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Hukonaii TPUTOPLEB

Omunnii JIeHL, — 3HaMEeHUTbIN PyCCKuii pu-
3UK HEMELIKOrO MPOUCXOXAEHWS, akaaemMmuk,
npogeccop leTepbyprckoro yHuBepcuTeTa,
a Brioc/1eACTBUM €ro PeKTop, AOKTOP ¢Guioso-
v, TakiHbIii COBETHUK... OH y4acTBOBAaJ1 B KPY-
rocseTHomM nytewectBuy Koueby Ha Lwuone
«lpeanpusitne». JIeHY n3BecTeH cBOUMU
¢dyHAaMeHTabHbIMY paboTamu 1o 3J1eKTPO-
MarHeTu3my vl U3y4eHuIo TeMNJ10B0ro AecTBus
BJIEKTPUNYECKOIro TOKA.

ABTOp 3akoHa onpenesieHvsi HarnpapeHus
WHAYKUMOHHOro toka ([lpasuio JleHua) n co-
aBTOp 3aKOHa O TerJioBOM BO3LAENCTBUN 3J1€K-
TpMYeCcKoro Toka (3akoH [xoyns—-JleHua), oH
NPOBEN pPsif 3HAYUTESIbHBIX MCCEA0BaHWNI MO
BO34EVICTBUIO TOKA Ha pa3HOPOAHbIE MPOBOA-
HuKK, paspaboTasn MeTossl pacyérta 371eKTpo-
MarHuTOB [J151 MOCTPOEHUS 3/IEKTPUYECKUX
MaLLH.

MEHHbIV TOK.

KOJIECO NCTOPUNA

IMmunuin XpuctuaHoesmy JleHuy,
(1804-

1865)

Ipueopvee Huxoaati J[mumpuesun — xanoudam mexunuyeckux nayk, Mockea, Poccus®.

O ero 3ameyaresibHbIX IEKLMSIX 10 puamnke
n pusmndeckort reorpapumn xoanam aereHasl,
OHW OTAINYANINCH YANBUTESIbHON SICHOCTbIO
N CUCTEMATUYHOCTBIO.

Ha npoTtsaxxeHun Bcew cBOew Xn3Hu JIeHL
3aHuMaJsicsl uccaenoBaHnsIMuy B 061acTn pu-
3ukun. Bknag JleHua B HayKy C/10XXHO rnepeoLie-
HUTb. AMunnii XpuctmaHoBuY 6bls1 MCKITOYN-
T€JIbHO Pa3HOCTOPOHHUM Y4EHbIM. OH Obis
aBTOPOM y4eBHUKOB o pu3avike a4Jis cpeaHemn
LUIKOJIbI, paboTas Hag rajibBaHM4eCKUM 30J10-
yeHuneM KyrosioB Xpama Criacutesnsi B Mockse,
Han npobaemoli ocselleHns Hesckoro npo-
cniekta B lNetepbypre. JleHu 6bin puankom
B caMOM LLUMPOKOM CMbicsie 3Toro caoBa. OH
HUKOrAga He 3aMblKasiCsi Ha «4UCTON TEOPETU-
4ecKow Hayke», Bcera CTPeMusicsl Ha npak-
TUKE MPUMEHNTb PE3YJbTarbl CBOUX OTKPbI-
TV,
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saHBaps 1865 r., 155 ner Hazan,
B Pume B Bo3pacrte 60 j1eT cko-
POITOCTMKHO CKOHYAJICS POC-

CUUCKUUN YYEHBIA HEMEIIKOTO MTPOUCXOXKIE-
HUsg OMuinii JIeHII — OAWH U3 OCHOBOIIOJIOX-
HUKOB 2JIEKTPOTeXHUKU. JIeHII — aBTOp Ipa-
Buaa (1833), Ha3BaAaHHOrO €ro UMEHEM,
YUEHBII BKCITEPUMEHTATbHO 000CHOBABIINIA
3akoH JIxoynsa—Jlenma (1842), cozmaBiimii
METO/IbI pacu€Ta 3JIeKTPOMarHMUTOB (COBMECT-
Ho ¢ b. C. fIko0u), OTKpBIBIINI OOPATUMOCTh
anekTpuyeckux MamuH. C ero UMeHeM CBsI-
3aHO OTKPBITHE 3aKOHA, OMPENESIONIEro
TETIJIOBbIE ACHCTBUS TOKA, U 3aKOHA, OTIpe/ie-
JISIIOIIEeTO HaIpaBieHWe UHAYKIIMOHHOTO
TOKa.

OMunit JIeHu 6611 mpodeccopoM U pek-
topoM Mmnepatopckoro Cankr-IleTep-
Oyprckoro yHuBepcuteta (1863—1865), neii-
CTBUTEJILHBIM UJieHOM Pycckoro reorpacuye-
ckoro obiectsa ¢ 19 ceHtss6ps (1 okTsAOpsI)
1845 rona.

OCHOBOTOJIOKHUK COBPEMEHHOTO YUEHUSI
00 2JIEKTPUYECKNUX U MaTHUTHBIX SIBJICHUSIX
Omunuii Xpuctuanosud Jleni [ 1—10] ponui-
cs1 24 (12 mo crapomy ctuiio) deBpains 1804 1.
B I. epnt (HbiHe TapTy, DCTOHUS) B CeMbe
00ep-cekpeTaps (CTaplIero YNHOBHUKA) TO-
poackoro Maructpara. B 1820 1. oH B Bo3pacre
16 16T OKOHYMJT C OTVIMYMEM TUMHA3UIO U TT0-
CTYIUJI BHAYaJIe Ha €CTeCTBEHHBIN (paKyIbTeT
Hepnrtckoro (HbiHe TapTycKOro) YHUBEpPCU-
TeTa. 3aTeM 10 MaTepUaIbHBIM COOOpaXKeHM -
sIM IOHOIIIa TIepeBEICs Ha OOTOCIOBCKUIA (a-
KYJIBTET, HO 3aHSTUS IO (DU3KMKe He TIpeKpa-
tua. [locae BToporo kypca ctyaeHT JleHin
Y4JacTBOBaJI B KayecTBe (PU3MKa IJIST BHITION -
HEeHUsT HAOJIOJEHWIT HAa MOpe M Ha cylie
B 1823—1826 romax B KpyrocBeTHOM TTyTelle-
CTBUU B ATnaHTudeckoM, Munuiickom u Tu-
XOM OKeaHax Ha nuttone «[Ipeanpusitue» moj
KOMaHJIOBaHUEM PYCCKOTO MOpeIuiaBaTeIs
0. E. Ko1ieby. OH npu noMouiy CKOHCTPYU-
pPOBaHHBIX ITyOOMepa U baToMeTpa (mpubdopa
JUTSL B3SITUST TIPOO BOJIBI M1 UBMEPEHUST TEMIIE-
paTyp Ha pa3HbIX IJTyOMHAaX) U3ydan pusuye-
CKUe CBOMCTBA OKEaHWYECKOM BOIbI, HAOJIIO-
Jlajl ¥ ToApOOHO OMuUChIBaI aTMOc(hepHbIe
SIBJICHUSI U U3BEPXKEHUE BYJIKAHOB, UCCIIEIO-
BaJl MAaTHUTHOE CKJIOHEHHUE, pazpadboran
UPKYJISIITUOHHYIO TEOPUIO0 MOPCKUX T€USHU
U BIIEpBbIE 0003HAYMJI 3amauyu (HU3NIYECKON
reorpauu Kak Hayku. Bc€ aTo mocayxxuio
HavyaJoM TOYHBIX HAOJIONEHUN B 00JacTu

