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ComepKaHHE

BBeneHie

Llems u 3agaun H3yYeHH S JHCLIMITIIHHEI

OO6opyaoBaHHE H MaTEPHAIIBI

HarmveHoBaHME IIpaKTHYECKHX padoT

ComepKaHie IMpaKTHYECKHX padoT

[ IpakTHueckas padora Nel [lepBele HAOMIOAEHH S H HAYAIIO SKCIIEPHMEHTAJIbLHBIX
HCCIIEIOBAHHH MArHHTHBEIX H SIEeKTPHYECKHX SBJIEHHH. JKM3HP M Hay4dHBIE
Hecenenoranusa M. B. JlomoHOCORA.

[IpakTiueckass padora Ne2 IIpOBO3BECTHHK 5SIIOXH SMIEKTpHYeCTBa BombTa.
Brergarormpiecs orkpeITHsI A. BombThel. Co3iaHHE «BOIBTOBA CTOIOa». JKIM3HE H
Hay4YHBIE HCCIEMOBaHMSA akajJeMuka Bacurmmsa llerposa. JKH3HR H HaydHBIE
Hcenepopanus L. KymnoHa.

[IpakTHueckas padora Ne3 JKH3HE H Hay4YHBIE HCCIeOBaHHS JIVHIKH [ albBaHH.
Hayuneii nmoasur Marikina Qapageds M. Dapageil — OCHOBOITOIOXKHHK TEOPHI
3IIEKTPOMArHHUTHOIO ITOTIA.

[IpakTHueckasa padora Ned JKu3HR M HayuHBIe HcciaemoBaHua 1. C. Dpcrena.
OCHOBATEJIb MEKTPOAHHAMHKH AHIApe Mapn AM-1iep. A. AMIIEp: ITYTh B HAYKY.
['eopr OM: uepes TepHHH K ci1ae. OM. 3aK0H OMa.

[IpakTiyeckas padora Ned [IepBrlie 31eKTpHUYeCKIE MAIIIMHEL. [ [epBBIH reHepaTop
3IIEKTPHYECKOrO TOKa. OTKPBITHE XHUMHYECKHX, TEIUIOBBIX, CBETOBHIX H
MarHHUTHBIX JIEHCTBHI TOKA.

IIpaktnueckas pabora Ne6  DOnekrpogmHaMiKa. OCHOBHBIE — 3aKOHEI
SJIEKTPHYECKOH IenH. Hauamo IpakTHYeCKHX IIPHMEHEHHH SJIeKTPHYECKOH
SHEPTHH. BaxHermme  OTKPBITHS M HCCIEJOBAaHHSI B 0OOJIacTH
3JIeKTpoMarHeTHusma. Co3gaTend IEPBOr0 MarHHTO3NIEKTPHYECKOIO TeHepaTopa
b. Sxo0mn.

[IpaktHueckas pabdora Ne/ IlepBhle HCTOUHHKH SIEKTPHUYECKOIO OCBEIIEHHS.
[TaBen AI6I0UKOB — cO3/1aTENh «PYCCKOI'O CBETA.

[Tpaktnyeckas padora Ne8 M3o0pereHme TpaHchopmaropa. HMcciemoBaHHSI B

AOKYMEHT NOANMCAH "HH Ha OOJIBIIHE PACCTOSHH S
SNEKTPOHHOWM NMNOAMUCHIO | P |
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CepTtudmkar:
Bnapeneu:

[IpakTiueckass padora Ne9 CosmaHme IEpPBRIX ACHHXPOHHBIX IBHUTATENCH. Y
HCTOKOB A3IeKTpH(pHKAIHH. OCHOBOIIOJIOKHHK TpeX(asHEIX CHCTeEM Mmxami
Jonuso-/100pOBOIBCKHH.

[IpaktHueckas padora Nel( 3apoxaeHHe 3JIeKTPOSHEPreTHKH. JHEPreTHYECKas
TeXHHKa. McToprieckie YCIOBHSA BOSHHKHOBEHHSA H PA3BHTHS SHEPTETHYECKOH
TEXHHUKH. POIb 3IEKTPHYECKOT O OCBEINEHHS B CTAHOBIIEHHH 3IIEKTPOSHEPTETHKH.
[IpakTHueckas padora Nel 1 IlepBrie TpexdasHbie 3MEKTPOCTAHIIH.

OCHOBHBIE 3Tallbl PA3BUTHS ANEKTPOSHEPTeTHKH B PoccHH. OCHOBHEIE 3Tallbl
PasBUTHS  DJIEKTPOSHEPIeTHKH B MHpe. BO3BHHKHOBEHHE  parOHHBIX
3JIEKTPOCTAHIIH.

[IpakTHueckas padora Nel2 OCHOBHBIE 3Tallbl PA3BHTHS BIEKTPHYECKIX CETE.
PasBuTHE TEIUIOBBIX HSIEKTPOCTAHIMMIL. Pas3sBHTHE THIPO3IEKTPOCTaHI[HIL.
PasBUTHE aTOMHBIX 3JIEKTPOCTAHIIII.

[ IpakTHueckas padora Nel3 3apoxaeHue MeKTPOIPHBOAA, 3JIEKTPOTPAHCIIOPTa
151 BIEKTPOTEXHOIIOTHH. PasBurue 3IIEKTPOIIPHBO/IA. PasBurue
3JIEKTPOTEXHOIIOTHH.

[IpakTiueckas padora Nel4 Paseurie sreKTporepMHH. PasBHTHE CIIOCOOOB U
METOJOB SMEKTPHUYECKON CBApKH. PasBHTHE 3IIEKTPOXHMHYECKON TEXHOIOTHH.
PasBuTHE 3NEKTPOTEXHIYECKIX CHCTEM TPAaHCIIOPTA.

IIpaktnueckas padora Neld PasBHTHe  BJIEKTPOTEXHHUYECKHMX  CHCTEM
KEJIE3HOAOPOKHOI'O TPaHCIIOpTa. PasBHTHE 3IIEKTPOTEXHONMOTHYECKHX CHCTEM
TOPOJCKOro TpaHCHOpTa (TpaMBaH).

IIpaktnyeckass padora Nel6 PasBuTHE 3NIEKTPOTEXHOIOTHYECKHX CHCTEM
TOPOJACKOr0 TpaHCIIOpTa (TpoJuieHOyChl). PazBHTHE ITOABEMHO-TPAHCIIOPTHOIO
O00PYIOBAHHS. Passurue CYIOBBIX  BJIEKTPOTEXHHYECKHMX  CHCTEM.
ABHAKOCMHYECKAS 3JIEKTPOTEXHHUKA.

[Ipaktnueckas pabora Nel7 IlepcrieKTHBEI pPasBHTHS 3IEKTPOSHEPIETHKH B
Poccrn. IlepcrieKTHBEI pa3sBHTIS MHPOBOH 3IIEKTPOSHEPT €THKH.

[IpakTiyeckas padora Nel8 CoBpeMeHHas1 HaVUHO-TEXHHYECKAS PEBOIIOIMS U
Pa3sBUTHE SHEPreTHYECKOH TEXHHUKI.

YyeOHO-MeTOANYECKOE H HH(POPMAILOHHOE 00ecIedeHHe JHUCIHILIHHEI

[lepeyeHh OCHOBHOH H JOIIOIMHHTEIBPHOH IHTEPATYPhl, HEOOXOMHMOH IS

AOKYMEHT NOAMUCAH
SNEKTPOHHOW MOAMUCHIO
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5.2 llepeueHr VYUeOHO-METOAHYECKOrO OOECIIEUEHHS CaMOCTOSTEIIbHON PadoTh
OOVYYAFOINIXCS 110 JHUCI[MIUIHHE
5.3 IlepeueHs pecypcoB HH(PpOPMAIIHOHHO-TENEKOMMYHHKAIHOHHOH CeTH MHTepHET,

HeOoOXOMHMBIX JJIS1 OCBOSHH I JHCIIHITTIHHBI
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BrejieHue

[IpakTHUeckne 3aHATHS CO3JAIOT OIITHMAalbHBIE JHAAKTHYECKHE YCIOBHS IS
IeSTeIIbHOCTHOIO OCBOEHH S CTYAEHTaMH COJleP KaHHSI H METOA0IOTHH H3y4aeMOH JTHCIIHILIIHHBI
HCITOIIb30BAaHHE CIIEIHAILHOIO JIa0OpaTOpHOro OOOpPYZOBaHHS H TeXHHYECKHX CPEeJICTB.
[IpakTHueckiie  3aHATHSA  3aHHMAIOT  IPEHMYINECTBEHHOE  MeCTO  IIpH  H3YYEeHHH
oOmenpodecCHOHAIPHEIX H  ITPO(ECCHOHANIBHEIX — JUCIHIUIMH. [IpaKTHYEeCKHE  3aHSATHS
IIPOBOISTICS C IIENIBI0 BEIPA0OTKH IMPAKTHYECKHX YMEeHHIH H ITPHOOPETEHHNS HABEIKOB B PEIIeHHH
3a7a4, 0OTpaOOTKH yIIpa:KHEHHI, BEOTOTHEHHH YepTeKeH, IMPOH3BOACTBE PACUETOB H T.II.

[{enpr0 IpaKTHYECKHX 3aHSATHIL SBIAETCS (POpPMHpOBaHHE IIPAKTHYECKHX YMEHHH —
NIPo(eCCHOHAIIPHBIX  (BBIMIOIHATL OIpeJelIéHHbIe JeHCTBHSA, OIepallHH, HeoOXOIZHMBIE B
MTOCTIEAVIOMIEM B MpPO(ecCHOHATbHOH JSSITEIbHOCTH) WM Y4eOHBIX, HeOOXOJHMBIX B
IOCIIEAYIOMIEH YYeOHOH IESTEIbHOCTH IO OOINETPO()eCCHOHAIEHEIM H ITPOJ)eCCHOHAIbHBIM
JTHCLIATIIIHHAM.

BuGnuorpaduyeckiii CIIMCOK COAEP’KHT CBeJeHHS O CIIPaBOYHOH JIHTepaType H

JOITOJIIHHUTCIIBHBIX H3JIaHHAX, HeOoOXOMHMBIX IS }THY@HEHHGI‘G H3VUCHHA OTACIIbHBIX BOIIPOCOB.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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1. I[ens u 3a0 auu u3yueHus OUCUUNIUHDL

[{enpr0 M3YyYEeHHS AHCLHMIUIMHBI «MCTOpHS OTpaciH H BBEJEHHE B CIIEI[HAIIBHOCTH)
SIBIISIETCS 3HAKOMCTBO C HMCTOPHEH Pa3BHTHS SIIEKTPOTEXHHKH, C HCTOPHEH pa3BHTHS
BIEKTPO3HEPreTHKH, C IIEPCIIEKTHBAMH Ppa3BHTHSA SHEPreTHKH, H3YYEHHE 3aKOHOMePHOCTEH
Pa3BUTHS SHEPreTHKH, HCTOPHYECKOrO ITpOoIlecca Pa3BHTHS TEIUIO-, THAPO-, BETPO-, AMEKTPO- H
aTOMHOH 5SHEepPreTHKH. PacCMaTpHBArOTCS OCHOBHBIE STAIThl HCIIOIB30BAaHHSA YEIIOBEYECTBOM
Pa3IMYHBIX BHAOB SHEPIHH OT €ro HCTOKOB JIO0 HAIMX [JHEH, HCTOPHYECKHE ITPOIECCHI
(OpMHPOBAHHSI BCEMHPHOH SHEPreTHKH, ¢ 0COOOH KOHIIEHTpaIlHeH BHHMAaHHS Ha pa3BHTHE
OTEYECTBEHHOH SHEPreTHKH, METOJOJOTHYEeCKHE H eCTeCTBEHHOHAY4YHble OCHOBHI SHEPreTHKH
Pa3INYHBIX 30X, BaKHEHIIHE TEHJEHIHH H HaIlpaBIeHHS €€ Pa3BHTHS, HAayYHBIE ITOAXOABI K
PELIEHHIO TeX WIH HHBIX 00IIe-3HepreTHYeCKHX ITPoOIeM.

OCHOBHBIMH 3aJlayaMH H3YYEHHS JHCI[HIUINHBI SBISIOTCS. O3HAKOMIIEHHE C HCTOPHEH
BEIIHKHX OTKPBITHH B OOIMACTH 3JIEKTPOTEXHHKH H SHEPreTHKH, ¢ HMEHAMH IIEPBBIX PYCCKHX
VUEHBIX H H300peTraTelled, ¢ HCTOpPHEH Pa3BHTHSI MHPOBOH H OTE€YEeCTBEHHOH SHEPreTHKH,

O3HAKOMJICHHE C OCHOBHBIMIH ITVTAMH PAa3BHTHA SHCPI'CTHKH.

2. Obopyoosarue u mamepuaibl
ATnmnapartHele CPeCTBaA: IIEPEHOCHOH HOYTOVK, IPOEKTOpP, JOCKa MarHUTHO-MapKEpHasl.

YuyeOHas ayIHTOPHS IS MPOBeJeHHS YUeOHBIX 3aHSATHI, OCHaIlleHa oOOpyAOBaHHEM H

TEXHIIYCCKIIMIL CPEACTBAaMH Gﬁ}ﬂIEHIIH.

3. Haumenoeanue npakmuueckux paoom

N3 HHX
No TeMpl HarmeHoBaHHe TeM JUCIIIUIHHBL, HX KPaTKoe Ob6beM
IpaKTHYECKas
TUCITHIUIHHBI COJIEpKaHHE YACOB
IIOATOTOBKA, YaCOB

1 cemecTp
IIpakTnieckoe 3ansarue Ne 1. [lepBrie
HaOJIIOJeHH S H Hayallo SKCIIepHMEHTaIbHBIX
1 HCCIIe JOBAHHIT MAarHUTHBLIX H 3JIeKTPHYECKIX 1.5
SBJIEHHH. KH3HE H HaYYHBIE HCCIIEAOBaHHI M.
B. JJoMoOHOCOBa.
IIpakTHyeckoe 3ansarue Ne 2. [[poBO3BECTHHK

SIIOXH 3JIeKTpHYecTBa BonbkTa. Belmarormpecs
OTKDRITUS A RBomkTel Co’madue «BOJIILTOBRA

. NOKYMEHT NMOANMVCAH | 1,5
SNEKTPOHHOW NMOANUCHIO CAOBaHI
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6 H3Hb M HayYHBIE
Bnapgeneu; LleBayxoea TateaHa AnekcaHapoBHa
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IIpakTnieckoe 3ansarue Ne 3. JKH3Hb 1
Hay4HbIe HcCledoBaHuA JIVHIKH [ ambBaHH.
Hayuneiin mogsur Marikina @Qapagesa. M.
Dapajiell — OCHOBOIIOJIOKHHK TEOPHH
AIEKTPOMArHHTHOTO TTOJISL

1,5

IIpakTHyeckoe 3ansarue Ne 4. JKH3Hb 1
HaV4yHEIe HcenemoBaHus . C. Operena.
OCHOBaTENb 3JIEKTPOJHHAMHKH AHIApe Mapu
Awnmep. A. AMriep: IIyTh B HayKy. I'eopr Om:
yepes TEPHHH K ci1aBe. OM. 3aKoH OMa.

1,5

IIpakTH4eckoe 3anaTHe S. [IepBrIe
AIEKTPHYECKHE MAIIMHEL. [IepBRIN reHepaTop
AIEKTPHUECKOrO TOKa. OTKPEITHE XHMHYECKHX,
TEIUIOBHIX, CBETOBBIX H MAarHUTHBIX JICHCTBII
TOKA.

1,5

IIpakTH4yeckoe 3ansaTHE N2 6.
ONeKTpoAHHAMHKA. OCHOBHBIE 3aKOHEI
SIEKTPHUYECKOH IIenmH. Hadvamno nmpakTHYeCcKIX
IIPHMeHEHHI AIIeKTPHYECKOH SHEPTHH.
BaxxHeiIIme OTKPBITHSA H HCCIIEIOBAHNS B
o0mnmacTH 3jIeKTpoMarHeTHsma. Cos3aTens

IIEPBOIO MarHUTO3JIEKTPHYECKOI0 Ir'eHepaTopa b.
Hxo6mH.

1,5

IIpakTHieckoe 3anfarue 7. [ lepBrie HCTOUHHKH
BIEKTPHYECKOro ocBeleHus. [1asen A0moukoB —
CO3aTENb «PYCCKOr0 CBETA.

1,5

IIpakTHyeckoe 3ansarue Ne 8. M300pereHne
TpaHc(hopmaropa. Mccnegopanmsa B o0macTi
Iepeaadyn MeKTPHYECKON SHEPTHUH Ha OOJIbIIHE
PaCCTOSHHSL.

1,5

IIpakTHyeckoe 3ansarue Ne 9. Co3manue
IIEPBBIX AaCHHXPOHHEIX JIBUTATENIEH. Y HCTOKOB
ANMeKTPHPHKAIMH. OCHOBOITOIOKHHK
Tpex@azHbIX cHcTeM Muxann J{onHBO-

/1 00POBOIBCKHH.

1,5

Hroro 3a 1 cemecrp:

13,5

HToro:

13,5

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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4. Colepacarue npakmuyuecKux pao om
Ilpakmuueckas paboma Nel. Ilepevie HAD1100 eHUA U HAUWILO0 IKCNEPUMEHM ATIL HBIX
UCCIIe0 06 AHUIL MAZHUMHBIX U IJIEKMPUUECKUX A6JIeHUI. /KU3Hb U HayuHble Ucc/led 06 aHul M.

B. Jlomonocosa.

HEJII’:.' HB}“IEHIIE HCTOPHH PpPa3BHTHA 3JICKTPOTCXHIIKH H 3JIICKTPOSHCPI'CTHKI, 3aKOHBI

IJNCKTPOTCXHHEKI H (prMIIpGEElHHE cC HaYVUHbIX OCHOB

OcHO6b1 meopu:

BaXHBEIM M BIIOJIHE 3aKOHOMEPHBIM IIIaroM Ha ITYTH M3VUEHHS SIIEKTPHUYECKHX SBIICHHH
OBLT IIEPEXO] OT KAaYeCTBEHHBIX HAOIIOJEHHH K YCTAHOBJIEHHIO KOIHYECTBEHHEBIX CBSI3EH H
3aKOHOMEPHOCTEH, K pa3pab0TKe OCHOB TEOPHH 3IeKTpHUecTBa. Hanbonee sHAUHTEIIEHBIH BKIIA/]]
B PeIlleHHEe 3THX IIpoOeM ObUI caeIaH MeTepOypreKkuMH akageMukaMu M.B. JlomoHoCOBRIM, ['.B.
PuxXMaHOM H aMEPHKAHCKHM YUEHBIM b. DpaHKIHHOM.

Briparonpmics yueHbIH-sHIKIoneaucT XVIII B. Muxamwn BacwiseBnd JIOMOHOCOB
(1711-1765 1T.) SBHIICS OCHOBOITOJIOKHHKOM H3YUYEeHHS 3IeKTPHYeCKHX SBIeHHH B PocCHH,
ABTOPOM IIEpBOH TeOpHH HsneKTpHuecTBa. lIpu momgnepxkke M.B. JlomoHOCOBa ero kojuiera
akajgeMuK I'eopr Bumeremsm Puxman (1711-1753 rr.) paspaboran B 1745 . OpHTHHAIBHVIO
KOHCTPYKIIHIO TIEPBOrO 3IEKTPOU3MEPHTEIIEHOIO IMPHOOpPa HEIMOCPEACTBEHHON OIEHKH —
«3JIEKTPHYECKOr0 VYKazaTelss» (pHCYHOK 1), KOTOPBIH IIPHHIMITHAIBHO OTIHYANICS OT YiKE
H3BECTHOI'O 3IEKTPOCKOINa TeM, 4YTO OBI CHAOXeH JIepPeBSHHBIM KBaJPaHTOM CO IIKAaJOMH,
pasfelleHHOH Ha rpaaycel. MMeHHO 3TO YCOBEPIIEHCTBOBAaHHE, IO cioBaM ['.B. Puxmana,
ITO3BOJIUIO M3MEPATEH «OONBIITYIO HITH MEHBINVIO CTEIEHD 3JIEKTPHUYECTBAY. [[JI SKCIIEPHMEHTOB
['.B. Puxavany Oplna ImpeIoCcTaBIIeHa «IIPH ABOPEe OCOOIHMBas KaMepay, KOTopas, IMOo-BHAHMOMY,
OBllIa TIEPBOH OTEYECTBEHHOH 3JIEKTPHUYECKON j1adopaTopHeH. DNIeKTpHUYeCKHH yKazareils M.B.
JloMmoHOCOB M ['.B. PuxXMaH HCIOJIB30BalM IIPH CO3JaHHH «TPOMOBOH MAIIMHBI» — IIEPBOH
CTAIlHOHAPHON YCTAHOBKH JJI1 HAOIIOJEHHS 3a MHTEHCHBHOCTBIO SJIEKTPHYECKHX PaspsaoB B
atMocepe (B cepemune X VIII B. 3T0 slBIeHHe OBIIO eIlle COBEPINEHHO HEH3YUYEHHBIM).

«I'poMoOBas MallMHa» B IIPHHIHIIE OTJIMYAIACh OT «3JIEKTPHYECKOro 3Mesa» b. (DpaHKIIHa
H IIPHUCIIOCOOIIEHII APYITHX HCCIedOBaTellel, TaK KaK ITO3BONISTIa HEIPEPHIBHO HAOMIOAATEH 3a
H3MeHeHHEM 3JIEKTPHYECTBA, COJeP KaIErocsl B aTMOC(epe IIPH ITF000H ITOTO/IE.

C IMOMOIBI0 «IpoMOBOH MammuHeI» M.B. JIomoHocor u I'.B. PuxXmMaH ycTaHOBHIIH, YTO
OOKYMEHT NOAMNUCAH

SMEKTPOHHOW MOANUCHIO OTCYTCTBHH I'PO3bL, OHH yﬁe,[[HTEJ]LHG JOKa3alIH
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Lebayxoea TaTeAHa AnexkcaHgpoBHa
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PrcyHoK 1. DnekTprdeckuil yKazaTeab PixmMana (1 — JepeBsSHHBII KBaJIpPaHT C
IETIEHH SIMH

2 — MeTallIMYecKas JIMHEHKA, 3 — MeTaJNIHYeCKHH IIecT, 4 — IbHSIHASI HHTh )
|~

e

PrcyHok 2. CxeMa «TpOMOBOIT MaIMHEI» (1 — 3IeKTpHYeCcKHil YKa3aTelb,

2 — COeIMHHTEIbHAs ITPOBOJIOKA, 3 — MeTaJZIMYeCKHI IIIeCcT Ha KPBIIIIC ,I[GMEI,)

Jletom 1753 r. M.B. JlomoHocoB 1 I'.B. PuxmaH mmpoBenn YHHKAJIbHBIH SKCIIEPHMEHT H C
TIOMOIIBIO «IPOMOBOH MAIIIHHEI» JOKAa3allH, YTO, KaK ITHcana Ta e razera (1753, Ne 45), «... cHe
HaOMIOZlcHHe IIOYHTAeTCsS 3a 4Ypes3BhIUaiiHoe. M3 cero HaOmMIOAeHHS SBCIBYET, YTO
3JIEKTpPHYECKas cHila 0e3 IEHCTBHTEIILHOIO IPoMy OBITH MOXKET. EXKellnm BTOpoe ITpaBia, TO HE
TPOM H MOJIHHS IIPHYHHA IIEKTPHYECKONH CHIIBI B BO3AYyXe, HO caMa 3JIeKTpHYECKas CHIIa TPOMY H
MOJIHHHM TIPHYHMHA». YUYeHbIe IIPH OIPOMHOM CTE€YEHHH HapoAa VYCTPOHIHM Mamb0y M3 IEI0oH
OaTapeH ITYILIEK, TPOM «COTpsical HeOo», HO «3JIEKTPHUYECKHI YKa3aTelIb)» HHYEr O He TTOKa3hIBAl
(«HMCKYCCTBOM ITPOH3BEeHHBIH I'POM IeKTPHYEeCKOH CHIIBI He ITOKa3bIBAET ).

Bremeoaer M.B. JIoMOHOCOBA TTOCTYKIUIH OJHOH H3 OCHOB BIIEPBBIE pa3padoTaHHOH HM
TeOpPHH aTMoc(epHoro sjekrpHyecTBa. Ha myOmmyHom coOpaHHH AKaJeMHH HayK B CEHTSOpe

AOKYMEHT MNOANWCAH 3, — «OyHeT mpeaiiarath OIBITELI 4 1 — TEOPHIO H
ANEKTPOHHOW NOAMNUCHIO

Ceptudhmkat: - 12000002A633E3D 113AD425FBS0002000002A6
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Kak m3BecTHO, 25 HIOHI 1753 r. BO BpeMd Iposwl I'.B. PuxmaH, mpHOIH3HBIICE K
«ITEKTPHYECKOMY VKazaTelnro», ObLI YOUT yaapoM B 1100 «OIETHO-CHHEBATHIM OIHEHHEIM
IIIaPOM)).

Tparnueckass CMepPTh VYEHOIO TIIOCIHYKIIIA IIOBOAOM JUISI HamaJoOK Ha VYEHBIX,
CTPEMHBIIINXCS TIPOHUKHYTh B TAWMHBI ITPHPOIBLI, CO CTOPOHEI JYXOBEHCTBA M PEAKIMOHHBIX
IBOPSIHCKHX KpyroB. OmeITEl M.B. JIoMoHOCcOBa H |'.B. PHxmaHa Ha3kIBaIH KOIIYHCTBEHHBIMH H
TpeOoBaM HX IPEKPATHTh, ITOAYEPKHBAsL, UTO CMEPTE |'.B. PrxmMaHa — 3TO «HaKazaHHe TOCIIOIHE
3a BTOPKEHHE B 0011aCTh OOKBIOY.

Ho orpomMueiii HayyHBIH aBTOpHTET M.B. JIOMOHOCOBA M IOAJAEPKKA ITPOIPECCHBHBIX
OTEYECTBEHHBIX YUEHBIX ITO3BOIMIIM MY JIOKa3aTh HeJOITYCTHMOCTh HAHECEHH S VIlepOa «claBe
H IIpecTHKY» Poccui, H B HOSIOpe 1 753 I'. OH BEICTYITHII CO CBOHM 3HAMEHHTBIM JOKIag0M «CIIOBO
O SBIEHHSX BO3MYIIHBEIX, OT SIIEKTPHYECKOH CHIIBI ITPOHCXOISIHX», B KOTOPOM (OTMETHM,
IIPOM3HECEHHBIM Ha PYCCKOM S3BIKE) BIIEpPBBIe OBbLIIa H3JI0KEHA pa3padoTaHHas HM CTPOro
Hay4yHas MaTepHaIMCTHYeCKasd TeOpHs aTMOc(epHOro sieKIpHyecTBa. llo yTBepKIEHHIO
COBPEMEHHEIX CIIEIHAIMCTOB 5Ta TeOpHS B CBOEH IIPHHIMIIHAILHOH OCHOBE BIIOIHE
COOTBETCTBYET COBPEMEHHOMY IIPEACTAaBIEHHIO 00 3THX sSBIeHHIX. Kcratn, M.B. JIoMOHOCOB
ITOMUYEPKHBA, YTO OH B CBOEH TeOpHH «DpaHKIIMHY HIYEM He 00s13aH», BCE V HETO «COOCTBEHHOE
1 HOoBoe» [10].

[To yreepxaeHmo M.B. JlomMoHOcOoBa armoc(epHOe 3IIEeKTPHYECTBO BO3HHKAET B
pe3yIbTaTe TPEeHHS MBUIMHOK M JIPVYIHX B3BEIEHHBIX YaCTHUYEK BO3JAyXa C KalelIbKaMH BOJIBL,
ITPOHCXOAMIIETO MIPH BEPTHKAIBHBIX IIEPEMEIIEHH X BO3AYIIHAIX ITOTOKOB. OH YKasbIBall, YTO
CYIIECTBYIOT BEPTHKAIILHBIE BOCXOAMIINE H HICXOMMIE ITOTOKH BO3/IyXa, KOTOPEIE «HE TOKMO
TPEMSIIEH HAa BO3AYXE IEKTPHYECKOH CHIIBI, HO H MHOTHX APYIHX SBIeHHH B aTMOC(epe H BHE
OHOM CYTh HCTOYHHK M HAYAJIO».

IIporiecc snexrpuzanmu M.B. JIoMOHOCOB OOBSCHSII TakK: IIOTOK TEIUIOIO BO3AYXa,
YCTPEMILIFONTHICA BBepX (BOCXOJSIIMI ITOTOK), YBIIEKAeT 3a COOOH pa3IH4HbIe «KHPHBIE H
TOPIOYHE TIAPBI» H JAPYIHEe IPHMECH, HaXOJAIHecsd B BO3ayxe. HacTHIBI 3THX ITapor M.B.
JIOMOHOCOB Ha3BIBANl «IMAPHYKAMH». OTH «IIapHYKH», 10 €r0 MHEHHIO, HMEIOT CBOICTBA,
OIM3KHE K CBOHCTBAM TBEPAOIO Tella, H HE MOI'YT ITO3TOMY CMEIIMBATHECS ¢ YACTHUYKAMH BOJBI
(KarursiMH TOK/IST), BCTPeYaroIHMHCS Ha HX ITYTH. B pe3ynbTaTe TPeHHS MeKAY «IIapHIKaMH» H
KallellbKaMH BOJBI BO3HHKAIOT BJIeKTPHUYECKHE 3apsabl KaK Ha TeX, Tak H Ha Apyrux. M.B.
JIOMOHOCOB IHCaNI: «... JKHPHBIE IMAPHYKH T'OPIOYHX ITapOB, KOTOPBIE palH Pa3sHOH ITPHPOILI C

AOIYMET EIQIIIEAH MAJIOCTH K CBOMCTBAM TBEPJIOTO TeJla TIOIXOIST
SNEKTPOHHOM MOANMUCHIO PA JIXONAT,

Ceptudumkar: = 12000002A633E3D113AD425FB50002000002A6
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B paspabGorke »atoH Teopun M.B. JlomMmoHOCOB Omxke, uYeM Kro-IHOO H3 €ro
ITPEIINECTBEHHHUKOB, ITOJIOIEN K COBPEMEHHBIM TEOPH M I'PO3EL

M.B. JloMOHOCOBa HE VIOBJIETBOPSIM MHOIOYHCIEHHBIE TEOPHH CTAaTHYECKOI'O
3JIEKTPHYECTBA, pa3padOoTaHHbIE 3apYOCKHBIMH HCCIIeJOBaTEISAMI, TaK KaK B OOJIBINHHCTBE H3
HHUX, KaK OH IIOJUEPKHUBANI, «HEKOTOPhIE K COCTABJIEHHIO BJIEKTPHYECKON TEOPHH CaMbIe
HYKHEHIIHE BelllH HE JOBOJILPHO HAOMIOAEHHI OBIIIM», H OH SBIICS HHHI[HATOPOM OOBSBIECHHUSA
AxazeMHeN HayK KOHKypca Ha TeMy. « ChICKaTh ITOIJIMHHYIO 3MEKTPHYECKON CHIIBI IIPHYHHY H
COCTABHTh TOUHVIO €€ TEOPHIOY.

CBOH BO33peHHS Ha SIBJIeHH 3IeKTpHuecTBa M.B. JIoMoHOCOB cpopmymmpoBai B 1756 T.
B HeOIMyOIMKOBAHHOM H COXPaHHUBIIEMCS JIMIIIbL B BHJIE TE3HCOB TPYe « T eopHs aneKTpHYeCTBa,
paspaboTaHHas MaTeMAaTHUYECKH IIyTeM». B oriHuMe OT OONIBINMHCTBA CBOMX COBPEMEHHHKOB
M.B. JIOMOHOCOB ITOMHOCTBRIO OTPHI[AET CVIIECTBOBAHME OCOOOH 3JIEKTPHYECKOH MaTepHH H
pacCMaTpHBAET AIEeKTPHYECTBO KaK (OpMY ABIDKEHHS 3(Hpa. B ero Tpyie HeT HH CJIOBa O
PasIMYHBIX CYOCTAHI[MSAX, C IIOMOINBIO KOTOPBIX MHOTHE VYUYEHBIE TOI'O BPEMEHH IILITAJIHCH
OOBSACHHTH BIIEKTPHUYECKHE SBIEHUS. «OIMeKTPHYECKas CHIa €CTh JCHCTBHE, BEI3BAHHOE JIETKHM
TPEHHEM... OHO COCTOHT B CIJIaX OTTAIIKHBATEIBHEIX H ITPHT ATATEIBHEIX, a TAK/KE B IIPOH3BEAEHHI
cBeTa M orHsy, et M.B. JIOMOHOCOB B CBOEM TPV/IE.

«OQHpHasaT» TeopHSI »dIeKTpHYecTBa, pa3padoraHHada M.B. JlomoHOCOBRIM, OblIna
TIEPEeJOBOH IS CBOETO BPEMEHH, OHA SBIISUIACh HOBBIM IIIar OM K MATEPHATHCTHYECKOMY B3ITISAY
Ha SBJIEHHS IIpUpoAbl. CIeayeT OTMETHTh, YTO 3Ta TeOpHS ITOIMYYIIA JalbHEHIIee pasBUTHE B
Tpyaax JleoHapaa Smepa, a, mos3aHee, B XIX B., ee nmpuaepxuBanucy Marnkn Qapajgei H IPYyrHe
KPVIHeHIIIHe YyeHble. M. @apalei, HampHMep, CUMTal 3JIeKTPHUYECTBO ABHKEHHEM HEKOEH
3aIIOTHSIOINEH BCE IIPOCTPAHCTRO, IIPOHH3EIBAFOIIEH BCE TETIA YIIPYIOH CPEIBL.

CeBepHble CHSHHA, IO MHeHHIO M.B. JlIoMOHOCOBa, TakXke HMEIOT 3IIEKTPHUYECKYIO
IIPHPOZY, OH pacCMATPHBAI MX KaK CBEYEHHE, BBI3BIBAEMOE 3IIEKTPHYECKHMH 3apsgaMH B
BEPXHHX CIOSX aTMOC(EPHI.

M.B. JIOMOHOCOBBIM OBIITH ITPOJIETIaHBl HHTEPECHBIE OILITHL CO CBEYEHHEM Pa3peKEHHOT O

BO3IyXa B CTEKIITHHOM Ha’IeKTPH30BaHHOM Itape (PHCYHOK 3).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Prcynok 3. IIpubop JlIomoHOCORa (1 — MeTaIIHUeCKHIIL CTEPKEHD ¢ TPe3yOLIEM,

2 — IIPOBOJIOYHAS ITPYKHHA, IIPHITasHHAS K METAJUIHMYECKOMY KPYKKY)

Oneitel M.B. JIomMmOHOCOBa 110 BOCITPOM3BEICHHIO CEBEPHBIX CHSHHH Ha MOAEISX OBLIH
ITIOBTOPEHEI TONIBKO CITycTs 175 ner. HaGmogasieecs M.B. JIOMOHOCOBEIM CBeueHHE OBUIO ITO
CYILIECTBY SABJIEHHEM AIIEKTPHYECKOr O pa3paia B pa3peKeHHOM BO3IVXE.

B monckax 6omnee 6e30IMacHbIX METOLOB H3MEPEHHS (ANEKTPHYECKON I'POMOBOH CHIIBI»
M .B. JlomoHOCOB paspaboran cBOeOOpa3sHBEIH aBTOMATHYECKHI PETrHCTPaTOp MaKCHMAIIBHOIO
3HAUEHHS I'PO30BOr0 paspsga; I0ocie yaapa MOJIHHH IO NPHOOPY «CeMY VBHAETH MOKHO KOIIb
BeJIHKa Opliia camasi O0JIbIasi FpoMoBasi ciiiay. OCHOBRIBASICH HA MHOTOYHCIIEHHBIX OITbITax, M.B.
JIOMOHOCOB IIpPHIIIET K BEIBOAY O I[EJIeCO00Pa3HOCTH IIIHPOKOr 0 IIPHMEHEHH S IPOMOOTBOIOB. OH
Imcai: «TakHe CTpelsl Ha MecTaX, OT OOpallleHHs YeIIOBEUYECKOIO II0 MEPE YIaJIEHHEIX, CTABUTh
3a HeOeCIIONEe3HOE JETIO ITOYMTAar0, 1a0kl YA apsroIas MOJIHHSA OOJIbIe Ha HUX, HeXKeIH Ha I'OII0BaX
YelIOBEYECKHX H Ha XpaMHHAX, CHJIBI CBOH H3HYPSIIA.

B ortimmune ot b. OpankmmHa M.B. JIOMOHOCOB ITpaBHJIBHO YKa3all Ha PEIIArOINYIO POJIb
3a3eMJIEHHSI B YCTPOHCTBE TPOMOOTBO/A.

BeceMa OpUIHHAIBHBIE IIPEACTABIEHHS O CVYIIHOCTH 3IEKTPHYECKHX SBJICHHH OB
BBICKA3aHbBl B YKe YIIOMHHaBIIeMcS (pyHmameHTanmbHOM TpyAe A.T. Bomoroma [9]. OH, B
YACTHOCTH, ITHCAT. «... HO B TOM CYMHEBAThLCS HE MOXKHO, YTO OHA ITO IIPHMEPY APYITHX COCTOHT
M3 YaCTHYEK M YTO YAaCTHYKAM CHM HaJ0O0HO OBITH YPE3BBIYAHHOH H HEITOCTHKHMOH IS Hac
MAaJIH3HEL, IIPHYEM 3TH YaCTHYKH CITOCOOHEI K ABIKEHHIO, KOTOPOE IIPOHCXOAHT C HETTOCTHKHMOM

ckopocTrro». 3aTeM A.T. BomoToB 3agaeT Bommpoc: «A KakOH OHH — 3TH YaCTHYKH — (PHT'YPBI, TO

AOKYMEHT MOANMMCAH H CIIOCOOHOCTH K OBICTPOMY ITEPEABHKEHHIO «...
SNEKTPOHHOW NOANAUCHIO
CEDTHdJHHET.’ 12000002A633E30113AD425FB50002000002A6 [ GBITB TOIIBKO Kp}THBIM[}} HPIE\'{ET{&TEHBHO YTO
. . -
Bnapeneu: leb6ayxoea TateaHa AneKkcaHgpoBHa
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— BeJlb C BTOr0 HAYHMHAIIHM H3IO0KEHHE CYTH BIeKTPHYECKHX SBISHHH ITOYTH BCe (DH3HKH TOIO
BpeMeHH. OTMETHM, KCTaTH, YTO A.T. bOJIOTOB ITOAYEPKHUBAET, UYTO OJHA H Ta K& 3IEKTPHYECKas
MaTepPHS eCTh IIOBCIONY — H B aTMoc(epe, H B HeJipaxX 3eMIIH, H BO BCeX TellaX, HO He Be3Jle OHa
HaXOJUTCS B PABHBIX KOJIMYECTBAX H ITO3TOMY ITO-pPa3sHOMY ceOs IPOSBIISET .

Boipmiol BKIIag B H3yYeHHE 3JIEKTPHYECKHX SBIIEHHI, B OCOOEHHOCTH aTMOC(EPHOIO
3JIEKTpPHYECTBA, OB CHENaH H3BECTHBIM aMEPHKAHCKHM VUeHBIM M OOIIECTBEHHBIM JIESTEIEM
BenmxamimHoM @OpaHkmiHOoM (1706 — 1790 rr.). Um Owpinm mpomsBedeHH (1747 — 1752 1T.)
MHOI'OYHCJIEHHBIE OIIBITHI 110 VIIABIHMBAHHIO H H3YYEHHIO aTMOC(EPHOrO 3IIEKTPHYECTBa,
YCOBEPIIIEHCTBOBAH MOJIHHEOTBOJI, pa3paldoTaHa TakK HasplBacMasd «YVHHTApHas» TeOpHS
snekTpuyecTBa (1747 1.). b. OpaHKIIMH BRICKa3all IIPaBHIbHBIE ITPeAIIOI0KEHHS O MaTepHAIIbHOM
XapakTepe BJIeKTpPHYEeCTBa, CUHTAsl, YTO OHO IIPEACTABISIET COOOH 5SIIEMEHT, COCTOSIIHH H3
Ype3BhIYAHO TOHKHX YaCTHI[. EMY yIamoch ITOLONTH K ITPeICTaBIEHHIO 00 «3IeKTPH3AIH YePes3
BIMSIHHE», T.€. K SBIEHHIO 5IeKTPOCTaTHUYECKOH MHAYVKIMH. OH BrepBele (1749 1))
SKCIIEPHMEHTAIBHO JIOKa3all BJIeKTPHYECKVIO IIPHPOAY MOJIHHH H €€ TOXKISCTBO C VKe
H3BECTHBEIMH CBOHCTBAMH «3JIEKTPHYECKOH KHIAKOCTHY». 3HAMEHHTBIH OIBIT b. (DpaHKIMHA C
BO3AYIIHBIM (BIEKTPHYECKHM) 3MeeM YOeJHTeIIbHO ITOKa3al BO3MOKHOCTh «(H3BIIEUECHHS»
3JIEKTPHYECTBA M3 O0IAaKOB, KOTOPRIM OH 3apspKall JIEHASHCKYIO O0aHKY ITOJOOHO TOMY, KaK 3TO
OCVIIECTBIISTIOCE ITOCPEACTBOM 3IIEKTPOCTATHUYECKON MAIIMHBL. [Ipearonaraercs, 4Tro HM
BIIEPBEIE OBIIM BBEAEHBI TAKHE TEPMHMHBI, KaK «OaTapesy, «3apsay», «paspsay, OH IIEPBBIM
COOPYAMI OaTapero U3 JIEHAEHCKHX OaHOK.

CpelH YYEHBIX paccMaTpHBAaEMOr0 IEPHOAA, 3aHIMABIIHXCS H3YVUEHHEM 3IIEKTPHYECKHX
SIBJIEHHI, cTIeyeT OTMETHTD YeIIICKOr O ecTecTBOMCITRITaTelNd [ Ipokxomna Jlusmmma (1698 — 1765 1T.).
OH coopyawl OOJBIIVIO 3IEKTPOCTATHYECKYIO MAIIHHY, IIPEIJIOKIUI HECKOIBKO THIIOB
MOJIHHEOTBOJOB, H3y4yal BIMSHHE BIIEKTPHYECKHX Pa3psSJOoB Ha POCT IIOCEBOB Pa3IMYHBIX
KYIIBTV].

Hauyaio skcriepiMeHTaIbHEIX HCCIIeJOBAHMI 3IIEKTPHYECTBA H MarHeTH3Ma

B XVI-XVII BB. B EBpore Bce Oojplee pacipoCTpaHEHHE  IIOJIYYaeT
3KCIIEPHMEHTABHBIH METOJ HAaYUHBIX HCCIEIOBAHMIL, OQHHM H3 OCHOBOIIOIOXKHIKOB KOTOPOIO
IT0 ITpaBYy Ha3bBaloT JleoHapmo ga Buuum (1452 — 1519 rT.). MU300peTeHHI H OTKPBITHI 3TOrO
«THTAHA 3IIOXH BO3poKIeHHI» ITOPaKAaKT CBOEH I'ITIYOHMHOH H Pa3HOCTOPOHHOCTEI. OH OBLT He
TOJLKO HCKYCHEHIIIHM BCaJHHKOM, (PEXTOBAJIBIIHKOM, IIO3TOM, MY3BIKAHTOM, HO H
KOHCTPYKTOPOM PazHOOOPa3HEIX MAIIHMH H ITPHOOPOB, T€HHAIBHBEIM XY/ 0KHHKOM, MaTEMATHKOM,

AOKYMEHT NOAMNMUCAH M, BOSHHBIM HHKEHEPOM, MBICIHTEIIeM-MaTe-
SMNEKTPOHHOW NMOANUChIO ’ DON,

Ceptudhumkar:, . 12000002A633E3D113AD425FBS0002000002A6
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Ero 3armicHbIe KHHKKH, 3CKH3bI pa3/IMUHBIX MAIIIHH H MeXaHH3MOB HaCUHTEIBAIOT Oornee /
TBIC. IIMCTOB. OYEHb BaXKHO OTMETHTE, UYTO OH CYMEI CHEIIaTh IIOPa3sHTEIbHEIH PRIBOK B OYIVIIHE
BEKA M OCTABIII YEPTEKH H 3CKHU3El HE TOIBKO JIETATEIBHBIX aIlllapaTOB M I[IUIMHJpa ITapOBOH
MAaIlMHEI C IIOPIIHEM, HO M IIpeAcKa3ajl BOIHOBYIO ITPHPOJY CBeTa M MarHeTH3Ma, YTO OBIIIO
TIOATBEPKIAEHO YUEHBIMH CITYCTS JIUIIE OKOJIO 400 j1eT. B OHOH M3 €r0 3aIICHBIX KHHKEK MOKHO
HaNTH 3HAMeHaTelbHBIE clIoBa: «He ciyiman yuyeHHS TeX MBICIHTENEH, MOBOABI KOTOPBIX HE
TTOATBEPKIEHEL OITBITOMY.

OKCIIEPUMEHTAIILHBIN METOJ, HCCIeJOBAHMI HAHEC 3aMETHBIH yAap IT0 MHCTHIHM3MY H
Pa3sHOTO POJia BEIMBICIIAM H ITPEIPACCYIKAM.

SHAYUTEIIFHBIH IIEPEIIOM B IIPEACTaBIIEHHSIX 00 3JIEKTPHYECKHX H MArHUTHBIX SBJICHISX
HACTYITHJI B caMoM Hayane XVII B., korja BBIINIEN B CBeT (PyHJIaMeHTaIbHBIH HaYYHBIH TPV
BHTHOI'O aHTTIMICKOI'O YYEHOTO (Bpada aHTIHIICKOH KOponeBH Emm3aBeTsl) Bumbsava I'nmsOepra
(1554 — 1603 1T.) «O MarHmMTe, MarHHTHBIX TejIaX H O OOIbIIOM MarHHTe — 3emie» (1600r.).
byxayun mocnemopaTeneM 3KCIIEPUMEHTAIFHOI O METO/IA B €CTeCTBO3HAHNH, B. I'tis0epT mmposen
Oosee 600 HCKYCHBIX OILITOB, OTKPBIBIIHNX, KaK OH ITHCAll, TAHHEL «CKPBITHIX IIPHYHH Pa3IHYHBIX
SIBIICHHI .

B oTmiuie OT MHOTHMX CBOHX IIPeAINeCTBEHHHKOB B. ['Mim0epT cumTan, YTO MarHHTHAS
CTpelKa ABIKETCS O] BIMSAHHEM MarHeTH3Ma 3eMIM, KOTOpas SBISETCS OONBIIMIMM MarHHTOM.
CBOH BBIBOJIBI OH OCHOBELIBAJI Ha OPHTI'HHAIbHOM 5KCIIEPHMEHTE, BIIEPBBIE HM OCYILNECTBIIEHHOM.
OH H3TrOTOBII U3 MAarHUTHOTO JKeJIe3HSKa HEeOOIBIIOH IIap — «MAIEHBKYIO 3EMIIIO — TEPEILIYY» H
JIOKa3all, YTO MarHHTHAas CTPEJIKa IIPHHHMAET 110 OTHOIIEHHIO K MTOBEPXHOCTH 3TOH «TEPEILIIHI»
TaKHe JKe TIOJIOKEHHS, KaKHe OHa NPHHHMAET B IIOJE 3€MHOrO MarHeTHsma. OH YCTaHOBIII
BO3MOKHOCTh HAMarHHYMBAHH A JKeJIe3a IIOCPEACTBOM 3EMHOI'O MarHETH3MaA.

HMccnenya marHetus™m, B. I'mis0OepT 3aHsIICAd TakKKe H H3YUEHHEM 3IEKTPHUYECKHX
sBIIeHHH. OH JOKa3aljl, YTO MEKTPHYECKHMH CBOHCTBAMH OOJIagacT HEe TOJIBKO SHTAph, HO H
MHOIHE JOPYTHE TEla: ajamas, cepa, CMOIa, TOPHBIH XPYCTalb - 3IEKTPH3VIOINHECS IIPH HX
HaTHpaHHUH. OTH Tella OH HasBall «AIEKTPHYECKHMHY» B COOTBETCTBHH C I'PEUYECKHM Ha3BaHHEM
surapa (3nexktpoH). Ho B. I'mmpGepr Oe3ycHeIlHO ITBITalICS Ha’IeKTPH30BaTh MeTalllbl, He
H30IMPYA UX, U ITO3TOMY TIPHINET K OMMMOOYHOMY BEIBOAY O HEBO3MOKHOCTH 3JIEKTPH3AIIIH
METAJUIOB TPEHHEM. JTO 3aKnrouecHHe B. 'miubOepra ObU10 YOEAHTEIIFHO OIPOBEPTHYTO CITYCTS
IBa CTOINETHS  BBIJAIOIMMCS  PYCCKHM  3MEKTPOTEXHHKOM  aKaJeMHKOM  Bacwinem
BragunmuposnueM [IeTpOBBIM.

AOKYMEHT MNOATCAH YTO «CTEIleHb HIeKTPHYECKOH CHIBI» OBIBAET
3MEKTPOHHOM Noanuchio P

Ceptudukar: 12000002A633E3D113AD425FB30002000002A6
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CpaBHHBasS MarHHTHBIE H SIeKTpHYeCKHe SBIIeHHS, B. I'minpOepT yTBep:Kaal, 4TO OHH
HMEIOT PasHVYIO IIPHPOAY. HAIIPHMED, «3JIEKTPHYeCKasl CHiIa» ITPOHCXOJHT TOIBKO OT TPEHM,
TOrJa KaK MarHHTHas TIIOCTOSHHO BO3JCHCTBYET Ha JKeJle30, MAarHHT IIOAHHMAeT Tella
SHAUYUTEIIPHOH TSDKECTH, 3JIEKTPHYECTBO — TOJIBKO JIETKHE Tejla. DTOT OIMMOOYHEIN BBEIBOA B.
['mis6epra npoaepxaincs B Hayke 6omnee 200 merT.

[IpescTaBiaeHISI O TOM, YTO 3NeKTPHYECKHE SBIIEHH A 00YCIIOBIEHEI ITPHCYTCTBHEM 0CO00MH
«ITEKTPHYECKOH KHIKOCTHY, aHAIIOTHYHOH «TEIIIOTBOPY» H «CBETOTBOPY», OBIIM XapaKTEpHBI
JUII HAYKH TOr'O IMEPHOAA, KOrJa MeXaHHYeCKHE B3ITISIbl Ha MHOTHE SBIEHHS IIPHPOABLI OBLUIH

I'OCITOACTB YIOIIT HMH.

Konmponohste 6éonpocest:

l. H300peTeHIg JJomoHocoBa M. B., CBSI3aHHEBIE C AMEKTPHYECKIMI SBJICHISIMIL.

