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AHTOJIOT U BBIJAIOIIUXCA JOCTUXKEHUA B HAYKE U TEXHUKE.

YACTbD 14: U3OBPETEHUE JIBUT ATEJIEA

Haeseoeno kopomxkuii Hapuc 3 écecéimmuboi icmopii 6unaxody 08uzynie pizHozo eudy, wio 3'aeunuca enepzemuunum ''cepuyem’

014 6CIX MPAHCROPMHUX 34C00i8 HA HAWII n1aHemi.

IIpuseden Kpamkuii ouepK u3 6CeMUPHOil UCMOPUU U300pemeHuA 0suzameneil pa3uiHO20 6UOA, AGUSHIUXCA IHEPEMUUECKUM
""cepouem' ona ecex mpanHcnopmHuwIixX CpeoCcme Ha Hauiell naaHeme.

BBEJIEHUE

JIBwkeHne, Kak M3BECTHO, 5T0 "ku3Hb". OHo (nBU-
JKEHHUE) SIBJIACTCS 'KU3HBIO" HE TONBKO i OHoIornde-
CKHUX OOBEKTOB, HO W I OOJBIIMHCTBA TEXHUYECKHX
o0bexToB. Kak mpuBecTH B ABWKEHHE PA3JIMYHOTO BHUIA
(¢u3nvecKoe TeNmo, TOT WIH WHOH TEXHWYCCKUH OOBEKT?
Kax mpuaaTe mogpoOHOMY ABIKyIIEMYycs Terny (00beKTy)
WIN €r0 4acTH HauOoJblIee YCKOPEHHE W HaWBBICIIYIO
ckopocts? Kak npeobpa3oBaTh OfAvH BUA JIBIKEHHS TEX-
HHYECKOTo 0o0bekTa B Apyroi? Kak yMeHbIIUTH IPH 5TOM
Mapa3uTHBIE TTOTEPH SHEPTUH W TOBBICUTH KOd(duIenT
nonesHoro aetictus (KITM) s mermkyierocss 00bexTa?
Bor ToT mepedyeHh OCHOBHBIX BOMPOCOB, BO3HUKABIIHX
COTHHM JIET TOMY Ha3aJ W BO3HHWKAIOIIMX TOHBIHE ITEepen
YUEHBIMHA-MEXaHUKaMH{, HH)KCHEPAaMHU 1 KOHCTPYKTOPaMH,
3aHUMAIOIINXCS Pa3pabOTKOM M CO3MaHMEeM HOBOW TeX-
HUKH. V3 BCeMUpPHON HMCTOPUH Pa3BUTHS TEXHHUKH BCEM
HaM XOpOIIIO M3BECTHO, UTO "'pOKAeHUE" MOJOOHBIX 00b-
eKTOB B TexHOc(epe 3eMIISIH Ompesensercs MoTpeOHO-
CTAMHU 4YEJOBEYECKOro oOImiecTBa. [NaBHBIMH M3 HHX B
HaIeM Mupe OBUTH M OCTaloTCs: 1) HeyKIIOHHOE TIporpec-
CHBHOE DPAa3BUTHE pPa3HbIX OTpaciel IMpOMBIIUICHHOCTH
BCEX CTpPaH JUIsl Y/IOBJIETBOPEHHUS BCE BO3PACTAIOMINX de-
JIOBEYECKHUX MOTPEOHOCTEH; 2) 3aIuTa roCyAapCTBEHHBIX
W YaCTHBIX MHTEPECOB, BKJIIOYAIOMINX TEPPUTOPUAIIHLHYIO
LEJIOCTHOCTh CTPaH, SKOHOMHYECKYIO BBITOJy W WHTEI-
JIEKTyaIbHYI0 COOCTBEHHOCTh. HaumHasi ¢ ApeBHHX Bpe-
MeH (Hanpumep, ¢ IepHo/a IPOKHUBAHUS U JESTEIbHOCTH
B 287-212 rr. 10 H.3. BETUKOT0 IPEBHETPEIECKOTO YICHO-
ro-MexaHuka ApXHMena), HPOJOIKas B CPEIHEBEKOBbE
(HanpuMep, B HepHOJ IPOXKMBaHUSA M paboTsl B 1452-
1519 rr. BETUKOro UTANBSTHCKOTO Y4EHOTO-MBICIUTENS U
n3obperatens Jleonapao na BuHum u B meprox KU3HU U
aKTUBHOM TBOpYECKON nesTenpHOCTH B 1642-1727 rT.
BEJIMKOT0 aHTJIMICKOTO ydeHoro-mexannka Vcaaka Hero-
TOHA) W 3aKaHYMBas COBPEMEHHBIM BPEMEHEM, BBINAIO-
myecs IMPEICTaBUTENN POJa YeIOBEYECKOro MOCTOSHHO
"Ommuch” 1 "OBIOTCA" Hall COBEPIICHCTBOBAHHUEM U JAITb-
HEWIINM pa3BUTHEM TEXHHYECKHX OOBEKTOB BOCHHOTO H
obmierpakmanckoro HasHauenust [1-3]. Jlms Bcex oTHX
00BEKTOB, TIEpEMEIIAIONINXCS 110 3eMite (IO 3eMIIeit), TIo
Bozie (O BOMOM), B BO3MyXe W OE3BO3YIIHOM MPO-
cTpaHcTBe (KOCMOCE) XapaKTepHBIM SBIISETCS TO, YTO BCE
OHHU B CBOEM COCTAaBE COJIEPXAT SHEpPreTudeckoe 'cepi-
1e" — JBUraTeNib TOrO WM MHOTO BUAA, MPUBOJSIIUIA B
HY)KHOE JIBOKCHHE MX YaCTH WU 3TH OOBEKTHI B I[EIIOM.
Ha B3risi aBTOpa, MHTEPECHOM JUIS YUTATENS M aKTyallb-
HOW B 00JIACTH UCTOPHU TEXHUKH MPEICTABIISETCS HAyd-
HO-MCTOPUYECKAsl 3aJjaya [0 PACCMOTPCHHUIO SBOJIOIUHU
(3TO CITOBO TIPOMCXOMUT OT JIATHMHCKOro cioBa “evolutio”
— "npoyecc pazeumus’ [4]) craHOBIEHNS, HEIPEPHIBHOTO
COBEPIIICHCTBOBAHKS U MPOIPECCHMBHOIO Pa3BUTHS B TEX-
HHYECKO# cepe IBHUraTelnieid pa3inyHbIX BUIOB U THIIOB.

1. UIBSOBPETEHHME ITAPOBOI'O IBUI'ATEJIA

Hcroprdeckn M3BECTHO, UYTO €IIe BEIUKHN (PIOpEH-
tuHel Jleonapao na BuHum ommcan MylKy, BBICTPENIU-
BAaFOIIYIO CHApSIaMU TIPU TTOMOII CHJI TOJIBKO OT OTHS U
Bozb! [5]. OH mpeamonara, 9To MEIHbINA CTBO MYIIKH C
SIIPOM, pa3MEMICHHBII CBOUM OHUM KOHI[OM B yCIIOBHSX
TOpsTaeH TIeUr, CMOXKET BBIOPOCHUTH CHAPSII, €CIIH B OTCEK
CHIIFHO Pa30TPeToro CTBOJA 3a SIPOM BIIPHICHYTH BOY.
Jleonapno na Bunuu monaran, yTo BOAAa IPH BBICOKOH
TEMIepaType UCTAPUTCSA OYCHb OBICTPO W, CTaB MApPOM M
MPAKTHYECKA aHAJOTOM ITI0pOXa, BBITOJIKHET W3 TaKOTO
CTBOJNIA SIpO ¢ OonbmIoW ckopocThio. Hecmorps Ha 3a-
MaHYHABOCTh TaKOW TEXHUYCCKON HUICH M HEOTHOKPATHBIE
TIOTTBITKM €BPOMEHCKIX BOCHHBIX MHKEHEpOB (naxe B 19-
M CTOJIETHH), CO3[aTh MOMO0HYI0 GOEBYIO MYINKY HE ya-
nock HEUKOMY. Tem He meHee, B 1681 rony dpanmy3ckuii
yuenblii Jlenu [lamen pewmwmn co3maTh MalMHy Ui OT-
KAUKH{ TIOJ3EMHBIX (TPYHTOBBIX) BOJ U3 IIAXT, IPUMCHHUB
TIPH 5TOM B Ka4yecTBE NBIDKYIIEH CHIIBI BHaYaje TOpoX, a
nosxe 1 BoasHOM map [5]. Tak Ha cBeT MOSABUIIACH TTApO-
aTMocdepHas MaIlluHa, yXKe TMPOTPECCUBHO COAepIKaIiast
MUTHHIPAYSCKUA mopineHs. OCHOBHOW HEIOCTATOK Ma-
mebl []. Tlanena 3akmo4ancss B TOM, 4TO Hap TOTOBUIICS
BHYTpU €€ LMIMHIpa. B ycoBeplieHCTBOBaHHE 3TOH Ma-
IIMHBI OOJBIION BKIJIAJ] BHECIH AHTIIMHCKHE M300peTare-
mu Tomac CeBepu, B Hacoce kKotoporo (mareHt ot 1698
rofia Ha MEPBYI0 B MUpPE MAPOBYIO MAIIHHY) TIPUTOTOBJIE-
HHUE Tapa MPOMCXOIIIO BHE €r0 IIIHHAPA B OTACTHHOM
kotrie, u Tomac HerokomeH, koropsiii B 1705 roxy u300-
pen mapoBoi HAacOC C MIIUHAPOM W IIOPIIHEM, a TaKkKe
W3BECTHBI POCCHIICKHN H300peTaTenh-caMoydka M Me-
xauuk VBan VBanoBuu [lom3yHoB, co3maBmmii k 1766
roIy HOBYIO Ha TO BpeMs mapoByio mammny [1, 5]. amee
B 1768 roay maTteHT Ha MEpBBIA MApPOBOM JBUTATENb C
KOHIeHcaTopoM (OXJIaJUTENIeM Tapa) MONydaeT BhIIaro-
uiicst anTmiicknii Mmexanuk J[xeiimc Yarr (1736-1819
rr.). Olmm romer 1 B 1784 romy JIx. Yart, paGorass Han
yCOBEpIIEHCTBOBaHMEM MamnHbl T. HelokomeHa, mo-
CTpOWJI YHUBEPCAILHBI NApO6oil deuzameinsb, TIPUTOA-
HBI [UIA [IHPOKOTO TPOMBIIUICHHOTO HCITONB30BAHUS B
TKAIKOW W MalInHOCTPOMTEIbHOU Texuuke (puc. 1). B
maHaOM jaBurarene Jx. Yarrom ObDI TpUMEHEH Tak
HA3BIBACMBI KPHUBOIIMAITHO-IIATYHHBI MEXaHW3M, IIpe-
00pa30BBIBAIOIINI BO3BPATHO-TIOCTYMATEIBHOE BIKE-
HHUE TIOpIIHA pabodyero HWIMHIApa, 00YCIOBICHHOE BOIS-
HBIM TIapOM, BO BpallaTelbHOe ABWKeHHE Koieca [5, 6].
[IpumenuB >1oT ABHUTaTEND, JK. YarT M moTpeGHOCTEH
METAJI000pabOTKH  CcO34all TEPBBI MAapOBOH MOIOT.
Crnemyer 3aMeTHTh, YTO TOCTE ATHX H300pereHUi JIk.
Yarra MHpOBOE pa3BUTHE TEIUIOBBIX MAIIWH MOIMIIO
CTPEMHTEIEHBIMUA TEMIIAMH. YKaXXeM, 4YTO Cephe3HBIC
M3MEHECHHS B TEIUIOBBIC MamwHbl k. Yarra ObUTH BHe-
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CCeHbl JMIIb B cepeuHe 19-ro CTONCTHS aHIIHHACKAM
uzobperarenem JI Hecmurom (1808-1890 rr.) [1, 5]. K
1843 romy oH co3man Ky3sHEUHBIH MOJIOT, B KOTOPOM Iia-
poBas MallliHA W YJApHHK ObUIM OOBEIUHCHBI B OJHUH
mexanusm (puc. 2) [1, 6].

