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KOreHEpPALMOHHAA YCTAHOBKA HA BA3E OU3EJb - TEHEPATOPA
ArA-900, PABOTAIOLWAA HA PACTUTEJIBHOM MACIIE.

Cepreit floueHko’', Anekcanap Mpa6oseHko?, Urops LBew?

COGENERATION PLANTS BASED DIESEL - GENERATOR DCA-900, RUN ON
VEGETABLE OIL.

Sergey Dotsenko’, Alexander Grabovenko?, Igor Shvets®

Abstract. In this article describes the test results of a cogeneration unit based on a diesel generator DGA-900,
working on soybean oil. The features and advantages of a cogeneration plant, which increases the possibilities of
efficient heat utilization, are described. The results of testing a diesel generator with soybean oil and diesel fuel are
given.

B aToli cTatbe onucaHbl pe3dynbTaThl UCMbITAHWUIA KOreHepaunoHHOW YCTaHOBKU Ha 6ase amsernb-reHepatopa OrA-
900, paboTtatowen Ha coeBom Macne. OnucaHbl OCOGEHHOCTU U MPEMMYLLECTBA KOFeHEepPaUMOHHOW YCTaHOBKM,
NoBbILLAOLWEN BO3MOXHOCTU 3PdEKTMBHOM yTunusaumm tenna. [puBeaeHbl pesynbTatbl UCMbITAHUA AN3Enb-
reHepaTopa Ha COeBOM Macrie n An3eribHOM TOMnBe.

1. BBegeHue

B ycnoBusix BbICOKOM CTOMMOCTM 3HEProHoCcUTesier, WCNOSib30BaHME 3KOHOMMUYHbIX
MCTOYHUKOB 9QHEPrun And MHOMMX MpeanpuaTuin SABNAETCA He TONbKO akTyanbHbIM, HO U
XWU3HEHHO HeobxogumbiM. CerofgHsi BbIrogHee nepexon Ha MpouM3BOACTBO COOBCTBEHHOW
3NEKTPOIHEPTNN N TENMa C NPUMEHEHNEM KOreHepaLUMOHHbIX YCTaHOBOK.

KoreHepaunsa sBnsieTca BbICOKOIMMEKTUBHBIM CMOCOOOM MCMNOSIb30BAHNEM 3HEPruu
TOMNMMBa C NoslyYeHnem aByx popmM NOSIe3HON SHEPrumn - TENSIOBOWN N 3neKTpuyeckon. [nasHoe
NPENUMYLLIECTBO KOreHepauMOHHOM YCTaHOBKM nepen OOblYHbIMM  TensIo3a1ekTpoCTaHUUAMU
cocToMT B TOM, 4TO npeobpas3oBaHMs 3SHepruM 34ecb npoucxogut ¢ Gonblien
appekTnBHOCTLIO. HBIMM CrioBaMn, cCUCTEMA KOreHepauuuM NO3BOSISIET UCMNONb30BaTh TO
Tenno, kKoTopoe 06bIYHO NPOCTO 6e3BO3BPATHO TepsieTcs. Npn 3TOM CHMXKaeTcs NOTPeOHOCTL B
3aKyrnke 9SHEeprMm Ha BeNUYMHY MNPOU3BELEHHOW TEMMNOBOW W 3MEKTPUYECKOW IHEpPruu, 4To
cnocobCcTByeT YMEHbLUEHWIO NPON3BOACTBEHHbIX 3aTpar.

KoreHepaLMOHHbIE YCTaHOBKM A1 KOMOMHMPOBAHHONO MNPOU3BOACTBA 3NEKTPUYECKON
3Heprum u Tenna Obinn co3garbl cneuynanuctamm OAO «lMepBomancbkamnsenbmaw» Ha 6ase
CTaunoHapHbIX fABuratens - reHepaTopoB (OBIA) ¢ yTunusaumen TennoTbl BbIMYCKHbIX ra3os,
BOAbl OXNaxXAeHus OBuratend, macna v rasoBo3gyLUHOM cmecu nocre TypboHarHeTaTens.
Tennota, yTunuampyeTcs OT OXNaXAeHuUs ABUratens M BbIXMOMHbIX ra3oB, B BUAe ropsiyen
BOAbl MOXEeT nodaBaTbCA B CUCTEMY T[Opsiyero BOOOCHabXeHWsl, OTOMMEHUs  Unu
MCNOMb30BaTbCSA B TEXHOOMMYECKMX onepaumsix 1 XonogunbHbIX MallnUHaX.

Temnepatypa BbIX/IOMHbIX Fa3oB Ha Bxode B TEnnOOOMEHHWK YTUNN3ALMOHHbBIN
BogorpenHbin (TYB) coctasnser 520 ... 550°C, npm atom B cpegHem Ha 100 kBT
3MEKTPUYECKOM MOLLHOCTU noTpebutenb nonyydaet o 135 kBT TennoBow 3Heprum Ans
OTONMEHNS, ropavyero BOAOCHabXeHUs UM NCnonb30BaHUS B TEXHONOMMYECKMX npoueccax.

onektpuyeckmii Kr[ Ttakmx ycTaHOBOK npu NoOOM pexume Harpyskm MMEET BbICOKWUN
nokasatens n gocturaet 36%, a obwwmin KrL (anektpuyeckmn + tennoson) - oo 90%. B
pesynbTate obecneyMBaeTCa MaKCUMMarnbHbI  3KOHOMMYECKUA 3pekT uncnonb3oBaHUs
TonnMBa.
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puc.1 Cxema koreHepauunoHHoun yctaHosku [IFA-900

He manoBaxxHbIM MOMEHTOM Npu paboTe KOreHepaunoHHOW YCTaHOBKM SBMSIETCA BbIGOP
MOTOpPHOro tonnmea. OCHOBHbIM BMOOM MOTOPHOMO TOMMMBA HA AAHHbIM MOMEHT SIBMSIETCS
TONNMBO HedTaHOro npoucxoxaeHmd. C kaxgblM rogomM 3anacbl HEPTU UCTOLLAKTCA U
3Heprusi, KoTopasi nonydaeTcs C WX MNOMOWbIO, AopoxaeT. Kpome TOro, npu CxXuraHuu
HedTAHOro TonnMeBa B atMocdepy BbibpacbiBaeTcsi 60MbLIOE KONMYECTBO BPEAHbIX BELLECTB,
noBblwaeTca KoHUeHTpaums CO,, koTopasa cnocobCTBYET NAPHUKOBOMY IDAEKTY.

Ha paHHbIM MOMEHT Bce Oonblue BHMMaHME MpuBriekaeT OGuonornyeckoe TOMNMMBO,
pecypcbl KOTOpOro He wuccekatoT. [lpy mcnonb3oBaHuM OmoTONNMBA B BbIMYCKHbIX rasax
NPaKTUYECKN OTCYTCTBYET cepa. Takke OGumonormyeckoe TOMMAMBO HEWUTPANbHO B OTHOLUEHMMU
amuccun CO,.

2. U3noxeHue.

[na ansenbHbIX ABUratenen ogHMM M3 Takux TONSIMB MOXET ObiTb coeBoe macno. OgHon
N3 BaXHbIX XapakTEepUCTUK TOMMMBa SIBMSIETCA MIIOTHOCTb, TaK Kak MO HEMW MOXHO AenaTb
BbIBOAbl O (PPaAKLNOHHOM U XMMMUYECKOM COCTaBe TOMNMMBa, O ee TENNOTBOPHOM CMOCOBHOCTN.
MnoTHOCTb AM3enbHoro Tonmnuea cornacHo ACTY 4840:2007 coctaBnsieT 820-845k2/m>, a
NNOTHOCTb COEBOrO Macna cocTtasnsieT 9716-922x2/m>. Mpu sToM npw TelvmepaTy;Pe 20°C
MMOTHOCTb COEBOrO Macra coctaensieT 920k2/m>, a npw TemnepaTtype 80°C - 879ka/m".

BTopoi 13 BaXHbIX XapaKTEPUCTMK TOMMMBaA SBMASAETCA KUMHEMaTuveckasa BSI3KOCTb.
KuHemaTudeckaa BA3KOCTb AM3ENbHOrO TONnvBa, Npu Temnepartype 40°C, cornacHo ACTY
4840:2007 coctaBnsieTr 2,00 — 4,50 m?/c. KuHematuyeckasi BS3KOCTb COEBOrO mMacna, npu
Temnepatype 20°C coctaBnsieT 59 — 72 m%/c. B aTOM cryyae TeKy4ecTb AN3eNbHOro TOMnBa
nydue, OHo nerde punbTPyeTca Yepes O4MCTHble hunbTpa. C gpyron CTopoHbl Bonee Bs3koe
COEBOE Macno UMeeT nyylune CMas3odHble CBOWCTBA, B pesynbTaTe yBenvyMBaeTCs CPOK
cnyxbbl camoro gsuraTenst 1 TONMMBHOIO Hacoca BbICOKOrO AaBrieHust B cpegHemM Ha 60%.
Takke nNpyn MCNOSb30BaAHUN COEBOro Machna yxyglaeTca cmeceobpasoBaHue, pacrnbiiuBaHue U
cropanue Tonnmea. [lyckoBble KayecTBa ABUraTens Takke yxXyaLarTcs.
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Ho npu nosbiWweHnn TemnepaTypbl BA3KOCTb COEBOro Macria pesko yMmeHbluaetcs. B
npouecce MCNbITaHUA ObINO BbISBMEHO, YTO Npu Temnepartype 75 — 80°C BSI3KOCTb COEBOTO
Macna coctaBnsieT 4 — 5 m?/c.

MapameTpbl au3enb - reHepatopa [AIA-900, 3amepeHbl Npu NpoBeAEHUM CTEHOOBbLIX
MCNbITaHWIA, NpUBEAEHbI B Tabn. 1.

Tabnuua 1. NMapameTpsbl [IFA-900 npu paboTe Ha coeBOM Macre 1 AN3eribHOM TOMNNMBe

Pesynbtatel 3amepoB npu
Pa3me paboTte
HanmeHoBaHne napameTpoB P
Hocm | Ha coeBoM macne Ha OT
b
" 50 |75 100 [ 100
1. MowHOCTL An3enb-reHepaTopa KBT 453 | 675 903 900
2. TemnepaTtypa Bo3gyxa Ha Bxoge B TK °C 22 22 23 23
1-umn. | °C 390 | 405 430 420
2-uun. |°C 400 |420 445 450
3.TemnepaTypa BbINyCKHMX rasos Ha | 3-uun. | °C 370 1400 425 430
BUXO/e U3 LUUNMHOPOB 4-umn. |°C 370 |400 430 440
5-umn. °C 400 | 420 435 450
6-unn. | °C 390 | 410 430 425
4. CpefgHsasa Temnepartypa BbINYCKHMX ra3oB Mo oc 387 | 409 433 436
uunmHgpam .
5. TemnepaTtypa BbINyCkHbIX ra3oB nepeq TK °C 430 |480 530 530
6. TemnepaTtypa BbiNyCKHbIX ra3oB nocne TK °C 380 | 405 430 425
1- umn. 7,8 9,4 11,2 10,6
2- umn. 7,8 9,4 11,2 11,0
7. MakcumanbHOe aaBreHue cropaHms | 3- uun. MMa 75 9,2 11,2 11,0
no uunumHapam. 4- unn. 7,5 9,0 10,8 10,7
5- umn. 7,6 9,1 10,8 10,8
6- umn. 7,5 9,0 11,0 10,6
8.CpenHee MakcumanbHOE [OaBIiEHME CropaHusi Ma 76 9.2 11,0 10,8
no uunuHapam.
9. [laBneHne HagoyBOYHOrO BO3gyxa BO MMa 005 | 0,095 | 0155 | 0,15
BMYCKHOM KONeKTope
10. TemnepaTtypa Boabl Ha Bxoae B OHB °C 28 28 29 28
11. Temnepatypa Tonnusa nepen THB[ °C 75 75 75 20
12. YpenbHbIn pacxod TonnvmBa (M3MEPEHHas) | rkBrrog 280 | 259 259 291
Ansenb-reHeparopa

McnbiTaHna npoBogunucb Ha ausene 64YH26/34 B coctaBe cCepurMHOro Au3ernb-
reHepatopa [OIA-900 mowHocTteto 900 kBT. [Ona makcumarnbHOro MCnonb30BaHUsS TennoThbl
Tonnuea paspabotaHa cuctema oxnaxgenHums [OFA-900 npu pabote ero B cocTaBe
KoreHepauMoHHOMW ycTaHOBKU. OCOBEHHOCTLIO CUCTEMbI OXNaXOeHus SABNSeTCs TO, YTO OHa
BbIMOSIHEHA W3 Tpex KOHTypoB. B nepBoM KOHType oTOupaeTcs Tenno OT TOnnuBea,
oxrfiaxgarowen pacnbimtTenu OPCYHOK, Macria CUCTeMbl CMa3ku, au3ens. Bo BTOpoM KOHType
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oTOupaeTca Tenno OT HagAyBOYHOro Bo3gyxa. B TpeTbeM KOHType oTOupaeTcs Tenno oT
BbINYCKHbIX ra3oB Au3ens. Hanuume Tpex KOHTYpOB OXNaXAeHus MNO3BOMseT nonyyaTb
noJorpeTyo Bo4y C pa3HoOW TemnepaTypon.

Mpu 3anycke gsuratens pabotan Ha An3enbHOM TOMMMBE, NOTOM MPOUCXOAUN Nepexosq
Ha coeBoe macno. [na HopmanbHoOM paboTbl TONMIMBHOW CUCTEMbI NMpu paboTe Ha COEeBOM
mMacne Temnepatypa TonnuBa neped  TOMNMUBHBIM — HACOCOM  BbICOKOrO  [AaBreHus
noggepXxusanacb Ha ypoBHe 75°C, yto obecnednno npuemnembin YpoBEHb €€ BA3KOCTMW.
Tonnueo nogorpeBanocb B TOMAMBHOM ©Oake, NpuM 9TOM nNageHus TemnepaTtypbl npwu
n(;))oxom,u,eHmm Tonnmea OT Gaka A0 TOMMMBHOIMO Hacoca BbICOKOro AaBNeHWsa cocTaBnsana 2 -
4°C.

3eKTUBHbINM YAENBHbIA Pacxon TONAMBA B 3aBUCMMOCTM OT HAarpy3Ku

4
|
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puc.2 3 PEKTMBHLIN YAENbHbIN pacxon AN3ernbHOro TonnMea 1 COEBOro Macna B
3aBMICMMOCTU OT Harpysku

YaenbHbI pacxod COeBOro macna ysenuuuncaHa B cpegHem Ha 14-15% no cpaBHeHUIO
C yOenbHbIM pacxo4oM AM3ErNbHOro Tonnmea. OTO B MEPBYK OYepedb CNeACcTBME TOro, YTo
TennoTa cropaHusi CoeBoro macrna (Tensnioty cropanuus Qn = 37300 k[k/k2) 6bonee HM3kaa (Ha
14%), yem y ousenbHoro Tonnuea (Tennoty cropaHna Qn = 42500 klx /k2).

AHann3 napameTpoB paboTbl AM3enb - reHepaTtopa npu pabote Ha An3enbHOM Tonnmnee
M COEBOM Macne CBUOETENbCTBYET O TOM, YTO TakMe Onpedenswolme napameTpbl paboyero
npouecca An3ens Kak MakcMmarnbHOe AaBreHne CropaHnsa n Temnepartypa BblMyCKHbIX ra3oB Ha
BbIXO4E U3 LMMHAPOB NPaKTUYECKN COBMNaaatoT.
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Cpe,EI,HHH TemnepaTtypa BbINYCKHMX Ta30B B 3aBUMCHMMOCTH OT HAarpyz3kKku
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prc.4 MakcumarnbHoe faBrieHne cropaHus B 3aBUCUMOCTU OT Harpy3ku

Mo pesynbTaTam npoBedeHHbIXx ucnbiTaHnn [OIA-900 Ha coeBoM Macne ero
anektpuyecknn KMNA coctasun 37,5%, tennoson K - 52%, a obwmn KL koreHepaunoHHoOm
yCTaHoBKM - 89,5%.
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3. 3aknro4yeHue
[MpoBeaeHHble ncnbiTaHnsa ansenbs - reHepatopa AIrA-900 npu pabote Ha coeBoM macne
nokasanu, 4to nocrne aopaboTkm KOHCTpykumn amnsenst 644H26/34 n ero cuctem, OH MOXET
YCMNeLHO NPUMEHSATLCA B KOreHepaLMOHHbIX YCTAaHOBKaX, MCNOMb3YOLWNX B Ka4ecTBe TONnvBa
pactuTenbHble macna. K nsmeHeHnaM KOHCTPYKUMW OBUraTenst MOXXHO OTHECTU crnefytoLmne:
- HeobxoauMMOCTb NoAorpeBa COEBOro Macna B TOMSIMBHOM 6ake Afsi yMEHbLUEHUS ero
BA3KOCTMU;
- YMEHbLUEHMS yrna onepexeHnsa Bnpbicka TONNNBA;
- yBEnuMYeHus auvameTpa TpybonpoBOAOB ANS  YNYYLWEHUs nycka HenporpeToro
aBuraTens.
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ANALYZING A TWO-STROKE AUTOMOBILE ENGINE
USING COMPRESSED AIR

Georgiy Tokhtar 1, Alexander Voronkov 2, Igor Nikitchenko 3, Eduard Teslenko 4,

Artem Nazarov °, Alexander Gurko®, Nataliia Smirnova’

Abstract. The work is dedicated to solving the problem of developing the methodology of organizing the work
processes of the pneumatic engine for the automobile combined power plant with higher economic and
environmental parameters compared to the internal combustion engine, that is important for cities with heavy traffic
as well as for specific enterprises of mining and oil-and-gas industries. In the course of the research the analysis,
integration and systematization of the existing works devoted to the use of pneumatic engines in automobiles have
been carried out, the theoretical fundamentals of organizing the work processes of pneumatic engines based on
the static and dynamic computer models have been developed. According to the results of the research the
software for modeling the work processes of the automobile pneumatic engines with and without heating has been
developed.

Keywords: combined power plant, work processes, pneumatic engine, compressed air.

1. Introduction

During the last two decades, the use of combined power plants has increased in the
global automotive industry. It consists of a traditional internal combustion engine and an
auxiliary one, as a rule, a less powerful electric motor. The auxiliary engine is used in the
operational conditions in which the internal combustion engine does not operate efficiently
producing high emissions (when driving in a dense traffic flow, parking, etc.). The use of such
hybrid power units in practice makes it possible to save up to 30% of fuel and significantly
reduce the emissions of harmful substances with exhaust gases. However, when using the
electric motor in the car a number of disadvantages appear: the driver's location near a source
of strong electromagnetic radiation, harmful to human health; pollution of the environment when
disposing of the used batteries; the additional weight of electrical equipment; insufficient
operational efficiency due to low temperatures and others [ 1 ].

An alternative to the electric motor, which does not have these disadvantages, in
automotive hybrid power plants, is the environmentally friendly, simpler, more reliable
pneumatic motor. Beginning with 2000 the publications appeared associated with the use of
pneumatic motor in modern vehicles. But today, there is no information about the theoretical
and experimental study of the vehicle pneumatic engine. The work deals with the development
of a methodology for creating highly efficient workflows of the pneumatic motor of a combined
vehicle power plant.

2. Exposition

The aim of the work is:

1. To develop a method for determining the required power of the pneumatic engine to
achieve the maximum speed of the car, taking into account the specification of routes and time,
which will allow calculate the speed and acceleration of the car with a combined power unit.

2. To develop a method of experimental research for working processes of pneumatic
engines with heating and without heating of compressed air with different systems of air
distribution.

3. To perform physical and mathematical modeling of the working processes of the
pneumatic engine, carry out optimization studies and recommend its defining dimensionless
design parameters.

The actions to increase the efficiency of car functioning in conditions of a dense transport
stream are developed and the parameters of the movement of the car such as slowdown are
determined during stopping and speedup at returning to a transport stream. As the technical
tool for fixing the parameters of the movement of vehicles in the central part of Kharkiv the GPS
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navigator was used. The received values of speed of the movement are processed in the
package Statistika 10 [ 2 ].

Very low speed of the movement of public transport vehicles whose
average value during the working day is Vi, = 11.29 km/h on Sumskaya Street and
Vep = 14.56 km/h on Pushkinska Street is characteristic for the central part of the city.

Speedup of a car at the beginning of motion in conditions of a dense transport stream
and during the movement with the maximum speed up to 30 km/h also takes place with
increased air pollution. Theoretical dependence for continuous acceleration is received by
means of the regression analysis.

Vehicles (micro-bus and car) with the pneumatic engine have to run at the maximum
speed of 30 km/h, having the engine power of Nymax = 125 kW and
Nyvmax = 5.8 kW. Determination of power and dynamic characteristics of the pneumatic engine
was calculated for these vehicles according to traction and high-speed by conducting analysis of
the car movement.

The work focuses on the development of the integrated method of experimental
investigation of searching for design values of pneumatic engines and their elements with spool-
type and valve air distribution that includes experimental methods of conducting the experiment
and determining actual values of indicator and effective parameters of pneumatic engine
operation obtaining a non-dimensional coefficient and a criterion that characterize energy and
economic efficiency of the engine work processes: the coefficient of practical realization of the
completeness of the indicator diagram with regard to the static model, the coefficient of
completeness of filling with regard to the static model and the coefficient of the air technical
losses.

The methods of experimental testing of pneumatic engines with and without air heating
have been developed. The bench system of pneumatic engine supply with compressed air
consists of containers with a gas manifold pressure regulator, a flow meter, an air tank with low
pressure, an electric heater, an air filter and connecting pipelines. The test bench allows testing
pneumatic engines with the pressure of the compressed air 0,5-2,5 MPa and the temperature
ranging from 0 to 120 °C. To maintain the target temperature level of the compressed air it is
necessary to use an electric air-and-water heater before a flow meter and after a flow meter it is
necessary to use an air-to-air heater.

Pneumatic engines motor tests related to the study of their work processes were
conducted at the department of Internal Combustion Engines in KhNAHU [ 3 ].

A comparative analysis is proposed of the results of the experimental research of the
working processes of a pneumatic engine with a spool-type air distributor, the impact of the
revolution of the crankshaft r, the pressure of the compressed air at the entrance to the
pneumatic engine ps and its temperature Ts= 293 K on the indicator values of work processes
and effective characteristics of a pneumatic engine are determined (Fig. 1, 2).

The changes of indicated power of work processes and effective characteristics of
operation of a piston pneumatic engine with a spool-type air distributor have been determined at
the mode of speed characteristics for a wide range of inlet air pressure. Practical and scientific
value of the results of the experimental study of a pneumatic engine lies in identifying the
regularities of a physical nature of thermodynamic processes in the engine cylinder, the factors
that affect these processes during energy losses when converting the potential energy of the
compressed air into the useful mechanical work [ 4 ].

12



MEXOYHAPOOHA KOH®EPEHUMUA ,EKO BAPHA® 2019

3501
Ger |
kg/(kW-h)
2501

Fig. 1. Change of the indicated power of a Fig.2. Change of the effective consumption of the
pneumatic engine N;according to speed compressed air g, of a pneumatic engine according
performance without heating inlet compressed air to speed performance without heating inlet

compressed air

The research conducted shows that a pneumatic engine operates with a maximum
efficiency factor at the Ilowest pressure of the inlet compressed air
(ps=0.5MPa). At this mode the flow density of the energy carrier s
ge = 78.0 kg/(kW-h), the effective efficiency factor is n.=0.46. When the inlet pressure ps
increases, the flow density of the energy carrier g. and hourly consumption of the compressed
air G increase too. Herewith, the engine effective power N, increases manifold. According to
the speed characteristic the highest inlet pressure is
ps= 1.1 MPa (increased by 2.2 times), the engine output increased from 1.57 to
6.24 kW (increased by 3.97 times).