2. Kakoii BKIIaJl B H3YUeHHE 3IeKTPHYECKHX SIBJIEHHI, B 0COOeHHOCTH aTMOC()EePHOI0
BIIEKTPHYECTBA, OBLI CHAEIAH H3BECTHBIM aMEPHKAHCKHM VYEHBIM H OOIINECTBEHHBIM JIESATEIIEM

benmxaMiHoM DpaHKIITHHOM?

3. KTO MOIOXWI Hayalo SKCIEPHMEHTAIBHBIX HCCIIEAOBAHHH SIIEKTPHYECTBA H
MarHeTHsMa?

4, IlepBble HAOMIOAEHNST MAarHHUTHBIX H JIEKTPHYECKIX SIBIICHHIL?

J. YTo Takoe SBIEHHE ITHPOIEKTPHYECTRA?

6. [IOATrOTOBHTE ITpe3eHTAIIMOHHEIE IPOEKTHI HA TEMY: IIEPBEIE HAOIIOAEHHS H HAa4alI0

JKCIICPHMCEHTAJIbHBIX HCCIeJOBAHHH MATHHTHBIX H SNEKTPHYCCKIX HBJIEHI]IUI:, AI3HD H HAYHUHBIC

ucciaegopanusa M. B. JlomoHOCORA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Ipakmuueckaa paboma Ne2. IIpoeo3eecmHUK INOXU Iiekmpuuecmea Aneccanopo
Bonema. Boeroaruiueca omxpsimusa A. Bonomest. Co30anue «601bmoéa cmooa». /Kusmo u
HayuHble UCCle006aHUA akaldemuKka Bacunua Ilemposa. /Ku3no u HayuHble UCCcle0 06 AHUA

Il Kynona.

HEJII’:.' HB}”IEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JIICKTPOSHCPICTHEKHM, 3dKOHDbI

IJNCKTPOTCXHHEKI H (prMIIpGEElHHE cC HaVUHbIX OCHOB.

OcHO6b1 meopu:

OIHHM M3 IIEPBBIX, KTO, ITO3HAKOMHBIIHNCE ¢ KHHTOH B. I'mnpbepra, pennul ITOIYYHTH
0oJiee CHIIbHBIE TIPOSBIEHHS 3IeKTPHUYECKHX CHII, OBIII M3BECTHBIH H300peTaTENh BO3IYIIIHOIO
Hacoca H OIbITa C MOIYIAapHIMH MarjeOyprckuil Oypromuctp OTTo poH I'eprke (1602 — 1686
rT.). B 1650 r. OH H3rOTOBHI IIAap H3 CEPhl pasMEPOM C JeTCKYIO TOJIOBY, HAacaaHI ero Ha
KETIE3HYIO OCh, VKPEIIEHHYIO Ha JIEPEBSHHOM IITATHBE. [ IPpH ITOMOIIH PYYKH IIap MOT BpaIlaThCs
H HaTHPAJICA JIaJIOHSIMH PYK HJIH KYCKOM CYKHA, IIPHKNMAeMOr 0 K IIapy PyKOH. 2TO ObllIa IepBas
ITPOCTENINas 3MeKTpocTaTHYecKass mManmiHa. O. ['epHke yaanock 3aMeTHTh cladoe CBEUEHHE
3JIEKTPH3YEMOTO IIIapa B TEMHOTE H, YTO OCOOEHHO BAXKHO, BIIEPBEIE OOHAPYKHTH, UTO ITYIITHHKH,
IIPUTSTHBAEMbBIE IIIAPOM, Yepe3 HEKOTOPOE BPEMS OTTAIIKHBAIOTCS OT HETO — 3TO SABJIeHHEe HU O.
['epuKe, HHI MHOTHE €r0 COBPEMEHHHKH JOII0 He MOITIH OOBSICHHTEL. Hemenkmi yuyeHsIn ['.B.
JleniOHmy (1646-1716 rT.), mone3ysick MammHOH O. I'epHke, HaOIrOall STIEKTPHYECKYIO HCKDPY -
3TO IIEPBOE YVIIOMHHAHHE 00 3TOM 3araJ0YHOM SIBIICHHH.

B TedeHne mepeoH MoJOBHHEI XVII B. ajleKTpocTaTHUYeCcKas MaIllMHA IIPETepIIena Ps
YCOBEPIIEHCTBOBAHHIL: CEPHBIM ImMap OBUI 3aMeHeH CTEKISHHBIM (TaKk Kak CTeKIo Oolnee
HHTEHCHBHO 3IeKTPH30BATIOCh), a ITO3HEee BMECTO IIAapOB HIIH IIIIHHAPOB (KOTOPBIE TPYIHEE
OBIIIO M3TOTOBHTE, H IIPH HarPEBAaHHH OHH HEPEIKO B3PBIBAIIMCH) CTAIM IPHMEHSITh CTEKILIHHBIE
OUCKH. I HaTHpPaHHS HCIIOINB30BAINCh KOJKAHBIE ITOAVIIEYKH, IIPIGKHMAaeMble K CTEKIIY
ITPYKHHKAMH, TT03HEE I YCHIIEHH S 3IEKTPH3aI[HH ITOAYIIEYKH CTAIHM ITIOKPRIBATh aMalblraMOH
(pHCYHOK 4) .

BaKHBIM HOBBIM 3JIEMEHTOM KOHCTPYKIIMHM MAaIlMHBI CTal KOHAYKTOp (1744 1) —
MeTaNIMYecKass TpyOKa, ITOABEIIEHHAS Ha INEIIKOBBIX HHTSX, a ITO3JHEE yCTaHaBIHBacMas Ha
H30IIMPOBAHHAIX OIMopax. KOHAYKTOP CIIYKHI pe3epByapoM IJi1 COopa 3NEeKTPHYECKHX 3apsJIoB,

00pa30oBaHHEIX ITPH TpeHHH. [locne n300peTeHns JIEHAeHCKON OaHKH €€ TaKKe YCTaHaBIHBAJIH
AOKYMEHT NOAMNUCAH
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Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Webayxora TatedAHa AnekcaHpoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

16



PucyHoK 4. DnekTpocTarHyecKas MalllHa I epHKe

3aMETHEIE YCIIEXH B H3YVUEHHH SIeKTPHYECKHX H MACHHTHBIX SBJIEHHH IIPHBEIH K
OTKPBITHIO paHee HEH3BECTHBHIX (PAKTOB: OOHAPYKEHHIO JBYX POJOB 3IEKTPHYECTBA H
YCTAHOBIIEHHIO 3aKOHOB HX B3aHMOIEHCTBHS, YCTAHOBIEHHIO «OBICTPOTHI IIepedaydyi
BIIEKTPUYECTBA», CO3JAHHIO HOBBIX BJIEKTPHYECKHX IIPHOOPOB, IIO3BOJIABINHX IIONYYaTh H
HaKaIUIHBaTh SIEKTPHYECTBO B OOJBINHNX KOIHYECTBAX, H3YYEHHIO SBIEHHI aTMOC(EepPHOIO
3JIEKTPHYECTBA, Pa3paloTKe IEPBLIX TEOPHH ANEKTPHYECKUX SBIICHHIL.

3HAYHTEIBLHEIM IITarOM B H3YVUEHHH CBOMCTB ANEKTPHYECKIX 3aPSA0B OBIITH HCCIIET0BAHHIT
yneHa aHriaHiickoro KopomeBckoro oOmectBa Credana I'pes (1670-1736 1T.) H 4JleHa
[Tapmokckoii akagemuH Hayk [lapima @pancya /[rode (1698—-1736 1T.).

B pesynpTare MHOTOYHMCIEHHBIX SKCIIEPHMEHTOB C. I'pero yaalmock YCTaHOBHTBL, YTO
3JIEKTpHYECKasl CIIOCOOHOCTh CTEKISHHOH TPYOKH ITPHTSTHBATh JIETKHE Tela MOXKET OBITh
repefaHa IPYTHM TejlaM, H OH Iokasan (1729 r.), 4ro Telma B 3aBHCHMOCTH OT HX OTHOIIEHHS K
AIEKTPHYECTBY MOKHO Pa3jlelINTh Ha JBE T'PYIIBL. ITPOBOJHHKH (HAIIpHMEP, MeTaJUIHYecKas
HHTB, IIPOBOJIOKA) H HENTPOBOJHHKH (HAITPHMED, IIeJIKOBAsI HUTE ).

[Tpomomxas ombiTel C. ['pes, I11.D. [Trode (B 1733 r.) oOHapyKHII JBa poja SIIEKTPHYECKHX
3apSA0B — «CTEKISIHHEBIE» M «CMOJIIHBIE» H HX OCOOEHHOCTH OTTAJIKHBAaTh OJHOHMEHHEIE H
TIPHTSTHBATh ITPOTHBOITONIOKHEIE 3apsaabl. J[fode Takke co3[al IMPOTOTHIT ANIEKTPOCKOIa B BHIE
IBYX IMOJABEMIEHHBIX M PACXOISINIXCS IIPH HX 3JIEKTPH3AIMH HUTEH.

[Iocne Toro xkak ObUIO YCTAHOBIIEHO paselicHHe TEN Ha IIPOBOJHHKH H HEIIPOBOIHHKH, a
OIBITBI C HSIEKTPOCTATHYECKHMMH MAaIllMHAMH ITOJIVUMIIM IIMHPOYAHINee PacIlpOCTpPaHEHHE,
COBEPIIEHHO €CTECTBEHHOH OBIlIa ITOIBITKA «HAKOITHTL) HSIEKTPHYECKHE 3apsabl B KaKOM-TO

CTEKIISIHHOM COCVYIC, KIDTIDPI:-If[ MOTI’ HX COXPAaHHTS.

AOKYMEHT NoanmncAH
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PrcyHok 5. OmeiT MrocxenOpyka (coO CTapHHHOI I'PaBIOPEHI)

Cpean MHOTHX (DH3HKOB, 3aHSBIINXCS IOJOOHBIMH 5SKCIIEpPHMEHTAMH, HAaHOOIBIIYIO
H3BECTHOCTh TIONYYIII TOUIaHAcCKHI Ipodeccop m3 TI. JleligeHa Ilurtep MIOCXeHOPYK
(MymeHOpyk) (1692—-1761 1T.).

3Hasg, YTO CTEKIIO He IPOBOJHT SIeKIpHYecTBa, OH (B 1745 r.) B3I B IPaBYIO PYKY
CTEKIISIHHYIO 0aHKY (K0I0Y), HallOJTHEHHYEO BOJOH (KOTOpas SBJISUIAch IIPOBOIHHKOM), OITYCTHII B
Hee METHYIO IIPOBOJIOKY, BHCEBIIYIO Ha KOHAYKTOPE 3IeKTPOCTaTHUYECKOH MAIIMHEI, H ITOITPOCHIT
CBOETO ITOMOIITHHKA BpallaTh Iap MAIIHHEL (PHCYHOK J). [IpH 3TOM OH IpaBHIIbHO ITPE IO 0K HIL,
YTO 3apspl, IIOCTYIIABINHE C KOHJAYKTOpa, OVAYT HaKaIlUIMBAaThCSI B CTEKIAHHOHM OaHKe. Ilocie
TOI'0 KaK, I10 er0 MHEHHIO, B 0aHKe HAKOITIVIOCh JOCTATOYHOE KOIMYECTBO 3apPsIOB, OH PEIIIT
JIEBOH PYKOH OTCOEIOHMHHUTHL MEIHVIO ITIPOBOIOKY. IIpH 3TOM OH OIMYTHII CHWIBHBEIN VAap, eMy
ITOKA3aJIOCh, YTO ITPHIIEI KOHEI». OH I CAJL, YTO TOT «HOBBIH CTPAIIHBIN OITBIT COBETYIO CaMHM
HHKAK HE TIOBTOPATH» H UTO pagl KOPOHBEI DpaHIMH OH HE COITIACHTCS ITOABEPTHYTHCS «CTOMIb
YKACHOMY COTPSICEHHIOY.

Tak Oplna n300peTeHa JeieHcKas OaHka (110 Ha3BaHHIO T'. JlefifileHa), a BCKOPe H IIePBEIi
ITPOCTEHIIMH KOHJAEHCATOP — OJHO M3 PACIPOCTPaHEeHEHIIINX 3JIEKTPOTEXHHYECKIX YCTPOHCTB.
OmelT [1. MrocxeHOpyKa IPOH3BEN MOJJIHHHYIO CeHCAIHIO He TOIBKO CpeH (PH3HKOB, HO H CpeJH
MHOI'HX JIFOOUTEIIEH, HHTEPECOBABIIHMXCA SIEKTPHYECKHUMH OITEITaMH. Y ke B 1746—1747 rr. 611

pas3padoTaHbI IIEPBEIE TEOPHH JIEHIEHCKOH OaHKIH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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PHCYHOK 0. 2IIeKTpocTaTHyecKas MalliHa bomoroBa

OIHHM M3 BaXHEHIIMX IIOCIEACTBHH H300peTeHHSI IJeHAcHCKOH OaHKH SBIIOCH
YCTAHOBJIEHHE BIIHSHHS 3IEKTPHUYECKHX PaspsSgoB Ha OPraHH3M 4YeIOBeKa, YTO IIPHBEIO K
3aPOXKIAECHHIO EKTPOMEIHUIIMHEL — 3TO OBUIO IIEPBOE CPABHHTEIBHO IINMHMPOKOE ITPAKTHUYECKOE
IIPHMEHEHHE BJIEKTPHYECTBA, CHITpaBlnee OONBINYIO POk B VITIYOIEHHH H3VUECHHSA
SIIEKTPHYECKHX SBJIEHHH. OJHHM H3 ITHOHEPOB B O0JIACTH 3NEKTPOMEAHIIHHEI OBIII H3BECTHBIH
PYCCKHH Yy4YeHBIH-3HIHKIIoNeaHcT AHnapen Trmodeenuy Bbomorop (1738—1833 r1T.). B ero
courHeHHH [10] mogpoGHO onmHcaHEI MHOTOYHCIIEHHEIE OITBITHI IO JIeYeHHIO «pa3HBIX OONe3HeH»
C IIOMOINBIO CO3JAaHHOH MM OPHIHHAILHOH M IIPOCTOH AJIEKTPHYECKOH MAIIMHEI C JIEHIEHCKOH
OaHKOIH (PHCYHOK 0) H pazHO0Opa3HBIX HHCTPYMEHTOB. M Tak ke OBITH H300peTeHbI KOMITaKTHEBIE
CKJIQJHBIE M JOPOKHEIE MAIIMHEI C JHAMETPOM CTEKISHHOrO Imapa 20 ¢cM. B co31aHHON HM ITIEPBOH
B Poccun craimioHapHOH 3IeKTpolieyeOHHIle Obllla OKa3zaHa ITOMOIIE ThIcSYyaM OONBHBEIX. A.T.
BonmororeiM ObIn HammmcaH «KpaTtkmii anexkrprueckiii me4eOHHK» (1793 r.) n «McropHsa Moero
3JIeKTPH30BaHH S H BpaueBaHH S pa3HBIX 0ole3HeH OHBIMY B TpeX ToMax (1792 1))

OmeiT I1. MrocxeHOpyKa OBIT ITOBTOPEH B IPHCYTCTBHH KOPOISI (hpaHIY3CKHM a00aToM
Homre (1700-1770 rT.); oH oOpa3oBan 1elb H3 180 reapiaeHIleB, B3IBIIMXCA 3a PYKH, IIPHUEM
TIEPBBIH JeprKail OaHKY B PYKE, a IOCIIEAHMI ITPHKACAJICS K ITPOBOIIOKE, H3BJIEKAs HCKPY. Yaap
IIOYYBCTBOBAJICSA BCEMH B OJHH MOMEHT. OT 5TOH ILENH COJAAT H IIPOH3OINEN TEPMHH
«ITIEKTPHYECKAS LIETIHY.

[IocTeneHHO KOHCTPYKIIHS JIEHAEHCKOH OAaHKH COBEPIIEHCTBOBAIACh. BOAY 3aMEHHIIH
Ipo0OBIO, a 3aTeM HapyKHas IOBEPXHOCTE ITOKPHIBAJIACH TOHKHMH CBHHIIOBBIMH IUIACTHHAMH, a
II03/IHEE BHYTPEHHIOK H HApPYKHYIO TIOBEPXHOCTH CTalIH ITOKPBIBAaTh OJIOBSHHOH (DPOIBIOH, H

O0aHKa IpHoOpena COBPEMEHHBIH BHI.
AOKYMEHT NOArnnMCAH

SMEKTPOHHOM MOAMMACHIO it OBIIIO YCTAHOBIIEHO (B 1746 I'. aHITIHYaHHHOM
CepTuciukar:, 12000002A633E3D113AD425FB50002000002A6 | 5 5
Bnapeneu; lWiebayxosa TaTbAHa AnekcaHapoBHa [Ba, COOHpacMOC B OaHKE, IIPOIIOPHHOHAIPHO

10 TOJIIHHE H3OISIHMOHHOr 0 ¢i1od. B 70-X romax
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XVIII B. MeTaImyeCcKHe TUIACTHHEI CTAlN Pa3JelIaTh He CTEKIIOM, a BO3IVIIHEBIM IIPOMEKYTKOM.
TaK MoSBHIICS IIPOCTENIIIGL KOHAEHCATOP.

ONEKTPOCTaTHYECKHE MAIIMHBI M JIEHASCHCKHE OaHKH HCIIOJIb30BAJIMCh MEJUKaMH B
pasHBIX cTpaHax EBporel. Kak yiKe OTMeYaaoch, 3HAUHTEIIbHBIN BKIIA B SIIEKTPOMEIHITHHY OBIT
caenad B.B. IleTpoBbIM, KOTOPBIH HCITOIB30BAN IS 3THX I[ETIEH HE TOIBKO 3JIEKTPOCTAaTHYECKHE
MAIIMHEL, HO KaK 3TO OYIeT ITOKa3aHOo B CIIEAVIOMIEH ITIaBe, H 3JIEKTPOXHMIYECKIE HCT OUYHHKH, B
YaCTHOCTH CO3JIaHHYIO HM «OIPOMHYIO HaHIIadyey raabBaHHYeCKyro Oatapero |5, 11].

Ycrexu B 00IaCTH HCCIEQOBAHHSA 3IEKTPOCTATHYECKHX SBIEHHH M HX IPAKTHYECKOIO
ITPUMEHEHH SL, JOCTHIHYTHIE K KOHIY X VIII cToneTHs, IToAroTOBIIH ITOYBY JIJIST OTKPHITHS HOBBIX,
paHee He HM3BECTHBIX SBIIEHHI, CO3JaHHS HCTOYHHKOB ITOCTOSIHHOI'O 3IEKTPHYECKOrO TOKa H
H3YVYEHHS €I0 CBOHCTB. Bee 3TO IIPHUBENIO K CTAHOBIIEHHIO H ITOCIEAVIOIEMY OYPHOMY Pa3BHTHIO
3JIEKTPOTEXHHKI.

['OBOpss O BOBHHKHOBEHHH IIOHATHH <IIOTEHIHAI» («HAIPSDKEHHE») H «EMKOCTBHY,
HeOOXOAUMO OTMETHTh OOIBINOH BKIIAJ BBIJAKOIIETOCS HTAIbSHCKOIO (PH3HKa AJeCCaHApPO
Bonpra (17451827 rr.) [11]. Ero mo mpaBy MOKHO Ha3BaThb OCHOBaTelleM 3IeKTPHYECKOMH
MeTpornorui. B psge cBoux pabor (1778—1782 rr.) oH YeTKO (pOpMYIHPYeT KOIIHYEeCTBEHHEIE
3aBHCHMOCTH MeXIY S3JIEKTPHUYECKHM 3apsSioM, EMKOCTBIO M HampspkeHHeM. «Kormga eMKOCTB
OOJIBIIE, TO JJAHHOE KOIMMYECTBO BIEKTPHYECTBA BBISEIBAET MEHBIINEE HAIIPSDKEHHE... EMKOCTh H
3JIEKTPHYECKOE JEHCTBHE, WIH HAIPSDKEHHE, HAXOAATCS B OOPaTHOM OTHOIIEHHHY. [IpHyeM 1moj
TEPMHHOM <«HAITPSDKEHHE» OH ITOHUMAET MHTEHCHBHOCTD «IIH YCHIHE, ITPOM3BOINMOE KaKIOH
TOUYKOH HasrIeKTPH30BaHHOrO Tena». A. BombTa cozpan Oolee coBepIIeHHBIE IIEKTPOQOPHl H
3JIEKTPOCKOIIEL, B YACTHOCTH KOHAEHCAaTOPHEIH 3JIEKTPOCKOIL.

CpeaH psga TEOPHH 3IeKTpHYeCTBa, pa3padoraHHeIX B X VIII B., 3acinyxuBacT BHUMaHH I
TeOpHs IIeTepOyprckoro akxajemuka JleoHapma Oiepa (1707-1783 r1r.) — OJHOrO M3
BBIJIAFOIIMXCS VUYEHBIX CBOero BpeMeHH. llomobHo M.B. JlomoHocoBy JI. Dmmep orpHian
CYILIECTBOBAHHE OCOOOH B3JIEKTPHYECKOH MAaTEepPHH H CUHTA, 4YTO 3IEKTPHYECKHE SBJIEHHSI
00YCIIOBJIEHBI pa3pekeHHEM H CTYIIeHHeM 3(pHpa. OTa TeOpHS SBISETCS JalIbHEHIIIHM pa3BHTHEM
ugeii M.B. JloMoHOCOBa M NpHOMMKaeTcI K 3(HPHBEIM TeopHsIM 3HekTprHuecTBa XIX B. JI.
DHIepoM OITHCaHa TakkKe H OJHA M3 KOHCTPYKIHH 3JIeKTpOocTaTHYecKOH ManmHeI (1761 1.), ot
KOTOPOH 3apsKanach JIeHAeHCKasa OaHKa.

YrnyOineHre HCCIENOBAHHI B O0IIAaCTH CTAaTHYECKOI'O JIIEKTPHYECTBA HE MOITIO HE
IIPHBECTH K OIPOBEPIKEHHIO PSAJa OMIHOOYHBIX BBIBOJOB, CAETAHHBIX (DH3HKAMH B HauyallbHEIH

AOKYMEHT MNOANUCAH MM H3 TaKHX OIMOOYHBIX BEIBOJAOB OBITIO. KakK
SNEKTPOHHOW NOANUCHIO | A ’
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B xomie XVIII B. pag eBponeHCKHX VUeHBIX, a Takke B.B. IleTpor mnpuxomdar k
3aKIFOYEHHIO O TOM, YTO METANIBI MOI'YT OBITh Ha3JIEKTPH30BaHBI ITOCPEACTBOM TPEeHHS ITPH
YCIIOBHH HX TIATEILHOH H30ISHH. Hanbonee yoe surenbHO 310 010 J0Ka3aHo B.B. I1eTpoBEIM
B ero Tpyze, u3gaHHoM B 1804 r. [4, 10]. On mmoka3zamn, 4To oco0eHHO 3( PpeKTHBHBIM cI1oco00M
3JIEKTPHU3AlMH METAJJIOB SBJISIETCS «CTEraHME)» HUX BRIJEIAHHBIM MeXOM HEKOTOPHIX JKHBOTHBIX,
OH pa3pabdoTal psSa HOBBIX METOLOB AJIeKTPH3aIlMH PAa3/IMYHBIX TEN, a TAaKKe YCTaHOBHJI BIIHSHIIE
BIIAKHOCTH OKPYKAIOIEr0 BO3yXa Ha HHTEHCHBHOCTh 3JIeKTpPH3alli. OTH BRIBOALI B.B.
[IeTpoBa, a TaKKe €ro YKa3aHHe HAa HEYCTOMYHBOCTE SBIIEHHS 3JIEKTPH3AIIHH TEN ITOATBEPAKIEHBI
COBPEMEHHBIMH HCCIETOBAHISIMI.

3aciyKHMBaeT BHHMaHHA yreep:kaeHHe B.B. IlerpoBa 0 BO3MOKHOCTH 3JIeKTPH3aI[III
YeJIOBEYECKOI0 Tella IIOCPEACTBOM «CTETaHHSD. DTO ITO3BOILUIO BpayaM (OH MOJYEPKHBAET 3TO B
CBOEM TPVAe) NPHMEHSATh SIIeKTpoledyeHHe Oe3 YCTaHOBKH BIEKTPOCTATHUECKOH MAIIHHEI,
KOTOPVIO HE BCSIKHI MEIHK MOI HMETh B CBOEM PaCIIOPSDKEHH.

PesybTaThl OIBITOB II0 3IEKTPH3AIlMH TKaHEH, OCVYINECTBIEHHBIX B.B. IleTpoBhIM,
IIPHBEIH €r0 K CO3JaHHIO 3JIeKTPo(d opa OpHIrHHAILHOH KOHCTPYKI[HH, B KOTOPOM OCHOBaHHE H3
CMOJIBI OBIJIO 3aMEHEHO TINATEIBHO IPOCYIIEHHON «MSITKOH OaHKOH», CIIOKEHHOH B UETHIPE CIIOX.
Y4YeHBIH TIPOBEN IIEIVIO CEPHIO HOBBIX SKCIIEPHMEHTOB II0 3JIEKTPH3AI[HH PTYTH H APYIHX
BEIECTB ITOCPEACTBOM TPSICEHHS HX B CTEKIISHHBIX COCYIAX.

B.B. IleTpoB crieliHalIbHO H3y4all SBIEHHSI CTaTHYECKOIO AIMEKTPHYECTBA B Pa3peKeHHOM
BO3AyXe H arMoc(epe pa3IH4YHBIX Tra30B. C 5BTOH IEIb0 OH IIOCTPOHI COBEPIIEHHO
OPHTHHAIIbHYIO 3IEKTPOCTaTHYECKYIO MAIMHY (PHCYHOK 8), ITOMEN[AaBIIYIOCS IT0J KOIOKOIIOM
BO3QYIIIHOTO HAaCcOCa. Y CTAHOBJIEHHBIH TaM K& TePMOMETP ITO3BOJISTI HCCIIeA0BATh AIIEKTPHUECKHE
PaspsIbl IIPH PasHBIX TEMIIEpATypax.

B uactHocTH, B.B. IleTpoB yOeauTenbHO IOATBEPAHI BO3PACTAHHE IIIEKTPHYECKOH
ITPOBOANMOCTH BO3JAyXa IIPH €ro HarpeBaHHH, OOHApYXHII 00paszoBaHIe OKCHJIOB a30Ta IIPH
3IIEKTPHYECKHX Pa3psagax B BO3IYXE.

B mocnegnen derBeptH XVIII B. HaumHaeT Bce Oolee IPOSBIATHECS HOBBIH 00pa3s
MBIIIUIEHHS YUEHBIX, HCCIIEAVIOINX 3NeKTPHYeCKHE H MarHUTHBIE SBIeHHSI. CHelaHHEIE €Ile B
40-50-x romax M.B. JlomoHOCOBEIM H I'.B. PHXMaHOM IIEpBBRIE IAarH OT KayeCTBEHHBIX
HaOTIOJAEHII K VCTAHOBIEHHIO KOIMMYECTBEHHBIX 3aKOHOMEPHOCTEH BBI3BIBAIOT BCE OONBIIHI
HHTEepec. BO3ZMOKHOCTE Iepexojia K KOMHMYECTBEHHBIM HCCIEIOBAaHHSIM OOYCIIOBIMBAIach Kak

YCIIEXAaMI MATCMATHKIH, TdK H COBECPHICHCTBOBAHHEM H3MCPHTCIIBHBIX YCTpGﬁCTE.
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PucyHOK 7. DrnekrpocraTHyeckas MarnnHa [lerposa

Kak vyxe ormedarnmock, @. OIMHYC IBITAICS AQHATMMTHYECKH OIIPEAEIIUTh CHILY
B3aHMOJICHCTBHA NEKTPHYECKHX 3apsaa0B. Berea 3a HUM aHITIHIICKHI YUeHBIH [ eHpH KaBeH1uIm
(1731-1810 rT.) B cBOeii ctaThe (1771 I.) yKa3pIBall Ha TO, YTO IMIPHTSDKEHHE JBYX AIIEKTPHYECKHX
3apsaoB OOpaTHO ITPOIIOPIIMOHAIBHO PACCTOSHHIO B CTEIIEHH MEHBINE TpeTheH. B 1766 T.
aHrTYaHuH T. JIerH n300pen HOBBIH THIT ANIEKTPOMETPA, IIPeACTABIISBILETO COOOH PaspsSaHHK C
IpagyHPOBAHHEM PACCTOSHIS MEXIY NeKTpogaMi. C IIOMOINBIO TaKOT'O 3JIeKTPOMETpa MOKHO
OBIJIO TI0 PACCTOSHHIO, IIPH KOTOPOM TIPOMCXOAWI ITPOOOH, OIPEAEIsATh HAaIlpsDKeHHE
AIEKTPOCTaTHYECKOH MAIIMHEI. M3BECTHBI TaKXe ITONBITKH (PH3HKOB HAHTH 3aKOH MArHHTHOIO
JIIEHCTBHAL

BaxHeHIIMM IIaroM B Pa3sBHTHH KOMHYECTBEHHBIX HCCIENOBAHHH SIMEKTPHUYECKHX H
MarHHUTHBIX SBJIEHIII OBUIO VYCTAHOBIEHHE 3aKOHA O CIDIE B3aMMOAECHCTBHA MEXIY
Ha3IEKTPH30BAHHBIMHM TEIaMH M MAarHHTHBIMH IIOJFOCAMH. OTHMH BOIIPOCAMH 3aHHMAJINICh
MHoOrue yuyeHsble (. OmuHyc, I'. KaBeHauIn u Jp.), BICKa3aBIIHE ITPEAIIONIOKEHHE O «3aKOHE
OOpaTHBIX KBAJApPaTOBY.

Ho HaumOOnpHIHMX YCIIEXOB CYMeNl JOCTHYL (PpaHITY3CKHH BOEHHBIH HHKeHep Illapib
OrtocteH Kymon (1736—-1806 1T.). B TeueHHe HEeCKOIBKHX JIET OH ITPOBOAMII SKCIIEPHMEHTEI C
TIOMOIIBIO IIPHOOpa, KOTOPBIH BHauasle ObLI IIPeJHasHAUEH IS H3VUEHN S 3aKOHOB 3aKPYUHBaHU A
IIIEJIKOBBIX M BOJIOCSAHBIX HHTEH, a TaKKe MeTAUIMYeCKHX IpoBoinokK. B 1785 r. III. KyioH
YCTAHOBHJI, YTO «CHJIa KpPYYEHHS IIPOIOPI[HOHAIIbHA VYINIY 3aKpydHBaHHSI». OH PeInI
HCIIOJIb30BATh 3TOT ITPHOOP IS H3MEPEHHS «MAJIBIX SIEKTPHYECKIX H MarHUTHBIX CHUI». [Ipndop

ITO3BOJIAII H3MEPATD «MeJIbYaHIIe CTeIleHH CHIIBI »., H [I. K}*’HGH Ha3BdJl CI'0 «KPVTHJIbHBIMII

RAECANITY

NIOKYMEHT MOANMWUCAH
INEKTPOHHOM NOANNCHIO KCIIEpHMEHTOB OH VCTAaHOBWJI, 4YTO CHIA
CepTucukar:  12000002A633E3D113AD425FB50002000002A6
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(3TOT TepMHH OBIT HM BIIEPBEIE BBeJICH B HAYKY) 3apPsDKEHHBIX Tell H 00paTHO ITPOITOPIIHOHAIbHA
KBaJpaTy PacCTOSHHSI MEXIY HUMH. [IpH 3TOM B 1H000H TOUYKE IMOBEPXHOCTH CIJIa HallpaBIIcHa
TEPIIEHANKYIISIPHO K 3TOH ITOBEPXHOCTH. Tak OvLI OTKpPHIT III. KYIOHOM 3HaMEHHTBIH 3aKOH,
HOCSIIHI e€ro UM, OTOT 3akoH . KyIoH pacmpocTpaHil H HA B3aHMOJEHCTBHE MarHHTHBIX
ITOIIFOCOB.

[II. KyimoH aHalIHTHYeCKH M SKCIIEPHMEHTAILHO JOKas3ald, YTO SIeKTPHYECTBO
PacCIPOCTPaHAETCA 10 ITOBEPXHOCTH ITPOBOAHHKA, a TAaKXKE PaBHOMEPHO PaCIpeldclseTcs IO
TIOBEPXHOCTH H30IHPOBaHHOM ITpoBosanen ceprl. Mcenemopanms 1. KyimoHa crmocoOCTBOBaIIH
IIPHMEHEHHIO MAaTeMaTHYECKOI'O aHajlM3a B TEOPHH JIEKTpHYECTBA H  MarHeTH3Ma,
PacIIpOCTPaHEHHIO MaTeMaTHIECKOr 0 ITOHITHS IIOTeHI[HAJIa (paHee BBEJEHHOIO B MEXAaHHKY) Ha

IJNICKTPHYCCKOC H MAI'HHTHOC ITOJIA.

Konmponousie éonpocet:

1. Kakyro poib J71 YeJIOBeKa ChIrPaio H300peTeHHE ITeHAeHCKOH OaHKH?

2 KTO OTKPBII SBIEHHE 3JIEKTPOCTATHYECKOH HHIYKI[HH?

3. H300perenus Ilerposa B.B.

2 Kax OBLIT OTKPRIT 3aKOH KyIoHa?

5. IIOATOTOBHTE IIPE3€HTALMOHHEBIE IIPOEKTHI Ha TeMy. [IPpOBO3BECTHHK SITOXH
sleKTpHuecTBa Aneccanapo Bompra. Bergaronmiecs oTKpeITHS A. BonmsTel. Co3gaHIe «BOIBTOBA
cronday». JKH3HP H Hay4YHBIE HCCIIeJOBAaHHA akageMHka Bacwuimsa Ilerpora. JKH3HE H Hay4dHBIE

Heenegpopanus LI, KyroHa.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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Ipakmuueckaa pavoma Nes. /Kusns 1 HayuHole uccinedosanuq JIyuosxcu I'anveani.
Hayunsiit noosuz Maiikna @apaoea. M. @apadeil — 0CHO6 0NOJIOHCHUK MeEOPUU

INEKMPOMACHUMHOZ0 ROJIA.

HE.E’II’:.' I/IB}HIEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

IJNIEKTPOTEXHHEKI H (bﬂpMIpGEElHHE €€ HaYIHbBIX OCHOB.

OcCHO6bl meopuu:

B TeuyeHHe MHOIHX CTOJIETHH BIUIOTH O IocnegHeH 4YeTBeprH XVIII B. yueHBIM ObLIH
H3BECTHEI TOIBKO SIBIIEHHS CTATHYECKOI O AIEKTPHYECTBA. I IpOMBINIUIIEHHBI TTepeBOpPOT B X VIII
B. Jal MOIIHBIH TOMYOK Pa3BUTHIO Pa3IHYHBIX OTpaciell HayKH, B TOM YHCIE HaykKH 00
3JIEKTPHYECTBE. B H3YUeHHH 3JIEKTPHYECKUX SBIIEHHH OBIIIH JOCTHTHYTEI OITPEIEIIEHHBIE YCIIEXH,
HMH HAayHHAIOT Bce OOJee HHTEPECOBAThCS HE TONBKO (PH3HKH, HO H €CTeCTBOHCIIBITATEIIH, B
OCOOEHHOCTH BpauH, ILITABIIHECS IIPHMEHSATh 3IIEKTPHYECTBO IS JIeYeOHBIX IENEH.

OTAelbHBIE VUYEHBIE BBICKA3BIBAIH IIPEAIIONIOKEHHS, YTO €CIIH «BCA IIpHpOIa
3JIeKTpHYECKas», TO H B OpraHH3Max YelOBeKa M KHMBOTHBIX ITO JKIJIaM M MYCKVYIIaM JOIDKHA
ITPOTEKATh 3Ta TAHHCTBEHHAS MaTepHa. OIHHM H3 IOATBEPKIEHHH VKa3aHHBIX BO33PEHHH OBUIH
3JIeKTPHYECKHE PHIOBI, H3BECTHEIE EII[e C APEBHIX BpeMeH. TaK BO3HHKIIO IIPEICTaRIIEHHE O HOBOM
BHJIE MEKTPHYECTBA, HA3BAHHOM «KIBOTHBIM.

HMccnegoranieM MBIIIEYHBIX JBHOKEHHH JIATYINEK 3aHSUICS ITpodeccop aHaTOMHH
Bononckoro yunBepcureta JIyumxu ['ampBanm (1737—1798). [IepBrie 311eKTpo) H3HOIOTHYECKHE
orbeITH JI. I'ampBaHHn Haxg asaryiukamMi oTHocsarcd K 1770 r. Cryersa 11 ner oH onyOiIHKOBaI
pPe3VyIbTaThl CBOMX HCCIEIOBAHHI B 3HAMEHHTOM «TpakTare O CHJIAX SIEKTPHYECTBA IIPH
MBIIIIEYHOM JABHKEHHH Y, ITOIYUHBIIEM IIHPOKYIO H3BECTHOCTD.

Bo BpeMs OJTHOT' O M3 SKCIIEPHUMEHTOB, KOT'Jla ITPellapHpOoBaHHas JIATYIIKa JIeKajla Ha CTOJIE,
Ha KOTOPOM HaXOMAIIach 3MeKTpocTaTHYecKas MaluHa, JI. ['adpBaHM 3aMeTHII, YTO ECIIH
IIPHKOCHYTHCS CKajbllelleM (HIH JFOOBIM ITPOBOJHHKOM) K OeJIpeHHOMY HEPBY JISATYIIKH B
MOMEHT, KOI'Jla M3 KOHAYKTOpPa MAIIMHEI H3BIEKAETCA HCKPA, TO MBIIIIIEI JISTYIIKH CYI0POKHO
COKpaIrmaroTcsa. JIOTHYHO OBLIO ITPeAIIONIOKHTh, YTO H aTMOC(pepHOe 3IeKTPHYECTBO JOIIKHO
IEeHCTBOBATh aHAJIOTMYHO. M MeHCTBUTENBHO, IIPH BO3HHKHOBEHHH MOIHHH MBIIIIIBI JISTYIIKH
COKpamaimce. sKenass BRISICHHTH, KaKHe SBJIEHHS OyayT HaOMoAaThCS IPH SCHOH IToroge, JI.

['albBaHM ITPHKPENIT MeIHBIH KPIOUOK K JKEIe3HBIM IlepHiaM OalkoHa. lIprximas gpyrom
NOKYMEHT NMOANMUCAH

SAEKTPOHHOW MOANVCHIO COKpaIlleHHe MBI JISTYIIKH. [logo3peBas, 4To
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 | g 8
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ITPHKAB MEIHEIH KPIOUOK, MIPOAETRIN Yepes CITHHHON MO3T JISTVIIKH, K CTOTY, OH CHOBa YBHIEI
CUIIPHBIE COKPAIEHMSI MBI JITYINKH. OJIHAaKo II0CIHe 3aMEHBl OIHOIO0 M3 METaUIOB
HEIIPOBOJHHKOM MBIIIIEYHBIX COKPAINEHHH V JIATYIIKH HE ITPOHCXOANII0. Ho cokpareHnsa ObUIH
«IHEPrHYHEe M TPONOJIKHTENIPHEESY, €CIHM JIATYIINKA JIeKajla He Ha JKEJIE3HOM IIHMCTE, a Ha
cepebpsHon I1mractuHe. JI. l'ampBaHHM cheman IPaBIJIBHOE ITPEAIIONIOKEHHE O TOM, YTO
COKpAII[EHHE MBIIIII] BBI3EIBACTCS JEHCTBHEM SIIEKTPHYECKHX CHII, UYTO MBIIIIIEI H HEPBEI 00Pa3yIOT
KakK OBl JBEe OOKIAAKH JeHJcHCKOH OaHKH. Bce 3TO cos3gaBamo IOUBY IJIS ITPeCTaBIEHHI O
CYILIECTBOBAHUH OCOOOI0 — «(KHBOTHOIO» — 3IIEKTPUYECTBA, TAKYIO MEICIIP M BBICKa3zail JI.
["ampBaHu 4719 00BSICHEHHT HaOMIOAaBINNXCSI HM (PaKTOB. 3TOMY IIpeArnonokeHHro JI. ['ambBaHH
IIpHAan (POPMY TEOPHH, H3JI0KEHHOH B YIIOMSHYTOM «1pakTare O CHIaxX 3NeKTpHYecTBa ITPH
MBIIIIEYHOM [JIBIJKEHHH». T€lI0 JKHBOTHOIO SBIISUIOCH, COrjacHO BarmsmaM JI. [ameBani,
CBOEOOPa3HOH JTeHAEHCKON OaHKOM, CITOCOOHOH Ha HEIIPEPBIBHOE ITIOBTOPHOE AEHCTBHE. OIIBITHI
JI. T'a;mpBaHM BBIZBAIIM OONBIINOH HHTepec. CpelH (pH3HOJIOTOB cTaja elle OoJbIle, YeM paHee,
YKPEIUISATHCS MEICIIB 00 3IIEKTPHUYECTBE KaK YIMBHTEIILHOM HOBOM CPEACTBE IS HCIIEIeHH . UTOo
KacaeTc I (PH3HKOB, TO MX B3TTIIBI Ha SBJIeHH S, HaOmogapimrecs JI. I'anpBaHH, pa3onumch. OIHH
cormammammcy ¢ JI. l'ampBaHM HW CUMTalIM, 4YTO «TaJlbBAaHHYECKOE)», WIH «KHBOTHOEY,
3JIEKTPHYECTBO HMMEET COBEPIIEHHO HHVYIO TIPHPOAY, YeM OIIeKTPHUYECTBO TPEHHSI, IPYITHE
OTOXAECTBILUIH 00a BHA AIIEKTPHYECTBA, HAKOHELL, TPETHS IPYIINa (PH3HKOB BOOOIIE OCITapHBaIa
CYIIECTBOBAHUE «KHBOTHOI'O» 3IIEKTPHUYECTBA.

M. @apagen TakKe BBICTYIIA IPOTHB KOHTAKTHOH TEOPHH 3IIEKTPHYECTBA, VKa3bIBasL, UTO
HET TAKOro Ciayyas,, Jake ITpH yaapax 3JIEKTPHUYECKOTO VIpsS M CKaTa, KOrjla SJIeKTpHYECTBO
ITOIYYaIock ObI 6€3 3aTpaThl KaKOr O-IIHMO0 APYroro BHA SHEPIHHL.

MHOI'OUHCIIEHHBIE OIIBITEI 110 3MEKTPOINH3Y Pa3IHYHBIX KHIAKOCTEH BCKOPE IPHBEIN K
HEeOOXOMHUMOCTH OOBSCHEHH S MEXAHI3MA AIIEKTPOJIM3a, BEI3BAIM ITOTPEOHOCTE B TEOPETHUYECKHUX
OOOCHOBAHMSIX ITPOHMCXOMJAINMX SBIIEHHH. TEOpHH 3IeKTPOolm3a OB ITPEAIOKEHEL PSIOM
YUEHBIX, HO HanOonee IIPHOIMKEHHOH K COBPEMEHHBIM BO33PEHHSM Ha IIPOIECCH AIIEKTPOIH3a
SIBHITACh TEOPHS 3IeKTPOIIH3a INTOBCKOro Ipodeccopa Teomgopa 'porryca (1785-1822), koropas
OBlLIIa, II0 CYIIECTRY, IIEPBOH HOHHOH TEOPHEH AMEKTPOIMTHUECKIX ABIeHHH. T. I'porryc B 1805
T. olryonukoBan «MeMyap 0O pa3IoKEHHH ITPH ITOMOINH TaJIbBAHHYECKOI O IIEKTPHYECTBA BOMEI, a
TaKKe PACTBOPEHHBIX B HeH Temy. Teopus T. I'porryca Owliia nmepegoBOH IJISI CBOEI0 BPEMEHH,
OHa IIpoAep:kalack B Hayke Ooinee 70 IneT, YCTYIIMB MECTO TEOPHH 3IIEKTPOIHTHYECKON
THccorHaIii. M3BeCTHRIe 3aKOHBI 3JIeKTPOIH3a ObIIH chopMyIHpoBaHel M. QapageeM B 1833—

[OKYMEHT MOAMMCAH |
SNEKTPOHHOW MNOANUCHIO IIEKTPOA», «aHOI», «KATOd».
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BONMBIIION BKIAM B COBPEMEHHVIO SIEKTPOTEXHHKY BHEC AHITIMIICKHI VueHBIH Maiki
Dapajgen, TPYIAsl KOTOPOro, B CBOK O4Yepelb, OBIIH ITOJATOTOBIEHEI ITPEAINECTBOBABIIIIIMIL
padoraMH 110 H3YUYEHHIO NEKTPHYESCKIX 1 MAarHUTHBIX SBJIEHHIL.

EcTh HedyTO CHMBOIHYEeCKOe B TOM, YTO B roj poxaeHua M. @apanesq (1791) Gwin
OIMyOIIMKOBaH TpakTar JIyHmku ["albBaHH ¢ IIepBBIM OITHCAHHEM HOBOI'O (PH3HYECKOTr O SIBIEHHS —
SIEKTPHUECKOTO TOKa, a B ToJ ero cMepTH (1867) Oplma m300peTeHa AHHAMO-MAaIllMHA —
CaMOBO30YIAFOIIHIICS TEHEPATOP MTOCTOSIHHOI'O TOKA, T. €. IOSBIUICS HaJIE/KHBIH, SKOH OMHYHBIIH
H YIOOHBIN B DKCIUTyaTallHH HCTOYHHK 3IIEKTPHYECKOH SHEPIHH. JKH3HE BEIIHKOI'O YUEHOIO H €TI0
YHUKAJIbHAS 110 METOJAM, COAEPKAHHIO H 3HAYEHHIO JIEATEIIbHOCTh HE TOJIBKO OTKPHIIH HOBBIM
pasfenl (PH3HKH, HO H CBhIIPall PElIAONIyI0 POIb B POKIAEHHH HOBBIX OTpaciiel TEeXHHKH —
3JIEKTPO- H PAIHOTEXHHKH.

Bor yxke Oomnee Beka MHOTHE ITOKONIEHHS VYaI[MXCSI Ha YpokKax (QH3HKH H H3
MHOI'OUYH CIIEHHBIX KHHUT Y3HAIOT HCTOPHIO 3aMeYaT elbHOH KH3HH OJHOIO M3 CaMbIX 3HAMEHH THIX
YUEHBIX, WIeHa 08 HAYUHEIX OOI[eCTB H aKkaaeMHI. OOpIyHO HMSI M. Dapajies CBI3BIBAIOT C CaMbIM
3HAUUTEILHEIM H ITOTOMY HaHOOlIee H3BECTHHIM OTKPHITHEM — SBIIEHHEM 3IIEKTPOMATHHTHOH
HHAVKIIHH, caelaHHeIM M B 1831 r. Ho eme 3a rox go sroro, B 1830 r., 3a HCCIeIOBAaHHS B
obmacTH XHUMHHM M 3MeKTpoMmarHeTHsMa M. @apazgenn Opl1 HM30paH IIOYETHBIM YJIEHOM
IleTepOyprckon akageMHH HaykK, 4WIEHOM ke JIOHZOHCKOIO KOPOJIEBCKOIO OOIecTBa
(bpuTaHckoH akajJeMHH Hayk) oH ObUl HM30paH eme B 1824 r. C 1816 r. (korga yBHAENIA CBET
nepBast HayyHas padota M. Dapaess, IToCBSIeHHAsS XHMHYEeCKOMY aHAaIH3y TOCKAHCKOH H3BECTH)
mo 1831 r. (korma cram ITyOINHMKOBaThbCSI €ro 3HAMEHHTBIH HAyYHBIH  JHEBHHK
« OKCIIepHMeHTalbHBIE HCCIEIOBAHHS IO 3IeKTpHYecTBY») M. DapageeM OBUIO OITyOIHKOBAHO

CBEIIIE 60 HAYUYHEBIX TPY/IOB.

K OHMPOJIbHbBIE 601NPOCHL.

l. KTo wmn300pen mnepBwIi mpocTelmmii TpaHcpopmaTop? Ero KOHCTPYKIIHSI H
Ha3HauYECHHE.

2. Kaxmm o0pas3oM Iepegaranach 3IeKTPO3HEPr I Ha OOIBIIHE PACCTOSHI!

3. OcHOBHBIE OIBITEI M. Qapajgesd IpHBEAIIMX K OTKPBITHIO 3JIeKTPOMATrHHUTHOM
HHTYKI[HH.

4. [IOATOTOBUTh IIPE3€HTAI[HOHHEIE IIPOEKTHI Ha TeMy. JKH3Hb H Hay4HBIE

Hecenemopanus Jlymmxm [NameBann. Hayuneiii mogsur Marikna @Dapages. M. Qapajgen —

AOKYMEHT [IOAMMACAH forst
SNEKTPOHHOW MOAMUCHIO |
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Ipakmuueckaa paboma Ned. /Ku3He u Hayunsle uccieoosanuqa I. C. Ipcmeoa.
OcHosaments 3nekmpoourHamuxku Anope Mapu Amnep. A. Amnep: nymes ¢ Hayky. I eopz Om:

yepes mepHuu K ciuase. Om. 3axkon Oma.

HE.E’II’:.' I/IB}HIEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

IJNIEKTPOTEXHHEKI H (bﬂpMIpGEElHHE €€ HaYVIHbBIX OCHOB.

OcHo6bl meopuiL:

[lepBBIM VyueHBIM, VYOSOUTEIIPHO IIOKA3aBIIHM CBSI3b MEXKIY SIEKTPHYECTBOM H
MarHeTusmoM, OblI I'. X, Opcren. XOTs, KaK YVKe OTMEYAIOCh, 3HAUYMTEIILHO PaHEE 3TV CBSA3b
o6Hapyxwn J[. Pomansosu [10, 11]. I". X. Operen, Oyayun JOKTOPOM (PHIIOCO(HH, Pa3MBIIIIISI O
B3aHMOJEHCTBHH Pa3IHYHBIX (DPH3HYECKHX SBIEHHH, IIPHIIIET K BRIBOAY O TOM, YTO JIOJKHA OBITH
b MeXKIY TEIIOTOH, CBETOM, MAarHETH3MOM H MIeKTpHYeCTBOM. EIe B 1812 I'. B OTHOM H3 CBOMX
TpyaoB I'. X. DOpcTel BBICKA3BIBAII IIPEATIONOKEHHE O CBSI3H MEXKAY SMEKTPHUYSCKHMH H
MarHHTHBEIMH SBIIeHHSMH. «CleayeT HCIpoOOBaTh, HE MPOH3BEAET JIM 3JIEKTPHUYECTBO B CBOEH
CaMOH CKPBITOH CTaJHH KaKHX-ITHOO AEHCTBHII Ha MAarHMT KaK TakKOBOH». llo3aHee, korma BO
BpeMd ero IeKIHH CTyAeHTaM KoIlleHrareHcKoro YHHBEpCHTETa OH JEeMOHCTPHPORAIl Har peBaHHE
ITPOBOJIOKH SIEKTPHUYECKHM TOKOM H CTPellKa KOMIlaca, CIY4YaiHO HaXOMHBIIETOCS PSIOM,
OTKIIOHMIIACK, I'. X. Dpcren yOeaics B CIIPABEAIIHBOCTH CBOEH JaBHEH JOTaIKH.

