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AHHOTAIUA

JlanHast paboTa CcOACPXXUT B ceOe aHaau3 M TEXHHYECKOe OOOCHOBAHHE
UCIIOJb30BaHUsl THOPUIHON CUJIOBOM YCTAHOBKH JIJIsl YJYUIICHUSI DKOJIOTHYECKUX U
SKOHOMHYECKUX TOKa3areyieil npurartend. [IpoBeAaeHbl pacdeThl: TEIJIOBOM pacuer,
KMHEeMaTuYeckuid u auHamuueckuil pacuer KIIIM, pacdeTsl geraned M CHUCTEM
nBuratens. Tak e MPeACTaBICHBI PacdeThl JBUTATENS C UCIIOIh30BAHUEM PaOOTHI
CHUCTEMbl OTKJIIOUEHHUS IUIMHJPOB, HA OCHOBAHUM KOTOPOU OYyJIET OCYIIECTBISATHCS

paboTa ruOpUIHON CUIOBOM YCTAHOBKH.
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BBEJIEHUE

[TepBocTeneHHOW 3amadeii COBPEMEHHOTO aBTOMOOWJIECTPOCHHS - CHIDKEHUE
pacxojila TOIUIMBA, KOJIMYECTBA BPEAHBIX, OTPA0OTABIIMX Ta30B, MOCTYMNAOUUX B
atMocepy U Ipyrux MaTepuaibHBIX PECYpPCOB, MO3TOMY CIPOC Ha TPAHCIOPTHBIC
cpeacTBa ¢ OOJBIION TOIUIMBHOM 3(PGEKTUBHOCThIO U 00Jiee YHCTBIX BBHIOPOCOB
BBIXJIOITHBIX Ta30B PACTET, OAHUM U3 OCHOBHBIX MYyTEW peleHUs 3TON MpoOJIeMbl —
co3ganue rubpumHoi cunoBor ycranoBku (I'CY). ABTompou3BoguTen padOTAaroT,
4YTOOBl PACHIMPUTh YHUCJIO MOJIeNIed TPAHCIOPTHBIX CPEACTB, OCHAIEHHBIX
TUOPUAHBIMU CUCTEMAMH, KaK OJTHUM U3 CIIOCOOOB BBITIOJIHEHHUS 3TOr0 TpeOOBaHMUS.

OcnoBHas 3agaya ['CY — CHuU3MTH pacxoj TOIUIMBA, a TaKXKE CHUKCHUE
BPEIHBIX BEIOPOCOB B aTMOC(epy, UTO yAOBIETBOPSET 3a/1a4l aBTOMOOUIIECTPOCHHUSI.
[Toutn 78% BBIOPOCOB YIJIEKUCIOrO ra3a 3a MOJHbIA )KU3HEHHBIN LMK aBTOMOOMIIS
MPUXOAATCS Ha €ro 3Kcruryaranuio. Beero mmmib 4% BBIOPOCOB MPUXOAUTCS Ha
MPOU3BOJCTBO W TEPEpabOTKy aKKyMyJsITOpa, DSJIEKTpOMOTOpa M TeHeparopa
rubpuja 3TO KOMIEHCUpPYET CHMkeHue BbiOpocoB Ha 30% Bo Bpems e3abl. B
MOCJIETHEE BPEMs, B CBSI3M C BHICOKUMH SKOJOTUYECKUMH TPEOOBAHUSMHU, PHIHOYHBIH
CIpoCc Ha MOoA00HBIE aBTOMOOWIM BO3poc. Bnamenwibl aBTomoOwmieir ¢ I'CY Bo
MHOTHX CTpaHaX Ha MPOTSHXKEHUHU MHOTHX JIET UMEIOT JIbIOTHI MPH yIIaTe JOPOKHOTO

Hajaora, TaK JMXKC OCBO60)KI[€HI>I OT HaJOora Ha MYHHUHIOUIIAJIBHBIX ITaPKOBKaAxX.

[9,14,17,18]



1 COCTOAHUE BOITPOCA

Heckonbko JneT mponuio ¢ TeX MHOp Kak BJIEKTPUYECKHUE TPAHCIOPTHHIE
CpeliCTBa BHEpBbIE ObLIM CEpbe3HO BBEeACHBI Ha PbIHOK B 2009. DnekTpoMobmiu
UMEIOT OTJWYHBIC OSKOJOTHUYECKHE TIOKa3aTeld u JHEProdPQPeKTuBHOCTh, W
oOpamatoT Ha ce0sd BHHUMAaHHE, C IEJbI0 CO3JaHUS CIEAYIONIEr0 MOKOJICHUS
AKOJIOTUYECKH YUCTBHIX TPAHCIOPTHBIX CpeAcTB. PucyHok 1 mokasbiBaeT KOJIMYECTBO
TUOPUAHBIX TPAHCIOPTHBIX CPEACTB Ha joporax B SAnonun. Ha pucyHke mokaszaHo,
YTO KOJMYECTBO THOPUIHBIX aBTOMOOWJIEH pacTeT C KaXKIbIM TOJOM, U YTO YHUCIIO
TUOPUAHBIX MACCAKUPCKUX TPAHCHOPTHBIX CPEJICTB B HACTOSIIEE BPEMS MPEBBIIIACT
2 mwuoHa aBTroMoOuiiedt. OH TakKe MOKa3bIBAET, YTO ATO YHUCIIO YBEIUYUIIOCH Ha |

MJIH aBTOMOOMIIEH TosbKO 3a repuoa 2009-2011 roxa. [9,10,13]
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Pucynok 1 — KonandecTBo ruOpuIHBIX MalIMH Ha 10porax
Snonuu[9]

['uObpunHON CHUIIOBOM YCTAHOBKM - MPEACTABISET W3 ceO0sl KiacCUueCcKui
JBUTATEIb ~ BHYTPEHHETO CTOpaHUS W  OJHOBPEMEHHO  JJICKTPOJBHUTATEINb,
OOBeMHEHHBIE B OJHO IIejoe. [MOpuaHBIE SIEKTPOMOOMIN XapaKTEPHUIYIOTCS
HaJIMYMEM JIBYX Pa3IMYHbIX TUIOJOTUNA CUCTEMbl XpPaHEHMsI SJHEPTUU: KaK MpaBuio,

Oataper u OeH3uHa WM Ju3enpHOoro TomiauBa. ['CY He UMEIOT OrpaHuyeHue

/



JMarna3oHa Mo OTHOIICHHIO K OOBIYHBIM TPAHCIOPTHBIM CPEIICTBOM MU HCIOJB3YIOT
CYIIECTBYIOIIEE pachpeneneHue HHPpacTpyKTypbl. OCHOBHBIMU MPEUMYIIECTBAMU
['CY sBnstoTcs: THOKOCTH B BBIOOpE ABHUraress pabodas TOUKa, KOTOpasi MO3BOJISIET
JBUTATENIO paboTaTh B BBICOKOW oOmactd S(OPEKTUBHOCTH W BO3MOXKHOCTH
cokpamenuss JBC wu TtakuMm o0pa3om mnonydas Oojiee BBICOKYIO CPEIHIOI0
sbdextuBHOCTS. bBonee TOro, gBUraTeNb MOXKET OBITh BBIKJIIOYEH, KOTI/Ia
TPAHCIIOPTHOE CPENICTBO MpOCTanBaeT (Hampumep, Ha cBetodope). M3-3a pasnuynbix
XapaKTePUCTUK  PA3JIMYHBIX HCTOYHUKOB SHEPrUM, SKOHOMHHM TOIUIMBA H
BO3JICHCTBHUSl Ha OKPYXKAIOLUIyI0 Cpeay THOPUIHBIX TPAaHCIOPTHBIX CPEACTB, B
OCHOBHOM, 3aBUCUT OT MPAaBWIBHOIO YyIpaBieHUss mnutaHueMm. OObelnHEeHHe
JIBUTATENIs BHYTPEHHETO CTOpaHUsl C 3JEKTPOIBUIATEIEM IMPUBOAUT K OOJIBIIOMY
KOJIM4eCcTBY JOCTOMHCTB. [Ipm paboTe s1aekTpoMOTOpa [ABUTATENb HUCHOJb3YET
MEHBIIIE TOPHYUX BEIIECTB, 3TO HE TOJIBKO YJIy4IlIaeT HKOJOTMYECKUE IIOKA3aTellH,
HO ¥ 3KoHOMHMYeckwue. [5,19,20,21]

[Tepen I'CY nosBWINCH CHEAYIONINE 3a1a4H:

1 3a cuer Habopa MTHOBEHHOW CKOPOCTH OOECHEeYHUTh MO0Jayy JIHEPTrUd H
BBICOKHMX 3KCIUTYyaTallMOHHBIX XapaKTEPUCTHUK.

2 IlpeoOpa3oBaThb JHEPIUI0 TOPMOXKEHHUS B JJIEKTPUUYECKYIO Ui 3apsja
aKKyMYJISITOPA, @ OCTaJIbHAsl SHEPTUs OCTAHETCS TEIUIOBOM.

3 ObecrieueHre aBTOMOOWIISI COBPEMEHHOM CHUCTEMOM YIPaBIICHUS PACXOIOM
DHEPI'UH.

['uOpuaHbie CUTOBBIE YCTAHOBKH 110 CTENEHU JIEKTpUPUKALNU JEISATCS Ha:

1 Mukporubpun. Ha paHHbIE MOMEHT CIIOKHO Ha3BaTh T'HOPUIHOM
Pa3HOBHUJHOCTBIO, TaK KaK OH HE OKa3blBA€T B3aUMOJEUCTBUS HA NPHUBOJ, XOTS
JAHHBIM BUJ] UCIIOJb3YET PEKYIIEPATUBHOE TOPMOKEHNE U ABTOMATHUECKYIO CUCTEMY
CTapT-CTON, 4YTO 3HAYUTEIBHO 3KOHOMHUT TOIUIMBO W YIYYHIAET 3KOJOTHYECKHE
nokaszarend. [5,24,27]

2 Msrkuii tubpua. Wnm mo npyromy ero Ha3blBalOT MAacCUBHBIN THOpUI,
JTaHHBIA BUA He pabOTaeT HAa YKUCTOM DJJICKTPUYECTBE, OH MpeAHa3HA4YeH MJis

NOAACPKKN ABUTATCIIEI BHYTPCHHEIO CrOpaHMs. [TaccuBHBIM FI/I6pI/II[ HCIIOJIb3YCTCA
8



HE TOJBKO IS YJIYUIICHHS SKOJOTUYECKUX ¥ SKOHOMHUYECKHX COCTABJISIFOIINX, HO U
JUIS YCWJICHHSI JBUTATENsl TPH HEOOXOAMMOCTH JOTMOJIHUTEIBHONW MOIIHOCTH.
Msirkuii tubpusi paboTaeT ¢ MOMOIIBIO TeHepaTopa, KOTOPhIN yJIaBIUBasl TEIIOBYIO
DHEPTHUIO TIpeoldpasyeT e€ B AIEKTPUUECKYI0, KOTOPAasi CKalUIMBACTCS B CIICIIMAIbHBIX
Oarapesix. [5,28]

3 Ilonublit TUOpUA. DTOT BHJ B HEKOTOPBIX CIIy4asX HCIHOJIb3YET IHEPTHUIO
AJIEKTPOJBUTATENSI O€3 yJdacTHsl IBHUTATENs] BHYTPEHHETO CTOPaHWsI, HalpHUMEp, BO
BpeMs Hauaja JBIKEHUS MCIHOJb3YeTCSd TOJBKO »JJeKTpomMoTop. Tak ke Ha
HEOOJBIITUX 000pPOTaxX NBUTATENS MCIOJIB3YETCS AJICKTPOJBUTATENh, HO KaK TOJBKO
MIPOUCXOIUT 3HAYMTEIHHOE IMOBBIIICHHE 000pPOTOB 00a ABUTATENSI HAYMHAIOT CBOIO
pabory. [lonHbIil THOpUA UMEET BHICOKHE DKOJIOTMUECKHE, a TAKKE M IKOHOMHUECKHE
MOKa3aTeNd, TaKOW BU pabOTaeT THIIIEC W JOJTOBEYHEE MO CPABHEHHUIO C TaKUM JKE
JIBUTaTeNIeM 0e3 rHOpHIHON yCTaHOBKH. [5,26]

Cxembl B3aumojericTBus anekTpomMoTopa U JIBC wuHXeHephl pa3HBIX
KOMITAaHWHA TI0-Pa3HOMY TMOAXOIAT K BOIPOCY THOPHUIHOTO JABUTATEIICCTPOCHHS.
CoBpeMeHHbIE MAaIllMHBI OCHAIAIOTCSI THOPUIHBIMHU JIBUTATEISIMHU, MOCTPOCHHBIMU
M0 OJIHOM U3 TPEeX CXEM B3aUMOJICUCTBUS TOIUIMBHOW W 3IJIEKTPUYECKOU

COCTABJIAIONICH, KOTOPBIE OyyT paccMoTpeHbl Huxe. [1,7,8]

1.1 ITocnenoBaTenbHast cxema

—» MexaHudeckan 3Heprua - -- & ZNeKTpUuYeckan s3Heprus

Axkymynatop
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Pucynok 2 — ITocnenoBarenbHas cxeMa noakiaoucHus|[1]



Orto Haubosiee MPOCTOM BapuaHT TUOpuAHOro apuratend. [lpunuun ero

paboTHI 3aKIIIOYAETCsl B clieayromeM: KpyTsamuid MmoMmeHT oT JIBC B naHHOM ciydae
NepeIaeTcsl UCKIIOUUTENbHO T'eHEePaTopy, KOTOPhIN BhIPa0ATHIBACT SJIEKTPUUYECTBO U
3apspKAeT aKKyMYJISITOPbl. ABTOMOOWIIb TIPU 3TOM JIBHXKETCSI TOJIBKO Ha AJEKTPOTSITE.
Taxoke /U1t 3apsiIKM aKKYMYJISITOPHOM Oataper MPUMEHSETCS CUCTEMa peKylepaiuu
KUHeTHYecKol  sHeprur. CBoOMM  Ha3BaHMEM  JIaHHAas  cxeMa  00s3aHa
MOCJIEAOBATEIbHBIM MPEOOPA30BAHUSIM DHEPIUMU: HHEPIrHUsl CropaHusi TOIUIMBA
JIBUTATEJIEM BHYTPEHHErO CrOpaHUsl IPEBPAIACTCSI B MEXAaHUYECKYI0, 3aT€M B
AIEKTPUUYECKYIO TTPU TTOMOIIM T'€HEPATOpPa U CHOBA B MEXAHUYECKYIO.
[11rockl Takol KOHCTPYKLMHM 3aKkitovaroTcs B cineayromem: JIBC Bcerga padboraer Ha
HEM3MEHHBIX 00opoTax, ¢ MakcuMmainbHbiM KII/[; HeT HEOOXOAUMOCTH OCHAIIATH
aBTOMOOMJIbL MOIIHBIM M HE AKOHOMHUYHBIM JIBUTATEJIEM; aBTOMOOWIb CIOCOOEH
MEPEBUTAaTbCSl U C BBIKIIOUEHHBIM JIBUTATEJIEM BHYTPEHHETO CTOpaHUs 3a CYET
HHEPTHUH, 3aIMACEHHON aKKyMYJISITOpHOU OaTtapeet.

OnHako ecTh y MOCHAeA0BaTEILHON CXEMbl U CBOM MUHYCHI: IIOTEPU DHEPTUU B
mporecce MpeoOpa3oBaHMi; OOJBIION pa3Mep, BEC U BBICOKas CTOUMOCTH
aKKyMYJISITOPHBIX OaTtapei.

HauGonbmas 3hPeKkTHBHOCTh TaKOW CXEMbI JOCTHUTACTCS TMPU JBUKEHUU C
YaCThIMU OCTAaHOBKaMU. Take ruOpHIHbIE IBUTATEIU C MOCJIEI0BATEILHON CXEMOM
MPUMEHSIIOTCSI B KaphEPHBIX CaMOCBajaX, KOTOPBIM IS PabOThl BaXKeH OOJBIION

KPYTAIINKA MOMEHT U He TpeOyeTcst BhICOKasi CKOpocTh. [1,24,26]

1.2 ITapannensHas cxema

[MpuHmmn paboThl «MAPAUIETBHOTO» THOPUIAHOTO BUTATEIS MOJHOCTHIO
OTJINYAETCSI OT BBIMICOMUCAHHOTO. ABTOMOOWJIM C THOPHIHBIM JIBUTATEIIEM,

MOCTPOCHHBIM TI0 TapajuIeIbHOM cXeme, e3AaT ¢ wucnojb3zoBanuemM u JIBC, u

IIEKTPOMOTOPA.

10
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Pucynok 3 — I[NapamiensHas cxema noakimodcHus [1]

DONeKTpoABUTATENIb B TaKOM Clly4ae JOJDKEH ObIThb OOpaTUMBIM, T.€.
CocOOHBIM paboTaTh B KauyecTBe TreHepaTopa. CoriacoBaHHass paborta oOoux
MOTOPOB JOCTUTAETCS MOCPEACTBOM KOMITbIOTEpHOTO yrpasienus. [1,9,10]

B 3aBucuMOCTH OT pekuma €37l OJI0K YNpaBlIEHUs paclpeaesseT KpyTaiui
MOMEHT, TMOCTyMalIMi OT o000ux »3yeMeHTOB rubpuaa. OCHOBHyI paboTy
BBITIOJHSET JIBUTATENlb BHYTPEHHETO CTOpAHUS, DJIEKTPOMOTOP K€ TMOAKII0YAeTCs
KOT/Ia HY)KHA JIOTIOJIHUTENIbHAss MOIIHOCTh, NMPU TOPMOKEHUU M 3aMEIJICHUU OH
pabotaeT kak reHepaTtop. IDmockl TOAOOHOW KOMIIOHOBKM B TOM, YTO HET
HEOOXOJMMOCTHA YCTaHABIMBATh AKKyMYJSTOPHYIO Oarapero OOJBIION €eMKOCTH,
MOTEPH DHEPTHH HAMHOTO MEHBIIE, YeM IMPH MOCIEI0BATEIBHON cXeMe, MOCKOIbKY
JIBC HampsmMyio cBsf3aH C BeQyIIMMH KOJE€caMHu, a KpOMe TOro, cama 1o ceoe
KOHCTPYKITUS JOBOJILHO MPOCTA, a 3HAYHT, JICIICBA.

OCHOBHBIC MHHYCHI CXE€Mbl — MEHbBIAs TOIUIUBHAS ASKOHOMUYHOCTH IIO
CpPaBHEHUIO C JPYrUMH BapuaHTaMHd U HU3Kas 3(PPEKTUBHOCTH B TOPOJCKHX
yCJIOBUSIX. MalmHbl ¢ THOPUIHBIM JBUTATENIEM, TTOCTPOCHHBIM MO TMapauieIbHOM

cxeme, Haubostee 3pheKTHBHBI IPH JBMKEHUU 110 Tpacce. [1,11,13]
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1.3 TlocnenoBaTenbHO-MIapaiebHAsI CXeMa

[TocnenoBarenbHO-IapajuIeNbHAs CXeMa NPEJCTABIAET COOOM COBMEIIECHUE
nepBBIX JABYX. B mapamienpHyro cxemy A00aBieH JOMOJHUTENbHBIN TeHepaTop U
JIEJITENb MOIIHOCTH. biaromapss 3ToMy aBTOMOOWIIb NMpPU TPOTaHUM M HAa MaJIbIX
CKOpPOCTSIX ABMXKETCSA TOJBKO Ha 3jekTpuueckoi Tsre, JJBC Tonpko obecrneunBaer
paboTy reseparopa (kKak IpH IOCIENOBATEIbHON cxeMme). Ha BBICOKHX CKOPOCTSX
KpyTAIIMM MOMEHT Ha BEAylIME KoJieca INepefacTcss U OT JBUTrAaTeNsl BHYTPEHHErO
cropanusi. [Ipyu NOBBIIIEHHBIX HArpy3kax (Hampumep, NMpu NOABbEME B ropy), KOraa
TreHepaTop HE B CHJIAX 00eclneuuTh TpeOyeMblld TOK, 3JIEKTPOMOTOP MOIydaeT
JONOJTHUTEIFHOE MMUTAHUE OT aKKyMyJisiTopa (TapajuienbHas cxema). [1,12]

[IockobKy B CHCTEME HMMEETCA OTAEIbHBIA TE€HEPATOp, 3aPSIKAIOIINI
aKKyMYJIITOPHYIO Oarapero, 3JIEKTPOMOTOpP HCHOJIb3yeTCs TOJBKO JUJIsl IMPHUBOJA
BEIyLIUX KOJIEC U BO BpPEMs PEKYyINEPATUBHOIO TOPMOXEHHUs. Uepes IuraHeTapHbIN

MeXaHU3M (OH K€ JIEJIUTENIb MOIIHOCTH), 4YacTh KpyTsamero mMomeHta ot JIBC

— Mexanuueakan s3HedrvA --- & Bnenpuueotaﬂ 2HEDIvA

| > Axkymynatop
ledeparop <_

|
e )y

]V/N WHeeprop

MnarerapHan nepenava

h Jne<TpomoTop

ABC

l Benywme kondca

NoHwxalowan = | |
repefava

Pucynok 4 — [locnenoBarenbHO-MapajijiesibHas cxema moakiodeHus[1]

YACTUYHO TIEpEaeTCcs Ha KoJieca M YaCTUYHO OTOMpacTcs JJisl paboThl reHepaTopa,

KOTOPBIH MHUTaeT JUOO AJIEKTPOMOTOp, JHOO AaKKyMyJISTOPHYIO OaTapero.

12



DJNEeKTPOHHBIA OJIOK YINpaBJICHUS BCE BPEMs PETYIHPYET I0Jady MOIIHOCTH U3
000MX UCTOYHHUKOB.

[Lmrocel  MOCIEIOBATENBHO-TAPAIICTPHOTO THOPUIHOTO JIBUTATEINS JTAHHOM
CXEMBI, B MAKCHMaJbHON TOTUTMBHOW IKOHOMHYHOCTH M BBICOKOH JKOJOTUYHOCTH.
MHEHYCHI CUCTEMBI — CIIOXHOCTh KOHCTPYKIIMA W BBICOKAs CTOMMOCTbB, MOCKOIBKY
TpeOyeTcsi IOTOJHUTENBHBIA TeHepaTop, AOCTATOYHO €MKash aKKyMYJISITOpHas
Oarapest U CIIOXKHBIN SJCKTPOHHBIN 00K yripasienus. [1,3,8]

Tak ke cymecTBYIOT THOPHIBI THIA TUIATHH-TUOPHI, Takas KOHCTPYKIIHS
TIOJJpa3yMeBaeT MmoJi co00M 3apsAKy Oarapei OT HCTOYHHKA TOKa, TO €CTh OT MPOCTOU
po3eTku. Vcronb3ys 3apshKaeMblil OT pO3ETKH THOPHI, HEJIb3sl HE 3aMETUTh, YTO OH
TOKE CHPABIISIETCS C 33Ja4aMH, CBSI3aHHBIMH C YKOJIOTHEH M IKOHOMHEH, HO B TAaKOM
pelIeHHH HEOOXOJUMOCTh OOJIBIIETO KOJIUYECTBA aKKYMYJSTOPOB PAcTET, BBHIY

TOIO, YTOOBI  CKOITUTH Hago0 KaK MOXKHO OoJIbIIIE OHCPIruKM BO  BPCMA

sapsinkn.[15,17,22]

Ta6muma 1 — KII/] cxem coequHeHus

Ha3zanue cxeM coequHeHUs KIIJI
ITocnenoBarennHast 0,6...0,8
[TapainenbHas 0,8...0,9
[TocnenoBaTenbHO-MapaieIbHAS 0,96...0,98
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2 KOHCTPYKTOPCKAS YACTb

2.1 TemnnoBoit pacuer neurarens BA3 21126

HcxomaHble TaHHBIE:

O060pOTHI pacUETHBIX PEKUMOB Nyin =900, N =2000, ny =3500, ny =5600
(06/MuRn);

KonuuectBo nMIMHAPOB 1 = 4;

PaGounii o6bem npurarens V,= 1,596 (i1);

Pabouuit 06bem ognoro mwmHapa Vi=0,399 (1);

TaxkTHOCTE nBUTATENA T = 4;

Juametp mmaapa D=82 (mm);

Xox nopuras S=75,6 (Mm);

Pamnyc xpuBommuna R= 37,8 (Mm);

Jlnmuaa matyna L= 133,3 (Mm);

Koaddumment nzdpiTka Bo3ayxa o=1;

Crenenb cxatug €=11;

Temmneparypa okpyskaromieii cpeast = 293 K = 20°C.

Pacuer no merony Masunra-I'panusenxoro [2,4].

[Tapametpsl pabouero Tena

JIBuraTensiM ¢ ICKPOBBIM 3aKUTAaHUEM HA3HAYAKOT CPEIHUM 3JIEMEHTAPHBIN
cocTaB O€H3MHA B MACCOBBIX JOJISIX M MOJIEKYJISIpPHASI Macca COCTaBIISIOT:

C=0,855;H=0,145u py, =115 kr/monb.