okeaHorpaduu. UM Ob110 TOKa3aHO HAJIMIME
B3aMMOCBSI3M MEXIY COIEHOCTHIO OKeaHYe-
CKOM BOABI, KOJIMYECTBOM COJTHEUYHOM pagua-
LIMY ¥ CUJION BeTpa: HaMMeHee CoJIEHasT Boaa
Ha 3KBaToOpe, TaK KakK TaM OOJbIlle BCEro
COJTHEYHOTO TEIlIa, a BO3AYX MaJIOTIOIBIKEH;
B 9THUX YCJIOBMSX B IIpOIecCe MCTapeHUS
MHUKPOKATJIM OCTAIOTCS Ha MOBEPXHOCTU
OKEaHMYEeCKOI BOIbI, CO3IaBasl IMPEISITCTBUE
s Bosneiicteua Comnua. B 1827 . JIeHr mo
MaTepuajaM oKeaHOrpaUIeCKUX HAyYHBIX
uccliefoBaHUM Mocje X 00paboTKU METOIOM
HaMMEHBIINX KBaAPaTOB 1 aHAIM3a 3aIIUTUIT
B [epmanuu npu leiigens0eprckoM yHUBep-
CUTETe MMCCEePTAllMI0 Ha CTETeHb JTOKTOopa
dunocopun u niepeexan B Cankr-IletepOypr,
IIIe HeIPOIOJIKUTEIbHOE BpeMsI TIpeIoaaBal
B IIIKOJIE.

B 1828 1. B Cankr-IlerepOyprckyio Aka-
NeMHI0 HayK Oblja IpeacTaBjieHa paboTa
Jlenna «O con€HOCTH U TeMIiepaTypax BOAbI
OKEaHOB Ha pa3HBIX IIyOMHAX», 32 KOTOPYIO
ero M30panu ambIOHKTOM (MIOMOIIHUKOM
npodeccopa) Akanemuu 1o pusuke. B 1829,
AxaneMus HampaBuia 25-J€THEro y4éHoro
IIJIST BBITIOJTHEHUST MAaTHUTHBIX U TPaBUTALIM-
OHHBIX HAOJTIOICHU T B HAYYHYIO SKCIICAUIIIIO
Ha ropy Dib0pyc, TIe UM ObljIa paccyrMTaHa eé
BBICOTA MO MOKa3aHUAM Oapometpa. JleH1n
OpraHM30Baj U3yYeHNE MAarHUTHBIX SIBICHUMN
1 KavyaHU MasiTHUKa B HukosaeBcKoil 00-
cepBaropum Ha KaBkase, HaOoman n3MeHe-

® MWP TPAHCIOPTA, Tom 18, N2 4, C. 200-210 (2020)

Fpuropbes H. [1. Amunuin XpuctnaHoeud JleHuy (1804—-1865)




HUs ypoBHS Kacrus, yctaHOBUB 6apoMeTpr-
YeCKUM CITIOCOOOM, YTO eT0 ypoBeHb Ha 30,5 M
Huxe, yeM Yy U€pHoro mMops, uccienoBai
BBIXO/I HA IIOBEPXHOCTh FOPIOYMX ra30B B paii-
oHe baky, rme Hemaneko ot ropoja coopan
o0pa3ubl HePTH.

B 1830 r. ®munnii JIeni B Bo3pacre 26 jiet
OBLT M30paH SKCTPAOPAMHAPHBIM (CBEPXIITAT-
HeIM) akamemMukoMm CanHkT-IleTtepOyprckoit
Axagemuu Hayk. B ero BemeHme mepemién
dus3nyecknit KaOMHET, COOpaHHBIN TIpe/IIe-
crBeHHUKOM B. B. I1eTpoBriM [11], B KoTOpoM
IpoIiIa BCS MOCeAyollas AesITeIbHOCTD
YYEHOTO.

B 1831 . anrnumiickuii pusuxk M. @apaneit
OTKPBLUI U Omucal siBjieHue «MarHuTosjieK-
TPUYECKOU 1 BOJIBTARJIEKTPUIECKOM MHIYK-
LIMii», TlIe OH IIPUBOAMII pa3/IMYHbIC IPABUIIA
JUISL OTIpeieJICHUSI HAIlpaBIeHUsT UHIYLIMPO-
BaHHBIX TOKOB. JleH1 B 1833 I, U3yunB Bce
paboThI B 3TOI 00J1aCTH, YCTAHOBWIL: «GO3HU-
Kaowjuil 6 3aMKHYmMomM KOHMYype UHOYKUUOHHDBLIL
MOK UMeem makoe HanpasieHue, Ymo co30aH-
HbLI UM NOMOK MACHUMHOU UHOYKUUU 4epe3
nA0UAOb, 02PAHUYEHHYIO KOHMYPOM, CHPEeMUM -
Cs KOMNEHCUPOBAmMb MO U3MEHeHUe NepeoHd-
YANbHORO MACHUMHO20 NOASL, 6CACOCMEUE KOMO~-
020 npoucxodum UHOYKyus». ITO MPABUIIO,
Ha3BaHHOE €r0 UMEHEM, SIBJIsIeTCs (hyHIaMeH-
TaJIbHbIM B TEOPETUYECKOM 3JIEKTPOTEXHUKE
[12; 13] 1 oHO BOILIO BO BCE YYECOHUKM ITI0
syiekTpoTexHuke [14; 15]. B mocnenyromieM Ha
OCHOBaHMM 3TOrO MpaBuia ObUIM IOTyYeHbI
MaTeMaTUYeCKMe CBSI3U [JIs1 MTHOBEHHBIX
3HAYEHUI TOKOB U 3JIEKTPOABIKYLIUX CHIL.
Hewmeuxunit pusux @. Heiiman B 1846 1. ipu
BBIBOJIE 3aKOHOB 3JI€KTPOMArHUTHOM NHIYK-
LIMK BOCIIOJIb30Basics mpaBuiaoM Jlenua. He-
meukuit ¢usuk I JI. Teapmronsi B 1847 1.
B paboTe O COXpaHEHUM DHEPIUU TaKXKe CO-
ciajics Ha 910 InpaBuio. CiaeaoBaTelbHO,
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Umneparopckuii CankT-lleTepbGyprckuii yHUBepcUTeT.

