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Hukonaii FPUTOPbEB

185 net Has3an, B 1834 roay moiono y4é-
HbIi Mopuy fepmaH ¢oH Skobu cobpas B He-
mMeukoMm KéHurcbepre (HbIHE POCCUCKUI
KanvHuHrpan) nepsbii peaibHo paboTaroLmnii
anekTpoasuraresib. Hanbosee BaxHbiM B 3TOM
n306peTeHn Obls10 OTKPLITUE NPpUHLMNa 6ec-
rpepbIBHOro BpaLLaTebHOro ABVXXEHMS.

Crarbsi NOCBSILLEHA XU3HEHHOMY MyTv Y Ha-
YYHBIM AOCTYXEHUSIM 3HAMEHUTOro y4EHOro,
M3BECTHOCTb K KOTOPOMY rocJe rnepeesaa
B Poccuio npuwnaa nog nmeHem bopuca
CeméHoBun4a Slkobu.

K ero 3acsyram, B 4aCTHOCTU, OTHOCUTCS
paspaboTka meToaa rasibBaHOM1acTyku, rnoJsio-
XKVBLLIErO Ha4aso LesI0My HarnpasieHUIO Mpu-
KnagHov S71eKTPOXumMmun. XapakTepHo, 4T0
pe3ynbTarbl 3TOr0 NCCAEA0BaHVs Y4EHbIV OT-
pasauva B 006LLenOCTYNHO WK, UCMOb3Ys CO-
BPEMEHHbIE TEPMUHbI, PA3MELLEHHOV B OTKPbI-
TOM A0CTYyre nyéavkaymu.

HayuHo-TexHunyeckoe TBOpYeCcTBO SKO6U
6b110 MHOroobpa3aHsiM. OH n306pEs1 HECKOJb-
KO BuAoB rnpmnbopa A1 M3MEPEHUSI 3NIEKTPU-

KOJIECO NCTOPH

Ipuzopves Hukoaaii /[mumpueeuy — kanouoam mexruyeckux Hayk, Mockea, Poccus™.

4eCKOro cornpoTUBIEHUS], HA3BAHHOIO0 UM
BO/IbTAroMeTpPoOM. 3Ha4YUTEe/IbHbIE yCnexu
Obl/IM JOCTUTHYTbI B 061aCTY Tenerpapumn, um
Obl1 CKOHCTPYMPOBAaH Tenerpag@Hbli arnnapar
CUHXPOHHOI0 AeNCTBUSI C HEMNOCPELACTBEHHOM
(6e3 paclunppoBkmn) MHAMKaLMNEV B MPUEMHU-
ke nepenaBaemMbix OYkB v LUNGD v rNepBbiii B
muipe bykBorneyaTtatoLmi TenerpagHbivi anna-
pat. OH pykoBoAW CTPOUTEILCTBOM MEPBbLIX
kabesnbHbix uHWi B CaHkT-leTepbypre v
mexnay CaHkT-leTtepbyprom u Llapckum
Cesniom. 5lkobu pa3pabarteiBas rajibBaHN4e-
ckue batapeu, MHOro paboTas Haz co3aaHnemM
npoTmnBokopabesibHbIX MUMH HOBOro Tuna, Obis1
UHNLMATOPOM (POPMUPOBAHUNST raslbBaHnye-
CKUX KOMaHL B canépHblX 4acTsX PYCCKOM
apmun. 1o nHuumatee v noa PyKoBoACTBOM
Bopuica Skobu 6b110 MOI0XKEHO Ha4as10 BbliOO-
py B Poccumn eanHnL nsaMepeHuii, yctaHoBJ1e-
HUIO METPUYECKON CUCTEMbI, pa3paboTke
9TasI0HOB MEP 1 BECOB.

MHoro4ucieHHbie Hay4yHble AOCTUXEHUS
rnpuHecn 5Ikobw 3acs1yXeHHOe npu3HaHue.

KnioueBble cnoBa: Slkobu, MCTopusi TpAHCOPTA, 3JIeKTPOABUraTeslb, KOMMYTaTop, 3J1eKTPO-
MarHuTbl, rajibBaHWMY€CKNIA 3/IEMEHT, raJIbBaHOMN1acTuka, MexaHM4eCcKnNe reHeparopbl, MarHUTo-
BJIEKTPUYECKU reHeparop, TenerpaHeiv annapar sSikoou.
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€JIbIO TIPEICTABISIEMOTO UCTOPUYE-
CKOTO OuepKa SIBJISIeTCS OITMCaHNE Ha
OCHOBE UICTOPUKO-PETPOCTIEKTUBHO-
IO ¥ HAyYHOTO aHaJIN3a KU3HEIeATeIbHOCTH
BUAHOro yuéHoro bopuca Axkobu, aBTopa
TIePBOTO MTPAKTUICCKU IIPUTOTHOTO 3JICKTPO-
JIBUTATEJIs.

PAHHUE rogbl

Bynyuuii ya€Hblil B 001aCTH DJIEKTPOTEX-
HUKHM, akageMuk Mmnepatopckoit CaHKT-
[TeTepOyprckoit akagemuu Hayk Mopuig
Tepman (c 1837 . Bopuc CeménoBuy SIkoom)
dbon Axodbu pomuncs 21 centsopsa 1801 .
B L. [Torcname (IepmaHust) B cocTOATENBHOMN
ceMbe JIMYHOTO O0aHKMpa Kaiizepa (KOpOJsT)
[Mpyccun @punpuxa Bunsrensma II1 [1-9].
HauanpHoe oOpa3oBaHue OH TIONIyYWIT JOMa
W B TUMHa3nu. B 19 jer roHoOIIa moCTymum
B bepnuHCKUiT yHUBEPCUTET, a 3aTeM uYepes
roJl mepeBecs Ha (PU3UKO-TEXHUIECKUN (ha-
KyJabTeT [€TTMHTEHCKOTO YHUBEPCUTETA.
C 1823 1. mocite OKOHYAHUS Kypca U TTOJTyde-
HUSI TUTITIOMa MHXXEHEepa-CTPOUTEIst padboTat
B CTpOUTENbHOM JenaprameHTe [Ipyccum,
TIPOEKTUPYST KPYITHBIE 3MaHUST U PYKOBOJIS UX
Bo3BeaeHueM B [Torcname. UM Oblu paspa-
GOTaHBbl MPOEKTHI OOJBIIOTO JOPOKHOTO
MOCTa M KaHaJjia JIsl pETyJTMPOBAHUS PEUHBIX
Boj1 B paiioHe . OpanueHOypr. B 1829 r. mocie
nipuHSTHS B «CO103 TTOOIIPEHUS TIPOMBITIUIEH -
Holl nesarenbHocTy B [Ipyccum» Axobu npu-
CBOWJIV 3BaHUE apXUTEKTOPA.

SJIEKTPOABUIATEIN

B 1833 1. SIxoom mepeexan B KEnurcoepr
(upiHe KanmmHuHTrpan) u yBhaEkcs teopueit
¥ TIPAKTUKOM 3JIEKTPOMarHeTU3Ma, HOBOM
TOT/Ia OTPAC/bIO 3HAHWI, BKJIAJ B pa3BUTHE
KOTOPOI BHEC/IV MHOTYIE 3HAMEHUTHIE 1, K CO-
JKaJIEHWI0, MEHee M3BEeCTHhIe ceiiuac yueHble
1 M300peTarTesin, B Ynciie KOTOPBIX AJieccaHipo
Bonwra, lomnnuk Mpancya 2Kan Aparo, AH-
npe-Mapu Ammep, Matikn @apaneit, [Turep
Bapnoy, Xanc Kpuctuan Opcren, dxo3ed
Terpu, Yunesam CrépmkeH, Anpomr MmTBaH
Wemmk, Annpeac o baymraprtHep, CabBa-
tope Jdanb-Herpo, Unmmonut [Nuken, Dmummit
Jlenu, Yunbsam Puuun. [MocnenHuii UMEHHO
B 1833 romy B cTaThe «ONBITHBIC HCCIICTOBAHIS
T10 3JIEKTPOMATrHETU3MY U MAaTHUTORJIEKTpUYIe-
CTBY» OTICaJI TPUOOP, B KOTOPOM €MY C TIOMO-
IO HEMOJABUXHOIO MOJAKOBOOOPa3HOTO
MarHUTa YAaJIOCh MOJYYUTh BpallaTeIbHOe
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FPERAARIE BE TeRmETAEE Brednh

MpwxunsHeHHoe nagaxume Tpypa b. C. Skobu.

JIBUXKEHUE BOKPYT BEPTUKATTLHOI OCH 2JIEKTPO-
MarHura (3keJe3HOM MoJIOChl, 0OBUTON TPOBO-
JIOKOW) TIpU TIepeMeHe TOoMocoB. SIkoou Tak
OTO3BAJICS 00 OTHOM U3 TTOOOHBIX ANIAPATOB:
«TaKoi pudop OyneT He Oosbllie, YeM 3a0aB-
HOW UTPYITKO /7151 000TalIeHUsT (PU3NIECKUX
KaOWHETOB, €ro HeJb3sl OylIeT NMPUMEHSITH B
OoJbLIOM MaclTabe ¢ KaKoW-HUOYAb 9KOHO-
MUYECKOU BBITOION».

Axo6m B 1834 . coOpa 31eKTPOIABUTATEIb
(MarHUTHBIN anmapar) OpUTMHAIBHON KOH-
CTPYKIIMU C HETIPEPBIBHBIM BpallleHUEM BaJia
yacToToii 80—120 000pOTOB B MUHYTY ¥ MOIII-
HOCTBIO 15 BT. DTO MMeno MpuHIMITHATBHOE
3HAYEHMeE, TaK KaK JUIsi KOHCTPYKIINU PacTpo-
CTPaHEHHBIX B TO BPeMSI TAPOBBIX U AJIEKTPU-
YECKUX YCTAHOBOK TMPUBBIYHON ObLTa cxema
BO3BPAaTHO-ITOCTYNATEJbHOTO IBUXEHUS
TOPITHS WM KavyaTeIbHbIX KOJIeOaHWH T0-
JBUXKHOM paboueii yactu. B To Bpemst uzoope-
TaTeJI TIpeJIarajiv NCIIOIb30BaTh IBUTATENb
JIUIST TIpUBEACHUS B JIBUKEHUE BECEN, YTOObI
3aMEHUTH TPeOIIOB MU CO3/1aTh NIEPEIBUTAIO-




CTOSILIETO BPEMEHU B KOJIJIEKTOPE TATOBBIX
aNiekTpoaBurateneit Ha tpancmopre [10; 11
u ap.]. KoMMyTaTop cOCTOSI1 U3 YEThIPEX
METaJUIMYECKUX KOJIEL, YCTAHOBJIEHHBIX Ha
Bajly U U30JUPOBaHHBIX OT Hero. Kaxmoe
KOJIBLIO C YETBIPbMS BBIPE3aMU MO OJHOU
BOCBMOW YaCTU OKPY>KHOCTH, 3aTTIOJITHEHHBIMU
WU30JIUPYIOLIUMU BKJIAAKAMU, ObUIO CMEILIEHO
Ha 45 TpamycoB M0 OTHOUIICHUIO K TIPEIbITY-
wemy. [To poBHOU M OTMOJMPOBAHHON TO-
BEPXHOCTU OKPYXXHOCTHU KOJIbLIA CKOJIb3UJ
phlyar, NpeACTaBIsIOUIMiA cOO0M cBOE0Opas-
HYI0 LIETKY, BTOPOI KOHEL KOTOPOTO ObLIT
MOTPYXEH B COCYIl C PTYThIO, COEAUHEHHBIN
MPOBOAHUKAMMU C raJlbBaHUYECKOM OaTapeeid.

