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ABTOpPbI paccMaTpunBaloT BOrpPoCh! Hay4YHOM

1 n3obpetaTesibCKoii AessTesIbHOCTU POCCUIACKNX
Y4EHbIX U UHXEHepPOB B 06/1aCcTy TpaHcnopTa

B KOHLe XIX—Ha4yane XX Bekos. [loka3aHoO, 4YTO
noBbiLLeHUe POJIN UH)XEHEPHO-TEXHNYE€CKOro
ob6pa3oBaHus B CTpaHe Obl10 CBSI3aHO

C 3agaqYamMu UHAYCTPUanu3aunm, B 4aCTHOCTU —
pa3BuTUEM TPAHCITOPTHOM CUCTEMBI.

bBosnbLuoii BK1an oTeyecTBeHHasi Hayka BHecna

B co3gaHue TpaHCrnopTa Ha 3J1eKTpn4eCcKom

TSAIre — MarucTpaJsibHoro xese3Ho40OpPO)XHOro,
ropoAcKux TpamBaeB, 3/1eKTPOMO6Ueii.
OnbiTHbIE PaBGOThI M0 UCMOJIL30BAHUIO FOPOACKOro
pPesibCoBOro TPaHcrnopTa 6bl/IN BbINOIHEHbI

@. A. Mupouyknum, TeopeTnyeckoe o60cHoBaHue
nepeaa4v NOCTOSHHOI O 3/IEKTPUYECKOro Toka
Ha AanbHue pacctossHus gaHo []. A. JlTaynHoBbIM,
cyLecTBeHHbI MMOHepHbie TpyAabl . B. PomaHoBa
no co3agaHuIo rnoaBeCHOV MOHOPEJIbCOBOM
Aoporun. Umneparopckoe Pycckoe Texun4yeckoe
00LLYEeCcTBO BbICTYNNIIO OPraHn3aTopomMm

nepBbiX B MUPE MeXAYHapOoAHbIX Cbe340B

¥ BbICTaBOK, Ha KOTOPbIX Oblav NpeAcTaB/eHbl
ABUratesnu A4ss aBTOMOOGU/IbHOro TpaHcrnopTa

M CaMOJIETOCTPOEHUS.

Knoyessbie cioBa: nHxeHepHoe obpasosaHue,
Wmnepartopckoe Pycckoe TexHuyeckoe 06LecTBo,
PEJILCOBBIV TPAHCIOPT, TPAHCIOPT Ha 3JIEKTPUYECKOM
Tre, ABUraTesiv BHyTPEHHEro CropaHus, UCTopus
HayKu 1 OTEe4ECTBEHHOIr0 U3006peTaresbCTBa.
|
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KOJIECO NCTOP

Opend TpaHCNOPTHLbIX
TEeXHONIOrMN U NuaepbsLl
npouecca

Cmuoix Anexcandpa Dédoposna — 0okmop usuro-
Mamemamu4ecKux HayK, 3aeéedyouas Kaghedpoi
Guzurxu Mockoecko2o asmomoounbHO-00pONCHO20
20Cy0apCcmeeHH020 MeXHU4ecK020 YHugepcumema
(MAJIH), Mockea, Poccus.

Kysemuna Hamaava bopucoena — cmapuiuii
npenodasamens kaghedpsl huzuxu MAIHU, Mockea,
Poccus.

a COBPEMEHHOM 3Talle pa3BUTHS 00-
IIIeCTBAa, KOTJIa pOCCUIICKOE rocymap-

CTBO peIllaeT 3agadyi MOJICPHU3AIINN
9KOHOMUKM, UCTOPUUYECKUI OIBIT UMEET
ocoboe 3HaueHue. B oreuecTBEHHOM UCTOPHO-
rpaduy HEe CTOJIb MHOTO MECTa yIeNIsIeTCs
W3yYCHUIO IeATeIbHOCTU YaCTHBIX W OOIIe-
CTBEHHBIX OpTraHW3alyii, HAIIPaBJICHHOM Ha
CO3IaHNe U YKPEIICHUE TTPOMBIIIUICHHOCTH.
Tem He MeHee BoImpocaM (pOPMUPOBAHUSI
B KoHIIe XIX Beka oTpaciieBbIX 00be TMHEHUIA
B BUJIC CHE3I0B IMPOMBITTUICHHUKOB JOOBIBAIO-
IIUX ¥ 00pabaThIBAIOIINX OTPACICii, a TaKXKe
TPaAaHCIOPTHUKOB MOCBSIIEHB OTACIbHBIC
HCCIIeOBAaHUS POCCUMCKNX UCTOPUKOB [1],
a TakxXe 3apy0exHBIX [2]. 3aTparuBaimnch
M ITPOOJIEMBI OT€YECTBEHHON MHTCITUTCHITNH,
B TOM UYMCJIC U TEXHUYECKOM, CTAHOBJICHUS
WHXeHepHoro odopa3zoBanus B Poccun [3, 4].
Ha mpoTsckeHUM mocIemHUX IBYX BEKOB
Tepe CTpaHOM CTOUT 3a1ada CO3IaHNs MOIII-
HOI OTE€YECTBEHHOM MPOMBIILJIEHHOCTH, KO-
TOopas HE MMeEeT pelleHus 6e3 pa3BUTHUSI
TpaHCIIOPTHOM cuctembl. He ciiyyaitHO MH-
JKeHepHoe oOpa3oBaHue B Poccuu BenET cBoit
oTcY€T ¢ oTKphiTusd B 1810 rogy B CaHKT-
IletepOypre Muctutyra Kopmnyca uH:xeHepoB
myTeil coobeHnss. OH BBIITyCKaa CITeIIra-
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JIUCTOB C BOMHCKMM 3BaHUEM TTOpy4YMKa JJIst
TPOXOXACHUS CITy>KOBI B MIHTepecax Tocyuap-
ctBa. O0mupHas uMIepust HyXaanach
B YCTPOMCTBE MHOTOUYMCIIEHHBIX M YIOOHBIX
COOOIIEHUI ¥ pa3BUTUU BCEX BUJIOB TPaHC-
mopra. bilaromaps pyccKUM WHXeHepam,
B XIX Beke Obl1a MOCTpOEHA YHUKATbHAS
cUCTeMa ITyTei COOOIIeH s, B COCTaB KOTOPOI
BXOJIMJIM HECKOJIBKO BOJHBIX CUCTEM, pa3-
BETBJIEHHBIE CCTEMBI KeJIE3HBIX U IIOCCEH -
HBIX opor [4].

B arot nepuon B Poccuu Havana ckiaaabl-
BaThCsl HOBasI COLIMATTbHO-TIpOdeccuoHaTbHAsT
OOIIIHOCTh — TEXHUYeCKasi MHTEJTATSHIINS.
WHctutynmoHanbHo ¢ 1866 roga B cTpaHe
CYIIIeCTBOBaJIa OOIIIECTBEHHAsI OpPraHU3aIIsT —
MMnepaTtopckoe Pycckoe TexHruyeckoe obiie-
ctBO (MPTO). OHO ObLI0 CO31aHO MO UHUILIA-
TUBE YYEHBIX U MpernoaaBaTeseil nerepoypr-
CKUX BBICIIX YUE€OHBIX 3aBeIEHUI, HXEHE-
POB U TIpeJCTaBUTENIeil TOCYAaPCTBEHHOTO
arrrmapara v MpoMBIIIIJIEHHOTO KanuTana. st
yneHoB MPTO Oblna xapakTepHa riaBHas
yepTa — CBSI3b BBICIIIETO TEXHUYECKOTO 00-
pa30BaHUS U CTPeMJIEHUS CITyXuTh PonuHe,
CITOCOOCTBOBATH Pa3BUTHIO €€ TIPOMBIIIIEH-
HOCTH ¥ 9KOHOMUYECKOIi He3aBucumocTu. Ha
pyOexe BEKOB 3TU KayecTBa TpeOOBaJMCh
0c000: MHIYCTpUATbHBIE TEXHOJOTUHN TIpe-
TepreBaJv PEBOTIOIMOHHBIE U3MEHEHUS,
3aKaHYMBajach Kjaccuuyeckasl 31moxa mapa
W HAaYMHAJCS TpoIecc NeKTpubUuKau
CUJIOBOTO arrapara BCceil MPOMBIIIIJICHHOCTH,
IIUPOKOTO BHEJPEHUS JBUTATEIC BHYTPEH -
HETOo CropaHusl.