- <4+ [weimc Yamm (1736—1819),
} uzobpemamens naposoo

dsuzamens

Puc. 1. IlepBbIif mapoBoii ABUTATENb BHLAAIOMIET OCST
AHTJIMICKOro MexaHuka u usobperarens [pxeiimca Varra [1]

Or™mernm, 9to TrapoBoit Moot [I Hecmura mpowmssen,
00pa3zHO TOBOpS, TEXHWYECKYyIO '‘peBomonuio”’ B obmactu
MAIIMHOCTPOCHUSL. JTOT BHJ KY3HEYHOTO 00OpYIOBaHUS C
WCIIONIb30BAaHUEM TTapoBOro sBurarens B 19-om Beke momy-
YT IAPOKOE BHEAPESHUE [0 Bcemy Mupy [1, 6].

o (S e g

Puc. 2. Mouisblil mapoBoii MoOJIOT pa3paboTku koHLa 19-ro Beka
M3BECTHOTO aHTIHicKoro u3obperarens Jxeitmca Hecmura [1]

[TosTOMy MOXHO OOOCHOBaHHO CYHTATh, YTO HCTO-
PUYECKH BCE MALIMHBI MPAKTUYECKHU MPUILIM K HaM U3
TOPHOH, TEKCTWJIBHOW M METauio00pabaThIBAOIICH WH-
JIYCTPHIi, UCIIOJIB3YIOLUIUX CUITY TOPSIYEero BOASHOIO napa.

2. USOBPETEHUE JIBUT'ATEJIA BHYTPEHHEI'O
CI'OPAHUA

IMockonbKy BO3MOXHOCTH HAPOB0O20 O6U2AMIENs
OBUIM OrpaHWYCHHBIMH, a €T0 PHEPreTHYCCKHE MoKa3aTe-
nu He BbicokuMmu (mipu Huskom KIIJI, He mpeBslmaromemM
10 %, oH OBLT K TOMY K€ €IIle ¥ TPOMO3IKAM), TO U300pe-
TaTeIW BCETO MHUpA NPONOIDKAIN TIOUCKH Oosree sddek-
THBHBIX JBUrATEINCH, HCIOIB3YIOMHX WHBIE, YeM TOPSIHil
nap WUCTOYHHKU dHEpruu. MCTOpHs CO3IaHWs IBHrATeNs
BHyTpentero cropanus (JJBC) yxomur CBOMMH KOPHSIMHU
K Havany 19-ro cromerus [7]. B 1801 romy ¢paniy3ckuit
umkenep Oumunm Jlebon (1769-1804 rr.) momyamn mna-
TEHT Ha KOHCTDPYKIIO 2(3068020 O0guzamens, padoTaio-
IIEro Ha CTOPaHWH B KaMepe OTKPHITOrO UM CBETHJIEHOTO
ra3a U KOTOPBI MOYKHO CYUTATH IUIABHBIM HEPEXOAOM OT

naposoro asuratens kK IBC [8]. PeanuszoBats emy camo-
MY 9TOT Hepexoj, K HalleMy OOJBIIOMY COXAaJCHHIO, HE
yranock u3-3a cBoel Tparmueckoi rudenn B 1804 romy.
HeobxoxumMo OTMETHTH, YTO B ra3oBoM nBurarene .
JleboHa yxe MMENIUCh KaMmepa CMEIIMBAHHSA H JIBa KOM-
npeccopa (OIMH TS MOJAYH B 9TY KaMepy COKHKCHHOTO
BO3/yXa, a APYroi — JUIs MOAa4u B Hee CKMIKEHHOTO CBe-
TIJIBHOTO Ta3a OT rasorexeparopa) [8]. Ilocie ykasanuo-
TO CMCIIMBAaHHUSA A3THUX Ta30B 0Opa30BaBINAsCS Ta30BO3-
IyIIHAS CMeCh MOCTyNala B padounii UIHHADP IBUTATE-
JIs1, TIIe BCTIBIXMBAJA U BBIACISIIA SHEPTHUIO, MTPUBOJISAILYIO
ero mopureHs B apmwkenne. [lamee, B 1860 romy Oenprmii-
ckuit mexanuk JKau Oteen Jlenyap (1822-1900 rr.) mo-
CTPOMJI OPHTHHAJIBHBII T'a30BBId JBUTATENb, B KOTOPOM
BOCIDIAMEHEHHE B €ro pabodeil kamepe Troprovell cMech
MPOKMCXOAMIIO TIPU TTOMOIIH dIEKTPHIECKON HCKpHI [7, 9].
Tak Ha CBeT BIEpBbIC MOSBHIICS TEPBBIA JBYXTaKTHBIA
osuzamensv eHympennezo czopanus (puc. 3), KOTOpBIH
OBUT MPOCT B SKCILTyaTalllH, MMeN HeOonblne rabapur-
HbIe pa3Mepsl U Bec. OHaKo, u3-3a cBoero Huzkoro KI1/1
(ue Gonee 5 % [9]) oH He MOTYUHI IHPOKOTO KOMMEpUE-
CKOTO yCIieXa W TEeXHHYECKOro NMpHUMEHEeHus. B ucropun
TexHuKH JK.D. JIeHyap okasascs JUIIb OTHUM H3 TEX JIFO-
JeH, KTo mpUONIMKal MPorpecc Ha Hallled IUIAHeTe W He
HOJTy4all [IPH 3TOM, KaK MPaBUIIO, HU CJIaBbl, HU aeHer [9].

Puc. 3. Tlepesrit nByxTakTHbiil IBC n3BecTHOro Genbruiickoro
nzobperarens XKau Oteen Jlenyapa (Momnesns 1862 roma) [9]

B nanpHeiiniem 3a ycoBepIIEHCTBOBAHUE ATOTO THUIIA
JBC (mBuratemnst JIeHyapa) B3sUICSI H3BECTHBIM HEMEIIKHI
umkenep Huxomaye Asrycr Orro (1832-1891 rr.), koro-
psiit Bckope nosern ero KITJ no 15 %. Dror nokasarens
npesocxoqui KITJ[ cambIX Ay4IIUX MapoBBIX MAalllUH TO-
ro Bpemenu. B 1866 roxy H.A. OtTo nomyuun nareHt Ha
nByxtakTHeI JIBC, paOoTaromuii Ha CBETHJIBHOM Tase
(puc. 4) [10, 11]. T'naBHas Texumueckas Haxouka (“'usro-
muaka") H.A. Otrro 3akmiouyanach B TOM, YTO B KOH-
CTPYKIIMM 3TOTO JIBYXTAKTHOTO Ta30BOTO JBUTATENs C
KPHUBOILIHITO-IIATYHHBIM MEXaHH3MOM XHMHYECKasl dHEep-
THS CTOPEBIIETO B €r0 MIJIMHIPE Ta3000pa3HOro TOIIINBA
UCTIONIH30BANNACh C HAaMOOJbBIIEH Ha TO BPEMs HOJHOTOH.
B 1867 romy ATOT NBYXTaKTHBIN IBUTATENb MOTYIHI 30-
JOTYIO MeJIaib Ha Maprokckoi BeemupHoii sspmapke [11].

Ho caMbIM peBONIOIMOHHBIM IIaroM B MHPOBOM [IBU-
TaTe/IeCTPOCHNH CTaJI0 OYEPENHOE M300pETEHNE OKPBhUICH-
Horo nepBbIM ycrexoM H.A. OTTo 4eThIpEXTaKTHOTO UK
paborsr aeuratens (“mukia OTro': BIyck, cxarue, pabodmii
XOJI, BBIIYCK), caenantoe uM B 1876 romy m KOTopoe | To-
HBIHE JIOKUT B OCHOBE Pa0OTHI MOAABIIIOIIETO OOMBIINH-
crea JIBC [11]. Brarogaps stomy mwkiny asuratens OTro
CTal B IITh pa3 dKoHoMm4Hee npurarens Jlenyapa [10]. K
1897 romy mBurarenmectpouTenbHOW Kommanueid "OTTO U
Ko" Oputo BemymeHo 1o 42 teicsa Takux JIBC pasnoit
moraocte (puc. 5). Bormee maccoBoe mpom3BoACTBO 3arma-
teHToBanHoro H.A. Otro uetpipéxtakraoro JIBC cuepxu-
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BaJIOCh OTCYTCTBHMEM Ha TO BpEM:A B HPOMBIIJICHHO pa3BU-
ThIX CTPaHax H€O6XOI[I/I]VII)IX MOHIHOCTCﬁ I TIpOU3BOACTBA
CBCTUJIBHOI'O I'a3a.

Puc. 4. My3eliHslit 5KCTIOHAT NepBOro AByxTakrHoro JIBC
M3BECTHOTO HEMEIKOro u3ooperaressi-vexarmka H.A. Orro [11]

Puc. 5. My3elHsblif 5KcIIOHAT nepBoro 4erbipexrakraoro JJBC
M3BECTHOTO HEMEIKOTO MibKeHepa-Mexannka H.A. Orro [11]

B aT0ii cBsI3M B MHpe akTHBHO HCKaJH HOBBIC BHJIBI
roprodero i JIBC. Hekoropble n3o0peTaTenyl IbITaIich
TIPUMEHNTH B KadecTse raza st JJBC mapbl sKuaKoro Tom-
mmBa. Eme B 1872 rony amepukanckuii nmkenep Jlx. bpaii-
TOH TIBITAJICS UCIIOJIb30BaTh B 9TOM KadecTBe KepocuH. On-
HAaKO KEPOCHH IUI0XO0 ucnapsics u toraa k. Bpaiiton ne-
pemén k Gonee nérkomy Hedrenponykry — Gensuny [10].
Jist Toro, uro0sr [IBC Ha >KMAKOM TOILIMBE MOT YCIICHTHO
KOHKYPHPOBATh C Ta30BBIM JIBUTATEIEM, HEOOXOAUMO OBLIO
CO3/1aTh CHEUAIBHOE YCTPOMCTBO IS MCTIapeHns OeH3MHa,
TIOJTy9eHUSI TOPIOYel CMECH M3 3TOrO TOIUIMBA U BO3/TyXa U
ee mogaun B kamepy JABC.

JampHelmii nporpecc B MEPOBOM JBUTaTENIECTPOE-
HUM OBLI CBSI3aH C TaKMMH BEChbMa M3BECTHBIMH B COBpE-
MEHHOM aBTOMOOWJIBHOM MHpPE MMEHAMH HEMEIKHX HHXKe-
HEpOB-MeXaHNKOB Kak [ormm6 Jlaivmep n Bumbremsm
Maiibax (puc. 6), MPOCTABMBIINMHUCS CO3JAHHEM B KOHIIE
19-ro Beka paborocmocoororo 6ersunooro JBC [10].

Puc. 6. M3BecTHbIe HEMEIKHE H300peTaTeny B 00IacTi
nerrarenectpoenmst [orrimm6 Haiivitep u Bunsrensm MaiiGax [10]

Crnenyer yka3aTh, 4TO MPOIECC UCHAPSHUS KHUIKOTO
TOIUIMBA B TIEPBBIX OCH3MHOBBIX JIBUTATENSAX YKa3aHHBIX
HEMEIKHUX M300peTaTeneld OCTaBIIsII )KeaTh Jydmiero. Ux
omHommMHAPoBEI Oer3uHOBHIH JIBC ot 1885 roma, co-

