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BBEJEHHUE

Pacrymee BHUMaHNE K HETPaJAWUIIMOHHBIM HCTO-
YHUKaM 3HEPIUH M HEOOXOAMMOCTH OXpPaHBI OKpY-
JKaIoIIeH cpeibl 00eCIIeYnIo YCTOMYUBBIA MHTEpEC K
BHEJIPEHHIO TOIUTUBHBIX 3JIEMEHTOB B PAa3IMYHBIX 00-
JAcTAX HAayKW M TEXHUKHU. Eciam paHbple TOIIIMBHBIC
3JIEMEHTHI PUMEHSIINCh TOJIBKO B KOCMUYECKON TN
BOEGHHOH TEXHHMKE, TO B HACTOSAIIEE BPEMs OHH pac-
CMaTpHUBAIOTCA B IPSIMOM CMBICIIE B KaU€CTBE MCTOY-
HUKa HEPTUH OyIyIIero.

YMeHbIIaromuecs 3amnackl He)TH 1 ra3a B MHUDE,
a TaKKe YBEIWIHMBAIOIIASCS YYBCTBHTEIBHOCTh IIO-
TpeOuTene K MpoOIeMaTHKE 3aIIUTHl OKPYKAFOIIeH
Cpembl 3aCTaBIsIET AaBTOMOOWIBHYIO MPOMBIIIICH-
HOCTb HCCIIEJIOBaTh BO3MOYKHOCTH HCIOJIB30BAHUS
AJIBTEPHATHBHBIX TEXHOJIOTHH.

IIpn 3TOM NMpHMeHeHne B aBTOMOOMIISX TOIIIHMB-
HBIX 3JIEMEHTOB ITOMOXXET HE TOJIFKO BHECTH CyIIIe-
CTBEHHBIH BKJIa/l B OXpaHy OKpY)KaloIieil cpensl, HO 1
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CYLIIECTBEHHO ITOBBICUTH Ka4€CTBO aBTOMOOWIIS B oe-
JIOM.

. IOCTAHOBKA 3AJTAYN

TomnuBHBIE BIEMEHTBI CUYHUTAIOTCS DKOJIOTHYE-
CKHM YMCTHIMH W HE BIIMSIOIMMHU Ha KIUMart, dpQek-
TUBHBIMU U OTHOBPEMEHHO MaJIOTOKCHYHBIMU. M3-32a
9TOr0 OHH YacTO PEKIAMHUPYIOTCS OpTaHH3aIUsAMHU,
3aHUMAIOIIMMUCS 3aIIUTOW OKpYyXkaromiel cpensl. Of-
HAKO, HE BCE TOIUIMBHBIC 3JIEMEHTHI 00JIalal0T 3THMHU
KayecTBAMH B PaBHOW CTETIEHH, COBCEM HaoOOpPOT:
BCE 3aBHCHT OT THIA TOIUIMBHOI'O DJEMEHTAa M OT
MIPUMEHIEMOTO B HEM TOILIUBA.

Y100BI OBITh AEHCTBUTEIHLHO DKOJIOTUYECKHA YH-
CTBIM, TOIUIMBHBIA 3JIEMEHT B TIEPBYIO OdYepenb HE
JIOJDKEH BBIACTATH Ta3bl, CO3IAIOIINE MapHHUKOBBIN
s dekT, a TakKe Apyrue BpeaHble Ta3el. [lpm 3ToM
MPOIIeCC TPOWM3BOJCTBA TOIUTUBA IS TOIUIMBHOTO
JJEMEHTa TaKXe HE JOIDKCH COMPOBOXKIATHCS BPE-
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HBIMH BBIOpOCaMH B OKpYKaromryto cpeay. M B aTom
Kak pa3 W 3aiodaercss npobdiema. Bomopon, koro-
PBIIi COOCTBEHHO U SIBJISICTCS. HOCHTENIEM JHEPIHU B
TOIUTMBHOM 3JIEMEHTE, B NPUPOJIE B CBOOOIHOM BHIIE
HE BCTpedYaercs, M JUIs ero MpOoM3BOJICTBA HEOOXOAH-
MO 3aTpPaTUTh SHEPTHIO.

B kauecTBe MCTOYHUKOB JUIsl IPOU3BOJICTBA BO-
JIOPOZIa MOYKHO HCIIOJIB30BaTh BOAY WIH YIJIEBOAOPO-
JIbl, TaKWe KaK MPHUPOMIHBIN ra3, He)Th MM METaHOIL.
Pacmenyienue Monexys BOJbl C TOMOIIBIO AJIEKTPOJIH-
3a sIBIsieTCs OE3BPEIHBIM ISl OKpY)KaloIIeH cpensl,
€CJIM TIpUMeHsieMasi JJIsl ATOTO SHeprus ObuIa Mmoyde-
Ha U3 pereHepaTHBHBIX HMCTOYHUKOB SHEPIHH, TaKUX
KaK, HallpuMep, BOJAa, COHILIE UJIH BETEP.

B coBpeMeHHBIX TOIUIMBHBIX 3JEMEHTaxX B Kade-
CTBE TOIUIMBA NMPUMEHSAETCS, OJHAKO, HE YHCTBIA BO-
JIOpPOJ1, @ UCKOIAaeMO€e TOILUIMBO, TAKOE KaK MPUPOIHBIN
ra3, OCH3MH WX METaHOJI. B aBTOMOOWILHON HHAIY-
CTPUM TaKHe TOIUTUBHBIE 3JIEMEHTHI JOJDKHBI OOJer-
YHUTh TIEPEXOJl OT OOBIYHBIX JIBUraTeNel Ha ajbTepHa-
THUBHBIE. B Takux cCMeNIaHHBIX JBUTATCIIAX MMPUMEHSA-
IOTCA TOIUIMBHBIC DJJICMCHTHI C HWHTCIPHUPOBAHHBIMU
pedopMHHT-ycTaHOBKaMH, B KOTOPBIX ITPUPOIHBIH ra3
IpU TOABOJE TEIUIa pa3fessieTcss Ha MOHOKCHJ yTJiie-
poza u Boxopoa. IlonydeHHbI BOLOPOX UCHIOIb3YET-
cs B KauecTBe TOIUIMBA, a MOHOKCHJ yIJIepoja ocTa-
erca. OH pearupyeT ¢ BOIOM U BBIAENSETCA IOCHE
3TOrO B Ka4ecTBE JIBYOKHCH YTIIEPOAa, BPEIHOIO s
OKpYXarollel Cpeabl ra3a, BbI3BIBAIOIIEIO MapHUKO-
BhIH 3¢ dexr /3/.

B nanHo#i paboTe MBI XOTEIH PacCMOTPETh MPO-
0J1eMbl, BO3HUKAIONIME HPH NPUMEHEHUH TOIUIMBHBIX
9JIEMEHTOB PAa3HBIX THIIOB B aBTOMOOMJIECTPOCHUH,
Kakye MEpONPUATHSA MOTYT CIIOCOOCTBOBAThH MX OBICT-
pPOMY BHEJIPEHHIO B MAacCOBOE IIPOU3BOJICTBO, a TAKXKE
ITyTH MOBBILIICHUs] X KA4eCTBa M KaYeCTBAa TAKUX aB-
TOMOOUIIEH B LIETIOM.

IIpu nmoAroToBKe CTaThbU HCIOIB30BAINUCH MaTe-
puasl 3apyOexxHBIX VIHTEpHET-pecypcoB.