IMepBbiii B MUpe peasibHO AeiCTBYIOWNA _
anektpogsurarens Sikobu [12; https://www.eti.kit. K obmorkam C-)JICKT]?OM&FHI/ITOB Bpatiarotre
edu/english/1376.php]. TOCs AMCKa, COCANMHCHHBIX ITOCJICA0BATCIIBHO,

OTXOJIWJIN OT KOJIEI TTPOBOAHUKU, YKPETIIEH-
LIUIACST MEXaHU3M, TIOJPAXKAIOIINIA IBUKEHUIO  HbIE Ha BaJTy asiekTpoasuraressi. C moMoIso
HOT JIOIIA/IN. KOMMYTAaTopa 3a OAWH 00OpOT BaJila BOCEMb
O CBOEM 2JIeKTPOABUTATEIE OH BIEPBBIE Pa3 U3MEHSUINCH B MOABMKHBIX 2JIEKTpOMAr-
coobumi B 1834 1. B Tpynax [Mapuxckoit Aka- HUTaX HampaBJeHUs TOKA U MOJISIPHOCTD,
JIEMUU HayK B «3aMeTKe O MarHUTHOM MalliiHe, ¥ OHU MTOOYEPEMTHO TTPUTSITUBAIUCH U OTTaJI-
B KOTOPOI MarHeTU3M UCTIONB3YeTCsl KaK ABU-  KUBAIHCH JIEKTPOMArHUTAMU HETIOJBUKHO-
rarejibHast CWJia», a TOAPOOHOE OMMCAHUE IOl  TO MKUCKA. DTO 3aCTaBJISJIO BPAIaThCs TO-
HazBaHUeM «MeMyap 0 IPUMEHEHUH JIEKTPO-  IBMKHOM IUCK U COCAUHEHHBIN C HUM Ball
MarHUTHOM CWJIBI K IBVKEHUIO MAIlIMH» HaTle-  9JIEKTpoBUTaTeNs. B cBoéM anekTponBura-
yatan B [loTcmame u B Tpymax poccuiickoii —Teje u300peTareib BIepBbie TPUMEHWIT TPU
HMmmnepartopckoii akaneMun Hayk. WIEeu: BpalllaTeIbHOE NBIKEHNE Basla; KOM-
Ero snexrpoasuratenb, OCHOBAaHHBIN HA MYTaTOp C TPYHIUMMUCS KOHTaKTaMu, 0e3 KO-
MPUHLIUIIE TTPUTSIKEHUSI U OTTAIKWBAHUSI  TOPOTO HEBO3MOXHO OOECTIEUNTh BpalllaTeb-
Mexay koMmriektamu [1-o0pa3HbIX 2JIEKTpO-  HOE ABUXEHUE MOIBUKHOU OOMOTKMU; UC-
MarHUTOB, paboTa OT GaTapeu 69 TalbBaHU-  TIOJb30BAHUE SJIEKTPOMArHUTOB, KOTOPBIE IO
YECKUX 3JIEMEHTOB aHTJIMICKOTO YYEHOTO CPAaBHEHWUIO C MOCTOSTHHBIMY MATHUTAMU 10T
V. P. [poBe 1 cOCTOSLT U3 ABYX FPYMIT 3JIEKTPO-  OOJIBIIYIO CUJTY IPUTSKEHUS U TIPU COTPSICe-
MarHUTOB TIO § CTEpPXKHEIl MSATKOTO Xeje3a HUsX U yaapax He pa3MarHuuuBaiorcs. Jleii-
JUTMHOM 110 7 mroiiMoB (177,8 MM) M TOMIIMHON ~ CTBYIOIAST MOIEb €T0 3JICKTPOIBUTATEIS
1 mioiim (25,4 mm), oomotanHbix 320 ¢ytamu B Hacrtosiiee Bpemst Haxonutces B [lonnrex-
(96 M) MeTHOM TTPOBOJIOKM TMAMETPOM B OJIHY ~ HUYECKOM My3ee I. MockBbl. [1o pekomeHa-
yeTBEPTYI0 IMHUM (3,17 MM) U pacTiofioxkeH- MM Kaiizepa Ppunpuxa Busbreasma 11 3a
HBIX Ha JABYX IKMCKax (OIHA rpymma Oblia He- co3maHue aiekTponsuratesst KEHurcoepr-
MOJBUXHOM, 3aKPETIEHHON HA pame, Ipyrasi  CKMii YHUBEPCUTET MPUCBOUI EMY CTEIEHb
Bpalllajlach BOKPYT OCH) IO TIPSIMBIM YIJIOM  JTOKTOpa (PrIocopuu.
U CUMMETPUYHO OIHA 10 OTHOLUEHUIO K IpY- Kaxk ykassiBarot uccienosatenu, Axoou
roii TakuM 00pa3oM, YTOOBI TOJIOCHI MPUXO-  «OE€3 COMHEHMUS MEPBBIM CO3AaJ MPAKTUUECKU
JIWJTUCH OJIMH TTPOTUB Apyroro. OOMOTKY He- TIPUMEHUMBIN BPAIAIOIINICS 2JIEKTPOABU-
TTOIBUXHBIX 3JIEKTPOMATHUTOB OBLTH COEM-  ratelib» | 12], mpr 9TOM OH OJHO3HAYHO yKa3all
HEHBI MocJienoBaTeIbHO. TOK B HUX MMEJT B MaMSTHOH 3armucke B 1835 romy, 4To OH He
OITHO U TOXeE HarpaBjieHue. s monepeMeH-  SIBJISIETCS €QUHCTBEHHBIM M300peTaTenemM
HOTO M3MEHEHMUSI TTOJISIPHOCTU MOABOAMMOTO  2JIEKTPOMAarHUTHOTO MOTOpPa KaK TaKOBOTO,
TOKA TMOABUKHBIX JIEKTPOMATrHUTOB CIIYXXWJI  CChUTAJICS HA MMPUOPUTET n300peTeHuit Jxxy-
MpUAYMAaHHBI UM KoMMyTatop, npuHuumn 3enre Jlomenuko borro u CansBatope Jlanb-
YCTPOICTBA KOTOPOTO MCMoJb3yeTcs 10 Ha- Herpo [12].
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Mo4toBbiN KOHBEepT C u306pa)KeHueM aneKkrTpoaBsurarensa Slkobu n3 konnekuunm MonnTexHnyeckoro My3es.

TlepBblii anexkTpoaBUTaTe b SAIKOOU MocTa-
BWJI MUPOBOIA PEKOPJI TOTO BpEMEHU 10 CBOUM
XapaKTepUCTUKAaM, KOTOPbIA YIePKUBAJICS UM
1o 1838 roga, korga cam e SIkoOu yaydima
ero. Toibko B 1839—40 rr. apyrue uzobpeta-
TEJIM CMOTJIM TOCTUYb TaKMX XK€ XapaKTepu-
CTHK, a YJIYYIIUTh KX CMOLJIM TOJIbKO ITO3IHEE
[13].

B 1835 1. SIko6u nepeexan B lepnt (HbIHE
Tapty, DcroHust), cran paboTtaTh npodecco-
POM IpaXXKIaHCKOM apXUTEKTYPbl B YHUBEPCH -
TEeTe.

B 1837 1. oH AJ1s1 CBOETO 3/1€KTPOABUTATENS
YCOBEPILIEHCTBOBAJI TaJIbBAHUYECKHUIA 2JIEMEHT
aHmmmiickoro nzooperaresns Ix. @. Januens,
KOTOPBI B 1836 I. mOMECTHIT MEIHBII 3JIEKT-
PO B pacTBOP MEIHOTO Kyropoca (cynbdaT
Me/1), KOTOPbIi He B3aMMOJICHCTBYET C Me-
Ib10. AKOOU OBLIO MPEAIOXKEHO Y IMHKOBOIO
3JICKTPOJa MPUMEHSTh B Ka4eCTBE DJICKTPO-
JINTa HE paCTBOP CEPHOI KMCIIOThI, @ pACTBOP
cyibdaTa 1IMHKA, KOTOPbI HE B3aMMOJIEii-
CTBYET C IMHKOM. JIepeBSIHHBIN SILMK Tajlb-
BaHUYecKoro ajeMeHTa JlaHuens—Axkoou,
TYMMMPOBaHHBIM achaJbTOBbIM LIEMEHTOM,
ObLIT pa3iesi€H Ha JBe OAMHAKOBbIE YacTU
TMOPUCTOM MEPErOPOIKOI U3 cJ1a00 000K KEH-
HOM TJIMHBI. B 0gHOM OTIE/JIeHUM cocyna
MEIHBIN 3JIEKTPOJ HaXOAUJICSI B pacTBOpE
MEIHOTO KyIopoca, B IPYIOM LIMHKOBBIA —
B pacTBope cyJibdara ruHka. [1pu 3aMbIkaHUN
3JIEKTPUYECKOM LIETH TOK IIENT OT IMHKOBOIO
3JIEKTpOJa K MeaHOMY asiekTpoay. [1pu aTom
raJibBaHU4YECKUIA DJIEMEHT JaBajl HE YMEHb-
mafoieecst, a CTabMJIbHOE MOCTOSIHHOE Ha-
MPsDKEHKUE MIOYTU OIMH BOJIBT, U, B TO BPEeMs,
Takasl CXeMa HalllJla IIMPOKOe TTpUMEHEeHUe
Ha MpakTUKe.
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B 1837 1. SIkoOu npuHSLI pyccKoe MoaaaH-
CcTBO, uMs U oTtyecTBO bopuc CeMEéHOBUY
u niepeexan B CankT-IletepOypr aj1s padoThl
B «Komuccum 1151 Ipon3BOACTBA OITBITOB
OTHOCUTEJTLHO ITPUCTIOCOOICHMS 3JIEKTpOMar-
HUTHOM CUJIBI K IBMKEHHMIO MAIlMH IO CITO-
co0y npodeccopa SAkobu», co3gaHHON 1O
XO/IaTaliCTBY MUHUCTPA IMTPOCBEIIEHUS U ITpe-
sugeHTa Poccuiickoit AH C. C. YBaposa.