JIepKaIlinil BEpTUKAJIbHO yCTaHOBJICHHBIN B pabodeM Iu-
JIMHAPE TOpPHIEHb M PSAJOM PACHONOKCHHBIH YIIPOILECH-
HBIIl CMECHUTEINb-/103aTOP B €T0 TOIUIMBHOW CHCTEME, ObLI
KOMITaKTHBIM, JIETKHM M OJHOBPEMEHHO JIOCTATOYHO
MOIIHBIM ISl TOTO, YTOOBI JIBUTaTh MacCaXUPCKUH IKHU-
nax. Cunraercst, yto uMeHHo 1ot [ABC sBisieTcst nporo-
THUIIOM COBPEMEHHOI'O HEH3UHO6020 06U2amens C BEPTU-
KaJbHBIMH PaOOYMMU IIIMHAPAMH W TOIUIMBOM, BBOJIH-
MBIM B €T0 KaMepy CropaHust yxke uepe3 kaporoparop [9].
3ameTnM, 9TO KapOroparopoM (3TO CIIOBO IPOMCXOIUT
or (paniy3ckoro crmosa ‘“carburateur" ""cmecumens-
Ooszamop" [4]) Ha3biBaeTCsl YCTPOMCTBO, MpEIHA3HAYEHHOE
IUTSL BHEIITHETO CMeCceo0pa3oBaHmsi Toprodeii cMecu (U3 TOm-
JIMBa W BO3/yXxa) B TommmBHOM cucteme JIBC, paGoraroriero
Ha JIETKOM JXHJIKOM TOIUIMBE (Harmpumep, Ha OeH3uHE, Kepo-
CHHE W Jp. BUuax Tomiuea). M3o6perenue kapGropatopa
CTaJI0 Ba)KHBIM JTAIloM B jaBUratenectpoennu. Coznarenem
ero cumraercsi BeHrepckuii umkenep donaran banku [10].
Tomexo B 1893 romy OH HOMyYriT MaTeHT Ha KapOHopaTop ¢
JKUKJIEPOM, KOTOPBIH cTai mpooOdpa3oM Ui Bcex KapOropa-
TopoB. Ha prc. 7 mpuBeneH BHEIIHMH BH COBPEMEHHOTO
kapOroparopa. Ykaxem, uto [|. banku B cBoem mareHTe
TpezyIaray He NCIapaTh OSH3MH, a MOJaBaTh €ro B pabodmii
IVUTMHAP B PacHbUIEHHOM JKUKIEpOM cocTostHid. Mcmape-
HHE K€ T10 €r0 WjIee JOIDKHO MPOTEeKaTh B CAMOM IIMIIHH/IPE
IO/ ISHCTBHEM TeMIepaTyphl U jaaBieHus. PacnipumiBanue
cTpyn OEH3MHA TMPOMCXOAMIO B IIOTOKE BO3AYyXa, MPUYEM
KOJINYECTBO BCACHIBAEMOr0 TOIUIMBA OBLIO MPOMOPIHO-
HAJIBHO CEKyHIHOMY pacxomy Bo3ayxa. OTmeTnM, 49TO B
6er3nHOBBIX KapOropatopubix [IBC HOpMmanbHast roprodas
cMech OOBIYHO COCTOMT MO Macce IpuMepHO 3 15 wacreit
Bo3myxa u 1 yactn mapoB OeH3uHa. [IBuraTens MoxeT padbo-
TaTh KaK Ha 00ETHEHHON Toproueil cMecH (MPOTTOPITHS KBO3-
IOyx-TorumBo» paBHa 18:1), Tak m oOOramieHHON cMecH
(ykazaunas nporopiwst coctasisier 12:1) [10, 11].

Puc. 7. O6mmit Bua coBpeMeHHOro Kaporoparopa mst JIBC [10]

CnumkoM "Oorarass™ wiM CIMIIKOM “OemHas’ TOII-
JIMBHASI CMECh BBI3BIBACT PE3KOE YMEHBIICHHE CKOPOCTH
ee cropanus B kamepe JIBC n mosTomy Takas roproydas
CMECh HE MOXET 00EecCTIeUNTh HOPMAJILHOTO MPOTEKAHUS
mporecca ee Cropanus. YKakeM, 4To Kpome KapOropa-
TOpHOTO MeTosia cMeceodpazoBanust mist [IBC cymecTBy-
€T U IPYrod croco0 MOArOTOBKH TOpIOYel CMECH, OCHO-
BaHHbBIH Ha BIPBICKE OEH3MHA BO BITYCKHOW KOJUIEKTOP
WJIN HETIOCPEJICTBEHHO B paboure HWIMHAPHI IBUTATEINs
[PH IOMOIIH pacHbUIsonux GopcyHok (ukexropa) [9].

[ompiTOXXMBasE B 3TOM pa3zene, MOKHO KOHCTATH-
poBaTh, uTo M300perenne JIBC Obuto BBIIAIOIIMMCS CO-
ObITHEM B HCTOPUHM YEJIOBEYeCTBa. | JIaBHyIO 3aciyry B
€ro n300peTeHNH HY>KHO Pa3AeinuTb MEKITY HECKOJIbKIMHU
monemu: JK.O. Jlenyapom, H.A. Otro u I'. Jlafimnepom.
IIpruemM, U3 BCEX ITHX JIOJAeH HHXKeHep-MexaHuk H.A.
OrtTo caenan cambiil 3HaunTenbHbIHA BKIas (puc. 8) [10].
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Puc. 8. OcHOBHBIE CO3/aTENHN IEPBBIX B MUpPE PabOTOCIIOCOOHBIX
JBC — Genpruiickuii umkenep JK.3. Jleryap (ceBa) 1 HeMeIKuii
Mexanuk-mu3o0perarens H.A. Orro (cripasa) [10, 11]

Heurarens JK.3. Jlenyapa (puc. 3) no cyru cBoeii He
ObIJI HM JIOCTaTOYHO MOIIHBIM, HH JIOCTaTO4HO 3(ek-
TUBHBIM JJIsI TOrO, 4TOOBI MPHBOAUTH, HANPUMEp, aBTO-
MoGmIb B aBmkenue. Jpurarens xe H.A. Otro (puc. 4,
5) obecrieunBan Bce HEOOXOIMMBIC IS ITOTO TEXHHUYE-
ckue mapaMeTpsl. [loaToMy IMEHHO HEMEUKHI UHXEeHep-
MexaHuk H.A. Otro sBisieTcss OMHUM W3 HUCTHHHBIX CO-
3nareneit JIBC, B KoTopoM XnMHUecKasi SHEPTHUSI HCIIOb-
3yeMOro B HEM JXHJKOI'O WM ra3000pa3HOTO YIJIEBOJO-
POAHOIO TOIUIMBA, CTOPAIOIIEro B pabouei Kamepe BBICO-
KOTO JIaBJICHUS 3TOTO BHJa TEIUIOBOM MaIlIWHBI, Ipeodpa-
3yeTcsl B MEXaHHUECKYIO paboTy OBICTPO BpAIIAIOIIETOCs
METaJUIMYECKOTO KOoJIeHYaToro Bana asuratens. Ha puc. 9
TIPe/ICTaBIIeH 00N BUJ coBpeMeHHoro MortHoro JIBC.

Puc. 9. Bremmuit Bux coBpemennoro mnopiaesoro J[BC [12]

U3 puc. 3-5 u 9 u nanusix u3 [6-12] BuaHO, YTO KAk
JIAJIeKO 10 KOHCTPYKIUHU ¥ CBOMM TEXHHMYECKUM XapaKTe-
puctukaMm "yrnum' Briepen cospemennsie JIBC pazianano-
ro tuna (Hanpumep, OCH3MHOBBIE KapOrOpaTopHbie, OeH-
3MHOBBIC WHXXCKTOpPHBIE, TU3EIbHbIC, I'a30BbIE, Ta30.u-
3enmpHBIe M poropHO-opuiHeBbie [10]) B cpaBHeHuu c
MIEpBBIMU KOHCTPYKLIMSIMH JIBUTaTeNel sToro Buaa. Ilpu-
geM, "yOutn' B TEXHOIIOTHH M3TOTOBICHUS, 3(pPEeKTUBHO-
ctr ¥ MorHocTH /IBC, HO He 10 CBOMM HE M3MEHUBIINM -
csl 10 HammXx AHel paboumm Ttaktam (“uuxay Ommo"),
KOTOpBIE TaK N3MEHIIH Hac U Bech Hatn mup (puc. 10).

IV Takr
Beinyck

Ml rakr
Pabounit xog

Il TakT
Cxarue

I TakT
Bnyck

Puc. 10. CxemaTudeckoe n300pakeHHe paboyero UK
COBPEMEHHOT0 YeThIPEXTAKTHOTr0 KapOroparoproro IBC [12]

Ecmn mepeie JIBC umenu momHOCcTh He Oonee S
n.c. (mo 3,7 kBT), To B Hacroslee BpeMs MaKCHMAaIIbHAsT

MOIITHOCTh YeThIpEeXTaKTHOTrO KapOroparopHoro JIBC yxe
cocrasisier 110 800 m.c. (mo 590 kBr) [12]. CoBpementbie
aBUAIMOHHBIC MTOPIIHEBBIEC ABUIATENN C HEHNOCPEICTBEH-
HBIM BIIPHICKOM aBHAOCH3WHA M WCKPOBBIM 3a)KHT'aHHUEM
UX TOpIOYeH cMecH pa3BHBalOT MomHocTh 70 1500 m.c.
(mo 1100 xBr). 3ameTnM, 4TO B KOHIIE CrOPaHUS TOPIOUCH
CMECH JIaBJICHHE B paboueM MWINHIpPE KapOHopaTopHOTO
JABC moxer gocturath mo 60 at, a Temmeparypa — 10
2200 °C [12]. Kpome Toro, pabouuii UK COBPEMEHHOTO
kapOropatopHoro JIBC, ocymectBisemslii 3a 4-¢ xoma
nopiast quamerpoM e Gonee 150 mum (mpu ero Gonbinem
JIaMeTpe BO3PACTAeT CKIOHHOCTh K JE€TOHAIMN TOpIoYeit
cmecr [10]), Moxer GBITB OCYIIECTBIEH TPHU OOJBIION
9aCcTOTe BpALICHHs KOJEHYATOr0 Bama aBuratens (oT
3000 mo 7000 o6/mun). Uto kacaercs JIBC TOHOYHBIX
aBTOMOOWJIEH ¥ MOTONMKJIOB, TO X Bajbl MOTYT pa3BH-
Barh cKkopocTh BpaieHust B 15000 o6/mun u 6omee [12].

BaknsiM mpakTHyeckuM npuMeHenueM JIBC sBis-
eTcsl X UCTIONb30BaHKeE, IPEXKAE BCETO, ISl IPUBEICHUS
B JIBIDKEHHE pa3HBIX aBToMOoOmMIeit. Cremnyer ocobo moa-
4YepKHYTH, 9TO 3HepreTudeckumM ''cepamem’ 99,9 % Bcex
COBPEMEHHBIX aBTOMOOWIIEH NpH UX 00IIEeM KOJIMYECTBE B
COTHM MWJIIMOHOB IITYK, HECMOTpPS Ha CHJIBHOE BIMSHHE
ANEKTpU(UKAIMKA BO MHOTHX NPOMBIIUIEHHBIX OTPacisax
U Ha aBTOTEXHUKY, mo-npexxaemy ocraercs IBC [12].