The regularity of inlet air temperature reduction f,,: has been detected at increasing the
number of rotations of the pneumatic engine crankshaft (Fig. 3).

fou=—0,01264 - n—12,1°C (5)
t I | T T | T . T
out, |t°‘if =-0.01264-n—12.1, °C
OC u\a,‘qb
A
-20 v Nx\v&ny‘ﬁ FxT
X ]’?H{
25 ~v
30 .
0 200 400 600 800 N, min

Fig. 3. Dependence of the outlet exhaust air temperature
and the frequency of the crankshaft revolution:
X — ps=0,5Mlla; A —ps=0,7 MMNa;
O - ps=0,9 MMa; V —-ps=1,1MlMa

The level of the outlet temperature t,,; is the index of the pneumatic engine operation
reliability without frostbite of outlet ports and possible violations of conditions of oiling its parts.

The results of the experimental study of the impact of heating the compressed air at the
entrance to the pneumatic engine are presented in Fig. 4, 5 [5,6]. Storage of some
compressed air under high pressure (20 — 50 MPa or more) in a vehicle is connected with a
decrease of the pressure to working values (0.4 -2.5 MPa) with the inevitable fall in
temperature in this case: the higher the pressure in the container and the lower its initial
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temperature, the more air is cooled in the pressure regulator. Without preheating the
compressed air the temperature at the end of the expansion process falls up to (— 50 °C). The
continuous work of the pneumatic engine causes frostbite of outlet ports, violations of conditions
of oiling the parts of a sleeve assembly. All this requires heating the air to the minimum
permissible temperature ts = (— 5 °C) before entering a pneumatic engine.

In the work the method has been developed to determine the value of the heated air
temperature taking into account its reduction when strangling in the gas pressure regulator and
heat energy consumption for minimum required air heating.

Heating the inlet compressed air t;= 95 °C does not affect the change of the cycle
indicated work L;, indicated mean pressure p;, indicated power N;. Heating the air reduces the
mass cycle charge by 23-24% at the cycle work L;= const.

When heating the inlet air the value at the modes of speed performance increases from
292 to 324 kW at ps=0.7 MPa and from 425 +to 461 kW at
ps = 0.9 MPa presented in the graph (Fig. 4).

Fig. 4. Change in the effective power of a pneumatic engine
according to speed performance without heating (a) and with heating (b) of the inlet compressed air

The graphs (Fig. 5) show that when heating the air at the entrance to the pneumatic
engine, the value of the efficient specific compressed air consumption at the modes of speed
performance decreases from 74 kg/(kW-h) to 55 kg/(kW-h) at ps= 0.7 MPa and from
82 kg / (kW-h) to 57.5 kg / (kW-h) at ps= 0.9 MPa that corresponds to 26-30%. Herewith,
decrease of characteristics takes place not because of the ideal work process but because
reducing air density and mechanical losses.

Reduction of the value of the air output almost completely corresponds to the reduction of
the density pn, which decreases from 8.324 to 6.368 kg / m° or by 23.5 % at ps = 0.7 MPa, by
24.5 % at ps = 0.9 MPa, but the voluminous value of the compressed air output V when heating
it at the entrance to the pneumatic engine remains the same as during a pneumatic engine
operation without heating.

The work provides a theoretical method of calculation of the work processes of
pneumatic engine based on the dynamic model of V.D. Zinevych, V.G. Dyachenko with the
improvements. The method takes into account the changes in geometric dimensions of inlet
system, gas distribution phases, valve lift height, pressure, speed and temperature of air at inlet
and outlet and allows to determine the impact of these and other design parameters on
indicators of the work processes of pneumatic engine.
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Fig. 5. Change in the indicated flow density of the compressed air without heating (a) and with heating (b)

On the base of work processes calculation, the method of study of the work processes of
pneumatic engine with valve air distribution allows the following:

— to obtain design indicator diagrams of the work process, that are appropriate to the
diagrams taken during experimental tests of pneumatic engine on a test bench under the
conditions without heating and with inlet heating at the modes of speed and load characteristics
with given inlet values of pressure ps and temperature T,

— to determine by design indicator diagram and experimental data of mechanical efficiency
the indicator and net factors of work processes of pneumatic engine.

Experimental studies were carried out on the basis of ZAZ car with a pneumatic motor
that has spool-type air distribution. The pneumatic car was developed by the Department of
Internal Combustion Engines of Kharkiv National Automobile and Highway University.

During the road tests the following was carried out:

— verification of choice of rational parameters of the power plant while driving the car in
the urban cycle;

— evaluation of the possibility of the vehicle movement with an alternative powertrain at
speeds not exceeding the estimated average traffic speed in Kharkiv;

—verification of the adequacy of choice of parameters of the pneumatic power plant
meets the type of vehicle involved in the road traffic.

According to the data of calculation and the tests conducted the graphs shown in Fig. 7
were built.

Comparing the calculation data with the results of experimental studies of ZAZ car, which
were conducted in road conditions (full weight of the pneumatic motor takes into account the
weight of the trailer), it was established that the parameters of vehicle acceleration on the road
in the first, second, third and fourth gear coincides with the theoretical calculations (Fig. 6). The
car in real road conditions is capable of accelerating up to 30 km/h engaging four gears. The
acceleration j of the car in different gears and at different speed was determined.

So, if we analyze the calculations shown in Fig. 6 and compare them with the
experimental studies, we can conclude that the ZAZ car equipped with a pneumatic motor is
capable of moving in the city area with the speed up to 30 km/h, at the same time overcoming
the total resistance of road in the first gear no less than 0.325, the slope of the road up to 2.2
%. In the graphs (Fig. 6,b) one can see that the experimental curves of vehicle acceleration in
the 2nd and 3rd gear differ from the theoretical ones to the lower side. This is due to the
changes in the real external speed characteristics of the pneumatic motor due to a decrease in
pressure of the compressed air in the cylinders.
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---- according to the results of the experiment;

according to the results of calculations

Joint work of the pneumatic-motor and the ICE in the combined power plant shows that
at revolutions up to 800-1000 min™' it is expedient to use the pneumatic motor. For more loaded
engine operating conditions they use an internal combustion engine. Depending on the lay-out
diagram, the engines can operate separately or simultaneously.

When the pneumatic motor operates without heating as part of a combined power plant,
the fuel consumption and exhaust emissions are equal to zero.
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The accuracy of the constructed models are confirmed by the comparative analysis of
calculated and experimental data, which was consistent with the results of other authors; the
use of analysis of variance, with determination of the values of the Fisher criterion.

3. Conclusions

In this work the methodology of organizating the working processes of the pneumatic
motor of a combined power plant of the car was developed, which has higher efficiency
performance and environmental friendliness in comparison with internal combustion engines
that is relevant for cities with heavy traffic, as well as for specific mining, oil and gas industries.

The method was developed to determine the impact of constructive and adjusting
parameters on the pneumatic motor performance, which made it possible to obtain a criterion of
the quality of the working process that allowed to use them in calculations for determining the
actual value of the indicator work and cyclic mass of the charge;

The method to determine the influence of constructive and adjusting parameters of the
pneumatic motor was developed that allows for runtime calculations of the workflow using static
and dynamic models to determine the actual values of indicator and effective parameters of the
engine, which is the basis for organizing effective operational processes of vehicle pneumatic
motors.

By the method of experimental testing of pneumatic motors with different air distributing
systems the following results were obtained:

— piston automotive pneumatic engines with spool-type and valve air distributors without
heating have reached the nominal power N, = 6.22 kW and N, = 19.9 kW, respectively, with
operating cosumption of compressed air ge = 91.45 kg/(kW-h), where g.= 41.9 kg/(kW-h);

— piston automotive pneumatic engines with spool type and valve air distributors with air
heating have reached the nominal power N, = 6.78 kW, N, = 20.02 kW, respectively, with
operating consumption of compressed air go = 61.1 kg/(kW-h), ge = 31.1 kg/(kW-h).
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COCTOAHUA NrONoBKU LUMNUHOPA OU3ENA XUOKOCTHOIO
OXNAXAOEHUA
ANNEKCAHAOP roy

ON CALCULATION OF THERMAL AND STRESS-STRAIN STATE OF A
CYLINDER HEAD OF A DIESEL ENGINE LIQUID COOLING

ALEXANDER GOTZ

Annotation. In an internal combustion engine (ICE), stresses arise from the action of a variable gas force
and from a variable temperature due to the combustion of fuel in the combustion chamber in the cylinder head and
piston, while the thermal stresses are much higher than the stresses from the power load. Therefore, at the design
stage of a new engine design, they are calculating the durability of heat-stressed parts, since they limit the reliability
of a piston engine. The paper discusses the method of selecting source data when calculating the thermal and
stress-strain state of the cylinder head of a diesel engine using the finite element method and using the Solid
Works software package. The stages of creating and preparing a solid model of a cylinder head to create a finite
element model are described using the example of the 8ChN12 / 13 diesel engine (KAMAZ 740.75-440). The main
loads acting on the cylinder head during the assembly period are considered: efforts from pressing in valve seats
and bushings, as well as from tightening the bolts for fastening the head to the crankcase. The shape of the
elements for the finite element model of the cylinder head was chosen from the condition of reducing the estimated
time. This condition was suited to the shape of a finite element in the form of a tetrahedron with four nodal points.
These elements made it possible to reduce the computational grid in cross sections, for example, stress
concentration. It is shown that high-frequency temperature fluctuations that occur as a result of the flow of the
working process of a piston engine do not affect the thermal strength of the cylinder head, and high-frequency
temperature fluctuations due to changes in the engine operating conditions affect. The changes in the basic
characteristics of the aluminum alloy from which the cylinder head is made with temperature and cyclic
thermomechanical loading of low frequency are given. It is shown that with increasing temperature, the endurance
limit of the material decreases at low frequency loads.

Keywords: cylinder head, thermal state, stress-strain state, diesel, final element, aluminum alloy.

Introduction. During operation of the transport diesel engine in unsteady conditions in the
cylinder head and the piston, stresses arise not only from the variable gas force, but also
variable temperature stresses caused by the temperature difference in individual sections of
these parts, since the thermal state in the combustion chamber changes over time. Note that
calculations [1] often show that the temperature stresses of heat-stressed parts exceed the
stresses from the power loads by an order of magnitude. Therefore, at the design stage of a
new piston engine with specified in the terms of reference indicators of durability, the calculation
of durability is given to the cylinder head or piston. We consider the method of selection of the
initial data in the calculation of thermal and stress-strain state of the cylinder head of the
transport diesel engine using the finite element method and using the software complex Solid
Works, taking into account the nature of the loading during Assembly, as well as in conditions

Purpose of research. To propose a method of selection of initial data in the calculation of
thermal and stress-strain state of the cylinder head of the transport diesel engine of liquid
cooling, taking into account the loads arising from the pressing of the seats and valve bushings,
installation of injectors, fixing the head during Assembly, as well as during the operation of the
diesel engine.

The proposed method of research. Since the calculation is carried out in SolidWorks
software [2, 3], it is necessary to build a solid 3D model of the cylinder head (HZ) before the
construction of the finite element model (FEM). Building a 3D model of HZ can be carried out in
three ways: direct, reverse and combined. The direct method is to build a solid model according
to the drawings of HZ. The reverse is in sizing and building a 3D model of the finished product.
Since the HZ is a complex spatial detail with branched internal geometry (cooling cavities,
inlet/outlet channels, oil lines), it is necessary to know more precisely the dimensions of the
internal cavities for the most accurate construction of the solid model. Let us consider in more

19



MEXOYHAPOOHA KOH®EPEHLWA ,EKO BAPHA® 2019

detail the combined method of determining the parameters on the example of the HZ diesel
8CHN12/13 (KAMAZ 740.75-440). Dimensions and dimensions of the superstructure HZ are
taken from the drawings. To clarify the geometry of the internal cavities of the head must be cut
into several horizontal layers. It should be borne in mind that the cutting tool has its own
thickness, which must be considered and compensated for when building a 3D model.
Otherwise, the resulting dimensions and geometry will be distorted. At the same time, the
increase in the number of cuts allows more accurate modeling of the internal cavity of the HZ,
while making the error due to extrapolation of the cut material. When constructing a 3D model
based on the reverse engineering method, special attention should be paid to the location and
correctness of the size of small chamfers, fillets, automatically constructed surfaces (the
operation of pulling the cross sections with the curve forming [2, 3]). You should also pay
attention to the elements of zero thickness.

On the basis of the created solid-state three-dimensional model (see Fig. 1 b) a finite
element model (FEM) of the HZ is constructed using the SolidWorks Simulation software
package. As shown by the experience of the use of FEM in the calculation of HZ diesel air
cooling [1] — the most appropriate to use in FEM four-node tetrahedra, the use of which helps to
reduce the estimated time compared to other FE [1,2], and also allows more accurately describe
the geometry of the HZ compared to hexahedra or pentahedra (eight and six nodal elements).

When constructing the FEM, it is necessary to reduce the size of the sides of the FE in the
places of stress concentration (inter-valve jumper, jumper between the pipelines and the hole
for installing the nozzle, etc.) and in the sections of a sharp temperature drop. After building
FEM HZ diesel 84H 12/13 (740.75-440) 28005 consists of finite elements and nodal points
47347 (Fig. 3).

........ e

To determine the maximum temperature of the loading
cycle, it is necessary to specify the characteristics of the
material from which the HZ is made. In this particular case,
the HZ is made of aluminum alloy Ak9ch (AL4).

For calculations of the heat-stressed deformed state
(HSDS) it is necessary to know not only the main
characteristics of the material, but also the laws of change of
these characteristics depending on the temperature. The
change in the modulus of elasticity E, tensile strength o, and
G yield og2, coefficients of linear thermal expansion a and
Fig. 1. Finite element model of HZ thermal conductivity A, as well as the mass heat capacity C
from temperature T is necessary to take from the data given
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in the literature [4].

Mechanical properties of aluminum alloy Ak9ch (AL4) deteriorate significantly when heated
from 300 to 423 °C. Tensile strength o, decreases from 317 MPa to 292 MPa, yield strength o;
— from 170 MPa to 130 MPa, and the modulus of elasticity E — from 0.72-105 MPa to almost
0.66-105 MPa [3]. All this leads to a sharp decrease in the durability of the HZ.

The coefficient of thermal expansion a and the coefficient of thermal conductivity A are less
dependent on temperature.

For fig. 2 the graphs of low-cycle fatigue of aluminum alloy at temperature change of the
tested samples are given. Since the HZ tests thermomechanical loads of low frequency when
the engine is operating in real conditions, the results shown in Fig. 2, can be used in the
calculation of HZ durability. The validity of the use of these data for the conditions of high-speed
diesel engines is justified in [4].

20



MEXOYHAPOOHA KOH®EPEHLWA ,EKO BAPHA® 2019

Ty, We divide conditionally all the stresses
arising in the cross sections of the HZ from the
Assembly to the operation of the engine on the
stresses caused by mechanical action, as well
as caused by the temperature difference:

(a) stresses caused by mechanical action on the
HZ:

* press-fit seats and the valve;

« tightening the nozzle nut or bolt;

» tightening of HZ mounting bolts or studs;

* gas power

b) the stresses caused by the temperature
difference in the cross sections of HZ.

oo

vo v v v 0 N Let us consider in more detail how to
F|92 The fatlgue curves for the aIon under CyC|IC determine the Stresses Caused by mechanica|
thermomechanical loading is of low frequency (1/30

action on the HZ.
When pressing the seats and valve
bushings on the HZ has contact pressure, as they are
connected during hot landing, with the outer diameters
of the seats and valve bushings larger than the
diameter of the hole in the HZ, where these parts are
installed (Fig. 3). Pressing can be carried out under
pressure or due to the temperature difference of parts 1
and 2 (see Fig. 3). After pressing on the inner surface of
the part 2
(HZ) there is a contact pressure, the value of which can
be determined using the Lame solution [5, 6], since the
mating parts have the same length. Since the valve
seats and bushings are made of grey cast iron and the
HZ is made of aluminium alloy, an additional contact
_ _ _ pressure arises on the contact surface due to the
Fig.3. Coupling when pressing two gjfference between the aa. and dscn — coefficients of
oylindrical parts: 1 — internal part; 2 - linear temperature expansion of the aluminium alloy and
external part . . . y
grey cast iron, respectively. Finally, the contact
pressure p on the HZ surface (see Fig. 3 — part 2) equals [6]:
d — (aaL _daSCH)AtdZ

Hz)

p= ) (1)

1 (1+ ki 1 (1+kZ

E_1<1 s, _”1) +E_2(1 — k2 +“2>
where & — the difference between the diameters of parts (tension in the connection of parts 1
and 2) (see Fig. 3); aaL and ascn — coefficients of linear thermal expansion of aluminum alloy and
gray cast iron, respectively, 1/deg; d — diameter of the landing surface of the hole in HZ; d, — the
outer diameter of the valve seat or sleeve; Es—modulus of elasticity of gray cast iron (parts 2),
from which the valve seat and sleeve; ki=dyd—the ratio of the inner diameter of the seat or valve
sleeve to the diameter of the landing surface HZ; y; — Poisson's ratio for gray cast iron; Ex—
modulus for aluminum alloy for Hz; k,=dd, —the ratio of the diameter of the landing surface HZ
to the nominal diameter d; (using the principle of Saint-Venant [6], that the mating parts have
the same thickness); u, — Poisson's ratio for the material HZ.

When installing the nozzle, the nut is tightened, the force is assumed in the form of a
uniformly distributed pressure within the pressure cone [5] at the point of contact of the sealing
washer of the nozzle with the support surface of the HZ [5].

If you mark the Fr — surface area of the nozzle on the inner surface of HZ, m?, then this
surface acts uniformly distributed load:
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Pg =Pz = Pp (2)
where p,— the maximum combustion pressure in the design mode, PA; po — atmospheric
pressure, PA.

The tightening forces of the cylinder head bolts (in our case individual cylinder heads) are
determined depending on the gas force Py:

Py = (p; - pO)Fp ; (3)
where p; is the maximum combustion pressure at the design mode, PA; p, is the atmospheric
pressure, PA; F, is the piston area, m?.

If the head is multi-cylinder (common to several or all cylinders), then Py is multiplied by
the number of cylinders.
The force coming on one bolt, respectively, is equal to:

R, :Pg i = (P -pO)Fp
Ib
where iy is the number of bolts holding the cylinder head.
The tightening force of the fastening bolt HZ at a given factor of the joint density v is [5]:

Qo =vA-1)R, (5)
where x is the coefficient of the main load of the threaded connection (usually x= =0.2...0.4),
and is applied to the FEM in the form of a uniformly distributed load over the surface.

To ensure the joint density between the HZ and the cylinder block take v = 1,2...2,5 — with
soft gaskets; v = 2,5...3,5 — with metal gaskets; v = 3,0...4,0 — with flat metal gaskets.
The main load factor can be determined by calculation using the formula [5]:

: (4)

2 A
- =%d 6
U+[7/L_L]OC X Z(?\,d +7\.b) ( )
g where Zxd — the sum of the coefficients of compliance of the
& retracted parts (parts of the housing system) [5]; Z(xd +Ay) —
i i the sum of the coefficients of compliance of the retracted parts
7 and bolt (Fig. 4).
o The coefficient of compliance of the thin A4 intermediate
< - J part (gasket) was determined by the formula:
- I
Ay = 1 (5)

1. -

Eq Z (a+ htgo)? —d3

here /1 is the thickness of the gasket; a is the outer diameter of
the bearing surface of the nut (bolt head); tga = 0.4...0.5 (for the

pressure cone); dy is the diameter of the bolt hole; Ey is the

I[l

Fig. 4 Scheme of fastening of
the cylinder: 1- HZ; 2 —
gasket; 3 — block of wood

To determine the strength of gas pressure selected maximum pressure of the combustion
pz on the current mode of operation of the engine.

To determine the temperature stresses arising in the HZ cross sections during diesel
operation, it is necessary to solve the unsteady thermal conductivity problem with the choice of
boundary conditions describing the thermal interaction of the HZ surface and the environment
[1], which will determine the thermal stress state of the HZ. As in [1] calculation methodology is
reviewed in detail, in the present work this calculation we are given.

Note only that the temperature change in HZ caused by the working process (high-
frequency oscillations) does not have a significant effect on the stress-strain state of the HZ.
Calculation and modeling of the stress-strain state of the HZ is carried out only when the diesel
engine is operating at different operating modes. The complex heat exchange in the diesel cs is
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unsteady, which is associated with changes in the temperature and pressure of the working fluid
not only during the cycle, but also under different operating conditions. In addition, the transport
diesel 80...90% of the time working on the pseudo-steady state.

Conclusion. The proposed method of selection of the initial data in the calculation of
thermal and stress-strain state of the cylinder head of the transport diesel engine of liquid
cooling, taking into account the loads arising from the pressing of the seats and valve bushings,
the installation of injectors, fixing the head during Assembly, as well as when the diesel engine
in operation allows to calculate the strength, as to predict the reliability of the HZ in operation.
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PACYET YCUNNA NPEABAPUTEJIbHOIO 3ATAXXKU LUATYHHbIX
BOJITOB U BOJITOB KPEIMJIEHUA KPbILUEK KOPEHHbIX
NOALMNHUKOB KOJNIEHYATOIO BAJIA MOPLIHEBBLIX ABUIATENEN
ANNEKCAHAOP roy

THE EFFORT CALCULATION OF PRE-TIGHTENING CONNECTING ROD
BOLTS AND BOLTS OF CRANKSHAFT BEARING CAPS CRANKSHAFT
PISTON ENGINES
ALEXANDER GOTS

Annotation. To increase the power density of automotive and tractor engines leads to increased loads
on parts of the crank mechanism. To ensure the specified reliability indicators, it is necessary to give an
accurate analysis of the loads. Reviewed currently used method of calculation of the effort pre-tightening
connecting rod bolts or mounting bolts of main bearing caps to ensure that the density of the junction of the
threaded connections. It is shown that before the joint between the cover and the crank head of the
connecting rod will close, the tightening force deforms the liner sliding bearing. Thereby we decreasing the
force on the security of the strength connection. The calculation of the stress for the deformation of the liner
by the amount of its protrusion, which ensures the fit of the inserts when they are installed in the boring of the
bearing. From the calculation it is seen that the force on the deformation of the liner is at least 30...40. % of
the force value, which provides the density of the joint between the crank head and the cover. The methods
of calculating the effort pre-tightening connecting rod bolts, or bolts crankshaft bearing piston engines, as a
conventional threaded connection. An example of calculating the tightening force of connecting rod bolts for
the D-245 diesel.

Key words: connecting rod bolt tightening force, the density of the joint, ledge of the plain bearing, the
coefficient basic load.

Introduction. One of the main trends in the development of automobile and tractor
engines is to increase their specific power, which leads to a significant increase in the load
on the parts, especially of the crank mechanism. Increases the speed of the crankshaft
(even in diesel engines), which increases the amount of force of inertia of parts,
performing reciprocating or rotational motion. This
leads to the need to continuously improve the design of
the main parts and components of the engine, to Refine
the calculation method in order to ensure the reliability
of the power units. This is especially true of the details
of the crank mechanism. For example, reducing the
tightening force of the connecting rod bolt leads to the
fact that on the in instake stroke the joint between the
cover and the crank head is opened and the entire load
from the inertia forces of the parts performing
reciprocating motion is perceived by the
connecting rod bolt, and not by the threaded Figl. The nature of the destruction of

. the connecting rod bolt due to the
connection of the crank head. Such loads occur . : .
weakening of the tightening force
especially when the diesel engine is operating at
maximum idle speed. As a result, bolt failure may occur due to fatigue strength. An
example of such destruction is shown in Fig. 1. In this regard, it is necessary to reasonably
choose the tightening force of connecting rod bolts or bolts for mounting the covers of the
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main bearings, i.e. threaded connections, which include the bearings of the sliding
bearings.

Purpose of research. To discuss the method of calculating the tightening force of
connecting rod bolts or bolts securing the covers of the main bearings, taking into account
the additional effort on the deformation of the bearing inserts sliding on the bed
circumference, which reduces the reserve factor of the joint density.

Method of research. Consider the methods of calculating the tightening force of
connecting rod bolts or bearing caps, given in the textbooks. The tightening force Q; is
chosen taking into account the fact that under the action of the force unloading the joint,
the density of the latter remains sufficient. In all textbooks, manuals and handbooks [1 - 5]
it is recommended to define Q, from the condition:

Qz = (2..3)Py, (1)
where P, is the force per bolt.

