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ComepKaHHe

BBeneHie

Llems u 3agaun H3Y4eHHS JUCIIHITIIHHEI

OO0opyIOBaHHE H MaTepHAaJIbI

HarmeHoBaHIE IIpaKTHYECKHX padoT

ComepKaHHe IIPaKTHYECKHX padoT

I IpakTHueckas padora Nel [lepBrie HAOMOAEHHS H HAYAIIO SKCIIEPHMEHTAIILHBIX
HCCIIEIOBAHHH MArHHTHBIX H SIEKTPHYECKHX SBIEHHH. JKHM3HP M HayYHBIE
Hecenenoranusa M. B. JlomoHOCORBA.

[Ipaktnyeckag padora Ne2 IIpOBO3BECTHHK SIIOXH SMIEKTpHYeCTBa BombTa.
Brergaromuecs oTKpeIiTHsI A. BombeTel. Co3aHHE «BOJIBTOBA CTOIOa». JKIM3HE H
HAaY4YHBIE HCCIEMOBaHMSA akajJeMuka Bacwims llerposa. JKH3HR M HaydHBIE
Hcenepopanns L. Kyimona.

[IpakTnueckas padora Ne3 JKH3HE H HayUHBIE HCCIEAOBaHH A JIVHIKH [ albBaHH.
Hayunrein noasur Marikina @apages. M. @Dapagell — OCHOBOITOIOXKHHK TeOPHH
3IIEKTPOMArHUTHOTO ITOJISL.

[Ipaktnueckasg padora Ned JKH3HR M HayuyHBIe HcclaemoBaHud . C. Dpcrena.
OCHOBATENB eKTpoJHHaMHKH AHape Mapun AM-1iep. A. AMIIEp: ITYTh B HayKYy.
['eopr OM: yepes TepHHH K cilage. OM. 3aKOoH Oma.

[IpakTHueckas padora Ned IlepBrie 3jIeKTpHYECKHE MAIHHEL. [ IepBEIH reHepaTop
SIEKTPHYECKOTO TOKa. OTKPRITHE XHMHYECKHX, TEIUIOBBIX, CBETOBEIX H
MarHHTHBIX JeHCTBHI TOKA.

IIpaktnueckasg  pabGora Ne6  DnexkrpoauHaMiKa. OCHOBHBIE — 3aKOHEI
SIEKTPHYECKOH IenH. Hayamo IpakTHYeCKHX IIPHMEHEHHH SIIeKTPHYECKOH
SHEPTHH. BaxHermmme  OTKPBITHS M HCCIEJOBaHHSI B oOmacTu
sleKTpoMarHeTusma. CosmaTenpb IIepBOro MarHHTOAIEKTPHYECKOIO TeHepaTopa
b. SIxo0Gu.

[Ipaktnueckasg padora Ne”/ IlepBhle MCTOUYHHKH 3MEKTPHYECKOIO OCBEIIEHISL
[TaBen AGIOUYKOB — cO3HATENh «PYCCKOI'O CBETAY.

[TpakTHyeckas padora Ne8 HM3oOpereHHe TpaHchopmaTopa. MccnemoBaHHS B

AOKYMEHT NOANUCAH "HH Ha 60JIbIIIE PACCTOSHUS
3NEKTPOHHOW NoanncCeio ' P .
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CepTtudumkar:
Bnapeneu:

[Ipaktnyeckaga padora Ne9 CosmaHHe IEPBBIX ACHHXPOHHBEIX IBHTATeleH. Y
HCTOKOB 3IeKTpH(HKaIH. OCHOBOIIOJIOKHHK Tpex(asHeIX cHcTeM Muxamn
Jomso-/106pOBOJIb CKHI.

[ IpakTHueckasg padora NelO 3apoxaeHHe SMEKTPOSHEPIETHKH. JHEPreTHYECKas
TeXHUKa. M cTopHieckie YCIOBHSA BOSHHKHOBEHHS H PasBHTHS SHEPTETHYECKOH
TEXHUKH. POJIb 3IIEKTPHYECKOTO OCBEINEHHS B CTAHOBIIEHHH 3IIEKTPOSHEPreTHKH.
[IpakTtHueckas padora Nel 1 IlepBrie TpexdasHbIe 3MEKTPOCTAHIIHH.

OCHOBHBIE 3TaIlbl PA3sBUTHS NEKTPOSHEPreTHKH B Poccur. OCHOBHBIE 3TaIlbl
PasBUTHS  DIEKTPOSHEPIeTHKH B MHpe.  BO3BHHKHOBEHHE  PalOHHBIX
3IIEKTPOCTAHIIHIH.

[Ipaktnueckas padora Nel2 OCHOBHEIE 3Tallbl Pa3BHTHS BIEKTPHYECKHX CETEH.
PasBuTHE TEIUIOBRIX OJIEKTPOCTaHI[MIL. PasBuUTHE THIPOIMTEKTPOCTAHI[HIL
PasBuTHE aTOMHBIX 3IIEKTPOCTAHI[HI.

[ IpakTHueckas padora Nel3 3apoxkaeHHE SNEKTPOIIPHBOAA, 3JIEKTPOTPAHCIIOPTa
151 BIEKTPOTEXHOIOTHH. PasBurue BIEKTPOIIPHBO/IA. Paseurne
3IEKTPOTEXHOIIOT HH.

[Ipaktnyeckasg padora Neld PaseurHe 3MeKTpoTepMHH. Pa3BHTHE CIIOCOOO0B U
METOJIOB MEKTPHUYECKON CBApKH. PasBHTHE 3IIEKTPOXHMHYECKON TEXHOIOTHH.
PasBuTHE SNMEKTPOTEXHUYECKHX CHCTEM TPAHCITOPTA.

IIpaktnueckasgs padotra Neld PaseurHe  3IIeKTPOTEXHHYECKHMX  CHCTEM
KEJIE3HOJOPOKHOI'O TpaHCIIOpTa. PasBHTHE 3IIEKTPOTEXHOIOIHYECKHX CHCTEM
TOPOJCKOI0 TpaHCIopTa (TpaMBaH).

IIpaktnyeckag padora Nel6 PasBHTHE 3NIEKTPOTEXHOIOIHYECKHX CHCTEM
TOPOJACKOr0 TpaHCIIOpTa (TpoieiOyckl). Pa3BHTHE ITOABEMHO-TPAHCIIOPTHOIO
000OPYIOBAHHS. Passurne CYIIOBBIX  BJIIEKTPOTEXHHYECKHX  CHCTEM.
ABHaKOCMHYECKAas 3JIEKTPOTEXHHKA.

[Ipaktnueckasgs padora Nel7 IlepCrieKTHBEI PasBHTHS 3IEKTPOSHEPIreTHKH B
Poccur. [lepcrieKTHBBI pa3sBHTHS MHPOBOH AIIeKTPO3HEPIeTHKH.

IIpaktnyeckasa padora Nel8 CoBpeMeHHass HayYHO-TEXHHYECKasl PEBOIIOLIS H
Pa3sBUTHE HYHEPreTHUYECKOH TEXHHKH.

YyeGHO-MeTOHYECKOEe H HH(POPMAIHOHHOE 00ecIIeYeHHE JTHCIIHIUIHHBI

[lepeyeHr OCHOBHOH M JOIOJHHUTEJIFPHOH JHTEPATYphl, HeOOXOJAHMOH I

[OKYMEHT MOAMMCAH
SNEKTPOHHOWM MOAMUCHIO
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5.2 llepeueHr VyUyeOHO-METOAHYECKOrO OOeCIIeYEHHI CaMOCTOSTEIBPHON PadOoTHI
OOYYAFOIIMXCSA ITO JTUCIIHIUIHHE
5.3 IlepeueHs pecypcoB HH(POPMAIIHOHHO-TeIeKOMMYHHKAITHOHHOH CeTH MHTepHeT,

HeOoOXOIHMBIX JUISI OCBOSHH S JHCIIHITIIHHBI
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BrejieHue

[IpakTHUeckne 3aHSITHS CO3JAKOT  OITHMAlbHBIE JOHAAKTHYECKHE YCIOBHS IS
IeSTeIIbHOCTHOIO OCBOEHHS CTYJAEeHTaMH COAEeP KaHHSI H MeTOHOIOTHH H3y4aeMOH JTHCLHILIHHBI
HCITOJIb30BAaHHE CIIEIHAIEHOTO J1a0OpaTOpHOrO OOOPYAOBAaHHSI H TeXHHYECKHX CPeiCTB.
[IpakTHyeckne  3aHSATHS ~ 3aHHMAKOT  IPEHMYIIECTBEHHOE  MECTO  IIPH  H3YYEHHH
oOmenpodeccHOHAIPHEIX H  ITPO(ECCHOHANIBHEIX  JHCLIIUIMH. [IpaKTHYecKHe 3aHSATHS
IIPOBOJSTICS C I[ENbIO BEIPAOOTKH ITPAKTHYECKHX YMEHHH H IIPHOOPEeTEeHHI HAaBEIKOB B PeIlleHHH
3a7[a4y, OTPaOOTKH yITpaKHEHHH, BBITTOJIHEHHH YepTeKeH, IIPOH3BOICTBE PACUYETOB H T.I1.

[{enpr0 ITpaKTHYECKHX 3aHSATHIL SBISeTCS (POPMHPOBAHHE ITPAKTHYECKHX YMEHHH —
NIpo()eCCHOHAIIPHEIX (BBIOIONIHATL OIIpele]IEHHBIe JeHCTBHS, OIEpaliH, HeOOXOJHMEIE B
MTOCHEAVIOMIEM B ITPO(EeCCHOHAIBHOH ASSATEIbHOCTH) WM VYYeOHBIX, HeOOXOAHMBIX B
ITOCIEAYIOMIEH YYeOHOH JeSTEIbHOCTH II0 OOIIEeNpo(ecCHOHAIPHEIM H IPO(EeCCHOHAIBHBIM
JTHCIIHIUTHHAM.

BuGmmorpaduyeckiii  CIIMCOK COJAEPKHT CBEJEHHS O CIIPAaBOYHOH IIHTepaType H

JOITOJIIHHTCIIBHBIX H3JTaHH X, HeOoOXOJHMBIX IS YIIIY OIIeHHOIr 0O H3YVUCHHA OTACIIBHBIX BOITPOCOB.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO
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1. I[ens u 3a0auu uzyueHus OUCUUNIUHDL

[{enpr0 M3yYeHHS IHCHHIUIMHBI «MCTOpHS OTpaciH H BBEJEHHE B CIIEIHAIBLHOCTH)
SIBIISIETCS  3HAKOMCTBO C HMCTOPHEH Pa3BHTHSA SIEKTPOTEXHHKH, C HCTOPHEH pPa3BHTHS
BIEKTPO3HEPreTHKH, C IIePCIIEKTHBAMH Ppa3BHTHSI SHEPreTHKH, H3y4YeHHe 3aKOHOMEPHOCTEH
Pa3BHUTHS SHEPTeTHKH, HCTOPHYECKOTO ITPOoIlecca Pa3sBHTHS TeIIO-, THIPO-, BETPO-, AIEKTPO- H
aTOMHOH BHEPreTHKH. PacCMaTpHBArOTCS OCHOBHBIE ATAIlbl HCIIOIB30BAHHSA YEIIOBEYECTBOM
Pa3IMYHBIX BHAOB SHEPIHH OT €ro HCTOKOB JO HAIMX JHEH, HCTOPHYECKHe IIPOLIECCHI
(pOPMHPOBAHHS BCEMHPHOH SHEPreTHKH, ¢ OCOOOH KOHIIEHTpal[HeH BHHMAaHHS Ha pPa3BHTHE
OTEYeCTBEHHOH SHEPreTHKH, METOJOIIOTHYECKHE H eCTeCTBEHHOHAyYYHBIE OCHOBBEI SHEPreTHKH
Pa3IHYHBIX 310X, BaKHEHIIHe TEHJEHIHH H HaIIpaBIEHHS €€ Pa3BHTHS, HAay4YHBIE ITOIXOJBI K
PELIeHHIO TeX HIIN HHBIX 00IIe-sHepreTHYeCKIX IPoOIeM.

OCHOBHBIMH 3aJadaMH H3YYEHHS JHCI[HIUIMHBI SBILIFOTCS. O3HAKOMIIEHHE C HCTOPHEH
BEITHKHX OTKPHITHH B OONMACTH 3IEKTPOTEXHHKH H SHEPreTHKH, ¢ HMEHAaMH IIEPBBIX PYCCKHX
VUEHBIX H H300peraTelled, ¢ HCTOPHEH Ppa3BHTHSI MHPOBOH H OTEYeCTBEHHOH SHEPreTHKH,

O3HAKOMIIEHHE C OCHOBHBIMH ITYTSMH PAa3BHTHS SHEPTreTHKH.
2. Obopyoosarue u mamepuaisl
ATrmiapaTHBIE CPEACTBA: IIEPEHOCHON HOYTOVK, IIPOEKTOP, JOCKA MATHUTHO-MapKePHasl.

YyeOHasg aygUTOPHS IS IIPOBEAeHHS YUeOHBIX 3aHSATHIH, OCHallleHa O00OpPYAOBAaHHEM H

TEXHHYCCKIHMH CPEACTBAMH Gﬁ}HIEHIIH.

3. Haumenoeanue npakmuueckux paoom

N3 HHX
No Templ HarmeHoBaHNe TeM JUCIIIUIHHEL, HX KpaTKoe Ob6beM
ITpaKTHYeCKas
T CITHITITHHBI COJIEP/KaHHE YJACOB
IIOATOTOBKA, YaCOB

1 cemectp
IIpakTuueckoe sansarue Ne 1. [leperie
HaOIOJEHHI H Hayallo SKCIIEpHMEHTaIbHBIX
1 HCCIIEM0BAHNI MAarHUTHBIX H AIeKTPHYECKHX 1.5
SIBJIEHHH. JKH3Hb H HaYYHBIE HCCIe0BaHH S M.
B. JIomoHOCOBA.
IIpakTnyeckoe 3anarue Ne 2. [ [poBO3BECTHHK

AIIOXH 3IeKTpHYeCcTBa BombTa. BeIgaroriecs
OTEDRITHS A RonkTel Co’madue «BOJILTOBA

OJOKYMEHT NoarncAH |
SNEKTPOHHOW NMOANUCHIO CAOBaHHA
Ceptuchukar: 12000002A633E30D113AD425FBS0002000002A6 H3Hb H HAYIHBIC
Bnageneu: LleBayxoea TatkaHa AnekcaHapoBHa
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IIpakTHuueckoe sansarue Ne 3. JKI3HE 1
Hay4YHbIe HCCIedoBaHH I JIVHIUKH ["albBaHH.
3 Hayunsin nmoasur Marikna @Qapagesa. M.
Dapajiell — OCHOBOIIOJIOKHHK TEOPHH
AIEKTPOMArHUTHOT'O TTOJISL

1,5

IIpakTnyeckoe 3ansarue Ne 4, JKH3Hbp 1
HaVyYHEBIe HcenemoBaHug ['. C. 3pcerena.

4 OCHOBATENb MEKTPoJHHAMHKH AHape Mapu
Amriep. A. AMriep: IyTh B HayKy. I'eopr Om:
yepes TEPHHH K ci1aBe. OM. 3akoH Oma.

IIpakTnyeckoe 3anarue S. [IepBrie
BIIEKTPHYECKIE MAIIMHEIL. [IepBBIH reHepaTop
5 AIEKTPHUYECKOT 0 TOKAa. OTKPBITHE XHUMHYECKHX,
TEIUIOBBIX, CBETOBBIX H MAarHHUTHBIX JIEHCTBIIT
TOKAa.

IIpakTHyeckoe 3ansaTHe Ne 6.
ONeKTpoHHaMHKa. O CHOBHBIE 3aKOHEI
BIEKTPHYECKOH 1iermH. Havamno rpakTHyecKix
IIPHMeHEHHI AIIeKTPHYECKOH 3HEPrHH.
BaxHelIme OTKPBITHSA H HCCIIEOBAHHS B
o0mnacTH sreKTpoMarHeTusma. Cosareis

IIEPBOIr0 MarHUTOAJIEKTPHYECKOI0 reHepaTopa b.
Hxo6mH.

IIpakTHueckoe 3anarue 7. [lepBrie HCTOUHHKH
7 BIIEKTPHYECKOT O OCBeleHH . [laBen SA010YKoB —
CO3JIaTENb «PYCCKOI'O CBETAY.

IIpakTnyeckoe 3ansarue Ne 8. I300peTeHHe
TpaHc(hopmaropa. Mccrmegopanmsa B 00IIacTH
Iepeaadyn 3MeKTPHYECKOHN SHEPr U Ha OOJIbIIE
PaCcCTOSHISL.

IIpakTHueckoe sanarue Ne 9. CosgaHue
IIEPBBIX ACHHXPOHHEIX JIBHTATENeH. Y HCTOKOB
9 ANMeKTpH(HKAIHH. OCHOBOIIOIOKHHK
Tpex(dazHpIX cHcTeM Muxamn J[onHBO-
J10Op OB OIIEL CKHIA.

Hroro 3a 1 cemecrTp:

'

Hroro:

'

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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4. Codepocariue npakmuueckux paoom
Ipaxkmuueckas pavoma Nel. Ilepevie HADIO0 eHUA U HAYWTL0 IKCREPUMEHM WIbHBIX
HCCI1e0 06 AHUIL MACHUMHbBIX U IJIEKMPUUECKUX A6JIeHUN. KU3Hb U HAYUHbLE UcCled 06 aAHUA M.

B. Jlomonocosa.

HEJH:.' HB}”IEHIIE HCTOPHI Pa3BHTHA J3JICKTPOTCXHHKIL H 3JICKTPOSHCPI'CTHKIL, 3dKOHBI

INCKTPOTCXHHKIT H (prhﬂIpGEElHHE cC HaYVIHbBIX OCHOB

OcHO6b1 meopui:

BaXHBIM M BIIOJIHE 3aKOHOMEPHBIM IIIAarOM Ha ITYTH H3YUEHHS BJIeKTPHUYECKUX SBJIEHHI
OBLT IIEPEXOM OT KAaYeCTBEHHBIX HAOMFOAEHMI K YCTAHOBIEHHIO KOJIMYECTBEHHEIX CBS3EH H
3aKOHOMEPHOCTEH, K pa3paboTKe OCHOB TEOPHH 3JIEKTpHYecTBa. Hanbonee sHaUNTEIBHBIH BKIIA/]]
B PellleHHe 3THX IIPpoOneM OB cAelaH IeTe pOYPrcKHMMH akageMukaMu M.B. JlomoHocoBEIM, 1. B.
PuxMaHOM H aMEpPHKAaHCKHM YUeHBIM b. (DpaHKIIMHOM.

Brigaronmncsa yueHbIH-sHIIHKIIoneaucT XVIII B. Muxamn Bacwikbesndy JIOMOHOCOB
(1711-1765 1T.) SBHIICS OCHOBOIIOJIOKHHKOM H3Y4YeHHS SIeKTPHYECKHX SBJIeHHH B PoccHm,
ABTOPOM IIEPBOH TeOpHH 3JeKTpuuecTBa. Ilpn mommepxkke M.B. JlomMoHOcOBa ero Koioera
akageMuk I'eopr Bmmerensm Puxman (1711-1753 rr.) paspaGotan B 1745 I. OpHTHHAIBHVIO
KOHCTPYKI[MIO TIEPBOrO 3MEKTPOM3MEPHTEIILEHOIO IPHOOpPa HEIMOCPEACTBEHHON OIIEHKH —
«3JIEKTPHYECKOI O yKazaTelns» (PHCYHOK 1), KOTOPBIH IIPHHIMITHAIBRHO OTIHYAICS OT YiXKe
H3BECTHOI'O JIEKTPOCKOIA TeM, YTO OB CHAOXKEeH JepPeBSHHBEIM KBaJIpaHTOM CO IIKAaIIOMH,
pas3felleHHOH Ha rpaayckl. MMeHHO 5TO YCOBEPIIEHCTBOBAHHE, IO cioBaM ['.B. Puxmana,
ITO3BOJIUIO M3MEPATEH «OOIIBIITYEO HITH MEHBIIVIO CTEIEHD 3JIEKTpHYECTBAY. IS SKCIIEPHMEHTOB
['.B. Puxavany Oplna mmpegocTaBlIeHa «IIPH ABOPe OCOOIHBASA KaMepay, KOTopas, MO-BHAHMOMY,
OBLlIa IIEPBOH OTEYECTBEHHOH 3IIEKTPHYECKON JTadopaTopHel. DIeKTpHYeCKHH yKaszarelnb M.B.
JlomoHOocOB M ['.B. PuxmaH HCIIONB30BaM IIPH CO3MaHHH «TPOMOBOH MAIIMHEI) — IIEPBOH
CTAIlHOHAPHON YCTAHOBKH JJI1 HAOIIOJEHHS 34 MHTEHCHBHOCTBIO JMEKTPHUYECKHX PaspsioB B
atMocepe (B cepemuue X VIII B. 3T0 siBIeHHe OBIIO eIlle COBEPIIEHHO HEH3YIEHHBIM).

«I'pomMoBas MallrHHa B MPHHIHIIE OTJIMYAIACh OT «3JIEKTPHYeCKOr o 3Mesd b. DpaHKIIIHA
H IIPHUCIIOCOOIIEHHI APYIHX HCCIENOBATENEH, TaK KakK ITO3BOIISIA HEIPEPRIBHO HAOIIOAATh 3a
H3MeHEeHHEM 3JIeKTPHYECTBA, COAEeP KaIIErocs B aTMoc(epe IIpH MO0 ITOrO/IE.

C IIOMOIINBIO «I'PoMOBOH MarmuHEIY M.B. JlomoHOcOB M I'.B. PuxmMaH ycTaHOBHIIM, 4TO
OOKYMEHT MNoAarn1cAH

SNEKTPOHHOM NOAMUCHIO OTCYICTBHH I'PO3bBL, OHH )ﬁE,[[HTE.’I]LHG JOKa3alIH
Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: LWebayxopa TaTeAHa AnexkcaHpoBHa

HNencreutened: ¢ 20.08.2021 no 20.08.2022



PrcyHoK 1. DnekTprdeckii yka3aTrenb Prixmana (1 — JepeBSHHBIN KBaIpaHT C
IETIEHISIMH,

2 — MeTaJUIM4YecKas JIMHeHKa, 3 — MeTaJNIHYeCKHH IIecT, 4 — TbHSIHAsI HHTh )

)

P N

PrcyHoK 2. CxXeMa «TpOMOBOIT MarmHHBI) (1 — sMeKTpHYecKHil yKa3aTelb,

2 — COeIHHHTEIIbHA ITPOBOJIOKA., 3 —MeTalJIHYEeCKHH IIIECT Ha KPBIIIIC ,I[IDMEI,)

Jletom 1753 r. M.B. JlomoHocoB u I'.B. PuxmaH mmposeny YHHKaIbHBIH SKCIIEPHMEHT H C
TTOMOIIBIO «T'POMOBOH MAIIIHHEI» JTOKa3allH, YTO, KaK ITHcala Ta ke razeTra (1753, No 45), «... cue
HaOMIOAEHHE TIIOYNTAeTCS 3a 4Ype3BhIUAMHOe. K3 cero HaOmMOIeHHS SIBCTBYET, YTO
3IIEKTPHYECKAs CHIIa 0e3 JAEHCTBUTEIBFHOIO I'PoMy OBITE MOXKET. EXXEIIM BTOpOE ITpaBia, TO HE
I'POM M MOJIHHS IIPHYMHA 3JIEKTPHYECKON CHIIEI B BO3IYXEe, HO caMa 3JIEKTPHYECKas CHila FPOMY H
MOJIHHHM TIPHYHHA». YUYeHBIE IIPH OrPOMHOM CTE€YEHHH HapoJa YCTPOWIH ITab0y M3 IIEIOMH
OaTapeH ITYIIEK, TPOM «COTpsicall HeO0», HO «3JIEKTPHYECKHH YKa3aTElb» HHUErO HE TTOKa3bIBAl
(«HCKYCCTBOM ITPOH3BEAEHHBII I'POM 3JIEKTPHYECKOH CHIIBI He TIOKA3bIBAET» ).

Brisogel M.B. JIoMOHOCOBA MOCTYKHIN OJHOH H3 OCHOB BIIEPBBIE pa3palOTaHHON MM
TeOpPHH aTMoc(epHOro sjeKTpHyecTBa. Ha myOmmuHoM coOpaHHMH AKaJeMHH HayK B CeHTSIOpe

AOKYMEHT INOANWCAH 3, — «Oyler mpemaraTte OIBITH @ 1 — TEOPHIO U
ANEKTPOHHOW NOAMNUCHIO

Ceptudhmkat: - 12000002A633E3D 113AD425FBS0002000002A6
Bnapeneu; LLlebayxoea TaTtbAHa AnekcaHapoBHa
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Kak m3BecTtHO, 25 mroHdg 1753 r. BO BpeMd rpos3el I'.B. PuxmaH, nmpHOIH3HBIIHCE K
«ITEKTPHYECKOMY VYKa3aTelrro», ObLI YOUT yaapoM B 1100 «OIEJIHO-CHHEBATHIM OIHEHHBIM
IIIaPOM)).

Tparmueckasd CMeEPTh VUEHOI'O IIOCIIYKHIIA IIOBOJIOM JUISI HAagoOK Ha VYEHBIX,
CTPEMHUBIIINXCSA IPOHUKHYTH B TAaHHBI ITPHPOIBLI, CO CTOPOHBI JAYXOBEHCTBA H PeaKI[HOHHBIX
IBOPSHCKHX KpyroB. OneITEL M.B. JJomoHocoBa 1 I'.B. PrxmMaHa HaskIBalM KOIIYHCTBEHHBIMH H
TpeOOBaIH UX IPEKPATUTH, ITOAUYEPKHBASL, YTO CMePTE [.B. PuxmaHa — 3T0 «HaKazaHHe TOCIIOIHE
3a BTOP/KEHHE B 00IIaCTh OOKBIOY.

Ho orpomMueiii HayyHbeIH aBTOpHTET M.B. JIOMOHOCOBa H IOAAEPKKA ITPOIr'PECCHBHBIX
OTEeYEeCTBEHHBIX YUEHEBIX ITO3BOIIMIM MY JIOKa3aTh HEJOITYCTHMOCTh HAHECEHH A YIlepOa «cCllaBe
H IIpecTHKY» Poccui, H B HOSIOpe 1753 I'. OH BEICTYIIHII CO CBOHM 3HAMEHHTEIM JOKIIaZ0OM «CIIOBO
O SIBIEHMSIX BO3MYIIHBEIX, OT 3JIEKTPHYECKOH CHIIBI ITPOHCXOISIIHX», B KOTOPOM (OTMETHM,
IIPOM3HECEHHBIM Ha PYCCKOM S3BIKE) BIIEPBBRIE OBINIa H3IIOKEHA pa3padOoTaHHAs HM CTPOrO
Hay4yHas MaTepHAJIHCTHYEeCKas TeOpHsd aTMoc(epHOro siIeKTpHYyecTBa. Ilo YTBEPIKIEHHIO
COBPEMEHHEIX CIIEI[HATHCTOB 5Ta TeOpHS B CBOEH IMPHHI[MIIHAIILHOH OCHOBE BIIOIHE
COOTBETCTBYET COBPEMEHHOMY IIPEACTaBIeHHIO 00 3THX sBIeHHAX. Kcratw, M.B. JlomoHOCOB
ITOTUEPKHBAIL, UTO OH B CBOEH TeopHH « DpaHKIIHHY HHUYEM HEe 00s13aH», BCE YV HETO «COOCTBEHHOE
H HOoBOe» [10].

[To yrBepxkaenno M.B. JlomoHOcOBa aTMocgepHOe H3IeKTPHYECTBO BO3HHKAET B
pesyIbTaTe TPEHMS IBUIMHOK M APYTHX B3BEIEHHBIX YACTHUYEK BO3AYyXa C KalleJIbKaAMH BOJIBL,
ITPOHCXOISIIErO TIPH BEPTHKAIBHBIX IIEPEMEIIEHH X BO3AYIIHEIX MTOTOKOB. OH YKas3kIBall, YTO
CYILECTBYIOT BEPTHKAIILHBIE BOCXOAMIIHE H HHUCXOMSIIHE ITIOTOKH BO3/IYXa, KOTOPEIE «HE TOKMO
TPEMSIIIEH Ha BO3AYXE 3NeKTPHYECKOH CHIIBI, HO H MHOTHX APYTHX SBIIEHHI B aTMOC(epe H BHE
OHOM CYTh HCTOYHHK M HAYaJIO».

IIponiecc snmexrpuzanim M.B. JIOMOHOCOB OOBSICHSII TaK. IIOTOK TEIJIOTO BO3AyXa,
YCTPEMILIFOIMICS BBepX (BOCXOJSIIHI ITOTOK), YBIIEKAaeT 3a COOOH pa3IH4YHBIE <« KHPHBIE H
TOPIOYHE TIAPBI» H JAPYTHE IIPHMECH, HaXOAsIIHecsd B BO3ayxe. HacTuilpl 3THX rapoB M.B.
JIOMOHOCOB Ha3BIBANl «IIMAPHUYKAMHY). OTH IIMApHYKH»), II0 €ro MHEHHIO, HMEIOT CBONCTBA,
OIM3KHE K CBOHCTBAM TBEPAOIO TENA, M HE MOIYT IIO3TOMY CMEIIMBATHCSI C YaCTHYKAMH BOJIBI
(KarursiMH JTOJKJ1ST), BCTPEYAFOIIHMMICS Ha HX ITyTH. B pe3ynbTaTe TPeHHS MEeXAY «IIapHYKaMI» H
KarellbKaMH BOJBI BO3HHKAIOT SIeKTPHYECKHE 3apsipl KaK Ha TeX, TaK M Ha Apyrux. M.B.
JIOMOHOCOB ITHCAN: «... JKHPHBIE IMAPHYKH T'OPIOYHX ITaPOB, KOTOPBEIE PajH Pa3HOH ITPHPOJIEL C

AOIYMET, EIQIIIEAH MAJIOCTH K CBOIICTBAM TBEPIOrO TeJIa ITOIXO ST
SNEKTPOHHOM MOANMUCHIO px JIXOJIAT,
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B paspaborke »s1on Teopun M.B. JlomMmoHOcCOB Omike, 4eM KTO-MOO H3 €ro
ITPEINECTBEHHHKORB, ITOJOIIETI K COBPEMEHHEIM TEOPHSM I'PO3EL

M.B. JloMoHOCOBA HE VIOBIETBOPSIIM MHOTOYHCIEHHBIE TEOPHH CTATHYECKOTO
3JIEKTPHYECTBA, pa3pabOoTaHHbEIE 3apyOeKHBIMH HCCIIELOBATEISIMI, TaK KaK B OOJIBIIIMHCTBE M3
HIX, KaK OH IIOJUYEPKHUBANI, «HEKOTOPBIE K COCTABJIEHHIO 3JIEKTPHYECKOH TEOPHH CaMEbIE
HYKHEHIIHE BEIlH HE JOBOJIFPHO HAOMIOAEHBI OBUTHY, M OH SBHIIICS HHHIMATOPOM OOBSBIIEHHS
AxaJieMiel HayK KOHKYypca Ha TeMy. «ChICKaTh ITOJJIMHHYIO IEKTPHYECKON CHIIBI IPHYHHY H
COCTABHTh TOUHYIO €€ TEOPHION.

CBOH BO33peHHS Ha SBIIeHHS 3lIeKTpHuecTBa M.B. JIomMmoHOCOB cpopmyrmpoBan B 1 756 T.
B HEOIYOJIMKOBAHHOM M COXPAaHHBIIEMCS JIHIIb B BHIE TE3HCOB TPYE « T eopHs aIeKTpHYeCTBa,
paspaboTaHHas MaTeMaTH4YeCKH IIyTeM». B oTiiHuHe OT OONIBIIMHHCTBA CBOMX COBPEMEHHHKOB
M.B. JIOMOHOCOB ITOITHOCTBRIO OTPHI[AET CVIIECTBOBAHHE OCOOOH 3JIEKTPHYECKOH MaTepHH H
paccMaTpHBaeT 3JIEKTPHYECTBO KaK (opMy ABHKeHHS >pHpa. B ero Tpyae HET HH CIOBa O
PAsIMYHBIX CYOCTAHIMSAX, C ITOMOIINBIO KOTOPBIX MHOTHE YUYEHBIE TOTO BPEMEHH ITBITAINCH
OOBSICHHTH BIIEKTPHYECKHE SBIEHHUS. «OIMeKTpHYECKas CHIa €CTh JEHCTBHE, BEI3BAHHOE JIETKHM
TPEHHEM... OHO COCTOHT B CHJIaX OTTAJIKHBATEIBHBIX U IIPUT AT aTEIILHBIX, 4 TAKKE B IIPOH3BEICHHII
CBeTa M OrHsay, raneT M.B. JIOMOHOCOB B CBOEM TPV/IE.

«O(HpHasT» TeopHSI »dIeKTIpHYecTBa, paspadoraHHad M.B. JlomMmoHOCOBERIM, Oblna
TIEPEJOBOH IS CBOETO BPEMEHH, OHA SBJISIIACh HOBBIM IIIarOM K MaTEPHAIMCTHUECKOMY B3I TISAY
Ha SBIEHHS IIpUPOABl. CIeayeT OTMETHTh, YTO 3Ta TEOPHS IOIYUYIUIA JalbHEHINEe Pa3sBHTHE B
Tpyaax JleoHapaa SHiepa, a, mosaHee, B XIX B., ee npuaepxuBammcek Markin Qapage H APYTHE
KpyrnHeHmme yuyeHele. M. @apazeH, HampHMEDP, CUHTAI SJIEKTPHYECTBO ABHKEHHEM HEKOEH
3aIIOIHSIOINEH BCE IIPOCTPAHCTRO, IPOHH3BIBAIOINEH BCE TEIA YIIPYT OH CPEIBL.

CeBepHBIE CHSHHS, IT0 MHeHHr0 M.B. JlomMmOHOcCOBa, Takke HMEIOT 3IEKTPHYECKYIO
IIPHPOIY, OH pacCMaTpHBall MX KaK CBEYEHHE, BBI3BIBAEMOE SNEKTPHYECKHMH 3apsgaMH B
BEPXHHX CIIOSIX aTMOC(EPHI.

M.B. JIOMOHOCOBEIM OBIITH ITPOJIETIAHBl HHTEPECHBIE OIBITHL CO CBEYEHHEM PA3PEKEHHOTO

BO3IYyXa B CTEKIISIHHOM HasIeKTPH30BaHHOM Iape (PHCYHOK 3).
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Prucynok 3. IIpuGop JlIoMoHOCcOBa (1 — MeTalmHUeCKHI CTEPKEHD C TPe3yOLEM,

2 — IIPOBOJIOYHAS IIPYKHHA, TIPHITAsSHHASI K METAIUIMYECKOMY KPYKKY)

OneiTel M.B. JIomMmOHOCOBa 110 BOCIIPOM3BEICHHIO CEBEPHBIX CHSAHHH Ha MOJEISX OB
ITIOBTOPEHEI TOJILKO cirycTd 175 ner. HabGmogasmeecs M.B. JIOMOHOCOBEIM cBeYeHHE OBLIIO ITO
CVII[ECTBY SABJIEHHEM BIIEKTPHUECKOT0 pa3psaia B pa3peKeHHOM BO3IYXE.

B momnckax 6oree 6€30ITaCHBIX METOJIOB H3MEPEHHS «3JIEKTPHYECKOI I'POMOBOH CHIIBI»
M.B. JloMmoHOCOB paspaboran cBOeoOpasHBIH ABTOMATHUYECKHH PErHCTPaTOp MaKCHMAalIbHOI'O
3HAUEHHS I'PO30BOI0 paspsjia; IOCciIe yiapa MOJIHHH TI0 NPHOOPY «CeMY VBHAETh MOKHO KOIIb
BeJIHKa Obliia camas OoJIbIiasi FpoMOBast Ciiiay. OCHOBBIBASCH HA MHOI'OYHCIIEHHBIX OIBITax, M. B.
JIOMOHOCOB IIpHIIIET K BEIBOAY O I[ETIECO00Pa3HOCTH IIIHPOKOIO ITPHMEHEHH S TPOMOOTBOIOB. OH
Imican: «Takme CTpelsl Ha MecTaxX, OT OOpalleHHs YelIOBEUYECKOT 0 II0 Mepe YIalleHHBIX, CTABHUTh
3a HeOEeCIIONE3HOE JETIO ITOYMTAr0, Ja0Bl yaapsroIasi MOJIHH A OOJIbIIe Ha HIX, HEXKEIH Ha TOIIOBaX
YeIIOBEYECKHX H Ha XPaMHHAaX, CHIIEI CBOH H3HYPSIAY.

B orimnume ot b. OpanknmHa M.B. JIOMOHOCOB IIpaBHIIBHO YKa3all Ha PEIIAIOIYIO POIIb
3a3eMJIEHHS B YCTPOHCTBE TPOMOOTBO/IA.

BeceMa OpHIMHAIIBHBIE IIPEACTABICHHS O CYIHOCTH 3IEKTPHYECKHX SBICHHI OBIIIM
BBICKA3aHBl B YK€ VIIOMHHaBIIEeMcS (yHIaMeHTaIbHOM Tpyae A.T. bomorora [9]. OH, B
YACTHOCTH, ITHCAT. «... HO B TOM CYMHEBATHCSI He MOKHO, YTO OHA IT0 IIPHMEPY APYTHX COCTOHUT
M3 YaCTHYEK M UYTO YACTHYKAM CHM HaAOOHO OBITH YPE3BBIYAIHON H HEITOCTHKHMOH JUIS Hac
MAaJIH3HEL, ITPHYEM 3TH YACTHYKH CIIOCOOHSI K ABIKEHHIO, KOTOPOE IIPOHCXOAHUT C HETTOCTHKHMOM

cKopocThion. 3aTeM A.T. BonoToB 3ajaeT BoIpoc: «A KaKoil OHH — 3TH YaCTHYKH — (PHTYPBI, TO

AOKYMEHT MOANACAH H CITOCOOHOCTH K OBICTPOMY IIEPEIBHAKEHHIO «...
SNEKTPOHHOW NOAMChHIO
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— BeJlb C TOr0 HAYMHAIH H3IIOKEHHE CYTH SIIeKTPHYECKHX SBJICHHIT ITOYTH BCe (PH3HKH TOTO
BpeMeHH. OTMeTHM, KeTaTti, 4TOo A.T. BOJIOTOR IOMYEpKIBaEeT, YTO OHA M Ta Ke EKTPHYECKas
MaTepPHS eCTh IIOBCIONY — H B aTMOc(epe, H B HeJlpaxX 3eMJIH, H BO BCeX TellaX, HO He Be3Jle OHa
HAXOJIMTCS B PaBHBIX KOIMYECTBAX H ITOATOMY ITO-Pa3sHOMY cel0s IPOSBILIET.

Bombmioi BKIIag B H3yYeHHE SIIEeKTPHYECKHX SBIIEHHI, B 0COOEHHOCTH aTMOC(epHOro
3IIEKTPHYECTBA, OBLI CAEIAH H3BECTHBIM aMEPHKAHCKHM VYEHBIM H OOINECTBEHHBIM JeATelleM
BenmxamimHoM @OpaHkmHOM (1706 — 1790 rr.). Um Opimm npomsBeneHsl (1747 — 1752 1T.)
MHOTI'OYHCJIEHHEIE OIBITHI TI0 VIIABJIHBAHHIO H H3YYEHHIO aTMOC(EPHOIr0 3IIEKTPHYECTBa,
YCOBEPIIEHCTBOBAH MOIHHEOTBOJ, paspaboTaHa TaK HasplBacMas «YHHTapHas» TEOPHS
snekTpudecTBa (1747 r.). b. OpaHKIHH BEICKa3all IIPaBHIbHBIE ITPeAIIOI0KeHH O MaTEPHAIIEHOM
XapakTepe SIEKTPHYECTBA, CYHMTASA, YTO OHO ITPEACTABIIAET COOOH BIIeMEHT, COCTOSIIMH H3
Ype3BhIYaiHO TOHKHX YaCTHI[. EMY yIamock IMOJONTH K IIPeACTaBIEHHIIO 00 «3IeKTPH3AIHH Yepes
BIMSIHHE», T.€. K SBIEHHIO SIeKTPOCTaTHYECKOH HHIYKIMH. OH BIepBele (1749 1))
SKCIIEPHMEHTAILHO JIOKa3al JIEKTPHYECKYIO IIPHPOAY MOJIHHM H €€ TOXKIECTBO C ViKe
H3BECTHBEIMH CBOHCTBAMH «JIEKTPHYECKOH KHIAKOCTHY». 3HAMEHHTBIH OIBIT b. (DpaHKIMHA C
BO3AVIIHBIM (BIEKTPHYECKHM) 3MeeM YOeQHTEJIbHO ITOKa3all BO3MOJKHOCTH «(H3BIICUECHHSD
3JIEKTPHYECTBA M3 O00IIaKOB, KOTOPEIM OH 3apsokall JIEHASHCKYI0 0aHKY ITOZOOHO TOMY, KaK 3TO
OCVILECTBILUIOCh IIOCPEINCTBOM 3IIEKTPOCTATHUYECKON MAIlMHBL. Ipedrionaraercs, 4Yro HM
BIIEPBBIe OBIIIM BBEJEHBI TaKHe TEPMHHBI, KaK «OaTapes», «3apsm», «paspsam», OH IIEPBBIM
COOPYAII OaTtapero U3 JIEHAeHCKHX OaHOK.

CpeaH YYeHBIX pacCMaTPHBAEMOIO IEPHOAA, 3aHHMABIIIXCSA H3YUEHHEM 3IIEKTPHYECKHX
SIBJIEHHH, cIeyeT OTMETHTH YeIlICKOT0 ecTecTBOHCIBITaTels I Ipokomna JluBmima (1698 — 1765 1T.).
OH coopymiil OOJBIINYIO 3IEeKTPOCTAaTHYECKYIO MaIlMHY, IIPEAJIOXKIUI HECKOJIBKO THIIOB
MOJIHHEOTBOJIOB, H3Yy4all BIMSHHE 3IEKTPHYECKHX Pas3psaoB Ha POCT IIOCEBOB PasIMUYHBIX
KVIIBTYP.

Hauaso sKcriepuMeHTaIbHBIX HCCIIEAOBAHHI SIIEKTPHYECTBA H MarHETH3MA

B XVI-XVII BB. B EBpore Bce Oojbllnee pacpoCTpaHEHHE  IIOINYYaAeT
SKCIIEPHMEHTAIBHEIN MeTOJ HayYHBIX HCCIEAOBAHHIH, OJHIM H3 OCHOBOITIOJIOXKHHKOB KOTOPOI'O
II0 IpaBy HazbIBaloT JleoHapao jga Buuum (1452 — 1519 rT.). M300peTeHHS H OTKPBITHI 3TOrO
«THTAaHA 3IIO0XH BO3pOXKIAeHHI» ITOPaKarOoT CBOEH I'NTIYOHMHOH H Pa3HOCTOPOHHOCTEIO. OH OBIII HE
TOJIBKO HCKYCHEHIIIHM BCaJHHKOM, (EXTOBAJIBIIHKOM, IIOSTOM, MY3BIKAHTOM, HO H
KOHCTPYKTOPOM PazHOOOPa3HBIX MAIIIMH H IIPHOOPOB, I'€HHAJIbHEIM XY 0KHHKOM, MaTEMATHKOM,

AOKYMEHT NOAMNMUCAH M, BOEHHBIM HHKEHEPOM, MBICIHTEIIeM-MaTe-
SMNEKTPOHHOW NMoanuchio o PON
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ETo 3armicHbIe KHHKKH, 3CKH3BI PA3IMUHBIX MAIIIMH H MEXaHH3MOB HaCUHTEIBaIOT Oomee 7
TBIC. IIMCTOB. OYEHB BAXKHO OTMETHTE, UTO OH CYMEI CAENIAaTh ITOPA3HTEIBHBIA PRIBOK B OYIVIIIIE
BEKA M OCTABHJI YEPTEKHM H 3CKH3El HE TOIBKO JIETATEIBHBIX allllapaTOB M IMMIMHJpa ITapOBOH
MAaIllMHEI ¢ TIOPIIHEM, HO M IIPeACKasal BOJHOBYIO IIPHPOJAY CBETa H MarHeTH3Ma, YTO OBLIIO
ITOATBEPKIEHO VUEHBIMH CITYCTS ITHIIE OKOJI0 400 j1eT. B OJHOH M3 €r'0 3aIMCHBIX KHIKEK MOYKHO
HaHTH 3HAMeHaTelIbHBIE clIoBa: «He ciyiman ydyeHHS TeX MBICIHTENEH, JOBOJABI KOTOPBIX HE
TTOJITBEPKIEHBI OITLITOMY.

OKCIIEpUMEHTAILHBIN METOJ HCCIIEMOBAHMII HAHEC 3aMETHBIH yAap IO MHCTHIHM3MY H
PasHOTO POJia BEIMBICIIAM H ITPEIPACCYIKAM.

SHAYUTEIILHBIN IIEPEIIOM B IIPEACTABIEHUSIX 00 3JIEKTPHUYECKHX H MarHUTHEIX SBJIEHHSX
HAcCTYITHII B caMoM Hadane XVII B., Korja BBOIENI B CBeT (PyHIAaMeHTaJIbHBIH HAYYHBIH TPV
BHTHOI'O aHTTIHMIICKOrO YYeHOTroO (Bpadya aHTIIHIICKOH KOpoJeBHl Emm3aBeTsl) Bumbava I'imsOepra
(1554 — 1603 1T.) «O MarHuTe, MarHHTHBIX TellaxX H O OoJbImoM MarHHTe — 3emuien (1600r.).
bymayun rmocnemospareneM 3KCIIEPHMEHTAIBHOIO METOAA B €CTECTBO3HAHNH, B. [ MILOepT 1mpoBern
Oosee 600 HCKYCHBIX OIBITOB, OTKPBIBIIHNX, KAK OH ITHCAll, TAHHBI «CKPBITHIX IIPHYIH Pa3/IHYHbIX
SIBIICHHITY.

B oTmmune OT MHOTHMX CBOMX IIPeAINeCTBEHHHKOB B. ['MIsdepr cuMrasn, 4yTo MarHHTHAas
CTpEJKa ABMKETCS ITOJT BIMSHHEM MarHeTHsMa 3eMIH, KOTOpas SBISIETCS OONBIIIMM MarHHTOM.
CBOH BBIBOJIBI OH OCHOBEIBAJI Ha OPHTHHAIBHOM 3KCIIEPHMEHTE, BIIEPBBIE HM OCYII[ECTBIIEHHOM.
OH M3TCOTOBII M3 MAarHUTHOTO KeJIe3HSIKa HeOOIBINON Iap — «MaJIeHbKYIO 3EMIIIO — TEPEILIY)» H
J0Ka3all, YTO MarHHTHAas CTPeJIKa ITIPHHHUMAET TI0 OTHOIIEHHIO K MTOBEPXHOCTH 3TOH «TEPETIIBIM
TaKHe JKe TIOJIOKEHHS, KaKHe OHa IIPHHHUMAET B IIOJIE 3€MHOrO MarHeTusma. OH YCTaHOBHII
BO3MOKHOCTh HAMarHHYMBAHH A KeJle3a IIOCPEICTBOM 3€MHOI'O MarHETH3MA.

HMccnenya marHetus™m, B. [mimeOepr 3aHsIcad TakKe H H3YUEHHEM SIIEKTPHYECKHX
sBIIeHHH. OH JoKaszall, YTo MEKTPHYECKHMMH CBOHCTBAMHM OONajlaeT HEe TOIBKO SHTAph, HO H
MHOTHE JOPYTHE TeJla: alamas, cepa, CMOJIa, TOPHBIH XPYCTalh - SMEKTPH3VIOIMHECS IIPH HX
HaTHpaHUH. OTH Tela OH HasBall «3NEKTPHYECKHMI» B COOTBETCTBHH C I'PeYeCKHM Ha3BaHHEM
surapa (’nekTpoH). Ho B. I'meGepT Oe3ycIlenmIHO MBITAICS HA’IeKTPH30BaTh MeTallIbl, He
H30IIHPYSA MX, M TTO3TOMY IIPHINENT K OMMMOOYHOMY BEIBOIY O HEBO3MOKHOCTH 3JIEKTPH3AIIIH
METAJUIOB TPEHHEM. OTO 3aKmrouyeHHe B. ['mimbOepra ObIIO YOEIHTEIBHO OIIPOBEPTHYTO CITYCTS
IBa CTOJIETHMS  BBIJAIOIIMMCS  PYCCKHMM  3JIEKTPOTEXHHKOM  aKaJeMHKOM  Bacwinem
BragmnvmpornueM [ IeTpoOBEIM.

AOKYMEHT MNOATCAH YTO «CTEeIleHb HSIeKTPHYECKOH CHIBIY OBIBAeT
3MEKTPOHHOM Noanuchio P
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CpaBHHBasS MaTrHHTHBIE H SIeKTpHUYEeCKHe SBIIeHHS, B. I'mnbOepT yTIBepiKIall, UTO OHH
HMEIOT PasHVIO IIPHPOLY. HAIIPHMED, «3JIEKTPHYECKas CHIIa» ITPOHCXOIHT TOIBKO OT TPEHMS,
TOrJa KaK MAarHHTHas IIOCTOSHHO BO3JACHCTBYET Ha JKEIe30, MarHuT IIOJHHMAET Tejla
SHAUYUTEJIPHOH TSDKECTH, 3JIEKTPHYECTBO — TOINBKO JIETKHE Tella. JTOT OIMMOOYHEIN BRIBOA B.
['msGepra npoaepxancs B Hayke Oosee 200 IIer.

[IpemcTaBiaeHHs O TOM, YTO 3IEKTPHYECKHE SBIEHHS O0YCIIOBIEHEI ITPHCYTCTBHEM 0CO00H
«ITEKTPHUYECKOH KHAKOCTHY», aHAJIOTHYHOH «TEIUIOTBOPY» H «CBETOTBOPY», OBIIIH XapaKTEPHBI
JUII HAYKH TOrO IEePHOJA, KOI'Ja MeXaHHYECKHe B3IJISABI Ha MHOTHE SBIIEHHS ITPHPOABI OBIIH

I'OCIIOACTE YRHOIITHMH.

K OHMPOJ/IbHbBIE 601POCHI.

l. HN3006peteHms JJomoHocora M. B., CBS3aHHBIE C NEKTPHYECKHMI SIBJICHISIMH.
2. Kakoit BKIaJl B H3yUeHHE 3JIeKTPHUYECKHX ABJIEHHI, B 0COOeHHOCTH aTMOC()ePHOI0
3JIEKTPHYECTBA, OB CAENIaH H3BECTHBIM aMEPHKAHCKHM VYEHBIM H OOINECTBEHHBIM JIESATEIIEM

benmxamMiHoM DOpPaHKIIHHOM?