Husmas rermora cropanust (H, ) KUAKOTO TOIIMBA ONPEEseTCs Mo
dbopmyne Menaeneena

H, = }4,013C +125,6H -10,9Q - S 2,512 QH +W -10°
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Hu=43897 K]Ix/xr

TeopeTnuecku HEOOXOUMOE KOJTMUECTBO BO3/AyXa I cropaHust 1 Kr

TOIIJIMBA:
- 1 (C _’_E_EJ 1 (0,855 N 0,145 j — 05168 KMOJIb- 8030yXA
0,208\12 4 32 0,208\ 12 4 K2 - monaueda

I (8c +8H — oj L (§C+8-0,145j=14,9565m
02313 0,23(3

Ke -monjiuea
KonuuectBo roproueii cmecu (M, ) 1iist ABUTaTeNnel ¢ HCKPOBBIM 3aKUTaHUEM

OIIPpCACIIACTCA BEJIMYMHOM:

M, =[0{~LO+i

J 1 KMOJIb - 20p.cMeCU
Him

=0,95.0,5168 + — = 0,52 :
115

Ke -monauea

KonuuectBo OTACJIbHBIX KOMIIOHCHTOB ITPOAYKTOB CrOpaHus IS IIPUHATBIX

CKOPOCTHBIX PCKUMOB:

M, =S 2.12% gopg. =985 5 170 508 0,5168 = 00641 <1070 CO:
2 12 1+ K 12 1+05 K2 - monauea
M, =2.27% 02081, =2.229% 4 208. 05168 = 00071 <1070 CO
1+ K +0,5 Ke - monausa
Mo =0 0k 152 00081, = O 5051209 4908 05168 = 00680 <070 H:0
2 2 1+ K 2 1+0,5 K2 - monauea
l-« 1-0,95 kmonb-H,

M, =2-K-——-0,208-L,=2-0,5- -0,208 - 0,5168 = 0,0035
2 1+ K

+0,5 K2 - monauea

M, =0792 L, =0,792-095-0,5168 = 03888 "> No_

Ke - monausea
OO6I111ee KOTUYECTBO MPOTYKTOB HEMOJIHOTO CTrOPaHuUs .
M, = MCOz + Mo +MH20+MHZ +MNZ =

KMOJlb

=0,0641 +0,0071 + 0,0689 +0,0035 +0,3888 = 0,5325

Ke - monjauea
N3menenue uncia MoJieii pu CropaHuy XapakTepusyercs KoddduimeHTom
MOJIEKYJISIPHOTO U3MEHEHHMS TOPIoUe CMECH |y, KOTOPBIN MpecTaBiIseT cOO0iM
OTHOILLIEHUE KOJIMYECTBA MOJIEN TIPOAYKTOB CropaHusi M, K KOJIMYECTBY MOJIEH

roprouen cmecu M;

g =Mz 0589 4 5y
M, 0,52
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[TapameTpsl OKpyx)aromen cpeabl U OCTATOYHBIE Ta3bl
JlaBieHue u TemMreparypa OKpy>karouiei cpeibl IpUHUMAIOTCS CTaHAapTHHIE
YCIIOBHS OKpY:Karoleu cpenpl: bapomeTpuueckoe aasienue Py = 129,3 klla,
temneparypa Bozayxa To =293 K.
Px=Py=0,1 MIla
Tk=Ty=293K
JlaBlI€HHE OCTATOYHBIX ra30B
HaBnenue P, Ha pa3nM4HBIX CKOPOCTHBIX PEKUMAaX JBUTATEINS OMPEACIIIeTCs
10 MPUOJIMKEHHOU PopmyTie:
P =P,-€035+A,-10°.n%
rae 4, = @, —1,035 210°/€n’ ;
Py — JaBJIeHHE OCTATOYHBIX Fa30B HA HOMUHAIBHOM pexume, Mma;
NN — 9aCTOTA BPAIICHAS KOJICHYATOTO Bajld Ha HOMHHATBHOM PEXKIME, MUH .
JlaBieHne 0CTaTOYHBIX Ta30B MPU HOMUHAIBHBIX 000pOTaX:
P. =0,115 Mna
Temnepatypa 0CTaTOYHBIX Ta30B
T,=1000 K
p.n = 1,10py = 1,10 0,1 = 0,110 MIIa
Torna BeMUMHBI JaBICHUN Ha OCTATBHBIX PEKUMaX PabOThI

Pr = Po(1,035+ A, x 1078 x n?),

e Ay = (Poy — Po = 1,035) = 10%/ (n§po)

Ipu ny=5200  A,=(0,115-0,1-1,035) -10°%/5600°-0,1=0,2403
n, MuH-1 900 2000 3500 5600
p., MIIa 0,103 0,104 0,106 0,109

[TapameTps! Biycka
Temneparypa moxorpesa CBEXero 3apsiaa
N3menenue temmeparypel A7 B 3aBUCUMOCTHM OT CKOPOCTHOIO pEXHMa
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JIBUTATENS TIPU OPUEHTHUPOBOYHO MOXKET OBITH OMPEIEICHO
AT, = 4,-€10-0,0125-n_,
Ine A, = (ATy) /(110 — 0,0125ny) = 0,17

n, MuH-1 900 2000 3500 5600

AT, °C 17 14 11 8

JlaBieHHnE B KOHIIE BITyCKa
P, =P - AP, i P, = P, - AP,
[lorepu naBnenuss AP, 3a cueT CONPOTUBIECHHUS BILyCKHOH CHCTEMBI U
3aTyXaHHs CKOPOCTH ABIDKEHHMS 3apsja B LWIMHIPE IIPH HEKOTOPOM JOIYIIEHHH

MOYHO OIIPENIEIINTh U3 ypaBHEHUs bepHyun:
2
APLI:¢2+ Snz(Aj'%j'pk'106

IIo omnbBITHBIM JaHHbBIM B COBPCMCHHBIX aBTOMOOMJILHBIX ABUI'aTCJIIX Ha

HoMuHAIbHOM peknme (B + &,) = 2,5 = 4,0; mpumem € +&, :: 2,5.

A =€z D 12 1201,
rie: f,, — MIomaxs HAMMEHBIIEro CEeYeHHs BIYCKHOM crucTeMbl, M, R m D —
COOTBETCTBEHHO DPAaUyC KPUBOIIUIA WM guamerp mopmHsa, M; A = R [ Ly —
OTHOILIEHWE paJuyca KpUBOIIMIA K JUIMHE IIaTyHa; N — YacToTa BpalleHUs
KOJIEHYATOro BaJia, MUH .

[Tnomans f,, MOXHO onIpeenTh U3 YpaBHEHHS HEPa3pPHIBHOCTH ITOTOKA:

rae F, — miomanaes TOPIIHS ABUTATENs, KOTOPBIN ABJISICTCS TPOTOTUIIOM

saganHoro; C,"" — MaKCUMAalbHAs CKOPOCTh HOPIIHS (M/C).
T-n
CM™ ="— . R-A1+ 1
30

W, = 50 — 130 m/c — cpemnsisi CKOpPOCTh IBW)KCHHS 3apsiia B HAMMEHBIIIEM

CCUCHHNHU BHYCKHOﬁ CHUCTCMBI 110 OIIBITHBIM JdHHBIM B COBPEMCHHBIX aBTOMOOMILHBIX
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JBUTaTEIISAX.
[ImoTHOCTH 3apsina Ha BITyCKe

pe=P,-10°/Q, -T, Wi p,=P,-10°/ R, -T,_

. 01.10° 3
Pr=Po= o oon =1189 Kr/m
n, MuH-1 900 2000 3500 5600
AP,, Mma 0,0005 0,0016 0,0051 0,0112

Torna P, , 6yner paBHO

n, MuH-1 900 2000 3500 5600

P2, Mma 0,0995 0,0984 0,0949 0,089

KoadduimeHT ocTaToOuHBIX Ta30B

Benuunnaa kosdduimenTta ocTaTodHBIX Tra3oB (Y;) XapakTepu3yeT KauyecTBO
OYHCTKH IWJIMHJIpA OT MPOAYKTOB cropanus. KoaddHUIMeHT 0CTaTOYHBIX Ta30B IS
YETBIPEXTAKTHBIX JIBUTATEJICH: C YYETOM MPOJAYBKH W JO3apsIKA IWIMHIAPA,(,,
MOYKHO TIpUHSTH 3a 1; ¢, MOXHO NPHHATH: Ha Maibix oboporax (0,88-0,95), na

obopoTax ceeime 3000 (1,12-1,15)

_TK+AT . ¢ou.'Pr
" Tr 8'¢()nx.'Pa_¢oq.'¢)'Pr
n, MuH-1 900 2000 3500 5600
Yr 0,033 0,034 0,035 0,039

Temneparypa B KOHLIE BITyCKa

Temneparypa B KOHILE BOycka 7, C JOCTaTOYHOW CTENEHBIO TOYHOCTH

ompenensieTcs no gopmyre:

B ("K+AT+7/r~Tr:

T
Gy,

a

n, MuH-1 900 2000 3500 5600
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T, K 372 369 364 358

KoaddunmenT nanonHeHus

Haubonee Ba)KHOW BEIMUMHON, XapaKTePHU3YIOIIEH MPOIIECC BITYCKa, SBIIACTCS
kodpbunmreHT  HamojgHeHHs  (TNy), NOPEACTABISAIOMMA  COOOM  OTHOIICHHUE
JEHCTBUTEITHLHOTO KOJUYECTBA CBEXKETO 3apsjia, MOCTYMHUBIIETO B IUIMHAP, K TOMY
KOJIMYECTBY, KOTOpPOE MOTJIO ObI TIOMECTUTHCS B paboueM oObeMe HWIMHIpa TpU
YCIIOBUH, YTO TEMIIEpaTypa W JaBICHUE B HEM DPAaBHBI TEMIIEpPAType W JaBIICHUIO

Cpelbl, M3 KOTOpPOM TMOCTymaeT CBeXud 3apan. Bemnuuny koad¢uunenrta

HaITOJTHEHHUS ONPEEIAIOT Mo GpopMmyie:

_ T, €P,-P_

T C AT 1D,
n, vun-1 900 2000 3500 5600
v 0,937 0,933 0,903 0,844

[TapameTpsl cxaThs pabodero Teiaa U Hayaja BOCINIAMEHEHHS CMECH

[Iporieccol BoCIlaMEHEHUS M CTOPaHUs pacCUMTHIBAIOTCS 10 MeToay Bube

N.N. 3HayeHune nokazaress MoJUTPOINbI CKATHS.

Cpennuit mokasarens aauadatsl cxatus npu € = 11 u paccuntannbix T, o

pexuMam:
n, MuH-1 900 2000 3500 5600
K1 1,3692 1,3695 1,3703 1,3713

CpenHuil TmoOKazaTeilb TOJHTPOIBI CKaThs nl NpUHHMAETCS HECKOIBKO

MeHblle k1 1 nmeeT 3HaUECHU:

n, MuH-1 900 2000 3500 5600

Ny 1,369 1,369 1,37 1,371

JlaBnenue, TemMneparypa U yAeJIbHbIN 00bEM B KOHIIE CKATHS

pc = Pyéy; Tc= Ta‘6n_11;
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n, MuH-1 900 2000 3500 5600
Pc, MIIa 2,65 2,62 2,53 2,37
. K 901 893 883 871

VY nenbHbI 00beM pabouero Tena B KOHIIE MpoIiecca HAMOJIHEHUS
(3mech 14 = 28,9 — MmonsipHas Macca Bo3ayxa, My = 115 kr/mones — MonsgpHast

Macca mapoB OeH3uHa, lo = 14,957 xr Bo3/1./KT TOILI.)

V, =8314.10"° T
Hp - pa
n, MuH-1 900 2000 3500 5600
V,, M°/KkT 1,075 1,078 1,103 1,159

VYnenbHbld 00bEM, JaBliEHHE W TeMIlepaTypa pabodyero Teina B MOMEHT

BOCIUIAMEHEHUS, €CITU YTOJI ONlepeKeHuUs BoctuiameHeHuss @ = 25 (rpan) u A = 0,28

i s s

V, = 0,142 (u*/k2).

L1

\Y
p, = V—a *Pas P, =1,22(MIla);
y
n-1
Va
T, = v T =637,47(K).

<

2.1.1 TepmoarHAMUYECKUH pacyeT

HGHBIO TCPMOAUHAMHUYCCKOI'O pacucra MABJLICTCA HAXOXKIACHHC 3HAYCHUMN
JaBJICHUA W TEMIICpATypbl I'a30B B HNUWJIHMHAPC ABUTATCIIA IJIA JIOOOr0 MOMEHTa
CropaHmus:. Pacuer mponecca IMPOU3BOAATCA C YUCTOM  yIla  OIICPCIKCHUA

BOCIINIAMCHCHM, XapaKTEpa U cpenHeﬁ CKOpPOCTH CTOpPAaHMU:.
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Koaddumuent sapdexruBHOCTH cropanus Torma ¢ = 0,95
OOmas ynenpHast TeIIoTa CTOpaHus TOTLTUBA

H, =43897 (kMm0Jb BO3JI/KT TOILIL.)

q — é, ) H u .

‘ (+ 7r }t ) IO +1:
n, MuH-1 900 2000 3500 5600
0z, KJIK/KT 2330 2410 2450 2467

I[aBHeHI/IG ra3oB B IIPOOCCCC CIrOopaHusd

P, = Ez'AX172+ P, - ((1724”‘)1'}(/‘7'22 k172.W61'.:_W¢1‘:'

a

&
E, =(0,002 -Vj-qz;.

n, MuH-1 900 2000 3500 5600

E,, MlIla 53,2 52,9 52,7 46,5

Jloms TOIIMBA, CrOPEBILIETO HA PACCMATPUBAEMOM y4acTKe

m+1 m+l
AX ., =exp| - 6,908{%} —exp| 6,908{%} |
?z Pz

®’1 U (2 — YIJIBI [IOBOPOTA KOJIEHUYATOTO Bala COOTBETCTBEHHO B HAdale U B
KOHIIE paCCMaTPUBAEMOT0 y4aCTKa;

(1 U (P2 — YIJIBI TTOBOPOTA KOJEHYATOrO0 Bajla, OTCYUTHIBAEMBIE OT MOMEHTA
BOCIUIAMEHEHUS COOTBETCTBEHHO JI0 HAYAJIA WJIM KOHIIA PAaCCMATPUBAEMOI0 YYaCTKa;

P1 — JaBJIEHUE B HAYaJIbHOW TOUKE paccMaTpuBaeMoro yuactka, Mlla;

3 k., +1

K
1-2 K, —1

- (haKTOp TEIIIOEMKOCTEH.

OTHoLIEHNE CPeIHUX TEIJIOEMKOCTEN pabouero Tena Ha y4acTke 1-2

k., =1,259 + {76,7 — (13,6 - 14’2] "Xy, } . Tl — (0,0665 —
o

0,0245 _
"X,
12

CpeaHee 3HauYeHUe J0JIM TOIUIMBA CTOPEBIIETO Ha yyacTke 1-2
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m+l el
x,_, =0,5| exp| — 6,908{%} —exp| — 6,908{%} ;
¢Z gDZ

T2 = (Ty + T,)/2 — cpennss TemnepaTypa Ha ydactke 1-2;

v € := 1+ el o;
2
=1 cos@' 3 L \/1 2 €in €@
o=1+=|- + - in@
DN
T _ Ty'pZ.WQZ/
2 = — - TEMIIEpaTypa Ta30B B IIPOIECCe CTOPAHUS;
py ’ lﬂ ()y /'ll’ll—Z
Wo=(W+H2)/2 — cpemHuWii Ha paccMaTpuBaeMOM ydacTke KoddduimeHt

MOJICKYJIAAPHOI'O U3SMCHCHU A CBEXEH CMCCH,

€« . - 1]%1 - exp|:— 6,908((0‘}% ﬂ
Pz .

uy =1+

I+7,

Lo = Mo max = 1,065 - pacuetHblii K0dPHUIIMEHT MOJEKYISIPHOTO U3MEHECHUS
CBE¥KEU CMECH.

PesynbTaThl pacueTa npuBeneHbl B Ta0uUIIE 2.

2.1.2 Pacuet mporuecca pacuimpeHus

n, MuH-1 900 2000 3500 5600

V, 0,173 0,176 0,179 0,182
o= Va/Vz;

n, MuH-1 900 2000 3500 5600

d 5,626 5,633 5,642 6,279
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8,341

n, =1+ 1 :
23,7+0,0046 - T, -(1+ 1)
o
n, MuH-1 900 2000 3500 5600
n, 1,186 1,18 1,18 1,18

HapaMeTpBI B KOHIIC IIponcCCa paClIMPCHUA KaK ITOJUTPOIIHOTO IIponIecca

_ Pz

pb §n2 '
n, MUH-1 900 2000 3500 5600
Py, MIla 0,6017 0,6341 0,6785 0,5418

T
Tb = 5[’!571 ’

n, MuH-1 900 2000 3500 5600
Ty, K 1894,1 1985,8 2084,9 20489

rae Pz u Tz — mapamMeTpsl B KOHIIE.
Texyiue 3HadeHHs] yAeIbHOTO 00bEeMa, AABJICHUS W TeMIEepaTypbl Ta30oB OT

KOHIIa nporecca cropanus 10 540 rpaj. m.K.B. HAaXOIATCS U3 COOTHOIIICHUM:

v, e—1 1 S ’
men{“z'K”zj‘[""s‘%mﬁ'X/l‘“‘nz‘“f”mm’

([)pT — TCKYHICC 3HAUYCHUC YyIJIa TIOBOPOTA KOJICHYATOT O Bajia
n2 ny—1
V, v,
Pom=|"| Po; T,,=|-*~| -T,.
P (VT j " g VT ’

2.1.3 TlapameTpsl BoIITyCKa

3a IEPUOJ BBIITYCKA U3 MUJIWHAPA ABUTATCIIA YAAIAOTCA OTpa6OTaBIHI/Ie rasbl.

I[JISI OLCHKHN IIPAaBHUIIBHOCTHU BBI60pa SHAYCHUS TEMIICPATYPhI OTpa6OTaBH_II/IX ra3oB
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IIPOU3BEIEM IPOBEPKY:

T =T./3P /P

n, MuH-1 900 2000 3500 5600
T, K 1054,4 1104,8 1132,7 1197,7
4100, -7
T,
n, MuH-1 900 2000 3500 5600
A, % 2,42 1,24 1,23 3,53

2.1.4 VNunukaTopHbIC MapaMeTphl UKIIA
[Ipu usmenenuun padotel aurarens co 100% mo 30%, Omaromaps OTKIIOUEHHH
UJIMHAPOB MBI MOJIYYMM B MHJIUKATOPHOU pabote mossimieHue ¢ 12 % mo 33 %, a
mexannueckui KIIJI namaer ¢ 88 % no 67 %. Bennuuna momiHoctu, paBHasg 30 % ot
MaKCUMAaJIbHOM, MOKET OBITh JIOCTUTHYTa NpHU padoTe TOJIBKO JBYX LHIWHIPOB

YETHIPEXIMJIMHAPOBOIO ABUTATENS. [29]

CpCI[HCG HHIUKATOPHOC JaBJICHUC

HHH ABUTraTC/II C HMCKPOBBIM 3aKUT'aHHCM, pa60Ta}omer0 10 1OHUKIYy C

MOJIBOJIOM TEIUIOTHI pU V=CONSt, TEOPETUYECKOE CPEIHEE NHIUKATOPHOE JaBICHUE

P = gpfl[nf—l(l_ g”lzlj_ n, —1(1_ g"l“ H
ITpumem ¢,,= 0,95
P =9nP
P;, MITa \ n, mun™ 900 2000 3500 5600
bes otk nus. 1,2457 1,3986 1,4876 1,19
C oTkJ1. UL 1,3957 1,5664 1,6661 1,332
NuaukaTropHas MOIHOCTh
NunukaropHas momHOCTh asuratenss N, - pabora, coBepiiaemasl ra3amu
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BHYTPH LWJIMHIPOB B €IMHUIY BPDEMEHHU.

N,=P-V,-i-n/€0-7 _

N., kBT \ n, MUH 900 2000 3500 5600
bes okt muit. 14,9 37,2 59,2 78,6
C OTKIJIL. 1IUII. 8,3 20,8 38,7 496

NHauKaTOpHBIN K.II.1. ¥ YAEIbHBIA MHAMKATOPHBINA PAaCX0.l TOIIIMBA

I[JI?I aBTOMOOMJIBHEIX H TPAKTOPHBIX ,Z[BPIF&TGJICﬁ, pa60TaIOHII/IX Ha XHMIAKOM

tormmBe, o= 1(be3 orkmodyenus mwmmHAPoB), «=1,05(C oTKIIOUCHHEM
THHIPoB)[29]:
n=P-l-al€,-p.1,
ni \ n, mua” 900 2000 3500 5600
be3 oTki. mui. 0,346 0,402 0,434 0,378
C OTKIJI. 1IMII. 0,387 0,45 0,486 0,423
VY nenbHBIA MHIUKATOPHBIA PAcXo/l >KUJIKOTO TOTUTHBA, I/(KBT-4), COCTaBUT
g9,=3600/€, - H,
gi, T/(xBT-9) \ n, Mun" 900 2000 3500 5600
bes oTki. mui. 236.848 208,62 192.84 216.87
C oTKJI. HII. 208,4 183.4 170,1 190,7
2.1.5 DddexTrBHBIC TOKA3ATEN, PA3MEPHOCTH JIBUTATEISA
CpenHsist CKOpOCTh MOPILIHS
C,=5n/30 =M=8,82
CpenHee JaBIeHUE MEXaHUYECKUX MTOTEPh
P, =0,034+0,0113 C,= 0,034+0,0113.8,82=0,133 MlIla
P=P-P,
P, MITa \ n, Mun™ 900 2000 3500 5600
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bes orki. . 1,1127 1,2656 1,3546 1,057
C OTKJI. 1ML 1,2627 1,4334 1,5331 1,199
D¢ dhexTuBHAST MOIITHOCTh
N,=N,-7,=P,-V,-i-n/€0-7_
N,, kBT \ n, MUH " 900 2000 3500 5600
bes okt muit. 13,3 33,6 53 68,7
C OTKJI. 1ML 7,5 19 35,6 446
OddexTuBHbINA K.1.1. U 3PPEKTUBHBIN YACIbHBIA PACX0 TOILJIMBA
Jlns nBuratesnei, paboTarIMX Ha KUIKOM TOTUIMBE
— Pe o IO
" e H,
Ne, KBT\ N, MUH " 900 2000 3500 5600
bes oTku. muit. 0,330 0,37 0,403 0,319
C OTKII. LU 0,369 0,41 0,451 0,357
D¢ hexTuBHBIN yAeabHbIN pacXo] B I/(KBT 4) KUJKOTO TOTIMBA
9 :3600/(_|u '77e:
Je, T/(kBT-4) \ n, MHH " 900 2000 3500 5600
bes oTki. mui. 248 221 203 257
C OTKJI. IIUJI. 222 200 181 229
KpyTsmmnii MOMEHT:
4
v 23100 N,
7N
M., Hm\ n, MUH " 900 2000 3500 5600
be3s otxi. mun. 41,1 110,4 125,3 117,1
C OTKJI. 1ML 224 80,7 87,1 76,0
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YacoBou pacxo] TOIUIMBA:

G =9.-N,
G,, kr/a\ n, MUH " 900 2000 3500 5600
be3 okt muit. 3,29 7,42 12,79 17,65
C OTKII. 1IMIL. 1,66 3,8 6,44 10,21
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I/ICXOI[HI)IC AaHHBIC U ITPOMCEIKYTOUYHBIC PC3YJILTATHI PacycTa