1. MPUHLIATI JEACTBUA TOIJIMBHOIO
3JIEMEHTA

[IpuHuMn nefcTBUS MPOCTEUIIETO TOILIMBHOIO
3JIEMEHTA COCTOHUT B CIEAYIOIIEM: BOIOPOA U KHCIIO-
pOI pearupyroT MeXAy co0oH, B pe3yabTaTe 3TOH
XMMHYECKOH peakIuy MOoITydaeTcsi Boga M CBOOOIHBIE
9EeKTpPOHBL. JlaHHBIN Tporecc sBISETCA OOpaTHBIM
JIEKTPONN3Y, IIPU KOTOPOM BOAA TPH TOMOIIH JJIEK-
TPUYECKOTO TOKA Pa3jaraercst Ha BOJOPOX M KHCIIO-
poa. BaxHeline KOMIIOHEHTB! TOIUIMBHOIO 3JIEMEH-
Ta — 3TO /IBa JMEKTPOJA M PA3ZCISIoNas X MOBEpX-
HOCTh. O0a raza mogaroTCs KaXKIIbIA Ha CBOI SIEKTPOLT
1 HE KOHTAKTUPYIOT JAPYT C JAPYTOM, WX paszenseT
TIOBEPXHOCTh U3 JIEKTPOIINTA.

Mornekyma Bomopona H2 o0pr4HO cocToWT W3
JBYX TIOJIOKUTENIBHO 3apsHKEHHBIX aTOMOB BOZOpOJA
¥ JBYX JJIEKTpOHOB. Ha aHone TorummBHOWM Oatapen
MOJIEKyJIa PACIIEIUIIETCS B IPUCYTCTBUM KaTalu3aTo-
pa Ha 7ABa MOJOXHUTENbHBIE MOHA BOJOPOAA M JBa
aneKkTpoHa. MoHBI BOAOpOAA MPOXOAAT 4Yepe3 pasfe-
JISIOLIYE0 ITOBEPXHOCTh M BCTPEUAIOTCS HAa KaToAE C
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HOHAMH Kucliopoga. UToObl 00pa3oBaTh MOJNEKYITY
BOIIBI, UM HEOOXOAMMBI T€ JBa 3JCKTPOHA, KOTOPHIC
OCTAJINCh Ha aHojAe. Tak Kak pa3Jelsiomnias MOBepX-
HOCTh SIBJIICTCSI HETIPOHHUIIAEMOH JIJIS 3JICKTPOHOB, TO
UM TIPHUXOJHTCS WIATH K KaTOMy MO MPOBOJIHUKY. Ta-
KUM 00pa3oM, KOHTYp 3aMBIKAeTCs, U B HEM HauWHAET
HITH JICKTPUICCKUHN TOK.

XoTsl IpON3BOUMOE OTHOW TOIUIMBHOM OaTape-
eil HampsDKEHUE MOXKET COCTaBUTh MEeHeel BOIbTA, HO
3ato ee KIIJ[ cocramser okomo 50-60%. B memsx
VBEITUYCHUS TMPOU3BOAUMOIO HANpPsDKECHUS OaTapew,
COCTOSIIIE M3 OOJIBIIOTO0 KOJMYECTBA OJIMHAPHBIX
TOIUITMBHBIX AJIEMEHTOB, IOAKIIOYAIOT  IOCJEI0Ba-
TEJIBHO JPYT 32 APYTOM.

[puHIwIT nefcTBUsA BCEX TOIUTUBHBIX 3JICMEHTOB
OJTMHAKOB, OJJHAKO, OHH MOTYT OTJIMYAThCS B 3aBUCH-
MOCTH OT MaT€pHasOB 3JIEKTPOAOB U JIEKTPOIUTOB, a
TaKXKe B 3aBUCUMOCTH OT TEMIIEPATyPHOTO JHAIa30Ha.
CymectByeT 6 THIIOB TOIUIMBHBIX OaTapei, 1Ba U3
HUX — BBICOKOTEMIICPATYPHBIC TOILUTUBHBIC JIEMCHTHI,
a OCTaJIbHBIC YECTBIPC TUIIA — CPEAHC- U HU3KOTEMIIC-
paTyprIe. PaCCMOTpI/IM OCHOBHBIC THUIIBI TOIINIMBHBIX
3JICMCHTOB U BO3MOXHOCTHU HUX NPUMCHCHHSA B aBTO-
MOOHIIECTPOCHHH.

1. enounoii TonauBHbI 31emenT (Allkaline Fuel
Cell - AFC)

AFC sBnsiercst mepBBIM TOIUTUBHBIM 3JIEMEHTOM,
KOTOpBIM Hayasl IPUMEHATHCS Ha NpPaKkTUKe. B KoHLe
1960-b1x ronoB TorutuBHbBIE dieMeHThl AFC Obliu Ha
JlyHe — OHU IPUMEHSINCH B IIPOrPaMMe KOCMUYECKUX
MOJIETOB ATIOJUIOH, a B HAllle BPeMsI IIPOU3BOJIST JIEK-
TPUYECTBO AJsl INATTJIOB M APYTUX KOCMHUYECKHUX Jie-
TaTENbHBIX amnnapaToB. Taxke MOABOIHBIC JIOIKH, a C
HEJaBHUX TIOpP U JIOHAOHCKHE TaKCH HCIIONb3YIOT IIie-
JIOYHBIE TOIUIUBHBIE 3IEMEHTHI.

B 11en04HBIX TOIIIMBHBIX 3JIEMEHTAX B KaueCTBe
3JIEKTPOINTA UCIONb3yeTCs BOAHBIH pacTBOP €AKOTO
kanus. K coxaneHuro, OH JIETKO COeIUHSETCA C JBY-
OKHCBIO yriieposa, obpa3ys HepacTBOPUMBIA KapOo-
HaT. Bce TOmIMBHBIE 3JIEMEHTHI ATOTO THIIA JIOJKHBI,
MOATOMY, TIIaTeNbHO oummatbess or CO,, Tak Kak
Majeilee 3arps3HEHUE pa3pylIUT TOIUIMBHBIN 3iie-
MmeHT. Dnekrponsl AFC cocrosiT U3 Hukens, cepedpa
WM yriiepoja ¢ MpUMeECSIMH OJIarOpOAHBIX METAJIIOB.
Mornekyna BoopoAa CHavaja pacIlieluisIeTCsl Ha aHo-
Jie Ha MPOTOHBI U BBIJEISIET MEKTpoHEl. [locnennne
MPOXOAAT IO AIEKTPHUUECKOMY IIPOBOJHUKY K KAaTOLY
U pearupyroT TaM ¢ HOHaMH BOJOpOJa, 00pa3ys MpH
sToM moHBI ruapokcmwia (OH-), koTopele 3aTeM mpo-
XOZAT Yepe3 IEKTPOINUT K aHOIY, YTOOBI TaM COEIH-
HHTBCS C IPOTOHAMH B MOJIEKYITBI BOAIBI /1/.

N3-32 ¥X CHIBHOM YyBCTBHTENBHOCTU K OKHCHU
yrnepoga AFC nonroe Bpemsi MOTTH TPUMEHSTHCS
TONBKO TIpu abcomotHOM otcyrctBum CO2 — B
ycIoBHAX KocMoca. TonmbKo B 3TO# obiacTu, a eme B
BOCHHOH TEXHHKE, KaK, HAIIPAIMeEp, B TOIBOAHBIX JIOJI-
Kax, JJaHHBIC TOIUIMBHBIC 3JIEMEHTHI CIIY)KaT JOJIT0 U
umerot KI1/] oxomo 70 %.

TeM BpeMeHEM MOSBWINCH HOBBIE MOJEIH, KO-
TOpbIe PabOTalOT HE HA BBHICOKOYHCTHIX TOILUIMBAX, a
Ha 0OBIYHOM BOZIOPOJIE U BO3/LyX€, U3 KOTOPOTO Ipe-
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BaputenbHo yaamuau CO,. ITlosBuiock MHOrO BO3-
MOXKHOCTEH JIII IPUMCHCHHS JTaHHBIX TEXHOJOTHHA B
TPa)KJaHCKOW TEXHUKE, TaK KaK 110 CPAaBHEHUIO C JIPY-
TUMH HHU3KOTEMITEPATYPHBIMU TOILTMBHBEIMH JIIEMCH-
Tamu nipuMensieMble B AFC kaTanuzaTopsl SIBISIFOTCS
OTHOCHTEJILHO JienieBbiMu. B Hacrosmee Bpemss AFC
VCIICIIHO TMPUMEHSIOTCS I TaKCH M aBTO(YPTOHOB
MaJIOi Tpy30MObEMHOCTH, CYILIECTBYET BO3MOYXKHOCTh
UX MIPUMEHCHUS B JICTKOBBIX aBTOMOOMIIAX.