3. KTO MOJIoXII Hayalao SKCIIEPHMEHTAILHBIX HCCIIEAOBAHHH SIIEKTPHYECTBA H
MarHeTHsMa?

4, IlepBble HAOMOAEHI I MAarHUTHEIX M 3JIEKTPHYECCKHX SBJICHHI?

J. YTo Takoe ABIEHHE ITHPOIEKTPHYECTRA?

6. [IoArOTOBHTE IMPe3eHTAI[HOHHEIE ITPOEKTHI HA TEMY: IIEPBBIE HAOIIFOAEHHS H HAYAJIO

JKCIICPHMCHTAJIbHBIX HCCIeJOBaHIH MarHHTHBIX H SNEKTPHYCCKIHX HE:JIEHIIfI:, AH3Hb H HAYIHBIC

uccnenopansa M. B. JlomoHOCORA.

AOKYMEHT NoanmncAH
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Ipaxkmuueckana paboma Ne2. [Ipoeo3éecmHUK INOXU Iiekmpuuecmeda Aneccanopo
Bonema. Beroarouwiueca omkpoimus A. Bonomet. Co30anue «60abmoea cmooay». -Kuzuo u
HayuHble Uccled 06aHuA akademurxka Bacunua Ilempoea. /Kuzno u HayuHble ucc1e006aHus

Il Kynoua.

HEJH:.' HB}"IEI—HIE HCTOPHIT Pa3BHTHA 3ICKTPOTCXHHKIT H 3JICKTPOSHCPICTHKH, 3dKOHDbI

IJIICKTPOTCXHIIKI H QJGPMIPDEEIHHE‘- cC HaVIHbIX OCHOB.

OcHO6b1 meopui:

OJHHM M3 IIEPBBEIX, KTO, ITO3HAKOMHBIIHNCE ¢ KHHTOH B. I'mipOepra, peln ITOIyYHTh
0oJiee CHWIbHBIE IPOSBIEHHS BAIeKTPHYECKHX CHII, OBIII H3BECTHBIH H300peTareilb BO3IYIIIHOIO
Hacoca H OIbITa C MOIyIIapHIMH MaraeOyprckiii Oypromuctp OTTo poH I'epruke (1602 — 1686
rT.). B 1650 r. OH H3TOTOBHI IIap H3 CePhl pasMEPOM C JeTCKYIO T'ONIOBY, HacaaHII e€ro Ha
KETIE3HYIO OCh, VKPEIUIEHH VIO Ha JEPEBSHHOM ITAaTHRE. | [pH ITOMOIIH PYYKH IIap MOT BPaIl[aThCs
H HaTHPAJICS ITaJOHSIMH PYK HJIH KYCKOM CYKHA, ITPHKHIMAeMOr0 K IIapy PYKOH. 3TO Obljla IepBas
ITPOCTENINas 3IeKTpocTaTHUecKas mamnmiHa. O. I'epHKe yaaloch 3aMeTHTh cl1aboe CBEUEHHE
3JIEKTPH3YEMOTO IlIapa B TEMHOTE H, YTO OCOOEHHO BaXKHO, BIIEPBEIE OOHAPYKHTE, YTO ITYIIIHHKIH,
IIPUTSATHBAEMbBIE IIIAPOM, Yepe3 HEKOTOPOE BPEMS OTTAIIKHBAIOTCS OT HETO — 3TO sBJIeHHEe HU O.
['epuKe, HH MHOTHE €r0 COBPEMEHHHKH JOJIIO HEe MOITIHM OOBSICHHUTHE. Hemelxkun yvueHwIn ['.B.
JlenOHmy (1646-1716 1T.), nTonmp3yack ManmHoH O. I'epHke, HaOMIOJaI IEKTPHYECKYIO HCKPY -
3TO IIEPBOE YIIOMHHAHHE 00 3TOM 3araJOYHOM SBJIEHII.

B TedeHne mepBoH IOMOBHHEI X VII B. s3neKTpocraTHyYecKas MalllHHA ITpeTepIiela psl
YCOBEPIIIEHCTBOBAHHI: CEPHBIM Imap OB 3aMeHeH CTeKISTHHBIM (TaKk Kak CTeKIo Oollee
HHTEHCHBHO 3JIeKTPH30BAIOCh), a ITO3JHEE BMECTO INMAPOB WIH IIHIHHAPOB (KOTOpPBIE TPYIHEE
OBIIIO H3TOTOBHTE, H IIPH HaIPEBAHHH OHH HEPEIKO B3PHIBAIINCE) CTAIH IIPHMEHSTh CTEKILTHHBIE
IUCKH. JIIIs HaTHpaHHS HCIIOINB30BAIINCh KOJKAHBIE ITOAVIIEYKH, IPIZKHMAEMBIE K CTEKITY
ITPYKHHKaMH , TIO3HEE I YCHIIEHHS 3IIEKTPH3AIHH ITOIVIIEYKH CTalIH ITIOKPhIBATh aMalbl aMOH
(pHCYHOK 4) .

BaKHBIM HOBBIM 53JIEMEHTOM KOHCTPYKIIMH MAIIHHEI cTal KOoHIyKTop (1744 1) —
MeTaNIMYecKass TPyOKa, IMOABEIIEHHAS Ha INEIIKOBBIX HHTSX, a ITO3JHEE YCTaHaBIMBacMas Ha
H30IIHPOBAHHBIX OIopax. KOHAYKTOP CIIYKIII pe3epByapoM i COopa 3IeKTPHYECKIX 3apsIOB,

00pa3oBaHHEIX ITPH TpeHHH. [locne n300peTeHns JTeHAeHCKOH OaHKH e TakKe YCTaHaBJIMBAaI
OOKYMEHT NoarincAaH

SMEKTPOHHOM NOAMUCHIO TPOCTAaTHYCCKasA MaIlllTHa HpIIGﬁpE.’IIa OCHOBHEIC
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu. Webayxoea TatedAHa AnekcaHgpoBHa
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PucyHok 4. D3jekrpocTaTHyecKas MallliHa I eprke

3aMeTHBIE YCIIEXH B H3YVUEHHH SIEKTPHYECKHX H MarHHTHBIX SBIEHHH IIPHBEIH K
OTKPBITHIO paHee HEH3BECTHBIX (DAKTOB: OOHAPYKEHHIO JBYX POJOB JIIEKITPHYECTBA H
YCTAHOBJIEHHIO 3aKOHOB HX B3aHMOJIEHCTBHSI, VYCTAHOBIEHMIO «OBICTPOTHL IIEpedayuH
3JIEKTPHYECTBA», CO3JAHHIO HOBBIX SIEKTPHYECKHX IIPpHOOPOB, ITO3BOMNSBIIHX IIOIMYYaTh M
HaKaIUIHBaTh SJIEKTPHYECTBO B OOIBINHX KOIHYECTBAX, H3YYEHHIO SBIEHHH aTMOC(EpPHOro
3IIEKTPHYECTBA, Pa3palbOTKe IIEPBRIX TEOPHH ANMEKTPHYECKHIX SBJICHHH.

3HAYHTEIBHEIM IITarOM B H3YVUEHHH CBOHCTB ANEKTPHYECKIX 3aPSAI0B OBIITH HCCIIET0OBAHI
yjgeHa aHrmmickoro KoponeBckoro oOmectBa Crtedana I'pes (1670—-1736 1T.) H wieHa
[Tapmokckoit akagemuu Hayk [1lapng Opancya J[rode (1698—1736 1T.).

B pesyinbprare MHOTOYHCIEHHBIX SKCIepHMeHTOB C. I'pero ymamock YCTaHOBHTBL, YTO
3JIEKTPHYECKasl CIIOCOOHOCTh CTEKIISHHOH TPYOKH IIPHUTSATHBATh JIETKHE Tella MOJKeT OBITh
repefaHa IPYTHM TejlaM, H OH Iokasan (1729 r.), 4To Tela B 3aBHCHMOCTH OT HX OTHOIIIEHHSA K
AIIEKTPHYECTBY MOKHO Pa3jlelINTh Ha JBE T'PYIIIBL. ITPOBOSHHKH (HAIlpHMEpP, MeTalJIMYecKas
HHTB, IIPOBOJIOKA) H HEITPOBOIHHKH (HAaIIPHMED, INEIKOBAS HHUTH ).

[Tpomomxkast onbITel C. 'pest, II1.D. [{rode (B 1733 1.) oOHApYKHII JBa pojia SIEKTPHYECKHX
3apSAA0B — «CTEKISIHHEIE» M «CMOJIIHBIE» H HX OCOOEHHOCTH OTTAJIKHBaTh OJHOHMEHHBIE H
IIPHTSATHBATh ITPOTHBOIIONIOKHEIE 3apsabl. [[rode Taxke co3gal MPOTOTHII SIEKTPOCKONA B BHJIE
IBYX IMOABEMIEHHBIX H PACXOISIIINXCS IIPH HX 3IEKTPH3aIIH HUTEH.

[Iocne Toro Kaxk ObIJIO YCTAaHOBJIEHO Pa3lelieHHe Tell Ha IIPOBOJHHKH H HEIIPOBOIHHKH, a
OIBITBI C HSIEKTPOCTATHYECKHMH MAaIllMHAMH IIOJIVUIUIM IIHPOYAHINee PaclpoCTpPaHEHHE,
COBEPIIEHHO €CTECTBEHHOH OFINIa IIOIBITKA «HAKOIMMTB» SIIEKTPHYECKHE 3apsSabl B KaKOM-TO

CTEKIISIHHOM COCV/C, KGTGPHﬁ MOI' HX COXPAHHTB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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PrcyHok 5. OmeiT MrocxenGpyka (co cTapHHHOH I'PaBIOPHI)

Cpean MHOTHX (DH3HKOB, 3aHSBIIHXCS IOJOOHBIMH 5SKCIEPHMEHTAMH, HAaHOOIBIIYIO
H3BECTHOCTh IIOMYYHII TOIUIaHACKHHI Ipodeccop m3 TI. JlelimeHa IIntep MrocxeHOpyK
(MymeHopyk) (1692—-1761 rT.).

3Hasg, 4YTO CTEKIIO He IIPOBOJHT 3JIeKTpHYecTBa, OH (B 1745 r.) B3I B NpaBYIO PyKY
CTEKIISIHHYIO 0aHKY (K0J10Y), HallOJTHEHHYIO BOJOH (KOTOpas SBIISIIACh IIPOBOJHHKOM), OITYCTHII B
Hee METHYIO IIPOBOJIOKY, BHCEBIIIYIO Ha KOHAYKTOPE MEKTPOCTATHYECKOH MAIIHMHEI, H ITOITPOCHIT
CBOETO ITOMOIITHHKA BpaIaTh IIap MAIMHEL (PHCYHOK S). I IpH 3TOM OH ITPaBHIIBHO ITPETIOI0KHIL,
YTO 3apsAbl, IIOCTYIIABIIHE C KOHAYKTOpa, OVIYT HaKalUIMBaThCcAd B CTEKIAHHOHM OaHke. Ilocie
TOI'0 Kak, II0 €r0 MHEHHIO, B 0aHKe HAKOITMJIOCH JOCTATOUYHOE KOJIHYECTBO 3aPSA/IOB, OH PEIIHII
JIEBOH PYKOH OTCOEOHHUTHE MEIHVYIO ITPOBOJIOKY. IIpH 3TOM OH OINMYTIUI CHWIBHEBEIH Vaap, eMy
ITOKA3aJI0Ch, YTO «ITPHIIEI KOHEID. OH ITHCAJL, YTO 3TOT «HOBBIH CTPAIIHBIH OIBIT COBETVIO CAMHM
HHKAK HE ITOBTOPATH» M YTO pagyl KOPOHBEI DpaHI[HMI OH HE COTTIACHTCS IMOJABEPTrHYTHCSA «CTOJb
YKAaCHOMY COTPSCEHIION.

Tax Oplrma H300peTeHa JieHIeHcKas OaHka (110 Ha3BaHHIO I. JlelieHa), a BCKOPE H IIePBHIH
ITPOCTEHIIHI KOHJAEHCATOP — OJHO M3 PACIPOCTPaHEHEHIIINX 3IEKTPOTEXHHYECKHX YCTPOMCTB.
OmelT [1. MrocxeHOpyKa ITPOH3BE] ITOJJIHHHYIO CeHCAIHIO He TOJIBKO CpeJH (PH3HKOB, HO H CpeJH
MHOT'MX JIFOOHTEJIEH, HHTEPECOBABIIIXCS SIEKTPHYECKHUMH OIBITaMH. Y Ke B 1746—1747 rr. 017

pas3padoTaHbI IIEPBEIE TEOPHH JIEHICHCKON OaHKH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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PHCYHOK 6. DnekTpocTrarmyecKas MalliHa boinoToBa

OIHHM M3 BaXHEHIIMX IIOCIEACTBHH H300peTeHHS IJEeHAeHCKON OaHKH SBHIIOCH
YCTAHOBJIEHHE BIIMSHHS SIEKTPHYECKHX PaspsSIoB Ha OpPraHH3M 4YeIOBEKa, YTO IIPHBEIIO K
3aPOXKIAECHHIO BJIEKTPOMEIHIIMHEL — 3TO OBIIO IIEPBOE CPABHHTEIBHO IIMHPOKOE ITPAKTHUYECKOE
IIPHMEHEHHE SIEKTPHYECTBA, CHITpaBllee OONBINYIO POJIb B VIIIYOIEHHH H3YUEHHSI
3IIEKTPHYECKHX SBIIEHHH. OJHHM H3 ITHOHEPOB B O0IIACTH 3IIEKTPOMEIHIIHHEI ORI H3BECTHBIIH
PYCCKHH Yy4eHBIH-3HIHKIIoNeaHcT AHApeH TumodeeBnuy bomorop (1738-1833 r1T.). B ero
couynHeHHH [10] moapoGHO ormicaHkl MHOTOYHCIIEHHBIE OIBITHI 10 JIeYeHHIO «Pa3HBIX 00JIe3HEH»
C IIOMOINBIO CO3JAaHHOH MM OPHIHHAIBLHOH H ITPOCTOH 3JIEKTPHYECKOH MAIIMHEL C JIEHIECHCKOH
OaHKOH (PHCYHOK 0) H pazHOOOpa3HBIX HHCTPYMEHTOB. UM Tak ke OBITH H300peTeHbI KOMITaKTHEIE
CKJIQJHBIE H JTOPOKHEIE MAIIIMHEL C JHAMETPOM CTEKIISIHHOrO Itapa 20 cM. B co3qaHHOH MM ITIEPBOH
B PoccHH cTalmioHapHOM 3MeKTpoiieueOHHIle Obllla OKa3aHa ITOMOIIE ThIcAYaM OOJBHBIX. A.T.
BonoroBemm ObInm HarmicaH «Kpatkidi snekTpudeckui nedyeOHHK» (1793 r.) n «McTtopHsa Moero
3JIEKTPH30BaHH I H BpaueBaHH S pa3HBIX O0Ie3HeH OHBIMY B TpeX ToMax (1792 1.).

OmeiT 11, MrocxeHOpyKa OBIT ITOBTOPEH B IIPHCYTCTBHH KOPOISA (ppaHITY3CKHM ab0aToM
Homme (1700-1770 rT.); oH oOpa3oBan 1eib 3 180 reapacHIleB, B3SIBIINXCSA 3a PYKH, ITPHYEM
TIEPBBIH JeprKail OaHKY B PYKE, a IOCIIEAHHI IIPHKAcaJICI K IIPOBOJIOKE, H3BIIEKAS HCKPY. Y aap
ITIOYYBCTBOBAJICS BCEMH B OIHH MOMEHT. OT 5TOH IIEMH COIAAT H IIPOH3OIIENI TEePMHH
«ITEKTPHYECKAS LIETIY.

[IoCTENTEHHO KOHCTPYKIIHS JeHJIeHCKOH OaHKH COBEPINEHCTBOBAIACH: BOJY 3aMEHIUIH
IpoOBIO, a 3aTeEM HapyKHaS IOBEPXHOCTH ITOKPEIBATIACh TOHKHMH CBHHIIOBBEIMH ITTITACTHHAMH, a
IIO3/IHEE BHYTPEHHIOIO H HApPYKHYIO ITOBEPXHOCTH CTaJH ITOKPHIBATh OJIOBSIHHOH (POJIBIOH, H

0aHKa IpHoOpena COBPEMEHHBIH BHI.
AOKYMEHT MNOArnnuCAH

SNEKTPOHHOM MOAMUCHIO it OBLIIO yCTaHOBIIEHO (B 1746 I. aHITTHYAHHHOM
CepTudmkat:, 12000002A633E3D113AD425FB50002000002A6 | 5 5
Bnapeneu: lWebayxoea TaTtbAaHa AnekcaHapoeHa [Ba, COOHPACMOE B DaHKE, IIPOIIOPHHOHAJIBHO

10 TOJIIHHE H3OJIAIHOHHOTO ci1od. B 70-X romax
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XVIII B. MeTalmmmyecKHe IIAaCTHHBI CTAIH Pa3IelIsars He CTEKIIOM, a BO3IVIIHEIM ITPOMEKYTKOM.
TaK MOSIBHIICS IIPOCTENIIIIT KOHAEHCATOP.

ONEKTPOCTaTHYECKHE MAIIMHEI M JIEHJAEHCKHE OaHKH HCIIOJb30BAIMCh MEJHKAMH B
pPasHBIX cTpaHax EBpoOITeI. Kak y:Ke OTMEYaIoCh, 3HAUYUTEIbHBIH BKIIA] B 3JIEKTPOMEIHIINHY OB
caenad B.B. IleTpoBbIM, KOTOPBI HCITOIB30BAN IS 3THX I[ETIEH HE TOIBKO 3JIEKTPOCTaTHUYECKHE
MAIIHHEI, HO KaK 3TO OYIET IIOKa3aHO B CIIEAVIOIIEH I'TIaBe, H AIeKTPOXUMIYECKHE HCTOUYHHKH, B
YAaCTHOCTH CO3JIaHHYIO HM «OIPOMHYIO HaHIIaye» ralbBaHHYECKYIO OaTapero 5, 11].

Ycerexu B 00acTH HMCCIEAOBAHMS 3IEKTPOCTATHYECKHX SBIEHHH M HX IPAKTHYECKOIO
ITPUMEHEHH SL, JOCTHTHYThIE K KOHITY X VIII cTOnmeTHS, ITOATrOTOBIIHM ITOYBY JJISI OTKPBITHS HOBEIX,
paHee HEe HM3BECTHBIX SBIIEHHH, CO3JAaHNS HCTOYHHKOB ITOCTOSIHHOTO 3IEKTPHYECKOrO TOKa H
H3YVYEHHS €I0 CBOHCTB. Bee 3TO IMPHBEIO K CTAHOBIIEHHIO H ITOCIEAVIONEMY OYPHOMY Pa3BHTHIO
3JIEKTPOTEXHHKI.

['OBOpss 0 BOBHHKHOBEHHH IIOHATHH «IIOTEHIHAID) («HAIIPSDKEHHE») H «EMKOCTBY,
HeOOXOAMMO OTMETHTh OOIBIIOH BKIIAJ BBIAAIOINETOCS HTAIIBIHCKOTO (H3HKa AJeccaHApo
Bompra (1745—-1827 rr.) [11]. Ero mo mpaBy MOKHO Ha3BaTh OCHOBATelIEM 3IeKTPHYECKOM
MeTpolorui. B psme cBoux pabor (1778—-1782 1T.) oH 4YeTkOo (POPMYIIHPYET KOJIHYECTBEHHBIE
3aBHCHMOCTH MeXAY SNMeKTPHYECKHM 3apsSaaoM, eMKOCTBIO M HaIlpsokeHmeM. «Korga eMKOCTh
OOJIBIIE, TO JJAHHOE KOIMYECTBO BIEKTPHYECTBA BRI3EIBAET MEHBIINEE HAIPSDKEHHE... EMKOCTh H
3IIEKTPHYECKOE JAEHCTBUE, WIH HAIPSDKEHHE, HAXOAATCS B 0OpaTHOM OTHOIIEHHHY. [IpHueM 1moj
TEPMHHOM «HAITPSDKEHHE» OH IMOHHMMAET MHTEHCHBHOCTh «HIIHM YCHWIHE, ITPOH3BOJIUMOE KaKI[OMH
TOYKOH HasrIeKTPH30BAaHHOTO Tena». A. BombTa cozman Oolee cOBeplIeHHBIE SIIEKTPO(OPHl H
3JIEKTPOCKOIIBL, B YACTHOCTH KOHJIEHCATOPHEIH 3JIEKTPOCKOIL.

CpeaH psia Te OpHH 3eKTpHUecTBa, paspadoraHHeIX B X VIII B., 3acimyKmBacT BHUMaHH A
TeopHsI IeTepOyprckoro akxajemuka JleoHapma Oiepa (1707-1783 r1T.) — OJIHOIO M3
BBIJIAFOIIMXCS VYEHBIX CBOero BpeMeHH. llomoGHo M.B. JlomoHocoBy JI. JHuep oTpHIan
CYIIECTBOBAHHE OCOOOH BIEKTPHYECKOH MAaTEepPHH M CUHMTAI, YTO BJIeKTPHUYECKHE SBIIECHIS
00YCIIOBJIEHBI pa3peKeHHEM H CTYII[eHHeM 3(Hpa. 5Ta TeOpHS SBJISETCS JabHEHIIIHM Pa3sBHTHEM
ugeit M.B. JlomoHOcOBa M NpHOMKaeTcI K 3(PHPHBEIM TeopHsIM 3HekTprHuecTBa XIX B. JI.
DHIepoM OITHCaHa Takke H OJHA M3 KOHCTPYKIHI 3JIeKTpocTaTHYeCKOH MammHEBI (1761 1.), oT
KOTOPOH 3apsrKanach JIEHJAeHCKasa OaHKa.

YrnyOineHHe HCCIeQOBaHHH B OO0AacTH CTAaTHYECKOI'O SIEKTPHYECTBA HE MOITIO HE
IIPHBECTH K OIIPOBEPKEHHIO PSfa OMMOOYHBIX BRIBOJOB, CAETAHHBIX (DH3HKAMH B HayallbHEIMH

AOYMERT HORIMGAH 1M H3 TaKHX OIIMMOOYHBIX BEIBOJIOB OBITIO, KaK
SNEKTPOHHOW NOANUCHIO | A >
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B koniie XVIII B. pamg eBpomnenCcKHX VUEHBIX, a Takke B.B. lleTpoB mpuHXomar K
3aKIIFOYEHHIO O TOM, YTO METANIBl MOI'YT OBITh HAa3IIEKTPH30BaHBI IIOCPEACTBOM TPEHHS IIPH
YCIIOBHH MX TINATEILHOM H30JIHH. Hanbosee yoeaurenbHO 310 OBLIO J0Ka3aHO B.B. [leTpoBrIM
B ero TpyZe, m3gaHHoM B 1804 r. [4, 10]. OH nokaszan, 4To 0coOeHHO 3(P(eKTHBHBIM CIIOCOOOM
3JIEKTPH3AIMH METAJVIOB SBJISETCS «CTEraHHE» MX BEIJEIAHHBIM MEXOM HEKOTOPHBIX KHBOTHBIX,
OH pa3palboTal pag HOBBIX METOJOB AIEKTPH3AIMH Pa3IMYHBIX TeJl, a TAKKe YCTAaHOBIII BIIMSHHE
BIIAKHOCTH OKPVXKaIOINET0 BO3AyXa Ha HHTEHCHBHOCTh 3IEKTPH3allMI. OTH BHIBOJIB B.B.
[IeTpoBa, a TaKKe €ro YKa3zaHHe Ha HEYCTOHUYHBOCTD SBIIEHHS 3JIEKTPH3AIIHH TEN ITOATBEP A EHBI
COBPEMEHHBIMH HCCIEIOBAHSMI.

3aciy’KHBaeT BHHMaHHA YyrBep:xkacHHe B.B. IleTpoBa 0 BO3MOMKHOCTH 3JIeKTPH3AI[MII
YeJIOBEYECKOr0 Tela IIOCPeACTBOM «CTETaHH). OTO IMO3BOJIIIO BpadyaM (OH MOJYEPKHBAET STO B
CBOEM TpVZe) NPHMEHSATh SIIeKTpojiedeHHe Oe3 YCTaHOBKH BIEKTPOCTATHUECKOH MAIIHHEI,
KOTOPYIO HE BCAKHII MEIHK MOT HMETh B CBOEM PaCIIOPSDKEHHI.

PesynpTaThl OIBITOB II0 3IEKTPH3AIl[MH TKaHEH, OCVYIIECTBIEHHBIX B.B. IleTpoBriM,
IIPHBENH €TI0 K CO3JaHHIO 3JIeKTpo(dopa OPHTHHAILHOH KOHCTPYKIIHH, B KOTOPOM OCHOBAHHE H3
CMOJIBI OBIIIO 3aMEHEHO TINATEILHO IIPOCYIIIEHHOH «MSATKOH OalKOM», CIIOKEHHOH B UETHIPE CIIOS.
YUYEeHBIH IIPOBET IIEIVIO CEPHIO HOBBIX SKCIIEPHMEHTOB II0 3JIEKTPH3AI[HH PTYTH H APYTHX
BEIIECTB IIOCPEACTBOM TPSICEHHS HX B CTEKIISIHHBIX COCYIaX.

B.B. IleTpoB criemaabHO H3yYall SBIEHHSI CTaTHYECKOIO JIEKTPHYECTBA B Pa3peKeHHOM
BO3AYyXe H arMocdepe Ppa3lHYHBIX Ta30B. C 5STOH I[EbI0 OH IIOCTPONII COBEPHIEHHO
OPHTHHAIIBHYIO SIIEKTPOCTAaTHYECKYIO MAIIHHY (PHCYHOK 8), ITOMEINABIIYEOCS IT0J KOJIOKOIOM
BO3YIIHOIO HACOCA. Y CTAHOBJIEHHBIH TaM K& TEPMOMETP ITO3BOJISI HCCIIeJOBATh AIIEKTPHYECKHE
paspsabl IPH Pa3HEIX TEMIIEpaTypax.

B uactHoctH, B.B. IleTpoB yOeIUTENBLHO IIOATBEPIHII BO3pacTaHHE 3SIEKTPHYECKOH
ITPOBOANMOCTH BO3AyXa IIPH €ro HarpeBaHHH, OOHapyKHiI o0pa3oBaHHE OKCHIOB a30Ta IIPH
3IIEKTPHYECKHX paspsmax B BO3IYXE.

B mocnemHen derBepru XVIII B. HaumHaer Bce Oojiee ITPOSBIATBCS HOBBIH 00pas
MBIIIITIEHHS YUEHBIX, HCCIIEAVIOIMX ATIeKTPHUYECKHE H MarHHTHEIE SBJIeHHS. CHelaHHBIe eIle B
40-50-x romax M.B. JlomoHOCOBEIM H ['.B. PHxXmMaHOM TIepBBRI€ Iark OT KayeCTBEHHBIX
HaOMIOAEHNH K YCTAHOBJIEHHIO KOIMYECTBEHHBIX 3aKOHOMEPHOCTEH BBI3HEIBAIOT BCE OOJIBIIIMIL
HHTEpeC. BO3MOKHOCTE Iepexojila K KOJIHMYECTBEHHBIM HCCIIEAOBAaHHSIM OOYCIIOBINBAIACh KakK

YCIIEXAMI MATCMATHKH, TdK H COBEPHICHCTBOBAHHEM H3MCPHTCIIbHBIX }*'CTpGﬁCTE.
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PucyHoOK 7. DneKrpocrarHyeckas MamuHa IletpoBa

Kak vyxe orMmeyarmock, @. OIMHYC IIBITAICS aHATIUTHYECKH OIIPEAEINTh CHILY
B3aHMOJICHCTBHA NEKTPHYECKHX 3apsaoB. Benea 3a HUM aHTTIHIICKHH YVUeHBIH [ eHpH KaeHuImn
(1731-1810 rT.) B cBoek craThe (1771 I.) yKa3pIBal Ha TO, YTO IIPHTSDKEHHE JBYX AMEKTPHYECKHX
3apsAoB OOparTHO ITPOIIOPIIHOHAIBHO PACCTOSHHIO B CTEIIEHH MEHBINE TpeTheH. B 17606 T.
aHrmHyaHuH T. JlelH H300pen HOBBIH THIT ANIEKTPOMETPA, IIPEACTABIISBIIETO COO0OH Pa3psIHHK C
IPagyHPOBAHHEM PACCTOSHHSA MeKIY 3JIEKTpogaMi. C ITOMOIIBIO TAKOT'O AIEKTPOMETPa MOIKHO
OBIIIO II0 PACCTOSHHIO, IIPH KOTOPOM IIPOHCXOMINI ITPOOOHM, OIPENENSTh HaIPsSTKEHHE
AIEKTPOCTaTHYECKOH MAIMHEBL. M3BECTHBI TaKKe ITOIBITKH (DH3HKOB HAaHTH 3aKOH MarHHTHOTIO
JIeHCTBHSL

BaXHEHIIIMM IIIarOM B PasBHTHH KOIMHYECTBEHHBIX HCCIIEHOBAHHH SIIEKTPHYECKHX H
MarHHTHBIX SBJIEHIII OBIJIO YCTAHOBJIEHHE 3aKOHA O CHJIE B3aMMOIEHCTBHA MEXIY
HA3IEKTPH30BAHHEIMIA TEIAaMH M MAarHHTHBIMH ITIOJTFOCAMH. OTHMH BOIIPOCAMH 3aHHMAJINICh
MHOrHe yueHble (. OrmmHyc, I'. KaBeHauIm u ap.), BBICKA3aBIIHE ITPEAIIONIOKEHHE O «3aKOHE
OOpAaTHEIX KBAPAaTOBY.

Ho HanOompHIHX YCIIEXOB CyMel JOCTHYL (PpaHITY3CKHI BOEHHBIH HHKeHep IIlapib
OrtocteH Kymon (1736-1806 rT.). B TeueHHe HECKONTBKHX JeT OH ITPOBOIHII SKCIIEPHMEHTEI C
ITOMOIIBIO ITPHOOPA, KOTOPRIH BHaUasle ObLI IIpeJHa3HAYEH JJI H3VUECHH I 3AKOHOB 3aKPYUHBAHN
IIIEJIKOBEIX M BOJIOCSAHBIX HHUTEH, a TaKXKe MeTaUIMYeCKHX IpoBoJIoK. B 1785 r. 1. Kyon
YCTAHOBWI, 4YTO «CHJIAa KPYYEHHS TIIPOIOPIMOHAIbLHA VITIY 3aKkpyyuBaHHS». OH PEImI
HCIIOJIb30BATh 3TOT ITPHOOP I H3MEPEHH S «MAJIBIX 3JIEKTPHYECKHX H MAarHUTHEIX CHID». [IpHbop

ITO3BOJIII H3MEPATD «MelbYaHIlHe CTEIleHH CHIIBI»., H L. K}*’HDH Ha3B4dJI €I'0 «KPYTHIIBHBIMH

RECANMITY

[NOKYMEHT NOAMNMCAH
SNEKTPOHHOW MNOANVCHIO <CIIEPHMEHTOB OH VCTAHOBWI, 4YTO CHIIA
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; 1), Webayxoea faybana AnercarapopHa DIIOPIHOHAIIbHA «KOIMYECTBY SJIEKTPHYECTBA
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(3TOT TepMHH OBIIT HM BIIEPBEIE BBEJCH B HAYKY) 3aPpsDKEHHBIX Tell H 00paTHO ITPOITOPIIHOHAIEHA
KBaJpaTy PacCTOSHHSI MEXIY HUMH. [IpH 3TOM B 1H000H TOUYKE ITOBEPXHOCTH CHJIA HaIlpaBJIEHa
TEPIIEHANKYILIPHO K 3TOH ITOBEPXHOCTH. Tak ObuT OTKPHEIT III. KyIIOHOM 3HAMEHMTEIN 3aKOH,
HOCSIIHI €ro MM OTOT 3akoH L. KyIIOH pacmpocTpaHHiI H HAa B3aHMOJEHCTBHE MarHHTHBIX
ITOJIFOCOB.

[II. KyIoH aHaMTHYeCKH M 5SKCIIEPHMEHTAILHO JOKaszal, 4YTO HSIeKTPHYECTBO
PAcCIIPOCTPAHSETCA IO TTOBEPXHOCTH ITPOBOMHHKA, a TaKKEe PABHOMEPHO PACIIPEIEIISIETCS II0
TIOBEPXHOCTH H30IHPOBAaHHOMH ITpoBo e ceprl. Mcenemoranmsa I11. KymoHa crmocoOCTBOBAIIH
IIPUMEHEHHIO MAaTeMaTHYECKOIO0 aHajM3a B TEOPHMH SJIeKTpHYecTBa H  MarHeTH3Ma,
pacIIpoCTpaHeHHIO MaTeMaTHIeCKOr O ITIOHITHS IOTeHIHalla (paHee BBeJEeHHOIO B MEXaHHKY) Ha

IJNIEKTPHYCCKOC H MAI'HHTHOC ITOJIA.

K OHMPOJIbHbBIE 601POCHL.

l. Kakyro poJis U1 YeIOBEKA CRITPAIo H300peTeEHHE IEHAEHCKON OaHKH?

2 KTO OTKPBII SBJIEHHE 3IEKTPOCTATHYECKOHN HHIYKIIHH ?

3 H300perenns Ilerpora B.B.

4. Kax OBLIT OTKPBIT 3aKOH KyimoHa?

5 IIOArOTOBHTE IIPE3€HTAIMOHHELIE IIPOEKTHI Ha TeMy. [IPOBO3BECTHHK SITOXH
slIeKTpHYecTBa AlleccaHapo Borbra. Bergaronmiecsa oTKpeITHS A. BoinsTel. Co3gaHHe «BOIIBTOBA
cronbay». KH3HP H Hay4YHBIE HCCIIEJOBAaHHS akajJeMHKa Bacwinnga llerpoa. JKH3HE H HaydHBIE

HceenegoBanus LI, KymnoHa.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO
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Ipaxkmuueckasa padoma Ne3. /KuzHe 1 Hayunste uccinedosarus JIyuosxcu I anvearil
Hayunetit nooeuz Maiikna @apadesn. M. @apadeit — 0CHO60NO0JI0HCHUK Meopul

HEKMPOMACHUMHOZ0 ROJIA.

HEJII’:.' I/IB}"IEHIIE HCTOPHIT PA3BHTHA 3JIICKTPOTCXHHKI H 3JICKTPOSHCPI'CTHKH, 3dKOHBI

IJICKTPOTCXHIIKH H (bﬂphﬂ[pﬂEﬂHHE €€ HaYUHbIX OCHOB.

OcHO6bl meopuu:

B TeyeHHe MHOIHMX CTOJETHH BIUIOTH O IocieaHen deTBeprH XVIII B. yueHBIM OBIIH
H3BECTHBI TOIIBLKO SIBIIEHHS CTATHYECKOI'O 3IEKTpHUYeCTBA. [IpoMBINIIIEHHEIH TTepeBOpoT B X VIII
B. Jall MOIIHBIH TOMYOK Pa3BUTHIO Pa3IMYHBIX OTpacliell HayKH, B TOM YHCIIE HAayKH OO0
3IIEKTPHYECTBE. B H3YUEHHH 3IeKTPHYECKHX SBIEHHH OBIITH JOCTHTHYTEI OITpeIelIeHHbIE YCIIEXH,
HMH HAaYHHAIOT Bce Oojiee HHTEPECOBAThCSA He TOIBKO (DH3HKH, HO H €CTECTBOHCIIBITATEIIH, B
OCOOEHHOCTH BPauH, ITLITABIIHECS IIPHMEHATh 3IIEKTPHYECTBO JUIS JT1e4eOHBIX I[ETIEH.

OTAelbHBIE VUYeHBIE BBICKA3bIBAIM IIPEATIONOKEHHMS, YTO €CIIH «BCS IIPHpPOJa
AJIeKTPHYECKas», TO H B OpraHH3Max 4YeloBeKa H KHBOTHBIX IO JKIJIaM H MYCKVIIaM JOJIKHA
ITPOTEKATh 3Ta TAMHCTBEHHAS MaTepHsa. OIHHM H3 ITIOATBEPKICHHI YKAa3aHHBIX BO33PEHNI OBIIIH
3IIEKTPHYECKHE PHIOBI, H3BECTHEIE EII[e C APEBHUX BpeMeH. T aK BO3HHKIIO IIpeICTaBIEHHE O HOBOM
BHJIE 3MIEKTPHYECTBA, HA3BAHHOM «KHBOTHBIM).

HMccnegoranneM MBIIIEYHBIX JBHKEHHH JISTVIIEK 3aHSICS ITpoeccop aHATOMHH
Bononckoro yuuBepcutera JIyumku ['anpBanu (1737—1798). IlepBrie 311eKTpOPpH3HOIIOTHIECKHE
orbeITH JI. I'ampBaHm Haxg jaarymkamMu oTHocsarcd K 1770 r. Crryersa 11 j1eT oH onyOimMKoBaml
PEe3VIIbTAThl CBOMX HMCCIEIOBAHHH B 3HAMEHHTOM «TpakraTe O CHJIAX SIEKTPHYECTBA IIPH
MBIIIIEYHOM ABHKEHHID), IIOIYUHBIIIEM IIIHPOKYIO H3BECTHOCTD.

Bo BpeM$ OTHOT' O M3 BKCIIEPHMEHTOB, KOI'[a IIpelapHpOBaHHas JIATYIIKA JIeXalla Ha CTOJIE,
Ha KOTOPOM HaXOJMJIACh 3MIEKTpOocTaTHYecKasd MalnuHa, JI. ['aapBaHM 3aMEeTIUI, YTO €CIH
IIPHKOCHYTHCS CKajbIleneM (IIH JOOBIM ITPOBOJHHKOM) K OeJpeHHOMY HEPBY JIATYIIKH B
MOMEHT, KOI'Jla M3 KOHAYKTOPa MAIlMHEI H3BJIEKAETCA HCKpPa, TO MBIIIIEI JITYIIKH CYI0OPOKHO
COKpaIrmarorcsa. JIormuyHo OBIIO IPeAIIONOKHTh, YTO H aTMOC(EPHOE ASIEKTPHUYECTBO JOIDKHO
IEeHCTBOBATh aHAIIOTMYHO. M MeHCTBUTENBHO, IIPH BO3ZHHKHOBEHHH MOIHHH MBIIIIIBL JISTYIIIKH
COKpaIaancek. JKenass BRISSCHHUTH, KaKHe SBJIEHHS Oyayr HaONMOmaTrhCs IIPH SICHOH Iorojme, JI.

['albBaHM TIPHKPENINT MeIHBIH KPIOUOK K JKEIe3HBIM IlepHiaM OankoHa. lIprokmmass gpyron
NOKYMEHT MOANMWUCAH

SNEKTPOHHOWM MOANUCHIO COKPAIICHHC MBI JIATYIIIKI. HG,I[GBPEE&H, HTO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6 | - -
Bnapenel: (Lle6ayxoBa TaTbsiHa AnekcaHapoeHa Y, OH IIOBTOPHII SKCIICPHMCHT B CBOCH JOMAIITHCH

TYIIKY Ha METaJUIHYeCKYH0 OOIIMBKY CTOJIa H
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ITPHKAB MEIHEIH KPIOUOK, MIPOAETRIN Yepes CITHHON MO3T JISTVIIKH, K CTOTY, OH CHOBA YBUEI
CUIIPHBIE COKpAIEHMS MBI JISCYINKH. OJHAKO II0CIHe 3aMEHBl OIHOI0 H3 METaUIOB
HEIIPOBOJHNKOM MBIIIIEYHBIX COKPAINEHHH Y JISTYIIKH He IMPOHCcXo 0. Ho cokparteHnsa Oblm
«IHEPTHYHEE H IIPOJOJIKHTEIIPHEESY, €CIHM JISATYIIKA JeKala He Ha JKelle3HOM IIHMCTE, a Ha
cepeOpsHOH ImiacTuHe. JI. l'anpBaHM chemnan IIPaBWIbHOE IIPEMIIONOKEHHE O TOM, 4YTO
COKpAII[EHHE MBIIIII] BBI3BIBAECTCS IEHCTBHEM BIIEKTPHYECKHX CIII, YTO MBIIII{EI H HEPBBEI 0Opa3yroT
KakK Obl JBEe OOKIIAJKH JIEHAEHCKOH OaHKH. Bce 3T0 cosgaBano IIOYBY IS IIPEACTABJIEHHI O
CYIIECTBOBAHUH OCOOOro — «(KHMBOTHOIO» — 3IEKTPHYECTBA, TAKYIO MBICIIbL H BBICKa3zaim JI.
["ampBaHu 4719 00BSICHEHH HaOMIOMAaBIINXCSI HM (PaKTOB. 3TOMY IpeoaokeHHio JI. ['anpBaHH
NIpHAaI (pOpMYy TEOPHH, HIIOKEHHOH B YIIOMSHYTOM «1pakTare O CHIax 3IIeKTpPHYeCcTBa ITPH
MBIIIIEYHOM JIBIDKEHHH». TEeJI0 »KHBOTHOIO SBIISUIOCH, COrJIacHO BarmsmaM JI. [NameBani,
CBOcOOpasHOH JIeHAEHCKON OaHKOM, CIIOCOOHOH Ha HEeIPEPBIBHOE ITIOBTOPHOE AEHCTBHE. OIIBITEI
JI. I'ampBaHM BRI3BAIIM OONBINOH HHTepec. CpelH (pH3HOJIOIOB cTajla elle OOoJbINe, YeM paHee,
YKPEIUISAThCS MBICIIB 00 AIEKTPHYECTBE KaK YIHBHTEIFHOM HOBOM CPEACTBE JJIA HCIEeHHA. UTO
KacaeTcs (DH3HKOB, TO HX B3TTISJIBI Ha SBJIeHHS, HaOmoogapnmecs JI. I'anpBaHH, pa3onurick. OgHH
cormammaymice ¢ JI l'apbBaHM W CUMTAIM, 4YTO «TaJlbBaHHYECKOE), HIIM (KHBOTHOEY,
3JIEKTPHYECTBO HMMEET COBEPIIEHHO HHVIO ITPHPOAY, YeM 3MEKTPHYECTBO TPEHHSI, IPVIHE
OTOXIECTBILUIH 00a BHA AIIEKTPHYECTBA, HAKOHEL[, TPETHS IPYIINa (DH3HKOB BOOOIIE OCITapHBalla
CYILECTBOBAHHE «KHBOTHOIO» 3IEKTPHUYECTBA.

M. @apaeH Takxe BRICTYIIA IIPOTHB KOHTAKTHOH TEOPHH 3IEKTPHYECTBA, VKa3bIBAs, UTO
HET TAaKOIO CIIy4asl, Jake ITPH yapax SIeKTPHYECKOro VIpPS M CKaTa, KOrja SIeKTPHYECTBO
ITOJIYYAIIOCH OBI O€3 3aTPaThl KaKOro-IMO0 APYroro BHAa SHEPIHH.

MHOTOUYHCIIEHHBIE OIIBITEI II0 3MEKTPOIIH3Y Pa3IHYHBIX KHIKOCTEH BCKOPE IIPHBEIHN K
HEOOXOMHUMOCTH OOBSICHEHH I MEXaHH3Ma 3IIEKTPOJIM3a, BEI3BAIIN ITOTPEOHOCTH B TEOPETHUECKHX
OOOCHOBAHMSIX IIPOMCXOMJAINMX SBIIEHHH. TEOpHH 3IeKTPOolm3a OBUIM TPEUIOKEHBl PSIOM
YUEHBIX, HO HanOonee IIPHOIMKEHHOH K COBPEMEHHBIM BO33PEHHSIM Ha IIPOIECCH AIIEKTPOIIH3a
SIBHIIACh TEeOPHS BIeKTPOIIH3a IMTOBCKOro nmpodeccopa Teomgopa I'porryca (1785—-1822), koTopas
OBlLIIa, II0 CYIIECTRY, IIEPBOH HOHHOH TEOPHEH MEKTPOINHTHUECKIX SBiIeHII. 1. I porrye B 1805
T'. olryormkoBan «Memyap O pasiIoKEHHHN ITPH ITOMOIIH TaJIbBAHHYECKOI O SIIEKTPHYECTBA BOJIBI, a
TaKKe PacTBOPEHHBIX B HeH Temn. Teopus T. I'porryca Oplna repegoBOH U1 CBOETO BPEMEHH,
OHa IIpoJeprkalack B Hayke Ooiee 70 Imer, YCTVIIHB MECTO TEOPHH 3IEKTPOIHTHYECKON
nHcconHaiy. M3BecTHBIe 3aKOHBI AIeKTPoiIH3a ObIH copmynupoBaHsl M. Dapajgeem B 1833—

NOKYMEHT NOLMUCAH
SNEKTPOHHON noanuchIo IICKTPOA»., «aHO?», «KATO/D).
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BOJBIIION BKIAM B COBPEMEHHVIO SNEKTPOTEXHHKY BHEC AHTTIMICKIG VYEHBIH MalKi
Dapajgen, TpPyIel KOTOPOro, B CBOIO OYEPEdb, OBIINM ITOJATOTOBIIEHEI IIPEIIIIECTBOBABRIIIIMU
padoTaMH IT0 H3YUEHHIO 3IIEKT PHYECKHX M MAarHHUTHBIX SBIICHHI.

EcTh HEYTo CHMBOJIHYECKOE B TOM, 4TO B roj poxaeHHsa M. ®apazges (1791) Owin
ONMyOJIMKOBaH TpakTar JIyHkH ["alIbBaHH ¢ IIEPBBIM OIHCAHHEM HOBOI'O (DH3HYECKOIO SIBIEHHS —
SJIEKTPHYECKOTO TOKa, a B IoJl ero cMeprH (1867) Oblna m300peTeHa JHHAMO-MAalllHHA —
CaMOBO30YKIAFOIIHIICS I'EHEPATOP MTOCTOSHHOI'O TOKA, T. €. IIOSBIICS HAJASKHBI, SKOHOMNYHBII
H YIOOHBIHN B DKCIUTYaTal[MH HCTOYHHK 3IEKTPHYECKOH SHEPIHH. JKH3HD BEIIHKOIO YYEHOTO H €T0
YHUKAJIbHAS I10 METOJAM, COAEPKAHHIO H 3HAYEHHIO JESITEILHOCTh HE TOJIBKO OTKPHIIM HOBBIM
pasfen (PH3HKH, HO H CBHIIPalH PEIIAONIYI0 POIb B POKIAEHHH HOBBIX OTpaciiel TeXHHKH —
3JIEKTPO- H PATHOTEXHUKH.

Bor yke Oomee Beka MHOTHE ITOKOJIEHHS VYaIlHXCS Ha YpokKaxX (QH3HKH H H3
MHOT'OYHCIIEHHBIX KHHUT Y3HAIOT HCTOPHIO 3aMEYATEIIHON KH3HH OJJHOI'O M3 CaMBbIX 3HAMEHH THIX
VUEHBIX, WIeHa 08 HayYHBIX OOIECTB H akageMHI. OObIYHO UM M. Dapajies CBA3BIBAIOT C CAMBIM
3HAUUTEIILHEIM H TTOTOMY HAaHOOIee H3BECTHBIM OTKPHITHEM — SBJIEHHEM 3IIEKTPOMArHHTHOM
HHAVKIMH, cacnaHHbeIM M B 1831 r. Ho eme 3a roxg mgo sroro, B 1830 r., 3a HCCIIEOBAaHHS B
obOmacTH XHMHH M 3IeKTpoMmarHeTHsMa M. @apazgerd Opll H30paH IMOYETHHIM WIEHOM
IleTepOyprckon akaeMHH HayK, 4WIEHOM Ke JIOHJIOHCKOIO KOPOJEBCKOro OOIIecTBa
(bpuraHckoH akajJeMHH HaykK) OoH ObLI H30paH eme B 1824 r. C 1816 r. (Korma yBHJIENIa CBET
nepBast HayyHas padota M. QDapajess, ITOCBSIeHHAsI XHMHYECKOMY aHAIN3y TOCKAHCKOH H3BECTH)
mo 1831 r. (korma cram ITyOIHKOBATBbCSI €r0 3HAMEHHTBIH HAyyHBIH  JHEBHHK
« OKCIIepHMEHTalIbHbIe HCCIIEOBAHHS IO 3IeKTpHYecTBY») M. DapageeM OBIIO OITYOJIMKOBAHO

CBEIIIE 00 HAYUHEIX TPYIOB.

K OHMPOJIbHbBIE 601NPOCHL.

l. KTo wmn300pen mepBBIl IpocTeHInHii TpaHcpopMmaTop? Ero KOHCTPYKIHSA H
Ha3HaUEcHHE.

2. KakrM oOpa3oM Iepegaranach 3IeKTPO3HEPrud Ha OOIBIIHE PACCTOSHII!

3. OcHOBHBIE OIBITEI M. Dapajges IpHBeAUIX K OTKPBITHIO 3IEKTPOMArHHTHOH
HHTYKIHH.

4. [IOArOTOBHTH IIPE3€HTAI[HOHHBIE IIPOEKTHI Ha TeMy. JKH3HP H Hay4YHBIE

HecenegoBanus Jlyupkn ['anmeBann. Hayudein mogsur Marikima @apages. M. @apajgen —

AOKYMEHT [IOAMACAH lorst
SNEKTPOHHOW MOAMUCHIO o
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

26



Ipakmuueckaa paboma Ned. /Kusne u Hayurste uccineoosarnus I. C. Ipcmeoa.
Ocroseamens 3iekmpoounHamuxku Anope Mapu Amnep. A. Amnep: nyms 6 Hayky. I'eope Om:

yepes mepHuu K ciase. Om. 3axkon Oma.

HEJII’:.' I/IB}"IEHIIE HCTOPHIT PA3BHTHA 3IICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

IJICKTPOTCXHIIKH H (bﬂphﬂ[pﬂEﬂHHE €€ HaYUHbIX OCHOB.