0

€ o Ny Lo, KMOb+6030yXa | |, Ke-6030yxa Yr 0z Q° by g m AT, | po, MIla pr, MIIa n,
K2 - monauea k2 - monnusa °C
11 1 1,371 0,5168 14,9565 |0,03900 | 60 25 0,28 | 28,95 3 8 0,1 0,115 1,18
Homax | & qs, E2, MIla H, puMIla | V. |pyMIla| V, | TaK | T,K |TK| T.K S To.K
K/JDK/Kr w3/ M3/
1,024 | 0,95 | 2467 46,500 43897 0,089 | 1,159 | 1,220 |0,1420 | 358,00 | 637,47 | 293 1000 6,28 2048,90
Tabnuma 2 — Pe3ynbTarhl pacyera mporecca Cropanus
¢’ | ¢ | Ve T1,K T2,K Ti2 X1-2 AXi12 Ki2 | Ki2 | p,Mna | pp,Mna | o ) u Hi-2
0 -25 | 0,168 | 637,470 | 637,470 | 637,470 | 0,00000027 | 0,00000053 | 1,379 | 6,273 | 1,2200 | 1,2200 | 0,119 | 1,595 | 1,000 | 1,000
1 -24 | 0,163 | 637,470 | 644,527 | 640,998 | 0,00000400 | 0,00000800 | 1,379 |6,282 |1,2200 | 1,2698 | 0,110 | 1,549 | 1,000 | 1,000
2 -23 | 0,159 | 644,527 | 651,650 | 648,089 | 0,00001732 | 0,00003465 | 1,377 | 6,300 |1,2698 | 1,3212 |0,101 | 1,506 | 1,000 | 1,000
3 -22 | 0,154 | 651,650 | 658,916 | 655,283 | 0,00004664 | 0,00009327 | 1,376 | 6,318 | 1,3212 | 1,3744 | 0,093 | 1,463 | 1,000 | 1,000
4 -21 | 0,150 | 658,916 | 666,434 | 662,675 | 0,00009832 | 0,00019664 | 1,375 | 6,337 | 1,3744 | 1,4296 | 0,085 | 1,423 | 1,000 | 1,000
5 -20 | 0,146 | 666,434 | 674,346 | 670,390 | 0,00017874 | 0,00035748 | 1,373 | 6,356 | 1,4296 | 1,4870 | 0,077 | 1,384 | 1,000 | 1,000
6 -19 | 0,142 | 674,346 | 682,831 | 678,589 | 0,00029421 | 0,00058841 | 1,372 | 6,376 | 1,4870 | 1,5470 | 0,069 | 1,347 | 1,000 | 1,000
7 -18 | 0,138 | 682,831 | 692,096 | 687,464 | 0,00045096 | 0,00090191 | 1,371 | 6,397 | 1,5470 | 1,6100 | 0,062 | 1,312 | 1,000 | 1,000
8 -17 | 0,135 | 692,096 | 702,381 | 697,239 | 0,00065509 | 0,00131018 | 1,369 | 6,420 | 1,6100 | 1,6765 | 0,056 | 1,279 | 1,000 | 1,000
9 -16 | 0,131 | 702,381 | 713,951 | 708,166 | 0,00091250 | 0,00182500 | 1,367 | 6,446 | 1,6765 | 1,7473 | 0,049 | 1,247 | 1,000 | 1,000
10 |-15 |0,128 | 713,951 | 727,096 | 720,523 | 0,00122879 | 0,00245758 | 1,365 | 6,473 | 1,7473 | 1,8229 | 0,044 | 1,218 | 1,000 | 1,000
11 |-14 |0,125 | 727,096 | 742,126 | 734,611 | 0,00160915 | 0,00321830 | 1,363 | 6,504 | 1,8229 |1,9042 | 0,038 | 1,190 | 1,000 | 1,000
12 | -13 |0,123 | 742,126 | 759,366 | 750,746 | 0,00205824 | 0,00411648 | 1,361 | 6,539 | 1,9042 |1,9921 | 0,033 | 1,164 | 1,000 | 1,000
13 |-12 | 0,120 | 759,366 | 779,146 | 769,256 | 0,00258001 | 0,00516003 | 1,359 | 6,577 | 1,9921 |2,0875 | 0,028 | 1,140 | 1,000 | 1,000
14 | -11 |0,118 | 779,146 | 801,799 | 790,473 | 0,00317755 | 0,00635510 | 1,356 | 6,620 | 2,0875 | 2,1911 | 0,024 | 1,118 | 1,000 | 1,001
15 |-10 |0,116 | 801,799 | 827,650 | 814,725 | 0,00385283 | 0,00770567 | 1,353 | 6,666 | 2,1911 | 2,3041 | 0,019 | 1,097 | 1,001 | 1,001
16 | -9 0,114 | 827,650 | 857,007 | 842,329 | 0,00460656 | 0,00921312 | 1,350 | 6,716 | 2,3041 | 2,4270 | 0,016 | 1,079 | 1,001 | 1,001
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17 -8 |0,112 | 857,007 |890,153 | 873,580 |0,00543789 | 0,01087579 | 1,347 | 6,771 |2,4270 | 2,5606 | 0,012 | 1,062 | 1,001 | 1,001
18 |-7 |0,110 | 890,153 | 927,337 |908,745 | 0,00634422 | 0,01268845 | 1,343 | 6,829 | 2,5606 | 2,7054 | 0,010 | 1,048 | 1,001 | 1,001
19 | -6 |0,109 | 927,337 | 968,764 | 948,051 | 0,00732096 | 0,01464192 | 1,340 | 6,889 | 2,7054 | 2,8617 | 0,007 | 1,035 | 1,002 | 1,002
20 |-5 |0,108 | 968,764 | 1014,589 | 991,676 | 0,00836130 | 0,01672261 | 1,336 | 6,952 | 2,8617 | 3,0295 | 0,005 | 1,024 | 1,002 | 1,002
21 | -4 |0,107 | 1014,589 | 1064,904 | 1039,746 | 0,00945609 | 0,01891218 | 1,332 | 7,017 | 3,0295 | 3,2086 | 0,003 | 1,016 | 1,002 | 1,002
22 | -3 |0,106 | 1064,904 | 1119,736 | 1092,320 | 0,01059366 | 0,02118731 | 1,329 | 7,083 | 3,2086 | 3,3982 | 0,002 | 1,009 | 1,003 | 1,003
23 | -2 |0,106 | 1119,736 | 1179,035 | 1149,385 | 0,01175980 | 0,02351959 | 1,325 | 7,149 | 3,3982 | 3,5974 | 0,001 | 1,004 | 1,003 | 1,003
24 |-1 |0,105 | 1179,035 | 1242,672 | 1210,853 | 0,01293779 | 0,02587558 | 1,322 | 7,215 | 3,5974 | 3,8048 | 0,000 | 1,001 | 1,004 | 1,004
25 |0 0,105 | 1242,672 | 1310,429 | 1276,550 | 0,01410854 | 0,02821707 | 1,318 | 7,279 | 3,8048 | 4,0187 | 0,000 | 1,000 | 1,004 | 1,005
26 |1 0,105 | 1310,429 | 1382,002 | 1346,215 | 0,01525084 | 0,03050169 | 1,315 | 7,342 | 4,0187 | 4,2369 | 0,000 | 1,001 | 1,005 | 1,005
27 |2 0,106 | 1382,002 | 1456,991 | 1419,496 | 0,01634179 | 0,03268359 | 1,312 | 7,403 | 4,2369 | 4,4570 | 0,001 | 1,004 | 1,006 | 1,006
28 |3 0,106 | 1456,991 | 1534,911 | 1495,951 | 0,01735730 | 0,03471461 | 1,310 | 7,461 | 4,4570 | 4,6763 | 0,002 | 1,009 | 1,006 | 1,007
29 |4 0,107 | 1534,911 | 1615,183 | 1575,047 | 0,01827279 | 0,03654558 | 1,307 | 7,516 | 4,6763 | 4,8918 | 0,003 | 1,016 | 1,007 | 1,008
30 |5 0,108 | 1615,183 | 1697,150 | 1656,166 | 0,01906398 | 0,03812797 | 1,305 | 7,568 | 4,8918 | 5,1004 | 0,005 | 1,024 | 1,008 | 1,009
31 |6 0,109 | 1697,150 | 1780,082 | 1738,616 | 0,01970783 | 0,03941565 | 1,302 | 7,616 | 5,1004 | 5,2989 | 0,007 | 1,035 | 1,009 | 1,009
32 |7 0,110 | 1780,082 | 1863,190 | 1821,636 | 0,02018346 | 0,04036692 | 1,300 | 7,661 | 5,2989 | 5,4844 | 0,010 | 1,048 | 1,010 | 1,010
33 |8 0,112 | 1863,190 | 1945,639 | 1904,414 | 0,02047324 | 0,04094648 | 1,298 | 7,702 | 5,4844 | 5,6537 | 0,012 | 1,062 | 1,011 | 1,011
34 19 0,114 | 1945,639 | 2026,571 | 1986,105 | 0,02056369 | 0,04112737 | 1,297 | 7,739 | 5,6537 | 5,8043 | 0,016 | 1,079 | 1,012 | 1,012
35 |10 | 0,116 | 2026,571 | 2105,126 | 2065,848 | 0,02044639 | 0,04089279 | 1,295 | 7,773 | 5,8043 | 5,9336 | 0,019 | 1,097 | 1,013 | 1,013
36 |11 | 0,118 | 2105,126 | 2180,460 | 2142,793 | 0,02011873 | 0,04023747 | 1,294 | 7,804 | 5,9336 | 6,0398 | 0,024 | 1,118 | 1,014 | 1,014
37 |12 | 0,120 | 2180,460 | 2251,776 | 2216,118 | 0,01958434 | 0,03916868 | 1,293 | 7,831 | 6,0398 | 6,1213 | 0,028 | 1,140 | 1,015 | 1,015
38 |13 | 0,123 | 2251,776 | 2318,345 | 2285,060 | 0,01885333 | 0,03770666 | 1,292 | 7,855 | 6,1213 | 6,1771 | 0,033 | 1,164 | 1,016 | 1,016
39 |14 | 0,125 | 2318,345 | 2379,526 | 2348,935 | 0,01794217 | 0,03588435 | 1,291 | 7,875 | 6,1771 | 6,2069 | 0,038 | 1,190 | 1,016 | 1,017
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40 | 15| 0,128 | 2379,526 | 2434,790 | 2407,158 | 0,01687321 | 0,03374641 | 1,290 | 7,893 | 6,2069 | 6,2108 | 0,044 | 1,218 | 1,017 | 1,018
41| 16| 0,131 | 2434,790 | 2483,734 | 2459,262 | 0,01567382 | 0,03134764 | 1,290 | 7,908 | 6,2108 | 6,1895 | 0,049 | 1,247 | 1,018 | 1,018
42 | 17| 0,135 | 2483,734 | 2526,091 | 2504,912 | 0,01437532 | 0,02875065 | 1,289 | 7,920 | 6,1895 | 6,1441 | 0,056 | 1,279 | 1,019 | 1,019
43| 18| 0,138 | 2526,091 | 2561,738 | 2543,915 | 0,01301153 | 0,02602307 | 1,289 | 7,930 | 6,1441 | 6,0763 | 0,062 | 1,312 | 1,019 | 1,020
44| 19| 0,142 | 2561,738 | 2590,696 | 2576,217 | 0,01161721 | 0,02323443 | 1,288 | 7,938 | 6,0763 | 59881 | 0,069 | 1,347 | 1,020 | 1,020
45| 20| 0,146 | 2590,696 | 2613,121 | 2601,908 | 0,01022646 | 0,02045291 | 1,288 | 7,943 | 5,9881 | 5,8818 | 0,077 | 1,384 | 1,021 | 1,021
46 | 21| 0,150 | 2613,121 | 2629,293 | 2621,207 | 0,00887110 | 0,01774220 | 1,288 | 7,947 | 5,8818 | 5,7598 | 0,085 | 1,423 | 1,021 | 1,021
47| 22| 0,154 | 2629,293 | 2639,602 | 2634,448 | 0,00757934 | 0,01515867 | 1,288 | 7,949 | 5,7598 | 5,6248 | 0,093 | 1,463 | 1,021 | 1,022
48 | 23| 0,159 | 2639,602 | 2644,522 | 2642,062 | 0,00637458 | 0,01274915 | 1,288 | 7,950 | 5,6248 | 5,4792 | 0,101 | 1,506 | 1,022 | 1,022
49 | 24| 0,163 | 2644,522 | 2644,592 | 2644,557 | 0,00527467 | 0,01054935 | 1,288 | 7,950 | 5,4792 | 5,3256 | 0,110 | 1,549 | 1,022 | 1,022
50| 25| 0,168 | 2644,592 | 2640,387 | 2642,489 | 0,00429156 | 0,00858313 | 1,288 | 7,948 | 5,3256 | 5,1664 | 0,119 | 1,595 | 1,022 | 1,022
51| 26| 0,173 | 2640,387 | 2632,497 | 2636,442 | 0,00343127 | 0,00686254 | 1,288 | 7,946 | 5,1664 | 5,0038 | 0,128 | 1,642 | 1,023 | 1,023
52| 27| 0,178 | 2632,497 | 2621,507 | 2627,002 | 0,00269434 | 0,00538867 | 1,288 | 7,942 | 5,0038 | 4,8396 | 0,138 | 1,691 | 1,023 | 1,023
53| 28| 0,183 | 2621,507 | 2607,970 | 2614,738 | 0,00207652 | 0,00415305 | 1,288 | 7,938 | 4,8396 | 4,6756 | 0,148 | 1,741 | 1,023 | 1,023
54| 291 0,189 | 2607,970 | 2592,402 | 2600,186 | 0,00156977 | 0,00313953 | 1,288 | 7,934 | 4,6756 | 4,5132 | 0,159 | 1,794 | 1,023 | 1,023
55| 30| 0,195 | 2592,402 | 2575,264 | 2583,833 | 0,00116322 | 0,00232645 | 1,289 | 7,929 | 4,5132 | 4,3534 | 0,169 | 1,847 | 1,023 | 1,023
56 | 31| 0,200 | 2575,264 | 2556,959 | 2566,112 | 0,00084437 | 0,00168875 | 1,289 | 7,924 | 4,3534 | 4,1973 | 0,180 | 1,902 | 1,023 | 1,023
57| 32| 0,206 | 2556,959 | 2537,830 | 2547,395 | 0,00060000 | 0,00120001 | 1,289 | 7,918 | 4,1973 | 4,0455 | 0,192 | 1,959 | 1,023 | 1,023
58| 33| 0,213 | 2537,830 | 2518,159 | 2527,995 | 0,00041708 | 0,00083416 | 1,289 | 7,913 | 4,0455 | 3,8984 | 0,203 | 2,017 | 1,023 | 1,023
59| 34| 0,219 | 2518,159 | 2498,175 | 2508,167 | 0,00028342 | 0,00056684 | 1,290 | 7,907 | 3,8984 | 3,7565 | 0,215 | 2,077 | 1,023 | 1,023
60 | 35| 0,225 | 2498,175 | 2478,057 | 2488,116 | 0,00018813 | 0,00037626 | 1,290 | 7,901 | 3,7565 | 3,6198 | 0,228 | 2,138 | 1,023 | 1,023
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2.1.6 TlocTpoeHue MHAUKATOPHOMN AUarpaMMbl

NunukatopHas guarpaMMa JIBUTATEIsl BHYTPEHHETO CTOpPaHUSI CTPOUTCS C
UCIIOJIb30BaHUEM JIAHHBIX pacuera padouero mpoiecca. JJaHHbsie Ij1sl TOCTPOSHUS
WHIMKATOPHOU JrarpaMMbl IpUBeIeHbI B Ta0uie 3 [2].

Tabnuna 3 — JlaHHble TOCTPOCHUSI MHAUKATOPHON AMAarpaMMBbl

V, V, V, V,
¢, Tpajg P, Mna | o, rpazg P, Mna | ¢, rpan 1 P, Mna | o, rpag P, Mna
I I I

0 0,036 | 0100 351 | 0,039| 2427 | 379 | 0,049 | 5983 | 407 | 0,108 | 2,537

30 0,067 0089 | 352 |0039| 2561 | 380 | 0050] 5882| 408 | 0,111 | 2,461

60 0,147| 0,089 | 353 |0038| 2,705 381 | 0052] 5760| 409 | 0,113 | 2,389

90 0,244 | 0089 | 354 |0038| 2862 | 382 | 0053 | 5625| 410 | 0,116 | 2,320

120 | 0,328 | 0,089 | 355 | 0,037 | 3,030 | 383 | 0055 | 5479 | 411 | 0,119 | 2,254

150 | 0381 | 0,089 | 356 | 0,037 | 3,209 | 384 | 0,05 | 5326 | 412 | 0,122 | 2,190

180 | 0399 | 0,089 | 357 |0037| 3398 | 385 | 0058 | 5166 | 413 | 0,125| 2,129

210 | 0381] 0095| 358 | 0036 | 3,597 | 386 | 0,060| 5004 | 414 | 0,128 | 2,071

240 |0328| 0,116 | 359 | 0,036 | 3,805| 387 | 0,061| 4,840 | 415 | 0,131 | 2,015

270 | 0,244 | 0,174| 360 | 0,036 | 4019 | 388 | 0,063 | 4676 | 416 | 0,134 | 1,961

300 | 0147 | 0,351 | 361 | 0,036 | 4,237| 389 | 0,065| 4513 | 417 | 0,137 | 1,909

330 | 0067 | 1025| 362 | 0,036 | 4457 | 390 | 0067 | 4,353 | 418 | 0,140 | 1,860

335 | 0058 | 1220| 363 | 0,037 | 4676| 391 | 0,069 | 4,197 | 419 | 0,143 | 1,812

336 | 0,056| 1270 | 364 | 0037 | 4892| 392 | 0,071 | 4,045| 420 | 0,147 | 1,767

337 | 0055 1321| 365 | 0,037| 5100| 393 | 0,073 | 3,898 | 421 | 0,150 | 1,723

338 | 0053| 1374| 366 |0,038| 5299| 394 | 007/5| 3,756 | 422 | 0,153 | 1,681

339 | 0052 1430| 367 | 0,038 | 5484 | 395 | 0,078 | 3,620 | 423 | 0,156 | 1,640

340 | 0,050 | 1,487 | 368 | 0,039| 5654 | 396 | 0,080 | 3,616 | 424 | 0,159 | 1,601

341 | 0049 | 1547| 369 |0,039| 5804| 397 |0082| 3,496 | 425 | 0,162 | 1,564

342 | 0048 | 1610| 370 | 0040 | 5934 | 398 | 0,085 | 3,381 | 426 | 0,166 | 1,528

343 | 0046 | 1,677 | 371 | 0,041 | 6,040 | 399 | 0087 | 3,270 | 427 | 0,169 | 1,494

344 | 0045| 1,747 | 372 | 0,041 | 6,121 | 400 | 0,089 | 3,164 | 428 | 0,172 | 1,460

345 | 0044 | 1823 | 373 | 0,042 | 6,177 | 401 | 0,092 | 3,063| 429 | 0,175 | 1,428

346 | 0,043 | 1904 | 374 | 0043 | 6,207 | 402 | 0,094 | 2,966 | 430 | 0,179 | 1,398

347 | 0042 | 1992| 375 | 0,044 | 6,211 | 403 | 0097 | 2,872 | 431 | 0,182 | 1,368

348 | 0,041 | 2,087 | 376 | 0,045| 6,190 | 404 | 0,100 | 2,783 | 432 | 0,185 | 1,339

349 |0041| 2,191 | 377 | 0,046 | 6,144 | 405 | 0,102 | 2,697 | 433 | 0,189 | 1,312

350 | 0,040 2,304 | 378 | 0,048| 6,0/6 | 406 | 0,105| 2,615| 434 | 0,192 | 1,285
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(P: Vl Pv (Pv Vl Pv (P: V! P! (Pl Va Pa

rpan 1 Mrna rpan 1 Mrna rpan 1 Mrna rpaz JI Mrma

435 |0,195| 1,260 | 464 | 0,286 | 0,802 | 493 | 0,355 | 0,621 | 522 | 0,393 | 0,552

436 | 0,198 | 1,235 | 465 | 0,289 | 0,793 | 494 | 0,357 | 0,618 | 523 | 0,393 | 0,551

437 10,202 | 1,212 | 466 |0,292| 0,784 | 495 | 0,359 | 0,614 | 524 | 0,394 | 0,550

438 |0,205| 1,189 | 467 |0,295| 0,775 | 496 | 0,361 | 0,610 | 525 | 0,395 | 0,549

439 | 0,208 | 1,167 | 468 | 0,297 | 0,766 | 497 | 0,362 | 0,607 | 526 | 0,395 | 0,548

440 10,212 | 1,145 | 469 | 0,300 | 0,758 | 498 | 0,364 | 0,604 | 527 | 0,396 | 0,547

441 | 0,215] 1,125 | 470 | 0,303 | 0,750 | 499 | 0,366 | 0,601 | 528 | 0,396 | 0,546

442 10,218 | 1,105 | 471 |0,305| 0,743 | 500 | 0,367 | 0,597 | 529 | 0,397 | 0,546

443 10,221 | 1,086 | 472 | 0,308 | 0,735 | 501 | 0,369 | 0,594 | 530 | 0,397 | 0,545

444 | 0,225 | 1,067 | 473 |0,311| 0,728 | 502 | 0,370 | 0,592 | 531 | 0,397 | 0,544

445 10,228 | 1,049 | 474 | 0,313 | 0,721 | 503 | 0,372 0,589 | 532 | 0,398 | 0,544

446 | 0,231| 1,032 | 475 | 0,316 | 0,714 | 504 | 0,373 | 0,586 | 533 | 0,398 | 0,543

447 10,234 | 1,015| 476 | 0,318 | 0,707 | 505 | 0,375| 0,583 | 534 | 0,398 | 0,543

448 10,238 | 0,999 | 477 |0321| 0,701 | 506 | 0,376 | 0,581 | 535 | 0,399 | 0,543

449 |0,241| 0,984 | 478 |0,323| 0,695 | 507 | 0,377 | 0,579 | 536 | 0,399 | 0,542

450 | 0,244 | 0968 | 479 | 0,326 | 0,689 | 508 | 0,379 | 0,576 | 537 | 0,399 | 0,542

451 | 0,247 | 0,954 | 480 | 0,328 | 0,683 | 509 | 0,380 | 0,574 | 538 | 0,399 | 0,542

452 10,250 | 0,940 | 481 |0,330| 0,677 | 510 | 0,381 | 0,572 | 539 | 0,399 | 0,542

453 | 0,253 | 0,926 | 482 | 0,333 | 0,672 | 511 | 0,382 | 0,570 | 540 | 0,399 | 0,542

454 10,256 | 0,913 | 483 | 0,335| 0,666 | 512 | 0,383 | 0,568 | 570 | 0,381 | 0,468

455 | 0,259 | 0,900 | 484 | 0,337 | 0,661 | 513 | 0,385| 0,566 | 600 | 0,328 | 0,395

456 | 0,263 | 0,888 | 485 | 0,339 | 0,656 | 514 | 0,386 | 0,564 | 630 | 0,244 | 0,321

457 | 0,266 | 0,876 | 486 | 0,341 | 0,651 | 515 | 0,387 | 0,562 | 660 | 0,147 | 0,247

458 | 0,269 | 0,864 | 487 | 0,343 | 0,647 | 516 | 0,388 | 0,561 | 690 | 0,067 | 0,174

459 | 0,272 | 0,853 | 488 |0,345| 0,642 | 517 | 0,389 | 0,559 | 720 | 0,036 | 0,100

460 | 0,275| 0,842 | 489 | 0,347 | 0,638 | 518 | 0,389 | 0,558

461 | 0,278 | 0,832 | 490 | 0,349 | 0,633 | 519 | 0,390 | 0,556

462 | 0,280 0,821 | 491 |0,351| 0,629 | 520 | 0,391 | 0,555

463 0,283 ] 0,811 | 492 | 0,353 | 0,625 | 521 | 0,392 | 0,553

[To maHHBIM TaOMWIBI 3 CTPOWUTCS WHIWUKATOPHAS aWarpamMma pabodero
nukia OensunoBoro JIBC (pucyHox 5) um muarpamma pabouero Iukia

oensunoBoro JIBC (pucyHok 6).
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2.1.7TennoBoii 6anaHc ABUraTessi BHYTPEHHETO CTOPaHHUS

Pacnipenenenre TemioTel Ha 3QGEKTHBHYIO padOTy U 1O OTACIBHBIM BHIaM
TEIUIOBBIX NTOTEPh HA3bIBAIOT BHEIIHUM TETUIOBBIM OarancoMm [4].
YpaBHEeHHE TEIUIOBOIO OanaHca B aOCONIOTHBIX KOJIMYECTBAX TEIUIOTHI
(kmx/gac) umeet BUI: Qo = Qe + Qp + Qr + Que + Qocr
rae Qo — oOlIee KOJIMYEeCTBO TEILIOTHI, BBSACHHOM B JBUTATCIb C TOILIMBOM
(Kmxk/49ac);
Qe — TertoTa, SkBUBaNIeHTHAS Y (PekTUBHOMN padoTe 3a 1 gac (Kmk/4ac);
Q, — TemIoTa, MepeaaBaeMasi OXJIaKIaromel cpene (Kmk/9ac);
Qr — TeroTa, yHeCeHHas ¢ OTPabOTaBIIMMU Ta3aMu (KK/49ac);
Quc. — TemioTa, TOTEpSHHAS W3-32 XUMHUYECKON HEMOJHOTHI CTOpaHUs
TOTUIMBA (KIK/4ac) (onpeaesieTcst TOIbKO ISl KapOIopaTOPHBIX JABUTATENEH);
Qocr. — HEYUTEHHBIE TTOTEPU TEIUJIOTHI (KIK/4ac).
Q, =H, -G, =43897 -17,65 = 774782 Jl/uac
Q. =3600 - N, =3600 -68,7 = 247320 JIx/4ac
Q,=c-i-D"*".n"- @, -AH, 1€-H,
+8315 -t, - M, - e, T +8315 -1, Q. =4H, G,

u

Q =G, N, Ke!

X

rom. = Qo - Qe +Q@ +Qr +QHC:
Jo=¢,+9,+4,.+q,. +q,.,, =100%

Pe3ynbTaThl pacuera npuBeneHbI B Ta0uUIIE 4.
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Ta6JII/IHa 4 — 3padeHHWs] OTHOCUTEIBHBIX BEJIWYMH BHEIIHETO TEIJIOBOIO
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2.1.8 TlocTpoeHne BHEUIHEN CKOPOCTHOM XapaKTEPUCTHKH JJIs1 HOMUHAJIBHOTO

pexxuMa

C 10CTaTOYHOHM CTENCHBIO TOYHOCTH BHEIIHIOK CKOPOCTHYIO XapaKTEPHUCTHKY
MO>KHO ITOCTPOHTH IO PE3yJIbTaTaM TEIJIOBOTO pacdera, MPOBEACHHOTO JJIs OJTHOTO
pekuMa pabOThl JIBHTaTeNss - pEKUMa HOMHHAIBHOM MOIMHOCTH H  C
UCTIOIb30BaHUEM SMITUPUICCKUX 3aBHCUMOCTeH [2,4].

PacuerHpie TOYKM KpHBOH S(MQGEKTHBHONW MOITHOCTH OMNPEACISIOTCS 10
CIACAYIONIUM OMIHPUUCCKHM 3aBUCHUMOCTAM dYepe3 kaxkasie 500 - 1000
00/MUH:

2
n n n
Ny, =N, = |1+-% | =
nN nN r-]N

B ¢popmynax mnpussto: N, U ng - HOMUHaJIbHAA 3P(PEKTUBHAS MOIIHOCTb U

4acToTa BpallCHUA KOJICHYATOro Bajla IIpH HOMMUHAJILHOM MOIIIHOCTH,

COOTBETCTBEHHO; N, # n - 3pdeKTuBHAS MOIIMHOCTh M YACTOTa BpAIICHUS

ex
KOJICHYATOI'0 BaJla COOTBETCTBEHHO B MCKOMOM TOYKE CKOPOCTHOM XapaKTEPHUCTUKHU
JIBUTATES.

[lo paccuntaHHbIM TOYKaM B Maciutabe M, CTpOST KpuBYIO 3G (HEKTUBHOM

MOIITHOCTH.

Touku kpuBoil 3¢ddexTuBHOrO KpyTtsmero MmomeHta (H-m) ompeaensaroTr no

dbopmye
M, =3-10°N, /€n, .

Cpennee sddextuBHoe nasnenus p, (MIla) mias paccUMTHIBAEMBIX TOYEK
MO>KHO OTIPEJICTUTh TI0 KpUBOW M, WITU U3 BBIPAKCHHUS:
Pex = N, 307/V n,.
VYnenpHblid 3¢ GEKTUBHBIN pacxoid TOIIMBa, Je, T/(KBT - 4), B HCKOMOM

TOUYKE CKOPOCTHOMN XapaKTEPUCTUKH:
= IZ 12n,/ ¢,/
Jex = Qen 44— 12NNy + an/_-
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YacoBoit pacxoj TOIUIMBA, KI/4:
Gx = GexNex -107.
Koaddurment HamoaHeHus:
x = PexloaxJex/(3600pk ) .
Pe3ynbpTaThl pacyeToB JAaHHBIX, HEOOXOAMMBIX ISl MOCTPOCHHUS BHEUTHEH
ckopocTHOI xapaktepuctuku JIBC 3anecensl B Ta0bmuily 5. [1o JaHHBIM TaOAUIBI 5

IMOCTPOCHA BHCIIHAA CKOPOCTHAA XaPAKTCPUCTHKA ABHUIATCIIA, IIPCACTABJICHHAA Ha

pUCYHKE 7.

Tabmuma 5 - PesynpTaThl pacyeToB, JaHHBIX JJIS [OCTPOCHHUS BHEIIHEH

CKOPOCTHOM XapaKTEPUCTUKHU

n, MAH Nex, kBt Mex, HM o (KIQSET’ ) Gt, xr/u
1500 20,39531 129,8406 2473625 5,045035
2000 27,98889 133,6371 234,1556 6,553754
2500 35,58247 135,915 2245181 7,988906
3000 42,9375 136,6743 218,45 9,379697
3500 49,81545 135,915 215,9514 10,75772
4000 55,97778 133,6371 217,0222 12,14842
4500 61,18594 129,8406 221,6625 13,56263
5000 65,20139 124,5255 229,8722 14,98799
5500 67,78559 117,6918 241,6514 16,38048
6000 68,7 109,3394 257 17,6559
6500 67,70608 99,46852 275,9181 18,68133
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PucyHnok 7 - BHelHsIsi CKOpOCTHAsl XapaKTepUCTHUKA IBUTATENs

2.2 KunemaTudeckue napamMeTpbl KpUBOIIMITHO-IIATYHHOT'O MEXaHU3Ma

[IppyHuMaem, 4YTO KOJEHYATBIM Bajl BPaAUIAeTCA C IOCTOSHHOW YTJIOBOU



CKOPOCThIO ® (B JCHCTBUTEIBHOCTH 3a CUET MOCTOSHHO HM3MEHSIOIIMXCS T'a30BBIX
Harpy30K Ha MOPIICeHb U JePopMaIlii KOJeHIaTOro Baja o # const) [2,4].

HCpCMCHICHI/IC IMOopmIHA B 3aBUCHUMOCTH OT yIJIa ITIOBOPOTA KPUBOIIIHUIIA:
~ 4
S, = R[(— CoSp + 4 (- cosZ(pj.