2. TomIMBHBIH 3JIEMEHT € TOJAMEPHO-YJIEKTPO-
JuTHOIl MemOpanoii (Proton-Exchange Membrane
Fuel Cell - PEMFC)

PEMFC sBnstoTcss Ha CerOmHANIHMN JCHL ca-
MBIMH MPOCTBIMH U HENPHUXOTIMBBHIMH TOIUIMBHBIMHU
dJeMEeHTaMHU. DTO CaMbIil MEPCIEKTUBHBIN KaHIuAaT
Ha BHEJIPEHHE B MAcCOBOE MPOM3BOACTBO. XOTS AaH-
HBIH TOIUTMBHBINA 3JIEMEHT M YYBCTBHUTENIEH K MOHOK-
CHIly yrliepojia, HO OH MOXET paboTaTh Ha OOBIYHOM
kuciopoae w3 armochepsl. OcHameHHbBIH pedop-
MHHF-yCTaHOBKOﬁ, OH MOXET HCIIOJIB30BaThb B Kayc-
CTBE TOIUIMBA IPUPOAHBIN a3 WM CKUKECHHBIM ras,
npeBpallasi ero BHyTPHU 3JEMEHTa B BOJIOPOI.

B kauecTtBe QJICKTPOJIMTAa B JJAHHOM TOIIJIMBHOM
OJICMCHTEC MPUMEHACTCA TOHKasA, HEIpOHUIIaEMasa JJid
rasa, HO TpOHHIAeMasi IJIsl MPOTOHOB MeMOpaHa H3
cynb()UHUPOBAHHOTO MOUMeEpa. B ToHKyI0 MeMOpaHy
BCTPOCHBI KUCJIOTHBIC T'PYIIIbI, KOTOPBLIEC ITO3BOJIAIOT
[IPOTOHAM, BO3HHUKIINM Y aHOJA, IPOUTH Yepe3 MEM-
Opany. Tak kak MmemMOpaHa (QYHKIMOHHPYET TOJIBKO B
TOM CIy4ae, eclId HMPUCYTCTBYET MHUHHMMAJIBHOE CO-
Jiep>KaHue BOABL, TO Oatapesi paboTaeT Mmpu Temrepa-
typax Hmwke 100°C. UroObl XxumuYeckas peaxius
MIPOXOJMIA MPU TAKUX HHU3KHX TeMIlepaTypax, HeoO-
XOIMMO TPHUCYTCTBHE ()(PEKTUBHBIX KaTaU3aTOPOB.
W3-3a o4yeHb KUCIION U €KOi cpenbl B 0aTapee MOryT
NPUMEHATHCS KaTaJIU3aTOPBI TOJIBKO U3 OJIAarOpOIHBIX
MaTepHajoB, OONbIIEH YacThiO U3 IIATHHBI WM IUIA-
THUHOBBIX CIJIABOB.

MoOuibHbIe TenedOoHbI, aBTOMOOWIILHBIE BT A~
TeJIM WJIN MUHUAJIEKTPOCTAHIIMU — CYIIECTBYET MHO-
KECTBO MOTEHIMAJBHBIX o0JacTel NPUMEHEHHUS aH-
HBIX TOIUIMBHBIX 3JIEMEHTOB. VX mpeumyIecTsa 3a-
KJIIOYAIOTCS B MPOCTOTE KOHCTPYKLMHU, OBICTPOM 3a-
Imycke 0e3 IUTUTENFHOrO Pa3orpeBa M BO3MOXKHOCTH
pabotsl npu komebmrometics Harpyske. KII/] cocras-
nsieT 0Koi0 58%.

HecmoTpst Ha BBICOKYIO CTOMMOCTD KaTalH3aTo-
poB m3 Omaropomubix MmerawioB, PEMFC obnagaror
OOJNBIINM PBIHOYHBIM HOTEHIMAIoM. IIpoToTHmnsr Mo-
OWIBHBIX YCTPOWCTB TAKOTO THIA pa3pabaThIBAIOTCS
JUTSl IPUMEHEHUS B TPY30BHKAaX, aBTOOYCax, TPaMBasxX
U TIPUTOPOAHBIX MOE3/aX.

WneanpHple  ycIOBHS  [UI1  MCIIOIB30BAHMS
PEMFC obecnieunBaroT paboTaromue Ha MPUPOIHOM
ra3e KOTCHEPAaTHBHBIE YCTaHOBKHM IUISi CHAOXECHUS
AIEKTPUYECKON W TEIUIOBOW SHEepruel OONbIIMX 37a-
Huil.. JlaHHBIE OaTapen TakkKe MOTYT C YCIEXOM IpH-
MEHATHCS I MOOWJIBHBIX YCTPOHCTB — OT MOOWIIB-
HBIX TeNe(OHOB M T'a30HOKOCHIIOK /10 aKKyMYJSTOP-
HOW 3aBHHYMBAIOIICH Jpend. YKe pa3paboTaHbI mep-
BbIE€ YCTPOMCTBA ISt MOOWIJIBHIKOB M HOYTOYKOB.
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3. IlpsiMoii MeTaHOJBHBIH TOMIMBHBIA 3J1eMeHT
(Direct Methanol Fuel Cell - DMFC)

DMFC — 3T0 eQuMHCTBEHHBIH THI TOIUIUBHOI'O
3JIEMEHTa, KOTOPKIA paboTaeT HE Ha BOAOPOJE, a UC-
MOJIb3YET B KAUeCTBE TOIUIMBA MeTaHOoJ. B pe3ynbrare
3TOrOCHCTMA HE HYXJaeTcs B peOpMUHT-yCTaHOBKE,
MOJIEITh SIBJIACTCS 00Jiee KOMIIAKTHOW M XOPOIIO MO~
XOIUT JUISt MOOMJIBHBIX LIETIEH.

B nmpuntmne DMFC  sBastrotcst Oomnee mo3Hen
Bepcueit PEMFC. Taxxke xkak u 8 PEMFC, 8 DMFC
UCIIOJIB3YETCS TMOJUMEpHas MeMOpaHa B KadyeCTBE
JJICKTPOJIUTA U OJaropojHble METAJUIbI, TaKue Kak,
HampuMep, IUIaTUHA WKW PYTeHUH, B KayecTBE Kara-
nuzaropa. B otnmnmuue or PEMFC, onnako, Ha aHoze
JKUJIKAKA WIM TapooOpa3HbId METAaHON HAMPSIMYIO
MpeBpalaeTcss B BOAOPOJ U JABYOKUCH Yriepoja, IMo-
3TOMY JAaHHOE YCTPOMCTBO HEe HYXaaeTcsa B pedop-
MUHT-YCTaHOBKE. 3aTEM BOJIOPO/, KaK U B TOIJTUBHBIX
9JIEMEHTax JIPYTUX TUIIOB, pa3jiaraercsl Ha SJEKTPOHbI
W TPOTOHBI. DJEKTPOHBI HAYMHAIOT YIOPSAOYEHHO
JIBUTAThCSI, TIPOU3BOJIS DJIEKTPUUECKHIA TOK, a MPOTO-
HBl TIPOXOIAT Yepe3 D3JICKTPONUTHYI0O MeMOpaHy |
COEJTMHSIOTCS ¢ 00pa30BaBIIMMHKCS Ha KaTOJE HOHAMU
KHCJIOpO/ia B MOJEKYNBsl Bonbl. Bes xummueckas pe-
aKkUus MpoXonuT mpu Temmeparype Hmwke 100°C, u
CKOpPOCTb JAaHHOM XUMHYECKOM pEeaKIMu HECKOJIbKO
Hike, yeM y PEMFC.