HOBbI MOTOP, 3JIEKTPU4YECKUA
BOT U BYAYLLUUA TPAMBAN

B 1838 1. cocTosiock cemMmuyacoBoe riaBa-
HUE pacCTOSHUEM 14 KM IIPOTUB TEUCHUS
U cujibHOTO BeTpa nmo HeBe m Ha KaHanax
Cankr-IleTepOypra cymHa ¢ 14 maccaxkupamu,
rpebHbIe KOJIEca KOTOPOTO BIIEPBbIE MPUBOIM-
JIUCh B ABVKEHUE TTOCPEICTBOM «MarHeTU3Ma»
coznaHHoro fkoou B creHax Cankrt-IleTep-
OyprcKoro YHUBEpPCUTETa CYIOBOTO 3JIEKTPO-
JIBUTATEJIsI HOBOM KOHCTPYKIIUM MOITHOCTBIO
0,75 n.c. (552 Br). OH npeacrasisyi coooit
koMOmHanmio 40 HEOONBIINX JICKTPOIBUTA-
TeJieit, KOHCTPYKTUBHO OObeAMHEHHBIX B OIUH
arperar 1o 20 1TyK Ha ABYX BajaxX BbICOTOI
1,2 M, YCTaHOBIIEHHBIX BEepTUKAJIBHO B Aepe-
BSIHHOM cTaHMHe JuinHO# 0,9 M U 1IMpUHOI
0,77 M. BpalueHue BepTUKaIbHBIX OCEl € MO-
MOIIIbIO KOHUYECKUX IIIeCTePEH TIepeIaBaioch
Ha TOPU30HTAJIEHYIO OCh, Ha KOTOPOI KpeT-
JIUCh rpebHble Kojéca. g MUTaHUusT TOKOM
0OMOTOK 3JIEKTPOMAarHUTOB Ha CyIHE, Ha3BaH-
HOM 3JIEKTPUYECKUM OOTOM, OBUTA YCTAaHOBJIE-
HbI 320 raibBaHUYECKHUX 2JIeMeHTOB. M3MeHe-
HHE HaIlpaBJIeHUS TOKA B 0OMOTKAaX ITOIBILK-
HBIX 3JIEKTPOMArHUTOB OCYIIECTBISIIOCH
KOMMYTaTOpaMU, aHAJIOTUIHBIMU 110 KOH-
CTPYKIIMU TIEpBOMY 3JIeKTpoaBUTaTeNIO [ 14].
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B npyrom BapmaHTe 3JIeKTpOIBUTATETH MOT
KaTaTh IO pejibcaM 4YejoBeKa B TeJIeXKKe
U SIBWJICS TIOCJIe pabOT PycCKOTO M300peraTe-
19 @. A. TTupotkoro [15] mpoobpazom coBpe-
MEHHOTO TpaMBasl 1 3JIEKTPOITOe3/1a.

OMNBITH TIEPBBIX TTPUMEHEHUI 3JIEKTPO-
MarHeTu3Ma K IepPeIBIDKCHUIO B OOJIBIITNX
pa3Mepax Ha 3JIeKTPOIIPUBOIHOM CYIHE IIPO-
Josskanuch 1o 1840 1, Toka OHU He TIPUBEIN
Y4EHOTO K BEIBOIY, UTO PEIICHME BOIIpoca
0 IIMPOKOM IIPUMEHEHUH 3JICKTPOIBUTATEIIS
3aBUCUT OT CO3[aHus 0oJjiee EMKOT0, HalEX-
HOTO, 5KOHOMHWYHOTO 1 YIOOHOTO HCTOYHNKA
TOKa, UeM rajbBaHnuyeckue d6arapeu. B nanb-
HEHIIeM MocJie CO3MaHNs MEXaHMIeCKUX Te-
HEpaToOpOB 3JIEKTPOABUTATENIN TTOCTOSTHHOTO
TOKa CTaJIV UCIIO0JIb30BaThCS B PETYIMPYEMOM
3JIEKTPOIIPUBOJE, B KPAHOBBIX M ITOIBEMHBIX
YCTaHOBKaX, B KAUECTBE ITYCKOBBIX Y IBUTATE-
JIell BHYTPEHHEIO CTOPaHMUS M TITOBBIX
(Ha XeJIe3HOTOPOKHOM M MOPCKOM TpaHC-
IopTe, B METPO, TpaMBasix, TpoJuiciidycax,
MOJBOAHBIX JIOAKAX, Ha 3JIeKTpoKapax). OHu
001a1a10T OOJIBILION MTeperpy304HOit Crocoo-
HOCTBIO, MOTYT OOECIIEUNTh IJIABHOE U 3KO-
HOMWYHOE PETYJIMPOBaHNE YaCTOTHI Bpallle-
HUS BaJIa OT JECITKOB IO HECKOJIBKUX ThICIY
000pOTOB B MUHYTY, IMEIOT BBICOKOE 3HaUe-
HHE ITyCKOBOI'O BpaIlaloIIero MOMEHTA TIPH
OTHOCHUTEJTEHO HEOOJTBIIION KPaTHOCTH ITYCKO-
Boro Toka [16, 17 u ap.].

FAJIbBAHOMJIACTUKA

SIKo6M U3ydas 1 yCOBEPIIIEHCTBOBAI Tajlb-
BaHUYECKHE 3JIEMEHTBI, IPUMEHSIFOLIIECST IS
MUTaHust anekTpoasuraresst. B 1836 1., padotast
C DNIEKTPOIaMU, OH 00paTIII BHIMaHWE Ha TO,
9TO HA OTPUIIATEITHHOM AJIEKTPOJIE U3-3a DIIEK-
TPOJIN3a, 3aKOHBI KOTOPOTO OBUIM OTKPBITHI
B 1833—1834 romax aHTIMICKUM YYEHBIM
M. ®apazeeM, oceaeT TOHKUM POBHBIM CJIO-
€M MeIlb, KOTOPYIO 3aTeM MOKHO OBLTO TIeITH -
KOM OTOpBarth OT 31ekTpona. Gopma moBepx-
HOCTH MEHOTO JIMCTOYKA TTOJTHOCTBIO U B TOU-
HOCTH 3¢ pKATLHO BOCIIPOM3BO/IIIIA BCE HEPOB-
HOCTU M OCOGEHHOCTH MOBEPXHOCTU
anexTpona. OH MPUMEHWIT B KA9eCTBE OTPHULIA-
TEJTLHOTO 3JIEKTPO/Ia TPABUPOBAHHYIO HOIIIEY -
KY OT CBOE BUBUTHOWM KAPTOYKHU 1 YBUJIEIT, UTO
OTOPBAaHHBII OT BJIEKTPOIA JTUCTOUYEK TPe/-
CTaBJIsIET COOOW HETaTUBHBIN OTMEYaTOK JI0-
IIEYKN C HANMUCHIO. 3aTeM CO3HATEIbHO
Y OYeHb YIaYHO €My YIaJoCh CHATh KOITHIO C
MOHETBI, KOTOPYIO Cpa3y YHUUYTOXWII, YTOOBI
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HE MocYuTan (habIIMBOMOHETYMKOM. Mc-
cJleioBaTe b Ha3BaJl 3TOT IMPUEM raTbBaHOTLIA-
CTUKOM 1 CTaJl IpoTiaraHIMpoBaTh €To PacIpo-
cTpaHeHUE W MMpPUMEHEHWE Ha TPaKTHUKE.
B 1838 . Obl1a npeacrasiaeHa B MimmnepaTop-
ckyto CaHkT-ITeTepOyprckyio akaaeMHuIo HaykK
JOKJTaHAasT 3aTcka 00 OTKPHITUY UM TaJlbBa-
HOITJTACTUKH, KOTOPAsI IIO3BOJISIET C TIOMOIIIBIO
rajbBaHU3Ma (2JIEKTPOJIN3a MEIHBIX PacTBO-
POB) TIOJTy9aTh MeIHbIe KOITUK U3IEJIIA C ITO-
BEPXHOCTHU TIpenMeToB. Poccuiickoe mpaBu-
TEJIbCTBO KYMWIO Y YIEHOTO WCI0 TallbBaHO-
rutactuku 3a 25000 py6aeii cepedpom U rpe-
JIOKUJIO OTYyOJIMKOBATh BCE IMOJYUYEHHBIC
CBEIEHUsI B OTKPBITON TeYaTu, YTOObl OHU
crayim 1ocTyrHbI BeceM. B 1840 1. Obu1a ory6sm-
KoBaHa pabota bopuca Ako6u «[aneBaHoOMIA-
CTUKa WU crnocob Mo JaHHBIM oOpasiam
MPOU3BOUTH MEIHbBIC U3 U3 METHBIX
PacTBOPOB MOMOIIIBIO TAJIbBAHU3Ma», BHAYaJIe
B «XKypHane MaHybakTtyp 1 Toprobiau» (1840 .,
Ne 4), a moTom M3maHa OTAeIbHOI KHUTOI.
DTO OBLIO OOCTOSTENIBHOE MPAKTUYECKOE
PYKOBOJICTBO, CHaOXEHHOE YepTeXaMu
U OTIMCaHUEM. DJIEKTPOJIUTUIECKOE OCaXkIe-
HME METaJIJIOB Cpa3y Ke HaILIO ITPaKTUIeCKOoe
MpUMeHEeHUe B Toynrpadum, TKaHereyaTa-
HUU, MeaJIbepHOM Jiesie U T.J1. OHO SBUJIOCH
B IJIbHEUIIIEM OCHOBOM CO3[JaHUS METOI0B
HaHECeHMsT Ha TTOBEPXHOCTh MpeaMeTa U3
MeTaJlia, IN3JIEKTpUKa, TUTICa, BOCKA TOHKUX
TMOKPBITHIT BOCCTAHOBJIEHHOTO MeTajlia (Me-
I, cepedpa, 30J10Ta, IIMHKA, XKeJie3a, HUKeJIs,
XpoMa) C 3alIUTHOW 1EJIbI0 OT HETOTrOIblI
W IPYTUX MPUYWH — TajibBaHOCTeTHH. B cepe-
nuHe XIX Beka B Poccum u 3a rpaHuueit
BO3HUKJIM KPYITHBIE TaTbBAaHOTEXHUYECKUE
MPOMBITIUIEHHBIE TIPEATPUSITHSI, HA MHOTHUX
3aBOJIaX ObUIM CO3aHbl FaJlbBAHMYECKHE Ma-
CTEPCKUE, YTO TIOCITYKUIIO HayaJloM HaIlpaB-
JIeHUS TIpUKJIaAHON anekTpoxumMuu. B Mo-
ckBe U B CaHkT-IleTepOypre ¢ moMollblo
raJIbBAaHOIUIACTUKY TTO3/THEE OBIITU YKpaIlIeHbI
MeJIbIO U 30JI0TOM KyTIoJia, CTaTyu U Gapesib-
edbr Xpama Xpucra Cnacurens, Mcaakues-
cKoro cobopa, Dpmurtaxa, 3UMHEro ABOplia,
IleTpomnaBioBCKOTO cOOOpa, MPOU3BEACHBI
MeIHbIe KOTIMY ¢ (hOpM TSI TTIedaTaHuUsI TOCY-
JApCTBEHHBIX OyMar 1 JIeHeT, TeorpauecKnx
KapT, MOYTOBBIX MapoK, XYI0XECTBEHHBIX
TpaBIOp, Yero HeJIb3sT ObUIO JOCTUTHYTH Tpa-
BUPOBKO# Kiniile. [aTbBaHOIIIaCTUKA ITOCTE -
MeHHo Obla BHeApeHa B TUnorpadckoe
1 MOHETHOE JIeJIO, a TaK¥Ke JUISI TPOU3BOICTBA
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XYIOKECTBEHHBIX MU3ICINN B MOIUTpadum
(remorpadust, rambBaHOTpadus ¥ TaTbBaHO-
akyctuka). B 1839 1. 3a m3o06peTeHMe raibBa-
HOTUIAaCTUKU AKOOU yTBEpAUIU B 3BAHUU
ampIOHKTA (MTOMOIIIHMKA TTpodeccopa) Mmre-
paropckoit CankT-IleTepOyprckoii akageMun
HayK, B 1840 1. — HarpaanIm MpecTUKHOM B TO
BpeMs JdeMuaoBCKONM mpeMueir B pazMmepe
25000 pyOmeii (meBsITOC MPUCYXKIACHUE),
B 1842 r. — n30paiu 3KCTpaopIMHAPHBIM
(CBepXIITaTHBIM ) aKaTCMUKOM.