CkopocCTb MOPIIHS:

ds de ds : :
v, =222 2 R S|n¢+ism 2(pj,
dt dt de 2
IJe yriioBas CKOPOCTh BpallleHHs KojendaToro Baja, @ =7 -N/30.
YckopeHue NOpIIHS:

i z%zd_@.dﬁzsz(os¢+/”LC032¢7\-
dt dt de -

Pacuer nepemerieHus NOpIIHA S , CKOPOCTH HOPILHA U,, YCKOPEHUSI TOPLIHS

J» TIPOU3BOIUTCS AHAJTMTUYCCKH, gyepe3 Kaxnaele 10° yria II0BOPOTa
KoJeH4Yatoro Bayia 10 360°, a mosy4eHHbIE JaHHBIE 3aHOCITCS B TaOnuIy 6, U
CTPOSATCS 3aBUCUMOCTH yKa3aHHBIX BEJIMYMH OT yIJla HOBOPOTA KOJEHYATOr0 BaJla

(pucynok 8, pucynok 9, pucyHok 10) .
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Tabnuna 6 — PacuerHble 3HaueHHs MEpPEMENIEHUS MOPIIHAS , CKOPOCTH

HOPIIHS U,, YCKOPEHHS TTOPIIHS ,,

O,rpaj M.K.B. Sx, MM Up,M/C g M/C” @,rpaj I.K.B.

0 0 0 5478,629 360
10 0,7338403 2,817808 5341,328 350
20 2,8986653 5,495043 4940,119 340
30 6,3872397 7,902032 4305,969 330
40 11,030047 9,92977 3486,916 320
50 16,608101 11,49756 2543,137 310
60 22,869 12,55776 1540,864 300
70 29,544592 13,09726 545,8414 290
80 36,368526 13,13551 -382,929 280
90 43,092 12,7197 -1198,45 270
100 49,496328 11,9174 -1869,42 260
110 55,401315 10,80796 -2381,97 250
120 60,669 9,473402 -2739,31 240
130 65,202845 7,990151 -2959,35 230
140 68,943007 6,422361 -3070,7 220
150 71,85876 4,817668 -3107,52 210
160 73,939427 3,205744 -3103,99 200
170 75,185306 1,599698 -3088,98 190
180 75,6 0 -3081,73 180
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VY 10k 9 — 3aBUCUMOCTH CKOPOCTH TMOPIIHA OT YIJIa MOBOPOTA KPUBOIIUIIA.
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2.3I[I/IHaMI/IKa KPUBOIIUITHO-IIATYHHOT'O MCXaHHU3Ma

Cuna naBieHus Ta3oB
[IpousBenu pa3BepTKy MHAMKATOPHOW JMarpamMMmbl, TIOJyYEHHOW B
TEIJIOBOM pacyeTe.

[IpuBenenne Macc yacTeil KpUBOIIUITHO-IIIATYHHOT'O MEXaHU3Ma
Macca IOpIIHeBO# TpysI ( IPHHEITO M, =100 Kr/M°):

m, = mLE, = 100 = 0,00459 = 0,459 kr
Macca maryHa (mpuHaTo m y, =100 kr/m?):

my = myE, = 150 = 0,00459 = 0,689 kr
Macca HeypaBHOBELIEHHBIX YaCTEH OAHOI0 KOJIeHa Bajia 0e3 MPOTUBOBECOB:

m, = mE, = 14 = 0,00459 = 0,643kr
Macca maTyHa, cocpeIoTOYEHHasi Ha OCH MOPIIHEBOTO Majbla:
my, = 0,275m,, = 0,275 = 0,689 = 0,189 kr
Macca maTtyHa, cocpeoToOueHHas Ha OCH KPUBOIIIHIIA:
My = 0,725« my; = 0,725 * 0,689 = 0,499xkr

Maccpl, coBepIaroIre BO3BpaTHO-MOCTYNATeIbHOE IBUKCHHE:

m; = my + My ;= 0,459 + 0,189 = 0,648 kr

Maccsl, coBepHIaronue BpallaTeIbHOE ABUKCHUE:
mgp = My + My = 0,643 + 0,499 = 1,142 kr
VY nenpHbIE ¥ NTOJIHBIE CUJIBI UHEPLUHU

Y,ZICJ'IBHaH CuJjia MHCPIHMHU BO3BPATHO-IIOCTYIIATCIBHBIX ABMIKYIIUXCA MAaCC:

j1m . 1078
— ™ = 0,648
F, 0,00459

pj = = —j141 = 10° MIIa,

i€ | IPUHUMAETCS U3 KHHEMATHIECKOIO pacueTa
[HenTtpoOexHas cujia MHEPLUK BpaIIatolUXCcs Macc:

Kr = —mzgRw? = —1,142 = 0,0378 » 5442 » 1073 = —12,77 xH
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LlenTpobesxHasi cuila MHEPLUY BPAIIAIOIIMXCS Mace IaTyHa:
Kpy = —My Rw? = —0,499 x 0,0378 * 544? « 1073 = —5,58 kH
[lenTpoOerkHas cuja HHEPLHUU BPALIAIOIIUXCS MAaCC KPUBOIIMIIA
Kpe = —m Rw? = —0,643  0,0378 » 5442 » 103 = —7,19 kH
VY ienbHbIE CyMMAapHBIE CHJIBI
VY nenvHas cunna (MIla), cocpenoToueHHass Ha OCH OPIIIHEBOTO MajbIIa:
p=Ap: +p;
VY nenbHas HopManbsHas cuna (MlIla):
py =ptanf
VY nenbHas cunna (Mlla), neiicTByromasi BAOJb MIaTyHA:
Ps = p(cosf)
VY nenbHas cuna (MIla), neiicTByromast Mo paanycy KpUBOIIIMIIA:
P = p cos(p + B) / cos B
VY nenpHas TanreHnuanbHas cuia (Mlla):
pr =psin(e + f)/cosf
Tanrenuuanbubie cuiibl (KH):

T = prE, = pr0,00459 = 103
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Tabnuna 7 - pe3ynpTaThl JMHAMHUYECKOTO pacueTa

©° A p, MIla |J, m\c? Pj, MIla p, MIla tagp PN

0 0,017 14318,57 -2,01892 -2,00192 0 0

30 0,014 11253,78 -1,58678 -1,57278 0,141 |-0,22176
60 0,014 4027,097 -0,56782 -0,55382 0,248 | -0,13735
90 0,014 -3132,19 0,441639 0,455639 0,289 | 0,13168
120 | 0,014 -7159,28 1,009458 1,023458 0,248 | 0,253818
150 | 0,014 -8121,6 1,145146 1,159146 0,141 |0,16344
180 | 0,014 -8054,19 1,135641 1,149641 0 0

210 | 0,014 -8121,6 1,145146 1,159146 -0,141 | -0,16344
240 | 0,014 -7159,28 1,009458 1,023458 -0,248 | -0,25382
270 | 0,019 -3132,19 0,441639 0,460639 -0,289 | -0,13312
300 | 0,145 4027,097 -0,56782 -0,42282 -0,248 | 0,10486
330 |0,72 11253,78 -1,58678 -0,86678 -0,141 | 0,122216
360 | 1,92 14318,57 -2,01892 -0,09892 0 0

370 |54 13959,73 -1,96832 3,431678 0,05 0,171584
390 |33 11253,78 -1,58678 1,713217 0,141 | 0,241564
420 |13 4027,097 -0,56782 0,732179 0,248 | 0,18158
450 | 0,72 -3132,19 0,441639 1,161639 0,289 | 0,335714
480 |04 -7159,28 1,009458 1,409458 0,248 | 0,349546
510 | 0,265 -8121,6 1,145146 1,410146 0,141 |0,198831
540 | 0,145 -8054,19 1,135641 1,280641 0 0

570 | 0,02 -8121,6 1,145146 1,165146 -0,141 | -0,16429
600 | 0,017 -7159,28 1,009458 1,026458 -0,248 | -0,25456
630 | 0,017 -3132,19 0,441639 0,458639 -0,289 | -0,13255
660 | 0,017 4027,097 -0,56782 -0,55082 -0,248 | 0,136604
690 | 0,017 11253,78 -1,58678 -1,56978 -0,141 | 0,221339
720 | 0,017 1431857 -2,01892 -2,00192 0 0
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[Tponomxenue TadbauIbl 7

¢° 1/cosP | cos(p+P)/cosp | Pk, MIIa ?(iprlrﬁ) Jcosp pt, Mma T, kH M. H*M
0 1 1 -2,00192 | 0O 0 0 0

30 1,01 0,795 -1,25036 | 0,622 -0,97827 | -4,49026 | -169,732
60 1,03 0,285 -0,15784 | 0,99 -0,54828 | -2,51662 | -95,1281
90 1,041 | -0,289 -0,13168 |1 0,455639 | 2,091382 | 79,05424
120 1,03 -0,715 -0,73177 | 0,742 0,759406 | 3,485674 | 131,7585
150 1,01 -0,937 -1,08612 | 0,378 0,438157 |2,011141 | 76,02112
180 1 -1 -1,14964 | O 0 0 0

210 1,01 -0,937 -1,08612 | -0,378 -0,43816 | -2,01114 | -76,0211
240 1,03 -0,715 -0,73177 | -0,742 -0,75941 | -3,48567 | -131,758
270 1,041 | -0,289 -0,13312 | -1 -0,46064 | -2,11433 | -79,9218
300 1,03 0,285 -0,1205 -0,99 0,418592 |1,921339 | 72,62663
330 1,01 0,795 -0,68909 | -0,622 0,539139 | 2,474648 | 93,5417
360 1 1 -0,09892 |0 0 0 0

370 1,001 | 0,97 3,328728 | 0,221 0 0 0

390 1,01 0,795 1,362008 | 0,622 1,065621 | 4,8912 184,8874
420 1,03 0,285 0,208671 | 0,99 0,724858 | 3,327096 | 125,7642
450 1,041 | -0,289 -0,33571 |1 1,161639 | 5,331922 | 201,5467
480 1,03 -0,715 -1,00776 | 0,742 1,045818 | 4,800306 | 181,4515
510 1,01 -0,937 -1,32131 | 0,378 0,533035 | 2,446631 | 92,48264
540 1 -1 -1,28064 | O 0 0 0

570 1,01 -0,937 -1,09174 | -0,378 -0,44043 | -2,02155 | -76,4146
600 1,03 -0,715 -0,73392 | -0,742 -0,76163 | -3,49589 | -132,145
630 1,041 | -0,289 -0,13255 | -1 -0,45864 | -2,10515 | -79,5747
660 1,03 0,285 -0,15698 | -0,99 0,545312 | 2,502984 | 94,6128
690 1,01 0,795 -1,24798 | -0,622 0,976405 | 4,481699 | 169,4082
720 1 1 -2,00192 |0 0 0 0

Kpytsmue MmomeHTBI
KpyTsmunii MOMEHT OTHOTO UIUHAPA:

My =TR =T 0,038 =10°H*M

Ilepron n3MeHeHus KPyTAILIEr0 MOMEHTA:
6 =720/i =720/4 = 180°
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CyMMuUpoOBaHUE 3HAYEHUN KPYTAIIMX MOMEHTOB BCEX LIUJIMHPOB ABUTATENS
ocyulecTBiIsIeTCs yepe3 Kaxable 10° yria moBopoTa KOJIEHYaTOro Baja, U CBOJIATCS

B TaOJIUILY.

Ta6nuna 8 - Kpyrsmuii MoMeHT

Humuaaps
My,
¢° | 1-it 2-it 3-ii 4-i e
0° Mipn M. 0° M. 0° M.

0 o Jo 180 |0 360 |0 540 | 0 0

10 |10 |-74,8214 |190 | 25,191 370 |-68,112 | 550 |35,81557 |-81,9268
20 120 |-13525 |200 |50,62385 |380 |13,45613 |560 |50,88618 | -20,2838
30 |30 |-169,732 |210 |76,02112 |390 |411,5157 |570 |86,25219 | 404,057
40 |40 |-172,441 |220 |-99,9762 |400 |558,3233 |580 |-113,591 |172,3151
50 |50 |[-145115 |230 |-119,967 |410 |717,2447 |590 |-136,911 |315,2517
60 |60 |-951281 |240 |-131,758 |420 |125,7642 |600 |-151,842 |-252,964
70 |70 |[-335004 |250 |-131,787 |430 |143,0379 |610 |-153977 |-176,236
80 |80 |[27,8274 |260 |-114,961 |440 |154,4846 |620 |-139,483 |-72,132
90 |90 |79,05424 |270 |-79,9218 |450 |201,5467 |630 |-106,121 | 94,55814
100 | 100 |114,1489 | 280 |-28,7244 |460 | 209,314 |640 |-55814 | 2389245
110 | 110 | 131,052 | 290 |32,61412 |470 |187,7771 |650 |557696 | 357,0202
120 | 120 |131,7585 |300 |72,62663 |480 | 1750146 | 660 |68,33246 |447,7322
130 | 130 |119,9672 | 310 |124,5228 |490 |151,0304 |670 |120,593 |516,1134
140 | 140 |99,97624 |320 |154,6676 |500 |121,8814 |680 |151,2756 |527,8008
150 | 150 |76,02112 |330 | 935417 |510 |88,2197 |690 |152,8967 |410,6792
160 | 160 |50,62385 | 340 |82,48354 |520 |57,88178 |700 |123,7076 |314,6968
170 1170 | 25,101 350 |47,86558 | 530 |28,05482 | 710 |68,95475 |170,0662
180 |180 |0 360 |0 540 | 0 720 |0 0

Mypcp = Mo/1y = 103,7/0,80 = 129,6 H * M

Moy max= 530 H*M; Mygy min = -252 H¥*m.
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2.4 Pacuet nmopuiHs

Hcxoanpie qanHble U1 pacyeTa MOPIIHs: auaMeTp uauHapa D=82mm, xon
nopirHs S=75,6MM, MakcCUMalTbHOE JlaBlieHne cropanus P,=4,9 Mna npu ny=3500
MI/IH_l, IJIOIIAb TOPIIHS 55,4 CMZ, HanOoubIas HopMasibHast cuia Nma=0,0044
MH, Macca nopiaeBoi rpyrinbl 0,478 Kr, 4acToTa BPAIIEHUS ny x max— f 000 MUH ",
2=0,283, BeicoTa mopmHs H=41,4mm, BbicoTa 100kM mopmiHS h,,=16MM,
paguagbHyI0 TONIMHWHY Kojbla t=3,1MM, paguaiabHBIN 3a30p KOJbIlAa B KaHAaBKE
nopHs  At=2,4MM, TONIIMHY CTEHKHM TOJOBKH MOPIIHA S=25,1MM, TONIMHY
BEpPXHEH KOJIbIIEBOM mepemMbraku h,=3,8MM, 4nciI0 ¥ JuaMeTp MaCIsSHBIX KaHAJIOB
B mopmHe N’,=10 u d,=1MMm. Marepuan MOpIIHS — aJIIOMHUHHUCBBIA CILIaB,
a, = 22-107° 1/K; MaTepualt TUIb3bI HWINHAPA — CEPhIi 4yTyH, «, =11-10"° 1/K.

Hampsoxenue cxaTust B CEUCHHH X-X:

IInmomanb ceueHusa X-X
( jﬂz d2 Tn,F'= {(314%082 —84% 210- 20} -107® = 0,0034 1%,

rae d, =D-2(t+At) =76 —2(31+0,7) = 68.mm ;
d, =D-2(s+t+At)=76-2(388+31+0,7) = 60,640n;
F=d,(d, —d)/2=2(68-60,64)/2=77,6mn";
MakcuMalibHas c:KuMaromias cuiia

P

 vx = P,F, =121-453.10" = 5,489 MH ;
Harnpspxenue cxxatust

/F,_, =5,489/0,0034 = 77436 MITa

core = r max
Hamnpsioxenue pa3pbiBa B CEUCHUH X-X:
MaKCHMaJIbHasl YTJIOBasi CKOPOCTh XOJIOCTOI0 X012

1) /30 =314 -4500 /30 =524 paol c;

X.X max = X X max
Macca rojoBku [mopuiHs € KOJIbIHaMH, PAaCIIOJIOKCHHBIMHU BBIIIC CCUCHU A
X-X.

m_, =06m, =0,6-2,94=1764xz:
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MaxkcumanbHas pa3pbeIBHAsI CUIa

P, =M, R®Z, o (L+ 2) = 1,764 -0,038 -5247 - (1+ 0,295) = 0,0886 MH ;

X.X max
Hanpsxenue paspsiBa

o, =P, IF,, =0,0836/0,0034 = 124,95 MIla

Harmpsixkenust B BEpXHEN KOJIBIEBOM MEPEMBIUKE

cpesa
r=0,0314 p,D/h, =0,0314 -12,2-76/5,46 = 53MI]a;
n3ruda
o, =0,0045p,(D/h,)? =0,0045 -12,2(76/5,46)* =10,5MIIa
CJIIOXKHOC

oy =02 +472 = 1052 +4-72 =14,9MI]a .
yI[GJIBHBIC AaBJICHU IIOPIOHA Ha CTCHKY HWJIMHIApPA:
¢, = N, /(h,D) = 0,00697 /(0,046 - 0,076) = 0195 MIla ;
0, = N, /(h, D) = 0,00697 /(0,076 - 0,076) = 0,120 MITa .
rapaHTI/IpOBaHHaSI IMOABMIKHOCTL ITOPHIHA B HUJIMHAPEC AOCTUTACTCA 3a CUCT
YCTAHOBJICHH OIITUMAJIbHBIX TUAMCTPAJIbHBIX 3a30P0B MCKIY TUINHAPOM U
IMOPITHCM IIPHU PA3JIUIHBIX TCINIOBLIX HAI'PY3KaX, BOSHHKAIOIIHNX B IIPOLCCCC
paboOThHI TU3EIIS.
JlnaMeTphl TOJJOBKH M FOOKH TIOPIITHS:
D, = D-A, = 76 —0,456 = 75,544 yun;
D, =D-A, = 760152 = 75,848,
rae A, =0,006D = 0,006 - 76 = 0,456 s A, =0,002D = 0,002 - 76 = 0,152 3u11.
I[I/IaMeTpaJIBHBIC 3a30pbI B TrOpA4YEM COCTOAHHM:

A, =DJ+e, (T, -T,) —D, l+a(T +T,) =
~76. I+11 107°(388 — 293) — 75,544 - [+22 107°(493 — 293) —ozosMM

:DI+0{ I+a (T TO)_Z
=76 {+11.10" 688 208 7585 J+22-10° €28 - 293 0,006L01,
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rae T, =388, 72=493u T, =428 K npuHATHI C y4€TOM KUJIKOCTHOT'O OXJIAXKICHUS

JIBUTATEIIS.
2.5 Pacuer cucteMbl OXJIaXI€HUS

Pacuer mapameTpoB KHAKOCTHOTO HAacOca
BonasiHolt Hacoc city XuT ajisi obecrniedeHust HenpepbhiBHOW mupkyssiiuu OXK
B CO. B aBTOMOOWJIBHBIX U TPAaKTOPHBIX ABUTATENSX HAMOOJbIIEe MPUMEHEHUE

IMOJIYYHIIN I.[GHTp06e)KHI>I€ HaCOChI C OTHOCTOPOHHHM IIOJABOJOM KHAKOCTH.

3
M
PacueTrHas oObeMHas IMPON3BOAUTCIBHOCTE HACOCa (—j OIIpCACIIAACTCA C
C

YUYCTOM YTCUCK KUIKOCTH U3 HarHeTaTeabHOU IIOJIOCTH BO BCACBIBAIOIIYIO:

7,33*10°
4,04*10*
= /e
Qs 5,34*10* A

5,46 *10*

CpenHss TEMI0eMKOCTb BOJBL: ¢ .= 4187 oic/(ke K)

BOJBI

KT
CpenHsist IIOTHOCTB XKUIKOCTH (VIS pacyera NPHHAMACTCS BOAA): p . := 1000 —
M

Hanop co3naBaeMbIil HACOCOM: pix = 12000C ITa

00

=ng ——
Hacoc MIH

YacroTa BpalieHus Hacoca: n

n =5,8*10°

Hacoca

TemnepaTypHbIi nepenan npu NIPUHYAUTETBHON UIUPKYIALUUH: AT . == 10
[HupKyISUMOHHBIN PACXO0J OXJIAXKIAOIIEH )KUAKOCTH B CHCTEME OXJIAXKICHUS:

G, —— P _13%107 ,3/c
C(f()()prJM'ATQIC

PacuetHas IMPOU3BOAUTCIBHOCTL HACOCa:
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Koa¢ppuuuent nopaun = 0.8

G :%:1,63*10’3 Ml

oHc.p.

M
MonHocTs oTpebiisiemMast BOJASHBIM HACOCOM:
Mexannueckuu K.I1.JI. BomsgHOro Hacoca v = 0.85

G
N, =—22Px 093 xBm
H 71000 n,, ,

2.6Pacuér cucreMbl CMa3Ku

Pacuer nmapameTpoB MacisiHOro Hacoca

KonnuecTtBo Macna, HUPKYJIMPYIOIMIETO B CUCTEME CMa3KH OINpeJesieTcs
YHUCIIOM TPYIIUXCS TMap W CTeneHbio ¢GopcupoBaHnu aurarens. Lupkymsmums
Macja J0JKHa ObITh TaKoW, YTOOBI O00ECMEeYUTh OTBOJ TPEOYEMOro KOJWYeCTBa
TEIUTa OT AeTaliel, a ero 3amac JOHKeH KOMIEHCHUPOBATh YTEUKH U PACcX0]l Maclia
Ha yrap B T€U€HHE HEOOXOIUMOTO Mpodera MexAy JTOJTUBKOM.

OOBIYHO J17151 aBTOTPAKTOPHBIX JBUTATENEH
Q, = 0,015-0,030 Q,,

rae Q, - KOJIMYECTBO TEIUIOTHI, BBIACTSIONIEECs MMPU CTOPaHUH TOTUIHBA B

UWJIMHAPAX ABUTATENSA, KKaaly .
KonruecTBo TEIIOThI, BBIIEAIEMON TOILUIMBOM B TedeHue 1 c:

_ H uGT
3600

Q

rae H, BBIpaXXeHO B KIDK/KT; G, — B KI/4.
[HupKyIssUMOHHBIN pacxol] Macia (Mg/C) IIpY 3aJaHHOW BEIUMYUHE Q,,

3
Vv Qu 4.96 —0.00026 21,

“ " P, Cy AT 900-2.094-10 ¢

rac QM - KOJI-BO TCIUIOTBI, OTBOAMMOC MAaCJIOM Ha HOMHWHAJIBHOM PCKUME pa6OTbI

aBurartens, «/iclc
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p,, - ILIOTHOCTH Macia, 900 xe/ m®

¢, - TEIUNIOEMKOCTB Macia, c,, = 2.094x/[c/(ke - K)

AT - TemIepaTypa HarpeBa mMaciia B cucteme asurarens, K.
5

P, - pabouee naBieHue Macna 4 - 10°11a

MorttHOCTb, TOTpEOIsieMasi MaCISTHBIM HACOCOM

MouHocTb, noTpediasieMas MaclIssHbIM HACOCOM:

V, P,  0.00026 - 400000
© 1000 - 77,, 1000 -0.8

=013¢Bm
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3 CIIEHMAJIBHAA YACTD

3.1 O0uue ceeneHus

CoBpeMEHHBIE HOPMBI JKOJIOTUYHOCTH CTAHOBATCS BCE IKECTUE H
aBTOINPOM3BOJIUTEIISIM HUYEro HE OCTaéTcsl, Kak HadyaTh pa3padOTKy myTei
pelieHusl TaHHOW MpoOJIeMbl. YMEHBIIUB IOAa4y TOIUIMBA MOYXHO YMEHBIIUTH
MOTEHIUAJIBHBIA BBIOPOC OTpPa0OTaBIIMX BEIIECTB, U BCTA€T BONPOC Kak
YMEHBIIIUTh KOJMYECTBO I10JJaBA€MOTO TOIUIMBA ©O€3 MOIIHOCTHBIX MOTEPh.
CpenHuii cTaTUCTHYECKUH aBTOMOOWJIL B EBpome 3a MOMHBIMA €310BOM MK
MCIOJIB3YET MaKCUMaIbHYIO MOIIHOCTh ABUrarens Ha 30%. C3KOHOMUTH TOILIABO
MOYXHO HECKOJIbKUMH MYTSIMH: UCIOJIb30BaTh THOPUAHYIO YCTAaHOBKY, OTKJIIOYATh
nmoJavy TOIIMBA B [IWIMHAPHI U PETYJIUPOBATH MOIYIb (a3 ra3opacipe/iesICHHs.

Cy1iiecTByeT Tpu BUIa OTKIIOUYECHUS HHJIMHIPOB:

MexaHnyeckoe OTKJIFOUSCHHUE.

Tako# BUJI OTKIIFOYEHHS] MPOUCXOUT MO CPEJICTBAM pacnpeaBalia, KOTOPbIA
HMEET XUTPYI KOHCTPYKIIMIO. 3a CUET CHEHUAIBHBIX CTOMOPOB YACTh KYJIAUKOB
CIBUTAETCA OTHOCUTEIIBHO KJIallaHa, TEM CaMbIM B3aWMMOJICCTBUS HE MTPOUCXOIUT
KJIallaH HE OTKPBIBACTCA M TOIUIMBO HE mnonaaercd. I[lopmHu coBepiaror
MOCTyNaTeIbHbIE ABMIKCHHS TIEPETOHSIS BO3AYyX B IWIHMHIApPE, MX paboTa HE
YUYUTBHIBAETCSI, HO MEXaHWYECKHE TMOTEPU OCTAIOTCS Heu3MeHHbI. UTOOBI BEpHYTH
KyJJaUKd Ha MECTO MCIIOJB3YETCS BTOPOM CTOINOpP, NEPBbIM BO3BpAIlACTCS Ha
MECTO, TIOCJIE 4Yero BTOPOW CTOMOp OOECredYrMBaeT BO3BpAICHHE KYJIauKOB Ha
ucxoaHoe mecto. Ctomopa JBUTAOTCS M0 CHEIUAIbHO HAPE3aHHBIM KaHAaBKaM Ha

KOpITyCce pacnpeaBaa.
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PI/ICYHOK 10 — PaCHpeI[eJ'II/ITGJ'II)Hblf;I BaJl C MCXaHHNYCCKHUM OTKIIOYCHHCM

HWJIMHAPOB

2 OTkIIFOYeHUE TTOAa4M TOILIHBA.

JIaHHBI BHJ OTKJIIOYCHHUS C IIOMOIIBIO CHUCTEMBI ITOJAYH TOILUIMBA MOXKET
OTPAaHUYUTH TOCTYIUICHHE TOPIOYEH CMECH B IIIMHADP, U AaHAJIOTHYHO IIEPBOMY
BUJTy OTKJIFOUCHHMSI IIMUIMHIP HE COBEpIIaeT pabOThl, a MEXaHUIECKUE MMOTEPH TaK
ke ocTaroTcs. JJaHHbIN crioco0 MO3BOJISIET YePEN0BaTh PA0OTY IMJIMH]IPOB.