OcHo6bl meopuiL:

[IepBEIM VUEHBIM, VOEAHTEIBHO IIOKA3aBIINM CBSA3b MEXKAY SIEKTPHYECTBOM H
MarHeTusmoM, OblI I'. X, Opcren. XOTs, KaK yKe OTMEYAlIOCh, 3HAUHTEIIBHO PaHee 3TV CBS3b
o6Hapyxun J[. Pomansosu [10, 11]. I'. X. DOpcren, Oyaydu JOKTOPOM (pHIIOCO]HH, pa3MBIIIISII O
B3aHMOJIEHCTBHH Pa3/IMYHBIX (DPH3HYeCKHX SBIIEHHI, ITPHINEN K BRIBOAY O TOM, YTO JOJIKHA OBIThH
b MEKIY TEIUIOTOH, CBETOM, MarHEeTH3MOM H MIEKTpHYeCcTBOM. EIrle B 1812 I. B OJHOM H3 CBOMX
TpymoB I'. X. OJOpcTel BBICKA3BIBAIl IIPEAIIONIOKEHHE O CBSI3H MEXKIY SIEKTPHUSCKHMH I
MarHHUTHBIMH SBIIeHHSMH. «CleayeT HCIIPOOOBaTh, HE IMPOM3BEAET JIH 3IeKTPHYECTBO B CBOEH
CaMOH CKPBITOH CTaIHH KaKHX-THOO AeHCTBHI Ha MarHHT KaK TakKOBOH». llo3gHee, Korjga BoO
BPeMS €r0 JIEKIHH CTYAeHTaM KoIleHrareHCKoro YHHBEpCHTETa OH JAEeMOHCTPHPOBAIl Har peBaHHE
ITPOBOJIOKH SJIEKTPHUYECKHM TOKOM H CTpPellKa KoMIlaca, CIYYaiHO HaXOJHBIIETOCS PSIOM,
OTKIIOHIIACK, I'. X. Dpcren yOeawics B CIIPABEAIIMBOCTH CBOEH JaBHEH JTOraIKH.

B 1820 r. 1mocie JOIMOIMHHTEIBHBIX HSKCIepuMeHTOB ['. X. Opcren omyOInHKOBAlI
pe3yIbTaThl CBOMX HAOMIOAEHHH 3a ASHCTBHSAMH TOKAa HAa MAarHHTHVIO CTPEJIKY, BHI3BABIIIHE
OOJIBINON HMHTEpPEC CPeaH YYEHBIX PasHBIX CTPaH H IIONYYHBIIHE B HX TpPydaX JaJbHEHIIEe
Pa3sBHUTHE.

B 1820 r. mHememxmii ¢muk Horan X C. IIeeiirrep (1779-1857) mnpenmoximn
HCIIOJIb30BaTh OTKIIOHEHHE MAarHUTHOH CTPENKH 3IEKTPHYECKHM TOKOM JUIS CO3JaHHS IIEPBOrO
H3MEPHTEIILHOIO IpuHOOpa — HMHAHKATOpa TOKa. Ero mpubOop, IONYYMBIIHMHA Ha3BaHHE
«MYILTHIDIHKaTOpa» (T. €. YMHOXAIOIIEero) TIIPeAcTaBIsTI cO00H MAarHHTHYIO CTPEJIKY,
TIOMEIIEHHYIO BHYTPH PaMKH, COCTOSIIEH H3 HECKOJILKIX BHTKOB ITPOBOIOKH [10].

OIHAKO BCJIeACTBHE BIMSAHHSI 3EMHOIO MarHeTH3Ma Ha MAarHHTHYIO CTPEJIKY
MVIBTHIUIMKATOPa €0 MOKa3aHM I ObIIIM HETOYHBEIMH. A. Amriep B 1821 r. rokasana BO3MOKHOCTE
YCTPAHEHHS BIMSHH S 36 MHOI'O MarHETH3Ma C ITOMOIIBIO aCTaTHYECKOH TTaphl, MPeACTaBILIIONEH

coOOH [JgBe MarHHTHBIE CTPCJIKH, VYKPCIIJICHHBIC Ha o0IlleH MeITHOH OCH H PacCITIOJIOKCEHHBIC

an%%ﬁgﬁnggﬁ%”ﬂ%aiim B IIPOTHBOIIOIOKHBEIE CTOPOHEI. B 1825 T.

Ceptucbpkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu. Webayxoea TatedAHa AneKcaHgpoBHa
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Iapy ¢ MYIBTHIUIHKATOPOM H IIOCTPOHII TaKHMM oO0Opa3zoM 0Oollee UYBCTBHTEILHEIH TIPHOOP —
Ipoo0pas raJlbBaHOMETPA.

B 1820 r. JI. ®. Aparo oOHapyXHJI HOBOE€ SBJIEHHE — HaMarHHYHBAaHHE ITPOBOIHHKA
ITPOTEKAFOIIMM 110 HEMY TOKOM. ECIIM MeJHas IMPOBOJIOKA, COSMHEHHAS C ITOIFOCAaMH BOJIBTOBA
cTonba, IOrpykaaack B KeJIe3HbIe OIJIKH, TO IOCIeJHHE PAaBHOMEPHO K HEH ITPIIIHITAIIN, IIPH
BREIKIIFOUEHHH TOKa OImikH magamd. Korga JI. . Aparo Opan BMECTO METHOH ITPOBOJIOKH
KEeJIe3HYIO (H3 MATKOIO JKeJe3a), TO OHa BpEMEHHO HaMarHHYHBAJIAch, KyCO4YeK CTallH IIPH TaKOM
HaMarHHYNBAHHH CTAHOBHJICSA ITOCTOSHHBIM MarHUTOM. llo pexomMeHpmarmm A. Ammepa [[. ©.
Aparo 3aMeHII IIPSMOIIMHEHHYIO IIPOBOJIOKY IIPOBOJIOYHOHW CIMpalblo, IIPH STOM
HaMarHH4YHBaHHE MIOJIKHM, ITOMEINEHHOH BHYTPH CIMPAIH, YCHIHBAJIOCh. Tak ORI CO3HaH
coreHoH . O1bITE J[. @. Aparo nepBeIMH VKa3ajIH Ha 3IEKTPHYECKYIO IIPHPOAY MarHeTH3Ma H
ITOKa3allH BO3MOKHOCTh HAMAarHHYHBAHHS CTAJIH SIIEKTPHYECKHM TOKOM [ 11].

B mporecce ceoux HceenegoaHuil . . Aparo B 1824 r. oOHapyXHII eIle OJHO HOBOE
SIBIIEHHE, Ha3BAHHOE MM (MAarHETH3MOM BpAIlEHHSD), IIPAaBHIIbHOE OOBSCHEHHE UYEro, KakK OVIEeT
ITOKa3aHo Jgaree, ObUIo JaHo M. DapajieeM TOIBKO ITOCIIE OTKPBITHA SIBIEHHS SIIeKTPOMArHH THOH
HHTYKIHH.

HOBBIM 111aroM OT KaueCTBEHHBIX HAOIIOACHMI JeHCTBHA TOKA Ha MarHHUT K OIPEIEIIEHHIO
KOIIHYECTBEHHEIX 3aBHCHMOCTEH SBHIIOCH YCTAHOBJIEHHE (PpaHIY3CKHMH VY4YeHBIMH JKaHOM
Batucrom bmo (1774-1862) m ®emukcom CaBapom (1791-1841) 3axoHa AeHCTBHS TOKa Ha
MarHur. IIpoBeas psg SKCIIEpHMEHTOB, OHH B 1820 TI. YCTAaHOBWIH CIEAVIOIIEE. ECIH
HEOr'PaHHYEHHOH JJIMHEI ITPOBOJI C IIPOXOASINMHM IT0 HEMY TOKOM JEHCTBYET Ha YAaCTHILY
CEBEPHOI'0 MM IOKHOT'O MarHeTH3Ma, HaXOISIIYIOCS Ha H3BECTHOM PACCTOSHHH OT CEPeIHHBI
IIPOBOZIa, TO PaABHOJECHCTIBYIOIASI BCEX CIJI, HCXOMSIIMX M3 IIPOBOJA, HaIlpaBIIEHa
IEPIIEHANKYIIAPHO K KpaTyaHIIEMYy PAacCTOSHHIO YacTHIBI OT IPoBOJa M OOINee IAEHCTBHE
ITPOBOJIA Ha JIFOOOH, FOKHBIH WIH CEBEPHBIN, MAarHUTHEIA 3JIEMEHT OOpaTHO ITPOITOPI[HOHAIBHO
PACCTOSHHIO OT IOCIEMHETO J0 ITpoBoaa. OOHaApYKEHHEe TaHTeHI[HATIbHOH COCTABIISIOINEH CHIIBI
ITO3BOJIUIO OOBSICHUTE BpallaTeIIbHEIN XapaKTep ABHKEHHS IIPOBOAHNKA OTHOCHTEIbHO MarHHTa.

Opanrry3ckiii yueHslil IIbep Cumon Jlammac (1749—1827) mokaszan BITIOCIENCTBHH, YTO
CHIIa JEHCTBHS, co3gaBacMasi HEOOJIBIIIMM YYaCcTKOM IIPOBOJHHKA, H3MEHSETCS OOpaTHO
ITPOMOPITHOHAIILHO KBAAPATy PacCTOSHISL

BaxHerIee HaydyHOe H METOJOIIOTHYECKOe 3HAUeHHE B PACIIHPEHHH HCCIEIOBAHH

HOBBIX SIBJIEHHH HMEIH TPYAbl OJHOIO M3 KPYIHEHITHX (PPaHIY3CKHX YueHbIX AHape Mapu

SNEKTPOHHOW NOAMUCHIO KIPOAL '
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

10BCHHO OJ4apC€HHBIM OT IIPHPOAbI HCIIOBCKOM.
Bnapeneu: lebayxoea TaTesaHa AnekcaHgpoeHa

O 34aHHMAJICH (b}q{l[ﬁIvIEHTﬂHLHBIMI HAYYHBIMI

28

Nencreutened: ¢ 20.08.2021 no 20.08.2022



HCCIIEOBAHISIMI H BHeC HEMEPKHVIIHMI BKIIaJ B COKPOBHIIHHIIY MHPOBOH IMBIUIH3AIHH. Ero
HCCIIENOBAHMS B OOIMacTH 3JIeKTPOMAarHeTH3Ma OTKPBUIM HOBYKO CTPaHHIY B HCTOPHH
AIEKTPOTEXHUKH. [IpH H3yUYeHHH 3THX SBIeHHH SIPKO ITPOSIBHIIMCH (PeHOMeHAaJIBHBIE CIIOCOOHOCTH
A. Amriepa.

OH BIIepBEIE y3HaI 00 oreITax I'. X. Opcrena Ha 3aceqaHuH [ [apHKCKOH aKaJeMHH HaVK,
I'JIc HX IIOBTOPHI BO BpeMs cBOero coodmeHus [[. @. Aparo. Bmecre ¢ BocxXHIneHHEM A. AMIIED
HHTYUTHBHO IIOYYBCTBOBANI Ba/XHOCThH OTKPBITHS OpPCTella, XOTS PaHee OH He 3aHHMalCs
H3YUEHHEM 3IEKTPOMATrHUTHEIX SBIEHHH. M poBHO uepes Heaento, 18 ceHTsaops 1820 ., A. Amriep
BBICTYITAET Ha 3aceJaHHH aKaJeMHH ¢ JOKIaJ0M O B3aHMOAEHCTBHH TOKOB H MarHHTOB, a 3aTEM
IIPAaKTHYECKH eKeHeJelIbHO (C TaKOH IepHOJHYHOCTHIO ITPOBOJIIINCH 3acelJaHHS [laprokcKoi
aKaJeMHH HayK) OH H3JIaraeT Iepel] KPyIHEHIIHMH (pPaHI[y3CKHMH Y4€HBIMH PEe3YIIbTaThl CBOHX
SKCIIEPHMEHTAIBHEIX H TEOPETHYECKUX HCCIIEAOBAaHHIT, KOTOPHIE ITO3AHee OBIIIH OTPakeHEl B €T0
3HAMEHHTOM TPYIE IO 3NEKTPOLHHAMIKE.

B ogHOM H3 muceM A. AMIIEP IOMUEPKHBAET, YTO OH «CO3/all HOBYIO TEOPHIO MarHHTa,
CBOJSIIIYIO BCE SBIIEHHS K SABIICHHSM rajlbBaHI3May. [lopasuTtebHa Joruka ero o000 e I eCI
TOK — BTO MarHMT, TO JBAa TOKa JOJIKHBI B3aHMOJEHCTBOBATh IMOJO0OHO MarHuTaM. Tereph 3TO
KaKeTCS OYEBHIHBIM, HO 10 A. AMITepa HHKTO TaK YETKO Ha 3TO He yKas3all. biecTaue rmo3HaHHs
B 00nmacTH MareMaTHKH IIO3BOIIIM A. AMIIEPY TEOPETHUYECKH OOOOIMTER Pe3yIIbTaThl CBOHMX
HCCIEAOBAHHH H C(DOPMYIIHPOBATh H3BECTHBIHN 3aKOH, HOCSIITHI €I0 HMSL

B. B. IlerpoB eme B Hauaire XIX B. yKaszajl Ha CBSI3b MEXKIAY IONEPEYHBIM CEeYESHHEM
ITPOBOJHHKA H BEIHYHHOH TOKAa B HeM. B 1821 r. X. J[3BH YCTAaHOBWI, YTO IIPOBOAHMOCTE
ITPOBOJHHKA 3aBHCHT OT MaTepHaia H TEMIIEPATVYPHI, OH TAKJKe ITPHIIETI K BEIBOAY O 3aBHCHMOCTH
ITPOBOAMMOCTH OT IUIOIIAJH TIOIIEPEYHOI0 CEUYEHHS IMPOBOJHHKA. bomee IriIyO0OKO 3TH SBIIECHIS
OBLIIH HCCIEeNOBaHbI HeMeIKHM (pH3HKOM ['eoprom CumoHoM OmomM (1789—1854).

[ IepBrIH 5Tan Hceenepopanui, HaYaTeIX I'. C. OMoM B 1821 1., Korga oH padoTan YUHTelIeM
MaTeMaTHKH H (PH3HKH B OJHOH H3 IIKOJ I'. KellbHa, OTHOCHICS K H3YYEHHIO ITPOBOJHMOCTH
Pa3IHYHBIX

IIPOBOJHHKOB. 3HaUeHIE TOKA H3MEPSIIOCH IT0 MAarHHTHOMY JAEHCTBHIO: JIJISI ATHX I[eJIeH OH
COOPYIIU ITpHOOP, MOAOOHBIN KPYTHIBHEIM BecaM L. KyroHa, HO BMecTO OY3HHOBBIX IIAPHKOB
HaJl IIPOBOJHHKOM OBIIa ITOABEINEHA MarHUTHAS CTPeNKa. 110 yriry KpydeHHs HUTH MOXHO OBIIO
CYIHTBH O TOKE, JIENCTBYIOIIEM Ha CTPENKY. Pacrionaras IIpOBOJHHK B HAIIPABIIEHHH MarHHTHOT'O

MEPH/IHAHA, I'. C. Om YCTAHOBHJI IIOCTOAHCTBO VIJla KPYHUCHHSA HITH, YTO IIOATBCPXKAAIIO

[IOKYMEHT MOAMVCAH :
SNEKTPOHHOW NOANUCHIO |
Ceptudpukar: 12000002A633E3D113AD425FBS0002000002A6

B IIO HCCIICJOBAHITIO IIPOBOJHMOCTH Pa3JITYHBIX
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OTKJIOHEHMS MAarHUTHOH CTPEIKH OT IUIOIaAH IIOMEPEYHOr0 CeUYeHHS IPOBOJAHHKA. OH
YCTAHOBWI, YTO TIPOBOIIOKH M3 OJHOI'O M TOIO K& MaTepHala, PasIHYarolHecs IUIOIAbIO
IIOTIEPEYHOIO  CEYEHHMS, MMEIT  «...OJHHAKOBYIO TIPOBOAUMOCTh, €CIIH HX JJIMHBI
ITPOITOPITHOHAIIBHEL TIOTIEPEYHEIM CEUESHHSIM).

Bo Bpemsa npoeesieHHsS OIBITOB 1. C. OM CTOJIKHYIICS C OOJIBIIHMH TPYIHOCTSIMH:
3IIEKTPOABHIKYINASI CHIIA TaJlbBAaHHYECKHX 3JEMEHTOB 3aMETHO CHIDKAlach B IIPOIECCE HX
3KCIUTyaTalluy, MEXaHH3M padOThl HCTOUYHHKOB IIHTAHMS OBIII HEH3BECTEH, OOIEIPHHSITBIX
METOJIOB OIIPEAEIIEHHA 3IIEKTPOIIPOBOJHOCTH IIPOBOJHHKOB HE CVIIECTBOBAIO, B HAYYHVIO
ITPAKTHKY He OBIIIH BBEJIEHBI BEIIHYHMHEL, XapaKTe PHU3VIOIIHE TOK B I[ETH, HE OBIIIO IIPHOOPOB IS
H3MEPEHHS 3THX BelMYMH. HyXHO OBIIO paspaloTaTh HE TOIBKO METOIHKY ITPOBEICHHS
3KCIIEPHMEHTOB, HO M CO3aTh COOTBETCTBVIOIIHE IIPHOOPEL, 00eCIeUnTh OONBINYED TOYHOCTH
H3MepeHmii. Bce 310 morpeboBalio OT VYUEHOIO HE3aypsSOgHOIO MacTepcTBa, VIIOPCTBA H
HaXOMUHBOCTH. EMY IIPHMIIIIOCH OTKa3aTbCAd OT TalbBaHHYECKHX OaTapeH H 3aMEHHTh HX
TEPMOINIEMEHTOM, H3TOTOBHTH HECKOJIBKO KOHCTPYKI[MH MYIIbTHIUITHKATOPOB.

Ha ocHOBe MHOTrOYHCIIEHHBIX 3KCIIepHMeHTOB I'. C. OMy yaaeTcs BBIBECTH (POPMYILY,
CBSI3BIBAIOIIYIO «CHITY MAarHUTHOI'O JEHCTBHS IIPOBOJHHKAY (T. €. TOK) C IIEKTPOBO30YKIarOIIEH
cumoii (OJIC) HCTOYHMKA H CONPOTHBRIEHHEM IIEIHM, — 5TO YKe ObIlIa OCHOBa 3aKOHa
3IIEKTPHYECKOH I[ETI.

[Ipomomkass COBEPIIEHCTBOBATh H3MEPHTEILHYIO YCTaHOBKY, I'. C. OM paspadarwIiBaceT
OPUTHHAJIPHBIE TEOPETHUECKHE ITOIIOKEHHS, XapaKTePH3VIOI[HE IIPOIECCHl B 3IEKTPHYECKHX
IETSIX. H3YUYHB TEOPETHUYECKHE HCCIIeJOBAHHUA B 00JIaCTH TEIUIOIPOBOJHOCTH M THAPABIIMKH, OH
BIIEPBEIE ITPOBOJHT AHAIIOTHIO MEXKIY ABIKEHHEM SIIEKTPHYECTBA H TEIUIOBBIM MM BOJSHBEIM
ITOTOKAMH M IIPHXOIHT K BEIBOAY, UTO PAa3HOCTh ITOTEHIMAIIOB HIPAET POIb MaAeHH TEMIIEPATVY]
WM PasHOCTH YPOBHEH BOJEI B TPYOax.

B 1827 r. BBRIXOOHMT B CBET ero (pyHIaMeHTaJIbHBIH TPYH «l adbBaHHUYEecKas IIEIb,
pa3paboTaHHas MaTemMaTHYeckH JokropoMm I'. C. Omom» (OH TaKKe H3BECTEH IIOJ Ha3BaHHEM
«TeopeTHYeCcKHe HCCIIEJOBAaHHS AMEeKTPHYSCKHX Ilelleiy). 3aKoH, Hocsampi ero uMs, I'. C. OM
chOpMyIIHpOBaIl ~ CIEAVIOIIHM  oOpa3oM: «BemmunHa  TOKa  TalbBaHHYECKOH  IIETIH
ITPOITOPIIHOHAIIPHA CYMME BCEX HAITPSDKEHNN H 00PaTHO IIPOITOPIMOHAIIbHA CYMME IIPHBEIEHHBIX
IHH» (TI0 «IIPHBEACHHBIMH JJIMHAMH» IIOJAPa3yMEBAETCS COITPOTHBIIEHHE BHEIIHEH YacTH
1[eIH ). Eci 1ers nmuTaeTcsa oT OaTtapeH, TO TOK IporopiHoHaneH JOJ{C sreMeHTa (B YHCIIHTEIE),

d B 3HAMCHATCIIC KPOMEC COIIPOTHBIICHHA ILCIIH VYKA3bBIBACTCA H BHYITPCHHCE COIIPOTHBIICHHEC

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

yJIbL IIPH OICHKE CHIIbI TOKd KdK IIO MdI'HHTHO
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OTYACTH ITOTOMY, YTO B TIEPBBEIX €r0 IMyOIHMKAIMAX OBUIM AONVIIEHBI HETOUHOCTH, a TaKXKe IO
ITPHYMHE HEJIOCTATOYHOH H3BECTHOCTH HMEHH CKPOMHOIO IIIKOJIBHOI'O YIHTES.

OJIHAKO TIOCIIE ITOATBEPKIACHHS IPaBHIIBHOCTH 3akoHa I'. C. OMa TakMMH H3BECTHBIMH
BJIEKTPOTEXHHKAMH, KaK IeTepOyYpPrcKHe aKaJeMHKH OMIIHH XPHCTHAHOBHY JleHIT M bopuc
CemenoBnY SIko6H (1801-1874), a Taxke npucyxaenns I'. C. Omy 30710T0H MeamH JIOHZOHCKHM
KOPOJIeBCKHM 00ImecTBOM (1842) ero Tpyj o mpaBy 3aHSII IIOYETHOe MecTO B Hayke. OH SBHIICS
(yHIaMEHTOM TEOPETHYECKOH IMEeKTPOTEXHHKH H COXPaHII CBOE 3HAYEHHE JI0 HaIlMX JHei. Ha
[IepeoM MexayHapOIHOM KOHI'PECCE BEKTPHKOB €IHHHIA COIPOTHRIIEHHS TOKa ObllIa Ha3sBaHa

{OMOM>.

KpoMe uccinemopaniii B 00NACTH 3MIEKTPHYECKHX Ilerel OM 3aHHMAaJICI ITpoOIeMaMi
AKYCTHKH, TTOJISIPH3AL[HH CBETa, CO3QaBall OPHIHHAIBHBIE JEMOHCTPAIMOHHBIE ITPHOOPEI. B OTBET
Ha IpockOBl Kouier OM HaITHcal OYEHb COJeP’KaTelIbHBIH H XOPOIIO IWIIFOCTPHPOBAHHBIH
y4eOHHK 110 (PH3HKE, OJHAKO BTOPOH TOM CBOEr0 KAaIIHTAIIFHOIO TPYy/a 3aBEPINHTE He ycIeln. OM
rmicain, 4yro padora Haj Y4eOHHKOM IIPHHECTIA €MY «MHOIO pagocTH». COXpaHIIOCh TaKXKe

HCMAJIO 3JICKTPOMAI'HHTHBIX }"GTpGﬁCTE: CO3JaHHBIX PYKAMI Oma.

K OHMPOJIbHbBIE 601POCHI.

I. OOGHapyXeHHEe H H3YYEHHE ASHCTBHS 3JIEKTPHYECKOIO TOKA.

2. OTKpPBITHE 3JIEKTPHYECKOH IYTH H €€ ITPaKTHYECKOE HCITONIb30BaHIIE.
3. B3anMOIeHCTBHE 3IEKTPHYECKOI0 TOKA H MAarHHTa.

4, YCTaHOBJIEHHE 3aKOHOB IEKTPHYECKOH IIETTH.

5. [IOArOTOBHTH IIPE3€HTAL[HOHHBIE IIPOEKThI Ha Temy. JKH3Hb H HaydHbIe
Heciaegoranisa I'. C. Operema. OcHOBaTENb AIeKTpoaHHaMIKH AHApe Mapn Ammep. A. Amriep:

ITYTh B HAyKy. I'eopr OM: dyepes TepHHH K cilaBe. OM. 3aKoH OMa.
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Ipakmuueckaa paboma NeS. Ilepevie anekmpuueckue mauiurol. Ilepentil zenepamop
IJIeKMPUUECK020 MoKa. OmKpsimue XUMUYECKUX, NMENJI06bLX, C6€HO06bIX U MAZHUMHbBIX

oercmeuii mokd.

HEJII’:.' I/IB}"IEHIIE HCTOPHIT PA3BHTHA 3IICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

IJICKTPOTCXHIIKH H (bﬂphﬂ[pﬂEﬂHHE €€ HaYUHbIX OCHOB.

OcHO6bl meopuu:

BaXHeMIIMMH  HayYHBIMH  IIPEAIIOCBIIKAMH  BO3HHKHOBEHHS  3IIEKTPOMEXaHHKI
ITOCITYKIUIM  JOCTHJKEHHS B OOIAcTH HSIEKTPOJAHHAMHKH M OTKPBITHE 3JIEKTPOMArHHTHOH
HHAYKIMH. BaXHVIO poiib ITpH pa3paloTKe IePBBIX KOHCTPVYKIIMI 3JIeKTPHYECKHX MAIlMH H
BJIEKTPOMArHHTHBIX VYCTPOHCTB CHITPall M OILIT KOHCTPYHMPOBAHMS MAIlMH H MeXaHH3MOB
JTOBIIEKTPHYECKOTO TIEPHO/IA.

B CBs3HM ¢ TeM, UTO ITPHHIHMIT OOPaTHMOCTH 3IEKTPHYECKON MAaIIIHHBI OBLII OTKPBIT TOIBKO
B 1830-X IT., a €ero IMPOKOEe HCIIOJB30BAaHHE HAYAIOCh JHMIIL C 1870-X IT., IPeACTaBISETCA
BIIOJIHE IIPABOMEPHBEIM pacCMaTpHBATh OTAEILHO HCTOPHIO CO3JAaHHSA 3JIeKTPOJABHTATENI H
reHeparopa B Iiepuoj g0 1870 r. A IIOCKONBKY E€IHHCTBEHHBIM HAJEKHBIM H H3YUYEHHBIM
HCTOYHIKOM 3IeKTPO3HeprHH 10 cepeAHHBI XIX B. OBLI TOIMBKO TaJlbBaHHUYECKHI BIIEMEHT, TO,
€CTECTBEHHO, IIEPBBIMH CTaIH Pa3BHBATHCS 3JIEKTPHYECKIIE MAIIMHBI IIOCTOSHHOIO TOKA.

B pa3sBUTHH 3I€KTPOABUIATENSA IIOCTOSHHOIO TOKa MOXKHO OTMETHTh TPH OCHOBHBIX 3Tarla,
BIIPOYEM, JOCTATOYHO VCIIOBHBIX, TaK KaK KOHCTPYKIMH M IIPHHIMIIEI JIEHCTBHSI
3JIEKTPOJABHIATENIEH, XapaKTePHBIE I OJHOIO 3Tara, B OTAEIBHBIX CIIYYasX ITOSBIISUINCE BHOBb
CITYCTS MHOrO JIeT. Bmecte ¢ TeM Oonee mo3gHHe H 00JIee ITPOIPECCHBHEIE KOHCTPYKIIHH B
3a4aTO4YHOI (opMe HepeOKO MOKHO HaHTH B II€pBOHAYAIbHOM TIIEPHOJE Pa3BHTHA
3JIEKTPOJABHIATEI. Hss  XapakTepHCTHKH ~ KaXIOro  3Tarla  COBEPIIEHCTBOBAHMS
3JIEKTPOJABHIATEIS B JAIBHEHIIIEM H3JI0KEHHH pPacCMaTPHBAIOTCS TOIBKO Haubojiee THITHYHEIE
KOHCTPVKI[HH.

HayanpHbIH ITepHo/T pa3BHTHA IeKTpoaBHTaTeNd (1821-1834) TecHO CBSA3aH C CO3MaHHEM
(pHU3HMYECKNX MPHOOPOB IS JAEMOHCTPAI[HH HEIPePBIBHOTO ITPeo0pa3OBaHHS 3IeKTPHUECKOH
SHEPIHH B MEXAHHUYECKYIO M HAauYMHAeTCAd C OIMCAaHHBIX BbIINe OIBITOB M. Dapanes Ha
BO3MOKHOCTE ITPEBPAIEHHSI 3IEKTPHYECKON SHEPIHH B MEXAHHUYECKYIO VKas3bIBaIH M MHOIHE

APYIHE OSKCIICPHMCHTEIL. B »nsroT IICPHOA OBIIIO CO34aHO HECKOJIBKO (bHBHIIEGI{ID{ MO eleHn
OOKYMEHT noarwuncaH

SHEKTPOHHOM NOAMMCHIO TepoM bapnoy (1824), YumbsmoM Pruun (1833)
Ceptudikar:  12000002A633E3D113AD425FB50002000002A6
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[Ipudop K. I'eHpH HHTEpeCEH TEM, UTO B 3TOM YCTPOHCTBE BIIEPBEIE CAEIaHa IMOIBITKA
HCIIOJIb30BATh IIPHUTSDKEHINE PA3HOUMEHHBIX H OTTAIKHBAHHE OJJHONMEHHBIX MAarHHTHBIX ITOJIFOCOB
JUISI TIONIYYeHHSI HEIIPEpPhIBHOIO JIBH)KEHHSA (B JaHHOM cJIydyae — KayaTelbHOoro). MOITHOCTB
IBHTaTesIel nmogoOHoro THiia Oblia odeHb HeOombinoi (0,044 BT), H, KOHEUHO, OHH He MOTLJIH
HCIIOJIb30BAaThCS HA IIPAKTHKE.

Kak Ha 1mepBOM 3Tarle, Tak H I03AHee OBIIO ITPEIIIOKEHO MHOI'O KOHCTPYKI[HI JBHUTaTe IeH
C KayaTEIbHBIM [IBIKEHHEM SKOps. OjHako 0ojiee IIPOTrPECCHBHBIMH OKAa3alIHCh ITOTIBITKH
ITIOCTPOHTH ANEKTPOABHIATEIIL C Bpall[aTelIbHBIM ABHKEHHEM SKOPSL.

Bropoli »Tam paHHero pasBHTHS  HSIeKTpHueckHX JBHrarenedn  (1834-1860)
XapaKTepH3YeTCs IMpeodnajaHieM KOHCTPYKIHH ¢ BpalaTelIbHBIM JABHKEHHEM SBHOIIOIKOCHOIO
SIKOPS. Bpalarori MOMEHT Ha Bally YV TAKHX JBHraTejied OOBIYHO OBIII ITYIb CHPYIOIIHM.

Hanbosiee XxapakTepHbIe H CYIIECTBEHHO BaKHBIE PabOTHI 10 KOHCTPYHPOBAHHIO TaKOI'O
poJia AIeKTPOJABHT aTelleH IIpHHauIekaT boprey CeMeHoBHYY SIko0H (1801—-1874).

B 1834 1. b. C. SIkoOu (pucyHok 23) nmocyai B [IapHKCKyIO aKaJeMHIO HayK COOOIIEHHE
00 H300peTeHHON HM «MAarHHTHOH MaIllHHEY». bojiee monHoe ormcanne ekrpoasurarensa b. C.
Sxo0H OpU10 OMYOIMKOBAHO B 1835 r. IIpeacTaRIsrOT HHTEPeC HEKOTOPRIE BRICKAa3bIBaHHI b. C.
SKo0H, B KOTOPEIX OH OITPeJeNISIeT CBOH IMOAXO0 K H300peTeHIIO ANeKTpoaBurareins «B mae 1834
. SIIOCTPOIII CBOH IIEPBBIN MAarHUTHBIH aIllapar, JArOIII ITOCTOSHHOE KPYrOBOE ABHKEHHE, HO
s He MOI CHayala OTPENMTLCA OT HIAEH IIOIYYHTH BO3BPATHO-IIOCTVIIATEIILHOE IBHIKEHIIE,
ITPON3BOAHMOE ITOCIIENOBATEIIEHBIM ITPHT ATHBAIOIIHM H OTTAJIKHBAIOIIIM JAEHCTBHEM MAarHH THBIX
CTEPKHEH, a 3aTeM YK€ IIPEBPATHTh 3TO BO3BPATHO-IIOCTYIIATEIIBHOE ABHKEHHE B ITIOCTOSHHOE
KPYTOBOE H3BECTHBIM B TEXHHKE CITOCOOOM. MHE Ka3aloCh, YTO TAKOH IIPHOOP OVIET He OONIBIIE
yeM 3a0aBHOH HIPYIIKOH JJI oOorameHHsI (pH3HYecKHX KaOHHETOB.

Bce sTH cooOpaXeHHS 3acTaBHJIM MEHS OKOHYATEIIbHO OTKAa3aThCSAd OT ITOIBITKH
ITIOCTPOHTH aImIapar, MOJIYYAIOIIHI BO3BPATHO-IIOCT VIIATEIILHOE JBHAKEHHE)).

Comuennsa b. C. fxoOu nerko OOBSCHHMEI. IIPHBBIYHBIH ITAPOBOH JIBHIaTellh JaBall
BO3BPATHO-TIOCTYIIATEIILHOE JBHKEHHE, H, KOHEYHO, XOTEJIOCh ITIOCTPOHTEH HOBBIH, 3IIEKTPHYECKHH
JIBHT aTellb, JAIOIIHI TAKOE Ke «HOPMAJIbHOE) IBIHIKEHIIE.

CoBpeMeEHHEIE palOTEI B OONIACTH JIMHEHHBIX 3IEKTPOABHIATEIIEH CBHIAETEILCTBYIOT O
TOM, YTO caMa Hjes IIOCTYIIATEIIbHOI'O ABHJKEHHS B JEKTPHUYECKHX MAIIMHAX HE SBISETCH
ITIOPOYHOH, HO TEXHHYECKYIO PEBOJIFOIHIO COBEPIIIUIH MAIITHHEI BPAIATEIIbHOI'O JBHAKECHH 5.

OTOT HSNEKTPOJABHraTelnb padoTanl II0 IIPHHIIHILY B3aHMOJEHCTBHS ABYX KOMIUIEKTOB

AQKYMEHT DORNUCAH [arajacd Ha IIOJBIDKHOIH pPaMe OH — Ha
SMEKTPOHHOM MOAMUCHIO | AB paMme, JIpyr

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

AHA SJIICKTPOMAIHHTOB IIPHMCHIACH 5E1TEIPEH
Bnapeneu: lebayxoea TatesaHa AnekcaHgpoeHa

[ IIOJAPHOCTH ITOABHAHBIX JJIICKTPOMAIHHTOB
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HCITOIB30BANICS KOMMYTATOP, KOTOPBIH ITPEACTABIISUI COOOH OPHTHMHAIBPHYIO YacTh YCTPOHCTBA
3lIeKTpoABHIraress SIKoO6H. KOHCTPYKTHBHO OH COCTOSUI M3 YETBIPEX METAUIMYECKIX KOIIEIL,
YCTAHOBJIEHHBIX Ha BAIy H H30JIMPOBAHHBIX OT HET O KaXKJ0€ KOJIBIIO HMEIIO YeThIPE BhIPE3a 110
OJHOI BOCBMOH YaCTH OKPYKHOCTH. BBIpe3sl 3aII0NMHSIIHCE H3OHPYIOIIIMH BKIIaJKaMH , Ka:KI0e
KOJIBI[O OBIJIO CMEINEHO Ha 45° 110 OTHOIIEHHIO K IpeApIayineMy. 110 OKpyKHOCTH KOIbIa
CKOJIB3HII PBIYAr, IIPeACTABISBIINHH COOOH CBOEOOpasHVIO IIETKY, BTOPOH KOHEI[ phlyara OBII
IIOFPYKEH B COOTBETCTBVIOIIMI COCVYA C PTYTBIO, K KOTOPOMY IIOABOIIUINCEH ITPOBOIHHKI OT
Oarapen. Takmm oOpa3oM, ITPpH KaXJIO0M 000poTe KOJbIa 4 pasza pasphIBallach 3IeKTpHYECKas
1erb. OT KOJell K 3JIeKTPOMarHMTaM Bpallfarollerocs MQUCKa IIOAXOMIIH TIPOBOJIHHKH,
YKPEIUIEHHBIE HA Bajly MaIlMHLI. OOMOTKH BCEX SIEKTPOMArHHUTOB HEMNOIABHKHON paMbl OBIIIH
COEJIMHEHBI TIOCIIENOBATEIIBHO, H TOK B HHX HMeJI OJHO H TO JKe HalrpaBileHHe. OOMOTKH
3JIEKTPOMArHHTOB BpallfaloIlerocs HckKa OBUIH TakXke COEOHHEHBI IIOCIEAOBATEIIBHO, HO
HaIlpaBJIEHIE TOKAa B HHX C ITOMOINBIO KOMMYTATOpa H3MEHSIIOCh 8 pa3 3a OMMH 000pOT Balla.
ClegoBaTebHO, ITOISPHOCTh 3THX AIEKTPOMAarHHTOB TAKXKe H3MEHSTIACh 8 pa3 3a OJHH 000pOoT
Bajla M OHHM ITOOYEPEIHO IIPHTATHBANCH H OTTAIKHBAIMCEH BJIEKTPOMAarHHTaMH HEIIOIBHKHOM
paMbl. MOIIHOCTE ABHTATENIS COCTABIISUIA IIPHMeEPHO 15 BT.

b. C. flxko0H NpHIIZIOCE 3aTPaTHTh €Ille HECKOIBKO JIET TPyAa H ITPOSBHTL PEIKYIO
H300peTaTebHOCTE, YTOOBl OCVIIECTBHIL XOTS OBl B CKPOMHBIX MacIuTadax CBOE JKEIIaHIE
«IIOCBSITHTH BCE CBOE BPEMS H BCIO CBOIO 3HEPTHIO ATOMY JEITY HMEHHO TETIEPh, KOTa HE OCTAeTCH
OONbIlle HHKAKHX COMHEHMH B VYCIIEXe 3aJyMAaHHOIO, H HE TOJBKO JUII TOro, 4YTOOBRI He
OTKa3bIBaThCS OT CBOMX ITPEKHHUX TPYAOB, HO H IJI TOI'0, YTOORI MOE HOBOE OT€YECTBO, C KOTOPBIM
S Ve CBS3aH MHOTHMH Y3aMH, He JIHMIIIJIOCH BO3MOJKHOCTH CKas3aTh, YTO HeBa paHbile Tem3bl
1M Tubpa MOKpPeIIack CyIaMH ¢ MarHHUTHBEIMH JIBHTATEISMID). STH CIIOBA OH HaITcall B 3aIlICKE
MHHHCTPY TIIPOCBEIIEHHS M IIPEe3HACHTY POCCHICKOH aKaleMHH HayK, IIpocSd V HEro
MaTepPHAIBbHOH ITOMOIIH JJIS SKCIIepHMeHTOB. [IInpoxon momgaepxku y muHuctpa b. C. Jxo6H He
HAaIlleJI, TEM He MEHee YeThIpe roja cnycrs, B 1838 r., mo p. HeBe kypcHpoBan 60T, BMEIIABIIHH
12 maccaxupoB H IIPHBOJHMEBIH B ABHKEHHE 3IeKTpoABHTaTellsiMH b. C. SKo0H.

310 OBIT YVKE COBCEM APYIOH ABHTATENb, H KOHCTPYKIIHSI €r0 TOYHO OTpaskajla THITHYHEIE
ITYTH M300peTaTelIbCKOH MBICIIH. IIOCKOJIBKY He OBLI E€Ile CO3M4aH IIPHHI[MITHAIPHO HOBBIH
3KOHOMHYHBIN H MaJIOrabapHUTHBIA 3JIEKTPHYECKHI JABHraTelb, TO b. C. JKOOH moIIen 1o 1myTH
00be IUHEHH I MHOTHX MAIIIHH C 3JIEKTPOMArHUTAMH, HMEIOIIIHMH COCPEAOTOYEHHEIE KaT YIIIEYHEIE
OOMOTKH, B OJHH arperar. CHayaia 53TO OBII TaK Ha3bIBAEMBIN CIABOEHHBIN JIBHIATEIL IIEPBOrO

AOKYMEHT NOAMUCAH | y
SNEKTPOHHOM NOANNCHIO uTa (1o 12 ¢ Ka)KJ0i CTOPOHEI), a MeKIY HHUMH

Ceptudumkar:  12000002A633E3D113AD425FB50002000002A6

1838 1. b. C. Sxo0H cozman apUrareilpr HOBOI'O
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B 1837 r. amepukanckiii TexHuK Tomac JleBenmoprt (1802—1851) Taxke mocTpomm
3IIEKTPOJABHUIATEIL C HEIOCPEACTBEHHBIM BpAIIEHHEM SIKOPS, B KOTOPOM B3aHMMOJEHCTBOBAIIN
TTOJIBIKHBIE AIIEKTPOMATHUTHI ¢ HEITOABHKHBIMH ITOCTOSHHBIMI MarHHTaMH.

CpaBHHBASI KOHCTPYKIIHH snekrpoaBurarened b. C. fxobm u T. /leBeHriopra, MOKHO
OTMETHTh, YTO IIPHHIMII HX JeHCTBHSI OAHHaKOB (y aBHraTens 1. JleBeHIIOpTa ITOSIBHIIHCE
HEIIOJIBHIKHBIE ITOCTOSHHBIE MArHHTHI BMeCTO 3IeKTpoMarHHToB ABHraTelsa b. C. fko0m), HO
nBurartens 1. JleBeHIopra Ol 00Jjiee KOMIIAKTHBRIM Onarofapsi pacIiolOKEHHIO ITOABHAKHBIX H
HETIOJIBIJKHBIX YaCTEH B OJHOHM IUIOCKOCTH. 3TO OOCTOSATEIHCTBO HE MOITIO HE ITPHBIIEYD
BHUMAHHA b. C. KOO, CTpeMHBIIIETOCS YBEIMYHTH MOIIHOCTh CBOEIr0 3IEKTPOIBUTATEILSI IIPH
CPaBHHUTEJIFHO HeOOJIBINOM YBEIHUYEeHNH ero rabapuros. B 1837 r. B pacriopsckeHne b. C. fxko0u
OBLII IIpeqOCTaBlIeH 00T, pacCUMTAaHHBIH Ha 10 rpedioB. Ha HeM Ipearionaraiock YCTaHOBHTH
3JIEKTPOJABHIATEIL M IIPOM3BECTH 3aTEM COOTBETCTBVIOIME HCIBITAHHS M TEeXHHKO-
3KOHOMHYECKHE MTOJACUETHL. B mporiecce copepIiineHCTBOBaHNA AsHrarTeisa b. C. SKoOwu moren mo
IIYTH KOHCTPYKTHBHOIO OOBEIMHEHHS Ha OOIEM BEPTHKAILHOM Bally HECKOJIBKHX
3JIEKTPOJABHUTATEIIEH B OJUH arperar, pPacliollOKHB HEllOJABHIKHEIE H BPAII[ArOIHECS MAarHHTH B
OMHOH IUIOCKOCTH. [IpH 3TOM VYBEIHYHMBAINCH PasMepPhl SIEKTPOJBHTATENS B BEPTHKAIIBHOM
HaIlTpaBJIEHHH, YTO OBIIIO BIIOJIHE YIOOHO JJIS OIBITHOH CYJIOBOH YCTaHOBKIH.

Kak yxe oTMEYanocs, ralbBaHHYECKIE OaTaper CYIIECTBEHHO TOPMO3HIIM ITPAKTHYECKOE
IIPUMEHEHHE 3TIEKTPOABHIATENEH. Pa3sBUTHE 3MEKTPHUYECKHX MAIIMH HarJLIHO HIUIIOCTPHPYET
XapaKTEPHYIO 3aKOHOMEPHOCTE B Pa3sBHTHH TEXHHKH BOOOIIE. DTa 3aKOHOMEPHOCTH ITPOSBIISETCA
B CIEAVIOIIEM:. €CIIH Pa3sBHTHE KAaKOH-TMOO OTpaciH TEXHHKH TOPMO3HTCS HEIOCTATOUYHBIM
VPOBHEM Pa3BHUTHS APYTOH OTPACIH TEXHHKH WIH OO0IacTH HAayKH, TO PasBHTHE IIOCIIEIHEMN
YCKOPSIETCS TPeOOBaHMSIMH IIEPBOM. TaK, €ClM OTCYTCTBHE AKOHOMHYHOI'O T'eéHEpaTopa TOKa
CHEPKHBAIIO PACHIMpPEHHE IIPAKTHYECKHX IIPHUMEHEHHH SIIEKTPHYECTBA, TO IIOCIIEJHHE
CTHUMYVIIHPOBAIH, YCKOPSUTH pabOTHI IT0 CO3IaHHIO O0JIee COBEPIIIEHHON KOHCTPYKIIHH IT'eHepaTopa.

B pasBHTHH 3IEKTPHYECKOrO I'eHepaTopa IIOCTOSHHOI'O TOKa MOJKHO BBIJIEIHTL YETBIPE
srana. [lepsrrit sram (1831-1851) xXapakTepH3yeTcs cO3AaHHeM 3JIeKTPHYECKHX IT'eHEPaTOPOB C
BO30VKIEHHEM OT IIOCTOSHHBIX MAarHHTOB. TakHe TeHepaTOphl B TO BPeMS Ha3bIBAINChH
«MarHHTO3JIEKTPHYECKHMH MalllimHaMH». OTKpeITHE B 1831 . SBJIEHMS 3JIEKTPOMarHHTHOH
HHIVKIMH YKa3aJI0 HOBBIH CIIOCOO TIOYUEHHS SIIEKTPHYECKOTO0 TOKA, KOTOPBIH HAIIEI CBOE
ITPaKTHYECKOE BOIUIOIIEHHE B IIEPBOM YHHIIOISPHOM I'eHepaTope — AHcKe Dapanes. OJHH U3
TIEPBEIX IIIarOB B HCTOPHH I'eHEpaTopa HeCeT B ceOe TalHy, OCTaBIIIVIOCS HepasraJaHHOH. [[elo B

OOKYMEHT NOANMUCAH [Iar, OCTaJIOCh HEM3BECTHLIM. BOT uTo 1mcan M
SNEKTPOHHOW MOANMUCHIO 2 | |

Ceptudurkar:  12000002A633E3D113AD425FB50002000002A6

' HAYYHOTO XKypHasiaa 27 mronsg 1832 r. . «Buepa,
Bnapeneu: lLebayxoea TateaHa AnekcaHgpoeHa

o€ IODICBMO, OHO AaHOHHMHOES, H I HE HMECIO

35

Nencreutened: ¢ 20.08.2021 no 20.08.2022



BO3MOZKHOCTH Ha3BaTh ero aBTopa. Ho BBHAY TOTr'0, UTO OIMMCEIBAET OITBIT, IIPH KOTOPOM BIIEPBBIE
YAAIOCh IMONYYHTE XHMMHUYECKOE Pa3IOKEHHE MarHUTOAIEKTPHYECKIM TOKOM, S ITOCHINIar0 Bam
3TO ITHCHMO IS OITYOIHKOBAaHHAY. [ IHCEMO OBIIIO ITOAIIHMCAHO ABYMS JIATHHCKHMH OyKBaMH P. M.
Tak M BOINEI B HCTOPHIO TEXHHKH «reHeparop P.M.». 35ra MammHa IpeacTaBilssia coOoH
CHHX]POHHBIH MHOT'OIIOIIFOCHBIH I'eHepaTop, T. €. Oblila reHepaTOPOM IIEPEMEHHOI0 TOKa. I IHCEMO
P.M. mpuBneksio K rmpodieMe reHepaTopa BHUMaHHE MHOTHX YUeHEBIX. [Ipouer myOnukalieo 1 caMm
P.M.; B Mapre 1833 r. oH 0OpaTHIICS B PeAaKIHIO XKypHana ¢ OnarogapHocteio M. Dapajero 3a
ITyOIIMKAI[HIO ITHChMa H OIMMCAHHMEM YCOBEPIIEHCTBOBAHMI B MAIlMHE. [71aBHOE M3 HHX —
n00aBOYHOEe CTalIbHOE KONIBIO (SpMO), 3aMBIKABIIeE MArHHTHYEO I[ellb CEpPASYHHKOB
3JIEKTPOMArHuTOB. M cHOBa Ta e nmoarmce P.M.

Ha pHCyHKe IIpeacTaBlIeH YCOBEPIIEHCTBOBAHHBIN BapHaHT reHeparopa P.M. OmHako
IIEpEMEHHBLII TOK B TO BpeMSI HE MOI eIlle HaiTH cebe MMOTpeOHMTens, TaKk KaK I BCeEX
IIPAaKTHYECKHX ITPHMEHEHHH 3IeKTpHYecTBa (MIHHASA 3IeKTPOTEXHHKA, BIEKTPOXHMHUSL, TOIBKO
YTO 3aPOJHBIIASCS

SIEKTPOMArHHTHAS Tenerpadus, IepBhle SIEKTPOABHIATelH) TpeOoBaJICS ITOCTOSHHBIH
TOK. [loaTOoMy B TIOciemyromeM H300peTaTelld HaIIpaBIIH CBOHM YCHIIMS Ha IIOCTPOEHHE
FeHEPaTOPOB, MAIOIMX IIOCTOSHHBIN HSIEKTPHUYECKHIT TOK, paspabaTeiBas IS STHX IIeIel

pPa3zHO0OpasHble KOMMYTAILFOHHBIE YCTPOHCTRA.

: A ; __—: l._.- 'I_: | ; _-.l iy I"'|
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Prcynok 8 I'eneparop P.M. (1 — mepeBsSHHEBIN JHCK, YKPEIUIEHHBIH Ha OCH 2,
IIPHBOIHUMBII B JIBHKEHHE PYKOSTKOHN 3. 4 — ITOJIBHKHEIE ITOCTOSHHBIE MAaIHHTHL, 5 — KeJI€3HBIE
CEPACYHHKH KaTVIIEK 7, 6 — CTaIbHOE KOJIBIIO ¢ JOOaBOUHBIMH OOMOTKAMI, 3aMBIKAOIIEE

MarHHTHYIO LIETb CEPACYHHKOB, 8 — ITOJICTABKA).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

_ ICHHA TOKA B HGHEpEMEHHG-HOJ]IGGHGﬁ MalllHHE
Bnapeneu: leBayxoea TatesHa AneKkcaHgpoBHa

1AC, KOTOPpada HE HYKJAJIACh B }*'CTpGﬁCTEE HII5
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BBRINIPSMIIEHHS TOKa, TaK KaK JaBalla HeIOCPeJCTBEHHO IMOCTOSHHEIN TOK) OBIJIO MPHMEHEHO B
1832 r. B TreHeparope (QpaHIY3CKHX H300perarenci OpatbeB IInkcum. HM3o0pereHre
ITPEICTABILUIOCH TOIJAa HACTOJBKO BaKHBIM, YTO COOOINEHHS O HEM OBIIH ABAXKIBI CHAEIAHBI B
[Taprokckon akajeMHH HayK. B IIepBBIX KOHCTPYKIHSIX I'eHepaTOpPOB JJIS IIOJIYYEHHS TOKa
HEH3MEHHOI'O HaIpaBlIeHHS (HO Ppe3Ko ITyIbCHPYIOIIET0) IIPHMEHSIIOCh TaK Ha3bIBAEMOE
KOpoMEBICcIO Amriepa. A. M. Amriep oTMmeyan ruracTHHYATHIH OapabaHHBIN KOMMYTATOpP B MAIlHHE
[[MKcH ¢  [IPHXHMAOIMMMICSI K  aMalblaMHPOBAaHHBIM  IIOBEPXHOCTSM  IIIACTHH
ITOIIPYKHHEHHBIMH MeIHBIMH MM OPOH30BBIMH IUIACTHHAMH — INeTKaMH. [lo3gHee OH craml
OCHOBOH KOMMYTHPVIOIIHX VYCTPOHCTB I BCEX ITOCIEAVIOIIHX KOHCTPYKI[MII I'€HEpPaTOpOB
ITOCTOSIHHOrO ToKa. C MarmmHoH [ Inkcrn paGoran 3. X. JIeHIl, H HMEHHO Ha 3TOH MaIllHHE B 1838

I'. OH AEMOHCTPHPOBAJI ITPHHITHII GﬁpﬂTIH‘uﬂ}CTH.