Such bolts, providing the density of the joint of the crank head of the connecting rod
and the cover or the main bearings, usually two (except for the covers of the main
bearings of V-shaped engines), the force per bolt is equal to P»=P1, , where P — the force
falling on the joint; i, =2 — the number of bolts, providing the joint density.

The threaded connection of the crank head of the connecting rod or the cap of the
main bearing has its own characteristics, because when the bolt or nut is tightened at the
initial stages of tightening, the joint is not closed. This is because mounted in the bore liner
of the slide bearings has a protrusion above the plane of the bore the magnitude of Ah,
and when tightening the nut or bolt to be screwed in first, the deformation (compression) of
the insert around the perimeter that ensures a snug fit of the insert into the bore. It is the
compression of the liner along

the perimeter that ensures its pressure on the e
boring surface after tightening the bolts, since this
pressure protects the liner from turning during
engine operation with increasing

specific loads on the sliding bearings. For fig.
2 it is shown that after installing the inserts in the
borehole along the perimeter, they exceed the
boring by the amount of protrusion Ah (Fig. 2), so
the joint is not closed yet. i

Only after the inserts around the perimeter
are compressed by Ah, the joint will close, and this
connection  can F’e considered as. a stan.d.a.rd Fig. 2. Scheme of installation of inserts
threaded connection [6, 7]. Thus, in the initial i, the crank head of the connecting rod:
stages of tightening the connecting rod bolts or D, - diameter of the bed; Ah —
covers of the main bearings, the axial force is used protrusion of the liner; e - line
only for the deformation of the liner, and not to @PPplications of axial load to close the
ensure the density of the joint. This was first Joint
indicated in [4] and on the basis of experimental studies on the connecting rods of tractor
diesels indicated that the total effort required to compress the liner is 30...40 % of the
required tightening force of the connecting rod bolts.
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Consider how the forces on the deformation of the liner differ from the pre-tightening
forces of connecting rod bolts calculated by formula (1).

This will calculate the torque settings connecting rod bolts diesel 4CHN 11/12,5 (D-
245.9E3) according to the existing technique [1] and rate as reasonably selected the pre-
loaded pressure.

On the connecting rod bolt on the stroke of the inlet acts the force of inertia [1, 2]:

Pj =[(Mpg +M)(L+A)ref +(my -my, )rof] = 2

= [(Mpg + My)(L+2) + (Mg -y )]rof,
where mpg =2,285 kg — the mass of the piston group (piston, piston pin, piston rings,
retaining rings); my =0,93 kg — part of the mass of the connecting rod, referred to the axis
of the piston pin; A=r/l., = 0,272; r =0,0625 m — crank radius; I, = 0,230 m — the length of
the connecting rod; w, =276.45 rad/s — angular speed of the crankshaft; m, = 1.77 kg —
part of the weight of the connecting rod, referred to the axis of the connecting rod; my,
=0.360 kg — weight of the crank head cover.

Note that in the literature [1 -5] it is not specified which mode should be used to
calculate the inertia force P; by the formula (2). We believe that for tractor diesel engines
calculation should be done at idling speed at maximum engine rpm (typically, this
frequency is Nimax=(1,05...1,10)n,0m, Where nnom is the engine speed in nominal conditions).
For the diesel engine D-245.9E3 maximum engine speed at idling speed n = 2400 min™'[6].

After the calculation of the formula (2), we find that the force acts on the connecting
rod P; =26268,85 N. The joint density between the crank head and the connecting rod
cover of automobile and tractor engines is usually provided by two bolts. Then one bolt
has a load Pp= P/i = P/2=13134.43 N (here i is the number of bolts). In the future, the
calculation of the tightening force will lead to one bolt, assuming that the second bolt has
the same tightening force.

Then, according to the recommendations in (1), the pre-tightening force Q, of the
connecting rod bolt is equal to

Q, = (2..3)P), = 26268,85...39403,28 H. (3)

The calculated tightening force of the connecting rod bolt is distributed some how to
the compression of the liner and to ensure the joint density. Let us now determine the
force required to compress along the perimeter of the liner when it protrudes by Ah (see
Fig. 2).

In tractor diesel engines used liners made from bimetal steel-aluminum alloy that in
some cases apply even coating with a thickness of 0.025 mm. Manufactured ear method
joint rolled bimetallic strip. Therefore, when calculating the stress on the deformation of the
liner along the perimeter, we will take into account the mechanical properties of only the
steel base and the aluminum antifriction alloy, since the coating does not affect the
deformation of the inserts. In the derivation of the equations, we assume that when
tightening the bolts, the deformation of the steel base and the aluminum layer of the liner
do not exceed the limits of elasticity.

For the calculation we introduce the following notation: t — total liner thickness; t = =ty
+ ta: tst and t; — thickness steel base and aluminum antifriction layers, respectively; Es and
E. — their elastic moduli; bst = by — width liner; Fs =bst tss and Fa = by ty — square cross
sections steel base and an antifriction layer; Is=TTRs and I, =TTRs — the length of the
perimeter of the steel base and the aluminum layer of the liner (see Fig. 2); Rssand Ry —
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the average radius of the steel base of the half-plate and the average radius of the
aluminum layer of the half-plate.

When determining the lengths of /s and /;; we will proceed from the known value of
the diameter of the bed D, (see Fig. 2), and thickness t;; and {, .

Then

Rs = 0,5(Dp — tg) M Ry = 0,5D, — t5; — 0,5¢4.

Since Eg, Egand Iy, Iy, a large load falls on the deformation of the steel base of the
liner. For the deformation of the steel base of half liner on the value of Ah required to make
an effort

Py = (AREgFs)/ (mRs) 4)
Similarly, for the aluminum layer
Py = (AREqFa)/(TRy). )]

Then to compress the protrusions of half liner on the value of Ah will take

Connecting rod bearings (production value) of diesel 4CHN 11/125 (D-245.9E3) have
dimensions of: width of the insert bst = by = 0,031 m; the total thickness t = 0,002875 m,
the thickness of the steel base of the liner t;; = 0,002335 m; thickness of aluminum alloy
= 0,00054 m [4, 6]; diameter of the rod bed under the liner (see Fig. 2) — D, = 0,073996 m.
Then the average radius of the steel base Ry =0,03583 m and aluminum alloy Ry =
0,03339 m. The Square cross sections steel base of half liner and aluminum alloy equal:
Fs = 0,031-:0,002335= 72, 385-10° m% F., = 0.031:0.00054= 16.74:10° m? elastic
modulus Es= 1.8:10"" NIm* E»=0.71-10"" N/m?.

In domestic practice, for the inserts of connecting rods and main supports of tractor
diesel engines, the value of the protrusion is assigned within Ah = 0.05...0.07 mm [4].
Substituting the value of the initial data into the dependence (6), we obtain that at Ah =
0.05 mm P, =6411.12 N, and at Ah = 0.07 mm — P = 8975.95 N.

If from the calculated value of pre-torque (3) connecting rod bolt R« subtract the force
attributable to the deformation of the liner on the value of Ah, then the density of the joint
between the cover and the crank head of the connecting rod is provided with the force R;:

catAh =0.05mm Rs= Q- Py =19857.46...32991.89 N,

satAh =0.07 mm Rs= Q- Py =117,292,9...30427,33 N.

According to the dependence (3), it was assumed that the bolt tightening force
exceeds the inertia force applied to the threaded connection by 2 or 3 times:

Rs/ Pp=2...3.

Pk = Pst +Pa1 =

(6)

In fact, we get:

* when Ah =0.05 mm Rs/Pj = 0.658...0.772;
* when Ah =0.07 mm Rs/Pj =0.756...0.837.

Thus, instead of a two-or three-fold reserve of joint density in the connection between
the cap and the crank head in accordance with the dependence (1), a value even less than
1 is obtained. Similarly, it can be shown that the deformation of the bearing bearings
during the Assembly of the main support and cover will require a significant effort, which
reduces the factor of the joint density reserve. In this case, the calculation is carried out
only for thin-walled connecting rod inserts, and for thick-walled bearings of the main

27



MEXOYHAPOOHA KOH®EPEHLWA ,EKO BAPHA" 2019

bearings of the crankshaft (their thickness is about 1.5 times more), the R force will be
even greater.

The proposed method of calculation. Therefore, the following method of selecting
the pre-tightening force for mounting bolts of bearing joints of the crankshaft of piston
engines may be quite logical. First, using the above method, we determine the R, force
required for the deformation of the sliding bearing half-plate by Ah (see Fig. 2 and formula
(6))-

Further, when the joint is closed, we determine the pre-tightening force of the bolt Rs
as in the usual threaded connection [7] (the calculation is carried out on one bolt):

Ry = v(1=%)Pjp, (7)

where v is the factor of the joint density reserve; ¥ is the coefficient of the main load of the
threaded connection.

When assembling due to crushing of asperities at the junction of the connection is
reducing the effort of the preliminary inhaling, and, in addition, may increase the external
load when operating at off-design mode. Therefore, at variable loads, it is recommended to
assign a reserve coefficient of the joint density within v = 2,5...3,5 [7, 8]. The main load
factor of the threaded connection for connecting rod bolts of automotive and tractor
engines can be adopted x =0,18...0,2 [8, 9], and for the covers of the main bearings — x =
0,2...0,22. To clarify the value of x can be calculated or determined experimentally on the
finished structure [9, 10].

If you now calculate the pre-tightening force Rs for connecting rod bolts diesel 4CHN
11/125 (D-245.9E3) in accordance with the dependence (7), we obtain

Ry =3(1-0,2)-13134,43 = 31522,62 N.

This effort is really preliminary, as it provides the density of interface with a given
coefficient (in this case taken the average value of v =3,0) without taking into account the
effort that is required to make to the deformation of the bearing shell by the amount Ah.

The total tightening force Q, of the bolt, taking into account the stress on the deformation

of the liner is equal to:
Qz = Rvk + Rs- (8)
Thus, for the connecting rod bolts diesel 4CHN 11/125 (D-245.9E3) the full tightening
force equal to
Q, =(641112...897595) + 22814,29 = 2922541...31790,24 N. (9)
Let us calculate the approximate value of the torque of connecting rod bolts at these
values of the tightening force. As is known [7, 8] when tightening the threaded
connections, the torque on the key must overcome the friction forces in the thread and on
the bearing surface of the nut:

Mia = 05Q,d (P/rg + )+ Qufi (a+ do)/2, (10)
where d, — the average diameter of the thread; P —thread pitch; f, — coefficient of friction in
the thread; f; — coefficient of friction at the end of the nut; a — the outer diameter of the
bearing end of the nut; dy — the diameter of the hole in the housing under the bolt.

For diesel 4CHN 11/125 (D-245.9E3) the initial data for the calculation are d,=
=0.01303 m; P=1.5 mm; f,=0.2 [8]; f;= 0.2; a = 0.0196 m; dp =0.015 m.
Substituting in the formula (10) the values Q, and the initial data we obtain:
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My, = 190...200 N'm.

In the literature [6] torque of connecting rod bolts 160...180 N-m.

Summary. Analysis of the proposed methods for the calculation of the efforts of the
pre-tightening of bearing connections piston engine (connecting rod bolts and crankshaft
bearing cap) shows that to ensure the specified density ratio of the joint connections
according to the given methodology is impossible. This can be done if the compression
force of the inserts is taken into account in the calculations.

LIST OF REFERENCES
1. Chinov N. D., Ivashchenko N.. etc. Construction of internal combustion engines. Under editor N.
D. Chinov. Moscow: Mechanical Engineering, 2010. 496 p.
2. Lukanin V. N., Alekseev I. V., Shatrov M. G. etc. Internal combustion Engines. Book. 2.
Dynamics and engineering. Under the editorship of V. N. Lukanin. Moscow: Higher Scool. 2005.
240 p.
3. Wichert, M. M., Dobrogaev R. P., M. |. Lyakhov etc. Design and calculation of automotive
engines. Under the editorship of Yu. A. Stepanov. Moscow: Mechanical Engineering, 1964. 552 p.
4. Tractor diesel engines: Handbook. B. A. Vzorov, A. V. Adamovich, A. G. Arabian, and others.
Under the General editorship of B. A. Vzorov. Moscow: Mechanical Engineering, 1981. 535 p.
5. Mechanical Engineering, Encyclopedia. Internal combustion engine. T. IV-14. L. V. Grechov,
N.A. lvashchenko, V. A. Markov, and others; Under the General editorship of A. A. Alexandrov and
N.. lvashchenko. Moscow: Mechanical Engineering, 2013. 784 p.
6. Horosh A.l., Horosh I.A. Diesel engines of transport and technological machines. Sankt-
Peterburg, Moscow, Krasnodar: Lan Publishing House, 2012. 704 p.
7. losilevich G. B., Stroganoff G. B., Sharlovski J. V. Tightening and locking of threaded
connections: Handbook. 2nd ed., Rev. and extra. Moscow: Mechanical Engineering], 1985. 224 p.
8. Birger I. A., Shorr B. F., losilevich G. B. The calculation of the strength of machine parts:
Handbook. 4th ed., and extra. Moscow: Mechanical Engineering. 1993. 640 p.
9. Gotz A. N. Experimental determination of the coefficient of the main load of the threaded
connection of the connecting rod head with the oblique connector. Tractors and agricultural
machinery. No, 2017. P. 37...43.
10. Gotz A. N. Calculation and experimental determination of the main load factor of the threaded
connecting rod. Fundamental study. No 12-2, 2017. P. 263...267. (in Russ.).

The contact information
Alexander Nikolaevich Gots, Dr. Sc. Techn., the professor of faculty «Thermal engines and power
installations» Vladimir state university of a name of Alexander Grigorjevicha and Nikolay Grigorjevicha
Stoletovyh (VISU)
The service address: 600000. Vladimir, street Gorjky 87, building Ne2, faculty TE and PI, ph.: (4922)479940,
(4922)361981 E-mail: hotz@mail.ru

29



MEXOYHAPOOHA KOH®EPEHUMUA ,EKO BAPHA® 2019

AHAINN3 3KOJNTIOMMYECKON BE3OMNACHOCTU U MYTU CHWXEHUA
TOKCUYHOCTU OTPABOTABLUUX TA30B ABTOMOBWIIEU
OCHALWLEHHbIX AN3ENBbHBIMU OBUTATENIAMU

Omutpuii foposckux', Bnaaumup foporuH’
'®rB0Y BO «TaMBoOBCKUIA FrOCYAapCTBEHHBIN TEXHUYECKUN YHUBEpCUTeT» - Poccuiickas
®depgepaumnna, Tamb6oB

THE ANALYSIS OF ENVIRONMENTAL SAFETY AND WAY OF DROP OF
TOXICITY OF THE FULFILLED GAZ OF THE CARS EQUIPPED WITH DIESEL
ENGINES

Dmitriy Dorovskikh', Vladimir Dorogin’
'Federal State-Funded Educational Institution of Higher Education «Tambov state
technical university» - Russian Federation, Tambov

Abstract. Use of the motor transport involves consequences which negatively influence the environment. Main
types of impact of the equipment on the environment are: gaseous, firm and liquid blowouts, warmth blowouts,
resource depletion and also discomfort and road accidents. On the first place according to quantitative contents
and degree of negative impact on the person, animal and flora there are gaseous blowouts of motor transport. The
fulfiled gases of cars come to the lower layer of the atmosphere, and process of their dispersion considerably
differs from process of dispersion of high stationary sources, harmful substances are practically in zone of breath of
the person. Therefore the motor transport should be referred to category of the most dangerous sources of
pollution of atmospheric air near highways and in the cities. Now the main problem of environmental safety of the
motor transport of the country is drop of toxicity of the fulfilled gases of diesel engines and also drop of liquid, firm
blowouts and economy of natural resources.

Keywords: the diesel engine, harmful blowouts, converter of the fulfilled gases.

1.BBeaeHue:

Mcnonb3oBaHne aBTOMOOMBHOrO TpaHcNopTa BfeveT 3a cobon NoCrneacTBusi, KOTopble
oTpuUaTeENbHO BIMSAIOT Ha OKpyXawLllyto cpeay. [NMpegoTspalleHne 1 MUHUMU3AUNA OaHHbIX
NOCNeacTBMMA SBMSETCA OAHOW W3 BaXHbIX 3aJad  «3dKorormsauum» aBTOTPAHCNOPTHOrO
cekTopa.

OCHOBHbIMM  BMAaMW BO3OENUCTBUA TEXHUKU Ha MPUPOAHYIO Ccpedy  SABMSOTCS:
razoobpasHble, TBepable U Xuakme BblIOpPOChl, BbIOPOCHI TEMNSOThl, UCTOLLEHNE pecypcoB, a
Takke UCKOMAOPT 1 AOPOXKHO-TPAHCMOPTHbIE npoucwecTteus (OTI).

Ha nepBoM MecTe MO KOMUYECTBEHHOMY COOEPXaHWI W CTEMNEHW OoTpuuaTenbHOro
BO3AENCTBUS Ha YerioBeKa, XMBOTHbIN U PacTUTENbHbIN MUP CTOAT razoobpasHble BbiGPOCHI
aBToTpaHcnopta. B  Poccuinickon ®degepaunm  TONbKO  AM3ENbHbIMW  ABUraTenamu
BblOpacbiBaeTcs cBbiwe 12 MIH. T BpeAHbIX BelwecTs B rog [1].

BbIOpOCblI OCHOBHBIX 3arpsA3HAOWMX BELLECTB 3HAYUTENIbHO HWXe B OM3erbHbIX
asuratensx. MoaToMy NPUHATO cuynTaTh UX Bonee aKonormdeckn YucteiMn. OgHaKo An3enbHble
asuraTenu OTAM4YarTCa MNOBbIWEHHbIMU  Bblbpocamn caxun, obpasylolenca Bcrneacteme
neperpyskm  TonnuBa. Caxa  HacbllWeHa  KaHUEeporeHHbiMn  yrnesogopogamuv U
MUKPO3SiEMEHTaMu; UX BbIBpOCHl B aTMocdepy HegonyCTUMBI.

B cBAsn c Tem, yto oTpaboTaBlime rasbl aBTOMOOWMNEN MNOCTYyNnalT B HWXKHUIN Crown
aTMocdepbl, a NPoLecc UX paccesiHUsl 3HAYUTENbHO OTNMYaeTCa OT Mpouecca paccesHus
BbICOKMX CTaLMOHapPHbIX MCTOYHMKOB, BpeOHble BellecTBa HaXOAATCHA MNPaKTUYECKM B 30HE
AblxaHus 4denoBeka. [oaTomy aBTOMOOWNBLHBIA TpPaHCOOPT crnefyeT OTHEeCTU K KaTeropuu
Hanbonee oOnNacHbIX  WCTOMHWMKOB  3arpsi3HEHUs  atMocdepHoro  Bo3gyxa  BOMM3u
aBTOMaruncTpanen u B ropogax.

B T1abnuue 1 npvBedeHbl cBefeHUA cpefHero yAenbHOro BbIOpoca 3arpsa3HALLINX
BeLLeCTB TpaHcnopTa npu ckopocTtn 40 Km/y
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Ta6smna 1. CpeHue yaenbHble BbIGPOCh! 3arpsA3HAOLLMX BELLEeCTB TpaHcnopTa npu ckopoctu 40 km/y

Bug 3arpsisHsiowero CpenHui yaenbHbIi BbIGPOC npu
BelecTBa ckopocTu TpaHcnopTta 40km/yac

B yac Ha kunometp
Okecnpg yrnepoga 752 /M 23,7 rlkm
Hecropeswune yrneBogopoabl 29,4 /My 0,93 r/km
Okecunabl a3oTa 33,2 1M 1,05 r/km
CsuHel 1,11 1/ 0,035 r/km
CymmapHoe KonnyecTeo . 28.95 M3y 0.914 M¥km
oTpaboTtaBLumx rasos (npu 0°C)
CpepnHuin pacxog Tonnmea 2,75 kr/v 0,087 kr/km

Cepbe3Hyto OnacHOCTb NPeACTaBNAT aBapuUnHbIe U KCMNyaTaunoHHO-TEXHONOMMYECKNe
pasnuBbl TOMSIMBHO-CMAa304HbIX MaTepuanos. [ToBCEMECTHO pacTeT 3arpsa3HeHne OKpyXaroLen
cpebl akkyMySSiTOPHOM KUCNOTOW, KOHCEpBaHTaMu, MOKLWIWMU CpenCcTBaMM, OXNaxaawoLen
XNOKOCTBIO M APYrMMM SKCNyaTauMOHHBIMU MaTepuanamMmu, a Takke npogykramu kopposum [1].

Mpn unctpaHnm TOPMO3HbLIX KOSIOAOK B BO34yX W MOYBY nonagatT Medb, BaHaauw,
MONMBOEH, HWKENb, XPOM, a MPU M3HOCE MOKPbIWEK — KagMun, cBuHel, UuHK [2]. Ocobas
ONacHOCTb 3TUX BbIOPOCOB 3aKNYaeTCsl B TOM, YTO B HUX COAEPXMUTCA caxka, CnocobCTByOLWas
rnybokoMy MPOHMKHOBEHUIO TSKEMbIX METanfoB B OpraHu3m 4enoseka. B Tabnvue 2
npeacTaBreHbl TBepable BbIOpOChbl aBTOTPaHCNOPTHON TexHUkM B P® 3a rog [2].

Tabnuua 2. Teepgble BbiIOPOCHI aBTOTPAKTOPHOM TEXHUKN B PO

Bua Bbibpocos EanHuua namepeHnsa 3HaveHve
[MpoayKTbl M3HOCA LUMH, TOPMO30B ThIC. T 180
LLUnHbI MnH. wT 60
MeTann MnH. T 6

Mpn cropavnn 1 kr gusenbHoro Tonnuea BblgensieTca okono 80...100 r TOKCUYHBbIX
komnoHeHToB (20...30 r CO, 20...40 r NOy, 4...10 r CH, 10...30 r SOy, 0,8...1,0 r anbgernaos,
3...5 r caxn n gp.) [4]. Bknag BbIOBpocoB Au3enen TPaHCMOPTHbIX CPeacTB B 0Oy
KOHLIEHTpaumio B atMmocgepe okcuaoB asoTa coctasnseT okono 20 n 26 % [2]. Ousenu
obnagalT 4pe3Bbl4aHO BbLICOKOW TOKCUMYHOCTbKO M3-3a MOBbIWEHHOro copepxanms NOy,
OeH30ona, anbAerMgoB U CaXu, HEeCMOTps Ha TO, YTO MO CpaBHEHMIO C OEH3NMHOBLIMU
ABuraTensMmn UMeroT 3Ha4YnTENbHO MeHbLune Bbibpockl CO n CH.

Cpenom BpeaHbIX BeLLecTB No abcontoTHbIM Bbibpocam nuagupyeTt okeung yrnepoga (CO) —
10,3 mnH. T B rog. Ha BTopom mecte guokeng asota (NOz) — 1,8 MnH. T B rog, Ha TpeTbeMm —
yrnesogopoabl (CH) — 1,5 mnH. 7 B rog. o 9KoOnorM4yeckom oOnacHOCTM npuoputeT
npuHagnexut NO,, Pb, SO, un caxeBbiMm 4actuyam. CHmxeHne BbIOPOCOB MMEHHO 3TUX
BellecTB Heobxoaumo obecneunTtb B MNepByl0 o4vepedb. 3aMeTHyK porfib B 3arpsi3HEHUU
aTmocdepsbl urpatoT Bbibpockl SO,, CO 1 6eH3anupeHa. Cepbe3Hyto ONacHOCTb NPEACTaBNSAIOT
Takke nMblfib acbecta, BOAdAWEro B cocTtaB (OPMKUMOHBbI MaTepuarnoB: Haknagku BeOMbIX
AVNCKOB CLENIIEHNSI N TOPMO3HbIX KONTOAOK, Mbiflb OT UCTUPAHUS LUMH U acanbToOBOro NoKpbITUSA
aopor, a Takke Bbiopockl CO».