JleH11 IBMIICS TIpEAIIeCTBEHHMKOM pPacmpo-
CTpaHEHUS 3aKOHA COXPAaHEHMS SHEPTUM Ha
00J1aCTb SIBJIICHU 3JIEKTPOMArHUTHON MHIYK-
11U, T.€. 0000IIeHUS BeInJaiiiero puznge-
ckoro oTkpbiTust XIX Beka. B marematnue-
CKOIl (popMe sSBJIeHHE 3JIeKTPOMAaTrHUTHOM
VHIYKIUKY gan B 1873 . aHrmiickuit pusnk
. K. Maxkcseni. B HayuyHoll 11 yueOHOI JT1-
TepaType B HACTOsAIIEee BpeMsI KOJTUICCTBEH-
Hblii 3akoH Papanes—Maxkcseuta—JleHna st
MTHOBEHHOTO 3HAYCHMS JICKTPOABIIKYIICH
CUJIBI e 3amuchiBaeTcs Kak e = —dy/dt
(37eKTpOABIEKYIIASI CHJIA TIPOITOPIIMOHATBHA
CKOPOCTHU U3MEHEHUSI MATHUTHOTO TIOTOKA
TO €CTb IIEPBOM IIPOU3BOJIHOM MAarHUTHOTO
MOTOKa MO BpeMeHU dy/df), e 3HaK MUHYC
COOTBETCTBYET MpaBuiy JIeH1a.

TTpaBuio JIeH11a MTOMOTJIO PEIIEHUIO 3a1a-
Y1 0 TOYHBIX U3MEPEHMSIX MATHUTHOM HATIPsI-
KEHHOCTU M HaMarHMYWBaHU kene3a. OH
OBLI OTHUM M3 TIEPBBIX aBTOPOB MHAYKIIMOH-
HBIX M3MEPUTEJbHBIX TTpubopoB [16; 17]
¥ COBMECTHO C PYCCKUM (PU3UKOM U DJIEKTPO-
TexHukoMm b. C. SIkobu mpemioxun damim-
CTUYCCKMIT METO JUTSI U3MEPEHUSI BETMUMHBI
MarHUTHOTO TTOTOKA TeMU WHAYKIMOHHBIMU
IEeUCTBUSIMHU, KOTOPBIE BOZHUKAIOT TP CO-
30aHUM WA MCYE3HOBEHUHM ITOTOKA. DTOT
MeTOH ObLT €TUHCTBEHHBIM B T€ TOIBI MHIM-
KaTopoM Toka. OH JICXKHUT B OCHOBE COBPEMEH-
HOTO 0aJNIMCTUYECKOIO TaJlbBaHOMETpa,
MPUMEHSIIOIIETOCS IS U3MEPEHUST MaJIbIX
BEJIMYMH IIPU KPATKOBPEMEHHBIX MMITYJIbCAX
TOKa, B KOTOPOM TOABMKHAs 9aCTh MMECT
OTHOCHUTEJIEHO HEOOJIbIIIOI MOMEHT MHEPITUH,
a pe3yJIbTaT OTCUUTHIBACTCSI IO HAXOOJIBIIIEMY
OTKJIOHCHMIO yKa3aTes.

B ¢hopmynupoBke nipaBuiia JIeH11a 3aKIT10-
YyeHa uaes MPUHIIMIIA 3KBUBAJCHTHOCTH
(oOpaTMOCTH) MeKTpUYecKUX MammH. OH
T0Ka3aJI, YTO MAaTHUTORJICKTpUIECKast MHIYK-
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st Papajiest cBsizaHa C 2JIEKTPOMarHUTHBIMU
cuiaMu ppaHILy3ckoro yuéHoro A. M. Amrie-
pa. «[ToysoxxeHue, MOCPECTBOM KOTOPOTO
MaTHUTO3JIEKTPUIECKOE SIBJIECHUE CBOIUTCS
K 2JIEKTPOMarHUTHOMY, 3aKJIFOUaeTCsl B Clie-
JYIOIIIEM: €CTM METAINTNIECKUI TTIPOBOIHUK
JIBIDKETCST TIOOJIM30CTH OT TaTbBaHMYECKOTO
TOKa MJIM MarHUTA, TO TOK MOT ObI O0YCJIOBUTH
€ro TiepeMelleHre B TPOTUBOIIOIOXKHYIO CTO-
POHY; ITPY 3TOM TIPEII0JIaraeTcsl, YTO MOKOSI -
IUICS TPOBOAHUK MOXET TepeMelaThCs
B HaTpaBJIeHUM JBVKEHUST MW B TIPOTUBOIIO-
JIOXKHOM HarpaBiieHun». B pabore «O Heko-
TOPBIX OTBITAX M3 00JIACTU TajJbBaHU3Ma»
MPUHIUAT 00PATUMOCTH 3JIEKTPUIECKUX Ma-
IIWH UM ObLT chopMYIUPOBAH OoJiee YETKO:
«Kaxcowlii snexkmpomaeHummblii Onbim modicem
OblmMb 00pAWEH MAaKumM 00pa3om, 4mo oH npuee-
0ém K cOOmeemcmeayouemy MaeHumod1eKmpu-
ueckomy onvimy. /s 3mo2o HYJICHO MOAbKO
€o00UUMb NPOBOOHUKY 2ANbEAHUHECK020 MOKA
KaKum-aub0 uHblM cnocobom mo deujicenue,
Komopoe oH cogepuiaem 8 cayuae 31eKmpomae-
HUMHO20 ONbIMA, U M020d 8 HEM 803HUKAEm MOK
HanpaeaeHus, npomuoNnoA0ICHO20 Hanpasie-
HUI MOKa 8 31eKmpomacHumuom onsime». V3
mpaBuia JleHia ciemyer, 4To, MpomIycKas
B TIOIBUKHBIX KATYIIIKaX, PaCITOI0XEHHBIX
MEXJIy TOJII0CAaMU MarHUTOB, TOKW, MOXKHO
JoOUThCS UX BpaueHuss. HaobopoT, eciau
B MOJBMXXHBIE KATYIIKA TOK HE MyCKaTh,
a BpalaTh X MEXIy MOJI0cCaMi MarHUTa 3a
CYET IMTOCTOPOHHEN CUJTBI, TO B HUX BOBHUKAET
WHAYIMPOBAaHHAS 3JIEKTPOABMIKYIIAs CUIIA.
CrieoBaTeIbHO, OH TEPBBIM MPUIIET K BbI-
BOAy 00 OIMHAKOBOM YCTPOMCTBE U 0OpaTH-
MOCTH 3JIEKTPUYECKHUX MAIIIWH, SKCTIEPUMEH -
TaJbHO TPEBPATUB TEHEPATOP B JBUTATEIb.
Y coBpeMeHHBIX KOJUIEKTOPHBIX JIEKTpUYe-
CKUX MalllMH UMEIOTCS KOHCTPYKTUBHBIE
pa3uuus TeHepaTOpOB W BUTATENei n3-3a
ocobeHHocTell nx kommyTauuu [18; 19].
Yke yepe3 4yeTbipe roaa, B 1834 ., JleHn
ObLT M30paH OPAMHAPHBIM (ILITATHBIM) aKaJie-
mukoM CaHkT-ITerepoyprckoit AH o ¢pusu-
ke. OH BBITIOJHSJT TaKKe IMeIarorm4eckylo
paboTy B MOpCKOM KaJaeTCKOM KOopIyce,
B ApTUJUIEpUIICKON akaneMuu, B [J1aBHOM
neaarornyeckoM MHCTUTYTe, a B 1835 . ObLI
MpUTJIAIIEH Ha NOJKHOCTh OPAMHAPHOTO
npodeccopa Kadeapsl Gu3nKu (OTaeIEHHON
oT xumuu) CaHkT-IleTepOyprckoro yHuBep-
cuteta, B 1836 I. Bo3raBui Kadeapy Gusmuku
u dusmveckoii reorpadpuu. B 1840 . ero us-
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Opaju IeKaHOM Ha BTOPOM OT/IeJIEHU U (DHITO-
codckoro daxkyabreTa, riae oH npedbiBal
0eCcCMEHHO Ha 3TOM JOKHOCTHU JO U30paHus
pekTopoM yHuBepcurtera B 1863 . iM Gbuin
HanmvcaHbl MHOTOYMCJIEHHBIE YYeOHUKHU U TT0-
cobus no (usurke, a pyKoBOJCTBO K (pu3uke,
COCTaBJIEHHOE JIJISl PyCCKUX TMMHA3U i 1 01Ty 0-
nukoBaHHoe B 1839 1., BhIAepxkano 11 uzna-
HUM.