B 1859 1. bBopuca CemEéHOBMYA TTPUBIICKIN
K M3YYCHUIO CTIIOCOO0B 00pabOTKM TIATHHEI
CITOCOOOM TUAPO3TICKTPOMETALTYPTUHN (JICK-
TPOOCAXKICHUS ) ¥ 3JCKTPOTUTUICCKOTO CITO-
c00a ITPON3BOICTBA OECIITOBHBIX MEIHBIX TPYO.

«MNO0ABOAOHbIE ONbITbI»

Sxo6u B coctase « KoMuTeTa 0 MOABOIHBIX
ombiTax» ¢ 1839 1. pa3pabartbIBaj ISl pyCCKO-
ro ¢iaota ¥ apMUU TIPOTUBOKOpaOETbHBIE
MOPCKME MMHBI HOBOTO THMa (IJIaBydYne
SIKOPHBIE C BO3AYIIHON KaMepou B KOpIyce,
raJlbBaHOYIAPHBIC CAMOBOCIIJIAMEHSTIOIITECS
¥ C 3armajoM OT MHIYKIMOHHOM KaTyIIKH,
npeacTabisitoleit codoil TepBy0 UCKPOBYIO
CHCTEMY 3aKUTaHMSI BHICOKOTO HATIPSDKEHUS ).
3aHUMasICh YCOBEPIIICHCTBOBAHMEM METOIOB
BJIEKTPUYECKOTO B3phIBAHUS MUH, OH B 1842 I.
TIOCTPOMJT MATHUTORJICKTPUUIECKUI TeHepaTop
C PYYHBIM TIPUBOJIOM BpallleHMST 3y0JaTOM
nepenavyeii Baja KaTyIIKU SIKOPSI B TI0JIE T10-
CTOSTHHBIX MarHUTOB, B KOTOPOI1 HABOIMJIACh
BJIEKTPONBIMKYIIAs cuyia. Ha Baiy mMmenoch
KOMMYTHPYIOIIIEe YCTPONCTBO B BHUIE ABYX
MOJIYHMJINHAPOB, TIPEICTaBISIONIee CO00M
MPOCTEUIIMMN ABYXIIJIACTUHYATHIA KOJJIEKTOP.
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DTO OBUI TIEPBBLIA MarHUTOIJIEKTPUIECKUI
TeHepaTop, IPUHSITHI Ha BOOPYKCHUE Tajlb-
BaHUYECKUX KOMaH/I B caliépHbIX OaTalbOHAX
PYCCKO# apMHUHU, UCITOJIb30BABIINX €TI0 I
MUCTAaHIIMOHHOTO BOCIUIAMEHEHUSI DJICKTPH -
YeCKMM TOKOM MUHHBIX 3amayioB. B 1847 r.
OBIJTM TIPOBEIEHBI UCITBITAHUS OOEBBIX MO -
BOIHBIX MUH Mexkmy KpoHmragrom u OpaHu-
eHbaymoM (HbIHE T. JIoMoHOCOB B JIeHUHTpaI-
ckoii oonactu). [1pu pa3oMKHYTOM SJIEKTPH-
YECKOM LIETIM, COCAUHSIOIEN raJlbBaHNYE-
CKyIo OaTapero ¢ MUHAMM, CBOM KOpabam
MIPOXOIMJIM Hald MUHAMH, HE MOIBEPrasich
onacHocTu. [Ipy 3aMKHYTOI IIenu CyIHO,
MpOXoas HaJ MUHOM, 3aneBaio e€. CpadaThi-
BaJI 3apsm U IIPOMCXOOWI B3phIB. Bo Bpems
KpwiMckoit (BOCTOUHOI) BOMHBEI B 1853—
1856 romax 1o mpemIoKeHHO UM CHUCTEME
ObUT 3aMUHMpPOBaH KpoHIITancKumii pein, 4to
HE TTO3BOJIMJIO aHTJIMUCKUM M (DpaHITy3CKUM
BOEHHBIM KOPaOJIIM MOAONTU K MOPCKOI
6a3e 1 ropty u npoittu B Cankr-IleTepOypr.

CPEAOCTBA CBY3M1

Axobu nocne cmeptu B 1837 . cozmarens
ayieKTpoMarauTHoro tenerpada I1. JI. [lnn-
ymHra [ 18] B 1841—1843 romax 3aHsijics co3aa-
HUEM MOA3eMHbBIX UM MOABOAHBIX Kabeei
CBSI3M, pa3pabOTKOI TEXHOJIOTUMU UX MPOU3-
BOJICTBA 1 ITOI00POM 3JIEKTPOU30ISILIMOHHBIX
matepuanioB. ITo3nmHee 3TO OBLIO MCTIONB30-
BaHO IPM OCYILECTBIEHUU TeaerpadHoi
cBs13u u3 EBpornbl B AMepuKky. OH pyKOBOINIT
MPOKJIAAKON MePBBIX TejieTpadHbBIX Kadellb-
HBIX JIUHUA MeXAy 3MMHUM IBOPLIOM
B Cankr-IletepOypre u nBopuiom B Llapckom
cene (abIHE T. [TymkuH, crrytHUK CaHKT-I1e-




TepOypra), ¢ [1aBHbIM 11TA00M U ¢ [N1aBHBIM
yIpaBlieHUeM IyTeil coobuieHus. Bnepsbie
co31ajql METOAUKY M1 KOHTPOJBHBIX U 9KC-
TUTyaTallMOHHBIX UCTIBITAHUM TS MO IepKa-
Hus TeserpadHbIX JUHUI B pab0oyeM COCTOSI -
Huu. bopuc Akobu U300pEn TakkKe «KOHTP-
OaTapeto» i TejaerpadupoBaHus MO IMI0XO
MU30JIMPOBAHHBIM MTPOBOJAM U pa3paboTas Ais
apMMU MIEPEHOCHOU CTPEeOYHbIN Tenerpad-
HBI amrapat, KOTOPbIii ObLT TPUHST Ha BO-
OopyXeHue.

VY4€HbIM OBLIO CKOHCTPYUPOBAHO OKOJIO
10 TunoB TenerpadHBIX anmnapaTtoB, B TOM
yyrcse B 1839 1. mepBbIiA MUIIYINNI OYKBEI, a HE
3HaKu a30yku Mopa3e, B 1845 . epBbIii anrmna-
paT CUHXPOHHOI'O AEWCTBUS C HEmocpe-
CTBeHHOI (6e3 paciinbpoBKU) UHAUKALIUEH
B MpUEMHUKE TepenaBaeMbix OykB U 1udp,
a B 1850 r. — mepBbIii OyKBOIEUaTaOIIMIA Te-
serpadHbliii annapaT. OCHOBHBIMU BJIEMEHTa-
MM €T0 3JIEKTPOABTOMATUUECKUX U TeJleMeXa-
HUYECKUX YCTPOUCTB ObUTU 2JIEKTPOMATHUTHI
U 2JIEKTPOMarHuTHbIE pesie. B uucie cKoH-
CTPYMPOBAHHBIX UM YCTPOUCTB — 3JIEKTPOME-
XaHUYECKUI PernucTpaTop UMITYJIbCOB B MHU-
IyIux Teaerpadax, ycTpoicTBa CUHXPOHU-
3UPOBAHHOTO BpallleHUSI B CTPEJIOYHOM
u OykBormeyvararouieM teaerpadax, pejaeiiHole
YCTPOWCTBA 7151 aBTOMATUYECKOTO 3aMbIKAHUS
Lenu B TesierpadHbix anmnapatax. OCo0eHHO-
CThIO MUILYLIETO TejaerpadHoro amnmnapara
AKo06u ObLIO TO, UTO BMECTO MYJIBTUTIMKATO-
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pa B HEM HMCIIOJb30BAJICS JICKTPOMATHUT
C MEIHBIM CTEpXXHEM, MPUBOAUBIINNA TIPU
TOMOIIM CUCTEMBI PbIYAaroB B JIeiCTBUE Ka-
pangam. [lepenatyuk mnpeactaBisii co000
KJTI0Y, 3aMBIKAIOIIUI ¥ pa3MbIKAIOIITNH 3JIEKT-
PUYECKYIO 1eTb. [1py NMPUTSOKEHUU U OTITY-
CKaHWU SIKOPSI CTePKEHb C KapaHIaIIoM Tie-
peMelaics BBEpX M BHM3, U KapaH/alll Bbl-
YepuuBal BOJIHUCTYIO TUHUIO Ha (hapdopoBoit
JIOCKE, KOTOpast IBUTAIaCh B TOPU3OHTATTLHOM
HarpaBJeHUU MTePIIEHANKYJISIPHO KapaHaaliry
0 KapeTKe ToJ NeliCTBMEeM 4acOBOTO MeXa-
Hu3Ma. JlomaHas JIMHUS COOTBETCTBOBAJA
onpeneeHHOI a30yKe.