2.A3noxeHwe:

Mpu akcnnyataumn gBuratened BHYTPEHHEro CropaHusi TOKCUMYHble  BelecTBa
BbIOENATCA B aTMOCMEpPHbIA BO3AyX BMECTE€ C TOMMUBHLIMW UCMApPEeHUsiMU, KapTepHbIMU
razamu n otpabortaswumu raszammn (O). TonnmBHbIE MCNApeHUa NOCTynaKwT B atMocdepy u3
3NeMEeHTOB cucTeMbl nuTaHusA. [pu onpeadeneHun cTeneHn 3SKorormvyeckon 6HesonacHocTu
ansenen TONMMBHBIMW UCMAPEHUAMN MOXHO npeHebpeyb BCreacTBME Marion UcnapsieMocTy
AN3erbHOro Tonnvea n repMeTUYHOCTM TOMMMBHOW cucTembl amsens. Becero ¢ ncnapeHnsmn B
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aTMocdepy BbibpacbkiBaeTcsa okono 8% yrnesogopoaos (CH).

[ons kapTepHbIX rasos, NpeacTaBnsalOLWMX cOOON CMeCb HECrOpPEBLUMX YrNeBO4OPOAOB,
KOTOpble MonagarwT Yepe3 HEemnsIoTHOCTU UUNMHOPOMNOPLUHEBON Fpynnbl B KapTep, C napamu
TonnmMBa U Macna B Kaptepe, ansa amsens He npesbiwaeT 0,2...0,3% cymmapHoro Bbibpoca
TOKCWYHbIX BELLECTB.

OtpaboTaBwme rasbl SABAAKTCA OCHOBHbIM WCTOYHMKOM TOKCUYHbIX BbIOPOCOB WU
npeacTaBnAlT cobon cmecb razoobpasHbiX MNPOAYKTOB MOSIHOTO WM HEMOMHOro CropaHus
TonnmMBa, M3BbLITOYHOrO BO34yXa W pPasfUyHbIX MUKponpumecen (razoobpasHblX, XUOKUX U
TBEPAbIX YacTuy), NOCTynawLWwmnx U3 LUMNUHOPOB ABUratens B €ro BbiMYCKHyO cuctemy. [ns
onpeaeneHns OTAeNbHbIX COCTaBMAKLWMX OTpaboTaBLUMX ra30B MCMOMb3YKTCA pasfiyHble
PU3NKo-xmmmnyeckme, uamdeckne n xmmmdeckme metoabl. CnoXHOCTb OLEHKM OTpaboTaBLUMX
ra3aoBaBTOMOOWIbHbBIX OU3ENen 3akniodeHa B MHOroobpasvn BpeAHbIX BELLECTB, a Takke B
LUMPOKOM Anana3oHe N3MEHEHUS NX KOHLEHTpaLNN.

OnacHbIMM  HaKOMUTENAMWU  KaHLEPOreHHbIX BEeLWeCTB, T.€. BbI3blBAlOWMX pPaKOBble
3aboneBaHus, B YaCTHOCTU BeH3anupeHa, ABNATCA TBepAble YacTuLbl YrnepoaHOro Npoaykra
— caxu. [lnusenbHble ABUraTenu B TeYeHMe LMKa UCNbITaHnsa BblOpacbiBaloT B aTMocdepy B
10...1000 pa3 6onblue MenbYanMx YacTuy caxu, yem 6eHauHoBble asuratenu [3]. Boibpoc
TakMx 4Yactuy no macce gocturaeTt 1% oT pacxoga Ttonnmea. Kpome TOro, Tpyu HECropeBLUMX
atoma yrnepoga Ha 1000 cropeswux gatoT gbiMHOCTb OI razos nopsgka 30%.

TokcnyHocTb O gmMsenen BO MHOMOM 3aBUCUT OT Ka4yecTBa Au3enbHoro tonnvea. [lpu
yMeHbLueHun cogepxaHuna cepbl B Tonnuee ¢ 0,31 go 0,03% conepxanune NOy B OI' cHuxaeTcs
Ha 0,2-1,8%, CHx — Ha 24,4%, caxu — Ha 13,2-22,6% [4].

YBenunyeHve ueTtaHoBOro Yucna tonnmea ¢ 45 oo 51 npMBOANUT K YMEHbLLUEHWUIO nepuoaa
BOCMNSIAaMEHEHUS, XKECTKOCTU paboTbl ABUraTenss 1 MakCUManbHOro AaBreHus cropaHus. Kak
cnencTBue, CHMKaeTCs AbIMHOCTb MpU NyCKe U CpeaHuX Harpyskax. Ha noBbiEHHbIX Harpy3kax
LleTaHOBOE YMCIIO MPaKTUYECKN HE OKasblBaeT BIUSHUSA HA ObIMHOCTb, XOTS Ha 3TOM peXume
NPOUCXOAMUT MHTEHCUBHBIV BbIBPOC Caxu.

Ha BennuunHy BbIbpocoB BpeaHbix BewecTB ¢ O CMbHO BNUSIET TEXHUYECKOE COCTOSAHMNE
asuratens. B ansenax nobas HeMCNpaBHOCTb Af1IEMEHTOB CUCTEMbI TONMIMBOMNOAAYM MOBbILLAET
abiMHOCTb OI, a BbipaboTka pecypca ApuraTens yBenuyunmBaeT BblIOPOC TOKCUMYHBLIX BELLECTB
(tabnuua 3). Tak, u3-3a m3Hoca petanen UUNIMHAPOMOPLUHEBOW Tpynnbl AbIMHOCTb MOXET
yBenMUNTLCA B Ba pasa [9].

Tabnuua 3. BnnsiHne TeXHUYECKOro COCTOsIHUA ABuraTens Ha BelGpoc BpeaHbIx BelwecTs ¢ O
N3meHeHne
M3meHeHune BbIGpocoB, % pacxoga

Tonnuea, %

Bua HENCNPaBHOCTA

CcoO CH NOy [bIMHOCTb
+5...50 +5...25 | 25...+25 | +25...100| +5...25

HapyLueHve perynmposku

THBA
HapylweHue yrna -100
ornepexxeHna Havyana +5...50 0...25 +1Ob" -25...+50 +5...25
BMpPbICKUBAHWNSA TONMMBA
MN3HOC OCHOBHbIX AeTanewn +50 +100 o5 +100 +15

apuraTens
HewncnpasHocTb doopcyHok| +25...50 | +50...100 -25 -25...+25 | +10...20
MNoBblWweHHOE
conpotmueneHue Bnycky |+50...100 [ +50...100 -50 +100 +15
Bo3ayxa u Bbinycka Ol
MNoBblWeHHOE
COnpoTuBMeHne YBenun4yenune go 20% +5...20
OBWKEHMIO
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Ha konuyectBo BpeaHbix BewecTB B O oM3ena cywecTBeHHOe BNUSHUE OKa3biBaeT yron
onepexeHnsa Havana Brpbicka Tonnuea. Npn yMmeHbLUeHUM yrna BApbiCka Tonnnea NpuBOaUT K
YMeHbLUEHNIO 06pa3oBaHNsA OKCUAOB a30Ta. OAHAKO NPW 3TOM BO3pacTaloT BbIOPOCHI Caxu w
yXyaLatTCs MOLHOCTHbBIE Y SKOHOMWYECKME NnokasaTenu apuratens.

HeratmBHoe BnvsiHNe Ha [ObIMHOCTb OKa3blBalOT U Takue (pakTopbl, Kak YMeHblUeHune
AaBneHus nogbemMa urrbl POPCYHKM U 3aKOKCOBbIBAHME €€ COMJSoBbIX OTBEPCTUI, 3abuBaHue
BO3yLUHOro comnbTpa.

HewuncnpaBHOCTN TpaHCMUCCUN U XOO0BOW YaCTW aBTOTPAKTOPHOW TEXHWUKN yBENUYUBAIOT
noTpebnsemyro MOLLHOCTb, @, CeaoBaTenbHO, N pacxod TOMMAMBA, YTO TaKKe NPUBOAUT K pOCTy
BbIbpocoB BpeaHbix BewecTB ¢ Ol gsuratens.

Takum obpasom, B HacTosilee BpeMsi OCHOBHOW NpoBGnemMon  3KONorm4eckom
©e30nacHOCTM aBTOMOOMMBHOIO TpaHCNOPTa SABMSETCHA CHUMXEHNE TOKCUYHOCTM OTpaboTaBLUmX
ra3oB AM3EnbHbIX ABUraTenen, a Takke CHWXEHUE XUAKMX, TBepAblX BbIOPOCOB U 3KOHOMMUS
NPUPOLHbLIX PECYPCOB.

B nocnegHue rogbl Bce 6Gonbluee pacnpocTpaHeHWe nosyyarT Au3enbHble punbTpbl U
UNbTpbl-HENTPaANM3aTopbl, O00beanHaWMe YHKUMM dunbTpa M HenTpanusatopa. [lpu
paspaboTtke unbTpa Ana ynaBnuBaHWS OUCMEPCHbIX YacTuy, (MHOrga MMEHYEMOrO CaXXeBbiM
1nbTPOM) HEOHBXOANMO PELLNTL ABE BECbMA CIOXHbIE 3a4auyMm:

- punbTpaumo NOTOKa HarpeTbIX ra3os ¢ YacTuyamm pasmepom ot 200 HM go 10 MKM;

- NepuoamnyvecKkoe WnM HeMnpepbiBHOE YyaaneHuMe HaKOMMEHHbIX 4YacTuy (pereHepauumto
caxeBoro punbTpa).

Hanbonblwee pacnpocTpaHeHWe MonyYusiv Kepammyeckme CTPYKTYpbl CKragyatoro Tuna,
BrepBble npeanoxeHHole dupmon Corninglncorporated [6]. Y Takon CTpPyKTypbl gq)mr. 1)
MakcMmanbHas unbTpyloLwas NoBepxXHOCTb B eanHuLe obbema (B npegenax 1...3 m /,EI,M3), a
OTCYTCTBME MOABMXHbIX 3N1IeMeHTOB obecneyvnBaeT ee AnUTenbHY paboTocnoCobHOCTD.

TexHONornm M3roToBNEHUS TakKMX (PUIbTPOINEMEHTOB MO3BOSISAIOT B LUMPOKMX Npeaenax
BapbupoBaTb pasMepbl U ONVMHY KaHanos, oO6LLyd MNOPUCTOCTb M pa3mep nop, 6Gas3oBbin
mMatepuan (KopauvepuTt, OKCUA antoMuHUSA, Kapbua KpemMHust U Ap.) U HekoTopble apyrue
napameTpbl. Mpn obwen nopuctoctn cebiwe 50%, pasmepax ckBo3Hbix nop 10...30 Mkm,
TonuwmHe cTeHkn okono 0,5 mm obwmn obbem punbTpoBanbHOro Bnoka ana Ans3ens OOSMKEH
6bITb 6nmn3ok k paboyemy obbemy ero uuMnuHApoB. B aTom cnyyae BO3MOXHO [06UTbCA
rMapaBnMyeCcKoro ConpoTUBIIEHNSA He3arpsa3HeHHoro unbTpa Ha yposHe 150...200 mm BOg. CT.
npu npuvemnembix rabaputax. o mepe paboTbl conpoTuBneHne unbTpa Bo3pacTaeT u3-3a
3arpsi3HeHKs.

Cxema punbTpaymm (1)
0TpaboTaBLWIKX rasos
B KepaMHuyecKux unbTpax
tina Corning Glass
(komnanusa Corning Incorporated)

ARV 10 DT DG D T RE 100 OO0 W D T R R R i |

2

1 - Kepamuyeckas nopucTas CTeHka
2 - 3amylKa
3 - otpaboTaBLwue rasbl

®dur. 1. Cxema dunsTpaLmu
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MpogomkuTenbHOCTL paboTbl 4O OOCTMXKEHUS KPUTMYECKOrO conpoTuBneHnsa (06bl4HO
700...1000 mm BOA. CT.) 3aBMCUT OT KOHLEHTpaUuM AUCMEPCHbIX YacTuy, B oTpaboTaBLuMX
rasax, pasMepoB W XapakTepuUCTUK unbTpa, CoOepXaHud cepbl B TOMMUBE U HEKOTOPbIX
ApYyrux akTopoB, HO OObIYHO He MpeBbIWAET HECKOSIbKMX 4acoB, Mnocre 4Yero unbTp
Heob6XxoauMo pereHepupoBaTb[6].

[Mpouecc pereHepaunn 3akroyaeTCs B OKUCIIEHMM HAKOMMEHHbIX AMCMEPCHbIX YacTul U
0CBOOOXAEHUM UIbTPYIOLLEN NOBEPXHOCTU. [lpakTuyeckoe NpUMEHEHME MNONyYunuM Tpu
CXeMbl pereHepaumu:

- TepMuyeckas, 3akroyarwasca B UCKyccTBeHHOM pasorpeBe O oo TemnepaTtypbl
WHTEHCUBHOIO OKMCNEHNSA OUCNEePCHbIX YacTuy, kucnopogom 650...700 °C;

- BBeJeHue Npucafok B [OM3enbHOe TOMSIMBO, CHWXaKLWWMX TemnepaTypy OKUCIEHUS
AncnepcHbIX YacTuy, 4o cpegHux Temnepatyp Bbixnona 300...400 °C;

- MCMNosib30BaHWe Auokcuaa asoTa, nonyyYyaemoro katanutudeckum okucneHnem NO,
cogepxauerocsa B Ol

Tepmnyeckas cxema peanusyeTcs B BuAe YCTaHOBKU nepen (OUNbTPOM creumaribHbIX
rOpenoK, BKMIOYAKLWMXCA NpU  OOCTUXKEHUM KPUTMYECKOrO 3HAYeHus ruapasnnvyeckoro
conpoTtuBneHnsa cgunetpa. N3BectHbl 1 gpyrne cxembl Harpesa Ol oo TemnepaTtypbl, npwu
KOTOPOM MNPOUCXOAUT WHTEHCUBHOE OKUCIIEHWE HaKOMMEeHHOW Caxu. B HekoTopbIX criyvasx
BMECTO TOMNMBA NPUMEHSIOT NPUPOOHBIA NN CKMXKEHHbIN ras.

[obaBka B An3enbHoe TOMMMBO NPUCALOK: MeTannoopraHN4YecKnx CoeguHEeHUn xenesa,
MapraHua v ap. — CONpoOBOXAAeTCs CHUXEHWEM TemnepaTypbl CKUraHUa OUCNEepPCHbIX YacTul
3a CYeT KaTanuTuyeckoro agpdpekra, 4OCTUraemMoro npu BBe4EHUN akTUBHOrO MeTanna unm ero
coeanHeHu B 06beM gucnepcHon vactuubl. Hegoctatkom MeToga siBNSIETCA HaKoMfeHne Ha
hbunbTpe NPOaYKTOB OKUCIEHUSA NPUCALOK — OKCUAOB Xeresa, MapraHua u ap., 4To HECKOMbKO
NOBbLILLIAET COMPOTMBIIEHNE hpunbTpa U TpebyeT ero Nnepnognydeckon OUMCTKN.

HanbonbLuee pacnpocTpaHeHne B nocrnegHve rogpl nony4una cxema
HuskoTemnepaTypHoro (300...400°C) okucneHuss OucrepcHbIX 4acTuy C NMOMOLLBIO AMOKCuMaa
asota. [nokcua asoTta, nonyyvyaembl Npy KaTanuTUYecKoM OKMcneHun cogepxawieroca B O
MoHookcmaa asota (2NO+0,=2NO0;), obnagaeT 6onee BbICOKOW, YeM KUCIOpPOA BO34yXa,
CMOCOBHOCTBID OKUCNATb AMCMNEPCHble YacTuubl. OTO NO3BoONseT [0OUTbCA YCTOMYMBOW
pereHepaumm unbTpa npu Temnepatypax o 400°C, T. e. npu 0bbl4HbIX Temnepatypax Ol
ansensa. BaxHO oTMeTUTb, YTO MPOAYKTOM B3aMMOLEWCTBUS OUOKcuaa asoTa C Yrnepoaom
asnsetca NO (2NO,+C= 2NO+COy;), T. e. MOHOOKCU ABNAETCHA NULLb HOCUTENEM aKTUBHOIO
Kucrnopoga v B NpoLecce pereHepauumn He pacxogyeTcs.

Bbibop cxembl pereHepauum 0OGYyCNOBMEH KOHCTPYKUMENW M COCTOSSHUEM AWN3ENbHOrO
asuratens, TpeboBaHMAMN MO OYUCTKE (SKONOrMYECKUMU CTaHgapTaMu), Ka4eCTBOM TONMMBA,
9KOHOMWYECKMMU KPUTEPUAMM 1N PAOOM APYrnX YCITIOBUN, CBA3AHHBIX C HAO4EXHON 1 6Ge3onacHon
aKcnayatauuen caxeBoro urnbTpa. Tak, TepMumyeckme MeTofbl, Kak NpaBuio, COMpsiKeHbl C
pononHuteneHbiM (80 10%) pacxogom TonnvBa M NOXaPOOMACHOCTbIO M3-3a MPaKTUYECKM
HeynpaBnsieMoro ropeHusi HakonreHHou caxu. [JobaBku npucagok B TOMAMBO MOMMUMO
OYeBMAHbIX NpobnemM C NPUroTOBMEHMEM, XPaHEHMEM W 3anpaBKOM MMEKT onpeferieHHble
orpaHunyeHus 1 no nosisneHnto B O 4ONONHUTENBHBLIX ANCMIEPCHbIX YacTul, (OKCUOOB Xeneaa,
MapraHua 1 npoy.), KOTopble CTaHOBATCS LOMNOSTHUTENbHOW Harpy3Kom Ha punbTp 1M HYXXOarTcs
B yTunusauunu[7].

OT 3Tux HegoCcTaTKoB B 3HauuTENbHOM Mepe cBobopeH meTon kaTanutmyeckon (NOy)
pereHepaumn. KOHCTPYKTUMBHO KaTanuTuMyeckasi cxema pereHepauvm ygadyHo peanuayeTtcs B
GunbTpax-HenTpanuaatopax (cwr. 2), rae ctoawmn nepeq punbTpoBanbHbIM 610koM (No3. 2)
kaTtanuasatop (no3. 1) He Tonbko okucnaet CO n HC, Ho u reHepupyeT NO,, Heobxogumbln aAns
pereHepaumMm HaKOMSEHHbIX Ha UIbTpe OMCMNEPCHbIX YacTul. PyHKUMM KaTanMTUYECKOro
OKUCNEHUS, BKMNOYaa reHepupoBaHWe [uokcuga asoTta, U (PyHKUuuo dunbTpauun MoxeT
BbINONHATE U PUNbTPOBarbHbIA OMOK, HA MOBEPXHOCTb KOTOPOrO HaHEeCeH KaTanuTU4ecKui
Cnown.

MpunHATO cumTaTb, YTO pereHepaumsi ¢ nomouwbio NO, ycTOM4MBO NpOTEKAET B TOM
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cnyyae, ecnu KonnyecTso auokcuaa asota B 8...10 pa3 npeBbiWaeT coaepkaHme OAUCNepCcHbIX
yactuy. B aTtom nnaHe meponpusatua no cokpaiwleHuto BbibpocoB NOy, Hanpumep, 3a cyet
COBEpLUEHCTBOBaHNA  paboyero npouecca  OrpaHMYMBalOT  MPUMEHMMOCTb  MeToda
KaTanuTuyeckon pereHepaumMm Ha OBuratensax C HU3KUM UCXOLHbIM BblIOpPOCOM OUCMEPCHbIX
yactuy. Hanpumep, ana goctmxkeHus ypoBHA Euro4 ¢ nomoLlublo urnbTpa C KatanuTuyeckou
pereHepaunen Heobxoammo, 4Tobbl UCXOOHbIE BbIOPOCHI OUCMEPCHBLIX YacTuy, He NpeBblanu
ypoBeHb Euro3.

[2) ®unbrp-HenTpanusarop (4Y - pucnepcHbie YacTULbI;
MMAY - nonmumnknuyecKkne apomaTuyeckue yraeBoaopoabl)
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®dur. 2. Cxema unbTpa-HenTpanmsaTopa

CraHgapTtbl Euro5 v Bblwe ans gusenen TpebyloT COBMECTHOrO UCNONb30BaHMSA 0BOMX
NepeyYncrneHHbIX Bbille MeToaoB 06e3BpeXMBaHUA TOKCUYHBLIX KOMMOHEHTOB, KOTOPOE MOXEeT
paccMaTpMBaTbCA KaK CUCTEMa KOMIMMEKCHOW, WM YeTbIPEXKOMMOHEHTHOW, OYUCTKM
oTpaboraBwmx rasoB Ausenen. B aTOomM cnydae B BbINYCKHOW CUCTeMe AU3eEnNs
nocrieqoBaTesibHO YCTaHaBMBAKOT OKUCIUTENbHbIA HeuTpanu3atop 1 unbTp (PunbTp-
HenTpanuM3aTop), CUCTEMY BOCCTAHOBIIEHMUS OKCMAOB a30Ta U CUCTEMY (PUMHULLIHOM OYUCTKK, a
TaKKe CUCTeMbl 3MEKTPOHHOro yrpasneHna aTumu arperatamu. CTpyKTypa Takux CUCTEM
npuBegeHa Ha dur. 3 [8], HO UX WIMPOKOE BHEAPEHME MOKa COEPKUBAETCA HEeOOCTaTOYHON
HaOEeXHOCTb, OOBOSIbHO OOnblMMK rabapuTHbIMM pasmepamMu M BeCbMa BHYLUUTENbHbIMM
3aTpaTamu.

YeTbIpeXKOMNOHEHTHasA cucTema ouncTkn OF gusens &
(BY - 6nok ynpasnenus)

n, MuH! u— £Y cu{NH2}2

AP. MM BOA. CT.

L em %gBj Nz, H20, CO;
Pt Ti-V TV Pt
NO+0;= NO, C+NO; = CO+NO  CO(NHz)z =NH3+HNCO 1. 6NO+4NH; = 5N;+6H,0
HC+0, = CO,+H,0+Q CO(NHz)z+H20 = NH3+C0, 2. 6NO+4HNCO = 2N3+4C0,+2H,0
€040, = CO; 3. 4NH;+50; = 4NO+6H0 |

®ur. 3. CxemMa YeTbipexkoMnoHeHTHoM ouncTkmn O ansens
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OTMeTMM, 4YTO BCe npoueccbl MO KaTanuMTUYeCKOMy 06e3BPEXMBAHUID TOKCUYHbIX
KOMMoHeHTOB, U ocobeHHO NOy, BeCbMa YyBCTBUTENbHbI K COgepXaHuio cepbl B Tonnuee. Mpu
KaTanuTnyeckoM OKUCIIEHUW AMOKCMOA cepbl OO TpUoKCcuaa NocneaHun B3auMOAEWCTBYET C
aKTUBHbIM KOMMOHEHTOM KaTanu3atopa u/unu ¢ matepuanom HocuTens (OKUCNUTENbHbIN
HenTpanusatop), NMBo C KaTtanM3aTopoOM BOCCTAHOBMUTENbHOrO HeuTpanu3atopa (SCR-
npouecc), nnbo ¢ a3on OCHOBHOro agcopbeHTa — okcuaom wnu kapboHaTtom ©Gapusd
(texHonorna NOy-agcopbep). MoaToMy NO Mepe YXeCTOYEHUS 3KONOrMYeckux CTaHOapToB
BO3pacTatloT 1 TpeboBaHUs No coaep)kaHuo cepbl B TONMMBE.

3. 3akntoyeHue:

BonbLWMHCTBO (hakTOPOB, BNUSAIOLMX HA 3KOMOrMYecKne nokasatenu amsenen B yCrioBusx
aKcnnyaTaumm, MOXHO YCTPaHUTb CBOEBPEMEHHbBIM NPOBEAEHNEM TEXHUYECKUX OOCNY>KMBAHUS
N TEKYLLEro pemMoHTa.