3. UBOBPETEHUE JU3EJIbHOI'O JIBUT"ATEJIS

Xors 3TOT BUA ABUTaTenst U otHocutes k JIBC, on-
HAaKO YYHUTHIBAs €r0 BaXXHOCTh, NPOTPECCUBHOCTh W IIW-
POKYIO pacrpoCTpaHEHHOCTh B COBPEMEHHOM OOIIECTBE,
Oymer pasyMHBIM W IEJecOOOpa3HbIM BBIACIUTH HaM
KPaTKyI0 HCTOPHIO €r0 CO3JaHHUs B OTJCNBHBIA pasiell.
N3o0peraTeneM 3TOro THUIA ABUTATENS] OKAa3aJICsl BBIJATO-
IUHACS HEMEIKWH WHKeHep-mexaHuk Pymombd dusens
(1858-1913 rr.) [13]. Jmst Bcex Hac, paboTAOMINX B TEX-
HUYECKOH cdepe, U 1Mo cell eHb, MHTePEeCHBI MBICTH P.
Jlu3enst 1o moBoxy M300peTaTenbCKOM ACSITENbHOCTH HH-
xenepa [13]: "Hzobpemenue nukoz0a He 6bLIO Auulb
NPOOYKMOM MEOPYECKO20 B000PAICEHUSL. OHO NPEeOCmas-
Jasilem cobou pe3yrbmam 060pvbObl MeHCOY OMENIEeYeHHOU
MBICLIO U MAMEPUAnbHbIM  MUupom. Hszobpemamenem
UCOPUS MEXHUKU CYUMaem He moz2o, Kmo ¢ mou uiu
UHOU CMenenvblo OnpedeeHHOCMU BbICKA3bIBAL PaHble
NnoO00OHble dice MbICAU U UdeU, d Mo20, KMo OCYUujecmeui
CB0I0 UOEI0, MENbKHYBULYIO, MOodicem Oblmb, 8 yMe MHO-
arcecmea Opyeux odeu”. ITOT TBOPUECKUH YEIOBEK C
IIUPOKUM KPYTO30pOM M OTMEUCHHBIM BHIIIE (Hrirocod-
CKUM MHPOIIOHUMAaHHEM TEXHUYECKOH c(epbl B KOHIIE
19-ro croneTns MpeIoKII HOBBI MPUHLIUIT OCTPOCHHUS
JIBC, Ga3upytomuiicsi Ha 3aKOHaX KIACCHYECKON (PU3HKH.
B nmBuratene Jusemnst (Ouzensnom Oeuzameine) CHIBHO
C)KUMaeMasi BOCIUIAaMEHSIOIIAsicsi CMECh JKHUAKOIo yrie-
BOJIOPOJTHOTO TOIUIMBA C BO3AYXOM, COJEpXKALIMM IO
Macce B cBoeM cocrtaie 110 21 % kucimopoma (OKACTHTENs
TOIUTMBA), BCIBIXUBACT 03 MHUIMHPYIOLICH JIICKTpUYC-
CKOHM MCKpbl. HamoMHuM, 4TO, HanlpuMep, B COBPEMEHHOM
kapOropaTopHoM Oer3nHOBOM JIBC i MHUIMHPOBaHUS
Ipolecca Cropanusi TOIIMBA B paboyeM LWIMHIPE BU-
raTels MPUMEHSIETCS] AIICKTPUIEcKasi UCKpa OT BBUHUYMBA-
€MOi1 B TrOJIOBKY pabodero NWIMHIpa CBEYM, Ha KOAKCH-
abHBIE METAJUTMYECKUE 3JIEKTPOABI KOTOpOH B omperne-
JICHHBI MOMEHT BPEMEHHU PabOdero IyKiIa MOAAeTCs BbI-
COKO€ MIMITYJIbCHOE HJIEKTPHUYECKOE HANPSDKEHNE BEINIH-
Hoit 1o 15 kB [12]. Jns paGoraromiero Au3easHOrO IBH-
raTens HeoOXOOMMOCTH B TOZOOHOHN 3IEKTPUIECKON HC-
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Kkpe HeT. CBsI3aHO 3TO € TeM, YTO IPH CHIIBHOM CXKaTHH
TIOPUIHEM LWJIMHIPA MEJKOIMCIEPCHOM Toproueil cMecu
B mu3enbHOM JIBC pes3ko moBhIIIaeTcs ee TemrepaTypa,
KOTOpasi OKa3bIBaeTCsl JOCTATOYHOM IUIsi caMOBOCIIaMe-
HeHust Toil cmecu. [lpunuun nocrpoenus JABC, mpen-
JIOKEHHBIM W 3amareHToBaHHBIA WM B 1892 romy (puc.
11), mnosBomun ympocrtuts paGory JBC, mOBBICHTH
Ha/ISKHOCTh €ro (pyHKIMOHUPOBAHUS M CO3AaTh B OyIy-
meM Mornble JIBC 11 TakuxX TpaHCIOPTHBIX CPEACTB
KaK TEIUIOBO30B, PEYHBIX M MOPCKUX HAJBOIHBIX U IOJI-
BOJHBIX Kopabueii [12].

A Blerel in aemtas,
Banten
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Puc. 11. TTarerr Ne 67207 I'epmanuy, Beiganssiii 23.02.1893 1.
BBIJIAIONIEMYCS HEMELIKOMY MEKEHEPY-MEXAHUKY
P. Jlu3elio Ha Ha3BaHHBIH B €T0 YeCTh AM3EIBHBIN aBHraTesb [13]

Haunnan B xoHne 19-ro Beka BBITAIONIMICS HEMeEI-
KU MHXKEHep-MexaHuk P. Jluzens cBOM BOILUIOLIEHHBIE B
"MeTam1" OpUTrMHAJIbHBIE TEXHHYECKHE pa3padOTKH C Of-
HommmuHApoBeix JIBC Manoit momHocTH (puc. 12) [13].

t+ B JTuzenn
o (1858—1913)

Puc. 12. TlepBblii CTalOHAPHBIIT OHOLMIIMHAPOBBII TU3CIBHBIN
nprrarens Tara DM-12 morroctsio 12 i1.c. (okomo 9 kBr)
pa3paborku 19-ro cToneTHs! BbIIAIOMIErocs HEMEIIKOTO
mobperarens P. {usens ([epmanus, r. AyreGypr, 1893 rom) [13]

B 1897 roay P. Muzenewm (puc. 13) Obu1 co3aan nBu-
raTesib ¢ BEpTHKAJIbHBIM IIWINHIPOM MomutHocThio 20 i.c.
(oxono 15 kBr), umeBmmii Tepmudeckuii KITJI, paBHbIii
okoio 29 %. Pacxox TorutkBa (KepocHHa) B HEM COCTaB-
nsn ro 260 1 ma 1 r.c. B wac [14]. DTor ABUTaTENs SBISII-
Cs1 CAaMBIM JIY4IINM CHJIOBBIM arperaTtoM TOro BPEMEHH.

Puc. 13. Co3pmarens mepBoro B MUPE OTHOMUIHHAPOBOTO
JIM3€JIbHOTO ABUTATENIsl, BBIAAIOMIUNCS HEMELKUN YIEeHbIH,
TOKTOp-HHKEHep 1 n3obperatens Pynonsd dusens [14]

OTMeTHM, 49TO ceifyac TOIUIMBO B OU3EIbHOM O6U-
2amesne BIIPHICKUBACTCSI B €ro pabOuMil LMIMHADP IOJ
BBICOKMM [[aBJICHHEM (KaK IPaBHJIO, IPH €ro ypOBHE OT
100 mo 300 atm) yepe3 GOpCYHKY B CTPOrO OIpEIeIICH-
HBIII MOMEHT, COOTBETCTBYIOIIMH HEJOXOAY HMOPILIHS 10
cBoeit Bepxaeii MmeptBoit Touku (puc. 10). Toprouas cmech
oOpa3yeTcs HENOCPEICTBEHHO B €T0 IWJINHIAPE 10 Mepe
BIIPBICKA JTM3EIHHOTO TOIUTHBA. [lo3TOMy an3ens siBisier-
csa [IBC ¢ BHYTpeHHHM cMeceoOpa3oBaHueM. [[BIbKeHUe
TIOPIIHS BHYTPU IIWJIMHAPA BBI3BIBACT HArpeB W IIOCIIE-
JyIolee BOCIUIAMEHCHHE TOIUTMBOBO3IYIIHOM cMecH (Ko-
3 GUIMEHT CKATUSI TIPH 3TOM B IIWIIMHIPE MOXKET JOCTHU-
ratb 10 21). KIIJ] cOBpeMEHHOr0 AN3eIBHOTO [BHUTATEIIsI
nocruraer 10 35 % (mpu HCMONB30BaHMU B HeM TypOo-
HaJuTyBa OH joxomuT 10 44 %) [13]. dusensHble nBUra-
TENU SIBIISIOTCS. HU3KOOOOPOTHBIMH M XapaKTEPH3YIOTCS
BBICOKMM 3HAUCHHEM BpAIIAIOIIEr0 MOMEHTa Ha KOJEH-
YaToOM Bay JBUTaTeNsd. JlONONHWTENBHBIM NpEeHMYyIIe-
CTBOM JHM3EJBHOTO JBHUTATEINS SIBISETCS TO, YTO, B OTIIH-
Yype OT JABWTaTeNeil ¢ MPUHYIUTENBHBIM 3)KUTaHUEM HX
Toprodeil cMecH, OH IpH paboTe He HyKZaeTcs B dIIEK-
TPUYECKOM IODKUIE CBOCH roprodeil cMecd (B aBTOMO-
OWJIBHBIX JM3ENBHBIX JIBUTATENAX OOpTOBas 3JIeKTpHde-
CKasl CHCTeMa HCIIONIb3YeTCsl TOJIBKO Ha JTarle ero mnepBo-
HAYaIbHOTO 3aIyCKa) W, KaK CIEACTBHE TOrO, OH MEHEe
"OouTcs" moOMagaHus B HETO BOMBL. 3aMETUM, UTO TIEPBHIC
00pa3Ibl AN3ENBFHOTO IBUraTens B Mactepckoit P. Jlnzens
paboranu Ha yronpHOU meuTH. [lo3ke M3-3a BBICOKHX a0-
Pa3sUBHBIX CBOHCTB KaK caMOH 3TOM MBUTH, TaK W 30JHI,
MOJTydalomencss Mpu CropaHnd B pabodeM IMIIHHApE
YTOJBHOW TBUTH, MEPEeNuId Ha HCIIOIb30BaHNUE B TU3EIAX
TspKensix HepTsaabix (paxuuii [14]. B 1900 roxy Ha Bcee-
MHPHOH TOPTOBO-TIPOMBINUIEHHOH BhICTaBKe B T. [Taprke
neurarens Juzens nomyunn 'pan-npu. C 1908 roma P.
Jlu3ens TpHCTYNH K CO3IaHMIO H3EIBHOTO JIBUTaTElNs,
TIPUTOJTHOTO JUTS paboTHI B cocTaBe aBToMoOms. [1epBrie
TIOTNIBITKA TaKOW pa3pabOTKH OKa3anuch Oe3yCHenIHbIMU.
Tparnueckast rudens P. /luzens Ha mope, mpon3ome as
29 cents6ps 1913 roxa, npepsaia Bce ero 3TH paboTHI.

Janpreiimer paboToil Hajg AW3ETBHBIM MOTOPOM
3ansuicsi umwkenep Ilpocnep Jlepamx, paboraBmmii Ha
HemenkoM 3asone "Benz & Cie". B 1909 roxy on mony-
YW TATEHT Ha JW3CNBHBIA JBHTATENh C MpeAKaMepon
[14]. B 20-¢ rogst 20-ro Beka HeMeLKuii umkeHep Pobept
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Bom ycoBepuieHcTBOBanm ISt AM3eENs BCTPOSHHBIH TOI-
JIMBHBIH HAcCOC BBICOKOTO JIABJIEHMS, KOTOPBHIH IIMPOKO
MIPUMEHSIETCS. U B HAIlle BpeMs. DTH YCOBEpIICHCTBOBA-
HUS W OTKPBUIA "TOPOTY" Ou3enbHOMy Oeuzamesnto Ha
aBTOMOOWIBHBIN pBIHOK. [lepBBIii TPY30BHK, OCHAIIECH-
HBII TU3eTbHBIM ABHTaTeNIeM, ObUI BBIIYIIEH B I epMaHnn
B 1923 roxy. 3o 6vi1 5-TH ToHHEN 'Benz 5K3", B xoro-
POM OB YCTAHOBJICH 4-X IUJIMHAPOBBIN TN3EIBHBIN JIBU-
raTens ¢ npeakamepoit oosemom 8,8 1 [14]. On paszsuBain
MorrocTh 10 50 11.c. (okomo 37 kBT) mpu ckopocTu Bpa-
menns Bajga B 1000 o6/muH. J{M3elbHBIC IBHraTeNv IO-
Jy4WIN ceddac MMPOKOE PAcIpOCTpaHCHHE B MHpPE H, B
MIEpBYIO OYepenb, Ha JKEJIE3HOH JOopore W B CyHOCTpoe-
Hun. Hamprmep, JIOKOMOTHBBI (TEILIOBO3bI), HCIOIB3Y-
IOIINE U3ETbHBINA JIBUTATENb, SBISIFOTCSI OCHOBHBIM BH-
JIOM TpaHCHOpPTa HA HETEKTPU(PHIMPOBAHHBIX yJaCTKax
JKene3Hor fopord. OHM KOHKYPHPYIOT € 3JICKTPOBO3aMH
3a c4€éT CBOEW ABTOHOMHOCTH, IIEPEBO3SI NPH 3TOM, K
npumepy, B Poccuiickoit @enepannn 10 40 % rpy3oB u
MIaCCa’KUPOB 1 BBITONHAIOT 10 98 % MaHEeBpOBOH pabOTHI
Ha nopore [14]. Ceituac pemkxas moznens JIBC mpencras-
JsieTcss Ha KOMMEPYECKOM pBIHKE JBUTraTeneid 0e3 mm-
3eJIbHON MOAN(UKAINH. APXUBHO-HCTOPUIECKUE JTaHHBIC
CBHUJETEIECTBYIOT O TOM, YTO CO3JIATENlb 3TOTO CHIOBOTO
arperata Pynone¢ /lusens men K cBoeMy TEXHHYECKOMY
OTKPBITHIO BECbMa TEPHUCTBIM ITyTEM, YIOPHO IIPeooIIe-
Basl TMIOCTOSTHHBIE TPYIHOCTH M HETOBEPHE OKPYKAIOIIHX.
Kcraty, paspaborannHas uMm wumkeHepHas teopus [IBC
CTaja OCHOBOM JUISi CO3JIAHWSI COBPEMEHHBIX IBHTATENCH
C BOCIUIAMEHEHUEM CMECH OT CiKatusl — dusenei [14].

