BBICOKHMX KOHIICHTpAIM KBApIICBOW MBUTM MPHUBOIUT K JICTEHEPATHBHOMY 3a00JICBAHUIO JIETKUX — CHIIUKO3Y.
JlokazaHo, YTO KPUCTAJUTMYECKHUN KBApIl MOXKET IIPUBECTH K PaKy JIETKUX Y JIFOJCH, BABIXAIOIIUX €r0 MbUIb B
TeYeHHe MHOTHUX JieT. Eclii B cocTaB MOpoMmKa JUisl MOKPBITUS. BXOAUT KPUCTAIUTHUCCKUIA KBAPII, 3TO JIOJKHO
OBITh YKa3aHO B TEXHUUYECKOM TACTIOPTE HA MaTepHa M Ha YITAKOBKE C MPETYNPEKIACHHEM O TOM, YTO JIAHHBINA
MPOYKT SIBIISIETCS TOTEHIIMATIBHBIM KaHI[EPOTCHOM.

CunTaercs, YTO €CJIU MOTCHIMAIBHO OMACHBIC YACTHUIIBI, TAKHAE KaK KPUCTAJUTMUCCKUHN KBApII, 3aKIFOUCHEI B
CMOJISTHYIO 000JI0UKY, KaK 3TO IMPOMCXO/UT B MOPOIIKOBBIX KPAaCKaX, OHH HE MPUYMHSIOT HUKAKOTO Bpe/ia.

MenmuiHa NpUICPIKUBACTCS HHOW TOYKH 3PEHHS, U KPACKH, COJCPIKAIIUE TAKUE BEIECTBA, CYMTAFOTCS
BPC/THBIMH.

Yarrie Bcero MOKPBITHS OTBEPIKIAIOT B Tiedax. Bpemst orBeprkaenus 00braHO coctarisiet 10 mum mpu 200 °C
u 30 mua nipu 135 °C.

B 3tom cityyae BO3MOKHO 00pa30BaHHUE JIETYYUX MMOOOYHBIX MPOAYKTOB pasziiokeHus. [loaTomy BakHO,
YTOOBI BCE TIEYM UMEIH XOPOIIYIO BBITSKKY. [leun HeoOX0auMO PEryIsSIpHO MPOBEPSTH HAa TIPSIMET HaJyIeKa-
IIETO OCYIIICHHUS U OTCYTCTBHUS BPEIHBIX BHIOPOCOB B paboucii 30He. [IoHATHE yTHUIM3alUK MPOMBIILUICHHBIX
OTXOJIOB BKJTIOYAET B €O IENbIif KOMIIIEKC CYIIECTBYIONINX TEXHONOTMYECKUX TPOIIECCOB, KOTOPBIE TPEOYIOT
HE TOJIbKO HCITOJIb30BaHMsI COBPEMEHHOTO 00OPYIOBaHMS, HO U CHEIMATLHBIX 3HAHUWI, & TAKKe COOMFOICHHS
TpeOOBaHMIT 3aKOHO/IATENLCTBA B 3TON 001acTh. He Bce mMpOMBINUICHHBIE MPEIIPHUATHS MOTYT PEIIUTH BOIPOC
YTHIM3AIMH OTXOA0B CAMOCTOSTEIBHO.

CI0XKHOCTD YTWIN3aluH IMPOMBINUICHHBIX OTXOA0B JAHHOT'O TUIIA 3aAKIIIOYACTCA B TOM, YTO KaxKJas KaTc-
TOpHs JIAKOKPACOYHBIX MaTepUaJioB TpeOyeT 0COOBIX YCTIOBHI M TEXHOJIOTHI JUTs 3TOro mpouecca. Kpome toro,
COMJIaCHO TPeOOBAHUSIM 3aKOHONATENILCTBA B OOJIACTH SKOJIOTHMH, BCE MPEAMETHI U MaTepUasbl, HEMOCPEI-
CTBCHHO KOHTAKTHPYIOIIHME C HUMH, TaKXkKe Mmojuiekar nepepadorke. [ToCKONbKY Bce KpacKd MPENCTaBIISIOT
co00l MeNKOIUCIIePCHBIC MOPOIIKH, OHH BPEIHbBI, KAK MHHUMYM W3-32 HETATHBHOTO BO3JCHCTBUSI MBI HA
OpraHM3M.

B 3akirouenue XxoTenoch Obl OTMETUTH, YTO Hallla padoTa 3aTparuBaeT NpodiaeMy HE TOJNBKO yTHIH3AIMU
OTXOJIOB, HO M MX IepepabOTKH, YTO MO3BOJICT COXPAHUTH OKPYKAIOIIYIO CPEY U MPHHOCAT ONpEICICHHbBIC
SKOHOMHYECKHUE BBITOIBI IPOU3BOTUTEITIO.
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Introduction. The suitability of any fuel for use in internal combustion engines is determined by its
engine properties. As a hydrogen fuel, it has a number of important properties that distinguish it from other
fuels. The use of hydrogen allows for a new approach to the organization of the work process of internal
combustion engines, significantly increasing their fuel efficiency and reducing the amount of harmful
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emissions from exhaust gases [7,9,12,14,15]. The characteristics of the operating process of hydrogen-
powered engines are the concentration limits of the hydrogen-air mixture, the temperature and energy of
combustion, the rate of combustion, the distance of the flame, the net calorific value per unit mass of fuel.
Hydrogen is one of the most energy-efficient fuels, with a lower combustion heat value than petroleum
fuels (42,700 kJ / kg for diesel and 43,930 kJ / kg for gasoline). kg) is almost 3 times higher, 120,000 kJ /
kg. When hydrogen fuel is used in internal combustion engines, the engine power is significantly lower at
the same size cylinder and compression ratio. To prevent this, the excess coefficient of air required for hy-
drogen combustion a> 1 must be high and the working mixture must be prepared outside. If the working
mixture is prepared inside a cylinder, spontaneous combustion of hydrogen will occur. The combustion
equation of hydrogen is given below [3-6].