NPOrPECC 3JIEKTPUHECKOW TAIN

[TpencraBuTeNn poCcCUCKOTO HAYYHO-
TEXHUYECKOT0 COOOIIECTBA BHECTU 3HAYNMBIA
BKJIaJ] B pa3BUTHE TPAHCTIOPTA HA JIEKTpUYE-
CKOW TSITe — 3JIEKTPNIECKUX KEJIEZHBIX T0POT,
TOPOJICKUX TPAMBAEB, SIEKTPOMOOUIEH.
B konue XIX Beka B Poccuu Benrch yHUKAb-
HbI€ Pa3pabOTKN MOJBECHBIX MOHOPETBCOBBIX
JIOPOT, CYIIECTBOBAIU MPOEKThI BBICOKOCKO-
pocTHOTO NBVXKeHUsT. OMHOBPEMEHHO C TIPO-
€KTaMU1 HOBBIX TPAHCTIOPTHBIX CPENICTB U U30-
OpeTeHUSIMU TaJaHTIMBBIX WHXEHEPOB IO
Hay4YHOE OCMBICICHUE UHHOBAILIUIA HA CTHIKE
CMEXHBIX TEXHUYECKUX AUCLIUILUIAH, U3yYe-
HUE TEOPETUYECKHUX BOMPOCOB 3JIEKTPO-
¥ TETUIOSHEPTETUKH.

B xypHaine «DieKTpuyecTBo», U3naBae-
moM MPTO, B 1880 romy mosiBunach craThs
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Puc. 1. A. A. Jlaunros (1842-1902).

J. A. JlaunHOBa «DJaeKTpoMeXaHuuecKas
paboTta» 0 IPUMEHEHUH JIEKTPOIBUTATEIEi
U Tiepemade dJIeKTpudeckoit aHepruu. OT-
JIeJTbHBIE BOTTPOCHI MM OBLITH PEIIeHBI Y TTOTY-
YUK OOBSICHEHNE PaHbIIIE, YeM 3TO CIesIaan
KpyITHeliie eBponeickue yuéHble.

Jmutpuii AnekcaHapoBUU, OyIydu Tpo-
deccopom puznku [TeTepOyprckoro JecHOTroO
nHcTuTyTa (puc. 1), mepBBIM 000CHOBAT yC-
JIOBUSI TIEpenadyu MOCTOSTHHOTO 3JICKTpUYIC-
CKOTO TOKa Ha JajbHUe pacctosHust. OH o-
KasaJjl, 4YTo TOJIe3HbIN 3(P(PEeKT dIeKTporiepe-
laul HUKaK He CBSI3aH C COMPOTHUBIICHUEM
LIeTIH, a 3aBUCUT OT OTHOIICHUS KOJIMYeCTBa
000pOTOB reHepaTopa 1 ABuratesis. YToObl
YBEJIMIUTD PACCTOSTHUE, Ha KOTOpOE Tiepena-
€TCsl DHepTusi, He0OXOAMMO MOBBICUTH CKO-
pOCTh 00eMX MaIllMH Ha BEJIWYMHY, OOpaTHO
MIPOITOPIIMOHAIBHYIO KBAIPAaTHOMY KOPHIO MX
COTIPOTUBIICHUS. YBEJIMYCHUE KOJINUECTBA
000pPOTOB 2JIEKTPOTeHEpaTOpa MPUBOIUT
K BO3pacCTaHUIO HATIPSDKEHMST Ha €T0 3aKMax.
IMosToMy 1151 HOCTUKEHUSI HY>KHOTO 3P PeK-
Ta MpH TIepenade SHEPTUM Ha JaJbHUE pac-
CTOSTHUSI TPEOYeTCSI YBEIMINUTD HAMPSIKEHUE
B JIMHUU 3JICKTPOTIEPeIadn.

BouIBOIBI pycCKOTO 3JIEKTPOTEXHUKA OBLITN
Ha3BaHBI «3aKOHOM 2JIEKTPOTIepeIayr» v I10-
JIOXKWJIM HAvyaJio Pa3BUTUIO COBPEMEHHOM
BBICOKOBOJIBTHOM TeXHUKH. [IprMepHO yepe3
roJi K MOoJ0OHBIM BBIBOAAM MPUIIET U (ppaH-
my3ckuii nHxeHep Mapcenb Henpe. B 1882
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Puc. 2. @. A. Mupoukwnii (1845—1898).

TOly OH OpraHW30BaJl Tlepenavy dJIeKTprude-
ctBa HanpspkeHueM 200 B Mexay ropogamu
Mucbax 1 MioHXeH, HaxXOASIIUMUCS Ha pac-
CTOSTHUM 57 KM IpyT OT Apyra. B naynbHeliiemM
Ha ocHOBe pa3pabotok JlaunHoBa u enpe
CTaJIi CTPOUTHCS IMHUY 3JIeKTpoIiepenad Ha-
npstkeHueM oosiee 1000 B, uto ctumynupo-
BaJIO MOSIBJICHUE CHJIOBBIX TPaHC(OPMATOPOB.
Honrue roasl JIJaumHOB paboTan B KayecTBe
9KCIepTa JernapraMeHTa TOPTOBIU U MaHy-
(akTyp, BBIIABABIIETO POCCUICKUE TTPUBU-
Jlernu u3oopeTaresnsiM. Ero moamuck cTout Ha
MHOTHUX 3aKJIIOUYEHUSIX O HOBU3HE B TIpeia-
raeMbIX K MPU3HAHUIO U300PETEHUI U yCcO-
BEpIIEHCTBOBAHUSX B O0JIACTU DJIEKTPOTEX-
HUKU.

IIpenmectBoBanu paboram JlaunHOBa
UIeu U 3KCTIEPUMEHTHI JIPYroTro PycCKOTO
nHxXeHepa — @Enopa AmnrroroHoBu4a [Tupoir-
koro. OH TIPOBOAWII TIEPBBIE OIBITHI TTO TIPU-
MEHEHUIO 3JIEKTPUIECKON TSITU B TOPOICKOM
TpaHCITIOPTE, B pe3yJbTaTe Yero BIIepBbIE
B mupe B [letepOypre B 1875 romy no peabcam
KOHHO-3XE€JIE3HBIX IOPOT OBLI MYIIIEH MOTOP-
HbIl TpaMBaliHbIii BaroH. [lepegaya a1ekTpo-
SHEePTUM OT reHepaTopa K JABUTATENIO 10
MPOEKTY MOJIKHA ObLIAa OCYIIECTBIISITHCS O~
HMM XeJIe3HBIM ITPOBOJIOM, TTPOKJIA/IbIBAEMBIM
T10 M30JIATOPaM, YKPEIUIEHHBIM Ha IEPEeBSTH-
HBIX CTOJIOAX.

«MHave cka3aTp, MpOBOJOKA 3Ta, €&
CKpeTIeHWe CO CToJI0aMu, a paBHO U CaMu
CTOJIOBI, M UX B3aUMHOE PacCTOSTHUE, BCE CUU
TIPEIMETHI CYTh TE K€ cCaMble, KaKue YIoTpeo-
JISIOTCS] B OOBIKHOBEHHBIX Tejierpadax», — M-
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cay [Tupolkuii B MpoIieHny Ha BbIIavy Ipu-
Bwieruu. Ha puc. 3 nmpuBeneHa cxema u3
3TOTO TPOIICHUS IS Tiepeaadynd SHEPTUM Ha
paccTtosiHue. O6paTHBIM IPOBOIOM IIPU 3TOM,
Kak u B Tenerpade, nokHa ObLia CIYXXKUTh
3eMJIs. DJIeKTpUYecKasi IHepTusl rnepenana-
Jlach OT HebousblIoro reHepatopa Ipamma
K 2JIEKTPOABUTATENIO, YAAIEHHOMY Ha pac-
CTOSTHUE OKOJIO OTHOTO KMJIOMeTpa. 24 Mios
1874 roga aBTOp ITOHAI B JEMApTaAMEHT TOP-
TOBJIM Y MaHy(aKTyp 3asiBKYy Ha ToJlydeHue
10-71eTHe NpUBUJIETMY Ha CBOE U300pETEHNUE.