TpeboBaHua CneumanbHOro TexHuyeckoro pernameHta «O TpeboBaHMsaX K Bblibpocam
aBTOMOOUITbHOW TEXHWUKOW, BbiNyckaeMonW B obpalwieHne Ha Tepputopun PP, BpeaHbix
(3arpsasHsaoLWmMX) BewecTB» MOryT 6biTb o6ecneyeHbl NULb C UCNOSTb30BAHMEM CUCTEM OYUCTKM
Ol OT TOKCMYHBIX KOMMOHEHTOB, obpa3oBaHMe KOTOPbIX HE yAaeTca NpeaoTBpaTuUTb NyTeM
COBEpLUEHCTBOBaHNA paboyero npouecca W/mMnu UCnonb30BaHUSA BbICOKOKAYECTBEHHOMO WK
anbTepHaTMBHbIX BUOOB TOMNMMBA.

Mpu dunbTpaunmmn Ol gmsens uenecoobpas3HO UCMONb30BaTb Kepamuyeckne unbTpbl
cknagyaTtoro Tuna. Hambonee npegnoyvtTUTENbHBIM M 3KOHOMWUYECKM OrnpaBAaHHbIM METOAOM
NepuoamMyeckon UnM HENpepbIBHOM pereHepaumm Takux QUAbTPOB OT HakaninmBaemblX
AUCMEpPCHbIX YacTul SBMSETCA UX OKUCHEHWEe OUOKCMOOM a30Ta, reHepuypyemMbiM C NMOMOLLbIO
OKMCNUTENbHOrO KaTannTU4eckoro HemTpanuasaTopa, kotopbin obecneunsaeT u cHmxkeHmne CO u
HC.

[Ona obecneyeHnss TpeboBaHWM, npeaobsBRsSeMbiX K Au3ensam crtangapta  Eurob,
notpebyetca  COBMECTHOE  MPUMMEHEHWE  OKUCIIUTENbHOTO M BOCCTAHOBWUTENBHOrO
HENTPanNMU3aTopoB U punbTpa C KaTannMTUYECKON CUCTEMOMN pereHepaumn.
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OBOCHOBAHME HEOBXOAMMOCTU UCIMOJIb3OBAHUA
BUWOAU3EJIbHOIO TOMJNMUBA KAK AOBABKU K AU3EJIBHOMY TOMNNNBY

OmuTpuii foposckux', Muxamn Mep3anukun'
'®re0Y BO «TaMGoOBCKUIA FrOCYAapCTBEHHBI TEXHUYECKUN YHUBEpCUTeT» - Poccuiickas
®depgepaumnna, Tamb6oB

JUSTIFICATION OF NEED OF USE OF BIODIESEL FUEL AS ADDITIVES TO
DIESEL FUEL

Dmitriy Dorovskikh', Mihail Merzlikin'
'Federal State-Funded Educational Institution of Higher Education «Tambov state
technical university» - Russian Federation, Tambov

Abstract. Ever-increasing requirements of the European sanitary standards to composition of the fulfilled gases of
internal combustion engines cause need of receiving and use of ecologically cleaner low-sulphurous diesel fuel.
However application of diesel fuel with the low content of sulfur leads to deterioration in its operational parameters,
for example, of the greasing properties. One of the most perspective ways of improvement of quality of the
considered fuel is addition of biofuel to it (methyl air of vegetable oils) as dietary supplements. The big need for
biofuel demands evidence-based search of ways of intensification of technological processes of its receiving. Now
there is rather small amount of works of the technologies of receiving devoted to development and probe of use of
biofuel in heat engines which discrepancy besides does not allow to use their results unambiguously. The existing
devices are not able to cope with problem of intensification of technological process any more, and other
perspective directions are still not developed.

Keywords: alternative types of fuel, diesel fuel, biological additives.

1. BBepeHwue:

CxuraHme 4ncTbiXx HEPTENPOLYKTOB NPUBOAUT K exerogHomy Bbibpocy 30 MUNNMOHOB
BpeaHbIX BewecTB. bonbwoe notpebneHne TtonnmBa obecneynmBaeT 3HEprnen MNoaBUMXKHOW
COCTaB nNpeanpusaTUi, KOTOpble WUCMONb3YKT B CeNbCkOM Xo3anctBe. OgHako obecneunTtb
NOTPEBHOCTN CEeNbCKOro XO3sIMCTBA B Ka4eCTBEHHOM AM3ENbHOM TOMMMBE MNokKa ygaeTcsa He
Be3Je 1 He B NormHoM obbeme.

Kpome ToOro, ysennyeHve notpebneHnsa aHeprumn, Kotopad no nporHosam [1] BospacTteT K
2030r. Ha 60%, ncroweHune 3anexen HedTM 1 rasa, NOBbILLIEHNE LEH HA AN3ENbHOE TOMMNBO U
uenbin psg apyrmx pakTtopoB Bbi3blBaeT HEOOXOOMMOCTb UCKaTb BO3MOXHOCTb MOSTyYEHUS U
NCNonb30BaHWs TONNMBA N3 BO30OHOBNSAEMOro pacTUTENBHOIO ChIPbA.

Mo oueHkam MexagyHapoaHoro BasntoTHoro ¢goHga k 2050 r. KoniMyecTBO aBTOMOOUMEN
BblpacTeT 40 3 MIIpA., NPy 3TOM OOMWHUPYIOLLYIO ponb ByayT urpaTb AM3enbHble ABUraTenw.
3a 120-neTHu NyTb, KOTOPbLIXM MPOLLEN B CBOEM PasBUTUWN OU3eNbHbIA ABUraTerb, BblSBIEHbI
ero npeumMyLlecTBa: BbICOKasi 3KOHOMWUYHOCTb M KOHKYPEHTOCMOCOOHOCTb MO CpPaBHEHUIO C
ApYrMMu SHepreTu4eckumMu yctaHoskamu. [1o0 HacTosLWwero BpeMeHn He mncdepnaH noteHuyuan
ero 9g@EKTUBHOCTU, O YEM CBUAOETENbCTBYET HEMPEpbiBHOE YyryylleHWe TEeXHUKO-
3KOHOMWYECKMX NMoKasaTenen.

[nsenusauuss MMPOBOro MOTOPHOrO Mapka Ha MPOTSXKEHUM psiga neT onpegensaeTt
onepexeHne npou3BoaCcTBa W NOTPeEONEeHMs An3enbHOro TOMnAMBa MO  CPAaBHEHUKD C
aBTOMOOUNbHbIM  6eH3nHOM. MwupoBas TeHaeHuust K 6Oonee BbICOKMM Temnam pocTa
noTpebneHns An3enbHOro ToNnMBa COXPAHNTCSA Ha AONTOCPOYHbLIA Nepuoa.

MwupoBon aBTonapk, O06bem KOTOpOro yxe cerogHs npesbiwaet 900 MnNH. eguHuu,
BkntoyaeT rpy3osble (okono 30 %) u nerkosble (nopsaka 70 % BmecTte c aBTobycamm)
aBToMob6Unn. M3 exerogHo Bbinyckaembix 40...45 munnuoHoB aBTomobunen 6Gonee 55 %
NPUXOANTCSA Ha 3aMeHY BbIBOAUMbIX U3 9KCMyaTauumn TpaHCNOPTHLIX CPeacTB, a ocTalnbHble 45
% COCTaBnAT eXerogHbl NpUPOCT MUPOBOro aeTonapka. B cpegHem oguvH aBTOMOGWUIb
notpebnsetr 2,2 TOHHbI B rog MOTOPHOro Tonnuea. [ns ygoBneTBopeHus noTpebHocTen
MMUPOBOro asTonapka HeobxoaMMO WMETb OKOSI0 ABYX MWNNMapL4oB TOHH TOMNMBa, Ha
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N3roTOBIIEHME KOTOPOro B 3aBMCUMOCTM OT riybuHbl nepepaboTtkm TpebyeTca cBbiwe 5 MnpA.
TOHH HedTn [2]. Bo BceMm mupe exerogHo AobbiBaeTcsi OKoNo 5 MnpA. ToOHH HedTn. M3 Hux
okonno 70 % HepT™M MOeT Ha npou3BoACTBO OEH3MHOB W Au3enbHbiX Tonmnme. [lo
MHOIFOYUCIEHHBIM OLEHOYHbIM MPOrHO3aM 3JKCMEPTOB (OaXe NpU COXPaHEHUN HEU3MEHHbIM
3TOro ypoBHs 00blun) €€ 3anacoB MOXET XBaTuUTb ToNbko Ha 40...50 net [2,3]. B Tabnuue 1 Ha
ocHoBaHUM 0bpaboTkm maTtepmanos [3] npeacTaBneHa AMHaAMMKA M3MEHEHUS UCMNONb30BaHUS
HeTN Kak 3Hepropecypca M OLEHOYHbIN MPOrHo3 eé€ 3anacoB B MpoOLEeHTax OT BCEX BUAOB
CYLLECTBYIOLLNX I3HEPrOPECYPCOB.

Tabnuua 1 — NMporHo3 ncnone3oBaHns HeTU kak aHepropecypca, (%)
Pecypc Moabl

1940 | 1980 | 2000 | 2020 | 2030 | 2040 | 2050 | 2060 | 2070 | 2080 | 2090 | 2100
Hedtb | 11 51 35 22 11 6 4 3 0 0 0 0

[MpOrHO3HbIE OUEHKN pa3HbiX aBTOPOB OTNAMYAKTCA APYr OT gpyra [3,4], HO BCe aKcnepThl
NpUXoaAT K OAHOMY BbiBOAY — O BO3MOXHOM MWCTOLLEHMM 3anacoB HeMTW B Hegpax U
NpeKkpaLleHnn e€ NPOMBbILLNIEHHOMO MCMNOSIb30BAHUA KaKk OCHOBHOIO BMAa SHEproHocutensa ons
TEennoBbIX ABuraTenen. N3-3a onepexatoLero cnpoca Ha MOTOpHOe TonnmMBo ByaeT Hen3bexHo
BO3pacTaTb Aeduunt HedTn, KoTopbin yxe K 2025 r. MoXeT npeBbICUTb BenuinHy 6onee 2,5
MJH. TOHH B AeHb [5].

2. UsnoxeHue:

O6ecneyeHne BceBo3pacTawoLllen NOTpebHOCTM B [OM3EeNbHOM TOMMMBE B YCNOBUAX
yMeHbLIaLWmnxcs 06bEMOB nepepaboTkm HEPTU Ha AONTOCPOYHLIA NEPUOL OCIOXHEHO PSAOM
hakTopoB. Bo-nepsbiX, pocT MNOTpebrieHns aBmauuoHHOro TonnuBa (KepocuHa) Bbi3blBaeT
CHUXeHMEe BbIXxOAa AM3ernbHbIX dpakunin 3 HedTn. N3BecTHo [6], 4To Ha Kaxabin 1 % pocTta
NPOn3BOACTBA KEPOCUHA BbIXOA An3erbHoro Tonnmea ymeHblaetcs Ha 0,8...0,9 %.

Bo-BTOpBIX, pasBuTMe npov3BoaCcTBa XKNOKNX napadguHoB ans HY>X[
MUKPOOMONOrMYeCcKkoro CUHTe3a COKpallaeT BblpaboOTKy AM3ESibHbIX TOMMAMB HA BESIUYUHY
BbIX04a XNaKux napadunHoB 1 6onee nerkokMnAawmMx NPoayKToB AecTpyKuum [6].

B-TpeTbux, HepTb ABNAETCA LEHHEWNLWMM N OOHUM M3 OCHOBHbIX (BMECTE C NPUPOLHbIMU
rOpYMMK rasamm) CbipbeBbIX PECYPCOB AN HEPTEXUMUYECKON NPOMBbILLSIEHHOCTHN, KOTOpas
Aaxe B YCIIOBUSX 3KOHOMWYECKOro Kpmuanca ykpenusia CBOM NO3NUUKM Ha pPbliHKE WU NPOAOIKaeT
yCneLHO pa3BnBaThCS.

OTa TeHAeHUUs SBMSeTCA XapakTepHOM NpakTUYecku Ans Bcex cTpaH mupa. B Poccun B
2018 r. u3 516 MSIH. TOHH M3BMNEYEHHON U3 Heap HedTM Ha OTeYeCTBEHHOM PbIHKE OCTasioCb
nopsgka 275 MIH. TOHH, U3 KOTOPbIX B HEPTEXMMUYECKUA CEKTOP HamnpaBSieHO OKOMO 22 MIIH.
TOHH [5,06].

Cnpoc Ha npoaykTbl NpeanpuATUn HePTEXUMNYECKON MPOMBILLSIEHHOCTU BCE BpEMS
Bo3pacTaeT, obycnaBnuBas yBenuyeHue TeMnoB poOcCTa MOLYHOCTEM W acCopTUMEHTa ee
npoaykuun. MNpoayktel nepepaboTkm HedpTM MayT Ha NPOM3BOACTBO MMACTUKOB, MOMMMEPOB,
PE3VHOTEXHUYECKUX U3OEeNMi N NakoKpacovHblIX Matepuanos, pabotatb C KOTOPbIMW ropasgo
BblrogHee, YemM C MOTOPHbLIMU TOMSIMBaMM.

MHore KpynHble HedTAHble KOMMaHuu cTanu  ocsBoboxaaTbCs OT  aKTUBOB
HedpTenepepaboTkn U OPUEHTUPOBATLCA Ha HedTexMmulo. B gonrocpodHonm nepcnekTuee
MHTEepeCc ANA HedTAHbIX KOMMaHUW MPeAcTaBnSAlT anbTEePHATUBHbLIE WCTOYHUKN SHEPIUK:
obGecneyeHne CnokoMHOro Oyayuwiero KOMMaHuMM  BO3MOXHO  TOMIbKO  MNPU  LLUMPOKOWN
anBepcuurkaumm OeaTenbHOCTW, BKYas TpaHcdopmaumio n3 HedTerasoBblX MMraHToB B
MHOronpousbHble 3HEPreTu4eckne KOMNaHuu.

B cooTtBeTctBUMM C «JHepreTtuyeckon crtpartermen Poccum Ha nepuog go 2030 rogay,
yTBEPXXAEHHOM pacnopsbkeHmeM [pasutensctBa Poccuinckon ®epepaumm ot 13 Hoabpa 2009
r. Ne 1715-p, k 2020 rogy pobblby HedTM HYXXHO AOBECTM A0 525 MNH. TOHH. 10 MHeHuIo
aKkcnepToB [3,6], HECMOTPSA Ha akTyanbHOCTb M 3aMaHYMBOCTb 3TOW 3a4ayun, OHa AOSMKHaA ObITb
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nogkpenneHaHageXxHolMy CBEAEHUSIMU O Hanuvyum MOoTeHUMarnbHbIX 3anacoB HeddTn Ana eé
BbINOMNHeHns. CTaTUCTUYECKNe [aHHble MO3BONSAT HaAesATbCA Ha YCNelwHoe BbIMOSIHEeHNe
nnaHoB CTpaTerun 1 BuIMSAASAT Ha NepBbl B3rNs4 A0BOMbHO yoeauTensHo (Tabn. 2).

Tabnuuya 2 — [1o6b14a HedpT B Poccun 3a nocnegHue rogbl, MnH. T
loabl 2008 2009 2010 2011 2012 2020
[obblvya HedTK 472 477,3 505 510 516 525*

OpHako HapedaTbCs Ha yAOBMETBOPEHWEe cnpoca Ha MOTOPHbIE TOMMMBA OTEYECTBEHHbIX
notpebutenen noka npexaeBpemMeHHO. 1o gaHHbIM [4,6], co3gaHbl HOBble MYyTWM 3JKcnopTa
Hed T, KOTOpbIE NOKa He obecnedeHbl pecypcamun. B paboTe [5] noguepknBaeTcs, YTO «TOSbKO
no ogHomy MaructpansHomy Hedtenposogy BCTO, ecnu oH 3apaboTaeT Ha MNOSHYHO
MOLLHOCTb, Hago OyaeT exerogHo nepekadmBatb A0 80 MnH. TOHH HedTn 3a pybex». o
MHEHMIO 9KCMepToB [6], Tonbko Ha npoTsxkeHun 15...20 net MOXHO 6yaeT BbINONHATL
3annaHnpoBaHHy0 A06bIMy HedTH, 3a 3TUM NocneayeT CyLleCTBEHHOE CokpalleHne o 250
MAH. TOHH. K 2035 rogy Halwa cTpaHa npakTU4YeCKU He CMOXET HU 3KCMOPTUPOBaTb HEMPTb, HU
CcTabvnbHO NOCTaBNATb HEMTENPOAYKTbl NS HYXO OT€YECTBEHHOW 3KOHOMUKM U HaceneHus.
Bce BbiwenepeyncneHHoe cBMOETENbCTBYET «O HanMuUyYMm B TOMNSIMBHO-3HEPreTU4YECKOM
KOMMNMEeKce CyLWEeCTBEeHHbIX MHOrO(akTOpHbIX BCEBO3PACTalOWMX  KPUSUCHBLIX  ABMEHUN
rnobanbHOro xapakrepan.

OHepreTMYeckUn KpuU3nUC, CBA3AHHLIN C HEYKNOHHbIM MOBbILWEHWEM MWPOBLIX LEH Ha
HepTb, HemsbexHO npuMBOAWUT K POCTY LUEH Ha Au3enbHoe TOMMMBO, peanudyemMoe Ha
BHyTpeHHeM pblHKe Poccunckon ®depepauun. OCHOBHbIMW NOTpPebUTENAMU OU3ESTbHOro
TOMNMBa SABMAKOTCA: [PY30BOW aBTOTPAHCMOPT, CENbCKOXO3SANCTBEHHOE MNPOU3BOACTBO U
aBTOOYyCHbIE NepeBo3ku (cur. 1).

8%

m1
m2

m4
m5

1 — TpaHcnopT (27 %); 2 — cenbckoe x03s1McTBO (25 %); 3 — aBTOGYCHbIE NepeBo3ku (23 %);
4 — npo4ue, B ToM 4mcne MunobopoHbl n MYC (17%); 5 — ctpoutenscteo (8%).
®dur. 1. CTpykTypa cnpoca Ha au3sensHoe Tonnmeo (nporHo3 Ha 2020 roa)

Mcnonb3oBaHne BO30OHOBNSAEMbIX MCTOYHUKOB SHEPrMN B Ka4eCTBE MOTOPHOro TOMnuvBa
NO3BOSINT PELUNTb HEe TOSNbKO 3HEepreTuyeckne, Ho n rnobanbHble 3Kkonornyeckne npobnemoi.
M3BecTHO [7], 4TO BO BCe BO3pacTaloLLen aHTPONOreHHon atake Ha 6uocdepy 3emnu BegyLias
ponb  NPUHAANEeXuT HedPTAHbIM  MOTOPHbIM  TOMNMBAaM, Bbi3biBAOLWNUM  3arpsi3HEHne
OKpYyXXatoLlen cpebl NpenMyLLecTBEHHO B MpoLecce aKcnnyataunmn TensioBbiX ABUraTenemn.

Tonbko B Poccumn B atmocdepy exerogHo BbibpacbiBaeTcs ¢ oTpaboTaBlimMMu rasamu
okorio 30 MnH. T BpedHbIX BewecTs: Ao 15 MnH. T MOHookcuga yrnepoga CO, 12 mMnH. T
okcnaos aszota NOy, 2 MNH. T HecropeBwux yrnesogopoaoB CHy, 1 mnH. T caxu (yrnepoga C)

[7].
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BuoamsenbHoe TONNMBO SABMASIETCA OCHOBHLIM  PECYpCcOM  Ans  AauBepcudukaumnm
NCTOYHUKOB 3Heprum, COXpaHeHus 3HepreTnyeckomn B©esonacHocTy, pas3BuTUSN
pacTEHMEBOACTBA, KakK OCHOBHOrO MOCTaBLMKa 3HEPreTMYEecKoro Cbipbs ANs MNOMyYeHus
Oroan3enbHOro ToNMBa, KCMArYeHns NOCNeCTBUN N3MEHEHUS KNMMaTta 3a CYeT COoKpalleHus
BbIGPOCOB NapHMKOBbLIX ra3oB» [8].

HasBaHue «OuoTtonnmneo» o6o00OLlaeT Takne BMAbl MCTOYHMKOB 3HEPruu, Kak: Ouoras,
6uoataHon, GuomeTaHon, aumeTunosbii acup, Guoamsens. CmeceBoe Au3enbHOE TOMNMMBO
NPUBOOUT K YBESIMYEHMIO 4acOBOro pacxoda Ouoausens, CHWXKEHWEe MOLLHOCTWU ABuratens,
MEeHbLLUEMY cOAepXaHuio B OTpaboTaBWKMX rasax oOKcuaa asoTa, MOHOOKCMAa Yrnepoaa,
HecropeBLUMX YrrneBoAopoaoB. TeM caMbiM CHWXaeTcss ObIMHOCTb OTpaboTaBLUMX ra3oB.
Cbippbem ana 6uoamsensi, NOfy4aemMoro Ha OCHOBE METUNOBbIX 3MpoB OTpaboTaHHbIX
pacTUTENbHbIX Macern, sIBMsieTCA Macno U3 BO30OHOBMASIEMOro Chipbd, KOTOPOE B MNOAOrPETOM
COCTOSIHMM CMELLMBAETCA C arkoronsaTom kanuda. Ankoronat npeacrtaenseTr cobon pacTeop, rae
CMeLInBalTCs KaTanmsaTtop (rMAPOOKUCh Kanusl) C METaHOSIOM OO0 MOSIHOrO pacTBOPEHUS.
3aBepliaolLMM 3BEHOM HBMSAETCA CaMO OM3ENbHOE TOMMMBO, KOTOPOE CMELUMBAaEeTCs C
NONyYEHHbIM METUMOBbLIM 3bMPOM Ansa nosnyyvyeHms buogmsens.

C yBenuyeHMeM KOHLEeHTpauuu MeTUNoBOro adoupa NoLCOSIHEYHOro Macria B CMecu C
AN3ernbHbIM  TOMSIMBOM  YBENMYMBAETCA MSIOTHOCTb, BS3KOCTb, COAEPXaHWe cepbl, HO
YMEHbLUAEeTCs TennoTa CropaHus.

CyLecTBYHOT TEXHOMOMMN NMOMYyYEHNA TONAMBA U3 MULLEBOrO UM HEMULLLEBOTO Cbipbs, TEM
camblM [OaHHbIA WCTOMHUK 3HEprun nogpasgenserca Ha OMOTOMNMMBO NEPBOrO UM BTOPOrO
MOKONEHUS.

B HekoTopbIX NPOBEAEHHbIX MCCNENOBaHMAX NPUMEHSIOT NOACONMHEYHOE MAacro, KOTOpoe
TOXEe MOXHO cuuTaTb Ouotonnueom. B pesynbrate pabotbl [IBC Ha cmecn noacorHeyHoro
mMacna wu gusenbHoro TonnmBa nocne 604 4 Ha BepxHeW nMepemblyke BCeX MOpLUHENn
obpasoBanocb 60nbLWOe KOMMYECTBO Harapa, BTOpble MOpPLUHEBbLIE KOfMbLa MpuUropenu.
TonnueHble PUNLTPLI NPUXOANITOCH MeHATb Yepe3d 20 — 40 YacoB paboTbl gBuratens. [Mnb3bi
LUUNMHOPOB M NOALWUNHUKKX WaTyHa Obinn B XOpoweM COCTOAHUKU. N3HOC rvnb3 Obin1 MeHbLUe,
4yem npw paboTe Ha ansenbHoOM Tonnmee [9].

B naHHOM nipouecce 6bIno NCNonb3oBaHO YMCTOE NoACONHeYHoe macno. Ecnun 6bl macno
CMelaTb C ankoronaTtoMm, 4YtoObl B AanbHeEWWeM MNOoSyYnUTb HEOUYULLEHHBIN METUMOBbLIA 3P
pactTutenbHoro macna (9-tasa). 3atem 3-gpasy OYMCTUTL U CMeLaTb C AM3eneM, TO MOXHO
NpeanonoXuTb, YTO Harapa crano 6bl MeHbLUE, a BPEMS UCMOJb30BaHUSA TONIMBHOMO omnbTpa
YyBENUYUTCS.