IIpsiMoli METaHOIBHBIM TOIUIMBHBIM 3JEMEHT
Jlerye ¥ KOMIIAKTHEE TOIUTMBHBIX 3JIEMEHTOB JPYTHX
TUIIOB 3a CYET OTCYTCTBUSI Pe()OPMHHI-YCTAHOBKH.
IloaTomy 3Ta MOzENb UMEET XOPOLIMI OTEHLHAN IS
MPUMEHEHHUs] B aBTOMOOMIISIX, OCOOCHHO €CJIH Y4eCTh,
YTO METAHOJN Jier4e TPAHCIOPTHPOBATH W XPaHUTh,
yeMm Bomopod. Kpome sToro, B ciiyuae MpUMEHEHHUS
DMFC B aBTOMOOWMIIE, NMPUBOJHASL CHCTEMa MOCIE-
HEro HYXJAeTcsi B MEHBIINX H3MEHEHHUSIX, YeM INpHU
MPUMEHEHUN TOIUIMBHBIX 3JE€MEHTOB APYTUX THIIOB.
ITosToMy HeEKOTOpBIE HPOU3BOTUTEIN ABTOMOOMIIEH
BUST METAHOJNBHBIM aBTOMOOWIH B KauecTBE COBpeE-
MEHHOTO pEeIIeHHs, OTKPBIBAIOIIETO XOpOIlne Iep-
CIEKTHBHI U TAbHEHIIIEro pa3BUTHS TEXHOJIOTHI B
3TOM 00/JaCTH.

Onnako, Ha ceromusamunii momentr DMFC saB-
JISIOTCS CaMBIMH MaJIOMOIIHBIMH U3 TOIUIMBHBIX JJIe-
MEHTOB BCeX THUMNOB. W Takke B OTHOLICHUH OXPAaHBI
OKpY>KaIoMIeH Cpepl STOT TUI IPOUTPHIBAET MO CPaB-
HEHHIO C JPYIHMH: METaHON SIBIISETCS STOBUTHIM U
XOpOIIIO PacTBOPUMBIM BemiecTBOM. IloaTomMy B ciy-
yae yTEYKW WA aBapHUH MOTYT OBITh OTPAaBIICHBI
TPYHTOBBIC BOMBI, a TakXke, IPH NPSIMOM KOHTaKTe C
KOXKEH 4eI0BEeKa, 3TO MOKET MOBJIEYb CYIIECTBEHHBIN
PHCK TSI 37I0pOBBS YeTIOBEKA.

4. ®ocdopHOKUCIBII TOMTHBHBII d1eMeHT (Phos-
phoric Acid Fuel Cell - PAFC)

®DoCHOPHOKUCITBIA TOIUIMBHEIN IIEMEHT Ha Ce-
TOMHAIIHAN J€Hb HamOonee M3y4eH W KOMMEpPUIECKH
JOCTYNEH. JTOT THI TOIIMBHOI'O 3JEMEHTa IpHUMe-
HSIETCSI, TIPEXJEC BCETro, Ul IPOM3BOJCTBA 3JIEKTPO-
SHEPTUH B KOT€PEHEPATUBHBIX CHCTEMAX.
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B PAFC B kauecTBe 3JIEKTpOJIUTa NPUMEHSAETCS
(ocdopHast KHCIOTa BBICOKOW KOHIEHTpPAIMH, KOTO-
past sBJISIETCSl OITOPHOM MaTpHIlel MOPHCTOr0 BOPCH-
CTOrO IOJMMEpPHOro Marepuaia. B pesymbrate mpu-
MEHEHHSI TaKOI'0 KHCIIOTO 3JIEKTPOJIHMTA JaHHBIN TOII-
JIUBHBIA DJIEMEHT MOXKET HCIIOJIb30BaTh B KauyecTBE
TOpPIOYEro YIJIEBOJIOPOABI, Tak Kak (ocdopHast Kuc-
nora He pearupyer ¢ CO,. K MoHOkcuay yriepoaa
chCcTeMa IPaKTUYECKH HEeYyBCTBHTENBHA. B cymie-
CTBYIOIIIUX CHUCTEMax TAaKOTO THIIA B Ka4eCTBE TOILIH-
Ba YaIle BCEro NPHUMEHSIOTCS BOAOPOJ, HONYyYESHHBIN
u3 00pabOTaHHOTO B PEOPMUHT-YCTAHOBKE IPUPOJI-
HOT'0 Ta3a, ¥ KUCIOPOA U3 BO3IyXa.

Kak u B mpenpyiymieM ciydae, u3-3a €IKOTO
JJIEKTPONINTA B KAyecTBE KaTajau3aTropa B JaHHBIX
TOIUIMBHBIX DJIEMEHTaX IMPHUMEHSIOTCS OlaropojiHbIe
MeTaJuTbl, TAKHE KaK IUIaTHHA, CIUIaBbl TUIATHHBI WU
3o05moto. Kpome NMpOTOHOB M DIJIEKTPOHOB TYT TaKKe
BO3HHKAIOT MOHBI KUCIOPOAA, KOTOPHIE COSIUHSIOTCS
¢ nporoHamu B Mousekynbl Boabl. PAFC oOpraHO pa-
6oratot nipu temneparype B 200°C u takum obpazom
OTHOCATCS K CPEIHETEMIIEPATYPHbIM  TOILIMBHBIM
aneMeHTaM. OHHM YyBCTBUTENBHBI K OXJIaXIICHHIO.
Ecnu temneparypa cumxkaercs Huke 42°C, docdop-
Hasl KUCJIOTa KPUCTAJLIM3YeTCs, U TOIUTMBHAs Oarapes
HEoOpaTHMO BBIXOAUT U3 CTPOSL.

Cuurtaercs, yro PAFC uageanbHO mMOaXomsT s
NPUMEHEHUS] B OJIOYHBIX TEIUIOIHEPrOLEHTPASIX, B
HAaIlle BpeMsI OHH NPHUMEHSIOTCS UCKIIOYUTENBHO IS
KOMOMHHUPOBAHHOTO TPOU3BOJICTBA TEILIA U IIEKTPO-
SHepruu. BceneacTBue gonroro BpeMeHH pa3orpeBa u
CPaBHHUTENIFHO BBICOKHX pabO4YMXx TeMIeparyp s
MOOHJIBHOTO TIPUMEHEHUsI OHU He Toaxoast. Mckito-
YEeHHE COCTABIISIOT MCIBITAHHUS aBTOOYCOB, paboTaro-
mwmx Ha PAFC.

5. KapOonaTtHble TomimBHbIe 3iemeHThl (Molten
Carbonate Fuell CeLL — MCFC)

MCFC orHOCATCS K BBICOKOTEMIIEPATYPHBIM
TOIUTHBHBIM 3JI€MEHTaM — TojibKo mpu 650°C B HUX
HayMHaeT NPOUCXOOUTH MPOU3BOACTBO DIIEKTPOIHEP-
rud. 3aTO OHM aOCOJIOTHO HEYYBCTBUTENBHBI K MO-
HOKCHAY YIJIepoJa W HO3TOMY MOTYT paboTaTh He
TOJNBKO Ha BOJOPOAE, HO M Ha YIIIEPOAOCOIEPIKALINX
TOIUIMBAX, KaK, HalpUMep, NPUPOIHBINA Ia3, a TaKKe
Ha OuWorase W Ha rase, IOJYYEeHHOM B Ipolecce
OYHCTKU CTOYHBIX BOJ, MpUYeM 0Oe3 IPUMEHEHUs pe-
(OpMUHT-YCTaHOBKH.

Onexrpormut B MCFC cocTouT W3 paciniaBiieH-
HOro KapOoHaTa, JaIe Bcero u3 kapOoHaTa JTUTHS WIH
KapOOHaTa Kajus, KOTOPBI yNakOBaH B MaTpUILY.
Conb HaYMHACT IUIABUTHCS NPH TEMIEpaTypax BBIIIE
480°C, mostomy pabouas temmeparypa MCFC co-
craBiser mpubmmsuTensHo 650°C. M3-3a BBICOKHX
TEeMIIEpaTyp B KayeCTBE KaTaJIM3aTOPOB MOXKHO IPH-
MEHATH OoJiee JelIeBble MaTepHabl, KaK, HalpuMmep,
HHKEITb, OKCHJI HUKEJIS, KEPAMUKY WIIH CTallb.