B Hauaie 1880 roma IMupoikuii Haucan
noxnan st UPTO «Ilepenaya cuiibl Ha Jiioboe
paccTosiHUE C TTIOMOIIBIO TaTbBAHUYECKOTO
ToKa (IMMPOBOAHUKU — PEIbCHI U MPOBO.),
B TOM YHCJIE€ U JIJTsI ABIDKEHUS TI0e310B». [1o-
HUMast HEITPUTOIHOCTb UCTIOIb30BaHUSI PO~
BOJIOKU JJISI TIepegadyu 3JIEeKTPOIHEPTUHU
0OJIBIIION MOIIHOCTUA Ha OOJIBIINE PACCTOS-
HUSI, MHXEHep IMpejjiarai UCIoJb30BaTh
B KauecTBe MPOBOAHUKA PeJbChl, 00Iaaat0-
1ye 3HaYUTEJIbHO OOJBIITMM cedeHreM. He-
CMOTpS Ha TO, UTO MPEeAJIOKeHUe 00 yBeJuye-
HUM CEYEeHUSI TIPOBOJIOB MPU yBEJIUUYECHUN
repeaaBaeMoii MOITHOCTY WMJIA PACCTOSTHUST
rnepenavyu SBIsSeTCs OMMOOYHBIM (TT03%e
OyneT Joka3aHa BO3MOXHOCTb YMEHBIIEHUS
MOTEPh IMYTEM yYBEJWUCHUS HATIPSIKEHUS Tie-
penayy rnpy MpUMeHEHUH TIPOBOIOB OTHOCH -
TeJIbHO HEOOJIBIIOr0 CEYeHUs ), JO0bIE MO~
MPaBKU HE YMAJISIOT 3aCIyr U300peTaTesis.

B 1876 rony ITupoukuii 310KUI PE3Yib-
TaThl CBOMX PabOT B CTaThe, HalleYaTaHHOM
B «MHXeHepHOM XypHaye». B uucie e€¢ yu-
Tareseil okasancs BepHep CumeHc — riiaBa
HeMel Ko ¢pupMbl «CumeHc U Tanbcke».
B 1879 rony unes nepenauyu 21eKTPOIHEPTUN
10 peJIbcaM JUTsl ABUKESHUSI UTPYIIEYHOM Ke-
JIE3HOW JAOpOTU ObUIa MPOAEMOHCTPHUPOBAaHA
9TOM (pupMoii Ha beparHCcKO MPOMBIIIUIEH-
Ho#l BbicTaBke [5]. [TutaHue nBUraTesst Bbl-
CTaBOYHOTO JIOKOMOTHBA TIPOU3BOIUIIOCH OT
TPEThEeTo, KOHTAKTHOTO TTPOBOJIA.

Ha niepBoii B MUpe 371eKTPOTEXHUYECKOM
BbicTaBKe B [leTepOypre 26 mapra 1880 rona,
opranuzoBaHHoit UPTO, 6obllioe BHUMaHue
YAEJISI0Ch YCTPOUCTBY MpeasiokeHHo TTu-
POLIKMM 3JIEKTPUYECKOM XKETE3HOU TOPOTH.
DKcnepTaMu U OTIMMOHEHTAMU BBICTYITAIN
aBTOPUTETHBIC YIEHBIe U WHXEHEPHI, Cpean
Kotopbix 0bu . A. JTaunHoB, O. 1. XBoJib-
coH, II. H. A610oukoB. I1pu aTOM Bompoc
TPUMEHEHMUS JIEKTPUIECKOM TSTH JIJIST TPAHC-
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Puc. 3. Cxema . A. lMupouykoro Ans nepegaym 371€KTPO3HEPrun Ha paccTosiHue.

TopTa CUMTAJICS PEIIEHHBIM, HUKTO €T0 He
ocrmapuBa, 00CYXIaqUCh JIMIIb YaCTHHIC
JETAIA DJIEKTPUUECKOTO TOPMOKEHMSI, CHUT-
HaJIM3allUM U TIpoYee.

JL1s IMPOKOTO MTPaKTUIECKOTO TPUMEHE -
HUST HA MaruCTPaJIbHBIX XEJIE3HBIX JOpOTrax
n3obpeteHus [Tupoikoro, Kak 1 TeopeTnye-
CKUe ToJjioxkeHust JlJaunmHoBa 11O UCTIOJIb30Ba-
HUIO TTOCTOSTHHOTO 3JIEKTPUYECKOTO TOKa,
ObLIM HENpPUTOAHBI. TOJBKO B pe3yJibTaTe
TIOSTBJIEHUST PA0OT IPYTOTO PYCCKOTO MHXKEHE-
pa M. O. JoamnBo-J106poBOIBCKOTO, N300pe-
Taresis TpéxcdazHoro Toka, B 1889—1891 rogax
0Ka3aJI0Ch BOBMOXKXHBIM TTPUMEHEHUE JIEKT-
POBHEPTUM Ha MarucCTPaJIbHBIX XKeJIe3HOI0-
POXHBIX ITyTSIX [6]. PeTpoCIIeKTUBHBIN B3IISI
Ha JKCIUTyaTalMio CUCTEM 3JEKTPUYECKOMN
TSTU Ha XeJIE3HOTOPOXKHOM TPAHCIIOPTE KaK
Ha TOCTOSIHHOM TOKE, TaK M TePEeMEHHOM
MnpeacTaBiieH B cTaThbe [7].

Wpaeu [Muponkoro HalwIm CBO€ BOTUIONIE-
HUE B CTPOUTEIBLCTBE TOPOJCKOTO TpaMBasi,
KOTOpBIi ObL TyiieH B Kuese B utoHe 1892
roza. OcyiecTieHre eporo B Poccum mpo-
€KTa TpaMBasl LIEJIMKOM 3acJTyra pyCCKUX WH-
JKEHEepOB, CAENaBIINX 3TO 0e3 BCSIKOTO yya-
CTUST MTHOCTPAHHOTO KaruTaia U MHOCTPaH-
HBIX CIIELINAJTCTOB.

Bospiroit BkiIaa B pa3BUTHE TpaHCTIOpTa
3JIEKTPUICCKON TITOM OBIT BHECEH Mpodec-
copoM K1eBcKOTo MmoJIMTEXHUIECKOTO MHCTH -
TyTa [puropuem Imurpuesudem dyodenupom,
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Puc. 4. T. 1. Ay6enup (1874—1942).

KOTOpBIi okoHus B 1898 romy IletepOypr-
CKUI MHCTUTYT UHXXEHEPOB MyTei COOOIICHUST
" M3ydasa TpamBaliHoe neno B [epmaHum,
Benasrum u Aurmuu (puc. 4).
DaekTpuUKaIUI TOPOACKOTO 00IIme-
CTBEHHOTO TpaHcTiopTa B Poccuu 11w1a B HOTy
CO BpEMEHEM U TTOJTHOCThIO COOTBETCTBOBAJIA
COCTOSTHUIO HayYHOU MBICIN U YPOBHIO TEX-
HOJIOTUYECKOTO TpoTrpecca TOTO BpeMEHMU.
B 35 ropomax mMmIiepuu TpaMBaii CTaj IJIaB-
HBIM BUIIOM OOIIIECTBEHHOTO TpaHcIopTa [8].

Cmbik A. ®., KysbMmuHa H. B. [ipeiid TpaHCNOPTHBIX TEXHONOTMA U NNAEPbI NpoLiecca




Puc. 5. U. B. PomaHos (1864—1944).

B 1902 romy dybenvp cuenai ToKjaam B KOMUC-
CHH, BO3IJIABJISIEMOM TITaBHBIM MHCITEKTOPOM
pOCCUIiCKUX XKeJle3HBIX nopor A. . Topyako-
BbIM, «O0 OCHOBHBIX TPUHLIMITIAX TPOEKTUPO-
BaHUS MPOQUJIIS XKeJIe3HBIX JOPOT C SJICKTPH -
YECKOI TSAroii». Pa3BuBast Hay4HbIE MOJIOXE-
HUS TUTAHUPOBKU TOPOMIOB, OH M3l KHUTHU
«YCTPOMCTBO M PEMOHT IIyTH PYCCKUX TPaM-
BaeB» (1902 ) u «Topoackue 31eKTpuIecKmne
TpamBau» (1908 r.), KOTOpBIE MOJTHE TOIBI
OBLTM HanboJee pacIpoOCTPaHEHHBIMU TTOCO-
OMSIMU JJTSI CTYICHTOB BBICIIIMX TEXHUYECKHIX
YUeOHBIX 3aBEACHUIA IO TOPOICKOMY 3JIEKTPO-
TpaHcTopTy [9]. Y4€HbIII MUPOBOTO YPOBHSI,
Jlybenup ygyacTBOBaJI B CTPOMTEILCTBE TTEPBOIA
B Poccum anexTpuyeckoii xene3Hoi 1oporu
Jlon3p—3rex n Jlon3p—ITabbsHUIIE, 3aHUMAT-
Csl BOIIpOCAaMM TUIAHUPOBKU TOPOIOB, OBLT
OHUM M3 OPraHM3aTOPOB BBHICIIIETO aBTOMO-
OMJIBHO-I0POXHOI0 00pa30BaHUsI B CTpaHe.
B konie XIX Beka mogBuiioch OOJIBIIOE
KOJIMYECTBO ITPOCKTOB COOPYKEHUS JICKTPH -
YeCKOro TpaMBasi KaK OT OTAEJIbHBIX JIUII, TaK
1 OT aKIIMOHEPHBIX 0o01ecTB. Cpean 3TUX
IMPOEKTOB 3aCTy>KMBAaeT 0COOOTO BHUMAHUS
pabora pycckoro nHxeHepa Mnmonaura Bna-
nuMmupoBnya PomaHOBa, KOTOPBIM M3BECTEH
KaK M300peTaTesib MePBhIX IEKTPUUECKUX
aBTOMOOWUJIE — 2JIEKTPOOMHUOYCOB JIJIsI TO-