Y NpyMeHeHus cbipbeBOn H6asbl HA OCHOBE MULLEBOroO (MOACOSTHEYHEYHUK) U HE MULLEBOIO
(panc M pbRKUK) PacTUTENbHOrO Cbipbs MMEKTCs NpobnemMbl CBA3aHHbIE C 3aTpaTamu Ha
BblpalLiMBaHMe, MEHbLUMM MOSly4YEHNEM Macna C rektapa no CpaBHEHMIO C MUKPOBOLOPOCIISAMN.
OTK BMAObl CbipbSA 3aMeLlalTCa MCMNONb30BAaHMEM MUKPOBOAOPOCNen OGoraTtbix nunuaamu,
SABNSAOWMMNUCA OCHOBOM ANsi CUMHTe3a Tonnuea. [pogyKT nonyYyeHHbIW Ha OCHOBE [OaHHOro
cbipbs ByaeT ABNATbCS OMOTONNIMBOM TPETLENO MOKONEHUS.

PaspaboTka HOBbIX NOAXOAOB K NnepepaboTke BOAOPOCIEBOro Chipbs MNO3BOMSET U3 OQHOMN
M TOM xe Buomacchl Monyvatb pasnuyHble Buabl TonnmBa. [lpu onpenenéHHbIX YCnoBMAX
KyNbTMBMPOBAHMUS MWKPOBOOOPOCHM CNocobHbl CuMHTe3uMpoBaTb OmoataHon u Bogopod. Psa
MUKPOBOAOPOCNEN CUHTE3MPYIOT B Mpouecce pocTta yrneBogopodbl. Tak, 3enéHble
OAHOKNETOYHbIE KOMOHManbHble Bogopocnun Botryococcusbraunii obnagatoT 3amedaTenbHON
CNOCOBHOCTBLI0 06pa3oBbIBaTb M akKyMynvpoBaTh Xugkue yrnesogopodbl (4o 86 % oT Beca
cyxon ©uomacchl). YrneBogopodbl, 3KCTparmpyemble u3 ©Ouomaccbl B.braunii, nocne
rMOPOKPEKMHIra MOXHO paccMaTpuBaTb Kak MCTOYHMK MOTOPHOro TonnueBa. Bopgopocnun c
BbICOKMM COOEPXaHWEM Kpaxmana W yrneBOAoOB MOXHO nepepaboTtaTb NyTEM aspobHOM unu
aHaspobHoM depmeHTaumm B 6GuoaTaHon, ©OwuobytaHon w Bogopond. LOna nonyyeHus
ovotonnuBa pAOns AM3ENbHbIX ABUraTtenen UCnonb3yeTcda npouecc nepeatepudukaumnm
TpauunrNMuepuaoB, BXOASALWMX B COCTaB nunuaHow dpakumm BoaopocreBon Guomacchi
(macno). OgHoBpeMeHHO ¢ 6uogm3enbHbIM TOMAMBOM M3 BOAOPOCTEN MOXHO nonyvatb U
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3TaHON: MOCNne W3BMEYEHNA Macra OCTaBLIAACH YacTb OMOMacChbl 3a4acTylo COOEpPXUT
AO0CTaTOYHOE KOMMYECTBO Kpaxmana v Apyrux yrnesogoB. TpuauunrimuepuHsl BOOOPOCNen, a
TaKke nonyvyeHHoe u3 Hux ©OuoamsenbHoe TOMMMBO, MOABEpPralT rmapoTepManibHOMy
CKWXKEHUIO, KOTOpPOE NPOBOAMTCA MpU MOBbLIWEHHBIX AaBfieHMM U TemnepaTtype Ha
reTeporeHHbIX Katanmsatopax. 3aTeM ruaporeHusaumen n geokcureHaumen nosiyvarT CMecChb
yrnesogopoaos. [ononHutenbHaa onepauus rMAPOKPEKMHra, KOTOPOW NoABepraeTcsl yxe
Nofny4YeHHOe TOMMAMBO, MO3BOMISIET MOBBLICUTbL BbIXOA LIENEBOro npoaykra — 6Guonorndeckoro
TonnmMBa Ons AM3enbHOro Asuratens (3enéHbin uoamsens), coaepxaliero yrnesogopoabl C
KOPOTKMMM yrreBogopoaHbIMK Lenoykamm (He 6onee 10 atomoB yrnepoga) [9]. B tabnuue 3
npeactaBfeHbl pes3ynbTaTbl CPaBHUTENBHOW XapakKTEPUCTMKM panca M  MUKPOBOLOPOCIU
Haematococcuspluvialis.

Ta6nuua 3. CpaBHeHuepanca n Mmmkposogopocnu Haematococcuspluvialis kak 93HEProMCTOMHUKOB

KynbTypa Mpoayk- O6wee aHepro- Mpoayk- OHepro-
TMBHOCTb coaepxaHue, TUBHOCTb coaepxxaHue
ounomaccel, [x/ra B ron no macrny, no macny,
T/ra B roq T/ra B rog 'Ox/ra B ron

1 2 3 4 5

Panc (Fepmanns) 3.1 75,6 1,2 44,7

Panc 1,6 39,0 0,65 24,2

(PuHNaHanSA)

Panc o3umbin (Poccus) 1,0-2,5 24,0-61,0 0,3-0,75 11,1-28,0

Haematococcuspluvialis 38,2 763 13,8 422

(B cpeagHem)

Haematococcuspluvialis 91,8 1836 33,2 1014

(MakcumarbsHo)

B cpegHemM nO MpOAYKTMBHOCTM MOMyYeHUs1 Macna, 3dHeprocoaepXkaHuto macna
MUKpoBogopocnn Haematococcuspluvialis onepexatoT B gecatb pa3d panc. Camu no cebe
MWUKPOBOAOPOCNN NPUHOCAT Oonblle Macna C rekrapa, Yem panc u gpyrme MacnisiHAYHble
KynbTypbl B 15 — 100 pas.

lMoaconHevyHoe Macno B kadecTBe OuoTonnmBa, SIBMSIETCA HE NyyvluM BbIXOAOM,
MO3TOMY CTOMT MPUMEHATb CMeCb nepepaboTaHHOro NOACONMHEYHOro mMacra 4O MEeTUIOBOro
adupa c buoansenem.

Jlyqywmm  BMOOM pacTUTENBHOrO Chipba  Ans 6uoTonnmBa SABMAKTCA  BOAOPOCHN,
HanpuMMep Xnopenna, B CBA3N C TeM, YTO TpebyeTca MMHMMYM 3aTpaT Ha UX BbipalluBaHue,
MOXHO MONy4YMTb Bonblle Macna c rektapa, Yem Apyrme MacnsiHUYHbIE KyIbTypbl.

B uenom ceipbem Ans npoumsBoacTBa GMOAM3ENbHOrO TOMMAMBA MOTYT CRYXWUTb NtoGble
BUObl PaCTUTENbHbLIX Macen: pancoBOe, COEBOE, apaxucoBoe, ManbmMoBOe W Apyrue,
oTpaboTaHHble MOACOMHEYHOE U ONMBKOBOE, AUCTUMNMATLI 0€3040PUPOBAHUSA PacTUTENbHbIX
Macer, XXMBOTHbIE XUPbIl, @ Takke NMnnabl BOOOPOCEN 1 MUKPOBOLOPOCIIEN.

B aToi cBA3M He cnegyeT BOCNPUHUMATbL BbINOSHEHME pelleHnn KnoTckoro npoTokona
KaK 4YNCTO KOMMEPYECKOro MEexaHu3mMa, NMOCTPOEHHOrO0 Ha TOProBfie KBOTaMW Ha BbIOPOCHI.
OcCHOBHOE B HEM — HEOBXOOMMOCTb CHWXKEHUA 3MUCCUMM MapHUKOBBLIX ra3oB, BeayLLyto posib B
KoTopom ByaeT urpaTtb MCNONb30BaHME BMoan3enbHOro Tonnmea.

Mockonbky no obbemam npou3BOACTBA B psAge CTpaH MNepBOoe MEeCTOo 3aHuMMaroT
An3ernbHble TONMMBA, TO K HAM NPeabsaBAITCA XECTKMe TpeboBaHMs NO COAEP)KAHUIO CepbI U
apoMaTU4eckux CoefuHEeHWUN, yCTaHOBMEeHHble EBponencknm askoHomuyeckum Cosetom EN
590: copepxaHue cepbl AomkHO 6biTb MeHee 0,001...0,005 % (macc.), a copepxaHue
NONUUMKINYECKNX apoMaTuyeckmx yrnesogoponos — He 6onee 11 %.

I'Ipou,ecc O6eCCGDI/IBaHI/|9| AV3EenbHbIX TONSIMB HEN3OEXHO NnpuBEI K noTtepe uenoro pdaaa
X LUEHHbIX I'IOTpe6I/ITeJ'IbCKVIX KayeCcTB: TMMPOTUBOU3HOCHbIX WU AHTUCTATUYECKUX CBOWCTB,
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XUMUYECKON CTabunbHOCTU. Ha nepBoM MecTe CTOAT MPOTUBOWM3HOCHLIE CBOWCTBA, TaK Kak
HaOEeXHOCTb AW3enbHbIX [OBUratenen, npexae BCero, onpenensieTca kavyectBoM paboThl
TONMMBHOW annapaTypbl, a B obwem obbeme Nporpeccupyromnx MUs3gepxek m3-za notepu
paboToOCNOCOOHOCTN MPEUU3NOHHBLIX 3IEMEHTOB TOMMMBHOMO HAacoca BbICOKOrO AaBreHus
OCHOBHYIO YaCTb COCTaBMAOT TonnueBHble notepwu [10].

3. 3akntoyeHune:

N3BecTHO [10], 4TO B peXume rpaHMYHOro TPEHUS, XapakTepPHOM Ana paboTbl TOMNMMBHbLIX
HaCOCOB BbICOKOrO [aBfieHWs, FMaBHYK POSfib UrpatoT NMOBEPXHOCTHO-aKTUBHbIE COeOUMHEHUS
cepbl, copbupyloimecs Ha TPYLWMXCS MOBEPXHOCTSAX W MNpUHUMAaKLWMe yyactne B
TPMOOXMMUYECKNX PeaKUMsiX, NMPMBOAALLUNX K 0Opa3oBaHMIO 3aLMTHOW CEPBOBUTHOW MITEHKMW.
[Ons ycTpaHeHus 9TUX HeOoCTaTKOB 3SKOMOMMYECKM YUCTbIX [OM3ENbHbIX TOMMAMB  HYXHO
Ao3npoBaTb B HUX CMasbiBawlme npucagkm unm pgobaBkn, cpean KOTOpbiX Haubonee
3PPEKTUBHBIMU  SABASAIOTCA METUNOBble 3dMpbl pacTUTENbHbIX Macen unu ouoaunsenbHoe
TOMNMBO.

HeMHOrouncneHHole WM3BECTHbIE TEXHOMOrMM MNOoSydYeHns Ouoan3enbHOro TonnuBa
MOparnbHO yCTaperu, NOCKOSbKY XapaKTepu3yHTCH BbICOKOW 3HEpPro- U mMaTepuarnioeMKOCTbIO
MNP HU3KOW NPON3BOAMTENBHOCTU. [NA yCTpaHEeHNSA 3TUX HEraTUBHbIX ABMEHUI TpebyeTcsa HanTH
WHHOBALMOHHbIE TEXHOMOMMN, NCNOSb3YIOLNE HOBbIA TUM PEAKTOPOB, YCTPAHAOLLMA HEraTUBHbIE
CTOPOHbI U3BECTHbIX annapaToB Afs NofyvyeHns GuoTtonnuea.
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NEPCNEKTUBbI NEPEOBOPYOBAHUA OU3ENEN B TA30-OU3ENA

Buktopusi Hectepenko', MaBen MantoTtun?

PROSPECTS OF RE-EQUIPMENT OF DIESEL ENGINES IN GAZO-DIESEL ENGINES
Victoria Nesterenko', Pavel Malyutin®

Abstract. The basic features and advantages of gazo-diesel engines are stated. Preconditions of use of gas as
motor fuel in Ukraine are described. The basic ways of re-equipment of diesel engines in gazo-diesel engines are
specified.

Keywords:Motor fuel, gas diesel engines, spark ignition, «spark charge», fuel equipment.

1 BBepeHue:

BrnvsHne BpegHbix BbIGPOCOB CydoBbIX Au3enen Ha rnobanbHoOe 3Konornvyeckoe
COCTOSIHME BO3AyLLHOro 6accenHa siBNSeTCA orpaHNYeHHbIM U oueHuBaeTcs B 5-7% oT obLiero
KonuyectBa BbIOPOCOB BpeaHbIX BELECTB CTALNMOHAPHLIMU 3HEPreTUYECKMMUN YCTAaHOBKaMMN n
CyXOMyTHbIMM  TPaHCMOPTHbIMK  cpeacTBamn. OpgHako, WU3-3a  OTHOCUTENbHO  BOMbLIOK
arperatHOM MOLLHOCTU CyadoBble Au3ens MoryT OblTb OCHOBHbIM MCTOYHUKAMW 3arpsi3HEHUS
aTMocepbl B TakMx NOKamnbHbIX 30HAX Kak MOPTbl, BOAHbIE akBaTOPUW PeK, OCOBEHHO Ha
TeppuTopun ropodoB. Beibpockbl BpeaHbIX BeleCcTB B aTMocdepy C oTpaboTaHHbIMW ra3amm
CyOoBbIX AOu3enen ecTtb OAHWMM U3 T[NaBHbIX 3arpsA3HUTENEn BO3gylHOro 6GaccenHa,
Onunanexatiero K CyaoxoaHbIM akBaTopusiM pek. Mpn 9TOM OCHOBHOE BHMMaHWE CneunanmncTos,
KOTOopble 3aHMMalTcs npobrnemMamy MOBbILWEHUS 3KONOrmYeckon 6e30nacHOCTM CyAoBbIX
An3enen, HarnpasfieHO Ha BOMPOCHI, KOTOPblE KacakwTCA OYuMWEeHMst OTpaboTaHHbIX rasoB
ansenen ot okucnos a3ota NOX.

OKONMOrMyeckne XapakTepPUCTUKN OM3EnNbHbIX OBUratenen onpeaensioTcs, rNaBHbIM
obpa3om, cogepxaHmem B nNpoaykrax cropaHusa okucnoB asota NOx. PeweHne npobnembl
TOKCMYHOCTU BbINYCKHbIX FA30B CyAOBbIMW OBUratensamu pernameHtupyetcs TpeboBaHUAMM
MexgyHapoaHon Mopckon OpraHusauum (IMO).

PeweHune npobnembl 3arpsisHeHnsa Bo3ayLwiHoro 6accenHa MupoBoro okeaHa BblGpocamu
BpedHbIX BeLLecTB, B YacTHOCTM okucriamm aszota NOx ¢ oTpaboTaHHbIMM rasamu CyaoBOro
An3ensi CBsA3aHbl, Npexae BCero, ¢ Co34aHMEM BbICOKOI(MEKTUBHBIX TEXHOMOIMMIA CHUXEHUSA
KoHueHTpaumm NOX Ha Bbinycke 13 OU3enbHON YCTAaHOBKN, U 3TO B NOSTHOM MEPE OTHOCUTCS Kak
K cygam, KOTopble MNPOEKTUPYHOTCS W CTPOATCH, Tak M K CygaMm, KOTOpble HaxogaTcs B
aKcnnyaTtaumu.

CornacHo [punoxenus VI MexgyHapogHon KoHBeHUMM N0 nNpenoTBpaLleHuto
3arpasHeHus cygamum (MARPOL) «OrpaHnyenue Ha Bbibpockl NOx» ot aHBapst 2016 r., Bce
HOBblE CyHa OOMKHbI OTBEYaTb CTaH4apTam ypoBHs |ll, kKoTopble NnpegycMaTpmBaloT CHUXKEHME
BblbpocoB Ha 80% B cpaBHeHMM CO CTaHgapTamu YpoBHS |, Ana akcnnyaTauum B 30HaXx,
0003HaueHHbIX Kak 30Hbl KOHTponA Bbibpocos NOX.

2. UanoxeHue:

lNpednocbinku ucnonb308aHuUsi NPUPOOHO20 2a3a KaK MOMOPHO20 moriyiuea

MpnynHa obpasoBaHnsa B oTpaboTaHHbIX rasax BpefHblX BELECTB - rOpeHue TOomnnvBea.
XapakTepHO OCOBGEHHOCTbIO Ou3ens SBNAETCA NepuoaMyeckoe ropeHne npeaBapuTenbHO
HenepeMeLLlaHHOro TOonnMBa W okucnuTensl. YkasaHHoe 06CToATenbCcTBO 06ycnoBnueaeT
Hanuume romodasHoro n Auddy3HOro TUMNOB FOPEHUNA: NEPBLIN ONpeaensieTcs CropaHnem
cmecn, koTopasi obpasoBanacb 3a MNepuon 3agepXKM 3axuraHud, BTOPOM - CropaHuem
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OCTaBLLErocs KonuyecTea Tonsmea B AU @y3HOM ppoHTe nnameHun. CyuiecTtsytowme meTobl
cHmxkeHuns1 BbibpocoB NOx aensatcs Ha NepBUYHbIE, HaNpPaBfieHHbIE HA CHMKEHME KOnndecTBa
OKMUCIOB a30Ta, KoTopble 06pa3oBbiBAOTCA B UMNUHAPE Au3ensi, U BTOPUYHbIE, 4TO
npegycMaTpmBalroT xmmmyeckyto HenTpanuadaumio NOx nepen BbiMyCKOM BbIXIOMHbIX ra3oB B
aTtmocdepy.

lMepBU4YHbIE METOABI, B CBOKO O4epeab, MOryT 6bITb pa3geneHsl Ha ABe rpynnbl:

- Takue, 4YTo nNpeadycMaTpuBalOT U3MEHEHME KOHCTPYKLUMWN OBUraTens Unu OTAeNbHbIX ero
9NeMeHToB ( Kak MpaBuno, OHW MOryT OblTb peanu3oBaHbl NUWb Npu paspaboTke HOBbIX
KOHCTPYKLWIN): YCOBEpPLUEHCTBOBAHME CUCTEM BMPbICKMBAHUA TOMnmMBa, cmeceobpasoBaHue u
rasoobmeHa; BMpbICKMBaHWE BOAbl HEMOCPEACTBEHHO B ABUraTenb; OpraHM3auusi BUXPEBOro
OBWXEHUs 3apsaa B Kamepe CropaHus;

- MeToAbl, KOTOPblIE HE HYXOAKTCHA B CYLLECTBEHHOM WU3MEHEHWUN KOHCTPYKUMU OU3ens,
peanu3aumsa KOTopbIX BO3MOXHa NpU HE3HaUYMTENbHOW MOAEPHM3auuKM aBuratens (NpumMeHeHne
anbTepHaTMBHbLIX TOMMMB, NepeBefeHNEe AM3eNs Ha paboTy Ha BOAA-TOMMMBHBLIX 3MYITbCUSX
(BT3), yBnaxkHeHWe BO3dyxa Ha Bxode B ABUraTenb, PEumMpKynauusa vactm oTpabaTaHHbIX
rasos).

AnbTepHaTUBHbLIE TOMMMBA NPUMEHSIKOTCA B ra3o-gu3enbHblX ABuratensax. [[aso-gnsenem
Ha3bIBalOT ABYXTAKTHbIA UMW YeTbIPpeXTaKTHbIA ABUratenb, B UMAWMHOPbLI KOTOPOro nogaeTcs
raso-Bo3gyLlHas CMecb, a TOMMAMBO BMPbLICKMBAETCHA vepes wwTaTHble dopcyHkn amsens. OHa
3axuraeTtcs HebonbLUOW, Tak Ha3biIBaEMOW «3ananbHON 4030M», AM3ENbHOro TONMmMBa.

3a nocnegHve rogbl y YKpavHbl HabnogaeTca CTOMKUIM POCT UCMONb30BaHUS CXaToro
npupogHoro rasa (CIIN) kak MOTOpHOro Ttonnuea. [MaBHOW MPUYMHOW TaKOro MOBbLILLEHHOIO
«BHUMaHUS» K ra30BOMYy MOTOPHOMY TOMSIMBY SIBMSIETCA €ro HU3Kas CTOMMOCTb CPaBHUTENBLHO
c ©OeH3MHOM U1 pgus3enbHbIM TOMMMBOM. B Hactosiwee Bpemsa YkpanHa MO KONMUYECTBY
aBTOTPAKTOPHLIX ABuraTternieh BHyTpeHHero cropanus (OB3), koTopble pabotatoT Ha CIII,
pasmMeLlaeTca Ha cedbMoM MecTe B mMmupe. CrnegyeT OTMETUTb, YTO K MpenmyLlecTBam
NCNONb30BaHMA NPUPOAHOrO rasa kak MOTOPHOro TOMfMBa OTHOCATCS €ro BbICOKME (PU3MKO-
xnmudeckne csomnctea. Ha 85 - 99% oH coctonT u3 metaHa CHs 1 nmeeT BLICOKYHO TENnoTy
CropaHunsa  CTEXMOMETPUYECKOM  raso-BO3gylHoOW cMecu. lMmeeT  Takke  BbICOKYH
aHTMAETOHALMOHHYIO CTOMKOCTb, OKTAHOBOE YmMcno y Hero cebiwe 105 - 110 of. (3a MOTOPHbIM
MeTOAOM). XOpOoLO CMELUMBAETCA C BO3QyXOM. B otnuune ot 6€H3MHOB 1 An3enbHbIX TOMMUB,
HEe CcOoOEepXUT SAO0BUTLIX npumecen n aobasok. VimeeT wupokue npenenbl 3aXuraHus.
OtpaboTaHHble rasbl aBuratenen, kotopble paboTalT Ha NpUPOOHOM rase, cogepxar
He3Ha4ynTENbHOE KONMMYECTBO HOPMUPYEMbIX BpedHbIX BblIOpOCOB. AT U ApyrMe CBOMWCTBA
NO3BONSAT OTHECTM NPUPOAHBIN ra3 K 3KONOrM4Yeckn YNCTbiM MOTOPHbBIM TOMNMBAM.

MoaTtomy aBuratenun, B KOTOPbIX WMCMOMb3YOT MPUPOLHbLIA ra3 Kak MOTOPHOE TOMMBO,
MOTyT 3HAYMTENbHO YNYYWUTb OOCTATOYHO CIOXHYIO 9SKOMOMMYECKyld CUTyauuto, KoTopas
cnoxunacb 3a nocrniegHuve gecatunetnsa B YkpauHe. [pupoaHbii ra3 kak MOTOPHOE TOMNSIMBO
[OBC YKpanHbl MCNonb3yetcsa U MOXET ObiTb MCNOMb30BaH ANsl Takux TUMOB ABUraTenen u
TPAHCMOPTHbLIX CUMOBbLIX arperaTos :

1. [Ons O6GeH3nHOBLIX ABUrateneh C WCKPOBbIM 3axuraHmem, [oobopyaoBaHHbIX
ponosnHuTensHon cuctemon nutaums CIII. Mpu aTomM Ha gBuratene ycTtaHaBnNMBaeTCs
aonosnHuTensHoe razobannoHHoe obopynosaHue (F60), B pesynbTate Yero OH CTaHOBUTCS
ABYX TOMSIUBHbIM.

2. [Ona gunsenen, nepeobopynoBaHHbIX Ansi paboTbl NO rasoausenbHoOMy Lukny. B
Takom cnydae Ha [IB3 yCTaHaBnmMBaeTCca AonofnHuTenbHoe rasogusenoHoe (I70)
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obopygoBaHve B Kommnnekre ¢ GannoHamwn ans xpaHeHus CII, B pesynbTtate 4ero
aBTOMOOUITb TAKKE CTAHOBUTCS ABYX TOMSMBHbBIM.

3. [Ona «4yucTto» rasoBbiX ABUraTenen C UCKPOBbIM 3aXuWraHuem, cos3faBaeMblX Ha
6ase gusenen. B atom cnyyae aBTomobunb moxeT paboTtaTtb Tonbko Ha CIT.

4. [ns nepcnekTMBHbIX TPAHCMOPTHbLIX CUMOBLIX arperatoB B COYeTaHUN C
TOMMAMBHBIMW  dNeMeHTamMu (TOMSIMBHBbIMU  SiYeKamMu), B KOTOPbIX MPUPOAHLIN  ra3s
MCNoNb3yeTCcs B Ka4yecTBe BOAOPOAOCOAEPKALLEro TONNMNBA.