3 DieKTpOHHAs CUCTEMA.

Takas cucTeMa BKIIOYaeT B CceOS M JBIDKCHHE BajOB M OTKIIIOUCHUC
torummBonogaur. OHa OyAeT BKIIOYAThCS aBTOMATUYECKH, Korja 3TO Oyner
HEO0XO0IUMO.

OTK/IIOYEHbI BK/TIOYEHbI

Pucynok 11 — PaGoTa cucteMbl OTKIIOUEHHS IUJIUHAPOB
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B nmmame »koHOMHMHM 3Ta cucTeMa OOYCIaBIMBAETCS HECKOJIbKUMH
dakTopamu:

1 Ilpu OTKIIOYEHUU UWIMHAPOB TMOCTYMAIONIMI BO3AyX JEIUTCS Ha
paboTarolye NUWIUHJPHI TEM CaMbIM ITpoucxoauT nosbienue KII/I.

2 Cucrema oxnaxJeHus paboraer Oonee >(p¢deKTUBHEE Bellb Teneph e
MPUXOAUTCS OXJIAXKIAATh MEHbIIIEEe KOJIUYECTBO HUIUHAPOB, YTO TaK K€ MOBBIIIAET
poct KII/I.

3 Tlopaya TOIJIMBA COKpAIAETCs, & 3HAYUT JIBUTaTe]Ib CTAHOBUTCS OoJiee
YKOHOMHUYHBIM. Takasi SKOHOMHS TIO0 CTATHCTHYCCKUM JAHHBIM MOXKET JOCTHUTATh
10 30%.

K  coxanenuto, Takags cucTtema paboTaeT  aJeKBaTHO  TOJIbKO  Ha
MHOTOIMJIMHAPOBBIX ABUTATEISIX (5 M O0jee), Tak Kak Ha YETHIPEX MIIMHIPOBBIX
JIBUTATEJISIX CUJIBI TIEPBOTO U BTOPOTO TOpsAJIKa OyayT HEYpaBHOBEUIEHHBI, YTO

NPUBEAET K CHIIBbHBIM BUOpAIUsIM U HEMTPaBUILHOM paboTe JBUTATENS.
3.2 Ilpennaraemasi cxema pabOThI

Jlist nanHO#M paboThl BeIOpaH nBurarens BA3 21126, ¢ anekTpoaBuraTesiem
HEOOJBIIOTO  pa3Mepa €O  CXEMOM  B3aMMOJCHCTBHUS  IOCJIEIOBATEIbHO-
nmapaJutenbHOi. J(Buratens paboraer Ha aByx mammaapax (1 m 4) mo 3500 mun™
00OpOTOB KOJICHYATOr'0 Baja, NMpH JaJIbHEHIIEM YBEJIUYEHUH OOOPOTOB CBBILIE
3500 MuH " GYIYT IOJKIIOYATECS OCTAIBHEIC ABA HIHHApPA (2 1 3).

[Ipu HOpManbHOM peXUME pabOThl OYJET OCYHIECTBISATHCA CUMOMO3, TO
ecTb paboTa JBUTATENs W AJIEKTpUYECKOW MamuHbl. OIHOBPEMEHHO C ATHM
npoieccoM OyAeT OCYHIECTBIAThCA paboTa reHepaTopa, KOTopblid OyAeT noaaBaTh
DPHEPIrUI0 HAa HWHBEPTOpP, KOTOPBII B CBOK OYEpedb OTHAET DJHEPrUI0 Ha
AJIEKTPOJBUTATEND, @ U3JIMILIKU SHEPIUU MOJAIOTCS IS 3apsAAKH aKKyMmyssTopa. B

Hesx o0ecrneyeHnsl MaKkCUMalbHOM 3((EKTUBHOCTH.
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BoBpeMsi Hauana JBHJKEHHS € MeECTa Ha MalbIX CKOpPOCTSX Oyner
UCITOJIB30BAaThCA TOJIBKO AJIEKTpOoMOTOp. Ilpu pasroHe OEH3MHOBBIN JBUTATEINb
OyZAeT pasroHsieT aBTOMOOWJIb, paboTasi B CTAaHAAPTHOM PEKUME, JJIS TOBBIILICHUS
JTUHAMHYECKUX XapaKTEPUCTHUK JOIMOJIHUTENbHAs JHeprus OyAeT MOCTyINaTh OT
anieKTpoMoTopa. Bo Bpemst paboTbl jABUratesnss B HOPMA@JIbHOM  PEKUME
OCH3MHOBBII JIBUraTellb MPOJODKAET CHAOXKaeT JHEpruel TIeHepaTop, TaK Ke
U3JTUIIKY SHEPTUU OyAyT NepeaaBaThCcs Ha OJIOK YIpaBIeHUS SJIEKTPOIIUTAHUEM.

[Tpu TOpMOXKEHNHM KUHETHUYECKAsi SHEPTHsI PeoOpa3yeTcs B AIEKTPUUECKYIO
DHEPrUI0 MYTEM pEKylepaluu, 3JEKTPOABUTATENb MEePEAacT MOIIHOCTh Ha OJIOK
YIPABJICHUS MMUTAHUEM, TJI€ SHEPIHs UIET B OaTapero, TEM caMbIM 3apsikas ero. B
TO BpeMsi Kak OCH3MHOBBIM JBUraTellb paboTaeT B HOpMallbHOM pexume. llpu
MOJIHOM OCTAaHOBKE JIBUIaTelb aBTOMATUYECKH BBIKIIOYAETCS, YTOOBI 00ECIEeUUTh
MaKCHUMaJIbHYIO 3()(PEKTUBHOCTD U IKOHOMUYHOCTh TOPIOUEH CMECH.

['uOpunHas TpaHCMHUCCHUS, OH K€ JEIUTEIb MOLIHOCTH HAIpaBiseT MOTOK
MOIIIHOCTH, TJAE€ OTO HEOOXOAMMO, TEM caMbIM oOOecrneunBas HambOoee
HSKOHOMUYHOE MOTpEeOJIEHuE HHEPruu. YIpaBieHUs THOPUAHON TPaHCMUCCHU
3aKJIF0YAeTCsl B COBMECTHOW pabOTe 3JIEKTPOABUTATENS U JABUTATENSl BHYTPEHHETO
CrOpaHHs C TIOMOIIBI0 O€cCTylmeHYaTo TpaHCMHCCHEH, KOoTopas OBICTPO
pearupyer, Korja BOJUTENb XOUYET MOBBICUTh MOIIIHOCTb.

PacnipenenenriemM sHepruM 3aHUMAETCs MEXAaHHU3M IJIAHETApHOU Mepeaayu,
OH yHpaBisieT B3aUMOAECUCTBUEM OEH3MHOBOIO JBUTATENsl M DJIEKTPOMOTOpa
OoOBeUHSSL DIIEKTPOMOTOp, DJIEKTPOTEHEpaTOp W JBUTrarenb. Takas mnepeaaua
oOecreuynBaeT yMEHbIIECHHUE MOTEPh Ha TPEHUHU, TUXYIO paboTy U OONBIIMIA CPOK
IKCIUTyaTal|H.

Just  paboThl  TMOpPUIHOM  YCTAaHOBKM  MCHOJB3YETCS  MOIIHAS
BBICOKOIIPOU3BOUTENIbHAS ~ HUKEIb-METAUI-TUAPOUIHYI0 Oatapes. uBeprop
npeodpasyeT NepeMeHHbIN TOK, KOTOPBIA MOXKET OBITh UCHOJIB30BaH ISl MUTAHUS
ANEKTPOMOTOpa. bBJIOK ympaBieHUss 3HEprued 3TO YCTPOMCTBO MEPEKIIOUCHUS,

KOTOpPOC HCIHOJIB3YCTCA JJId YIPABJICHUA OHCPTHHM MCKIAY TICHCPATOPOM,
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aKKyMYJISITOPOM M 3JIeKTpojaBUrareseM. B To Bpems Kak TIeHeparop H
3NIEKTPOABHUraTeNlb NPEACTAaBIsET CcO00M  yCTPOWCTBO IEPEMEHHOIO  TOKa,
aKKyMYJIITOp HPEJICTaBIsIET COOOM yCTPOWCTBO MOCTOSIHHOIO TOKa, @ BBIXOJHOE
HaIpspDKeHUEe OaTaper HE COOTBETCTBYET BBIXOJHBIM 3HAUEHHUSM HAIPSIKEHUS
reHeparopa M JJEKTpoABMrarens. Tak d3TH  yCTPOMCTBAa  BBIIIOJIHSIIOT

HpCO6p&30BaHI/Ie QJICKTPOIHCPIUU OJIA HOTp€6HOCTI/I CHCTCMBEI.
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3AKJIFOYEHUE

B pesynprate mpoBeneHHOW pabOThl  ObUT  NIPEUIOKEH  BapUaHT
WCITOJIb30BaHUsl TMOPUIHOM CHIIOBOM yCTaHOBKM st asuratens BA3 21126 c
CUCTEMOH OTKJIIOYEHHUS IIWINHAPOB, KOTOPask MOKA3bIBAET JIyUIIHE IKOJIOTHUECKUE
Y DKOHOMUYECKHE MTOKa3aTeu.

Taxk e ObLJT pelieH CIeTyIONUN PsiT 3a1a4:

IpEJICTaBICHbI BO3MOYKHBIE COBPEMEHHBIE CXEMBI 10 JAHHOMY BOIIPOCY;

NPOAHAIM3UPOBAHbl PA3IMYHbIE BapUAHThl PEIICHUS MOCTABICHHOU
3aJ1aui;

IPOBEJCHBl HEOOXOAMMBIE PACUYEThl, KOTOPbIE IIO3BOJISIIOT OLIEHUTH

paboTOCTIOCOOHOCTh JAHHON CUCTEMBI.
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[MTPMJIOXXKEHUE b

Hybrid Vehicles\[' ubpuaasie aBToMo0mIN

1. 1. Introduction

The demand for vehicles with better fuel
efficiency and cleaner exhaust emissions
Is growing in light of rising fossil fuel
prices and environmental problems, such
as air pollution and global

warming. automakers have been working
to expand the number of vehicle models
equipped with hybrid systems as one way
of addressing this demand. Japanese
manufacturers have focused on fuel-
efficient hybrid electric vehicles

(HEVs ), which com-

bine an internal combustion engine with
an electric motor. Plug-in hybrid vehicles
(PHEVS) , which can be recharged via an
external electric power source, also went
on sale for the first time in Japan in 2012,
The following sections will decribe the
trends in HEVs that occurred in 2012.

1. 2. Popularization of HEVs

Fig. 1 shows the number of hybrid
vehicles on the roads in Japan. The figure
shows that the number of hybrid vehicles
IS increasing year after year and that the
number of hybrid passenger vehicles
now exceeds 2 million vehicles. It also
shows that this number increased by 1
million vehicles in just the past 2 years.
There are two main reasons for this
increase . One is the expanding number
of vehicle models equipped with hybrid
systems (Table 1) launched by Japanese
automakers. The other is the policy of the
Japanese government to promote the
trade-in of older vehicles and the
purchase of more fuel efficient vehicles
through an incentive system and
preferential tax scheme for
environmentally friendly vehicles (ie,
preferential application of the motor
vehicle weight tax and vehicle
acquisition tax).

1. 3. Trends in vehicle and technological

1. 1. BBenenue

Cripoc Ha TPaHCIIOPTHBIE CPEACTBA C OOJIBIIOM
TOIUTUBHOM 3(()EKTUBHOCTHIO U 00JIee YMCTHIX
BBIOPOCOB BBIXJIOITHBIX I'a30B PACTET B CBETE POCTA
LICH Ha UCKOIIaeMble BUJIbl TOIUIMBA U
HKOJIOTUYECKHUE MPOOIIEMBI, TAKHE, KaK 3arps3HEHUE
BO3/yXa 1 IN100a1bHOE NOTEIJICHHUE.
ABTONPOU3BOANUTENN PAOOTAIOT, YTOOBI PACIIUPUTH
YHCII0 MOJieNieil TPaHCIIOPTHBIX CPEJCTB,
OCHAIIIEHHBIX THOPUIHBIMU CUCTEMAaMHU KaK OJTUH
U3 CIIOCOOOB BBIMOJIHEHUS 3TOrO TPeOOBAHMUSL.
SInoHCKUE TPOU3BOAUTENN COCPETOTOUMINCEH HA
HKOHOMHYHBIX THOPHUIHBIX 3JEKTPUUECKUX
TpaHcOpTHBIX cpenctBax (B3VY), kotopeie
COYETaroT B ce0e JIBUTraTelb BHYTPEHHETO CTOPAaHUs
¢ anexTpuueckuMu Motopamu. Coenunenue Plug-B
rUOpUIHBIX TpaHCTOPTHBIX cpeacTBax (PHEVSs),
KOTOPBIE MOKHO IOJI3aPsIKATh Yepe3 BHEIIHUIH
MCTOYHHUK IEKTPOIHEPIUH, TAKIKE BBIIIET HA
npojaxy Buepsbie B Snonuu B 2012 roxy
CJIEIYIOIINE Pa3eiibl ONUIIYT TeHAEHIHU B B3V,
KOTOpHbI€ Mpousouuiu B 2012.

1. 2. Honynspuzamnus B3Y

Puc. 1 moka3bIBaeT KOIMYECTBO THOPUTHBIX
TPAHCIOPTHBIX CPEACTB Ha Aoporax B Anonun. Ha
PHUCYHKE MTOKa3aHO, YTO KOJMYECTBO THOPUTHBIX
ABTOMOOWIICH PacTeT C KaXKIbIM T'OJIOM, U YTO
YHCIIO THOPUIHBIX MACCAKUPCKUX TPAHCIOPTHBIX
CPEJICTB B HACTOSIIICEe BpEMs IIPEBHITIIACT 2
MUJITMOHA aBTOMOOMIIeH. OH Takke MOKa3bIBaeT,
YTO 3TO YUCIIO YBEIUYMIOCH Ha | MITH.
aBTOMOOMIIEeH TONBKO 3a ocnennue 2 roja. Ecte
JIBE OCHOBHBIC MTPUYMHBI 3TOT0 pocta. OTHUM U3
HUX SBJIETCS PACHIUPEHUE YHCIa MOJIeNen
TPAHCIIOPTHBIX CPEJICTB, OCHAIIICHHBIX
TUOpUAHBIMU crcTeMaMu (Tabmuma 1),
3aITyCKAEMBIX STTOHCKUMH aBTOIIPOU3BOTUTEIISIMH.
Jpyras moiuTrkKa srmoHCKOTO MPaBUTENbCTBA —
COJICHCTBOBATH YTHIIM3AIMH CTAPBIX TPAHCIIOPTHBIX
CPEJICTB, a TaK)Ke mproOpeTeHue Ooee
SKOHOMHYHBIX TPAHCTIOPTHBIX CPEJICTB C TIOMOIIBIO
CHUCTEM CTUMYIUPOBAHUS U JIHTOTHON HAJIIOTOBOI
CXEMOH JIJTS DKOJIOTHYECKH YHCTHIX TPAHCITOPTHBIX
CPEICTB (HarpuMep, IPeUMYIIeCTBEHHOE
MIPUMEHEHNE HAJIOTra Ha BEC M HaJIOT Ha
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development

Table 1 shows the hybrid passenger
vehicles that

were sold in Japan in 2012. The
following section out-

lines the trends in technological
development.

Nissan Motor Co., Ltd. started selling the
Cima Hybrid in April 2012. This is a
version of the Fuga Hybrid with a longer
wheelbase and the same hybrid

system . Nissan s original parallel hybrid
system that features one motor and two
clutches, called intelligent dual

clutch control, is used on these vehicles
with a lithium- ion battery. The Serena S-
Hybrid went on sale in August. The S-
Hybrid system uses an upgraded

version of the ECO motor found in the
existing Serena as an auxiliary motor to
increase power and energy regeneration
capabilities. A sub-battery that can fit

in the current engine compartment was
also added for increased power capacity,
resulting in a simple and compact hybrid
system . The entire hybrid system is
mounted within the engine compartment.
Honda Motor Co., Ltd. debuted an
updated version of

the CR-Z in September 2012.

Changes include the first use of a
lithium-ion battery in a hybrid vehicle
manufactured by Honda for the Japanese
market. This new battery generates
approximately 1.5 times the voltageof a
conventional nickel-metal hydride
battery , which increases the power of the
motor.

In November 2012, Honda developed a
new lightweight and compact hybrid
system called the SPORT HYBRID
Intelligent Dual Clutch Drive that uses a
single motor and is optimized for small
vehicles. This forms part of Honda which
aims to further improve both driving
performance and fuel efficiency. This
new hybrid system for small vehicles
combines a newly developed inline 4-
cylinder 1.5-liter Atkinson cycle engine,
a 7-speed dual clutch transmission with a
built —in high-power motor, and a

npuoOpeTeHne aBTOTPAHCTIOPTHBIX CPEJICTB).

1. 3. TenneHuuu B 0071aCTU TPAHCIIOPTHBIX CPEIACTB
U TEXHOJIOTUYECKOTO Pa3BUTHUSA

B Tabnuue 1 noka3ansl rHOpUIHBIE TACCAKUPCKUE
TPAHCIIOPTHBIE CPEACTBA, KOTOPBIE OBLIN MPOIaHBI
B Snonuu B 2012 roay. CaenyroiieM pasiein
COJICP’KUT OCHOBHBIE TEHACHIIMU B 00JIaCTH
TexXHoJIoru4eckoro pa3sutus. Nissan Motor Co.,
Ltd. mauan npoxasate ['ubpu Cima B anpene 2012
rona. 9to Bepcust Hybrid Fuga ¢ Gonee amuHHOM
KOJIECHOU 0a30i U TOM k€ THOPUTHON CUCTEMOM.
OpuruHanbHas napajjesibHas ruOpuIHas cuctema
Nissan, KoTopasi UMEET OJMH JIBUTATENb U JIBA
CLEIUICHNUS, HA3bIBAEMbIE€ UHTEIIJIEKTYaJIbHbIM
CIETUICHHEM JBOWHOTO YIIPABJICHHUS, HCIOIb3yeTCs
Ha 3TUX TPAHCIIOPTHBIX CPEACTBAX C JIUTUH-NOHHOU
Oarapeeii. Serena S-Hybrid noctynuna B mponaxy
B aBrycre. S-I'ubpuanas cucrema UCIOIb3yeT
MoaepHU3upoBaHHyt0 Bepcuto ODC nBurarens,
HAXOJSIIET0Cs B CYIIECTBYIOIIEM Serena B
KayeCTBE BCIIOMOTaTEIbHOIO ABUTATENS JIIs
YBEJIMUYEHUS MOILITHOCTH U SHEPTUU BO3ZMOXKHOCTHU
pereHepanmm.

Cy0-akkyMyJIsITOp, KOTOPBIM MOKET TOMECTUTHCS B
tekyimeM COM- aBuraress oTcek Takxke Obuia
J00aBJIeH JUIsl YBEJIMYEHUSI MOIIIHOCTH, YTO
MPUBOJUT K MPOCTOM U KOMITAKTHOW TMOPHIHOM
cucreme. Bes ruGpuaHas cucteMa MOHTHpPYETCS B
COM-nBurarene orceka. Honda Motor Co., Ltd.
nebrotupoBana ooHoBieHHas Bepcusi CR-Z B
centsa0pe 2012 roga. M3mMeHeHus BKIIOYAIOT B CeOst
NepBOE UCIOIb30BAHNE JINTUH-NOHHBIX OaTapeil B
THOPHITHBIX TPAHCIIOPTHBIX CPEICTBAX,
MPOM3BEACHHBIX XOH/1a /711 AMOHCKOTO PhIHKA. JTa
HOBasi OaTapest BeIpabaThIBacT MpUMEpPHO B 1,5 pa3za
OoutblIe HANPsHKEHU 00BIYHOTO TUAPUAA HUKEIIb-
MeTa1 0aTapeu, KOTOpbIe MOBBILIAET MOIIIHOCTh
neurarens. B HosOpe 2012 rona Honda
paszpaboTalia HOBYIO JIETKYIO M KOMIIAKTHYIO
ruOpuIHyIo cucteMy, oHa Ha3biBaeTcs SPORT
HYBRID Unurennekryansusiit Dual Drive
CIIETIJICHUSI, KOTOPBIM NCIOIb3YeT OAMH JABUTaTeNb,
ONITUMHU3UPOBAH I HEOOJIBIINX TPAHCITOPTHBIX
CPEICTB. DTO SBISAETCS COCTAaBHOM YacCThbIO
ciemytromero mokojienus Honda kotopsrii
HalfpaBJIeH Ha JajbHEeIee yIydleHns Kak 1is
BOXKJICHUS U TIPOM3BOAUTEIHHOCTH, TaK U

3¢ (HEeKTUBHOCTH HCIIOIH30BAHUS TOIUIHBA. JTa
HOBasi THOpUTHAS CUCTEMA ISl HEOOJIBITTHX
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lithium -ion battery. This new drive unit
Is at least 30% more efficient than the
conventional one-motor hybrid system.
Honda developed the SPORT HYBRID
Intelligent

Multi Mode Drive as a two-motor hybrid
system opti-

mized for mid-size vehicles. This hybrid
system com-

bines a newly developed engine that is
dedicated for use in hybrid vehicles, an
electric CVT coupled with two built-in
motors and a lock- up clutch, and a
lithiumion battery. This system also
optimally switches the driving mode
among three different modes depending
on the driving situation. It is also suitable
for use in PHEV systems and will be
equipped on the Accord in North
America that was scheduled to go on
sale in January

2013.

Honda has also developed the SPORT
HYBRID SH-

AWD as a three-motor hybrid

system optimized for

large vehicles, which can freely control
the driving force on the left and right
sides of the vehicle. The combination of
a V6 engine and this high -power three-
motor system realizes acceleration
performance equivalent to a V8

engine with fuel efficiency that is better
than an inline

4-cylinder engine. A new V6 3.5-liter
direct- injection engine is mounted in the
front of the vehicle and combined with a
newly-developed 7-speed dual clutch
transmission with a single built-in

motor. The drive provided by the two
motors mounted in the rear of the vehicle
freely controls the torque distribution to
the right and left rear wheels and helps to
realize both excellent fuel efficiency and
driving performance.

Toyota Motor Co., Ltd. introduced the
Prius PHV to

the market in January 2012. This was
the first PHEV

launched in Japan. The adoption of a new
high-capacity The Toyota Crown went

TPAHCIIOPTHBIX CPEJICTB COYETAET B ceOe HEJaBHO
pa3pabOTaHHBINA PSAIHBIN 4-1TUIUHAPOBEI 1,5-
JUTPOBBIN JBUTATENH UKIa Atkinson,
TPAHCMUCCHUIO C IBOMHBIM CLEIUICHUEM 7-
CTyIeH4aras KopoOKa repeziad ¢ BCTPOSHHOI
BBICOKOM MOIITHOCTBIO JIBUTQTEIIS, a TAKKE JTUTHM-
HMOHHBIA aKKYMYJISITOP. DTOT HOBBIU y3€JI MPUBOIA
1o MeHb1eit Mepe Ha 30% >ddexTuBHEE, UeM
0ObIUHasl OJIHO/IBUTaTeNbHASI THOPUIHAS CHCTEMA.
Honda pazpab6ortaia SPORT HYBRID Intelligent
Multi Mode Drive B kauecTBe THOPHIHON CHCTEMBI
JIBA JIBUTATENsI ONTUMHU3UPOBAHHOM JIJISl CPEIHIX
TPAHCIIOPTHBIX CPENICTB. DTa ruOpUIHAS cHCTEMA
COBMEIIAET HEJJAaBHO Pa3pabOTaHHBIN JBUTATENb ,
KOTOPBI CO3/1aH JIIsl UCTIOJIb30BAHMSI B THOPUIHBIX
TPAHCIIOPTHBIX CPEJICTBAX, ANEKTPUUECKUI
BapHaToOp B COUYETAHUU C IBYMSI BCTPOSHHBIMU
JBUTATEISIMU U MY(DThI OJIOKHPOBKHU, U JINTHI -
MOHHBIN aKKyMYJISITOp. DTa CUCTEMA TAKXKe
ONTUMAJIFHO MEPEKITI0YaeT BPeMsl TBUKCHUS
aBromo6miis B pexxuM ING cpenu Tpex pa3ianuHbIX
PEKHUMOB B 3aBUCUMOCTH OT CUTYAIUsl BOKICHUSI.
OH Takxe MoaXoauT A ucnonb3oBanus B PHEV
cuctemax u OyayTt obopynoBansl Ha Accord B
CeBepHoii AMepuKe, KoTopas Oblia
3aMjaaHUpPOBaHa, MOCTYMUT B MPOAAXKY B SHBApe
2013. Honda Takxe pazpaboraira SPORT HYBRID
SHAWD B kauecTBe THOPUIHON CUCTEMBI C TPEMS
JIBUTATEIISIMHU , ONTUMH3UPOBAHHOM TSI KPYITHBIX
TPAHCHOPTHBIX CPEACTB, KOTOPbIE MOTYT CBOOOHO
YIPABJIATH ABUXKYIIEH CUIIOW HA JIEBOM M IPABOU
CTOpOHaX TpaHCHOPTHOTO cpeacTBa. KomOuHanus
neurareist V6 1 3TOU CUCTEMBI BBICOKOI
MOIIHOCTH C TPEMs JBUTATEISIMU peain3yer
YCKOpEHUE MPOU3BOAUTEILHOCTH , SKBUBAJIEHTHBIN
V8 nBurarens ¢ TOMITUBHON 3 PEKTUBHOCTHIO , UTO
Jy4Ilie , 4eM

4-nunuHAPOBBIN ABUTaTenb. HoBwiil V6 3,5-
JUTPOBBINA IBUTATEIH C HEMTOCPEACTBEHHBIM
BIIPHICKOM YCTaHOBJICH B MIEPEIHEN YacTu
TPAHCIIOPTHOT'O CPEJCTBA U B COUETAHUU C HEJTABHO
pa3paboTaHHOH 7-CTyleH4YaToi KopoOKoi nepeaad
C IBOMHBIM CLIETIJIEHHUEM C OJIHUM BCTPOEHHBIM
mortopoM. IIpuBon oGecrieunBaeT aBa ABUraTens ,
YCTaHOBJICHHBIX B 33/IHEW 4aCTH TPAHCIIOPTHOTO
CpecTBa CBOOOTHO YIIPABIISAIOLIETO
pacnpezieieHueM KpyTAILIero MOMeHTa Ha 000uX
3aTHUX KOJIeCaxX M MOMOTaeT peain30BaTh KaK
OTJIMYHYIO TOTTUBHYIO 3KOHOMUYHOCTb, TaK U
X0710BbIe KadecTBa. Toyota Motor Co., Ltd.
npeacrasuia Prius PHV Ha peiHOK B stHBape 2012
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on sale in December 2012. A hybrid
vehicle can be selected for each of the
different grades of the Crown. The
predecessor to the Crown Hybrid used a
V6 engine, but this has been replaced
with a 2.5-liter inline 4-cylinder
Atkinson cycle engine.