B ornuuMe OT TOIUIMBHBIX 3JIEMEHTOB JAPYTHX
tunoB, B MCFC He mpOTOHBI WM MOHBI KHCIOPOJa
TIepeMeInaloTcs K aHOAYy, a OTPHIATENFHO 3apsDKeH-
Hble MOHBI KapOoHata. OHH 00pa3yroTcsi B mporecce
peaKknuy KUCIOpO/a M JUOKCHIA Yrilepoja ¢ pacruia-
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BOM coiu. Ha aHome OHM pearupyroT ¢ BOZOPOJIOM,
o0Opazys Bomy W Juwokcua yriepona. [locmemuuit
OISITH BO3BpAIACTCs K Karoy, oOpa3yercsl 3aMKHY-
TBIH LUKIL.

W3-3a BHICOKHX pabovmX TEMIIepaTyp U CIOKHOM
KOHCTPYKIIUH BBUIY HAJH4YUs BHYTPEHHETO 3aMKHY-
Toro nukina CO. naHHBII THIT TOIUIMBHBIX 3JIEMEHTOB
OKYITaeTcsl TOJNBKO B ClTydae MPUMEHEHUs Ha KPYITHBIX
JJIEKTPOCTAHIMSAX W B TPOMBIIUIEHHOCTH. Tak Kak
MCFC nyxnawTcs B HECKOJBKHX 4Yacax pa3orpena,
OHH MOTYT HCIIOJb30BaThCS B KaueCTBE OCHOBHOTO
WCTOYHUKA DJIEKTPOIHEPTHH, a HE JONOIHUTENBHOTO.
3aTo ATOT BHJ TOIUIMBHBIX 3JIEMEHTOB OTHOCUTCS K
caMbIM 3((PEKTUBHBIM: TAKOMY TOILTMBHOMY 3JIEMEH-
Ty He TpeOyeTcst pe()OPMHUHI-YCTaHOBKA, a €ro OO
KIIJ{ cocraBusier mpubnuszutenpHo 52-54%. U3z-3a
BBICOKHX pabo4MX TeMIepaTyp CYIIECTBYET BO3MOX-
HOCTb NapajieNIbHOTO BKITIOUEHHS MApOBOH TypOWHBI.
B atom cnywae obumii KI1/] noBeimaercs 1o 65%. B
cllydae KOMOMHHPOBAHHOW BBIPA0OTKH TEIUIA M DJIEK-
tposHepruu KITJ] mocturaer 80% /2/.

Hepen MMPOMBINUICHHBIM IPUMEHCHUEM JaHHOT'O
TUIIA TOIUIMBHBIX 3J3JIEMEHTOB HeO6XO}]I/IMO peIIUTh
elle HEeCKOJIIbKO MpoOJieM: TaK Kak pacIlIaBIICHHBIN
KapOOHAT OUeHb arpeccuBeH, OH Pa3pyllaeT pasJesu-
TenbHBI MaTepuas. Katon takxke pacTBopsieTcst CIry-
CTS HENpPOJIOJDKUTENbHOE BpeMsl. BcienctBue sToro
CpOK CJ'ly)K6I>I TaKUX TOIUIMBHBIX 3JIEMEHTOB Ha CEro-
JHSIIHIHN IeHb HEBEIHUK.

6. MuHepajokepaMU4YecKHe TOIUIMBHBIE 3JieMeH-
11 (Solid Oxid Fuel Cell — SOFC)

SOFC Taxxe SBISIOTCS BBICOKOTEMIICPATyPHBI-
MH TOIUIMBHBIMH JJIEMEHTaMH, OHH DPaboTaroT HpH
temneparypax or 800 mo 1000°C. B ornmume ot
MCFC oM MOIXOAAT Kak JUIsl CTaIlHOHAPHBIX, TaK U
JUIE MOOWIIBHBIX oOnacteil mpuMmeHeHus. Tak ke Kak
MCFC, SOFC moxer caM mpOH3BOIUTH BOIOPOI U3
NPUPOIHOTO Ta3a M HE HYXKIAeTCs JUIl 3TOT0 BO
BHEIIHeH pe)OpMUHT-yCTaHOBKE.

B kadecTBe 3/€KTpoONIMTA B JAHHBIX TOIUIMBHBIX
3JIEMEHTaX NMPUMEHSETCsl CTaOMIN3UPOBAHHASI OKUCBIO
UTTPUSL OKUCh LIUPKOHMS. DTO TBEpIBIH Kepamude-
CKMH MaTepual, B KOTOPOM TOJIBKO IPH BBICOKHX
TeMIiepaTypax TOSBISICTCS MOHHAs IPOBOIUMOCTB.
ONEeKTPOabl COCTOST W3 HHUKENS WIM IIPOBOSIINX
okcunoB. Ha aHone ra3ooOpasHoe TOMIMBO pasnara-
eTcsi Ha BOAOPOJ M MOHOKCHJ YIJIEpona, TMpH 3TOM
BBICBOOOXKJJAFOTCSI 3JIEKTPOHBI, KOTOPHIE 1O HPOBOJ-
HHKY TONAJIa0T K KaToxy. TaM MOSBIISIOTCS MONO0XKH-
TENBHO 3apsDKEHHBIE MOHBI KHCIOPOJa, KOTOPhIE IPo-
XOAT 4epe3 SJCKTPOIHUT W pearnpyloT Ha aHone C
BOJIOPOJIOM M MOHOKCHJOM YIiepoza, o0pasys BOJIs-
Hoit map u CO».

Ha cerogusmHuii AeHb CYLIECTBYIOT pa3HbIE
dopmer SOFC: moMuMO KIIACCHUYECKOW IDIAHAPHOM
(hopmBbI pazpaboTaHbl U OIPOOOBAHBI IIOMUMO MTPOYNX
Takke TpybooOpaseie SOFC  mpomsBomuTens
Siemens-Westinghouse. TIpy 3TOM 3IIEKTpPOHBI H
JJIEKTPOIUT HAXOAATCSI HA BHYTPEHHEH CTOpOHE TpY-
6b1. 'oproumii ra3 momaercst BHYTpH TpyOBI, a aTMo-
cepHBIHA KUCTIOPOJI — CHAPYXKH.

© B.B. MunosaHosa, 2015
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CuuTaercs, 9YTO MHHEPAJIOKEPAMHYCCKHNA TOTI-
JIUBHBIN 3JICMEHT UMEET OOJBINON TOTCHIIHA B IUTAHE
pasButust. OH CPaBHUTEIHHO MPOCTO YCTPOCH, UMEET
OOINBIION CPOK CIY)KOBI M OTHOCHUTEIBHO BEICOKYIO
s¢dexktuBHOCTh. [Ipy KOMOMHHUpPOBAHMH TOIUIMBHOM
Oarapee u mapooil TypOuHoi KIIJ| moBsImaercs c
55-65 no 70 u BeIIe mporeHToB. OHAKO, OYEHb BBI-
COKMIA paboure TeMIepaTyphl HAKJIABIBAIOT BRICOKUE
TpcOOBaHUSA Ha MaTepPHANbl JETalici, MOITOMY B
HACTOSIIIIEE BPEMs MPOBOIAT HCCIICOBAHUS C IICITBIO
CHIDKEHUSI TEMITEpaTyp TOPEHUSL.

