppas 131] 1 B kakom romy?

72. B kakux B3aUMOOTHOUIEHUSIX C OKPYKAIONMIEH CPENON HAXOAUTCSA IMPOU3BOICTBO
TETMJIOBOU SHEPrUU !

73. IToueMy HaA CMEHY T'yKEBOMY U IMAPYCHOMY TPAHCIOPTY MPHUILIET TAPOBOU?

74. Kakoe NpUHIMIUAIBHOE OTJIWYHUE OT MAPOBOTO ABUTATENSA OTPAKAETCA B HA3BAHUMU
«IBUTATEIb BHYTPEHHETO CTOPAHUA»

75. Kakue paboune MeXaHU3MBI U TOYEMY TPEOYIOT BRICOKHUX YACTOT BPAMIEHMA

7&%@&%@%@&@%@& BUILI MAPOBOT0 TPAHCTIOPTA.

Ceptudmkar: 2CO0 GdSEEABBEBEEEDEETBASGEIEIEEIGEIEIGJSE
yioB

Bnanenew:  LUe6 RPEUMYRIECTBA U HEAOCTATKY OPUCYILY ABUTATEIIAM BHYTPEHHETO CrOpaHus’
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78. OxapakTepu3yWTre OCHOBHBIE TEXHHMKO-PKOHOMHMYECKHE OCOOEHHOCTH Pa3IMYHBIX
OBUTATEJIEH BHYTPEHHETO CrOpPaHUA.

79. Cdopmynupyiite aBa 3akoHA IS PA3BETBIACHHBIX AIEKTPUUECKUX IIEIMEH,
ycranoBieHHsbIE B 1847 rony Hemenkum (pusnkom ['. P. Kupxrogom?

80. B uem 3akmouaerca 3akon J. X. Jlenma, copmynupoBanueni um B 1832 roxy
(mpaBuno Jlenua)?

81. /1o kakoro BpEMEHU U IMOUYEMY PA3BUTHE SIIEKTPOIBUTATENEH U SJIEKTPOrEHEPATOPOB
170 PA3TUIHBIMH IMTYTIMH !

82. Ilouemy mOpakTUUECKOE TPUMEHEHMWE OSJIEKTPOIABUTATENEN BHAJaie OBLIO
OTPAHUYEHHBIM?

83. Kakoe NOpUHIMIUAIEHO  HOBOE  HANMPABACHUE  OTKPBIIA  KOHCTPYKI[HA
3JIEKTPOIBUTATENA UTAMBAHCKOr0 yueHoro Auronuno Ilaunnorru (1860r.)?

84. Ilouemy WMEHHO OJIEKTPHUECKOE OCBEMIEHUWE CTAI0 MEPBEIM  MACCOBBIM
YHEPTETUUECKUM IMMPUMEHEHUEM SIEKTPHUECKON YHEPTHH !

85. Ilouemy WMEHHO DOIEKTPUUECKOE OCBEMIEHUE CTAI0 MEPBEIM  MACCOBBIM
YHEPTETUUECKUM MMPUMEHEHNUEM STEKTPHUECKON YHEPTUH !

86. Uro mpencrapmana coOOM Cxema pacupeneieHUusa SIEKTPOIHEPTUH, MPEII0KEHHASA
pycckum snekrporexHukom [1. H. A0moukoBeim?

87. s kakux nesend U KeM ObLIIM MPUMEHEHEI NEPBBIE MOIBOAHBIE U IMMOA3EMHBIE Kabemm?

88. Kakoe mpenmymiecTBO0 UMEET NMEKTPONEPEnada Ha MEPEMEHHOM TOKE?

89. Ilepeuncnanre HEXOCTATKH SIEKTPONEPETATN TOCTOAHHEIM TOKOM.

90. KakuM TOKOM B HACTOATIEE BPEMA OCYIIECTBILIETCA NIEPEIAYA JIEKTPHUIECKON SHEPTUH

Ha OOonpmIME PACCTOAHUSA!
Tembr ”HAUBUAYANBHBIX TBOPYECKHUX 3aTaHUH

1. UcTropus pa3BuTHA SIIEKTPOTEXHUKH.

2. IlepBeie HAOMOAEHNA U HAYAIO SKCIEPUMEHTAJIBHEIX MCCIEOOBAHUN MArHUTHBIX U
IEKTPUYIECKUX ABICHUMU.

3. ZKuzne u Hayunsie uccaenosanusas M. B. Jlomonocoga.

4. [IpoBo3BECTHHK STTOXU YNIEKTpUdecTBa Aneccanapo Bomsra.