Ha nepenaronieit 1 npuéMHON CTaHIMSIX
OykBoIleyaraloniero TejaerpadgHoro arrapara
SAxobu noa AeficTBUEM IBUXKYILLIUXCS DJIEKTPO-
MarHuTOB CUHXPOHHO BpalllaJIiCh yKa3aTellb-
Hble cTpesiki. OHM 3aHUMAJTU B KaXKIbIA MO-
MEHT OJIMHAKOBOE MOJIoXKeHUe Hal Liudepo.ia-
Tamu ¢ OykBamMu. Ha oiHO#1 ocH co CTpesikoid,
JKECTKO CBSI3aHHOE C Hell, HaXOIMUIOCh TUTIOBOE
KoJsieco ¢ OykBaMu. UTOOBI MepeaaTh Hy>KHYIO
OyKBY, Tejerpaduct npyu noMoinu mrudTra
yCTaHaBJIMBAJ CTPEJIKY HAIPOTUB HYXHOM
OyKBbl. OTHOBPEMEHHO Ha MTPUEMHOI CTAaHLIMU
MPOTUB TO¥ K& OYKBHI YCTaHABJIMBAJIACh YKa-
3aresibHasi CTpeJika BMECTe C TUTIOBBIM KOJIe-
COM. DJIEKTPOMArHUThl CpadaThIBAIN U TIPU-
SKMMaJIM K TUTIOBOMY KOJIECY OyMakHYIO JICHTY,
Ha KOTOPOI OTIEYaThIBATUChH HY>KHbBIE OYKBBI
o7lHa 3a Jpyroii. PazpaboTaHHbIN UM B 2JIeK-
TPOMarHUTHOM TeJierpade MPUHIIMIT CUHXPOH -
HO-CUH(}Aa3HOI CBSI3U, KOTJa CTPEJIKU Tiepe-
JIAFOIIETO Y TIPUEMHOTO arrapaToB COBEPILIAIOT
PaBHOMEPHO-TIPEPHIBUCTOE 111aTr0OBOE JIBMKE-
HUe, TIepeMenIasich C OMHAKOBOW CKOPOCTHIO
(CMHXPOHHO) U 3aHUMasl OJWHAKOBOE MPO-
CTPaHCTBEHHOE MOJIOXKeHUe (CUHGbAa3HO), 1C-
MnoJib30Bau aApyrue uzooperareau (5. B. Cu-
meHc, 1. KO3 u gp.). Hemeukast aiekTpoTex-
Huveckas dupma «CumeHc u [anbcke» cpasy
JKe OpraHu30Bajia CepUilHOe MPOU3BOICTBO
C HEKOTOPBIMU M3MEHEHUSIMU €ro OyKBoTIeya-
TaloUUX TejierpadHbIX alnapaToB U BHeAPUIA
nx B Poccun, AMepurke 1 eBponeiicKux cTpa-
Hax. DTOT NMPUHLIMUIT JIEKUT B OCHOBE COBpE-
MEHHBIX OYKBOIT€YaTalolUX MTPUOOPOB, TEX-
HUKU IUCTAaHIITMOHHOM Mepeaayu v CAesIIero
ayiekTporpuBoaa. B 1854 . yuéHblit co3nan
TesterpadHbIN aTrapar 115 CBSI3U Ha OOJTbIITNX
repexoax MeX1y KaroToi KarmuraHa v MalliH-
HBIM OTIIEJICHUEM.




MATFHUTHBIE CBOUCTBA XEJIE3A

B To BpeMs1 OTCYTCTBOBaIM JaHHBIE I10
MAarHUTHBIM CBO#CTBaM XeJjie3a. COBMECTHO
¢ akagemMukoMm Mmneparopckoit CaHKT-
ITeTepOyprckoii akagemuu Hayk D. X. JIeH-
eM SAAxkoou B 1838—1844 rogax 3aHuMamics
HCCJIe0BaHMEM HaMarHMYMBaHMS XKeJie3a,
MPUTSKEHUEM 2JIEKTPOMArHUTOB U IIPEJIJI0-
JKWJI METOJMKY X pacy€Ta B 2JIEKTPUUYECKHUX
MallMHax (IpUMEeHsUIach 10 YCTaHOBICHMS
B 1871 1. pycckum duszukom A. I. Ctonero-
BbIM [19] cBOIICTB HaMarHMYMBaHUS MSTKO-
ro xeinesa). Jlenuem u fkodbu Obina ycra-
HOBJIEHA MIPOIOPLUOHAIBHOCTh NCHCTBUS
HaMarHU4YMBaHUsI Xejie3a CUJle JIeKTpUIe-
CKOI'0 TOKa Y YMCJIy BUTKOB (110 COBPEMEH-
HOI TEpPMUHOJIOTUM YHUCIIY aMIIeP-BUTKOB).
OHU 1oKa3ajlu, 4YTO MAarHUTHBIA ITOTOK,
CO3/1aBaeMblii B XEJIE3HOM CTEPXHE dJIeK-
TPOMAarHuTa, He 3aBUCUT OT IMaMeTpa BUT-
KOB U JuMaMeTpa CeYeHUs, U MaTepuasa
IIPOBOJIOKH.

OBPATHAS SJIEKTPOABUMXYLLAA
U MATHUTOOBWXXYLUAYA CUNIA
SAKoOM OTKpbII MOsIBIEHUE 00paTHOM
3JIEKTPOABVIKYIIEH CUJIBI B OOMOTKE SIKOPSI
JIBUTATEJISI TIPU €€ BpallleHUH 1 OIyOJIMKOBa
nBe cratbu «O MPUHIUIIAX JIeKTPOMAarHUT-
HbIX MaluH» (1840 ) 1 «O Teopuu 31EKTPO-
MarHuTHBIX MamuH» (1850 L), B KOTOpPBIX
coJiepxKajics IepBbIil HAyYHbBIN aHATIM3 pAOOTHI
3JIEKTPOJBUTATEJISI MIOCTOSTHHOTO ToKa. [1pu
TEOPETUIECKOM aHaIM3e paOOThI 2JIEKTPOIBU -
ratejisi OH UCXOAWI U3 3aKkoHOB OMa, coxpa-
HEHUsI DHEPrUu, 3JI€KTPOMAarHUTHOM MHITYK-
UM U M3 YCTAHOBJEHHBIX UM COBMECTHO
¢ JleH1IeM 3aKOHOMEPHOCTEM TSI 3JIEKTPO-
MarHuToB. bblu n3yueHbl HanboJiee BaXKHbIC
JUTSI XapaKTePUCTUK JIEKTPOIBUTATEJIsI ITapa-
METpPbI: CKOPOCTb BpallleHUsI Bajia; BeJIMYMHA
JNEeWCTBYIOIIUX 2JeKTPOMAarHMUTHBIX CHII;
MOUIHOCTb; 9KOHOMUYECKU 3¢pPeKT (1Mo co-
BPEMEHHOI TEPMUHOJOTUU KOIDDULIMEHT
rnoJsie3Horo aeiicteus). B mydaukanusx yue-
HOTO B TOYHOI MaTeMaTU4ecKoit (popme 11o-
Ka3aHo, YTO MeXaHM4YecKasi MOIIHOCTh Ha
BaJTy IBUTATEJISI MOXET OBITh MOJTy4eHa TOJIb-
KO IMyTEM 3aTpaThbl MPOMOPLUOHATBLHOIO KO-
JIMYECTBA BJICKTPUIYECKON SHEPTUM, a TaKXKe
BIEpBbIC OblIa BbIBeIeHa (hopMyJia I Mar-
HUTOJBMXYILEW CUJIBI M TIOJYYEeHO COOTHO-
IIEHXE TOKOB B TOPMO3HOM 1 pab0o4eM pesku -
Max.
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U3MEPEHUE MATHUTHbIX BEJINYUH

bopuc Axod6u B 30-x rogax XIX Beka
(coBmecTHO ¢ JIeH1LIeM) pa3paboTtan 6aiau-
CTMYECKUI METOJI 3JIEKTPOU3MEPEHHUSI Mar-
HUTHBIX BEJMYMH, IIPOBEIT CpaBHEHUE I10-
Ka3aHUii 3JIEKTPOMAarHUTHBIX U DJIEKTPOXM -
MUUYECKUX rajbBaHoMeTpoB. B 1839 . um
OblLIa IIpoBelieHa MepBasl IMOMbITKA I'Pagyy-
poBku raabBaHomerpa. B 40—50 romax
XIX Beka oH co3maj pTyTHBII BOJbTaroMeTp
(mpubop 1T U3MEPEHUS IEKTPUIECKOrO
COMPOTUBIICHUSI) U HECKOJBKO KOHCTPYK-
LM rajbBaHOMETpOB. [Ipennoxur usme-
pSTh CHJIYy TOKa IO KOJMYECTBY cepebpa,
BBIIEJICHHOTO U3 pacTBOpPa CEPHOKMCIOTO
cepebpa (B 1893 r. Ha MexnyHapoaHOM
3JIEKTPOTEXHUYECKOM KoHTpecce B [1apuke
B OCHOBY IIPUHSITUSI COOTBETCTBYIOIICH €11~
HULIBI U3MEPEHUsI ObLI ITOJI0XEH 3TOT IIPUH-
LI1IT), pa3paboTaJl AJis1 peryJIMpPOBaHMS CUIIbI
TOKAa B 3JICKTPUYECKOM 1LIeTIU IepBbie KOH-
CTPYKUMK MPOBOJOYHBIX M KMIKOCTHBIX
peoCTaToB, PEOXOPIOB, MAara3uHOB COIIPO-
TUBJIEHUI U APYTUX MOAOOHBIX YCTPOUCTB.
CosnaHHblii UM B 1846 I. IPOBOJIOYHBIN
MEIHBIA 3TaJIOH COMPOTUBJICHUS IOy
pacnpocTpaHeHue B Poccum u B pasHbIX
crpa”ax EBponbl. B TeueHue psiga et aToT
3TaJIOH IIPUMEHSUICS B JIEKTPOTEXHUYECKUX
J1abopaTopUsIX, YTO CIIOCOOCTBOBAJIO pa3pa-
0OTKe Mep ISl BOCIIPOU3BEACHUS (hU3MIe-
CKOIi BEJIMYMHBI 3aJaHHOTO pa3Mepa.