KoumponoHsre 6onpocest:

1. Dramnel pazBHTHA 3IEKTPOABHIATEIISL.

2. Dransl pasBHTHI DIeKTPHYECKHX I'eHEPAaTOPOB.

3.3apoxkAeHHEe 3IeKTPOaBTOMATHKH, SIIEKTPOIPHOOPOCTPOeHHS H HH()OPMAITHOHHOM
3IIEKTPOTEXHUKH

4. IloATOTOBUTE IIPE3EHTAIMOHHEIE IIPOEKTEL HA TEMY. IIEPBEIE 3IIEKTPHYESCKIE MAIIIHHEL,
IIEPBBIH T'eHEepaTop SNMEKTPHYECKOTO TOKa, OTKPBITHE XHMHYECKHX, TEIUIOBBIX, CBETOBBIX H

MATHHTHBIX JeHCTBHH TOKA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Ipakmuueckas paboma Ne6. InexkmpoourHamuxd. OCHOEHbLIE 3AKOHBL IJIeKMPUUECKOI
uenu. Hauano npakmuueckux npumeHeHuil jleKmpuieckoil Inepeuu. BajxcHenuiue
OMKPLIMUA U UCCIIe006AHUA 6 001acmil JJleKmpomazHemusma. Cozoamesib nepeozo

MAZHUMOITIEKMPUUecKo20 2eHepamopa b. Axkoou.

HEJH:.' HB}"IEI—HIE HCTOPHIT Pa3BHTHA 3ICKTPOTCXHHKIT H 3JICKTPOSHCPICTHKH, 3dKOHDbI

INCKTPOTCXHHKIT H (prhﬂIpGEElHHE cC HaVIHbIX OCHOB.

OcHO6b1 meopui:

Hanbomnee xXapakrepHble U CYIIECTBEHHO BaXKHBIE PadOTHl 110 KOHCTPYHPOBAHHIO TaKOTO
poJia AIeKTpoABHT aTeneH mpHHamiekaT bopucy CemeHoBHYY SIk0o0H (1801—-1874).

B 1834 r. b. C. SIkoOu (pucyHok 23) nmocyuain B [IapHKCKYIO aKaJeMHIO HayK COOOIeHHE
00 M300peTEHHON UM «MarHHTHOH MaIIMHEY». bolee IOJIHOoe OoImUcaHHe 3MneKTpoasHrarens b. C.
Sxo6u OpUIO OIYOIMKOBAHO B 1835 I. IIpeacTaBistoT HHTEpPEeC HEKOTOPBIE BRICKA3bIBaHHA b. C.
SIK00H, B KOTOPBIX OH OIIPEAEISET CBOH ITOAXO0 K H300PeTEHHIO 3JIEKTpoABHTaTeld. «B mae 1834
I'. SIIOCTPOMI CBOH IEPBBI MAarHUTHBIH arlliapar, JArOIHI IIOCTOSHHOE KPYTOBOE ABHKEHHE, HO
s HEe MOI CHayala OTPENMTHCS OT HIAEH IOJIVUHTH BO3BPATHO-IIOCTYIIATEIIPHOE JIBHIKEHIIE,
ITPOH3BOANMOE ITOCIETOBATEIIBPHEIM ITPHTTHBAOIIHM H OTTAIKHBAFOIIIM JIeH CTBHEM Mar HHTHBIX
CTEP/KHEHN, a 3aTEM VKe IIPEBPATHTE 3TO BO3BPATHO-IIOCTYIIATEIIEHOE ABHKEHHE B ITOCTOSHHOE
KPYTOBOE H3BECTHBIM B TEXHHKE CITOCOOOM. MHE Ka3aloCh, YTO TAKOH IPHOOP OVIET HE OONIbIIE
yeM 3a0aBHOH HI'PYIIKOH I o0orarmeHHsI (pH3HYeCKHX KaOHHETOB.

Bce »tH cooOpakeHMs 3acCTaBHIIM MEHS OKOHYATEIIbHO OTKAa3aTbCid OT ITOIBITKH
ITOCTPOUTE armrapar, MOIYYarOIII BO3BPAaTHO-TIOCT YITATEIIbHOE JABHIKEHIE).

Comuennss b. C. Sxobu jerko OOBSCHHMBI: ITPHBBIYHBIN ITApOBOH JIBHIaTElh JIaBall
BO3BPATHO-IIOCTYIIATEIIFHOE ABHKEHHE, H, KOHEYHO, XOTEIIOCh IIOCTPOUTH HOBEIH, 3IIEKTPHYE CKHIT
IBHT ATEIIb, JAOIIHI TaKOE K€ «HOPMAJILHOE) JIBHKEHIIE.

CoBpeMeHHBIE paloThl B OONIACTH JIHMHEHHBIX 3MIEKTPOABHIATENIEH CBHIAETEILCTBYIOT O
TOM, YTO CaMa Hjes IOCTVIIATEIIbHOI'O JBIDKEHHS B SIIEKTPHYECKHX MAaIlMHAX HE SBISETCS
TTIOPOYHOM, HO TEXHHYECKYIO PEBOIIOIHIO COBEPIIIUIH MAIIIHHBI BpaIl[aTeIbHOIO JBHKEHH L.

OTOT BIEKTPOJIBHIAaTENb padoTal MO IPHHIIMITY B3aHMOAEHCTBHSA JIBYX KOMIUIEKTOB
3JIEKTPOMArHUTOB, OJHMH M3 KOTOPBIX pacrioiarajicsd Ha IIOJBIJKHOH paMe, IPYrOH — Ha

HEIMOABIDKHOH. B KadecTBe HCTOYHHMKA ITHTAHH JJICKTPOMATHHTOB IIPHMCHAIACH 6E1TE1PEH

AOKYMEHT NMOANWUCAH |
SNEKTPOHHOW NMOANMMCHIO [ IIOJIAPDHOCTH ITOABHAHBIX 3JIICKTPOMAI'HHTOB
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 50i] -
Bnapenely; WeB3yxosa TaTbAHa AnekcaHaposHa IBJIATI COOOH OPHI'HHAJIbHVYIO Hd4CTh YCTPOHCTBA

- COCTOAII H3 HUCTBIPCX MCTAJUIHYCCKIIX KOJICIL,
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YCTAHOBJIEHHEIX Ha Baly H H30IIHPOBAHHBIX OT HET O, KaXKJ0€ KOJIBIO MMEIO YEThIPe BRIPE3a I10
OJHOH BOCEMOMH YaCTH OKPYKHOCTH. BBIPE3EI 3aII0IHSIIHCE N3O PYIOIIMMH BKIIaJKaMH , KaXXI0€e
KOJIBI[O OBIJIO CMEINEHO Ha 45° II0 OTHOIIEHHIO K IpeApIayineMy. 110 OKpyKHOCTH KOIbI[a
CKOJIB3HII PBIYAr, IIPeACTaBIISBINHHA COOOH CBOEOOpasHVIO IIETKY, BTOPOH KOHEL[ phlyara OBII
IIOrPYKEH B COOTBETCTBVIOIIHI COCYJ C PTYTBIO, K KOTOPOMY ITOABOJIUIHCEH ITPOBOJHHKH OT
Oarapen. Takum oOpa3oM, ITPpH KaXJIOM 00O0pOTe KOJbIa 4 pasza pa3phIBalach 3IeKTpPHYECKAS
mnerk. OT KoJIell K 3MIEKTPOMArHHTaM Bpallfarollerocs JHCKa IIOAXOJ I ITPOBOIHHKH,
YKPEIUIEHHBIE Ha Bally MalmMHbEI. OOMOTKH BCEX 3JIEKTPOMATHHUTOB HEIOJABHKHON paMbl OBLIIH
COEQUHEHBI ITOCIIEOBATEIIPHO, H TOK B HHX HMEI OJHO M TO K€ HamnpabileHHe. OOMOTKH
3JIEKTPOMArHUTOB BpaIlfarolerocss MIHcKa OBUIM TaKKe COEIMHEHBI ITOCIENOBATEIIFHO, HO
HaIlpaBJIEHHE TOKAa B HHUX C ITOMOINBIO KOMMYTAaTOpa H3MEHSIIOCH 8 pa3 3a OLHH 0OOpOT Bala.
CremoBaTeIbHO, ITOISIPHOCTh ATHX EKTPOMAarHHTOB TaKKe M3MEHSIACh 8 pa3 3a OJHH 000pOoT
Bajla M OHH IIOOYEPENHO IMPUTSTHBAIICE H OTTAIKHBAIMCE 3JIEKTPOMArHHUTAMH HEITOABHKHOH
paMbl. MOIIHOCTE ABHIaTENI COCTABIISUIA IIPHMEPHO 15 BT.

b. C. JxoOM IIpHIIIIOCH 3aTpPaTHTh EIle HECKOIBKO JIET TPyAa H IPOSBUTH PEIKVIO
H300peTaTelIbHOCTh, YTOOBI OCYINECTBHTL XOTS OBl B CKPOMHBIX Macinradax CBOe JKeJIaHHE
«TIOCBSITHTB BCE CBOE BPeMS H BCIO CBOIO 3HEPTHIO 3TOMY JIENY HMEHHO TEIIEPh, KOTAa HE OCTAETCS
OOJIbINIE HHKAKHX COMHEHHH B VYCIIEXE 3aQyMaHHOIO, M HE TOJIBKO IS TOr0o, YTOOEI HE
OTKA3bIBATHCS OT CBOMX ITPEKHUX TPYAOB, HO M JITISI TOT'0, YTOOBI MOE HOBOE OTEYECTBO, C KOTOPHIM
s YKe CBSI3aH MHOTHMH y3aMH, He JIHIIIUIOCh BO3SMOJKHOCTH CKasaTh, 4TO Hesa paHbIie TeM3bl
Hi TuOpa IMoKpeUIachk CyJAaMH ¢ MarHHTHBIMH JBHTATEISMI). OTH CIIOBA OH HaIHcall B 3aIlCKe
MHHHCTPY TIIPOCBEIIEHHS H TMIPe3sHJcHTY POCCHICKOH aKaJeMHH HayK, IIPpOCS VY HEro
MaTepHAIBHOMN IIOMOIIH JIJIS 3KCIIEpHMEHTOB. LIpokon nmomaepkkn vy MuHHCcTpa b. C. Axo0u He
HaIlle]I, TEM He MEHEE YeThIPe rojia cycrs, B 1838 r., mo p. HeBe KypcupoBan 60T, BMEIIABIIHH
12 maccaxupoB H IIPHBOAHMEIH B ABHKEHHE 3IeKTpoABHraTellsiMi b. C. SIKo0H.

310 OB YK€ COBCEM JAPYI'OH JBHTATEID, H KOHCTPYKI[HA €0 TOYHO OTparkala THITHYHBIE
ITYTH H300peTaTelIbCKOH MBICIH. ITOCKOJIBKY HE ORI E€INe CO3JaH IPHHI[MIMHAILHO HOBBIH
SKOHOMMYHBIH M MaJIorabapHTHEIN 3JIEKTPHUYeCKHH ABHTraTelnb, TO b. C. AK0oOH moIlen o myTH
00BE MITHEHH ST MHOTHX MAIIIHH C 3JIEKTPOMATrHUTaMH, HMEFOIIIMH COCPEIOTOUYEHHEIE KaT VIIIEYHBIE
OOMOTKH, B OJHH arperar. CHayaia 3TO OBII TaK Ha3bIBAEMBIH CABOSHHBIH JIBUTATEIDL IIEPBOIO
THia. OH uMell 24 HelTOABHKHBIX 3JIeKTpoMarHuTa (1o 12 ¢ xaKJoi CTOPOHBI), a MeKIY HHMH
BparmaronIcsa Juck ¢ 12 snexrpoMaruutaMi. K 1838 r. b. C. Jxo6H cosgan ABHraTels HOBOTO

anﬂEﬁT*{EEE:LEﬁ%”ﬂ Prﬁ?:im PYKI[HH OH yKe OBUT He TTEPBBIM.
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B 1837 r. amepukanckiii TexHuK Tomac JleBenmoprt (1802—1851) Taxke mocTpomm
3IIEKTPOJABHUIATEIL C HEIOCPEACTBEHHBIM BpAIIEHHEM SIKOPS, B KOTOPOM B3aHMMOJEHCTBOBAIIN
TTOJIBIKHBIE AIIEKTPOMATHUTHI ¢ HEITOABHKHBIMH ITOCTOSHHBIMI MarHHTaMH.

CpaBHHBAS KOHCTPYKIIHH snekrpoaBurarened b. C. fxobm u T. [leBeHIiopra, MOKHO
OTMETHTh, YTO IIPHHIMII HX JeHCTBHSI OAHHaKOB (y aBHraTens 1. JleBeHIIOpTa ITOSIBHIIHCE
HEIIOJIBHIKHBIE ITOCTOSHHBIE MArHHTHI BMeCTO 3IeKTpoMarHHToB ABHraTelsa b. C. fko0m), HO
neurarenk 1. JleBeHIopra OpLl OONee KOMIIAKTHBIM Oarofapsi paciiojIOKEHHIO ITOABH/KHBIX U
HETIOJIBIJKHBIX YaCTEH B OJHOHM IUIOCKOCTH. 3TO OOCTOSATEIHCTBO HE MOITIO HE ITPHBIIEYD
BHUMAHHA b. C. KOO, CTpeMHBIIIETOCS YBEIMYHTH MOIIHOCTh CBOEIr0 3IEKTPOIBUTATEILSI IIPH
CPaBHHUTEJIFHO HeOOJIBINIOM YBEIHYEeHNH ero radapuTtos. B 1837 r. B pacriopsckeHne b. C. fxko0u
OBLII IIpeqOCTaBlIeH 00T, pacCUMTAaHHBIH Ha 10 rpedioB. Ha HeM Ipearionaraiock YCTaHOBHTH
3JIEKTPOJABHIATEIL M IIPOM3BECTH 3aTEM COOTBETCTBVIOIME HCIBITAHHS M TEeXHHKO-
3KOHOMMYECKHE ITOJACUYETEL. B ITporecce corepIrneHCTBOBAaHMA Apurarerd b. C. SIKoOH 1morIiern 1mo
IIYTH KOHCTPYKTHBHOIO OOBEIMHEHHS Ha OOIEM BEPTHKAILHOM Bally HECKOJIBKHX
3JIEKTPOJABHUTATEIIEH B OJUH arperar, pPacliollOKHB HEllOJABHIKHEIE H BPAII[ArOIHECS MAarHHTH B
OMHOH IUIOCKOCTH. IIpH 53TOM VYBEIHYHMBANCE PasMepbl SNIEKTPOJBHTATENS B BEPTHKAIBHOM
HaIlTpaBJIEHHH, YTO OBIIIO BIIOJIHE YIOOHO JJIS OIBITHOH CYJIOBOH YCTaHOBKIH.

JIsurarens b. C. JAxobu KOHCTpykIMH 1838 I. mpexacraBisul cobon kKoMOMHAImp 40
HeOONBINMX NEKTPOABHIATENIEH, O0OBEAHHEHHEIX 110 20 INTYK Ha JABYX BEPTHKAIILHBIX Bajlax,
YCTAHOBJIEHHEIX B JIEPEBSAHHON CTaHMHE. J[JI I TaHUS TOKOM OOMOTOK 3IIeKTPOMAarHHUTOB Ha O0Te
OBITH YCTAaHOBJIEHBI TaJIbBAHNYECKHE 3IIeMEHTHI. VI3MeHeHHe HalpaBlIeHHSI TOKa B OOMOTKax
TTOJIBIKHBIX BIIEeKTPOMArHHTOB OCVYINECTBIISTIOCHh KOMMYTAaTOpaMH. BpalleHie OT BEpTHKAIbHBIX
BAJIOB C ITOMOINBI KOHMYECKHX IIECTEPEH IIEPENABATIOCh HAa TOPH30HTAIIBHBIN Ball, HA KOTOPOM
YKPEIUISUIHCE I'PeOHEBIE KOJIECA, PACIIONOKEHHEIE IT0 000MM OopraM O0Ta.

M criprTaHus rmokKasam BO3MOJKHOCTE ITPAKTHYECKOTO IIPHMEHEHHS BIIEKTPOABUT aTeJIeH, HO
B TO e BpeMd OOHapYXKIWIH, YTO TPH IMTAHHH HX TOKOM OT TaJlbBaHHMYeCKHX OarapeH
MeXaHHYEeCKasd SHEPrus IOIy4yaeTcsa upesMepHO goporod: 1 i ¢. B gaBurarene b. C. fAxobu
obOxomack B 12 pas gopoxe, YeM B CIIy4ae IIapOBOH MAaIIIHHBEL.

HeobxomiMO OTMETHTE, UTO IS MPEOJIOIIEHHS OCHOBHOI'O HEOCTATKa ralbBaHHYECKHX
OaTapel — MaJIOH 3HEPTrOEMKOCTH — TPeOOBAIOCH HCIIONB30BaTh OYEHP MHOI'O 3JIEMEHTOB, a 3TO
TpeOOBaHHE 11 MHOI'HMX TPAHCIIOPTHBIX YCTAHOBOK OBIIIO HEIMPHEMIEMBIM. TakK, HallpHMep, Ha
0otre b. C. Axo0Ou BHayane OBLJIO YCTAaHOBIEHO 320 rabBaHHYECKHX 3I1eMeHTOB. [ IpoH3BeIeHHEBIE

AOKYMEHT NOANMWUCAH |
SNEKTPOHHOWM NOANUCHIO [PHBCIIII SlxoBH K 0UYeHb BaXHOMY JJIA ITPAaKTHKH

Ceptudumrar: 12000002A633E3D113AD425FB50002000002A6

JIHTCH B ]'[pHMGﬁ 3dBHCHMOCTH OT CTOHMOCTH
Bnapeneu: LLleGayxoea TatesaHa AnekcaHgpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

40



BIIEKTPOSHEPTHH, T. €. OT CO3JaHHSI TeHepaTopa, O0ollee SKOHOMHYHOIO, YeM TajlbBaHHYECKIE
Oarapem.

OpHako b. C. SIko0u He cMor oOHapyKUTE IIPHHIMIIHAIIBHOIO HEJJOCTAaTKA JBHUTaTEIeEH CO
CTEPKHEBBIMH 3JIEKTPOMAarHHTaMH. B 3THX JIBHTATENSX ITPOHCXOAHT ITOCTOSHHOE BKIIIOUEHHE H
BRIKIIFOUEHHE KaTVIIIEK, H MarHHUTHOEe IIONIe TO CO3[aeTcs, TO HcuesaeT. Ha cosmaHuHe 1mojsa B
MAIIIHHE HEIPEPBIBHO TPeOyeTcsd AMEKTPHUYECKAS 3HEPrusd, KOTopas IPH OTKIIFOYEeHHH KaTVIIeK
Ipeodpasyercs B TEIUIOTY. [I03TOMY IO JIOTHMKE Pa3BHTHSA BCKOPE MOIDKHBI OBIITH ITOSBHUTBCS
HEIPEPLIBHBIE OOMOTKH, KOTOphIE OOECIEUHBAIOT SNEKTPOMEXAaHHUYECKOE IpeoOpazoBaHIe

SJHEPIHH B YCTAHOBHBIIIEMCAH PEKHME 0e3 H3MeHEeHH T SHEPIHH Mal' HHTHOI'O IIOJIA.

Konumponomsie 6onpocet:

1. B3anMoeNCcTBHE 3IEKTPHYECKOr0 TOKa H MarHHTa.

2. YCTaHOBIIEHHE 3aKOHOB IEKTPHYECKOH LIETTH.

3. OTKPBITHE SBIIEHHS 3IIEKTPOMAarHHTHOH HHIVKI[HH.

4. IlogroroBHThE IPE3EHTALHOHHBEIE IIPOEKTHI HA TEMY. 3JIEKTPOAHHAMHKA, OCHOBHBIE
3aKOHBI SEKTPHYECKOH IIEIH, HAYAJIO IMPAKTHYECKHX IIPHMEHEHHH SIEKTPHYECKOH SHEPIHH,
BaKHEHMIIME OTKPBITHS H HCCIEAOBAaHHS B OOIACTH 3IeKTPOMAarHeTH3Ma, CO3JaTellb IIEPBOIO

MAarHHUTO3IEKTPHYECKOI 0 reHeparopa b. Axkoou.
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Ipakmuueckas paboma Ne7. Ilepeévie ucmouHUKU IJIEKMPUUECKOZ0 0CEEULEeHUAL.

Ilasen Abonouxkoe — coz0ameib «PyccKozo c6ema).

HEJII’:.' HB}“IEHIIE HCTOPHIT PA3BHTHA 3JIICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

JJNICKTPOTCXHIIKH H (prhﬂ[pﬂBﬂHHE: €€ HdaYUHbBIX OCHOB.

OcHoébl meopuu.;

B 40-70 rr. XIX B. cTamm co3gaBaThCs IEPBBIE HCTOYHHKH 3ITEKTPHUYECKOIO OCBEIIEHIAL.
OCBEILEHHE SBISETCS €CTECTBEHHON M ITOCTOSHHOM ITOTPeOHOCTHIO YeloBeKa. CaMbIM JIOJITHM
ORI IIyTH OT JIVUMHBEI K CBe€YEe M 3aTeM K MaclIgHoOH namiie. B repon 1omnoBHHe XIX B.
TOCIIOACTBVIOIIEE IIOJIOKEHHE 3aHHMAJIO Ta30BOE OCBEINEHHE, HMEBIIEE CVYIIECTBEHHEIE
IIPEUMYILECTBA IIEPE] JTaMIIaMH C JKHAKHM TOPIOYHM: I[EHTPaIH3alHsg CHaOXKeHHS YCTaHOBOK
CBETHIILHBIM TI'a30M, CPaBHHTEIbHAS [eIlleBH3HA TOPIOYErO, IIPOCTOTA Ta30BEIX TOPEIIOK H
ITpocToTa OOCIHYKHBaHMSI. HO 1Mo Mepe pasBHTHS KaIllHTaJIHCTHUYECKOI'O ITPOH3BOJICTBA, pOCTa
TOPOJOB, CTPOHMTEILCTBA KPVIIHBIX IIPOH3BOJACTBEHHBIX 3JaHHH, TOCTHHHI[, MarasHHOB,
3PENHINHEIX IIOMEIEHHH OHO BCE MEHEE YAOBIIETBOPSUIIO TPeOOBaHM M IIPAKTHKH, TaK KaK OBIIIO
OITACHO B ITOKAapPHOM OTHOIIIEHHH, BPEIHO JUIS 340POBbSL, a CIUIAa CBETA OTIEIbHOH IOpeIKH Obla
Mana. I TeKCTHIBHBIX H IBEHHBIX (paOpHK, THHOrpadHii, JepeBo0OIeTOYHBIX I[eX0B, TeaTPOB
H T. JI. Ta30BO€ OCBEIIEHHE CO3JaBaJI0 VI'PO3y IOKapoB. OCOOEHHO HeJOCTAaTKH Ia30BOr0
OCBEINEHHS CTAJIH CKa3bIBAThCS Ha KPVITHBIX ITPEMIPHATHSIX C OOJIBIIHM YHCIOM PadOyHX,
3aHATBIX Ha IIPOH3BOJCTBE IT0 12—14 4 B CYTKH, BEI3BIBAS PE3KOE CHHKEHHE IIPOH3BOIHTEIIBHOCTH
Tpyaa. I103TOMY BIIOJIHE CBOEBPEMEHHBIMH, OTBEYABIIIHMH COIHAIFHOMY 3aKa3y OBLIIH ITOIBLITKH
CO3J1aTh IEKTPHYECKHE HMCTOYHHKH CBETAa, KOTOPBIE BBITECHIIIM OBl BCE HHBIE HCTOYHHKH.
DNeKTPHYECKOE OCBEIEHHE PAa3BHBAIIOCEH IO ABYM HaIlpaBJICHHSM: AYTOBBIE JITAMIIBI M JIAMIIBI
HaKaJIMBaHHS BIIOJIHE eCTECTBEHHO HayaTh HCTOPHIO 3JIEKTPHYECKOI O OCBEIIEHHS C YITOMHHAHI A
00 ommiTax B. B. Ilerpoa B 1802 r., KOTOpRIM OBUIO YCTAHOBIIEHO, YTO IIPH ITOMOIIH
3JIEKTPHYECKOH JYTH «TEMHBIH ITOKOH JOBOJIIBHO SICHO OCBEIIEH OBITH MOKET». Torma xe, B 1802
r., X. JI?BH B AHTTIMH JeMOHCTPHPOBAJI HAKaJl IIPOBOJHHKA TOKOM.

[IepBEIM ITO-HACTOSIIEMY MACCOBBIM ITOTPEOHTENEM 3IEKTPHUYECKOH SHEPIHH SBHIACH
3JIEKTPHYECKas IaMItouka. OHa M IIO0 HBIHEINHHI JEeHb OCTaJach CaMBIM PacIIpOCTPaHEHHBIM
BIIEKTPOTEXHHYECKHM  YCTPOHCTBOM. Hayajmo IIMMpoOKOMY IIPAaKTHYECKOMY ITPHMEHEHHIO

BHEI{TPII‘IECI{Dﬁ SJHEPIruM ITIOJIOKHIIA B 1876 T. JNMEKTPHYCCKAA CBCHYd BBIJAIOIICI OCA PYCCKOI'O
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3aCIIyKHBAacT OCOOOH OI[EHKH H OTJAEILHOIO paccKas3a, ITOCKOIBKY IIOCIYKIJIO MOIIHBIM
HMITYTIECOM K OYPHOMY POCTY 3NEKTPOTEXHHYECKOH ITPOMBIIIIIIEHHOCTH.

OJIHa 3IIeKTPHYECKasI CBeYa MOI'TIa TOPETh OKOJIO 2 Y IPH YCTAHOBKE HECKOJIBKHX CBEYEH
B CIIeI[HAaIbHOM (pOHape, 00OPYIOBAaHHOM IepeKIIrouaTelleM JUIS BKIIOYeHHSI OUYepPeHOH CBEeYH
BMECTO IIEPErOpeBIIeH, MOKHO ObIIIO 00ecIieunTh OecriepeOOHNHOE OCBEIEHHE B TeueHHe Oolee
JUINTEIbHOI'O BPEMEHH.

YpesBeIYalHHO BaKHO OTMETHTE, UTO H300peTeHNe AIeKTPHYECKOH CBEYH CITOCOOCTBOBAIIO
BHEJIPEHHIO B IIPAKTHKY IEPEMEHHOIO TOKa. B TedeHHEe BCEro NPEeALIECTBYIOIIETO IIEpHOA
AJIeKTpHYecKas TeXHHKa Oa3HpoBallach Ha IIOCTOSHHOM TOKe (Tenerpadms, raabBaHOTEXHHKA,
MHHHOE JIeJI0). JIyroBBIe 3NeKTpHYEeCKHe JIAMITBI C PeryIsaTOopaMH TakXe ITHTaJIHCh ITOCTOSHHBIM
TOKOM. IIpH 5TOM ITOJIOKHUTEIIBLHBIH AIEKTPOJ Ccropail ObICTpee OTPHI[ATEIBHOIO, IIO3TOMY Er0
TTPHXOIUIOCEH OpaTh OONBILETO JHAMETPA.

II. H. SI01104KOB YCTaHOBHIL, UTO JJIS IIMTAaHM I CBEYH JIYYIIIE IIPHMEHSATH IIePEMEHHBIH TOK,
B 5TOM CIIy4ae IIPH 3MeKTPOoJax OJHHAKOBOIO JHAMETpa IMoJIydyaaach BIIOJIHE YCTOHMYHBAs Ayra. B
CBSI3H C TEM, UTO OCBETHTENbHBIE YCTAaHOBKH IT0 cHcTeMe 1. H. AIGmoukoBa cTami MogKiroYaTh K
HCTOYHHKAM IIePEMEHHOIO TOKAa, 3aMETHO BO3POC CIIPOC Ha TeHepaTOphl IEPEMEeHHOI'0 TOKa,
KOTOPEIE PaHbIIE He HAXOIHIH ITPAaKTHYECKOT0 ITpHMeHeHHS. O 3HaUEHHH YIEeKTPHYECKOH CBEUH
B PacCIIHPEHHIH IIPOH3BOACTBA IEKTPHYECKHX FTEHEPATOPOB IIEPEMEHHOI0 TOKAa MOKHO CYIAHTH 10
CIIeAVIOIIEMY IPHUMEPY: €CIIH IO ITOSBIIEHH S SIIEKTPHYECKOH CBeUH 3aBo/ 3. T. ' paMMa BBIITYCKAaIl
B TeueHHe 1870—1875 IT. MO HECKOIBKY JAECATKOB MAIIMH B I'OJ, TO 3a 1876 I. BEINYCK
reHepaTopoB BO3poc IMOYTH A0 1000 1T, 3aBOABI M3TOTOBILTIH 3JIEKTPHUECKHE TeHEepPaTOPHI,
CITEI[HAILHO IIpeJHa3sHAYEeHHEBIE IS YCTAaHOBOK AIEKTPHYECKOTI0O OCBEINEHHS, H JaKe MOIIHOCTD
MaIlHH 0003HaYaIach IO YHCITY ITHTAaeMbBIX IEKTPHUYECKHX CBEUYEH (HAITPHMED, «IIeCTHCBEYHAS

MAIITHHA» ).

K OHMPOJIbHbBIE 601NPOCHI.
1. IlomroroBHTB IMPE3CHTAIITHOHHBIC  IIPOCKTBEI Ha TCEMY. HEPEBIE HCTOYHHEH

IJICKTPHYCCKOI'O OCBECIIICHITA. I1aBen S6mouKkoB — co3IaTelb «PYCCKOI'O CBCTa».
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Ipaxkmuueckasa pavoma Ne8. H3oopemerue mparcghopmamopa. Hecneodosarnua 6

obtacmu HEpEﬂ avu HJIEIGHPHIIECKﬂﬁ. JHEpIHH HA Dotbue pPAccmoAHUA.

HEJII’:.' HB}“IEHIIE HCTOPHIT PA3BHTHA 3JIICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

JJNICKTPOTCXHIIKH H (prhﬂ[pﬂBﬂHHE: €€ HdaYUHbBIX OCHOB.

OcHO6bl meopuL:

Bocemigecsareie rogel XIX B. BOIIUIH B HCTOPHIO SMEKTPOTEXHHKH ITOJ Ha3BaHIEM
IIEPHOJIa «TPaHCPOPMATOPHEIX OHTBY. Takoe HEOOBIYHOE Ha3BaHHE OHH ITOIIYYIUIH ITOTOMY, YTO
H300peTeHHe TpaHcpopMaTOopa SBHIOCH OJHHM H3 CHIBHEHIIIMX apryMeHTOB B IIONB3Y
IIEPEMEHHOIO TOKa. A Hacrosmas OHTBa IUIa MEXAY CTOPOHHHKAMH CHCTEM ITOCTOSHHOI'O H
IIEPEMEHHOIO TOKOB M OTpa’kala ITOMCKH ITYTEH BBIXOJA H3 HA3PEBIIETO SHEPTETHYECKOTO
KPH3HCa, CBS3AaHHOIO C IMPOOIEeMOH IEHTPATIH30BAHHOIO ITPOM3BOJICTBA SIEKTPOSHEPTHH I
repegavl €€ Ha OOJIBIIIME PACCTOSHIS.

[lepBEIM MpocTEHINNM TpaHC(POPMATOPOM € Pa30OMKHYTHIM MarHHTOIIPOBOAOM ObLiIa
HHAVKIIHOHHAA KaTyinka. Ee n3o0pereHne B 30—40-x rogax XIX B. CBS3aHO ¢ HMEHaMH Psja
YUEHBIX H H300peTaTened, HO HaHOOJIBIIYIO H3BECTHOCTD ITOIYYII HEMELKHH MEXaHHK | eHpHX
Pymxopd (1803—1877 r1T.), co3maBnmii B 1848 r. Gomee cOBepHIEHHYIO KOHCTPYKI[HIO, H €ro
HMEHEM BIIOCIEACTBHM CTalld Ha3bplBaTh HHAVKI[HOHHVIO KaTyINKy. TakHe KaTVIIKIH
ITPeTHA3HAYAIICE JJI TIOIYUYEHHS HCKPOBOIO paspsaga BO BTOPHYHOM IIEIH IIPH IIPepPhIBAHNH
IIOCTOSIHHOIO TOKa B IIEPBHYHOH IlenmH. BriepBele kaTymky I'. Pymxopda mnpHMeHHT s
THCTAHIHOHHOIO B3phIBaHHSA MHH b.C. fxoOu. B mocnemnen Tpern XIX B. HHAVKIIHOHHEIE
KaTVIIKH TIOJIVYHIIM IIHPOKOE IIPHUMEHEHHE B CHCTEMAaX 3aKHI'aHHS JBHTIATelIeH BHYTPEHHETO
CrOpPaHH L.

Pollb MHAYKITHOHHOM KAaTVIIKH, TIPEBPATHBIINEHCS B allllapaT, Ha3BaHHBIH IIO3JHEE
TpaHc(OpMaTOpOM, KaK CpeACTBa SIEKTPHYECKOIO pas3JelieHHs IelleH IIepeMeHHOIOo TOKa,
OTUETIINBO oco3Han [I.H. A6moukoB.

Jlaxxe caMHM (paKTOM ITaTeHTOBAHHS CHCTEMBI «IPOOIIEHHS cBeTa) BO MHOTHX CTPaHaX OH
KaK OBl ITOYEPKHBAJI BaXKHOCTh HOBOTO ITpetokeHN . Bo dpaHiryzckoM mateHTe Ne 115793 ot
30 HOsOps1 1876 1. oH 1mican: «lIpeaMeToM 3TOro H300pETEHHNS SIBJISETCS pacIIpeic]IeHHE TOKOB B
IEJIIX ITPOM3BOJCTBA SIEKTPHUYECKOIO CBETA, ITO3BOILIIONIEE ITOIYYHUTH, ITONMB3VSICH IIETIBIO,

IIHTaeEMOH OJHHM eJHHCTBEHHBIM HCTOUHHKOM JNEKTPHYCCTBA, HCOIIPCACICHHOS HYHCIIO

O HT N A
SH%WTKEEEHGH ?'I%nﬂb;llaclliﬂ » OT ITPHBBIYHBIX CXCEM HHAYKITHOHHBIX KAT VIIICK,
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 | - 6
Bnapenel(: (leBayxosa TaTbsiHa AneKcaHApoBHa HAUECKHH HCTOUHHK IICPEMCHHOI'O TOKd, OOIICC
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CucremMa «IpoOneHHS cBeTa» SOIOUYKOBa IIHMPOKO AeMOHCTpPHpOBalach JBa pasa. Ha
[Tapmkckon MeXIyHapoaTHOH »SIEKTPOTEXHHYECKOH BRICTaBKe B 1881 r. m Ha Bropon
[TeTepOypreKoil SIeKTPOTEXHHYECKO BeIcTaBke B 1882 r.! (Tme Bclo cHcTeEMY CMOHTHPOBAN H
SKCIIOHHPOBAI ITpenapaTop MockoBckoro yHuBepcurera MBan OumirmioBud Y caruH (1855-1919
IT.). BOOMHEBIL, KaK HX TOrJla Ha3bIBalIH, HMEIH OJHHAKOBOE YHCIO BHTKOB B IIEPBHYHOH H
BTOPHYHOH OOMOTKAaX, a CTaJIbHOH CEPAECYHHK OBIJI Pa3sOMKHYTBIM H IIPEACTABIISTI COOOH
CTEPKEHB, HAa KOTOPBIH HaMaThIBarmich 0OMOTKH. Ha »ToH e BeIcTaBke K.(D. YcaruH BIIEpBEIE
NeMBHCTPHPOBAII CXeMY BKIIIOUEHHS BO BTOPHYHBIE OOMOTKH HHAYKI[HOHHBIX KaTVIIIEK KPOME
CBeUEH M APYIHX IPHEMHHKOB. 3JIEKTPOJBHTATENS, ITPOBOJIOYHON HarpeBaTEIbHOH CITHpAIIL,
IIYTOBOH JIAMITBI C PETYIITOPOM. Bee 3TH IIpHEMHHKI MOIJIH padoTaTh OJHOBPEMEHHO, HE MEIIIAs
IPYT APYry. OTHM sKcriepuMeHTOM HM.D. YcarnmH yOeJHTEIIbHO JOKa3all YHHBEPCAIBHOCTH
ITPHMEHEHH S IIEPEMEHHOIO TOKA.

B Hayanme 80-X roJIoB CTaHOBIIOCH BCE SICHEE, UTO CHCTEMa 3IIEKTPOCHAOXKEHHS Ha
ITOCTOSIHHOM TOKE HE MMEET IEPCIIEKTHB. K3 oIbITa SKCIUTyaTaliHi YT OBBIX HCTOUYHHKOB CBETA
OBLJIO YCTAHOBJIEHO ONITHMAaIbHOe HanpskeHHe 110 B. Paguyc anekrpocHalXKeHH S He IIPEBHIIal
HECKOIIBLKO COTEH METPOB. [TOIBITKH pacIMpHTh IPaHHIIEl paiiOHa AIEKTPOCHAOKEHIS IIPHBEIH K
POXKIEHIIO TaK Has3bIBAEMOH TPEXIIPOBOJHOH CHCTEMBI ITOCTOSHHOIO TOKa. HO OCHOBHBIM
HaIlpaBJICHHEM Pa3BHTHS 3IEKTPOSHEPreTHKH VyxKe B 80-X rojax CTaHOBHICS CHCTEMa
IIEPEMEHHOI0 TOKA.

HoOBBIM IIaromM B MCHOIB30BAaHHH TPAaHC(POPMATOPOB C Pa3OMKHYTBIM CEPASYHHKOM IS
pacripefie]IeHHsI SIeKTPO3HEPIHH  SBIIACh CHCIEMA PACIPElelIeHHS SIeKTpHYecTBa IS
ITPOH3BOJCTBA CBETA M TaK HA3bIBAEMOM JIBHIATElIbHOH CHIIBI, 3allaTeHTOBAaHHAas BO (DpaHI[HMH B
1882 r. aHrmoickiM snekTporexHuHkoM JIK.JI. Iomapom (1850—1888 IT.) M (ppaHIY3CKHM
AJIeKTpoTeXHHKOM JlrocteHoM ['mO0com (ymep B 1912 r1.). DOTH TpaHC(hOpPMaTOpPHI
IIPpEAHA3HAYAIIMCh VK€ HE TOJIBKO IS «APOOIEHHS» SHEPIrHH, HO M I IIpeoOpa3oBaHHS
HaIlPpSDKEHHSL, T.e. HMelIH KO3(D(QHIHEeHT TpaHcOpMallHH, OTIHYHBIH OT eJuHHHIBI. Ha
IEePEBSHHOH IO CTaBKe VKPEIUIUIOCh HECKOIBKO HHAVKIIMOHHBIX KaTVIIIEK, IIEpBHYHBIE OOMOT KH
KOTOPBIX  COENHHSUINCH  IIOCIeJOBaTeNbHO. BTopHuHBle OOMOTKH  KaTVIIeK  OBIIHM
CEKIIMOHHPOBAHBI, M KaXJas CEeKI[HSI HMella JBa BBIBOAA IJIS ITOAKIFOUEHHS ITPHEMHHKOBR.
3aciIyKHMBalOT BHHMAHHS BBIABHJKHBIE CEPJAESYHHKH 2 KaTyIIeK, C IIOMOIIBIO KOTOPBIX
PETrYIIHPOBAIOCh HANpsDKEHHE Ha BTOPHYHBIX OOMOTKaX. TpaHC(OpPMAaTOphl € Pa30MKHYTHIM

CEPJACHTHHKOM B 1883 r. YCTAaHAaBIIHBAIOTCAH Ha ITOJCTAHITHX JIOHZOHCKOTO MCTPOIIOIIMTCHA, a B
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PrucyHok 9 Tpancdopmarop I'onmsapa u ['nG6ca

CoBpeMEHHBIE TpPaHC(POPMATOPEl HMEIOT 3aMKHYTBIH MAarHHTHBIH CEPAEYHHK, HX
IEPBHYHBIE OOMOTKH BKIIFOYAKOTCA MMapa/lielbHO. HO Ig cXembl «IpOoONIEHHSD HHEPIHH,
npegnokeHHon [1.H. SI0mouyxkoBeIM, TpaHC(pOpMaTOpPhl ¢ Pa3OMKHYTBEIM CePASYHHKOM BITOJIHE
YIOBIIETBOPSIIHM TEXHHYECKHM TpeOoBaHHAM. [IpH mocnemoBare IbHOM COeQUHEHHH TIEPBHYHBIX
OOMOTOK BKIIFOUEHHE H BBEIKIIOUEHHE OJHHX IIOTpeOHTENIeH HE OKAa3bIBAJIO CYIIECTBEHHOI'O
BIIMSHISA Ha Pe’KHM padoTel APYTrUX. 1IpH mapanieIbHOM BKIOUEHHH IIPHEMHHKOR ITPHMEHEHHE
TpaHC(POPMATOPOB € PA30MKHYTEIMH CEPASYHHKAMH CTaHOBHIIOCH TEXHHYECKH HEOITPABIAHHBIM.
[IosTOMY ITOHSTHO CTpeMIIEHHE CKOHCTPYHPOBaTh TPaHC(OPMATOPHl ¢ 3aMKHYTOH MarHHTHOMH
CHCTEMOH, KOTOphle OONaJaroT 3HAYHTEIBHO JIYYIIHMH XapaKTepPHCTHKAMH (MeHBIIHH
HaMarHHYHBAIOIIHI TOK, a CleJ[0BaTelIbHO, MeHbIIHe MoTepH U GorbImii KITJT).

[TepBEIe TpaHC(OPMATOPHI ¢ 3aMKHYTBIM CepAeYHHKOM OBIIH CO3JaHBEI B AHIIHH B 1884
r. Opats svH J[)KoHOM H OxBapaoM ['onkmHcoHamH. CepIeUHHK 3TOro TpaHchopMaropa OBII
HaOpaH M3 CTAJIBHBIX ITOJIOC HJIM IIPOBOJIOK, Pa3delIeHHBIX H3OISIIHOHHBIM MaTepHalIOM, YTO
CHIDKAIIO IIOTEPH Ha BHXPEBBIe TOKH. Ha cepieuyHHKe ITOMEINAMCh, YepPeAysach, KaT VIIKH
BBICITIETO M HHU3IIIETO HAITPSDK EHII.

BriepBrie mpemIoKeHHe O IapalIeNIbHOM BKIIOYEHHH OOMOTOK TpaHC(pPOpMaTopoB
BeICKazal P. KeHHemn B 1883 I., HO BCECTOPOHHE 53TOT CIIOCOO CcoeaMHEHMS OOOCHOBAII
BEHT€PCKHII AeKTpoTeXHHK Mukmnorn Jepn (1854—-1934 1T.), koTopsni B 1885 I. ITOIYYIII TaTEHT
Ha IapajUIelIbHOe BKIIFOYEHHE ITEPBHYHBIX H BTOPHYHBIX OOMOTOK TpaHC()OPMATOPOB H ITOKa3all
IIPEMMVIIECTBO TAKOI'0 BKIIOUEHHS. HesaBHCHMO OT Hero aHaJIOrHYHBIH IMaTeHT B AHITIHH
roiryuny1 C. 1. @eppaHTH.

HEpE,I[ElT-IEl BHEI{TpIIIIEEI{Gﬁ SHEPrumM IICPpEMCHHBIM TOKOM BBICOKOI'O HAIIPAKCHIA

oxasaTacs ’ﬁ'ﬁﬁi"m‘ﬁﬁ?ﬁ OARGAT AT T ome +23HOro TpaHc(opMaTOpa ¢ 3aMKHYTOH MarHHTHOH

SMNEKTPOHHOW NOAMUCLIO -

Ceptudukar - 12000002A633E3D113AD425FB50002000002A6 e OKCIUTyaTallHOHHBIE ITOKa3aTelH. TaKoH
Bnapeneu: LWebayxoea TatesaHa AnekcaHgpoeHa
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pazpaboTtam B 1884—1885 rr. BeHTepckue snekTpoTexHukH Mukmnorn Jlepu, Orto braatu (1860—
1938 rT.) u Kapoi I{umnepHoBckuii (1853—1942 rT.), BIIepBBIE IIPEeIOKHBIINE H CaM TePMHH
«TpaHc(popmaTop». BeHrepckrme HHKeHEpPhl HAIUIH OIITHMAlIbHBIE COOTHOIIEHHS MEXIY
PacXoIoOM MeJIH H CTaIIH B TpaHc(popMaTOpax H 00eCIIeYIIH CBOEH ITPOYKI[HH IIHPOKHI COBIT Ha
MHPOBOM 3IIEKTPOTEXHHYECKOM PhIHKe. B yacTHOCTH, 3Ta (prpMa ocymiecTBHIIa B 1887 . omHY H3

IICPBLBIX B PoccHu YCTAHOBOK IIEPEMEHHOI'O TOKa I OCBECIICHITA OIICPHOI'O TCATpPd B I. Omecce.

K OHMPOJIbHbBIE 601POCHL.

1. KTo wmn300pen mepBeIH IpOCTeHINHIT TpaHcpopMaTop? Ero KOHCTPYKIHS H
Ha3HAYEeHIE.

2. Kaknm o6pazoM IepegaBanachk 3JIEKTPO3HEPrH Ha OONBIIHE PACCTOSHH SA?

3. [IoATOTOBHTE  IIpe3cHTAIMOHHEIE  IIPOEKTHI  Ha  TEMY.  H300peTeHHe

TpﬂHC(bﬂpMﬂTGpa: HCCIIEJOBAHHSI B 0OIacTH Icpcaa"n BHEETPIHE:CKDﬁ SHCPI'HH Ha OOJIBIIIHE

PaCCTOAHHA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Ipakmuueckaa paboma Ne9. Co3z0aHue nepesvix ACUHXPOHHBIX 0éuzamenei. Y
UCMOKO06 diekmpuuxanyuu. OCHO60N0N0HCHUK mpexazmbix cucmem Muxaun /[onueo-

J[obpoeonsckuil.

HEJII’:.' I/IB}"IEHIIE HCTOPHIT PA3BHTHA 3IICKTPOTCXHHKIT H 3JICKTPOSHCPI'CTHEKH, 3dKOHDbI

IJICKTPOTCXHIIKH H (bﬂphﬂ[pﬂEﬂHHE €€ HaYUHbIX OCHOB.

OcHo6bl meopuu.:

B 10 BpeMs kak H. Tecna o ero cOTpyIHHKH IBITAIIHCh YCOBEPIIEHCTBOBATh ABYX()a3HYIO
cucreMy, B EBporie Oplma paspaboTaHa Oolee COBEpIIeHHas 3JIeKTpHYecKasd CHCTeMa —
Tpex(asHas HM3ydeHHe JIOKYMEHTaIbHBIX MaTepHaJIOB ITOKa3bIBaeT, 4yTro B 1887-1889 1.
MHOT'O(pa3HbIe CHCTEMBI pa3zpabaTHIBAINCh ¢ OOJIBINMHM HIH MeHBIIHM YCIIeXOM HeCKOJIbKHMH
VUEHBIMH H HHKEeHEepPaMH.

Hammpumep, Y. bpemmn, cTpeMsIck H3TOTOBHUTEL 3IMEKTPHYECKYIO MAIIHHY C JIVYIIHM
HCITOJIb30BAHHEM aKTHBHBIX MAaTEpPHAJIOB, CKOHCTPYHPOBANl ABYX-H Tpex(aszHble I'eHepaTOpPBHI.
OpHaxko Y. bpemin He 3HAI O SBJIEHHH BPAIAIOIIErOCSd MAarHHTHOIO IIOJIS M IIPEATIOJIarai, 4To
ITOTpeOHTETH B MHOrO(pa3HBIX CHCTEMaX JOJIKHBI BKIIFOYAThCS KaK OJHO(a3HbIe Ha KaKIYIO ITapy
ITPOBO/JIOB.

@. XazenpBaHep MOIOMIET K TpeX(pa3sHOH CHCTEME TOKOB C APYTHX HCXOJHBIX ITO3HIIHH.
3Has, YTO KOIJIEKTOpP VY TeHeparopa M JBHTATelNd IIOCTOSHHOIO TOKA BBIIIOIHSET
B3aHMOOOpaTHMbIe (PYHKI[HH, OH PENNUI ero YCTPaHHTh, CUHTAas, 4YTO JOCTAaTOYHO Te TOYKH
OOMOTOK SKOpeH KaKIOH H3 MAaIllMH, OT KOTOPBIX HAYT OTIIAHKH K IIaCTHHAM KOIIJIEKTOPA,
COEIHHHUTL COOTBETCTBEHHO APYL C APYTOM. OTO YAOOHO CIIeIaTh Y 0Opall[eHHBIX MAIIH, SKOPS
KOTOPBIX HEIOJABHIKHEI, a ITOJIIOCH] Bpalarorcs. Torga reHeparop OVAET CBS3aH C JIBHIaTElIeM
ITPOBOIAMEH, YHCJIO KOTOPBIX PABHO YHCITY KOJJIEKTOPHBIX IUTACTHH. CTPEMSICh YMEHBIIHTE YK CIIO
JTHHENHBIX ITPOBOAOB, . Xa3enbBaHIep HaIlle]l MHHHMAILHBIH BAPHAHT — TPH IIPpoBoaa. OJHAKO
OH HE CYMEJI YVBHAETH BCEX BO3MOKHOCTEH HOBOH CHCTEMBI H CO3JATh IIPHIOMHEIE IS IIPAKTHKH
KOHCTPYKI[HH MAIIIHH.

HanGonpnmix ycrexoB B pa3BHTHH MHOro(dasHBIX cHcTeM JoOHiIca Mmuxann OCHITOBHY
Jomnso- JIo0pOBOJIBCKII, KOTOPBIH CYMENI NMPHIATh CBOMM padoraM ITPaKTHYECKHIL XapaKTep.
[ToaTOMY OH ITO IIpaBY CUMTAETCS OCHOBOITOJIOKHHKOM TEXHHKH TPeX(pa3HBIX CHCTEM.