5. Bergatonecs otkpertusa A. Boneter. Co3manmne «BOIETOBA CTOIOAY.

%mm ucciaenopanua akanemuka Bacumua [lerpoga.

Ceptucomkar: 2C0Q00 ESABBBO952205E7BAS00060000043E
wa H3Hb A HayEERIe nccnenoBanmsa L. Kynona.

Bnaneneu: Uleb

8. ZKu3ne u Hayunsie uccaenoanus Jlyumxu ['aneBanu.
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9. Hayunsrit mogsur Maitkia Mapanes.

10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

M. ®Dapanen — 0CHOBOIOJIOKHUK TEOPUN AJIEKTPOMATHUTHOTO ITOJIA.
Kuzne u Hayunsie uccnenosanus . C. Dpcrena.

OcHoBaresns snekrpoauHaMuku Auape Mapu Ammep.

A. AMmep: nyTh B HAYKY.

I'eopr Om: uepes TepHHUM K CIIaBeE.

I'. Om. 3akon Oma.

I'. P. Kupxro@. 3akousr Kupxroda.

[TpesnnenT Ameprukanckon akanemuu Hayk Jlxozed I'enpn.
Co3parens NEPBBIX MOMIHEIX AIEKTpoMarHuToB Jlxo3ed ['enpn.

Bknan /I. K. MakcBenna B pa3BUTHE HAYKHU.

Ovunni JIeHir — oCHOBATeNs yUeHUS 00 SJIEKTPUIECKUX U MATHUTHBIX SBJICHUSX.

D. JleHt — myTemecTBEHHUK U M300peTareis, YIYEHBIM U NEaaror.
TonmiBo-suepreTnueckii komruiekc Poceum.

Kak mosBWICA SNIEKTPONBUTATENE !

[TpuHIMIEL D€ICTBUA TEHEPATOPA MOCTOAHHOTO TOKA.

[TpuHIMOEL BEUCTBUA TEHEPATOPA TIEPEMEHHOTO TOKA.
Texnomornueckue mponeccr SIEKTPOCHAOKCHUS ITPEAITPUATHH.

Kak MOXKHO MONYUUTE SNEKTPUUECKYIO SHEPTHUIO !

Wcnons30Banue SHEPrUn BETPaA IS TEHEPALMH 3JIEKTPOSHEPTHH.
Hcnons30Banne SHEPTUNA TPUINBOB I MOIYUEHUA SIEKTPOSHEPTHH.
Wcnons30BaHne COTHETHOM SHEPTHHU IS MOIYUEHUS SIEKTPOSHEPrUH.
AJIETEpHATUBHEIE UCTOYHUKH SHEPIHUH.

Buaer 1 cnocoObl mpeoOpa30oBaHus SJIEKTPUYECKON SHEPTHH.
Hcnons30Banne re0TepMaIbHON SHEPTUH IS MOIYUEHU S SJIEKTPOSHEPTrHH.
[Tpunian necreus tpancopmaropa.

Kak paboTaer smeKTpudeCKuil IBUTATENb.

Kparkas xapakTepucTiuka 3aKOHOB JIEKTPOTEXHUKH.

M3 KakuX COCTABIIAIONIMX COCTOUT KAYECTBO HIEKTPOIHEPTHUH.
OnekTpoanHaMuka. OCHOBHBIE 3aKOHBI NIEKTPHUUECKOH LIETH.

Hauano mpakTuaecknx MpUMEHEHUN IIEKTPUIECKON YHEPTUH.

BaxHeimme OTKPBITUA U UCCIIETOBAHUS B 001ACTH AIEKTPOMATHETH3MA.

41O STAGH ABARRBOTO MATHHTOAIEKTPHUECKOTO TeHepaTopa b. STko6m.

Ceptudomkar: 2C0000Q04
Bnaneneu: e B

9ABBBY52205E7BA500060000043E
ﬁmmg%&gggm «boTta» mo numymero renerpada. b. Sxkoom.