® MWP TPAHCIMOPTA, Tom 16, N2 5, C. 246258 (2018)

poackoro TpaHcnopTa (puc. 5). OmHOBpeMeH -
HO C KOHCTPYHMPOBAHUEM 2JIEKTPOMOOUIICH OH
pa3pabaTbIBaJl UJIEI0 CO3MAaHUS TTOABECHOU
MOHOPEJTbCOBO XKeJIE3HOM TOPOTH C 2JIEKTPO-
TIPUBOJIOM.

[1aBHBIN 27€MEHT TOPOTH — periéTyaTast
nyTteBass 0ajnka OblJla MOJABElIeHA Ha
I'-00pa3HbIx peméryaTeix onopax. Ha d6anky
CTAaHOBWJIMCh JBE IBYXOCHBIE XOJIOBBIE TEIEXK -
KU1, K KOTOPBIM Ha TIPYXXMHHBIX aMOPTU3ATO-
pax TOMIIMBAJICS OOBIKHOBEHHBINM TpaMBali-
HbII BaroH. Tesexxka Obl1a CKOHCTpyMpOBaHa
TakK, 4YTO OXBaThIBaJla 0ajKy ¢ TpEX cTopoH. Ha
BEepXHEil e€ ruronanke Kpenuianuch 2JIEKTPO-
MoTOp (MOIIIHOCTh 6 KBT, TOK muTaHus mo-
CTOSIHHBIN, HampsikeHuem 100 B), a Takke
XOJIOBbIE U OeTyHKOBBIE Kosiéca. Ha 60KOBBIX
TTOBEPXHOCTSIX TEJIEKKHM TOPU30HTATIBHO OTHO
HaJI IpyTUM ObIJTM TTIOMEIIIEHBI 1O 1Ba HaITpaB-
JISTIOIIMX KoJieca. biaromapst Takoil KOHCTPYK-
UK, TeJexXKa HaAEXHO yaepKuBajach Ha
O6anke. CKOpPOCTh TeJeXKU He MpeBbIlIaIa
15 kM/4 (3TO OBUIO TOCTUTHYTO BHIOOPOM
MaJjioro auaMeTpa XoJ0Boro Kojieca — 12 cm).
Bec Barona cocrasisut 100 mynos (1638 kr),
¢ rpy3oM (6amnact) — 200 mynoB. BeicoTta ot
3eMJIM 10 IHUIIA BaroHa — 75 cM. B 1900 roay
o [leTepOyprom MpoIUIM YCTIEITHBIE KUC-
MBITAaHUS TIOJBECHOTO JIEKTPUIECKOTO TPaM -
Basi, UI3TOTOBJIEHHOTO 1IEJTMKOM TI0 YepTesKaM
aBTOpa U TIPU €ro HeTOCPEICTBEHHOM y4Ya-
ctun. [TonBecHast MOHOpETLCOBAST XKeJie3Hast
JIopora ¢ 3JIEKTPOIPUBOAOM TOJIydyMsIa Ha-
3BaHUE «I0pOTa CUCTeMbI MHXeHepa PomaHo-
Ba», Ha He€ ObLT BbiAaH B 1900 roay poccuii-
CKMIA TTaTEHT, a MO3Ke U aMepPUKaHCKUIA.

PomaHoB mpeiaraia CTpoUTh MOHOPETb-
COBBIE JOPOTU TPEX THUIIOB: JUISI TTIEPEBO3KU
TOYTHI M JIETKWX TOCBUIOK; JUISI TIePEBO3KHU
Tpy30B 0O0JIBLIOr0 00BbEMA U Beca: xyieda, pybl,
KaMHSI, 3eMJTU 1 LIEMEHTAa, a TaKXKe JUIS Tepe-
BO3KM MAcCaKMPOB 1 O0JIbIIMX Ipy30B. B 1905
roxy B UPTO uHxeHepoM IyTeil cooO1eHus
B. C. MeneHnTbheBbIM ObLI caeiaH «Jlokiaamn mo
BOITPOCY 00 OCYIIECTBICHUH TTOIBECHOM Ke-
JIE3HOM 1IOPOTH C 2JIEKTPUUECKOM TATOM CUC-
Tembl PomaHoBa mexy CaHkT-IleTepOyprom
1 MockBoii». B HEM ogpoOHO paccMOTpeH
BapUaHT CTPOUTEILCTBA TPACCHI BIOJb IMHUN
cyllecTByloleil HukonaeBckoi xejie3Hol
noporu [10]. ITpoekT ogoOpeH MUHUCTEP-
CTBOM IyTeii COOOIIeHUsI, HO (hMHAHCUPOBA-
HUE €ro CTajio Hepa3pelrrmMoi mpooaemMoit
B YCJIOBUSIX HavaBIIEHCs PyCCKO-SITTOHCKOM
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BOIHBI, a 3aTeM U BeTyrieHust Poccuu B [ep-
BYIO MUPOBYIO BOIHY.

PASPABOTKA ABC

B rcTopnu TeXHOIOTUYECKOTO Pa3BUTHS
CTpaHBbI €CTh HEMAJIO ITPUMEPOB BKJIala UHO-
CTPaHHBIX TPAXIaH, TOJITOE BPEMSI TTPOKU-
BaBIIUX U JaXKe BITOCJICACTBUN MPUHSIBIINX
poccuiickoe TTOAIaHCTBO, Ybsl MHXEHEpHas,
n3obpeTaresbckas U KomMepuecKast Jes -
TEJIbHOCTh CITOCOOCTBOBAJIM ITPOTPECCY OTE-
yecTBeHHOTO TpaHcmopTra. K mx gucny
MOXHO oTHecTH JItonBura OMMaHyuiI0BAYA
Hob6ensa u I'ycraBa MBanoBuua Jlucrta. Ak-
tuBHBIe WicHBI UPTO, oHM yyacTBOBalu
B TIPOCBETUTEIbCKOM esITeTbHOCTH, Hapa-
1IMBAJIM CBOY OM3HEC Ha 6J1aro poccuiickoi
9KOHOMUKH.

Jlronsur HobGesb n3BecTeH Kak OCHOBA-
Tenb «ToBapuiecTBa HEPTIHOTO TTPOU3-
BojacTBa 6patbeB Hobenb», omHOU U3 yy-
mux B Poccuu u EBpone KomMmaHuu mo
noOblue, nmepepaboTke U TPAaHCIIOPTUPOBKE
HedTH (puc. 6). OH BHEC OTPOMHBIN BKJIaJ
B pazButue MPTO, aBisicsad MHULIMATOPOM
BBEJICHUS Y HAC METPUIECKOI CUCTEMBI Mep,
OTMeTUJICS psiaoM usoopeteHuii. [Tocne ero
cMepTu « ToBapuIiecTBO HEPTIHOTO MTPOU3-
BoncTBa OpatheB Hobenb» 00paTuiock B co-
BeT MPTO c mipenyioxxeHreM yIpeauTh 30-
Jotytlo Menanb umenu JI. B. HobGensa 3a
«JIyd1iee COUMHEeHWEe WY UCCIIeJOBAaHUE T10
MEeTaJUTypTU1 U He(DTETTPOMBITTUIEHHOCTH,
WM 3a KaKue-JIu0o BblAaonuecs u3oope-
TEHUs WU YCOBEPIIIEHCTBOBAHUS B TEXHUKE
3TUX TTPOU3BOJCTB, TPUHUMAsi BO BHUMaHUE
HanOoJIbIIIee NX MPAKTUIECKOe TPUMEHEHNE
K pa3Butuio B Poccumn». M 310 Ob11a IepBas
HoGenesckas npeMus, 3a00Jr0 A0 yYpexK-
nenust Anbdpenom Hobenem Toit, 4TO HbIHE
npucyxnaetrcsa LIBenckoit KoponeBckoit
aKkaJaeMUei.