Ha puc. 14 mpencraBneHbl BHEIIHHE BHABI COBpe-
MEHHBIX JTU3€IbHBIX JBUTATENEH, IMUPOKO MCIIOIb3YEMbIX
B Ka4eCTBE CIJIOBBIX arperaToB aBTOMOOMIIEH U CYZIOB.

Puc. 14. Bueninue Bupl aBTOMOOHIBHOTO (CieBa 6e3
TypOOHAUTYBa) U CYIOBOTO (CripaBa ¢ TypOOHATYBOM)
MOIIHBIX AN3EIBHBIX ABUTATENEH pa3paboTKu
komifa 20-ro cronerust [14, 15]

Jist CcBsI3M BpeMEH W IOKOJICHWH OTE4eCTBEHHBIX
nu3enectpouteneid ykaxem, uro B konre 2011 roma B
HTY "XIIN" nponuto Top>keCTBEHHOE coOpaHne HayqHO-
TEXHHYECKOM oOmecTBeHHocTH, mocsmerroe  100-
neturo qusenecTpoeHns B Ykpaumue [16]. BeizBano 3to
OBbUIO TEM 3aKOHOMEPHBIM (PAKTOM, YTO UCTOPHS AU3EIIe-
CTPOCHHMS HamIel CTpaHBl HEPa3pHIBHO CBsA3aHA C Xapb-
KOBCKHM ITPAKTHYECKAM TEXHOJOTHYECKUM HHCTHUTYTOM,
OocHOBaHHBIM B 1885 romy, ¥ HBIHEIIHHM €ro IpaBoIpe-
emankoM HTY "XIIN". MiMeHHO B CTeHaX 3TOr0 Xapb-
KOBCKOT'O BBICIIIETO Y4eOHOTO 3aBeJeHHs Oblla OCHOBaHA
YKpaHCKas IIKOJIa TU3ENIECTPOCHNUS IO/ HAyYHBIM PYKO-
BOJICTBOM pa3pabOT4YHMKa TEPBHIX OTCUECTBEHHBIX AW3E-
neit u nepBoro 3aBeayromero kadeaporr ABC B XTI u
XAWU, n.t.1H., mpod. B.T. IIBerkoBa. 3aeck ciemyer oTMe-
TUTh U TOT HEMAJIOBXKHBIA (aKT, UYTO CPEIAH MPOCIABUB-

IUXCS  BBITYCKHUKOB-MeXaHWkoB XIIM1 B obmactu
aBHAJBUTATETICH W JU3CIECTPOCHHUS OBUT OCHOBATEIh U
TeHEpaIbHBI KOHCTPYKTOP IIHPOKO M3BECTHOTO BO BCEM
Mupe 3aropOXKCKOr0 MAITHHOCTPOUTEIHHOIO KOHCTPYK-
Topckoro Otopo "TIporpecc” Anexcannp ['eopruesna Hs-
geHko. OTMeTuM, 4TO B HacTosmiee Bpems kadenpa IBC
HTY "XIIN" mox pyKOBOJICTBOM €€ HBIHCITHETO 3aBEIy-
OIIET0, MPOPEKTOpPA 3TOTO0 YHUBEPCHUTETA IO HAayKe, Jiay-
peara T'ocymapcTBeHHOW MpemuH YKpawHBI B 001acTH
HayKH TEXHUKH, I.T.H., mpod. A.Il. Mapuenko ycremHo
MPOJOIDKAECT JaNlbHeHIee pa3BUTHE HEOOXOIUMOTO
HallleMy OOIIECTBY JBHUTATENeCTpoeHUs B Ykpanse [17].

4. U3OBPETEHUE POTOPHO-TIOPITHEBOI'O
JABUT'ATEJIA

Heytomnmble n3o0peraTteny Mupa HpPOAOIDKAIA U
MIPOJOJDKAIOT HCKATh aJbTEPHATHBY TPAAWUIIMOHHOMY
JBC. OaauM U3 HHX OKa3ajcsl BBIIAIOIIUANCS HEMEITKUH
Mexanuk-camoyuka @enuke Ierpux Bankens (1902-1988
rr.) [15, 18]. Eme B momomoctu @.I'. Bankens (puc. 15)
TIOHSUJI, YTO BCE YeThlpe TakTa paborsl obbsraHoro JIBC
(BIPBICK, CXKATHE, CrOPAHHME U BBIXJION) MOXKHO OCYIIE-
CTBHTh TP KpPYrOBOM BpAIllCHWH pOTOpa-TopiiHI. B
1934 rony oH co3man MEpBEIA ONBITHEIN 00pasen pomop-
HO-nopuinegozo osuzamensn (PIIJ]) u momy4un Ha HEro
nateHt [15]. B 3T0 Bpemsi OH CKOHCTPYHpPOB&7 HOBBIC
KJIanaHbl ¥ KaMephl CrOpaHus IJIsl CBOEr0 YK30THYECKOTO
MOTOpa, CO3/1aJl HECKOJBKO PA3IMIHBIX BAPHAHTOB €ro
WCTIONIHEHHUS M pa3padoTan KilacCH()UKANWi0 KHHEMAaTH-
geckux cxeM paznmaubix PTIIJT [18]. TTonagoGumuce necs-
TWJICTHSI U JOBOJIKH U pon3BoicTBa 3toro Tuma JIBC.

-

Puc. 15. Bermaromuiicss HeMeKuii m300peTaTenb COBPEMEHHBIX
JBC potopHo-niopurHeBoro tuna — dennke Bankens ¢
TPEXBEPIIMHHBIM POTOPOM CBOSTO OPHTHHATIBHOrO ABHTaTens [15]

Tomeko B 1957 roxy nepssiit PI1J] 6611 ycTanoBieH
HeMmenkon kommanuen "NSU Motorenwerke AG" Ha aBTO-
Mo6mwis Mapku "Prinz" [15]. Ucnbrranuii stor PIIJ] Tuma
DKM-54 Torma He BhIIEpKal, HO JOKA3aJl CBOIO IIPHHITH-
MTHAITBbHYIO pab0TOCTIOCOOHOCTh, OTKPBUT HAIIPABICHUS JUIS
CBOCH nanmpHEHIIel no0paOOTKM ¥ TPOIEMOHCTPHUPOBAI
KOJIOCCAJTBHBIM MOTEeHIMaa ''poTopHUKoB”. B uem xe 3a-
KJIFo4yaeTcsl npuHoumnuanbaoe otamane PII/] oT oOGbraHOTO
JBC? B Tom, uto B PI1]] mpuMeHeH BpaIaroImiicss poTop
(TOpIIIEHp), pa3MEIIEHHbI BHYTPU MIJIMHAPA, ITOBEPX-
HOCTh KOTOPOTrO BBIMOJHEHA MO smuTpoxoume (puc. 16)
[15, 18]. YcraHoBieHHBII Ha Bayly TPEYrojbHBINA POTOP
JKECTKO COEAMHEH € 3y04aThIM KOJIECOM, KOTOPOE BXOINT B
3allelUICHNE C HeTIOJBIKHON ImectepHeil. Potop ¢ 3ybua-
TBIM KOJIECOM KakK OBl OOKaThIBa€TCS BOKPYT 3TOH IecTep-
uu. Ero (poTopa) TpeyroibHbIe TPaHH MPH 3TOM CKOJB3SIT
10 BHYTPEHHEH 3MHUTPOXOUIATIBHON TTOBEPXHOCTH LIMJIMH-
Jipa ¥ OTCEKAIOT TepeMEHHbIE O0O0BEMBI KaMep CKaThs |
pacmmpenust cMecH B padoueM mumuHape PIT/T.
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Puc. 16. BHenHuit BUI pOTOPHO-TIOPLIHEBOTO IBUTATEIIs
Bankesist ¢ pa3o0paHHbBIM OBaJILHBIM IHHAPoM 31oro JIBC [15]

IMonobnas xoucrpykmmst PITJ] ¢ MckpoBbIM 3axkura-
HHEM II03BOJISIET OCYIIECTBUTh 4-X TaKTHBIA LUK 0Oe3
MIPUMEHEHUs CHEMAIFHOTO MEXaHM3Ma Ia30paclpesierne-
HUS B nwirHApe. ['epMeTHsanus kaMep B 3TOM JBHTaTENe
obecrieynBacTCsl paguaIbHBIMH M TOPLEBBIMHU YIJIOTHH-
TENBHBIMU IUIACTHHAMH, NPIKIMAEMBIMUA K IJIMHIAPY
LIEHTPOOEKHBIMH CHJIaMH, JAaBJICHUEM I'a3a U JICHTOYHBIMA
npyxnHaMu. CmeceoOpa3oBaHMe, 3a)XKHTaHHE, CMasKa,
oxnakaeHne u 3armyck B PITJ] mpuHIMNMansHO Takue e,
Kak u y o0sraHoro mopiusesoro JIBC [15, 18]. Takum 06-
pasoM, ¢ynkmmio mopmHs B PIIJI BhImonHSET Tpexsep-
IIMHHBIA POTOP, MPE0OPa3YIOINI CHITy TaBICHNS [a30B OT
CrOpaHus TOpIOYEH CMECH BO BpAIATEIbHOE JBIDKCHHE
SKCIEHTPUKOBOTO Bana. J[BIKEHHE POTOpa OTHOCHUTEIBHO
craropa (Hapy»KHOTO KOPITyCca IINHApPA) 00eCIeunBaeTCs
TIapoii IIecTepeH, O/IHA U3 KOTOPBIX 3aKpeTuieHa Ha pOTope,
a BrOpas Ha OOKOBOH KpbIlKe craropa (IWInMHIpa). 3a
TIOJTHBI 00OPOT TPEXBEPUIMHHOIO POTOpPAa B KKAOW W3
Kamep JBHTATENs COBEPIIAETCS IMOMHBIA YeTHIPEXTaKTHBIA
UK. ['a3000MeH peryaupyercss BEpIIMHONW poTopa Ipu
MIPOXOXKICHUM €€ Yepe3 BITYyCKHOE W BBITyCKHOE OKHA.
Kpyrsmuit moment B PITJI nomydaercs B pe3ynbTare new-
CTBHMS Ta30BBIX CHII Yepe3 TPEXIPaHHbBIA POTOp Ha IKCIECH-
Tpuk Bana. Ilobimennsni naTepec k PIIJI B 70-x Tomax
MPOLIJIOr0 BeKa OBUT BBI3BAH HMX CIEAYIOUIMMH CyIe-
CTBEHHBIMH TOTEHIMAIbHBIMH TPEHMYIIECTBAMH IO CPaB-
HEHHUIO ¢ OOBIMHBIMH MOPIIHEBBIMH JIBUTATEISIME CPAaBHU-
Moro kiacca o morgaoctH [18]: 1) merpimmm Ha 35-40 %
O0IIMM KOJMYECTBOM JETaliell; 2) MEHBIINM YICIbHBIM
BECOM TIpH OAMHAKOBBIX MaTepuajlax W COOTBETCTBEHHO
rabaputHpiM  00beMOM; 3) MEHBIIEH CTOMMOCTBIO; 4)
TUTAaBHOCTBIO PaOOTHI B Pe3ysIbTaTe OTCYTCTBHSI BO3BPATHO-
MOCTYIATENBHO JBIDKYIIUXCS YacTeil; 5) BO3MOKHOCTBIO
noTpeOIeHnsT HU3KOOKTAHOBOTO OeH3uHa; 6) Oomee Hu3-
KM YpOBHEM IIyMOB U BHOpamuii. OTMETHM, 94TO aBTOMO-
omnectpoutensHpM kKoMmanmwsM CIIA, SmoHnn u psma
EBPOMEHCKIX CTpaH B PE3yNbTaTe UTUTEIHHO MpOJEIaH-
HOM MMM OTPOMHOW Hay4YHO-HCCIICIOBATEILCKOM ¥ OIIBIT-
HO-KOHCTPYKTOPCKOM pabOThl yAanoch PElINTh MHOTHE
CJIOXKHBIE TEXHUUECKUE 3a/[aull Ha ITyTH CO3JaHHsI paboTo-
cniocobHoro HanexxHoro PITJ u BBIiTH B HacTOAIIEE BPEMS
Ha 3Tal MPOMBIIUICHHOTO MPOU3BOJCTBA ATOIO TUIA JIBH-
rateneii [15, 18]. IIpu aT0M Ham He ciemyer 3a0bIBaTh 1 00
ocuoBHbIX Hemoctatkax PIIJI [18]: 1) neaddexruBHBIA
MpOLIECC CrOPaHMs TOPIOYEH CMECH B Kamepe IWINHIpa U
CBSI3aHHBIM C 3TUM TIOBBIIICHHBIH PAacX0[] TOIUIMBA M ypoO-
BEHb TOKCHYHOCTH OTPaOOTAHHBIX I'a30B; 2) BHICOKHI pac-
XOJI Macla sl CMa3Kd €ro TPYIIUXCs 4acTeld; 3) HeBO3-

MOKHOCTB €T'0 BBIITyCKa Ha MPOU3BOJICTBEHHBIX TUIOMAIAX,
MpeHA3HAYCHHBIX ISl TIPOM3BOJICTBA  TPAJUIIOHHBIX
IBC; 4) nepexon Ha Bbimyck PITJI TpebGyer 3ameHbl mo-
JIABIISIONIETO OOJBIIMHCTBA TEXHOJIOTHYECKOTO 000pyHO-
BaHM B LIEXaX.