Anrnuiickuit pusuxk Yuibsim CTEpIkeH
(B. Ctamxen) B 1825 1. ©u300p€n asteKTpomar-
HUT. B TO Bpems1 OTCYTCTBOBaJIA TaHHBIE T10
MarHWTHBIM CBOCTBaM XeJjie3a. ToJbKO B CO-
BMecTHbIX paboTax JIeHiia ¢ bopucom Axkobu
«O 3aKkoHax 3JeKTPOMAarHuToOB», «O TPUTSI-
KEHUU 3JIEKTPOMaTHUTOB» U «O BIUSIHUU
CHJTbI TOKA HA MTHTEHCUBHOCTH BO30YXXKIaeMBbIX
B 3KeJie3¢ MarHeTH3Ma» ObUIM JaHbl METOMIbI
pacyéra 3J1eKTPOMArHUTOB B 3JIEKTPUIECKUX
MalllHaxX, KOTOpbie MPUMEHSUIUCH 10 yCTa-
HOBJIEHMSI 3aKOHOB MarHWTHOM 1ienu. B Hux
Oblla yCTaHOBJIEHA MPOTOPIIMOHATBHOCTD
JIECTBUS 2JIEKTPOMAarHuTa CuJjie Toka 1 4unc-
JIy BUTKOB KaTYIIKH (TI0 COBPEMEHHOM Tep-
MUHOJIOTUM YUCTy aMIiep-BUTKOB) [20].

B 1841 1. npyroii aHruiickuii hpusmk
JIxeimc Tpeckot [xxoynab (HxXyi) omyoau-
KoBaJl padoty «O TeraoTe, BbIIEISIEMON TO-
KaMu», HO B JloHmoHckoM KoposaeBckom
obuiecTBe (HayyHoe oOlecTtBo Benukoopu-
TaHWM) OHa BCTPETHJIa HEKOTOpPbIE 00OCHO-
BaHHBIEC BO3paXKeHUsI, M OT HETO MTOTpedoBaIn
JIOTIOJTHUTEJIbHBIX DKCIIEPUMEHTAIbHBIX
yTouHeHwUii. JIeHII ucciiegoBal TaHTeHC-
Oyccoau (Mpubop 151 UBMEPEHMSI TOKA, U30-
operénHbiii M. HepBanaepoM), mpoBepul
CIIPaBEUTMBOCTh U OOOCHOBAJI COBPEMEHHM -
KaM 3akoH Hemeukoro ¢gusuka I. C. Oma
U UCCJIEIOBAJl HarpeBaTeJIbHOE IeMCTBUE TO-
KOB, Pe3yJIbTaThl KOTOPBIX 100X B CaHKT-
IMeTepOyprckoii Akagemuu Hayk B 1842 1.
(«O 3akoHax BbIIECJEHUHU TEILIa raJibBAHUYE-
CKMM TOKOM») U B 1843 1. («O BbImeIeHUN
Terjia B MPOBOJOKax»). B aTUX coobLIeHUsIX
UM TOYHBIMU U IKCTIEPUMEHTAIBHBIMY JTaH-
HBIMM OBLTN TOKa3aHbl 3aBUCUMOCTH COTIPO-
TUBJICHUST METAJUIOB OT TEMIIepaTyphbl U OC-
HOBHBIE TTOJIOKEHUS TETUIOBOTO NEeHCTBUS
TOKa, Ha3BaHHOTO 3aKoHOM JIxxoynsi—JleHua:
BBIJIEJISIEMOE TOKOM TETLIO IPOTIOPIIMOHAIBHO
COTIPOTUBJIEHUIO TIPOBOTHUKA, KBAJIPATY CUJTBI
TOKa, BpeMEHU 1 He 3aBUCUT OT KaKUX-JTM00
JIPYTUX €r0 CBOMCTB. DTO SIBUJIOCH OJHOU U3
MPEANOCHUIOK YCTAHOBJICHUS 3aKOHA COXpa-
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HEHUS U TIpeBpalleHnus SHepru. B HacTos-
1ee Bpemst Ha 3akoHe [[xxoynsa—JIeH1ia ocHO-
BaH pacyéT HarpeBaTeIbHBIX AIEKTPOIPUOO-
POB, BBIOOP CEYEHMIT BO3MYITHBIX TIPOBOIOB
1 XWI KaOeTbHBIX TMHUI 2JIeKTpoIIepenadu,
TJIaBKUX BCTABOK ITPEIOXpaHUTENIEH U TeTUIO-
BBIX pacleNUTEN el yCTPONCTB 3aIIUTH 2JIEK-
TPOYCTAHOBOK OT TIEPETPY3KN W aBapUHBIX
PEXUMOB KOPOTKOTO 3aMbIKaHus [21; 22].

B 1844 r. Jlent BeIBes (hopMyITy JUTSI OTIpe-
JIeJIEHUsT TOKa B JII00OI M3 TlapaJiie/IbHO CO-
eIMHEHHBIX BETBEH, COIepKaIIX UICTOUYHUKHI
SJIEKTPOABUKYIIIUX CUJI, SBUBIIYIOCS TP~
IIECTBEHHUIIEW MBYX 3aKOHOB JIJISI pa3BeT-
BJIEHHBIX BJICKTPUUYCCKUX LIEeTIeH, OTKPBITBIX
B 1847 . HemeuikuM yaéHbIM [. P. Kupxrodom
[12—15].