CorHoBbs JI. D. Hobenxsa mpomoKuim
BECTH JIeJI0 TOBAPUIIIECTBA HE(PTSIHOTO TTPO-
W3BOJACTBA, U UX HedTenbHocTh B UPTO
ObLyIa CBSI3aHA C pa3BUTUEM JABUTATEJIECTPOC-
Hus. [IpuobpeTs maTeHT Ha U3TOTOBJIECHUE
IBUTaTeNeil BHyTpeHHero cropanus (IBC)
cuctembl Juzens, «3aBox JIltonpura Hobems»
TIPUCTYTIAJI K UX TIPOU3BOICTBY, KOHKYPHUPYS
C JIYIITUMHA UHOCTPAHHBIMU TIPE I PUS TS -
mu. 3acayra JI. D. Hobenst cocTostia B ToM,
YTO OH HAIIE OPUTUHATIBHOE PELIeHUE JIJIst
paboTsl nBUTaTesst Jlusess Ha ceipoil HeTH,
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Puc. 6. J1. 3. Hob6enb (1831-1888).

co3/iaJl ero BapMaHT, KOTOPBIN CTal Ha3bl-
BaThCs «PyCCKUM JIBUTATeNIeM». B moxirame
HNPTO npodeccop Cankr-IlerepOyprckoro
TEXHOJIOTUYEeCKOTO MHCTUTyTa leopruii
Hernm roBopwut o auratesne Hobemnst: «Ctonb
XOpOIIIME Pe3yJbTaThl, TMOJYdeHHBIC MTPU
JNIBUTATEJISIX, TTOCTPOCHHBIX HAa OMHOM M3
HaIllUX PYCCKMX 3aBOJIOB, BeChMa 3aMeda-
TEJIbHBI... 0€3YKOPU3HEHHO UCIIOJTHEHHBIC
pycckue HeTSHbIEe IBUTATEIN HE YCTYTIAl0T
3arpaHu4HbIM» [11].

ITo 3aka3zam «ToBapuiecTBa HEPTIHOTO
npousBoiacTBa OpateeB Hobenb» B Poccun
BIIEPBBIE HAYAJIOCh CTPOUTEIHCTBO HedTe-
HaJIMBHBIX TETUIOXOJIOB C TU3EIbHBIMU JIBU -
rarenssMu — Ha COpMOBCKOM 3aBOJIE TU3ETTh-
anekTpoxonbl «Banmam» (1903 1), «Capmar»
(1904 .). CBou maTeHTHBIE TIpaBa Ha TIPO-
W3BOJICTBO ABUTATEJIEI TOBAPUIIECTBO Opa-
TheB HoOesrs Bckope mepeyctynmno O61e-
ctBy KosloMeHCKOTO MallmmHOCTPOUTEIBHO -
ro 3aBojia, PMKCKUM UYyTyHOJIUTEHHOMY
1 MalllMHOCTPOUTEJIbHOMY 3aBoiaM, Huko-
JIaeBCKOMY CYIOCTPOUTETHLHOMY 3aBOJLY, UTO
TTOCTTY>XUJIO OBICTPOMY PACIIUPEHUIO BBI-
IycKa JBUTaTeJIeil HOBOTO TUIIA U BHITECHE-
HUIO TTPOM3BOACTBA MAPOBHIX MAIIIVH.

B navane XX Beka Iyctas Jluct (puc. 7)
OBLT BJIANENTbIIEM KPYITHBIX MAaIIMHOCTPOU-
TETHHBIX 3aBOJIOB, BBIMTYCKABIIINX TTOKAPHBIC
U MEJTbHUIHBIE HACOCHI, XUMUIECKIE OTHETY-
IIUATENN, TTIOXapHbIe pyKaBa, 00UYKM Ha KOH-
HBIX TOBO3KaX, TApOBbIE MAIIIMHBI, 000PYI0-
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Puc. 7.T. U. JIinct (1835-1913).

BaHWe U TPYOBI JUISI BOJAOHAIIOPHBIX OalieH
JKEJIe3HOMOPOXKHBIX BOJIOKAYEeK BCEil TpaHC-
TOPTHOM ceTn Poccuu, 4yryHHbIe KaHaIM3a-
LIMOHHBIE JIIOKU, TTHEBMAaTUYECKNE CUPEHBI.
J11s1 BOEHHO-MOPCKOTO BeZIOMCTBA €TI0 3aBOJIbI
TOCTaBJISIIA TYPOUHBI, HACOCHI, TIOMITBI —
obopynoBaHue Jlucta cTosio Ha «Bapsre»,
«ABpope», «[TotémkuHe», «Ocnsade», «Iletpo-
MaBJIOBCKE» U IPYTUX KOPAOJISIX POCCUICKOTO
¢nora. BMocKBe OH MOCTPOUII MAITMHOCTPOM-
TEJILHBII 3aBOJI, TPU KOTOPOM CYIIIECTBOBAIN
YHUKaJbHAsl TeXHUYecKass OubauoTeka,
KOHCTPYKTOPCKOE 0I0pO 1 IITKOJIa YePTEKHM -
koB. [IpuuéM 1 caM, Kak BBISICHWJIOCH, 3a-
HUMAJICS CO3aHUEeM HOBBIX U YCOBEpIIEH-
CTBOBAHMEM CYIIECTBYIOIIMX IBUTATENCH
BHYTPEHHETO cropaHus. PaHee Hem3BecTHas
n3obperaresbckas aesateabHocTh I Y. JIucta
U OTKMCAaHUE €r0 N300PETEHMS IBYXTAKTHOTO
kepocuHoBoro JIBC npeacraBieHbl aBTOpamMu
cratbu [12].

OTKa3aBIIMCh OT MAPOBOTO KOTJIa, KOTO-
pBIii SBJISITICS Haubosiee TPOMO3IKON U [10-
pOTO#l 4acThlO MAPOCUIOBBIX YCTAHOBOK,
TPOMBIIIIJIEHHOCTD IMTOCTETIEHHO TIepex0oamnia
K MCTIOJIb30BaHUIO 00Jee IKOHOMUYHOTO
JIBUTaTeJIsI BHyTpeHHero cropaHus. C mosis-
senueM [IBC cBsi3aHO U MaccoBOe MPOU3-
BOJICTBO aBTOMOOWJICIi, a TaKXKe IMOsIBJICHUE
aBuacTpoeHust. Hauunas ¢ 1860 rona, B pas-
HBIX CTpaHaX YCWJIMS U300peTaTesieii 1o co3-
JIAHWIO TIOJIOOHBIX IBUTATENIC C JIyIIIMMU
rnmapamMeTpaMy ObUIM CKOHIIEHTPUPOBAHBI
BOKpPYT IMOMCKa HanboJiee pallioHaIbHOTO
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TePMOJMHAMUYECKOTO LIUKJIA, KOHCTPYKIIUU
U PaCTIONIOKEHUS TTOPIIHEH, UCTIOIb3yeMOU
roproyeil cMecu, CUCTEMbI TTOJIKUTA U PETy-
JIMPOBKU MOJa4y TOPIOYE CMECH.

Nnxenep-mexanuk E. B. bpomiieit, onun
u3 BiajaenbleB «Oo6iiecTBa 6patbeB bpom-
Jiei» , 3aHMMAaBLIErocs IBUTaTeIECTPOCHUEM,
BeIMYCKHUK MIMIiepaTtopckoro MockoBcKoro
BbICILIEro TexHuyeckoro yuwiuiia (MMBTY),
HaIcaJl KaluTaJdbHBINA Tpyd «Ia30BbIe, OeH-
3UHOBBIE U KEPOCUHOBBIE ABUTATEIU»
(1900 .). DTa KHUTa MOSIBUJIACH B CBSI3U C KOH -
KypcoM, 00bsIBJIeHHOM [loJUTEXHUYECKUM
obiectsoM nmpu UMBTY. B Heil He TOJIBKO
WCTOPUS IBUTaTesIell BHYTPEHHEro CropaHusl,
HO U aHaJIN3 SIBJICHUI, TIPOUCXOASIINX B 11 -
JIMHApaX, pacy€Thl pa3IUYHBIX TapaMeTPOB
JABC — temriepaTypbl U 1aBieHUsI, CKOPOCTU
CTOpaHUS, OXJIAXKIAIOIINX TOBEPXHOCTEN.