OBPA30BATEJIbHbIE MPOrPAMMDI

B 40-x ropax XIX Beka SIkobu mjist co-
3JaHHOM yueOHOI rabBaHUYECKOM KOMaH -
IIbl pa3paboTaj MporpaMMbl U TPOBEN Tep-
BbI€ KYPChI TEOPETUUECKUX U TPAKTUUECKUX
3aHSITUI B HEll MO MPUKIAIHON 3JIEKTPOTEX-
HUKe. YueOHas rajbBaHUUYecKass KoMaHaa
MoJd ero pyKoBOICTBOM B TeueHue 15 jer
roTOBUJIA KaApPhl IEPBbIX TAJIbBAHEPOB B ca-
MEPHBIX YACTIX PYCCKOW apMUU U SIBUJIACh
OCHOBOI, Ha KOTOPOI BMOCJEICTBUU BbI-
pociia pycckas BbIcIasi BOGHHasi 3JeKTpO-
TeXHUYecKas 1IKoJa.

3ACJIYITU N OCTUXKEHUA

B 1847 1. oH ObLT U30paH OpAMHAPHBIM
(wraTHbIM) akageMukoM MmmnepaTopckoit
Cankr-IletepOyprckoii akageMuu Hayk,
aB 1864 1. moJIy4mn1 TOTOMCTBEHHOE IBOPSTH-
CTBO M y4aCTBOBaJl B KOMUCCUU MUHUCTEP-
cTBa (PMHAHCOB MO pa3paboTKe CIocoO0B




OomnpeaeseHUs] KPermoCTU aJIKOTOJbHbBIX Ha-
nuTtKoB. UM ObLT M300peTéH ammapar s
OTHEeJIEHUS Y U3MEPEHUS TUIOTHOCTH KUJKO-
CTU PA3IMYHOIO YIEJbHOIO Beca, KOTOPBIA
HalEn MpUMEHEeHNe B KaueCcTBE MPOBEpPOY-
HOTO NMpubopa Ha BUHOKYPEHHBIX 3aBOIAX.

B 1867 1. Ha BcemupHoii BeicTaBke B [1a-
puxe bopuc CeméHoBrY Ak06U ObLT HATpaXx-
JIeH 30JI0TOW Menajiblo U npemuein. OH
npenctasisyi Poccuio B MeXIyHapOAHOU
KOMUCCUHU TS BBIPAOOTKU OONIMX €IUHUIL
Mep, BECOB U MOHET. B ToM ke rogy ero us-
Opasu nHoCcTpaHHBIM WieHoM KoposieBckoii
benbruiickoit AH, xoppecriongentom O6-
mectBa Hayk B Porrepname (HunepiaHnbr),
MOYETHBIM uieHOM [lonuTexHUu4YecKoro 00-
mectBa B Jlerinuure (Iepmanus), Koposes-
ckoit TypuHckoit akagemuu (Mranus),
BputaHnckoro obuiecTBa sl MOOLIPEHUS
nosie3HbIx uckycctB. C 1865 1., mocie cMmep-
™ JleH1a, eMy ObLJIO MOPYYEHO 3aBEI0BATh
dusnveckum kabruHeToM CaHkT-IleTepOypr-
ckoit AH. B 1872 . B [lapuxe oH cHOBa
y4acTBOBAJI B KaU€CTBE PYCCKOIO Jejierata
B pabote MexayHapoaHON# KOMMCCUM MO
BBIOOPY METPUYECKOI CUCTEMbI EUHULL U3-
MEpeHUI, OTCTanBas €€ MPEeUMyIleCcTBa, YTO
CMoco0CTBOBAJIO YCTAHOBJIEHUIO OTHOOOpa3-
HOW CUCTEMBI MEp U BECOB.

bopuc CeménoBuu Axkobu ymep 11 mapra
(27 despans o crapomy ctuiio) 1874 T. ot
CepACYHOTO MPUCTYIIa B Bo3pacTe 72 JIeT, Mo-
xopoHeH B CaHkT-IlerepOypre Ha CMoJieH-
CKOM JIIOTEpaHCKOM Kjiaaouiiie Ha BacuibeB-
CKOM OCTpOBe.

MM ObLIM U300pETEHBI TIEPBBII 2JIEKTPO-
JIBUTATEJIb C HEIMMOCPEACTBEHHBIM BpallleHUEM
Bajia, KOJJIEKTOPHO-IIIETOYHOE YCTPOMCTBO
SJIEKTPUYECKUX MAUIWH MOCTOSIHHOTO TOKa,
raJIbBAaHOIUTIACTUKA, CTPEJIOYHBIN U 31EKTPO-
MarHUTHBIN 1 OyKBoIeyaTaloluii Teaerpad-
Hble annapaTbl. OH ObLT YJIEHOM MHOTUX Ha-
YUYHBIX YUPEXIEHUN U XIOPU KOHKYPCOB
U BBICTaBOK, MPOBOJAMJ 3KCHEPTU3Y U300pe-
TEHU, PEUEH3UPOBAJI CTATbU U Y4aCTBOBAJ
B HayYHO-OOIIECTBEHHOW XU3HU CBOETO
BPEMEHU.

B 1889 . Pycckum TexHUUYECKUM O0IIe-
CTBOM OBILJI0 TOPXKECTBEHHO OTMeueHO S0-Je-
THE CO THS U300pETEHUS TaIbBAHOIIIACTUKH,
MPUPABHEHHOU MO CBOEMY 3HAYEHUIO K OT-
KPBITUIO KHUTOIEYaTaHus, C OpraHu3aiuen
FOGuneitHo BhICTaBKM, HA KOTOPOW JEMOH-
CTPUPOBATIMCh MAarHUTORJIEKTpUYECKasT Ma-
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Npuropbes H. 1. Bopuc CeméHoBUY k00U

IIMHA JIUT B3pbIBa MU H, TejleTpadHbIii anra-
paTt, raJbBaHOIIACTUYECKUE U3JEIUS, JOKY-
MEHTbI, pyKOMNUCHas aBToonorpadus u apy-
THE TIPEIMETHI, OTHOCSIIMECS K e TeTbHOCTH
Y4E€HOTO.
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ABSTRACT

185 years ago, in 1834 the first really
working and sufficiently powerful electric
motor was assembled by the young scientist,
Moritz Herman von Jacobi in Kénigsberg
(now Russian city of Kaliningrad).

The article is dedicated to the life and
scientific achievements of the scientist
who became known under the name of
Boris Jacobi after he moved to Russia and
took the Russian first name.

His merits, in particular, include
development of a method of electroplating,
that laid foundation for the entire field of
applied electrochemistry. It’s worth noting
that the scientist revealed the results of the
study in publicly available, or, in modern
terms, open access publication.

Jacobi worked in different fields. He
invented a series of devices to measure
electric resistance, called by him

Grigoriev, Nikolai D., Ph.D. (Eng.), Moscow, Russia*.

voltagometer (rheochord, or slide-wire). His
research activities were also successful in
the field of telegraphy, he invented
synchronously acting telegraph device with
direct (without further decoding) indication
of the letters and numbers at the receiver
and first ever letter-printing telegraph
device, he administered the project of
construction of first cable lines in St.
Petersburg and between St. Petersburg and
Tsarskoe selo (Emperors’ residence). Jacobi
developed galvanic batteries, anti-ship
mines of new type, initiated creation of
galvanic teams within pioneer units of the
Russian army. Boris Jacobi initiated and
managed unitage, establishment of metric
system, and of weight and measure standards
in Russia.

Thanks to numerous scientific
achievements Jacobi received well-deserved
recognition of his contemporaries.

Keywords: Jacobi, history of transport, electric motor, commutator, electromagnets,
galvanic cell, electroplating, galvanoplasty, electrotyping, electrodeposition, mechanical
generators, magnetoelectric generator, Jacobi telegraph apparatus.

*Information about the author:

Grigoriev, Nikolai D. - Ph.D. (Eng.), Moscow, Russia.

Article received 13.02.2019, accepted 22.05.2019.

For the original text in Russian please see p. 284.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 284-300 (2019)

HISTORY WHEEL




he objective of the proposed essay is,
I using historical-retrospective and
scientific analysis, to describe life and
main research oeuvres of Boris (Moritz
Hermann von) Jacobi, prominent scientist in
the field of electrical engineering, inventor of
the first really working electric motor.
Early years
Future scientist in the field of electrical
engineering, academician of the Imperial Saint
Petersburg Academy of Sciences Moritz Herman
von Jacobi (since 1837 his name changed for Boris
Semyonovich Jacobi) was born on September 21,
1801 in Potsdam (Germany) in a wealthy family
of the personal banker of the Kaiser (king) of
Prussia Friedrich Wilhelm II1[1-9]. He received
primary education at home and in the gymnasium.
Being 19 years old, the young man entered the
University of Berlin, and a year later he moved to
the Faculty of Physics and Technology of the
University of Goéttingen. From 1823, after
completing the course and after obtaining a
diploma in civil engineering, he worked in
Prussia’s building department, designing large
buildings and supervising their construction in
Potsdam. He developed projects for a large road
bridge and a canal to regulate river waters near
the city of Oranienburg. In 1829, after his
admission to the «Union for Promotion of
Industrial Activities in Prussia», he was given the
title of the architect.
Electric motors
In 1833, Jacobi moved to Konigsberg (now
Kaliningrad) and became interested in the
theory and practice of electromagnetism, then
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quite a new branch of knowledge, that was
developed thanks to the contribution of many
famous and, regretfully, now less known
scientists and inventors, comprising Alessandro
Giuseppe Antonio Anastasio Gerolamo
Umberto Volta, Dominique Frangois Jean
Arago, Michael Faraday, André-Marie Ampére,
Hans Christian Oersted, Peter Barlow, William
Sturgeon, Istvan (Anyos) Jedlik, Andreas von
Baumgartner, Joseph Henry, Savatore dal
Negro, Hippolyte Pixii, William Sturgeon,
Heinrich Friedrich Emil Lenz, William
Ritchie. It was just in 1833 that W. Ritchie in
his article «Experimental Studies on
Electromagnetism and Magnetoelectricity»
described a device in which using a stationary
horseshoe magnet he managed to obtain
rotational movement around the vertical axis
of the electromagnet (iron band wrapped in
wire) during a pole shift. Jacobi expressed his
opinion about one of similar devices, by saying
that «such device will be only a toy for physics
laboratories, it can’t be used for wider range of
purposes with whatever profitability».