Nencteutened: ¢ 19.08.2022 no 19.08.2023

102



43.

3apOkKACHUE SIEKTPOABTOMATHUKH, SIEKTPONPHOOPOCTPOEHUS U MH(POPMAIMOHHOMN

JICKTPOTCXHHUKH.

44,
45.

M300perenune tpancopmaropa.

HUccnenopanua B oOmactu mepegadurt  SJIEKTPUYECKOM SHEPruM Ha OOdbIIHME

PACCTOSHUAL.

46.
47.
48.
49,
50.
S1.
52.

[TepBEI€ SNEKTPOCTAHIINH.

OTKpeITHE BPAILIAIOMIEr OCA SIEKTPOMATHUTHOTO ITOJIA.
[lepBBI€E DNEKTPUUECKNE TBUTATEIH.

[lepBeIE DNEKTpPUUECKNE TEHEPATOPEL.

Oco0EeHHOCTH ANMEKTPOIHEPreTHIeCKuxX cucreM Poccum.
Pazsutue snexkrposnepreruku Poccumn.

CoBpemeHHBIE CIIOCOOBI  IPeoOpa30BaHMA  PA3INMYHBEIX BHUAOB JHEPIUM B

IEKTPUYIECKYIO.

53.
54.
S53.
56.
57.
38.
59.
60.
61.

TCXHHKH.

62.
63.
64.
63.
66.
67.
68.
69.
70.

Hcropus pazBUTHS SIEKTPOIHEPTETHUECKUX cucTeMm Poccum.

Hy»Ha 11 BEIYNCIUTENEHAA TEXHUKA B SJIEKTPOIYHEPTETHKE !
[TpeoOpazoBarenu sneKTpUIECKON SHEPTrUN Tecra.

Kak mepenars nanasie (MH(QOPMAIMIO ) B SIEKTPUIECKUX CETAX ?
HMudopmanmonHeI€ TEXHOJIOTUH B SJIEKTPOIHEPTETUKE.

DNEKTPUYECKUE ABICHUA B MPUPOAE Win KTO mpuayman 31€KTPpUIECTBO?
[Torpedburenn >1eKTPUIECKON SHEPTHH.

[TepcnekTUBEI pa3BUTHS MUPOBOM SJIEKTPOIHEPTETUKH.

CoBpeMEHHas HAYYHO-TEXHUUECKAs PEBOJIOIMA W PA3BUTHE SHEPreTHYECKON

ABHAKOCMHMYECKAA NIEKTPOTEXHUKA.

[lepcnekTHBEI pa3BUTHSA SIEKTPOIHEPTETUKH B Poccun.

[lepcnekTHBEI pa3BUTHS MUPOBOM SJIEKTPOIHE PreTUKH.

PazBuTHe TEXHUKH 3aNTUTH OOHEKTOB OT TPO30BEIX M BHYTPEHHUX MEPEHANPAKEHMII.
HerpaguiinoHHEIE NCTOUHUKH 3JIEKTPUIECKON SHEPTUH

B0300HOBIAEMBIE UCTOYHUKHU IEKTPUUECKON SHEPTUN

Pa3BuTHe aBTOMATHKY YITPABJIEHUS SJIEKTPOIHEPrETHIECKUMU CHCTEMAMHA

Pa3BUTHE 3MEKTPOTEXHUYECKUX CHCTEM KEIE3HOI0POKHOTO TPAHCIIOPTA.

PazBuTHe SIEKTPOTEXHOTOTHUECKUX CHCTEM TOPOACKOTO TPAaHCHOPTA (TpaMBamn).

TQH%W%%%@T&HMGPH%CKHE CUCTEM TOPOACKOT0 TpaHCHOPTA (TPOJLUIEHOYCEI).

Ceptudmkar: EEG?»&EM?E 9ABBB952205E7BAS00060000043E
B

Bnaneneu: Uleb

73.

A3 BUTHE JIQABEMHO-TPAHCIIO PTHOTO 000py 10BaHMU L.

Passurtue CYAOBBIX MICKTPOTCXHHYCCKHX CHCTCM.
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74. PazBuTHe CUCTEM ABTOTPAKTOPHOTO 3IEKTPHUECKOTO U AJIEKTPOHHOTO 000PYI0BAHMUA.