5. U3OBPETEHUE DJIEKTPOABUT ATEJIA

Cumnraercst, 4TO IEPBBIA PabOTOCIIOCOOHBII 00pasen
anekmpuyeckozo osuzamens (OII) ¢ KpyroBsIM Bparie-
HHUeM Bauia sikopst nosisuics B 1834 roay. Ero co3natenem
SIBJISIETCSl U3BECTHBIN POCCUHCKUMN AJEKTPOTEXHUK bopuc
Sxo6u (1801-1874 rr.) [3, 19, 20]. B 1860 romy nranbsH-
ckuM m3obperareneM Anrtonno IMaumnortn (1841-1912
rr.) Obul moctpoeH ]I MOCTOSHHOIO 3JIEKTPUYECKOrO
Toka ¢ kosuekropom [19, 20]. IMpuaumn paborsr D)1 3a-
KIIIOYaeTCsl BO B3aMMOJECHCTBUM MAarHUTHBIX IOJIEH €ro
SAKOPS M CTAaTOpa, COACPXKAIIMX PACIPEACICHHBIC BIOJb
MX KPYTOBBIX TIEPUMETPOB JIeKTpoMarauTsl (puc. 17).

Karyuwixa axops

ﬂ&ﬂf& f’|'l

Konnextop

Puc. 17. YrporeHnast cxema noctpoenust u paborst D/ [21]

[Ipn nmoaBeneHUM 3IEKTPUYECKOrO TOKA depes Ipa-
(UTOBBIE IETKN U KOJUIEKTOP K MHOT'OBHTKOBBIM KaTyII-
KaM KpYyIJIOTO SKOps, PAa3MEIICHHOTO Ha IMOJIIUITHUKAX
BHYTpH cratopa D/, JIeKTpOANHAMUYECKOE B3aUMO/ICH-
cTBHE 00pa3yIOUIMXCS MarHUTHBIX TIOJICH KaTyIIeK SKOpsI
W paHee CYIIECTBOBABILETO MAarHUTHOTO IOJS 3JIEKTPO-
MarHuTOB CTAaTOPA BBHI3BIBACT MOSBIICHUE BPAIAIONIETOCS
MOMEHTa Ha Baly sKOps. OTKIIIOUEHHE 3JIEKTPUIECKOTO
TOKa KaTymiek stkopst D] MpUBOIUT K OCTAHOBKE SIKOPS 1
COOTBETCTBEHHO Bajia IBHraTelst. YKaxeM, uro 1867 rox
O03HAMEHOBAJICS. OTKPBITUEM MPHUHIMIIA CaMOBO30YK/ie-
HUS B DJIEKTPUUYECKUX MAIIWHAX, CACIAaHHBIM BHIHBIM
HEMEIIKMM 3JIEKTPOTEXHHKOM M H300peraTteneM Bepwe-
pom Cumencom (1816-1892 rr.). D10 a0 BO3MOKHOCTH
3aMeHNTh B DJ] cTanbHble MarHATHI Ha 3JEKTPOMATHUTHI.
B 1869 romy nsurarens IlaumnorTH OBLT ycoBepuIeH-
CTBOBaH (paHITy3ckuM Hu3o0peraterem 3enobom ['pam-
Mom (1826-1901 rT.), KOTOpBIiA CO3/1aTT KOIBLEBOM SIKOPbH
U3 [IMXTOBAHHOTO JKelie3a (M3 IUIOTHO MPHIIETAOIIHX
IpYr K ApYry TOHKHX MeTauindeckux racrtux) [3, 19].
IMozxe B 1873 rogy HeMenkuii 31eKTpoTeXHUK Ppruapux
Xebuep-Anprenek (1845-1904 rr.) maHHbIN SKOPH 3aMe-
HUJI Ha OapabaHHBIN, CYIIECTBEHHO YIIPOCTHBIIMH KOH-
cTpyKuuio D)1 ¥ 3aMETHO YBEIWYMBIIMK €ro MOIIHOCTD
[3, 19]. Baxkubiil PU3MKO-TEXHIMUECKUH IPOPHIB B 00Ia-
CTH DJIEKTPUYECKUX MAIIMH OBUT COBEpIIEH I'eHHAIbHBIM
XOPBaTCKO-aMEPHKAHCKIM 3JIEKTPOTEXHUKOM Hukomoit
Tecna (1856-1943 rr.), orkpsiBiinM B 1888 roxay siBnenne
BpAIIAOIIerocst MaruuTHoro mois [3, 19]. Dto mpuserno k
CO3MAaHUI0 MM Ccepur MHOro(asHsix (B OONbIIEH YacTH
nByx(dasneix) smekrpoxsurarencit. B 1890 rogy Beiaro-
IIAMCST HEMETIKO-POCCHHCKHIM 3JIEKTPOTEXHIUKOM Muxan-
nom J{onuso-J{o6poBonbckum (1862-1919 rr.) 6s11 1306-
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pereH Tpexdas3Hblii acHHXpOHHBIH D/] mepeMeHHoro To-
Ka, COJep)KaIllnii KOPOTKO3aMKHYTYI0 OOMOTKY SIKOpSI U
pacmpenenentbie 1o craropy ¢asusie oomorku [19, 20].
[TosToMy MOXXHO OOOCHOBaHHO T'OBOPHUTH O TOM, YTO K
KOHIly 19-T0 Beka B MHpE HOSBHJINCH HEPBBIC IPOMBIII-
nmerneie  00pasmpl D). C mosienmem B 1870 romy
HA/IS)KHOTO HMCTOYHHMKA IIOCTOSIHHOTO JIJIEKTPHYECKOTO
TOKa B BHUJE KHCJIOTHOW aKKyMYISTOPHOW OaTapen HX
(3MIeKTpOBHUIaTENH) Cpa3y CTajld yCTaHABIUBATh Ha Goe-
BBIC MMOJIBOJHBIC JIOJKUA BO MHOrUX crpanax [21]. Hamee
O/l HanUM DIMPOKOE NMPUMEHEHHE B MAIIMHOCTPOUTEINb-
HOH W MeTaut000padaThIBAIOIEH OTpacisiXx HpPOMBIII-
JICHHOCTH, aBUALIMOHHOM, PAKETHOH M OBITOBOW TEXHHKE
n Ha TpaHcnopre. Ha puc. 18 npuBenen obumii Bua co-
BpemenHoro D] tuna FIMET.

Puc. 18. BHenHuii BUI COBPEMEHHOTO OOLIEIPOMBILIIICHHOTO
snekrpoasuraresst Tuma FIMET momrxocTsio 1o 11 kBt [22]

Ham cnexyer KoHCTaTHpOBATh, YTO OJHUM M3 BaX-
HBIX JOCTW)KEHHUH B 00J1aCTH HAyKU M TEXHUKH KoHIa 19-
IO BeKa CTallo U300PETCHUE 21eKmpoodsuzameia, peod-
Pas3yloIero 3JIeKTPUUYECKYI0 YHEPIHIO ITOCTOSIHHOTO WIIN
MIEPEMEHHOr0 TOKAa SIKOpSl M CTaTOpa B MEXaHHYECKYIO
9HEPrHI0 OBICTPO BpAINAOIIErocs (0 HECKOIBKHX THICSTY
06oporoB B MuHyTy) Merammadeckoro Baixa DJI. Ceituac
3T0 yAOOHOE M SKOHOMUYHOE IIEKTPOTEXHHYECKOE
YCTPOWCTBO Pa3IMYHOM MOIIHOCTH CTAJI0 Ba)KHEHIINM
3JIEMEHTOM BO BceX cepax 4ermoBedecKoil NesTebHOCTH,
HauYMHAS C IPON3BOJICTBA M 3aKaHUMBAs OBITOM JIIOZCH.

6. UIBOBPETEHME I"A30TYPEMHHOI'O JIBUT'ATEJIA

Tazomypounnviit 0suzamens (I'TJ[) win Kak ero
€lle MHAuY€ HA3bIBAIOT MYypOOPeaKmueHvlii Oeucamesns
(TPM) siBisieTcs TEIUIOBBIM JBUTATE]IEM, B KOTOPOM ra3
CKUMAaeTCs M HarpeBaeTcs, a 3aTeM JHEeprusl C)KaToro u
pa3orperoro rasa npeodpasyercst B MeXaHHIEeCKyro pabo-
Ty Ha OCEBOM Baiy ra3oBoii Typoussl [23]. B ormmune ot
nopmHeBoro asuratens, B I'T/] Bce razonuHaMH4ecKue
MIPOLIECCHl TPOUCXOMAST B TOTOKE OBICTPO ABIKYIUXCS
ra3oB. CxaTblii aTMocepHBI BO3IyX M3 KOMIIpeccopa
BBICOKOT'O JaBJIEHHs MOCTyHaeT B kamepy cropanus [ T/]
(puc. 19), B koropyto momaércsi TortuBo. Cropas, 3T0
TOIUTMBO 00pasyeT OOJBIIOE KOJTMIECTBO I'a3000pasHbIX
MPOAYKTOB CTOPAHMs, BPALIAIOMINX O]l BHICOKHM JaBJe-
uueMm Typouny I'T/l u BeIpBIBatomuXcs U3 €ro Coruia.

B kauectse tommBa ['TH (puc. 20) MoryT ucmoins-
30BaThCs JIIOOBIE TOPIOYHME BEIECTBA, KOTOPHIE MOXKHO
JIICIIEPTUPOBATh. OCH3MH, KEPOCHH, JU3EIbHOE TOILUIMBO,
Ma3yT, IPUPOJHBIA Ta3, Cy0BOE TOIUIMBO, CIHPT U W3-
MenpueHHsiit yroib. I' T/ (TP/I) uMerot camyro GOJBIITyO
yaenbHyto MomHocTs cpenu IBC (mo 6 kBr/kr) [23].

Typbuna I'T]] peakTHBHOrO camolera BpamaeTcs co
ckopocthio 10 10* 06/mum [23]. Yem Bbime B T'T/]T Temmepa-
Typa cropanust ero toruusa, TeM Boime KI1/] takoro nsura-

terst. [Toaromy B I'T/] mprMeEHSIOTCS sKapONpPOYHBIE MaTe-
puaIbl (CHELCTAIH, HAKENb, KEPaMHUKa | [Ip.), & €ro JACTAIH B
ropsiYell 30He OCHAIIEHBI CHCTEMaMH OXJIAKICHHS U COZEp-
JKaT TepMoOapbepHble MOKPHITHA. Ha G0eBBIX CBEpX3BYKO-
BBIX camoJieTax Mexay TypOuHOH u comtoMm Tl oObraHO
ycTaHaBimBaeTcs: (popcaxHas kamepa (puc. 21), B KOTOpOi
CKUTAETCSL TOMOJTHUTENBHOE FOpIoUEe.