In 1834 Jacobi assembled electric motor
(magnetic apparatus) of the original design with
continuous rotation of the shaft at a frequency
of 80—120 revolutions per minute and power
of 15 W. This was of fundamental importance,
since a scheme of reciprocating piston motion
or jigging oscillations of a movable working part
was customary for the design of steam and
electrical installations common at that time. At
that time, the inventors proposed using the
engine to move oars or skulls, to replace rowers
or create a moving mechanism that mimics
movement of a horse’s legs.

He first reported about his electric motor
in 1834 in the works of Paris Academy of
Sciences in «Note on a magnetic machine in
which magnetism is used as a motor force», and
a detailed description entitled «Memoirs on
application of electromagnetic force to machine
motion» was published in Potsdam and in the
works of Russian Imperial Academy of Science.

His electric motor, based on the principle
of gravitation and repulsion between sets of
U-shaped electromagnets, worked from a
battery of 69 galvanic cells invented by English
scientist W. R. Grove and consisted of two
groups of electromagnets with 8 rods of soft
iron 7 inches (177,8 mm) long and 1 inch
(25,4 mm) thick, wrapped with 320 feet
(96 m) of copper wire with a diameter of one-




fourth line (3,17 mm) and located on two discs
(one group was fixed on the frame, and the
other rotated around axis). The groups were
located at right angles and symmetrically one
to the other in such a way that the poles opposed
one another. The windings of stationary
electromagnets were connected in series. The
current in them had the same direction. For
alternately changing polarity of the supplied
current of moving electromagnets, Jacobi
invented the commutator (circuit changer), the
design principles of which are used up to now
in the collector of traction electric motors for
transport [10; 11, etc.].

The commutator consisted of four metal
rings mounted on a shaft and isolated from it.
Each ring with four cuts, one eighth of the
circumference, filled with insulating inlays, was
shifted by 45 degrees from the previous one.
Along the smooth and polished circumference
of the ring, a lever slid, which was a kind of
brush, the second end of which was immersed
in a vessel with mercury connected by
conductors to a galvanic battery. Conductors,
mounted on the motor shaft, departed from the
rings to the windings of electromagnets of the
rotating disk, connected in series. With the help
of the commutator, during one revolution of
the shaft, the direction of current and polarity
changed eight times in mobile electromagnets,
and they were alternately attracted and repelled
by electromagnets of a fixed disk. This forced
the rotating disk and the motor shaft connected
to it to rotate. In his electric motor, the inventor
for the first time applied three ideas: rotational
movement of the shaft; commutator with
rubbing contacts, without which it is impossible
to ensure rotational movement of the moving
winding; use of electromagnets, which, in
comparison with permanent magnets, give a
greater force of attraction and are not
demagnetized in case of jolts and impacts. The
acting model of his electric motor is currently
located in Moscow Polytechnic Museum. On
the recommendation of the Kaiser Friedrich
Wilhelm III the University of Konigsberg
awarded him a Ph.D. for creation of an electric
motor.

According to researchers, Jacobi is
«undoubtedly the first to create a usable
rotating electric motor» [12]. However, he
expressly claimed in the memorandum of 1835
that «he was not the sole inventor of the
electromagnetic motor itself», referring to the
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Post envelope with the image of Jacobi’s motor from
the collection of Moscow Polytechnic Museum.

«priority of the inventions of Guiseppe
Domenico Botto and of S. Dal Negro» [12].
«The first electric motor set a world record in
performance that stood for four years and was
improved in September 1838 only by Jacobi
himself. It was not before 1839—1840 when
other developers worldwide managed to build
motors of similar and later also of higher
performance» [13].

In 1835, Jacobi moved to Dorpat (now
Tartu, Estonia) and started working as a
professor of civil architecture at the university.

In 1837, for his electric motor, he improved
a galvanic cell of the English inventor John
Frederick Daniell, who in 1836 placed a copper
electrode in a solution of blue vitriol (copper
sulfate), which does not interact with copper.
Jacobi proposed to use for zinc electrode not a
solution of sulfuric acid as an electrolyte, but a
solution of zinc sulphate, which does not
interact with zinc. The wooden box of Daniell—
Jacobi galvanic cells, gummed with asphalt
cement, was divided into two equal parts by a
porous partition of weakly burned clay. In one
compartment of the vessel, the copper electrode
was in a solution of copper sulphate, in the
other, zinc electrode was in a solution of zinc
sulphate. The current in the electrical circuit
was flowing from the zinc electrode to the
copper electrode. In this case, the galvanic
element gave not decreasing, but a stable
constant voltage of almost one volt and found
wide application in practice.

In 1837, Jacobi was naturalized in Russian
Empire, changed the name and patronymic for
Boris Semyonovich, and moved to St. Petersburg
to work in the «Commission for production of
experiments on adaptation of electromagnetic
force to movement of machines following the
method of Professor Jacobi», created at the
request of the Minister of Education and
President of the Imperial Saint Petersburg
Academy of Sciences Sergey Uvarov.
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First usable rotating electric motor of Jacobi [12;
https://www.eti.kit.edu/english/1376.php].

New motor, electric boat, and future tram

In 1838 a vessel with 14 passengers made a
seven-hour voyage for a distance of 14 km
against the current and strong wind along the
Neva and on the canals of St. Petersburg. Its
rowing wheels for the first time were driven by
«magnetism» of the vessel’s electric 0,75 hp
(552 W) motor created by Jacobi in
St. Petersburg University. It was a combination
of 40 small electric motors, structurally
combined into one unit of 20 pieces on two
shafts 1,2 m high, installed vertically in a
wooden frame 0,9 m longand 0,77 m wide. The
rotation of vertical axes with the help of bevel
gears was transferred to the horizontal axis, to
which the rowing wheels were attached. 320
galvanic cells were installed to power the
windings of the electromagnets on a vessel
called an «electric boat». Changing the
direction of current in the windings of movable
electromagnets was carried out by commutators,
similar in design to those of his first electric
motor [14].

Another embodiment of the electric motor
could help to drive a person in a cart along the
rails, that application of the electric motor after
the works of the Russian inventor E A. Pirotsky
[15] appeared to be a prototype of the modern
tram and electric train.

Experiments on the use of electromagnetism
on a larger electrically driven vessel continued
until 1840, until they led the scientist to
conclude that the solution to the issue of
widespread introduction of electric motors
depends on creating a more capacious, reliable,
economical and convenient current source than

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 17, Iss. 4, pp. 284-300 (2019)

Grigoriev, Nikolai D. Boris S. Jacobi

galvanic batteries could be at that time.
Subsequently, after creation of mechanical
generators, direct current electric motors began
to be used in a regulated electric drive, in crane
and lifting installations, as starter motors for
internal combustion engines and for traction
(on railway and sea transport, in the subway,
for trams, trolley buses, submarines and electric
cars). They have a large overload capacity, can
provide smooth and economical regulation of
the shaft rotational speed from tens to several
thousand revolutions per minute, have a high
starting torque value with a relatively small
starting current ratio [16; 17 and others].

Galvanoplasty”

Jacobi studied and improved the galvanic
cells used to power the electric motor. In 1836,
while working with the cell, he paid attention
to the fact that because of electrolysis, the laws
of which were discovered in 1833—1834 by the
English scientist Michael Faraday, a thin even
layer of copper settles on the negative electrode,
and that this layer could then be completely
detached from the electrode. The shape of the
surface of the copper leaf completely and
exactly mirrored all the irregularities and
surface features of the electrode. He applied an
engraved plate, used to print his business card,
as a negative electrode and saw that the leaf cut
off from the electrode was a negative imprint
of a plate with an inscription. Then,
consciously and very successfully, he managed
to make a copy of the metal coin, which he
destroyed following the advice of his
colleagues, so as not to be considered a
counterfeiter. The researcher called this
technique galvanoplasty and began to promote
its dissemination and implementation.

In 1838, he presented to the Imperial
St. Petersburg Academy of Sciences a
memorandum on his discovery of galvanoplasty,

* The use of different terms referring to the topic of

this chapter can be subject to further discussion and
research as galvanoplasty is currently often referred

to as galvanoplastics, electroplating, and depending

on the sources those terms (and their derivatives, e.g.
electrotyping, electroforming, electrodeposition) are
assumed to be synonymous or to have nuances regarding
their use. As this issue is not considered in the article, we
do prefer to use the term «galvanoplasty» in the article
as in historical context it is closer to the original Russian
term initially used in Jacobi’s works to describe the
method to reproduce copies of engraved copper-plates
by voltaic (galvanic) action (the term «galvanoplasty»

or «galvanoplastics» in its Cyrillic form is used in
Russian language till now), and the more modern term of
electroplating. — Ed. note.



Cuevobanl,

Be LAMELWE OEFATRANE  IPONISG
AETE HRIELLS BLVRIE EIh ERLEMAL
FLETEOPOFL, TSN FadlRaBEaE i

N I Suwba
s A gcx e v w—
- L

CAMKTORETEFEFFIL
o wemenieds L Tasarmens & B%
1nae,

which allows using galvanic effect (electrolysis
of copper solutions) to obtain copper copies of
the surface of objects. The Russian government
bought from him the idea of galvanoplasty for
25,000 rubles in silver and offered to publish all
the information received in the open accessed
press so that it became accessible to everyone.

In 1840 his work «Galvanoplasty or the
method of producing copper items using given
samples from copper solutions using voltaic
action» was published in the «Journal of
Manufactures and Trade» (1840, No. 4), and
then as a separate book.

It was a thorough practical guide, supplied
with drawings and descriptions. Electrolytic
deposition of metals immediately found
practical application in printing, fabric
printing, medal making, etc. It later became
the basis for creating methods for coating the
surface of metal, dielectric, gypsum, wax
items with thin layer of reduced metal
(copper, silver, gold, zinc, iron, nickel,
chromium) in order to protect it from bad
weather and other negative factors which
further was called electrodeposition.