Kaxgbin 13 BblleNpUBEOEHHbIX TWUMOB ABUratenen u cnocoboB nepeobopynoBaHus
MMeeT CBOU NpenmyLLecTBa U HegocTaTki. VX paccMoTpeHune 1 yrnyGneHHbIN aHanua B pamMmkax
AaHHON paboTbl HEBO3MOXHO. [loaToMy B 3aTOoM paboTe OCHOBHOE BHWMaHWe YyAerieHo
BOMpocam nepeobopynoBaHus (KOHBEPTUPOBAHNA) AN3ENEN B ra3o-gu3enu.

OcHoeHble crnocobbi nepeobopydoesaHusi dusenel e 2a3o-dusenu

KoHCTpyKumMs Ou3ensi, paccuyMTtaHHasa Ha BbICOKME Harpy3kum M OaBrieHUsi, MOXET ObiTb C
yCnexom Mcnosb3oBaHa Ans co3gaHns BblICOKO3(PEKTMBHOIO ra3oBoro asuratens. Ha cerogHs
Hanbonbllee pacnpocTpaHeHne nonyyunu gBa crnocoba nepeobopynoBaHus gusenen Ons
paboTbl HA ra3oBOM TOMJINBE:

1. [MepeobopynoBaHne aAusernen B «YUCTO» ras3oBble ABUraTenm C WCKPOBbLIM
3aXnraHmem.
2. lMepeobopynoBaHue gmnsenen ansa paboTbl NO ra3oan3esibHOMY LMKITY.

Ecnn B nepBom crnyyae B KOHCTPYKUMIO ABUraTesnis BHOCATCA CYLECTBEHHblIE U3MEHEHUS
(cHMWxKaeTca CcTeneHb CXaTusl, YCTaAHABMMBAKOTCA [LOMOSHUTENbHbIE CUCTEMbl 3aXUraHus,
NUTaHMA U perynupoBaHMs MNogayn rasoBoro Tonnvea), TO BO BTOPOM criyvyae Ausenb
aoobopygoBancs nuwb  OMNOSIHUTENbHOW CUCTEMOM MUTAHUMA W PerynupoBaHus nogayu
rasoBoOro Tonnuea.

OcobeHHOCTBIO  rasoau3enbHOro  UMKAa  gBnsieTca  TO,  YTO  TemnepaTtypa
camMOBOCMMaMEHEHNs rasa HaMHOro npeBblWaeT TemnepaTtypy CaMOBOCMNIIaMeHeHUs
AN3enbHOro Tonnmea, N AN ee HageXHOoro 3axuraHns Heobxo4Mmo BMNpbICKMBaTb B UUITMHAPDI
ra3o-An3ens Tak HasblBaeMytlo «3ananbHyto 4O3y» OU3ENbHOro Tonnmea.

OCHOBHbIM MPeuMyLLIECTBOM ra3o-amM3enen 4BnAsSeTCS TO, YTO OHU 0e3 CHWXeHUs
MOLLHOCTW MOryT paboTaTtb Kak 3a An3enbHbIM LMKIOM (NUWb Ha AM3ENbHOM TOMMMBE), TaK U
3a rasoamsenbHbIM LMKIOM (Ha NPUPOAHOM rase v Am3enbHOM Tonnuee). [1pn 3TOM BenuymnHa
«3ananbHON 0O03bl» AN3ENbHOro TonnmMBa MoXeT konebatbcsa B npegenax ot 3....5% k 30% ot
HOMUHanNbHOM 3aTtpaTtbl TonnmeBa. CregyeT OTMETUTb, YTO AN HAAEXHOro 3aXuraHusi raso-
BO3YLLUHOM CMeCH, KOTOpasd COAEpXUTCA B UWNUHAPaAxX raso-gmsens, goctatoydHo 3....5%
BENUYMNHBI «3ananbHOW 4O3bl» HA BCEX CKOPOCTHBLIX U Harpy304HbIX pexmnmax. OgHako A0CTUYb
TaKMX 3HAYEHUN «3aKuraTenbHOW [03bl», HE U3MEHSAS KOHCTPYKLUUIO TOMMAMBHOW annapaTtypbl
(TA), HeBO3MOXHO. ECnM B KOHCTPYKLUMIO TOMMAMBHOW annapaTtypbl BHOCAT W3MEHEHUs
(ymMmeHbLIaOT guameTp Unu xon NNyHXepoB TOMMAMBHOIO Hacoca BbiCOKOro gasnenHusa (THBL),
YMEHbLUAIT nnowaab NPOXOAHbIX OTBEPCTUN POPCYHOK MU UX KONIMYECTBO), TO 3TO NpUBOAUT
K TOMY, 4YTO ra3o-gu3enb npu paboTte 3a AnsenbHbIM LMKIoM TepseT 4o 25...40% MoLlHoCTH.

B cBA3n Cc 3TMM Ha raso-amsensx, KoTopble paboTarT HAa HOMUHAMbHbBIX U BN3KUX K HEMY
pexmMmax B KadeCTBe aBapWMHbIX ras3o-An3esib reHepaTopoB, «3anarnbHas Ao3a» OU3enbHOro
Tonnuea konebnetcsa B npegenax ot 15...20% po 25....30%. Takue 3Ha4YeHust BENUYUHBI
«3ananbHOn J03bl» He TPebytoT BHECEHNA N3MEHEHNIN B KOHCTPYKLMIO TONSIMBHOW annapaTypbl.
PerynuposaTb TA Ha HU3LWKNE 3HAYEHUS «3ananbHOW 003bl» HE PEKOMEHLYETCH, MOCKOMbKY 3TO
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MOXeT NMPMBECTU K Nponyckam nogadum tonnmea no cekumsm THBL v yxyawutb oxnaxgeHue
pacnbinutenen popcyHoOK.

CyLlecTBEHHOE BIIMSIHWE Ha 3HepreTuyeckue 1 aKonornveckme nokasarenu paboTbl ras3o-
ansena umeeT BbIOop cnocoba perynupoBaHus ero MowHocTn. K HuM npuHagnexar:
KayeCTBEHHbI Cnocob perynupoBaHns, MNpU KOTOPOM, W3MEHSIS MNONoXeHue (ynpasnss)
rasoBOM 3aCIIOHKOW, M3MEHSAIOT KOMUYECTBO rasa, KOTOpbI ModaeTcs B raso-BO34YLUHbIV
CMecuTenb, W3MEHAS KayeCTBO ra30-BO3AYLWHOW CMECW;  KONMUYECTBEHHbIN  crnocob
perynmpoBaHuns, Npu KOTOPOM, yNpaBrisis ra3o-Bo34YLIHOW 3aCfIOHKOW, YCTAHOBNEHHOW 3a ra3o-
BO3YLUHbIM CMecuUTenemM, N3MeHSIOT KONIMYECTBO ra3o-BO34YLIHON CMECK, KOTopoe NoJaeTcs B
LUUNMHAOPbLI ra3o-au3ens; CMeLlaHHbI cnocob perynmpoBaHus, MpyM KOTOPOM, yNpasrisis ra3oBom
N BO3OYLUHOW 3aCfOHKaMW, perynupyroT KONMMYeCTBO rasa v BO3dyxa, KOTopble nogatTcs K
ra3o-BO34yLUHOMY CMECUTES0; CMeLUaHHbI cnocob perynupoBaHus, Npyv KOTOPOM, ynpasnss
rasoBOM 3acCfOHKOW, PEerynvpyroT KONMYECTBO rasa, KOTOpPbIM MOoAaeTCs K raso-BO34yLUHOMY
CMECUTENIO, a N3MEHSAS NOSOXEHNE ra30-BO3AYLUHOW 3aCrNOHKW, PerynmpytoT KONM4YecTBO raso-
BO3yLLUHOM CMeCH, KOTopoe NoAdaeTcs B UMINHAPLI ra3o-gu3ens.

3. 3aknrouyeHue:

1. OaHUM 13 3G EKTUBHBIX CMOCODOOB MCMNOMb30BaHUSA MPUPOAHOrO ra3a Kak MOTOPHOIO
TonnmMBa ecTb NepeobopynoBaHue ansernen ans padoTtbl 3a ra3oan3enbHbIM LIMKITOM.
2. lNprmeHeHne ra3oan3ensHOro LMka no3BosisieT:

- yMeHbwKnTb Ha 50 - 55 % akcnnyaTauMOHHbIE pacxodbl OM3ENbHOro TOMMMBa 3a CYeT
3aMeLLEHNSA ero NPUPOAHbLIM ra3oMm;

- CHU3UTb B 2-4 pa3a AbIMHOCTb O0TpaboTaHHbIX ra3oB M B 2-2,5 BbIOpOCHI TBEPABIX YacTen y
An3enen, KoTopble HAaXOA4ATCA B AKCnnyaTaunm n He oteedvatoT TpebosaHuam EBpo-5;

- CHU3UTb YPOBEHb BHELUHEro U BHYTPEHHErO WyMa 6e3 nameHeHunsa KoHcTpykummn [BC.

3. Mcnonb3oBaHne npu pabote 3a ras3oausernbHbIM LWMKAOM CMellaHHOro crnocoba
perynmpoBaHnsa MOLLHOCTU C MUKPONPOLLECCOPHbIM ynpaBfieHMeM nodaden Tonnuea M rasa B
covyeTaHuMM C HENTPanNu3aTopoM OTpaboTaHHbIX ra3oB NO3BOMUT BbIMNOMHUTL HOPMbI EBPO-5 4TO
ocobeHHo BaxxHO ansa [BC uto paboTatoT B ropoAcKkUX 1 6NIM3KUX K HAM parioHax.
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HAMAJIABAHE HA TOKCUYHOCTTA HA OTPABOTUITUTE 'A30OBE
OT TPAKTOPHU OU3ENOBU OBUTATEIN

CHWXEHUE TOKCUYHOCTU OTPABOTABLLUX TA30B
TPAKTOPHbIX OU3EJIEUN

E.1O. JleBuHa, B.A. MapkoB, B.®. KanuHuH, A.1O. KopHeB, C.A. HaropHoB

THE DECREASE IN EMISSIONS TRACTOR DIESEL ENGINES

Abstract. A fundamentally new type of fuel for diesel engines in which there are no hydrocarbons of
petroleum origin is proposed. The use of composite fuel for diesel engines allows you to create technologies
with high environmental performance by eliminating the use of toxic substances of petroleum origin, reduce
the harmful effects of mobile energy on the environment, affect the expansion of the raw energy base,
increase the shelf life of biodiesel fuel

Key words: diesel, biodiesel, composite fuel, exhaust gas toxicity.

BBEAEHUE

Bonpocbl npegoTBpalleHns 3arpa3HeHns OKpyxatoLwen cpeibl B COBpEMEHHOM MUpe
npnobpenn MMPOBO33PEHYECKUIN U HPABCTBEHHbLIN XapakTep. O6LenpuHATBIN KpUTEPUN
nporpecca — poOCT MPOM3BOOUTESNbHBIX CUI yXXe€ He COOTBeTCTByeT TpeboBaHUAM
LMBMNN3ALNN, UCNbITbIBAKOLWEN pa3pylunMTenbHOe Aenctame rnobanbHbIX 3KONOrMYeCKnx
npobnem, n gomkeH ObiTb OTBEPTHYT.

BaxXHOCTb BOMPOCOB 9KOMOMMW He NOANEXUT COMHeHMo. WX ocMmbicneHue
3actaBnsieT [MO-HOBOMY MepecMOTpeTb MHOrMe MnpUBbIYHBIE  KOHUENUWW, BKIHYas
TpaauLMOHHbIE MPOLECChl SKCNNyaTauun An3erbHbIX ABUraTenien, nx ponb B 3arpsa3HeHum
OoKpyxatwLen cpedbl, CHWKEHUS >XW3HEHHOro YPOBHSA. OTW acnekTbl HaxXOAATCH B
HepaspbIBHOW CBA3W, MO3TOMY pPacCMOTPEHWE KaXOdoro W3 HUX MO OTAEeNbHOCTU
HeLenecoobpasHo.

Habntogaemoe paspylieHne n McHe3HOBEHMNE NMPUPOLHbIX KOCUCTEM, 3aMeHa UX Ha
aHTPOMOreHHble 3KOCUCTEMbI (Tak HasblBaemble KynbTypHble naHawadTbl), UCTOLLEHME
NPUPOOHbLIX PECypcoB, B NEpBYK o4vepedb, NPUrogHoM AN NUTbA MNPEecHOW BOAbl U
€CTECTBEHHbIX J1IECOB, 3arpsi3HeHNe OKpyXatoLlen cpeapbl, CHUWKeHne buopasHoobpasns u
NPOAYKTUBHOCTM 3KOCUCTEM — BCE 3TO CBMAETENLCTBYET O NpuUBNMKeHMn HeobpaTumon
aerpagaunmn rnocdepsl.

Ona ©6wuocdepbl BpeaHbl ntobble 3arpsa3HEeHUs, T.K. KaXAbl BUA 3arpsi3HEeHUs
BO34EeNCTBYEeT Ha pasHble KOMMOHEHTbl 3KOCUCTEM B pasfiMyHoOW cTteneHu. [Npu aTom
BCerga [Ans KaXaoro KOMMOHEHTa 3KOCUCTEM HanOeTCA KPUTUYECKUM 3arps3HsoLLnm
draktop. Bo MHOrmx cnyyasx atv ¢oakTopbl NPOSABISATCA He cpa3dy, a Yepe3 HEeCKOJSIbKo
MOKOMNEeHUn, No3ToMy npefyragatb cemyac nocneacTevs OT UX BO3OENCTBUS He Bcerga
BO3MOXHO. 3arpssHeHVe OKpyXalwllen cpedbl yxyglwaeT ee KayecCTBO, CHMxXas
BO3MOXHOCTU XWU3HW AN YernoBeka. B nepBylo oyepedb, 3TO cKasblBaeTCA Ha 300pOBbE
nogen, crnocobctBysa pocTy 4ucra 3aboneBaHMM BCEX CUCTEM, 310KaYeCTBEHHbIX
HOBOOOpa3oBaHW, OTPaBMEHWUN, annepryuyecknx peakumi m npoumx. Kpome TOro, B
pe3ynbTaTte BO3AENCTBUS 3arpsi3HEHUIN NMPOMCXoOAT HeobpaTUMble U3MEHEHUSI B FEHOME
yenoseka. MHoOrMe Buabl 3arps3HEHUA CHWXaKT nnogopoave 3emernb, AenakoT
HenpuroaHbIMu K NoTpebneHnto NpoayKTbl U Boay.

OCHOBHbIMM MUCTOYHMKaMK Bblbpoca 3arpsAsHsowmx BewecTB (3B) B OKpyXKatoLLyto
cpedy €BNAeTCA aBTOTpPaKTOpHas TexHuka. Jlerko BuaeTb, YTO MeXAdy COCTOSHUEM
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OoKpy)XatoLllen cpefbl M 300POBbEM XUTENEnW MMeeTca npamMasi U HenocpeacTBEeHHas
B3anMOCBSA3b. Beab noau XmnByT B 3TOM cpefe, AblaT BO34yXOM, NblT BOAY, NUTAKTCA
BblpalleHHON Ha 3TOW 3eMsie CerbXo3npoayKunen, BbifIOBIEHHONW B MECTHbIX BOgOeMax
pblbon 1 1.0. N ecnm 3T KOMMNOHEHTbI Cpeapbl 3arps3HeHbl, TO nsbexartb pocTa uucna
3aboneBaHun nogen HeBO3MOXHO. MHaye npuwnocb 6bl XWUTb B ckadaHapax, nutasicb
NWLWb KOHCEpBaMu 1 ByTUNMpPOBaHHOW BOLOMN.

KapavHanbHbIl NepenoMm B Nepexoge OT WMCKOMaeMblX WCTOYHUKOB 3JHEprmm K
BO30OHOBNSAEMbIM BO3MOXEH TOSIbKO B TOM criyyae, ecnv bygeTt HangeH NpvHUMnManbHO
HOBbIN, HEUCCSAKaeMbl, §erko nosiydaemMblini U [eleBbln  UCTOYHUK 3HEeprun, He
obpasylowmin onacHblx OTxodoB. [lodToMy BcCe ycunus MpPOrpecCMBHO  MbICASILLMX
NONUTMYECKUX OeATenen, y4eHblX N CneunanmcToB AOMKHbI OblTb HanpaBieHbl Ha MOUCK
Takoro WCTOMHMKA 3Heprun, a He Ha ©6opbby ¢ rnobanbHbiM noTenneHnem. Tak
HasblBaemoe rrnobanbHoe noTensieHne — 3TO COBPEMEHHbIN Mepuog MHOrOBEKOBOrO U
AaXe MHOroTbiCAYeneTHEro KnMmaTudeckoro uukna. OTOT nepuos XapakrepuayeTtcs
Nepexo4oM OT XONOAHOro/BNaXHOro K TensioMy/Cyxomy KnumaTy WM COMnpoBOXOaeTcA
pasHOHanpaBneHHbIMW  NOrogHbiMM  TypbyneHTHoCcTAMWU.  BnngHue  4YenoBeyeckon
OeATenbHOCTU Ha 3Tu rnobanbHble NpouecCbl He TOMNbKO MfaHEeTapHOro, HO W
KOCMMUYECcKoro MacLutaba HUYTOXHbI.

OaHUM M3 NepcrnekTMBHbIX MNYTEW peLUeHUs YKasaHHOW npobnembl aBnseTcs
nonyyYyeHMe HOBOro CMeCeBOro MOTOPHOro TOMMUBA C YIyYLlLEeHHbIMWU 3KCNIlyaTauMOHHbIMN
N 3KOMOIMMYECKMMM MoKasaTensiMm no CPaBHEHUK C OObIYHbIM AM3ENbHLIM TOMMMBOM,
pes3ynbTaTbl UCCe4OBAHUN 3TOrO HanpaBfeHUs U3MNO0XEeHbl B HACTOSLLEN CTaTbe.

N3NTOXEHUE

OcHoBHOW 3agayvent COBEPLUEHCTBOBAHUSI 3IKOSNOMMYECKMX MNoKasaTenen An3enbHbIX
apuraTenen SABNSIETCS CHUXXEHWE BpedHbiX BELWEeCTB, coaepXawmxcs B Bblbpocax cC
oTpaboTaBLLIMMK Fra3amMu.

TpeboBaHMs K COBPEMEHHBLIM TOMNSIMBAM BCE BPEMS yXKecTodalTcs. [na An3ensHoro
TONMMBa OCHOBHbIE HaMnpaBfieHWs COBEPLUEHCTBOBAHUA: 3TO YBENUYEHME LIETAaHOBOIO
yncrna M CHMXKEHME codepXKaHus apoMaTUYECKMX M Cepycoaepkalmx coeguHeHuin. B
Poccn obo3HadeH nocTeneHHbln nepexoa K craHaaptam EBpo-5 u EBpo-6, 4Tto
noTpebyeT He NPOCTO COBNIOAEHNA HOBbLIX SKONOMMYECKMX XapakTEPUCTUK TOMNMMBA, HO M
COBEpLUEHHO Apyroro nogxoda K HedTenepepaboTke, YTO CBA3AaHO C O4YeHb BoNbLUMMU
KanMTanoBrOXEHUsAMMU.

C Opyron CTOpoOHbI, B nocregHne rogbl BCE bonee LWMpoKoe 3HayeHue npuobpetaet
onoaunsenbHoe TOMMAMBO, CUHTE3MPYEMOE MO peakumm MEeTaHONMM3a U3 pacTUTENbHbIX
macen. lNpeumywectsa GuogusenbHoro Tonnmea (METUNOBLIX 3UPOB PACTUTENbHbIX
macen, MOPM) nepea HEPTAHBIM TOMMBOM XOPOLLO U3BECTHBI.

B 10O e BpeMs PUINKO-XUMNYECKNE XapaKTepUCTUKM OMOAN3EeNbHOro Tonnmnea He B
MONIHOM Mepe COOTBETCTBYIOT TpeboBaHWAM, KOTOpble MNPeabsABNAKTCA K OM3ENbHOMY
TONNMBY M 3akpenneHbl B cooTBeTcTBYOWMX [OCTax. 310 TpebyeT B HacTosiLee BpeMs
onpedenéHHon mogumdumkaumm Ou3enbHbiX gBuratenen nna  paboTbl Ha  UYMCTOM
ovoausenoHomMm Tonnuee. [donyctnmas gobaska 6GuoamsensHOro Tonnmea K HedPTSHOMY B
HacTodwee Bpema coctaBnseT 5 % (06.). Kpome TOro, B OTnvMyne OT yrneBogoponoB
HeTAHOro TonmnMBa, B COCTaB OMOAM3EnbHOro TOMNMBa BXOAAT CNOXHble 3dupbl, B
OCHOBHOM, HenpenenbHbIX BbICLLUMX KapOOHOBbLIX KUCMOT. OTO CHMXAET YCTOMYMBOCTb
ovnoasenbLHOro TonnMea npu xpaHeHuu. Ewé oanH BaXHbIM HegocTaTok 6uoan3enbHOro
TONNMBa, LWMPOKO Ob6CyXaaembln OOLECTBEHHOCTbIO, 3TO MCMNOSMb30OBaHME [AOfa €ero
NOoMyYeHnst NULLEBbLIX PaCTUTENbHbLIX Macern.

CnepoBaTtenbHO, Ansi BO3MOXHOCTM 6onee LMpOoKOro npumMeHeHnsa 6moamsensHoro
TonnMBa HeobxoaMmo, BO-NEPBbIX, WM3Yy4UTb  LEenecoobpasHOCTb  MCMNOMb30BaHUS
HEeTPagMUMOHHbBIX PacTUTENbHBLIX Macen B KadecTBe Cbipbs ANsl €ro npoussoacTtsa. Bo-
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BTOPbIX, CO3[jJaHNEe OpraHM4ecKoro KOMMO3UTHOro TOMMMBaA, 3KBUBANEHTHOro no gu3snko-
XMMWYECKNM napameTpam HePTAHOMY AN3erbHOMY TOMNMUBY, HO OGnagatoLero nyywmumm
3KONOrMYecKMMmn CBOMCTBaMU, ABIISIETCA BECbMa akTyanbHOW 3ajadven.

Bbiv  cvHTE3npoBaHbl  KOMMOHEHTbI  KOMMO3WTHOIO  OpPraHM4eckoro  TOMnvBa:
buoamsenbHoe TOMNMMBO  (BbICOKOMOSEKYNSPHBIN  KOMMOHEHT) W CrOXHble  3dupbl
npeferibHbiX anudartuyeckMx KUCNoT W CNUPTOB  (HU3KOMOMEKYNSPHBIA  KOMMOHEHT).
OnpepeneHbl  PU3NKO-XMMUYECKUE XapaKTEPUCTUKN CUHTE3NPOBAHHbLIX KOMMOHEHTOB

(tabn. 1).
Tabnuua 1. PU3NKO-XMMNYECKMNE XapPaKTEPUCTUKN CITOXKHbBIX 3MPOB
CIOKHbI 30Mp nJ'IO:;I'HOCTb, BsaskocTb, Temnepatypa
kr/m”, 20 °C Mmo/c, 20 °C kunenus, °C
AMMIOBIZ 3P 871 0,56 185
MacCIsiHOM KUCNOTbI
Msoammn93b|14 achmp 865 0,60 178
MacInsiHOM KUCNOTbI
OKTVIJ'IOBIzll/I achmp 863 1,39 242
MacIsiHOM KUCNOTbI
lenTunoBbIn achup
BanepnaHoBou 860 2,75 243
KMCNOTbI
OkTunosbIn acoup
BanepnaHoBou 859 3,41 260
KMCNOTbI
HoHunosbin adomp
BanepnaHoBON 858 4.1 273
KNCNOThl
HOHVIJ'IOBbIVIv adup 856 48 289
KanpoHOBOW KMCMOTbI
M3PM 879 6,30 280-320

Temnepatypbl KMNEHUSI CUHTE3MPOBAHHbLIX 3MPOB (KpOME HOHWUIIOBOro adumpa
KanpoHOBOW KWUCMNOTbl) HWXe, 4YeM Yy OuoamsenbHOro TOMMMBA, CRNeaoBaTeNbHO, MX
MCNONb30BaHME MO3BONSET MOMY4YMTb TOMMMBO LUMPOKOro (pakUMOHHOINo COCTaBa,
aHanornyHoe HedTAHOMY. B kOMno3autHOM TomnuBe OyayT nNpUCYTCTBOBATb Kak
BblCOKOKMNsiWme dpakuun (bnognsenbHoe TONAMBO), Tak U HU3KOKMMALWME (NpeaenbHble
adupsl).