Takue 3y1eMEHTHI IPUMEHSIOTCS, TPEKIE BCETO,
B CTAIlMOHAPHBIX KOMOWHMPOBAHHBIX YCTAHOBKAX IS
00CCIICUCHHST TEIUIOM M 3JICKTPOIHEPTHEH IKHUITBIX
JIOMOB, a TaKXe¢ B IPOMBINUICHHOCTH. Pa3pabaThiBa-
FOTCS KPYITHBIC JICKTPOCTAHIINU Ha 0a3e MPUMEHECHUS
SOFC. B paMkax Takux pa3paboTOK OBLIM H3TOTOB-
JICHBI ~TOIUTUBHBIC OaTaped, MMEIOIIUE IPOHU3BOIH-
TeJIbHOCTh OT 1KBT 10 Heckonbkux MBT.

CymecTByer MNpHHIMITHAIbHAS —BO3MOXXHOCTh
npumenennss SOFC u B aBTOMOOHJISIX, OJTHAKO, TOJb-
KO B Ka4eCTBE PE3epBHOr0 akKyMyisTopa. B kauectse
TOIUIMBA B TaKMX Oarapesx MOXKET HCIOIb30BaThCs
MIpe/IBAPUTENBHO JeCyIb(pUpOBaHHBIN U pedopMupo-
BaHHBIH OCH3MH.

111. MIPOBJIEMBI U NIEPCIIEKTHUBbI IPUME-
HEHHWS TOIIVIMBHBIX 3JIEMEHTOB B AB-
TOMOBUWJIAX

[lepBbIMU  aBTOMOOWIJISIMH, PaOOTAIOIIUMH Ha
TOIUIMBHBIX JJIEMEHTaX, ObUIM aBTOOychl. Baauaie
TOIUTMBHBIE 3JIEMEHTHl 3aHUMAaJM OJHY TPEThIO YacTb
obbema aBToOyca. OmHaKo, cO BpeMEHEM, IO Mepe
Pa3BUTHS JaHHBIX TEXHOIOTHH, IPOU3BOJUTEIHHOCTD
9JIEMEHTOB yBEJIMYUBAJIACh, U BCKOPE OHH YK€ MOTJIH
MIOMECTUTHCSI B CaJIOH MaJIONUTPaXXKu. TornmmBHBEIE
JJIEMEHTHl Cpa3y 3auHTEPEeCOBAIHM IMPOM3BOAHUTENEH
JIETKOBBIX aBToMoOmIel. Harmpumep, ®op 0ObsIBII O
JOJITOCPOYHOU NporpaMMe IO MPUMEHEHHIO TOIUIHB-
HBIX 371eMeHTOB, BMB xouer npou3BoguTh JIMMY3UH,
KOTOpBIi paboTaeT Ha Bozmopoae, [Jaiimiep-Kpaiicnep
U3rotoBui eme B 1999 aBToMoOMIb HAa TOIUIMBHBIX
snementax NECAR. ABromoOmibHas orpacib, MO
MHEHUIO [TPOM3BOAUTENCH U HAOMIOAATeNeH, IBIDKET-
Csl B CTOPOHY MCIOJIB30BaHMUS BOIOPOJa M TOIUTHBHBIX
9JIEMEHTOB.

Taxk, Hanpumep, Xrormait wraaupyer B 2015 ro-
ny npousBectd 1000 Takux aBToMoOMIeH, paboTaro-
mux Ha Bomopoze (cm. puc.l).

OIHOBPEMEHHO YBENMYMIOCH IaBJEHHE TOCY-
JapCTBa Ha NMPEANPHUATHS TPOMBIIUICHHOCTH B BOIIPO-
cax skonoruu. Hanpumep, B Kamudoprun MuaMMYM
10% oT mpoJaHHBIX aBTOMOOWJICH JOMKHBI OBITH C
HYJIEBBIM KOJHMYECTBOM BPEIHBIX BBIOPOCOB B OKpY-
JKaloIIylo cpexy. Jla m caMm KOHIEPHBI CTaparoTcs
CHW)XaThb BpEJHOE BIUSHHE aBTOMOOWIEH HA OKpY-
JKaIOIIyI0 cpeny: BOoNBIIMHCTBO aBTOKOHIIEPHOB IO-
craBmio cede 3amaqy, ¢ 2012 mo 2020 roma CHU3UTH
BeIOpocel CO2 Ha 30% [1].

© B.B. MunosaHosa, 2015

Pucynok 1 — Xronpgaii mnanupyet B 2015 roxy npowus-
Bectr 1000 Takux aBTOMOOWJIEH Ha TOIJIMBHEIX 3Jle-
MEHTax

Tok, BeIpaOATHIBAEMBIN TOIUIMBHBIM 3JIEMEHTOM
TaKOro aBTOMOOWJIS, TIOIAeTCsl CHAaydasa Ha JINTHYM-
HO-TIOJIMMEPHBIN aKKyMYJISITOP, a 3aTeM Ha JJIEKTPO-
JBUTaTeNb B 136 MOmamiHbIX CUIT (CM. PUCYHOK 2).

Pucynox 2 — TOIUNIMBHBIA 3JIEMEHT MOAAeT TOK Ha

JUTUYMHO-TIOJIUMEPHBIA  aKKYMYJISITOp, 3aTeM TOK
MMoJaeTcs Ha AJIEKTpOABHraTenb B 136 JOmMIagHHBIX
cun

[TosTOMY MHOTHE HPEANPUATHS CTAPAIOTCA yCO-
BEPIICHCTBOBATh TOIUIMBHBIE 3JIEMEHTHI, C TEM, UTO-
OBl X MOXHO OBIJIO MPUMEHATH IUIS JIETKOBBIX aBTO-
mobwmnei. Jlns atux neneit B Kanudopuuu erie B 1999
roay 6bu10 coznano oobeaunenne California Fuel Cell
Partnership (Kanudopuuiickoe mapTHepcTBo B o0na-
CTH TOIUIMBHBIX 3JIEMEHTOB), B KOTOPOE BXOIAT
Haiimnep-Kpaiiciep, @opn, Xonma, DonapkcBareH u
Huccan, a takke rocyJapcTBEHHbIE aMEPHUKaHCKHE
HCCIIEAOBATENBCKUE MHCTUTYTHL. B OrpoMHOI HCHBI-
TaTenbHON JabopaTopuu Boziie CakpaMeHTO KOHKY-
pHUpYIOIINE OPTraHW3aIMN HCHBITHIBAIOT CBOM MOJENH
PSAIOM APYT C APYroM.

C TedyeHHEM BpEMEHH TOIUIMBHBIC 3JIEMEHTHI
CTaHOBSTCA Bce Ooniee NMPOM3BOAMUTEIBHBIMA U KOM-
MaKTHBIMHU, ¥ B HAIlle BPEMsI UMEIOTCS YK€ MPOTOTH-
MBI, TEXHHYECKH TOTOBBIE K MAacCOBOMY IIPOM3BOJ
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cTBy. I maBHOI npoOIIeMoil 0cTaroTCs TOKa YTO BBICO-
Kasi CTOMMOCTb ITPOM3BEICHHON AJIEKTPOIHEPTUU: JUIS
00BrgHOrO aBTOMOOMIIST OHa coctaBiser 50-100 EBpo
Ha OJVH KWJIOBATT, a JUIsS aBTOMOOWIS Ha TOTUIMBHBIX
JJIEMEHTAX 5Ta BEJIMYMHA ITI0KA YTO KaK MUHHMYM B
JIBa-TPH pa3a BBILIE.

Kaxprit mpon3BoMTENb aBTOMOOMICH pa3pabda-
THIBA€T CBOW BapHaHT aBTOMOOWIIS C HYJIEBBIM KOJH-
YECTBOM BPEIHBIX BHIOPOCOB B OKPY)KAIOIIYIO CPEAY.
Kakoii THIT TOIUTUBHBIX AJIEMEHTOB, B KOHIIE KOHIIOB,
OKa)KETCSl ONTUMAJIbHBIM, TI0Ka ellle He sicHo. {namna-
30H TOIUIMBA YK€ AOCTATOYHO BEIUK: OT JKHUAKOTO
BOJIOPOZIa M MeTaHoJa 10 OEH3MHa.