75. ABHakoCMHYECKAA SJIEKTPOTEXHUKA.
76. IlepceKkTUBEL pa3BUTHA SJIEKTPOIHEPTETUKHN B Poccum.

77. llepceKTUBEL Pa3BUTHA MUPOBOH SIEKTPOIHEPTETUKHU.

78. CoBpeMeHHass HAYYHO-TEXHUUECKAS PEBOMIOIMA W PA3BUTHE HSHEPreTUUECKOM

TCXHHKH.

79. PazBuTne TEXHUKU 3a0IUTEL OOBEKTOB OT IPO30BEIX U BHYTPEHHHX I1€ PEHATIPAKECHUN.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Yueono-memoouueckoe u unpopmauuonmnoe odecneueniie OUCHUNTUH b

Ilepeuenv ocHO6HOU U OONOIHUMENBHOU JTUMEPAMYPbl, HEOOXOOUMOU 018 0CEOCHUA
OUCHUNTUHbI

Ilepeuenv ocnoeHoOl TUmMepamypol:

1. CumonoB, H. C. Hagano snextposuepretuku Poccuiickonn MUmmepun u CCCP, kak
npobnema texnonenosa / H. C. Cumonos. — Mocksa : Uadpa-Umkenepus, 2017. — 640 ¢. —
ISBN 978-5-9729-0143-2. — Tekcr : snekrponnsiii // L{lupposoii odOpazoBarensHsiii pecype IPR
SMART : [caiiT]. — URL: https://www.iprbookshop.ru/68995.html

2. Beenenue B CHENUANBHOCTB: SJEKTPOSHEPTETUKA U AIEKTPOTEXHUKA | INMEKTPOHHBIN
pecypc]: yaedbnoe mocodue / M. Macremanenko, U.K. [llapunos, U. Boporaukos u ap.; ®I'bOY
BIIO CraBpomonsckuil roOCyIapCTBEHHBIN arpapHeiid yHUBEpcUTeT. - Crasponons : CI'AY, 2015.

- 114 e¢. : Tabm, cxem., wi. - bubmmorp. B ku. — Pewxum pgoctyma: URL:

//biblioclub.ru/index.php?page=book&1d=438870

Ilepeuensv oononnumenbHOU AUMeEpPaAmypbol:

. byTeipun I1.A. OCHOBEI 3IEKTPOTEXHUKH | INEKTPOHHEIN pecypc|: yueOHUK Aid CTy-
IEHTOB CPEOHUX U BEICIINX YIE€OHBIX 3aBeAeHNI TPO(ECCHOHANEHOT0 00pa3oBaHMA MO HAIPABIIE-
HUAM DIEKTPOTEXHUKU U snekTposHepretukn/ byteipun [1LA., Tomueer O.B., lla-kup3anos
®.H.- Dnekrpon. tekcroBeie manueie.- M.: M3naremsckuit jom MOU, 2014.- 360 c.- Pexum

noctyma: http://www.iprbookshop.ru/33220.- 5bC «IPRbooks»

Ilepeuenvs yueOHO-MemoOUUeCK020 oODecnedeHus CamMoCmoAmenbHolu  padomol
ooyuarowuxca no OUCUUnJIUHe

1. Meronnueckue ykazaHus MO BBIMOJIHEHHWIO MPAKTUYECKUX padOT Mo IUCIUILUIMHE
«HWcropusa oTpacnu U BBEAEHHUE B CIIEHUATBEHOCTEY.

2. Merognueckue yka3aHusa MO OPraHu3aiui U MPOBEIEHUIO0 CAMOCTOATENRHON padOTEI

MO JUCIUITJIIMHC {{HCTQPI{H OTpac/ii 1 BBEACHHC B CIICITHAIEHOCTE .

Ilepeuens pecypcoe umngopmayuonHo-mereKoMMyHukauuonnou cemu Humepunem,
Heo0X00UMBbBIX 018 0CB0CHUA OUCHUNTUHDI

1. http://www.biblioclub.ru -3bC "Yuusepcurerckas OumdmioTeka oHmams"

%mygﬁﬂﬁﬁgkshnpmf - DnexkTpoHHO- Onbmoreunas cucrema [PRbooks

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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