M.O. JlommBo-/l[oOpoBombckiii (1862—1919 r1r.) pommicsa B llerepOypre, ydmics B

AOKYMEHT MNOAMNMCAH
SNIEKTPOHHOW NMognncbio
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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3aBeplInUI cBOe OOpas3oBaHIie B BRICINEM TEeXHHYECKOM VUIUIHINE T. JlapMInrajgra, B KOTOPOM
OOJIBINIOE BHHMAHHE YIEISIIOCH ITPAKTHYECKIM ITPHMEHEHH SIM 3IIEKTPHYECTBA.

Ocenpro 1888 r. M.O. JlomuBo-/loOpoBonbckuil I1poden Jgokmnan 1. @eppapuca o
BPAIl[AOIEMCS MarHHTHOM I10jIe M OBLI KpaWHe VIHMBIEH €ro BBIBOJIOM O IIPaKTHYECKOH
HEIIPUTOMHOCTH  «HHIYKITHOHHOIO» sneKrpoasurarensda. Eme mpo »storo M.O.  Jlonuso-
JIOOpPOBONBCKHIT 3aMETIUI, 4YTO ECIH 3aMKHYTh HAKOPOTKO OOMOTKY SKOPS JBHIATElsd
IIOCTOSIHHOI'O TOKA ITPH TOPMOXKEHHH (T.€. B OIBITE JHHAMHYECKOIO TOPMOKEHHS), TO BO3HHKAET
OOJIBIIION TOPMO3SIIIMI MOMEHT. «4 TOTYaC XKe ckaszal cede, — BcrioMuHal ro3gHee M.O. JJomiso-
JIOOPOBOJILCKHI, — YTO €CJIIH CHEIaTh Bpall[arolleecs MarHUTHOeE IT0le 1o MeTony I'. Meppaprca
H TIOMECTHTh B HEr'O TAKOH KOPOTKO3AMKHVTHIH SKOPh MAJIOr0 COITPOTHBIIEHHS, TO 3TOT SIKOPb
CKOpEE CaM CTOPHT, ueM OyJIeT BpallaThCs ¢ HEOOIBIIHMM YHCIIOM 000POTOB. MEICIIEHHO  ITPSAMO
IIpeICTaBIII ceOe 3IeKTPOABHIaTeIhb MHOIO(pa3sHOIO TOKA C HHYTOKHBEIM CKOIbKECHHEM)).

Tak M.O. JomuBo-/|oOpOBONBCKHMI IIPHINEI K BBEIBOAY O HEIEIESCOOOPa3sHOCTH
H3TOTOBIEHH S OOMOTKH POTOpaA ¢ TaKHM OOJBIIIMM COITPOTHBIIEHHEM, IIPH KOTOPOM POTOP HMET
Obl ckombXKeHHe S50 %. B CTepKHSIX Majoro COIMPOTHBIEHHSI IIPH HeOOJBIIOM CKOJIbXKEHHH
BO3HHKHYT TOKH, KOTOpPHIE B JOCTAaTOYHO CHJIBHOM MArHHTHOM IIOJIe cTaTopa CO3JajyT
SHAYNTEIBLHBIL BPaIlarOI[HICI MOMEHT.

Y CHIEHHAS JeATEIIBPHOCTh B 3TOM HAITPaBJIEHNH B HEOORIYAHHO KOPOTKHH CPOK IIPHBENA K
pa3paboTke Tpex(dasHOH HIMEKTPHYECKOH CHCTEMBI H COBEPIIEHHOH, B IIPHHIMMIIE HE
H3MEHHBIIIEHCS IO HACTOSIIETO BpeMEHH, KOHCTPYKIIMH aCHHXPOHHOI'O 3JIEKTPOABHTaTEN S

[lepBEIM BaXHBIM IIaroM, KOTOpPBIH cuaemanx M.O. JlomBo-/]oOpoBonbckiii, OBIIO
H300peTeHHE pOoTOpa ¢ OOMOTKOH B BHE OeMUYLEro Koeca. /I YMEHBINEHHS COIPOTHBIIEHH A
OOMOTKH POTOpa JIVUIIMM KOHCTPYKTHBHBEIM PEIEHHEM MOI' OBITH POTOP B BHAE MEIHOIO
IIHHApa, Kak B aeurareine I'. @eppapuca. Ho Meap SBISETCS IUIOXHM ITPOBOJHHKOM IS
MarHHTHOTO 110 craropa, u KIIJ] Takoro geurarens Op1 OB OUeHh HH3KHM. ECIH Ke MeJIHBIH
IIUTHHAP 3aMEHUTh CTallbHBEIM, TO MAarHHTHBIH ITOTOK Pe3K0 BO3pPacTacT.

OJIHAKO OTMETHM, YTO 3JIeKTPHYECKAS ITPOBOJMMOCTD YV CTAIH MeHbIIe, YeM Y MeJH. M.O.
Homso- JIo6poBOIBCKII Halllel OIecTAlee pPelleHHe — BBOIOIHHTE POTOP B BHIAE CTAIbHOIO
IINIHHPa (YTO YMEHBINAIO MAarHHTHOE COIIPOTHBIIEHHE POTOpa) H B IIPOCBEPIIEHHEBIE IIO
IepH(EPHH ITOCIIEAHETO KaHAIIbl 3aKJIaJ[bIBaTh MeJIHbIE CTEPKHH (UYTO YMEHBIIAET IeKTPHYECKOE
COIIPOTHBIIEHHE poTOpa). Ha ITOOOBEIX YaCTSIX POTOpa 3TH CTEPKHH JOIDKHEI OBITH XOPOIIO
3JIEKTPHYECKH COeJIMHEHBI. Ha pHcC. IpeAcTaBIeHEl YepTekH U3 IepBoro rmareHra M.O. Jlomso-

AOKYMEHT [OANMCAH ‘eMbI. OTHM IIaTEHTOM OH 3aKpeImi 3a COOOH
SNEKTPOHHOW NMOoANUCHIO '
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CnepyronmuM 1mraroM M.O. JlomBo-J[0OpoBOIBECKOTO SBHIIACh 3aMeHa ABYX(a3HOIt
cHcTeMbl Tpex@dazHoH. OH COBEPIIEHHO CIIPaBeJIMBO OTMEeYall, YTO IPH YBEIMYEHHH 4YHCclIa (a3
VIIYUINAETCS PACIIPEAEIIEHHE HAMarHHYHBAIOIIEH CIJIBI IO OKPYKHOCTH CTaTOpa aCHHXPOHHOIO
AIEKTPOJABHIATEN. YKe IIepexol] OT ABYX(a3HOH CHCTEMBI K Tpex(pa3HOH JaeT 3HAUYHTEIbHBIH
BBINTPBIII B TOM OTHOINEHHH. J[albHelIlee yBelIHUeHHe YHClIa (pa3 HellellecooOpasHo, TaK Kak
OHO ITPHBENO OBl K 3HAUHTEIILHOMY VBEIIMUYEHHIO Pacxoia MeIH Ha ITpoBojia. BCKOpe BRISICHIUIHCE
H JIpYyrHe IIPeHMYIIecTBa TpeX(pa3sHON CHCTEMEL.

Ho xaxmm oOpa3oM ITpollle BCETO ITOIYYHTEL TpeX(hazHYI CHCTeMY? YiKe OBII H3BECTeH
CIT0cO0, ITPH ITIOMOIIH KOTOPOIr'o OOBIYHYIO MAIIIHHY ITOCTOSHHOIO TOKa MOKHO OBLIIO ITPEBPATHTH
B IT€HEPATOP IePEMEHHOr0 ToKa. Kak yxe ormevanocs, [1.H. AGmoukos 1 3. I ' paMM elle B KOHIIE
70-xX rogoB XIX B. CEKIIHOHMPOBAIH KOJIBIIEBOH SKOPh I'€Heparopa M IIOIYYalIH OT KaKJIOH
CEKIIHMH IepeMeHHBIH TOK. B cepemiHe 80-X rogoB OBIIH ITOCTPOEHEI IIEPBEIE BpaIl[arOIIHECS
OIHOSIKOPHEIE ITpeo0pa3oBaTe. 3TH IIpeo0pa3oBaTelIi OUYEHD IIPOCTO ITOMYYAINCh 13 OOBIYHOI
MAIIHHEI ITOCTOSIHHOI'O TOKa: OT ABYX JHAMETPAILHO ITPOTHBOIIOIOKHEIX TOUEK OOMOTKH SKOPSA
IBYXITOJIFOCHON MAIIMHEL JEeIalliCh OTITAHKH, KOTOPhIE BBIBOJIIINCE HAa KOHTAKTHEIE KOJIBI[A. B
3TOM CIIy4ae K KOJUIEKTOPY MAIIHHBI ITOABOMIUICS ITOCTOSHHBIN TOK, a C KOJIEI[ CHHMAIICH
IIepeMEHHBIN. ECI B TOM K& SKOpe MAaIIHHEI ITOCTOSHHOI'O TOKa CAENaTh OTIIAHKH OT YeThIPeEX
PAaBHOOTCTOSIIHX TOYEK, TO Ha YETHIPEX KOJIbI[AX JIETKO ITOIYYHTh ABYX(azHYIO CHCTEMY TOKa.

H. Tecnma mocTponil CHHXPOHHBIH TE€HEPATOp, B KOTOPOM HMEINCh TPH HE3aBHCHMBIE
KaTyIIIKH, PacItoloKeHHbIe o YriIoM 60° omgHa K Apyroi. Takoi reHepaTop AaBal Tpex(pazHyIo
CHCTEMY TOKOB, HO TpeOoBal I Mepegauyll SHEPTHHU IIECTH ITPOBOJOB, TAK KaK B 3TOM CIIy4ac
IIONy4Yajlach HeCBS3aHHAsA TpeX(asHasd I[ellb ¢ TOKaMH, CIBHHYTBIMH II0 (paze Ha 60°. M.O.
Jomneo-JIoOpOBOJIECKIIT B Ppe3VyiIbTaTe MCCIEHOBAHMS Pas3IMYHBIX CcXeM OOMOTOK Cclesalnn
OTBETBIIEHNS OT TPEX PABHOOTCTOAIIMX TOUEK SKOPS MAIIIHH ITOCTOSHHOI'O TOKa. TakuM oOpa3zoM
OBLITH ITOTY4YeHbI TOKH ¢ Pa3HOCTRIO (pa3 120°. CoxpaHHB B 3TOH MalIHHE KOJUIEKTOP, MOKHO OBIIO
HCIIOJIb30BATh €€ B KaUeCTBE OJHOSKOPHOI'O IIpeoOpa3oBaTelIs.

TaxymM 1myreM OblTa HaliJleHa CBsS3aHHas Tpex(a3Has CHCTeMa, IIPH KOTOPOH A IepeJadH
1 pacrpejielIeHNs SIIeKTPOsHEePrHl TpeOyeTcs TOIMBKO TPH MPpoBoAa. B aByxdasHoi crcTreMe H.
Teclel Takke HMEIIACh BO3MOXKHOCTE OOOHTHCH TPEMS IIPOBOJIAMH, OJHAKO JIOCTOHHCTBA
CHMMETPHYHOH CBSI3aHHOH TPex(a3HOH IEMH MOAKPEIULUINCE APYTHMH ITPEHMYINECTBAMH KaK
IBHTaTeJlel, TaKk M BooOme TpexdazHoH cHcTeMbl. IlocnemHssa SBISETCS CHMMETPHYHOIM,
yPaBHOBEIIEHHOH H 5SKOHOMHYHOH. Ha Tpm mpoBoja B TpexdasHOH cHCTeMe IS IepeJadH

[OKYMEHT NOANUCAH o
SNEKTPOHHOW MOANUCHLIO MeTalnna Ha 25 % MeHBIIe, YeM Ha JIBa ITPOBOJA
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JlanpHelIee yBelIHUYeHHe 4HclIa (a3 MpHBelIo OBl K HEKOTOPOMY  VIIYYIIEHHEO
HCIIOIIb30BAHMS AEKTPHYECKHX MAIIMH, HO BBI3BAIO OBl COOTBETCTBVIOINEE YBEIHYEHHE YICIIA
JTHHEHHBIX ITPOBOAOB. Takmm o0pa3om, TpexdaszHas CHCTeMa 3IIEKTPHYECKHX TOKOB SBJISETCS
OIITHMAJIbHOH MHOTO(pa3HOH CHCTEMOH.

CHCTEME TPeX «CONPSDKEHHBIX» TOKOB M.O. /lomBo-/]o0poBOILCKHI Jal CIIelHaIbHOE
HanMeHOBaHHe « Drehstromy, 4yTo B nepeBojie Ha PYCCKHII SI3BIK O3HAYAET «BPALIAOIHIICS TOKY.
YKazaHHBIOI TEPMHH, XOPOIIO XapaKTEPH3VIOIIHH CIIOCOOHOCTH OOpa3OBBIBAaTh BpPalllaXOIEECs
MarHHTHOE II0JIE, O HACTOSIIETO BPEMEHHN COXPAHIIICS B HEMEIKOH JIUTepaType.

BecHoit 1889 r. OBII ITOCTPOEH NePBBIH TpexdasHbIH aCHHXPOHHBIH 3IeKTPOJABHTATEIIb
MOIITHOCTEIO 0K0JI0 100 BT. OTOT ABHTaTeNnh ITHTAICSd TOKOM OT TpeX(a3HOro OJHOSKOPHOIO
ITpeo0pazoBaTeIsd H IIPH HCIBITAHIX IT0KA3all BIIOIHE YIOBIETBOPHTEIILHEIE PE3YIIHTATHI.

[TopaxxaeT KOHCTPYKTHBHAasI 3aKOHUEHHOCTH TIEPBBIX aCHHXPOHHBIX 3IEKTPOJABHIATEIIEH
M.O. Jlomnso-/lo6poBonbckoro. CTepKHH «OelIMYbero Kojeca» OH IIpeajaraeT JejaTh
HEH30JIMPOBAHHBIMH, CEPJIEYHHK POTOPAa MACCHBHEIM HIIH IITHXTOBaHHBIM, CTEPIKHH IT0 TOPI[AM OH
COEIHHIIT KOPOTKO3aMBIKAIOIIMIMH KOJIbI[aMIH, JUIS CTaTOPa BIIEPBBIE BBEI ITOITY3aKPEITHIE TTa3HL.

Bceren 3a epBeIM OHOSKOPHBIM ITpeo0pazosaresieM OBLIT CO3aH BTOPOH, OoIee MOIIHBIH,
a 3aTeM HaYaloCh H3TOTOBJIEHHE TpeX(]asHBIX CHHXPOHHBIX TI'€HEepaTOPOB. YKe B IIEPBBIX
reHepaTopax IIPHMEHSIINCE JBa OCHOBHEIX CITOCODa COENMHEHHS OOMOTOK. B 3BE3NY H
TpeyrombHHK. B gampHemmnmem M.O. Jlomeo-/106pOBOJIBCKOMY  VAAIOCh  VIIVUIIHTH
HCIIONIb30BAHHE CTAaTOpa C IIOMOINBIO IMHPOKO IPHMEHSIEMOIO B HACTOSMINEE BpPEMS METOJIA,
3aKIIOYAIOIErOcd B TOM, 4YTO OOMOTKY JI€lIar0T Pa3pe3sHOH M ITPOTHBOJIEKAINHE KaTYIIKIH
COEHHSIFOT BCTPEYHO.

Bax#HeIM goctixkeHHeM M.O. Jlomieo- J1o0pOBOJIECKOIO SBIJIOCH TaKKe TO, YTO OH
OTKAa3aJICS OT BBIITOIHEHH S ABHUTATENS C BRICTYIIAXOIIMMH ITOIFOCAMH M CJieNal 0OMOTKY cTaTopa
pPacIIpeIelIEHHON II0 BCEH €ro OKPYKHOCTH, Olnmarogaps 4eMy 3HAYHTelIbHO YMEHBIIHIIOCH
MarHHTHOE paccesHHe Mo cpaBHeHHIO ¢ JBHraTelIsIMH H. Tecnbl. Tak Tpexda3HbIH aCHHXPOHHBIH
IBHTATENh C KOPOTKO3AaMKHYTBIM POTOPOM ITOIYYHJI COBPEMEHHBIE KOHCTPYKTHBHBIE (DOPMBI.
Beckope M.O. Jlonuso-/JoOpOBOIBCKHM OBIIIO BHECEHO €IIE OJHO VYCOBEPIIEHCTBOBAHHE:
KOJIbIleBasd OOMOTKa cTaropa Obwlma 3amMeHeHa OapabdaHHON. Ilocime 3Toro acHHXpPOHHBIH
3IIEKTPOJABHUIATEL ¢ KOPOTKO3aMKHYTBIM POTOPOM IIPHOOPET COBPEMEHHBIHN BHJI.

Hopoe 3aTpyaHeHHEe B pa3BHTHH TpeX(azHOH TEXHHKH BO3ZHHKIIO B CBSA3H C OrpaHHYeHHOH
MOII[HOCTBIO TIEPBEIX HCTOYHHKOB 3HEPIrHH, KaK OTAEIbHBIX IeHePaTOPOB, TaK H 3IEKTPOCTaHI[H

AOKYMEHT roArvcAH YHHOT'O AIIEKTPOJIBHTaTEeId ¢ KOPOTKO3aMKHYTHIM
3NEKTPOHHOWM NOANMUCHIO | oA P
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M.O. JlomBo-/JoOpoBOIBCKHH B 1890 I'. M3rOTOBHII ABHTaTellb ¢ KOPOTKO3aMKHYTHEIM
POTOPOM MOIIHOCTRIO IIPpHMEPHO 3,7 KBT H IIpH TMEPBOM JKE€ HCILITAHUN OOHAPYKIII
3HAUUTEIILHOE VYXVIIIIEHHE ITYCKOBBIX CBOHCTB. lIpHumHa 3TOro 3aKiroyaiack B TOM, 4YTO
KOPOTKO3aMKHYTEIH POTOP OBII  «CIHINKOM 3aMKHYT HakKOpoTkKo». [IpM yBelmmYeHHIH
COIIPOTHBIIEHHS OOMOTKH POTOpa ITYCKOBBIE YCIOBHSA 3aMETHO VIYYINAIHCh, HO pabouue
XapaKTEPHUCTHKH IBHTATENA VXYAIAIMCE. AHAIN3 BOSHHKIINX 3aTPYAHEHHH ITPHBET K CO3JaHHIO
TaK Ha3bIBAeMOTIO (pa3HOr0 poTOpPa, T.€. TAKOro, 0OMOTKa KOTOPOIO JAEIaeTCs, IMoJ00HO 0OMOTKE
cTaTopa, TpeX(a3HOH H €& KOHIIBI COEJHHSIOTCS C TpeMS KOJIbI[aMH, HacaKeHHBIMH Ha Bail. C
ITOMOIIIBIO I[ETOK STH KOIBI[A COSMMHSIIOTCS C ITYCKOBEIM peocTaToM. TakuM oOpa3oM, B MOMEHT
ITYCKAa I[ETIh POTOPa HMeeT OONBINOe COITPOTHBIIEHHE, KOTOPOE YMEHBIIIAETCS IT0 MEPE HapacTaHH A
yacTOTHl BpaineHHa. Ha puc., B3groMm w3 goknaga M.O. Jlomso-/[06pOBOIBECKOIO Ha IIEPBOM
BcepoccHuiickoM 3IeKTpoTexHHYeckoM che3fie (1899), rmokaszaHa IIPHHIHITHAIBHAS KOHCTPYKIHS

ABHI aTCJLA.

KonmponoHsre 6onpocel:

l. H300perennsa M.O. Jlomso- J[JoOpoBOJIIE CKOTO.

2. [IOATOTOBHTL IIpe3eHTAI[HOHHEIE IIPOEKTHI Ha TeMY. CO3[aHHE IIEPBHIX
ACHHXPOHHEIX JIBHT'aTelIeH, Y HCTOKOB 3IIEKTPH(PHKAIIHI, OCHOBOIIOIOKHHK TPeX(asHBIX CHCTEM

Muxamnn J{omieo-/106pOBOJIb CKHI.
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Ipakmuueckaa paboma Nel(). 3apodxcoerue IeKmpoIHepzemUKU. IHepzemuuecKas
mexHuKka. Hemopuueckue ycioéua 603HUKHOGCHUA U PA3ZSUMUA IHEPZeMUUECKOU MEXHUKIL.

Ponb MIEKMPUUECKOZ0 OC6€H{EHUA 6 CIMAHOGJIEHUH IJIEKMPOIHEPZEMIUKH.

HEJII’:.' I/IB}"IEHIIE HCTOPHIT PA3BHTHA 3IICKTPOTCXHHKI H 3JICKTPOSHCPI'CTHKH, 3dKOHDI

IJICKTPOTCXHIIKH H (bﬂphﬂ[pﬂEﬂHHE €€ HaYUHbIX OCHOB.

OCHO6bL MeopuiL:

Hauaso pasBHTHS 3IeKTPOTEXHOIIOTHH IIPHHATO CBSBEIBATE ¢ paboTamu akajgemika B. B.
[leTpoBa, KOTOpPEII BIIEPBBIE HMCCIEAOBANl 3JIEKTPHYECKVIO AVIY H VYKazal Ha €€ BO3MOXKHBIE
00IacTH ITPHMEHEHHN JJI1 HarpeBa, TUIaBKH M BOCCTAHOBIIEHHS H3 OKHCIIOB METAJUIOB, a TAKXKe
IUIS 3IekTpoimsza Boapl. B XIX B. Hauamich pa3paloTKH 3IEKTPOTEXHOIOTHYECKHX YCTAHOBOK
Pa3MYHOr0 Ha3HAYEHHI, KaK YICTO HCCIEJOBATENbCKIX, TaK H HMEIOIHX ITPOMBIIIIIEHHOE
IIPHMeHEHHe. OT0 padoThI TaKHX YUeHBIX, KaKk M. Jlenpe (OpaHIms, 1849) — neys COIMPOTHRIICHHA
H ayroBas Ieub, JI.-A. IImmon (Opamipisa, 1853) — ayropas meybp KOCBEHHOIO JEHCTBHS IS
MeTauTypras, B. Cinvene (Arrmis, 1879) — 1yroBele IeYH IPSAMOI0 H KOCBEHHOT 0 AeHCTBHA, O.
Xapucainy (Anrmaa, 1884), H. I'. CmaBsHoB (Poccus, 1888) — myroBas smekTpocBapka, C.
Tomricon (Aarmusa, 1891), UBuar (Anrmusa, 1892), C. Meppantu (Uramig, 1887) — Teopusa u
ITpaKTHKa HMHAYKIIHOHHOI'O Harpeea M IUIaBKU. MOINHBEI HMIIYIBC IS Pa3sBHTHAI
3JIEKTPOTEXHOIOTHH JTaJIH MHOTOYHCIIEHHBIE PAaOOTHI 10 IOTYYEHHIO ATIFOMHHHISL, B XO€ KOTOPHIX
pa3pabaThIBAIINCh PA3IHYHbIE THITHI SIEKTPOTEXHOIOrHIECKHX YeTaHOBOK (OTY): rapHuccakHas
rieys Y. C. Bpajmn (CIIA, 1883), pe3HCTHBHEIE PYIOBOCCTAaHOBHTEIILHBIE ITEYH ITPSMOI0O HarpeBa
opatbeB A. 1 E. Koymnecc (CLIA, 1884), snekrpomistele BaHHEL [1. JI. T. Opy (Opaning, 1886) u
Y. M. Xomma (CIIA, 1886). OgHako 3(p(peKTHBHOE pa3BHTHE H IIPHMeHEHHE CTaI0 BO3MOKHEIM
JIHIIE C MEPEXOIOM OT XHMHIYECKHX HCTOUYHHKOB IMTAaHI K HCTOUYHHKAM ITHTAHHS, OCHOBAaHHEIM
Ha 3aKOHE O3JIEKTPOMAarHMTHOH MHAVKI[HH, T. €. C CO3JaHHEM MOIIHBIX TIe€HEPAaTOPOB H
YBEIIHUEHHEM TIPOH3BOJCTBA 3IEKTPO3HEPIHH B KOHIE XIX — Hayaime XX B. C 3TOro BpeMeEHH
HayaJIi pa3BHBATHCS pasiMYHble BHIBI IS OCVYIIECTBIEHHS Pa3HOOOPAZHBIX TEXHOJIOIHYECKHX
ITPOIIECCOB, B YAaCTHOCTH IS IONYYEHHSI H OOpabOTKH KauyeCTBEHHBIX CTalleil, I[BETHBIX H
TYTOIUIABKHX METAJUIOB, ITONIYIIPOBOJHHKOB, IUIacTMAcC M APYIHX MaTepHanoB. Ha cosmaHue
CHJILHOE BIIMSHHE OKa3aIH pasBHTHE aBToMOOHIecTpoeHHs (ocoOeHHOo B CIITA), a mo3gHee aBHa-

H PAKCTOCTPOCHIIA, aTOMHOH ITPOMBINUICHHOCTH H JOP. BHEKI‘[)DTEPMIIIEGK[IE YCTAHOBKI
AOKYMEHT NoarnncAH
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® pEBHGTI[ErI{BIﬁ;

. BIEKTPOYTOBOMH,

. MHIYKIIHOHHBIH (HarpeB IIPOBOJHHKOB B 3IIEKTPOMAarHHTHOM IIOJIE),

. TUAIIEKTPHYECKHUI (HarpeB AUANEKTPHKOB B 3IIEKTPOMAarHHTHOM IIOIE),
. TUIa3MEHHBIH (HarpeB IIOTOKOM ITIa3Mbl — HOHH3HPOBAHHOIO I'asa),

. BIIEKTPOHHO-TTYYEBOH;

. (OTOHHEIN (HarpeB ¢ HUCIIOIb30BAHHEM Jla3epa — JIa3€PHBIH ).

OTMETHM, UTO €CIIH IEPBLIE TPH BHA HarpeBa H3BeCTHRI ¢ XIX B., a JHAIEKTPHYECKHI
HarpeB craad IpuMeHsSTh ¢ 30-X rr. XX B., TO HAyajlO PasBUTHSI 3IeKTPOHHO-IIYYEBOIO,
IIA3MEHHOIO H JIA3€PHOI0 HarpeBa OTHOCHTCS yx&e K 50—60-M rr. XX B. McTopHio pa3sBHTHA
3JIEKTPOTEXHOIOTHH  IlelIecoo0pa3sHO pacCMaTpHBaTh B COOTBETCTBHH C  IIPHBEIEHHOM
KI1aCCH(pHKALHEH.

Kak H3BeCTHO, OMHHMH H3 HaHOOJEee PacIIpOCTPAaHEHHBIX B IIPOMBIIIUIEHHOCTH SBJISEOTCS
MeXaHH4YeCKHe ITporecchl. [Ioatomy yike B 70—80-X rogax XIX CTONIETHS HAUMHAET ITPOSBIISTHCS
CTpeMIIEHHE 5SIIeKTPH(PHIIHPOBAThL 3TH IIPOLIECCHI, T.€. OCYIIECTBHThL SIEKTPHUYECKHIL ITPHBOJ
PA3IMUYHBIX MCIIOIHUTENBHBIX MEXaHH3MOB. OpHako A0 Havana 90-X TrogoB IIpHMEHEHHE
3JIEKTPOITPHBOAA HOCIIO SIIH30AHYECKHI XapakTep. JIMIIIb B HEKOTOPHIX CIy4Yasx, Korja
IPEAIPHUATHS  pacroiaraid  OJNOK-CTaHIMSIMH IS 3JIEeKTPHYECKOTO  OCBEINEHHS,
3JIEKTPOJABHIATEIN ITPHMEHSIIHCE U IIPHBOAA BEHTIISATOPOB, HACOCORB, ITOJBEMHHKOB H JIPYIHX
MeXaHH3MOB. CJIeAYeT OTMETHTD, YTO Ha BCepOoCCHIICKOH ITOINHTEXHHYECKOH BBICTAaBKE B 1872 T
B.H. Unkornes BIepBhIe JEMOHCTPHPOBAI IIBEHHYIO MAIIIHHY C 3JIEKTPHYECKHM IIPHBOJIOM — 3TO
OBIII IIEPBBII B MHPe «3IeKTPH(PHIIHPOBAHHBIH CTAaHOKY.

[TonmoxeHne M3MEHIIOCh KOPEHHBIM OOpa3oM B CBS3H C H300pPETEHIEM ACHHXPOHHOIO
IBHTaTels. B 1o0CcTaTOYHO KOPOTKHI CPOK 3TOT THII ABUTATENS 3aH T IOMHHHPYIOIIEE TTOIIOKEHHE
B CHCTEME HJIEKTPOIPHBOAA TIPOMBIIUIEHHBIX IIPEMIPHATHH. YpesBhIUaiiHas IIPOCTOTA
ACHHXPOHHOI'O0 JBHTATENSL, OCOOEHHO C KOPOTKO3AMKHYTBIM POTOPOM, €ro HAaJeKHOCTh H
HEBBICOKAaSI CTOMMOCTD ITO3BOJIIOT YCTAaHOBHTH B JIFOOOM I[€XE COTHH M THICSYH JBHTaTelleH IIpH
HeOOJIBIIOM OOCIYKHBAIOIIEM IIEpCOHale. TakHe JBHTaTel MOIYT BBINIONIHATBECS B
repMETHYECKHX KOPITYCaX, M, CIeJ0BaTEIbHO, HX MOKHO HCIIOJIB30BATh B TSDKEIBIX YCIOBHSIX. B
aTMoc(epe ITOBBIIIEHHOH BIAKHOCTH, OEH3HHOBBIX ITAPOB M T.II. ACHHXPOHHBIE JBHIATEIH Oe3
ITOBPEKAEHII BBIACPKHBAIOT 3HAUHTEIIbHBIE KPaTKOBPEMEHHBIE IIEPErPY3KH, TOrAa KaKk B

IBHTaTEIIX IIOCTOSHHOI'O TOKa JIr00as IIEPETIPY3Ka YCKOPACT H3HOC KOJUIEKTOPA.

AOKYMEHT NoArn1cAH
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slIeKTponpHBoAa. HemocTaTkoM acHHXPOHHBIX [BHIATeleil ¢ KOPOTKO3aMKHYTBIM POTOPOM
TAKXKE SBISIETCS OrPaHHYEHHE MX MOINHOCTH VYCIOBHSMH ITyCKa. 3TO OOCTOSTEINLCTBO B
HaYalIbHBIH IIEPHOJ] Pa3BHTHS TPpeX(a3HOH TEXHHKH, KOIJ[a MOIITHOCTH 3IeKTPHYECKHX CTAHI[HH
OBLIM HEBEJMKH, 3aCTABIIUIO BO MHOTHX CIVYasX OTKA3bIBATLCA OT IIPHMEHEHHS JBHTATEJIEH C
KOPOTKO3aMKHYTEIM ~ pPOTOpoM. MoIlHeIle [BHTATENIM C KOPOTKO-3aMKHYTBIM  POTOPOM
IIPHMEHSIIHCE TOIBKO B CIYYasdxX, KOrja OHHM IMMTAIHCh OT OTAEIBHOIO IeHeparopa. Takwue
YCTaHOBKH YacCTO HCITONIb30BaJINCh, HAIIPHMED, B BOJIOKaYKaX.

[IpakTHUeCKH pa3BHTHE 3IEKTPOIIPHBOJA ITPOHCXOMHUIIO JBYMS HepaBHO3HAYHBIMI
myTsaMi. [lepBeifi, HanOolee THIIMYHBEIN, - 3aMEHa IIAPOBBIX JBHIraTeleH, paldoTaBIIMX Ha
TPAaHCMHCCHIO. OTO OBUI ITYTH CO3JaHHS KPYIIHOIPYIOIOBOI'O 3JIEKTPOIIPHBOMAA, KOTOPBIH HeE
HCKIIFOYAJI TSDKETIBIX IIPOH3-BOACTBEHHO-THTHEHHYECKHX VCIIOBHH, OIPEAEISBIIHMXCS HATTHYHEM
TpaHCMICCHIT. BTOpOI IMyTh — 3IMH30JHYECKOE ITPHMeHEHIe OJHHOYHOro nmpusojga. I[locnemauee,
KaK IIPaBIJIO, HMMEJI0 MECTO TOJIBKO B ClIydae KPVIIHBEIX OTBETCTBEHHBIX HCIIOIIHHTEIBLHBIX
MEXaHH3MOB, ITPebSBILIBIINX CIIEIHPHIECKHe TPeOOBAHHS K IIPHBOJHOMY JBHIATENIO (IIPHBOJ
KpPaHOB, IEHTPH(YT, ITPOKAaTHHIX CTAaHOB H T.IL.). HO yXKe B KOHIle BeKa ITpaKTHKAa HaIJISIHO
yOex1ana B IIPeUMYIIeCTBAX OAHHOYHOTO IPHBO/A.

[Tocme HIbi BHI IIPHBOAa OCBOOOKAAET IIPOMBIIIUIEHHOE IIPEATIPHATHE OT TPAHCMICCHI H,
IJIaBHOE, IIO3BOILIET paboTarh KaXAOMY OTJEIIBHOMY HCIIOHHUTEIIPHOMY MEXAHH3MY IIPH
IIEPEMEHHBIX HAarpy3Kax H HAHBBITOJHEHIINX CKOPOCTSX, a TaKKe I03BOJISIET YCKOPHTh ITYCK M
H3MEHEHHE HaIlpaBIeHNU BpameHHs. OMIHOYHBIN IIPHBOJ OKa3all CYIIECTBEHHOE BIIMSHHE H Ha
KOHCTPVKI[HIO CaMOI0 HCIIOJIHHTEJIPHOIO MeXaHu3Ma. COIMKeHHEe IIPHBOIHOTO JIBHIATENS C
HCITOIHHTEIbHBIM MEXaHH3MOM HHOT 1A TIOJIYYaJI0Ch HACTOIBKO TECHBIM, YTO KOHCTPYKTHBHO OHH
IPEACTABILUIN COOOH enHHOe Iienoe. HamprumMmep, B ciiydae 3MIEKTPOIPHBOLA POJIbIaHIa POIHK,
CITYZKAII[MI IS IIEPEMEIIEHHS MeTallla, SBIISETCS HaPYKHBIM POTOPOM aCHHXPOHHOT'O JIBHTaTE L.

B 70-x 1 ocobeHHo 80-X romax XIX B. IIPOBOJHJIOCH MHOIO PadoT IO ITPHMEHEHHIO
BJIEKTPHYECTBA Ha TpaHCIopre. TakK Ha3bklBaéMble KOHHO-XKEJIE3HBIE JOPOrH VKe He
VIOBJIETBOPSUIH BO3POCIIHX ITOTPEOHOCTEN TOPOACKOrO HACeleHHS, a IIPHMEHEHHE ITapOBOIO
TOPOJICKOTO TpaHCIIOpTa OKa3ajloCch HEMPHEMIIEMBIM H3-3a [JbIMa M KOIIOTH. PeanpHas
BO3MOKHOCTEL JJISI IIPOBEAECHHS OIBITOB IO 3IIEKTPH(HKAIIMH TPaHCIIOPTa IIOSBIUIACH IIOCIIE
H300peTeHHs reHepaTopa I paMmMa.

Bo Bcex crnyyasx, Korja 3JIeKTpHYecKas SHEPrus JJI ITHTAHHS TSTOBOIO JIBHUIATENS
reHEPHPOBAIIACh TAJIbBAHHYECKOH HIIH aKKYMYIISAT OPHOM OartapeeH, TeXHHYECKOE PEIIEHHE IIIIO0 B

OOKYMEHT NoarnucAH
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IEHCTBHE COOTBETCTBYIOIIMMH ITAPOBBIMH arperaTraMil, CHCTEMa aBTOHOMHOM 3JIEKTPHYECKOH
TSATH IEPECTala pacipocTpanarbes. 1Ipobinema 31MeKTpHYECKON TATH MOITIa HAHTH PEIIEHHE JIHIIb
IIPH YCIOBHH Pa3padOTKH ITPHEMOB SKOHOMHYHOHN IIEpefauyd 3SIEKTPOSHEPIHHM OT MECTa €€
TeHEPUPOBAHUSA K IBIKYIIEMYCS SKHITaXy, BaroHy M T.I1. Takum oOpa3oM, 3JIeKTpHYeCcKasa Tara
MOIJIa Pa3sBHBATHCSA B BHIE HEABTOHOMHOH TSIH C ITPHMEHEHHEM METOJOB SKOHOMHYHOIM
TIepeJads SIeKTPO3SHEPTHH HA PACCTOSHHE.

CHcreMa aBTOHOMHOH 3MEKTPHYECKONH TSTH, OJHAKO, HE ObLiIa ITOJTHOCTBIO OTBEPrHYTA,
YCOBEPIIEHCTBOBAHHE AKKYMYJISTOPOB IIO3BOJIUIO YCTpaHBaTh CHCTEMY aBTOHOMHOM TSIH,
ITOJIb3YSICh CMOHTHPOBAHHOH B BarOHEe HIIM Ha CYIHE aKKYMVIIITOPHOH OarapeeH, TOKOM OT
KOTOPOH ITHTAJICA 3IIEKTPOIBHT aTEIb.

B 1879 r. B. CumeHcoM ObpUIa IIOCTPOEHA IepBas HeOOIbINAsa 3JIEKTPHUYECKAS Kele3Hasd
JIOpora Ha IIPOMBIIIUIEHHON BBICTAaBKEe. DIEKTPHUECKAS SHEPrHS IO OTASIPHOMY KOHTAKTHOMY
PENBLCY MEPEaBAIach K ABUTATEN HEOOIBINOIO BaroHa, HAIIOMHHABIIIETO COOOH COBPEMEHHVIO
AKKYMVIIITOPHVIO TeJIEKKY (AIEKTPOKap), 0OpaTHEIM ITPOBOJOM CIIYKHIH PEIbCHI, IO KOTOPBIM
IBHTAIICS «JIOKOMOTHBY». K rociemHeMy OBLIIM TIPHIIEITIEHBI TPH TeNeKKH, Ha KOTOPHIX MOTJIH
pa3sMeCTHTHCA 18 rmaccaKHupoB.

B PoccuH mepBEIE OIBITHI HEABTOHOMHOH SIEKTPHUYECKOH TSTH OBUIH ITpOBeAcHBI (D.A.
[Tupouxrm. Erme B 1875—1876 IT. OH HCIIOIB30BAI VIS IEpedadl EKTPOSHEPIHH OOBIYHEIH
KETIE3HOJOPOKHBIN PEIbCOBBIH ITYTh. UTOOB YIIVUIIIMTE IIPOBOJAHMOCTE PEIBCOBOIO ITYTH, OH
IIPUMEHIUT CTBIKOBBIE BJIEKTPHUYECKHE COSIHHEHHS, a IS YCHIIEHHS H30ISIHH JIBYX HHTOK
PeJbCOB OAHOH KoneH (OHH OBLIH H30JIHPOBAHBI CIIOEM OKAJIHHBI H IMIaJIaMH) — CMa3KYy I10/[OIIBEI
PeIbcoB ac(paabTOM.

B aprycre 1880 r. ®.A. IIHPOIKHH OCVIIECTBII IIYCK 3IEKTPHUYECKOIO TpaMBas Ha
OIBITHOM JIMHHH B paHOHe POKIEeCTBEHCKOIO IIapKa KOHHOH JKeJIE3HOH JOoporH B lleTepOypre.
[Inranace sta MHHS OT HeOONIBINON 3JIEKTPOCTAHIMH, ITIOCTPOSCHHOH B ITApKe, ¢ T'eHEPATOPOM
MOIITHOCTEIO 4, a 1o3gHee 6 m.c. llog TpamBaHHBIA 3IEKTPOBAaroH OB ITPHCITOCOOIIEH
IBYXbSPYCHBIH BaroH KOHHOH JKele3HOH JoporH (Macca ¢ maccakupamu 6,5-7,0 T), K paMe
KOTOPOTr0O OBII IOABEINEH 3JIEKTPOABHIATENb, TIPHBOINBIIN B ABHKEHIE BEAVIIVIO OCh Uepes
IBVXCTYIIEHUATVIO 3yOuaryro Iepemady. Cxema, npemiokeHHas D.A. IIMpolxnm, HeKoTopoe
BpeMS IIPHMEHSUIACH IS ITHTAHHS TPaMBAaHHOHM CeTH H 3a pydexoM. OHa ObllIa JOCTATOYHO
IIPOCTa M JaBaja BO3MOKHOCTH OOOHTHCH O€3 TPETBEro peibca, 3aTPYIHSBIIETO VYIIMUHOE
IBIDKEHHE M YCIOKHSBIIETO BCE COOPYKeHHe. HegocrarkoM TakoOH CXeMbl OBIIIO HaIHYHE
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pelnbcaM IlepecTalM IIPHMEHSTh Ha SIIEKTPOTPAHCIIOPTE, €CIIH He CUHTATh €€ IIPHMEHEHHS B
HACTOSIIEE BpeM I aBTOOIOKHPOBKH. 3aciayrod M. A. IIHponkoro SBISETCS TaKKE BBEJICHIE
3y04aToH nepegadyr (BMeCTO PpeMEHHOH) OT Bajia JBHraTels K KonecaMm. B 1889 r. mogo0OHEIH ke
IepeJaTOYHBIT MeXaHH3M, IOJIYYHBIIHI Ha3BaHHE «TPaMBAiHOIO IIPHBOJA», OBLI IIPHMEHEH
Criparom B CHIA.

C 1883 r. geiicTBoBana THHHUA TpaMBas B I'. [lopryme (Mpnangusa) qmiHoi 9,6 kv, B 1884
I'. OBIITH OTKPBITHI JIJISI SKCILIyaTalHH TPpaMBaiHbIe JIMHHH B ropoax bpaiitoHe (AHITINA) JIIHHOH
1,5 xm n Opankdypre-Ha-Maiine (['epmanns) mmiHoH 6,56 kM. [lepBeIi TpamBai B PoccHH,
KHEBCKHI, OB ITVII[EH IS OOIIETO MOJIB30BaHHA B 1892 I., IIpHYEM peIlleHHEe O CTPOHTEIILCTBE
TpaMBaHHOH JIMHHH OBIIIO ITPHHSTO JIMIIB IIOCIE TOr 0, KaK YOe JHIIHCh, YTO HH KOHHASL, HH ITapOBast
TSATa He CIIOCOOHEI IIPEOIONIETE KPYTOH IoAbeM OT ViI. Ilomon k Kpe-marnuky. TpaMBarHas IIHMHIA
COeIMHIUIa I'YCTOHACEIIEHHYIO OKpaHHy KileBa ¢ I[EHTpOM ropoja.

Ha »sraexkrpHyecKkoM TpaHCIIOPTE IIOYTH HCKIFOYHTEIBHOE ITPHMEHEHHE ITOIIYUIII
ITOCTOSIHHBIH TOK, 00€eCIIeYHBAIOIIHI HAIEKHYIO PadoTy TArOBBIX AEKTPOABHIATEIEH H YA00HOE
PETVIINPOBAHHE CKOPOCTH. IIoaTOMY IO MEpe pa3sBHUTHSA TEXHHKH IIEPEMEHHOI0O TOKa ITPHIIIIOCH
COOPYKaTh IPe00pPa30BaTEIbHEIE TTOACTAHIHH.

Hambomnee ecTecTBEHHBIM M TIO3TOMY IIEPBEIM II0 BPeMeHH IIpeoOpa3oBaTeliieM
IIEPEMEHHOIO TOKA B ITOCTOSHHEIH ObINIa ABHIATENNb-TeHepaTOpPHas yecTaHOBKa. B 1885—1889 1T.
CO3aI0TCS IIEPBBIE OMHOSKOPHEIE ITPe00pa3zoBaTE IMEPEMEHHOIO TOKA B IIOCTOSHHBIH, KOTOPBIE
B KaXIOM CIIy4yae IpPeAcTaB/LUIH CcO00H KOMOHMHAIIHMIO CHHXPOHHOI'O 3JeKTPOABHTATENISI H
reHepaTopa IIOCTOSHHOIO TOKa ¢ OO0IHM sSKopeM. OIHOSKOPHEBIH ITpeoOpazoBaTenb O0nagacT
PSAIOM CVYIIECTBEHHBIX ITPEUMYIIECTB IEPE] ABHTaTelIb-TeHEPATOPHON YCTAHOBKOH: MEHBIIIASA Ha

30—40 % macca, 3HaUHTEIbHO MeHbIIHe radapHTHL (10 50 %), Beicoxwit KII]I.

Konmponsusie sonpocoi:

1. IIyTH pa3BHTHA 3IIEKTPOTEXHOJIOTHH.

2. IlogroToBHTH IIpe3eHTAIMOHHEIE IIPOEKTHL Ha TeMY. 3apOiKAcHHE AeKTPOIHEPTEeTHKH,
SHepreTHYecKas TeXHHKA, HCTOPHYECKHE YCIOBHS BOSHHKHOBEHHS H Pa3BHTHS SHEPreTHYECKOH

TCXHHEH. POIIb JNICKTPHYCCKOI'O OCBCIIICHHA B CTAHOBIICHHH 3JICKTPOSHCPI CTHKII.

AOKYMEHT NoanmncAH
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Ipaxkmuueckaa paboma Nell. Ilepeste mpexghazusie 3iekmpocmaruuu. OcHo6Hble
Imansl pazeumua 3iekmpoirepzemuxu 6 Poccuu. OcHo6éHble 3manslt paseumiiA

NIEKMPOIHEPZEMUKH 6 MUDE. Bo3HukHoseHue pﬂﬂﬂHHbe HJIEHHIPEICHIWIHH&.

HEJII’:.' I/IB}"IEHIIE HCTOPHIT PA3BHTHA 3IICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

IJICKTPOTCXHIIKH H (bﬂphﬂ[pﬂEﬂHHE €€ HaYUHbIX OCHOB.

OCHO6bL MmeopulL:

DOIIeKTPOCTAHIIHH, IOl KOTOPBIMH ITOHHMAIOT (PaOpHKH I10 IIPOH3BOACTRY AIIEKTPHYECKOH
SHEPTHH, ITOIekKaIeH pacIpeaeIeHHIO MeXX Y Pa3/IMYHbIMH IIPOH3BOAHUTEIISMH, ITOSBIIHCH HE
cpazy. B 70-x m Hauane 80-X rogoB XIX B. MECTO IIPOH3BOJICTBA 3IEKTPOSHEPIHH He OBIIO
OTJIETIEHO OT MeCTa ITOTpeOIeHH.

ONeKTpHYECKHEe CTaHI[HH, 00eCIIeYHBaBIIIE MIEKTPOIHEePrHEH Or paHHUEHHOE KOIIHYECTBO
IOTpeOHuTEeNIeH, Ha3bIBAIIHCh OIOK-CTaHIAMH (HE ITyTaTh C COBPEMEHHBIM ITOHATHEM OJIOK-
CTAHI[HH, TIOJT KOTOPHIM  HEKOTOPBIE  aBTOPRI  TIOHMMAKT  (paOpHYHO-3aBOJICKHE
TeIJI03JIeKTPOLIeHTpalI ). Takie cTaHIHH HHOT'Ja Ha3bIBAIH «J{OMOBBIMID.

PasBHUTHE IIEPBBIX 3JIEKTPOCTAHI[MI OBIJIO COIPSDKEHO C IPEOJOJeHHEM TPYAHOCTEH HE
TOIIBKO HayYHO-TEXHHYECKOI'O XapakTepa. Tak, TOPOJCKHE BIIACTH 3allpelllalli COOPYKEHHE
BO3AVIIHBIX JIMHHI, He Kelas IOPTHTL BHEIIHMI BHA TIopofa. KOHKYPHPVIOIIHE Ta30BHIE
KOMIIAHHH BCSYECKH ITOMYEPKHBAIN JIEHCTBHUTEIbHBIE H MHHMBIE HEAOCTATKH HOBOI'O BHJA
OCBEIIEHH .

Ha Omok-cTaHIMSIX B KayeCTBe IEPBHYHEBIX ABHTATEIEH IIPHMEHSUINCH B OCHOBHOM
TIOPIITHEBKIE TTAPOBEIe MAITHHBI H B OTAEIbHBIX CIIY4YasX JBHIaTeIH BHYTPEHHErO cropaHus (B TO
BpeMs SBIIIBIINECS HOBHHKOM), IMHMPOKO HCIIOIB30BAIHCh ITOKOMOOHIH. OT IIepBHYHOIO
IBHT ATEIS K AIIEKTPHUYECKOMY T'€HEPATOPY Jielalack peMeHHas repegadya. OOBIYHO OHMH ITapOBOH
IBHTATEIb IIPHBOINI B JEHCTBHE OMHH-TPH I'eHEpaTopa, IMTO3TOMY HAa KPYITHBIX OJIOK-CTaHI[HSX
YCTAHABIIMBAIHCH HECKOJIBKO ITAPOBBIX MAIIIHH HIH JIOKOMOOHIIEH. 11 peryiIHpOBKH HATSDKEHHS
pPEMHeEN BJIEKTPHYECKHE T'€HepaTOphl MOHTHPOBAINCh Ha canaskaX. Ha pHc. IokazaH BHI
3JIEKTPOCTAHIIHH JJIS OCBEIINEHHSI OTHOTO JOMA.

Brieperie OIOK-CTaHIMH OBIJIM ITOCTPOEHEI B llaprike g ocBelneHHs yimipl Onepel. B
PoccHH IepBoOil YCTaHOBKOH TAKOI'O Pojia SBHIIACH CTAHIIHS IS OCBEINEHH S JIMTEHHOro MOCTa B

IleTepOypre, cosganHasa B 1879 r. ripu yuactuu 11.H. f0moukoBa.

NOKYMEHT MOAMMUCAH
SNEKTPOHHOM MOOMUCHIO
Ceptudcmkar: 12000002A633E3D113AD425FBS0002000002A6
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cepemiHe 80-X rogoe XIX B. H OBICTPO BEITECHIIH OJOK-CTAaHIIMH. B CBSA3H ¢ TEM, UTO B Hayale
8(0-X roj1oB MaCCOBBIMH ITOTPEOUTENSAMH AIIEKTPO3HEPIHH MOITIH CTaTh TOJIBKO HCTOUYHHKH CBETA,
IIEPBEIE I[EHTPABHBIE SIEKTPOCTAHIMH ITPOEKTHPOBAINCH, KaK IIPAaBWIO, IS ITMTaHHA
OCBETHTEIILHON HAIPY3KH H BEIPaOaThIBAIH ITOCTOSIHHEIH TOK.