The combination of this engine with a
high -torque motor allows this vehicle to
achieve both power performance
comparable to a V6 3.0-liter vehicle and
excellent environmental performance at
the top of its class .

The Lexus GS450h was introduced to the
market in

March 2012. This vehicle is equipped
with the Lexus

Hybrid Drive that achieves even further
advanced per-

formance thorough a combination of a
newly developed

3.5-liter V6 Atkinson cycle engine

and front-engine rear wheel drive (FR)
hybrid technology. This hybrid system
achieves power performance comparable
to a V8 gasoline engine.

Mitsubishi Motors Co., Ltd. launched the
Outlander

PHEYV in December 2012. The Outlander
PHEV has

three driving modes: EV driving

mode, series driving

mode, and parallel driving mode. This
enables the driver to select the
environmentally friendly EV mode

for everyday use, while using the motor-
assisted hybrid modes for longer

trips. The use of two motors and 4WD
delivers excellent driving

performance. In EV mode with a fully
charged battery, the EV driving
conversion distance (EV driving
distance) is 60.2 km. The PHEV mode
fuel consumption (see above) is 67.0

km / L. The fuel efficiency in HEV mode
after the battery s charge has been
entirely

used up is 18.6 km / L. The battery can
be charged up to 80% of capacity in
approximately 30 minutes by a rapid
charger. The battery can be fully charged

roaa Oto 6wu1 iepBeiii PHEV 3amymennsriii B
Snonun. [IpuHsATHE HOBOW BHICOKOM €EMKOCTH U
MOIIIHBIX JIMTHH-UOHHBIX OaTapei naet Prius PHV
ANIEKTPOMOOMIIbHOE paccTosiare BoxaeHus (EV
paccTostHue BOXKIeHUs ) 26,4 kM B pexxume EV ¢
MOJIHOCTBIO 3apspKeHHOM Oatapeeii. Kpome Toro,
PHEV pacxon TorumBa pexxuM (paccuUuThIBaeTCS
Kak komno3unus EV addexTuBHOCTH pexuma
TOIUIMBA U TOIUTMBA MOoTpebieHue B pexxume [ OM)
cocrasisieT 61,0 km / 1. DddexkTuBHOCTH
MCII0JIB30BaHUs TOIUIMBA B pexxume ['OM nocne
TOTr0, KakK 3apsiji 0aTapen MOJHOCTBIO UCIIOJIBb3YETCS
10 31,6 km / 1. CMOHTHPOBAHHOTO Ha
TPAHCIIOPTHOM CPEJICTBE 3aPsIHOE YCTPOUCTBO
MO3BOJIIET OaTtapee ObITh MOJHOCTHIO 3apPsHKEHHOI B
TeueHue npumMepHo 90 MUHYT ¢ UCTIOJIB30BAHUEM
ucrouynrka B 200 V mepeMeHHOTo ToKa (MK
npuOan3uTenbHO 180 MUHYT € MCHOIB30BaHUEM
MCTOYHUKA NUTaHUs riepeMeHHoro Toka 100 B).
Toyota Crown mocTymnui B poJiaxy B Aekadbpe
2012 ropa. 'mbpumHOE TPAaHCIIOPTHOE CPEIACTBO
MO3KET OBITh BRIOPAHO AJISl KXKAOTO U3 Pa3IMuHbIX
BuyioB Crown. [Ipenmecrsennukom Crown Hybrid
UCIIOJNIb3YETCs IBUTaTeNlb V6, HO OH ObLT 3aMEHEH
CO BCTPOEHHOTO 4-IIMJIMHIPOBBIA IBUTATENS IIUKIIA
ATKHMHCOHA Ha 2,5-nmuTpoBbIi. CoueTaHue 3TOro
JIBUTATEJNS C JIBUTATENIEM C BHICOKUM KPYTSIIUM
MOMEHTOM

MO3BOJISIET ’TOMY TPAHCIIOPTHOMY CPEACTBY
JIOCTUTHYTh, KaK XapaKTepUCTUKH MOILIHOCTH,
cpaBHUMOM ¢ V6 3,0-muTpoBbIil aBTOMOOWIIB, TaK U
OTCyTCBHUEM YyIIepOa okpyxkatomien cpezsl. Lexus
GS450h 6p11 pencTasiieH Ha peiHKe B Mapt 2012.
Dtot aBToM0oOHITE ocHaieH Lexus Hybrid Drive ,
KOTOpasi O3BOJISIET JOCTHYb elle Ooiee
MPOJIBUHYTON POU3BOJAUTEIBHOCTH C TOMOIIBIO
TaKUX COYCTAHHWH HEAaBHO pa3pabOTaHHBIX 3,5-
JUTPOBBIN ABUTATENb V6 ATKMHCOH LMK U
MepeTHUI IBUTATENh THOPUTHON TEXHOIOTHH. JTa
rUOpUAHAS CUCTEMA IOCTUTaeT MOITHOCTH ,
cpaBHUMYIO ¢ V8 OCH3WHOBBIX JIMHEUKH
neurateneii. Mitsubishi Motors Co., Ltd 3anycTuia
Outlander PHEV B aexabpe 2012 roma. Outlander
PHEV umeer tpu pexxuma BoxaeHus: EV
BOXJCHUS PEKUM, PATOBON PEKUM BOKIACHUS, U
PEXKUM NapaIEIbHOTO BOXKIEHUS. DTO MO3BOJSET
BOJIUTEINIO BEIOMPATH SKOJIOTHYECKU YUCTHIN EV
PEXUM JJI UCTIOIB30BAHUS KXl IEHb, B TO
BpeMs KakK JUIsl TaJTbHUX TO0€3]0K UCTIOIB3YIOTCS
MOTOPOHO COACHUCTBYIOIINE THOPUTHBIC MOJICITH.
HUcnonp3oBanue 2 -x npurareneit u 4WD
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in approximately 4 hours via an AC 200
V power source (or in approximately 13
hours using an AC 100 V power source)
via normal charging with the vehicle-
mounted charger.

Table 2 shows the hybrid commercial
vehicles that

were sold in Japan in 2012. The
following outlines the

trends in the technological development
of these vehicles .

Mitsubishi Fuso Truck and Bus
Corporation was the

first manufacturer in the world to adopt
a dual clutch

automatic transmission with a built-in
motor , called

DUONIC, on a commercial vehicle. In
addition, the

Canter Eco Hybrid system combines a
new high —performance lithium-ion
battery with the 4P10 diesel engine, and
this system was introduced into the
market in May, 2012. This is a parallel
hybrid system in which an electric motor
is placed between the clutch

and transmission.

The Erga Hybrid from Isuzu Motors
Limited went on

sale in August 2012. It adopts a

parallel hybrid system

that allows the vehicle to be driven
only by the electric

motor when it accelerates from a

stop. This system uses energy efficiently
and is particularly suited to large buses
that drive on fixed routes with

frequent starting and stopping. This
system also uses a lithium-ion battery
with a high capacity and high input

and power performance.

2. 1. Introduction

Several years have passed since electric
vehicles ( EVs) were first seriously re-
introduced onto the market in 2009. EVs
have excellent environmental
performance and energy efficiency, and
are garnering attention as next-generation
environmentally friendly

vehicles. However, issues include high

oOecrieunBaeT OTIMYHBIE XOJOBbIE KauecTBa . B
pexume EV ¢ OTHOCTBIO 3apsSyKEHHBIM
aKKyMynaTopoM, To EV BoxaeHus pacctosHue
npeoOpazoBanus (EV BoxaeHus: paccrosHue)
coctapisaeT 60,2 kM. Pacxon Trorumsa PHEV
pekuma (CMOTpH BbIlIe) cocTaBiseT 67,0 km / 1.
O} PexTUBHOCTH UCIIOJIB30BAaHUS TOIIUBA B Pesxkum
HEV nocne Toro kak 3apsija 6atapeu Obut
MTOJTHOCTBIO M3pacxooBaH 18,6 kM / 1.
AKKyMYJSATOP MOXHO 3apsixkarh 10 80% eMkocTu
npuMepHo 3a 30 MUHYT OBICTPBIM 3aPSAHBIM
YCTPOMCTBOM. AKKYMYIISITOP MOXKET OBITh
MOJIHOCTBIO 3apsiKeH MPUOIM3UTENBHO 3a 4 yaca
yepe3 UCTOYHUK MUTaHUs epeMeHHoro Toka B 200
B (vnu B mpubnm3uTenpHo 13 yacoB npu
WCIIOJIb30BAHUU TTIEPEMEHHOTO TOKA B UICTOYHHK
nutanus 100 B) ¢ momotbro 0ObIYHON 3apsIKH C
CMOHTHPOBAHHOI'O HA TPAHCIIOPTHOM CPEJICTBE
3apsAIHOTO ycTpoiicTBa. B Tabnuie 2
MpeICTaBICHbI THOPUIHBIE KOMMEPUECKHE
TPAHCIIOPTHBIE CPEJICTBA, KOTOPHIE OBLIN MPOJIaHbI
B Snonuu B 2012 rony. Huxe onuckiBarotcst
TEHJICHIIUU B TEXHOJIOTMYECKOM Pa3BUTUHU ITHX
TPAHCIIOPTHBIX CPEJICTB.

Mitsubishi Fuso Truck and Bus Corporation 6bi1a
MEPBBIM MPOU3BOJIUTEIEM B MUPE , KOTOPOE
aJlanTHpoBalla IBOWHOE CLIETIIICHHE
ABTOMATUYECKOM KOPOOKH Mepenay ¢ BCTPOSHHBIM
MOTOpOM, KoTopbli HazbiBaeTca DUONIC, Ha
KOMMepUecKuii aBToMOOMIIb. B nomnonnenue
cucreMa Canter Eco Hybrid coueraeT B cebe HOBBIN
BBICOKOIIPOU3BOAUTEIIbHBINA JINTU-UOHHBIN
AKKyMYJISATOP C IU3eNbHbIM aBuratenem 4P10, u
3Ta cucTeMa Obljla BBEJIeHa Ha PhIHOK B Mae, 2012.
DT0 nmapajuienbHas THOpUIHAS CUCTEMA , B KOTOPOH
ANEKTPUYECKUI JBUTATENb PACIIOIOKEH MEKIY
crerieHueM u kopoOkoii nepenad. Erga Hybrid ¢
Isuzu Motors Limited npoomkan npojgaxu B
aprycre 2012 roga. OH npuHUMAET NMapauIeIbHYIO
THOPUIHYIO CUCTEMY, YTO TIO3BOJISET aBTOMOOUITIO
JIBUTAThCSI TOJIBKO C TIOMOIIBIO 3JIEKTPHUUECKOTO
JIBUTATENsl, KOTJIa OH pa3rOHsETCs ¢ MecTa
OCTaHOBKH. JTa CUCTEMA UCIIOJIb3YyEeT
MUHUMAJbHBIE 3aTPATHI SHEPTUU U OCOOEHHO
MOAXOAUT JIJIsl OOJBIITUX MAIKH, C MAPIIPyTaMH U
YacTHIMH OCTaHOBKaMH. JTa CUCTEMA TaKKe
HCIIONIB3YET JINTUH-HOHHBIN aKKYMYJISITOP C
BBICOKOW MPOMYCKHONW CLIOCOOHOCTHIO M BHICOKUM
BXOJIOM M MOIIIHOCTH MPOU3BOIUTENBHOCTBIO.

2. 1. Beegeuue
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cost, short cruising ranges, and the
development and maintenance of a
support infrastructure. Both Nissan
Motor Co., Ltd. and Mitsubishi Motors
Co., Ltd. have been active and early
entrants into the EV field and are
working to reduce the price of

these vehicles. The Japanese government
is also moving to expand charging
facilities for EVs. Development of
technologies that will increase the
performance and

lower the cost of these vehicles is
progressing and other measures, such as
budget and tax measures to further
promote the introduction of EVs into the
market are

being actively pursued as well. The
following sections outline the initiatives
taken in 2012 to further popularize EVs
and the trends in standardization.

2. 2. Popularization of EVs

2. 2. 1. Market introduction and sales
Fig. 3 shows the number of EVs on the
roads in Japan, excluding motor-driven
cycles and minicars. The

number of such vehicles in Japan
decreased each year up to 2008. This
trend changed in 2009 when Mitsubishi
Motors and Fuji Heavy Industries began
sales of two

small EVs, the i-MiEV and the Plug-In
Stella, respectively. This increased the
number of EVs in Japan to 1,941
vehicles. In 2010, this number climbed
further to 9,030

vehicles after the launch of the Leaf
passenger vehicle by Nissan. In 2011,
Mitsubishi Motors expanded the va-
riety of available i-MIiEV models. In
2012, Honda Motor Co., Ltd. developed
the Fit EV, Mazda Motor Corporation
developed the Demio EV, and Toyota
Motor Co., Ltd. developed the eQ. All of
these EVs were subsequently

released for sale. Nissan also started
selling a partially revamped version of
the Leaf in November 2012 with an
extended cruising range to improve its
product appeal .

HeckompKo JeT mpoInio ¢ TeX Mop Kak
AJIeKTpUYecKue TpaHcnopTHble cpeacTa (EVS)
BIIEPBBIC OBLIH CEPHE3HO BBEIICHBI HA PHIHOK B
2009. DneKTpOMOOMIN UMEIOT OTIINYHBIC
IKOJIOTHYECKHUE TTOKA3ATENN
9HeprodhPeKTUBHOCTD, ¥ OOparias Ha ceOst
BHUMAaHHE, C [EJIBIO CO3/IaHuUs CISAYIOIIETO
MTOKOJICHUS IKOJIOTUIECKU YHUCTBIX TPAHCIOPTHBIX
cpencts. Kak koraa - 1m60, mpoOieMbl BKIIOYAIOT
BBICOKYIO CTOMMOCTh, KOPOTKHE THANIa30HbI
JATLHOCTH ITyTH 0€3 J103aIpaBKy TOIUIUBOM, U
pa3BUTHE U MOICPKAHNUE TIOITICPIKKU
uHppactpkykTypsl. O6a Nissan Motor Co., Ltd. u
Mitsubishi Motors Co., Ltd. ObUIH aKTHBHBEIMU U
panHue abutypueHTsl B iosie EV u padoraror ,
4TOOBI CHU3UTH IICHY Ha 3TH TPAHCIOPTHBIC
cpeacTBa. SIMOHCKOE MPABUTENBCTBO TAKKE
JIBUKETCSI , YTOOBI PACIITUPUTH BO3ZMOKHOCTH TSI
3apsAKy dJIeKTpoMoOmIiei. PazpaboTka TexHOIOTHI
, KOTOPBIE IMTO3BOJIAT YBEIHYUTh
MIPOU3BOIUTEIIEHOCTh U CHU3UTh CTOUMOCTD ITHUX
TPAHCHOPTHBIX CPEACTB MPOTPECCUPYET U B IPYTHE
MEpBbI, TAKKE KaK OFO/KET M HAJIOTOBBIC MEPHI 110
JANbHEHIIIEMY CIIOCOOCTBOBATh BHEPECHUIO
AJIEKTPOMOOMIICH Ha PBIHOK SIBJISIFOTCS] aKTHBHO
MpoJoibKaeTcs Takxke. B ciaemyrommx pasaenax
HaMETHUM WHUIIMATHUBEI , TpeANpUHsTHIE B 2012
roIy JUi JabHEUIIeH momyaspu3aun
DIIeKTPOMOOMIICH U TEHJEHIIMU B 00J1aCcTH
CTaHJapTU3aIUH.

2. 2. Ilonmynspu3anus 3J1eKTPOMOOHIIS

2.2. 1. Beenenue. PeiHOK mpogax

Puc. 3 nmoka3pIBaeT KOJIMYECTBO HIIEKTPOMOOHIIEH
Ha Jloporax B SIOHUH, 3a UCKIIIOUEHUEM
MOTOBEJIOCUIIEIOB M MUKPOJIUTpakeK. YUCIo Takux
aBTOMOOMIIEH B SITTOHUM KaKIBIA T'OJl CHUKAETCS
10 2008 rona. 3Ta TeHAeHIMs n3MeHuacs B 2009
rony , korga Mitsubishi

Motors u Fuji Heavy Industries Hauana npomaxu
IBYX

MaJIeHbKUX 3nekTpomoOmieit, -MiEV u Plug-In
Stella, cooTBeTCTBEHHO. DTO YBETUYMIIO
KOJINYECTBO 371eKTpoMoOmiet B Snonuu o 1,941
TpaHcnopTHBIX cpenctB. B 2010 roxy sta uudpa
BbIpociia 10 9,030 nanee

TPAHCIIOPTHBIX CPEJICTB MOCHIE 3aImycKa
naccaxxupckoro aBromoouss Leaf ot

Huccan. B 2011 roxy Mitsubishi Motors
paciiipuia BeIoop umMeroruxcst mozenei I-MIEV.
B 2012 roxy Honda Motor
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The number of EVs in Japan has
continued to increase since the full-scale
introduction of mass -produced EVs into
the market in 2009. By the end of 2011
the number of such vehicles had reached
22,262. Table 3 shows the specifications
of each of these EVs

2. 2. 2. Evolution of a new

vehicle category

In response to recent changes in the
social environment, such as the low birth
rate , aging population, and

the decline in public transportation, there
are continued expectations for the
success of ultra compact mobility
vehicles. Consequently, all automakers
are developing new vehicles and
announcing concept cars. Nissan
unveiled

the New Mobility CONCEPT in
November 2010 as one concrete move
toward commercializing some of these
vehicles, and it has begun test

driving experiments on

public roads within the city of
Yokohama. In July 2012, Toyota Auto
Body Co., Ltd. began selling a new
version

of the COMS, which is being used for
new services, such as a delivery service
vehicle for Seven- Eleven Japan.

Table 4 shows the specifications of these
ultra-compact mobility vehicles

. At the same time, the Japanese
Ministry of Land, Infrastructure,
Transport and Tourism (MLIT) issued
guidelines for the introduction of ultra-
compact mobility vehicles in June 2012
to summarize the relevant issues. These
include methods of utilizing
ultra-compact mobility vehicles and the
social effects of introducing such
vehicles

As described above, EVs are not

just being used as passenger vehicles, but
are also evolving for use in commercial
fields such as shipping and transport.
The advent of ultra-compact mobility
vehicles is developing

a whole new category of vehicles in

Co., Ltd. paspaborana Fit EV, Mazda Motor
Corporation pazpaborana Demio EV u Toyota
Motor Co., Ltd.

pa3pabotana Q. Bce 3Tu anmekTpoMoOmI ObLTH
BIIOCJICJICTBUH

BBIMYIICHBI B IpoAaXy. Nissan Takke Hadas
poJiaBaTh YaCTUYHO

oOHoBneHHYIO Bepcuto Leaf B HostOpe 2012 rona ¢
paclIMpeHHON AalbHOCTBIO MMyTH 0€3 103aIpaBKu
TOTUIMBOM, YTOOBI YIIYYIIIUTH CBOIO
MPUBJIEKATEILHOCTh MIPOAYKTA.

Yucno snekTpoMoOnin B SIMOHKUT TPOA0IKAeT
pacTu BCIEACTBHUE MOJHOMACIITAOHOTO BHEAPEHUS
MacCOBOT'O TTPOU3BOJICTBA IIEKTPOMOOHIICH Ha
peiHOK B 2009 r. K koniy 2011 roga uucio Takux
TPaHCIIOPTHBIX CPENCTB AOCTUT 22,262. B Tabnuue
3 mpuBeeHbl XapaKTePUCTUKHU KaXKIOTO U3 3TUX
AIEKTPOMOOUIIECH

2. 2. 2. DBoJronMsi HOBOM KaTeropuu
TPAHCIIOPTHBIX CPEICTB

B oTBeT Ha HeaBHHE U3MEHEHHUS B COLIMAILHOM
cpene, Takue Kak HU3KUM YPOBEHb POKIAEMOCTH,
CTapeHue HacelleHus], U CHIKEHUE OOIIEeCTBEHHOTO
TPAHCIIOPTa, TaM MPOJIOJDKAIOTCS HAISK/IbI HA
ycrnex yiabTpa-KOMIAKTHBIX MOPTHBIX CPEJICTB.
CrnemoBaTenbHO, BCE aBTONPOU3BOIUTEITHN
pa3pabaThIBatOT HOBbIE TPAHCTIOPTHBIE CPEJICTBA U
OOBSIBIISIIOT KOHIIETIT - Kap. Nissan npejcTaBuia
New Mobility CONCEPT B Hosi6pe 2010 roga B
KauecTBE Mepexo/ia K KOMMeEpIIHaHAIM3aIlun
HEKOTOPBIX U3 UX TPAHCIIOPTHBIX CPEJCTB, U OH
HayaJl SKCIIEPUMEHTHI TECT - ipaiiBa Ha JJOpOTax
0011ero Moap30BaHus B Mpeesiax ropoia
Noxkorama. B utone 2012 roma, Toyota Auto Body
Co., Ltd. Hayana npogaBaTh HOBYIO BEPCUIO U3
COMS, koTopast UCHIOIB3YETCA JUIsl HOBBIX YCIYT,
HaIpUMep B Ka4eCTBE CIYKEOHOTO aBTOMOOMIIS
nocrasku it Seven-Eleven Slnmorun. B tabnuie 4
MIPUBEJIEHBI XapaKTEPUCTUKH ITUX
YIBTPAKOMIAKTHBIN MOOUIIEHOCTH TPAHCTIOPTHBIX
CPENCTB, B TO XK€ BpeMsl, AMOHCKOEe MUHUCTEPCTBO
3eMJId, UH(PPaCTPYKTyphl, TPAHCIIOPTA B TYpH3Ma
(MLIT) omy6nukoBana peKOMeHIAINH 110
BHEJIPEHUIO YIIHTPa-KOMITAKTHBIX aBTOMOOMIICH B
utoHe 2012 roxa , yTOOBI CYMMHPOBATH
COOTBETCTBYIOIIHE BOMPOCHl. K HUM oTHOCATCS
METO/Ibl UCIIOJIH30BAHUS YIIbTPA-KOMIAKTHBIX
aBTOMOOWJICH U COIMAILHBIC TTOCIIEACTBUS
BBEJICHUS TaKUX TpaHCHOPTHbBIX cpencts(15), MLIT
TaK)Ke BBEJ CUCTEMY cepTUhUKALUU JJIst

69




this age of energy

efficiency, low birth rates, and an aging
population.

The spread and wider adoption of EVs is
expected to create

new vehicle markets.

2. 3. Initiatives to expand EV usage

2. 3. 1. Initiatives of national and

local governments

to create demand and expand usage

On July 31, 2012 the Cabinet approved
the Compre-hensive Strategy for the
Rebirth of Japan. This is a concrete
proposal for stimulating Japan s
economy that spec-

11 ifies growth strategies and 38 priority
policy actions. One of these priority
policy actions is the Green Growth
Strategy, which sets a target of
increasing the percent-

age of next-generation vehicles to 50%
of all new vehicle sales by the year 2020.
The introduction of these next-
generation vehicles will receive
government support to accelerate
adoption and to create a new market for
ultra-compact mobility vehicles. These
next-generation vehicles are being
positioned as one of the leading central
projects of green growth in the
comprehensive strategy . The Ministry of
Economy, Trade and Industry (METI)
has decided to offer incentives for
promoting the introduction of clean
energy vehicles in an effort to create
initial demand for these vehicles by
reducing the burden of vehicle purchase
and charging facility establishment.
MET]I is also aiming to promote price
reductions through

the effect of mass-production. Local
governments are also taking actions to
promote EV usage, such as by reducing
taxes and providing discounts on parking
fees for EVs. Aichi Prefecture and
Fukuoka Prefecture have established
additional incentives for EVs. In
addition, METI has begun selecting some
local governments that are pioneering
initiatives

BKJTFOUCHUS yIIbTPA-KOMITAKTHBIX CPEJICTB ISt
MepEeABUKEHUS 110 10poraM OOIIEro MoJIb30BaHUS .
MecTHoe yrpaBiieHHe U KOMITAHUH , KOTOPbIC
UCIIOJIB3YIOT TPAHCIIOPTHBIE CPEICTBA ,
ceprudunupoannbie 11 MLIT B chepe Typuzma
1 MEJUIIMHCKUX BU3UTOB HANPSIMYIO B JJoMa
MalUEeHTOB OyIyT MOJYyYar0T ICHEKHYIO TOMOIIb 32
MOJIOBUHY CTOMMOCTH 3TUX TPAHCIIOPTHBIX CPEJICTB
, HaunHagA ¢ 2013 roxa . Kak ObLI0 OIKMCaHO BHIIIE,
AIIEKTPOMOOWIIH SIBIISTIOTCS HE TOJIBKO
HCITOJIB3YETCS B KAUECTBE IMACCAKUPCKUX
TPAHCIIOPTHBIX CPEJICTB, HO TAKKE Pa3BUBACTCS JIJIS
HCIIOJIb30BAaHUS B KOMMEPUYECKUX 001acTsIX , TAKUX
Kak oTrnpaBka u TpaHcnopt. [losBienue ynbTpa-
KOMIIAKTHBIX aBTOMOOMJICH MOOMILHOCTH
pa3BUBAETCS 11€J1asi HOBasi KATETOPUsI
TPAHCIIOPTHBIX CPEJICTB B 3TOM BO3PACTE SHEPTUHU
3¢ (HEeKTUBHOCTH, HU3KUH YPOBEHb POXKIACMOCTH H
cTapeHue HaceleHus. PacipocTpanenue u 6osee
IIUPOKOE MMPUMEHEHHE JICKTPOMOOHIICH
MIPEANOJAraeTcsi Co3/1aTh HOBbIE PHIHKHU COBITA
aBTOMOOMIICH.