B aTOT Xe meproa u3BECTHOCTD MOJYYaloT
TeopeThyeckure paboThl MO TEIJIOBOMY pac-
yéry JIBC npodeccopa UMBTY B. U. Ipu-
HeBewkoro [13]. B 1906 rony oH mpeaaoKuI
COOCTBEHHYIO KOHCTPYKIIMIO IBYXTAKTHOTO
JIBUTATesIsi BHYTPEHHETO CTOPaHUS TBOHOTO
paclIMpeHUs.

CraBg nepea coboit 3agauy coaencTBus
Pa3BUTHUIO TEXHUKHU U MTPOMBIIIICHHOCTH
B Poccun, MPTO npornaraHanpoBasio Jyqiinmne
JIOCTUXKEHUS OTeYECTBEHHBIX MHKeHepoB. Ha
3acelaHusIX OOIEeCTBa CTABUJIMCh TOKJIAbl
O HOBBIX KOHCTPYKIHUSIX AU3€JIb-MOTOPOB,
peBepcuBHBIX JIBC, mprMeHeHUY UX B TOPO/I -
CKOM U XE€JIe3HOIOPOXKHOM TPAaHCIIOPTE, Ha
MOPCKMX U PEYHBIX Cydax, 00 aBTOMOOuMJIe-
CTPOEHUU U aBUACTpoeHUU. OTeueCTBEHHbIE
WHXEHEPbl KOMaHAUPOBATUCH 7151 UBYUYECHUS
MUPOBOTO OIbITa, UX OTYETHI OOCYKIATUCh
U MyOJMKOBAIUCH, YTOOBI 00eCIeYUTh K HUM
LLIMPOKUU TOCTYIIL.

Tak, 15 ampenst 1904 roma Ha 3acegaHUA
MUPTO Obln caenaH goKJgaa MHXeHepa
B. C. MenentbeBa «llocceHCKIE ONBITHI IBY-
KeHUS co CKOpocThio 200 KUTOMETPOB B Yac»
[14]. 3HaKOMCTBO ¢ HEMEIKUMU IIPOESKTAMU
W UCCJIENOBAHUSIMM 1aBaJI0 HEMasblil MaTe-
pua i OLIEHKU CUTyallud B COOCTBEHHOM
crpane. B [epmaHuu B 3T0 Bpems ObLIO CO3-
JAHO aKI[MOHEPHOE OOLIECTBO, LETbIO KOTO-
pOro cTaBWJIACh OpraHU3alUsl BBICOKOCKO-
POCTHOTO IBUXEHUS Ha y4yacTKe MeXIy
bepaunom u lambyprom. Ha mpotsxkeHun
HECKOJIbKMX JIET BeJIMCh UCTIBITAHUST TBUKE -
HUS 2JIEKTPONOE310B (OHU MOTYYWIN Ha3Ba-
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Hue [locceHCKue OmbITHI), KOTOpPbIe HAaYMHAa -
JIMCh co ckopocTu 80 KM/4 M 3aTeM, MOCTe-
MeHHO Mpubapss, NOIUIA 10 MpeaesibHOM
ckopocTu 200 Km/4.

Bounbias HaydyHO-UMcCIen0BaTeIbcKast
pa6ora Benack B UPTO mo mpuMeHeHUIOo
OEH3MHOBBIX U KEPOCUHOBBIX IBUTATEJIEH ST
caMos€ToB 1 aproMoowieit. B 1907 romy B Ie-
TepOypre OblIa yCTpOeHa TMepBast MeXIyHa-
podHas BbICTaBKa aBTOMOOMIIE, Ha KOTOPOIt
JIEMOHCTPUPOBAIUCH IKCITOHATHI KPYITHEH -
mux GupM MHUpa, B TOM YKCJIE ONMCaHNe aB-
TOMOOMJIBHBIX IBUTATEJICH, MX CXeMBbI 1 Yep-
TEXMU.

B 1909 rony B MUPTO co3naércst mocTosiH-
Hasl aBTOMOOMITbHO-aBUAIITMOHHASI KOMUCCUST
moja TpejcenaTelbcTBOM mpodeccopa
H. C. JlaBpoBa. YuuTbiBast TMaupyloliee mo-
noxenue Poccuu B Mupe 1o TIpOM3BOACTBY
¥ COBEPIIIEHCTBOBAHMIO IBUTaTeNei Jnzes,
MPTO npuHuMaeT peuieHue o NpoBeIeHUU
c 6o 15 mast 1910 rona B Cankr-Iletepbypre
«Cpe3na nestesieit, 3aHUMaIOIIXCST ITOCTPOE-
HUEM U TIPUMEHEHWEM JIBUTaTeJIeld BHYTPEH -
HETO CropaHMs», Ha KOTOPBIN OBbLIN TIpUTJIa-
IIeHBl MHOTHE BUHbIE 3apy0OeXKHbBIE CIIeIra -
JIMCTHI, BKouast Pynonbga Jluzens. Ha cbesn
npuexanu okojo 200 yenoBek. Cpean HUX
M3BECTHBIE YHUBEPCUTETCKME TIpodeccopa
H. A. beikos, B. U. IpuneBenxwii, I. ®@. Jler,
H. P. bpununr, 0. C. 3epHoB, B. I1. Apiaynos
U TIPEJCTAaBUTEIN BCEX PYCCKUX 3aBOJOB,
CTPOUBIIINX ABUTATEIN, U MHOTUX OpraHu3a-
1WA, CBSI3aHHBIX C DKCIUTyaTallMeil NBUTa-
TeJIEH.

Hecwmotps Ha Bce ycunus 1 TOT GakT, 4To
B 00J1aCTH U300pPETEHUI U Pa3BUTUSI TEOPUU
ABC poccuiickie MHXEHepbl He yCTylmaiu
CBOUMM 3apyOeXHBIM KOJJIeTaM, MacCOBOTO
pa3BuUTHS aBTOMOOMIIecTpoeHue B Poccun
Toraa He mosyuuso [15]. MHorue npoexkThl
1 pa3paboOTKN OTEUYECTBEHHBIX aBTOPOB TaK
¥ He HaIlJIM MMPaKTUYeCKOTO BOILIOMICHMS.
B 3HaunTeILHOM MEPE 3TO CBSI3AHO C TEM, UTO
poccuiickass KpyIHasi MPOMBIIIJIEHHOCTD
BCeTna pa3BUBajIach, OPUEHTUPYSICH TPEUMY -
IIECTBEHHO Ha IOCyJapCTBEHHBIE 3aKa3bl.
Poccuiickuie nHXeHepbl ObLIU U ceifyac ocTa-
[OTCSI TeHepaTOpaMy HOBBIX MJIEH 1 TEXHOJIO-
rui, obelaolx HeMasblii Tporpecc Mmpo-

MBIIIUICHHOCTH W TPaHCIOPTY, HO Ha 3Tare
BHEIPEHUS U KOMMEpILMaJIU3aluK Yallle
BCETO OHU YCTYMAIOT 3apy0eKHBIM KOHKYPEH-
Tam.
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ABSTRACT

The authors consider the issues of scientific and
inventive activity of Russian scientists and engineers
in the field of transport in the late 19t"—early 20t
centuries. It is shown that the increasing role of
engineering and technical education in the country
was associated with challenges of industrialization,
in particular, development of the transport system.
Domestic science has made a great contribution to
creation of a vehicle on electric propulsion — main

railway, city trams, and electric vehicles. Experimental
work on the use of urban rail transport were
performed by F. A. Pirotsky, a theoretical rationale for
transfer of direct electric current over long distances
was given by D. A. Lachinov, pioneering works of
I. V. Romanov on creation of a suspended monorail.
The Imperial Russian Technical Society organized
the first international congresses and exhibitions in
the world, which presented the engines for road
transport and aircraft construction.

Keywords: engineering education, Imperial Russian Technical Society, rail transport, transport on electric
propulsion, internal combustion engines, history of science and domestic invention.

Background. At the present stage of development
of society, when the Russian state solves the problem
of modernizing the economy, historical experience is
of particular importance. In domestic historiography,
not so much space is devoted to the study of the
activities of private and public organizations aimed at
creating and strengthening industry. Separate studies
of Russian historians [1] and foreign ones [2] are
devoted to formation of branch associations in the
form of congresses of industrialists of mining and
manufacturing industries, as well as transport workers
atthe end of 19" century. The problems of the national
intelligentsia, including technical ones, development
of engineering education in Russia [3, 4] were also
touched upon.