B 1845 r. JIenn cran JeliCTBUTEIbHBIM
yneHoM Pycckoro reorpaduueckoro obiie-
cTBa, ObL M30paH B COBET U 10 KOHLIA XKU3HU
BBITMOJIHSLI B HEM OOJIBIIIYIO PA3HOCTOPOHHIOIO
pa6oty. B 1851 1. oH onyosirkoBa cBoii QyH-
JaMeHTalIbHBIA Tpya «Pu3nueckas reorpa-
(bust», KOTOPBII HEOTHOKPATHO TTEpen3/1aBa-
csa B Poccuu u 3a pyoexkom. B HEM um ObuH
PacCMOTPEHBI CTPOEHUE 36MHOI KOPBI, TIPO-
HCXOXIIEHWE U HEeTIPephIBHOE MepeMelieHre
00pa3yoLIKX e€ MOPo, BIMSIIOLIEe Ha peibed
MaTepuKkoB. bblin oTMeueHbl Tpu dakTopa,
BBI3BIBAIOIINX HETPEPHIBHOE U3MEHEHME T10-
BEPXHOCTU CYIIN: BYJKAHWUYECKUE CUIIBI,
BJIMSTHUE BOJ TIPU CONEUCTBUM aTMOChepbl
U OpraHnvecKue CyliecTBa, 1 yKa3aHbl 3aK0-
HOMEpPHOCTHU CYTOYHOTO W T'OJOBOTO XOJa
TeMITepaTypbl U 1aBJIEHNS BO3IyXa, BETPOBO
JIeSITeTbHOCTH, UCTIAaPEHUST BOIIbI, KOHIEHCa -
LIMK BOASIHOTO Mapa v o0pa3oBaHMs 00J1aKOB,
SJIEKTPUIECKUX ¥ ONITUICCKUX SIBICHUI B aT-
Mocdepe. bblio 00bSICHEHO MPOUCXOKIAEHUE
royooro 1Beta Heba, pajayru, KpyroB OKoJIo
CousHua u JIyHbl. YU€HBIN yCTaHOBUJT TPUYU-
HY HEOOJIBIIIOTO ITOBBIIICHUS TeMIIepPaTypPhl
BOJIBI C IJTyOMHOI B 30HE K 1ory oT 51 rpagyca
I03KHOUW ITUPOTHI M OTMETUJI, YTO TIOJ0OHAs
WHBEPCUS I0JDKHA UMETh MecTO U B CeBepHOM
JlenoBuToM okeaHe. TeM caMbIM OH MPeaBOC-
XUTWJI OTKPBITHE HOPBEXKCKOTO UCCIIe0BaTe -
11 Apktukn @. HaHceHa, 00HAPYKUBIIETO
BO BpeMms akcrieauuuu B 1893—1896 romax
TEIUIbIe aTJAHTUYECKNE BOIBI B TITyOMHHBIX
cliosix Apkruuyeckoro 6acceiiHa. UM Takske
OBIIO YCTAaHOBJIEHO, YTO COJIEHOCTH BOJBI
B OK€aHe Majo MU3MEeHseTCs ¢ TJyOuHOI,
a B BEPXHEM CJIO€ YMEHBIIIAETCS C IUPOTOM.
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OaHako HauOoJIbIIasI COJIEHOCTh HAbJII01aeT-
cd He B 9KBAaTOPHAIBHOI 30HE, a B palloHax
0JIN3 TPOITMKOB BCJICICTBUE CHJIBHOTO MCIIa-
perus. [ITOTHOCTH BOABI BO3PACTACT C IITMPO-
TOMU ¥ C TITYOMHOI 13-3a YMEHBIIICHUS TeMIIe-
paTyphbl BOIEI B 3TUX HaIlpaBIeHUX. [103TOMY,
no MHeHu1o JleHua, B MUpPOBOM OKeaHe Ha-
POy ¢ TSYCHUSIMM, BBI3BIBACMBIMU BETPOM
¥ HAaKJIOHOM YPOBHS ITOBEPXHOCTH THA, TOJIK-
HO CYIIIECTBOBATH 00IIce M HE MEHEe CHIIBHOE
IBYDKEHIE TTOBEPXHOCTHBIX BOJ M3 TPOITMYE-
CKO1 30HBI B 00J1aCTU BBICOKUX LLIMPOT U ABU-
JXKEHUEe TJIIYyOMHHBIX BOI U3 3TUX OOJacTeit
B TPOITMYECKYIO 30HY. Takasl LIMPKYJISIUS,
CyIIeCTBOBaHME KOTOPOI OBLIO ITOATBEPXKIC-
HO TIOCJICAYIOIINMU HAOIMIONeHUSIMU, TIPe.I-
CTaBIISIET COOOI OHY M3 BaXKHEUIIINX ITPUINH
BOJOOOMEHA MEXOY HU3KUMH U BBICOKUMHU
mmporaMu. OHa 1 00yCIIaBIIMBAET ITOCTYILIC-
HUE XOJOIHBIX BoI 13 MHINiicKoro, ATiaH-
Tu4eckoro, Tuxoro u CeBepHoro JIenoBUTOIO
OKEaHOB B TUIYOMHHBIC CJIOM YMEPEHHBIX
M HUBKUX UPOT. JIeHI mpuBEN MeToaUYE-
CKWe YKa3aHUs TS OTIpeeICHIS CKOPOCTEeit
TeUYeHWI HaBUTAIIMOHHBIM CITOCOOOM M BBI-
cKasajJ MBICIb O TOM, YTO OpPOUTHI YaCTHUII
B BETPOBBEIX BaHHAX MPEACTABIISIIOT COOOI
ayTIcH. I10 eTo MpeanoIoXKeHUIO TIIaBHOI
MPUINHOM IPOIIECCOB, TPOUCXOISIINX B aT-
mocdepe 3eMu, SIBJISETCS COJIHEUHas pa-
IHUALNsT, HAanOOoJIbIIas 9acTh SHEPTUH KOTO-
oIl TIOTJIOMIaeTCs OKeaHaMU, OTPOMHBIMU
pe3epByapaMu Biaru u Teria. OHa pacxomy-
eTcsl B OCHOBHOM Ha MCITapeHUE BOIEI, BHI-
3pIBas €€ KpyroooOpalleHUe B MPUPOIE
u hopMupys Kaumat Ha 3emiie. JIeHIT SIBUJT-
CsI OCHOBOITOJIOKHUKOM YUEHHUSI O B3aMMO-
JIEUCTBUM OKeaHOB ¢ aTMOC(dEpOii, a ero Tpyxn
«Pusnyeckasa reorpadusd», coaepKaIInii
TOYHEBIE U JOCTOBEPHBIE OKeaHOTpamIecKe
HabJIIoeHUs, MMe 00JIblIOe 3HAYeHUE IS
pa3BUTHUS HayK O 3emJe.