2. 3. UHuuuaTtuBbl O pacCIIUPEHUIO
ucnoJip3oBanus EV

2. 3. 1. UHunmuaTuBEl HAITUOHAIBHBIX U MECTHBIX
OpraHOB BJIACTH

JUISL CO3JaHMs CIIPOCa U PacIIUPEHUs
HCIIOJIH30BaAHUS

31 uronst 2012 rona Kabmun yTBepann
KOMILUIEKCHYIO CTPATETHI0 BO3POXKACHUS AMOHUU.
OTO NpenIoKeHHE M0 CTUMYJIMPOBAHUIO SITOHCKOM
SKOHOMUKH , YTO BKJIFOYAET CTpATEruto pocra u 38
JEMCTBUM MPUOPUTETHBIX JJIs1 MOJIUTUKU. OTHUM U3
TaKUX JIEUCTBUM MPUOPUTETOB MOJTUTHKH SBIISICTCS
Crparerus 3eeHbIi poCT

, KOTOpasi CTaBUT Tiepes] COOOM 11eJ1b MOBBIIICHUS
MPOLIEHTHOTO BO3pAcTa aBTOMOOMIIEH CIEIYIOIIETO
nokoJsieHust 10 50% oT BceX HOBBIX TPAHCIIOPTHBIX
cpencts npogaxu k 2020 rony. BBenenue 3tux
aBTOMOOWJICH CIIEAYIONIETO TIOKOJICHUS MOTy4YaT
rOCYJapCTBEHHYIO MOJJIEPKKY MO YCKOPEHHUIO
MIPUHSATHS U CO3JITaHUS HOBOTO PBIHKA JIJISl yIIbTpa-
KOMIAKTHBIX MOOMIBHBIX TPAHCTIOPTHBIX CPEJICTB.
DTH TPAHCIIOPTHBIE CPENICTBA CIEAYIOIIETO
MOKOJICHUS B HACTOSIIIEE BPEMsI O3UIIUOHUPYETCS
KaK OJIMH U3 BEAYIIUX IIEHTPATbHBIX MPOEKTOB
3€JIEHOT0 POCTa B KOMIUIEKCHOM CTpaTeruu.
MuUHHCTEPCTBO IKOHOMHUKHU, TOPTOBIIH H
npomeinieHHOCTH (METI) permio mpeaioxkuThb
CTUMYJIBI JJI COACHCTBUS BHEAPEHUIO
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to promote the spread and adoption of
EVs as model regions (so-called EV and
PHV Towns). In August 2010

MET]I collected together various
progressive initiatives to promote the
spread of EVs and PHVs into the EV &
PHV Town Initiative Best Practices
Handbook as a reference for other local
governments. These best practices were
collected based on the master plans
announced by each EV and PHV Town
and from interviews with officials in
those local governments. In January
2012, MET]I collected together the Best
Practice Handbook II. The following are
a few examples of specific

initiatives under-

taken by local governments. Aomori
Prefecture carried out the Oirase
Mountain Stream Park and EV Ride
demonstration project to examine a
mechanism for encouraging people to
switch to EVs after the imposition of
traffic restrictions on a special protection
area of a national

park. Nagasaki Prefecture held the
Futuristic Driving Tourism
demonstration project in the Goto Islands
using EV rental vehicles equipped with a
next- generation ITS-

based navigation system. Niigata
Prefecture is running a demonstration
project to develop support EVs that offer
a recharging service to EV drivers whose
batteries have

run out of charge.

2. 3. 2. Trends in infrastructure
development and

maintenance

Initiatives of national and local
governments — The Green Growth
Strategy set the establishment of 2
million normal charging stations by the
year 2020 as a target to promote the
technological development and of EVs
the construction of a supporting
infrastructure. As a short- term target,
MET]I is promoting the

intensive introduction of some 37,000
rapid charging stations for EVs, which is

HKOJIOTMUYECKU YHCTHIX aBTOMOOMIIEH B LIENSIX
CO3/1aHMsI IEPBOHAYAIBHOIO CIIPOCa HA 3TH
TPAHCIOPTHBIE CPEJICTBA 32 CUET COKpPALICHUS
OpeMeHHU MOKYIIKH TPAHCIIOPTHOTO CPEJICTBA U
co3nanue 3apsaaHoro oobekta. METI Takke
CTPEMUTCS CIOCOOCTBOBATh CHMXKEHHIO 1IEH ITyTEM
s¢dekTa MaccoBOro MPOU3BOJICTBA. MecTHBIE
OpraHbl BIACTU TAK)KE MPUHUMAIOT MEPHI 110
coaercTBUIO Hcnosib3oBanue EV, nanpumep, 3a
CYET CHI>KCHHS HAJIOTOB M MPEIOCTABICHUS CKUJIKI
Ha 11aTy 3a mapkoBky mist EVS. Aichi Prefecture u
Fukuoka Prefecture ycranoBuIH OMOTHUTEIHHBIE
ctumydel it EVS. Kpome toro, MOTII navanu
BbIOMpATH

HEKOTOPbIE MECTHBIE OpraHbl BJIACTH , KOTOPbIE
SIBJISIFOTCSI TUOHEPAMHU MHUITUATUBEI, YTOOBI
CIOCOOCTBOBATH PACTIPOCTPAHEHUIO M BHEIPEHHUIO
AIEKTPOMOOUIICH KaK MOJIEIH PErHOHOB (TaK
HaszsiBaembie EV u PHV roponos). B asrycre 2010
roga METI cobpanu BoequHO pa3inyHbIe
MIPOTPECCUBHBIEC HHUITUATHUBBI YTOOBI
CIOCOOCTBOBATH PACTIPOCTPAHEHHIO
anekrpomobuneid u PHVs B «PykoBoacteo EV &
PHV ropon MuumuaTrBa B aydlield MpakTUKE» KaK
CIIpaBKa JiJIsl APYTUX MECTHBIX OPTaHOB BJIACTH.
OTH JydlIne NpakTUKH ObLTU COOpaHbl HA OCHOBE
Te€HEPAIbHBIX TUIAHOB , 0OBSBICHHBIX

kaxaslii EV u PHV ropox u untepssio ¢
0oUIIMATHEHBIMY JIMIIAMH - YUHOBHUKOB -MECTHBIX
opranos Biactu. B suBape 2012 roga , METI
coOpainu BMecTe «Jlyumias npaktuka CripaBOUYHUK
II» Huxe npuBeneHbl HECKOIBKO PUMEPOB
KOHKPETHBIX HHUITUATUB HEJOTPUHATHIX MECTHBIMU
opranamu Binactu. Aomori Prefecture
ocymectBisiercs u3 Oirase Mountain Stream Park u
EV Ride npoekt a1 u3yyeHus MexaHu3zma
noOy>XJIEHUS JIt0/Iel K CMEHE Ha JIEKTPOMOOMIN
MocJie HaJIOXKeHUs TpaduKka OrpaHUYeHUS Ha
CHeIHalIbHOM 00JIacTH 3alIUThI HALIMOHAJILHOTO
napka. [Ipedexrypa Haracaku nposenu
dyTrypucTuueckoe BoxaeHue B Typusme, Kak
JIEMOHCTPALIMOHHBIN MPOEKT B I'0TO ocTpoBax ¢
ucnosbp3oBanueM EV aBToMoOuIsl OCHAIIEHHOTO
HAaBUTALIMUOHHOM CUCTEMOMU CIEAYIOIIETO
nokosnenus. [Ipedexkrypa Hunrara pabotaer noa
YIpPaBJICHUEM JIEMOHCTPALIMOHHOTO ITPOEKTA MO
pasButHio nogaepkku EVs , koTopelie npemyiaralot
Cepauc 3apsaku 6arapeu uis Boguteneit EV |, ubn
Oatapeu pa3psIuIKCh.
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equivalent to the total number of gasoline
stations in Japan, by the year

2014. Combined with normal charging
stations, the total number of

chargers should

rise to approximately 110,000. Initiatives
such as this are intended to boost the
development of the necessary in-
frastructure to promote the spread and
adoption of more

EVs. METI is also implementing a
promotion project of charging
infrastructure for next-generation
vehicles. This is an incentive system that
makes the installation and construction
costs of rapid and normal

chargers eligible for financial

assistance. The chargers will be
classified as high- or normal-function
types with electricity storage, billing,
vehicle-to- house (V2H) functions, and
the like. More generous aid is provided
for the high function-type chargers. In
the future, it is predicted that the
establishment and maintenance of high-
function charging facilities equipped
with electricity storage, charging current
control, billing and authentication, and
V2H functions will become more active
due to businesses that Local governments
are also establishing incentives to
develop charging infrastructure. For
example, Kanagawa Prefecture is
undertaking various initiatives to support
the development of infrastructure and
promote the spread of EVs by setting a
target of 3,000 EVs and 100 rapid-
charging facilities within the prefecture
by 2014.

As a result, the target for the number of
rapid-charging facilities was achieved in
October of 2011 and the number of EVs
exceeded 3,000 vehicles by the end of
June

2012. This puts Kanagawa Prefecture in
the top class for the adoption of EVs in
Japan.

The previous section explained how
initiatives to develop and expand the
charging infrastructure for EVs

are being promoted at both the national

2. 3. 2. TenaeHuu B 00J1aCTH Pa3BUTH
UHPPACTPYKTYPHI U MOJITCPKAHUE

HMHunuaTiBbl HATUOHATIBHBIX M MECTHBIX OPraHOB
BiacTy - CTparerus 3eJ1eH0oro pocTa HalleJleHa Ha
co3JaHue 2 MIIH

3apsaaHbIX craHiui K 2020 roay B KadecTBe
MUIICHH IS

COJICHCTBUS TEXHOJIOTMYECKOMY PAa3BUTHIO U
ANEKTPOMOOHIICH B

CTPOUTENILCTBE BCIIOMOTaTEIbHOM
uHppacTpykTypsl. B kpaTkux nensx, METI
CIocoOCTBYeT MHTEHCUBHOMY BBeneHuno
HeKOTOPBIX 37000 OBICTPBIX 3apsTHBIX CTAHIIUNA
JUTSL DJIEKTPOMOOMIIEH,

YTO KBUBAJICHTHO O0OIIEMY KOJIUYECTBY
OeH3UHHBIX cTaHlmi B Snonuu, B 2014 roay B
COUYETaHUH C HOPMaJbHBIMU

3apsAAHBIMU CTAHLIIUSIMHU, OOLIIee KOJIMYECTBO
3apSAAHBIX YCTPOMCTB JIOJIKHO

Bo3pacTu 10 npumepHo 110 Teicsu. Takue
WHULIMATUBBI, KAK OHH NMPU3BAHBI CTUMYJIUPOBATh
pa3BUTHE HEOOXOIUMON BXOI0B HHPPACTPYKTYPhI
JUISL COAEUCTBUS PacPOCTPAHEHUIO U BHEIPEHUIO
OompIero yrcia anexkrpomodmieit. METI Takke
peain3yeT NPOeKT MO0 NPOABUKEHUIO
MHGPACTPYKTYPHI 3apSAIA0K NI aBTOMOOUIEH
CJIETYIOIIETO MMOKOJIEHUS. DTO CUCTEMA SIBIISIETCA
CTUMYJIOM, KOTOpasl IeJIaeT 3aTpaThl HA YCTAHOBKY
U CTPOUTENBCTBO OBICTPBIX M OOBIYHBIX 3apsIHBIX
YCTPOMCTB MEHbIIIE, TAK KaK UMEETCsI PaBO Ha
noJiyueHue (pMHAHCOBOM MOMOIIHU. 3apsiAHbIE
ycTpoiicTBa OyIyT Ki1acCU(UIIMPOBATHCA, KaK
BBICOKO - MJIM HOPMAJIbHO (DYHKIIMOHAJIBHBIE C
XPaHEHHEM 3JIEKTPUUECTBA, BHICTABIICHUE CUETOB,
TpaHCNIOPTHBIX cpencTBa K AoMy (V2H) dynkuus,
u apyroe. bonee menpas moMoIb NpeIOCTaBIAETCS
JUISl TUTIa BBICOKOM (yHKIIMOHAJIbHOCTU. B
OyayIeM NporHo3upyeTcsi, YTo

CO3/1aHME U TOJIIepKAHUE BHICOKON
(GYHKIIMOHATBHBIX 3aPsDKAONIUX CTAHIIUN OCHACTSAT
XPaHEHUEM DJIEKTPOIHEPTUH,

BBICTABIICHUS CUETOB U AyTCHTH(PHUKAIIUH, & TAKIKE
V2H ¢yHkuuu cranyTt 60jiee akTUBHBIMU U3 - 32
Ou3Heca,

OyzaeT crnocoOCTBOBATh Pa3BUTHIO HH(PACTPYKTYPHI
JUIsl TPAHCTIOPTHBIX CPEJICTB CIIEYIOIIETO
MTOKOJICHUSI.

MecTHbIe Opraibl BIACTH TaKXKe CO3[al0T CTUMYJIbI
K

pa3BUTHIO HHOPACTPYKTYPHI 3apsaku. Hampumep,
Kanaga-
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and local levels. In the future the spread
of EVs will likely begin to accelerate due
to the increasing number of

charging facilities

and the ability to compensate for the
limitations of the EV cruising range.
Initiatives of private companies - A
limited liability company called the
Charging Network Development
Organization was established through the
investment of

9 companies, including Chubu Power
Co., Ltd. , Toyota Motor Co., Ltd.,
Honda Motor Co. , Ltd., and Mitsubishi
Motors Co., Ltd. The purpose of this
organization is to

expand the adoption of EVs by
promoting the development of charging
facilities. The organization began
providing rapid charging service to
registered members in

April 2012. EV users who become
members can make use of any of the
charging facilities in the network and a
portion of the dues paid by the members
are passed

on to the party that set up the charger,
thereby reducing some of the economic
burden of establishing the
infrastructure. The Charging Network
Development Organization has partnered
with convenience stores, vehicle dealers,
highways, and lodging facilities in an
effort to create a virtuous cycle to
promote the expansion of charging
infrastructure and advance the spread and
adoption of EVs.

Japan Charge Network Co., Ltd. It was
also established as a similar company to
provide charging services for EV

users. This company is sponsored by
Nissan Motor Co., Ltd., Sumitomo
Corporation, NEC Corporation, and
Showa Shell Sekiyu KK Its billing
service started full-scale operation in
October 2012. The company has
constructed a network of partnerships
with convenience stores and family-
oriented restaurant chains mainly
centered in the Kanto region around
Kanagawa and Tokyo. The aim of this

[IpedexTypa npeanpruHUMaET pa3IudHbIE
MHULIMATUBBI 110 TIOJJIEPIKKE PA3BUTHS
UHQPACTPYKTYPHI U COACHCTBUS
pacmpocTpaHeHUs IIEKTPOMOOHIIEH, YCTAHOBHB
e 3000 u anexrpomoouan 100

00BEKTOB 7151 OBICTPOH 3apsAIKU B IPEPEKTYype K
2014 rony.

B pesynbTaTe, MUIICHB 1J1s1 YUCIIA 7151 OOBEKTOB
OBICTPOI 3apsIIKU

Obu1a ocTUrHyra B okTs10pe 2011 roaa, u uncio
anekTpomoOuieit mpessicui 3000 aBTOMOOMIIEH 10
KOHIIA UIOHS

2012. Dto craBut npedexrypa Kanarapa B BepxHem
KJ1acce

JUTSL IPUHATHS d7IeKTpoMoOuieit B AAnonuu. B
MIPEABIIYIEM pa3jieie Mbl OOBSICHIIIH, KaK
WHUIUATUBBI IO pa3paboTKe U pacCIIMPEHUI0
3apsAHON MHPPACTPYKTYPHI IS DJIIEKTPOMOOIIICH
MpoIaranMpyroTCs, KaKk Ha HAIIMOHAJILHOM, TaK U
HA MECTHOM YPOBHSIX.

B Oynymiem pacnpoctpaHeHue 3JIeKTPOMOOHIIEH,
CKOpee BCEro, HAauHEeT YCKOPSTHCS B CBSI3U C
YBEITUYCHUEM YHCIIA 3aPSAIHBIX O0BEKTOB

U CIIOCOOHOCTHIO KOMIICHCUPOBATh OIpaHUYCHUE
JATBHOCTH ITyTH 0€3 J03arpaBKH.

WuunaTuBel YacTHRIX KoMnaHuil - Kommanus ¢
OTPAaHWYEHHOUN OTBETCTBEHHOCTHIO HA3BIBACTCS
Charging Network Development

Organization Oblya co37aHa 3a CYET UHBECTUIUHN 9
koMmmanui, B ToM uncie Chubu Power Co., Ltd.,
Toyota Motor Co., Ltd., Honda Motor Co., Ltd., u
Mitsubishi Motors Co., Ltd. I{easto 310
OpraHu3aIy SBISETCS

pacCIIMPHUTh MPUHATHE SICKTPOMOOUIIECH myTeM
COJICHCTBUS PA3BUTUIO OOBEKTOB 3apPSIIKHU.
Opranuzanus Havyana o0ecreunBaTh OBICTPOE
00CcITy>)KMBaHUE 3aPSIKH JIJIS1 3apETrUCTPUPOBAHHBIX
ITonp30Bareneii B

anpene 2012 rona. [Tons3oBarenu EV, koTopbie
CTaHOBSITCS WIEHAMH, MOTYT UCIIOJB30BaTh JIFOOO0H
13 3apSAHBIX CPEJICTB CETU U 4acTH cOOPOB,
BBIIIJIAYEHHbIE WICHAM MEepealoTcs TOM CTOPOHE,
KOTOpasi co3/1ajia 3apsTHOE YCTPOMCTBO, TEM
CaMbIM YMEHbIIIas YaCTh SKOHOMHUYECKOTO OpeMeHn
ycTaHOBKH 3Toi uH(ppacTpykTypsl. The Charging
Network Development umeer naptepckue
OTHOIIICHUSI ¢ Mara3uHaMH aBTOMOOUIILHBIX
JTUJIEPOB, AaBTOMOOMIIBHBIX JIOPOT U COOPYKEHUN B
MOTBITKE CO3/1aTh OJIATOTBOPHBIN UK, YTOOBI
COJICHCTBOBATh PACHIMPEHUIO HHPPACTPYKTYPHI
3apsAAKU U POJIBUTaTh pacpOCTpaHEHUE U
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company is to expand rapid charging
facilities to 4,000 locations around the
country by the year 2020.

2. 4. Trends in standardization

The Japan Automobile Research Institute
(JARI) un- Dertakes activities such as the
standardization of tech-Nologies and
components related to evs. Fig. 4 shows
The  composition of the main
international ~ standards and  Draft
standards that currently concern EV
batteries and Battery charging As a part
of its initiatives concerning batteries and
Chargers, Japan proposed performance
tests for lithiumion secondary batteries
(cells) for evs(IEC 62660-1) and
Reliability and abuse tests (IEC 62660-
2) to the IEC. Both of these were issued
as international standards in December
2010. Germany proposed test methods
for lithium-lon battery packs and systems
for evs tothe ISO. The High power
application tests (ISO 12405-1) were
issued as An international standard in
August 2011 and the high energy
applications  tests (ISO  12405-2)
were issued as an International standard
in July 2012. The safety performance
requirements  (ISO  12405-3) are
still under discussion. In addition, a
publicly available specification (PAS)
Was issued for the dimensions of
lithium- ion battery cells (IEC / ISO PAS
16898) in December 2012 based on new
Proposals from both Japan and Germany.
Lithium-ion batteries are subject to
UN regulations.When shipped via
aircraft or marine vessels. Since some
Batteries would require excessive testing
if these regulations were applied to the
large lithium-ion batteries used In
vehicles, activities are being carried
outto  rationalize The  shipping
regulations for large lithium-ion batteries
Used in evs. Furthermore, the following
topics related to EV batteries and
charging are also all under discussion :
DC Charging stations, digital
communication for DC charging control,
couplers for DC charging of vehicles,

npuHsATHE MekTpoMoomn, Japan Charge Network
Co., Ltd. 6pu1a Taxoke co3maHa Kak aHaIoTHYHast
KOMIIaHUSl, YTOOBI 00ECTIEUUTh YCIYTH [T 3apsIIKH
EV Ilonb3oBareneil. 3Ta KOMIIaHUsI CHOHCUPYETCS
Nissan Motop Co., Ltd., Sumitomo Corporation,
NEC Corporation,

u Showa Shell Sekiyu KK Ee mrarexxnbiit cepBuc
Hayaj

MTOJTHOMACIITAOHYIO OTepaluio B okTsaope 2012
rona. Komnanuen

IIOCTPOEHA CETh MAPTHEPCKUX OTHOLIEHUH C
yA0OHBIMU Mara3uHaMu, OPUEHTUPOBAHHBIX HA
CETU PECTOPAHOB B OCHOBHOM
CKOHLIEHTpupoBaHHbIX B KanTo Bokpyr Kanarasa u
Toxuo. Llesnb 3Tol KOMITAaHUH 3aKI0YAETCS B
pacIIMpeHuH EHTPOB ObICTpoi 3apsiaku g0 4000
ITYK 10 Bcel crpane k 2020 roay.

2. 4. TenaeHuuu B 00JaCTU CTaHAAPTU3ALUU
SnoHckuit aBTOMOOUIIBHBINA HAYYHO -
uccinenosarenbckuil Uuctutyt (JARI) Gepér Ha
ce0sl OpraHu3aluo MEPOIIPUATUI, TAKUX KaK
CTaH/apTU3aLUs TEXHOJIOTUN U KOMIIOHEHTOB,
cBs3aHHbIX ¢ EVS. Puc. 4 noka3siBaeT coctas
OCHOBHBIX MEX/IYHApOJHbIX CTAaHAAPTOB U
IIPOEKTHI CTAHJAPTOB, KOTOPHIE B HACTOSIIIEE BPEMS
kacarotcst EV Garapeu u 3apsna 6aTapeu.

B pamkax cBOMX MHULIMATUB, KaCAIOIIMXCS TUTAHUS
Y 3apsAJIHBIX YCTPOMCTB, ANOHMS NpeiioKuiIa
TECTBI TPONU3BOIUTEIBHOCTH ISl BTOPUYHBIX
TUTUN-UOHHBIXE OaTapen (s4eeK) s
anektpomobueii (IEC 62660-1) u

HAJEKHOCTHU U 310ynorpednenus ucnbitanus (IEC
62660-2) x IEC. U To u npyroe

W3 HUX OBUTH OMYyOJIMKOBAHBI B KAYECTBE
MEXyHApOJHBIX CTaHAapTOB B 1ekadpe 2010.
['epmanus npeaioxkuIa METOIbI UCITBITAHUI
JUTHEBONOA0OHOTO

AKKyMYJIATOPA U CUCTEMBI JJIsl 2JIEKTPOMOOMIIEH B
ISO.

Tectbl npusnoxeHuit Beicokoit momHoctu (ISO
12405-1) ObLIH BBIMYIIEHBI B KAYE€CTBE
MEXIYHApOAHOTO cTaHaapra B aBrycre 2011 roga un
BBICOKOI'O DHEPreTUUECKOI0 IPUMEHEHNUS TECTOB
(ISO 12405-2) 6bLTH BBIMYIIEHBI B KAYECTBE
MeXyHapoaHoro cranaapta B uroie 2012 roga.
be3onacHoCcTh MPOU3BOIUTEIBHOCTH, KaK
tpeboBanue (ISO 12405-3) Bce emie HaXOaATCS
o oocyxkaenueM. Kpome Toro, o01Ie10cTymabie
texHudeckue ycinous (PAS)

OBLIO BBIIAHO U1 Pa3MEPOB S4YEEK JTUTUNH-MOHHBIX
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general Requirements for conductive
charging systems, vehicle to-grid (V2G)
communication  interfaces,  general
requirements for wireless power supply
systems, and the like. The content of the
testing that will be necessary for The
standardization of high-performance
batteries for Next-generation vehicles is

also now  being considered  and
examined.

3. 1. Introduction

Fcvs use hydrogen as fuel and,

similarly to evs, do Not emit any CO2
When driven. This is why fcvs are

Also considered as a potential next-
generation vehicle to Help resolve
environmental problems. The cruising
distance of evs can be increased by
increasing the amount Of batteries on
board the vehicle. In the case of fcvs,
Cruising range is increased by increasing
the amount of hydrogen fuel on board the
vehicle. The rate of cost Increase is lower
for fcvs than evs when increasing The
cruising range in this manner. The
amount of time needed to supply fuel to a
FCV isthe same as for an Internal
combustion vehicle (ICV), while it may
take approximately 30 minutes or more
for a rapid charge of the battery in an
EV. This level of convenience and
familiarity is certainly one of the strong
points of a FCV, since the way that users
will interact with aFCV is not that
Different from a conventional ICV.
However, there are still many issues
relatedto  development and  the
establishment of a hydrogen fuel infra-
Structure that are standing in the way
of the greater Adoption of fcvs. Since the
largest of these remaining Issues is cost,
automakers and other related
organizations are undertaking various
cost reduction measures. The following
sections introduce the main trends
in FCV Development and hydrogen fuel
infrastructure that oc-

Curred in 2012,

3. 2. Trends in FCV development

oarapeii (IEC / ISO PAS 16898) B nexabpe 2012
roJla Ha OCHOBE HOBBIX IIPEIJIOKEHUM OT SoHnu u
I'epmanuu. JIUTHII-MOHHBIE AKKYMYJISITOPBI
noanagaroT nox aeicreue npasuia OOH npu
MOCTABKE uepe3 BO3AYIIHbIC WIIM MOPCKHE Cy/ia.
Tak KaK HEKOTOpbIE

Oarapeu moTpeOoBaIu OBl CIUIIIKOM MHOTO
UCIIBITaHUH, €CJIM 3TH HOPMATHUBHO-TIPABOBBIE aKThI
ObUTH MPUMEHEHBI K OOJIBIINM JIUTUH-UOHHBIM
OarapesimM, UCII0JIb3YEMBIX B TPAHCIIOPTHBIX
CPEICTBAX, MEPOIPUITHS IPOBOJSATCS C LIETIBIO
panroHaIN3aIMK IPABUJ JOCTABKHU JJIs1 OOJIBIINX
JUTUH-UOHHBIX OaTapel UCIOJIb3YEMbIX B
AIEKTPOMOOUIISX.

3. 1. BBenenue

FCVs ucnonb3yroT BOZOpOA B Ka4eCcTBE TOILINBA,
TaK ke, KaK 3JIEKTPOMOOHIIN, OHH HE BBIACTISET
Hukakoro CO2 npu aBmxeHuu. MIMeHHo nostomy
FCVs

TaK)K€ pPacCMaTpHUBAETCs B KA4eCTBE
MOTEHLIMAJIBHOTO TPAHCIIOPTHOTO CPEACTBA
CJIEIYIOILETO MTOKOJIEHNUS, KaK IIOMOIIb B PELICHUH
sKoJIorHueckux npoodaem. [lyTs, npoiiieHHbIi 63
JI03aIMpaBKH JIEKTPOMOOUIIEM, MOXKET OBbITH
YBEJIMYEH 3a CUET YBEJIMYEHUsI KOJIMYeCcTBa OaTtapeit
Ha OOpTY TPAaHCIOPTHOTO CpecTBa. B ciyuae
FCVs, nyTth 0€3 1030MpaBKH yBEIUYUBAETCS 32
CYET yBEJIIMYEHUS KOJINYECTBA BOJOPOIHOTO
TOIUIMBA HAa OOPTY TPAHCIOPTHOTO CPE/ICTBA.
Croumocts ctanoBurcs Huxke U1t FCVs uem
AIIEKTPOMOOMIIN BCIIEACTBUE YBEINYCHUS
JAbHOCTH IyTH 6e3 o3anpaBku. KomuuecTBo
BpPEMEHHU

HeoOxoaumoro A nogauu tormusa B FCV takoe
e, KaK U 1711 TPaHCIOPTHOTO CPesICTBa
BHyTpeHHero cropanus (ICV), B To Bpems Kak 310
MOJKET 3aHATh NpUOIN3UTENbHO 30 MUHYT WU
Oouee st OpIcTpoOro 3apsaa 6arapeu B EV. Otor
ypOBEHb y100CTBa U O3HAKOMJIEHHOCTH,
0e3ycI0BHO, O71Ha U3 cHIBHBIX Touek FCV, Tak kak
noJib30BaTenu OyayT B3aumoseiictBoats ¢ FCV
TakK ke Kak u ¢ o0bryHbIM ICV.