B 1820 r. 1mocie QOIOMHHTEIBHBIX HSKCIepHMeHTOB ['. X. Opcrel omyOIHKOBAI
PE3VILTATEl CBOMX HAOMIOAEHHI 3a AeHCTBHSAMH TOKAa HAa MATrHHTHYIO CTPEIIKY, BBI3BABIIIHE
OOJIBIION HMHTEPEC CPeAH YUYEHBIX Pa3HBIX CTPaH H IONYYHBIIHE B HX TpyaaxX JajbHEHIIee
Pa3sBHUTHE.

B 1820 r. uHemenxmii ¢mu3uk Horan X. C. IIeeirrep (1779-1857) mpeamoximn
HCIIOJIb30BAaTh OTKIIOHEHHE MAarHHTHOM CTPEIKH 3IEKTPHYECKHM TOKOM IS CO3JaHIS IEPBOrO
H3MEPHTEILHOIO IpHOOpa — HHAHMKATOpa TOKa. Ero mnpuOop, IOIYYHBIIMII Ha3BaHHE
«MYIbLTHILUIHKAaTOpa» (T. €. YMHOXAIOIIero) TIIpPeAcTaBIsTI cO00OH MAarHHTHYKO CTPelIKY,
TIOMEIIEHHYIO BHYTPH PaMKH, COCTOSIIEH H3 HECKOJIBKHX BHTKOB ITPOBOIOKH [ 10].

OIHAKO BCIeACTBHE BIMSHHSI 3c¢MHOIO MarHeTH3Ma Ha MAarHHTHYIO CTPEIIKY
MYJIIBTHIUIHKATOPa €ro MoKa3aHM g ObIIH HETOUHBIMH. A. Amiiep B 1821 r. rmokasan BO3MOKHOCTh
YCTPAHEHHS BIMSHH S 36 MHOI'O MarHETH3Ma C ITOMOIIBIO aCTaTHYECKOH IIaphl, IIPeCTaBIISIOLIEH

cOOOH JBE MArHHTHBIE CTPEIKH, YKPEIUIEHHBIe Ha OOINeH MeJHOH OCH H PaCIIONOKEHHBIE
OOKYMEHT NOANUCAH

SNEKTPOHHOW NOANUCHIO B IIPOTHBOIIOIOKHEIE CTOPOHEI. B 1825 T
Ceptucdukar: 12000002A633E3D113AD425FB50002000002A6 |
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Imapy ¢ MYJIbTHIUIMKATOPOM H ITOCTPOHII TaKHMM oOpa3zoM Oojlee UYBCTBHTEIBHBIL TIPHOOP —
Ipoodpas rajkBaHOMETPA.

B 1820 r. JI. ©. Aparo oOHapyXHWI HOBOE SBJIIEHHE — HaMarHHYHBAaHHE ITPOBOJHHKA
ITPOTEKAFOIIMM 110 HEMY TOKOM. ECIIM MeJHas MpOBOJIOKA, COEAHHEHHAS C ITOIOCAaMIH BOJIBTOBA
cTonla, MOrpykKainack B JKeJIe3HEIEe OIMHIIKH, TO IOCIeJHHE PABHOMEPHO K HEH ITPHIINIIAII, TIPH
BREIKIFOUEHHH TOKa OMWIKH Itaganu. Korma J[. @. Aparo Opanl BMECTO MEIHOH ITPOBOIIOKH
KEeJIe3HYIO (H3 MATKOIO JKeJe3a), TO OHa BpEMEHHO HaMarHHYHBAJIach, KyCOUYEK CTalIH IIPH TaKOM
HaMarHHYNBAHHH CTAHOBHIICS ITOCTOSIHHBIM MarHUTOM. Ilo pexomeHpmarmpin A. Awmmepa J[. @.
Aparo 3aMeHIUTI IIPSIMOJIMHEHHVIO ITPOBOJIOKY ITPOBOJIOYHOH  CIMpalbIO, IIPH STOM
HaMarHH4YHBaHHE MIOJIKH, ITOMEINEHHOH BHYIPH CIIHPAIH, YCHIHMBAIOCh. Tak OBUI CO3HaH
coneHou . OrmITE J[. D. Aparo nepBeIMH VKas3all Ha 3JIEKTPHYECKYIO TIPHPOAY MarHeTHs3Ma H
ITOKa3aJIH BO3MOXHOCTh HAMAaTrHHYHBAHHS CTAJIH SIEKTPHYECKHM TOKOM [ 11].

B mporiecce croux HcenegoBaHuil . . Aparo B 1824 r. oOHapyXII ele OJHO HOBOE
SIBIIEHHE, HA3BAHHOE MM «MAarHETH3MOM BpAIlleHHS», IIPaBHIILHOE OOBSICHEHHE YEro, KaK OyHeT
ITOKa3aHo Jgarnee, ObU10 JaHo M. DapazieeM TOIMBKO ITOCTIE OTKPBITHS SBIEHU S 3JIEKTPOMArHHTHOM
HHTYKIHH.

HOBEIM I1aroM OT KaueCTBEHHEBIX HAOIIOIEHH JeHCTBHA TOKA Ha MarHUT K OITPE/IETIEHIIO
KOIIMYECTBEHHBIX 3aBHCHMOCTEH SBIJIOCH YCTAHOBJIEHHE (PpPaHITY3CKHMMH YYEHBIMH JKaHOM
Batucrom bmo (1774-1862) u ®emixcom Capapom (1791-1841) 3axoHa JeHcTBHS TOKa Ha
MarHur. IIpoBeas psg SKCIIEPHMEHTOB, OHH B 1820 TI. YCTAaHOBWIH CIEAVIOIIEE. ECIH
HEOIr'PaHHYEHHOH JJIHHEI ITPOBOJI C IIPOXOMSIIHM IO HEMY TOKOM JeHCTBYET Ha YacTHI[Y
CEBEPHOI'0 IIH IOKHOIO MarHeTH3Ma, HaXOSIIYIOCS Ha H3BECTHOM PACCTOSHMI OT CEPeIHHBI
IIPOBOZIa, TO PaABHOAECHCTBYIOIASI BCEX CIJI, HCXOMSIIMX M3 IIPOBOJA, HaIlpaBIIEHa
MEPIIEHANKYIISIPHO K KpaTyamIlleMy PacCTOSHHIO YacTHIBI OT IPOBOAAa M OOIIee JEHCTBHE
ITPOBO/IA Ha JIFOOOH, FOKHEIH WIH CEBEPHBIH, MAarHHTHBIH 3IIEMEHT OOpaTHO ITPOIOPIIHOHAIBHO
PACCTOSIHHIO OT ITOCIEMHErO J0 ITpoBoaa. OOHapYKEHHE TaHT EHI[HATIEHOH COCTABIISFOINEH CHIIBI
ITO3BOJIUIO OOBSCHHUTH BpalllaTelbHEIH XapaKTep ABHKEHH S IIPOBOAHNKA OTHOCHTEIbHO MarHHTa.

OpaHiry3ckuil yueHbli IIpep Cinon Jlamrac (1749—-1827) mokaszan BITIOCIEACTBHH, YTO
CHIIa JEHCTBHS, co3laBacMasl HEOOIBIIMM Y4YaCTKOM IIPOBOJHHKA, H3MEHSETCSI OOpaTHO
ITPOITOPITHOHAIILHO KBAAPATY PACCTOSHHAL.

BaxHenee HaydyHOe M METOHOJIOTHYECKOE 3HAUEHHE B PACHMPEHHH HCCIIELOBAHMSI

HOBBIX SIBJIEHHH HMEIH TPYAbI OJHOIO M3 KPYITHEHINHX (QPaHIlY3CKHX Y4YeHBIX AHApe Mapnu

SNEKTPOHHOW NOAMUCHIO KIPOA '
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

IOBCHHO OJ4apC€HHBIM OT IIPHPOABI HCIIOBCKOM.
Bnapeneu: lebayxoea TaTeaHa AnekcaHgpoeHa
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HCCIEOBAHISIMH H BHEC HEMEPKHVIIHH BKIIAJ B COKPOBHIIHHIIY MHPOBOI IIHBHIIM3AIlMH. Ero
HCCIEOBAaHNS B OONACTH SIEKTPOMAarHeTH3Ma OTKPBUIM HOBVIO CTpPaHHIY B HCTOPHH
AIEKTPOTEXHHKH. [ IpH H3yUeHHH 3THX SBIeHHH SPKO IIPOSBHIINCh (PeHOMEHAIbHBIE CIIOCOOHOCTH
A. Amrepa.

OH BIepBhIe y3Ha 00 oneiTax I'. X. 3pcrefga Ha 3acefaHuH [ lapHKCKOH aKaJeMHH HaVK,
rJIe X IIOBTOPHII BO BpeMs CBOero coodrenns JI. @. Aparo. Bmecte ¢ BocxmineHHeM A. AMIIED
HHTYUTHBHO IIOYYBCTBOBAJI BaXHOCTh OTKPBITHS OpCTela, XOTS paHee OH He 3aHNMalcd
H3YUEHHEM 3JIEKTPOMATrHUTHBIX SBIEHHH. M pOBHO Uepes Heemo, 18 ceHTsa0ps 1820 ., A. Amriep
BBICTYITAET HA 3aCEJaHHH aKaJeMHH C JOKJIaJO0M O B3aHMOAECHCTBHH TOKOB H MarHHTOB, a 3aTeM
IIPAaKTHYECKH €XXeHeJelIbHO (C TaKOH IepHOJHYHOCTHIO ITPOBOAMIHCH 3acelaHHs [laprokckoH
aKaJeMHH HayK) OH H3JIaraeT Iepel] KPYIHEHIIHMH (PPaHIy3CKHMH YUYeHBIMH Pe3YIILTAThl CBOHX
3KCIIEPHMEHTABHBIX H TEOPETHYECKIX HCCIEIOBAaHHI, KOTOPBIE IO3HEE OB OTPaKeHEl B €T0
3HAMEHHTOM TPVIE 10 3EKTPOIHHAMUKE.

B omHOM M3 mmuceM A. AMIEp IOJUEPKHUBACT, YTO OH «CO3all HOBYIO TEOPHIO MarHHTa,
CBOJISIIVIO BCE ABJIEHHNS K SBIEHHUSAM rajibBaHIsMay. [lopasurenbHa 1oruka ero o000IeHHH: eCIIH
TOK — 3TO MarHuT, TO JIBa TOKA JOIDKHBI B3aUMOJAEHCTBOBATh ITOLOOHO MarHHUTaM. Telepp 3TO
KaKeTCs OUEBMIHBIM, HO 10 A. AMIIepa HUKTO TaK YeTKO Ha 3TO He YVKa3all. brecTsriie mo3HaHH g
B O00JaCcTH MaTeMaTHKH ITO3BOIDUIIM A. AMIIEPY TEOPETHYECKH OOOOIINMMUTEL Pe3yibTaThl CBOHX
HCCIIEJOBAHHI H C(DOPMYIIHPOBATh H3BECTHHIH 3aKOH, HOCSIIHI €0 HMSL

B. B. IletpoB eme B Havaire XIX B. yKaszajl Ha CBSI3b MEXKIAY ITONMEPEYHBIM CEUEHHEM
IIPOBOJHHKA M BEIIHYHHOH TOKa B HeM. B 1821 r. X. J[3BH YCTaHOBII, YTO IIPOBOAHMOCTE
ITPOBOIHIKA 3aBHCHT OT MaTepHala U TEMIIEPATYPHI, OH TAKKE IIPUIIIET K BEIBOAY O 3aBHCHMOCTH
ITPOBOIMMOCTH OT IUIOINAJH ITOIIEPEYHOIO CEYEHHS IIPOBOJHMKA. boliee IImyO0OKO BTH SBIEHUSA
OBLIIH HCCIeL0BaHbI HeMeIKHM (pH3HKoM ['eoprom CumoHoM Omom (1789—1854).

IlepBrIH sTan Heenepopanui, HaYaTeIX I'. C. OMoM B 1821 1., Korga oH padorain YUHTEIIEM
MaTeMaTHKH H (PH3HKH B OFHOH H3 IMKOI I'. KelbHa, OTHOCHICS K H3YYEHHIO ITPOBOSHMOCTH
PasIMYHBIX

ITPOBOIHHKORB. 3HAUYEHIE TOKA H3MEPSTIOCH IT0 MAarHHTHOMY JEHCTBHIO: IS 3THX I[ENIeH OH
COOPYIIII ITPHOOP, IMOAOOHBIN KPYTIIBHEIM BecaM LIl KyroHa, HO BMecTO OY3HHOBBIX IIAPHKOB
Ha,J{ IIPOBOJHHUKOM OBIJIa ITOABEIIeHa MarHUTHAs cTpenka. 110 yriry KpyuyeHHsI HHTH MOXHO OBLIIO
CYIIUTH O TOKE, AIEHCTBYIOIIEM Ha CTPENKY. Pacronaras IpoBOAHHK B HaIIPABIIEHHH MArHHTHOTIO

MCPHJIH4HA, I'. C. Om YCTAHOBHJI IIOCTOAHCTBO VIJId KPYHUCHHA HIITH, YTO IIOATBCPXAAIIO

[IOKYMEHT MOAMVCAH :
SNEKTPOHHOW NOANMUCHIO |
Ceptucpukar: 12000002A633E3D113AD425FBS0002000002A6

B IIO HCCIICJOBAHITIO IIPOBOJHMOCTH Pa3JIHYHBIX
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OTKJIOHEHHS MAarHHTHOH CTPEeIKH OT IUIOMAaAH IIOTIEPEYHOIO0 CEeYEeHHST IPOBOAHHKA. OH
YCTAHOBHJI, UTO TIPOBOIIOKH M3 OJHOIO M TOrO K€ MaTepHalla, pas3/IMYaroIlHeCs IUIOIAIbIO
IIONEPEYHOIO  CEYEHHSI, MMEIT  «...OQHHAKOBYIO TIIPOBOAMMOCTh, €CIH HX JJIHHEI
ITPOITOPITHOH AL HEIL TIOTIEPEYHEIM CEUEHHSIM).

Bo Bpemsa mpoeseaeHHSA OIBITOB I'. C. OM CTOJIKHYJICA ¢ OONBIIMMH TPYAHOCTSMH:
3JIEKTPOABHKYINAS CHJIa TaJlbBAaHMYECKHX 3IIEMEHTOB 3aMETHO CHIJKalach B IIPOIECCE HX
3KCIUTyaTalluy, MeXaHH3M pPadoThl HCTOUYHHKOB ITHTAHMs OBLII HEM3BECTEH, OOMI[EIPHHATHIX
METOHOB OIIPEACIIEHHA 3JIEKTPOIIPOBOAHOCTH TIPOBOAHHMKOB HE CVIIECTBOBAIO, B HAYUYHVIO
ITPaKTHKY He OBUIM BBEJICHEI BEIMYHHEL, XapaKTEPHU3VIOIIHE TOK B I[EIH, He OBIIIO IIPHOOPOB 1A
H3MEPEHNHS 3THX BelMYMH. HyXHO OpIIO paspaloTaTe HE TOIBKO METOIHKY ITPOBEIECHIS
3KCIIEPHMEHTOB, HO M CO3/[aTh COOTBETCTBVIOIIHE ITPHOOPEI, 00&CIIEUUTh OONBINYKD TOUHOCTH
H3MepeHHii. Bce 5T0 morpeboBaio OT VYUEHOTO HE3aypPSIHOIO MacTepcTBa, VIIOPCTBA H
HaXOQUHBOCTH. EMY IIPHIIUIOCHE OTKa3aTbCs OT TalbBaHHYECKHX Oaraped H 3aMEHHTh HX
TEPMO3JIEMEHTOM, H3TOTOBHTE HECKOIIBKO KOHCTPYKI[HH MYJIbTHIIIHKAT OPOB.

Ha ocHOBe MHOrOYHCIEHHBIX BSKcIepuMeHTOB ['. C. OMYy yaaeTcs BEIBECTH (POPMYIY,
CBSI3BIBAIOIIYIO «CHIIY MAarHHTHOI'O JEHCTBHS IIPOBOJHHKAY (T. €. TOK) C AIEeKTPOBO30YKIArOIIEH
cumoii (OJIC) HCTOYHMKA H CONPOTHBIIEHHEM IIEIH, — 5TO YyXKe OBIJIa OCHOBa 3aKOHa
3IIEKTPHYECKOH IIETTH.

IIpomormxass COBEPIIEHCTBOBATh M3MEPHTEIIBHYIO YCTaHOBKY, I'. C. OM paspabarteiBacT
OPHTHHAJIPHBIE TEOPETHUECKHE ITONOKEHHS, XapaKTePH3VIOIHE ITPOLECCE] B SIIEKTPHUECKHX
IETSIX. H3YYHB TEOPETHUECKHE HCCIIeJOBAHN B 00JIaCTH TEIUIOIPOBOJHOCTH M THAPABIIMKH, OH
BIIEPBEIE TIPOBOAUT AHAIIOTHIO MEKAY ABIKEHHEM 3IEKTPHYECTBA M TEIUIOBBIM IIIH BOJSHBEIM
ITOTOKAMH M IIPHXOAHUT K BEIBOAY, YTO PAa3HOCTh ITOTEHIMATIOB HI'PAET POIb MAJlCHU A TEMIIEPATYP
WM PasHOCTH YPOBHEH BOJLI B TPyOax.

B 1827 r. BEIXOOHT B CBET ero (pyHJAaMeHTalIbHBIH TPyH «l ambBaHHYecKas IIEllb,
pa3paboraHHas MaTeMaTHYeckH JokropoM I'. C. Omom» (OH TaKKe H3BECTeH II0J Ha3BaHHEM
«TeopeTHyecKHe HCCIIEOBAaHHS AMeKTPHYECKHX IIellei»). 3aKoH, HocaMi ero ums, I'. C. OM
chhopMyIHpOBaIl  CIeAYIOIIMM  oOpa3oM: «BemmumHa TOKa  TralbBaHHYECKOH  IIETIH
ITPOIOPIIHOHAIIbHA CYMME BCEX HAITPSDKEHII X 0OpaTHO ITPOITOPIMOHAILHA CYMME IIPHBEIEHHBIX
IHH» (T0J] «IIPHBEJEHHBIMH JJIMHAMI» IIOJApa3yMeBaeTCs COIPOTHBIIEHHE BHEIIHEH YacTH
1[erH). Ecii 1iernb maTaeTcsa oT 0aTapeH, TO TOK nponopiroHaneH D/{C sneMeHTa (B YHCIIHTEIE),

d B 3HAMCHATCIIC KpPOMEC COIIPOTHBIICHHA IICIIH VYKA3bIBACTCA H BHYIPCHHCC COIIPOTHBIICHHE

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

yJIBI IIPH OLICHKE CHIIBI TOKA KdK ITO MdI'HHTHO
Bnapeneu: LlebayxoBa TaTeAHa AnekcaHapoBHa yIIbL TIpH OLL MY,
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OTYACTH ITOTOMY, UTO B NEPBBIX €ro IMyOIHMKAI[HSIX OBIIM JOMVINEHB HETOYHOCTH, a TaKXKe II0
IIPHYNHE HELOCTATOYHOH H3BECTHOCTH HMEHH CKPOMHOIO IIIKOIBHOIO YUHTEIISL.

OJIHAKO TIOCIIE ITOATBEPKIECHHS IIPaBIIBHOCTH 3aKoHa ['. C. Oma TakMMH H3BECTHBIMH
BIIEKTPOTEXHHKAMH, KaK IeTepOyprcKHe aKaJeMHKH OMIUIHH XPHCTHAHOBHY JleHIlT M bopruc
CemenoBnY SIxo6u (1801-1874), a Taxke npucyxaenua I'. C. OMy 30710ToH MegamH JIOHTOHCKHM
KOponeBCKHM o0mmecTBOM (1842) ero Tpyz 1o MpaBy 3aHSII IOYeTHOE MeCTO B HaykKe. OH SIBHIICS
(yHIaMEHTOM TEOPETHYECKOH IMeKTPOTEXHHKH H COXPAaHIII CBOE 3HAYEHHE JI0 HaIllMX JHEH. Ha
[lepBoM MeXIyHaApOIHOM KOHI'PECCE ANEKTPHKOB €IUHHIA COIPOTHRIIEHN A TOKa ObIlla Ha3BaHa

{OMOM».

KpoMe mccimegopaHiii B OONACTH 3MMEKTPHYECKHX Iered OM 3aHHMMAICSI ITpOoOIIeMaMi
AKYCTHKH, TTOJISIPH3AL[HH CBETa, CO30aBajl OPHIHHAIbHBIE IEMOHCTPAILIHOHHEIE ITPHOOPEL. B OTBeT
Ha IpockOBl Kouier OM HaITHcal OYEHb COJAEPKATENBHBIN H XOPOIIO IIIFOCTPHPOBAHHBIT
y4eOHHK IT0 (PH3HKE, OJHAKO BTOPOH TOM CBOET0 KaIllHTAJILHOIO TPYZA 3aBEPIINTEL He yeIrel. OM
rmicain, 4yro padora Haj YYeOHHKOM IIPHHECTIA €My «MHOIO pagocTH». COXpaHMIIOCh TaKXke

HCMAJIO JJICKTPOMAI' HHTHBIX }’GTpDﬁETEj CO3JdHHBIX PYKAMH OmMma.

K OHMPOJIbHbBIE 601POCHI.

I. OOHapyXeHHEe H H3YUEHHE JAEHCTBH A NIEKTPHYECKOr O TOKA.

2. OTKpPHITHE 3JIEKTPHYECKON AYTH H €€ IMPAKTHYECKOE HCITOJIb30BAHIE.
3. B3anMOZeHCTBHE 3IEKTPHYECKOr O TOKAa H MarHHTa.

4, YCTaHOBIEHHE 3aKOHOB 3NIEKTPHYECKOH IIETTH.

5. [IOATOTOBUTEL IIpe3E€HTAI[HOHHBEIE IIPOEKTHI Ha Temy. JKH3HR H HayuHbIe
HeciaegoBaHmsa I'. C. Spcerema. OcHoBaTelpb aneKTpoanHaMiKH AHape Mapn Amriep. A. Amiiep:

ITYTh B HAyKy. I'eopr OM: depes TEpHHH K cilaBe. OM. 3aKOoH OMa.

AOKYMEHT NoanmncAH
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Ipakmuueckaa paboma NeS. Ilepevie 3nekmpuueckue mauiurol. Ilepentil zenepamop

MIEKMPUUECKOZ0 MOKA. OIHHPMHIHE XHMHYECKHX, MENJIOGBIX, C6E€EMOGLIX I MAZHUMHBIX

oercmeuil mokad.

HE.E’II’:.' I/IB}HIEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

IJNIEKTPOTEXHHEKI H (bﬂpMIpGEElHHE €€ HaYVIHbBIX OCHOB.

OcCHO6bl meopuu:

BakHeHIIMMH  HAayV4YHBIMH  IIPEAIIOCBIIKAMH  BO3HHKHOBEHHMS  BJIEKTPOMEXAHHKH
ITOCITYKHIIM JOCTHXKEHHS B OOIACTH SMEKTPOAMHAMHKH H OTKPBITHE SIEKTPOMArHHTHOH
HHAYKIMH. BaXHyio poib IpH pa3paloTKe IePBBIX KOHCTPYKI[HIT SMEKTPHYECKHX MAIlMH H
3JIEKTPOMArHHTHBIX VYCTPOMCTB CHITPall M OILIT KOHCTPYHPOBAHMS MAIlMH H MeXaHH3MOB
JTOAIEKTPHYECKOIO TIEPHO/IA.

B CBs3M ¢ TEM, UTO IPHHIHIT OOPAaTHMOCTH 3IEKTPHYECKON MAIIIHHEL OBIIT OTKPBIT TOJIBKO
B 1830-X IT., a €ro IMPOKOE HCIIOJB30BAaHHE HAYAJIOCH JIMIIL C 1870-X IT., IPeACTaBISETCA
BIIOJIHE IIPABOMEPHBEIM pacCMaTpHBATh OTAEILHO HCTOPHIO CO3M@HHMSA 3JIEKTPOJBHIATENS H
reHeparopa B Iepuoj g0 1870 r. A IIOCKOIBKY €JHHCTBEHHBIM HAJEKHBIM H H3YUYEHHBIM
HCTOUYHHKOM 3IEKTPO3HEPTHH A0 cepeAHHBI XIX B. OBII TOIMBKO raJlbBaHHUECKIIL BIIEMEHT, TO,
€CTECTBEHHO, IIEPBRIMH CTAIH Pa3BHBATHCS 3JIEKTPHYECKIE MAIIMHBI IIOCTOSHHOI'O TOKA.

B pa3BUTHH 3I€KTPOABUIATENS IIOCTOSHHOI' O TOKAa MOXKHO OTMETHTh TPH OCHOBHEIX 3Talla,
BIIPOYEM, JOCTAaTOYHO VCIIOBHBIX, TaK KaK KOHCTPYKIMHM W IIPHHIMIIBI JEHCTBHSI
3JIEKTPOJABHIATENIEH, XapaKTePHBIE IS OJHOr O ATara, B OTAEIBHBIX CIIyYasX IOSBIISUINCE BHOBb
CITYCTS MHOro JieT. Bmecte ¢ TeM Ooriee mo3gHHe H 0oJlee ITPOIPECCHBHEIE KOHCTPYKI[MH B
3a4aTOYHOH ((opMe HepeAKO MOXHO HaHTH B IIepBOHAYAIbHOM IIEPHOAE Pa3BHTHS
3JIEKTPOJABHIATEI. st XapakTepHCTHKH ~ Ka)XIOro  Brara  COBEPIINEHCTBOBAHH S
3JIEKTPOJABHIATENS B JalbHEHIIEM H3I0KEHHH PacCMaTPHBAIOTCS TOIBKO HanmOolee THITHYHEIE
KOHCTPYKI[HH.

HavyanpHbIH ITepHo/T pa3BHTHSA IeKTpoaBHTaTeNd (1821-1834) TecHO CBS3aH ¢ cO3aHHEM
(pH3HMYECKNX ITPHOOPOB IS JAEMOHCTPAI[MH HEIPepPBIBHOIO ITpeo0pa3OBaHHS AIeKTPHYECKOH
SHEPIHH B MEXAHHUYECKYIO M HauyMHAeTCd C OIMCAHHBIX BhIIIEe OIBITOB M. apames. Ha
BO3MOKHOCTE TIPEBPAIEHHS 3JIEKTPHYECKON SHEPIHH B MEXAHHMUYECKYIO VKas3bIBaIH M MHOIHE

APYIHE JSKCIICPHMCHTEIL. B »sror IICPHOA OBUIO CO3JaHO HECKOJIBKO (bIIBH‘IEGIﬂ[K Mo elneH
OOKYMEHT NoarnnucAH

SHEKTPOHHOM MOAMUCHIO TepoM bBapnoy (1824), YumbsmoMm Pruyn (1833)
Ceptudnkar:  12000002A633E3D113AD425FB50002000002A6
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[Ipudop JAx. I'eHpH HHTEpeCEH TEM, YTO B 3TOM YCTPOHCTBE BIIEPBEIE CAEIaHa IMOIBITKA
HCIIOJIb30BATh IIPHUTSIKEHINE PA3HOHMEHHBIX H OTTAIIKHBAHIE OHONMEHHBIX MArHHTHEIX ITOIIFOCOB
JUISI TIOJIYYeHHSI HEIIPEpPBIBHOIO JIBH)KEHHS (B JaHHOM ciIydae — KadaTelIbHOro). MOITHOCTE
IBHTaTeJIel nmogo0HOoro THia Oblita odeHb HeOombmion (0,044 BT), H, KOHeYHO, OHH He MOIIIH
HCIIOJIb30BAaThCS Ha ITPAKTHKE.

Kak Ha riepBoM 3Tarie, Tak H ITo3QHee OBIIO IIPEII0KEHO MHOT'O KOHCTPYKI[HIL IBHraTele
C KayaTEIbHBIM IBIKEHHEM SKOps. OjHako 0o0jiee IIPOrPeCCHBHBIMI OKAa3alIMCh IIOIIBITKH
ITIOCTPOHTH ANEKTPOABHIATEIL C BpallaTelIbHBIM ABHKEHHEM SKOPSL.

Bropoit nsram  paHHEro  pasBHTHS  3JeKTpHuYeckHuX  jgBHrarened  (1834-1860)
XapaKTepH3yeTcs IpeodnagaHHeM KOHCTPYKIIHI ¢ BPaIlarelIbHBIM ABHKEHHEM SIBHOIIOIIOCHOTO
SIKOPS. Bpalmarorpi MOMEHT Ha Bally YV TAKHX ABHTATeIeH OOBIYHO OBLI ITYIIb CHPYEOLIHM.

Hanbojsiee XapakTepHBIe H CYIIECTBEHHO BaKHBIE PabOTHI 10 KOHCTPYHPOBAHHIO TaKOIr'O
pola 3NeKTpoABHIaTeleH ITpHHa e kaT boprucy CemeHoBHYY SAKo0H (1801-1874).

B 1834 r. b. C. SIxo6u (pucyHok 23) nmocyan B [IapmkcKyro akaJeMHIO HayK COOOIEHHE
00 H300peTeHHON MM «MarHHTHOH MAaIllHHE». boree mojHoe ormucaHue 3neKTpoasurareisa b. C.
Axo0Hu 6110 onmyOimmKoBaHoO B 1835 r. [IpeacraBisror HHTepeC HEKOTOPEIE BRICKA3kIBaHHA b. C.
SKo0H, B KOTOPEIX OH OITPEAeNISeT CBOH ITOAXOA K H300PEeTEHHIO 3JIeKTpoaABHTaTels «B mae 1834
I'. 1 IIOCTPOIJI CBOH IIEPBBIH MAarHHTHBIH aIlltapar, QAo IIOCTOSHHOE KPYT'OBOE ABHKEHHE, HO
s He MOI CHayajla OTPENMTLCA OT HIAEH IIONYYHTH BO3BPATHO-IIOCTYIIATEIILHOE JIBHIKEHIE,
ITPOH3BOAHUMOE ITOCIIEL0BATEIIEHBIM IIPHT ASTHBAOIIHM H OTTAIIKHBAIOIINM JAeHCTBHEM MarHHTHBIX
CTEPKHEH, a 3aTeM YK€ IPEBPATHTh 3TO BO3BPATHO-IIOCTVIIATEIIbHOE JBHKEHHE B ITOCTOSHHOE
KPYTOBOE H3BECTHBIM B TEXHHKE CITOCOOOM. MHe Ka3aloChk, YTO TaKOH ITpHOOP OYAeT He OONIbIIE
yeM 3a0aBHOH HIPYIIKOH JJII oOorameHHsI (pH3HYeCKIX KaOHHETOB.

Bce 5tTH cooOpaXeHHS 3acTaBHIIM MEHS OKOHYATEIbHO OTKa3aTbCSd OT IIOTIBITKH
ITIOCTPOMTH allllapar, IOIYYAOIIHI BO3BPATHO-IIOCT VITATEIIBHOE ABHKEHHE)).

Comuennsa b. C. fxoOu j1erko OOBSCHHMEL ITPHBBIYHBIH ITAPOBOH IBHIATelIb JdaBall
BO3BPATHO-IIOCTYIIATEIILHOE JBHKEHHE, H, KOHEYHO, XOTEJIOCh IIOCTPOHTH HOBBIH, 3IIEKTPHYECKHHI
JIBHT aTelIb, JAIOIHI TAKOE Ke «HOPMAalIbHOE» JBHIKEHIIE.

CoOBpeMeHHEIE PaldOTEI B 00JIaCTH JIIMHEHHBIX 3IEKTPOIABHIATEIIEH CBHUIETEILCTBYIOT O
TOM, 4YTO camMa Hjesd ITOCTYIIATEIIPHOI'O0 ABHJKEHHS B SIIEKTPHYECKHX MAIIMHAX HE SBISIETCA
ITIOPOYHOH, HO TEXHHYECKYIO PEBOJIFOIHIO COBEPIIIIH MAIITHHBI BPAIATEIIEHOTO JABHKEHH 5.

OTOT SMeKTPOABHIaTelnbh padoTan II0 IIPHHIMIIY B3aHMOIEHCTBHS IBYX KOMIUIEKTOB

AQKYMEHT NOANNCAH [arajacd Ha IIOJBIJKHOIH paMe OH — Ha
SNEKTPOHHOW MOANUCHIO | 2 pame, Ipyr
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HCIIOJIb30BAJICS KOMMYTATOpP, KOTOPBIH IIPEACTABIISTI COOOH OPHIHHAIBHYIO YacTh YCTPOMCTBA
slIeKTpoaBUrareiss SKoOH. KOHCTPYKTHBHO OH COCTOSUI M3 UYETHIPEX METAIIMUYECKHX KOIIEIL,
YCTAHOBJIIEHHEIX Ha Baly M H30IHPOBAHHBIX OT HETO, KAXKJ0€ KOJIBI[O HMEIO YETHIPE BRIPE3a I10
OJHOH BOCHMOH YacCTH OKPYKHOCTH. BBIpE3hI 3aII0THSUTHCh H3OIHPYIOIINMMH BKITaKaMH , KaKI0e
KOIBI[O OBUJIO CMENIEHO Ha 45° 10 OTHONIEHHIO K IIPeABIAVINEMY. 110 OKPYKHOCTH KOIbIla
CKOIIB3II PhIYAr, IIPEACTaBISBIOGL COOOH CBOEOOPasHVYIO IETKY, BTOPOH KOHEI[ phlyara OBII
IIOFPYKEH B COOTBETCTBVIOIIHH COCYZ C PTYTBIO, K KOTOPOMY ITOABOJHIIMCE ITPOBOJHHKH OT
Oarapen. TakuMm oOpaszoM, ITpH KaXJI0M 000poTe Kolblla 4 pasa pasphlBallach 3IeKTPHYECKas
mnerkb. OT KOJNEll K SIeKTPOMarHHTaM Bpallf@rolerocs JHCKa TTOAXOMIIH ITPOBOIHHKH,
YKPEIUIEHHBIE Ha Baly MarmHbl. OOMOTKH BCEX IEKTPOMATrHHTOB HEITOABHKHOH pambl OBLITIH
COEeQUHEHBI ITOCIEAOBATEIIPHO, H TOK B HHX HMEI OJHO M TO K& HarpapieHHe. OOMOTKH
3JIEKTPOMAarHUTOB BpaIlfarolerocs Micka OBIIM TakKKe COEIHMHEHBI IIOCIIENOBATEIBHO, HO
HaIlpaBIIEHHE TOKAa B HHUX C ITOMOINBIO KOMMYTAaTOpa M3MEHSIIOCE 8 pa3 3a OAMH 00OpOT Bala.
CIea0BaTelIbHO, ITOISPHOCTh ATHX 3IEKTPOMAarHHTOB TAaKKe M3MEHsIIach 8 pas 3a OJHH 000pOoT
Bajla U OHH ITOOYEPEAHO MPHUTATHBAIINCH H OTTAIKHBAIMCE 3IEKTPOMAarHHUTaMH HEITOABHKHOM
paMbl. MOIIHOCTE ABHTATENIS COCTABISIIA ITPHMEPHO 15 BT.

b. C. Jxobu IpHIIIIOCH 3aTpaTHUTh EIle HEeCKOIBKO JIeT TPyda H TPOSBUTH PEIKVIO
H300pETAaTEIPHOCTE, YTOOBI OCYIIECTBHIL XOTS OBl B CKPOMHEIX MacIlTabax CBOE JKEIaHHE
«TIOCBSATHTH BCE CBOE BPEMS H BCIO CBOIO SHEPTHIO 3TOMY JIEITY HMEHHO TEIIEPh, KOTJIa HE OCTAETCS
OOJIbINlE HHKAKHX COMHEHHH B VYCIEXe 3aJyMaHHOIO, M HE TOJIBKO /IS TOrO, YTOOBI HE
OTKAa3bIBaThCS OT CBOMX ITPEKHUX TPYAOB, HO H JITIS TOT'0, YTOORI MOE HOBOE OTEYECTBO, C KOTOPHIM
s YKE CBSI3aH MHOTHMH Y3aMH, He JIHIIIUIOCh BO3MOKHOCTH CKasaTh, UYTO Hesa paHbine Temsbl
i TrOpa IMOKpEIIachk CYAaMH ¢ MarHUTHBRIMH JBHTATEISIMI Y. OTH CIIOBA OH HAITHCAll B 3aICKE
MHUHICTPY IIPOCBEIIEHHS M TIIPe3sHJeHTY POCCHICKOH akKaJeMHH HayK, IIPOCS VY HETo
MaTepHaILHOH ITOMOIIH JJIS SKCIIepHMeHTOB. [IInpoxon momaaepkku y MuHucTpa b. C. Jxo6H He
HAaIlle]I, TEM He MEHee YEThIpe rofa cnycTs, B 1838 r., mo p. HeBe xypcupoBan 60T, BMEIIABIIHH
12 maccaxupoB H IIPHBOJAHMEIH B ABHKEHHE 3JIeKTpoABHTaTesIMH b. C. AK0o0H.

3T0 OB YKE COBCEM JIPYT OH JABHTraTelIb, H KOHCTPYKIMSA €T0 TOUHO OTpaskalla THITHYHEIE
ITYTH H300pETATEIIECKON MBICIH. ITOCKOJIBKY HE OBLI €Ile CO34aH IIPHHI[MIMHAILHO HOBBIH
SKOHOMHYHBIN H MaJIorabapHTHEIN 3JIEKTPHYECKHI JBHraTelb, TO b. C. JK0OH MoIIen 1o ImyTH
OOBEMMHEHH ST MHOTHIX MAIIHH C 3JIEKTPOMArHHTaMH, HMEIOIIHMMH COCPEI0TOUYEHHBIE KaT VIIeUHbIE
OOMOTKH, B OAHMH arperar. CHayaiga 3TO OBl TaK Ha3bIBAEMBIH CIABOEHHBIN ABHIATEIB IIEPBOTO

AOKYMEHT NOAMUCAH : y
SNEKTPOHHOM NOANUCHIO ATa (]'[CI 12 ¢ xaxmon CTGPGHBI):, d MCHKAY HITMII
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B 1837 r. amepukaHckuii TeXHHK Tomac JleBenmopt (1802—1851) Takke ITOCTPOHI
3JIEKTPOJABUIATEIL C HEIOCPEACTBEHHBIM BpPAINEHHEM SKOPS, B KOTOPOM B3aHMOJIEHCTBOBAIII
ITOABIKHBIE BJIEKTPOMATHUTEI C HETTOABHKHBIMH ITOCTOSHHBIMH MarHUTAMIH.

CpaBHHBAs KOHCTPYKIIHH 3jeKkTpoaBurareneH b. C. fxkobm u T. [leBeHIopra, MOXHO
OTMETHTbh, YTO IIPHHIMII HX JIeHCTBHSA OAHHAKOB (y ABHTarels 1. J[eBeHIIOpTa ITOSBHIIHCE
HEIOJBH/KHBIE ITOCTOSHHEIE MarHHTBI BMECTO 3IeKTpOMarHHTOB ABHTaTens b. C. SkoOH), HO
nBurarelk 1. /leBeHriopra Opln Oollee KOMITAKTHBIM OJarofapsi paciioIOKEHHIO ITOABIKHEIX H
HETIOJIBUKHBIX YacTeH B OJHOH IUIOCKOCTH. 3TO OOCTOSTEIBCTBO HE MOITIO HE IIPHBIEYD
BHIMAHHI b. C. K00H, CTpeMHBINETOCS YBEIIHYHTH MOIIHOCTh CBOErO 3IEKTPOABHIATEIS ITPH
CPaBHHUTEJIPHO HeOOJBIIIOM YBeIMYeHHH ero rabapuros. B 1837 r. B pacriopspkerne b. C. flko0u
OBLII IIpeaOoCTaBlIeH 00T, paccuHTaHHBIH Ha 10 rpebioB. Ha HeM Ipearionaraiock yCTaHOBHTH
3JIEKTPOJABHIATEIL M IIPOM3BECTH 3aTEM COOTBETCTBVIOII[HE HCILITAHHS M TEeXHHKO-
3KOHOMHYECKHE IMOACUYETEI. B Imporecce corepleHCcTBOBaHNA ABHTaTend b. C. fIko0H 1mormen 1o
IIYTH KOHCTPYKTHBHOrO OOBEIMHEHHS Ha OOIEM BEPTHKAILHOM Bally HECKOJBKHX
3JIEKTPOJABHIATEIIEH B OJMUH arperar, pacliollOKHB HEIlOABHKHBIE H BPAIlAOINHECS MAarHHTHL B
OMHOH IUIOCKOCTH. IIpH 5TOM VYBEIHYHBAIHCH PasMepPhl SIEKTPOJBHUIATENS B BEPTHKAIIBHOM
HaIlTpaBJIEHHH, YTO OBIIIO BIIOIHE YAOOHO JUIS OIBITHOH CYJAOBOH YCTAHOBKH.

Kak yxe oTMe4anock, ralbBaHHYECKHE OaTapeH CYINECTBEHHO TOPMO3HIIM ITIPAKTHYECKOE
IIPUMEHEHHE SIIEKTPOABHTATENEH. Pa3sBUTHE 3NEKTPHUYECKHX MAIIMH HAIrTLIHO HIUIIOCTPHPYET
XapaKTEPHYIO 3aKOHOMEPHOCTE B Pa3sBHTHH TEXHHKH BOOOIIE. DTa 3aKOHOMEPHOCTH ITPOSBIISETCSA
B CIEeIVIOIIEM. €CIIH Pa3sBHTHE KAaKOH-TMOO OTpaciM TEXHHKH TOPMO3HTCS HEIOCTATOYHBIM
YPOBHEM Pa3BUTHSI APYIOH OTPAciIM TEXHHKH HIH OO0IacTH HAyKH, TO Pa3sBHTHE IIOCIIEAHEH
YCKOpSIETCS TpeOOBaHMSAMHM IIEPBOH. 1@k, €CIIH OTCYTCTBHE SKOHOMHYHOI'O I'€HepaTopa TOKa
CACPKHBAIIO PACIHIMPEHHE IIPAKTHYECKHX ITPHUMEHEHHH SIIEKTPHYECTBA, TO IIOCIIEJIHHE
CTUMYIIMPOBATH, YCKOPSUTH pabOTHI ITO CO3IaHHIO O0JIee COBEPIIIEHHOH KOHCTPYKI[HI I'eHepaTopa.

B pasBUTHH 3IEKTPHYECKOrO I'eHepaTopa ITOCTOSHHOIO TOKA MOKHO BBIJEIHTH UYETHIPE
stana. [lepBeni sram (1831-1851) xXapakTepH3yeTcs co3JaHHEM 3JIeKT pPHUeCKHX I'eHepaTOpPOB C
BO30YKIEHHEM OT IIOCTOSHHBIX MAarHHTOB. TaKHe TI'eHepaTOphl B TO BpPeMS Ha3bIBAINChH
«MArHHUTORJIEKTPHYECKHUMH MallHHaMi». OTKpeITHE B 1831 I. SBIEHHS 3IEKTPOMATHUTHOM
HHIVKIIHH YKa3aJI0 HOBBIH CIIOCOO TIONIYUEHHS SMIEKTPHYECKOrO TOKA, KOTOPBIH HAIlEl CBOE
ITPaKTHYECKOE BOIUIOIIEHHE B IIEPBOM YVHHIIOISPHOM I'eHeparope — AucKe Papages. OIHH H3
TIEPBEIX IIIaIrOB B HCTOPHH I'eHEpaTOpa HECET B ceOe TalHy, OCTaBIIIVIOCS HepasralaHHOH. [[elo0 B

AOKYMEHT NOANWUCAH [I1ar, OCTAJIOCh HEH3BECTHBHIM. BOT uTO ImHcarn M
SNEKTPOHHOW NOANUChIO I’ | |
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BO3MOJKHOCTH Ha3BaTh €ro aBTopa. Ho BBHIY TOr0, YTO OIMMCEHIBAET OIIBIT, ITPH KOTOPOM BIIEPBEIE
YAAIOCh ITONYUYHTh XHUMHYECKOE PA3NIOKEHNE MArHUTORIEKTPHYECKHM TOKOM, S ITOChIITar Bam
3TO IHCHMO JJIS OITYOJIMKOBAHH». [ IHCEMO OBIIO ITOAIIHMCAHO ABYMS JTATHHCKUMH OyKBaMH P.M.
Tak M BOINEI B HCTOPHIO TEXHHKH «reHeparop P.M.». 3Jra mammHa IpeacTraBissia coOOH
CHHXPOHHBIH MHOI'OIIOJIFOCHBIH I'eHepaTop, T. €. Obllla FeHePaTOPOM IIEPEMEHHOIO TOKa. [IHchMO
P. M. mpuBJIEKIIO K Ipo0iIeMe TreHepaTopa BHUMaHHE MHOTHX YUeHBIX. [ [pouen myGmKaIio U caM
P.M.; B Mapre 1833 I. OH 0OpaTHIICS B PeJaKI[HIO XKYpHaja ¢ OnarogapHocTteio M. Dapajero 3a
ITyOIIHKAI[HIO IIHChMAa M OITHCAHHEM YCOBEPIIEHCTBOBAHHI B MalHe. [JTaBHOE H3 HHX —
n00aBOYHOEe CTalbHOE KONIBIIO (ApMO), 3aMBIKABIEE MArHHTHYIO IEIlb CepAeYHHKOB
3JIEKTPOMAarHuTOB. M cCHOBa Ta e nmomimce P.M.

Ha pHCcyHKe TIIpeACTaBIIeH YCOBEPIIEHCTBOBAHHBIN BapHaHT reHeparopa P.M. OxHako
TIEPEMEHHEBIII TOK B TO BpPEMS He MOr €Ille HaHTH cebe morpebuTens, TaK Kak IS BCeX
IIPAaKTHYECKHX ITPHMEHEHHH 3IeKTpHYecTBa (MHHHAS 3IEKTPOTEXHHKA, SIeKTPOXHMIS, TOIIBKO
YTO 3aPOIHBIIASCS

BIEKTPOMAarHHTHAS Telnerpadus, IepBble SIIEKTPOABHIATelH) TPeCOBAJICS ITOCTOSHHBIH
TOK. [losToMy B TIIOCIeAyIOIEM H300peTaTelI HalpaBWIH CBOH VYCIIHS Ha ITOCTPOEHHE
FEeHEPATOPOB, MAIOINX IIOCTOSHHEIM HSIEKTPHYECKHI TOK, paspabareiBasd IS OSTHX IIeeH

pa3zHOOOpa3Hble KOMMYTAI[HOHHEIE YCTPOHCTBA.

PrcyHnok 8 I'eneparop P.M. (1 — nepeBsSHHEII JHCK, YKPEIUIEHHBIH Ha OCH 2,

HpHEG,[[I]I‘vIBIﬁ B ABHXCHHC PYKOAT KOH 3; 4 — IIOABHKHEBIE TIOCTOSIHHBIE MAI'HHTBI, 5 — JKele3Hble
CCPACHHHEI KaTVIIICK 7; 0 — CTAJIbHOE KOJIBI[O C JOOaBOUHBIMH DﬁMGTI{ﬂI&ﬂI: 3dMBIKAIOITICC

MAI'HHTHYIO II€TIb CEPACTHHKOB, 8 — ]’[G,I[CTEIBI{E],).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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BBRINTPSAMIICHHS TOKa, TaK KaK JaBalla HelOCPeJCTBEHHO IOCTOSHHBIN TOK) OBIIO IIPHMEHEHO B
1832 1. B TreHeparope (QpaHIY3CKHX H300perarenciH OparteeB IInkcmm. H300pereHne
IIPEACTABIIUIOCH TOIZda HACTOIBKO BAaKHBIM, UTO COOOINEHHS O HEM OBUIM JABa’KAbLI CAECIIAHEL B
[IaprpKcKOH akaJeMHH HayK. B IIepBBEIX KOHCTPYKI[HSX TI€HEpaTOPOB VIS IIOMYVYEHHS TOKa
HEH3MEHHOI'0 HaIlpaBIeHHS (HO Ppe3KO IIYIbCHPYIOIET0) IPHMEHSIIOCh TaK Ha3bIBaeMOE
KOpOMBEICTIO AmIiepa. A. M. AMIiep orMeYaln IUTacTHHYATEIH OapabaHHBIH KOMMYTATOp B MalllMHE
[IMuKCHM ¢ IPHXUMAROIMMHCSI K aMaJlblaMHPOBaHHBIM  IIOBEPXHOCTSM  IUTACTHH
ITOANPYKHHEHHBIMH MEJIHBIMH HIIH OpPOH30BBIMH IUIACTHHAMM — INeTKaMH. [lo3gHee OH cran
OCHOBOH KOMMYTHPVIOIIIHX VYCTPOHCTB IS BCEX IIOCIEAVIOIMX KOHCTPYKIHH TI'eéHepaTopoB
ITOCTOSIHHOrO TOKa. C MarmnHoH [ Inkcnn paGoran 3. X. JIeHIl, H HMEHHO Ha 3TOH MaIIMHE B 1838

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

Koumpononsie éonpocel:

1. DTarml pasBUTHAI 3JIEKTPOIBHIATEN .

2. DTansl pasBHTHSA SIEKTPHYECKHX IeHePaTOPOB.

3.3apokJeHHE BIIEKTPOAaBTOMATHKH, 3IIEKTPOIPHOOPOCTPOeHHS H HH()OPMAI[HOHHOH
3IIEKTPOTEXHHKH

4. IloaroroBUTE IIpPe3eHTAIMOHHEIE IIPOEKTEL Ha TEMY. IIEPBBIE 3IIEKTPHYECKIIE MAIIIHHEI,
IIEPBBIH T'eHEepaTop SIEKTPHYECKOrO TOKA, OTKPBITHE XHMHYECKHX, TEIUIOBBIX, CBETOBBIX H

MATHHTHBIX JIeHCTBHH TOKA.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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Ipakmuueckas paboma Ne6. InexkmpoourHamuxkd. OCHOEHbIE 3AKOHbBL IJIeKMPUUECKOI
uenu. Hauano npakmuueckux npumeHeHuil 3JleKmpuiueckoul IHepzun. BajxcHenuiue
OMKPLIMUA U UCCIIe006AHUA 6 00J1acmil JJleKmpomazHemusma. Cozoameiib nepeozo

MAZHUMOIIeKmpuueckozo cenepamopa b. Axkoou.

HEJII’:.' HB}”IEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JIICKTPOSHCPICTHEKHM, 3dKOHDbI

IJNCKTPOTCXHHEKI H (prMIIpGEElHHE cC HaVUHbIX OCHOB.

OcHO6b1 meopu:

Hanbonee xapakTepHble H CYI[ECTBEHHO BaXKHBIE PadOTHl 110 KOHCTPYHPOBAHHIO TaKOI0
poza 31eKTpoaBHrarenei npruHamexkaT bopucy CemeHoBHuy SAxo0u (1801-1874).