Hanpumep, B aBromooune NECAR 4 [laiimiep-
Kpaiicnepa wucnons3yercs TorMBHas Oarapes
PEMFC, ocHamieHHass 0akOM C YKHUJIKHM BOJOPOIOM.
C NONHOCTBIO 3aNOJIHEHHBIM 0aKoM aBTOMOOWIIb MO-
et npoexatb 450 KM, ¥ MOIIHOCTb €r0 COOTBETCTBY-
€T MOIIIHOCTH Mepcezeca A-Kiacca.

SIMoOHCKUIT aBTOKOHIIEPH OOBSIBHJI, YTO BCKOPE
Oyner NPOHM3BOIUTH AaBTOMOOWIb C NPHUMEHECHHEM
Takoi ke TexHomoru. Omnenp Xo4yeT HadaTh CepHil-
HOe NpOM3BOACTBO cBoero aBTomoOmiast Hydrogenl.
OnHako, Tak Kak 3amnpaBKH BOJIOPOJIOM BCTPEYAIOTCS
YPE3BbIYAMHO PEIKO, MPOU3BOAUTEIM XOTAT IPUMeE-
HSTH 3TH aBTOMOOWJIH B OOIIIECTBEHHOM TPAHCIIOPTE U
JUIsl Kypbepckoit cnyx0Obl. Toiiora o0bsBMNIa, HANPU-
MEpP, YTO BBIITYCTUT YK€ B 3TOM Ioay CEpUI0 aBTOMO-
Owuieil Ha BOZOpOJie AJIsi OOIECTBEHHBIX YUPEXKICHUI
CHIA.

Huccan, Toiiora u laiimnep-benn napainnensHo
pa3pabaThIBalOT B Ka4yecTBE NMPOMEKYTOYHOTO BapH-
aHTa aBTOMOOWIb Ha MeraHoie. [Ipu 3ToM Bozmopoz,
HeoOxoaumbiit it PEMFC, cunTe3upyercst u3 mera-
HOJIa B pe)opMUHT-yCTaHOBKE, HaXOAdAIIeiicsa B aBTO-
Mmobute. [IpeuMyiiecTBa 3TOro pemeHus: METaHOIOM
MOXHO OBLIO OBl 3ampaBJisiTh aBTOMOOMIM Ha OOBIY-
HBIX 3alpPaBOYHBIX CTAHIMAX, TaK KakK, B OTJIMYUE OT
BOJIOPOZia, OH HE HYXXJAETCs B CIEIHAIbHOM OXJIa-
xnaeHur. [lod3Tomy OOJBIIMHCTBO MPOU3BOAUTEINEH
CYUTAIOT 3Ty TEXHOJOTHIO HambOolee MepCHeKTUBHOMN
JUISL TITYHOTO TPaHCIIOPTa.

Jxenepan Motopc BriOpan ams nukana [lespo-
Jie, paboTaIOIIero Ha TOIUIMBHBIX 0aTapesx, CUCTEMY C
pedopmupoBaHHBEIM pacTBopoM. OIHAKO 3ampaBIiseT-
csl OH HE METAaHOJIOM, a OeccepHBIM OCH3MHOM, KOTO-
pBIi IIpeoOpasyercs 3aTeM C IHOMOLIBbIO0 ped)OPMHUHT-
YCTaHOBKH B BOJIOPOI.

OnHako, HE3aBUCHMO OT TOTO, Kakoe peIIcHHE
BEIOEPYT IS ce0sl MPOM3BOAMTENN, COBCEM HE YIe-
JIUTh BHUMAaHHUE BHEIPEHHUIO TEXHOJOTWH TOIUTMBHBIX
9JIEMEHTOB OHM YK€ HE CMOr'yT. BBIyCK aBTOMOOH-
Jed ¢ HYJNEBBIM KOJIWYECTBOM BPETHBIX BBHIOPOCOB
CTaj JeJIOM MpecTika. HaunHaercs: copeBHOBaHHE 3a
3aBTpAIIHUE PBIHKK COBITa aBTOMOOMIEH Ha BOIOPO-
Te.

3AK/IIOYEHHUE

['maBHBIM NMPEUMYIIECTBOM TOIUIMBHBIX 3JEMEH-
TOB SIBJII€TCS TO, YTO XHMMHUYECKas >HEPIHs B HHUX
HaIpsIMYIO TpeBpalaercs B dekTpudeckyro. [Ipuaem
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9TO TPOMCXOAWUT O€3 NBIKYIIMX 3JEMEHTOB, a 3TO
3HAa4YMUT — 03 MMoTeph Ha TpeHUe U 0e3 IIyma, a TaKkxKe
0e3 BbINENIeHUs BpeJHbIX BenlecTB B atMocdepy. Ilo-
9TOMY NPUMEHEHHE TOILIMBHBIX 3JIEMEHTOB B aBTOMO-
OWIAX SBISETCS OYCHb IMEPCHEKTUBHON TEXHOJIOTHEH
C TOYKH 3pPEHHMS 3aLIUTHl OKpYKalomeh cpeasl U 3¢-
(hEeKTHBHOTO MPOM3BOACTBA IJIEKTPOIHEPTUH, XOTS Ha
CETOAHSIIHUKI JIeHb M CHPSDKEHO C OIpeIeICHHBIMU
TpynHOCTMU. K TakuM TpyIOHOCTSIM OTHOCSITCS Cie-
JIyIOIIUe:

1. Bblcokas CTOMMOCTh TIPOW3BOJCTBA, B
MIEpPBYIO O4Yepesb M3-3a HAINYMS JeTalled U3 IIaTHHEI
— OJJHOTO M3 CaMHUX JOpOTMX METaJUIOB Ha 3eMmile.
Kpome sToro, yBenn4mBarOT CTOMMOCTh TaKHX aBTO-
MoOmielt O6aku Ui BOIOPOAA, KOTOPhIE JTOKHBI BhI-
JIepXKHUBATh BBICOKOE JaBleHHE (CM. PUCYHOK 3), a
TaKKe BCS CHCTEMa, B KOTOPOHW MPOUCXOIUT XUMHYE-
CKasl peakuus, 4acTo IIPH BBICOKHX TeMIeparypax.
Hogeiinrass Mozens aBTOMOOWIISE Ha TOIUTUBHBIX dJIe-
MeHTaX, Koropyto Toiora coOupaercs BBITYCTUTH
nerom 2015 ropma, O6yzner crouts B Snonmn 50.000
eBpo, mpuueM 45% ot 3Toi cToMMOCTH OyaeT MpUxo-
JTUTHCS Ha OaTapero TOIUTMBHBIX neMeHToB. B EBpore
CTOUMOCTH TOJIBKO CHUCTEMBI TOIUIMBHBIX 3JIEMCHTOB
cocrtaBisieT okoso 45.000 eBpo. U xota B uccnenoa-
unu Ponanpia Beprepa [3] B mepuon g0 2025 roma
MPOrHO3UPYETCsl CHIDKEHNUE CTOMMOCTH aBTOMOOMIIEH
Ha TOIUTMBHEIX 3yieMeHTax Ha 20%, HO, K COKaJIEHHIO,
9TOro OyAeT HEZOCTATOYHO, YTOOBI IOJNHOCTBIO Iie-
pEeHTH Ha JAHHBIC TEXHOJIOTUH.

2. TpymHOCTH peanu3alliM CETH 3alpPaBOYHBIX
CTaHIMI JyIsl 3alpaBKH aBTOMOOWIIEH BojgopoaoM. B
uzieane cienoBajgo Obl caenaTh BO3MOXKHBIM 3alpaBKy
aBTOMOOWJICH BOZOPOIOM Ha OOBIYHBIX AaBTO3AIpa-
BOYHBIX cTaHIusIX. OpHako, HampuMep, B ['epmMaHun
Ha CErONHSIIHUI JAEHb CYIIECTBYET TONbKO 14 aBTO-
3ampaBoK, TJe uMeeTcs B mpoaaxke Boxopon. B 2015
rofy IUTaHHUPYETCs MTOBECTH 3T0 uncio A0 50. OgHako
1 3TOro OyzeT HeJOCTaTOYHO.