B 1881 r. HeckOIbKO ITpeIIPHHMYHBEIX aMepPHKAaHCKHX (DHHAHCHCTOB I10J BIIeYaTIIeHHEM
ycIiexa, KOTOPhIM COITPOBOJKIANIACh JEMOHCTPAIHS JIaMIT HaKallMBaHHSL, 3aKIIFOUIIIH COTTIAIIEHHE
¢ T.A. DIHCOHOM H ITPHCTVITHIIM K COOPYAKEHHIO IIEPBOH B MHPE LIEHTPAIILHOHN 3JIEKTPOCTAHIHMH
(Ha IlupabCTpHT B Hbfﬂ-ﬁﬂpﬁ:&). B ceHtabpe 1882 r. sra snekrpocraHimsa Obljla cHaHa B
SKCIUTyaTaluro. B MallMHHOM 3alle CTaHIMH OBIJIO YCTAHOBJIIEHO INECTh IeHepartopoB TA.
DMICOHA, MOIIHOCTh KaXJIoro cocrarisuia okono 90 kBT, a olIas MOIIHOCTE 3JIeKTPOCTAHIIHH
npeBbinana 500 xkBr. 3maHue craHimm H ee o0OpyAOBaHHE OBIIIH CIIPOEKTHPOBAHBI BEChMa
I[eslecoo0pa3sHO, TaK 4YTO B JaJIbHEHINEM TIPH CTPOHTEIILCTBE HOBBIX 3IEKTPOCTAHI[HIA
Pa3sBHBAIIChF MHOTHE M3 TeX ITPHHIMHIIOB, KOTOPEIE OBLIH ITpeiIokeHBl T.A. JmmcoHoM. Tak,
TE€HEPATOPHI CTAHIIHH HMMEIIH HCKYCCTBEHHOE OXIIAXJIEHHE H COSIHHSINCH HEIOCPEICTBEHHO C
nBurareneM. HarpsokeHne peryimpoBaioch aBTOMaTHYECKH. Ha CTaHIMH OCYINECTBIISIIHCE
MeXaHHYeCKas Iojjadya TOIUIHBA B KOTEINBHVIO H aBTOMATHUYECKOE YIAleHHE 301kl M IINIaKa.
3amura OOOPYAOBAHHMS OT TOKOB KOPOTKOIO 3aMBIKAHHS OCYILNECTBIISTIACh ILIABKHMIL
IIPEOXPAHUTEISAMI, a MAarucTpajibHble IJMHHH OB KaOenbHeIMH. CTaHIpa cHaOxaila
3JIEKTPO3HEPrHEN OOIIMPHEBIH IT0 TOMY BPEMEHH PaHOH ILIOIAaAbIo 2,5 KM. BCkope B HLm-ﬁﬂpKe
OBLJIO TIOCTPOEHO €Ill€ HEeCKOJbKO cTaHiuil. B 1887 r. pabotamn yxe 57 IeHTPaIbHBIX
3JIEKTPOCTAHIIHIH CHCTEMBI T.A. 3aHCOHA.

McxomHoe HanpspKeHHe TIEPBBIX SIEKTPOCTAHIMMIL, OT KOTOPOIO BIIOCIEACTBHH OBIIIH
ITPOHU3BENEHEL JIPYTHE, O0pa3yIOINE H3BECTHVIO IIKAIY HAIIPSDKEHHH, CIOKHIIOCh HCTOPHYECKI.
Jlemo B TOM, 4YTO B IIEPHOJ HCKIIIOYHTEIIBHOI'O PACIIPOCTPaHEHHS JIYTOBOIO SMEKTPHYECKOIO
OCBEIEHNS SMITHPHYECKH OBIJIO YCTAHOBIIEHO, UTO HAHOOIEee IMOAXOJSINNM IS TOPEHHUS IYTH
saBisieTca HarnpsokeHHe 45 B. UToOB YMEHBIIHTE TOKH KOPOTKOI'O 3aMBIKAHHS, KOTOPEIE
BO3HHKAIIH B MOMEHT 3aKHI'aHH S JIaMII (TIPH COITPHKOCHOBEHHH YIIIeH), H U1 00JIee YCTOHYHBOTO
TOPEHH S IYTH BKIIFOYAIIH IIOCIIEAOBATEIBLHO C YT OBOH ITaMITOH OaltaCTHEIL PE3HCTOP.

Takke SMIMPHYECKH OBIIIO HAHIEHO, YTO COIPOTHBIIEHHE OalUlaCTHOI'O PE3HCTOpPa
IOIDKHO OBITH TAKHM, YTOOBI ITAJIEHHE HAIIPsDKEHHS Ha HEM ITPH HOPMAJIbHOH padoTe COCTaBIISIIO
rmpuMepHo 20 B. Takmm o6pazom, obliee HAIIPSDKEHHE B YCTAHOBKAX ITOCTOSIHHOI'O TOKAa CHayaia

COCTaBIISTIO 05 B:, H 3TO HAIIPpKCHHE ITPHMCHAIIOCh AOJII'OC BPCMAL OIHaKO 4acTo B OJHY ILICIIb
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TO IIOIYUYHUTCS HampskeHHe 110 B. DTO HampspkeHne ITOYTH ITOBCEMECTHO OBIIIO IIPHHATO B
KaueCTBE CTAaHJAPTHOTO.

YXKe TIpH IPOEKTHPOBAHMH IIEPBLIX IEHTPAIBHBEIX 3IEKTPOCTAHIMH CTOJIKHYINCE C
TPYIHOCTSMH, KOTOPBIE B JOCTATOYHOHN CTEIEHH He OBLIIH IIPEOONIEHEL B TE€UEHHE BCETO IIEPHOIa
TOCIIOACTBA TEXHHKH IIOCTOSHHOIO TOKa. Paguyc 5SIIeKTpOCHAOKEHHS  OIpelelIsIeTCs
IOITYCTHMBIMH ITOTEPSIMH HAIPSDKEHHS B 3IIEKTPHYECKON CETH, KOTOPBIE IS JAHHOH CETH TEM
MEHBIINE, YeM BBOIE HaIpsokeHHe. VIMeHHO 3TO0 OOCTOSTEIBLCTBO 3aCTaBIIO CTPOUTH
3JIEKTPOCTAHIIMH B I[EHTPAIBHEIX PaHOHAX IOpPoa, UTO CYIECTBEHHO 3aTPYIHSIIO HE TOJIBKO
oOecIieueHHe BOJOH M TOIUIMBOM, HO H VAOPOXKAIO CTOMMOCTH 3€MEIBHBIX YYACTKOB JIJIS
CTPOHTEIILCTBA 3IEKTPOCTAHIMI, TaK KaK 3eMIS B I[EHTPe ropojia Oblia Ype3BhIYAIHO JOPOra.
OTHM, B YaCTHOCTH, M OOBSCHSAETCSA HeOOBIYHBIH BHJ HBIO-HOPKCKHX S3IEKTPOCTAHIMI, Ha
KOTOPEIX 000pYIOBaHIE pacIiojlaraloch Ha MHOTHX 3TaxkaX. I11omoKeHHe OCIOXKHSIIOCE EITE TEM,
YTO Ha IIEPBHIX 3JIEKTPOCTAHIIMSAX MPHXOMHUIIOCh PasMeEINaTh OONIBINOE KOJIHYECTBO KOTIIOB,
ITaPOITPON3BOUTEILHOCTh KOTOPBIX HE COOTBETCTBOBAIA HOBBIM TpeOOBAHHAM, ITPEXbABIEHHBIM
3JIEKTPO3HEPT ETHKOH.

He w™eHee vymuBwica OBl HaIll COBPEMEHHHK, VBHJIEB IIEPBEIE IIeTepOYPrCKHE
3IIEKTPOCTAHI[UIL, KOTOPBIe OOCTYKHBAIH parioH HeBckoro mmpocrekra. B Havane 80-xromos XIX
B. OHH pasMellaiich Ha Oapikax, 3aKpEIUIEHHBIX Y IIPHYAIOB Ha pekaxX Morike n (DOHTaHKE.
CTPOHUTEIM HCXOAHIHM H3 COOOpaXKEHHH JEINEBOIO0 BOIOCHAOKEHHS, KPOME TOro, IPH TaKOM
PEIEHHH HE HY/KHO OBIIIO ITOKYITaTh 3eMEIbHBIE YUAaCTKH, OIH3KHE K TTOTPEOHTEIO.

B 1886 r. B IleTtepOypre OBLIO YUPEXKAEHO AKIHOHEPHOE «OOIIECTBO 3IEKTPHYECKOIO
ocBereHHsI 1886 r.»: (cokpalmeHHO Ha3bkIBanochk «OOImecTBO 1886 TI.»), KOTOpoe IPHOOPEIIO
3JIEKTPOCTAHIIMH Ha peKax Morike 1 DOHTaHKE U ITOCTPOIIO EINle ABe: Y KazaHckoro cobopa 1 Ha
MHKeHepHOH TU1oIa . MOIIHOCTE KaXI0H M3 3THX 3JIEKTPOCTAHI[HI eBa IIpeBkiaia 200 kBT.

B MockBe nepBas IieHTpajlbHas 3neKTpocTaHI A (I'eoprueBckas) Obliia mocTpoeHa B 1886
I'. TOXKE B LIEHTPe ropoja, Ha yriry bomsimnon JIMUTPOBKH U ['eopriueBcKOro repevika. Ee sHeprus
HCIIONB30BAIaCh IS OCBEINEHHS IIPIIIETaloIIero panoHa. MOIMHOCTE  3IIeKTPOCTaHIHI
cocTtasmsia 400 kBT.

OrpaHH4YeHHBIE BO3MOKHOCTH PaCIIHPEHHS pagHyca JMEKTPOCHAOKEHH A IIPUBEITH K TOMY,
YTO YAOBIETBOPHUTH CIIPOC HA BIEKTPOIHEPTHIO CO BPEMEHEM CTAHOBHIIOCH BCE TPYIHEE. Tak, B
IleTepOypre 1 Mockge K ceperHe 90-X roJIOB BO3MOKHOCTH IIPHCOEIHHEHH I HOBOH HAarpy3KH K

CYHICCTBYIOIIIHM 3JIICKTPOCTaHIAM OBIITH HCHEPIIAaHBI H BCTAJI BOITPOC 00 H3MeHEHHH CXeM CeTH
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BCErO CIEAVET OTMETHUTH PEIlIUTEIBHEIN ITOBOPOT OT IMOPIIMHEBBIX ITAPOBLIX MAIIHH K ITapOBBIM
TypOuHaM. llepras TypOmHa Ha 3jaekTpocTaHIpsIX Poccum Owlnna ycraHoBlIeHa B 1891 1. B
[letepOypre (cTanimg Ha p. QOHTAHKE). 3a TOJ JO ATOI'0 HCITBITaHHe TYPOHHBI OBLIO IIPOBEAEHO
Ha CTaHI[MH, PacIIOJIOKEHHOHN Ha p. MolKe. Brlie yxe oTMevancsd HaHOOIEe CYINECTBEHHBIH
HEJIOCTATOK 3JIEKTPOCHAOKEHHSI TTOCTOSHHBIM TOKOM — CIIMIIIKOM Majas IUIOMIaJb paioHa,
KOTOpas MOXET OOCIYKHBATHCH IIEHTPAIBHOH SIEKTPOCTAHI[HEH. Y JAJTEHHOCTh HArpPy3KH He
IIPEBBIIIATIA HECKOJIBKHX COTEH METPOB. OJIEKTPOCTAHIMH CTPEMIUINCH PACIIMPUTE KPYyr
ITOTPEeOUTETIEH CBOErO TOBApa — JMEKTPOSHEPIHH. STHM OOBSCHSIOTCS HACTOHYMBEIE ITOMCKH
ITYTEH VBEJIMYEHHS IUIOIIAMH SIEKTPOCHAOKEHNS ITPH YCIIOBHH COXPAaHEHHS ViKe ITOCTPOEHHBIX
CTAHI[HII IIOCTOSHHOI'O TOKA. DBBIJIO IIPeJiIOKEHO HECKOJIBKO HIAEH, KaK VBEIHMYHTH PaIHYC
pacIpeie]IeHH I SHEPTHH.

[leprasg mIesq, He IONYYHBINAS 3aMETHOTO PaCIPOCTPaHEHHS, Kacalach ITOHIDKEHILS
HaIIPSDKEHUS 3JIEKTPHYECKHX JIaMIL, ITOMKIIFOYABIIMXCS B KOHIE JIHMHHH. OIHAKO pPacueThl
ITOKA3allH, YTO IIPH ITPOTSDKEHHOCTH CeTH Ooliee 1,5 KM SKOHOMHYECKH BRITOAHEE OBIIIO ITIOCTPOUTH
HOBVIO 3JIEKTPO CTaHIIHIO.

Jlpyroe pellleHHe, KOTOPOE MOIJI0O BO MHOTHX CIIVYasX VAOBJIETBOPHTH IOTPeOHOCTE,
COCTOSIIO B M3MEHEHHH CXeMBI CETH. IepeX0o/e OT ABYXIIPOBOIHBIX CETeH K MHOIOITPOBOIHBIM,
T.€. (paKTHYECKH K IOBBIIIIEHHIO HAITP SDKEHIS

TpexnpoBogHAsa CHCTEMA PacIIpefeleHHs MEKTPOSHEPTIHH OblIa IMpeIokeHa B 1882 T.
JIk. I'OTIKMHCOHOM M He3aBHCHMO OT Hero 1. 3mucoHOM. IIpH 3TOH cHCTeMe IeHepaTOphl Ha
3JIEKTPOCTAHIIHH COEIUHSTINCE ITOCIIeJOBATEIIbHO H OT OOINEH TOYKH INET HEHTPAIBHBINA, HIH
KOMITEHCALMOHHELII ITPOBO. IIpH 3TOM OOBIYHEIE JIAMIILI COXPaHSIMCh. OHH BKIIFOYAIHChH, KaK
IIPAaBHUIIO, MEXKIAY pPaboyMMH M HEHTpPaIbHBEIM IIPOBOAAMH, a JIBHIaTEM JUIS COXPaHEHHS
CHMMETPHH Harpy3KH MOKHO OBIIIO BKIIIOUATh Ha ITOBBIINIEHHOE HaIpspkeHHe (220 B).

[ IpakTHYeCKHMI pe3yIbTaTaMH BBEJICHHS TPEXIIPOBOHON CHCTEMSBI SBIJIOCH, BO-IIEPBBIX,
VBEIIHUEHHE pajuyca NeKTpocHAOKeHH IpHMepHO A0 1200 M, BO-BTOPBIX, OTHOCHTEJILHASI
SKOHOMHS MeIH (IPH BCEX IMPOYHX OJHHAKOBBIX YCIIOBHSX PAacxXo] MeJH ITPH TPEXITPOBOJHOM
cHcTeMe OBbUI MpaKTHYeCKH BABOE MeHBIIIE, YeM ITPH ABYXITPOBOJIHOIN).

JIIst  peryMpoBaHHS HaMPSDKEHNS B BETBSAX TPEXIIPOBOJHOHM CETH IIPHMEHSIIHCEH
pa3lMUHBIE YCTPOHCTBA. PETYIHMPOBOYHBIE  JOIIOIHHTEIILHBIE Te€HEPATOPBI, JCIHTEIIH
HaITPSCKEHHS, B YACTHOCTH ITOIIYYHBIIIHE 3HAYHTEIILHOE PACIIPOCTPaHEeHHE JEJIUTEITH HaIIPSDK CHILS
Muxamia OcuitoBuya J[onH-BO-/J0OPOBOILECKOro, aKKyMYIISTOPHBEIE OaTapeH. TpexXITpoBOgHAS

AOKYMEHT MNOANMWUCAH |
SNEKTPOHHOM NOANMUCHIO diK H 34 pYﬁEE}I{GM. OHa COXpPaHHWIAChk BILIIOTE O
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MakcHUMaIbHBIH BapHaHT MHOTOITPOBOJHBIX CHCTEM IIATHITPOBOJIHAS CETh ITOCTOSHHOTO
TOKa, B KOTOPOH IIPHUMEHSIINCh YETBIPE IIOCIENOBATEIIPHO BKIIIOYEHHBIX TIEHepaTopa H
HaIpsDKEHHE, VBEIIMYHBAIOCH BUETBEPO. Pagnyc anekrpocHadKeHH Bo3pacTai Beero 10 1500 m.
OJIHAKO 5Ta CHCTEMA He IMOJIYYHIIA IIMIHPOKOro IMPHMEHEHH 5.

TpeTuil IIyIs VBEIHYEHHS pagHyca 3IeKTPOCHAOKEeHHS IIpeionaral COOpPYKeHHE
AKKYMYIISITOPHBIX TTOACTAHIN. AKKYMYISTOPHBIE Oaraped OBIIIM B TO BpeMS 00S3aTeIbHBIM
IIOTIOITHEHHEM KaXKIOH 3MEKTPOCTAaHIIHN. OHH MTOKPHIBAIM IIHKH HAIPY30K. 3apsKasiCh B JTHEBHEIE
1 ITO3JJHHE HOUHBIE YaChl, OHH CIIYKIIH PE3EPBOM.

CeTH ¢ aKKyMVIIITOPHBEIMH TIOJCTAHISAMH ITOIYYHIIM HEKOTOPOE paclHpocTpaHeHHe. B
Mockse, HampuMep, B 1892 r. OwlIa IIOCTpOEeHA AKKYMYIISATOPHAS IIOACTAHIMS B BepxXHHx
TOProBEIX psmax (HelHe ['YM), HaxomuBimascs Ha paccToSHHH 1385 M or ['eoprueBcKoOid
IIEHTPaIbHON cTaHI[MH. Ha 3ToH moacTtaHiimy ObIIIM YCTAHOBJIEHBI aKKYMYVIIATOPEI, ITHTABIIIE
okos1o 2000 maMIT HaKATTHBAHISL.

B mnocnemame pea pgecarwieTHd XIX B. OBIJIO IIOCTPOEHO MHOIO 3JIEKTPOCTAHI[HH
IIOCTOSIHHOI'O TOKa, H OHH JOJITO€ BPEMS JaBalH 3HAYHUTEIILHYIO OO OOINEH BRIPpaOOTKH
BIIEKTPO3HEPIrHH. MOIIHOCTE TaKHMX 3JIEKTPOCTAHIMH peaxo IpeBelmana 500 kBT, arperarsl
OOBIUHO HMeIITH MOITHOCTE 1o 100 xBT.

Bce BO3MOXHOCTH VBEIHYEHHS paiyca 3NEKTPOCHAOKEHUS IIPH ITOCTOSHHOM TOKE
JTOBOIILHO OBICTPO OBLIIM MCYEPITAHBI, OCOOEHHO B KPYITHBIX T'OpOJax.

B 80-x romax XIX B. HAaUMHAIOT COOPYXKAThCSA BJIEKTPOCTAHI[HH IIEPEMEHHOIO TOKa,
BBITOJHOCTh KOTOPBIX JIIS YVBEIMYEHHS pajguyca 3IeKTpocHadkKeHHa Oblita OeccriopHoi. Ecm He
CUHTATh OJIOK-CTAHI[HMH IIEPEMEHHOIO TOKA, IIOCTPOEHHBIX B AHITIHHM B 1882—-1883 rT., TO, ITO-
BHIMOMY, IIEPBOH ITOCTOSIHHO HAeHCTBOBABIIEH 3IEKTPOCTAHIMMEN IIEPEMEHHOIO TOKa MOXKHO
CUHTATh HSIeKTpocTaHIMIO I'poBHepckoH rajaepen (JIoHmoH). Ha »TOH cTaHIMH, ITYIIEHHOH B
SKCIUTyaramnio B 1884 r., OpIIIM YCTAaHOBJIEHEI JIBa I'eHepaTropa IepeMeHHOoro Toka B. CrmMeHca,
KOTOPEIe 4Yepe3 IOCIefoBaTelIbHO BKIIIOUeHHBIe TpaHc(popMaTopsl JIk.J[. I'omspa n JI. ['nGG6ca
paboTtallM  Ha  OCBeIlleHHe Taineped. HemgocTaTkKH — ITOCIENOBATEIFHOIO  BKIIFOUEHHSA
TpaHC(pOPMATOPOB M, B YaCTHOCTH, TPYAHOCTH ITOAAePKaHHS ITOCTOSHCTBA TOKA OBIIIH BBISIBIICHBI
JIOBOJIBHO OBICTPO, H B 1886 I'. 312 cTaHINI ObljIa PeKOHCTPYHPOBaHa 1o IpoekTy C. 1. OeppaHTH.
['eHeparoprl B. CuMeHca OplIM 3aMeHeHbI MalllMHAMH KOHCTPYKIHH C.1[. MeppaHTH MOIIHOCTHIO
1000 kBT Kaxkmas ¢ HalpsbKeHHeM Ha 3axknMax 2.5 kB. TpaHcdopMaTopsl, H3TOTOBIIEHHBIE T10

npoekry C.I[. DeppaHTH, BKIIOYAIHCh B IElb ITapalUIelIbHO H CIYKIWIH JUIS CHIDKEHHS

SNEKTPOHHOW MOANMUCHIO | P '
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BBEICOKOH CTOMMOCTBIO 3EMEJIBHOIO V4YacTKa B IIeHTpe ropofa OBIIIO PEIIEHO ITOCTPOHTH
3JIeKTPOCTAHI[HIO B OJJHOM H3 ITpeaMecTHil JIoHA0Ha, B JlenTdopae, HaxomsameMca B 12 KM OT
Curu. OYeBHJIHO, HAa TAaKOM OOIBIIIOM PACCTOSHHH OT MecTa IIOTPeOIeHHS AIeKTPOSIHEPTHH
SJIEKTPOCTAHIIMS JOJIKHA ObllIa BBIpaOarThIBaTh IIEPEMEHHBIN TOK. [IpH COOpYKEHHH 3TOH
YCTaHOBKH OBIITH ITPHMeHEHBI MOITHEIE II0 TOMY BPeMeHH I'eHepaTOPhI BRICOKOTO HanpsoKeHH S (10
kB) mormHocThIO 110 1000 1m.¢c. O0masa MmomHocTh JenTdopackol AMeKTpOoCTaHIHH COCTaBIsIa
okoimo 3000 xBr. Ha deTelpeX TOpPOACKHX IIOACTAHIMSX, ITHTABIIXCS II0 YETBIPEM
MarucTpajibHeIM KaOelIbHBIM JIHHHSM, HAIIpsKeHHE ITOHMUKainock a0 2400 B, a 3areM yxke y
norpeburenei (B ;omax) — go 100 B.

[IprMepoM KpyITHOH THAPOCTAHIIHH, TTHTABIIEH OCBETHTEIBHYIO HATPY3KY B OJHO(a3HOH
LT, MOXET CIYKHTh CTAHI[HS, ITOCTpoeHHAsd B 1889 r. Ha Bojomnaace BOm3H r. IloprieHna
(CIITA). Ha »TOi CcTaHIMH THAPABIMYECKHEe JIBHTATEeIH IIPHBOJIIIN B JIeHICTBHE BOCEMb
0JHO(pa3HBIX T'eHepaTOPOoB o0mIeH MOIMHOCThI0 720 kBT. Kpome Toro, Ha 3JIeKTpoCcTaHIHH OBLITH
yYCTAHOBJIEHBI 11 reHepaTOpPOB, MpeAHa3HaYeHHEIX CITEIHAIFHO IS ITHTaHH S JYTOBBIX JaMII (T10
100 ymamMIT Ha KaKAbIH FeHepaTop). DHePriud 3TOH CTaHIHH IepeaBalach Ha paccTosHHE 14 MIDIb
B I. [loprineHy.

XapakTepHad OCOOEHHOCThL IIEPBBIX BJIEKTPOCTAHIMI TIEPEMEHHOIO TOKa —
H30IIHpOBaHHAsA pabdoTa OTAEIBHBEIX MalluH. CHHXPOHHM3AIMSI TI'E€HEPAaTOpPOB EIIE HE
ITPOM3BOAIIACE, H OT Ka’KAOH MAIIHHEI IIUIAa OTJAEIbHAS LIENh K IOTpeOHTEnsaM. JIerKo IOHSTH,
HACKOJIbKO HESKOHOMHYHBIMH IIPH TaKHX VYCIOBHSAX OKa3alHCh B3JIEKTPHYECKHE CETH, Ha
COOPYKEHHE KOTOPHBIX PacXOJOBAIMCEh KOIOCCAIIbHBIE KOIMYECTBA METH H H30JISTOPOB.

B PoccHu KpyIIHEHIIHE CTAHIIHH IIEPEMEHHOIO TOKA OBIIM COOPYKEHEI B KOHIlE 80-X H
Hayajle 90-xrogoB XIX B. [IepBas ieHTpaabHas AIEKTPOCTAHIIHI IIOCTPOeHa BEHT€PCKOH (PHPMOI
«['amr 1 KO» B 1. Ogmecce B 1887 r. OCHOBHBIM ITOTpeOHTENEeM SHEPrHH ObIIa OJHO(Aa3HAas
CHCTEMA IEKTPHUYECKOIO OCBEIEHHS HOBOI'O TeaTpa. 3Ta MEKTPOCTAHIHA IIPeIcTaBiIsuia cOO0H
JUII CBOErO BPEMEHH IIPOIPECCHBHOE COOpYKeHHe. OHa HMela YeThIpe BOJOTPYOHBIX KOTIIa
OO0IIEN IIPOH3BOAUTEIIFHOCTRIO 5 T IIapa B Yac, a TAK/Ke JBa CHHXPOHHEIX I'eHeparopa OOIeH
MOIHOCTRIO 100 KBT mpu HampsokeHMHM Ha 3axmMax 2 KB u vacrore 50 I Or
PaCIPEEIINTEIIBHOTO II[HTAa 3HEPryusd IIOCTYIIalla B JHHHIO JJIMHOH 2.5 KM, BEOVIIVIO K
TpaHC(OPMATOPHOH ITOJICTAHIIHH TeaTpa, I'Jle HallpshKeHHe ITOHIDKAIoch 0 65 B (Ha KoTopoe
OBIIM pacCYMTaHbl JIaMITbl HaKanHBaHHI). OOOpyJAoBaHHEe SNeKTPOCTAHIMH OBIIO CTOMIb
COBEPIIIEHHBIM JIJIS CBOEIO BPEMEHH, YTO, HECMOTPS Ha TO YTO TOIUIMBOM CIIY2KHJI IIPHBO3HOH

ROKYMERT NORNMGA MM Obllla HIDKe, 4YeM Ha O0oJlee IIO3IHHX
SNEKTPOHHOWM MOANUCHIO | = A
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B TOM Ke rofy Hayajaach SKCIUIVaTallHs MEKTPOCTAHI[HH ITOCTOSHHOIO ToKa B I[apckom
Cemne (HpIHe T. [Tymxuin). [IpoTsskeHHOCTh BO3AYIIHOM ceTH B I{apckom Cene yxke B 1887 r. Oplta
OKOJI0 04 KM, TOrJla KaK JBa roja CIIyCTsS cyMMapHas KalelpHas ceTh «OO1mecTea 1886 r.» B
Mockse u lletepOypre, cocraBiswia Tonbko 115 kM. B 1890 r. I{apckocenbcKkas 3JIEKTPOCTaHI[HS
H ceTh, OBIIIH PeKOHCTPYHPOBAHEI H IlepeBeJieHbl Ha OJHO(a3HYK CHCTEMY IIepeEMEHHOIO TOKa
HanpsokeHHeM 2 KB. 1o cBHAETENBCTBY COBPEMEHHHKORB, [[apckoe Celto OBIIO IIEPBEIM I'OPOIOM
B EBpoIie, KOTOPEIH ORI OCBEIEH HCKITFOUHTEIBHO EKTPHYECTBOM.

Kpymuenmein B Poccun »snekTpocTaHIiMed I CHaOXKeHHS OJHO(A3HOH CHCTEMBI
IIEPEMEHHOr0 TOKa Obllla CTaHIMS Ha BacibeBCKOM OCTpOBE B [leTepOypre, rmocrpoeHHas B 1894
r. mrkeHepoM H.B. CvurpHOBEIM. MoOITHOCTE ee cocTaBiisuia 800 KBT H ImpeBoCcxo Iiu1a MOIITHOCTh
TIO00H CYINECTBOBABINEH B TO BPeMS CTAHI[MH IIOCTOSHHOIO TOKa. B KadyecTBe IepBHYHBIX
IBHTaTelIel HCIIOIB30BAaCh YeThIpe BepPTHKAIbHBIE ITAPOBBEIE MAIIHHEI MOIIHOCTRIO 250 II.C.
Kaxgasa. [IpumeHeHNe nepeMeHHOro HanpspkeHHsa 2000 B mMo3BOMUIO VIIPOCTHTE H VAEIIIEBHTH
AJIEKTPHYECKYIO CETh H YBEIIMYHTL PaJHyc 3IeKTpocHaOkeHH (0omee 2 KM ITpH IToTepe 1o 3%
HAaITpSDKEeHHSI B MarHCTPaIbHBIX IMTPoBoJax BMecTo 17-20% B CETSIX ITOCTOSHHOIO TOKA).

TaxiM oOpa3oM, OITBIT SKCIUIyaTallHH IIEHTPalIbHBIX CTAHIHH H OJHO(]a3HBIX ceTeH
ITOKa3all IMPeuMYIIecTBa IIepeMEeHHOI0 TOKa, HO BMECTE C TeM, KaK YKe OTMEYalOCh, BBRISBHII
OrpaHHYEHHOCTh €r0 IMpHMeHEHH . OiHO(]a3HasI CHCTeMa TOPMO3HIIa Pa3BHTHE 3JIEKTPOITPHBO/A,
YCIIOKHSTIA €ro. Tak, HallpuMep, IIPH MOAKIIOYeHHH CHJIOBOH HArpy3kH K ceTH JlenmTdopckon
CTAHI[HH ITPHXOIITIOCH JOITOJIHHTEIFHO ITOMEIAaTh Ha BalTy KaKIOIr0 CHHXPOHHOI'O OJHO(pa3HOIO
IBHTaTelIs €Ille Pa3sTOHHBIN KOIJIEKTOPHBIH JBHIATENL IEPEMEHHOIO TOKA. JIETKO IOHSTH, YTO

TAKOC YCIIOKHEHHE SJICKTPOIIPHBO A ACJI4JIO BECbMaA COMHHTEIIBHOH BO3MOKHOCTb €0 IIpOKOIo

ITPHMCHCHH 4.

K OHMPOJIbHbBIE 601NPOCHL.

1. YT0 Takoe 3MEKTPOCTAHINH H KaK HX Ha3bIBaIH paHee?

2. Kak ImpoHCXOAHIO pa3sBHTHE ITEPBBIX 3JIEKTPOCTAHIHI ?

3. KTo mam Hayalno IMPOKOMY IPAaKTHUYECKOMY ITPHMEHEHHIO 3IeKTPHYECKOH
SHEPTHH?

4, [logroTOBHTh IIpe3eHTAllHOHHBIE IIPOEKTHL Ha TEMY. IIEpPBBIE TpeX(]asHbIE

JJNIEKTPOCTAHIITHH, OCHOBHBIC 3TaAllbl PA3BHTHA 3JICKTPOSHCPICTHKH B PGEGHH:, OCHOBHBIC 2TAIlbI

PA3BHTI SICKTPOSHEPI'CTHEI B MHPE, BOSHHKHOBCHHC pﬂﬁﬂl—H{BIK BHEETPGCTHHI_[Hﬁ.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Ipakmuueckaa paboma Nel 2. OcHO6HbIE IMaAnsL PA36UMUA ITEKMPUUECKUX CEMEIL.
Pazsumue meniossix 3iekmpocmarnuyuil. Pazeumue cuopoinekmpocmarnyui. Pazeumue

AMmomMHBLX JJIEKmMpocm WH&.

HEJII’:.' I/IB}"IEHIIE HCTOPHIT PA3BHTHA 3IICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

IJICKTPOTCXHIIKH H (bﬂphﬂ[pﬂEﬂHHE €€ HaYUHbIX OCHOB.

OcHOé6bL meopui.

DINEKTPHYECKHE CTAHI[HI, KOTOPBIE CTAllM HHTEHCHBHO CTPOHTHCA B 70—80-X IT. XIX B. I

ITPOAJOIIKAIOT CTPOHTBCA B HACTOMAIIICC BPCMSAL, MOKHO HJIHCGHd)HI.[HpGEHTB ITO HEpEH‘IHGﬁ JHEPIHH

Ha CIeJVYIOIIHe BHIBI:
) TEIUIOBBIE, BKIFOYASI aTOMHEIE,
° THIPABIIHYECKHE,
) BETPOBBIE,
° relTHOCTaHI[HH,
) reoTepMalIbHEIE,
° TIPIJIHBHEIE H .

TeruioBele SIIEKTPOCTAHIIMH, B 3aBHCHMOCTH OT THIIA IIEPBHYHOrO JBHrarens (a
SIEKTPHYECKasl SHEePrus IoKa SBIIIETCS TOJIBKO BTOPHYHOH SHEPrHeH), MoApa3elIsSiorcs Ha
SJIEKTPOCTAaHIIMH: ¢ ITapoBbIMH TypOmHaMH — KOC (koHzeHcanmoHHBIe) HIH ['POC
(rocylapcTBEHHasd PpaHOHHAS SIeKTPOCTAHIMS), BBIPA0ATHIBAIOINMHE TOIBKO HSIIEKTPHYECKYIO
SHEPTHIO, C TEIUIO(HKAIIHOHHEIMH TYpOHHAMH — T 5L, B KOTOPBEIX OJHA YaCTh TEIIJIOBOH SHEPrHH
OTJaeTcs MOTPeOHTESIM B BHIE TOPSYEH BOJBI HIHM ITapa, a Apyras 4acTh HJAET Ha BHIPaOOTKY
BJIEKTPOSHEPrHH, C TIOPIMHEBBIMH MAaIllMHAMH — JIOKOMOOHISAMH WM JU3EISMH, C Ta30BBIMH
TYpOHHAMH, aTOMHBIE H .

TeIUloBele 3IEKTPOCTAHIMI HMCIIOIB3YIOT I BBRIPAOOTKH 5SHEPIHH OPraHMYECKOE
TormBo. [lo BHay BeIpaGaTeiBaeMOH »HeprHH TOC ObIBarOT KOHAeHCcAIHOHHBIMH (K3OCO),
BBIPA0ATHIBAOIMMMH TOJIBKO 3JIEKTPHYECKYIO SHEPrHIO, M TeIvlosjekTpoueHTpansvu (T 3L]),
BRIpAOATHIBAIOIMMH HE TOJIBKO SMEKTPHYECKYIO, HO M TEIUIOBYIO SHEPrHIO. TeIUIOBBIE
snekTpocTaHIuH (TOC) cOCTOAT M3 OCHOBHBIX KPYITHBIX Y3IIOB.

KorenpHass ycTaHOBKa (peakTop) CIYKHT JUIS BBEIPaOOTKH ITapa H3 BOJABI 3a CUET

HCITOJIL30BAHMS TeIUIa ToImBa (vrisl, Topda, HeTH, Ma3yTa H T. 1I.). B KOTeIIbHYIO YCTAaHOBKY

AOKYMEHT NoanmncAH
SNEKTPOHHOW MOA4INMMCbIO Ba, H ITapPpOBOH KOTCII. KPDME JTOI'O B HEC BXOJHT
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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(mmsa mojorpeBa BO3Ayxa OIS TONMKH). KoTenbHas yCTaHOBKAa HMeeT Tak)Ke BCIIOMOraTellbHOE
00OpYIIOBAaHHE: TSATOAYBHOE YCTPOHCTBO — €CTECTBEHHOE (B BHIE BBICOKOH TPYOBI) HIH
HCKYCCTBEHHOE  (IyTheBble  BEHTWISTOPBI),  30JOVIOBHTENIH  ((PHIIBTPHI),  CHCTEMY
BOJOIIOATOTOBKH (OYHCTKA BOJIBI).

['a30TypOHHHBIE 3JIEKTPOCTAHIMH PpadoTaroT IPHMEPHO II0 TOMY K& ITPHHIMHITY, YTO H
IMapoTYPOHHHEIE, HO B KaueCcTBe pabouyero BEIecTBa HCIIONB3VETCS He BOISHONM ITap, a ras —
ITPOJIYKT CrOPaHHs TOIUIMBA IUIH ITPHPOIHBIN ra3. IIpumeHeHHe ra30BEIX TYPOHH B HACTOSIIEE
BpPEMSA — OJHO H3 IEPCIIEKTHBHBIX ITYTEH CHIJKEHHS 3aTpaT Ha IOJIYYEHHE SNEKTPHUYECKOH H
TEIUIOBOH HSHepru. J[II9 HHX XapakTepHO OIIOYHO-MOIYIILHOE HCIIOJHEHHE, BBICOKHE
TeXHHYECKHE XapaKTepHCTHKH, Malble rabapHThl (TaK Kak He TpeOyeTcs ITapoBOH KOTell H
ITapOIIPOBOJEI). J[11 MoBBIIIeHHS 3(P(EeKTHBHOCTH OHH YKOMIUIEKTOBBIBAKOTCS BOJISIHBIM KOTIIOM
yTurmmsatopom, KIIJ[ ¢ TakimM KOTIOM ITPHMEPHO paBHO 77 %.

B rugpocranmax (I'5C) ana mpoH3BOJACTBA BIEKTPOSHEPTHH HCIIONB3YETCS SHEPIHS
IBIDKVIIEHCS BOABL. [ [epBHUHBIMU ABHTATEISIMH 3JIEKTPOrEHEPATOPOB SBJISIOTCSA THAPOTYPOHHEL,
B KOTOPBIX IOTEHI[HAIbHAS M KHHEeTHYECKas SHEPrHUs BOIBLI IIPeo0pasyeTcsa B MEXaHHYECKYIO
SHEPTHIO IS BPaIlleHH s poTOpa reHepaTopa.

'naporypbHHa cOCTOHMT M3 padodero Koieca M HaIpaBJISIOIIETO YCTpOHCTBa. Pabouee
KOJIECO JKECTKO 3aKPEIJIEHO Ha BAlly TYPOHHBI, HMEET Ha CBOEM OOOJE IT0 BCEMY IIEPHMETPY PSII
0c000 HM3O0THYTBIX JIOMATOK. HalrpaBirstrolnee YCTPOHCTBO ITPHAAET ABHIKEHHIO BOJBI HY/KHOE
HallpaBIIEHHEe M PETYIHPYET KOIHMYECTBO BOMIBI, ITOCTVIIAKOIEE B TYPOHHY C TIOMOII[BIO
ITIOBOPOTHBIX JIOIMATOK. MeXaHH3M PasBOPOTa HAIPABIISIOMIHX JIOIMATOK CBS3aH C PETYIISTOPOM
TYPOHHEL, ITOJIEPKHBAIOIIHM ITOCTOSHHOE YHCIIO OOOPOTOB TYPOHHEBI H TEM CaMBbIM YaCTOTY TOKA.
M3 pabouero korneca BoJa OTBOAHUTCS YEPE3 BCACHIBAOIIYIO TPYOY B HHKHHI Obe( IHIPOCTaHITHH.

IlepBOHaYambHBIE 3aTpaThl IIPH CTPOHTENILCTBE ADC B 1,5-2 pasza BeIIE, YEM IIPH
cTpoHuTenbCTBe T 3L, HO ceGeCTONMOCTE AIEKTPOIHEPTHH HHXKeE B 1,3— 1,7 paza.

ADC s Nony4yeHHs 3eKTPO3HEPIrHH U TeIUla HCITOIL3VIOT SJIepHOe roprouee. BmecTto
KOTEJIPHOI'O arperara Ha aTOMHBIX CTAHIMMSX HCIIOIB3YETCS SIEPHBIH PEAKTOP H OCOOHIE

ITaporeHePaToPBHl.

K OHMPOJIbHbBIE 601NPOCHL.
1. IloaAroTOBHTH IMPE3CHTAIITHOHHBIC IIPOCKTHEI Hd TEMY. OCHOBHBIC 3TAIlbl PA3BHTHA

IJIEKTPHYCCKIIX GETEﬁj Pa3BHTHE TCIUIOBBIX BJIEEI"I)GCTEIHI_[I]IUI:, Pa3BHTHC I'II,[[I)GBHEEI‘I)GCT&I—H_[IHUI?

AOKYMEHT NOAMUCAH
ANEKTPOHHOM MOANWCHIO
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Ilpaxkmuueckaa paboma Nel3. 3aposcoeHue 31eKmponpueood, 3J1eKmpompancnopma

H IJIEKIMPOMEXHOIOCHI. Pazeumite NIeKmponpiue o0a. Pazeumite IJIEKMPOMEXHOTOCHI.

HEJII’:.' HB}“IEHIIE HCTOPHIT PA3BHTHA 3JIICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

JJNICKTPOTCXHIIKH H (prhﬂ[pﬂBﬂHHE: €€ HdaYUHbBIX OCHOB.

OCHO6bL meopuiL:

Kak H3BeCTHO, OMHHMH H3 HaHOOJEee pacIIpOCTPaHEHHEBIX B IIPOMEBIIIIIEHHOCTH SBJISEOTCS
MeXaHH4YeCKHe ITporecchl. [IoatoMmy yike B 70—80-X rogax XIX CTONETHSI HAUNHAET ITPOSBIISITHCS
CTpeMIIEHHE 5SIeKTPH(HIIHPOBATh 3TH IIPOIECCHI, T.€. OCYIIECTBHTb SIIEKTPHUYECKHI ITPHBOJI
Pa3IMUYHBIX MCIIOJHHUTEIBPHBIX MeXaHH3MOB. OpHako n0 Hayana 90-X rogoB IIpHMEHEHHE
3JIEKTPOIIPHBOAA HOCHIO SIIH30AHYECKHI XapakTep. JIMIIIb B HEKOTOPHIX CIy4Yasx, Korja
MIPEANPHATHSI  pacronarald — ONOK-CTaHIMSIMH I SIEeKTPHYECKOTO  OCBEIINEHHST,
3JIEKTPOABHIATEIN ITPHMEHSIIHCE JJIS IIPHBOA BEHTHIISTOPOB, HACOCOB, ITIOABEMHHUKOB H JAPYTHX
MEXaHH3MOB. CJIeyeT OTMETHTD, YTO Ha BCepOCCHIICKON ITONHTEXHHYECKOH BBICTAaBKE B 1872 T
B.H. Unkornes BIepBhIe JEMOHCTPHPOBAI IIBEHHYIO MAIIIHHY C 3JIEKTPHYECKHM IIPHBOJOM — 3TO
OBLII IIEPBBII B MHPe «3IeKTPH(PHIIHPOBAHHBII CTaHOK).

[TomokeHe H3MEHIIOCh KOPEHHBIM 00pa30oM B CBS3H C H300pETEHHEM aCHHXPOHHOIO
IBHTaTels. B 1o0CTaTOYHO KOPOTKHI CPOK 3TOT THII ABUTATENS 3aH U IOMHHHPVYIOIIEE TTOJIOKEHIE
B CHCTEME HIIEKTPOIPHBOAA TIPOMBIIUIEHHBIX IIPEMIPHATHH. YpesBhIUaiHas IIPOCTOTA
ACHHXPOHHOI'O JIBHTATENS, OCOOEHHO C KOPOTKO3AMKHYIBIM POTOPOM, €ro HaIeKHOCTh H
HEBBICOKAsI CTOMMOCTH ITO3BOJISIOT YCTAHOBHTH B JIFOOOM I[€XE COTHH M THICSYH JBHTaTelleH IPH
HeOOJIBIIIOM  OOCIYKHBAIOIIEM IIepcOHale. TakHe JBHraTel MOIYT BBINIOJIHATBCSA B
repMETHYECKHX KOPITYCaX, H, CIeJOBaTEIbHO, HX MOXKHO HCIIONB30BATh B TSKEIBIX VCIIOBHIX: B
aTMOc(epe ITOBBIIIEHHOH BJIAKHOCTH, OEH3HHOBBIX ITAPOB M T.II. ACHHXPOHHEIE ABHIATEIH O€3
ITOBPEKAEHII BBIACPKHBAIOT 3HAUNTEIIbHBIE KPaTKOBPEMEHHBIE IIEPETPY3KH, TOrAa KaKk B
IBHI'aTeJISIX ITOCTOSHHOI'O TOKA J1r00asd Ieperpyska yCKOpseT H3HOC KOJUIEKTOpa.

CVIIECTBEHHBIM  HEIOCTAaTKOM ACHHXPOHHOI'O  JIBHTATElsd  SBISIETCA  TPYAHOCTH
PETVIIMPOBAHHS YaCTOTHI BpallleHHS. [Io3TOMY IO HAcTOSIIETO BPeMeHH eIlle OYeHb BEIIHK
VIEIIBHEIH BEC PErymMpyeMBIX MAaIllHH IIOCTOSHHOIO TOKAa B CHCTEME IIPOMBIIILIEHHOIO
3JIeKTponpHBOoAa. HeaocTaTkoM acHHXPOHHBIX JABHIATeleH C KOPOTKO3aMKHYIBIM POTOPOM

TAKOKE ABJICTCHA OI'PpaHHYUCHIIC HX MOIOHOCTH YCJIIOBHAMH ITYCKA. OTO 0OCTOATEIILCTBO B

JOKYMEHT NoarnmcAH 5
SNEKTPOHHOW NOANMUCHIO HKI, KOI'Ta MOIITHOCTH 3JICKTPHYCCKHX CTAdHITHII

Ceptudumrkar: 12000002A633E3D113AD425FB50002000002A6 _ -
Bnapenet’ lleBayxoBa TatbsHa AnekcaHapoBHa IX OTKA3bIBATHCA OT IIPHMCHCHIIA JBHI'aTCIICH C

BHI'ATCIIH C KOPOTKO-3daMKHVYIBIM POTOPOM
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IIPHMEHSIIHCE TONMBKO B CIYYasdxX, KOrja OHHM IMHMTAIHCh OT OTAEIBHOIO IeHepaTtopa. Takwe
YCTaHOBKH YaCTO HCITONb30BAIINCh, HAIIPHMED, B BOJOKAUYKAX.

[IpakTHUYeCKH pa3BUTHE 3IEKTPOIIPHBOJA ITPOHCXOMHUIIO JBYMS HepaBHO3HAYHBIMI
myTsaMi. [lepBeifi, HanOolee THIIMYHBEIN, - 3aMEHa IIAPOBBIX JBHIraTeleH, paldoTaBIIMX Ha
TPAaHCMHCCHIO. OTO OBUI ITYTH CO3JaHHS KPYIIHOIPYIOIOBOI'O 3JIEKTPOIIPHBOMAA, KOTOPBIH HeE
HCKIIFOYAJI TSDKETIBIX IIPOM3-BOACTBEHHO-THTHEHHYECKHX VCIIOBHH, OIPEIEIISBIIHMXCS HATTHYHEM
TPaHCMHCCHIL. BTOPOI ITyTh — 3IMH30JHYECKOE ITPHMEHEHIE OAHHOYHOro nmpusofa. [locinemauee,
KaK IIPaBIJIO, HMEJI0 MECTO TOJIBKO B CIIydae KPVIIHBEIX OTBETCTBEHHBIX HCITOIIHHTEIBLHBIX
MEXaHH3MOB, ITPebSIBILIBIINX CIIelH(pHYeCKHe TpeOOBaHHA K IIPHBOJHOMY JBHIATEIIIO (ITPHBOI
KpPaHOB, IEHTPH(YT, ITPOKAaTHHIX CTAaHOB H T.IL.). HO yXKe B KOHIle BeKa ITpaKTHKAa HaIJISIHO
yOex1ana B IIPeUMYIIeCTBAX OAHHOYHOTO IPHBO/A.

[Tocme HIbi BHI IIPHBOAa OCBOOOKAAET IIPOMBIIIUIEHHOE IIPEATIPHATHE OT TPAHCMICCHI H,
IJIaBHOE, IIO3BOIIET PpaboTarh KaXIOMY OTJIEIIBHOMY MCIIOHHUTEIIFPHOMY MEXAHH3MY IIPH
IIEPEMEHHBIX HAarpy3Kax H HAHBBITOJHEHIINX CKOPOCTSX, a TaKKe I03BOJISIET YCKOPHTh ITYCK M
H3MEHEHHE HaIlpaBIeHNU BpaleHH. OMMHOYHBIN IIPHBOJ OKa3all CYIIECTBEHHOE BIHSHHE H Ha
KOHCTPVKI[HIO CaMOI'0 MCIIOJIHHUTEJIbPHOIO MexXaHH3Ma. COMIKEHHE TIPHBOIHOTO JIBHTATENS C
HCITOIHH T €I HBIM MEXaHH3MOM HHOT 1A ITOJIYYaI0Ch HACTOIBKO TECHBIM, YTO KOHCTPYKTHBHO OHH
IPEACTABILUIN COOOH enHHOe Iienoe. HamprumMmep, B ciiydae 3MIEKTPOIPHBOLA POJIbIaHIa POIHK,
CITYZKAIIMI IS IIEPEMEIIEHHS METAIINIA, SBILIETCS HAPYKHBIM POTOPOM ACHHXPOHHOT'O JIBHTaTE L.

B 70-x 1 ocobeHHo 80-X romax XIX B. IIPOBOJHJIOCH MHOIO PadoT IO ITPHMEHEHHIO
BJIEKTPHYECTBA Ha TpaHCIopre. TakK Ha3bklBaéMble KOHHO-XKEJIE3HBIE JOPOrH VKe He
VIOBJIETBOPSUIH BO3POCIIHX ITOTPEOHOCTEN TOPOACKOrO HACEIEHHS, a IIPHMEHEHHE ITapOBOIO
TOPOJICKOTO TPAHCIIOPTa OKas3alIoCh HEIMPHEMIIEMBIM H3-3a JbIMa M KOIIOTH. PeanpHas
BO3MOJKHOCTEL JJISI IIPOBEJEHHS OIBITOB IO 3IIEKTPH(HKAIIHH TPaHCIIOPTa IIOSBIIIACH IIOCIIE
H300peTeHHs reHepaTopa I paMmMa.

Bo Bcex ciyyasx, Korja SMeKTpHYecKas SHEPrHs JUIS IMHTAHHSA TSACOBOIO JBHIATENIS
reHEPHPOBAIIACh TAJIbBAHHYECKOH HIIH aKKYMYIISAT OPHOM OartapeeH, TeXHHYECKOE PEIIEHHE IIIIO0 B
HaIIpaBJIeHHH CO3/TaHH I aBTOHOMHBIX YCTPOMCTB TATH, T.€. TAKHX, B KOTOPBIX KaK IF'eHEPHPYIOIIAs
YCTaHOBKA, TaK M 3EKTPOABHIATEIL OB pasMEIIEHBl Ha CAaMOM 3KHITaXe I CyaHe. Kormaa xe
IUIsT BRIPAOOTKH SIIEKTPO3SHEPIHH CTalHd IPHMEHSATH TeHepaTophl ['pamma, IIPHBOJHMBIE B
IEeHCTBHE COOTBETCTBVIOINMMH ITAPOBBIMH arperaraMi, CHCTeéMa aBTOHOMHOM 3JIeKTPHYECKOH
TSATH IIepecTaia pacipocTpaHaThes. [Ipoldnema 3eKTpHYECKON TSArH MOTJIa HAaHTH PEIIeH HeE JIHIIb

AGKIMERT EIQREMGAN [HOIl Ilepefaul SIIeKTPOSHEPTHH OT MecTa ee
SMNEKTPOHHOM NOANUCHIO beA p p
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MOITIa pPa3BHBAaThCS B BHAEe HEAaBTOHOMHOH TSTH C IIPHMEHEHHEM METOHOB SKOHOMHIYHOM
Iepegayr 3JIeKTPOSHEPIHH Ha PacCTOSHIIE.