1 2 3 4 )

B b 0

ril

-
g

Puc. 19. Cxemarnyeckoe IOCTPOCHHE Ta30TypOHMHHOrO IBUTATENS B
ero mpoosHOM paspese (1 — 3a00pHIK BO3ayXa; 2 — KOMIIPECCOp
HH3KOr'0 JIABJICHHST; 3 — KOMIIPECCOp BBICOKOTO IABIICHHUS;

4 — xamepa CTropaHus; 5 — pacmmpuTes pabodero Tena B TypOuHe
u coruie; 6 — ropsiuast 30Ha; 7 — TypOuHa; 8 — 30Ha BXOma
MIEPBUYHOrO BO3/lyXa B KAMEPY CropaHust; 9 — XONoIHast 30Ha,;

10 — BXO/IHOE YCTPOMCTBO BO3AyX03a00pHHUKa) [23]

Puc. 20. BHemHuil BUJ| aMEPHUKaHCKOTO TypOOPEaKTUBHOTO
neuraresst tana GEJ85 (B mpomonsHOM pa3pese) mpou3BoACTBA
kommauun "General Electric” (CILA) [23]

Puc. 21. ®opcaxkHas KaMepa aMEepPHKaHCKOTO TYpOOPEaKTHBHOTO
neuraress tana GEJ79 (Bua co cTopoHsI comuia qBurarens)
npousBoacTea kommanuu "General Electric” (CLLA) [23]

W3 pamseix puc. 21 BUmHO, 9TO B TOpIE (HOPCAXKHOM
kameps! TP/l HaxomuTest cTabunmM3aTop TOpeHus IUCIepTH-
POBaHHOI'O TOPIOYEr0 C YCTAHOBJICHHBIMH Ha HEM TOIUIMB-
HBIMH (POpPCYHKaMHM, 38 KOTOPBIM HaXOIHUTCS TypOMHa pac-
cMaTprBaeMoro jaBuratens. [IpuMenenne QopcaxHOW Ka-
Mepbl obecrnieunBaer yBemmdenue ard B I'TJI mo 50 %, Ho
Pacxo/1 TOIIMBA IIPH 3TOM PE3KO Bo3pacraeT. OTMeTHM, 9To
TPJI OombmMHCTBA OOEBBIX CAMOJIETOB, JICTAIONIMX Ha
CBEPX3BYKOBBIX CKOPOCTSIX, 000PYIYIOTCS PEryIIHpYIOIMA
HaIpaBJICHHE BEKTOpa TSTH corutamu (puc. 22). YkaxeM u
TO, YTO JUIsI PEaKTHBHBIX CaMOJIETOB MHpa 4-I0 MOKOJIEHHS
(warprmep, st Mul'-29, Cy-27 u F-16) temmeparypa cxa-
Toro raza mepen Typousoit I'T/I (Hanprmmep, mist Tuna PJI-
33, AJI-31® u F-404) cocrasnser no 1400 °C, a crenens ero
oxarms mocruraet 25 [23].
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Puc. 22. BHenHuil BUI PErylIupyeMoro coruia COBETCKOro
(opcrpoBaHHOTO TYpOOpeaKTHBHOro JBurares Tuma AJI-21 [23]

C y4eToM OrpOMHBIX TEPMOJWHAMHYECKUX HATrpy-
30K, JeWCTBYrOmMX Ha ameMeHThl [ T/, pabodne omatku
ero TypOWHBI, HAUYMHAS C 4-TO TIOKOJICHHUS, BBITOTHIIOTCS
M3 OXJTaXKJaeMBIX MOHOKPHCTAIUTMIECKHX CIITaBoB [23].

7. ”BOBPETEHME TYPBOBMHTOBOI'O

1 TYPBOBEHTUJIITOPHOI'O JIBUT'ATEJIEH
B mypéoseunmoeom osuzamene (TB), sBrstrorem-
¢ OHOM M3 pa3HOBUAHOCTBIO I'TJI, OCHOBHOE TATOBOE
ycunue oOeclieunBaeT BIIEpEIN PACIOJIOKEHHBI BO3-
IYLIHBIH MHOTOJIONACTHBIA BUHT (prc. 23), COeANHEHHBII
yepe3 peayKTOp € OCEBBIM BaJOM TypOOKOMITpeccopa
TBJI [23]. TB]I Gostee 3KOHOMUYHBI HA MAJIBIX CKOPOCTSIX
nonéra yeM ['TJ] 1 mo3ToMy OHM IIUPOKO HCIOJIB3YIOTCA
JUIS CAMOJIETOB, HMEIOIIUX OOJIBIIYIO TPY30MOIbEMHOCT
1 panbHOCTh monéra. Ilpu 3TOM Kpelcepckas CKOpOCTb
€aMOJETOB IPakJaHCKOM M BOCHHOW aBUAIMU, OCHAIIEH-
ueix TBJI, cocrasiser ot 600 mo 800 km/u [23]. C po-
CTOM CKOpOCTH ToJNéra camoiera 3(P(eKTUBHOCTH BO3-
nqymHoro BuHTa B TBJ[ yMeHbmaerca. B 3Tol cBsi3u ya-
me Bcero TBJI mpuMeHsieTcss B aBHAIMH, OOCTYXHBAFO-

nieil MECTHBIE BO3MYIIHbIE IEPEBO3KH IIOAEH U IPY30B.

Puc. 23. Buemnuii BUI pOCCHIICKOr0 HATYPHOTO 00pasia
COBPEMEHHOT0 MOIIHOTO TypOOBHHTOBOTrO ABHraTesist [23]

Typoosenmunamopuulii peakmueHbvlilt 08U2AMEND
(TBPL) sBasiercst oasumoM TPJI ¢ BBICOKOW CTEIEHBIO
nByxkourypuoctd. B TBP]] (puc. 24) xommpeccop HU3-
KOTO JIaBJICHUS! IIpeodpa3yeTcsi B BEHTWIATOP, OTIMYAr0-
muiicss OT MOJOOHOTO0 KOMIpeccopa MEHBIIMM YHCIOM
cryneHed u OOmpmmM muamerpom. B TBPJI ropsas
CTpys ra30B NPAKTUYECKH HE CMEIIUBAETCA C XOIOAHOM.

I'maBubM moctomncTBoM TBPJI siBiisieTcst ux BbICO-
Kasi 9KOHOMHYHOCTh. OCHOBHBIE HEAOCTAaTKH — OOJIbIINe
Mmacca u rabaputel [23]. OGnacTs NPUMEHEHUS TAKHX
JIBUTATENIed — JallbHE- U CPEeJHEMAruCcTpalbHbIe KOMMEp-
YecKHe aBualaifHepsl M1 BOGHHO-TPaHCIIOPTHAS aBHAIMS.

8. UIBOBPETEHME XNJIKOCTHOI'O PAKETHOI'O
JBUT'ATEJIA
Pakernpiii aBuratens (P/I) sBisiercss Ha Ceromss
MIPaKTUYECKA €AUHCTBEHHBIM TUIIOM ABHTaTENsl, XOPOLIO
OCBOCHHBIM CIIEHUAIUCTAMU PAKETHO-KOCMUYECKON OT-
pacim 11 BBIBOJIA TTOJIE3HOW HArpy3Kd Ha OpOUTY HCKyC-

CTBEHHBIX CITYTHHKOB 3€MJIM M NIPUMEHEHHS B yCIOBHAX
6€3BO3/IyIIHOr0 KOCMUYIECKOro mpocrpanctsa [24]. Cua
msiru B PJ] (puc. 25) Bo3HuKaeT B pe3ysabTate mpeobpaso-
BaHHUA WCXONHOH JHEPrHMH TOIUIMBA B KHHETHYECKYIO
SHEPIHI0 PEaKTHBHOM CTPyHW M caMoro pabodero Tena
pakeTsl. B 3aBHCHMOCTH OT BHAa 3HEPTHH, MPeodpasyro-
meiics B KWHETHYECKYIO SHEPTUI0 PEaKTUBHOM CTPyH U
pabodero Tena, pa3IMYar0T XUMHUYECKHE PAKETHBIE IBH-
raTel, siIepHble (TepMOSIEpHbIE) PAKETHBIE IBUTATEIH I
JNeKTpHYeCcKUe pakerHple npurarenu [24]. HaumbGomee
pacnpocTpaHeHHbIM XuMmudeckuMm PJI sBisietca arcuo-
Kocmuoit pakemnstii osuzamens (JKPJ]), B KoTopoM Ha
OCHOBE 3K30TEpPMHYECKON XNMHUUECKON peakiyy roproye-
TO ¥ OKHCJIUTENs], IMEHYEMbIX BMECTe TOILIMBOM, 00pa-
3YIOILINECs MPOJYKTHI UX CTOPAHHUS HarpeBaroTCs B Kame-
pe cropanust PJ/] 1o BBICOKMX TeMmmeparyp W MpH CBOEM
pacuIMpeHnn pa3roHsIOTCS B CBEPX3BYKOBOM COILIE 3TOTO
P/l u nanee ¢ orpoMHON CKOPOCTBIO HCTEKAIOT U3 HETO.

Puc. 24. BHenHuil BUJ| aMEPUKaHCKOTO TypOOBEHTHIIATOPHOTO
peakruBHoro auraresst Tura CFM56-5C mpou3ssozacrsa
kommauuu "General Electric” (CILA) [23]

Puc. 25. CoBerckuil )HUIKOCTHOW PAKETHBIN JBUTATEIb THITA
PJ1-107 mist kocmudeckoro kopabist "BocTok”, BEIBUBLIETO Ha
OKOJI03eMHYIO opOuTy B 1957 rony nepBslii B HCTOpHU 3eMIIH

HCKYCCTBEHHBIN CIyTHUK U B 1961 roxy mepBoro B Mupe
TenoBeka B kocmoc [1, 24]

CozpatensiMu nepBbIx paborocnocodusrx KPJI oka-
3aJIMCh BBIJAIONINECS HEMEIKHE W COBETCKHE KOHCTPYK-
Topa B juie Beprepa ¢ou bpayna u B.I1. T'mymiko (puc.
26) [1, 24]. Crnemyer ykasaTb, YTO CO3JIAHUIO COBEPIICH-
HBIX oOpasmoB P/l mpemmectBoBana orpomHas padorta
MHOTOYHCIICHHBIX KOJUIEKTUBOB JIBUTATEIECTPOUTENCH.
OtMernM, uTo B Hacrosmiee Bpemst uisi JKPJ MomrHbIx
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paKeTOHOCHUTEell B KaueCTBE T'OPIOYEro HCIIOIb3YETCsI
TOKCHYHBIN TEIITUII, @ B BUIE €r0 OKUCIUTENS — TETPAOK-
cun nuaszora (N,O,) [24]. Ha puc. 27 3ameuarien crapt
aAMEPUKAHCKOI0 MHOTOPa3oBOTr0 KOCMHYECKOTO KOpadJist
"larmn”, mcronb3yromero OOKOBBIE TBEPIOTOIUIMBHBIC
pakernbie aurarenu (TTP) u mapuressie JKPJT [24].

Puc. 26. Beigatonumiicss KOHCTPYKTOP PaKeTHBIX JBUraTeneii,
akagemuk AH CCCP Banenrun [Terposmd [mymko [25]

VkaxkeMm, uro yaensHbll wnMmnynsc ans JKPJ]
(mampumep, miast Tama PJ1-170) mocturaer 4500 ¢, a Tsra
cocraisier cbime 800 tc [24]. TIo COBOKYMHOCTH 3THX
cBoiictB JKPJI npeanoyTuTenbHbl B KAU€CTBE MapIIEBBIX
JIBUTATEIICH paKETOHOCUTECH KOCMITYECKIX allllapaToB.

Puc. 27. Crapt ¢ KOCMOJpOMa MHOTOPa30BOr0 KOCMUYECKOTO
kopab6ust "Iarrn” ¢ tsroit TTP cebimre 1300 tc (CLLIA) [24]

Ha puc. 28 npuBeneH npeaHa3HAYCHHBIH JUTS OJE-
TOB B 3eMHOH cTpaTocdepe HOBBIH JIeTaTeIbHbINA anmapat
(JTA) CIIA, paborarommit Ha ckopoctsx g0 5M (mo 5500
KM/4) ¥ IMEIOIIHI IPIMOTOYHBIH Bo3mymiHbIi PJT [25].