B 1846 r. nemenkuii pusuk B. D. BeGep
OIBITHBIM ITYyTEM YCTAHOBMJI, YTO BOIIPEKH
3aKOHY 3JIEKTpOMarHUTHOI MHIyKLmy Mapa-
JiesT IIEKTPOIBYLKYIIAST CHJTIA 3JICKTPUIECKIX
TeHEepaTOPOB MPU MOAKIIOUYECHUW BHEIIHEH
3JIEKTPUICCKON eI He IPONOPIMOHAaIbHA
CKOPOCTH BpallleHUsI ero Bajia. Bedbep o0obsic-
HSIT 3TO TEM, UTO JKeJIe30 MAaTHUTHOM IIeITn
reHepaTopa He yCIIeBaeT MPUHSITh ITOJTHOTO
HaMarHM4MBaHUS TIPU OBICTPOM M3MEHEHUH
3JIEKTPUUYECKOTO MoJist. JIeHII Ha MarHUTO-
3JICKTPUIECKOM TeHepaTope MOCTOSTHHOTO

Fpuropses H. 1. 3munuit XpuctuaHoeuy Jlexu (1804-1865)




TOKa cobpas 00bIION IKCIIepUMEHTATbHBIN
matepuai. [To padote «O BIUSHUU CKOPOCTU
BpallleH!s HAa MHAYKIIMOHHBII TOK, TIPOU3BO-
JTMMBIA MarHUTOJIEKTPUYECKUMM MalllHa-
Mu» oH caenan B Cankt-Iletepoyprcekoit AH
Tpu coobmieHus: B 1847, 1853 u 1857 romax.
WM ObLIO BBIABUHYTO COOCTBEHHOE OOBSICHE -
HUE YMEHbBIIIEHUIO 2JIEKTPOABVXYIIEH CUITHI,
KOTOpOE€ B HacCTOsIee BpeMs Ha3bIBaeTCs
peakuueil TKops Tpu MPOTeKaHUU B HEM
3JIeKTpUYecKoro Toka. Heo6xonumMo y4uThI-
BaTh HE TOJIBKO TOKU, UWHAYIIUPYEMbIE BO
BpalLlaloIEeMCs SIKOPE JIEKTPUIECKON Mallu-
HbI MATHUTHBIM TTOJIEM TIOJIIOCOB, HO W TOKHU
OT CAaMOWHAYKIIMA B 0OMOTKe sikopsi. Ero
MpeUTOXKEeHNE CMEIIeHUST IETOK Ha HEKOTO-
PBIIA YroJl OTHOCUTEJIBHO HEUTPaIbHOM reo-
METPUYECKON JTUHUU KOJJIEKTOpa C LEJbI0
JIMKBUIALIMY UCKPEHUSI TTPUMEHSIETCS JI0 CUX
TIOP B 9JIEKTPUYECKUX MAIIMHAX (TeHepaTopax
W IBUTATEJISIX) TIOCTOSTHHOTO TOKA IMPU HaJTH -
YUU TOTIOJTHUTEJIBHBIX TIOJII0COB HOMUHAJb-
Ho¥ MoirHOCThIO 10 300 BT, a npu ux oTcyT-
CTBMU — MOIIHOCTBIO 10 1 KBT [23; 24].

B 1853 . JIeH1I BriepBble YCTAHOBUJ CMe-
meHue (a3bl MepeMeHHOTO TOKa OTHOCUTEITb-
HO (ha3bl CUHYCOMIAIILHOTO HATIPSIKEHUS,
u B 1857 . OH mpuayMaa KOMMYTaTop, T.€.
U300pEN MpUOOP WIS U3ydyeHus GopMbl Kpu-
BOI MHIYKTUPOBAHHOTO ITEPEMEHHOTO TOKA.
MM ObL10 omnpeneseHo ycJIoBUe pexXuMa To-
JIE3HOM MaKCUMaJIbHOW MOIITHOCTA UCTOYHM -
Ka 2JIEKTPUIECKOM IHEPTUM, KOT/Ia BHYTPEH -
Hee COTPOTUBJIEHWE MCTOYHUKA U BHEITHEN
LIeNU paBHBI MeXy cO00i. DTO yCIOBUE pe-
KMMa B HAcTosIee BpeMsl IMTPUMEHSIETCS
B MJIOMOITHBIX 3JIEKTPOHHBIX YCTPOMCTBAX
TeJIeMEeXaHUKU, CBSI3U, aBTOMATHUKH U YITpaB-
JIEHUS.

OMwmit XpuctruaHoBuy JIeHI[ ckopomno-
CTUXKHO CKOHYAJICSI BO BPeMsI 3arPaHUYHOTO
oTmycka u jedyeHus 3peHust B Pume 10 despa-
ns (29 aHBaps 1o ctapomy cTuio) 1865
B Bo3pacTte 60 jet. [ToxopoHunu ero B Pume
Ha MpOTeCTaHTCKOM Kiiaaouue. Mim Oblin
YCTaHOBJIEHBI TpaBuJIo JIeH11a 1 3aKoH I xkoy-
Jng—JleHua, MoATBepXKAEH 3aKoH OMa u emy
BIIEPBBIC B 3JIEKTPOTEXHUKE YIaTI0Ch YCTAaHO-
BUTH CBSI3b MEXIY 2JIEKTPOMAaTrHUTHBIMU
U 2JIEKTPOJAMHAMUYECKUMU SIBJACHUSIMU [25].
3a cBOU Hay4yHbIE TPYIbI B 00JIACTH JIEKTPO-
TEXHUKU U Teo(PU3UKU OH ObLT U30paH wjie-
HOM-KOppPECTIOHIeHTOM AKaJeMUU HayK
B TypuHe u B bepauHCKOU akageMuu HayK.

OMunuit JIeH1 Bcio Xu3Hb poxkuii B Poc-
CUICKOII UMIIEPUU, HO OH TaK 1 HE BBIYYWJ
PYCCKUI I3bIK, YTO €My He MoMelllano CTaTh
OCHOBaTeJIeM OTEUYECTBEHHON IIKOJIbI DJIeK-
TPOTEXHUKM.
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ABSTRACT

Emilius Lenz is a famous Russian physicist
of German origin, academician, professor at
St. Petersburg University, and later its rector,
doctor of philology, privy councilor ... He took
part in Kotzebue’s trip around the world on
the sailing sloop Enterprise. Lenz is known for
his fundamental work on electromagnetism
and the study of the thermal effect of electric
current.

The author of the law stating the direction
ofinduced current(Lenz’s law) and co-author
of the law on the thermal effect of electric
current (Joule-Lenz law). He carried out
several significant studies on the effect of
current on dissimilar conductors, developed
methods for calculating electromagnets for
building electrical machines.

Emilius Lenz
(1804-1865)

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

Legends circulated about his wonderful
lectures on physics and physical geography,
they were remarkable for their amazing clarity
and systematicity.

Throughout his life, Lenz was engaged in
research in the field of physics. Lenz’s
contribution to science can hardly be
overestimated. Emilius Lenz was an
exceptionally versatile scientist. He was the
author of textbooks on physics for high
school, worked on the galvanic gilding of the
domes of the Cathedral of Christ the Saviour
in Moscow, on the problem of lighting Nevsky
Prospekt in St. Petersburg. Lenz was a
physicist in the broadest sense of the word.
He never closed himself on «pure theoretical
science», always tried to apply the results of
his discoveries in practice.
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nJanuary 29, 1865, 155 years ago, at the
Oage of 60, in Rome a Russian scientist of

German origin Emilius Lenz, one of the
founders of electrical engineering, died suddenly.
Lenz is the author of the law (1833) named after
him, a scientist who experimentally substantiated
the Joule—Lenz law (1842), who created methods
for calculating electromagnets (together with
B.S. Jacobi), who discovered reversibility of
electrical machines. His name is associated with
the discovery of the law that determines thermal
effects of the current, and the law that determines
direction of the induced current.