CHcTeMa aBTOHOMHOH 3JIEKTPHYECKOH TSTH, OJHAKO, He ObLiIa ITOIHOCTBIO OTBEPrHYTA,
YCOBEPIIEHCTBOBAHHE AKKYMYIISTOPOB IIO03BOIUIO VCTpPaHBaThk CHCTEMY ABTOHOMHOH TSTH,
ITOJIL3YSACh CMOHTHPOBAHHOI B BarOHE HIIM Ha CYIHE aKKYMVIIITOPHOH OaTapeeH, TOKOM OT
KOTOPOH IHUTAJICS 3IEKTPOABHI AT EIIh.

B 1879 r. B. CumeHcoM OpUTa ITOCTPOEHA IepBast HEOONbINAS NEKTPHYECKaA KeIe3Hasd
J0pora Ha ITPOMEBIIIUIEHHOH BBICTABKE. DIEKTPHUYECKAs] SHEPrHS IO OTJAEIIBHOMY KOHTAaKTHOMY
PENbCY IepeaaBanach K IBUraTearo HeGOIBIIOr0 BaroHa, HaIIOMHHABIIETO COO0H COBPEMEHHYIO
AKKYMYIIITOPHYIO TeJIeKKY (SIEKTPOKap), 0OpaTHBEIM ITPOBOAOM CIYKHIH PEIbCHI, IO KOTOPBIM
IBHTaJICAd «JIOKOMOTHBY». K mocnegHeMy OBUIM IIPHIEIUIEHBI TPH TENEKKH, Ha KOTOPBIX MOTIIH
pasMeCTHTECA 18 rmaccaXHpoB.

B Poccuu mepBBIE OIBITEI HEABTOHOMHOMN SMEKTPHYECKOHN TSATH OBIIM ITPOBeAcHBI D A.
[Inmpouxym. Emne B 1875—1870 IT. OH HCIIONB30BANl IS Iepedauyll SIeKTPOSHEPTHH OOBIYHBIH
KEeIIe3HOAOPOKHEIN PellbCOBBIM ITyTh. UTOOBI VIIYUIIHMTE ITPOBOJHMOCTE PEILCOBOIO ITYTH, OH
IIPHMEHIUT CTBIKOBBIE SIIEKTPHUECKHE COEIHHEHHMS, a IS YCIIEHHS H3OJLIMH JABYX HHTOK
PEJbCOB OAHOMH KoleH (OHH OBLIH H30JIHPOBAHEI CIIOEM OKAJIHHBI H IIIaTIaMH) — CMa3Ky ITOJIOIIBEI
PEeIbCOB ac(aIbTOM.

B arrycre 1880 r. @.A. IIHpOLKHH OCVYIIECTBII ITYCK 3IEKTPHYECKOIO TpaMBas Ha
OIBITHOM JIMHHH B paHOHe POKIeCTBEHCKOI'O ITapKa KOHHOH KeJIE3HOH JIOporH B lleTepOypre.
[Inranace 5Ta JMHHA OT HEOOJBIIOH 3JIEKTPOCTAHIMH, ITIOCTPOEHHOH B IAPKE, ¢ T'€HEPATOPOM
MOIITHOCTEIO 4, a 1o3aHee 6 m.c. Ilog TpamBamHHBIA 3IEKTPOBAaroH OBLI ITPHCITOCOOIIEH
IBYXBbSIPYCHBIH BarOH KOHHOH »KelIe3HOH JOporH (Macca c¢ ItaccakupamH 0,5-7,0 T), K pame
KOTOPOIr'o OBII IOABEINEH 3IEKTPOABHUIATEND, IIPHBOJAUBIIHHA B ABIDKEHHE BEIVIIYVIO OCh UEpe3
IBYXCTYIIEHUATYIO 3y0uaryio mepemauy. Cxema, mpemioxkeHHas D.A. [Inporxim, HeKoTOpoe
BpeMS IIPHMEHSUIACh IS ITHTAHHS TPaMBaHHOH CeTH H 3a pyOexoM. OHa Owllla JOCTATOYHO
IIpOCTa M JaBaja BO3MOXKHOCTH OOOHTHCH 0e3 TPeThero peinbca, 3aTPYAHSBIIETO YIHYHOE
IBIDKEHIE M YCIOXKHSBIIEIO BCE cOoOpykeHHe. HemocTaTkoM TakoH CXeMBI OBIIIO HalIHYHE
OOJBIIINX ITOTEPD 3NMEKTPOIHEPIHH OT TOKOB YITEUKH H3-3a IIJIOXOH H3OISIIH PEIhCOB.

[Tocne n3obpereHis criocoda IMUTaHH S OT BEPXHETO KOHTAKTHOI'O ITPOBOJIA, CAECIIAHHOIO B
1883 r. HezaBucumo Ban-J[emmyneMm (CIIA) u B. CinveHcoM (I'epMaHHS), cXeMy ITHTaHHS 110 IBYM
pelbCcaM IIepPeCTAlM IIPHMEHSTh HA SIIEKTPOTPAHCIIOPTE, €CIIH He CUHTATh €€ IIPHMEHEHHS B

AOKYMEHT DOQFNCAH ‘o D.A. [Inpolkoro SBiIgeTcd TaKKe BBeJIeHHeE
SNEKTPOHHOW NOANUCHLIO A LHpon A
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IepeJaTOUYHbII MeXaHH3M, ITOIYYMBIIMH Ha3BaHHE «TPaMBAHHOIO IPHBOJA», OBLI ITPHMEHEH
Criparom B CIIIA.

C 1883 r. gericTBoBana JTHHHA TpaMBas B I'. [lopryme (Mpnanansa) pinHon 9,6 kv, B 1884
I'. OBIIIH OTKPHITHI JJIST AKCIUTYyaTal[HH TpaMBaHHbIe THHHH B Topojiax bpaiitoHe (AHITIHS) JIIHHOM
1,5 xm n Opankdypre-Ha-Maiine (['epmanns) mmiHoH 6,56 kM. I[lepBrIii TpamBai B PoccHH,
KHEBCKHI, OB ITYIIEH IS OOIIErO MOIB30BAaHNUA B 1892 ., IIpHYEM PEIIEHHE O CTPOHTENLCTBE
TpaMBaMHHOM JIMHIH OBLIIO ITPHHSITO JIHIIE ITOCTIE TOI'O, KaK YOE IHIINCh, YTO HH KOHHASL, HH ITapOoBasd
TSATa He CIIOCOOHEI IIPEOIONIETE KPYTOH IMOABeM OT ViI. Ilomon Kk Kpe-marnky. TpaMBarHas JIHHIS
COeHHIIIA T'YCTOHACEIIEHHYIO OKpaHHy KHeBa ¢ IEHTPOM ropoa.

Ha »siekTpHyecKkoM TpaHCIIOPTE IIOYTH HCKIIOYHTEIIBHOE ITPHMEHEHHE ITOIYYIII
ITOCTOSIHHBIH TOK, 00€eCIIeUHBAIOIIHI HAJICKHYIO PadoTy TArOBBIX AEKTPOABHIaTEIeH H YA00HOE
PETYIINPOBAHHE CKOPOCTH. [lo3TOMY 11O Mepe pa3sBHTHS TEXHHUKH IMEPEMEHHOIO TOKA ITPHIIIIOCH
COOPYXKaTh IIPeoOpa30oBaTEIILHbIE ITOACTAHIINHA.

Hamnbomnee ecTecTBEHHBRIM H IIO3TOMY IIEPBEIM II0 BpPEeMEHH IIpeoOpa3oBaTeiieM
IIEPEMEHHOIO TOKA B ITOCTOSHHBIH OBLlIa JABHTaTelIb-TeHepaTOpPHas YCTaHOBKa. B 1885—1889 1.
CO3JIaIOTCS IIEPBBIE OJHOSKOPHEBIE ITPe0Opa3oBaTeH IIEPEMEHHOIO TOKA B ITOCTOSHHBIH, KOTOPHIE
B KaXIOM CIIy4ac ITPeACTaBIUI COO0H KOMOHMHAI[HIO CHHXPOHHOIO 3JIeKTPOJBHIATENS H
reHepaTopa IMOCTOSHHOIO TOKa ¢ OOIMM sSKOpeM. OTHOSKOPHBIN ITpeoOpazoBareilib O0ImagacT
PSIOM CYIIECTBEHHBIX IIPEUMYILIECTB TIEPE]T ABHI aTENb-T€HEPATOPHON YCTAHOBKOH: MEHBIIIAS Ha
30-40 % macca, 3HaUHTeIbHO MeHbITHe radapHTHI (10 50 %), Beicoxwit KIIJ].

['pomMagHOE 3HAYEHHE B Pa3sBHTUH ITPOM3BOJHTEIIFHBIX CHII CHIIPAlIH HOBBIE OTPACIH
ITPOMEBIIIIEHHOTO ITPOM3BOJICTBA, TIOSBIEHHE KOTOPHIX OOYCIOBIHMBAIOCHE IPHMEHEHHEM
AIEKTPHYECKOH SHEPIHH B KAaYECTBE OCHOBHOI'O TEXHOJIOTHYECKOIrO (paKTopa: ITPOMBIIIIIEHHAS
BIIEKTPOXHMHSA H 3IEKTpoTepMUS. [IpOMEBINIUIEHHAS SMEKTPOXUMHSA 3apOIHiIach BMECTE C
raJlbBaHOTEXHIYECKIMH MaCTEPCKUMH H IIPEIIIPHATHSAMH IT0 IIPOM3BOJICTBY eKTPOIMTHYECKIM
ITyTEM KHCIIOPOJa H BOJOPO/IA.

OIIBITEL TI0 IPHUMEHEHHUIO SIIEKTPHYECKHX JIVIOBBIX IeUYeH IS IUIaBKH Py, METAIUIOB H
APYTHUX BEIECTB HAYaIHCh ellle B KOHIle 40-X roJoB, HO NIk B 1878 r. B. CHMeHCY yIalmoch
CO3J1aTh TAKYIO KOHCTPVYKI[HIO YT OBOH ITEYH, YTO OHA MOTIJIA HCITOJIb30BATHCS B ITPOMBIIIIIEHHOM
ITPOU3BOJICTRE.

YTOORI OLIEHUTH 3HAYEHHE EKTPOTEPMHH B KOHIE XIX B., JOCTaTOYHO HAIIOMHHTB, UTO
alIFOMHHHH ~ Onarofgaps SJIEKTPOTEXHOIOTMH IlepecTal OBITh  JAPAaroll€HHBIM METaJUIOM.

AOKYMEHT NOANMUCAH .
SNEKTPOHHOW MOANMUCHIO HIST OBITI pﬂSpﬂﬁGTﬂH dMEPHKaHCKIM HHKCHEPOM
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B. OB HalJcH crioco0 roayuyeHHa KapOopyHaa. Torga ke ObII paszpaboTaH METOJ IOIYUEHIS
KapOHJa KalbIlMs, KOTOPHIH CTal ITOTPEOSIThCA B OOIBIIMMX KOIHYECTBAX JUIS BRIPAOOTKH
aretriieHa. IlosgHee OB H300pPETEHHI M YCOBEPIIEHCTBOBAHBI Pa3lIMYHBIE KOHCTPYKIHH

JJICKTPHYCCKIIX TIeyeH s ITPOH3BOJCTEBA BEICOKOKAYCCTBCHHDBIX cTaseH.

K OHMPOJIbHbBIE 601POCHI.

1. [TyTH pa3BUTHS 3IEKTPOIIPHBOIA.

2. [TyTH pa3BHTHS 3IEKTPOTPAHCIIOPTA.

3. [TyTH pa3BHTHS 31IeKTPOTEXHOIOTHH.

4. [ToaroTOBHTE ITpe3eHTalHOHHBIE ITPOEKTHI HAa TEMY: 3apOsKIeHHE SIeKTPOIPHBO/IA,

JJIEKTPOTPAHCIIOPTAa H AJIEKTPOTCXHOJIIOI'HH, Pa3BHTHE SIEKTPOITPHBO/JA, Pa3BHTHE

IJICKTPOTEXHOJIOT'HI.
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Ilpaxkmuueckaa paboma Neld. Pazeumue snekmpomepmuun. Pazeumue cnocodoeé u
MEMmOo0 06 IleKmpuueckou cedapku. Pazeumue 3jiekmpoxumuueckou mextonozuu. Pazsumiue

NIEKMPpoMeEXHHUUYECKHUX cHCMEM mpdaHcnopmada.

HEJII’:.' I/IB}"IEHIIE HCTOPHIT PA3BHTHA 3IICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

IJICKTPOTCXHIIKH H (bﬂphﬂ[pGEﬂHHE €€ HaYUHbIX OCHOB.

OcHoO6bI meopuu:

[IepBEIE BKCIIEPHUMEHTERI 110 HArpeBY ITPOBOJHHKOB BIIEKTPHYECKHM TOKOM OTHOCSTCS K
XVIII B. B 1749 r. b. OpanxmnH (CIHIA) npH HccleZOBaHHH pa3psga IeHIeHCKOH OaHKH
OOHApYKII HArpeB M PacIUIaBIIEHHE METAUIHYECKHX ITPOBOJIOYEK, a IO3MHEE I10 €0 YKA3aHHIO
TIx. Ilpucton (1766), modeTHelit 4neH IleTepOyprckoi akaJeMHH HayK, H3y4al HarpeB
Pa3MMYHBIX METAJUIOB H OTMETHII Pa3lIHyHA B HX ITIPOBOIHMOCTH [31, 32].

Harper npoBomHMKOB HecnnegoBand JI. Tenap (Opanma, 1801), B. B. Ilerpor (Poccus,
1802) u X. JI3Bu (Axrmus, 1807). Mcnmomb3ysa BonbsToB cTond, J[k I'. Unnapen (Axrmms, 1815)
OCYIIECTBIII HarpeB M pacIUIaBJIeHHEe Pa3IHYHBIX MeTaloB. Heckombko paHee [lerm (AHIIIH)
ITOCTaBHII SKCIIEPHMEHTEHI 110 HarPEBY aJIMa3HOH ITBIIIM B pa3pese KEIEe3HOH ITPOBOIIOKH, KOTOPas
IIPH IIPOTEKAaHMH SIeKTPHYECKOrO0 TOKa pacKalsiachk JOKpacHa. Uepes HEKOTOPOEe BpeMs
arIMa3Has IbIIb HCYEe3ala, a XKEIe30 MIPERPAIAIOCh B CTalb.

[IepBEIE ITPUMEHEHHS PE3HCTHBHOI'O HAI'PEBA B MEIUIHMHE:

K. A reinxems n K. Xeigep (ABcTpusd, 1845) HCITOIMb30BaIM 3IeKTPHYECKHH HarpeB
IUIS YMEPIIBIeHH I 3yOHOro HepBa, Muaaensaopnd (I'epmannst, 1854) mpHMeHIII 3eKTpOHarpeB
B XHUPYPIHH. YBEIMYEHHE ITPOU3BOACTBA NEKTPOosHeprun B KoHIle XIX B. [Tossonuno cosgaBars
KPVIIHEIE 3JIEKTPOIIEYH COIIPOTHRIEHHA. B 1886—1888 rT. OpaTthsa Koynecc co3mant rneys IpsMoro
HarpeBa JJII IOIMYYEHHS alIOMHHHS H3 TJIHHO3eMa (OJHOBPEMEHHO C PacIlIaBIEHHEM IIell
AJIeKTPONH3). TOK IMPOXOANI MeXAYy 3IeKTPOoJdaMH Yepe3 ¢lIoH HMMXTH (MomrHocTh — 300 kBT,
HanpspkeHHe — 60 B, Toxk — 10 6000 A). B te ke rogpl I1. JI. T. Opy H3rOTOBHII ITeYb JJII TOITYyYeHHS
AIIFOMHHHEBOH OPOH3EI C ITPOBOJISIIHMM THITIEM H 3JIEKTPOLOM CBEpXY. CHavana paciulaBIIsUIach
MEJIb, 3aTEM 3arpyKajcs ITTHHO3EM H e 3JIeKTPoiIn3. TOK IPoTeKal OT 3IeKTPoJa K KOPITYCY
(yrompHasa QpyTepoBKa) yepe3 mmxTy. OgHoBpeMeHHO Y. M. Xomr co3gan mogo0Hyio meyb. OTH
IIEYH CYIIECTBEHHO CHH3HJIH CTOHMOCTH ITONyYyeHHS almoMHHHA B. bopxepc (I'epmamniisa, 1891)

CO3d4JI OIIBITHYIO IICYb JUIA BOCCTAHOBIJICHHA OKCHIOB C YI'OIIBHBIM HAI'PEBATCIICM. E. A. AdecoH

[OKYMEHT MOAMNVCAH
SNEKTPOHHOW MOANMCHIO

Ceprudmkar: 12000002A633E3D113AD425FB50002000002A6 _ 5 ( 5 ) 8
Bnapgenel:  LleBayxosa TaTbaHa AnekcaHapoBHa {EYIIODP KapOOpyHJ, (KdpOHJ KpCMHHA). 11pH

JEBA CMCCH IIECKA, KOKCA H APYI'HX MAaTCPHAIIOB.
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MOIIHOCTH Teur 746 kBT 3a 36 4 monyuyeHo 3150 kT xKapOopyHaa. Takasg Ke KOHCTPYKI[HS ITeUH
OpllIa HCITONb30BaHa E. A. AueCOHOM IS ITOTYYeHHS IpadHTa H3 YL

DONeKTpHYecKas Ayroeas cBapka Oplnna n3oopereHa B Poccun. H. H. beHapgoc 6 mrossa 1885
I'. MoJan 3asBKY H ITOIYYHI ITPHBHIIETHIO J[ermapramMeHTa TOPTroBIH H MaHy(pakTyp No 11982
(1886) Ha crmoco0 «coeIHHEHHS H pa3zbeJHHEHHS MeTalJIOB HEMOCPeJCTBEHHBIM JIeHCTBHEM
3JIEKTPHYECKOTO TOKA.

H. I CnapsHor B 1888 TI. IIpemIoKHI OYITOBVIO CBAapKy C HCIIOJIb30BAaHHEM
PAaCIUIABIIIEMOrO MEKTPOJIa. ITOT METOJ BIIEPBEIE OBLII HCITOJIE30BAH B TOM JKe TOAY Ha | [epMcKix
Ka3eHHBIX 3aBOJiaX IIPH CBApKe Bajla IMapoBOH MaIHHEL B 1889 r. ayromas cBapka IT0 METOXLY
CraBstHOBa ObIIa MCIIOIb30BaHa Ha | [epMCKIX Ka3eHHEIX 3aBOJaX IIPH CTPOHUTEILCTBE ITApOX0ia
«Pemens xua3p Koccorckumy». B 1891 r. H. I'. CiasHoB moayuni B JlerrapraMeHTe TOPTOBIIH H
MaHy(pakTyp MpuBHIIerHH Ne 8747 1 8748 Ha H300peTeHH S «ANeKTPHUYEeCKOH OTIIMBKH MeTaIJIOBY
H «BJIEKTPHYECKOTO VIIPOYHEHHS METAIUIOB», a 3aTeM M ImaTeHTHl CIIA u gpyrux crpa”. Mm
paspabdaThIBAICh METOIBI ABTOMATHUYECKOIO PETYIIMPOBAHM A JJIMHEL IYTH, IIPHMEHEHHS CBAPKH
IMoJ, IWIaKoM (HCIIONIL30BAJIOCh JAPOOJIEHOE CTEKIO0), HMCIOIb30BAaHHS IIPeJBapHTEIILHOTO
IOJOrPeBa CBApHBAEMBIX JeTallel, ITPHMEHEeHHS IIPHCaJ0K (PeppOCIUIaBOB IS PETYIHPOBAHHS
XIMIYECKOTO COCTaBa BAHHBI H CBApHOI'O IIBA.

B 1905 r. B.®. MuTKeBHY IIpeUIOKII HCIIONB30BaTh Tpex(dazHyro IVIY I CBapKH
METaJIJIOB.

OnHa w3 IpolOlieM BIeKTPHYECKOH CBapKH — 3all[iTa PacIUIaBIIEHHOIO MeTalla OT
OKHCIIEHHS W TIOBBIIIIEHHE YCTOHUYHBOCTH TOPEHHSA JIYIH, OCOOEHHO IIPH HCITOIE30BAHHI
mraBsaaerocsd snekrpoga. O. KeensOepr (1IBermss, 1907) mpemIokii cIielHAIbHbBIE TTOKPBITHS
IIIS CBapOYHBIX A1eKTpooB, Y. Jlearmrop (CIIIA, 1911) pa3paboran mpoliecc JyTOBOH CBAPKH B

ﬂTMGG(bEpE BOOJOPOA4d, d ITO3JHEC H C HCIIOIIb30BAHHEM JPYI'HX I'd30B.

K OHMPOJIbHbBIE 601NPOCHI.
IloAroTOBHTH ITPE3CHTAITHOHHLBIC ITPOCKTEI Hd TEMY. PA3BHTHE 3IICKTPOTCPMIHH, Pa3BHTHE
CItocoO0OB H METOOB BHEI{TI}H‘IECI{Gﬁ CBApPKIl, Pa3BHIHC BHEI{TPG}{IMHECI{Gﬁ TEXHOIIOTHIL,

Pa3BHTHC 3JIICKTPOTCXHHYCCKHX CHCTCM TPAHCIIOPTA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckas paboma Nels. Pazeumue 31eKmMpPoOmMexHuUecKUX cCUCmem
HCEJIe3HO00PONHCHO20 mpaHcnopma. Pazeumue 3j1eKmpomexHo10cUUecKUx cucmem

20po0CKoz0 mpancnopma (mpameau).

HEJII’:.' I/IB}"IEHIIE HCTOPHIT PA3BHTHA 3IICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

IJICKTPOTCXHIIKH H (bﬂphﬂ[pGEﬂHHE €€ HaYUHbIX OCHOB.

OcHo6bl meopuiL:

B HanOosiee pasBHTHIX CTpaHax MHpa eme B XIX B. IPEMIPHHIMAINCE ITOIBITKH
HCIIOJBb30BATh BIEKTPHYECKYIO SHEPIrHIO JUIS IIEPEMEIEHHS SKHITAKeH, B TOM YHCIE IIO
PEILCOBOMY ITYTH.

Pasmmyaror aBa BHJA XKEIe3HOOPOKHOIO TATOBOIO ITOABHKHOI'O COCTaBa: aBTOHOMHEBIH H
HEaBTOHOMHEBIH. [IpH aBTOHOMHOM IOJBHKHOM COCTaBe Ha JIOKOMOTHBE (TeIJIOBO3E IIIH
MOTOPHOM BaroHe JH3ENIb-TIOe3/[a) YCTaHABIIMBAIOT IIEPBHYHBIH JH3EJIbHBIH JIBHIATEIIb,
TIPHBOASIIHMA BO BpallleHHe TeHepaTop (ITOCTOSHHOIO TOKa HIIM CHHXPOHHEIH), OT KOTOPOTrO
TTIOYYArOT 3JIEKTPOSHEPTHIO TATOBBIE 3IeKTpHYecKHe ABHTraTelrH (T 3]1), CBSI3aHHBIE C KOIeCHBIMH
ImapaM M 00eCIIeUHBaIOIIHE TIEPEeMEII[EHHE ITOABIKHOIO COCTaBRa IO PEIbCOBOMY ITYTH.

[TpH HeaBTOHOMHOM ITOJBI)XHOM COCTaBe Ha JJOKOMOTHBE (3IeKTPOBO3e HIIH MOTOPHOM
BarOHE AIeKIPOIIoe3Jla) YCTaHABIHMBAIOT TOMbKO T3] ¢ armmapaTypol VIIpaBIeHHS H
peryniHpoBaHHsa (a HHOIrJZa H IIpeoOpa3oBaTelH SJIEKTPHYECKOH SHEPrHH), IIEPBHYHBIM
HCTOYHHMKOM OIIEKTPO3HEPIHH SBIISETCS SIEKTPOCTAHIMA. [IpH 5TOM SIIEeKTPOSHEPrHsS OT
3JIEKTPOCTAaHIIHH K JOKOMOTHBY IlepelacTcs Yepe3 IHHHH 3nekTponepefadn (JIOII) u cucreMsl
TSATOBOI'O AMIEKTPO CHAOKEHHS, BKIIIOUAIOIHE B ce0s ITOACTAHIIHH H KOHTAKTHYIO CETh, OT KOTOPOH
ITPH TTOMOIIH TOKOITPHEMHHKA ITONY4YaroT IHTaHHe T 3] TOKOMOTHBA.

B 3aBHCHMOCTH OT pojia TOKa B KOHTAKTHOH CETH Pa3/INYar0T TPH CHCTEMEI 3IIEKTPHYECKOH
TSTH. TIOCTOSIHHOIO TOKa, OJHO(A3HOIO IIEPEMEHHOr0 TOKa IIPOMBIIIJIEHHOH YacTOTBI H
OJHO(A3HOr0 ITIEPEMEHHOIO TOKA IMOHHKEHHOH YaCTOTHI.

Ha kemesHBIX goporax PoOCCHH ITPHMEHSIOTCS TOJBKO JIBE IIEPBBIE CHCTEMBI. B
COBPEMEHHOH CHCTEMe SIIEKTPHYECKOH TSATH ITOCTOSHHOIO TOKAa HOMHHAILHOE HAaIIpsDKeHHE Ha
TOKOIIPHEMHHKE JIOKOMOTHBA COCTaB/IsIeT 3 KB. TakoH VpOBeHb HAaIPsDKEHHS BBIOpaH IS
BO3MOJKHOCTH COI'JIACOBAHHMS ¢ HOMHHAJIbHBIM HanpsKeHHeM T3 ][, KOTOpble H3rOTaBIMBAIOT Ha

HanpsokendHe 1500 B (mmm 750 B) M coemMHSIOT Ha IIOCTIeJHEH ITO3HIMH PeryIHPOBaHHSI
NOKYMEHT MOANMUCAH

SNEKTPOHHOM NOOMMCHIO JoBatenbHO. llomimno TOJl Ha JTOKOMOTHBE
CepTucmkar: 12000002A633E3D113AD425FB50002000002A6 | 2 .
Bnapgeneu: LlleGayxoea TaTbAHa AnekcaHapoBHa lapalypy. d TATOBbIX IOACTAHIMAX B TAaKOH

€ TpaHc()OpMaTOpel H ITOIYIPOBOJHHKOBBIE
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BBRINIPSIMHTEIIBHO-HHBEPTOPHEIE  arperatbl. IIpH 5»TOM paccTogHHe MEXKAY CMeXHBIMH
ITOZICTAHIMMAMH HE MPeBBIIIacT 15—20 KM, a IUIOII[aab ITOIIEPEYHOI0 CEYEHH ST MEJTHBIX KOHTAKTHBIX
IpoBOZOB gocTuract 600 MM2 u Ooree, YTO IPHBOJUT K 3HAUNUTEIIBLHBIM PACXOJaM I[BETHBIX
METAJJIOB.

CJIOBO «TpaMBail» ITPOHCXOIHT OT aHITIHIHCKOro tramway (fram — BaroH H way — ITyTh) —
TOPOJZCKAs Ha3eMHAas 3IeKTPHYECKas Jopora. TpaMBan cran pasBHBaThCsa ¢ Havana 80-x rr. XIX
B. BriepBrie TpaMBan ObLI ITYIIEH B IIpHTopoae bepnmHa B 1881 1.

T pamBaliHbIe BarOHBI TOT'O BPEMEHH HMEH MaJIyIO BMECTHMOCTE — BCEro 24 maccakupa,
OTKPHBITHIE TIIOM[AMKH, MAJIOMOIIHEIE JBUTATEH B 4,5 JI. C., pYYHOH TOPMO3. OJIEKTPHYECKHH TOK
ITOJABOIIICS K JBHIATEIISIM IT0 perbcaM. CKOPOCTh TAaKHX BarOHOB He ITpeBbIINana 19 kw/d.

C 1npHMeHeHHeM B 1883 TI. BEpXHEro KOHTAKTHOIO IIPOBOJA M POIHKOBBEIX
TOKOIIPHEMHHKOB HayaJICd IIepHOJ HHTEHCHBHOIO VCOBEPINEHCTBOBAaHMS BarOHOB M
CTPOMTENBCTBA TPAMBANHEBIX ITPEITPHSTHI.

B Poccun nneperin TpaMBan ObLI ITIOCTPOeH B Kuere B 1892 1., 3aTeM OBLII ITYILEH TpaMBaH
B HmxHem Hosropoge, Kazanu, TamkeHTe. B MockBe TpamBanHOe ABHKeHHE OBIIIO OTKPBITO B
1903 r., B Cankr-IletepOypre —B 1907 1.

[Iporpecc B 001acTH TpaMBacCTPOEHUS COITPOBOKAAIICS IIPOIPECCOM B 00TIaCTH TSATOBOTO
3JIEKTPHYECKOr0 000pYIOBAHMS, KOTOPOE BKIIFOYAIIO B ce0S COBPEMEHHEIE TATOBREIE JABHIATEIH
tHna JIK-259 momHocteio 40—45 kBT, yirpaBieHHe KOTOPBIMH OCYIIECTBIISUIOCH aBTOMATHYECKOH
KOHTaKTOPHO-Pe3HCTOpPHOH cHcTeMoH yrpaBieHHI (PKCY), a smekTpuueckas armaparypa
XapaKTepH30Ballach OOJBINOH CTEIleHbIO YHH(HKAIIHH. OIeKTpoo0opyAoBaHHE OO0eCIIeUHBAIIO
MaHEBPOBBIH PEKHIM pabOTHl, aBTOMATHYECKHH ITYCK, 3JIEKTPOJHHAMIYECKOE TOPMOKEHHE, CITYCK
C VKIIOHOB C Pa3/IMYHBIMH YCTaBKaMH, pad0Ty BarOHOB II0 CHCTEME MHOI'HMX eIHHHII. [ IpimMeHeHHe
HOBOI'O 3EKTPOOOOPYAOBAHHS ITOBBICHIIO JHHAMHYECKHE ITOKa3aTelIH BarOHOB (CKOPOCTh — JI0
65—-70 xKwm/4, yckopeHHe — Jo 1,3 m/c2, 3amemineHHe — 70 1,2 M/c2) H YIYUIIIIIO KOMQOPT

IIacCaXHpPOB.

K OHMPOJ/IbHbIE 60NPOCHL.
IloATrOTOBHTH ITPC3CHTAIIHOHHBIC IIPOCKTBI Ha TCMY. PA3BHTHC 3JICKTPOTCXHHYCCKIIX

CHCTEM  JKCIIC3HOAZOPOMHOI'O  TPAHCIIOPTd, PaA3BHTHE  3JICKTPOTCXHOIOIHYCCKIIX CHCTCM

T'OPOJCKOr0 TpaHCIOpPTa (TpaMBaH).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckaa paboma Nel6. Pazeumue 371eKmpomexHol0ZUUecKUX CUcCmem
20p00CK020 mpancnopma (mpoaneidycst). Pazeumue nodvemMHo-mpaHcnopmHozo
obopyoosanua. Pazeumiue cyoo6slx 3J1eKmpomexHUUecKux cucmem. Asuaxkocmuueckan

NIEKMPOMeEXHHKA

HEJH:.' HB}"IEI—HIE HCTOPHIT PaA3BHTHA 3IICKTPOTCXHHKIT H 3JIICKTPOSHCPI'CTHKH, 3dKOHDbI

INCKTPOTCXHHKIT H (prhﬂIpGEElHHE cC HaVIHbIX OCHOB.

OcHO6b1 meopui:

CII0BO «TpomnneHOyc» IPOHCXOAHT OT aHrimiickoro trolleybus (trolley — KOHTaKTHBIH
IIPHBOJI, POJIMKOBBIH TOKOIIPHEMHHK H bus — aBTOOyC) — BHJ TOPOACKOrO Oe3pelbCOBOrO
TPaHCIIOpTa. 3TOT BHJ[ TPAHCIIOPTA POIHIICS KaK THOPH] TpaMBas H OMHHOYCA M BITOCIIEICTRBHI
ITPEBPaTHIICSI B aBTOOYC C BIIEKTPOIBUT aTEIIEM.

IlepBas TporienOycHasa JHMHHS Obla ImocTpoeHa B 1882 r. B I'epmanmy, B r. lInmangay.
Benen 3a I'epmaHmen OIBITHBIE MAapIIPYTHL Oe3PEIBCOBOTO 3NEKTPHYECKOrO TPAaHCIIOPTa
IIOSBILIFOTCS. TAaKKe B Psae APYIHX cTpaH. llepBele poccHiickue TporuenOycehl THIia JIK,
ITOCTPOEHHBIE 3aBOAOM « /IHaMo», ApocimaBcKHM H MOCKOBCKHM aBTOMOOHIEHBIMH 3aBOIaMH, H
HayuHpIM aBTOTpakTOpHBRIM HHCTHTYTOM (HATH), mossumice B MockBe B 1933 r. B 1936 1.
SpocnascKiri aBTOMOOHIILHEIH 3aBOJI COBMECTHO € 3aBOJIOM « JI[HMHaMO» Hayajl CEpHHHBIH BBIITYCK
TpoimieHOycoB THIIa JTB-1. D10 ObIn HanOoNIee KOM(OPTHEIH JJII TOIO BpEMEHH TPOILIEHOYC: OH
HMeJTl CTIEIHAIIBHOE ITACCH M ITOIYOO0TeKaeMBIN KY30B, HAJEKHYIO TOPMO3HVIO ITHEBMATHYECKYVIO
CHCTEMY, a TAKXKE LIEHTPaJIbHBIIH TOPMO3, JEHCTBYIOIIHI Ha TATOBYIO Ilepeiady. BhICOKOBOIBTHAS
afrrapaTypa pacrolarajiack B Inkadax B caJOHe TpojuleiiOyca. OJIeKTpHYecKas cXeMa C
IBHT aTeJIEM MOIIHOCTRIO 60 KBT ofecrieynBana pe3sHcT OpHOE H PEKYIIEPaTHBHOE TOPMOKEHHE H
ITpHeMIEMBIE THHAMHYECKHE ITOKa3aTelIin MallHHEel. B TeyeHue 1937-1941 1T. OBIIIM BBEIITYIIEHEL
mogermm ATb-2, ATb-4, ATb-4A, ATb-5, a Takke AByxXsTaXHBIH Tpoiiendyc AT b-3.
Y COBEPIIEHCTBOBAHHE IIUIO IO JIMHHH JOPaOOTKH KYy30Ba, IPHMEHEHHS KOJIECHOIO TOPMO3a,
IYUIllel  3al(UThl  SJIEeKTPOoOOOPYIOBAaHHSA, MOAECPHH3AIMH 4YEepBSAYHOrO peaykropa. Ha
tpormiendyce ATb-4 Opin IpHMEHEH ABHIaTellb MOIIHOCTBRIO /4 KBT, YTO IIO3BOISUIO €MY
Pa3sBUBATE OOJBINHE CKOPOCTH, YCKOPEHHS U 3aMEIJICHIS.

Tpomtendycer 3uY-9  oOopyaoBaHel  padOYMM  IMHEBMATHUYECKHM  TOPMO30M,

,I[EﬁGTE}’TOH[I]I‘vI Ha BCC KOJIECA4 MallllHbI, PYYHBIM CTOAHOYHBIM H 3JICKTPOAHHAMHYCCKHM

OOKYMEHT NoarnmncAH
SNEKTPOHHOWM NOAMUCHIO MOCT C KOJICCHBIMH IUIdHETAPHBIMH IICPEaddadaMH
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 65
Bnaperew: (le6ayxoBa TaTbsHa AnekcaHapoBHa ,HHI]HE], H IIHPHHA TPOIJUICHOYCA COOTBETCTBEHHO

ca TpoJuiendyca ¢ HOMHHAIILHOH Harpy3KoH — 16
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490 KT, YHCIO MeCT IS CHAcHHS — 31, KOHCTPYKTHBHaA cKopocTh — 70 xkm/u. C 1988 . 3aBOJIBI
M. M. C. YpHIKoro u «J/I[MHamMo» HayajJIM BEIITYCKATh YCOBEPIICHCTBOBAHHEIE MOJIEIIH
TpOJUIENOYCOB — 3HY-0821 u 3uY-0821'1, ABYXOCHBIE, TPEXABEPHEIE, IPeAHA3HAUEHHBIE IS
TOPOACKHX IIEPeBO30K. KommuecTBO MecCT IS CHAEHHS — 27, IIOIMHAsd BMeCTHMOCTh — 118
IMaccakHupoB, IIEPEeJaTOYHOe OTHOIINeHHe TpaHcMuccnn — 1 10,699, Ha Ttpomnendycax
HCIIOJIb30BaHa KJIACCHYECKAas PeJIEHHO-KOHTAKTOpHAasA cHcTeMa yipasieHHS PKCY, xak H Ha
Tpormienoyce 3MY-9. YIpaBleHHE IIPHBOJAOM KOCBEHHOE, ITOJIYaBTOMATHYECKOE C I'PYIIIIOBBEIM
PEOCTATHLEIM KOHTPOJUIEPOM. Pexum paloThl 3aJacTcsd KOHTPOIUIEPOM BOAHUTeNd. T pormnendyc
3uY-6821" o0opyaoBaH VYCOBEPIIEHCTBOBAHHEIM JBHTaTeneM Toila JIK-113 cMelaHHoro
BO30YAKIEHH S MOIITHOCTEIO 115 KBT. MakcHManbsHO ITpeo0JIEBAEMBIH ITOABEM IS 3TOH MAIIIHHBI
— 8 %. C Lemp0 peallH3allHH JIVUIIHX JHHAMHYECKHX ITOKas3aresjleH, OOJIBIMX ITOALEMOB Ha
Tpormiendyce  3HY-  6821'1  ycTaHOBIEeHBI  TSTOBBEIH  JBHMrarens THma JIK-211BM
ITOCJIeJOBATEIILHOIO BO30VYKIeHHS MOIIHOCTRIO 170 KBT M anmaparypa yIipaBJIeHHS H 3all[HTh
ITOBBIIIEHHOH 3HEPTOEMKOCTH.

B orinune or GOJMBIIMHCTBA APYTHX IIPOH3BOACTBEHHBIX MEXAHH3MOB I'PY30II0BEMHEIE
MAIllHHBl XapaKTEPH3VIOTCS BEChMa PazHOOOpasHBIMH pPeKHMAMH PaOOTHI KaK 10 3HAYEHHIO
CTAaTHYECKOH HArPy3KH, TaK H I10 IIPOAOIIKHTEIBHOCTH PaOOTEl H YACTOTE BKIIFOUCHHIL.

B COOTBETCTBHMH C JEHCTBVIOIIMMI B HaIlleH CTpaHe CTaHAapTaMH BCEe MHOIooOpasHe
PEKUMOB pPabOTHI I'PY30IIOABEMHBIX MAIIIMH CBOIHUTCS K ITSATH peXKHUMaM: JIerKHH — JI, cpetHHH —
C, TsxensIll — T, BecbMa TsoKelIbIH — BT, BecbMa TspKenbl, HellpephIBHEIH — BT H. B moxsarue
«peXHM paOOTBI» BXOJSAT: OTHOCHTEIBbHAS IIPOJAOIDKHTENbHOCTh BKmouYeHHH (IIB), wacroTa
ITYCKOB, T'OJIOBOE H CYTOYHOE HCIIONIb30BaHHe, KO3((MHIHMEHT HCITOIb30BAHHS I'PY30IT0hEMHBIX
MAIIIHH I10 I'PY30IOABEMHOCTH H IPYIHE TT0Ka3aTEIH HAIIPSDKEHHOCTH PadOoTHI.

Kareropuen HampssKEHHOCTH PeKHMa VUHTBEIBAETCS TEMIIEPATYpa OKPYKAIOIIEH CPeIbl, a
TaKJKe TAKOH ITOKa3aTellb, KaK CTElNleHb OTBETCTBEHHOCTH MAIIHHEI, KOTOPAas MOXKET IOTPeboBaTh
ITOBBIIIEHHEIX 3aI1aCOB IIPOYHOCTH. TaK, HaITpHMED, Pa3/IMBOYHBIH KPaH MapTEHOBCKOI'O I[eXa ITI0
yacTOTe BKIIFOUEHHH M 1B MOKeT OBITh OTHECEH K JIETKOMY PeXKHMY. OIHAKO IMPEeXbABIISIEMBIE K
HEMY HCKIIOUHTEJIbHBEIE TpeOoBaHHS Oe30rmacHOCTH OOYCIOBIHBAIOT BBEIOHMpaTh KpaH
ITpHUMeHHTENRHO K pexxrMy BT it BTH. B ninmHax ssumick OCHOBOH IS CO3JaHMS CIIEIHAIbHBIX
CEPHH MEKTPHUYECKHX JBHIaTelIed M alllapaToB KPaHOBOI'O HCIIOIMHEHHS. B HacTosee BpeMs
KPaHOBOE 3MIEKTPOOOOPYAOBAaHHE HMEET B CBOEM COCTABE CEPHH KPAaHOBBIX ANIEKTPOABHIATEIIEH
IIEPEMEHHOIO H ITOCTOSHHOI'O TOKA, CEPHH CHJIOBBIX KYIIAYKOBBIX H MAarHHTHBLIX KOHTPOILIEPOB,

BOIMERLT IQRFIMCA VITBTOB VITPABIEHHS, KOHEUHBIX BBIKTIOUATENE!
3NEKTPOHHOWM NOONUCHIO Y1 yip :- ;

Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6

JPaBIIMNYCCKHX TGJ]I{aTEHEﬁ:. ITYCKOTOPMO3HBIX
Bnapeneu: lLebayxoea TatesaHa AnekcaHgpoeHa

PETYIIHPOBAHMS, YCTPOMCTB VIIPABIIEHHS IIO
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paJHoKaHaTy HIH OJHOMY ITPOBOAY H PSA APYTHX armapaToB, KOMIUIEKTYIOIIHX pa3IHYHBIE

KPdaHOBBIC 3JICKTPOIIPHBOABL.

Konmponsuste sonpocoi:
[ToaroToBHTH NMpe3eHTaIl[HOHHEIE IIPOEKThl Ha TEMY: Pa3BHTHE 3IeKTPOTEXHOIOIHYECKHX
CHCTeM TOPOJICKOrOo TpaHcropTra (TpoJuieHOychl), PasBHTHE IIOJbeMHO-TPAHCIIOPTHOTO

Gﬁﬂp}"ﬂﬂEﬂH}Iﬂ, Pd3BHTIC CYOOBBIX  J3JICKTPOTCXHHHYCCEKIMX - CHCTCM, dBHAKOCNMITYCCKasd

JJICKTPOTCXHIKA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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IIpakmuueckaa paboma Nel 7. Ilepcnekmiiébl pazeumus IJ1eKmpoIHEPZemMuUKI 6

Poccuu. Ilepcnexkmuént pazeumus MUpo60il I1eKMp 0IHEP2EMUKIL.

HEJII’:.' HB}“IEHIIE HCTOPHIT PA3BHTHA 3JIICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

JJNICKTPOTCXHIIKH H (prhﬂ[pﬂBﬂHHE: €€ HdaYUHbBIX OCHOB.

OcHo6bl meopuil:

ONeKTPOTEXHHYECKAS IIPOMBIIIIIEHHOCT, BCErJa paccMaTpHBalachk KakKk OCHOBHAas
TeXHH4YecKas Oaza sneKTpHpHKaIHH. [IpH 3ToM peus 1m1a 00 H3rOTOBIEHHH H3IEINH, KOTOPHIE
JIeXaT B OCHOBE BJIIEKTPHUECKOIO XO3SHCTBA IOTPEOHUTENEH — SIEKTPHKH. ISIEKTPHYECKOE
XO3SIICTBO MOXKHO pacCMaTpHBaTrh ITO3JIEMEHTHO, HAIIPHMEP YCTPOHCTBO H PadoTy OTAEINBLHOIO
3IIEKTPOABHUTATENS, 3aTEM BBIAEIATH MEKTPHYECKHE IIETIH H CHCTEMBI, OTIHPAasCh Ha KIIaCCHYECKHE
3aKOHEI TOD.

CerogHs BaKHEHMINNE 3aJlaul IEKTPHKH CISAVIOIME. H3 CKOHCTPYHPOBAHHBIX M VXKE
H3TOTORJIEHHEIX 3IEKTPOTEXHHKOH H3AEIHH IIPEACTABHTE HEKOTOPRIH 00pa3 — OyAyIIHH OOBEKT,
yTOOBl OOOCHOBATh MHBECTHIMH M pa3padoraTh padouyio JOKYMEHTAIMIO Ha 3IEKTPHYECKVIO
yacTh OOBEKTA, BEIMOJHATE CTPOHUTEIIBHBIE, MOHTAXHBIE, HallaJO4YHBIE, ITPHEMO-CHATOYHBIE
paboThI, OCYINECTBIIATH SKCIUIYATAI[HIO 3MEKTPOTEXHHYECKHX H3ISIIHI M HX 3JIeKTPOPEMOHT,
oOecCIeYHBaTh AMEKTPOOE30IIACHOCTE H BKOJIOTHYE CKHE HOPMBI, IIPEAYCMATPHBATEh YTIUIH3AI[HEO
IIPOAYKTOB KH3HEAEATEIIBHOCTH 3IeKTPHYECKOI0 XO3SHCTBA M €ro JIHKBHAAIMIO (B LIEJIOM HIH
yacTH). C oOcCHOBHBRIMH mpHHIHNAaMH InraHa ['O3JIPO (paspaboranHoro B 1920 T.
["ocymapcTB eHHON KOMHCCHEH IO 3IeKTPH()HKAIHH POCCHI): CTPOHTEIBCT BO SIIEKTPOCTaHIIHI ITO
eIUHOMY TOCYIAPCTBEHHOMY IUIAHY, OIIepEKarollee pasBHTHE TSDKEIOH ITPOMBIIIUIEHHOCTH,
SIeKTPH(PHKAIMS TIPH KOHIEHTPAI[MH MOI[HOCTEH M I[eHTpaJIM3alliH 5SIIeKTPOCHa0KEeHHSL
CO3JIaHHE Ha IPEAIPUATHH €IITHOTO SHEPrOX03SHCTRA.

Co6ctBeHHO 11aH ['O3JIPO, paccuntanHb 10 1935 1., ObUT BBEIIOIHEH K cepeauHe 1931
r. B stor mepnox Owu1o ImponseeacHO 10 687 I'BT*4: 3TO MEHBIIE TOAOBOrO IOTPelIeHHSA
KPYIIHOTO AIFOMHHHEBOrO 3aBofa. OuYeBHAHA IIOJIOKHTEJbHAS poik IvtaHa ['ODJIPO kak
OCHOBOITONATAIOIIEr0 IUIaHa pasBHTHSI HAPOJHOIO  XO3SIICTBa, IPEAyCMaTpPHBAIOIIETO
«31MeKTpHHKaIo BeeH cTpaHbl» (B. H. JlennH). Ho ecmi oOpaTHTHCSI K peamiisaM OOIbIneH YacTH
TeppHTOpHH POCCHH, TO clIeAyeT ITPH3HATh, 4To K Hadany XXI B. «3IeKTpH(HKAIHSI BCEH

CTpaHBI» TaK H He GbIla OCYIILECTBRIIEHA.
[OOKYMEHT NOANCAH

SNEKTPOHHOW NOANMUCHIO FoUas IoCIHenyrIoee paspyiueHue B 1930-x rr.
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6 X )
Bnaperei’ C T RIRBARSES g and aNaked Hsoeila SIHHX YHEPrOMCTOYHHKOR ), TIOKA CTOSIIA 3ajaya

BO3MOKHO 0e3 THI'aHTOB MCTAJLIIYPI'HIL, XIHMIHH,
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MAaIlIHHOCTPOeHHA. OHH, B CBOIO OYEepelb, TpeOoBamM COOPYAKEHHS THIAHTOB SHEPIreTHKH,
CTPOHUTIEIILCTBO KOTOPBIX CTAIO IIPHOPHUTETHRIM. [lomoxeHHe HW3MEHWIOCh B IIOCIEIHHE
NECATHIIETHS, KOIrJa IIPHOPHUTETHBRIMH  CcTalu TpeboBaHus  morpedurens. MHPOBEIE
ITPOU3BOAUTEIH BIIEKTPOTEXHHKH TABHO 3TO ITOHSIIH, OYKBAIILHO 3aBAJIMB ITOTPeOHUTETIS HE T OJIIBKO
TEM, O YEM OH 3HAET, HO M TEM, Yer0 OH H IIPEJACTaBHTh He MOr'. CeTOIHS CIIEIHAIIH CTHI - 3J1EKT PHUKH
NODKHBI ~ YMeTh  (pOpMYyIHpoBaTh  TpeOOBaHHMS  IIOTpeOHTENd K  H3TOTOBHTEIISAM
3IIEKTPOTEXHHYECKNX H3AEIHHI H K SHEProCHaOKaroIEN OpraHM3aIliiL, a 3aTeM H OTCTaHBaTh HX.
[IpakTHyecKH 5TO O3HAYaeT pea3alliio YIBEPKIAeMOro ['paxaaHcKnM KojekcoM PO
PaBEHCTBAa TaKHX IOPHINYECKHX IMHI[, KaK SHEpProcHaOKaroas OpraHu3aisa U ITOTPeOHTENb,
Iepexol; OT a0COMIOTH3MAa OONIBINOH SHEPIEeTHKH K Te3UCy «lloTpeGurens Beeraa mrpasy.