Over the past two centuries, the country has faced
the task of creating a powerful domestic industry that
does not have a solution without developing a
transport system. Itis not by chance that engineering
education in Russia dates back to the opening of the
Institute of Railway Engineersin 1810in St. Petersburg.
Its graduates were specialists with the military rank of
lieutenant to serve in the interests of the state. The
vast empire needed arrangement of numerous and
convenient traffic and development of all types of
transport. Due to Russian engineers in 19" century a
unique system of communications was built, which

Pic. 1. D. A. Lachinov (1842-1902).
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included several water systems, extensive railways
and highways [4].

During this period, a new social and professional
community began to take shape in Russia — the
technical intelligentsia. Institutionally since 1866 there
was a public organization in the country — the Imperial
Russian Technical Society (IRTS). It was created at
the initiative of scientists and teachers of St. Petersburg
higher educational institutions, engineers and
representatives of the state apparatus and industrial
capital. For the members of IRTS, the main feature
was characteristic, that of connection of higher
technical education and the desire to serve the
Motherland, to promote development of its industry
and economic independence. At the turn of the
century, these qualities were especially needed:
industrial technologies underwent revolutionary
changes, the classical steam era ended, and the
process of electrification of the power apparatus of
the whole industry began, it was followed by wide use
of internal combustion engines.

Objective. The objective of the authors is to
consider drift of transport technologies and process
leaders.

Methods. The authors use general scientific
methods, historical method, comparative analysis.

Results.

Electric traction progress

Representatives of the Russian scientific and
technical community made a significant contribution
to development of electric propulsion — electric
railways, city trams, electric vehicles. At the end of
19" century in Russia, unique developments of
suspended monorails were carried out, there were
projects of high-speed traffic. Simultaneously with the
projects of new vehicles and the inventions of talented
engineers, scientific understanding of innovations at
the interface of related technical disciplines was under
way to study the theoretical issues of power and heat
engineering.

In the journal «Electricity», published by IRTS, in
1880, an article by D. A. Lachinov «Electromechanical
work» on the use of electric motors and transmission
of electrical energy was published. Certain issues
were resolved by him and received an explanation
earlier than this was done by the major European
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scientists. Dmitry Aleksandrovich, a professor of
physics at St. Petersburg Forestry Institute, was the
first to substantiate the conditions for transmitting
direct electric current over long distances (Pic. 1). He
proved that the useful effect of transmission is in no
way connected with resistance of the circuit, but
depends on the ratio of the number of revolutions of
a generator and an engine.

In order to increase the distance to which energy
is transmitted, it is necessary to increase the speed
of both machines by an amount inversely proportional
to the square root of their resistance. The increase in
the number of revolutions of the generator leads to
an increase in voltage at its terminals. Therefore, to
achieve the desired effect when transmitting energy
over long distances, it is required to increase voltage
in a power line.

The findings of Russian electrical engineering
were called the «law of power transmission» and laid
the foundation for development of modern high-
voltage equipment. About a year later, French
engineer Marcel Depret came to similar conclusions.
In 1882, he organized transmission of 200 V electricity
between the cities of Miesbach and Munich, which
are 57 km away from each other. In the future, on the
basis of the development of Lachinov and Despres,
power lines with voltage of more than 1000 V were
built, which stimulated the emergence of power
transformers. For many years, Lachinovworked as an
expertin the department of trade and manufactures,
which issued Russian privileges to inventors. His
signature is under many conclusions about novelty in
inventions and improvements proposed in the field of
electrical engineering.

The works and ideas of another Russian engineer,
Fyodor Appolonovich Pirotsky, preceded the works of
Lachinov. He conducted the first experiments on the
use of electric traction in public transport, as a result
of which, for the first time in the world in St. Petersburg
in 1875, a motor tram car was launched on rails of
horse-drawn railways. The transmission of electricity
from a generator to an engine according to the project
was to be carried out by one iron wire laid on insulators
fixed on wooden poles.

«In other words, this wire, its bond with the pillars,
as well as the pillars themselves, and their mutual
distance, all these objects are the same as those used
in ordinary telegraphs, » wrote Pirotsky in a petition to
issue a privilege. Pic. 3 shows a diagram of this petition
for transmission of energy over a distance. At the
same time, the return wire, as in the telegraph, was
supposed to be the ground. Electric energy was
transferred from a small Gram generator to an electric
motor that was removed at a distance of about one
kilometer. On July 24, 1874, the author filed an
application with the Department of Commerce and
Manufactures for a 10-year privilege on his invention.

At the beginning of 1880, Pirotsky wrote a report
for IRTS «Transferring power to any distance using
galvanic current (conductors — rails and wires),
including for movement of trains». Understanding the
unsuitability of the use of wire for transmission of high
power over long distances, the engineer suggested
using rails with a significantly larger cross section as
a conductor. Despite the fact that the proposal to
increase the wire cross-section with an increase in

Pic. 2. F. A. Pirotsky (1845-1898).

the transmitted power or transmission distance is
erroneous (it will later be possible to reduce losses by
increasing the transmission voltage when using wires
of a relatively small cross-section), any amendments
do not detract from the merits of the inventor.

In 1876, Pirotsky presented the results of his work
in an article published in «Engineering Journal».
Among his readers was Werner Siemens — the head
ofthe German firm Siemens and Galske. In 1879, the
idea of transferring electricity through rails for
movement of a toy railway was demonstrated by this
company at the Berlin Industrial Exhibition [5]. The
engine of the exhibition locomotive was powered from
the third, contact wire.

At the first in the world electrical exhibition in
St. Petersburg on March 26, 1880, organized by
IRTS, a great attention was paid to arrangement
of the electric railway offered by Pirotsky. The
experts and opponents were respected scientists
and engineers, among whom were D. A. Lachinoy,
O. D. Khvolson, P. N. Yablochkov. At the same time,
the issue of using electric traction for transport
was considered solved, no one disputed it, only
details of electric braking, signaling, etc. were
discussed.

For a wide practical application on the main
railways of the invention, Pirotsky’s, as well as
Lachinov’s theoretical positions on the use of direct
electric current were not suitable. Only as a result of
appearance of the work of another Russian engineer,
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Pic. 3. Scheme of F. A. Pirotsky for transmission of
electric energy over a distance.
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Pic. 4. G. D. Dubelir
(1874—-1942).

M. O. Dolivo-Dobrovolsky, the inventor of three-phase
current, in the years 1889-1891 it was possible to use
electricity on the main railway lines [6]. A retrospective
look at the operation of electric traction systems in
railway transport on both direct current and alternating
current is presented in the article [7].

The ideas of Pirotsky were embodied in the
construction of the city tram, which was launched in
KievinJune 1892. The implementation of the first tram
project in Russia is entirely the merits of Russian
engineers who did it without any participation of
foreign capital and foreign specialists.

A major contribution to development of electric
transport was made by the professor of Kiev
Polytechnic Institute, Grigory Dmitrievich Dubelir, who
graduated from Petersburg Institute of Railway
Engineers in 1898 and studied the tram business in
Germany, Belgium and England (Pic. 4).

The electrification of urban public transport in
Russia kept pace with the times and fully corresponded
to the state of scientific thought and the level of
technological progress at that time. In 35 cities of the
empire, the tram became the main form of public
transport [8]. In 1902, Dubelir made a report to the
commission headed by the Chief Inspector of the
Russian Railways A. I. Gorchakov, «On the basic
principles of the design of the profile of railways with
an electric burden». Developing the scientific
positions of urban planning, he published the books
«Design and repair of the Russian tramway» (1902)
and «City electric trams» ( 1908), which for many years
were the most common manuals for students of higher
technical educational institutions on urban electric
transport [9]. A world-class scientist, Dubelir
participated in construction of the firstin Russia Lodz—
Zgierz and Lodz—-Pabianice electric railway, was
involved in urban planning issues, and was one of the
organizers of the highest automobile education in the
country.

At the end of 19" century, a large number of
projects for construction of an electric tram appeared,
both from individuals and from joint-stock companies.
Among these projects, the work of the Russian
engineer Ippolit Vladimirovich Romanov, who is known
as the inventor of the first electric cars, electric
omnibuses for urban transport, deserves special
attention (Pic. 5). Simultaneously with the design of
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Pic. 5. I. V. Romanov
(1864-1944).

Pic. 6. L. E. Nobel
(1831-1888).

electric vehicles, he developed the idea of creating a
suspended monorail with electric drive.