B 1834 r. b. C. SIxo6u (pucyHok 23) rmocnai B [IapHKCKYIO aKaJeMHIO HayK COOOIIeHHE
00 HM300peTEHHON MM «MAarHHTHOH MaIIMHE». bolee IoIHOoe ormcaHie sneKTpoasurarens b. C.
Sxo6u Op10 onyomkoBaHo B 1835 r. [IpemcraBiisror HHTEepec HEKOTOPRIE BRICKa3bIBaHNI b. C.
SIK00H, B KOTOPBIX OH OIIPEAEISAET CBOH ITOAXOA K H300PETEHHIO MeKTpoABHTraTens. «B Mae 1834
I'. 1 IIOCTPOMI CBOH IEPBBIH MarHUTHBIH ararapar, JArOIIHI ITIOCTOSHHOE KPYTOBOE ABHKEHHE, HO
s He MOl CHayala OTPENMTHCS OT HIEH IOIYYHTH BO3BPATHO-IIOCTYIIATEIIBHOE JIBHIKEHHE,
ITPOH3BOINMOE ITOCIELOBATEIIBHEIM ITPHT CHBAKOIIHM M OTTAIKHBAOIIHM JSHCTBHEM Mar HHTHBIX
CTEP/KHEN, a 3aTEM YK€ IPEBPATHTEL 3TO BO3BPATHO-IIOCTVITATEIILHOE JABHKEHHE B ITOCTOSIHHOE
KPYTOBOE H3BECTHBIM B TEXHHKE CITOCOOOM. M HE Ka3alnocCk, YTO TaKOH IPHOOp OVaeT He OOIbIIE
yeM 3a0aBHOH HI'PYIIKOH JII oOorameHHsI (pH3HYeCcKHX KaOHHETOB.

Bce st cooOpaeHHS 3acTaBHIM MEHS OKOHYATEIbHO OTKAa3aThCSAd OT TIOTBITKH
IIOCTPOHTE arlrapar, IIOIYYarOi BO3BPAaTHO-TIOCT YIIATEIIBHOE JIBHIKEHHE)).

ComueHHs b. C. fxobu nerko OOBSICHHMBI. IIPHBLEIYHBEIH TTAapOBOH JABHIATE]Ih JaBall
BO3BPATHO-ITOCTYIIATEIILHOE IBHKEHHE, H, KOHEYHO, XOTEIIOCh ITOCTPOUTE HOBEIH, 3IIEKTPHYECKIH
IBHT ATEIIb, JAFOIHI TaKOEe KE «HOPMAaJIbHOE) JIBHKEHIE.

CoBpeMeHHEBIE PalboThl B 00JIACTH JIHMHEHHBIX 3IEKTPOIABHIATEIIEH CBHIETEILCTBYIOT O
TOM, YTO CaMa HjeS IIOCTYIIATEIbHOIO IABHIKEHHS B SIIEKTPHYECKHX MAIlMHAX HE SBIISIETCH
ITIOPOYHOM, HO TEXHHUYECKYIO PEBOIIOIHMIO COBEPIIIUIH MAIIIHHEBI BpAIaTeIIbHOTO JBHKEHH L.

OTOT BIEKTPOABHIAaTeNb padoTal MO IIPHHIMHITY B3aMMOIEHCTBHSA JBYX KOMIUIEKTOB
3JIEKTPOMArHUTOB, OIMH M3 KOTOPBIX pacIioarajicsd Ha IIOJBHKHOH paMe, JIPYroM — Ha

HEIMOABHXHOH. B KadecTBe HCTOYHHKA ITHTAHH A JJICKTPOMAI'HHTOB IIPHMCHAIACH 6E1TE1PEH

OOKYMEHT NOAMUCAH |
SNEKTPOHHOM MOANUCHIO [ TIOISIPHOCTH TTOABHIKHBIX 3IIEKTPOMATrHHUTOB
CepTuchukar: 12000002A633E3D113AD425FB50002000002A6 Soi .
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- COCTOAII H3 HCTBIPCX MCTAJLIIHYCCKIIX KOJICIIL,
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YCTAHOBJIIEHHEIX Ha Bally M H30IHPOBAHHBIX OT HETO, KaXKJ0e KOIBI[O HMEIO YeThIPE BBIpPE3a I10
OJHOH BOCEMOM YaCTH OKPYKHOCTH. BRIpE3EI 3aII0OTHSUINCEh H3OIMPYOIIMMH BKIIaJKaMH , KaKI0€e
KOJBI[O OBLJIO CMENIEHO Ha 45° II0 OTHONIEHHIO K IIPEABIAVIIEMY. 1I0 OKPYXHOCTH KOIbIIa
CKOJIb3HII PBIYAr, IPeACTABISBINHHA COOOH CBOEOOpa3sHVYIO IIETKY, BTOPOH KOHEI[ phlyara OBII
IIOrPYKEH B COOTBETCTBVIOIIHH COCYJ C PTYTBIO, K KOTOPOMY ITOABOJHIIMCE ITPOBOJHHKH OT
Oarapen. Taxkmm oOpasoM, IIPH KaxIoM o0opoTe KoibIla 4 pasza paspeIBanachk 3JIEKTPHUYECKAS
mnerk. OT KoOIell K BAIEeKTPOMAarHHTaM  BpAIlfAroIerocss JCKa ITOAXOIIIH ITPOBOIHHKH,
YKPEIUVIEHHBIE Ha Bally MallmHbl. OOMOTKH BCEX 3NIEKTPOMArHHTOB HEITOABHKHOH pambl OBLIIH
COEQUHEHBI ITOCIEAOBATEIIPHO, H TOK B HHX HMEI OJHO M TO K& HanpasieHHe. OOMOTKH
3JIEKTPOMArHUTOB BpaIlfaromerocs IHcka OBUIM Takke COEIHHEHBI IIOCIIENOBATEIBLHO, HO
HaIlpaBJIEHHE TOKAa B HHUX C IIOMOINBIO KOMMYTATOpa HU3MEHSIOChE 8 pa3 3a OMHMH 0OOpOT Bala.
CreaoBaTelIbHO, ITOISIPHOCTh ATHX 3IEKTPOMAarHHTOB TaKKe M3MEHIach 8 pas 3a OJHH 000pOoT
Bajla U OHH ITOOYEPENHO IMPHUTATHBAIIICE H OTTAIKHBAIMCE 3IEKTPOMArHHUTAMH HEITOABHAKHOMH
paMbl. MOIIHOCTE ABHTaTENIS COCTABISIIA ITPHMEPHO 15 BT.

b. C. Jxo0u IpHIIIIOCH 3aTpaTHTh €Ile HEeCKOIBKO IJIeT TPyda H IPOSBUTH PEIKVYIO
H300peTaTelbHOCTh, YTOOBI OCVYIIECTBHTL XOTS OBl B CKPOMHEIX MAacInTabax CBOE JKEIaHHE
«TIOCBSAITHTE BCE CBOE BPEMS H BCIO CBOIO SHEPTHIO STOMY JIEITY HMEHHO TEIIEPHh, KOTJIa HE OCTAETCS
OOJIbINE HHKAKHX COMHEHHH B VYCIEXE 3aJyMAaHHOIO, M HE TOJIBKO /IS TOrO, YTOOEI HE
OTKA3bIBaThCS OT CBOMX ITPEKHUX TPYAOB, HO M JIJIS TOT'0, YTOORI MOE HOBOE OTEYECTBO, C KOTOPHIM
s YKE CBSI3aH MHOTHMH Y3aMH, He JIHIIIUIOCh BO3SMOKHOCTH CKasaTh, YTO Hesa paHbIie TeM3bl
n TrOpa ImoKpeIIachk CYAaMH ¢ MarHHTHBRIMH JBHTATEIIIMIY. OTH CIIOBA OH HAITHCAll B 3aIHCKE
MIHICTPY TIIPOCBEIEHHS M TMIpe3sHcHTY POCCHIICKOH aKaJeMHH HayK, IIPOCS VY HEro
MaTepHaIbHOM ITOMOIIM JITIS 3KCIIEpHMEHTOB. LIInpokon rnmopaepkkn v MUHHCTpa b. C. Jxo0u He
HaIlle]I, TEM HE MEHEEe YETHIpe rofa cycTs, B 1838 r., mo p. HeBe KypcupoBan 60T, BMEIIABIIHH
12 maccaxupoB H IIPHBOAHMEIH B ABHKEHHE 3JIeKTpoABHTaTesIMH b. C. AKo0uH.

D10 OB YK€ COBCEM JIPYT OH JBHTraTelb, H KOHCTPYKIMSA €r0 TOUHO OTpaskKalla THITHYHEIE
ITYTH H300peTaTelIbCKON MBICIH. ITOCKOJIBKY He OBII eIlle CO3H4aH IPHHIIMITHAILHO HOBBIH
SKOHOMHYHEIN M MaJIorabapHTHBIN 3JIEKTPHUYeCKHH ABUraTenb, To b. C. AK0OH moImesn mo myru
OOBEMMTHEHH S MHOTHX MAIIIMH C 3JIEKTPOMArHUTaMH, HMEFOIIIMH COCPEN0TOUYEHHBIE KaT VIIIEUHBIE
OOMOTKH, B OfMH arperar. CHayaiga 3TO OB TaK Ha3bIBAEMBIH CIABOEHHBIN JABHIATEIE IIEPBOTO
TtHita. OH uMel 24 HellOJABHIKHBIX 3JIeKTpoMarHnuTa (1mo 12 ¢ KaXKmoil CTOPOHBI), a MeKAY HHMH
Bpalraroncsa Juck ¢ 12 snexrpoMarautaMi. K 1838 r. b. C. Jxo6H cosgan ABHraTenbs HOBOTO
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B 1837 r. amepukaHckuii TeXHHK Tomac JleBenmopt (1802—1851) Takke ITOCTPOHI
3JIEKTPOJABUIATEIL C HEIOCPEACTBEHHBIM BpPAINEHHEM SKOPS, B KOTOPOM B3aHMOJIEHCTBOBAIII
ITOABIKHBIE BJIEKTPOMATHUTEI C HETTOABHKHBIMH ITOCTOSHHBIMH MarHUTAMIH.

CpaBHHBAS KOHCTPYKIIHH 3jeKTpoaBurareney b. C. fkobm u T. /leBeHIopra, MOXHO
OTMETHTbh, YTO IIPHHIMII HX JIeHCTBHSA OAHHAKOB (y ABHTarels 1. J[eBeHIIOpTa ITOSBHIIHCE
HEIOJBH/KHBIE ITOCTOSHHEIE MarHHTBI BMECTO 3IeKTpOMarHHTOB ABHTaTens b. C. SkoOH), HO
nBurarelk 1. /leBeHriopra Opln Oollee KOMITAKTHBIM OJarofapsi paciioIOKEHHIO ITOABIKHEIX H
HETIOJIBUKHBIX YacTeH B OJHOH IUIOCKOCTH. 3TO OOCTOSTEIBCTBO HE MOITIO HE IIPHBIEYD
BHIMAHHI b. C. K00H, CTpeMHBINETOCS YBEIIHYHTH MOIIHOCTh CBOErO 3IEKTPOABHIATEIS ITPH
CPaBHHUTEJIFHO HeOOJIBIIIOM YBeIMYeHHH ero radapuTtor. B 1837 r. B pacriopszkeHne b. C. fIko0u
OBLII IIpeaOoCTaBlIeH 00T, paccuHTaHHBIH Ha 10 rpebioB. Ha HeM Ipearionaraiock yCTaHOBHTH
3JIEKTPOJABHIATEIL M IIPOM3BECTH 3aTEM COOTBETCTBVIOII[HE HCILITAHHS M TEeXHHKO-
3KOHOMHYECKHE IMOACUYETEI. B Imporecce corepleHCcTBOBaHNA ABHTaTend b. C. SIKo0H 1morern 1o
IIYTH KOHCTPYKTHBHOrO OOBEIMHEHHS Ha OOIEM BEPTHKAILHOM Bally HECKOJBKHX
3JIEKTPOJABHIATEIIEH B OJMUH arperar, pacliollOKHB HEIlOABHKHBIE H BPAIlAOINHECS MAarHHTHL B
OMHOH IUIOCKOCTH. IIpH 53TOM VYBEIHUYHBATIHCE PasMepbl SJIEKTPOJBHIATEIS B BEPTHKAIBHOM
HaIlTpaBJIEHHH, YTO OBIIIO BIIOIHE YAOOHO JUIS OIBITHOH CYJAOBOH YCTAHOBKH.

JIsuratenms b. C. SxoOu KOHCTpyKIMH 1838 I. mpencraBissi cobon komOmHaipmzo 40
HeOONIBINMX 3JIEKTPOABHTATENIEH, OOBEAHHEHHBIX IT0 20 IITYK HAa ABYX BEPTHKAJILHBIX Ballax,
YCTAHOBJIEHHEIX B JIEPEBIHHOH CTaHMHE. J[JI I TaHHs TOKOM OOMOTOK 3JIEKTPOMAarHUTOB Ha 00Te
OBII YCTAHOBJIEHBI T'aJlbBAHHYECKHE 3IIEMEHTHI. FI3MeHeHHe HamparlIeHHS TOKa B OOMOTKax
TTOABIKHBIX 3JIeKTPOMArHHTOB OCYIIECTBIISIIOCH KOMMYTaTopaMil. BpallieHHe OT BepPTHKAIbHBIX
BAJIOB C ITOMOINBIO KOHHYECKHX INECTEPEH IIEPELABAIOCh HAa TOPH30HTAIFHEIN BaJll, HA KOTOPOM
VKPEIULUTHCh TPeOHBIE KOJIECA, PACIIONOKEHHEIE IT0 000HM OopTraM Oora.

M cripITaHus ImoKasam BOSMOJKHOCTE IPAKTHYECKOT'0 IIPHMEHEHH S 3TIEKTPOJIBHTATEJIEH, HO
B TO €& BpeMsd OOHApyX WM, YTO TPH IMTaHHH KX TOKOM OT TajJbBaHHYeCKHX OaTapen
MeXaHHYeCKasd SHEPIHs IIONy4YaeTcsa 4upesMepHo goporod: 1 m. ¢. B gaeurarene b. C. fAxobm
obxomuack B 12 pas 1opoxe, 4YeM B CIIVUae IMapoOBOH MAaIlI{HEI.

HeobxomiMO OTMETHTE, UTO IS MPEOLOIIEHHS OCHOBHOI'O HEOCTAaTKa IaIbBAaHHYECKHX
O0aTtaper — MaJIOH SHEPrOeMKOCTH — TpeOOoBaIOCh HCIIOB30BATh OYEHh MHOI'O 3JIEMEHTOB, 4 BTO
TpeOOoBaHHE IS MHOTHX TPAHCIIOPTHBIX YCTAHOBOK OBIIIO HEINIPHEMIEMBIM. 1aK, HaIlpHMED, Ha
0ore b. C. Axo0u BHayane OBIJIO YCTaHOBIEHO 320 ralpBaHHYECKHX 3JIEMEHTOR. [ IpoH3BeIeHHEIE
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BIIEKTPOSHEPTHH, T. €. OT CO3JaHHSI TeHepaTopa, Oollee SKOHOMHYHOIO, YeM TajlbBaHHYECKHE
Oarapen.

OpHako b. C. JIko0n He cMor 0OHApYKHUTE IIPHHIMIIHAIFHOI O HEJTOCTATKA IBHUTaTEIEH CO
CTEPKHEBBIMH 3JIEKTPOMAarHHTAMH. B 3THX JIBHTATENSX IIPOHCXOMHUT ITOCTOSHHOE BKIIIOUEHHE H
BRIKIIFOUEHHE KaTVIIEK, H MarHHTHOe IIONIe TO CO3JaeTcs, TO HcuesaeT. Ha cosmaHue 1monsa B
MAIIIHE HEIMPEPLIBHO TPeOyeTCcd AMEKTPHUECKAd SHePrisd, KOTOpasd IPH OTKIIOUYeHHH KaTVIIeK
Impeobpasyercs B TEIUIOTY. 1103TOMY IO JIOTHKE Pa3sBHTHS BCKOPE MOIKHBI OBIIIH ITOSBHTLCS
HEIPEPLIBHBIE OOMOTKH, KOTOpBIE OOECIIEUHBAIOT SIEKTPOMEXAHHYECKOE Ipeobpa3oBaHHE

JHCPIHH B YCTAHOBHBIICMCA PCKHME 0e3 H3MeHeHH T JHEPITHH MAaI'HHTHOI'O I1OJIA.

Konmpononsie 6onpocet:

1. BzammoaerncTBHe 3IeKTPHYECKOr0 TOKa M MarHiTa.

2. YCTaHOBIIEHHE 3aKOHOB IEKTPHYECKOH L[ETTH.

3. OTKPBITHE SBIEHHS IEKTPOMAarHUTHOH HHTYKI[IHH.

4. 1loaroroBHTh IIPE3EHTAI[HOHHEBIE IIPOEKTHI HAa TEMY. 3JIEKTPOAHHAMHKA, OCHOBHBIE
3aKOHBI SIEKTPHYECKOH I[EITH, HAYAJIO IMPAKTHYECKHX IIPHMEHEHHH SIEKTPHUYECKOH SHEPIHI,
BaKHEHIIME OTKPBITHS H HCCIEAOBAaHHSA B OOIACTH 3IeKTPOMAarHeTH3Ma, CO3JaTellb IIEPBOrO

MAarHHUTO3IEKTPHYECKOro reHeparopa b. Sxo0om.

OJOKYMEHT NoanmvucAH
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Ipakmuueckaa pavoma Ne7. Ilepévie ucmouHUKIL 3JIEKIMPUUECKOZ0 0C6EULCHILA.

Ilasen Abnouxkos — cozoamesib «PyCcCKOZ0 céemay.

HE.E’II’:.' HB}“IEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

JJNIEKTPOTCXHHEKH H (prMIpGEﬂHHE: €€ HdaYIHbBIX OCHOB.

OcHo6bl meopuiL:

B 40—70 rr. XIX B. cTanu co3gaBaThCs IEPRBIE HCTOUHHKH 3IEKTPHUECKOTO OCBEIEHHS.
OCBEIEHHE SBISETCSA €CTECTBEHHOH H ITOCTOSHHOH ITOTPeOHOCTRIO YejloBeKa. CaMBbIM JOJITHM
ORI ITyTh OT JIYYHMHEI K CBEYE M 3aTeM K MacCJISHOH Iamrie. B mepBoH moimoBHHe XIX B.
TOCIIOACTBYVIOIIEE IIOJIOKEHHE 3aHHMAJIO TIa30BOE OCBEIEHHE, HMEBIIEE CVYIINECTBEHHEIE
IIPEUMYIIECTBA TIEPE] JIaMIIAMH C JKHAKHM TOPIOYHMM. I[eHTPaM3alHg CHaOXeHHS YCTaAHOBOK
CBETHIILHEIM T'a30M, CPaBHHTEJIbHASA [eIlleBH3HA TOPIOYErO, ITPOCTOTAa Ta30BEIX TOPEIOK H
IIpocTora OOCIHyXkHBaHMSI. HoO 1Mo Mepe pasBHTHSI KaIMTAIHCTHYECKOI'O ITPOM3BOJICTBA, POCTa
TOPOMAOB, CTPOHTEILCTBA KPVIIHBIX IIPOH3BOACTBEHHBIX 3IaHHH, T'OCTHHMI[, MAara3HHOB,
3PENHINHBIX IIOMEI[EHHH OHO BCE MEHEE YA OBJIETBOPSUIO TPeOOBaHHSAM ITPAKTHKH, TaK KaK OBIIO
OITACHO B ITOKAPHOM OTHOIIEHHH, BPEIHO JUIS 3J0POBBS, a CHIIA CBETA OTAEILHOH rOpPelKH Oblla
Mana. JI19 TeKCTHIBHBIX H IBEHHBIX (paOpHK, THIHOrpadHii, JepeBooOIeI0YHBIX I[eX0B, TeaTPOB
H T. JI. Ta30BOE€ OCBEILIEHHE CO3[aBalI0 VIPO3y ITOKApoB. OCOOEHHO HEAOCTATKH Ta30BOI0
OCBEINEHHS CTAJIH CKa3bIBAThCSI Ha KPYIHBIX IPEANPHATHSX € OONIBIIHM YHCIOM PadoyHX,
3aHATBIX Ha IIPOH3BOJACTBE IT0 12—14 4 B CYTKH, BEI3BIBAS PE3KOE CHHKEHHE IIPOH3BOIHTEIBHOCTH
Tpyaa. I103TOMY BIIOJIHE CBOEBPEMEHHBIMH, OTBEYABIIIHNMH COL[HAJIBHOMY 3aKa3y OBLIIH ITOITBITKH
CO3JIaTh HSNEKTPHYECKHE HMCTOYHHKH CBETAa, KOTOPBIE BBITECHHIIM OBl BCE HHBIE HCTOYHHKH.
DNeKTPHYECKOE OCBEIEHHE Pa3BHBAIIOCEH IO ABYM HaIlpaBJICHHSM: AYTOBBIE JIIaMIIEI M JIaMIIBI
HaKaJIMBaHH A BIIOTHE eCTECTBEHHO HAYaTh HCTOPHIO AIIEKTPHUYECKOTO OCBEIIEHHS C VIIOMHHAHI A
00 ommiTax B. B. Ilerpora B 1802 r., KOTOphIM OBIIIO YCTAHOBIIEHO, YTO IIPH ITOMOII[H
3IIEKTPHYECKOH AYIH «TEMHBIH ITOKOH JOBOIBLHO SICHO OCBEIIEH OBITH MOXKET». Torma xe, B 1802
., X. /JIPBH B AHTTIMH JeMOHCTPHPOBAJI HAKAJI IIPOBOJHHKA TOKOM.

[IepBEIM ITO-HACTOSINIEMY MAaCCOBBIM ITOTPeOHTENIEM SIEKTPHUYECKOH SHEPrHH SBHIACH
3IIEKTPHYECKas J1aMITOuKa. OHa M IIO0 HBIHEINHHI JEeHb OCTaJach CaMBIM PacIIpOCTPaHEHHBIM
BIIEKTPOTEXHHYECKHM VYCTPOHCTBOM. Hayvajo ImMpoKoMy IIPAKTHYECKOMY ITPHMEHEHHIO

BHEI{TI}HIIECI{Gﬁ JHEPIHH IIOJIOZKHIId B 1876 T. JNMEKTPHYCCKAA CBCYd BBLIAIOIICIOCA PYCCKOI'O
OOKYMEHT NoarnnncAH

SNEKTPOHHOW MOAMUCHIO epnya sonoukoBa (1847-1894), 3aHmMarormasd
Ceprudmkar: 12000002A633E3D113AD425FB50002000002A6 8
Branerai0 Ofiigdsyxoss TREHE Anckihboeis a . XoTq n300peTeHne 3IIeKTPHYECKOil CBEYH He

HEHIIO HMCHHO 3TO0I'0 HCTOYHHKAaA CBCT4., OHO
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3aCIIyKHBaeT OCOOOH OI[EHKH H OTJEIBHOIO paccKaza, ITOCKOIBKY ITOCITYKHIIO MOIIHBIM
HMITYJIECOM K OYPHOMY POCTY 3JIEKTPOTEXHHYECKOH ITPOMBIIIUIEHHOCTH.

OJIHa 3IeKTpHYECKas CBeYya MOIJIa TOPETh OKOMIO 2 Y IIPH YCTAaHOBKE HECKOIBKHX CBEeUeH
B CIIeIIHaIbHOM (poHape, 00OPYAOBAaHHOM IMepeKIrovaTeIeM IS BKIIOUEHH S OUYepeJHOH CBEYH
BMECTO IIEPeropeBIIeH, MOKHO ObIIIO0 00ecIieunTh OecriepeOOHNHOE OCBEIEHHE B TeUeHHE Oolee
JUIHTEIIBHOIO BPeMEHH.

UpesBeI4aliHO BaKHO OTMETHTE, UTO H300PETEHHE 3JIEKTPHUYECKOH CBEUH CITOCOOCTBOBAIIO
BHEJIPEHHIO B IIPAKTHKY IEPEMEHHOIO TOKA. B TeueHMe BCEro NPEeAIIeCTBVIOIIETO IIEpHOAA
AJIeKTpHYeCcKasad TeXHHKa Oa3HpoBallach Ha ITOCTOSHHOM TOKe (TelnerpagHs, ralbBaHOTEXHHKA,
MHHHOE JeJ10). JIyTOBBIe ANIeKTpHYECKHE JIaMITbI C PeryIIITOpaMH TaK ke ITHTAIHCh ITOCTOSHHBIM
TOKOM. IIpH 5TOM ITOJIOKHUTEIIBHBIN SIIEKTPOX Cropaj OBICTPee OTPHIATEIBHOIO, ITOATOMY €r0
TTPHXOIHIIOCE OpaTh OOJIBINETO JHAMETPA.

II. H. A0104YKOB YCTaHOBHIL, UTO JJIS IIMTAaHM I CBEYH JIYYIIE IIPHMEHATH IIEPEMEHHBIHN TOK,
B ATOM CIIy4ae ITpH 3JIEKTPOAaX OAHMHAKOBOI'O JHAMETPA IMOIyYanach BIIOJIHE YCTOHYHNBASA Ayra. B
CBSI3H C TEM, UTO OCBETHTEIBHBIE YCTAaHOBKH IT0 cHcTeMe I1. H. AI6moukoBa cTami IMOAKIIoYaTh K
HCTOYHHKAM IIePEMEHHOIO TOKA, 3aMeTHO BO3POC CIIPOC Ha IeHepaTophl IEPeMEHHOIO TOKa,
KOTOPEIE PaHbIIE He HAXOMWIH ITPAaKTHYECKOro IIpHMeHeHH L. O 3HaYeHHH 3IEKTPHYECKOH CBEUH
B PacCIMpPeHHH IIPOH3BOACTRA 3JIEKTPHYECKHX I'eHEPATOPOB ITEPEMEHHOI0O TOKAa MOKHO CYAHTE I10
CIIeAVIOIIEMY IIPHMEPY: €CIIH 0 ITOSBIIEHHS SIIEKTPHYECKOH CBedH 3aBo/ 3. T. I'pamMMa BBIITYCKaIl
B TeueHHe 1870—-1875 IT. MO HECKONBKY JECSTKOB MAIIlMH B I'OJ, TO 3a 1876 I. BEIIYCK
reHepaTopoB Bo3poc IMOYTH A0 1000 1mT. 3aBOABI M3TOTOBILUIM SJIEKTPHYECKHE TeHEPATOpPBI,
CIIEI[HAIbLHO IIpeJHasHaUeHHEIE JIJI YCTAaHOBOK MEKTPHYECKOr0 OCBEINEHHS, H Ja’Ke MOIIHOCTh
MaIlMH 0003HayYajIach IO YHCITY ITHTaeMbBIX 3JIEKTPHYECKHX CBeueH (HallpHMEp, «IIeCTHCBEYHAs

MAIIHA).

K OHMPOJIbHbBIE 601NPOCHI.
1. IloAroTOBHTB IMPE3CHTAIITHOHHBIC  IIPOCKTBI Ha  TCMY. I1 €PBbIC HCTOYHHKH

IJIEKTPHYCCKOI'O OCBEIIC HIA. IIaBern A6moukoB — co3gaTelnb «PYCCKOI'O CBETa».

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Ipakmuueckaa pavoma Ne8. Hzoopemenue mparnchopmamopa. Hecneooearnua 6

obtacmu HEpEﬂ avu HJIEIHHPHIIECHﬂﬁ JHEPZUHU HA Donbuiue PACCMOAHUA

HE.E’II’:.' HB}“IEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

JJNIEKTPOTCXHHEKH H (prMIpGEﬂHHE: €€ HdaYIHbBIX OCHOB.

OcHoébl meopuu:

Bocemugecarele rogel XIX B. BOIIDIM B HCTOPHIO IIEKTPOTEXHHKH I10J Ha3BaHHEM
TIepHOJIa «TpaHCc(OPMAaTOPHBEIX OHTB». Takoe HeOOBIYHOE HAa3BaHHE OHH ITOJIYYHIIH ITOTOMY, YTO
H300peTeHHe TpaHcpopMaTopa SBHIIOCH ONHHM H3 CHIBHEHIIIMX apryMeHTOB B IIOIb3Y
IIEPEMEHHOIO TOKA. A HacTtosmas OHTBa IIla MeXJIY CTOPOHHHKAMH CHCTEM IIOCTOSHHOIO H
IIEPEMEHHOIO TOKOB H OTpa’kajla ITOHCKH ITYTEH BBIXOJAa H3 HA3PEBIIET0 SHEPreTHYECKOIO
KPH3HCa, CBSI3aHHOIO C IIPOOJIEMOH IIEHTPAIH30BAHHOIO ITPOH3BOACTBA 3JIEKTPOSHEPIHH H
Iepeaayd ee Ha OOJIbIINE PACCTOSHHS.

[IepBBIM ITPOCTEHINNM TpPaHC(POPMATOPOM C Pa3OMKHYTHIM MAarHHTOIIPOBOJOM ObllIa
HHAVKIIHOHHAS KaTyika. Ee n3o0pereHne B 30—40-x rogax XIX B. CBSI3aHO ¢ HMeHaMH psja
VUEHBIX H H300peTarelied, HO HaHOOJIBIIIYIO H3BECTHOCTD ITONYYHII HEMELKHH MEXaHHK [ 'eHpHX
Pymxopd (1803—1877 r1T.), co3maBnnii B 1848 r. Gomee COBePIIeHHYIO KOHCTPYKIHIO, H €r0
HMEHEM BIIOCIIEACTBHH CTallM Ha3plBaTh MHAVKI[HOHHVIO KaTVIIKY. lakKne KaTVIIKH
IIpeJHa3HAYAINCh IS ITOJIVYEHHS HCKPOBOI'O paspsfa BO BTOPHYHOH ILEMH IIPH ITPEPBIBAHHH
IIOCTOSIHHOTO TOKa B IIEpBHYHOH IlemH. BrepBele kKarymky [I'. Pymxopda mpHMeHHT IId
THCTAHIIHOHHOI 0 B3peBaHHSA MHH b.C. fxo0u. B mocnemHenn Tpern XIX B. HHAVKI[HOHHEIE
KATYIIKH TIOJIYYIIH IMHPOKOE ITPHMEHEHHE B CHCTEMAX 3aKHTaHHS JIBHTATEIIEH BHYTPEHHETO
CT OpaHI.

Pomb MHIVKIMOHHOH KaTVIIKH, IIPEBPATHBINEHCSI B almiaparl, Ha3BaHHBIH ITIO3JHEE
TpaHC(pOpMaTOPOM, KaK CpeJcTBa SJIEKTPHYECKOIO pa3JeleHHS IeNeH IlepeMeHHOIo TOKa,
OTUETIINBO oco3Han II.H. A06m1ouKoB.

Jlake caMHM (paKTOM ITaTeHTOBAaHHS CHCTEMBI «JIPOOIeHHS CBeTay BO MHOTHX CTPaHaX OH
KaK OBl MOYEPKHBAJI BaXKHOCTh HOBOT'O ITpeAnokeHNd. Bo ¢panHIiry3ckoMm nateHre No 115793 ot
30 HOs1Ops 18776 1. oH 1mican: «lIpeaMeToM 3TOro H300peTeHN I ABIISIETC A PACIIPEAEIIEHIE TOKOB B
IEJIIX TIPOH3BOACTBA HJIEKTPHUYECKOIO CBETA, ITO3BOJLIIONIEE IIOIYUHTB, ITOIB3VSCH IIEITBIO,

IIHTaeEMOH OJHHM eJHHCTBEHHBIM HCTOUYHHKOM JJNICKTPHYCCTBd, HCOIIPSACIICHHOS HYHCIIO

AOKYMEHT MOAMWUCAH |
SNEKTPOHHOM NOAMNUCHIO > OT TIPUBBIYHBIX CXEM HHIYKI[HOHHBIX KaTYIIIEK,
Ceptucmkar: 12000002A633E3D113AD425FB50002000002A6 | . 5
Bragerdl YEHIsBIRRES Totred Ahetcalilohla MYECKUIT MCTOYHHK IIEPEMEHHOTO TOKa, OOIIEE
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CucremMa «IpoOneHHS cBeTa» SOIOYKOBa IMMMPOKO JAEMOHCTpPHPOBAlach JBa pasa. Ha
[Tapmkckon MeXIyHapOIHOH SIEKTPOTEXHHYECKOH BhRICTaBKke B 1881 r. m Ha Bropon
[TeTepOypreKoil 3IeKTPOTEXHHYECKOH BICTaBKe B 1882 r.! (Tme Bcro cHcTeMy CMOHTHpPOBAl H
SKCITOHHPOBaI ITpenapaTop MockoBckoro yHHBepcuTeTa MBaH OunmmmoBny YcaruH (1855-1919
IT.). bOOMHEBI, KaK HMX TOrJla Ha3bIBAIH, HMEIIH OJHHAKOBOE YHCIO BHTKOB B IIEPBHYHOH H
BTOPHYHOH OOMOTKAaX, a CTaIbHOH CEPACYHHK OBIT PAa30OMKHYTBEIM H IIPEACTABISTI COOOH
CTEPKEHB, HAa KOTOPBIH HaMaThIBarmich 0OMOTKH. Ha »ToH e BeIcTaBke M.(D. YcaruH BIIEpBEIE
IeMBbHCTPHpPOBAII CXEMY BKIIOUEHHS BO BTOPHYHBIE OOMOTKH HHAYKIIHOHHBIX KaTVIIIEK KPOME
CBeUEH H APYITHX IPHEMHHKOB. 3JIEKTPOJBHIATEI, ITPOBOIIOYHON HarpeBaTEIbHOH CITHpa,
YT OBOH JIAMITBI C PETYIISTOPOM. BCe 3TH IIPpHEMHHKIH MOTTIH padoTaTh OJHOBPEMEHHO, HE MEIIIas
IAPYT APYrY. OTHM 3KcnepuMeHTOM HM.D. YcarnmH yOeAHUTEelIBHO J0Ka3all YHHBEPCAIIbHOCTH
ITPHMEHEHH S IIEPEMEHHOTO TOKA.

B Hayarme 80-X rOZOB CTAaHOBIWIOCH BCE SICHEE, YTO CHCTeMa 3JIEKTPOCHAOXKeHHS Ha
ITOCTOSIHHOM TOKE HE HMeeT IepPCIIeKTHB. M3 oIbITa SKCIUTyaTaliHi JYTOBBIX HCTOYHHKOB CBETA
OBLJIO YCTAHOBJIEHO ONITHMAaIbHOE HanpskeHHe 110 B. Pagnyc anexkrpocHaOKeHH S He IIPeBbIIal
HECKOJIIBKO COTEH METPOB. [TOIMBITKH pacIIHPHTE IPAHHIIEI paiiOHA AIEKTPOCHAOKEHH S IIPHBEIH K
POXKIEHHIO TaK Ha3bIBA€MOM TPEeXIIPOBOJHOH CHCTEMBI TTOCTOSHHOIO TOKa. HO OCHOBHBIM
HaIlpaBJICHHEM Pa3BHTHS 3IEKTPOSHEPreTHKH Ve B 80-X romax CTaHOBHICS CHCTEMa
IIEPEMEHHOI'O TOKA.

HOBBIM IITaroM B MCIOIB30BAaHHH TPaHC(POPMATOPOB C Pa30MKHYTBIM CEPASYHHKOM IS
pacripefielIeHHs SIEKTPOSHEPIHM  SBIUIACH CHCTEMA pPaclpelie]IEHHSI BJIeKTPHYeCTBa IS
ITPON3BOJICTBA CBETA M TaK Ha3bIBAEMOH JBHTAaTelIbHOH CIUIBI, 3allaTeHTOBaHHAas BO (DpaHIMH B
1882 r. aHrmmgickHM »3nekTporexHHKoM k. J[. T'omapom (1850-1888 I1T.) H (paHITYy3CKHM
AleKTpoTeXHHKOM JlrocteHoM ['mO0com (ymep B 1912 r1.). DOTH TpaHC(hOPMaTOPHI
ITPEMHA3HAYAIIHCh YK€ HE TOIBKO IS «APOOIEHHS» SHEPrHH, HO M IS IpeoOpa3oBaHI I
HaIlpSDKEHHSI, T.e. HMelIH Ko3((HIIHeHT TpaHc(pOpMallHH, OTIHYHBIH OT eJHHHIEL. Ha
IEePEBSIHHOM IMOJICTaBKe VKPEIUISUIOCh HECKOIBKO HHIVKIIHOHHBIX KATVIIEK, ITIEPBHYHEIE OOMOTKH
KOTOPBIX  COEMMHSUINCH  IIOCIEAOBaTelIbHO. BTopruHbple OOMOTKH  KaTVIeK  OBUIH
CEKIIOHMPOBAHBI, M KaKIas CEeKI[MS MMela JBa BBRIBOAA UIS ITOAKIFOYEHHS ITPHEMHIKOB.
3acIIyKHBAalOT BHHMAHHMS BBIABIKHBIE CEPACYHHKH 2 KaTyIIEK, C IIOMOIIBI KOTOPBIX
PETYIIHPOBAIOCh HAIpsDKEHHE Ha BTOPHYHBIX OOMOTKaX. TpaHc(pOpMaTOpPhl C Pa3OMKHYTHIM

CEPACHHHKOM B 1883 1. YCTAaHABIIHBAIOTCAHA Had ITOACTaHITHAX JIOHOHCKOI0 MCTPOIIOIIHTCHA, 4 B
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Pucynok 9 Tpancdopmarop I'onsapa u ['n66ca

COBpeMEHHBIE TPaHC(POPMATOPEL HMEIOT 3aMKHYTBIH MArHHTHBIH CEPAEYHHK, HX
IEPBHYHBIE OOMOTKH BKIIFOYAIOTCSA MapauielpHO. HO Ig cXeMbl «IpoOIeHHsD) SHEPIHI,
npegnokeHHon 11.H. SI0moykoBEIM, TpaHC(pOpMAaTOpPhl ¢ Pa30OMKHYTBIM CEPJSYHHKOM BITOTHE
YIOBIIETBOPSIIH TEXHHUYECKHM TpeOoBaHHAM. [IpH mocnemoBaTelIbHOM COeQHHEHHH TTEPBHYHBIX
OOMOTOK BKIIFOUEHHE H BBIKIIFOUEHHE OIHHX IIOTPeOHTENIEH HE OKa3bIBAJIO CYINECTBEHHOIO
BIIMSHISA Ha PeKHUM padboTel APYTUX. IpH mapanielbHOM BKIIFOYEHHH ITIPHEMHHKOB ITPHMEHEHHE
TpaHC(POPMATOPOB ¢ Pa3OMKHYTBIMH CEPAEYHHKAMH CTAaHOBHIIOCH TEXHHYECKH HEOITPABIaHHBIM.
[IosTOMYy ITOHSTHO CTpeMIIEHHE CKOHCTPYHPOBATh TPaHC(OPMATOPHI ¢ 3aMKHYTOH MarHHTHOH
CHCTEMOI, KOTOphle OONaJaroT B3HAYHTEIIBHO JIYYIIHMH XapaKTePHCTHKAMH (MeHBIIHH
HaMarHHYHBAIOIIHI TOK, a CIeJ[0BaTelIbHO, MeHbBIITHe IoTepH H Gonmbimni KIT]T).

[TepBrIe TpaHC]OpPMATOPHI ¢ 3aMKHYTBIM CepASYHHKOM OBITH CO3JaHBI B AHITIHH B 1884
r. Opars svH J[)KoHOM H OxpapaoM I onkmHcoHamMH. CepledHHK 3TOro TpaHc(hopMaropa OBII
HaOpaH M3 CTAJIBHBIX IIOJIOC HJIM IIPOBOJIOK, Pa3AelIeHHBIX H3O0ISIIHOHHBIM MaTepHalIOM, YTO
CHIDKAIO IIOTEPH Ha BHXPEBbIe TOKH. Ha cepeyHHKe ITOMEINAINCh, YepPeAysCh, KaTVIIKH
BBICINIETO M HU3IIETO HAITPSIKEHII.

Briepeele ITpe[yIoKeHHEe O IapalIeNIbHOM BKIIOYEHHH OOMOTOK TpaHC(pOpMaTopoB
BeICKazal P. KeHHeam B 1883 I., HO BCECTOPOHHE 3TOT CIIOCOO CcoOeaMHEHHS OOOCHOBAII
BEHT€PCKHH ANeKTpoTeXHHK Mukmnorn Jepn (1854—-1934 1T.), KoTOpBIH B 1885 I. ITOITYYHII ITaTeHT
Ha ITapallIelIbHOe BKIIFOUEeHHE IIEPBHYHBIX H BTOPHYHBIX OOMOTOK TpaHC()OpMAaTOPOB H ITOKa3all
IIPEMMYVINIECTBO TAKOI'0 BKIIOUEHHSI. He3aBHCHMO OT HEro aHaJIOTHYHBIH IMaTeHT B AHITIHH

ronyun1 C. 1. @eppaHTH.

HEpE,I[El‘IEl BJIEI{'I‘pIIIIeEI{Gﬁ SJHEPIHH IICPEMCHHBIM TOKOM BBICOKOI'O HAITPAXKCHIA

oxazaTact hﬁ@ﬁﬁﬁfﬁﬁﬁﬁﬁmﬁ =TATTTT OO TIHOIO TpaHcg opMaTopa ¢ 3aMKHYTOH MarHHTHOH

SNEKTPOHHOW NOAMUCLIO T -

Ceptudukar — 12000002A633E3D113AD425FB50002000002A6 [C SKCIUIYyaTAallHOHHBIC  ITOKA3aTEJIH. dKOH
Bnapeneu: lWebayxoea TateaHa AnekcaHgpoeHa
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pazpaboranu B 1884—1885 rr. BeHTepckue 3nekTpoTeXHHKH Mukmorn Jlepu, Orto Broatn (1860—
1938 rT.) u Kapoi [{ymepHoBckui (1853—1942 1T.), BiepBBIe IIPEIOKHBIIHE H CaM TEePMHH
«TpaHc(popmarop». BeHrepckne HHKeHEpPhl HAIUIH OIITHMAIIBHBIE COOTHOMIEHHS MEXKITY
PacXoJ0M MeJIH H CTaJIH B TpaHC(popMaTopax H 00eCIIeYHIIH CBOeH ITPOAYKIIHH IMHPOKHI cOBIT Ha
MHPOBOM 3IIEKTPOTEXHHYECKOM PHIHKE. B yacTHOCTH, 3Ta (prpMa ocyiiecTBIIa B 1887 r. ogHY H3

IICPBBIX B Poccun YCTaHOBOK IICPEMEHHOI'O TOKaA JJIX1 OCBCHICHH A OIICPHOI'O TCAaTpad B T'. Omecce.

K OHMPOJIbHbBIE 601NPOCHL.

1. KTo mn300pen mepBwIi MNpocTelmmii TpaHcpopmaTop? Ero KOHCTPYKIHS H
Ha3HAYeHHE.

2. Kaxkmmv o6pazoM IepegaBanachk 3JIeKTPO3HEPr I Ha OOJIBIITHE PACCTOSHH S?

3. [IoArOTOBHTE  IIpe3eHTAIIOHHBEIE  IIPOEKTHI  Ha  TEMY.  H300peTeHHE

TpﬂHC(bﬂpMﬂTGpa: HCCIeOBaHHI B 00IacTH IEpcadain anemprmeclmﬁ SJHCPI'HH Ha OOJIbIIHE

PaCCTOAHITA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Ipakmuueckaa paboma Ne9. Co30arHiuie nepesvix ACUHXPOHHBIX 0éuzameei. V

HCMOKO06 dlekmpuuxayuu. OCHO60N0M0MHCHUK mpexazHbix cucmem Muxaun /[onieo-

J[obposonsckui.

HE.E’II’:.' I/IB}HIEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPO3HCPITCTHKIL, 3dKOHBI

IJNIEKTPOTEXHHEKI H (bﬂpMIpGEElHHE €€ HaYVIHbBIX OCHOB.

OcHo6bl meopuu:

B 10 Bpems kak H. Tecna i ero coTpyIHHKH ITBITAIIHCh YCOBEPIIEHCTBOBATh ABYX()a3HYIO
cucreMy, B EBpore Oplma paspaboraHa OoJiee COBEpPIIEHHAS HSIeKTpHYECKas CHCTEMA —
Tpex(daszHas. H3ydeHHe JOKYMEHTaJIbHBIX MaTepHAJIOB IIOKa3bIBaeT, 4To B 1887-1889 rT.
MHOro(a3Hble CHCTEMBI pa3zpabaTHIBAIHCh ¢ OOJBINHM HIH MEHBIIHM YCIIeXOM HeCKOJIBKHMH
VUEHBIMH H HHJKeHEePaMH.

Hammprmep, Y. bpemmn, cTpeMsack H3TOTOBHTE 3IEKTPHYECKYIO MAIIHMHY C JIVYIIIM
HCITOJIb30BaHHEM aKTHBHBIX MAaTEpHAIOB, CKOHCTPYHPOBAI JBYX-H TpeX(a3HbIe T'eHepaTOPHI.
OmHako Y. bpeain He 3HAI O SBIEHHH BPAIAIOIIErOCSd MAarHHTHOI'O IIOJIS M IIPEATIOJIarai, 4ro
ITOTPeOHTETH B MHOTO(pa3HbIX CHCTEMAX JOIKHBI BKITIOYaThCSI KaK OJJHO(pa3HbIe Ha KaK VIO ITapy
ITPOBOJIOB.

@. XazempBaHAep MOAOMIET K TpeX(pa3HOH CHCTEME TOKOB ¢ APYTHX HCXOIHBIX ITO3HIIHH.
3Has, YTO KOJUIEKTOP V TE€Heparopa M [JBHTATEeISd IIOCTOSHHOIO TOKa BBOIOIHSET
B3aHMOOOpaTHMbBIE (DYHKIIHH, OH PENDUI ero YCTPaHHThL, CUHTAs, YTO JOCTAaTOYHO Te TOYKH
OOMOTOK SKOpeH KaKIOH H3 MAaIllMH, OT KOTOPBIX HMJIYI OTIIAHMKH K IIJIACTHHAM KOIIJIEKTOpa,
COEHHHUTEL COOTBETCTBEHHO APYT C APYTOM. OTO YAOOHO CAENaTh Y OOpallleHHBIX MAIIHH, SKOPS
KOTOPBIX HEIMOABHJKHBI, a ITOJIIOCH BpaIlaroTcs. Torjga reHeparop OVAET CBS3aH C JBHTaTelIeEM
ITPOBOAMEH, YHCIIO KOTOPBIX PABHO YHCITY KOIJIEKTOPHBIX INIACTHH. CTPEMSICh YMEHBIIHTE YK CIIO
JTHHENHBIX ITPOBOAOB, (D. XazenbBaHAEP HAIIIE] MHHHMAIBHBIA BaAPHAHT — TPH IIpoBoga. OJHAKO
OH HE CYMEJI YBHAETh BCEX BO3MOKHOCTEH HOBOH CHCTEMBI H CO3JIATh ITPHT OAHBIE IS ITPAKTHKH
KOHCTPYKI[HH MAaIIH.

Hanbompnmix ycrexoB B pa3BHTHH MHOrodasHBIX cHcTeM JoOHica Mmuxann OCHITOBHY
JlomBo- JJ00pOBOJIE CKII, KOTOPEIM CYMEN IMPHAATh CBOMM padoraM IPaKTHUYECKHI XapakTep.
[ToaTOMY OH ITO IIPaBY CUHTAETCS OCHOBOIIOJIOKHHKOM TEXHHKH TpeX(a3HBIX CHCTEM.

M.O. Jlommso-/[o6poBonbckmii (1862—1919 rr.) pommunca B IlerepOypre, yumicsa B
NOKYMEHT NMOAMNMUCAH

SNEKTPOHHOW NOANUCHIO > OBl OTYHCIEH B CBSBH C MACCOBBIMH
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 . - 1881
Bnapeneu: lebayxoea TaTtbAHa AnerkcadapoBHa ‘IYACHIOB B 1OXA I.[ﬂpEYﬁHHCTEa ( I‘.).
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3aBepIIIUI cCBOe OOpa3oBaHHe B BEICIIIEM TEXHHYECKOM VUIIHINE I. JlapMITajra, B KOTOPOM
OOJIBINIOE BHHUMAHHE YIEISTIOCh IPAKTHYECKUM IIPHMEHEHHSM 3IIeKTPHYECTBA.

Ocenpro 1888 r. M.O. JlomuBo-/loOpoBonsckui Ipouen gpoknan 1. @eppapuca o
BpAIlAOINEMCS MarHHTHOM I107Ie M OBLI KpalHe VIHMBIEH €ro BBIBOJOM O IIPAaKTHYECKOMH
HEIIPUTOMHOCTH «HHIYVKIIHOHHOIrO» sneKkrpoasurarensda. Eme mpo storo M.O. Jlonuso-
JIOOpPOBONMBCKIIT 3aMETHII, 4YTO ECIH 3aMKHYTh HAaKOPOTKO OOMOTKY SKOPS JBHIATellsd
ITOCTOSIHHOI'O TOKA ITPH TOPMOXKEHHH (T.€. B OIBITE AJHHAMHYECKOIO TOPMOKEHHS), TO BOZHHKAET
OOJIBIIION TOPMO3SIIIMI MOMEHT. « 4 TOTUacC XKe ckaszal cede, — BcrioMuHal rmosgaee M.O. J{omBo-
J10OPOBOJIECKHIL, — YTO €CJIH CHIEIaTh Bpall[arolleecs MarHUTHOe I1oMe 1o MeTony I'. Meppapuca
H IIOMECTHTh B HEr'O TAaKOH KOPOTKO3aMKHYTHIH SIKOPh MAJIOI'O COIIPOTHBIIEHHS, TO 3TOT SIKOPb
CKOpEE CaM CTOPHT, UeM OVIeT BpalaThCs ¢ HEQOIBIIINM YHCIIOM 000POTOB. MEBICIIEHHO S IIPSMO
IIPeICTaBIII ceOe 3IeKTPOABHIaTeIh MHOIO(pa3HOI O TOKA ¢ HHYTOKHBIM CKOIbKEHHEM.

Tak M.O. Jomuo-/|oOpOBONBCKHI TIPHINEI K BBIBOAY O HEIEISCOOOPa3sHOCTH
H3TOTOBIIEHH S OOMOTKH POTOpPa ¢ TaKHUM OOIBIIHM COITPOTHBIIEHHEM, ITIPH KOTOPOM POTOP HMET
Obl ckombXkeHHe 50 %. B CTepKHSX Maloro COIMPOTHBIEHHSI ITPH HeOOJBIIOM CKOJIbKESHHH
BO3HHKHYT TOKH, KOTOpPHIE B JOCTAaTOYHO CHIJIBHOM MAarHHTHOM IIOJIe cTaTopa CO3IanyT
SHAYNTEIBLHBIN BPAIAIOIIIIICI MOMEHT.