HcTOpHYEeCKIIT OIBIT CBHJETEINBCTBYET, UTO HOBAaS TEOPHS, KakKHe OBl ITpaKTHYECKHE
pe3yIbTaTEl OHA HH JaBajia, a TeM Oolee HOBOE MBIIUIEHHE, HE Cpa3y OBJIaJicBacT MacCCaMII.
QopMupoBaHHe (IIOCTPOEHHE)  SIEKTPHYECKOIO  XO3SIICTBA H  3aKOHOMEPHOCTH  €rO0
(P YHKITHOHHPOBAHHS CPaBHHTEIIPHO HOBBIH 0OOBEKT HccneoBaHHA Jlummme B 1944 1. nipu
['ocymapcTBeHHOM KOMHTETe OOOpPOHBI Obllla CO3JaHA [ OCHHCIIEKI[HSA II0 ITPOMBIIIIIIEHHOH
SHEPTETHKE M SHEPrOHAI30pPY, OCHOBAH KYpHal «lIpOMBIIIIEHHAsS SHEpPreTHKa», BBEJCHA
JOIKHOCTE TTIABHOI'O SHEPreTHKA Ha ITPEAIIPHATHIX ¢ IMOTpednsgeMon MOITHOCTEIO oT 1000 kBT
(110 IEeKTPHYECKOH HAarpy3Ke CEr OJHS 3TO MEJIKOE IIPEMIIPHATHE, Te INTaTHOI O AIIEKTPHKA MOXKET
He OBITh COBCEM), B BBICHIEH IIIKOJIE 3arOBOPHIM O BHYTPH3ABOJCKOM 3IIEKTPOCHAOKeHHH,
ITOAT OTOBKE HHKEHEPOB-AIIEKTPOMEXaHHKOB, 3JIeKTPH(HKAL[HH IO OTPACIISIM.

IlocTpoeHHe BIMEKTPHYECKOr0 XO3SHCTBA B IEPHOJ TIEPBEIX ITATHIIETOK OCHOBBIBAJIOCH Ha
KIIACCHYECKHUX IIPEACTABIIEHHSAX, KOrJa MOKHO OBIIIO IOACYHMTAThL BCE PEKHMEI JIIIA KaXJIOrO
IBHTATeI (AIEKTPOIIPHEMHHKA), 2 CYMMHPOBAB, ITIOIIYYHTh 3IEKTPHYECKYIO MOIIHOCTD, PacXo[l
3HEPTUH, 00bEMEI SHEpProcoepekeHUA. M 3To OBIIIO IIPABIIBHO H PEATTM3YEMO, ECIIH B KY3HEUHOM
1exe B 1930-x rT. ycraHaBmBamd 11 gBuraresnel, B MEXaHHYECKOM — 34, 3JIeKTPOPEMOHTHOM —
20, B cucTteMe BogocHaO)eHHS — 25, Ha [{eHTpambHOH snekTpuyeckoil craHiud (T3O1]) — 40 (Ha
KPYITHeHIIHNX 3aBojax ceiiuac B 100 pa3 Ooibiie), a copraMeHT OB eJHHHYEH.

Poccuiickas 3MeKTPOSHEPTeETHKA, CO3JaHHas OTEYECTBEHHBIMH YUeHBIMIL, HHKEHEpaMH H
padounMI, SBISETCS HallleH HAIIMOHAIIBHOH FOPAOCTRIO Oarogaps HE TOINBKO €€ HAJIEKHOCTH U
3(p(peKTHBHOCTH, HO H €€ CYIIeCTBEHHOMY BKIAJy B COIHAJIBLHYIO CTaOWIBHOCTH OOINECTBa H
KOHKYPEHTOCIIOCOOHOCTh SHEPrOEMKHX OTpPacileH. 3TO HeMajlo JJI JIro0OH CTpaHbl, a i

pGCCI]ﬁGI{[D{ KITHMATHYSCEI X }fCHGEIlﬁ H pﬂCGTGHHIEIf[ ABIDICTCH JOCTOMAHICM, }"TpﬂTlDf[ KOTOPOr1o

[OKYMEHT NOAMNVCAH
ANEKTPOHHOW NOANUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

0 cBhIIIE 100 aKIMOHEPHBIX 3HEPrOKOMIIAHHI, B
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa

perHoHaNIbHBIX HeprocucreM (AO-sHepro) u 25

80

Nencreutened: ¢ 20.08.2021 no 20.08.2022



KPVYIIHBIX BHEI{TPGCTHHI_[Hﬁ B BHAC aAKI[IOHCPHbBIX o0I1ecTB. XOIIHHIOBOH BHEPI‘GI{GhﬂTﬂI-]IIEﬁ

seisuiock PAO «EDC Poccrny, rae 52 % akimn rprHaiexano Poccurickon Deaepaliim.

K OHMPOJIbHbBIE 601POCHI.

l. Bek 3I1eKTpOsSHEPTreTHKH
2. Bek aleKTpOoTeXHHKH
3. [IOArOTOBUTE IPe3€HTAL[HOHHBIE IIPOEKTBI HAa TEMY. IIEPCIIEKTHBEL Pa3BHTHSI

JJICKTPOSHCPI' €THKIL B PGGCHH: ITCPCIICKTHBBI Pd3BHTHA MIPDEDﬁ JNEKTPOSHEPI'CTHKIL.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ipaxkmuueckaa pavboma Nel8. CoepemeHHAA HAYUHO-MEXHUUECKAA PE6OIIOUNUA U

paseumie HHEPEEIHHIIECKﬂﬁ MEXHUKI.

HEJII’:.' HB}“IEHIIE HCTOPHIT PA3BHTHA 3JIICKTPOTCXHHKI H 3JICKTPOSHCPICTHEKH, 3dKOHDBI

JJNICKTPOTCXHIIKH H (prhﬂ[pﬂBﬂHHE: €€ HdaYUHbBIX OCHOB.

OcHoébl meopuu.;

JIsT MOCTHIKEHHS CTOMb ITIOOAIBbHBIX IEJIEH B Pa3sBHTHH 3HEPreTHKH HeOOXOIHMO
IIPUBIICYEHHE HAYKH H 00pa30BaHU A IO CIIEAYIOIIHM HaIlPaBIEHISIM:

1. Pazpabotka LleneBoro BHAEHHS pa3BUTHA NEKTPOIHEPreTHKH Ha repuo go 2030 1.

2. HMccnemoBaHHS IO CO3JAaHHIO0 HOBOI'O KOHKYPEHTOCIIOCOOHOIO OOOpPYAOBAHHS IS
SHEPTOKOMITAHHH .

3. PazpaboTKa 1 OCBOEHHE HOBBIX TEXHOJIOT HIH.

4. COTpYIHHYECTBO C OTpacieBhIMH By3aMH. [IpreM Ha padoTy BBEIIYCKHHKOB BY30B.
[IporpaMMbl  TTOATOTOBKH H  IIEPENOJTOTOBKH  KaJapOB, IIOBBIIIEHHS  KBaJIH(DHKAI[HH.
KopriopatHBHBIE CTHIIEHAZHH H KOHKYpchl. C ydeToM JAe(HIIMTa OpraHHYecKOro TOIUIHMBA
HeOOXOMHMMO HCKaTh HOBEIE IIEPCIIEKTHBHEBIE TEXHOJIOTHH ITONYYEHHS SIEKTPOSHEPIHH H
BKIIAJbIBATh HMHBECTHIMH B HX pa3paboTky. K IepClIeKTHBHBIM HaIlPaBJIEHHSIM OTHOCHTCS
SHEPIHUSL, ITOIYYacMas B IPOIECCE TEPMOSIEPHOI'O CHHTE3A.

ONEKTPOTEXHHYECKAS IIPOMBIIIIIEHHOCTh, BCErJa paccMaTpHBallach KakK OCHOBHAs
TeXHH4YecKasa Oaza sneKTpH(HKaHH. [IpH 3ToM peys Ij1a 00 H3rOTOBJIEHHH H3JEIHH, KOTOPHIE
JIeKaT B OCHOBE BJIEKTPHUYECKOIO XO3SHCTBA IOTPEOHUTENEH — SIEKTPHKH. OSIEKTPHYECKOE
XO3SICTBO MOKHO pacCMaTpHBaTh ITO3IEMEHTHO, HAIIPHMEP YCTPOHCTBO H PadoTy OTHAEIBLHOIO
3JIEKTPOABHUTATENS, 3aTEM BBIAEIATE SIIEKTPHYECKHE I[ETTH H CHCTEMBI, OTIHPAasCh Ha KIIaCCHYECKHE
3aKOHEI TOD.

CerogHs BaKHEHMIIHE 3aJlaud EKTPHKH CISAVIOIHE. H3 CKOHCTPYHPOBAHHBIX M VYXKE
H3TOTOBIIEHHBIX 3IEKTPOTEXHHKOH H3AEIHH IIPEACTAaBHTE HEKOTOPBIH 00pa3 — OyayIi OOBEKT,
yTOOEl OOOCHOBATh MHBECTHIMH M pa3padoTarhk padouyio JOKYMEHTAI[HMIO HA 3JIEKTPHUYECKYIO
yacTh OOBEKTA, BBIMIOJHATE CTPOHUTEIIBHBIE, MOHTaXXHBIE, HalaJO4YHBIE, ITPHEMO-CHATOYHBIE
PadOTRI, OCYILECTBIIATh S3KCIUIYATAIMEO 3NEKTPOTEXHHYECKNX H3IEIMH H HX 3IEKTPOPEMOHT,
oOecIieyHBaTh AMEKTPOOE30ITACHOCTh H AKOJIIOTHYECKHE HOPMBI, ITPEIYCMAaTPHUBATh YTHIIM3ALHIO

ITPOAYKTOB H3IHCIACATCIIBHOCTH JJICKTPHYCCKOI'O XO3SIFICTBA H €ro JIMKBHIALHIO (E IeIIoM IIH

an%ﬁﬁgﬁnggﬂ%”ﬂ%ﬁiim a T'ODJIPO (paspaGoranHoro B 1920 .

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnaperiell le6aykopa TaTbsiHa AnekcaHaposHa HI PGCCI]II). CTPOHTCIBCTBO 3JICKTPOCTAHITHH ITO

JOITIEC Pd3BHTHC TSDKEITIOH ITPOMBIILIICHHOCTIL,
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SIeKTPH(PHKAIMSI TIPH KOHIEHTPAI[MH MOIIHOCTEH M I[eHTpalIHM3allHH >JIeKTPOCHAOKEeHHS,
CO3aHIE Ha ITPEAIPHATHH €IHHOI'O SHEPrOX03SICTBA.

Co6cTBeHHO 11aH ['O3JIPO, paccuntaHHbIN 10 1935 1., OB BRITIOJIHEH K cepeamHe 1931
r. B stor mepnox Owu1o ImpomseeacHO 10 687 I'BT*4: 3TO MEHBIIE TOAOBOIO IOTPeOIeHHSA
KPYIIHOTO AIFOMHHHEBOrO 3aBoja. OuYeBHAHA IIONOXKHTEIBbHASA ponk InaHa ['ODJIPO kak
OCHOBOIIOJIATAIOIIETO INIAaHA  Pa3sBHTHSI  HAPOJHOIO  XO3SHCTBA, ITPEAYCMaTPHBAOIIETO
«31MeKTpHHKaIo BeeH cTpaHbl» (B. H. JlennH). Ho ecmi oOpaTHTHCSI K peamiisaM OOIbIneH YacTH
TeppHTOpHH PoccHH, TO cleAyeT IIpH3HATh, 4To K Hadany XXI B. «3IeKTpH(HKAI[HSI BCEH
CTpaHbI» TaK H He OBIIIa OCYII[ECTBIIEHA.

[Tnag I'ODBJIPO 611 HeoOXOAHM (HCKIOYAsa IOCHeAyIolee pa3pyiueHrne B 1930-x IT.
JeHCTBOBABIIEH CeTH MelIKHX H B 1950-X IT. cpeJHHX 3HeprOHCTOYHHKOB), TIOKa CTOSIIAa 3ajaya
HHIYCTPHAIH3AI[MH, PEIHTE KOTOPYIO OBITIO HEBO3MOKHO 083 THTaHTOB MEeTaJUIYPIHH, XHMIH,
MAaIlIHHOCTPOoeHNS. OHI, B CBOK OYepelb, TpeOOBaM COOPYKEHHS T[HIAHTOB 3HEPreTHKH,
CTPOMUTEIBCTBO KOTOPBIX CTAl0 IPHOPHTETHBIM. IlomOXKeHHe M3MEHIIOCH B IIOCIIEQHHE
NECATHIIETHS, KOrjJa IIPHOPUTETHBIMH  CcTald TpeboBaHHA  IoTpedurend. MHpPOBEIE
ITPOH3BOIHUTEIIH AJIEKTPOTEXHHKH JAaBHO 3TO IOH ST, OYKBAILHO 3aBaIHB IIOTPeOHTEN S He TOIBKO
TEM, O YeM OH 3HAET, HO H TEM, YEr'0 OH H IPeJACTaBHTEL He MOr. CeroHs CIIEIHA CTEI - 3IIe KT PHKH
HOJDKHBI  YMETh  (pOPMYIHpOBaTh  TpeOOBaHHMS  IOTPeOHTEII K  H3TOTOBHTEISM
3JIEKTPOTEXHUYECKNX H3JIEIIMA 1 K SHEProcHadKaroIleil OpraHM3al(ii, a 3aTeM H OTCTaHBaTh HX.
[IpakTHyeCcKH 5TO O3HAYaeT peal3allHi0 VYTBEpXKAacMOro I'paxmaHcKHMM KojekcoM PO
PABEHCTBA TAKHX IOPHIHYECKHX JIHI[, KaK SHeprocHalO:Karolas OopraHmszalis H II0TpebHTEND,
IepeXo 0T a0COIMOTH3MA OOJIBIIIOH SHEPTETHKH K Te3HCY «IloTpeOHUTENIh BCETIA TIPaBy.

McTopHyecKIil OIBIT CBHIETEIILCTBYET, UTO HOBas TeOPHS, KakHe OBl IMPaKTHYECKHE
pe3yIIbTaThl OHA HH JaBaia, a TeM Oollee HOBOE MEIIUIEHHE, HE Cpa3y OBIIAJEBAcT MacCaMH.
QopMHpoBaHHe (IIOCTPOEHHE) SJIEKTPHYECKOIO0  XO3SHCTBa M  3aKOHOMEPHOCTH  €ro
(P YHKITHOHHPOBAHHS CPaBHHTEIbHO HOBBIH OOBEKT HcclefoBaHHSA Jinmes B 1944 r. npu
['ocymapcTBeHHOM KOMHTeETe OOOpPOHBI Obllla co3JaHa ['OCHHCIIEKIIHS II0 ITPOMBIIIJIEHHOH
SHEPIreTHKE M SHEProHa[30py, OCHOBAaH JKypHal «lIpoMBIIIIIEHHAs SHEPreTHKa), BBelcHa
JOIKHOCTE TTIABHOI'O SHEPreTHKA Ha ITPEAIIPHATIHSX ¢ IMoTpednsgeMon MOITHOCTEIO oT 1000 kBT
(110 IeKTPHYECKOH HArpy3Ke CEr OJHS 3TO MEIKOE IIPEMIIPHATHE, Te INTaTHOI O AIIEKTPHKA MOXKET
He OBITh COBCEM), B BBICHICH IIIKOJIE 3arOBOPHIIH O BHYTPH3aBOJACKOM 3JIeKTPOCHAO0KEHHH,
ITOATOTOBKE HHKEHEPOB-AIIEKTPOMEXAHHKOB, 3JIEKTPH(HKALIHH IO OTPACIISIM.

AOKYMEHT NOARUCAH B ITepHOJ TIEPBBIX ITATHIETOK OCHOBBIBATIOCEH HA
SNEKTPOHHOW NoANUCHLIO PHOATIED

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

OBLIIO IIOJCHIITATE BCC PCHMKHMbBI AJIA KaXKIOI'0
Bnapeneu: lebayxoea TaTesaHa AnekcaHgpoeHa

., IIOJIVHHTDE JJIICKTPHYCCKYHO MOIITHOCTB, PACXO/]
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3HEPTHH, 00beMEI SHeprocdepekeHHS. M 310 OO MPaBHILHO H pealH3yeMO, ECITH B KY3HEUHOM
1exe B 1930-x rr. ycraHapmmBaM 11 gBurarenci, B MeXaHHUECKOM — 34, 3MEKTPOPEMOHTHOM —
20, B cucteMe BogocHaOXeHHI — 25, Ha [{eHTpambHOH anekTpudeckoi craHiud (T31]) — 40 (Ha
KPYITHEHIIHNX 3aBojJax ceiiuac B 100 pa3 OombIne), a copTaMeHT OBbINI eIHHIYEH.

Poccuiickas 3leKTPOSHEPTeTHKA, CO3JaHHas OTE€YECTBEHHBIMH YUeHBIMI, HHKEHEPaMH H
padoYMMH, SBIISETCS HaIllel HAIITHOHAIILHOH TOPAOCTRIO Omarogaps He TOINBKO €€ HaJIeKHOCTH H
3(p(peKTHBHOCTH, HO H €€ CYIIeCTBEHHOMY BKIIaJy B COLHAIbHYIO CTaOWIBHOCTH OOIIECTBA H
KOHKYPEHTOCIIOCOOHOCTh 3HEPrOEMKHX OTPAcCIeH. OTO HEMAJIO JJI JIF0OOH CTpaHbl, a I
POCCHIICKHX KIIMMATHYECKHX YCIIOBHHI H PACCTOSHHH SBIISIETCS JOCTOSHHEM, VIPATOH KOTOPOIO
PHCKOBATh HEIIO3BOIHTEIBLHO.

o 1 nrong 2008 r. B Poccuu gencTBOBANIO CBEIIIE 100 aKIMOHEPHBIX SHEPTOKOMIIAHHH, B
TOM YHCIIe 78 BEpTHKAIbHO MHTETPHPOBAHHBIX PerHOHAIBHBIX HeprocHcTeM (AO-sHepro) u 25
KPVIHBIX 3IEKTPOCTAHIMH B BHIE AKIIOHEPHBIX OOIIECTB. XOJIAHHIOBOH 3HEPrOKOMITaHHEH

seisu1ock PAO «EDC Pocecumy, rae 52 % axigi nmpuHaiekano Poccriickon Megeparpin.

K OHMPOJIbHbBIE 601POCHI.
I loAroTOBHUTE ITPE3CHTAIIHOHHLBIC ITPOCKTBI Ha TCMY. COBPEMCHHAA HAYIHO-TCXHIYCCKAA

PEBOIIIOIHA H Pa3BHTHC BHepI"ETHIIECI{Gﬁ TEXHIEKIL.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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3. Yuebno-memoouueckoe u uH@hopmauiloHHoe obecneuerue 0UCUUNTIUHbL

5.1 Ilepeuenv OCHO6HOU U OO0NOJHUMEILHOU JUMepamypsl, HeO0OX00UMOU 014
0C60CHUA OUCUUNTIUHbL

5.1.2 Ilepeuens 0CHO6HOIL TUmMep AmMypol:

1. Cumonor, H. C. Hauano snekrposHepreTHkH Poccuiickon Mmmepmn m CCCP, Kak
rmpoonema TexHoleHo3a / H. C. CiMmoHOB. — Mocksa : UH(ppa-UmxeHepnsa, 2017. — 640 ¢. —
ISBN 978-5-9729-0143-2. — TekcT : sanexkTpoHHbIH // I{ndpoBoi oOpazoBarelbHEIH pecype IPR
SMART : [caiit]. — URL: https://www.iprbookshop.ru/68995.html

2. BBejieHHE B CITEIHAIIBHOCTD . JIEKTPO3HEPreTHKA H 3JIEKTPOTEXHHKA | DIIeKTPOHHEIH pe-
cypc|: yuebHoe nmocobue / M. Macrenanenko, U.K. Illapumos, M. BopoTtHHkoB 1 ap.; ®I'EOY
BIIO CraBpomnoibkCKHI TOCYIapCTBEHHBIN arpapHbIH YVHHBEPCHTET. - Ctasporions . CI'AY, 2015.

- 114 c¢. . Tabm, cxem., mwi. - bubmmorp. B KH. — Pexmm pgocrymma: URL:

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

5.1.3 Ilepeuens 0onoHumMeNbHOU IUMEPAMYPDL:

1. ByreipuH I1.A. OCHOBEBI AMEeKTPOTEXHHKH | ONMeKTpOHHBIN pecypc|: yIeOHHK 1A CTY-
JIEHTOB CPEJIHHX H BBICIIHNX Y4eOHBIX 3aBeeHHI ITPOJeCCHOHAIBHOIO 00pa30BaHH S ITO HAITPaBJIE -
HHSIM BJIeKTPOTEXHHKH H 3eKTposHepreTHKH byTteipuH I1LA., Tomueer O.B., Ila-xup3sHOB

@.H.- DnexrpoH. TeKCcTOBRIE JaHHBIe.- M.: Mspgaremsckmii oM MOU, 2014.- 360 c.- Pexmm

noctymna: http://www.iprbookshop.m/33220.- 5BC «IPRbooks»

3.2 Ilepeuensv yuedHO-MemoOOUUECKOZO0 o0ODecneueHus CcamocmoamenvHoll padomol
odyuarwmuxca no OUCUUNIIUHE

1. Metomyeckne peKOMeHJAIlHMH JUIS IIOATOTOBKH K IIPAKTHYECKHM 3aHSITHSM IIO0
THCIIHIUIHHE « MICTOPHS OTpaciH H BBEJAEHHE B CIIELHATIBHOCTE».

2. MeToandyecKHe peKOMeHIAI[HI II0 OpraHH3aI[iHi CaMOCTOSTEIIbHOM PadOThl CTYAEHTOB

ITO OMCITHITIITHE {{HCTGI}HH OTpacCIIH H BBCACHIC B CIICITHAJIBHOCTE».

3.3 Ilepeuens pecypcoé UHpOPpMAUULOHHO-METIEKOMMYHUKAUUOHHOU cemu HumeprHem,
Heo0Xo00UMBIX 019 0C60CHUA OUCHUUNIUHDI

1. http://www.biblioclub.ru -5b5C "YHuBepcurerckas oubmioreka oOHIanH"
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MUHUCTEPCTBO HAVKH U BLICIIIETO OBPASOBAHU S POCCUUCKOU OEJIEPAITUU
OEJEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIEHOE
YUPEXJIEHHWE BEICIHEI'O OBPASOBAHWA
«CEBEPO-KABKAS3CKUU ®EJIEPAJILHBIA YHUBEPCUTET»

[Iaruropcxait HHCTHTYT (promian) CKOY

MeTtoanuyeckue yKa3aHHs

110 OpraHH3alHMH CaMOCTOSATEIILbHOH PadoThl 00YUAKOIIHXCS
o mucipnumHe « MCTOPUA OTPACIIM U BBEJJEHHME B CIIELTMAJIBHOCTDb»
IUISI CTYAEHTOB HaIpaBJIEHH S ITOATOTOBKH
13.03.02 2nIeKTpo3HEPreTHKA H STIIEKTPOTEXHHKA
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BBeaeHune

CamocTosarelbHas paboTa — IuraHHpyeMas yueOHast, yueOHO-HCCIe0BaTEIbCKASA, HAYUHO -
HCCIIeJoBaTelbcKas padoTa CTYIeHTOB, BRITIOIHAEMAasI BO BHeaYIHTOPHOE (ayAHTOPHOE) BPEMS ITO
3aJlaHHIO H ITPH METOIHYECKOM PYKOBOJCTBE IIPEITOfaBaTellsl, HO 0e3 €ro HEIOCPEeACTBEHHOIO
y4acTHS (IIPH YaCTHYHOM HEIIOCPEACTBEHHOM YYACTHH ITPEIoOfaBaTells, OCTAaBILIFOIEM BeAYIIYIO
POIIb 3a pabOTOH CTYIEHTOB).

CaMocTosgTenbHasg padoTa CTYAEHTOB B BY3e gBISeTCS BaKHBIM BHIOM VYEOHOH H
HAYYHOH JesSTelIbHOCTH CTYIEHTA.

Benyinass 1enp opraHmszaiii M ocyiuecTBiIeHHsS CPC JIOo/KHA COBITAJaTh C IENIBEO
00yUYeHHS CTYAEHTa — IIOATOTOBKOH OaKanaBpa ¢ BEICIIHM oOpa3opaHHeM. [ Ipu opranmsaim CPC
BaKHBIM H HEOOXOJMMBIM YCIIOBHEM CTAHOBSATCS (POPMHPOBaHHE YMEHHS CaMOCTOSTEIIbHOH
pPaboTHI IS IIPHOOPETEHNS 3HAHNH, HABBIKOB M BO3MOXKHOCTH OpraHH3alHH Y4eOHOH M Hay4YHOH
HNEATEIIBHOCTH.

[{enpro caMOCTOSTENLHOH pabOTHl CTYAEHTOB SBIISIETCS OBIafleHHe (PyHIaMeHTaIIbHBIMH
3HAHHSMH, ITPO()eCCHOHAIIBHBIMH YMEHHSIMH H HaBBIKAMH JIESTEIbHOCTH IO ITPO(HIIO, OIBITOM
TBOPUYECKOH, HMCCIeJOBaTelIbCKOH JesarenbHOCTH. (CamocTosTenpHasd padora CIVASHTOB
CITOCOOCTBYET Pa3BUTHIO CaMOCTOSTEIBHOCTH, OTBETCTBEHHOCTH M OPraHH30BaHHOCTH,

TBOPYECKOIO IOAXO0/A K PEHIEHHIO IIPoOIIeM y4eOHOro H ITpogecCHOHAIbHOIO YPOBHSI.
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O0nas XapaKTepHCTHKA CAMOCTOAT €JIbHOH PadoThbI 00yUalomierocs NIpH H3yYeHHH

JHCIHILINHLI «11 CTOPHA OTPaCd/IH H BBEJICHHCE B CIICIHIHAJIBHOCTD»

CamocTosTebHas padoTa - ITTaHupyeMas yueOHasl, yueOHO-HCCIIeoBaTeIbCKasl, HayIHO -
HCClIeJoBaTelbcKas padoTa CTYIeHTOB, BRITIOIHAEMAasI BO BHeAayIHTOPHOE (ayJHTOPHOE ) BPEMS ITO
3aJITaHHIO M ITPH METOJHYECKOM PYKOBOJCTBE ITPENOaBaTelsL, HO 0e3 ero HEINOCPedCTBEHHOIO
y4acTHS (IIPH YaCTHYHOM HEITOCPEACTBEHHOM YYAaCTHH ITPENIOfaBaTellsl, OCTABILIFOIIEM BEAYIIYIO
POJIb 3a PabOTOMH CTYAEHTOB).

CaMocTtosgrenbHasg paboTta CTYAeHTOB B BY3e sgBnfeTcd BaXKHBIM BHAOM VYUeOHOH H
HAYYHOH JEATEeIIbHOCTH CTYAeHTa. CaMOoCTOATEeNbHAs padoTa CTYASHTOB HIPAeT 3HAYHTEIIFHVIO
POIb B PEHTHHIOBOH TEXHOJIOTHH 00yueHHS. B CBs3H ¢ 5 THM, 00yueHHe B B Y 3e BKirouaeT B ceds
IBE, MPaKTHYECKH OJMHAKOBBIE ITO0 00BEMY M B3aHMOBIMSHHIO YaCTH — IIpollecca OOYUEHHS H
nporiecca camooOydeHHI. [lostomy CPC gomkHa craTh 3(Q(QeKTHBHOH H IleleHaIIlpaBICHHOH
paboTOH CTY/IEHTA.

K coBpeMeHHOMY CITEIIHAIIHCTY OOINECTBO IIPEABABISIET JOCTATOYHO IIMHPOKHH IepeYeHb
TpeOOBAaHHH, Cpedd KOTOPBIX HEeMalIOBaXXHOE 3HAYECHHE HMEeT HaIH4YHe YV BHITYCKHHKOB
OITPEMENIEHHBIX CIIOCOOHOCTEH M YMEHHS CaMOCTOSTEIBHO JOOBIBATH 3HAHHS H3 Pa3IHUHBIX
HCTOYHHKOB, CHCTEMATH3HPOBATh IIOIYYEHHYIO HH(OPMAI[HIO, JaBaTh OIIEHKY KOHKPETHOM
(pHHAHCOBOH CHTyalH. (DOPMHPOBAHHE TAKOI'0 YMEHHS ITPOHCXOMUT B T€YeHHE BCETO IIEPHOAA
OOYUEeHHS 4Yepe3 yYacTHE CTYJIEHTOB B IMPAKTHUYECKHX 3aHSTHSX, BBIMTOIHEHHE KOHTPOJIBHBIX
3aJJaHHH H TeCTOB, HAITHCAaHHE KYPCOBBIX H BBHIITYCKHBIX KBaTH()HKAIIHOHHBIX padoT. IIpH sTOM
CaMOCTOSTeIbHAas padoTa CTYIEHTOB HI'PAaeT PEIIAFOIYIO POIb B XOJE BCEr0 YUeOHOro IIpoliecca.

Benvimasa 1ens opraHmszaiiui M ocyiecTBieHns CPC gomnkHa coBHagaTh C IEIBEO
00VYUYeHHS CTYJIEHTa — ITOJATOTOBKOHN CIIEI[HAIMCcTa M OaKajlaBpa ¢ BBRICIIHM oOpa3zoBaHHEM. [Ipu
opranm3anui CPC BaXHBIM H HeOOXOJHMEBIM YCIOBHEM CTAHOBSTCS (DOPMHPOBAHHE YMEHHS
CaMOCTOSTEIIPHON PadOTHl IS IMTPHOOPETEHH A 3HAHWIH, HABRIKOB H BO3MOKHOCTH OPraHH3aI[HI
yueOHOH H HAYYHOH JIeSTEIIBHOCTH.

DOPMEI CaMOCTOSTEILHOM PadOThI CTYAECHTOB pasHOOOpasHEl. B cOOTBETCTBHH ¢ paboueH
IIPOrpaMMON  JHCIMIUIMHEL TIPEAYCMOTPEHBI CIIEAVIOIIHE BHIABL CAMOCTOATEIFHONH pPabOTH
CTVYJIEHTA:

- CAMOCTOSTEILHOE H3YUEHHE JIHTePaTyPHI,

- CAMOCTOMATCIIbHOC PCIICHHE 3aa™,

AOKYMEHT MOAMVCAH
SNEKTPOHHOM NOAMMUCHIO
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3a0 auamu caMOCTOSTEIIFHOTO H3YUEHHS JINTEPATYPhI SBIISIOTCS:

. VIIyOJIeHHe H pacIIHpeHHe TeOPETHYECKHX 3HAHHI,

. (opMHpOBaHHE YMEHHH HCIIOB30BaTh HOPMAaTHBHYIO, IIPAaBOBYIO, CITPaBOYHYIO
JOKYMEHTALHIO H CIIEIIHATIbHYIO JINTEPATYPY,

. pasBHTHE IO3HABATEJIbHBIX CIIOCOOHOCTEH H aKTHBHOCTH CTY/[EHTOB.

Ilens camocmosmensHozo peuieHus 3adau - OBIajJicHHe IIpo]ecCHOHAIbHBIMH
YMeHHSIMH H HaBBIKAMH JeSATEeIbHOCTH IT0 ITPO(HITIO OYAYINEeH AeITeIbHOCTH.

3ad auamu caMOCTOSTEIIFHOTO PeICHHS 3a7a4 SBILIFOTCS:

. CHCTEMATH3alsd H 3aKpeIUleHHe IIOIYyYeHHBIX TEeOpPeTHYeCKHX 3HaHHH H
IIPAKTHYECKHX YMEHHI CTY]IEHTOB;

. (pOpMHpOBaHHE CaMOCTOSTEILHOCTH MEIIIIIEHH S, CTOCOOHOCTEHN K CaMOPa3BHTHIO,
CaMOCOBEPIIIEHCTBOBAHHIO H CaMOPealIH3allHH,

. pa3BHTHE HCCIIeT0BATEIbCKIX YMEHIH.

Ilenvro camocmoamenvHoz0 6bINOJIHEHUA pPACUEMHO-ZPaAPuUUecKoil padomst IO
THUCIHIDIHHE SIBIISIETCS OBJIajieHHe (DYHAAMeHTAJIbHEIMH 3HAHHSMH, IIpO(ecCHOHAIbHBIMHA
YMeHHSIMH H HaBBIKAMH JESTEIbHOCTH II0 IPO(]IIIFO, OIBITOM TBOPYECKOH, HCCIeA0BaTelbCKOM

OJCATCIIBHOCTH.

3adauamu JaHHOTO BHJa CAMOCTOSTEILHOH PalOThI CTYASHTA SBIISIFOTCS:

o CHCTEMATH3aI[MS H 3aKpeIUIEHHE IIONYYEHHBIX TEOPETHYECKHX 3HAHHH H
ITPAKTHYECKHX YMEHHH CTYIEHTORB,

* VITIIYOIIEHHE H PaCIIHPEHHE TeOPEeTHUYECKHX 3HAHHIL,

o (popMHPOBaHHE YMEHHH HCIIOIh30BaTh HOPMAaTHBHYIO, ITPAaBOBYIO, CITPABOYHYEO
JOKYMEHTAIHIO H CIIEIIHAIIEHYIO JINTEPATYPY,

o Pa3BHTHE ITO3HABATEIBHEIX CIIOCOOHOCTEN M aKTHBHOCTH CTYIAEHTOB. TBOPYECKOH
HHHI[HATHBEL, CAaMOCTOSTEIIBHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

* (popMHPOBaHHE CAaMOCTOSTEIIbHOCTH MBIIIIEHHS, CITIOCOOHOCTEH K CaMOPa3BHTHIO,
CaAMOCOBEPIIECHCTBOBAHHIO H CaMOpearmi3alii;

o Pa3BHTHE HCCIENOBATEIILCKHX YMEHHI,

* HCIIOJIb30BaHHE  MaTepHalla, CcOOpaHHOrO H  IIONIYYEHHOIO B XOJE
CAMOCTOSTENBHBIX 3aHATHH Ha CEeMHHapaxX, Ha IPAaKTHYECKHX H JIaOOpaTOPHBIX 3aHSTHSX, IIPH

HaIMCaHHH KYPCOBOH PadOTHI.
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B pesymbTare OCBOEHHS JUCIHIUIMHBEI (POPMHPYIOTCS CIEAVIOIIHIL IIepeyYeHb
IUIAHHPYEMBIX PE3VIIBTAaTOB OOYUYEHHS IO JHUCIHIUIMHE, COOTHECEHHBIX C ILJITAHHPYEMBIMH

pe3ylbTaTaMH OCBOEHHS 00pa30BaTelIbHOH ITPOrPaMMEI ;

[ImaHMpyeMBIe pe3yIIbTaTh
0Oy4YeHHS 110 JHCIHIUIHHE

Kox, hpopmymmpoBka Kox, hopmymipoBka (MOZYIIXO),
KOMITETEHIIHH HHIHKaTOpa XapaKTEPH3YIOI[HE STaIlbl
(pOpMHPOBaHHSI

KOMIICTCHIII Iﬁ: HHIHKATOPOB

3HaeT HCTOPHIO PAa3BHTHA
SHEPI'CTHKIL, JJICKTPOTCXHIKI
H 3JIICKTPO3HCPICTHKIL, 4
TAKKE HCTOPHIO OTKPBITHA

OCHOBHBIX 3dKOHOB
TCHAOCHITIHIH, (1)EII{TLI H
JNEKTPOTCXHHKH H
ABIICHIA Ha OCHOBC

YK-5 CriocobeH (opMHpOBaHHE €& HayIHBIX
I[ETIOCTHOTO MPeACTaBIeHH
BOCIIPHHIMATE OCHOB.

00 OCHOBaxX MHPO3JaHHS H
MeKKYILTYPHOE pazHOOOpasme YMeeT aHaIIHM3HPOBATh
NEPCIIEKTHBRAX er0 Pa3BHTHA,
o0lIecTBa B COIHAIIbHO- OCHOBHBIE 3Tallbl HAYYHBIX
ITOHHMAET B3aHMOCBS3H -
HCTOPHYECKOM, STHYECKOM H OTKPBITHH 3IEKTPOTEXHHKH H

MeXY pasHOOOpasHeM
pHIIoco(CcKkoM KOHTEKCTax . AIEKTPO3HEPreTHKH Ha
MHPOBO33PEHHIT H XOJIOM
OCHOBE 3HAHHS HCTOPHH.

A3BHUTHS HCTOPHH, HAVKH
P DHIL, Ha i, BrageeT HaBbIKaMH

HPE,I[CTEIBHEHI]IUI HEJIOBEKA O
OCMBICIICHHA HCTOPHYCCKOI'O

IIpH-PoJe, OOINECTBE,
H COBPEMEHHOTO Pa3BHTH S
TIO3HAHHH H caMoro cels.
AIEKTPOTEXHHKH H

JNCKTPOSHCPI'CTHKI

NJI1-3 vr.s AHAIH3HPYET
pPas3IHYHBIE
COITHOKYIIBT YPHEIE
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Il1an-rpaduk BoIIOJIHEHHA CAMOCT OAT €JIbHOM PadooThI

O0beM YacoB, B TOM YHCIIE
Kobr
Cpencrea H KoHTakTHas
peam3yeMbIX By nesgrenbHOCTH
- TEXHOJIOTHH padorta
KOMIIET €HIIHH, CTYIEHTOB CPC Bcero
HHIHKaTOpa(oB) OI[eHKH ITperogaBar
elleM
I cemectp
CaMOCTOSTEeIIbHOE
H3ydyeHHe JMTeparypel | CobecemoBanne | 139,59 15,51 155,1
110 TeMaM Nel-7
VK-5 U]]-3vis | LLOATOTOBKA K CoGecenoBarme | 0,27 0,03 0,3
TIEKI[HIM
[logroToBka K
ITPAKTHYECKIM ColeceoBaHue 0,54 0,06 0,6
3AHSITHIM
Hroro 3a 1 cemectp: | 1404 15,6 156
Hroro: | 1404 15,6 156
[JOKYMEHT MOANMUCAH

SNEKTPOHHOW NOAMUCHIO

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

HNeincreutened: ¢ 20.08.2021 no 20.08.2022

92




KﬂHTpﬂ.JII:HI:IE TOYTKH H BHIbI OTHECTHOCTH ITO HHIM

PeliTHHrOBasI CHCTEMA YCIIEBaeMOCTH CTYAEHTOB He ITPpeJyCMOTPeHa JJII 3a04HOH (POPMEI

O0yUYEeHHA.
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MeToanueckne PEKOMER AN ITO H3VUCHHIO TCOPETHYICCKOI'0O MaTEpHaJIa

CaMocTosgTenbHasg padoTa CTYJAEHTAa HAUMHAETCS C BHHMATEIHPHOIO O3HAKOMIIEHHS C
coJiepKaHHeEM y4eOHOr0o Kypca.

M3ydyeHHe KaXKIO0H TEMEBI CIEAYET HAUHHATh ¢ BHUMATEJIbHOI'O O3HAKOMIIEHHS ¢ HAOOpOM
BOIIPOCOB. OHH OPHEHTHPYIOT CTYAEHTA, ITOKA3BIBAIOT, YTO OH JOJIKEH 3HATh II0 JAHHOH TEME.
Borpocel TeMeI Kak OBl HAKIIABIBAFOTCS HA COOTBETCTRYIOIIYIO I'TIaBy H30paHHOr 0 YYeOHIKA ITH
yueOHOro rmocodus. B Hrore AOIMKHO OBITH SCHBIM, KaKHE BOIIPOCHI TEMBI YU4eOHOI'O Kypca H C
KAaKOH TTIYOHHOH PacKpBITEI B KOHKPETHOM Y4UeOHOM MaTepHajie, a KakKHe BOOOIIE OIIYIIEHEI.
Tpebyercsa TBOPUECKOE OTHOIIEHHE H K CAMOMY COAEPKAHHIO JHCIIHIUIHHEI.

BoOIIpoCEL, COCTABIISIIONTHE €€ COJepKaHHe, 00IagarT pa3HOHN CTEIEHBIO BaXKHOCTH. ECTh
BOITPOCHI, BBIOTOMHSIONIHE (PYHKI[HIO JTOTHYECKOH CBSI3KH COJepKaHHSI TeMBl H BcCero Kypca,
HMEIOTCS BOIIPOCHL OITHCATEIIFHOIO WIH PazbsSICHUTEIIBHOIO XapaKTepa, a TAKXKE HCTOPHYECKOTO
3KCKypca B 00IacTh M3y4aeMOH AHCIHIIUIMHBEL Bce 3TH BOIIPOCH HE COCTABISIOT CYTH ITOHS-
THHHOI'O, KOHIIEIITYAJILHOI'O COAEPKaHHSI TEMBI, HO HEOOXOMHUMSBI IS LIEJIOCTHOI'O BOCIIPHSATHS
H3YYAEMBIX IIPOOIIEM.

HM3yyaeMass QUCIMIIIMHA MMEET CBOH KaTerOpHaIbHO-TIOHSTHIHEBIN armiapaTr. HayuHbie
ITOHSTHS — 3TO Ta 0aza, Ha KOTOPOH CTPOHTCS KakKaas HaykKa. [IOHSTHS — V3II0BEIE, OIIOPHEIE
ITYHKTHI KaK HAYYHOI'O, TaK M YU4eOHOIO ITO3HAHHS, JIOTHYECKHE CTYIIEHH JBHKEHHSI B yueOe OT
ITPOCTOrO K CIIOKHOMY, OT SIBJIIEHHS K CYIITHOCTH. be3 SICHOrO ITOHHUMAHH S ITIOHSATHH yue0a KpaiHe
3aTPYAHSETCS, a COAEPKAHHE IIPHOOPETEHHBIX 3HAHHH CTAHOBHTCS TYCKIIBLIM, PaCIUIBIBUATEIM.

CTYIeHT JIOIDKEH IIOHHMAaTh, YTO CaMOCTOSTEIILHOE OBJIQJEHHE 3HAHHAMH SBJISIETCS
TJIABHEIM, OITPEACIISIONIM. BRICIIas IIKOIa CO3MaeT IS 3TOr0 HEOOXOANMBIE VCIIOBHSL, IIOMOTaeT
OyayIIEMY BBICOKOKBATH()HITHPOBAHHOMY CITEI[HAIIHCTY OBIIAJIETh TEXHOIIOTHEH
CAMOCTOSTENBHOIO ITPOU3BOACTBA 3HAHIIH.

B caMocrogarensHOH paldoTe CTYAEHTaM IIPHXOJHUTCS HCIIOINB30BATh IHTEPATYPY
Pa3IHYHBIX BHIOB: IIePBOHCTOYHHKH, MOHOIpaHH, Hay4yHble COOPHHKH, XpPeCTOMAaTHH,
yueOHHKH, yueOHBIe ITOCOOHS, XYpHAIBI H ap. M3yueHHe Kypca IpearnolaracT 3HaAKOMCTIBO
CTYASHTOB ¢ OOJpIIMM OOBEMOM HAYYHOH M YUYeOHOH JINTEpaTyphl, YTO, B CBOIO OUYEpPEelb,
ITOPOXKAAET HeOOXOAHMMOCTh BBEIPAOOTKH VYV HHX PalHOHAIBHO-KPHTHYECKOIO IIOAXOoAa K
H3YYaEMBIM HCTOYHHKAM.

YToOB HE «YTOHYTE» B OIPOMHOM OOBEME PEKOMEHIOBAHHBIX &MY IS H3YUEHHS

QOKYMEET TIQREMACAH HAYUHTHCS ITPABIILHO MX YHTaTh. [IPaBHILHOE
SMEKTPOHHOM NMOANMUCHIO Hay 1p - 1P
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[IpemBpapHTENbHEII IIPOCMOTP KHHTH BKIIIOYAaeT O3HAKOMIIEHHE C THIVIIBHBIM JIHCTOM
KHUTH, aHHOTAIMEH, IIPEIHCIOBHEM, OITIaBIcHHEM. [IpH O3HAaKOMIEHHMH C OITIaBIIEHHEM
He0oOXOAMMO BBIJAEIIHTE pa3eibl, ITIaBEl, aparpadsl, IIpeICcTaBILIIONIIHE IS Bac HHTepec, Oero
HX IIPOCMOTPEeTh, HAHTH MecTa, OTHOCSINHecSd K TeMme (a03allbl, CTpaHHIBL, ITaparpadsl), H
ITO3HAKOMHTLCS ¢ HUMH B OOIIHX YePTax.

HayuHble H30aHIA COIIPOBOKIAIOTCS PAa3IMYHLIMH BCIIOMOraTeIIbHEIMH MaTepHaIaMH —
HaYUYHBIM aIlrapaToM, II03TOMY BaKHO 3HATh, H3 KAKIX OCHOBHBIX 3JIEMEHTOB OH COCTOHMT, KAKOBEI
ero (PyHKITHH.

3HAKOMCTBO C KHHMIOH JIVYIIle BCErO0 HAYHHATHL C H3YYEHHS aHHOTAI[MH — KpaTKOH
XapaKTepHCTHKH KHHTH, PaCKPBIBAIOIIEH €€ COAepKaHNe, HASHHYIO, TEMAaTHUYECKYIO H KaHPOBYIO
HaIIPaBJIEHHOCTh, CBEJIeHHS OO0 aBTOpe, HaszHAUEeHHe H JAPYrHe OCOOeHHOCTH. AHHOTAI[HSI
ITOMOTaeT COCTABHUTH ITPeABAPHTEIIFHOE MHEHHE O KHITE.

['1yGKe MOHSTE COAepKaHNE KHITH ITO3BOILSIFOT BCTYITHTEIIBHAS CTaThsL, B KOTOPOH JacTCs
OLIeHKa COJEP KaHHS KHHTH, 3aTpParHBacMOH B HeH ITPoOIeMaTHKH, COJEPKHTCS HH(POPMAIHI O
’KH3HEHHOH H TBOPYECKOH OHOrpa(HH aBTOpa, BHICKA3BIBAIOTCS ITOJIEMHYECKHE 3aMeYaHHS,
PA3BACHSIOTCS OTJENIbHEIE TIOJIOKEHHS KHHIH, MAalOTCS KOMMEHTApHH H T.J. BoOT Ioyemy
3HAKOMCTBO C BCTVITHTEIIBHOH CTAaTheH MPeACTaBIISIeTCI OYeHb BaKHBIM. OHO ITOMOTAeT CTVAEHTY
COPHEHTHPOBAThCSA B TEKCTE pabOThI, OOpaTHTh BHHMAaHIE Ha €€ HauOolece LIEHHBIE H BaKHBIE
Pas3eIH.

Toit Ke LenH COMeHCTBYET 3HAKOMCTBO C OITIABIEHHEM, ITPEAHCIOBHEM, ITOCIECIIOBHEM.
BecbMa IMONME3HBIMHM 3IIeMEHTAMH HAy4YHOI'O arlrapara SBJISIOTCS CHOCKH, KOMMEHTApHH,
TaOJHIBI, TPa)HKH, CITHCKH JTHTEPATYpPhl. OHH He TOIBKO WIIITOCTPHPYIOT OT/IEIIbHEIE ITOJIOKEHH S
KHHT'H WJIH CTaThH, HO H CaMH IT0 ce0e SBJIIIOTCS JOITOJIHUTEIIEHEIM HCTOYHHKOM HH()OpPMAaIH
IULST YHTATENIS.

Ecim ynraTels 3aHHTEpecoBaia Kakas-TO BRICKa3aHHAs aBTOPOM MBICIIb, He HaIlleIas
ITOAPOOHOI0 OCBEIEHHS B JAaHHOM HCTOYHHKE, OH MOKeT OOpaTHThCA K TeKCTY HCTOYHHKA,
YIIOMHHAEMOTO B CHOCKE, JTHOO K HCTOUHHKY, KOTOPBIH OH MOJKET HAHTH B CITHCKE JIMTEPATYPEHI,
PEKOMEHIOBAHHOH aBTOPOM IS CAMOCTOSATEILHOIO H3YUEHH.

CyIIeCTBYET HECKOIIBLKO (POPM BEJEeHH S 3aIHCEH:

— IUIaH (TIPOCTOH H pa3BEPHYTHIH) — HanOoJjIee KpaTKas (popMa 3aIllHCH ITPOYHTAHHOIO,
IPEACTABILIIONIAS COOOH TIEpeYEHh BOIPOCOB, PacCMaTPHBAEMBIX B KHHIE€ MM CTaThe.
PaspepHYTBIH IUIaH IIPeACTaBIIET coOoM Oonee MOAPOOHVIO 3allHCh IIPOYMTAHHOIO, C

AOKYMEHT NOAMNWUCAH B, C BBITTHCKOIT ITHTAT, CTATHUCTHYECKHX JIAHHBIX
SNEKTPOHHOW NOAMMUCHIO ’ H ’ s
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— Te3HChl — KpaTKO C(OPMYIHPOBAHHBIE ITOI0KEeHHS, OCHOBHEBIE ITOIOKEHHS KHHIH,
cTaThH. Kak ITpaBHIIO, T€3HCHI COCTABISIOTCS ITOCIIE IIPEABAPHTEIIBHOIO 3HAKOMCTBA C TEKCTOM
HCTOYHHKA, ITIPH €r0 ITOBTOPHOM ITPOoUYTeHHH. OHH ITOMOTar0T 3aIIOMHHTEL H CHCTEMAaTH3HPOBATh
HH(OPMAIHIO.

CocTaBlleHHe KOHCIIEKTOB

Boibnryto poilb B YCBOEHHH H IIOBTOPEHHH NPOHAEHHOTO MaTepHalla HrpaeT XOPOIIIHit
KOHCIIEKT, COAEP KalI[Iii OCHOBHBIE HAEH IPOYHTAHHOIO B YUeOHHKE H YCIIBIIIIAHHOIO B JICKI[HH.
KoHCITeKT — 3TO, TI0 CYIIECTBY, HAOPOCOK, pa3BEPHYTHIH IUIaH CBS3HOIO paccKasa IT0 OCHOBHEIM
BOITPOCAM TEMBEI.

B Kakoii-TO Mepe KOHCIIEKT paccYuTaH (B 3aBHCHMOCTH OT HHIHBHIYaJIbHBIX
0ocoOeHHOCTeH CTyJeHTa) He TOJIBKO Ha HHTEIUIEKTYalbHYIO H 5SMOI[HOHAIBFHYIO, HO H Ha
3PHTEIBHYIO MaMSITh, NMPHYeM TeKCT KOHCIIEKTa HepeJKO aCCOIMHPYeTCS eIlle H C TeKCTOM
yueOHHKa HIIM 3allHChI0 JeKIHH. [I03TOMy IHerde 3allOMHHAETCS COJEpP’KaHHE KOHCIIEKTOB,
HaITHCaHHBIX pa300pYHBO, ¢ MOJUYEPKHBAHHEM HIIHM BHIJIEJIEHHEM Pa3pSAKOH KIIFOUEBBEIX CIIOB H
hpas.

CaMOCTOSTEIbHO H3YYeHHBIe TeMBbl IIPeJOCTaBILIIOTCS IIpernojaBaTer0 B (opme
KOHCIIEKTa, IT0 KOTOPOMY ITPOHCXOAHT cobeceoBaHHe. TeopeTHUeCKHe TeMBI Kypca (OTIeIbHEIE

EG]’[pDGBI):. BBEIHOCHMEBIC Ha CAMOCTOATCIIbHOC H3VHUCHHC, ITPCACTABIICHBI HIT/KC.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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