IIpumeHeHre COBpEMEHHBIX TEXHOJIOTHNA MPOU3-
BOJCTBA MO3BOJIUT CHU3UTh CTOMMOCTH TOIUIMBHBIX
3JIEMEHTOB. JTO, HalpHMep, NPUMEHEHHE aBTOMAaTH-
YECKUX MPOU3BOACTBEHHBIX JIMHUH AJIS1 U3TOTOBICHUS
TaKUX KOMIIOHEHTOB TOIUIMBHBIX 3JIEMEHTOB, KaK Ia-
30BbIe JAU(PY3UOHHBIC YCTAHOBKH, ra3oBbie auddy-
3MOHHBIE JIEKTPOJIbI, MEMOPAHHO-3JIEKTPOIHBIE Y3JIBL,
pacrpenenuTenbHbIe YCTPOICTBA U OUIIONApHBIC TIIa-
CTHHBI, a TaKKE NPUMEHEHHE aBTOMATHU3MPOBAHHBIX
JTUHAN A7 COOpKHM TOIUTMBHBIX 3JeMeHTOB. Kpome
3TOr0 MpEAJaracTcsi NMPUMEHATh aBTOMATH3HPOBAH-
HBIC MOAYIH IJIsl OCYLIECTBICHUS CIOXKHBIX IpOIIEC-
coB 00pabOTKH ¥ HAHECEHHS TIOBEPXHOCTHOI'O CIIOS Ha
JeTaJii 33 OAWH TIPOXOZ, a TaKke poOOTHI-
MaHHITYJISATOPBI JJIs1 COOPKM TOIUIMBHBIX 3JIEMEHTOB U
Oarapeil n3 HUX. Bce 3TO MO3BOMUT CHU3UTH 3aTPaTHI
Ha MPOW3BOJCTBO U YCKOPUTH BHEJPEHHE TOIIMBHBIX
3JIEMEHTOB B MAaCCOBOE MIPOU3BOACTBO

[IpumepoM ymadyHOTO BHEAPEHMS TOIUIMBHBIX
3JIEMEHTOB B aBTOMOOWMJIBHOW OTPAciM MOXET CIy-
JKUTh CHUCTE€Ma MPUTOPOAHBIX aBTOOYCOB ropona
Kenbh (Tepmannst) [2]. C 2011 roxa 3aeck Kypcupy-
I0T JBa aBTOOyca, pabortatomme Ha Bomopoxe. o
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Po3sgin 2. EHepreTuka Ta eHeprosbepexxeHHs

2030 roga rulaHUPYETCsl 3aMEHUTH BCE IMPHUTOPOIHBIE
aBToOychl KenmbHa aBTOOycamMu Ha TOIUTMBHBIX 3JIe-
MeHTaX. Bomopox ¢upma monydaer Ha mpennpusTH-
SIX XMUMHYECKOTO IIPOM3BOJICTBA, PACIIOIOKEHHBIX

BOIM3M HACENEHHOrO IyHKTa XIOPT, IZ€ BOJOPOJ
SIBIISIETCSL OTXOJIOM IPOW3BOACTBA. J{JIsl 3ampaBKu CBO-
nx aBToOycoB ¢upma momyugaer 20 T Bomopoda B
JIEHb.

XoHJa IIIaHUPYET CEPUIHBIN BBITYCK BOAOPOI-
Horo aBToMobmiist B 2015 roay (cM. pucyHok 4).

. %

Pucynox 3 — OmuH U3 /1ByX 0akoB C BOIOPOJIOM,
HaXOSIIMXCS IO JHUILEM aBTOMOOUIIS

Pucynox 4 — Taxoit GpyrypucTUuecKkuii aBTOMOOWIIb
Ha TOIUIMBHBIX JJeMeHTaXx XOHIa coOmpaercs 3arry-
CTHTH B CEpHITHOE MPOU3BOACTBO B 2015 romy

CymectByromme u pa3padarsiBacMble aBTOMO-
OWIM Ha TOIUIMBHBIX JJIEMEHTAX IMO3BOJIIOT C yBE-
PEHHOCTBIO POTHO3UPOBATh OBICTPOE Pa3BUTHE IAaH-
HBIX TEXHOJIOTMH Yy)Ke B Onmkaiiiiiem OyayiieM, uTo
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BIIOJTHE COOTBETCTBYET OOIICH TEHACHIIUM DPa3BUTHS
MPOMBINIJICHHOCTH B HANPaBJICHUU YHEProcOeperaro-
X W BBICOKOA((EKTUBHBIX MPOU3BOICTB, HE 3a-
TPS3HSIONINX OKPYXKAIOIIYI0 Cpedy, Oa3hpyIOIIUXCs
Ha MPUMEHCHUU BO300HOBJISEMBIX HCTOYHHUKOB DIICK-
TPO3HEPTHUH.

OpHaKo, eCTM MBI TIONBITAEMCS CIIPOTHO3UPO-
BaTh Pa3BUTHEC JAHHOW TEXHOJOTWH B YKpauwHe, TO, K
COXAJICHHUIO, CYIICCTBYIOIICE HA MAaHHBI MOMEHT OT-
CTaBaHME OT 3amaja MPaKTHUSCKH BCEX OTpaciel ore-
YECTBEHHOH MPOMBIIUICHHOCTH, OCTIOXKHEHHOE KPU3H-
COM BCJCICTBHC BOCHHBIX JICHCTBHI Ha BOCTOKE
YKpauHbI, HE MO3BOJISICT HAM CHIEJIATh ONTUMHCTHYC-
CKHE BBIBOJIBI O TICPCIICKTUBAX BHEIPEHHUS TOIUTUBHBIX
3JICMEHTOB OTCUYCCTBEHHBIM aBTOIPOMOM B OJIMDKali-
niee naecatwierue. UToObl HauaTh B YKpawHE Macco-
BOE MPOU3BOJICTBO aBTOMOOWIICH Ha BOIOpOJIE, HEOO-
XOJMMO CHayaja HajJaJuTh POU3BOACTBO OOBIYHBIX
3JIEKTPOMOOHMIICH U THOPUIHBIX aBTOMOOWJICH, a 3a-
TEM, TOCNIe pa3pabOTKU CXEeM IS 3alpaBKd aBTOMO-
Ouiell BOJOPOIOM, MEPEXOJUTh Ha TEXHOJIOTHUH TIPO-
M3BOJICTBA aBTOMOOWIIEH C HYJIEBOW dMHCCHEl Bpel-
HbIX BemlecTB. OnHaKo, y YKpauHbl, Ha Hall B3I,
JIOCTaTOYHO TOTEHIMAaNa Jjsl pa3BUTHS B Oymyiiem
TaKUX HaYKOEMKHX IPOHM3BOJICTB, U OT CETOAHSIIHUX
IIKOJIbHUKOB W CTY/IEHTOB OyIeT 3aBUCETb OuYEHb
MHoroe. Hanpumep, Oyner 3aBuceTb, OCTaHETCS U
YkpanHa 3KCHOpPTEPOM, TIIABHBIM 00pa3oM, MOJCOIN-
HEYHOr0 W pAarcoBOr0 Macia, WM MPEeBpaTHTCS B
CTpaHy-3KCIIOPTEPa HOBBIX BBICOKOTEXHOJIOIMYHBIX U
IKOJIOTMYECKH Oe3BPEIHBIX TOBAPOB U TEXHOJIOTHIA.
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QUALITY IMPROVEMENT OF CARS BY MEANS OF FUEL CELLS UTILIZATION

A review of the existing types of fuel cells, their advantages and disadvantages, as well as the pro-
spects for their use in the automotive industry has been carried out in the paper. General problems
that make it difficult to launch fuel cell vehicles in series production are analyzed, some sugges-
tions for dealing with them are proposed. Examples of application of fuel cells in cars today and a
forecast of development of these technologies in the future are given.
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