Y CHIEHHAS AeATeIIbHOCTh B 3TOM HAITPaBJIEHHH B HEOOBIYAHHO KOPOTKHH CPOK IIPHBENA K
paspaborke Tpex(dazHOH HSIEKTPHYECKOH CHCTEMBI H COBEPIIEHHOH, B IIPHHI[HIIE HE
H3MEHHBIIIEHCS JIO HACTOSIIETO BPpEMEHH, KOHCTPYKIIHH ACHHXPOHHOTO 3IIEKTPOJIBHTATEIIA.

IlepBEIM BaXHBIM IIaroM, KOTOpPBIH cheman M.O. JlomuBo-/|o0poBONbCKHI, OBUIO
H300peTeHHe poTOopa ¢ OOMOTKOH B BHE OeMUbero Komneca. /119 YMEHBIIEHHS COIPOTHRIIEHH
OOMOTKH pPOTOpa JIVUIIHM KOHCTPYKTHBHBIM PEINEHHEM MOI OBITH POTOP B BHIE MEIHOIO
IWIMHApa, Kak B aurarene I'. MDeppapuca. Ho Menp SABISeTCS TUIOXHM ITPOBOIHHKOM IS
MarHUTHOro 1o craropa, u KIIJ/] Takoro geurarens Op1 ObI OUeHb HHU3KHM. ECIIH Ke MeJHBIH
IIUIHHAP 3aMEHUTh CTallbHBEIM, TO MAarHHTHBIH ITOTOK PE3KO BO3pacTacT.

OJTHAKO OTMETHM, YTO 3JIeKTPHYECKAS] ITPOBOJIUMOCTE YV CTAIH MeHbIIe, YeM V Megu. M.O.
Jomeo- JJo6poBOJIE CKIMIT HaIllel OJIeCTSIIee PellleHHE — BEIMIOIHHTE POTOP B BHJE CTAIBHOIO
IINIMHPa (YTO YMEHBIIAIO MArHHTHOE COIIPOTHBRIIEHHE POTOpa) H B IIPOCBEPIIEHHEBIE IIO
NepH(EePHH MOCIEAHET O KaHAIIBI 3aKIaJbIBaTh MeHEIE CTEPKHH (UTO YMEHBIIIAET IeKTPHYECKOe
COITPOTHBIIEHHE poTOopa). Ha I00OBEIX YaCTSIX poOTOpa 3TH CTEPKHH JOIDKHBEI OBITH XOPOIIO
3JIEKTPHYECKH COeJHHEHBI. Ha pHC. IIpecTaBIeHEl YepTeXH U3 IepBoro nareHra M.O. JJomBo-

AOKYMEHT [OANMCAH ‘eMBl. OTHM IaTeHTOM OH 3aKpeIliI 3a coOOil
3NEKTPOHHOW NOAMNUCHIO ' P
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CrnepyronmuM 1mraroM M.O. JlommBo-/IoOpOBONBCKOrO SBHWIAchk 3aMeHa JABYX(a3HOI
CHCTEMEI Tpex(da3HoH. OH COBEPIIEHHO CITPABEIHBO OTMeYall, YTO ITPH YBEJIHYEHHH YHClIa (a3
VIIYUINAETCS PACIIPEACIIeHHE HaMarHHYHBAIOIIEH CHIIBI II0 OKPYKHOCTH CTaTopa aCHHXPOHHOIO
AIEKTPOJABHIATEN. Y IKe IIEpexo OT ABYX(a3HOH CHCTEMBI K Tpex(asHOH JaeT 3HAYHTEIIbHEIH
BBINTPBIII B TOM OTHOIIEHHH. J[albHelHIllee yBeIHYeHHe YHcia (a3 HellellecooOpa3Ho, TaK Kak
OHO ITPHBENO OBl K 3HAUNTEIILHOMY VBEIIHUEHHIO pacxoa MeIH Ha IpoBojia. BCKope BRISICHIUTIHCE
H JIpyrHe IIPpeHMYIIecTBa TPpeX(a3HOH CHCTEMEI.

Ho xakmM o0pa3oM ITpollie BCEro IOIYYHTh TpeX(hazHyI0 CHCTeMY? YiKe OBIII H3BECTeH
CIT0cO0, ITPH ITOMOIIH KOTOPOro OOBIYHYIO MAIIMHY ITOCTOSIHHOTO TOKA MOKHO OBIIIO IIPEBPATHTH
B IT€HEPATOP IepeEMEHHOr0 ToKa. Kak yxe orMeuanocs, [1.H. AGmoukos u 3. ['pamm eltle B KOHIIE
70-X rogoB XIX B. CEKIITHOHMPOBAIH KONIBIIEBOH SKOPh I'eéHeparopa H IIOJIy4YalIH OT KayKIOH
CEKIMMH IepeMeHHBI TOK. B cepemiHe 80-X rofoB OBIIH ITOCTPOEHEI IIEPBEIE BPAIaFOIIMECS
OIHOSIKOPHBIE ITpeoOpa3oBaTeili. ITH IIPeo0pa3oBaTe OUYEHE IPOCTO ITOMYYAIHCh H3 OOBIMHOI
MAaIIMHEI TIOCTOSIHHOTO TOKa: OT ABYX JHAMETPAIbHO IIPOTHBOIIONOKHBIX TOYEK OOMOTKH SIKOPS
IBYXITOITFOCHON MAIIMHEL JEeIalIUCh OTITAaHKH, KOTOPBIE BBIBOJIINCE HAa KOHTAKTHEIE KOJIbI[a. B
3TOM ClIy4ae K KOJUIEKTOPY MAaIlMHBI TTOJBOMIIICS ITOCTOSIHHBIH TOK, 4 C KOJIEI[ CHHMAIICH
IIEpeMEHHEIN. ECI B TOM XKe SKOpe MAIIHHEI ITOCTOSHHOTO TOKA CJIEeNIaTh OTIAaHKH OT YeThIPeEX
PAaBHOOTCTOSIIHX TOYEK, TO Ha YETHIPEX KOIbI[AX JIETKO ITOIYYHTh ABYX(a3HYIO CHCTEMY TOKA.

H. Tecna mocTpown CHHXPOHHBIH T€HEPATOP, B KOTOPOM HMEIHCH TPH HE3aBHCHMBIE
KaTYIIIKH, pPacIioloKeHHbIe o YoM 60° ofiHa K Apyroi. Takoi reHepaTop JaBal Tpex(a3Hyro
CHCTEMY TOKOB, HO TpeOoBall I IMepelauyll 3SHEPrHH IIIECTh ITPOBOJOB, TAK KaK B 3TOM CIIy4yae
IToTy4yajlach HecBS3aHHasA TpexXdasHag I[ellb C TOKaMH, CABHHYTBIMH IT0 (paze Ha 60°. M.O.
JlommBo-/JOOpPOBOJIBECKIIIT B Pe3VIILTAaTE MCCIEHOBAHMS Pa3lIHYHBIX CcXeM OOMOTOK CcHenal
OTBETBIIEHHS OT TPEX PABHOOTCTOSIINX TOUEK SKOPS MAIIIHH ITOCTOSHHOI'O TOKa. TaknM o0pazom
OBLITH ITOITY4YeHBI TOKH € Pa3HOCThIO (pa3 120°. CoxpaHHB B 3TOH MaIIHHE KOJUIEKTOP, MOKHO OBLIO
HCIIOJIb30BATh €€ B KaUeCTBE OJHOSKOPHOIO IIpeoOpa3oBaTeils

TakmM myTeM ObUIa HaliJleHa CBS3aHHas Tpex(aszHas CHCTeMa, ITPH KOTOPOH IS IepeJadn
I pacrpeielIeHHsI 3IeKTPOsHepPIHH TpeOyeTcs TOIBKO TPH ITpoBoda. B apyxdazHoii cucrteme H.
Tecnel Takke HMEIach BO3MOXKHOCTE OOOHTHCH TPEMS IIPOBOAAMH, OJHAKO JTOCTOHMHCTBA
CHMMETPHYHOH CBS3aHHOH TpeX(pasHOH LIENH IMOAKPEIUISTINCh APYTHMH IIPEHMYIIECTBAMH Kak
IBHTaTeJlel, TaKk H BooOIe Tpexda3sHOH cHCTeMBI. [locnemHss SBIIETCA CHMMETPHYHOM,
yYPaBHOBEIIEHHOH H 5SKOHOMHYHOH. Ha Tpm mpoBoja B TpexdasHOH cHCTeMe M IlepeladyH

AQIYMERT HOAIMCAH MeTaJIla Ha 25 % MeHbIIIe, UeM Ha JIBa IIPOBOIa
SNEKTPOHHOW NOANMUCHIO 0 ) A POBOJ,
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JlanpHelllllee yBelIHYEeHHE 4YHCIa (a3 IpHBeIIO OBl K HEKOTOPOMY YIIYUIIEHHEO
HCIIOJIb30BAHNS AEKTPHYSCKIX MAIIMH, HO BBEI3BAIO OBl COOTBETCTBVIOIIEE YVBEIIHMYEHHE YCIIA
JTHHEHHBIX ITPOBOAOB. TakmMm o0pa3oM, TpexgasHas CHCTeMa 3IIEKTPHYECKHX TOKOB SBIISETCS
ONITHMAJIbHOH MHOT'O(pa3HOH CHCTEMOH.

CHCTEME TpeX «COIPsDKEHHBIX» TOKOB M.O. JlomBo- /Jo0poBOILECKHH 1Al CIIEI[HAIbHOE
HanMeHOBaHHe «Drehstromy», 4To B IepeBojie Ha PyCCKHIL SI3BIK O3HAYaeT «BPALIAOIIHIICS TOK.
YKazaHHBIH TEPMHH, XOPOIIO XapaKTEPH3VIOIIHMH CIIOCOOHOCTH OOpa3OBBIBATH BpaIllaXOIEECs
MarHHTHOE I10JIE, IO HACTOSMIIETO BPEMEHH COXPAHIIICS B HEMEIIKOH JIMTEPATYPE.

BecHoit 1889 r. OBII ITOCTPOEH NePBBIH TpexX(dasHbIi aCHHXPOHHBIN 3JIeKTPOJABHTATEIID
MOIITHOCTEIO 0KOJIO 100 BT. OTOT ABHTATENh ITHTANICSI TOKOM OT TpeX(]a3zHOro OJHOSKOPHOIO
ITpeoOpazoBaTelns H IIPH UCITBEITAHIX ITOKA3all BIIOIHE VIOBIETBOPHTEIILHEIE PE3YIILTATHI.

[lopakaeT KOHCTPYKTHBHAsI 3aKOHUYEHHOCTh TIEPBBIX aCHHXPOHHBIX 3JIEKTPOABHIaTelIeH
M.O. Jlomuso-/lo0poBonbsckoro. CTepKHH «OemMUYbero Kojeca» OH IIpeuiaraeT Jejarh
HEH30JIHPOBAaHHBIMH, CEPJIEUYHHK POTOPa MAaCCHBHBIM HIIH IIMMXTOBAHHBIM, CTEPKHH IT0 TOPILaM OH
COEQHHHII KOPOTKO3aMBIKAIOIIMMH KOJIbI[aMIH, JJIS CTaTOpa BIIEPBBIE BBEI ITONY3aKPBITHIE TTA3HI.

Bceren 3a repBBEIM OHOSKOPHBIM ITpeo0pasosaresieM OBLII CO3aH BTOPOH, O0lIee MOIIHBIH,
a 3aTeM HavaloCch H3TOTOBJIEHHE TpeX(a3HbIX CHHXPOHHBIX TeHEPaTOpOB. YXKe B IIEPBHIX
reHepaTopax IIPHMEHSIIICh JBa OCHOBHEIX CITOCODa COEMMHEHHS OOMOTOK. B 3BE3Ny H
TpeyrombHHK. B jgampHenmemM M.O. Jlomeo-/[00pOBOIIBCKOMY  VAAIOCH  VIVUIIMTH
HCIIONIb30BAHHE CTAaTOpa C ITOMOINBIO IMMPOKO IPHMEHSEMOI0 B HACTOMINEE BpPeMS MeTOJIA,
3aKJIIOYAIOINErOCd B TOM, 4YTO OOMOTKY JEelar0T pPaspesHOH M ITPOTHBOJIEKAIIHE KaTYIIKH
COEQUHSIOT BCTPEYHO.

BaxueiM goctxeHHeM M.O. Jlomieo-/|oOpOBOIBCKOIO SBIJIOCH TaKKE TO, YTO OH
OTKa3aJICA OT BBUOIOIMHEHHS ABHUIATENSA C BRICTYITAXOIIMMH TTOJIFOCAMH M CJIeNall 0OMOTKY cTaTopa
pacIIpeie]IEeHHON II0 BCEH €ro OKPYKHOCTH, Onarogaps 4eMy S3HAYHTEIIbHO YMEHBIIIIOCH
MarHHTHOE paccesHHe II0 cpaBHeHHIO ¢ ABHTraTellsIMH H. Tecnsl. Tak Tpexda3zHbIi aCHHXPOHHBIH
IBHTATENh C KOPOTKO3aMKHYTBIM POTOPOM ITOIYYHJ COBPEMeHHBIE KOHCTPYKTHBHBIE (DOPMBI.
Beckope M.O. Jlonueo-/JoOpOBOIBCKHM OBIIIO BHECEHO €IIe OAHO VYCOBEPIIEHCTBOBAHHE:
KONbIleBasd OOMOTKa cTaropa Owuia 3amMeHeHa OapabdaHHON. Ilocime 3Toro acHHXpPOHHBIH
3JIEKTPOJABHIATEL ¢ KOPOTKO3AMKHYTEIM POTOPOM ITPHOOPEII COBPEMEHHBIN BHT.

HoBoe 3aTpyHEHHE B pa3BHTHH TpeX(pa3HOH TEXHHKH BO3HHKIIO B CBS3H C OrpaHHYeHHOH
MOIITHOCTBIO TIEPBBIX HCTOYHHKOB SHEPIHH, KAK OTJACIIBHBIX IeHEPATOPOB, TaK H 3IIEKTPOCTaHI[HI

ACKYMEHT MNOANMCAH YHHOT'O SIEKTPOABHIATENSI C KOPOTKO3aMKHYTEIM
3NEKTPOHHOW NOANUCHIO | PO P t
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M.O. JJommso-]/lo6poBombCcKiii B 1890 . M3rOTOBHII ABHIATellh ¢ KOPOTKO3aMKHYTHIM
POTOPOM MOIIHOCTRIO IIpUMEPHO 3,7 KBT M IIpH TMEPBOM JKE HCILITAHUN OOHAPYKILI
3HAUUTEIILHOE VYXVAIIEHHE ITYCKOBBIX CBOHCTB. [IpHYmMHa 3TOro 3akilroyaiack B TOM, 4YTO
KOPOTKO3aMKHYTBIH POTOP OBII  «CIHMINKOM 3aMKHYT HakKOpoTKoy». lIpH yBelnHyeHHH
COIIPOTHBJIEHHS OOMOTKH POTOpa ITYCKOBEIE YCIOBHSA 3aMETHO VYIIVUINAINCH, HO paboume
XapaKTePHUCTHKH JIBHTATENS VXYAINAINCE. AHAIN3 BOSHUKIIIX 3aTPYAHEHHH IIPHBETT K CO3IaHHIO
TaK Ha3bIBAcMOTIO (pa3HOIr0 poTOpa, T.€. TAKOro, 0OMOTKa KOTOPOIO JAENIAeTCs, IMOJ00HO 00OMOTKE
cTaTopa, TpexX(a3HOH H €& KOHI[BI COSAHHSIOTCS C TpeMs KOJIbI[aMH, Haca)KeHHBIMH Ha Bail. C
ITOMOIIIBIO IMETOK STH KOIBI[A COSAUHSIOTCS C ITYCKOBBIM peocTaToM. TakuM odpa3oM, B MOMEHT
ITYCKa IIETIh POTOPa HMeeT OONBINOE COITPOTHBIIEHHE, KOTOPOE YMEHBIIIAETCS IT0O MEPE HapacTaHH g
yacTOTHl BpameHusa. Ha puc., B3groM u3 gokmnaga M.O. Jlomieo-/JoOpOBOIBCKOrO Ha IIEPBOM
BcepoccriickoM 3IeKTpoTexXHIYecKOM che3zie (1899), rmokaszaHa IIpHHITMITHAIbHAS KOHCTPYKIIHS

ABHI aTCJLA.

Koumpononsie eonpoceol:

l. H306peTersa M.O. Jlomeo-/106pOBOJIECKOTO.

2. [IOATOTOBHTE IIpe3eHTAI[HOHHBIE IIPOEKTHI Ha TEeMY. CO3JaHHEe IIEPBHIX
ACHHXPOHHBIX JABHIATeJIEH, Y HCTOKOB 3JIEKTPH(PHKALHMH, OCHOBOIIOIOXKHHK TPeX(pasHEIX CHCTEM

Muxamn Jlonueo-/100pOBOIECKHH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Ipakmuueckaa paboma Nel(). 3apodxcoerue IeKmpoIHepzZemMUKU. IHep2emuuecKas
mexHuKa. Hemopuueckue ycio6ua 603HUKHO6ECHUA U PAZSUMUA IHEPZEMUUECKOU MEXHUKU.

Ponwb MIEKMPUUECKOZ0 OC6 eH{EHUA 6 CMAHO6JIEHUHH IJIEKMPOIHEDZEMIIUKIL.

HE.E’II’:.' I/IB}HIEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKI H J3JIICKTPOSHCPITCTHKH, 3dKOHEI

IJNIEKTPOTEXHHEKI H (bﬂpMIpGEElHHE €€ HaYVIHbBIX OCHOB.

OCHO6bL MeopuUIL:

Hauaso pasBHTHS 3IeKTPOTEXHOIOIHH IIPHHSATO CBS3BIBATh ¢ paboTaMH akajgeMika B. B.
[leTpoBa, KOTOPEIN BIIEPBBIE HCCIIEMOBAIl SEKTPHYECKYIO AVIY H YKa3ajl Ha €€ BO3MOJKHBIE
00IacTH IPHMEHEHHS IS HarpeBa, IUIABKH M BOCCTAHOBIIEHHS H3 OKICIIOB METAJUIOB, a TAKXKe
IUIS 3ilekTponusa Boapl. B XIX B. Hauamich pa3paloTKH AIEKTPOTEXHOIOTHYECKHX YCTAHOBOK
Pa3IMUYHOr0 HasHAauYeHHS, KaK UYICTO HCCIIEJOBATENbCKHUX, TaK H HMEIOIMX ITPOMBIIIIIEHHOE
IIPHMeHEHHEe. OTO paboThI TaKHX YVUeHBIX, Kak M. Jlenpe (OpaHIpg, 1849) —I1eyb COMPOTHRICHHSA
H jayroBas Ieus, JI.-A. IImmon (Opanximsa, 1853) — ayropast nmeyb KOCBEHHOIO JEHCTBHS IS
MeTaryprud, B. Cumene (AHrmis, 1879) — 1yroBele IeYH MPSIMOI0 H KOCBEHHOT 0 JeHCcTBHA, O.
Xapucaiy (Aurmusg, 1884), H. I'. CmasHoB (Poccus, 1888) — myromas simekrtpocBapka, C.
Tomricon (Anrmusa, 1891), UBuar (Anrmug, 1892), C. @eppantu (Urammga, 1887) — Teopua H
ITpaKTHKa HHAYKI[HOHHOI'O Harpera M IUIaBKU. MOIHBEIN HMIIYIBC JUIS  Pa3sBHTHSI
3JIEKTPOTEXHOIOIHH JTalIH MHOTOYHCIIEHHBIE Pa0OTHI 10 IMOTYYEHHIO aTFOMHHHS, B XOJ[€ KOTOPBIX
pa3pabaTeIBAIINCh PA3THYHBIE THIIEI 3IIEKT POTEXHOIOTHYECKHX YeTaHOBOK (OTY): rapHuccaxHas
neys Y. C. Bpajmn (CIITA, 1883), pe3HCTHBHEIE PYIOBOCCTAaHOBHTEIILHBIE TIEYH ITPSMOI 0 Harpera
opatheB A. 1 E. Koynecc (CIITA, 1884), snexrpomistele BaHHEI [1. JI. T. Opy (Opanims, 1886) u
Y. M. Xomma (CHIA, 1886). OgHako 3¢ dekTHBHOE pa3BHTHE H ITPHMeHEHHE CTalI0 BO3MOKHBIM
JIHIIE C MEPEXOAOM OT XHMIYECKHX HCTOYHHKOB IMTAHMS K HCTOUYHHKAM ITHTAHHS, OCHOBAaHHBIM
Ha 3aKOHE OSJIEKTPOMAarHUTHOM MHAVKIIMH, T. €. C CO3JaHHEM MOIIHBIX TIEHEPATOPOB H
YBEIIHYEHHEM ITPOH3BOJCTBA AIEKTPO3HEPIrHH B KOHIle XIX — Hayane XX B. C 3TOro BpeMeHH
HayaJId Pa3BHBATHCS Pas3MYHBIE BHIBI IS OCYIIECTBIECHHS Pa3HOOOPA3HBIX TEXHOIOTHYECKHX
ITPOIIECCOB, B YACTHOCTH IS ITONYYeHHS H 00palOTKH KauyeCTBEHHBIX CTalleil, I[BETHBIX H
TYTOILJIABKHX METAJUIOB, ITOIIYIIPOBOIHMKOB, IUIacTMACC M APYIHX MaTepHaloB. Ha cosganiie
CHJILHOE BIIMSHIE OKa3aIH pa3BHTHE aBTOMOOHIeCcTpoeHH (oco0eHHO B CIIIA), a Imo3gHee aBHa-

H PaKETOCTPOCHIIA, aTOMHOH ITPpOMBINUICHHOCTH H OP. SHEI{TPDT CPMHYCCKIHE VYCTAHOBKIH
NJOKYMEHT NoanncAH

ANEKTPOHHOW MOANUCHIO bl HpEGﬁpﬂBGEElHIIH BHEETI)IFIECKGﬁ SHEPI'Hil B
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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® pEBHGTI[E}I{bIﬁ;

. BIIEKTPOYTOBOMH,

. HHIYKIMOHHBIH (HarpeB MPOBOJHHKOR B 3IEKTPOMAarHHTHOM ITOJIE);

. ITHAIIeKTPHYECKHI (HarpeB JHAIEKTPHKOB B AIeKTPOMAarHHTHOM IIOJIE);,
. TUIa3MEHHBIH (HarpeB ITOTOKOM ITIa3Mbl — HOHH3HPOBAHHOIO I'a3a);

. 3IIEKTPOHHO-TTYYEBOM;

. (bOT OHHBIH (HarpeB C HCIIOIb30BAHHEM Jla3epa — JIa3ePHEIH).

OTMETHM, UTO €CJIH IePBBIE TPH BHAA HarpeBa H3BeCTHHI ¢ XIX B., a JH3JIEKTPHYECKHI
HarpeB cTaiau IpHMeHSTh ¢ 30-Xx rr. XX B., TO HAyajlI0 Pas3BHTHA 3IeKTPOHHO-IYYEBOIO,
IIA3MEHHOIO H JIA3€PHOI0 HarpeBa OTHOCHTCS yx&e K 50—60-M rr. XX B. McTopHio pa3sBHTHA
3JIEKTPOTEXHOIOTHH  Ilelecoo0pa3sHO pacCMaTpHBaTh B COOTBETCTBHH C  IIPHBEIEHHOM
KJIaCCH() MKAI[HEH.

Kak H3BeCTHO, OMHHMH H3 HaHOOJIee PacIIpOCTPAaHEHHBIX B IIPOMBIIIUIEHHOCTH SBJISEOTCS
MeXaHHuyecKHe Ipoliecchl. [1oatomy yxe B 70—-80-X rogax XIX CcTONETHS HAYHHAET ITPOSBISITHC
CTpeMIIEHHE 3JIeKTPH(HIIHPOBAThL 3TH IIPOIECCHI, T.€. OCYIIECTBHTh SIIEKTPHYECKHH ITPHBOJI
PA3IMUYHBIX MCIIOMHHUTEIBPHBIX MeXaHH3MOB. OpHako 0 Havana 90-X TOZOB IIpHMEHEHHE
3JIEKTPOIIPHBOAA HOCIIO SIIH30MMYECKHI XapakTep. JIMIllb B HEKOTOPBIX CIyYasxX, Korjia
IMPEANPUATHSI  pacronaraad — OINOK-CTaHIMSIMH U1 SJIEKTPHYECKOIO  OCBEIIEHHS,
3JIEKTPOJABHIATEN ITPHMEHSIIHCE IS IIPHBOIa BEHTHIIITOPOB, HACOCOB, ITOALEMHHKOB H APYTHX
MeXaHH3MOB. CIIeyeT OTMETHTE, YTO Ha BCepOCCHHCKOH ITOJIMTEXHHYECKOH BRICTABKE B 1872 T.
B.H. YUukosner BIiepBhie JEMOHCTPHPOBAI IIBEHHYIO MAIIIMHY C 3IIEKTPHYECKHM ITPHBOIOM — 3TO
OBIII IIEPBBII B MHPe «3IeKTPH(HITHPOBAHHBIH CTaHOK).

[TonmoxeHne H3MEHIIOCh KOPEHHBIM 00pa3oM B CBS3H C H300pETEHHEM aCHHXPOHHOIO
IBHTraTels. B JOoCTaTOYHO KOPOTKHIH CPOK 3TOT THII ABHTATENS 3aHSUI JIOMHHHPYIOIIEE ITOIIOKEHHE
B CHCTEME HIIEKTPONPHBOAA TIPOMBIIUIEHHBIX IIPeUIPHATHII. UpesBhIUaiiHas IIPOCTOTA
ACHHXPOHHOI'O0 JBHTATENI, OCOOEHHO C KOPOTKO3AMKHYTBIM POTOPOM, €ro HaIeKHOCTh H
HEBBICOKAsI CTOMMOCTH ITO3BOJIIIOT YCTAHOBHTH B JTFOOOM I[€X€E COTHH M THICSYH JBHTATEIEH IIPH
HeOOBIIIOM  OOCIYAKHMBAIOIIEM IIEpCOHale. TakHe JIBHTATElII MOIYT BBIIIONIHATBCS B
repMETHUYECKHX KOPITyCax, H, CIIeJ0BATEIbHO, HX MOJKHO HCIIOIB30BATh B TSDKEIBIX YCIOBHSIX: B
aTMoc(epe ITOBBIIIEHHOH BIAKHOCTH, OEH3HHOBBIX ITAPOB M T.II. ACHHXPOHHBIE JBHIATEIIH Oe3
ITOBPEKAEHII BBIIEP/KHBAIOT 3HAUHUTEIIBHBIE KPaTKOBPEMEHHBIE IIEPErPY3KH, TOrJa KakK B

IBHT aTeJISIX ITOCTOSHHOI'O TOKa ITr00ast TIICPETIPY3KaA YCKOPACT H3HOC KOJUICKTOPA.

NOKYMEHT NoanncAH
SNEKTPOHHOW MNMOoAMMMChLIO (POHHOI'O  JABHIQATCIM  ABJDICTCA  TPYIHOCTD
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slleKTporpHBoAa. HemocTaTKoM acHHXPOHHBIX [BHIATelel ¢ KOPOTKO3aMKHYTBIM POTOPOM
TAKXKE SBISETCS OrpaHHYEHHE HX MOIIMHOCTH VYCIOBHSMH ITYCKa. 3TO OOCTOSITEIIECTBO B
HaYalIbHBIH IIEPHOJ Pa3BHTHS TPpeX(a3zHOH TEXHHKH, KOIJ[a MOIITHOCTH 3IEKTPHYECKIX CTaHIHIH
ORI HEBEJMKI, 3aCTABJIUIO BO MHOTHX CIIYYasX OTKa3bIBATHCSA OT IIPHMEHEHHS IBHIATEIEH C
KOPOTKO3aMKHYTBIM pPOTOpOM. MoIllHbIe IBHrAaTelId ¢ KOPOTKO-3aMKHYTBIM  POTOPOM
IIPHMEHSIIHCE TONMBKO B CIyYasx, KOrja OHH IMHMTAlNCh OT OTAEIbHOIO IeHepaTopa. Takme
YCTaHOBKH YaCTO HCIIONIb30BAJINCh, HAIPHMED, B BOLOKAaYKaX.

[IpakTHUYeCKH pa3BHTHE 3IEKTPOIPHBOJA ITPOHCXOMHUIIO ABYMS HEpPaBHO3HAYHBIMI
myTsMH. [lepBeifi, HanOonee THIIMYHEIN, - 3aMEHa IIAPOBBLIX JBHrarellel, padoTaBIIIHX Ha
TPAaHCMHCCHIO. OTO OBUI ITYTh CO3JaHHS KPYIIHOIPYIOIOBOI'O 3JIEKTPOIPHBOAA, KOTOPBII HE
HCKIIFOYAIl TSDKEIBIX ITPOH3-BOACTBEHHO-THTHEHHYECKHX YCIIOBHH, OIPEISISBIIMHXCS HaIHYHEM
TPaHCMHCCHIT. BTOpOI IMyTh — 3IMH30QHYECKOE IIPHMeHEHIEe OQHHOYHOTO IpHBoAa. [locneaHee,
KaK IIPaBHJIO, HMMEIIO0 MECTO TOIBKO B CIIy4ae KPYIHBIX OTBETCTBEHHBIX HCIIOIHHUTEIIBHBIX
MEXaHH3MOB, ITPeAbSBILIBIINX CIIeIHPHIeCKHe TpeOOBAaHHS K IIPHBOJHOMY JABHIATEIO (IIPHBOI
KPaHOB, IIEHTPH( YT, IMPOKAaTHEIX CTaHOB H T.I.). HO yXe B KOHIle BeKa ITpaKTHKa HaITISIHO
yOex1ana B IIPeUMYINeCTBAX OJHHOYHOI O IIPHBO/A.

[TocnemHmit BH IIPHBOA OCBOOOXKAAET IPOMBIIIUIEHHOE IIPEAIIPHSITHE OT TPAaHCMICCHI H,
IJIaBHOE, ITO3BOILIET paboTarh KaXAOMY OTHEIIBHOMY MCIIOMHHUTEIBPHOMY MEXAHH3MY IIPH
IIEPEMEHHBIX HArPy3KaX M HAHBBITOAHEHIIMX CKOPOCTSIX, a TAKXKe ITO3BOJISIET YCKOPHTH ITYCK M
H3MEHEHHE HaITpaBIeHNH BpameHusa. OMMHOYHEIT IIPHBOJ OKa3ajl CYINECTBEHHOE BIHSHIE H Ha
KOHCTPVYKI[HIO CaMOI'0 HCIIOJIHHTEJIbHOIO MeXaHH3Ma. CONMIKeHHE TIPHBOAHOIO JIBHTATENS C
HCITOIHH T EIbHBEIM MEXaHH3MOM HHOTTa ITOTYYalIOCh HACTOJBKO TECHBIM, YTO KOHCTPYKTHBHO OHH
IPEACTABILUIN COOOH enmHOoe Iienoe. HamprmMep, B cirydyae 3IEKTPOIPHBOLA POIIbIaHra POIHK,
CITYZKAIIMI 15 TIEPEMEIIEHHS METAIINA, SSBILIETCS HAPYKHBIM POTOPOM aCHHXPOHHOI'O JIBHTaTEJIA.

B 70-x u ocobeHHO 80-X rogax XIX B. IMPOBOAHIIOCH MHOI'O padoT IO IIPHMEHEHHIO
3JIEKTPUYECTBA Ha TpaHCIoOpTe. TaK Ha3plBaéMble KOHHO-JKEIIE3HBIE JIOPOTH VYKE He
VIOBJIETBOPSUIH BO3POCIIHMX ITOTPEOHOCTEN TOPOACKOrO HACEeIeHHS, a IIPHMEHEHHE ITapOBOIO
TOPOJACKOrO TpPaHCIIOpTa OKas3aloCh HEMPHEMIIEMBIM H3-3a JbIMa H KOIOTH. PeambHas
BO3MOKHOCTEL JJISI IIPOBEJEHHS OIBITOB IO 3IIEKTPH()HKALMH TPAaHCIIOPTa IIOSBIUIACH IIOCIIE
H300peTeHHS reHepaTopa I paMmMa.

Bo Bcex crnyyasx, Korjga SJIeKTpHYecKas SHEPrus JJId IHTaHHSI TSTOBOI'O JABHUIATENS
reHEPHPOBAIIACh TAJIbBAHHYECKOH HIIH aKKYMYILITOPHOM Oarapeeil, TeEXHHYECKOE PEIeHHE IO B

OOKYMEHT NoarnvucAH
SNEKTPOHHOW NOANMUCHIO THATH, T.C. TAKIHX, B KOTOPBIX KaK I CHCPHPVIOIIAA
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IEHCTBHE COOTBETCTBVIOIMMMH ITAPOBBIMH arperaraMil, CHCTeMa aBTOHOMHOM 3JIEKTPHYECKOH
TSATH IepecTana pacipocTpaniarbes. [Ipobdiema 31eKTpHYECKON TATH MOITIa HAHTH PEIIEHHE JIHIIb
IIPH YCIOBHH Pa3padOTKH ITPHEMOB 5SKOHOMHYHOH IIEpefauyl 3SIEKTPOSHEPIHH OT MECTa €€
TeHEPHPOBAHUA K IBIKYIIEMYCS SKHITAXXY, BaroHy M T.I1. TakuM oOpa3oM, 3JeKTpHYEeCKas Tsra
MOIJIa PasBHBATLCSA B BHIE HEABTOHOMHOH TSIH C IIPHMEHEHHEM METOJOB SKOHOMHYHOM
TepegadyH NMeKTPOSHEPIUH HA PACCTOSHHE.

CHcTeMa aBTOHOMHOHN 3MEKTPHYECKON TSTH, OMHAKO, He ObliIa ITOJIHOCTHIO OTBEPIHYTA,
YCOBEPIIIEHCTBOBAHHE AKKYMYIISATOPOB IIO3BOIIIO YCTpaHBaTh CHCTEMY ABTOHOMHOM TSIH,
IONIB3YACE CMOHTHPOBAHHOH B BarOHEe HIIM Ha CYAHE aKKYMYJISATOPHOH OarapeeH, TOKOM OT
KOTOPOH ITHTAJICS 3IEKTPOIBHT ATEIIb .

B 1879 r. B. CumeHcoM ObllTa IIOCTPOEHA IepBas HeOONIbINAas 3JIeKTpHUECKasd Kelle3Hasd
IOpora Ha IIPOMBIIIUIEHHON BBICTAaBKEe. DIEKTPHUECKas SHEPTHS IO OTAEIbHOMY KOHTAaKTHOMY
PENBLCY IEPEaBANIACh K AIBHIATENO HEOOIBINOIO Bar OHA, HAITOMHHABIIIETO COOOH COBPEMEHHYIO
AKKYMYILITOPHYIO TEJIEKKY (3IIeKTPOKap), 0OpaTHBIM ITPOBOIOM CITYKHIIH PEIbCHL, IO KOTOPBIM
IBHT AIICS «JIOKOMOTHBY». K rocieqHeMy OBLIH ITPHIIEITIEHEI TPH TeleKKH, Ha KOTOPBIX MOTJIH
pPa3sMeCTHTHCH 18 rmaccaxHpoB.

B Poccui mepBEIe OINBITEI HEABTOHOMHOM SIEKTPHUYECKON TSIH OBLIH IMpoBeJcHBI D.A.
[Tuporwknm. Eme B 1875—1876 IT. OH HCIIONB30Bal A IEpedavrl SNEKTPOSHEPIHH OOBIYHBIN
KETIE3HOJOPOKHEIH PEIbCOBBIH ITYTh. UTOOBI YIIVUIIIMTE ITPOBOAHUMOCTh PEIBLCOBOIO ITYTH, OH
IIPUMEHIT CTBIKOBBIE BJIEKTPHUYECKHE COETUHEHMS, a IS YCHIEHHS H30JLIIHH JBYX HHTOK
PEeIbCOB OJHOH KoneH (OHH OBUTH H30JIHPOBAHBI CIIOEM OKAJIHHBI H IIITaJIaMH ) — CMa3KYy ITO/IOIIBEI
pPeIbCcoB ac(aIbTOM.

B aprycre 1880 r. M. A. IIHpOLKIIT OCVINECTBII ITYCK 3JIEKTPHUYECKOIO TpaMBasl Ha
OIBITHOM JIMHHH B paHoOHe POKIEeCTBEHCKOI'O ITapKa KOHHOH JKeJIe3HOH JoporH B IlerepOypre.
[Inranace sTa IMTHHHS OT HeOONBINON 3JIEKTPOCTAHIINH, IIOCTPOSHHOH B IIApKe, ¢ T'eHEPATOPOM
MOIITHOCTEIO 4, a 1o3gHee 6 n.c. Ilog TpamMBaHHBIH 3IEKTPOBAaroH OB IIPHCIIOCOOIEH
IBYXbSPYCHBIH BaroH KOHHOH JKelIe3HOH JoporH (Macca ¢ maccaxkHpaMH 6,5-7.0 T), K paMe
KOTOpPOro OB IMOJABEINEH 3JIEKTPOABHIATEND, TIPHBOAUBIIHI B ABHKEHIE BEAVIIVIO OCh Yepes
IBVXCTYIIEHYATVIO 3yOuaryro Iepemauy. Cxema, npemmoxkeHHas O.A. IIupoikmm, HEKOTOpoe
BpeMS IIPHMEHSIIACh IS ITHTAHHS TpPaMBAaHHOH CeTH H 3a pydexoM. OHa ObBllIa JOCTATOYHO
IIPOCTa M JaBaja BO3MOJKHOCTH OOOHTHCH O€3 TPEeThEero peibca, 3aTPYAHSBINETO YIIMYHOE
IBIDKEHHE M YCIIOKHSBINETO BCE COOPYKeHHe. HeqocTaTKoM TakKOH CXEMBI OBIIIO HaIHYHE

AOKYMEHT NOAMMCAH IKH H3-32 TUIOXOIH H30JISIINH PellhCOoB
SNEKTPOHHOW NOANUCHIO b '

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

" BEPXHETI'O KOHTAKTHOI'O ITPOBO A4, CACIIAHHOI'O B
Bnapeneu: LLleBayxoea TateAHa AnekcaHapoBHa

_HMeHcoM (['epmaHHs), cXeMy ITHTaHHS 110 JIBYM
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penbcaM IlepecTald ITPHUMEHSATh Ha SIIEKTPOTPAHCIIOPTE, €CIIH HE CUMTAaTh €€ IPHMEHEHHS B
HACTOSIIEE BpeMS IS aBTOOIOKHPOBKH. 3aciayrod M. A. [IHpoIKOro SBISIETCS TAKXKE BBEJCHIE
3y04aToH Iepeadyl (BMeCTO PEMEHHOH) OT Bajia JBHTaTeld K KonecaM. B 1889 r. mogo0HBI XKe
IepeJaTOYHbIH MEXAHM3M, ITOIYUYMBIIHH Ha3BaHHE «TPaMBAHHOIO IIPHBOJA», OBLUT ITPHMEHEH
CriparoMm B CHIA.

C 1883 r. gelicTBoBana MTHHNA TpaMBad B T. [Toptyme (Mpnanminsa) gmiHoi 9,6 kv, B 1884
I'. OBUIH OTKPBITHI IS SKCIUTyaTallHH TpaMBaiHble IHHHH B ropogax bpalitoHe (AHITIHS) JIIHHOMH
1,5 xm n Opankdypre-na-MaiHe (['epmannsa) miuHOH 6,56 kM. [lepBeIii TpamBai B PoccHH,
KHEBCKHI, OB ITVIIEH I OOIIErO MONIB30BaHHA B 1892 I'., IIpHYEM PEIIEHHE O CTPOHTEIILCTBE
TpaMBaHHOH JIMHIH OBLIIO IPHHSTO JIHIIG ITOCTIE TOI'0, KaK YOEIIUTHCE, YTO HH KOHHAS, HH ITapOBas
TSATa HE CITIOCOOHEI IIPEOIONIETE KPYTOH IOoABeM OT ViI. Ilomon k Kpe-martuky. TpaMBanHas THHHS
COeQMHIIIA T'YCTOHACEIIEHHYIO OKpaHHYy KIieBa ¢ I[eHTpOM Iropoja.

Ha »3lIekTpHyecKoM TPaHCIIOPTE IIOYTH HCKIIFOYHTEIILHOE IIPHMEHEHHE ITONYYIII
ITOCTOSIHHBIH TOK, 0OeCIIeUHBAIOIIHI HAIeKHYIO pad0oTy TATOBBIX AIEKTPOABHIATENIEH H YI00HOE
PETYIIHPOBAaHHE CKOPOCTH. [1o3TOMY 10 Mepe pasBHTHUS TEXHHKH MTEPEMEHHOIO TOKA ITPHIIIIOCH
COOpPYKaTh IpeoOpa3oBaTeIbHBIE ITOACTAHIHH.

HanbGomnee ecTecTBEHHBIM H TIIO3TOMY IIEPBEIM II0 BPeMEHH IIpeoOpa3oBaTeIeM
IIEPEMEHHOIO TOKA B ITOCTOSIHHEIH OBINIa ABHIATElIb-TeHepaTOpHas yecTaHOBKa. B 1885—1889 1T.
CO3JIAXOTCS IIEPBBIE OAHOSKOPHEBIE ITPe00pa3oBaTeIN IIEPEMEHHOIO TOKA B ITOCT OSIHHBIH, KOTOPHIE
B KaXIIOM CIIy4ae ITPeJCTaBIISTIM COOOH KOMOHMHAI[HIO CHHXPOHHOI'O 3JIeKTPOABHIATENS H
reHepaTopa IIOCTOSHHOIO TOKa ¢ o0mmmM skopeM. OJHOSKOPHBIN IpeoOpa3zoBareilb oOajgaeT
PSIOM CVYINECTBEHHBIX IIPEUMYIIECTB TIEPE]] ABHIaTENb-TeHEPAaTOPHOH YCTAaHOBKOH: MEHBIIIAS Ha

30—40 % macca, 3HaUHTEeIbHO MeHbIHe radapHTHL (70 50 %), BeicokwHi KIII.

Konumpononsie éonpoceol:

1. IlyTH pa3sBHTHS 3JIEKTPOTEXHOIOTHH.

2. I1oATOTOBUTE IIPe3eHTAI[HOHHBIE IIPOEKTHI HA TEMY: 3apOKIAeHHE EKTPOIHEPIEeTHKH,
SHepreTHYecKas TeXHHKA, HCTOPHUYECKHE YCIIOBHS BOSHHKHOBEHHS H Pa3sBHTHS SHEPreTHYECKOH

TCXHHKI, POIIb JJICKTPHYCCKOI'O OCBCIIICHHA B CTAaHOBIICHHH 3JICKTPOSHCPI CTHEKIIL.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckaa pavoma Nell. [1epévte mpexghazuvie iekmpocmaruyuu. OcHo6Hble
Imanst pazeumua 3iekmpoirepeemurxu ¢ Poccuu. OcHo6Hble 3mansl pa3eumi A

INEKMPOIHEPZEMUKH 6 MUDeE. Bo3HuKkHoseHUe pﬂﬁﬂHHbe Hﬂﬂfﬂflpﬂﬂﬂlwuﬂ.

HE.E’II’:.' I/IB}HIEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

IJNIEKTPOTEXHHEKI H (bﬂpMIpGEElHHE €€ HaYVIHbBIX OCHOB.

OCHO6bL mMeopulL:

OIIeKTPOCTAHIHH, ITOJT KOTOPBIMH ITOHHMAOT (paOpPHKH I10 IPOH3BOACTBY IEKTPHYECKOH
SHEPIUH, ITOAJIekKAIleH pacIpeaeIeHHIO MeXIY Pa3IHYHBIMH ITIPOH3BOIHTEISMH, ITOSBHIIHCEH HE
cpazy. B 70-x u Hauvaime 80-X romoB XIX B. MECTO ITPOH3BOJICTBA 3NEKTPOIHEPIHH He OBIIIO
OTJIETIEHO OT MeCTa ITOTPeOIIeHH .

ONeKTpHYECKHEe CTaHI[HH, 00eCIIeUHBaBIIIE AIIEKTPOIHEePrHEH Or paHHUEHHOE KOJTHYECTBO
IOTpeOHTENIEH, HA3BIBAIHCh OIOK-CTAaHIIMAMH (HE ITyTaTh C COBPEMEHHBIM ITOHATHEM OJIOK-
CTQHI[MH, TIOM  KOTOPHIM  HEKOTOphle  aBTOPEI  IIOHMMAKOT  (paOpHYHO-3aBOJICKHE
TelJI03IeKTPOLeHTpal ). TakHe cTaHIHH HHOTIa Ha3bIBAIH «{OMOBBIMIL.

PasBUTHE TIEPBBIX SMEKTPOCTAHI[MI OBIJIO COIIPSIKEHO C IPEOAOJIeHHEM TPYAHOCTEH HE
TOILKO HaYYHO-TEXHHYECKOI'O XapakTepa. TakK, TOPOJACKHE BIIACTH 3allpelllajlIl COOPYKEeHHE
BO3MVIIHBIX JIMHII, He Kelas IIOPTHTL BHEIIHHI BHJI Tropofa. KOHKYpHPVIOIIE Ta30BHIE
KOMIIaHHH BCSYECKH ITOMYEPKHBAIH JIeHCTBHTEIbHBIE H MHHMBIE HEJOCTATKH HOBOI'O BHIA
OCBEIIEHH .

Ha Onok-cTaHIMSAX B KayecTBe IIEPBHYHBIX ABHTATEIEH ITPHMEHSUINCH B OCHOBHOM
TIOPIITHEBKIE TTAPOBEIE MAITHHBI H B OTAEIbHBIX CIIYYasX JBHTAaTeIH BHYTPEHHETO CropaHH (B TO
BpeMS SBIIIBIIHECS HOBHHKOH), IIHPOKO HCIIONB30BAIHCh ITOKOMOOHIH. OT IIepBHYHOIO
IBHT aTEI K STIIEKTPHYECKOMY I'eHEpaTOPY Jielalack peMeHHas Iepeaadya. OOIYHO OIHMH ITapOBOH
IBHTATEIb IIPHBOINII B JEHCTBHE OMMH-TPH TeHEpPaTOpa, IMTO3TOMY HAa KPYITHBIX OIOK-CTaHI[HSX
YCTAaHABIIMBAIINCh HECKOJIBKO ITAPOBBIX MAIIIMH HIH JTOKOMOOHIIEH. 11 peryIHMPOBKH HATSDKE HHA
PEMHeEHN BJIEKTPHYECKHE TeHepaTOphl MOHTHPOBAIHCh Ha canaskaxX. Ha pHc. IokazaH BHI
3JIEKTPOCTAHIIMH IS OCBEIINEHHS OJHOTO JOMa.

Briepeeie OIOK-CTaHIIMH OBIIIHM ITOCTPOEHBI B llaprike s ocBeleHH s yimipkl Orepel. B
Poccun nepBoil YCTaHOBKOH TAaKOI'O pojia SBHIIACH CTAHIIHS IS OCBEIIEHH A JINTeHOro MocTa B

IleTepOypre, cosganHasa B 1879 r. ripu yyactud 11.H. f06moukoBa.
OOKYMEHT NOANMMUCAH

SNEKTPOHHOW NOANMUCHIO M3BOJJACTBA 3IICKTPOSHCPIHIH ObIlIa HACTOIIBKO
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Lllebayxoea TaTbAHa AnekcaHgposHa COOTBEICIBOBAla TCHACHIHH KOHLCHIDAIH

CHITPAJIBHDBIC 3JICKTPOCTAHIIHH BO3HIKIIH YEKC B
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cepeauHe 80-x rogoB XIX B. H OBICTPO BEITECHIIH OJIOK-CTAHIIMH. B CBS3H ¢ TEM, UTO B Hayale
8(0-X rojoB MaCCOBBIMH ITOTPEOUTEIISIMH 3IIEKTPO3HEPIHH MOITIH CTaTh TOIBKO HCTOUYHHKH CBETA,
IIEPBEIE I[EHTPAIBHBIE SIIEKTPOCTAHIINH IMPOEKTHPOBAINCH, KaK IIPaBWIO, IS ITHTAHHA
OCBETHTEIILHON HAIPy3KH H BEIPadaThIBAIN ITOCTOSHHEIH TOK.

B 1881 r. HecKONIBKO ITpeJIIPHHMYHBEIX aMepHKAaHCKHX (DHHAHCHCTOB ITOJI, BIIeYaTIIeHHEM
yCIlexa, KOTOPBIM COIPOBOJKAANIACh JEMOHCTPAIH S JIAMIT HaKaIMBAHIS, 3aKIIFOUHIIH COTTIAIIeHHE
¢ T.A. DIHCOHOM H ITPHCTYIIIH K COOPYKEHHIO IIEPBOH B MHPE LIEHTPAIILHOHN 3JIEKTPOCTAHIHMH
(Ha [IMpIBCTPHT B HLm-ﬁﬂpHe). B ceHrabpe 1882 r. sTa smeKTpocTaHImsa OpUla CIaHa B
SKCIUTyaTalo. B MamHHOM 3alle CTaHIMH OBIIO YCTAHOBJIEHO IECTh TIeHeparopoB TA.
DIHCOHA, MOIITHOCTE KaXJI0oro cocrarisia okono 90 kBT, a o01mas MOIIHOCTE 37IEKTPOCTAHLIHIH
npeBbinana 500 xBr. 3maHue craHiin H ee o0OpyaoBaHHE OBIIIM CIIPOEKTHPOBAHBEI BEChMa
Ileslecoo0pasHo, TaK 4YTO B JaJIbHEHINEM TIPH CTPOHUTENIBCTBE HOBBIX 3JIEKTPOCTaHI[HI
pPa3sBHBAINICF MHOTHE H3 TeX ITPHHIMHIIOB, KOTOPBIE OBUIH IPeIokeHBI 1T.A. JmmcoHOM. Tak,
TE€HEPATOPBI CTAHIHI HMMEIIH HCKYCCTBEHHOE OXIIaXJIEHHE H COSMHHSUIMCH HEIOCPEICTBEHHO C
nBurareneM. HarpsokeHne peryinpoBajIoch aBTOMaTHUECKH. Ha CTaHIMH OCYINECTBRIISIIHCE
MeXaHH4YecKas Iojadya TOIUIMBA B KOTEIBHVIO H aBTOMAaTHUYECKOE VJIalleHHe 30IIbI M IIUIaKa.
3amura OOOPYAOBAHMS OT TOKOB KOPOTKOIO 3aMBIKAHHS OCVYIIECTBIISUIACh ILTIABKHMIL
IIPEOXPAHUTEISIMH, a MArHCTPalbHBIE JMHHM OBUIH KaOenbHBIMH. CTaHIMSA CcHaOXxaila
3JIEKTPO3HEPrHEN OOIIMPHEBIH IT0 TOMY BPEMEHH PaHOH ILIOINAAbIO 2.5 KM. BcKope B Hrio-1 OpKe
OBLJIO IIOCTPOEHO €IN€ HEeCKOJNBbKO crTaHimii. B 1887 r. paboraym yxe 57 IEHTPalIbHBIX
3JIEKTPOCTAHI[HI CHCTEMBI T.A. DIHCOHA.