The main element of a road - a lattice track beam
was suspended on L-shaped, lattice supports. On the
beam were two two-axle chassis trolleys, to which an
ordinary tram car was suspended with spring shock
absorbers. The trolley was designed so that it covered
the beam from three sides. An electric motor (power
6 kW, constant current supply voltage of 100 V), as
well as running and runner wheels were mounted on
its upper platform. On the side surfaces of the trolley,
two guide wheels were placed horizontally one above
the other. Due to this design, the cart was securely
held on the beam. The trolley speed did not exceed
15 km/h (this was achieved by choosing a small
diameter of the running wheel — 12 cm), the weight
of the car was 100 pounds (1638 kg), with a load
(ballast) — 200 pounds, height from ground to the
bottom of the car — 75 cm. In 1900, near Petersburg,
successful tests of a suspended electric tram, made
entirely according to the drawings of the author and
with his direct participation, passed. Suspended
monorail railway with electric drive was called «the
road of the system of engineer Romanov», it was
granted in 1900 a Russian patent, and later an
American one.

Romanov proposed to build three types of
monorails: for transportation of mail and light parcels;
for transportation of goods of large volume and
weight: bread, ore, stone, earth and cement, as well
as for the transport of passengers and large goods.
In 1905, in IRTS, the railway engineer V. S. Melentyev
made a «Report on implementation of a suspended
railway with an electric traction of Romanov system
between St. Petersburg and Moscows. It discussed
in detail the option of building a highway along the line
of the existing Nikolaev railroad [10]. The project was
approved by the Ministry of Railways, but its financing
became an unsolvable problem in the conditions of
the beginning of the Russian-Japanese war, and then
Russia’s entry into the First World War.

Development of ICE

In the history of the technological development of
the country there are many examples of the
contribution of foreign nationals who have long lived
and even subsequently accepted Russian citizenship,
whose engineering, inventive and commercial
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activities have contributed to the progress of domestic
transport. These include Ludwig Emanuilovich Nobel
and Gustav Ivanovich List. Active members of IRTS,
they participated in educational activities, increased
their business for the benefit of the Russian economy.

Ludwig Nobel is known as the founder of the Nobel
Brothers Petroleum Production Association, one of
the best companies in Russia and Europe for
extraction, processing and transportation of oil
(Pic. 6). He made an enormous contribution to the
development of IRTS, was the initiator of introduction
of the metric system of measures in our country, was
noted by a number of inventions. After his death, the
Nobel Brothers Petroleum Production Association
appealed to the IRTS Council with a proposal to
establish a gold medal named after L. E. Nobel for
«the best essay or study on the metallurgy or the oil
industry, or for any outstanding inventions or
improvements in the technique of these industries,
taking into account their greatest practical application
to the development in Russia». And it was the first
Nobel Prize, long before Alfred Nobel founded the one
now awarded by the Royal Swedish Academy.

Sons of L. E. Nobel continued the business of the
partnership of petroleum production, and their
activities in IRTS were associated with the development
of engine-building. Having acquired a patent for the
manufacture of internal combustion engines (ICE) of
the Diesel system, «Ludwig Nobel Plant» began their
production, competing with the best foreign
enterprises. Meritof L. E. Nobel was that he found the
original solution for the operation of a diesel engine
on crude oil, created his version, which became
known as the «Russian engine». Georgy Depp, a
professor at St. Petersburg Institute of Technology,
spoke about the Nobel engine in IRTS report: «Such
good results obtained with engines built at one of our
Russian plants are quite remarkable... perfectly
executed Russian oil engines are not inferior to those
abroad» [11].

For the first time, the construction of oil-loading
motor ships with diesel engines began in Russia at the
Sormovsky plant for diesel-electric ships Vandal ( 1903)
and Sarmat (1904). The Nobel Brothers partnership
soon transferred its patent rights regarding the engine
to the Company of Kolomna Machine-Building Plant,
Riga Iron-Casting and Machine-Building Plant,
Nikolayevsky Shipbuilding Plant, which led to the rapid
expansion of new-type engine production and
crowding out the production of steam engines.

At the beginning of 20" century, Gustav List
(Pic. 7) was the owner of large machine-building
plants that produced fire and mill pumps, chemical
fire extinguishers, fire hoses, barrels on horse-drawn
carts, steam engines, equipment and pipes for water
towers of railway waterworks of the entire transport
network of Russia cast iron manholes, pneumatic
sirens. For the naval department, its plants supplied
turbines, pumps — List’s equipment was installed on
Varyag, Aurora, Potemkin, Oslyab, Petropaviovsk and
other ships of the Russian fleet. In Moscow, he built a
machine-building plant, in which there was a unique
technical library, design office and school of
draftsmen. And he himself, as it turned out, was
engaged in creation of new and improvement of
existing internal combustion engines. Previously
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Pic. 7.G. I. List (1835-1913).

unknown inventive activity of G. I. List and the
description of its invention of the two-stroke kerosene
internal combustion engine are presented by the
authors of the article [12].

Having abandoned the steam boiler, which was
the most cumbersome and expensive part of steam
power plants, the industry gradually turned to the use
of a more economical internal combustion engine.
Mass production of cars, as well as the emergence of
aircraft are associated with the emergence of ICE.
Since 1860, in different countries, the efforts of
inventors to create such engines with better
parameters have been concentrated around finding
the most efficient thermodynamic cycle, the design
and location of the pistons, the combustible mixture
used, the ignition system and adjusting the supply of
the combustible mixture.

E. E. Bromley, a mechanical engineer, one of the
owners of the Bromley Brothers Society engaged in
engine building, a graduate of the Imperial Moscow
Higher Technical School (IMHTS), wrote the
fundamental work «Gas, Petrol and Kerosene
Engines» (1900). This book appeared in connection
with the competition announced by the Polytechnic
Society at IMHTS. It contains not only the history of
internal combustion engines, but also the analysis of
phenomena occurring in cylinders, calculations of
various parameters of internal combustion engines —
temperature and pressure, combustion rates, cooling
surfaces.

In the same period, theoretical work on the
thermal calculation of the internal combustion engine
of Professor V. |. Grinevetsky of IMHTS [13] is
becoming popular. In 1906, he proposed his own
design of a two-stroke dual-expansion internal
combustion engine.

Setting itself a task of promoting the development
of technology and industry in Russia, IRTS promoted
the best achievements of domestic engineers. At the
meetings of the society, reports were made on new
designs of diesel engines, reversible internal
combustion engines, their application in urban and
railway transport, on sea and river vessels, on the
automotive industry and aircraft industry. Domestic
engineers were sent to study world experience, their
reports were discussed and published in order to
provide them with wide access.
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So, onApril 15, 1904, engineer V. S. Melentyev made
a report named «Ts0Ss experiences of movement at a
speed of 200 kilometers per hour» [14]. Acquaintance
with German projects and research provided considerable
material for assessing the situation in one’s own country.
In Germany at that time a joint-stock company was
created, the goal of which was to organize high-speed
traffic in the area between Berlin and Hamburg. For
several years, tests of movement of electric trains (they
received the name of Tsoss experiments), began at a
speed of 80 km/h and then, gradually adding, reached a
top speed of 200 km/h.

Much research work was carried out in IRTS on the
use of gasoline and kerosene engines for aircraft and
automobiles. In 1907, the first international exhibition of
automobiles was held in St. Petersburg, where exhibits
of the world’s largest companies were displayed,
including a description of automobile engines, their
diagrams and drawings.

In 1909, a permanent automobile and aviation
commission, chaired by Professor N. S. Lavrov was
organized. Given the leading position of Russia in the
world in production and improvement of Diesel engines,
IRTS decides to hold from 6 to 15 May 1910 in
St. Petersburg the «Congress of personalities engaged
in construction and use of internal combustion engines»,
to which many prominent foreign experts were invited
including Rudolf Diesel. About 200 people arrived at the
congress. Among them there were famous university
professors N. A. Bykov, V. I. Grinevetsky, G. F. Depp,
N. R. Brilling, D. S. Zernov, V. P. Arshaulov and
representatives of all Russian factories that built engines,
and many organizations associated with operation of
engines.

Conclusion. Despite all the efforts and the fact that
in the field of inventions and development of the theory
of internal combustion engines, Russian engineers did
not yield to their foreign colleagues, the automotive
industry in Russia did not receive mass development at
that time [15]. Many projects and developments of
domestic authors have notfound practicalimplementation.
This is largely due to the fact that Russian large-scale
industry has always developed, focusing primarily on
government orders. Russian engineers were and still
remain the generators of newideas and technologies that
promise considerable progress in industryand transport,
butatthe stage ofimplementation and commercialization,
they are often inferior to foreign competitors.
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