In the middle of the 19t century, large
electroplating industrial enterprises arose in
Russia and abroad, electroplating workshops
were established at many factories, which
marked the beginning of a new direction in
applied electrochemistry. With the help of
electroplating, Moscow and St. Petersburg’s
domes, statues and bas-reliefs of the Cathedral
of Christ the Savior, St. Isaac’s Cathedral, the
Hermitage, the Winter Palace, the Peter and
Paul Cathedral were later decorated with
copper and gold. Copper copies were made
from printing forms of state papers and
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banknotes, geographical maps, postage stamps,
artistic engravings, which could not be achieved
by engraving cliché (stereotypes). Electroplating
was gradually introduced into printing and
coinage, as well as into publishing of artistic
products in the printing industry (heliography,
galvanography (electrotyping), and
galvanocautery). In recognition of his invention
of galvanoplasty Jacobi was approved as adjunct
(assistant professor) of the Imperial
St. Petersburg Academy of Science in 1839, he
was awarded with the prestigious Demidov
Prize of 25000 rubles (he was only ninth person
to be awarded that prize) in 1840, and then he
was elected extraordinary (supernumerary)
academician in 1842.

In 1859, he was invited to study the methods
for processing platinum by the method of hydro
electrometallurgy (electrodeposition) and the
electrolytic method of producing seamless
copper pipes.

«Underwater experiments»

Jacobi from 1839 made part of the
«Committee on Underwater Experiments» and
developed anti-ship sea-mines of a new type
for the Russian fleet and army (floating
anchored mines with an air chamber in the hull,
mines with self-igniting galvanized impactors
and a fuse from an induction coil, which was
the first high-voltage spark system). Being
engaged in improvement of electric blasting of
mines, he built in 1842 a magnetoelectric
generator with a manual drive of rotation of a
shaft of the armature coil by a tooth gear located
in the field of permanent magnets, in which an
electromotive force was induced. There was a
switching device on the shaft in the form of two
half-cylinders, representing the simplest two-
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plate collector. It was the first magnetoelectric
generator, adopted for the use of «galvanic
teams» in the sapper battalions of the Russian
army, which used it for remote ignition of
minefields by electric current.

In 1847, underwater mines were tested in
the area between Kronstadt and Oranienbaum
(now the city of Lomonosov in Leningrad
Region). With an open electric circuit
connecting the galvanic battery with the mines,
the friendly ships passed over the mines without
danger. With a closed circuit, the ship, passing
over a mine, touched it, a charge was ignited
and an explosion occurred. During the
Crimean (Eastern) War in 1853—1856,
according to the proposed system, Kronstadt
raid was mined, which did not allow British and
French warships to approach the naval base and
port, either St. Petersburg.

Communication

Jacobi after the death in 1837 of Pavel
L. Schilling, the creator of the electromagnetic
telegraph [18], in 1841—1843 was engaged in
creation of underground and underwater
communication cables, development of the
technology of their production and selection
of electrical insulating materials. Later they
were used in organization of telegraph
communications from Europe to America. He
supervised the laying of the first telegraph cable
lines between the Winter Palace in St. Petersburg
and the palace in Tsarskoye Selo (now Pushkin,
satellite city of St. Petersburg), he in
collaboration with the General Staff and with
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the General Directorate of Communications
for the first time created a methodology for
control and operational tests for maintaining
telegraph lines in working condition.

Jacobi also invented «contrbattery»™ (as he
called it) to smuggle telegraphs over poorly
insulated wires and developed a portable
switchgear telegraph for the army, which was
brought into service. He designed about 10
types of telegraph devices, including the first
one writing letters and not Morse code in 1839,
the first device of synchronous action with
direct (without decoding) indication in the
receiver of transmitted letters and numbers in
1845, and the first direct-printing telegraph
device in 1850.

Electromagnets and electromagnetic relays
constituted core elements of his simplest
electro-automatic and telemechanical devices,
comprising an electromechanical recorder of
pulses in writing telegraphs, synchronized
rotation devices in the switch and direct-
printing telegraphs, relay devices for automatic
circuit closing in telegraph devices. The
peculiarity of his writing telegraph device was
that instead of a multiplier it used an
electromagnet with a copper rod, which
powered a pencil system using levers. The
transmitter was designed as a key, closing and
opening the electrical circuit. During attraction
and release of the anchor, the rod with a pencil
moved up and down, and the pencil traced a
wavy line on the porcelain board, which moved
in a horizontal direction perpendicular to the
pencil along the carriage under the action of a
clock mechanism. A broken line corresponded
to a specific alphabet.

The transmitting and receiving stations of
the direct-printing Jacobi telegraph devices had
pointing arrows synchronously rotating under
the action of moving electromagnets. At each
moment they occupied the same position over
the dials with letters. On one axis with an arrow,
there was a typical wheel with letters rigidly
connected with it. To transmit the desired letter,
the telegraph operator used a pin to set the
arrow opposite the desired letter. At the same
time, at the receiving station, an index arrow

" Polarized platinum battery, that is switched to the circuit
in such a manner that after extinction of telegraph signal
the battery sends the current into the line oppositely to
incoming extra current, so that to neutralize the impact of
the latter on the line electromagnet of the receiving station
station. — Ed. note.




was installed against the same letter, along with
a typical wheel. The electromagnets worked
and they pressed paper tape to the standard
wheel, on which the necessary letters were
printed one by one. The principle of
synchronous-phase communication developed
by him in the electromagnetic telegraph, when
the arrows of the transmitting and receiving
devices perform uniformly intermittent step
motion, moving at the same speed
(synchronously) and occupying the same
spatial position (in phase), was used by other
inventors (Ernst Werner von Siemens, David
Edward Hughes, etc.). The German electrical
engineering firm «Siemens and Halske»
immediately organized mass production with
some changes to its direct-printing telegraph
devices and introduced them in Russia,
America and European countries. This
principle is the basis of modern direct printing
devices, remote transmission technology and
tracking electric drive.

In 1854, the scientist created a telegraph
apparatus for communication during long
passages between the captain’s cabin and the
engine room.

Magnetic properties of iron

At that time, there were no data on magnetic
properties of iron. In 1838—1844, together with
Academician of the Imperial St. Petersburg
Academy of Sciences E. K. Lenz, Jacobi studied
iron magnetization, attraction of electromagnets,
and proposed a method for calculating them in
electrical machines (used until Russian physicist
A. Stoletov found in 1871 [19] magnetization
properties of soft iron). Jacobi and Lenz
determined proportionality of magnetization of
iron to the electric current and the number of
turns (according to modern terminology, the
number of ampere-turns). They proved that the
magnetic flux generated in the iron rod of an
electromagnet does not depend on the diameter
of coils and the diameter, cross-section and
material of the wire.

Back electromotive force and magnetomotive
force

Jacobi discovered the appearance of a back
electromotive force in the motor armature
winding during its rotation and in 1840 and in
1850 published the articles «On the Principles
of Electromagnetic Machines» and «On the
Theory of Electromagnetic Machines», which
contained the first scientific analysis of the
operation of a DC motor. In the theoretical
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analysis of operation of an electric motor, he
proceeded from the laws of conservation of
energy and of electromagnetic induction, of
Ohm’s law, and from the laws established by
him and Lenz for electromagnets. He studied
the parameters that determined the action of
an electric motor and were most important for
its characteristics: shaft rotation speed; the
magnitude of the acting electromagnetic
forces; power; economic effect (according to
modern terminology — efficiency factor). He
showed in the publications in exact
mathematical form that the mechanical power
on the motor shaft can only be obtained at the
expense of a proportional amount of electrical
energy. Also for the first time a formula for the
magnetomotive force was derived and the ratio
of currents in the braking and operating modes
was obtained.

Measurement of magnetic values

Jacobi in the 30s of 19" century (together with
Lenz) developed a ballistic method of electrical
measurements of magnetic quantities, compared
the readings of electromagnetic and
electrochemical galvanometers. In 1839 he
carried out the first attempt to calibrate a
galvanometer. In the years 1840—1850, he created
amercury «voltagometer» (a device for measuring
electrical resistance) and several designs of
galvanometers. He proposed to measure the
current strength according to the amount of silver
extracted from silver sulphate solution (the
measurement unit based on this approach was
adopted in 1893 at the International
Electrotechnical Congress in Paris), developed
the first wire and liquid resistors, rheochords,
resistance stores and other similar devices. The
wire copper standard of resistance created by him
in 1846 became widespread in Russia and in
different countries of Europe. For several years,
this standard had been used in electrical
laboratories, contributing to develop measures to
reproduce the physical quantity of a given size.

Education and training programs

In the 1840s, Jacobi developed programs
for created «learning galvanic team» and
conducted the first courses of theoretical and
practical classes in applied electrical
engineering. The «learning galvanic team»
under his leadership for 15 years trained the
staff of the first galvanizers in the sapper units
of the Russian army and was the basis on which
the Russian higher military electrical
engineering school subsequently grew.
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Achievements and merits

In 1847, he was elected an ordinary (full-
time) academician of the Imperial Saint
Petersburg Academy of Science, and in 1864
he received hereditary nobility.

He participated in the commission of the
Ministry of Finance to develop ways to
determine the strength of alcoholic beverages.
He invented an apparatus for separating and
measuring the density of liquids of various
specific gravities, which found use as a test
instrument in distilleries.

In 1867, Jacobi was awarded the Grand
Gold Medal and the prize at the World Fair in
Paris, where he represented Russia in an
international commission to work out common
units of measures, weights and coins. The same
year, he was elected a foreign member of the
Royal Belgian Academy, a correspondent
memberto the Society of Sciences in Rotterdam
(Netherlands), an honorary member of the
Polytechnic Society in Leipzig (Germany), the
Turin Royal Academy of Sciences (Italy), and
the British Society for Promotion of Useful
Arts. From 1865, after the death of Lenz, he
was entrusted with management of the office
of physics of the Imperial St. Petersburg
Academy of Science. In 1872, he participated
in Paris as a Russian delegate in the work of the
International Commission on the choice of a
metric system of units, defending its advantages,
which contributed to establishment of a
uniform system of weights and measures.

Boris Semyonovich Jacobi died on March 11
(on February 27, Julian date used in Russia at that
time) 1874 from a heart attack at the age of 72, and
was buried in St. Petersburg at the Smolensk
Lutheran cemetery on Vasilyevsky Island.

He invented the first electric motor with
direct rotation of the shaft, the collector-brush
device of electric machines of direct current,
galvanoplasty (electroplating), switch,
electromagnetic and direct-printing telegraph
devices. He was a member of many scientific
institutions and of a jury of contests and
exhibitions, conducted an examination of
inventions, reviewed articles and participated
in the scientific and public life of his time.

In 1889, the Russian Technical Society
solemnly celebrated the 50" anniversary of the
invention of galvanoplasty, «equated in its
significance to the opening of printing»,
organized the Jubilee exhibition, where
demonstrated a magnetoelectric mine explosion
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machine, telegraph device, electroformed
products, documents, handwritten
autobiography and other exhibits referred to
the activities of the scientist.
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