Emilius Lenz was a professor and rector of the
Imperial St. Petersburg University (1863—1865),
a full member of the Russian Geographical Society
since September 19 (October 1) 1845.

The founder of the modern doctrine of
electrical and magnetic phenomena Emilius
Christianovich Lenz [ 1—10] was born on February
24 (12 according to the old style), 1804 in the city
of Dorpat (now Tartu, Estonia) in the family of
the chief secretary (senior official) of the city
magistrate. In 1820, at the age of 16, he graduated
from the gymnasium with honours and first
entered the Faculty of Science at the University of
Dorpat (now Tartu). Then, for material reasons,
the young man transferred to the theological
faculty, but did not stop his physics studies. After
the second year of his studies, student Lenz
participated as a physicist in conducting the
observations at sea and on land in 1823—1826
during a round-the-world voyage in the Atlantic,
Indian and Pacific oceans on the sailing sloop
Enterprise under the command of the Russian
navigator Otto E. Kotsebue. With the help of a
constructed depth gauge and a bathometer
(a device for taking water samples and measuring
temperatures at different depths), he studied
physical properties of ocean water, observed, and
described in detail atmospheric phenomena and
volcanic eruptions, investigated magnetic
declination, developed the circulation theory of
sea currents and for the first time outlined the
problems of physical geography as a science. All
this was the beginning of accurate observations in
the field of oceanography. He proved the existence
of a relationship between salinity of ocean water,
the amount of solar radiation and wind strength:
the least salty water is at the equator, since there is
the most solar heat, and the air is inactive; under
these conditions, during the evaporation process,
microdroplets remain on the surface of ocean
water, creating an obstacle to the action of the sun.
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In 1827, Lenz defended his Ph.D. thesis in
Germany at the University of Heidelberg, based
on the materials of oceanographic scientific
research, after their processing by the least squares’
method and analysis, and moved to St. Petersburg,
where he taught at school for a short time.

In 1828, Lenz’s work «On salinity and
temperatures of ocean water at different depths»
was presented to St. Petersburg Academy of
Sciences, in recognition of that he was elected an
associate (assistant professor) of the Academy in
physics. In 1829, the Academy sent a 25-year-old
scientist to perform magnetic and gravitational
observations on a scientific expedition to Mount
Elbrus, where he calculated its height according
to the readings of a barometer. Lenz organized the
study of magnetic phenomena and pendulum
swings at Nikolaev Observatory in the Caucasus,
observed changes in the level of the Caspian Sea,
establishing by a barometric method that its level
was 30,5 m lower than that of the Black Sea,
investigated the release of flammable gases to the
surface in the Baku region, where he also collected
oil samples.

In 1830 Emilius Lenz at the age of 26 was
elected an extraordinary (supernumerary)
academician of St. Petersburg Academy of
Sciences. He was in charge of the physics «cabinet»
(laboratory), arranged by V. V. Petrov, his
predecessor [11], in which all subsequent activities
of the scientist took place.

In 1831, the English physicist M. Faraday
discovered and described the phenomenon of
«Magnetoelectric and voltaelectric inductions»,
where he gave various rules for determining the
direction of induced currents. Lenz in 1833, having
studied all the works in this area, established: «the
induced current arising in a closed loop has such a
direction that the flux of magnetic induction created
by it through the area bounded by the loop tends to
compensate for the change in the initial magnetic field
due to which induction occurs». This law, named
after him, is fundamental in theoretical electrical
engineering [12; 13] and it was included in all
textbooks on electrical engineering [14; 15].
Subsequently, based on this law, mathematical
relationships were obtained for the instantaneous
values of currents and electromotive forces. In 1846
the German physicist E Neumann used Lenz’s
law to derive the laws of electromagnetic induction.
The German physicist G. L. Helmholtz in 1847,
in his work on conservation of energy, also referred
to thislaw. Consequently, Lenz was the predecessor
of extension of the law of conservation of energy
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to the field of electromagnetic induction
phenomena, i.e. generalization of the greatest
physical discovery of 19" century. Ina mathematical
form, the phenomenon of electromagnetic
induction was given in 1873 by the English
physicist D. C. Maxwell. In the scientific and
educational literature, at present, the quantitative
Faraday—Maxwell—Lenz law for the instantaneous
value of the electromotive force e is written as
e =—dvy/dt (the electromotive force is proportional
to the rate of change of the magnetic flux v, that
is, the first derivative of the magnetic flux dy/df),
where the minus sign corresponds to Lenz’s law.

Lenz’s law helped solving the problem of
accurate measurements of magnetic strength and
magnetization of iron. He was one of the first
authors of induction measuring instruments [16;
17], and together with the Russian physicist and
electrical engineer B. S. Jacobi proposed a ballistic
method for measuring the magnitude of the
magnetic flux by those inductive actions that arise
when the flux is created or disappeared. This
method was the only current indicator in those
years. It forms the basis of the modern ballistic
galvanometer, used to measure small values at
short-term current pulses, in which the moving
part has a relatively small moment of inertia, and
the result is counted by the largest deflection of the
pointer.

The formulation of Lenz’s law contains the
idea of the principle of equivalence (reversibility)
of electrical machines. He showed that Faraday’s
magnetoelectric induction is associated with the
electromagnetic forces of the French scientist
A.M. Ampére. «The position by which a
magnetoelectric phenomenon is reduced to an
electromagnetic one is as follows: if a metal conductor
moves near a galvanic current or magnet, then the
current could cause its movement in the opposite
direction; it is assumed that the stationary conductor
can move in the direction of motion or in the opposite
direction». In his work «On some experiments in
the field of galvanism» the principle of reversibility
of electric machines was formulated by him more
clearly: «Every electromagnetic experiment can be
reversed in such a way that it will lead to a
corresponding magnetoelectric experience. For this,
it is only necessary to give the conductor of the
galvanic current in some other way the movement
that it makes in case of an electromagnetic experiment,
and then a current of the direction opposite to the
direction of the current in the electromagnetic
experiment appears in it>. It follows from Lenz’s
law that by passing currents in moving coils located
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between the poles of magnets, currents can be
made to rotate. On the contrary, if no current is
allowed into moving coils, but they will be rotated
between the poles of the magnet due to an external
force, then an induced electromotive force arises
in them. Consequently, he was the first to come to
the conclusion about the same structure and
reversibility of electric machines, experimentally
turning a generator into a motor. Modern collector
electric machines have structural differences
between generators and motors due to the
peculiarities of their commutation [18; 19].

Four years later, in 1834, Lenz was elected an
ordinary (full-time) academician of St. Petersburg
Academy of Sciences in physics. He also performed
pedagogical work at the Naval Cadet Corps, at the
Artillery Academy, at the Main Pedagogical
Institute, and in 1835 he was invited to the post of
ordinary professor of the Department of Physics
(separated from chemistry) at St. Petersburg
University, in 1836 he headed the Department of
Physics and physical geography. In 1840 he was
elected dean of the second department of the
Faculty of Philosophy, where he held this position
permanently until his election as rector of the
university in 1863. He wrote numerous textbooks
and manuals on physics, and a manual on physics,
compiled for Russian gymnasiums and published
in 1839, withstood 11 editions.