2N2 + 02 = 2N2 0.

During the combustion of three newly charged gas molecules, two molecules of the combustion prod-
uct are formed, as a result of which the moles of the combustion products M, decrease relative to the num-
ber of moles of the new charge M;. Due to the low density of hydrogen in the stoichiometric composition
of the mixture, the energy density of the hydrogen engine in which the internal mixture is formed is
15-20 % lower than that of a gasoline engine. Conversely, when an external mixture is formed, the energy
density of the hydrogen engine increases by 12 %, allowing higher values of the average effective pressure
of the nadduv engines to be achieved (up to 0,85 MPa) [1].

Changes in the effective power of the
engine and torque when using a
gasoline-hydrogen mixture
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Figure 1 — As a result of adding 5-50 % hydrogen to the engine of the Spark car, its power and torque increase

Method. When hydrogen is used as a fuel in internal combustion engines, forms of mixture formation
outside the cylinder and inside the cylinder can be used. The formation of the external mixture has the fol-
lowing indicators, the degree of homogeneity of the mixture is high, determined by the fuel properties such
as temperature point and diffuse ion. Hydrogen is the best fuel in this regard because its boiling point is
—253 °C and to exclude the presence of a liquid phase in the working mixture under any operating condi-
tions of the engine; the diffusion coefficient of hydrogen is 8 times higher than that of gasoline. We can
say that under atmospheric conditions, hydrogen is always in a gaseous state, which mixes well with air.
These properties of hydrogen ensure the formation of a homogeneous mixture, and during the preparation
of the mixture it increases the speed of its movement due to bending and contraction in the cooling and
inlet pipes, and as a result does not form a film on the surface of the inlet pipes. If we use hydrogen fuel in
internal combustion engines, it is definitely advisable to use the method of external preparation of the
working mixture. Below we explain one such method [1, 2, 5, 6].

With the formation of the internal mixture (with the delivery of fuel to the compression line) the re-
quirements for fuel in terms of the rate of formation of the gamagen mixture become more stringent, be-
cause the time allotted for the formation of the mixture is one how many times less. The properties of hy-
drogen meet these requirements better than those of liquid and gaseous hydrocarbon fuels. Hydrogen mixes
quickly and qualitatively with air to form a combustible mixture in a very short time (less than 1 m/s).

Series-produced internal combustion engines can run on a mixture of gasoline and hydrogen with mi-
nor upgrades.

The addition of hydrogen fuel to gasoline fuel promotes the formation of highly active centers of chemical
reactions (hydrogen atoms) in the cylinder, reducing the ignition energy and expanding the combustion limits of
gasoline.
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Conclusion. The addition of hydrogen to hydrocarbon fuels contributes to the formation of highly active
chemical reaction centers (hydrogen atoms), reducing the ignition energy and expanding the combustion limits
of gasoline, resulting in a significant improvement in the economic and environmental characteristics of the en-
gine. With the addition of a relatively small amount of hydrogen, gasoline consumption is reduced by more than
1/3 while maintaining the maximum power of the main engine. Hydrogen-added engines belong to the group of
low-toxic internal combustion engines and meet the highest requirements for exhaust gas emissions without the
use of catalysts.

An increase in the combustion rate of a hydrogen-enriched gasoline-air mixture helps to increase the detona-
tion resistance of gasoline: the addition of 5 % hydrogen increases the detonation resistance of gasoline by
8-10 times, and by 10 % — by 13-15 times. To increase the self-ignition resistance of gasoline by adding hydro-
gen, to achieve this goal to completely eliminate the addition of tetraethyl lead to gasoline and to reduce the
emissions of lead compounds from engine exhaust gases. 'q allows you to do.

In general, we can conclude that hydrogen additives to gasoline are promising, especially in the first phase
of the transition of the automotive industry to pure hydrogen. The addition of hydrogen does not require signifi-
cant changes to the design of the fuel system, where the engine can only run on gasoline, which is important
until the number of hydrogen filling stations reaches a sufficient level.
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OCOBEHHOCTH SKCILTYATAIIMA ABTOMOBWJIbHBIX IBUTATEJIENA
B ’KAPKO KIIMMATHYECKHUX YCJIOBUAX Y3BEKNCTAHA

H. KAPUMXOIDDKAEB, J1. A. MOHJJMHOB, JI. I1. OPT'AIIIEB
Anoudrcanckuil 20cyoapcmeeHubill mexnudeckuil uncmumym, Pecnyonuxa Y36exucman

ABTOMOOWJIN M WX JIBHUTATCIIM TPU MPOCKTUPOBAHHWH, KaK IMPaBUIIO, PACCUUTHIBAIOTCS Ha paboTy B
YCIIOBUSIX YMEPEHHOTO KJIMMAaTa, XOTSA U MPUPOTHO-KIMMATHYSCKUE YCIOBHS, OCOOEHHO 3KCTPEMalIbHBIC
CJy4yau, OKa3bIBaIOT CYIIECTBEHHOE BIUSHUE HA HAJEKHOCTh U U3HOCOCTOMKOCTh ABuratencit [1—4]. Huke
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