II——

Puc. 28. T'uriep3ByKOBOH HPSMOTOYHBIH BO3IYIIHO-PCAKTHBHBIN
JIBUTaTeNb, YCTAHOBIICHHBIN Ha SKCIIEPUMEHTATILHOM THIIEP3BYKOBOM
nerarenbHoM armapare NASA tuma X-43 (CLLA) [25]

9. UBOBPETEHUE AJEPHOI'O 1 TEPMOSJEPHOI'O
PAKETHBIX I[BI/IFATEHEﬁ

Hoepnouit (SIP1) unu mepmonoepnwiii (TSAP) pa-
Kemmnwle Oeucamenu SBISIOTCA Ppa3sHOBUAHOCTBIO PJI,
KOTOPBIE HCIIOJB3YIOT JHEPTHIO JEIEHUS WM CHHTE3a
siIep aTOMOB JIJIsSl CO3J[@HMs B HUX PEaKTUBHOIM Tsru [26].
Onu OBIBAIOT peakTHBHBIMU (HarpeB pabovero Tena ocy-
[IECTBIIACTCS B SICPHOM (TEPMOSIICPHOM) pEaKrope, a
BBIBOJI [IEPErPETOro B HUX rasza — 4yepe3 comio PII) u um-
IyJbCHBIME (HarpeB pabouero Teja BBIMOIHIETCS 38 CUET
SIEPHBIX B3PBIBOB CyrepManoii MorsocTr) [26]. Tloato-

My Tpamunuonnsiii SIPJ] (puc. 29) mpencrasiser coboi
KOMITAaKTHYIO KOHCTPYKIIMIO, COCTOSIIYI0O W3 Majoraba-
PHUTHOTO SIZIEPHOTO PEaKTopa, CHCTEMBI IOAa4Yn pabodero
Tena-rasza (Kak mpaBmio, Bogoposa [26]) u corua P/,
CoryacHO [26] CyIIECTBYIOT pa3iH4YHBIE KOHCTPYK-
mn SIPJT (tBépmodasusie, )KuaKO(a3Hbie 1 ra30(ha3HbIe),
HMEIOIINE PAa3INIHOE arperaTHOE COCTOSHHE SIEPHOTO
TOIUIMBA B aKTUBHOM 30HE MX PEAKTOPOB — TBEPIOE, pac-
IUIAB WM BBICOKOTEMIIEpaTypHbIii Ta3z (mbo 1uiasmy).
SIP]] akTMBHO pa3pabaThIBAINCh W HCHBITHIBAINCH C Ce-
penunst 1950-x romoB kak B CCCP (manpumep, tuma PJI-
0410), tax u B CIHA (mampumep, Tuma NERVA). ITomo6-
HBIE MICCIIEZIOBAHMS BEAYTCS M B HacTosiee Bpems [26].
Vxaxewm, ato ocaoBy AP/l Tuma PJ1-0410 ¢ Tsroii B 3,6 TC
coCTaBysLT siiepHbId peaktop turna MP-100 ¢ TommmBHEI-
MU 3JIEMEHTaMHU U3 TBEPJIOTO PacTBOpa KapOuaa ypaHa u
KapOua mupkoHus [26]. Temmeparypa ero Bogopona 1o-
cruraa 3000 K nmpu mommocTn peakropa 1o 170 MBT.

Puc. 29. TlepBblii COBETCKHUIA SICPHBII paKETHBIH ABUraTENb
tuma PJ{-0410, mprMeHeHHBII B KOCMUYECKHX armaparax [26]

10. U3OBPETEHHUE DJIEKTPUYECKUX PAKETHBIX
JABUT ATEJIEU

B snexmpuueckux pakemusix osuzamensx (OP1) B
Ka4ecTBE MCTOYHUKA SHEPTHH ISl CO3MaHUS PEaKTUBHOU
TATH WCHONB3YETCS JIICKTPOIHEPTHs, Tpeodpazyemas B
KAHETHYECKYIO SHEPTHIO He- U 3apsUKEHHBIX dacTull [27].
OP]] moxmpa3fensroTcs Ha CICTYIONNE OCHOBHEBIC BUIBI:
sIeKTpocTaTideckue (MTasMeHHbIe U MOHHBIE), DIIEKTPO-
TepMuueckre (IEKTPOHATPEBHBIE M 3JIEKTPOIAYTOBBIE) U
CWJILHOTOUHBIE (MarHUTOIDIa3MEHHBIE ¢ COOCTBEHHBIM |
BHENIHMM MArHUTHBIM mosieM). OCTaHOBHMCS B Jajib-
HEHIeM BKpaTIle NI Ha TUIA3MEHHBIX M HOHHBIX DPJ.

ITnazmennvie oguzamenu. Pabora stux DPJl 6asupy-
eTCs Ha YCKOPECHHUHW 3apsDKCHHBIX YACTHUI, HAXOIIIUXCS B
KBasMHEHTpanbHOH azme. [loaTomy pabodnm Temom 31ech
CITyXKHT HE CTOparoIiee TOIUINBO, KaK B PEaKTHBHOM JIBUTA-
tene wm JIBC, a pa3orHaHHBIA MAarHWTHBIM IIOJEM 0
OrPOMHBIX CKOPOCTEH TIOTOK 3apsbKeHHBIX MOHOB [28]. Mc-
TOYHMKOM HOHOB B TutasmenHoMm murarerne (ITJ1) ciykur
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ra3 (Kak HpaBHIIO, MM SIBISIETCS aprOH WIH BOAOPOX). DTOT
ra3 rnogaercsi B orcek noHmsauuu I1/] mis nomydenus xo-
JIOZTHOM II1a3MBl, KOTOpasi pa3orpeBacTcsi B CIEMYIOIIEM €ro
OTCEKE TIOCPEICTBOM HOHHOTO [IUKIIOTPOHHOT'O PE30HAHCHO-
ro HarpeBa. [locie Takoro HarpeBa BBICOKOIHEPIEeTHUECKAs
I1a3Ma IrojaeTcsi B MarautHoe coruio [1/1, rae ona BHauane
(opMupyeTcs TOCPeCTBOM MarHUTHOIO MOJS B HalpaBs-
JICHHBIA TIOTOK, Pa3roOHsIeTCsl W 3aTeM BbIOpachIBacTcs B
oKpyxaroryto cpexy (puc. 30).

OcHoBHBIM JtocTonHCTBOM 1] KOcMuYeckoro arma-
para SBISIETCS €ro JIONTOBPEMEHHOE aBTOHOMHOE (yHK-
IIMOHMPOBAHNE B OTKPBHITOM KOCMOCE MPH OTHOCHTEIHHO
HeboJbIIoM pacxoze pabouero tena [27]. T[] B kocMoce
obecrieunBaeTcsl HEPrHel OT aKKyMYJSTOPOB, pajano-
M30TOITHBIX T€HEepaToOpoB WM COJHEYHBIX OaTapel Koc-
Mudeckoro ammapara. Celyac Takue pOCCHHCKHE W ame-
pukanckue I1J] passuBaror moka cinabyio sry (ot 30 mo
50 MH mmm ot 3 1o 5 rc). TToaTOMy OHH HCIIOIB3YIOTCS
TOJIBKO JUISI KOPPEKTUPOBKH CITYTHUKOBBIX OpPOUT BOKpPYT
3emu MO0 711 MEUIEHHOTO, HO JUIMTEIBHOTO YCKOpe-
HUS HEOONBIINX ammapaToB HETOCPEICTBEHHO B KOCMH-
geckoM mpoctpancTBe. Ha puc. 31 nmpuBeneH oOmwmii BuT
cosetckoro I1]1, paspaboranHoro B 1970-x romax [27].

Puc. 30. BHemHuil BUI peaKTUBHOM IUTa3MEHHO# CTPYH HpH
paboTe B BaKyyMe IUIa3MEHHOTO paKeTHOro aurares [28]

Puc. 31. Dnexrpopakernsiii I1]], co3nanusrii B 1971 rogy
B MHCcTHTYyTe aTomHol 3Heprun uM. 1.B. KypuaTtoBa
(9KCIIOHAT-YCTAHOBKA MONIMTEXHIYECKOTr0 My3est, Mocksa) [27, 28]

[lepBble B Mupe ycIemIHble KOCMHUYECKHE HWCITBITa-
wus I1/1 tuma "Don-1" 6pum ocymecrsinenst B8 CCCP B
1974 romy [28]. B 1994 roxy I tuma CIII-100 (mpm
PACXOMIMOCTH €ro Ta3MeHHOro mydka mo +45° u KI1/] B
50 %) 6bUT OCHAIIEH POCCHICKHIA CITyTHUK cBsi3u T asc-
1" [28]. B kauecTBe qPYroro peaabHOro IpuUMepa IpuMe-

nernus I1J] B kocMoce ykaxeM, uro 3ToT BHA OPJ] Tuma
PPS-1350, pazpaborannstii poccuiickim OKB "®aken"”, B
2003 romy BbIBENm B OTKPHITOE KOCMHYECKOE IPOCTPAH-
CTBO C OKOJIO3EMHOH OpOWTHI EBPOMEHCKHH 30H.
SMART-1, craBmmii B 2005 rogy MCKYCCTBEHHBIM CITyT-
HukoM Jlymer [28].

Honnvie osuzamenu. "TlnonepoM” HOHHBIX JIBUTA-
teneit (M) B MuUpe cuuTaeTcsi aMepUKaHCKui yueHbli I
Kaydwman [28]. Pa6ora NI 0CHOBBIBaeTCS Ha YCKOPEHHH
3apsDKEHHBIX YaCTHII, MPUCYTCTBYIONINX B UX YHHIIOJISIP-
HoM myuke. B W] B kauecTBe pabodero Tema MOXKET HC-
TIOJTB30BATHCSI KCEHOH WM PTYTh. [IpuHIun pabotsr U/],
nocTpoeHHoro 1o cxeme Kaydmana, moscuser puc. 32. B
9TOM cXeMe BHadaJle MCIOIb3yeTcs MOHU3AMs pabodero
Tena (rasa) AyroBBIM Pa3psyioM, a 3aTeM 00pa30BaBIIHECS
B HMOHHM3AaTOPE WMOHBI PA3TOHSIOTCS 3JEKTPOCTATHIECKUM
TIOJIEM B HOHHO-ONTHYECKOI CHCTEME 3TOTO IBUTATES.

Puc. 32. Ynpouennas cxema noctpoetust u paborst U] [28]

Ormerum, gro U], Taroke kak u [1]], umerot Ha cero-
JiHST HEOOJBIITYI0 PEAKTUBHYIO TSTY, COCTABISIONIYIO OT 50
10 100 MH mmm ot 5 o 10 rc [28]. Takoit Tsru HemocTaToy-
HO I TiepeMenieHns aaxe Hebonpmroro JIA B armocdepe
3emim. OHAKO B OTKPBITOM KOCMOCE, B BAKYyM€ KOTOPOTO
MPAKTUYECKA OTCYTCTBYET comportusienne, WU/ npu mim-
TEITHHOM Pa3rOHEe KOCMHIYECKOro armapara MOoXeT obecrie-
YUTh €My JOCTIDKCHHE 3HAUUTCIFHBIX CKopocTei. Ha
puc. 33 mpecTaBpIeH BHENTHUM BHI JCUCTBYIOMIAX 00pa3-
I10B COBpEMEHHBIX poccuiickux U] [28].

Puc. 33. Buemmuii Bux ManorabapuTHBIX IEHCTBYIOIIMX
00pa3IoB COBPEMEHHBIX POCCHUCKHX MOHHBIX PAKETHBIX
JIBUTATEIICH, MCTIONB3YEMBIX B KOCMUYECKHX HCCIeI0BaHuUsX [28]

Ha puc. 30 n 33 xopomio BUAHBI KaTOTHBIE TPYOKH,
HaIpaBJICHHbIE B CTOPOHY COIUIa paccMaTpuBaeMbix DPJ]
W TIpeAHa3HAuCHHBIC U HEHTpAIHM3alnu dIIEKTPO3aps-
JIOB B IIa3MeHHO-NOHHBIX mmyukax [1/1 u W/]. Ha puc. 34
noka3aH obmmii Bux ameprukanckoro UJ1 tuma NSTAT.

Ha puc. 35 mpuBeneH BHemIHWH BHA pPEaKTHBHON
HOHHOHM cTpyn oT amepukaHckoro MJ] tuma NSTAT B
TIEPHOJ €T0 UCIIBITAHNS Ha 3eMJie B BaKyyMHOH Kamepe.
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Puc. 34. BHemHuil BUI COBPEMEHHOTO aMEPHUKaHCKOTO HOHHOT'O
paxetHoro asuraress tua NSTAT, ycranosientoro B 1998
rony NASA na kocmudeckuii 30ux Deep Space 1 (CILA) [28]

Puc. 35. IIpencrapToBbic HCIBITAHNS B BAKYyME aMEPHKAHCKOIO
MOHHOTO pakeTHOro asuraress tTuna NSTAT, ycTaHOBIEHHOTO
Ha KocMmudeckoM 3ou11e Deep Space 1 (CLLA, 1998 rox) [28]
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A brief scientific essay on the history of invention of various-
kind engines is presented, they having become the “power
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