The English physicist William Sturgeon
invented the electromagnet in 1825. At that time,
there were no data on magnetic properties of iron.
Only in the joint works of Lenz with Boris Jacobi
«On the laws of electromagnets», «On attraction
of electromagnets» and «On the influence of
current on intensity of magnetism excited in iron»
were given methods for calculating electromagnets
in electric machines, which were used before the
laws of the magnetic circuit were established. In
them, proportionality of action of the electromagnet
to the current strength and the number of turns of
the coil (in modern terminology, the number of
ampere-turns) was established [20].

In 1841, another English physicist James
Prescott Joule (Jule) published his work «On the
heat given off by currents», but in the Royal Society
of London (the scientific society of Great Britain),
it faced some justified objections and the members
demanded additional experimental clarifications
from him. Lenz investigated the tangent-compass
(adevice for measuring current invented by Johan
Jakob Nervander, checked validity and
substantiated to his contemporaries the law of the
German physicist G. S. Ohm and investigated the




heating effect of currents, the results of which he
communicated to St. Petersburg Academy of
Sciences in his reports in 1842 («On the laws of
release of heat by galvanic current») and in 1843
(«On release of heat in wires»). In these reports,
he proved the dependence of resistance of metals
on temperature and the main provisions of the
thermal action of current, called the Joule—Lenz
law, with accurate and experimental data: the heat
released by the current is proportional to resistance
of the conductor, the square of the current
strength, time and does not depend on any of its
other properties. This was one of the prerequisites
for establishing the law of conservation and
transformation of energy. Currently, the Joule—
Lenz law is based on calculation of electrical
heating devices, the choice of cross-sections of
overhead wires and cores of cable power lines,
fuse-links, and thermal releases of devices for
protecting electrical installations from overload
and emergency modes of short circuit [21; 22].
In 1844 Lenz derived a formula for determining
the current in any of the parallel-connected
branches containing sources of electromotive
forces, which was the predecessor of two laws for
branched electric circuits, discovered in 1847 by
the German scientist G. R. Kirchhoff [12—15].
In 1845 Lenz became a Full Member of the
Russian Geographical Society, was elected to the
Council, and until the end of his life he performed
agreat and versatile work in it. In 1851 he published
his fundamental work «Physical Geography»,
which was reprinted several times in Russia and
abroad. In it, he examined the structure of the
earth’s crust, the origin and continuous movement
of'the rocks that form it, and which affects the relief
of the continents. Three factors were noted that
cause a continuous change in the land surface:
volcanic forces, the influence of waters assisted by
the atmosphere and organic creatures, and the
patterns of daily and annual variations in air
temperature and pressure, wind activity, water
evaporation, condensation of water vapour and
the formation of clouds, electrical and optical
phenomena in the atmosphere. The origin of the
blue colour of the sky, rainbow, circles around the
Sun and Moon was explained. The scientist found
the reason for the slight increase in water
temperature with depth in the zone south of 51
degrees south latitude and noted that a similar
inversion should take place in the Arctic Ocean.
Thus, he anticipated the discovery of the Norwegian
Arctic explorer E Nansen, who discovered warm
Atlantic waters in the deep layers of the Arctic basin
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during his expedition in 1893—1896. He also found
that salinity of water in the ocean changes little
with depth, and in the upper layer decreases with
latitude. However, the highest salinity is observed
not in the equatorial zone, but in areas near the
tropics due to strong evaporation. The density of
water increases with latitude and depth due to a
decrease in water temperature in these directions.
Therefore, according to Lenz, in the World Ocean,
along with currents caused by wind and the slope
of the bottom surface level, there should be a
general and no less strong movement of surface
water from the tropical zone to high latitudes and
movement of deep waters from these areas to the
tropical zone. This circulation, the existence of
which has been confirmed by subsequent
observations, is one of the most important causes
of water exchange between low and high latitudes.
It also determines the flow of cold waters from the
Indian, Atlantic, Pacific, and Arctic oceans into
the deep layers of temperate and low latitudes.
Lenz gave methodological instructions for
determining velocities of currents in a navigational
way and suggested that the orbits of particles in
wind baths are ellipses. According to his position,
the main reason for the processes taking place in
the Earth’s atmosphere is solar radiation, the
largest part of which is absorbed by the oceans,
huge reservoirs of moisture and heat. It is spent
mainly on evaporation of water, causing its
circulation in nature, and forming the climate on
Earth. Lenz was the founder of the theory of
interaction of the oceans with the atmosphere, and
his work «Physical Geography», containing
accurate and reliable oceanographic observations,
was of great importance in development of earth
sciences.

In 1846, the German physicist W. E. Weber
experimentally established that, contrary to
Faraday’s law of electromagnetic induction, the
electromotive force of electric generators when
connected to an external electrical circuit is not
proportional to speed of rotation of its shaft.
Weber explained this by the fact that iron of the
generator’s magnetic circuit does not have time
to accept full magnetization when the electric
field changes rapidly. Lenz collected a large
amount of experimental material on a
magnetoelectric DC generator. He made three
reports in the St. Petersburg Academy of
Sciences on the work «On the influence of speed
of rotation on the induction current produced
by magnetoelectric machines»: in 1847, 1853
and 1857. He put forward his own explanation
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for decrease in the electromotive force, which
is currently called the reaction of the armature
when an electric current flows through it. It is
necessary to consider not only the currents
induced in the rotating armature of an electric
machine by the magnetic field of the poles, but
also currents from self-induction in the armature
winding. His proposal to displace the brushes by
a certain angle relative to the neutral geometric
line of the collector in order to eliminate
sparking is still used in electric machines
(generators and motors) of direct current in the
presence of additional poles with a rated power
of up to 300 W, and in their absence — with a
power of up to 1 kW [23; 24].

In 1853 Lenz first established the phase shift
of an alternating current relative to the phase
of a sinusoidal voltage, and in 1857 he invented
aswitch, i.e., invented a device for studying the
shape of the curve of the induced alternating
current. He determined the condition for the
maximum useful power of the source of
electrical energy when the internal resistance
of the source and the external circuit are equal
to each other. This condition of the mode is
currently used in low-power electronic devices
for telemechanics, communications, auto-
mation, and control.

Emilius Christianovich Lenz died suddenly
during an overseas vacation and vision therapy
in Rome on February 10 (January 29, old style)
1865 at the age of 60. He was buried in Rome at
a Protestant cemetery. He established the Lenz
law and the Joule—Lenz law, confirmed Ohm’s
law and for the first time in electrical engineering
he managed to establish a connection between
electromagnetic and electrodynamic phenomena
[25]. For his scientific work in the field of
electrical engineering and geophysics, he was
elected a corresponding member of the Academy
of Sciences in Turin and of the Berlin Academy
of Sciences.

Emilius Lenz lived all his life in the Russian
Empire, but he never learned Russian, which
did not prevent him from becoming the founder
of the national school of electrical engineering.
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