McxomHoe HampspKeHHe TEPBBIX SIEKTPOCTAHIMIL, OT KOTOPOIr'O BIIOCIEACTBHH OBLITH
ITPOHM3BEIEHEL IPYTHE, 00Pa3yIOIME H3BECTHYIO IIIKATY HAITPSKEHHH, CIIOKHIIOCh HCTOPHYECKH.
Jlemo B TOM, YTO B IIEPHOJ HCKIIOUHMTEIBHOI'O PACIIPOCTPAHEHHS IYTOBOTO 3JIEKTPHYECKOTO
OCBEIEHNS SMITHPHYECKH OBUIO YCTAHOBIIEHO, UTO HambOoee MOAXOMSIIMM IJI1 TOPEHHS JIYTH
sSBisieTcd HanpsokeHHe 45 B. UToOBl YMEHBIIHTE TOKH KOPOTKOIO 3aMBIKAHHS, KOTOPEIE
BO3HHKAIIH B MOMEHT 3aKHTaHH S JIaMII (TIPH COITPHKOCHOBEHHH YIIIEH ), H U1 00JIee YCTOHYHBOr O
TOPEHHS IYTH BKIIFOYAIH IIOCIIEAOBATEIILHO C IYTOBOH IIaMITOH OalIaCTHEIH PEe3HCTOP.

Takxe sMIMPHYECKH OBIIIO HAHIEHO, YTO COIIPOTHRIIEHHE OalUlaCTHOIO PE3HCTOpa
IOIDKHO OBITH TAKHM, YTOOKI ITaJIeHHE HAIPsDKEHHSI Ha HEM IIPH HOPMAJIbHOH padoTe COCTaBIISIIO
rmpuMepHo 20 B. Takmm o6pazom, oblIiee HAIPSDKEHHE B YCTAaHOBKAX ITOCTOSHHOI'O TOKA CHavamina

COCTaBJIIIO 65 B:, H 5TO HAIIPLKCHHE ITPHMCEHAIIOCE JOIIOSC BPEMA. OIHaKO 4acTo B OJHY ILICIIb

AOKYMEHT NoArnMcAH _
SNEKTPOHHOM NOANVCHIO )PEIX TpeboBanock 2x45 = 90 B, a ecru K 3TOMY

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

€C5 Ha COIIPOTHBIICHHEC Oaju1acTHOT O PE3HCTOPA,
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TO IIOIYUYHTCS HampstkeHHe 110 B. 35To HamnpspkeHHe ITOYTH ITOBCEMECTHO OBUIO ITPHHATO B
KA4YeCTBE CTAaHJAaPTHOTO.

YXKe TIpH IPOEKTHPOBAHMH IIEPBBIX I[EHTPAIBLHBEIX 3IEKTPOCTAHIMH CTOIKHYIINCH C
TPYAHOCTSIMH, KOTOPBIE B JOCTATOYHON CTEIEHH He OBLIIH IPEOONIEHEl B TEUeHHE BCETO TIEPHOIA
TOCIIOACTBA TEXHHKH IIOCTOSHHOIO TOKa. Paguyc 5SIeKTpOCHAOKEHHS  OIPEIeiIseTC
IOITYCTHMBIMH ITOTEPSMH HAMPSIKEHHS B 3IEKTPHYECKON CETH, KOTOPBIE IS JAaHHOH CETH TEM
MEHBIINE, YeM BBIOIE HaIpsoKeHHe. FMMeHHO 3TO0 OOCTOSTEINLCTBO 3aCTaBIIO CTPOUTH
3JIEKTPOCTAHIIMH B I[EHTPAIBHBIX PalOHAX I'OPOJA, UTO CYINECTBEHHO 3aTPVYAHSIIO HE TOIBKO
oOecIieyeHHe BOAOH M TOIUIMBOM, HO H VIOPOXKAIO CTOHMMOCTh 3€MEIBHBIX VYACTKOB JIJIS
CTPOHTEILCTBA 3IEKTPOCTAHINMI, TaK KaK 3eMISA B IIEHTPe ropojia Obliia Ype3BBIYAHO JOPOra.
OTHM, B YaCTHOCTH, M OOBSCHSAETCSA HeOOBIYHBIH BHJ HBIO-HOPKCKHX 3IeKTPOCTAHI[MI, Ha
KOTOPEIX 000pYAOBaHIE pacIIonaraloch Ha MHOTHX aTakaX. IomoKeHHe OCIOXKHSIIOCE EIIE TEM,
YTO Ha IIEPBHIX 3IEKTPOCTAHIIHSAX TPHXOMIUIIOCH PasMeEIaTh OOIBINOE KOIMHYECTBO KOTIIOB,
IIaPOITPOH3BOIUTEIILHOCTh KOTOPBIX HE COOTBETCTBOBAIA HOBEIM TPEOOBAHISM, ITPEIHABIIEHHBIM
3JIEKTPO3HEPTETHKOH.

He w™eHee vymuBwiIca OBl HaIll COBPEMEHHHK, VBHJEB IIEPBEIE IIeTepOYPICKHE
3IIEKTPOCTAHIUIL, KOTOPhIe OOCITYKHUBAIIH parioH HeBckoro rpocnekra. B Havamne 80-x rogos XIX
B. OHH pasMella/ICh Ha OaprkaxX, 3aKpeIUIEHHBIX YV IPHYalIoB Ha pekax Morike H (DOHTaHKE.
CTPOHUTEIM HCXOAHIHM H3 COOOpaXKEHHH JIEINEBOrO BOAOCHAOXKEHHS, KPOME TOro, IIPH TAaKOM
PEIEHHH HE HYKHO OBIIIO ITOKYITAaTh 3¢MEIbHBIE YUACTKH, OJIM3KHUE K ITOTPEOHTENIIO.

B 1886 r. B IlerepOypre ObUIO YVUpEXIEHO aKIIHOHEpHOe «OOIIECTBO 3NEKTPHYECKOrO
ocBereHHs 1886 r.»: (cokparmeHHO Ha3bkIBaIoch «OO0ImecTBO 1886 TI.»), KOTOpoe IMPHOOPEIO
3IIEKTPOCTAHIINI Ha pekaX Morike H DOHTaHKE M ITOCTPOHIIO eIIe JBe: V KazaHckoro cobopa 1 Ha
MHKeHepHOH Tu1ommaai. MOIHOCTh KaXKI0H M3 3THX SNEKTPOCTaHIMH eaBa IIpenkriana 200 kBT.

B Mockse nepBas IieHTpajlbHas 3neKTpocTaHI A (1I'eoprueBckast) Oblna ImocTpoeHa B 1886
I'. TOXKE B IIEHTPe ropoja, Ha yriry bomsimnon J[MUTPOBKH U [ eOprueBCcKoro rnepevika. Ee sHeprus
HCIIONB30BANIaCh IS OCBEINEHHS TIPIJIETAOINErO PpadoHa. MOIMHOCTE  3IeKTPOCTaHI[HH
coctasisia 400 kBT.

OrpaHH4YeHHEBIE BO3MOKHOCTH PacCIlMPEHHS pagHyca NEKTPOCHa0KEHH A IIPUBEITH K TOMY,
YTO YAOBIETBOPHTH CIIPOC HA 3IEKTPOIHEPTHIO CO BpeMEHEM CTAaHOBIIOCH BCE TPYIHEE. Tak, B
IleTepOypre 1 Mockge K cepeniHe 90-X roI0B BO3MOKHOCTH IIPHCOEITHEHH I HOBOH HAarpy3KH K

CYIIECTBYIOIIIHM 3JIICKTPOCTaHIHAM OBILITH HCHEPIIAaHBL H BCTAJI BOIIPOC 00 M3MeHEHHH CXEM CeTH

BOKYMEHT MOAMUCAH
ANEKTPOHHOW NMOAMMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

IH 3 CKTHEHO CTH [POBAllI IIOBBIIIICHHE
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa (bq) MYyIIMp

DBOH YaCTH 3JIEKTPHYECKHX CTaHI[MH. lIpexme
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BCETO CIEAVET OTMETHTH PEIIHTEIBHBIL IIOBOPOT OT TMOPIIHERBIX ITAPOBEIX MAIIHH K ITAPOBBIM
TypOuHaMm. llepras TypOmHa Ha »jaekTpocTaHIMAX Poccum Opula ycraHoBlIeHa B 1891 1. B
[leTepOypre (cTaHIps Ha p. QOHTAHKE). 3a T'OJ JO 3TOTO HCIIBITaHHE TYPOHHEI OBLIIO ITPOBENEHO
Ha CTaHI[MH, PacIIOJIOKEHHOH Ha p. Morike. Brlle yxe orMedancs HauOolee CYINEeCTBEHHBIH
HEJIOCTATOK SMIEKTPOCHA0KEHHI TTOCTOSHHBIM TOKOM — CIHMIIKOM Majas IUIOIaAb paloHa,
KOTOpasd MOXKEeT OOCIYKHBAThCSA IIEHTPAIBHOH 3JIEKTPOCTAHIHEH. Y JalleHHOCTh Harpy3KH He
IIPEBBIIIATIA HECKOJIBKHX COTEH METPOB. ONEKTPOCTAHIMH CTPEMIUIHNCh PAaCIIHMPUTE KPYyr
ITOTPeOUTETIENl CBOErO TOBapa — 3JIEKTPOSHEPIHH. OTHM OOBSCHSIOTCS HACTOHYHMBBIE ITOHCKH
ITYTEH YBEIIMYEHHS IUIOMAIH AIEKTPOCHAOKEHN S IIPH YCIOBHH COXPaHEHHS VKE MTOCTPOEHHBIX
CTAHI[HIl TIOCTOSHHOI'O TOKAa. DBBIJIO MPeIIOoKEeHO HECKOIBKO HJeH, KaK VBEIHMYHThL PagHyc
pacrpeieIeHHs SHEPT HH.

[leprag Hpes, He IIONYUYMBINAS 3aMETHOIO PacIIPOCTpPaHEHHS, Kacalach ITOHIKEHILS
HaIIPSDKEHHUSA SIIEKTPHYECKHX JIaMII, ITOAKIFOYABIIIXCS B KOHIIE JIHMHHH. OIHAKO pPacueThl
ITOKA3aJIH, UTO IIPH ITPOTSDKEHHOCTH ceTH Ooliee 1,5 KM SKOHOMHYECKH BEITOfHEE OBIIIO IIOCTPOHTH
HOBVIO 3JIIEKTPOCTAHI[HIO.

JIlpyroe peleHHe, KOTOPOE MOITIO BO MHOIHX CIIVYAasX VIOBJIETBOPHTH IOTPeOHOCTS,
COCTOSUIO B M3MEHEHHH CXEMBI CETH: IepeXOoe OT ABYXIIPOBOMHBIX CETeH K MHOIOITPOBOIHBIM,
T.€. (JaKTHYECKH K IOBBIIIIEHHIO HAITP DK EHIS

TpexIpoBogHAS CHCTEMA PaCIIPEAEICHHS MEKTPOIHEPTHH OblIa IpeIokeHa B 1882 T.
JIK. 'OIIKMHCOHOM M He3aBHCHMO OT Hero 1. DmucoHoM. IIpH aTol cHcTeMe reHepaTOphl Ha
3JIEKTPOCTAHIIHH COSAUHSTINCE ITOCIIeJOBATEILHO M OT OOIIEH TOYKH IIEN HeHTpalbHBIH, HIIH
KOMIIEHCAL[MOHHELIN ITPOBOA. IIpH 3TOM OOBIUHBIE JIAMITBI COXPaHSIIHCE. OHH BKIIFOYAIICH, KaK
IIPAaBIIO, MEXKAY paldouMMH M HEHTpPaIbHBEIM IIPOBOJAMH, a JIBHTATEIH I COXPaHEHISI
CHMMeTPHH Harpy3KH MOKHO OBUIO BKIIIOYAaTh Ha ITOBBIINIEHHOEe HalpsokeHHe (220 B).

[IpakTHUYeCKHMI pe3yIbTaTaMH BBEAEHHS TPEXIIPOBOIHON CHCTEMEI SIBHIOCH, BO-TIEPBHIX,
VBEIIHUEHHE PpagHyca 3IeKTPocHAOKeHHS ImpuMepHO a0 1200 M, BO-BTOPBIX, OTHOCHTEILHAS
SKOHOMHS MeIH (IPH BCEX ITPOYHX OFHHAKOBBIX YCIOBHSX PacXOj MeJH ITPH TPEXITPOBOIHOMH
cucTeMe OB MpaKTHYeCKH BABOE MEHBIIIe, YeM ITPH ABYXIIPOBOIHOI).

JIIst  peryimMpoBaHHS HAaIMPSsDKEHNHS B BETBSIX TPEXIIPOBOJHONH CETH IIPHMEHSIIHCH
pas3lMUYHBIE YCTPOHCTBA. PETYIHMPOBOYHEIE  JOIOIMHHTEIILHBIE TeHEPaTOPhI, JEIHTEIIH
HAaITPSsCKEHHS, B YACTHOCTH ITOITYUHBIIIHE 3HAYHTEILHOE PACIIPOCTPAaHEHHE JEIIUTEIH HAIIPSIKEHIL S
Muxamna OcunoBuya J[onu-Bo-/[0OpOBOJIECKOr0, aKKYMYIISTOPHEIE OaTapeH. TpeximpoBogHas

AOKYMEHT NOANMWUCAH |
SNEKTPOHHOWM NOANMUCHIO dk H 3a p}fﬁE}I{GM. OHa COXPaHHII4AChk BILIIOTBL JO
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MakcHMaIbHBIH BapHaHT MHOTOIIPOBOJIHBIX CHCTEM ILITHITPOBOIHAS CETh ITOCTOSHHOIO
TOKa, B KOTOPOH IIPHUMEHSIINCh YETBIPE IIOCIENOBATEIIPHO BKIIOUEHHBIX TIE€HEparopa H
HaIpsDKEHHE, VBEIIHYHBAIOCE BUETBEPO. Paauyc annekrpocHadxKeHHs Bo3pacTain Bcero g0 1500 m.
OJIHAKO 3Ta CHCTEMA HE IMOJIYYHIIA IITHPOKOI'O IIPHMEHEHHS.

Tperuii IIyTh VYBEIHMYEHHS paguyca 3SIeKTPOoCHAOKeHHS TIIpeAlionaral COOpYKEHHE
AKKYMYIISTOPHBIX ITOACTAHIMH. AKKYMYIIITOpPHBIE OarapeH OBIIIM B TO BpeMS 00S3aTEIbHBEIM
IOTIOITHEHHEM KaXKIOH MEKTPOCTAaHIMN. OHH MTOKPBIBAIH ITHKH HAIPY30K. 3apsKasiCh B THEBHEIE
H ITO3JHHE HOUYHBIE YaChl, OHH CIIYKIUIH PE3EPBOM.

CeTH ¢ aKKyMVIISTOPHBEIMH ITOACTAHIIHSAMHI ITOIIVYHIIM HEKOTOPOE pacIpocTpaHeHHe. B
Mockse, HampuMmep, B 1892 r. OpI1a IIOCTPOEHA AKKYMYIISTOpPHAS ITOACTAHI[HS B BepxXHHX
TOProBEIX pspax (HeiHe ['YM), HaxojuBHIascs Ha paccTOSHHH 1385 M oT ['eoprueBcKoOH
IIEHTpallbHON cTaHI[MH. Ha 3ToH moacTtaHiimy ObIIIM YCTAHOBJIEHBI aKKYMYJISITOPBI, ITHTABIIIHE
okos1o 2000 mamim HaKaMBaHHS.

B mnocnegune asa gecarwietHsd XIX B. ObBUIO ITOCTPOEHO MHOI'O SIIEKTPOCTAHITHH
IIOCTOSIHHOTO TOKa, H OHH JOJIIOE BPEMS HaBalH 3HAUHTEILHYIO JOMIO OOINEH BBIPaOOTKH
BIIEKTPO3HEPIrHH. MOIIHOCTE TaKHMX SMEKTPOCTAaHIMH peaxko IpeBblmana 500 xBr, arperarsr
OOBIYHO HMeIITH MOIITHOCTE 1o 100 xBT.

Bce BO3MOXKHOCTH VYBEIHMYEHHS paiyca 3NEKTPOCHAOKEHHS IIPH ITOCTOSHHOM TOKE
JIOBOIIHO OBICTPO OBLIIH HCUYEPITAHBI, OCOOEHHO B KPYITHBIX TOPOAaX.

B 80-x romax XIX B. HAUHHAIOT COOPYXKAThCHA BJIEKTPOCTAHIMH IIEPEMEHHOIO TOKA,
BBITOJHOCTh KOTOPBIX JIJIS YVBEIHYEHHS paguyca 3ineKTpocHadkeHH s Oplta 6eccriopHoi. Ecinu He
CUMTATh OJIIOK-CTAaHI[HH ITepeMEHHOIO TOKAa, IMOCTPOEHHRIX B AHITIMH B 1882—-1883 IT., TO, I10-
BHIMOMY, IIEPBOH ITOCTOSHHO JEHCTBOBARBIIEH 3IEKTPOCTAHI[HEN IIEPEMEHHOIO TOKA MOKHO
CUHTATh 3JIeKTpocTaHIMo I'poBHepckoH ranepen (JIoHmon). Ha »TOH cTaHIMH, ITYIIIEHHOH B
SKCILTyaranio B 1884 r., ObUIN YCTAHOBIEHHI JBa I'eHeparopa IepeMeHHOro Toka B. CuMeHca,
KOTOpEIe 4Yepe3 IOCIe0BaTeIbHO BKIIOUeHHbIe TpaHcpopMaTopsl JIk.J[. I'omapa u JI. I'nG0ca
paboralli Ha  OCBelleHHe Traineped. HemgocTaTKH — ITOCIENOBATEIFHOTO  BKIIFOUEHHSA
TpaHC(OPMATOPOB H, B YaCTHOCTH, TPYAHOCTH MOAAePKaHHS ITOCTOSHCTBA TOKA OBLIIH BEISIBIICHEI
JIOBOJIBHO OBICTPO, H B 1886 I'. 3Ta cTaHI[M ObljIa PEKOHCTPYHPOBaHa ITo IIpoeKTy C.1]. DeppaHTH.
['eHeparopsl B. CuMeHca OBIIIH 3aMeHeHbI MalllmHHAMH KOHCTPYKIHH C.1]. MeppaHTH MOIITHOCTHIO
1000 xBT xaxkmas ¢ HanpsDkeHHeM Ha 3axknmax 2.5 kB. TpaHcdopMaTopsl, H3rOTORIEHHEBIE T10

npoekry C.I[. DeppaHTH, BKIIOYANCh B IENb IApaIEIbHO H CIYXKIWIH UIS CHIJKEHHS

HGWMEHT I'ID.ﬂI'IMCAH o eﬁIITEHeﬁ
SNEKTPOHHOW NMoANMChLIO fo1p .
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BEICOKOH CTOHMOCTBIO 3EMEJIFHOIO V4YaCTKa B IIEHTpe ropofa OBIIIO PEIIEHO ITOCTPOHTH
3JIeKTPOCTAHI[HIO B OJJHOM H3 ITpeaMecTHi JIoHA0Ha, B JlenTdopae, HaxomsameMcsa B 12 KM OT
Curu. OYeBHJIHO, HA TaKOM OOJIBIIIOM PACCTOSHHHM OT MecTa IIOTPeOIeHHS 3JIeKTPO3HEePrHH
SJIEKTPOCTAHIIMS JOMKHA OblIa BBIPAOAThIBATE IIEPEMEHHBIH TOK. IIpH COOpPYKEHHH 5STOH
YCTAHOBKH OBUTH ITPHMeHEeHBI MOITHEIE II0 TOMY BpeMeHH I'eHepaTOPhI BICOKOI0o HanpsikeHH (10
kB) monmocTrio o 1000 m.c. O0mmasa MormHocTh JenTdopackoil AIeKTPOCTaHIHH COCTaBIIIIA
okoimo 3000 xBr. Ha deTelpeX TOpOACKHX IIOACTAHIMSX, ITHTABIIHXCS II0 YETBIPEM
MarucTpaJIbHBIM KaOeJIbHBIM JIHHHSM, HAIIpsKeHHe ITOHMrKainock a0 2400 B, a 3areM yxke y
rorpeburenei (B xomax) — xo 100 B.

[ IprMepoM KpYITHOH THAPOCTAHIIHH, ITHTABIIEH OCBETHTEIIPHYIO Harpy3Ky B OJHO(a3HOH
IIETH, MOXET CIIYKHTh CTAHI[MS, ITOCTpoeHHasd B 1889 r. Ha Bojonaae BOm3H r. [loprineHna
(CIITA). Ha »Toil cTaHIIMM THAPaBIHMYECKHEe JIBHTATEeIH IIPHBOIIIIM B JIeHiCTBHE BOCEMb
OJHO(pa3HBIX T'eHepaTOPoB 00mIeH MoIMHOCThI0 720 KBT. KpomMe Toro, Ha 31IeKTpocTaHIIHH OBUTH
yCTAaHOBIIEHBI 11 reHepaTOpOB, MpeAHa3HAYeHHEIX CITeIHaIbHO IS ITHTaHHSI JYTOBBIX JTaMII (10
100 ymamMI1 Ha KaKABIH FeHepaTop). JHeprHd 3TOH CTaHIHMH IepeJaBajlach Ha paccTosHHe 14 MIIb
B I. [loprieHs.

XapakTepHad OCOOEHHOCThL TIEPBBIX  2MEKTPOCTAHIMMI TIEPEMEHHOIO TOKa —
H30IMpOBaHHass pabdoTa OTAENBHBIX MaIlMH. CHHXPOHHM3AI[MsI TE€HEepaTOpoOB EIIE HE
ITPOM3BO/IIIIACH, H OT Ka’KAOH MAIIMHEI IIUIa OTAEIbHAS LIENb K IOTpeOHTENnsIM. JIETKO ITIOHSATE,
HACKOIIBKO HESKOHOMHYHBIMH IIPH TaKHX VCIOBHSAX OKa3alHCh B3JIEKTPHYECKHE CETH, Ha
COOPYKEHHE KOTOPHBIX PAcXOJ0BAIIMCEH KOIOCCAIbHBIE KOIHYECTBA METH H H30ISTOPOB.

B Poccum KpyIHeHIme CTaHIIH IIepeMEHHOrO TOKa OBIIH COOPYKEHEI B KOHIE 80-X H
Hayajle 90-xrogoB XIX B. [IepBasg 1ieHTpaIbHas AIEKTPOCTAHIHA IIOCTPOeHa BEHT€PCKOH (DHPMOI
«['amr 1 KO» B 1. Ogmecce B 1887 r. OCHOBHBIM ITOTPeOHTENEeM SHEPIrHH ObIIa OXHO(a3HAas
CHCTEMA 3JIEKTPHYECKOIO OCBEINEHNS HOBOI'O TeaTpa. JTa JEKTPOCTAHIIUSA ITPeicTaBiIsuIa cOO0H
JUII CBOET'O BPEMEHH IIPOIPECCHBHOE COOpYyxKeHHe. OHa HMela YeThIpe BOJOTPYOHBIX KOTIIA
OO0IIEN ITPOM3BOAUTEIIFHOCTRIO 5 T IIapa B 4Yac, a TaKKe JBa CHHXPOHHEIX I'eHeparopa OOIeH
MOIHOCTRIO 1060 KBT mpu HampsokeHMH Ha 3axmMax 2 KB u vactore 50 I Or
PaCIpPEeEeIMTIEIILHOIO IIHTa 3HEPrHsd IIOCTYIIAla B JIMHHIO UIHHOH 2,5 KM, BEAVIIVIO K
TpaHC(pOPMaTOPHOH ITOACTAHIIHH TeaTpa, I'Jle HalpshKeHHe IOHIDKAIoch A0 65 B (Ha KoTopoe
OBIIM pacCUHTaHBl JIaMITbl HaKanHBaHHI). OOOpyJOBaHHE BIeKTPOCTAHIIHH OBIIO CTOIb
COBEPIIIEHHBIM JIJI CBOEI'O BPEMEHH, YTO, HECMOTPS Ha TO YTO TOIUIMBOM CIIYKIJI IIPHBO3HOH

AOKYMEHT NOArNMCAH THH OBITa HIDKe. YeM Ha Oolee IIO3MHHX
3NEKTPOHHOW NOANUCHIO | ’ A
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B TOM Xe rofy Hayajaach 3KCIUIyaTal[Hs EKTPOCTAHIMH ITIOCTOSHHOIO TOKa B I[apckoM
Cemne (HpIHe T. [IymxiH). [IporsikeHHOCTh BO3AYIIHOM ceTH B I{apckom Certe yxxe B 1887 r. Opina
OKOJIO 04 KM, TOrJla KaK JiBa I'ofa CIIyCTS cyMMapHas KadbejpbHas ceTh «OO0mecTBa 1880 I.» B
Mockse H IlerepOypre, cocraBnsuia Tonbko 115 kM. B 1890 r. IlapckocenbcKkas 371eKTPOCTaHI[HS
H ceTh, OBIIH PEeKOHCTPYHPOBAHEI H IlepeBeleHbl Ha OJHO(A3HYIO CHCTEMY ITepeMeHHOI 0 TOKa
HarnmpsokeHHeM 2 KB. 11o CBHAETEeNbCTBY COBPpEMEHHHKOR, [lapckoe Ceno OBIIO MEPBEIM I'OPOIOM
B EBpoIie, KOTOPEIH OBLII OCBEINEH HCKIIFOUHTEIBHO 3JIEKTPHYECTBOM.

Kpymueimein B PoccHH aiekTpocTaHIed I CHaOXXKeHHSI OJHO(a3sHOH CHCTEMBI
IIEPEMEHHOr O TOKA ObUIa CTAaHIM A Ha BacibeBCKOM OCTpOBE B IleTepOypre, rmoctpoeHHass B 1894
r. HHKeHepoM H.B. CvurpHOBEIM. MOIIHOCTE ee cocTariisuia 800 KBT H ImpeBoCcXo/IHiIa MOIIIHOCTh
TFO00H CYIIECTBOBABIIEH B TO BPeMS CTAHI[MM ITOCTOSHHOIO TOKa. B KadecTBe IIEpBHYHBIX
IBHTATENIEH HCIIOIb30BAIINCh YETHIPE BEPTHKAIBHBIE IMApPOBBIE MAIIMHEI MOIIMHOCTBIO 250 1.C.
Kaxgas. [IpumeHeHNe nepeMeHHOro HanpspkeHHs 2000 B mMO3BOIIMIIO VIIPOCTHTE M VAECIIEBHTH
AIEKTPHYECKYIO CETh H YBEIIMYHThL PaJHyc 3MIeKTpocHaOxkeHHs (Oomee 2 KM IIpH IToTepe A0 3%
HAaITpSDKEHHSI B MarHCTPaIbHBIX ITPOoBoAax BMecTO 17-20% B ceTSX ITOCTOSHHOr O TOKA).

TakmM o00pa30oM, OIBIT S5KCIUIYAaTallHH I[EHTPAllbHBIX CTAHIHH H OJHO(A3HBIX ceTei
ITOKa3all ITPEMMYVINECTBA TIEPEMEHHOIO TOKA, HO BMECTE C TeéM, KaK YK€ OTMEeYaloCh, BBISBHII
OrpaHHYEHHOCTh €r0 MpHMeHEHH . OHO(a3HasI CHCTeMa TOPMO3HIIA Pa3BHTHE AIEKTPOITPHBO/A,
YCIIOKHSUIA €ro. Tak, HallpHMeEp, IIPH ITOAKIFOYEHHH CHIIOBOH HAarpy3KH K CeTH JenT(OopacKOH
CTAHI[HH IIPHXOIIIIOCH JOIOJHHTEIIFHO IIOMEINAaTh Ha Bally KaKJ0Ir0 CHHXPOHHOI'O OJHO(a3HOro
IBHTATEIS €Il[e PasTOHHBI KOJIUIEKTOPHBIH IBHIAaTElb IePEMEHHOrO TOKa. JIETKO ITOHATH, UTO
TaKO€ YCIIOKHEHHE 3IeKTPOIPHBOAA JEIal0 BEChMa COMHHTEIBHOH BO3MOKHOCTE €TI0 IIIMPOKOr O

ITPHMCHCHHA.

K OHMPOJIbHbBIE 601NPOCHL.

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

2. KaK ImpoHCcXoAHI0 pa3sBHTHE ITEPBBIX ANEKTPOCTAHIHI?

3. KTo mam Havalno IMPOKOMY MPAaKTHYECKOMY ITPHMEHEHHIO 3IEKTPHYECKOH
SHEPIrHH?

4, [ToaroTOBHTH IIpe3eHTAI[HOHHBIE ITPOEKTHI Ha TeMy. IIEpBhle TpeX(a3HbIE

JJNIEKTPOCTAHITHH, OCHOBHBIC 3TaAllbl PA3BHTHA J3JICKTPOSHEPICTHKH B PGEGHH:, OCHOBHBIE 3TAIIBI

PA3BHTI JJICKTPOSHCPI'CTHEI B MHPE, BOSHHKHOBCHHC pEiﬁDHI—[BIK BHEI{TI)DCTEII{L[Hﬁ.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Ilpaxkmuueckaa paboma Nel 2. OcHOB6HbIE I3MaAnsl pA36 UMUA ITIEKMPUUECKUX CEMEIL.
Pazeumue menoeuix jekmpocmarnuyuil. Pazeumue cuopoinekmpocmanuyuil. Pazeumiie

dMoMHbBLIX HJIEHHIPHCI’I’IEHIHH&.

HE.E’II’:.' I/IB}HIEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

IJNIEKTPOTEXHHEKI H (bﬂpMIpGEElHHE €€ HaYVIHbBIX OCHOB.

OcHOé6bL meopui.

ONEKTPHYECKHE CTAHIIHH, KOTOPBIE CTAIH HHTEHCHBHO CTPOHUTLCA B 7/0—80-x rT. XIX B. I

ITPOAOIIKAIOT CTPOHTBECA B HACTOMIICC BPCMSAL, MOMKHO KJ’IHCGHd)I[L[HpGEﬂTB ITO HEPEH‘H—IDﬁ JHEPI'HH

Ha CIICOYIOIIHE BHJIBIL.
® TCIUIOBLBIC., BEJIIOY A 4T OMHBIC,
® I'HAPABIIMYCCKIIC,
® BCTPOBLBIC,
® I'EIIHOCTAaHITHH,
® I'cOTCPMaJIbHBIC,
® IIPHIIMIBHBIC H AP.

TernoBele S3IIEKTPOCTAHIIMH, B 3aBHCHMOCTH OT THIIA IIEPBHYHOIO JBHrarelns (a
SIeKTpHYecKasl SHEePIrHs IOKa SBIIIETCS TOJNBKO BTOPHYHONH SHEpPrHeil), MoApa3feIsroTcs Ha
SJIeKTPOCTAaHIIMH: ¢ MHapoBbIMH TypOmHaMH — KOC (koHzeHcanmoHHBIe) mHIH ['POC
(rocylapcTBEHHAsT pPaHOHHAS SJIEKTPOCTAHIMS), BEIPAOaTHIBAIOIHE TOIBKO HSIIEKTPHYECKYIO
SHEPIHIO;, C TEIIO(PHKAIITHOHHEIMH TYpOHHaMH — TOL], B KOTOPRIX OJHAa YacTh TEIUIOBOH SHEPIHH
OTJaeTCs IMOTPeOUTESIM B BHJIE TOPSYEH BOABI HIHM I1apa, a Apyras 4acTh HJAET Ha BHIPalOOTKY
BJIEKTPOSHEPrHH, C TIOPIIHEBBIMH MAaIllHHAMH — JIOKOMOOHISAMH HIH JH3EISMH, ¢ I'a30BBEIMH
TYpOHHAMH, aTOMHBIE H JIp.

TeIioBele 3IEKTPOCTAHIMMH HCIIOIB3YIOT M1 BHEIPAaOOTKH 5SHEPIHH OPraHMYeCcKOe
TorutiBo. [lo BHay BeIpabaTeiBaeMoHl 3HeprHH T2OC ObIBaroT KOHJAeHcalHOHHBIMH (KDOC),
BBIPa0ATHIBAOIMHMMH TOJIBKO 3JIEKTPHYECKYIO SHEPIHIO, H TeIlIosneKTpoueHTpasia (1T31]),
BRIpA0ATHIBAIOIMMH He TOJIBKO SIEKTPHYECKYIO, HO M TEIUIOBYID SHEPrHr0. TellIOBEIE
snekTpocTaHIH (TOC) cOCTOST M3 OCHOBHBIX KPYITHBIX Y3IIOB.

KorenrHass ycraHOBKa (peakTop) CIYKHT JUIS BRIPaOOTKH IIapa H3 BOABI 3a CYET

HCITOJIL30BAHHS TeIUIa TOIUIBa (VI Topda, He(pTH, Ma3yTa H T. [JI.). B KOTeIIbHYIO YCTaHOBKY

[JOKYMEHT NOANUCAH
SNEKTPOHHOW MOANUCHIO Ba, M ITapOBOH KOTEJI. KpoMe 3TOro B Hee BXOHUT
Ceptucukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeney: () We6Gsyxosa TatesHa AnexcaHApoBHa ‘Ba IIHTATEIbHOH BOJBI), BO3MYXOIIOAOIPEBATED
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(@ momorpeBa BO3Ayxa IS TONMKH). KoTelnbHas yCTaHOBKAa HMeeT TakyKe BCIIOMOTaTelIbHOE
00OpYIIOBaHHE: TSATOAYBHOE YCTPOHCTBO — €CTECTBEHHOE (B BHJE BBICOKOH TPYOBI) HIH
HCKYCCTBEHHOE  (IYThEBBIE  BEHTWISTOPHI),  30JI0YIOBHTeNH  ((IUIBTPBI),  CHCTEMY
BOJIOTIOT OTOBKH (OUHCTKA BOJIBI).

['a30TYpOHHHEIE 3JIEKTPOCTAHIMH PpadoTaroT MPHMEPHO IO TOMY K€ ITPHHI[HITY, UTO H
IMapoTyYpOHHHBIE, HO B KaueCcTBe pabouero BEIECTBA HCIIONB3VETCS He BOASHOIM Imap, a ras —
ITPOJIYKT CrOPaHHs TOIUIMBA M IIPHPOMHBIN ra3. IIpumeHeHHe ra30BEIX TYPOHH B HACTOSIIEE
BPEMS — OJHO M3 NEPCIEKTHBHBLIX ITYTEH CHIJKEHUS 3aTpaT Ha IONIYYEHHE 3IEKTPHYECKOH H
TEIUIOBOH HSHeprHM. I HHX XapakTepHO OIMOYHO-MOJIVIIBHOE HCIIOJIHEHHE, BBICOKHE
TeXHHYECKHE XapaKTepPHCTHKH, Mallble radapuThl (TaK Kak He TpeOyeTcs ITapOBOH KOTEI H
ITapOIPOBOARI). J[1 moBkIIIeHHS 3(P(eKTHBHOCTH OHH YKOMILIEKTOBBIBAKOTCS BOJSIHBIM KOTIIOM
yTHurm3aTopoM, KIIJI ¢ TakuM KOTJIOM ITPHMEPHO paBHO 77 %.

B ruapocranmmsax (I'5C) miisa mpoH3BOJACTBA AIIEKTPOSHEPTHH HCITOIB3YETCS SHEPIHS
IBIDKVINENCS BOABL. [ [epBHUHBIMU ABHTaTEISIMH 3JIEKTPOr€HEPATOPOB SBISIOTCSA THAPOTYPOHHEIL,
B KOTOPBIX IIOTEHI[HAIbHAS M KHHeTHYeCKas 3HEPrUs BOJIBLI IPeo0pasyercs B MEXAaHHYECKYIO
SHEPIrUIO IS BpaIlleHHs poTOpa reHepaTopa.

'maporypbHHa COCTOHMT M3 padodero Koleca M HaIpaBJISIOIIETO YCTpOHCTBa. Pabouee
KOJIECO JKECTKO 3aKPEIJIEHO Ha Bally TYPOHHBI, HMEET Ha CBOEM O0OJE II0 BCEMY IIEPHMETPY PSIII
0c000 HM30THYTBIX JIOMAToK. Harpapirstrolnee YCTPOHCTBO IPHAAET JBHKEHHIO BOJBI HYKHOE
HallpaBIIEHHEe M PETYIHPYET KOIHYECTBO BOMBI, IIOCTYIAKOINEEe B TYPOHHY C TIOMOIIBIO
ITIOBOPOTHBIX JIOIMATOK. MeXaHH3M pa3sBOPOTa HAIIPABIISIFOINHX JIONMATOK CBS3aH C PETYIIATOPOM
TYPOHHBL, TIOJIEPKUBAIOIIHM ITOCTOSHHOE YHCIIO 0O0POTOB TYPOHHEI H TEM CaMBbIM YaCTOTY TOKA.
M3 pabouero koneca Boga OTBOAHUTCS YEPE3 BCACHIBAOIIYIO TPYOY B HHKHHI Obe() THIPOCTAHIIHH.

IlepBOHAUaAIbHBIE 3aTpaThl IIPH CTPOHTEILCTBE ADC B 1,5-2 pasa BeOIE, YEM ITPH
cTpouTenbcTBe 131, HO ceGeCTOMMOCTE ANEKTPOSHEPTHH HHXKeE B 1,3— 1,7 pasa.

ADC mid nonydeHHs 3JIeKTPO3SHEPIHH M TeIUla HCITONB3VIOT SJIepHOe roprodee. Bmecto
KOTEJIPHOI'O arperara Ha aTOMHBIX CTAHIMMSX HMCIIONB3YETCS SIEPHBIH PEAaKTOp M OCOOHIE

ITapOreHePaTOopPHI.

K OHMPOJIbHbBIE 601NPOCHL.
1. IloaroToBHTH IMPE3CHTAITHOHHLBIC IIPOCKTEI Hd TEMY. OCHOBHBIC 3TdIIlbl PA3BHTHA

IJNIEKTPHYCCKIIX GETE]'?JI:, Pa3BHTHE TCIUIOBBIX BHEEI"I)GCTEIHI_[I]IUI:, Pa3BHTHEC I'IL[[pGBHEEI‘pGCTﬂHL[I]ﬁ:,

AOKYMEHT MOANUCAH
ANEKTPOHHOW MOAMUCHIO
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IIpakmuueckaa paboma Nel3. 3apodxcoerHue IeKmponpueood, IJ1eKmpomp aHcnopma

H IJIEKMPOMEXHOIOZHH. Pazeumue AIEKmponpiie o0a. Pazeéumite NIEKMPOMEXHOIOCUH.

HE.E’II’:.' HB}“IEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

JJNIEKTPOTCXHHEKH H (prMIpGEﬂHHE: €€ HdaYIHbBIX OCHOB.

OCHO6bL MmeopuiL:

Kak H3BeCTHO, OMHHMH H3 HaHOOJIee pacIipOCTPaHEHHEIX B IIPOMEBIIIIIEHHOCTH SBJISEOTCS
MeXaHHuyecKHe ITporiecchl. [1oatomy yxe B 70—-80-X rogax XIX CcTONETHS HAYHHAET ITPOSBIISITHCS
CTpEMIIEHHE 3JIeKTPH(PHIIHPOBATh 3TH IIPOLIECCHI, T.€. OCYINECTBHTh SIEKTPHYECKHH ITPHBOJ
Pa3IMUYHBIX MCIIOMHHUTEIBHBIX MEXaHH3MOB. OpHako n0 Havana 90-X IogoB IIpHMEHEHHE
3JIEKTPOITPHBOAA HOCHIO SIIH30AHYECKII XapakTep. JIMIIb B HEKOTOPBIX CIIVYasxX, Korja
MIPEANPHATHI  pacrmonaraatd — ONOK-CTaHIMSIMH IS 9JIeKTPHYECKOIO  OCBEIEHIS,
3JIEKTPOJABHIATEN ITPHMEHSIINCE IS IIPHBOLA BEHTHIIITOPOR, HACOCORB, ITOABEMHHKOB H APYITHX
MEXAaHH3MOB. CIIeAYET OTMETHTD, YTO Ha BCEpOCCHHCKON ITOIMTEXHHYECKOH BEICTABKE B 1872 I.
B.H. Uukomnes BIiepBhie JEMOHCTPHPOBAI IIBEHHYIO MAIIIMHY C 3IIEKTPHYECKHM ITPHBOJIOM — 3TO
OBLII IIEPBBII B MHPe «3IeKTPH(HITHPOBAHHEII CTaHOK).

[TomoxkeHHe H3MeHIIOCh KOPEHHBIM 00pa3oM B CBS3H C H300peTeHHEM aCHHXPOHHOIO
IBHTaTels. B 1OoCTaTOYHO KOPOTKHI CPOK 3TOT THII ABUTATENS 3aHSUI JIOMHHHPYIOIIEE ITOIIOKEHHE
B CHCTEME HIEKTPONPHBOAA TPOMBIIUIEHHBIX IIPEMIPHUATHII. UpesBhIUalHas IIPOCTOTA
ACHHXPOHHOI'O0 JIBHTATENI, OCOOEHHO C KOPOTKO3AaMKHYTBIM POTOPOM, €ro HaIeKHOCTh H
HEBBICOKAsI CTOMMOCTH ITO3BOJISIOT YCTAHOBHTH B JIFOOOM I[€Xe COTHH H THICSYH JBHTaTelleH IPH
HeOOJIBIIIOM  OOCIIYKHBAIOIIEM IIepcOHale. TakHe JIBHTATEIM MOIYT BBIIIONIHATBCSA B
repMETHUECKHX KOPITYCcaxX, H, CIeJ0OBaTEIbHO, X MOXKHO HCIIONB30BaTh B TSDKENIBIX VCIIOBHIX. B
aTMoc(epe ITOBBIIIEHHOH BJIAKHOCTH, OEH3HMHOBBIX ITAPOB H T.II. ACHHXPOHHBIE JBHTaTelH Oe3
ITOBPEKIEHII BBIIEP/KHBAIOT 3HAUHUTEIIBHBIE KPaTKOBPEMEHHBIE IIEPErPY3KH, TOrJa KakK B
IBHI'aTeJISIX ITOCTOSHHOIO TOKA JIr00as Ieperpyska YCKopseT H3HOC KOIIEKTOpa.

CVIIECTBEHHBIM HEIOCTATKOM  ACHHXPOHHOI'O JBHIATENS  SBISIETCA  TPYAHOCTH
PETYIIMPOBAHHS 4YacCTOTHl BpallleHHS. [Io3TOMY [0 HAcTOMIIETO BPeMeHH eIlleé OYeHb BEIIHK
VIEIIBHEIN BeC PETrYIHPYEMBIX MAaIllHH IIOCTOSHHOIO TOKAa B CHCTEME ITPOMBIIIIEHHOIO
3JIeKTponpHBoAa. HeaocTaTKoM acHHXPOHHBIX JBHIATEIEeH € KOPOTKO3aMKHYTBIM POTOPOM

TAKOKE ABIIACTCA OI'PpAaHHUYCHIIC HX MOIMHOCTH YCIOBHAMH IIYVCKA. OTO 0OCTOSATEIILCTBO B

AOKYMEHT NoarnncAH | -
ANEKTPOHHOM MOOMUCHIO HKH, KOI'Tda MOIITHOCTH 3JICKTPHYCCKIIX CTAHIHH

Ceptudumrkar: 12000002A633E3D113AD425FB50002000002A6 _ -
Bnagenet: IleBayxoBa TaTbaHa AnlekcaHapoBHa IX OTKa3BIBATLCA OT ITPHMCHCHITA ABHIATCIICH C

BHIATCIIH C KOPOTKO-3dMKHYTBIM POTOPOM
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IIPHMEHSIIHCE TONMBKO B CIyYasx, KOrja OHH IMHMTAlNCh OT OTAEIbHOIO IeHepaTopa. Takme
YCTaHOBKH YaCTO HCIIONIb30BAJINCh, HAIPHMED, B BOJOKaYKaX.

[IpakTHUYeCKH pa3BHTHE 3IEKTPOIPHBOJA ITPOHCXOMHUIIO ABYMS HEpPaBHO3HAYHBIMI
myTsMH. [lepBeifi, HanOolnee THIIMYHBIH, - 3aMEHA IIAPOBBLIX [JBHIrarelle, padoTaBIIHX Ha
TPAaHCMHCCHIO. OTO OBUI ITYTh CO3JaHHS KPYIIHOIPYIOIOBOI'O 3JIEKTPOIPHBOAA, KOTOPBII HE
HCKITFOYAll TSDKEIBIX ITPOH3-BOACTBEHHO-THTHEHHYECKHX YCIOBHI, OIPEIeISIBIIIXCI HaHYHEM
TPaHCMHCCHIL. BTOPOI ITyTh — 3IMH30QHYECKOE IIPHMEHEHHE OJMHOYHOIO IpuBoAa. [locneaHee,
KaK ITPaBHJIO, HMEJI0O MECTO TOIBKO B CIIy4ae KPYIHBIX OTBETCTBEHHBIX HCIIOIHHUTEIBHBIX
MEXaHH3MOB, ITpeAbSIBILIBIINX CIIel[H(pHYecKHe TpeOOBaHHA K IIPHBOJHOMY JBHIAaTEIO (IIPHBOJ
KPaHOB, IIEHTPH( YT, IMPOKAaTHEIX CTaHOB H T.I.). HO yXe B KOHIle BeKa ITPaKTHKa HaITISIHO
yOex1ana B IIPeUMYINeCTBAX OJHHOYHOI O IIPHBO/A.

[TocnemHmit BH IIPHBOA OCBOOOXKAAET IPOMBIIIUIEHHOE IIPEAIIPHSITHE OT TPAaHCMICCHI H,
IJIaBHOE, ITO3BOILIET paboTarh KaXAOMY OTHEIIBHOMY MCIIOMHHUTEIBPHOMY MEXAHH3MY IIPH
IIEPEMEHHBIX HArPy3KaxX M HAHBBITOAHEHIIMX CKOPOCTSX, a TAKXKE ITO3BOISET YCKOPHTH ITYCK H
H3MEHEHHE HaITpaBIeHNU BpameHusa. OIMHOYHEBI IIPHBOJ OKa3ajl CYINECTBEHHOE BIHSHIE H Ha
KOHCTPVYKI[HIO CaMOI'0 MCIIOJIHHUTEJIbHOIO MeXaHH3Ma. COIMKeHHE ITPHBOMHOIO JIBHIATEIS C
HCITOIHHTEIbHBEIM MEXaHH3MOM HHOTTa ITOTYYalIOCh HACTOIIBKO TeCHBIM, YTO KOHCTPYKTHBHO OHH
IPEACTABILUIN COOOH enmHOoe Iienoe. HamprmMep, B cirydyae 3IEKTPOIPHBOLA POIIbIaHra POIHK,
CITYZKAII[MI 15 TIEPEMEIIEHHS METAILNIA, SBISETC I HapYKHBIM POTOPOM aCHHXPOHHOI'O JIBHTaTE L.

B 70-x u ocobeHHO 80-X rogax XIX B. IMPOBOAHIIOCH MHOI'O PadOT IO ITPHMEHEHHIO
3JIEKTPUYECTBA Ha TpaHCIoOpTe. TaK Ha3plBaéMble KOHHO-JKEIIE3HBIE JIOPOTH VYKE He
VIOBJIETBOPSIIH BO3POCIIHX ITOTPeOHOCTEN TOPOACKOIO HACEIEHHS, a ITPHMEHEHHE ITapOBOrO
TOPOJICKOIO TPAaHCIIOPTAa OKas3alloCh HEMPHEMIIEMBIM H3-3a JbIMa H KOIIOTH. PearbHas
BO3MOKHOCTEL JJISI IIPOBEJEHHS OIIBITOB IO 3JIEKTPH(HKALMH TPAaHCIIOPTa IIOSBIIIACH IIOCIIE
H300peTeHHS reHepaTopa I paMmMa.

Bo Bcex crnyyasx, Korjga 3JIeKTpHYeCKas SHeprus IS ITHTAaHHS TATOBOIO JABHIATEIIS
reHeEPHPOBAIIACh TAJIbBAHHYECKOHN HIIH aKKYMYIIITOPHOH Oarapeel, TEXHHYECKOE PEIIEHHE IO B
HaIIpaBJIeHHH CO3JaHII aBTOHOMHBIX YCTPOMCTB TSATH, T.€. TAKHX, B KOTOPBIX KaK I'€HEPHPYIOIIAS
yCTaHOBKA, TaK M 3JIEKTPOABHIATENb OB pa3sMEIIEHBI Ha CaMOM 3KHITaXKe i cyaHe. Korga xe
IUIST BRIPAOOTKH HSIEKTPOSHEPIrHH CTalM IIPHUMEHITH I'eHepaTophl ['paMma, IPHBOSHUMEIE B
IEeHCTBHE COOTBETCTBVIOIIMMH ITAPOBBIMH arperaraMi, CHCTeéMa aBTOHOMHOM 3JIeKTPpHYECKOH
TSATH IIepecTaia pacipocTpaHarbes. [Ipodnema ajeKTpHYeCKOH TATH MOIJIa HAHNTH PEIIEHHE JIHIIb

AGKIMERT EIQREMGAN [HOIl Ilepefaul SIIEKTPOSHEPTHH OT MecTa ee
SMNEKTPOHHOM NOANUCHIO beA POSHEP

Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6
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MOIJIa Pa3BHBATbLCA B BHIE HEABTOHOMHOH TSTH C IIPHMEHEHHEM METOHOB 3SKOHOMHYHOM
Iepegavyd NMEKTPOSHEPIUH HA PACCTOSHHE.

CHcTeMa aBTOHOMHOH 3MEKTPHYECKONH TSATH, OAHAKO, He ObLIIAa ITOJIHOCTHIO OTBEPrHYTA,
YCOBEPIIIEHCTBOBAHHE AKKYMYIISTOPOB IIO3BOIIIO VYCTpaHBaTh CHCTEMY ABTOHOMHOM TSIH,
ITONIB3YACE CMOHTHPOBAHHOH B BaroHe HIIM Ha CYIHEe aKKyMYIISITOPHOH OaTapeeH, TOKOM OT
KOTOPOH ITHTAJICA 3IEKTPOIBHT aTETIb .

B 1879 r. B. CimeHcoM OBIIIa ITOCTPOEHA IIEpBast HEOONBINAS AIEKTPHYECKas KeJIe3Hasd
JIOpOora Ha IIPOMBIIIUIEHHON BBICTABKE. JIEKTPHUYECKaAs SHEPTHS IO OTAEIbHOMY KOHTAKTHOMY
PENBLCY TEpelaBallach K ABHIAaTEI0 HEOOIBIIIOIO BaroHa, HaITOMHHABIIETO COOOH COBPEMEHHVIO
AKKYMYIIITOPHYIO TeJIeKKY (3IIeKTPOKap), 0OpaTHBIM ITPOBOIOM CITYKIUIH PEIIbCHL, II0 KOTOPBIM
IBHT AIICS «JIOKOMOTHBY. K rocieqHeMy OBLIH ITPHIIEITIEHEI TPH TeNeKKH, Ha KOTOPEIX MOTJIH
pasMeCTHTLCS 18 rmaccaxKHpoB.