Tem He MeHee, ecTh ellle MHOTO BOIPOCOB,
CBSI3aHHBIX C PA3BUTHEM U CO3JJaHUEM
UH(QPaACTPYKTYphl BOJOPOJHOTO TOIIINBA, KOTOPHIE
croAat Ha mytu npunatusa FCVs. Tak kak camblit
00JIBILION cpear OCTAIbHBIX BOIPOCOB, SBISETCS
CTOUMOCTb, aBTOIIPOM3BOJUTENN U IpYTHe
CBS3aHHBIE C TUM OPTaHU3ALMH IPEATPUHUMAOT

75




Many reports have described the
progress of technological developments
to solve the performance-related

Issues of FCV, such as cruising range,
vehicle efficiency, Low-temperature
starting ability, refueling time (hydrogen
replenishing time), and the like . There
has been remarkable progress made
toward the actual adoption and Spread of
fcvs from 2015. Fig. 5 and Fig. 6 show
the breakdown of the various Costs of an
FCV fuel cell (FC) system. These
figures

Clearly indicate that reducing the cost of
both the stack Itself and the surrounding
auxiliary components is quite

Important. Consequently, measures are
being taken To simplify the FC system
and to reduce the cost of the

Materials used in the stack, among
others .

Therefore, The FC system is composed
of multiple sub-systems, such

As the humidification system, cooling
system, and gas Supply system, that all
work together in a single system.
Simplifying and reducing the number of
these sub-systems, as well as other
measures to make use of existing Mass-
production parts, will be necessary to
reduce the

Cost of the FC system. In the case of the
humidification ~ System, the water
produced via power generation needs

To be used efficiently within the stack,
and a battery Needs to be developed that
can produce power even under low
humidity. If these challenges can be
overcome,

Then the humidifying function from
outside of the stack Can be reduced, the
size of the humidifier module can be
Decreased, and further reduction also
becomes possible.

The same parts used in the cooling
system of an ICV May be used in the
FCV cooling system, and less expen-
Sive, mass-produced parts such as the
motor and inverter of existing hybrid
systems may be used in the FCV
Drivetrain. The cost of the FCV system

pa3IMYHbIC MEPHI IO CHIKEHUIO 3aTpart.

B cnegyromumx pasnenax paccMaTpuBarOTCs
OCHOBHbI€ TeHJICHIIMHU B pa3Butuu FCV u
UH(PaACTPYKTypa BOJOPOTHBIX TOTLTUBHBIX
3anpaBok B 2012 ronay.

3. 2. Tennenuuu pa3zputusa FCV

Bo MHOruX 1oKiaax onucainy Xom
TEXHOJIOTHYECKHE pa3pabOTKu AJIsl pelIeHUs
MPOU3BOJUTENBHOCTH , CBA3aHHBIX C BOIIPOCAMHU 00
FCV, Takue kak JaJIbHOCTB ITyTH 0€3 103aMpaBKH,
3P PEKTUBHOCTh TPAHCIIOPTHBIX CPEACTB, CTAPTOBAS
HU3KOTEMIIEpaTypHas ClIOCOOHOCTh, BPeMs
3aMpaBKy TOTUIMBOM (THAPOTEHEPATOPHOE BpeMs
MIOTIOJIHEHHUS ), U TOMY TT0100HO0e. TaM ObL10
MTOBTOPHO

MapKUPYEMBIid IPOrpecc, JOCTUTHYTHIN K
(hakTH4YECKOMY TIPUHSATHIO U

pacupoctpanenue FCVs ¢ 2015 roxa. Puc. 5 u ¢wur.
6 MOKa3bIBAIOT, PACIaj] PA3TUYHbBIX U3JIEPIKEK
cucteM FCV nHa tomnusHbIX nementax (FC). Otu
U PHI ICHO MOKA3bIBAIOT, YTO CHIKEHUE
CTOMMOCTH, KaK CaMOI'0 CT€Ka, TaK U OKPYKaroIINX
BCIIOMOTaTeNbHBIX KOMIIOHEHTOB, SIBJISIETCS BeChMa
Ba)XHBIM.

CrnenoBarenbHO, MEPHI MPUHUMAIOTCS, YTOOBI
ynpoctuth cucteMy FC 1 yMEHBIIUTh CTOUMOCTh
MaTepHuasoB, UCIOIb3YEMBIX B CTEKE, CpEIU
JPYTHX.

YnpaBieHue uin peryaTupoBaHue BHYTPEHHEH
TEeMITepaTyphl U BIAKHOCTh CTeKa HEOOXOIUMO
YTOOBI IPABUIIBLHO MOAIEPKUBATH YCIOBHS
MIPOU3BOIUTENILHOCTH JIEKTPOIHEPTUH CTEKA.
CrnenoBatenbHo, cucteMa OK cocrout us
HECKOJIbKHUX MOJCUCTEM, TAKUX, KaK CUCTEMa
YBJIQXXHEHUS BO3/1yXa, CUCTEMbI OXJIaXICHHUS, U
CUCTEeMa MUTaHUs Ta3a, YTO BCE OHU PabOTaAIOT
BMECTE B OJJTHON CUCTEME.

Vrpouias u cokpaiias 41ciia 3TUuX cyo-cu-cTem, a
TaK)Ke APYrue Mepbl 4TOOBI YIPOCTHUTH
CYILECTBYIOIINE CUCTEMBI, Oy/I€T JOCTaTOYHO,
9TOOBI YMEHBIIUTH CTOUMOCTH cuctemsl FC. B
Cllydae yBJIa)KHEHUSI CUCTEMBI BO3/1yXa, BOJA,
noJtygaemasi ¢ TOMOILbIO IPOU3BOICTBA
AIIEKTPOIHEPIUHU, JOKHA OBITH 3PPEKTUBHO
HCIIOJIb30BaHa B CTEKE, U aKKYMYJISITOP
HE0OXOMMO pa3paboTaTh TaK, 9YTO OH CMOXKET
MPOU3BOJUTH SHEPTHUIO JJAXKE BO BPEMsI HHU3KOU
BIaXHOCTH. Ecnu 3Ti npoOiaembl MOTYT OBITH
MPEOONCHBI, TO (DYHKIUS YBIAKHCHHS U3-32
MIPEJIETIOB CTEKa MOKET OBITh YMEHBIIICHA, pa3Mep
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can be reduced If these kinds of common
parts can be utilized. The Largest
contributor to the cost of the fuel supply
system Is the tanks that store the
hydrogen in the vehicle. The Majority of
fcvs are equipped with high-pressure
tanks That store the hydrogen at a
pressure of 70 mpa. These

Tanks have a high energy density, but the
best way to Reduce the manufacturing
cost of these tanks is an issue. The
majority of this cost is due to the
materials. There-

Fore, it may be possible to reduce the
cost of storing the Hydrogen on-board
the vehicle by developing a lower Cost,
general-purpose grade CFRP to replace
the current

CFRP, improving the manufacturing
method by optimizing the laminated
structure to reduce the amount of CFRP
used, and reducing the number of tanks
equipped On the vehicle. After analyzing
the breakdown of the cost of the Stack,
reducing the material cost of the FC
membrane- Electrode assembly (MEA) is
clearly necessary. Conse- Quently, a
material design that reduces the amount
of Platinum catalyst in the electrodes and
efficiently uses a Small amount of
platinum, as well as the development of
Alternative catalysts is being promoted.
Developing a stack with a high power
density will Lead to a reduction in the
size of the stack and also help To reduce
material  costs. Nissan ~ Motor  Co.,
Ltd. Has Developed its third-generation
stack (Fig. 7) that greatly Improves on
the first-generation stack (2005) by
reducing volume by one-half, reducing
the amount of platinum Used by one-
quarter, and reducing the different types
of Parts by one-quarter to ultimately
bring the cost down To one-sixth of the
original. In 2012, Nissan also an-
Nounced the terra concept (Fig. 8) that is
equipped With this new stack. Toyota
Motor Co., Ltd. Also developed a new
stack That achieves a power density of 3
kw / L, which is more Than twice that
used in the 2008 FCHV-adv. In addition,

MOJyJISl YBJIQKHUTENS MOKET OBITh YMEHBIICH, U
JabHEHIITNE CHUKEHUS TaK)KE CTAHOBUTCS
BO3MOXKHBIM.

OpHU U Te K€ JIeTalH, UCTIOJIb3yEeMbIE B CUCTEME
oxnaxnenus B ICV

MOTYT OBITh UCIIOJIb30BAHbI B CUCTEME OXJIAXKICHUS
FCV, u neméppie netajii MaccCoBOr0 MpOU3BO/ICTBA,
TaKHe KaK JIBUTaTeNIb U 00OpPaTHBII
npeoOpaszoBareib CyIIECTBYIOUINX IT'MOPUIHBIX
CUCTEM MOTYT OBITh HCIIOJIb30BaHbI B ABUTATENIC U
tpancmuccun FCV. Croumocts cuctemsl FCV
MOYET OBITh YMEHbILICHA

€CJIM MOKHO HCIIOJIb30BaTh 3TU BUABI OOIINX
4yacTeil, HanOOJIBIIYI0 CTOUMOCTh CUCTEM TMOAaun
TOTIMBA UMEIOT PEe3EPBYaphl, KOTOPHIE XPAHSIT
BOJIOPOJ] B aBTOMOOMJIE.

BonpmmnacTBo FCV's ocHanieHbl XpaHuiniamMmu
BBICOKOT'O JABJICHUS, YTOOBI XPaHUTh BOJOPO]T TIPH
nasienuu 70 Mlla. OTu xpaHuauia uMeroT
BBICOKYIO TJIOTHOCTh SHEPTUH, HO JIYUIIHH MyTh K
CHIIKEHHUIO CTOMMOCTH TIPOU3BOJICTBA ITUX
XpaHWIHIIL SBJSIETCS MPo0IeMoit. bonbmHCTBO
3THX PACX0JIOB U3-3a MaTepuaioB. Takum oOpazom,
5TO BO3MOXXHO YMEHBIIUTH 3aTPaThl HA XpaHEHHE
BOJIOpO/ia Ha OOPTY TPAHCIIOPTHOTO CPEICTBA
myTeM pa3paboTku Oosiee HU3KOW CTOMMOCTH,
yTJIETJIaCTUKA OOIIeT0 Ha3HAYEHUS JIJIST 3aMEHbI
TEKYIIETo yrieracTukKa, yaydlias crocod
MIPOU3BOJICTBA MTYTEM ONTUMM3AIIUN CIIOUCTON
CTPYKTYpPBbI, YTOOBI YMEHBIIUTH KOJIUYECTBO
WCIIOJIB3YEMOTO YIJICTNIACTUKA, U COKPAIIIEHNE
KOJIMYECTBA IIUCTEPH, 000PYJIOBAHHBIX Ha
TpaHCIIOpTHOM cpejcTBe. [locne ananu3a pa3oUBKU
CTOMMOCTH CT€K, YMEHBILIEHUE MaTepUaIbHOU
CTOMMOCTH MEMOPaHHO-2JIEKTPOIHOTO y3JIa
(MDBY), oueBuaHo, HE0OX0aMMO. CIe10BaTENBHO,
MaTepual KOHCTPYKIIUH, YTO YMEHBIIAET
KOJIMYECTBO MJIATHHOBBIX KaTaJIN3aTOPOB B
AMEeKTpoiax ¥ 3PGHEKTHBHO HCTIOIB3YET HEOOBIITOE
KOJIMYECTBO IJIATHHBI, a TAKXKE pa3BUTHE
aTBTEPHATHUBHBIX KaTAJIM3aTOPOB — MPOJABUTACTCS.
Pa3paboTka cTeka ¢ BBICOKO MIIOTHOCTHIO
MOIIIHOCTH Oy/IeT MPUBOJIUTH K YMEHBITICHUIO
pa3Mepa CTeKa, a TAaK)Ke MOMOTaTh

COKpPaTUTh MaTepuaibHble 3aTpathl. Nissan Motor
Co., Ltd. pa3zpaboTaina cBOi cT€K TPETHETO
MOKOJICHUS (pUc. 7), YTO B 3HAUUTEILHON CTENIEHU
yJIy4dllE€H B CTEKE NepBoro nokosieHus (2005).
[Tytem cHmxeHuUs: 00beMa Ha TTOJIOBUHY, YMEHBIIIAs!
KOJIMYECTBO MCMOIb3YyEMOH IIaTUHBI Ha YETBEPTD,
Y COKpAIIICHUE Pa3JIMYHbIX TUIIOB YaCTEH 10 OJHOMN
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in the FCV-R concept (Fig. 9) that was
announced In 2011

, The size of the FC system was reduced
and

Placed under the floor of the vehicle to
help ensure lower Cost and more trunk
space. Work is continuing on the
Development of technologies to further
reduce the cost Of a FCV to 1/20 of the
cost of the FCHV-adv before the Initial
release timing in 2015. In the wake of the
Great East Japan Earthquake, there Are
rising expectations that evs and fcvs can
provide

New functions that were previously
unavailable, such as Supplying electrical
power during a disaster. Since the

Length of the cruising range of fcvs is
connected to the Strength of the power
supply function, it is being exam-

Ined whether a FCV could be used as a
power supply Source for a standard home
in an emergency. Honda Motor Co.,
Ltd. Is developing an external power
supply

Function for the FCX Clarity FCV that
would allow the Vehicle to supply a
maximum of 9 kw of electrical power

To a standard home for approximately 6
days. In addition, Honda also installed
the first solar hydrogen station In Japan
on the grounds of the Saitama Prefectural
Office In March of 2012 (Fig. 10). This
station uses an original High-pressure
water electrolysis system to manufacture
And then compress the hydrogen. Honda
is using this

System to verify the reduction of CO2
Emissions in an actual urban
environment.

3. 3. Hydrogen infrastructure and review
of

Regulations and standards

2015 is to be the year that fcvs are
initially introduced into the Japanese
market. In preparation for this, 13 private
companies from the energy, automotive,
and Other fields have come together to
promote a plan to Establish hydrogen
stations in approximately 100 locations

YETBEPTH, YTOObI B KOHEYHOM UTOTE JOBECTHU
CTOMMOCTD JI0 TQJICHUS Ha OJIHY IIECTYIO YacTh
opuruHaina. Pasmep cucrembl FC OblT CHUKEH 1
pa3MelleH Mo/ MOJIOM TPAHCIIOPTHOT'O CPECTBA,
4TOOBI 00eceunTh O0JIee HU3KYI0 CTOUMOCTD U
Oonbinoit Oaraxkuuk. [Ipomomxkaercs paboTa Haj
Pa3pabOTKOMN TEXHOJIOTHH IS JaTbHEHIIIETO
CHUKEHHUS CTOUMOCTH

u3 FCV 1/20 croumoctn FCHV-ADV nepen
IIepBOHAaYaJIbHBIM BpeMeHeM Bhlltycka B 2015 roxy.
B pesynbrate Bennkoro Boctounoro
3emiieTpsiceHuss B SIMOHMM, TaM pacTeT OKUJIaHUE,
qT0 31eKTpoMoonan 1 FCVs moryT obecneunThb
HOBBIE (DYHKITNH, KOTOpbIE paHee ObLTH
HEJOCTYIHBI, TAKHE KaK MOJa41 JIEKTPOIHEPT U
BO Bpemsi OecTBus. Tak Kak JuiMHA MyTH 0€3
no3anpaBku FCVs noakimoueHa K cujie MCTOYHUKA
MUTaHUs, €€ IpoBepstoT, MoxeT 11U FCV ObITh
WCIIOJIH30BaH B KQU€CTBE HCTOYHUKA MUTAHUS JIJIs1
CTaHJapTHOIO JJoMa B aBapHitHO# cutyaruu. Honda
Motor Co., Ltd. pa3pabaTsiBaeT BHEIITHHIA
uctouyHuk nutanus kak ¢pynkus ans FCX Clarity
FCV, uto no3Boamiio 66 TPAaHCTIOPTHOMY CPEICTBY
MOCTaBIIATH MaKCUMyM 9 KBT anexTposHeprun k
CTaHJAPTHOMY JIOMa B T€UEHHUE MPUOIU3UTEIHHO 6
nHel. B nononnenue k atomy, Honda nepsas
YCTaHOBWJIA COJIHEUHYIO CTAHIIMIO BOJOPO/A B
Snonuu Ha ocHoBaHMM Saitama Prefectural Office B
Mmapte 2012 rona (puc. 10). Dta cranuus
HCIIOJIb3YET OPUTHHAIBHYIO CUCTEMY BBICOKOTO
JIaBJICHUS AJIEKTPOJIN3a BOJBI I MTPOU3BOCTBA, &
3aTreM cxkaeT Bojopoi. Honda ucnonb3yer 3Ty
cUcTeMy IS TIpoBepku cokparieruss CO2
BEIOPOCOB B TOPOJICKYIO Cpey.

3. 3. BogopoaHoii nuHGpacTpyKTypsl U 0030p
HOPMATHBHBIE aKThI U CTaHIAPThI

2015 gomxeH crath rogoM BBenenus FCVs

Ha AMOHCKHUM PhIHOK. B X0/1€ MOJIrOTOBKH K 3TOMY,
13 yacTHBIX KOMITAHUI U3 YPHEPTUUYECKOMH,
aBTOMOOWMIJIBHOW MTPOMBIIIIICHHOCTH, U

Ipyrue coOpaiuch BMecTe, 4TOObI MPOJIBUTATh
IUIaH

YCTaHOBOK BOJIOPOAHBIX CTAHIIUN MPUOITU3UTENHEHO
B 100 MecTOmonoKeHUIX

B YeThIpeX KpymHbIX Meranonucax: Tokyo, Chukyo,
Kansai, u Kitakyushu, Sinonckoe npaBuTenbcTBo
TaK>xe roToBUTCS K BBeAeHU0 FCV's 1 BOJopoaHbIX
CTaHIMHU MTyTEM COAEHUCTBUSA CO3AaHUIO
COBMEIIIEHHBIX 00BEKTOB 3aIIPABKU BOJIOPOAOM Ha
ABTO3aIIPABOYHBIX CTAHILMIX, YTO TOMOXKET

78




in four major metropolitan areas: Tokyo,
Chukyo,

Kansai, and Kitakyushu. The Japanese
government Is also preparing for the
introduction of fcvs and hydrogen
stations by promoting the establishment
of com-

Pressed hydrogen filling facilities at
gasoline stations to Help reduce the cost
of building and operating hydrogen
Stations. In addition, the government is
also promoting the review and reform of
regulations that concern

The handling of hydrogen. In June 2012,
JX Nippon Oil And Energy Corporation
announced that it would begin

Operating the first service stations in
Japan with both Gasoline pumps and
hydrogen filling machines by around
February of 2013 as a proving test of the
new technology. These service stations
will initially be in two locations in
Kanagawa Prefecture and  Aichi
Prefecture. This

Proving test is being carried out as part
of joint research Being undertaken by the
New Energy and Industrial Technology
Development Organization (NEDO) and
the

Research  Association of Hydrogen
Supply and Utilization Technology
(hysut). In the future this research is
Expected to lead to decreases in the cost
of constructing New hydrogen stations.
Since the cost of hydrogen will have an
impact on the Spread and popularity of
fcvs, initiatives to reduce the Cost of
hydrogen will be necessary. At the same
time, It will be equally important to
ensure a constant level of Quality. In
other words, appropriate hydrogen fuel
specifications are also important to
protect the stack.Japan Is the current
chair of ISO / TC197 WG 12 (hydrogen
fuel Specifications) and discussions
about the allowable concentration of
impurities in hydrogen fuel for fcvs are
Currently  ongoing. An international
standard, ISO 14687- 2 (Hydrogen fuel -
Product specification - Part 2: Proton
Exchange membrane (PEM) fuel cell

CHU3UTH CTOUMOCTh CTPOUTENLCTBA U
HKCIUTYyaTaI[d BOJOPOIHBIX

ctannuii. Kpome Toro, npaBuTENbCTBO TaKkKe
coneiicTByet 0030py U pedopme MOT0KESHUH,
KOTOpBIE KacatoTcs 00paboTku Bogopoa. B utone
2012 rona JX Nippon Oil u sHepreTnueckas
Kopropanusi 00bsSBHIIa, YTO OHA HAYHET
HKCIUTYaTaIMIO TIEPBBIX CTAHIIMKA TEXHHYECKOTO
oOciyxuBaHus B SInoHuH ¢

OEH3MHOBBIMH HACOCAMH U PA3TUBOYHBIMHU
CTaHIUSMH BOJIOPOJIa TprUMepHO Ha (eBpanb 2013
rojia B Ka4eCTBE T€CTa HOBOM TEXHOJIOTUU. DTU
CTaHIIMH TEXHHUYECKOTrO 0OCITYKHUBaHUS
MEPBOHAYAILHO OYAYT HAXOJUTHCS B IBYX
MeCTOIOoNOKeHUsIX B pedexType Kanarasa u
npedekTypa AUTH. DTH UCTIBITAaHUS TTPOBOJISATCS B
paMKax COBMECTHBIX HCCIE0BaHUN IPOBOAUMEIC B
HOBBIX PHEPTETHYECKUX U TPOMBIIIICHHBIX
opranuszanusax pazsurtus texnosnoruu (NEDO) u
accoluanus UCCIIeJOBaHU B 00JIaCTH
BOJIOPOJHOTO O0ECIICYCHHS U TEXHOJIOTUHU
yruuzauuu (HySUT). B Oynyem sto
UCCIJIEJOBaHKE KaK OKUIAeTCs, IPUBENET K
YMEHBIIIEHUIO CTOMMOCTH CTPOUTEIHCTBA HOBBIX
BOJIOPOJIHBIX CTaHIIM.

Tak kKak CTOMMOCTb BOAOpPO/1a Oy/I€T UMETh
BJIMSIHUE HA PaclpOCTpaHEHUE U MOMYIISIPHOCTb
FCVs, yMeHbIIUTH CTOMMOCTH BOJIOpOAa OyeT
HeoOxoaumo. B To ke Bpems, 310 OyaeT He MeHee
Ba)XHO 00€CIeYNTh MOCTOSHHBIA YPOBEHb KauecTBa.
Jpyrumu cioBaMu, XOpoIIee BOJOPOIHOE TOIIIUBO
TaKXe UMEIOT 3HauUeHHe JJIs 3aIIUThI CTeKa.
Slnonus siBNseTCS HBIHENTHEM Tpencenatenem [SO /
TC197 WG 12 (cnenudukanuy BOJOPOTHOTO
torunBa [SO) u quckyccust o 1onmycTuMoit
KOHIIEHTpAaLUs MpUMeceil B BOJOPOIHOM TOILIMBE
st FCVs

B HACTOSAILEE BPEMs ITPOJOIIKAETCA.
MexnyHnaponssiii crangapt ISO 14687-

2 (BogopoaHoe TOmnBo - TeXHUUECKHe
XapaKTEepUCTUKHU MTpoayKTa - HacTte 2: Proton
obMenHo# MmemOpanbl (PEM) TormuBHBIX
AJIEMEHTOB TPAHCHOPTHBIX CPEACTB IS IOPOTH),
Kacaromuecs crenupuKaIui 1 BOJOPOIHBIX
TOTTUBHBIX

FCV 6bu1 onyonukoan 1 gexabpst 2012 roaa.

3. 4. BeiBoIBI

[TpoGiieMsbl, cBsI3aHHBIC C BBICOKUMH 3aTpaTaMy Ha
pa3BuTHE

u usrotosyieane FCVs HeoOX0mMMo OyIeT pennTh,
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applications  for  road  Vehicles),
concerning the hydrogen fuel
specifications for FCV was issued on
December 1, 2012.

3. 4. Conclusions

The problems posed by the high costs of
development And manufacturing fcvs
will need to be solved to promote the
spread and adoption of fcvs. It will also
be Necessary to build and maintain the
required infrastruc-

Ture on a global scale. There has been
good  cooperation  And  working
partnerships between different
automakers To develop hybrid and other
environmentally friendly
Technologies. Therefore, it is possible
that these partner-Ships will continue as
these same companies enter the FCV
field. It is thought that the huge burden
associated

With independent development will lead
to more technical cooperation and
partnerships to help hold down the
Investment costs of technological
development and create economies of
scale so that manufacturing costs will
Also continue to decline.

yTOOBI 00ECIIEYUTh U CTUMYJIUPOBATH
pacipoctpanenue u npunsatue FCVs. Takxe Oyner
HEO0OXOIUMO CTPOUTH U MOAIEP)KUBATH TPeOyeMblit
YPOBEHb HHPPACTPYKTYPHI B INI00THHOM
Mmacirabe. Tam 10KHO OBITH XOpolliee
COTPYAHUYECTBO U paboyre mapTHEPCKUE
OTHOUICHUS MEXKAY Pa3IMYHBIMU
aBTOIPOU3BOAUTENISIMHU, YTOOBI pa3pabaThIBaTh
ruOpHUIHbIE U JPYTHE IKOJIOTHYECKU YHCThIE
TeXHOJIOTUH. Takum 006pa3oM, BIOIHE BO3MOXKHO,
YTO 3TO NapTHEPCTBO OYAET MPOJOIKATHCS STUMU
ke komranusimu BBect FCV B nmpou3BoicTBO.
CuuTtaercs, 4T0 OrpoMHOE Opemsi, CBSI3aHHOE C
HE3aBUCHMBIM Pa3BUTHEM IPUBEICT K OOIbIIEMY
KOJIMYECTBY TEXHHUUECKUX COTPYAHHYECTB U
apTHEPCTBaM, YTOObI IOMOYb COKpAIATh
WHBECTUIIMOHHBIE 3aTPAThl TEXHOJIOTHYECKOTO
Pa3BUTHS U CO3JIaTh SKOHOMHIO OT MacIITada, TaK
YTO IPOU3BOJICTBEHHbIE 3aTPaThl OyIyT TAKKe
MPOJOIKATH CHUKATHCS.
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