B Poccui mepBeIe ONBITEI HEABTOHOMHOM SIIEKTPHUYECKOH TSTH OB IpoBeJecHBI D.A.
[InpoukumMm. Eme B 1875—1870 IT. OH HCIIOIB30BAl IS Iepedadd BJIEeKTPO3HEPruH OOBIYHBIH
KETIE3HOJOPOKHBIH PEIbCOBBIH ITYTh. UTOOR YIIVUIIMTE ITPOBOAHUMOCTh PEIBLCOBOIO ITYTH, OH
IIPUMEHIT CTBIKOBBIE BJIEKTPHUYECKHE COETMHEHHS, a IS YCHIIEHHS H3OISIHH JBYX HHTOK
PEbCOB OAHOM KoneH (OHH OBUTH H30JIHPOBAHEI CIIOEM OKAIHHBI H IIITaJIaMH) — CMa3Ky ITOJIOIIBEI
PEBCOB ac()aIbTOM.

B arrycre 1880 r. @.A. IIHpOLKIIT OCVYIIECTBIWI IIYCK BJIEKTPHYECKOrO TpaMBas Ha
OIBITHOM JIMHHH B paHoOHe POXKIECTBEHCKOI'O ITapKa KOHHOH JKelIe3HOH AoporH B llerepOypre.
[Inramace aTa JMTHHHA OT HeOONIBINOH 3JIeKTPOCTAHIINH, IIOCTPOSHHOH B TIApKe, ¢ FeHEPATOPOM
MOIIHOCTRIO 4, a 1o3gHee O 1.c. llog TpaMBaiHBEIH 5IeKTPOBaroH OB ITPHCIIOCOOTIEH
IBYXBbSIPYCHBIH BarOH KOHHOH JKeIIe3HOH JOporH (Macca c¢ ItaccakupamH 0,5-7.0 T), K paMme
KOTOPOro OB IMOJABEINEH 3JIEKTPOJBHIATEND, IIPHBOAUBINHA B ABHKEHHE BEAVIIYIO OCh UEPE3
IBYXCTYIIEHUYATVIO 3y0uaryio mepemauy. Cxema, mpeminokeHHas O.A. IIHponkmM, HEKOTOPOE
BpeMS IIPHMEHSIIACH IS ITHTAHHS TpPaMBaHHOH CeTH M 3a pyOexoM. OHa OwllIa JOCTATOYHO
IIPOCTa M JaBaja BO3MOJKHOCTH OOOHTHCH O€3 TPEeThEro pelbea, 3aTPVAHSBINETO YIIMYHOE
IBIDKEHHE M YCIIOKHSBIIETO BCE COOpYXKeHHe. HemoctaTKoM TakKOH cXeMbl OBIIIO HallHM4He
OOJIBIIHX ITOTEPE 3JIEKTPOIHEPTHH OT TOKOB YTEUKH H3-3a IIJIOXOH H30JISIHH PEIHCOB.

[Iocie nzo6pereHHs crrocoda ITHTaHHA OT BEPXHErO0 KOHTAKTHOT'O IPOBOJA, CIAEIIAHHOIO B
1883 r. HezaBHcHMO BaH-J[errynieMm (CIHIA) 1 B. CumeHcoM (I'epManm ), cxeMy ITHTaHHSA IO JBYM
pelbcaM IlepecTald ITPHUMEHSATh Ha SIIEKTPOTPAHCIIOPTE, €CIIH HE CUMTAaTh €€ IPHMEHEHHS B

NOKYMEHT NOANUCAH .
SNEKTPOHHOWM MOANUCHIO o .A. IIHpOLKOro ABIIETCA TaKKe BBEICHIE

Ceptudukar:  12000002A633E3D113AD425F B50002000002A6
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IepeJaTOYHBIH MEXAHM3M, ITOIYUYMBIIHI Ha3BaHHE «TPaMBAlHOIO IPHBOAa», OBLUT ITPHMEHEH
Criparom B CILIIA.

C 1883 r. nericTBoBana JHHNA TpaMBas B T. [lopryme (Mpnanmiusa) qmiHom 9,6 kv, B 1884
I'. OBUIH OTKPBITHI IS SKCIUTyaTal[HH TPaMBalHbIe IMHHH B ropofax bpaiitoHe (AHITIHS) IJIHHOH
1,5 xm n Opankdypre-Ha-MaitHe (['epmannsa) miuHOH 6,56 kM. [lepBrIii TpamBai B PoccHH,
KHEBCKHI, OBLII ITYIIEH 719 OOIIErO MOJMh30BaHUS B 1892 r., IMpHUEM pEIIEHHE O CTPOUTENBCTBE
TpaMBaFHOM JIMHIH OBLIO IPHHSTO JIMIIG ITOCTIE TOr'0, KaK YOS IUIINCE, YTO HH KOHHASL, HH ITapOBasd
TSATa HEe CITOCOOHEI IIPEOIONIETE KPYTOH IOABeM OT ViI. Ilomorn Kk Kpe-matnky. ‘TpaMBanHast THHHS
COeJHHIIIA I'YCTOHACEIIEHHYIO OKpaHHy KHeBa ¢ I[eHTpOM Iropoja.

Ha »5iaekTpHyecKkoM TpaHCIIOPTE ITIOYTH HCKIIFOYHUTEIIBHOE IIPHMEHEHHE ITOTYYIII
ITOCTOSIHHBIH TOK, OOeCIIeYHBAIOIIHI HAIEKHYIO PadoTy TATOBBIX AIEKTPOABHIATENIEH H YI00HOE
PETYIIHPOBAaHHE CKOPOCTH. [Io3TOMY IO Mepe pa3BHTHS TEXHHKH MTEPEMEHHOI O TOKA ITPHIIIIOCH
COOPYXKaTh IPeoOpa3oBaTEIILHEIE ITOACTAHIHH.

HanbGomnee ecTecTBEHHBIM M TIIO3TOMY TIIEPBBIM II0 BpPEeMEHH I1peoOpa3oBareiieM
IIEPEMEHHOIO TOKA B ITOCTOSHHBIH OBIlIa JABHTaTElb-TeHepaTOpHas YCTaHOBKa. B 1885—1889 1.
CO3JIAIOTCS IIEPBBIE OAHOSKOPHBIE ITPpeo0pa3oBaTelH IIEPEMEHHOIO TOKA B ITOCT OSTHHEIH, KOTOPBIE
B KaXIIOM CIIy4yac ITPeJACTaBIISTIM COOOH KOMOHMHAIIHIO CHHXPOHHOT'O 3JIeKTPOABHTATENS H
reHepaTopa IMOCTOSHHOIO TOKa ¢ O0mM sKopeM. OIHOSKOPHEIH IIpeodpa3oBareilb O0IajacT
PSIOM CYIIECTBEHHBIX IIPEUMYIIECTB TIEPE]T ABHIATENb-TeHEPATOPHONH YCTAHOBKOH: MEHBIIIAS Ha
30-40 % macca, 3HaUHTEeIbHO MeHbIIHe TabapHTHI (10 50 %), Bercokwi KIIJ].

['poMasiHOE 3HAYEHHE B PasBHTHH ITPOH3BOAUTEIIFHBIX CHJI CHITPAlIH HOBEIE OTPACIIH
ITPOMBIIIIEHHOIO TIPOM3BOACTBA, TIOSBIEHHE KOTOPHIX OOVYCIIOBIHBAIOChE ITPHMEHEHHEM
AIEKTPHYECKOH 3HEPIrHH B KAaYeCTBE OCHOBHOI'O TEXHOJIOIHYECKOro (paKTOpa: IPOMBIIIUIEHHAS
BIIEKTPOXHMHSA H 3JIEKTpoTepMHS. [IpOMEBINIUIEHHAS 53IEKTPOXMMHSA 3apOAIIACh BMECTE C
T'aJlb BAHOTEXHIYECKIMH MaCTEPCKUMH H IIPeQIIPHATHAMH I10 IIPOH3BOACTBY IEKTPOIMTHYECKHM
ITyTeM KHCIIOPOJa M BOJOPOIA.

OIIBITE TI0 IPHUMEHEHHIO NEKTPHYECKHX JVITOBBIX IeYeH IS IIABKH Py, METAJIIIOB H
IPYIUX BEIECTB HAYalIHCh ellle B KOoHIle 40-X roaoB, HO HIINb B 1878 r. B. CuMeHCY yaanochk
CO3/IaTh TAaKYIO KOHCTPYKIIHIO JTYTOBOH IT€YH, YTO OHA MOTIJIA HCIIOJIb30BATHCS B IIPOMBIIIIIEHHOM
ITPOU3BOJICTBE.

YToOkI OLIEHUTH 3HAUEHHE 3JIEKTPOTEPMHH B KOHIE XIX B., JOCTAaTOYHO HAIIOMHHTH, UTO
AlIFOMHUHMH ~ Onarofaps BJIEKTPOTEXHOIOIHH TIepectan OBITh  AParollEHHBIM — METAJIIIOM.

AOKYMEHT NOANWUCAH .
SNEKTPOHHOW NOANMUCHIO HH ST OBLTT pﬂSpﬂﬁGTﬂH dMEPHKaHCKIM HHKCHCPOM

Ceptuchikar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TatesaHa AnekcaHgpoeHa

Opy B 1886—1888 rr. Benen 3a slIeKTpOm3oM

IEKTPOTEPMHUYECKHX IIPOH3BOACTB. B KOoHIe XX
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B. OB HaHAeH crioco0 ronyueHusa KkapoopyHaa. Torga ke OpUT paszpaboraH METOJ ITOITYUEHHS
KapOHaa KalbIMsg, KOTOPBIH CTall IIOTPEOATHECS B OONBIIMMX KOIMHYECTBAX IS BEIPAaOOTKH
arjetwieHa. IlosgHee OB H300pPETEHBRI M YCOBEPINEHCTBOBAHBI PA3IMYHBIE KOHCTPYKI[HI

AJIEKTPHYCCKIIX TieveH IIIs ITPOH3BOJCTEBA BEICOKOKAUCCTBCHHDBIX CTaleH.

K OHMPOJIbHbBIE 601POCHI.

l. [IyTH pazBUTHS AIEKTPOIIPHBO/IA.

2. [IyTH paszBHTHSA MEKTPOTPAHCIIOPTA.

3. [IyTH pa3BUTHA MEKTPOTEXHOIOTHH.

4, [IoATOTOBHTE IIPe3eHTAIHOHHEIE ITPOEKTHI HAa TEMY: 3apOKIeHHE AEeKTPOIIPHBO/IA,

JJIEKTPOTPAHCITIOPTAa H AJIEKTPOTCXHOIIOI'HH, Pa3BHTHE SJICKTPOIIPHBOAA, Pa3BHTHE

IJNIEKTPOTCEXHOIIOI'HH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Ilpaxkmuueckaa paboma Neld4. Pazeumue sjekmpomepmuun. Pazeumue cnocodoeé u
MEmo0 06 JeKmpuueckou ceapku. Pazeumue 3nekmpoxumuuecKkou mexroaozuu. Pazeumue

NIEKMPpomMeXHHUYECKHUX cUUcmeM mpaHcnopmd.

HE.E’II’:.' I/IB}HIEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

IJNIEKTPOTEXHHEKI H (bﬂpMIpGEElHHE €€ HaYVIHbBIX OCHOB.

OcHO6bI meopuu:

[lepBBIE SKCIIEPHMEHTHI 1O HAIPEBY ITPOBOJHUKOB ANEKTPHYECKHM TOKOM OTHOCSTCS K
XVIII B. B 1749 1. b. OpanxkmH (CIHIA) 1mmpH HccleJOBaHHH pa3psaa JIeHIeHCKOH OaHKH
OOHaApYKIT HAarpeB M pacIUIaRIEHHE METAJUIHYECKHX ITPOBOJIOYEK, a ITO3JHEE 10 €r0 YKa3aHHIO
IIx. Ilpuctomn (1766), modeTHBIH uneH IleTepOyprckoil akaJeMHH HaykK, H3y4dall HarpeB
Pa3MMYHBIX METAIUIOB H OTMETHII Pa3IHUHA B HX ITPOBOIHMOCTH |31, 32].

Harper nmpoBoaHikoB Heenegopan JI. Tenap (Opanma, 1801), B. B. Ilerpor (Poccsa,
1802) n X. JIseu (Anrmus, 1807). Ucnmomb3ya BonbToB cTond, k. I'. Umiapen (Anrmas, 1815)
OCYIIECTBHII HAI'PeB M pacIUIaBIEHHE Pa3IHYHBIX MeTalioB. Heckombko paHee Ilenn (AHTII)
TIOCTABIJI SKCIIEPHUMEHTEHI 110 HarpeBY alIMa3HOH ITBIIIH B pa3pese KeIEe3HOH ITPOBOIIOKH, KOTOpas
IIPH IIPOTEKAaHMH SIEKTPHYECKOrO0 TOKa packKalsiach JOKpacHa. Uepes HEKOTOPOe BpeMS
arIMa3Has [Tk HeUesala, a Kele30 IIPERPAIATIOCh B CTallb.

[IepBBIE IPHMEHEHN S PE3HCTHBHOI'O HArPEBA B MEIUIIHE:

K. A. Ireinxens n K. Xehigep (ABcTpus, 1845) HCIToMb30BaIH 3IeKTPHUYECKHI HarpeB
IUIS YMePIIBIeHH I 3yOHOro HepBa, Mumnenpaopiid (I'epmanms, 1854) mpHMeHHII 3JIeKTPOHArpeB
B XHPYPrUH. YBEIMYEHHE ITPOU3BOJICTBA ANEKTPO3HEPIHH B KOHIE XIX B. [To3Boimiio co3garars
KPVIHEIE 3JIEKTPOIEYH COIPOTHRIEHHA. B 1886—1888 rr. 6parhsa Koyiecc cosgami reys MpsaMoro
HarpeRa JJIS IOIMYYEHHS AFOMHHHS H3 TJIHHO3eMa (OJHOBPEMEHHO C PacIUIaBIECHHEM IIENl
AIeKTPoH3). TOK IMPOXOAHII MeXy SNeKTPOoJaMH Yepe3 CIOH IMHXTH (MomrHocTh — 300 kBT,
HanpspkeHHe — 60 B, Tok — 10 6000 A). B e ke roasi I1. JI. T. Opy H3rOoTOBWI IeYb 1A ITOTYIEHHS
ATIFOMHHHEBOH OPOH3EL C ITPOBOJISIIHMM THIJTIEM H 3IIEKTPOLOM CBEpXY. CHavana pacIiiaBisuIach
MEJIb, 3aTEM 3arpyrkKajcs TIIHHO3EM H e 3JEKTPO3. TOK ITPOTEKAI OT MEKTPoAa K KOPITYCY
(yrompHas QyTepoBKa) yepes mmxTy. OgHoBpeMeHHO Y. M. Xoma co3zan mogoOHYIo Ieyb. OTH
IIEYH CYHIECTBEHHO CHH3HIH CTOHMOCTH ITONMyYyeHHS alroMHHHA B. bopxepc (I'epmamiisa, 1891)

CO34dJI OIIBITHYIO IICYb JJIA BOCCTAHOBJICHIA OKCHIOB C YI'OJIbHBIM HAI'PEBATCIICM. E. A. AdecoH

AOKYMEHT NnogarnncAH
SNEKTPOHHOWM MOAMUCHIO JEBa CMCCH IIECKd, KOKCa H JPYITHX MaTCPHAJIOB.
Ceptudchukar: 12000002A633E3D113AD425FB50002000002A6 _ 5 G I
Bnapenel: LLiebayxoea TaTtbAHa AneKcaHapoBHa [CYIIOp — KapOOpPYHA (I{Elp H/ I{pE:hﬂ—]IIH). pH
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MOIIHOCTH Teur 746 kBT 3a 36 4 monyueHo 3150 kT KapOopyHaa. Takas »Ke KOHCTPYKIIHS TTeYH
OpllIa HCITONb30BaHa E. A. AuecoHOM IS ITONyYeHH A IpaHTa H3 YITIA.

DNeKTpHYecKas Ayroeas ceapka Oplna n3o0pereHa B Poccun. H. H. beHapaoc 6 nrossa 1885
I'. IIoJal 3asBKY H MONTYYHJI IIPHBHIETHIO J[emapraMeHTa TOProBIH H MaHydakTyp Ne 11982
(1886) Ha croco0 «COeTHHEHHS H pa3zbeJHHEHHS MeTalUIOB HEIOCPeJCTBEHHBIM JIeHCTBHEM
3JIEKTPHYECKOTO TOKa.

H. I CnapsHor B 1888 TI. IIpemIoXIWI AYTOBYH) CBAapKy C HCIIOIb30BAHHEM
PACIUIABIIIEMOTO 3JIEKTPOIA. ITOT METOJ BIIEPBBIE ORI HCIIONIL30BAH B TOM 2Ke roy Ha | [epMCKIX
Ka3eHHBIX 3aBOJIaX ITPH CBApKe Balla ITapoBOH MaIlMHBEL. B 1889 r. gyropas cBapka 110 METOLY
CraBssHOBA ObIIa HCIIOJIb30BaHa Ha | [epMCKHX Ka3eHHBIX 3aBOJIaX IIPH CTPOHTEIILCTBE ITapOX0oIa
«Penmens xus3p Koccorckmiy. B 1891 r. H. I'. CinasHOB moy4yi B J{emapTaMeHTe TOPr OB H
MaHy(pakTyp MpHBIIIETHH Ne 8747 1 8748 Ha H300peTeHH S «ANeKTPHUYECKOH OTIHBKH METaIIIOBY
H «BJIEKTPHYECKOTO VIIPOUHEHWS METaUIOB», a 3areM M maTeHrhl CIIA u gpyrux crpa”. MM
paspadaThIBAIICh METOIBI ABTOMATHUYECKOI'O PETYIHPOBAHUS JIIHMHBI AYTH, IIPHMEHEHHS CBapPKH
IMOJT IIWIaKOM (HCITONIL30BAJIOCh APOOJIEHOE CTEKIIO), HMCIIONb30BAaHHS IIPeIBAPHTEIHLHOIO
IOJIOrPeBa CBapHBAEMBIX JeTalleH, IMPHMEHEeHHS IIPHCaJ0K (peppOocCIUIaBOB IS PerYIIHPOBAHH S
XHMHYECKOI'O COCTaBa BAHHBI H CBApHOI O IIIBa.

B 1905 r. B.®. MHuTKeBHY IPeJJIOKIII HCIIONB30BaTh TpexX(asHYI AVIY II9 CBapKH
METAJIJIOB.

OnxHa H3 MIpolOlleM BIeKTPHYECKOH CBAapKH — 3allfiTa pacIlIaBJIeHHOrO0 MeTailia OT
OKHCIIEHHS W IIOBBIIIIEHHE YCTOHYHBOCTH TOPEHHSA IYITH, OCOOEHHO IIPH HCITIOJIb30BAHHH
mraBsarerocsd snekrpoga. O. KeempOepr (1Isermisa, 1907) mpemtokil cieIfHalIbHbIE ITOKPHITHS
IUTS CBapOYHBIX 3eKTponoB, W. Jlearnmrop (CIIIA, 1911) pa3zpaboTain mporiecc JyroBOH CBAPKH B

ﬂTMGG(bEpE BOOAOPOO4, d ITIO3JHEC H C HCIIOJIb30BaHHEM JPYIHX I'd30B.

K OHMPOJIbHbBIE 601NPOCHI.
IloAroTOBHTH ITPE3CHTAITHOHHLBIC IIPOCKTEL Hd TEMY. PA3BHTHEC JJICKTPOTCPMIH, PA3BHTIHC
CItocoO0OB H METOJ OB BHEI{TIJH'LIECI{Gﬁ CBAPKI, Pa3BHIHC BHEKTPGXIMF-IECI{Gﬁ TCXHOIIOITIH,

Pa3BHTHC 3JIICKTPOTCXHHYCCKIIX CHCTCM TPAHCIIOPTA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

73



Ipakmuueckas paboma Nel 5. Pazeumue 3J1eKmpomexHuuecKuUX cucmem
HCEJIE3HOO00P 0XHCHO20 mparHcnopma. Pazeumuie 371eKmpomexHoa02uU4ecKux cucmem

20p00CKoz0 mpaHcnopma (mpamve at).

HE.E’II’:.' I/IB}HIEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

IJNIEKTPOTEXHHEKI H (bﬂpMIpGEElHHE €€ HaYVIHbBIX OCHOB.

OcHo6bl meopuiL:

B Hambonee pasBHTEIX CTpaHax MHpa eme B XIX B. IPeaIpHHHUMAIHCH ITOIIBITKH
HCIIOJIb30BATh BIEKTPHYECKYIO SHEPITHIO IS IIEPEeMEIleHHS SKHITaKeH, B TOM UYHCIIE II0
PEILCOBOMY ITYTH.

PasmiyaroT aBa BHJIA XKeJIe3HOAOPOKHOIO TATOBOIO ITOABHKHOI O COCTaBa: aBTOHOMHBIH H
HEaBTOHOMHEBIH. [IpH aBTOHOMHOM TIOABHKHOM COCTaBe Ha JIOKOMOTHBe (TEIUIOBO3€ HIIH
MOTOPHOM BaroHe JH3eJIb-TIOe3/[a) YCTAHABIMBAIOT IIEPBHYHBIN JH3EJIbHBIN JBHIATElIb,
TIPHBOASIIIHIH BO BpallleHHe TI'eHepaTop (ITOCTOSHHOIO TOKa MM CHHXPOHHEIH), OT KOTOPOTrO
TIOITYYArOT 3JIEKTPOSHEPTHIO TATOBEIE AeKTpHYeckHe ABHTaTelrH (T3]]), CBSI3aHHbIE ¢ KOJIECHBIMH
ImapaM M 00ecIieUHBaIOIIHe TIEPEMEIIEHHE TTIOABHAKHOIO COCTaBa IO PEIbCOBOMY ITYTH.

[TpH HeaBTOHOMHOM ITOJBIKHOM COCTaBe Ha JIOKOMOTHBE (3IeKTPOBO3E€ HIIH MOTOPHOM
BarOHE AIEKIPOIloe3a) YCTaHABIHMBAIOT TodbKo T3] ¢ anmapaTypoH VIIpaBIeHHS H
perynipoBaHHsa (a HHOrJZa H IIpeoOpa3oBaTelH SJIeKTPHYECKOH SHEPIHH), IIePBHYHBIM
HCTOYHHMKOM DIEKTPO3HEPIHH SBIISETCS SIEKTPOCTAHIMSA. [IpH 5TOM 3IIEeKTPO3HEPIrHS OT
3JIEKTPOCTAHIIHH K JTOKOMOTHBY IepelacTcs Yepe3 JTHHHH snekTponeperadd (JIOIT) u cucTeMsr
TSATOBOI'0 AIEKTPOCHAOKEHH S, BKITFOUAIOIIHE B ce0s ITOCTAHIIMH H KOHTAKTHYIO CETh, OT KOTOPOH
ITPH TTOMOIIH TOKOIMPHEMHHKA ITONY4YaroT IMHTaHHe T3] TOKOMOTHEA.

B 3aBHCHMOCTH OT pOjia TOKa B KOHTAKTHOH CETH Pa3INYaroT TPH CHCTEMEI 3JIEKTPHYECKOH
TSTH: TIOCTOSIHHOIO TOKa, OJHO(A3HOIO IIepeMEHHOr0 TOKa IIPOMBINIIIEHHOH YacTOTHI H
OJHO(A3HOr0 ITIEPEMEHHOIO TOKA ITOHHKEHHOH YaCTOTHI.

Ha kemesHBIX goporaxX PocCCHH IIPHMEHSEOTCS TOIBKO J[Be IIEPBBIE CHCTEMEL B
COBPEMEHHOH CHCTeMe SIIEKTPHYECKOH TSTH IMOCTOSHHOIO TOKa HOMHHAILHOE HallpsUKEeHHE Ha
TOKOIIPHEMHHKE JIOKOMOTHBA cocTaBisieT 3 KB. Takon ypoBeHb HanpspKEeHHS BBIOpaH LA
BO3MOKHOCTH COI'JIACOBAHHMS ¢ HOMHHAJIbHBIM HamnpsKeHHeM T 3], KOTOpble H3rOTaBIIMBAIOT Ha

HanpsokeHHe 1500 B (mmm 750 B) M coeguHSIOT Ha IIOCHEeTHEH ITO3HIMH PeryIHPOBaHHS
NOKYMEHT NOANMMCAH

SNEKTPOHHOM NOAMUCHIO JosatenbHO. IlomMumo TOJ] Ha JTOKOMOTHBE
CepTuchvkar: 12000002A633E3D113AD425FB50002000002A6 | q .
Bnapenel;: LLiebayxoea TaTbAHa AnekcaHapoBHa IapaTypy. d TATOBBIX IIOACTAHIMAX B TaKOH

€ TpaHc()OPMATOPEl H ITOIYIPOBOIHHKOBEIE
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BBRITIPSIMHTEIIPHO-HHBEPTOPHEIE  arperaThl. [IpH 53TOM  pacCTOSHHE MEXKAY CMeXHBIMHU
TTOACTAHIIMAMI He ITpeBRIIacT 15—20 KM, a IToIaab IOIEPEYHOr O CEYEHN S MEHBIX KOHTaKTHBIX
ImpoBosoB gocTuraer 000 MM2 u Goree, YTO IMPHBOAHT K 3HAYMTEIIFHBIM PacXolaM I[BETHBIX
METaJIJIOB.

CJIOBO «TpaMBail» ITPOHCXOJHT OT aHITIHIICKOro tramway (fram — BaroH H way — ITyTh) —
TOpOJICKas HazeMHas 3IeKTpHUYecKasd Jopora. T paMBai craj pasBHBaThCsa ¢ Hayana 80-x rr. XIX
B. BriepBrIe TpaMBan OBLI ITYIIEH B IIpHTOopoje bepimiHa B 1881 T.

TpamMBaHHBIE BarOHBI TOT'O BPEMEHH HMEIIH MAJIYIO BMECTHMOCTE — BCEr0 24 maccaxipa,
OTKPBITHIE TIIOINAAKH, MAJIOMOIIHEIE IBUTATEH B 4,5 II. C., pYYHOH TOPMO3. OJIEKTPHYECKHH TOK
ITOJIBOITICS K JBHT ATEIISIM ITO perbcaM. CKOPOCTh TAKHX BarOHOB He ITpeBbINaia 19 kw/4.

C 1npHMeHeHHeM B 1883 TI. BepxXHEro KOHTAKTHOIO IIPOBOJA M POIHKOBBIX
TOKOIIPHEMHHKOB Hayalcs TIIEpHOA HHTEHCHBHOI'O VCOBEPIIEHCTBOBAHHMS BaroHOB H
CTPOHTEILCTBA TPAMBANHEIX IIPEAIIPHSTHI.

B Poccun neperii TpaMBan ObLI ITOCTPOeH B Kuere B 1892 1., 3aTeM OBLI ITYILEH TpaMBai
B HmxHeM Hoeropoge, Kazann, TamkeHTte. B MockBe TpaMBalHOe ABHKEHHE OBIJIO OTKPBITO B
1903 r., B Cankr-IletepOypre —B 1907 1.

[Iporpecc B 061acTH TpaMBaeCTPOEHH S COITPOBOIATICS IIPOTPECCOM B OOIACTH TSATOBOI'O
3JIEKTPHYECKOTI0 OOOPYIOBAHNS, KOTOPOE BKIIFOYANIO B C€0sl COBPEMEHHEIE TSTOBBIE JIBHTATEIIH
tumna JIK-259 mommHocteio 40—45 kBT, yiTpasineHHe KOTOPEIMH OCYIIECTBIISUIOCH AaBTOMAaTHYECK OH
KOHTAaKTOPHO-Pe3HCTOpHOH cHcTeMoH yrpaBieHHsa (PKCY), a smexkTpuueckas anmaparypa
XapaKTepH30Ballach OOJBINOH CTEIeHbIO YHH(HKAIHH. DNeKTpoo0opyAoBaHHe 00eCIIeUHBANIO
MaHEBPOBBIH Pe KM PadoThl, aBTOMATHYECKHI ITYCK, 3JIEKTPOAHHAMHYECKOE TOPMOJKEHHE, CITYCK
C VKJIOHORB C pas3/IMYHBIMH YCTaBKaMH, padOTy BarOHOB I10 CHCTEME MHOI'MX eHHHIL. [[pruMeHeHHEe
HOBOI'O 3IIeKTPO0OOOPYAOBAHHS ITOBBICHIIO JHHAMHYECKHE ITOKA3aTelIH BarOHOB (CKOPOCTh — JIO
65—-70 xKm/4, yckopeHHe — 10 1,3 m/c2, 3amemieHHe — 70 1,2 M/c2) H YIYUIIIIIO KOMQOPT

IacCaxXHpoOB.

K OHMPOJ/IbHbIE 60NPOCHL.

IloAroTOBHTH ITPC3CHTAIIHOHHBIC IIPOCKTBI Hd TCMY. Pd3BHTHC 3JIICKTPOTCXHIYCCKHX
CHCTEM  KCIC3HOAZOPOMKHOI'O  TPAHCIIOPTd, PA3BHTHE - 3JICKTPOTCXHOIOIHYCCKIIX  CHCTCM

T'OPOJCKOr0 TpaHCIIOpTa (TpaMBaH).

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckaa paboma Nel6. Pazeumiie 371eKmpomexHo02uUecKux cucmem
20p00CcKoz0 mparcnopma (mpoJuieidycet). Pazeumiue noovemHo-mpaHcnopmHozo
obopyoosarnua. Pazeumiue cyoo6six 3J1eKmpomexHu4ecKux cucmem. Asuaxkocmuueckan

NIEKMPOMEXHUKA

HEJII’:.' HB}”IEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JIICKTPOSHCPICTHEKHM, 3dKOHDbI

IJNCKTPOTCXHHEKI H (prMIIpGEElHHE cC HaVUHbIX OCHOB.

OcHO6b1 meopu:

CII0BO «TporuieHOyc» IIPOHCXOAHT OT aHriHickoro frolleybus (frolley — KOHTaKTHEBIH
IIPHBOJI, POJIMKOBBIH TOKOIIPHEMHHK H bus — aBTOOYC) — BHJ TOPOACKOr0O Oe3pelbCOBOIO
TPaHCIIOPTa. 3TOT BHJ TPAHCIIOPTa POIHIICSA KaK HOpH]I TpaMBas H OMHHOYCa H BITOCIEICTBHH
ITPEBPATHIICSA B aBTOOYC C BIIEKTPOABUTATEIIEM.

IlepBas TpoiuienOycHas THHHS Oblla ImocTpoeHa B 1882 r. B I'epMmanmi, B r. Ilnmangay.
Benen 3a ['epMaHMen OIBITHBIE MAapIIPYTBL Oe3PelbCOBOrO INMEKTPHYECKOrO0 TPAaHCIIOPTa
IIOSIBIISIEFOTCS. TAKJKe B Pse APYIHX cTpaH. llepBele poccHiicKHe TpoiuienOycerl THIia JIK,
ITIOCTPOEHHEBIE 3aBOJAOM «J[HHAMO», ApocimaBcKUM H M OCKOBCKHM aBTOMOOIIBFHEIMH 3aBOJAMH, H
HayuHbIM aBTOTpakTOpHBIM HHCTHTYTOM (HATH), mossumice B Mockse B 1933 1. B 1936 1.
SpocnaBCcKH aBTOMOOHIILHEIH 3aBOJi COBMECTHO € 3aBOIOM «/[HMHaMO» Hadyall CEpHHIHBIH BEOTYCK
TpormteriOycoB THiIa S TE-1. 3ro 611 HanOonee KOM(OPTHEBIH JJISI TOrO BpeMEHH TPOIIEHOYC: OH
HMeJ CIIEIIHAIIBHOE ITACCH M ITOIYOOTeKaeMbIH KY30B, HAJIEKHYIO TOPMO3HVIO ITHEBMATHYECK VIO
CHCTEMY, a TAKXKE LIEHTPaJIbHBIL TOPMO3, JEHCTBYIOIIHI HA TATOBYIO Ilepeauy. BEICOKOBOIBTHAS
afrmapaTypa paclonarajiack B Inkadax B caJOHe TpolnleHOyca. DOJleKTpHuyeckas cXeMa C
IBHT aTeNIEM MOIIHOCTRIO 60 KBT ofecreunpana pe3sHCTOPHOE H PEKYIIEPATHBHOE TOPMOKEHIE I
ITpHeMIEMBIE IHHAMHYECKHE ITOKa3aTelIin MallHHEL. B TeyeHrie 1937-1941 1. ObUIH BBEIITYIIEHEI
mogenu ATb-2, ATb-4, ATb-4A, HATb-5, a Takke ABYXd3TaXHBIH Tpoiuiendyc ATb-3.
Y COBepIIEHCTBOBAHHE IIUIO IO JIMHHH JOPalOOTKH Ky30Ba, IPHMEHEHHS KOJIECHOI'O TOPMO3a,
IYUINeH  3allUThl  BJIEKTpoOOOpYIOBAaHHS, MOAECPHH3AIMH 4YepBAYHOIO peaykropa. Ha
tponnendyce ATb-4 Opln IpHMEHEH ABHTATElIb MOIHOCTBEIO 74 KBT, UTO IIO3BOIISUIO MY
Pa3sBHUBAThH OOJBIIME CKOPOCTH, YCKOPEHH S H 3aMETICHH 5L

Tpomnmendycer 3uY-9  obopygoBaHel  pabOyMM  IMHEBMATHUYECKHM  TOPMO30M,

,[[EﬁETE}’TOH_[HM Ha BCC KOJIICCd MalIllHbI, PYYHBIM CTOAHOYHBIM H 3JICKTPOAHHAMITYCCKIIM

AOKYMEHT MOAMWUCAH
SNEKTPOHHOM NOANUCHIO MOCT C KOJIECHBIMH TUIaHETAPHBIMH ITepefadaMu
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 .
Braneriy: LRSS ke E T R AR KO LA S JlmiHa 1 M pHHa TPOJUIeiidyca COOTBETCTBEHHO

ca TporieHdyca ¢ HOMHHAIILHOH Harpy3KoH — 16
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490 KT, YHMCIO MeCT IS CHAeHHS — 31, KOHCTPYKTHBHAI cKopocTh — 70 km/4. C 1988 1. 3aBOEBI
nM. M. C. VYpuikoro m «J/lmHaMO» HayalH BBIOIYCKATh YCOBEPIIEHCTBOBAHHEIE MOJIEIH
TporieHOycoB — 3HY-0821 u 3uY-0821'1, ABYXOCHBIE, TPEXABEPHEBIE, IPeAHASHAYCHHBIE IS
TOPOACKHX IIEPEBO30K. KoOmMuecTBO MecT IS CHAEHHS — 27, IIOIMHAasd BMECTHMOCTE — 118
IMaccakupoB, IIEpefaTOYHOEe OTHOIINeHHe TpaHcMuccun — 1: 10,699, Ha tpomnendycax
HCITONIB30BaHa KJIacCHYeCKasl pelleHHO-KOHTaKTOpHas cHcTeMa vyipaBileHHI PKCY, Kak M Ha
Tponnendyce 3uY-9. YIpaBieHHE IIPHBOAOM KOCBEHHOE, ITOJIYaBTOMATHYECKOE C I'PYIIIIOBBIM
PEOCTAaTHBEIM KOHTPOILUIEPOM. Pexum paldoThl 3aJaeTcs KOHTPOIUIEPOM BOAHTeENS. Tpormnendyc
3uyY-6821" o0opyaoBaH VYCOBEPIIEHCTBOBAHHEIM JABHTaTeneM THIIa JIK-113 cMemaHHoro
BO30YKIeHHSI MOIITHOCTEIO 115 KBT. MakcHMambHO IpeoaoIeBaAEMBIH ITOIBEM IS 3TOH MAIIHHEI
— 8 %. C 1empo pealH3allHH IVYIINX JHHAMHYECKHX ITOKazaTeleH, OONIMbIMX ITOABEMOB Ha
Tponnendyce 3HY- 6821'1  ycraHOBIeHBI TSTOBBEIH  geurarens THma JIK-211BM
ITOCIIeJOBATEIIbHOIO BO30VYKAEHHS MOIIMHOCTRIO 170 KBT M armaparypa VIIpaBIeHHS M 3aIIHTHI
ITOBBIIIIEHHOH 3HEPTOEMKOCTH.

B orimume or OOJBIIMHCTBA APYTHX IIPOH3BOACTBEHHBIX MEXAHH3MOB I'PY30IIOABEMHEIE
MAaIllMHBl XapaKTEPH3YIOTCA BEChMa Pa3zHOOOpasHBEIMH pPeXKHMAMH PadOThHl KaK II0 3HAYEHHIO
CTaTHYECKOH HArPy3KH, TaK H I10 IIPOAOIKHTEIIBHOCTH PaOOTHl H YaCTOTE BKITFOUESHII.

B COOTBETCTBHH ¢ AEHCTBVIOIIMMH B HaIlleH CTPaHE CTaHAapTaMH BCE MHOI00OpasHe
PEKUMOB pPabOTHI I'PY30IIOABEMHBIX MAIIIMH CBOAHTCS K ITATH PeXKHMaM: JIeTKHH — JI, cpeJHHH —
C, TspKensll — T, BecbMa TsKelIbl — BT, BecbMa TsoKelwIH, HellpephIBHEIL — BTH. B mioHsarHe
«peXHM paOOTBI» BXOISAT: OTHOCHTEIbHAS IIPOAOIDKHTENbHOCTh BKIIOUeHHH (IIB), yacToTa
ITYCKOB, TOJIOBOE H CYTOYHOE HCIIONb30BaHHe, KOA(P(MHIIHEHT HCITOIb30BAHM I I'PY30II0AhEMHBIX
MAIIH 110 IPY30IIOABEEMHOCTH H APYIHE ITOKA3aTeIH HAITPSKEHHOCTH PaOOTHI.

Kareropuen HamnpssKEHHOCTH Pe’KHMa YUHTBEIBAETCS TEMIIEpaTypa OKPYKaArOINEeH Cpelbl, a
TaKJKe TAKOH IT0Ka3aTelb, KaK CTEIIEHh OTBETCTBEHHOCTH MAIIIHHBI, KOT Opas MOXKET ITOTpedoBaTh
ITOBBIIIEHHEBIX 3aI1aCOB IIPOYHOCTH. TaK, HaITpHMED, Pa3IMBOYHBIH KpaH MapTEHOBCKOIO IleXa I10
JacTOTe BKIIFOUEHHH M 1B MOKeT OBITH OTHECEH K JIETKOMY pPeXKHMY. OIHAKO IMPEeIbABIISIEMBIE K
HEMY HCKIIIOUHTEIbHBEIE TpeOoBaHHSA Oe30ImacHOCTH OOYCIOBIHBAIOT BREIOHpaTh KpaH
ITpHUMeHHTENRHO K pekrMy BT it BTH. B nimHax sserrmick OCHOBOH JJIS CO3JaHMS CIIEIHAJIb HBIX
CEPHH 3JIEKTPHYECKHX IBHIATEJIEH M aIlllapaTOB KPaHOBOI'O HCIIOIHEHHS. B HacTosIlee BpeMs
KPaHOBOE 3JIEKTPOOOOPYAOBAaHHE HMEET B CBOEM COCTABE CEPHH KPAHOBBIX 3JIEKTPOABHIATEIIEH
IIEPEMEHHOI O H ITIOCTOSHHOI'O TOKA, CEPHH CHJIOBBIX KYIAYKOBEIX H MAarHHTHBIX KOHTPOILIEPOB,

BOIMERT LIQNIMCAR YIbTOB VIIPABIEHHS, KOHEUHBIX BRIKITIOUATEITEN
3NEKTPOHHOWM NOONUCHIO yJILTOB YIIp :- ;

Ceptudmkar. 12000002A633E3D113AD425FB50002000002A6

JPaBIIHYCCKILX TGJ]I{H,TEHEﬁ, IIYCKOTOPMO3HBIX
Bnapeneu: lebayxoea TatesaHa AnekcaHgpoeHa

PETYIIHPOBAHHSL, YCTPOHCTB VIIPABIEHHS IIO
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pagHOKaHATy HIH OJHOMY ITPOBOAY H PSA APYITHX armiapaToB, KOMIUIEKTYIOIHX pa3IHYHEBIE

KPaHOBBIC 3JIICKTPOIIPHBOARL.

Koumponsrsie sonpocoi:
[ToaroToBHTH NMpe3eHTalHOHHEIE IIPOEKTHl Ha TEMY: Pa3BHTHE 3JIEKTPOTEXHOJIOIHYECKHX
CHCTEM TOPOJCKOrO TpaHCIoOpTa (TPOUIeHOyChI), PasBHTHE IIOJbeMHO-TPAHCIIOPTHOIO

Gﬁﬂp}"ﬂﬂEﬂH}Iﬂ, Pa3BHTHC CYOOBBIX  3JIICKTPOTCXHITHCCKHX CHCTCM, dBHAKOCMHYCCKAA

JJNIEKTPOTCXHHKA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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IIpakmuueckaa paboma Nel 7. Ilepcnekmiiébl pazeumus 31eKmMpoIHep2 emMuUKIL 6

Poccuu. Ilepcnekmué6st pazeumus Mupo60il 31eKmp 03I HepZemuKi.

HE.E’II’:.' HB}“IEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

JJNIEKTPOTCXHHEKH H (prMIpGEﬂHHE: €€ HdaYIHbBIX OCHOB.

OcHo6bl meopuil:

ONEeKTPOTEXHHYECKAS IIPOMBIIIUIEHHOCTh, BCErJa paccMaTpHBalach KaK OCHOBHAas
TeXHHYeCcKas 0a3a 3neKTpH(HKAIHH. [IpH 3ToM pedus 11a 00 H3rOTOBIEHHH H3JEIHH, KOTOPHIE
JIeXaT B OCHOBE BIEKTPHUECKOIO XO3SHCTBA ITOTPEOHUTENEH — SIEKTPHKH. ISIEKTPHYECKOE
XO3SIICTBO MOXKHO pacCMaTpHBaTh ITO3JIEMEHTHO, HAIIPHMEP YCTPOHCTBO H PadoTy OTAENBHOIO
3JIEKTPOABHUIATENS, 3aTEM BBIAEIATE SIIEKTPHYECKHE I[ETTH H CHCTEMBI, OITHPAsICh Ha KIIaCCHYECKHE
3aKOHBI TOD.

CeroHs BaKHEHIIME 3aJaul IEKTPHKH CISAVIONE. H3 CKOHCTPYHPOBAHHBIX H VXKE
H3TOTOBJIEHHEIX 3JIEKTPOTEXHUKOH H3IEIIHH IIPEACTABHTE HEKOTOPBIH 00pa3 — OYAVYIIHH OOBEKT,
yTOOBl O0OCHOBATh MHBECTHIMH M pas3padoraTh padodyio JOKYMEHTAI[HIO Ha SIEKTPHYECKYIO
yacTh OOBEKTA, BBIMNOJHATE CTPOUTEIbHBIE, MOHTAXHBIE, HallaJOYHBIE, ITPHEMO-CIATOYHEIE
paboThI, OCVIIECTBIIATH SKCIUIYaTAI[HIO 3JIeKTPOTEXHHYECKHX H3ACTHI M HX 3JIEeKTPOPEMOHT,
oOecIeYHBaTh AMEKTPOOE30ITACHOCTE H SKOIMOTHYECKHE HOPMEL, ITPEAYCMaTPHBATh YTIIH3AL[HIO
IIPOAYKTOB KH3HEAEATEIIBHOCTH 3JIEKTPHYECKOr 0 XO3SICTBA M €ro JIHKBHAAIMIO (B I[EJIOM HIH
yacTH). C OCHOBHBIMH mHpHHIpmaMH IvtaHa ['O3JIPO (paspaboranHoro B 1920 T.
["ocymapcTBeHHOI KOMHCCHEH IO 3IeKTPpH(HKALIHH POCCHI): CTPOHTENBCTBO 3JIEKTPOCTAHIHIH ITO
eIUHOMY TOCYIAapCTBEHHOMY IUIAHY, OIIEPEIKAIOIIEE PasBHTHE TSOKEIIOH ITPOMBIIIIEHHOCTH,
SIEeKTPH(HKAIIHSA IIPH KOHIIEHTPAI[MH MOIMHOCTEH M IIeHTPallH3allHH >JIeKTPOCHA0KeHH S,
CO3JIAHHE Ha IPEAIIPUATHH €IHHOI0 SHEPT OXO3SICTBRA.

CobcTBeHHO 11aH ['O3JIPO, paccuntaHHbIN 10 1935 1., GbII BEIIONIHEH K cepeanHe 1931
r. B sror mepnox Owu1o mmpomseeacHO 10 687 I'BT*4: 3TO MEHBIIE TOAOBOIO IOTPelIeHHSA
KPYIIHOI'O AIFOMHHHEBOro 3aBofa. O4eBHJHA IIONOXKHTEIbHASA poik InaHa ['ODJIPO kak
OCHOBOITONAraloIero IUIaHa pPa3sBHTHS HApPOMHOIO  XO3SIICTBA, IIPEAYCMATPHBAIOILETO
«31eKTpH(HKaIo Beel crpaHbl» (B. WM. JlennH). Ho eciii oOpaTHTBCS K pealisaM OONbIIeH YacTH
TeppUTOpHH PoccHH, TO claeAyeT ITpH3HATh, 4ro K Havany XXI B. «3neKTpH(pHKAIMSI BCEH

CTPaHBI» TaK H He ObIla OCYINECTBIEHA.
[IOKYMEHT NOANUCAH

SNEKTPOHHOM NOANUCHIO foyas IOCIeRyIoee paspylueHHe B 1930-x IT.
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 X
Bnanerfsa’ C TRIRBARNETmE frld W SreHi Hooea eJTHIX SHEPrOMCTOYHHKOB), ITI0Ka CTOsUIA 3aZiava

BO3MOJKHO Oe3 I'HIaHTOB MCTAJLIIVPI'HH, XIHNIH,
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MaImMHOCTpOoeHHa. OHH, B CBOIO OYepelb, TpeOOoBalIM COOPYKEHHS THIAHTOB SHEPrETHKI,
CTPOHTEIILCTBO KOTOPBIX CTalO IIPHOPHUTETHBRIM. llONMOKEHHE HW3MEHHIIOCH B IIOCIIEIHHE
NECATHIIETHS, KOrJa IIPHOPHUTETHBRIMH  CcTalM TpeOGoBaHMA  morpedurens.  MHPOBEBIE
ITPOU3BOIUTEIH 3IIEKTPOTEXHHUKH JTABHO 3TO ITOHSITH, OVKBAJILHO 3aBAJINB ITOTPe OHTENS HE T OIBKO
TEM, O UEM OH 3HAET, HO M TEM, Yer0 OH H IIPeACTaBUTH He MOr'. CeTOIHS CIIEIHAIHM CTHI-31EKT PHKH
OODKHBI  yMeThb  (opMymIHpoBaTh  TpeOOBaHHS  ITOTPeOHTENd K  H3TOTOBHTEIISAM
3IIEKTPOTEXHHYECKHX H3HEIIHI H K SHEProCHAOKarOII[eH OpraHM3allii, a 3aTEM 1 OTCTaHBaTh HX.
[IpakTHUecKH 5TO O3HAYAET PEeaATH3aIlMI0 VTIBEPXKIAeMOro I'paxmaHcKNM KogekcoM PO
PaBEHCTBAa TaKHX IOPHIHMYECKHX IIHI[, KaK SHeprocHalO’KaroIasi OpraHM3aliHsa H IOTPeOHTENb,
Iepexo oT abCcomoTH3MA OOJIBIIION SHEPreTHKH K Te3HCY «lloTpebOuTents Beerja mmpasy.

HcTOpHYECKHH OIBIT CBHIETEINBCTBYET, UTO HOBAS TeOpHS, KakHe OBl ITpaKTHYECKHE
pE3VIbTATEl OHA HH JaBaia, a TeM O0oJiee HOBOE MBIIUIEHHE, HE Cpa3y OBJIaJicBacT MacCCaMI.
QopMupoBaHHe (IIOCTPOEHHE) SIeKTPHYECKOIO  XO35HMCTBa M 3aKOHOMEPHOCTH  €ro
(P YHKITHOHHPOBAaHHS CpPaBHHTEIIbHO HOBBIH 00BeKT HcciaemoBaHHI. Jlmmme B 1944 1. 1ipm
['ocymapcTBEHHOM KOMHTETE OOOpPOHBI Obllla CO34aHa [ OCHHCIIEKIMS II0 ITPOMBIIUIEHHOIM
SHEPreTHKE M SHEPrOHAJ30pY, OCHOBAH KypHall «lIpoMBHIITIEHHAs SHEpPreTHKa», BBEJEHA
JOIKHOCTE TJIABHOI'O SHEPreTHKA Ha IPEAIIPUATHIX ¢ MOTpedisgeMon MOIMHOCTRIO OT 1000 kBT
(110 PIIEKTPHYECKOH HAarPy3Ke CErOJIHS 3TO MEJIKOE IIPEAIIPHISATHE, Te INTaTHOIO AIIeKTPHKA MOXKET
He OBITh COBCEM), B BBICHIEH IIIKOJIE 3arOBOPHJIH O BHYTPH3aBOACKOM 3IEKTPOCHAOKEHHH,
ITOJITOTOBKE HHKEHEPOB-3IIEKTPOMEXAHHKOB, 3JIeKTPH(HKAIHH IO OTPACIISIM.

[locTpoeHHEe BIMEKTPHYECKOrO XO3SICTBA B IEPHOJ IIEPBLIX ILITIIETOK OCHOBBIBAIIOCH Ha
KJIACCHYECKHX IIPEACTABIEHNSIX, KOrla MOKHO OBIIIO IOJACUHTATh BCE PEKHMEI NI KaKJIOTO
IBHTATeI (AIEKTPOIIPHEMHHKA), 2 CYMMHPOBAB, IIOTYYHTh 3IeKTPHYECKYIO MOIITHOCTD, PacXo[I
3HEPruH, 00BeMEI S3HEProcOepeReHUA. M 5T0o OBIIO IMPAaBIWILHO H PEATTM3YEMO, ECITH B KY3HEUHOM
1exe B 1930-x 1rT. ycra”HarnmuBanu 11 gBuraresel, B MEXaHHYECKOM — 34, 3JIEKTPOPEMOHTHOM —
20, B cucTeMe BOJOCHAOXeHHS — 25, Ha [{eHTpambHOH 3nekTprdeckoit craHimH (T 3O1]) — 40 (Ha
KPYITHeHIITHX 3aBojax ceiiyac B 100 pa3 OombIne), a copTaMeHT OBLI eJHHHYEH.

Poccuiickas alIeKTpOsSHEPTeTHKA, CO3JaHHas OTeUeCTBEHHBIMI YUEHBIMIL, HHKEHEpaMH H
padounMI, SBISETCS HaIllEH HAIIHOHAIIBHOH TOPAOCTRIO Onarogaps HE TOINBKO €€ HAJIEKHOCTH U
3(p(peKTHBHOCTH, HO H €€ CYIIECTBEHHOMY BKIaJy B COLHAIbHYI) CTa0HJILHOCTH OOINECTBA H
KOHKYPEHTOCIIOCOOHOCTE SHEPrOEMKHX OTpaciled. 3TO HeMalo NI ro0OH CTpaHBl, a I

pGCCHﬁCIﬂIK KIIMMATHYCCKHX }*'CJIGEI]I‘T H pﬂCGTﬂﬂ}]}Iﬁ ABIIACTCHA JOCTOAHHCM, }*‘TpﬂTGﬁ KOTOpOIro

[OKYMEHT NOAMNWCAH
SNEKTPOHHOM NOAMNMUCHIO
Ceprudcmkar: 12000002A633E3D113AD425FBS0002000002A6

O cBHIIIE 100 aKIMOHEPHBIX SHEPT OKOMITAHHIL, B
Bnapeneu: llebayxoea TateAHa AnekcaHapoBHa

pPerHOHAIIBHBIX HeprocucreM (AO-3Hepro) U 25
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KPVIIHBIX BHEI{TPGCTaHl[Hﬁ B BHJAC AKITHOHCPHBIX o0I1ecTB. XOJIIHHI OBOH BHEPI‘GI{GI'uﬂ'[ﬂI-]IIEﬁ

seisuiock PAO «EDC Poccnny, rae 52 % aximn rmprHaaiexano Poccuiickon Memepalii.

K OHMPOJIbHbBIE 601NPOCHI.

1. Bek 3IeKTpOsHEPTETHKH
2. Bek 3leKTpOTeXHHKH
3. [IOATOTOBUTE IIpe3€HTAILMOHHBIE ITPOEKTHI HAa TEMY. IIEPCIIEKTHBBI Pa3BHTHI

JJNICEKTPOSHCPI'€THKIL B PGGCHH: IIEPCIICKTHBBI PA3BHTHA I'viIIIpDEDﬁ JNEKTPOSHEPI'CTHKIL.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ipakmuueckaa pavoma Nel8. CoepemeHHAA HAYUHO-MEXHUUECKAA PECOIIOUNUA U

paszeumiie HHEPEEHHFIECHIH‘E MEXHUKIA.

HE.E’II’:.' HB}“IEHIIE HCTOPHH Pa3BHTHA 3JJICKTPOTCXHHKH H 3JICKTPOSHCPICTHEKH, 3dKOHDbI

JJNIEKTPOTCXHHEKH H (prMIpGEﬂHHE: €€ HdaYIHbBIX OCHOB.

OcHo6bl meopuil:

ISt DOCTHIKEHHS CTONb ITIOOATBHBIX I[eJIeHl B PasBHTHH SHEPreTHKH HEOOXOIIMO
ITPUBIIEYEHHE HAYKH H 00pa30BaHHS IO CIIEAVIOIINM HallPaBICHIAM:

1. Pazpabotka LleneBoro BHaAecHHS pa3BUTHA 3JIEKTPO3HEPreTHKH Ha Itepuon a0 2030 r.

2. HccneporaHus IO CO3JAaHHI0 HOBOI'O KOHKYPEHTOCIIOCOOHOIO OOOPYIAOBAHHS IS
SHEPrOKOMITAHHIH .

3. PazpaboTKka 1 OCBOEHHE HOBBIX TEXHOJIOTHI.

4. COTPYIHHYECTBO C OTPACIIEBRIMH By3aMH. lIpreM Ha paloTy BEIIYCKHHKOB BY30B.
[IporpaMMbI  TTOATOTOBKH H  IIEPEINOJIOTOBKH  KaJpOB, IIOBBIIIEHHS KBaTH(PDHKALIHH.
KopriopatHBHBIE CTHIIEHZHH H KOHKYpCHL. C ydeToM JAe(]HIMTa OpraHHYecKOro TOILIHBA
HeOOXOAMMO HCKaTh HOBEIE IIEPCIEKTHBHBIE TEXHOIIOTHH IIONMYYEHHS 3SIIEKTPOIHEPTHH U
BKIAJbIBATh HMHBECTHIMH B HX pa3palborky. K IepCreKTHBHBEIM HaITpaBIEHHSIM OTHOCHTCS
SHEPIrUs, IMoIydyacMasi B IPOIECCE TEPMOSIEPHOIO CHHTE3A.

ONEKTPOTEXHHYECKAS IIPOMBIIIUIEHHOCTh BCErJa paccMaTpHBallach KaK OCHOBHAas
TeXHHYecKasa 0aza sneKTpH(pHKAIHH. [IpH 5ToM peys I1a 00 H3rOTORJIEHHH H3JEIHH, KOTOPHIE
JIeKaT B OCHOBE B3IEKTPHUECKOIO XO3SHCTBA ITOTPEOHUTENEH — SIEKTPHKH. OIEKTPHYECKOE
XO3SIICTBO MOKHO pacCMaTpHBaTh ITO3JIEMEHTHO, HAIIPHMEP YCTPOHCTBO H PadoTy OTHAEIBHOIO
3JIEKTPOABHUTATENS, 3aTEM BBIAEIATE SIIEKTPHYECKHE I[ETTH H CHCTEMBI, OITHPASICh Ha KITaCCHYECKHE
3aKOHEI TOD.

CeroJHs BaXKHEHIIMe 3adaul EKTPHKH CIeAVIONE. H3 CKOHCTPYHPOBAHHBIX H VXKE
H3TOTOBJIEHHBIX 3JIEKTPOTEXHHKOH H3IEIHH IIPEACTABHTE HEKOTOPRIH 00pa3 — OYAVIIHI OOBEKT,
yTOOEl OOOCHOBATh MHBECTHIMH M pa3padoTarhk padouyio JOKYMEHTAIMIO Ha 3IIEKTPHUYECKYIO
yacTh OOBEKTA, BBIMIOJHATE CTPOHUTEIbHBIE, MOHTAXHBIE, HalaJO4YHBIE, ITPHEMO-CIATOYHEBIE
PadoTRI, OCYIIECTBIIATh 3KCIUIYaTAI[HIO 3JIEKTPOTEXHHYECKUX M3ACIHMH H HX 3JIIEKTPOPEMOHT,
oOecIieyHBaTh AMEKTPOOE30IMACHOCTE H AKOJIOTHYECKHE HOPMBI, IIPEIYCMATPHBATh YTHIIM3AI[HIO

ITPOAYKTOB KH3HCIACATCIIBHOCTH 3JIICKTPHUYCCKOI'O XO3SIHCTBA H ero JIMKBHIAL[HIO (E ISIIOM HIITH
AOOKYMEHT NoarnncAH

SNEKTPOHHOM NOONUCHIO ra ['OBJIPO (pa3pabGotranHoro B 1920 T.
Cepruchukar: 12000002A633E3D113AD425FB50002000002A6 | _ -
Bnanerel le6ayxosa TaTbaHa AfekcaHaposHa 11 PoccHI): CTPOHTENLCTBO 3IeKTPOCTAHIIHIL ITO

JoIcc Pd3BHTHC TSDKEIIOH ITPOMBIILIICHHOCTIL,
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SIEKTPH(HKAIIHSA IIPH KOHIIEHTPAI[MH MOIMHOCTEH M IIEHTPAIM3al[HH SIeKTPOCHaOKEHHS,
CO3JIAHHE Ha IPEAIIPUATHH €IHHOI0 SHEPT OXO3SICTBRA.

CobctBeHHO 11aH ['O3JIPO, paccunTaHHBIN 10 1935 1., OB BRITIOJIHEH K cepeauHe 1931
r. B sror mepnox Owpu1o mmpomseeacHO 10 687 I'BT*4: 3TO MEHBIIIE TOZOBOIO IOTPeOIeHHSA
KPYIIHOI'O AIFOMHHHEBOro 3apofa. OuYeBHAHA IIONIOXKHTENIBHAS ponk IvraHa ['ODJIPO kak
OCHOBOITONATalOIero IUIaHa pPa3sBHTHS HAPOMHOIO  XO3SIICTBA, IIPEAYCMAaTpPHBAIOIIETO
«31eKTpH(HKaIo Beel crpaHbl» (B. WM. JlennH). Ho eciii oOpaTHTBCS K pealisaM OONbIIeH YacTH
TeppUTOpHH PoccHH, TO clIeAyeT IIpH3HATh, 4ro K Hadalny XXI B. «3IeKTpH(HKAIHA BCEH
CTpaHBI» TaK U He OBlIIa OCYIIECTBIIEHA.

[Tnag I'OBJIPO 611 HeoOXOAHM (HCKIIOYAsa IOcHeqyIolee paspymieHne B 1930-x IT.
JeHCTBOBABIIEH CeTH MeJIKHX H B 1950-X IT. cpeJHHX 3HeproHCTOYHHKOB), ITOKa CTOSIIa 3ajaya
HHIYCTPHAIM3AI[HH, PEIMThF KOTOPYIO OBITIO HEBO3MOKHO O€3 T'MI'aHTOB METaJUTYPrHH, XHMIH,
MaIlMHOCTPOEHHA. OHH, B CBOIO OYEPENb, TPeOOBAIH COOPYAKEHHS THIAHTOB 3SHEPrETHKH,
CTPOHTEIILCTBO KOTOPHIX CTAlO IIPHOPHUTETHBRIM. llomOKeHHe H3MEHHIIOCh B IIOCIIEJHHE
HECATHIIETHS, KOrJa IIPHOPHTETHBIMH  CcTalH  TpeOoBaHHS morpedurensa. MHUpPOBEIe
ITPOU3BOIUTEIH BIIEKTPOTEXHUKH JTaBHO 3TO ITOHSITH, OYKBAIILHO 3aBAJINB ITOTPe OUTENS HE TOJIBKO
TEM, O UYEM OH 3HAET, HO U TEM, Yer0 OH H IIPeACTaBUTh He MOr'. CeTOHS CIIEIH A CTHI-3IEKT PHKH
HOJDKHBI  yMeTh  (opMmyinHpoBaTh  TpeOOBaHHMS  IOTPeOHTEII K HM3TOTOBHTEISM
3IIEKTPOTEXHHYECKHX H3AEIIHI H K SHEPrOoCHAOKAKOII[eH OpraHM3allii, a 3aTEM H OTCTaHBaTh HX.
[IpakTHuecKl 5TO O3HAYaeT pPealH3allMI0 VIBEpXkKIacMoro I'paxmgaHcKNM KomekcoM PO
PaBEHCTBA TaKHX IOPHIHMYECKHX IIHI[, KaK SHEprocHalO’KaroIasi OpraHM3alisa H IOTPeOHTEND,
IIepexo]i OT abOCOMIOTH3MA OONBIIIOH SHEPIeTHKH K Te3HCY «lloTpeOHTenb Beeraa Ipasy.

HCTOpHYECKHH OIBIT CBHIAETEIBCTBYET, UTO HOBASA TEOPHS, KakHe OBl IIPAKTHYECKHE
PE3YIBTATEl OHA HH JaBaja, a TeM OoJiee HOBOE MBIIUIEHHE, HE Cpa3y OBJIAJIEBAET MacCCaMH.
QopMHpoBaHHe (IIOCTPOEHHE) SJIEKTPHYECKOIO  XO3SHCTBa M  3aKOHOMEPHOCTH  €ro
(P YHKITHOHHPOBAaHHS CPaBHHTEIIbHO HOBBIH 0O0BeKT HcclemoBaHHA. Jlmmb B 1944 1. mpH
['ocygapcTBeHHOM KOMHTeTe OOOpOHBI ObllTa CcO3MaHa [ OCHHCIIEKI[HS I10 IIPOMBIIIIIEHHOH
SHEPreTHKE M SHEPrOHaA30py, OCHOBAaH KypHal «lIpOMBHOIITIEHHAs SHepreTHKa», BBeJIcHa
JOIKHOCTE I'JIABHOI'O SHEPreTHKA Ha IPEAIIPHATIHSX ¢ MOTPedisseMon MOITHOCTRIO OoT 1000 kBT
(110 PIEKTPHYECKOH HArPy3Ke CerOJHS 3TO MEIKOE IIPEeAIIPHATHE, T e INTaTHOIO AIIeKTPHKA MOXKET
He OBITh COBCEM), B BBICHIEH IIIKOJIE 3arOBOPHIH O BHYTPH3aBOJICKOM 3JIeKTPOCHAOKEHHH,
ITOJITOTOBKE HHKEHEPOB-3IIEKTPOMEXAHHKOB, 3JIeKTPH(HKAIHH IO OTPACIISIM.

AOKYMEHT NOANUCAH B TIEPHOJ TIEPBBIX IITINIETOK OCHOBBIBAJIOCH HA
SNEKTPOHHOW NMOANUCHIO PHOA TEp

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

OBLIIO IIOJCUHTATDh BCC PCHIIMBI AJIA KaKJOI'0
Bnapeneu: lebayxoea TaTesaHa AnekcaHgpoeHa

., IIOJIVHHTDE JJIICKTPHYCCKYHO MOIITHOCTE, PACXO/]
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3HEPIHUH, 00BeMEI SHeprocOepekeHUI. M 3T0 OB1I0 IMpaBHIILHO H pealH3yeMoO, €CIIH B KY3HEUHOM
1exe B 1930-x rr. ycranaBnuBanu 11 gBurarenei, B MeXaHHYECKOM — 34, MEKTPOPEMOHTHOM —
20, B cucteMe BoJocHaOXeHHS — 25, Ha [{eHTpambHOH 3nekTprdeckoi craHimH (T 3O1]) — 40 (Ha
KPYITHEeHIITHX 3aBojax cefiyac B 100 pa3 GombIne), a copTaMeHT ObUI eJHHHYEH.

Poccurickas alIeKTpOsHEPTreTHKA, CO3JaHHasd OTeYeCTBEHHBIMH YUEHBIMIL, HHKEHEpaMH H
padounMI, SBISETCS HaIllell HAI[THOHAIBHOH TOPAOCThIO Ormaromaps He TOINBKO €€ HaJleKHOCTH U
3(p(peKTHBHOCTH, HO H €€ CYIIECTBEHHOMY BKIAJy B COLHAILHYIO CTaOHIBLHOCTH OOIECTBA H
KOHKYPEHTOCIIOCOOHOCTE S3HEPrOEMKHX OTpPACIeHd. 3TO HeMalIo NI JOOOH CTpaHBI, a IS
POCCHICKHX KIIMMAaTHYECKHX YCIOBHHI H PACCTOSHHH SBIISETCS JOCTOSHHEM, VIPAaTOH KOTOPOro
PHCKOBATh HEITO3BOIMTEIBHO.

Jlo 1 mromnsg 2008 r. B Poccru genctBoBano cBeIlie 100 aKIMOHEPHBIX SHEPT OKOMIIAHHI, B
TOM 4YHCIIe 78 BepTHKaIbHO MHTETPHPOBAHHBIX PerHOHAIBHBIX HeprocucreM (AO-3Hepro) u 25
KPVITHBIX 3JIEKTPOCTAHIIMH B BHJIE AKIIOHEPHBIX OOIIECTB. XOJJAHHIOBOH 3HEPrOKOMITaHHEH

sBisuIock PAO «E3C Pocecuny, rae 52 % axkimi nmpuHaaiexano Poccuiickon Oeaepariii.

K OHMPOJIbHbBIE 601NPOCHI.
Iloar OTOBHTE ITPE3CHTAIIHOHHLBIC IIPOCKTBI Ha TCMY. COBPEMCHHAA HAYIHO-TCXHITHUCCKAA

PEBOJIFOIIHA H PA3BHTHC BHepFETIHECKGﬁ TEXHITKI.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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3. Yueono-memoouueckoe u uH@hopmauoHHoe ovecneuerue 0UCUUNTTUHbL

5.1 Ilepeuens OCHO6HOU U 00ROJHUMEIALHOI JUMEPAMypsl, HeOOX00UMOU 011
0C60€HUA OUCUUNIUHbL

5.1.2 Ilepeuens 0CHOGHOIL iUmMep AmMypol:

1. CmnmonoB, H. C. Hauamno snexkrposHepretuku Poccumnickon KMmmepun n CCCP, Kak
rpoonema TexHoreHo3a / H. C. CumoHOB. — Mocksa : UHppa-UHxeHepnsa, 2017. — 640 ¢. —
ISBN 978-5-9729-0143-2. — TekcrT : anekTpoHHbIH // I{ndpoBoi oOpa3zoarelnbHbI pecypc IPR
SMART : [caiiT|. — URL: https://www.iprbookshop.ru/68995.html

2. BeesieHHe B CIIEIHAIbHOCTB. 3IIEKTPOSHEPreTHKA H 3JIEKTPOTEXHHKA | OJIeKTPOHHBII
pecypc]: yuebHoe nocodue / M. Macrenanenko, M.K. [IlapumnoB, M. BopotHukoB u 1p.; PI'BOY
BIIO CraspoItonsCKHI TOCYAapCTBEHHBIN arpapHbIH YHUBEPCUTET. - CraBporons . CI'AY, 2015.
- 114 c¢. . Tadm., cxem., wHiI. - budbmiorp. B KH. — Pexmum gocryma: URL:

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

3.1.3 Ilepeuens 0ononHumenbHOU umepamypsl:

1. ByreipuH I1.A. OCHOBHI 3JIeKTPOTEXHHKH | ONeKTPOHHBIH pecypc|: yueOHHK JI9 CTY-
JIEHTOB CPETHHX H BBICIIHX YUeOHBIX 3aBeIeHHH ITPO(J) € CCHOHAIIEHOIO 00pa30BaHHs IT0 HaIIpaBIIE -
HHSIM BJIeKTPOTEXHHKH H 31eKTposHepreTHKH bByrteipuH IILA., Tomueer O.B., Ila-xup3sHOB

@.H.- DnekrpoH. TeKCcTOBRIE JaHHBIe.- M.: Ms3marensckuin goMm MOH, 2014.- 360 c.- Pexum

noctyma: http://www.iprbookshop.m/33220.- DBC «IPRbooks»

3.2 Illepeuens yuedHO-MemoOOUUECKOZO0 0DecneueHUs CcamocmosmelbHoil padomol
odyuarwmuxca no OUcUUNJUHe

1. Metomgmyeckne peKOMeHAaIllMH JUIS IIOATOTOBKH K IIPAKTHYECKHM 3aHSTHSM II0
TUCIIUIMHE « M CTOpHS OTpaciy H BBeleHHE B CIIELHAIILHOCTE ».

2. MetoandecKkHe peKOMEHIAIMI 10 OPraHH3aI[HH CAMOCTOSTEIIbHON PadOThl CTYIEHTOB

ITO QM CITHITIITHE {{HCTGPH_E[ OTpPacCIIi H BBEACHHC B CIICITHAJIbHOCTDb .

3.3 Ilepeuerns pecypcoé UHPOPpMAUUOHHO-METIEKOMMYHUKAUUOHHOU cemu HumeprHem,
Heo0Xo00UMBIX 019 0C60€HUA OUCUUNIUHDL

L. http://www.biblioclub.ru -ObC "YHuBepcurerckas OnbaHoTeKa OHIaiH"
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MWHHUCTEPCTBO HAVYKHU U BEICHIET'O OBPA3OBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIBHOE
YUPEXJAEHHUE BEICHIEI'O OBPASOBAHUA
«CEBEPO-KABKA3CKUU ®ENEPAJIBHBIA YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanyeckue yKa3zaHHs

110 OpraHH3aIHH CaMOCTOSTEIIFHOH padoThl 00VYAIOIIHXCS
o gucipnumHe «MCTOPHA OTPACIIM M BBE JIEHUE B CIIELITUAJIBHOCTb»
IV CTYAEHTOB HaITpaBJIEHIS ITOATOTOBKH
13.03.02 2neKTposHEPreTHKA M AIIEKTPOTEXHHKA
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ComepKaHHE

BreneHHe

1 OOI1mass XapakTepHCTHKA CaMOCTOSATEIIbHOH padoTel OOy4aromerocs IIpH

H3YVUCHHH AHCITHIUIIHBI {{I/IGTGI}HH OTpAacCJIH H BBEACHHC B CIICIITHATIbHOCTD »

2 [TmaH-rpadHK BEIIOTHEHHS CaMOCTOSTEIbHOH PaOoThI
3 KOHTPOIBHBIE TOYKH M BHIBI OTYETHOCTH I10 HHM
4 MeTonuuecKre peKOMEHJAINH 10 H3YYEHHIO TEOPETHUYECKOTO
MaTepHala
S Y4yeOHO-MeTOAHYECKOe H HH(POPMAILIOHHOEe o0ecledeHHe JHCIHIIIHHEI
LOKYMEHT NOAMNUCAH
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BBeaeHune

CamocTosTenbHasa padora — IjlaHHpyeMas yueOHas, yueOHO-HCClIeJ0BaTelb CKasl, HAayUYHO-
HCcleloBaTenbcekas padoTa CTYIeHTOB, BEITOIHAeMAas BO BHeayIHTOPHOE (ayZHTOPHOE) BPeMS ITO
3aJJaHHIO M IIPH METOJHYECKOM PYKOBOJCTBE IIPENOaaBaTelsL, HO 0e3 ero HeIloCcpedCTBEHHOIO
y4yacTH (IIPH YaCTHYHOM HellocpeJCTBEHHOM YYaCTHH ITpeItoflaBaTellsl, OCTABIISIOIIEM BeVIIYIO
POIIb 3a pabOTOH CTYIEHTOB).

CaMocTosTelIbHASA padora CTYAEHTOB B BY3e gBISeTCS BaKHBIM BHIAOM YV4UeOHOH H
HAYYHOH JEeSATeIbHOCTH CTYAEHTA.

Begyimas 1ens opraHusamil H ocyinecTBiIeHHS CPC goimkHa COBIAgaTh C IIEJIBIO
00yUYeHHS CTYAEHTA — IIOATOTOBKOH OaKaaBpa ¢ BRICIIHM oOpazoBaHHeM. [Ipu opranmsaiiim CPC
Ba)KHBIM H HeOOXOJZHMBIM YCIOBHEM CTAHOBATCS (pOpMHpOBaHHE YMEHHSI CaMOCTOSTEIbHOMH
pPaboTHI IS ITPHOOPETEHNS 3HAHII, HABBIKOB M BO3MOKHOCTH OpraHH3al[MH YUeOHOH M HayYHOH
HIESTEIILHOCTH.

[{enpr0 caMOCTOSATEIILHOH PaboThI CTYIEHTOB SBISIETCS OBJIaJieHHe (DyHJaMeHTalIbHBIMH
3HAHHSIMH, ITPOQeCCHOHATBHBIMH YMeHHSIMH H HaBBIKaMH JeSTEeIbHOCTH IO IMPO(HITIO, OITBITOM
TBOPYECKOH, HCCIIEJOBATEIIbCKOM JeATelIbHOCTH. CaMocTosSTelnbHas padoTa CTYAEHTOB
CIIOCOOCTBYET Pa3sBUTHIO CAMOCTOSIEIIBHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

TBOPYECKOIO MOAXO0/a K PEHIEHHIO ITPo0eM yueOHOr 0 H ITPo(d) e CCHOHAIIEHOT O YPOBH L.
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O0nras XapakTepHCTHKA CAMOCTOAT €/IbHOH Pa00ThI 00Y4UaIOIIerocsi MpH M3y YeHHH

JUHCIHHILTHHBLI «JcT OpHA 0TPACGINH H BBCACHHC B ClICIIHAJIBHOCT b»

CamocTosTelnbHasa padoTa - IraHupyemas yueOHa L, yueOHO-HCClIe0BaTeIbCKasl, HayUYHO-
HCClIeJoBaTelIbcKast padoTa CTYIeHTOB, BEITIOJIHIeMas BO BHEAYIHTOPHOE (aYIHTOPHOE ) BPpeMS 11O
3aJJaHHIO0 M IIPH MEeTOJMYECKOM PYKOBOJCTBE IIPENOaBaTelsL, HO 0€3 ero HEIoCpeACTBEHHOIO
y4acTHS (IIPH YaCTHYHOM HEITOCPEICTBEHHOM YYAaCTHH ITPEIIOAAaBaTells, OCTABIISIOIIEM BEIYIIYIO
POIb 3a PabOTOH CTYIEHTOB).

CaMocTosTelIbHasg padora CTYAEeHTOB B BY3e SBISeTCS BaKHBIM BHIOM YV4ueOHOH H
HAYYHOH JEATEIIbHOCTH CTYAeHTa. CaMOCTOATEIbHAs padoTa CTYAEHTOB HIPAET 3HAYHTEIIFH VIO
POJIb B PEHTHHIOBOH TEXHOIOTHH 00yUeHHS. B CBs3H ¢ 3THM, 00yueHHe B BY 3¢ BKIIroUaeT B ced4
IBE, MPAKTHYECKH OAMHAKOBEIE ITO0 OOBEMY M B3aHMOBIIISHHIO YaCTH — IIpoIlecca OOYVUEHHS U
nporiecca camMoooyueHHs. [lostomy CPC pmomkHa craTh >3(QQEKTHBHOH H IlelIeHaIIpaBICHHOI
paboTOH CTYIEHTA.

K coBpeMeHHOMY CITEI[HAIICTY OOINECTBO IIPedb ABISIET JOCTATOUYHO IMMHPOKHI IIEPEUYEHB
TpeOOBaHHH, Cpedd KOTOPBIX HEMAIOBAXKHOE 3HAYEHHE HMEeT HAIHYHE Y BHIITYCKHHKOB
OITPENIETIEHHBIX CIIOCOOHOCTEH M YMEHHS CaMOCTOSTEIBHO JOOBIBaTh 3HAHHS H3 Pa3IHUHBIX
HCTOYHHKOB, CHCTEMATH3HPOBATh ITOIYUEHHVIO HH(OPMAI[HIO, JaBaTh OIIEHKY KOHKPETHOM
(pHMHAHCOBOM CHTYallHH. (DOPMHPOBAHHE TAaKOI'0 YMEHHS IIPOHCXOAHT B TeUEHHE BCETO IIEPHOA
OOYUEeHHS 4Yepe3 YYacTHE CTYJIEHTOB B IIPAKTHYECKHX 3aHSTHSX, BBOIOIIHEHHE KOHTPOIBHBIX
3aJaHHH H TeCTOB, HAITHCAHHE KYPCOBBIX H BBITYCKHBIX KBaIH(PHKAITHOHHBIX pa0oT. IIpH s3TOM
CaMOCTOST eJIbHas padoTa CTYAEHTOB HIPaeT PEIArOIyIO POk B XOJE€ BCEro YUeOHOr O ITpoIecca.

Benyimasa 1ens opraHmzaipii M ocyinecTBiIeHHs CPC goimkHa COBIAmaTh C IIETBEO
00VYUYeHHS CTYAEHTa — IIOJATOTOBKOHN CIIEI[HAINCTa M OaKajlaBpa C BBRICIIMM OOpaszoBaHHEM. lIpu
opranm3anui CPC BaKHBIM H HeOOXOJHMBEIM YCIOBHEM CTAHOBSTCS (POPMHPOBAHHE YMEHHS
CaMOCTOSIT€JIbHOH PadOTHI IJIS IMTPHOOPETEHNS 3HAHUI, HABRIKOB H BO3MOKHOCTH OpraHH3al[iH
yueOHOH H HAYYHOH JIeSTEIIbHOCTH.

DOpPMEI CaMOCTOSITEIIFHOM PabOThI CTYIEHTOB pasHOOOpasHEl. B COOTBETCTRHH ¢ paboueH
IIPOrpaMMON  JHCIMIUIMHEL TIPEAYCMOTPEHEL CIIEAVIOIE BHIABL CAMOCTOSATEIIFHOH PabOTH
CTYICHTA:

- CAMOCTOSTEIILHOE H3YUEHHE IIHTEPATYPHI,

- CAaMOCTOATCIIbHOC PCIICHHE 3a/a™,

AOKYMEHT NOAMUCAH
SNEKTPOHHOW NOAMNMCHIO
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3ad auamu caMOCTOST €JIbHOI O H3YUEHHS JINTEPATYPHI SBJITIOTCS:

o YIIIyOIIeHHE H PACIIHPEHHE TEOPETHYECKHX 3HAHHI,

* (popMHpOBaHHE YMeHHI HCIIOIh30BaTh HOPMAaTHBHYIO, ITPABOBYIO, CITPaBOYHYEO
JTOKYMEHTALIHIO H CIIEIHAIBLHVIO IHTEPATYPY,

° Pa3BHTHE ITO3HABATEILHBIX CIIOCOOHOCTEH H aKTHBHOCTH CTYIEHTOB.

Ilens camocmoamensHozo peuwieHua 3adauy - OBIaJlecHHe TPOQeCCHOHATBHBIMH
YMeHHSIMH H HaBBIKAMH JeATeIbHOCTH IT0 ITpodiIio OyayIei JesTeTbHOCTH.

3adauamu CaMOCTOST EJIBHOI' O PEIEHHS 3a4a4 SBIISIEOTCAL:

° CHCTEMATH3aI[HI H 3aKpeIUIEHHE IIOIYYEHHBIX TEOPETHYECKHX 3HAHMII H
ITPAKTHYECKHX YMEHHH CTYAEHTOB;,

o (pOpMHPOBaHHE CaMOCTOSTEIbHOCTH MBIIIIIEHHS, CITOCOOHOCTEH K CaMOpPa3BHTHIO,
CAMOCOBEPIIEHCTBOBAHHIO H CaMOpPeal3alii;

* Pa3BHTHE HCCIEA0BATEIBCKHX YMEHHI.

Ilenvio camocmoamenbHOZ0 6bINOIHEHUA PACUEMHO-2pAPuUUecKol padomsl TI0
THCIMIUIMHE SBIISIETCS OBJIAJeHHe (PYHAAMEHTAIbHBIMH 3HAHHSMH, ITPO()eCCHOHAIBHBIMH
YMeHHSIMH H HaBBIKAMH JIeITeJIbHOCTH I10 IPO]IIII0, OIBITOM TBOPYECKOH, HCCIEI0BaTEIbCKOMH
NesTeIIbHOCTH.

3adauamu JaHHOT O BHIAa CaMOCTOSATEILHON PalOTEI CTYASHTA SBIISEOTCS:

o CHCTEMATH3aI[HI H 3aKpeIUIEHHE IIONYYEHHBIX TEOPETHYECKMX 3HAHHH H
ITPAKTHYECKHX YMEHHH CTYAEHTOB;,

o VIIIYOJIEHHE H PacIlPeHHE TEOPETHUYECKIX 3HAHHI,

° (pOopMHpOBaHHE YMEHHH HCIIOIh30BaTh HOPMAaTHBHYIO, ITPABOBYIO, CITPaBOYHYEO
JOKYMEHTAITHIO H CIIEIIHAIIbHVIO JINTEPATYPY,

o Pa3BHTHE IT03HABATEIIFHBIX CITOCOOHOCTEN H aKTHBHOCTH CTYAEHTOB. TBOPYECKOH
HHHI[HATHBEL, CAMOCTOSTEILHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

* (popMHpPOBaHHE CaMOCTOSTEIbHOCTH MBIIIIIEHHS, CITOCOOHOCTEH K cCaMOpa3BHTHIO,
CAMOCOBEPIIEHCTBOBAHHIO H CaMOpeEarmi3alii,;

° Pa3BHTHE HCCIENOBATEIBCKHX YMEHHI

o HCIIOJB30BAHNE  MaTepHana, COOpaHHOIO M IIOMYYEHHOIO B XOJE
CaAMOCTOST €IILHBIX 3aHSITHH Ha CEMHHapaxX, Ha IPAKTHYECKHX M JTa0OpaTOPHBIX 3aHATHSX, ITPH

HaICaHHH KYPCOBOH PadoOTHI.
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B pesyibrare

OCBOCHIA  OHICITIITIITHBI

(hOPMHPYIOTCS

CIeAVIONMIT IlepeyecHb

INIAHHPYCMbBIX PC3VIIbTATOB Gﬁ}"‘IEHIIH II0 JHCIHIDINHE, COOTHECEHHBIX C IIAHHPYCMBIMH

pe3ylbTaTaMH OCBOEHHS 00pa30BaTelIbHOH ITPOrPaMMEI:

Ko, popmyrmipoBka
KOMIIET € HITHH

Kom, hopmymipoBka
HHIHKATOopa

[ImannpyeMble pe3ylIbTaThl
0Oy4YeHHS 110 JHCIHIUTHHE
(MozyO),
XapaKTepH3YIOITHE STaIThI
(pOpMHPOBaHH
KOMITeTEHI[HI, HHIHKAaTOpPOB

YK-5 CrtocobeH
BOCITPHHHMATh
MEKKYIIBTYPHOE
pasHooOpasHe OOINECTRBA B
COLIHAIIbHO-HCTOPHYECKOM,
STHYECKOM H (PHIIOCO(CKOM

NJ1-3vx.s AHAIIM3HPYET
Pa3IIMYHEIE
COLIHOKYIIb TYPHBIE
TEHJICHINH, (PaKThEI H
SIBJIEHHS Ha OCHOBE
I[EJIOCTHOTO IIPEACTAaBIEHI
00 OCHOBaxX MHPO3IaHHI H
IEPCIIEKTHBAX €0 Pa3sBHTHSL,
TIOHHMAET B3aHMOCBSI3H
MEKIY pazHooOpasHeM

3HaeT HCTOPHIO Pa3BHTHS
SHEPIreTHKH, 3JIEKTPOTEXHHKH
1 BIIeKTPO3HEPreTHKH, a
TaKKe HCTOPHIO OTKPBITHS
OCHOBHBIX 3aKOHOB
BIIEKTPOTEXHHKH H
() OpMHpPOBAHHE €€ HayYHBIX
OCHOB.

YMeeT aHaTH3HPOBATh
OCHOBHBIE 3TaIlbl HAYYHBIX
OTKPBITHIL 3JIEKTPOTEXHHKH H
AIEKTPOSHEPIETHKH Ha

KOHTEKCTaxX MHPOBO33PEHHI H XOJI0M
OCHOBE 3HAHHSI HCTOPHH.
Pa3BHTHS HCTOPHH, HAYKH,
- BrnaseeT HaBRIKaMH
TIpECTaBIEHHI YEIIOBEKA O
OCMBICJIEHH I HCTOPHYECKOTO
IIPHPOIE, OOIIECTBE,
H COBPEMEHHOI'O Pa3BHTHA
ITO3HAHHH H caMOro ce0sl.
BJIEKTPOTEXHHKH H
BIIEKTPOSHEPreTHKH
[IOKYMEHT NOAMNWUCAH

SNEKTPOHHOW NOAMUCHIO
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Il.1an-rpadguK BbLINOJIHEHHA CAMOCTOAT eJIbHOH PadoThbI

OO0BeM YacoB, B TOM UHCIIE
Koppr
CpencrBa KoHTakTHas
pearIN3yeEMBIX Bua gesrenbHOCTH
- TEXHOJIIOTHH padora ¢
KOMIIET €HI[HII, CTYIEHTOB CPC Bcero
OL[EHKH ITperoaaBar
HHIHKAaTopa(OoB)
ereM
I cemectp
CaMOCTOSTEILHOE 117.85
H3y4yeHHe JTHTepaTypel | CobeceqoBaHIe 5"' 13,095 130,95
1o TeMaM Neo -7
VK-S UJl3ves | o ORrOTOBKAK CoGecemoparme | 1215 | 0,135 1,35
TTEKIHSIM
[IoaroToBKa K
IPAKTHYECKHM CobeceoBaHIe 243 0,27 2.7
3aHSATHSM
Hroro 3a 1 cemectp: | 121,35 13,5 135
Hroro: | 121,5 13,5 135
[AOKYMEHT NOANUCAH

SNEKTPOHHOW NOAMUCKIO
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KﬂHTpﬂ.}IhHhIE TOYTKH H BHIbI OTHECTHOCTH ITO HHM

No BuJ nesarelIbHOCTH CTYIAEHTOB CpoKH KomnmuectBo
TI/TI BBITTOJTHEHH S OaJuIoB
1 cemecTp
I. [IpakTHueckoe 3aHaTHE No 2 6 Helemnsd 25
2 IIpaxTHyeckoe 3aHATHE Ne S 10 Hepensa 15
3. IIpakTHyeckoe 3aHATHE Neo 7 16 Henensa 15
Hroro 3a 1 cemectp 55
HToro 55

MakcHMaIbHO BO3MOKHBIN 04Ul 3a BECh TEKYIIHH KOHTPOIbh MaKCHMAaIbHO BO3MOKHBIH

0almn 3a BeCh TEKVIINHH KOHTPOIL VYCTAaHABIMBAETCS PaBHBIM J55. Tekyilnee KOHTPOIBHOE

MCPOIIPHATHE CHHTACTCA COAHHBIM, CCIIM CTVIACHT IIOIIVYIII 3d HCIO HC MCHCC 60% ot

YCTAaHOBJICHHOI'O I S2TOI0 KOHTPOIA MAKCHMAJIBHOI'O Oanra.

PeHTHHroBEIM Oani,

BBICTABIISIEMBIH CIVIACHTY 3d TCKYIICC KOHTPOJIbHOC MCEPOIIPHATHE, CIAdHHOS CTYICHTOM B

YCTAHOBJIEHHBIE T'PAa(pHKOM KOHTPOIbHBIX MEPOIPHATHH CPOKH, OIPEIEISeTCS CIIe]YEOIHM

oOpaszoM:
YPOBEHD BEITIOJIHEHH I KOHTPOIBHOI'O PelrruaTroBBIT OamT (B % OT MaKCHMAJILHOT O
3aJ[aHI S Oama 3a KOHTPOIBHOE 3aJaHue)
OTIIYHEIH 100
XOpOIHH 30
Y IOBIETBOPHUTEIILHEBIH 60
HeymorneTBOpHTEILHBI 0
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MeTtomueckne PEKOMEHR AN ITO H3VUCHHIO TCOPETHYICCKOI'0O MaTEcpHaJIa

CaMocTosTellbHAsA padoTa CTYJAEHTa HAYMHAETCS C BHHMATEIBLHOIO O3HAKOMIIEHHS C
coJiepKaHHeEM yueOHOro Kypca.

M3ydeHHe KaKIOH TEMEBI CIIEAYET HAUHHATh C BHUMATEIIPHOI O O3HAKOMIIEHHS ¢ HabOpoM
BOIIPOCOB. OHH OPHEHTHPYIOT CTYAEHTA, ITOKA3BIBAIOT, YTO OH JOIDKEH 3HATh IO JaHHOH TeME.
Bormpocel TeMBI KaK OBl HAKIIAABIBAIOTCS HA COOTBETCTRVIOIIYIO I'JIaBY H30paHHOI0 YUeOHHKA HIH
yueOHOro rmocodus. B Hrore JOIXKHO OBITH SICHBIM, KaKHE BOIIPOCHI TEMBI YUEOHOI0O Kypca H C
KaKOH T'JIYOHHOH PacKpBITEI B KOHKPETHOM YUeOHOM MaTepHalle, a KakKHe BOOOIIE OITYIIEHBHI.
Tpebyercsa TBOPUECKOE OTHOIIEHHE H K CaMOMY COAEPKAHHIO JHCIIHITIIHHEI.

BOITpOCEL, COCTABISIONIHE €€ COJepKaHHe, 00IaJgarT PasHOH CTEINEHBIO BaXKHOCTH. ECTh
BOITPOCHI, BBIOTOTHSIONIHE (PYHKIHIO JTOTHYeCKOH CBSI3KH COAep’KaHHSI TeMBl H BCero Kypca,
HMEIOTCS BOIIPOCH! OITHCATEIIFHOIO WIH Pa3zbsACHHTEIIFHOIO XapaKTepa, a TaKKe HCTOPHYECKOIO
B3KCKypca B 00IacTh HM3Y4YaeMOH AHCIMIUIMHBI. BCe 3TH BOIIPOCHI HE COCTABISIOT CYTH ITOHS-
THHHOI'O, KOHIIENITYAJIBHOI'O COAEPKaHHS TEMBI, HO HEOOXOIMMBI IS IETOCTHOIO BOCIIPHATHS
H3YYAEMBIX ITPOOIIEM.

HM3yyaeMass QUCIMIUIMHA HMEET CBOH KaTeTr OpHaIbHO-TIOHSATHIHEBLIN armiapar. HayuHble
IIOHSTHS — 53TO Ta 0aza, Ha KOTOPOH CTPOMTCS Kaxkiaas HaykKa. [ IOHSTHS — VY3IIOBBEIE, OIIOPHEIE
ITYHKTHI KaK HAYYHOI'0, TaK H YUYeOHOI0 ITO3HAHHS, JIOTHUYECKHE CTVIIEHH JBIKEHHSI B yuebe OT
IIPOCTOrO K CIIOKHOMY, OT SIBIIEHHS K CYIIIHOCTH. be3 SICHOrO ITOHMMAHHS ITOHATHH yyeba KparHe
3aTPYAHSETCS, 4 COAEPKAHHUE IIPHOOPETEHHBIX 3HAHHI CTAHOBHTCS TYCKIIBIM, PaCIl/IBIBYATHIM.

CTyIeHT OOIDKEH IIOHHMAaTh, YTO CAMOCTOSTEIBLHOE OBIAJEHHE 3HAHHAMH SBJISIETCS
TJIAaBHBIM, OITPEAEIISFONIM. BRICINIAS IIKOIA CO3MaEeT IS 3TOr0 HEOOXOMIMBIE VCIIOBHSL, ITOMOTaeT
OyayIIEMY BBICOKOKBAITH (DHITHP OBAHH OMY CITEI[HATIHCTY OBJIAJIETH TEXHOJIIOTHEH
CAMOCTOST EIILHOT' O ITPOU3BOACTBA 3HAHIIH.

B camocroarebHOH palore CTYAeHTaM IIPHXOAHTCS HCIIONB30BaTh JIHTEPATYPY
Pa3IHYHEIX BHAOB. IIEPBOHCTOYHHKH, MOHOIpa(HH, Hay4yHble COOpPHHKH, XpeCTOMAaTHH,
yueOHHKH, yueOHBIe ITOCOOHS, XKYpHAIBI H ap. M3yueHHe Kypca IpeArionaracT 3HaKOMCTBO
CTYIAEHTOB ¢ OOJpIIMM OOBEMOM HaVYHOH M Y4YeOHOH JINTepaTyphl, YTO, B CBOIO OYEPEelb,
IIOPOXKAAeT HeOoOXOAHMOCThE BBEIPAOOTKH VYV HHX PalfHOHAILHO-KPHTHYECKOIO TIIOAXOJAa K
H3YYAEMBIM HCTOYHHKAM.

YTtoOBl HE «YTOHYTB» B OIPOMHOM OOBEME PEKOMEHJOBAHHBIX €MY IJIS H3YUYEHHSI

AOKYMEHT NOANYUCAH HAVYHUTECS MIPABWIHLHO UX UHTATh. [IpaBHIILHOE
SMNEKTPOHHOW NOANUCHIO Hayd P P
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[IpempapHTEeNbHBIH ITPOCMOTP KHHIHM BKIFOYAeT O3HAKOMIIEHHE C THTVIIBHBEIM JTHCTOM
KHUTH, AaHHOTAIMEH, IIPEIHCIOBHEM, OIJIaBIcHHeM. [IpHM O3HAKOMIIEHHMH C OIJIAaBIIEHHEM
He0OXOANMO BBIJEIIHTE Pa3eiibl, ITIaBEl, ITaparpadsl, IIpeACcTaBILIIONIHE IS Bac HHTepec, Oero
HX IIPOCMOTPeTh, HAHTH MecTa, OTHOCSIMHecS K TeMme (a03allbl, CTpaHHI[BI, Iaparpadbl), H
ITO3HAKOMHTHCS ¢ HUMH B OOIIHX YepTax.

HayuHbie H31aHHI COIMPOBOKIAIOTCS Pa3THYHBIMH BCIIOMOraTe IbHEIMH MaTepHalIaMH —
HaYYHBIM aIllapaToM, II03TOMY BaKHO 3HATh, M3 KAKIX OCHOBHEIX 3JIEMEHTOB OH COCTOHT, KAKOBBI
ero () YHKI[HH.

3HAKOMCTBO C KHHIOH JIVYIIIE BCErO0 HAUMHATHL C HM3YYEHHS aHHOTAI[HH — KpaTKOH
XapPaKTEPHCTHKH KHHTH, PaCKPBIBAIOIIEH €€ COAepKaHNe, HIAESHHYIO, TEMAaTHUYECKYIO H JKaHPOBVYIO
HaIIPaBJIEHHOCTh, CBEIcHHS OO0 aBTOpe, HaszHAUeHHe H JAPYrHe OCOOEHHOCTH. AHHOTAI[HSI
ITOMOTaeT COCTABHUTH IIPEABAPHTEIILHOE MHEHHE O KHHTE.

['myGxe MMOHATE cofiepKaHIe KHITH ITO3BOILIEOT BCTYITHTEINEHAS CTaThSL, B KOTOPOH JTacTCs
OLIEHKA COJep KaHHSI KHHIH, 3aTparHBaeMOH B HeH IpoOIIeMaTHKH, COAEPKUTCI HH(POPMAIIHI O
’KH3HEHHOH H TBOPYeCKOH OHOrpaHH aBTOpa, BEICKA3BIBAIOTCS ITOJIEMHYECKHE 3aMeYaHHS,
PA3BACHSIOTCS OTJENbHEIE ITONOKEHHS KHHIH, MAlOTCI KOMMEHTApHHM H T.h. Bor Imouyemy
3HAKOMCTBO C BCTYIIHTEIIbHOH CTAaThbeH MPeACTaBISIeTCsI OYEHD BaKHBIM: OHO ITIOMOTaeT CTYAEHTY
COPHEHTHPOBAThCSA B TEKCTE PAabOTHL, OOpaTHTE BHHMAHHE Ha €€ HauOollee I[EHHBIE H BaXKHBIE
pa3eIbl.

Toit Ke LenH COMEHCTBYET 3HAKOMCTBO C OITIABIEHHEM, IPEIHCIIOBHEM, ITOCIIECTIOBHEM.
BecbMa IIOIE€3HBIMH 3JIEMEHTAMH HAY4YHOI'O arlrapara SBISIOTCS CHOCKH, KOMMEHTapHH,
TaOIHIIBI, Tpa) MKH, CITHCKH IHTePaTyphl. OHH He TOIBKO WIITIOCTPHPYIOT OTAEIbHEIE ITOJIOKEHH
KHHTH HJIH CTaThH, HO H CaMH IT0 ce0e SBIIIIOTCS JOITOIHHUTEIBHBIM HCTOUHHKOM HH() OpMAL{HI
IULST YHTATENIS.

Ecinu uynrares 3aHHTepecoBajia KakKas-TO BhICKa3aHHAs aBTOPOM MBICIIb, He HaIleIIas
ITOAPOOHOI0 OCBEIEHHS B JAHHOM HCTOYHHKE, OH MOKET OOpaTHThHCA K TEeKCTY HCTOYHHKA,
YIIOMHHAEMOI'O B CHOCKE, THOO K HCTOYHHKY, KOTOPBIH OH MOKET HANTH B CIIMCKE JIHTEPaTypPHL,
PEKOMEHJOBAHHOH aBTOPOM IS CAMOCTOSATEIILHOI O H3YUEHHA.

CyIIeCTBYeT HECKOIBKO (POPM BEJEeHH S 3aITHCEH:

— IUTaH (IIpOCTOH H pa3BepHYTHIH) — HanOolIee KpaTKas (popMa 3aIHCcH IIPOYHTaHHOTO,
IPEACTABILIIONIAS COOOH IIEpedYeHh BOIIPOCOB, PacCMaTpHBAacMBIX B KHHIE IIH CTaThe.
PasBepHYTHIH IUIaH IIPeACTaBIIET coOOH Oornee IOAPOOHYIO 3allHCh IIPOYHTAHHOIO, C

ACKYMEHT NOANMUCAH YB. C BBIOTHCKOIL IIHTAT. CTAaTHCTHYECKIX TaHHBIX
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— Te3HCHl — KPaTKO C(OPMYIHPOBAHHBIE ITOTO0KEeHHS, OCHOBHBIE IMONNOXEHHS KHHTH,
craThH. Kak ITpaBHIIO, T€3HCHI COCTABILIEIOTCS ITOCIIE IIPEABAPHTEIIbHOIO 3HAKOMCTBA C TEKCTOM
HCTOYHHKA, IIPH €ro ITOBTOPHOM ITPOYTEHHH. OHH ITOMOraroT 3alIOMHHTh H CHCTEMATH3HPOBATh
HH(OPMAIIHIO.

CocTaBjIeHHE KOHCIIEKTOB

Bombmryto poilb B YCBOSHHH M ITIOBTOPEHHH MPOMHISHHOr0 MaTepHada HrpaeT XOPOIIIHit
KOHCITEKT, COAep Kalliii OCHOBHBIE HAEH IIPOYHTAHHOIO B YUeOHHKE H YCIIBIIIAHHOTO B JIEKITHH.
KoHCIeKT — 3T0, TI0 CYIIEeCTBY, HAOPOCOK, pa3BEPHYTHIH ITIaH CBSI3HOI'O paccKasa IT0 OCHOBHBIM
BOITPOCAM TEMBEI.

B Kakoii-TO Mepe KOHCHEKT paccYuTaH (B 3aBHCHMOCTH OT HHIHBHIYaJIbHBIX
ocoOeHHOCTeH CTyJeHTa) He TOIBKO Ha HHTEIUIEKTYaIbHYI0 M SMOIMOHAIBHYIO, HO H Ha
3PHTEIBHYIO ITaMATh, IPHYEeM TeKCT KOHCIIeKTa HepeJKO acCOIMHpPYeTCS ellle M C TEeKCTOM
yueOHHKa HIH 3allHChIO JIeKIHH. [Io3TOMy Jerde 3allOMHHAETCS COJlep/KaHHe KOHCIIEKTOB,
HaITHCaHHBIX pa300pYHBO, ¢ MOJYePKHBAHHEM HJIH BHIJEIIEHHEM Pa3pSAKOH KIIFOUEBBIX CIIOB H
hpas.

CaMOCTOATEIbHO H3YYeHHBIe TeMBl IIPeJOCTaBILIIOTCS IIpelojaBaTelo B (opMe
KOHCITeKTa, IT0 KOTOPOMY IIPOHCXOAHT cobeceoBaHHe. TeopeTHUecKHe TeMBI Kypca (OTIeNTbHbIE

EGHPGGBI):. BBIHOCHMBIC Hd CAMOCTOATCIIbHOC H3VUCHIIC, IIPCACTABJICHBI HHKC.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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