M3 cuHTEe3MpoBaHHbIX 3UPOB M OMOAM3ENbHOrO0 TOoMnMBa OblM  COCTaBMEHDI
TONMMBHbIE KOMMNO3WUuMM (Tabn. 2), ANsS KOTOpbIX onpegerneHbl (U3NKO-XUMUYECKME
XapaKTEPUCTUKMN.

Tabnuua 2. CogepxxaHne KOMNOHeHTOB (06.%) B koMno3uTHbIX Tonnueax (KT)

KoMnoHeHT KT 1 KT 2 KT 3 KT 4 KT 5
AMVIJ'IOBbIUVI achmp 10 10 6 o
MacCIsiHOM KUCNOTbI —
|/]308MI/IJ'IE)BbII/1 achmp 10 10 10 . .
MacrsiHOM KUCNOTbI
OKTVIJ'IOBIzll/I adump 10 10 10 . .
MacCIIiHOM KUCNOTbI
lenTunosbIn achup
BanepnaHoBOW 10 10 10 6 2
KNCNOThI
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OkTunosbin achup
BanepnuaHoBOW 10
KUCNOTbI
HoHunosbIn acoup
BafiepnaHoBou 10 10 10 6 2
KMCIOTbI

HoHunosbIn adump
KanpoOHOBOW KMCMOTbI
BrnogunasenbHoe
TONSIMBO

10 10 10 6 2

30 40 50 70 90

Wcecnegyemble KOMMO3WUTHbIE TOMMMBa NPeAcTaBnsloT CcOOON CMeCb  CHOXHbIX
npeaernbHbIX N HenpeaesibHbiX 3UPoB pasfnMYHON MOSIEKYSISIPHON MaccCbl. KOMNOHEHTHI
TOMAMBa UMEIDT PasnUYHyo TeMnepaTypy KUNeHUs U nnasfieHns (4TO OKaXeT BNUSHWE Ha
Takune XapakTepuUCTUKM TOMNMMBA, Kak PpakUMOHHbLIN COCTaB U Temnepatypa BCMbIWKA U
TemnepaTypa NMOMYTHEHUS), PasfIMYHYO MNOTHOCTb U BA3KOCTb, YTO OyadeT onpenendatb
COOTBETCTBYHOLLNE XapaKkTEPUCTUKN KOMMO3UTHOIO TOMMMBA.

AHann3 nonyYeHHbIX aKCNepMMeHTanbHbIX AaHHbIX NOKa3arn, YTo NIIOTHOCTb YeTbIPEX
CVYHTE3MPOBaHHbIX 3UPOB COOTBETCTBYET MNIIOTHOCTM HEPTAHOrO AMU3ENbHOro TOMMMBA,
Onst elwd TpéX 3hUPOB STOT NokasaTenb HEeCKOMbKO Bbille 860 Kr/M>; BSI3KOCTb 3hMpoB
MacnsiHOM 1 BanepuaHoBOW KUCMOT HUXE, YeM 3TO TpebyeTca Ana Au3enbHOro Tonnmvea,
4TO MNO3BOSIUT KOMMEHCMPOBaTb B  KOMMO3UTHOM TOMSMBE  BbLICOKYHD BSI3KOCTb
OnoaunsenbHoOro TonnmMBa — METUINOBBLIX 3MpoB pancoBoro macna, (MOPM).

@®paKUMOHHBIN  COCTaB KOMMO3UTHbIX Tomnue, MO3PM u HedTAHOro neTHero
AN3enbHOro Tonnuea npeacrtasneH Ha puc. 1. BUAHO, YTO C yBeNMYEHNEM COOEepXKaHUA
HWU3KOMOMEKYNAPHbLIX 3(hUPOB TemnepaTypbl Hayana KuneHus, a takke neperoHkn 50 %
dopakunM yMeHbLLAIOTCA.

V., %

. L 3
60 Sl :///“/ [
40 = /4%4 =4 ’ 1
DY Zauld.
0 g4 / ul

160

180 200

220

240

260

280

300

320

340 T, °C

PucyHok 1. ®pakumMOHHbIM COCTaB KOMMO3UTHbLIX TOMNSUB:
1-M3BPM, 2 —KT5, 3-KT3,4 -[0OT, 5 - KT1

[1ns KOMNO3UTHBIX TONMB C COAEP)KAHMEM HU3KOMOMEKYNSpHbIX admpoB 60 n 70 %
TemnepaTtypa neperoHkn 50 % pakunn gaxe HUxe, 4eM Ans HedpTSHOro Tonnmea.

Temnepatypa neperoHkn 96 % ddpakumm M KOHUA KUMEHUS OnpeaensitoTca
npucyTcTBueM GUoan3enbLHOro TonnMMBa U OAMHAKOBbLI At BCEX KOMMO3UTHLIX TOMMMB.
CambiM OAM3KMM K HedTAHOMY OM3TONAMBY MO (PPaKUMOHHOMY COCTaBy SABNSAETCS
Komno3ntHoe Tonnmeo ¢ 50 % (no 06bEMY) cogepxaHMeM HU3KOMOSEKYNAPHbIX 3NPOB.

Hannumne Hu3Kokunsawmx dpakumm B KOMMO3UTHOM  OpraHM4YeckoMm TOMmBe
npubnuxaeT ero pakuNoHHbIN COCTaB K COCTaBy HeMTAHOro AU3enbHOro TONnuMBa,
ynyylwaeT MyckoBble CBOMWCTBa OvMoaM3enbHOro TomnuBa M MO3BONSET MCMNOSMb30BaTb
Takoe Tonnmeo 6e3 cneunanbHON aganTauun gBuraTtens.
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Ona aHanuM3a nokasatenenm TOMSMBHOM  OKOHOMMYHOCTU U TOKCUYHOCTU
oTpaboTaHHbIX ra3oB AN3eNbLHOro ApuraTens, paboTarowero Ha 6Moan3enbHbIX TONNnBax,
NpoBeAEeHbl AKCNepUMeEHTanbHble nccnegoBanusa amsensa tuna [-245.12C (4 YH 11/12,5)
Ha cMecsiX HePTAHOro AN3ENbHOrO TONNMBa U METUNOBOrO 3chmpa NOACONHEYHOro Macna.
Wccneoyembin amsens Bbinyckaetcd MuHCKMM  MOTOpHbIM - 3aBogom  (MM3) gns
MarnoOTOHHaXHbIX rpy30Bbix aBTomobunen 3ufl-5301 «bblvok», a ero mogndurkauumn — ons
aBToOycoB [laBnoBckoro asTomobunbHoro 3asoga (MMA3) m TpakTopoB «benapycb»
MwuHckoro TpakTopHoro 3asoga (MT3).

[ln3enb uMCnbITbIBANCs Ha peXumax BHELHEW CKOPOCTHOW XapakTepuctukum m 13-
cTyneH4atoro ucnbltatensHoro uukna lNpasun 49 EGK OOH. Kak nokasanu pesynbTarthl
NPOBEAEHHbIX UCCNeLOBaHWI, pasnvynus B COCTaBe M CBOMCTBAX MCCreayembiX TOMNUB
oKasblBaeT BNUsiHWE Ha nokasaTtenun paboTbl Ansens (tabn. 3).

Tabnuua 3. MNokasatenu amnsensa [1-245.12C, paboTarowero Ha pasnnyHbIX TONMBax
lNpumeHaemoe Tonnmeo

MokasaTenun gnsens a1 M3PM KomMnosnTHo
€ TONnnBo

YacoBon pacxog Tonnmea Gy, Kr/u:
- Ha peXxMMme MakcumManbHOW MOLLHOCTM 19,23 20,07 21,12
- Ha peXxMMme MakCUManbHOro KpyTsLLero 12,51 13,14 13,48
MOMEHTa
KpyTawmin MoMmeHT Mg, H-Mm:
- Ha peXxMMme MakcuManbHOW MOLLHOCTM 310 311 311
- Ha pexrMe MakCUManbHOro KpyTsaLero 359 357 357
MOMEHTa
ObiMHOCTb O K|, % no wkane Xaptpuoxa:
- Ha peXxMMme MakcumManbHOW MOLLHOCTU 15,0 6,0 5,0
- Ha pexrme MakCUManbHOro KpyTsaLero 36,0 25,0 20,0
MOMEHTa

YpaenbHbin 3deKTUBHBIN pacxon Tonnuea
Je, T/ (KBTW):

- Ha pexrMe MakCUManbHOW MOLLHOCTH 246,6 257,0 258,0
- Ha peXxMme MakCUManbHOro KpyTSLLero 222 1 234,5 235,2
MOMEHTa

AddexkTusHbIn KIMNO ansens ne:

- Ha peXxume MakcMmarnbHOW MOLLHOCTH 0,343 0,348 0,350
- Ha pexrMe MakCUMarnbHOro KpyTsaLero 0,381 0,382 0,384
MOMeHTa

WHTerpanbHble yaenbHble BblOpPOChI
TOKCUYHbIX KOMMOHEHTOB Ha pexumax 13-
cTyneHyaToro uukna, r/(kBrliv):

- OKCUAbI a30Ta enox 5,948 6,043 5173
- MOHOOKCUA yrrnepoaa, eco 2,782 1,949 1,754
- HECropesLuMe yrneBoaopoabl, €cHx 1,006 0,784 0,745

[aHHble Tabn. 3 cBMaeTenbCTBYOT O TOM, YTO MEPEBOA Uccreayemoro Ausens ¢
HedpTaHoro AT Ha 6GuoamsenbHoe M KOMMO3UTHOE OpraHW4eckoe TOMMMBO MO3BOMSAET
3aMeTHO ynydlWnTb 3KOMOrMyeckMe nokasatenu pgsuratens. Tak, Ha pexume
MaKCUManbHO MOLLHOCTU MPU YacTOTe BPaLLEHUst KoneH4aToro Bana n = 2400 MuH' npu
Takon cMmeHe Tonnmea AbiIMHOCTb OI' K, cokpaTtmnack ¢ 15 ao 6 % no wkane XapTpuaxa,
T.e. B 2,5 pasa. B cnyyae vcnonb3oBaHUs KOMMO3UTHOrO OpraHMYecKoro Tonmmea 3TO
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CHWXeHue elwé bonee 3ameTHO. Ha pexnme MakCcMManbHOro KpyTsWwero MoMeHTa npu
n=1500 MuH" gbiMHOCcTb OF cHusunack ¢ 36 go 20 — 25 % Mo Lukane XapTtpugxa. Ha
pexmmax 13-CTyneH4yaToro UCnbITaTeNbHOro LUKa UHTerpanbHble yaerbHble MaccoBble
BbIGPOCHI MOHOOKCKAA yrrepona eco cokpaTunuce ¢ 2,782 no 1,949 - 1,754 r/(kBtl14), T.e.
oonee yem Ha 30 %. WHTerpanbHble yaenbHble MaccoBble BbIOPOCHI HECropeBLUNX
yrneBogopoaoB echx cHusunumcb ¢ 1,006 go 0,775 - 0,745 r/(kBTl14), T.e. npumepHOo Ha 25
%. Tpn 3TOM WHTerpanbHble YyAernbHble MacCoBble BbIOPOCHI OKCMAOB as3oTa enox
N3MEHUNNCb CPaBHUTENbHO C€rabo, HO B CTOPOHY YBEMWYEHUS MPU UCMONb30BaAHUN
Onoagms3enbLHOro M KOMMO3UTHOIO OpraHmM4yeckoro Tonnuea. HakoHeu, 3ddeKkTUBHOCTb
npouecca cropaHud, xapakrepusyemas adpdektneHoiM KM ansens ne, npy ero nuraHum
OpraHMyeckMMun TOMNMBaMM LaXke HECKOSIbKO BO3pocna. OTO0 MOXeT ObiTb CBA3aHO C
yBeNnuUYeHneMm B OpraHM4yeckoM TONMMBE [ONM Kucrnopoda W, Kak cneacresue, C
yBENUYEeHneM MNOMnHOTbLI cropaHna Tonnuea. OgHako No TOW Xe NpUYMHE N3-3a CHUXKEHUS
TennoTbl CropaHusi OpraHN4YecKoro TonnuBea, ero YacoBou pacxo yBenn4mBaeTcs.

CnegyeTt OTMETUTb, YTO pe3ynbTaTbl NPOBEAEHHbIX UCCeaOoBaHUM NOATBEPXKAAOT
BO3MOXHOCTb WUCMOMb30BaHUA B AU3ENISAX OpraHUYeckux TOMSIMB, a Takke BO3MOXHOCTb
3aMETHOro ynyJlleHuUs 9KOMOrMYecKux nokasatenen gusend, pabortawowero Ha 3TuX
ounotonnueax. Hambonblwee npubnmxeHne K CBOMCTBAM HEMTSHbIX OM3ENbHbIX TOMMMB
obecneynBaeT NpUMEHEHNE KOMMNO3UTHOIO OpraHM4YeCcKoro Tonnuea.

Bbinu npoeeaeHbl nccnefoBaHMst 3MUCCUM OKCUAOB a30Ta, yriepoaa U HecropesLUnX
yrneBogopoaoB Ha CMECeBOM [Au3enbHOM Tonnuee, copepxaHne MOPM B KoTOpom
BapbupoBanocb oT 0 (4uctoe HedpTaHoe ausenbHoe TonnmeBo) o 100 % (4yuctoe
ovoaunsenbHoe TOMAMBO) WM KOMMNO3UTHOM OMOAM3ENbHOM TOMMKMBE, C COAEpPXKaHue
HWU3KOMOMNEKYNApHbIX NpegenbHbix adupos oT 0 ao 100 %. PesynbTaThl NpeacraBneHsbl Ha
puc. 2.

€Noxs> €co, € cH, F/(KBT"—I) ENox»> €co, € cH, F/(KBT'LI)
8 g@g ENOx /b/——O 8 b\QO\ ‘L EeNox
)/
6 6
4 4
€co e
: Ty 2o o

e ?O-o—(?—ecﬂ_H
0 o 0

0 20 40 CMSpM, 100% 0 20 40 Caq)mpos, 100%
a) 6)

PucyHok 2. 3aBUCMMOCTU UHTErpanbHbIX YAeNbHbIX MAacCOBbIX BbIOPOCOB OKCUOOB
asoTa, yrnepoga n HeCropeBLUUX YrNeBoAOPOAOB OT coaepXaHusa 6noansensHoro
TONMMBa B CMECEBOM AN3ENbHOM TOMnMBe (a) U OT KOHLEHTPaLUMM HA3KOMONEKYNAPHbIX
3hnpoB B KOMNO3UTHOM BuoamnsensHom Tonnmee (6)

PaHee nokasaHo, 4TO, HECMOTpPS Ha CyLLeCTBEHHOE pasnunyne npmpoabl BUOreHHbIX K
TEXHOr€HHbIX MPOLIECCOB OKUCMEHMUS, ANA OLEHKU 3HEpPrMM 3TMX MNPOLECCOB YCMEeLIHO
Mcnonb3yeTcs OAMHAKOBLIN MOAXOA: OTHECEHME KONMMYecTBa BbIAENSOLENCA 3Heprumn K
KonuyecTtBy noTpebnéHHoro B npouecce kucnopoga. B cooTBeTCTBMM C pacyéTom

53



MEXXOYHAPOOHA KOHOEPEHLINA EKO BAPHA 2019

TEnnoTa OKUCIEeHUsa TpuonenHa (ero oopMyIsly MOXHO CHUTaTb 3KBMBANEHTHOW hopmyne
pacTutenbHoro macna) coctasnsieT 4,70 kkan Ha 1 nMTp NoTpebnNéHHOro KMcnopoaa.

Hamn 6binv paccymTaHbl TENSOTbl CropaHus NPOAYKTOB ankoronunsa pacTtuTenbHbIX
Macen — MeTUIOBbIX 3PUPOB BbICLUNX XUPHbIX KUCNOT U OHW cocTaBunu 4,68 kkan Ha 1
nnTp noTpebnéHHoro kucnopoga. TakMm ob6pas3om, TennoTbl, BblAENsOLWMECS Npu
aspobHoM MeTabonuame pacTUTENbHbIX OCTATKOB M MpPU WUCNOSNb30BaHMM MNPOAYKTOB
nepepaboTkM pacTUTENLHOINO Cbipbs B KayecTtBe OuoTonnmeBa, B pacyéte Ha 1 nutp
notpebnaemoro Kucrnopoga NpakTUYECKM OOMHAKOBbI, YTO COOTBETCTBYET KOHLENuuu
e[MHCTBa 3aKOHOB NpUpoab!.

3AKNIOYEHUE

BbIsSiBNEHO, 4YTO NPUYMHOM HECOOTBETCTBUS (PUIUKO-XMMUYECKUX XapaKTEPUCTUK
onogmsenbHoro Tonnuea TpeboBaHuam [OCT, saBnsetca Hanuume B HEM TOMbKO
BbICOKOKUMALWMX (PPaKLNA, COCTOALLUMX U3 METUMNOBbLIX 3(PUPOB BbICOKOMOMEKYIAPHbBIX
HenpeaenbHbIX KapBOHOBBIX KUCMOT.

YCTaHOBMEHO, YTO ANs YMyuYleHUa 3KCnyaTauMOHHbIX U 3KONOrMYECKNX CBOWCTB
bvoamsenbHOro TonnvMeBa Hambonee nNepcrnekTUBHbIM SABMSeTcs OoOaBfeHne CroXHbIX
ahmpoB npenenbHbIX KApOOHOBLIX KUCMOT M CMMPTOB MEHbLUEN MOMEKYNAPHON MacChl.

MopobpaHbl MCxoOHble cCOoefMHEHUs W NapameTpbl peakuuun atepudukauun ans
nonyveHns npeaenbHbIX 3MpPoB.

OKcnepuMeHTanbHO  onpegeneHsbl aKcnnyaTauMoHHble M  3Konornyeckme
XapaKTEPUCTMKN KOMMNO3UTHOrO TONSMBA.

OnpeneneHo, 4TO TUFPOCKOMUYHOCTbL TOMMAMB MPU XPaHeHUU onpeaenseTca Ux
CTPOEHMEM W 3aBUCUT HE TOSbKO OT NPUCYTCTBUS B MOMeKyne (OyHKLMOHAmNbHbIX rpynm,
cnocobHbix 00pa3oBbiBaTb CBSA3M C BOAOW, HO M OT MNPOCTPAHCTBEHHOW CTPYKTYpbl
MOJEKYbl.

OKonornyeckme XxapakTepucTuku KOMMO3UTHOrO TOMMMBa fyywe, 4Yem TOBapHOro
ansenbHoro tonnuea unu 6uotonnuea. lNpu paboTte gsuratens (B pasHbiX pexummax) Ha
KOMMO3MUTHOM TonnmBee cogepxaHune okcmaa yrnepoga (1) B BbIxnonHbix razax Ha 25—40 %
HWXe, YeM npu paboTte Ha HedpTAHOM Au3ernbHOM Tonnmee U Ha 15-30 % Hwxe, Yem npu
pabote Ha GuotonnueBe. COOTBETCTBYHOLIME 3HAYEHUA Onsi BbIOPOCOB YrrneBogoponoB
coctaBat 20-35 % u 20-30 %, a ona Takoro nokasatens, Kak AbIMHOCTb BbIXJTIOMHbIX
rasoB ato 15-20 n 10-15 %.

Takum obpasom, MCnonb3oBaHWE KOMMO3UTHOrO TONNMBa ANs Au3enen nossonset
co3gaBaTb TEXHOMOMMW C BbICOKMMU MPUPOLOOXPaHHbIMU XapakTepucTukamm 3a cuyet
NCKINIOYEHNST MPUMEHEHNSA TOKCUYHbIX BELLECTB HEPTAHOrO NPOUCXOXAEHMUS, YMEHbLUATb
BpeaHOe BO34ENCTBME MOOWUNBHOM 3HEPreTMKM Ha OKpyXatollyto cpedy, NOBAUSATb Ha
paclwmpeHve  CbipbeBOM  3HepretTMyeckon 6asbl, YBENMUYUTb  CPOKM  XPaHEHMS
61oamsenbHOro TonnmBea.
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CUCTEMMU 3A NMPOMAHA ®A3UTE HA TA3OPASIINPEAENEHUE U
CUCTEMU 3A U3KIIOYBAHE HA UWMWNWHOPUTE NPU CbBPEMEHHUTE
ABr

SYSTEMS FOR CHANGING THE GAS DISTRIBUTION PHASES AND
SYSTEMS FOR CYLINDER DEACTIVATION OF THE MODERN ICE

Georgi Petrov

Abstract: Due to increased environmental requirements for transport vehicles, a significant improvement in the
combustion process in ICE is essential. Until now, from all options such as propulsion units, fuel cells, rechargeable
batteries, etc., hybrid-drive vehicles that also use ICE are the best and most affordable. This calls for reserves to be
sought in terms of increasing the efficiency of the conventional engine and hence reducing emissions. The
introduction of electronically controlled ignition systems and direct fuel injection systems in gasoline engines has
achieved a sensible effect in this direction. But other technical solutions need to be implemented to improve the
performance of the ICE. The most accessible and mass-produced are the variable gas distribution systems and
those that allow at low load to deactivate a part of the cylinders. These systems should also be able to work in full
synchronicity with other ICE systems and controlled by the control electronics module.

Key words: system for cylinders deactivation, valve, ICE, variable gas distribution

1. BbBepeHue:

KoHnBeHumoHanHute [BIT, kouTo ce nanonseaT B pa3nu4HUTE NPEeBO3HN CpeacTBa paboTaT
B PEXMM Ha MbIfIHO HaTOBapBaHe npe3 He noseye oT 15-20% oT BpemeTo Ha ekcnnoaTaums [1].
Te3n CTOMHOCTM Ca 3HAYUTENHO MO-HWUCKM NpU aBTOMOOMAM K aBTOBYyCK, KOUTO Ce M3Non3BaT
OCHOBHO B rpafcku ycrnosusi (Takcuta u aBTtobycu rpagcku TpaHcnopT). C HapacTBaHeTo 6pos
Ha NpeBO3HWTE CpeacTBa B rpagoBeTe Ce yBenuyaBaT WM 3HAYUTENHO BPEOHUTE EMUCUM
oTaensiHu ot Tax. [pu ekcnnoataumsaTa Ha aBTOMOOMNUTE B rpafa € XapakTepeH pexum, npu
KOWTO aBuratenss paboTu C HUCKO HaToBapBaHE, HO B PEXUMM Ha 4YeCTO YCKOpsiBaHE U
NPUHYOMTENEH NpaseH Xoh4, Unv Mpu MU3KNKYeHa npeaaska, B pexuMm npaseH xon [2]. Teau
NPOMEHNNBMA PEXUMM CbLLO OT CBOS CTpaHa cnomarat 3a yBenuyaBaHe KONMU4eCcTBOTO
OTAENSAHN BPEOHM EMUCUM U HaW- HEFATMBHOTO €, Ye Ce reHepupar B MCTO HaceneHn MecTa,
KaKTO 1 0COBEHO OKOJS0 KPpBbCTOBMLLA, KbAETO aBTOMOOMNNTE yckopsaBaTt U ca cbBcemM 6130 go
newuexoguure.

Ot xapaktepuctuknte Ha [OBI e u3BECTHO, 4Ye HaN-UKOHOMUYHUSA pPeXum e, KoraTo
HaToBapBaHeTo € B pamkute Ha 70-80% oT makcumanHoTto [1]. U Tyk ce nsnaga B onpegeneHo
NpoTMBOpEYME, Ye 3a ocurypsiBaHe Ha 6e3onacHo nsnpeesapBaHe € HeobxoaMMo ABuraTensaT ga
MMa Bb3MOXHOCT Aa OCUrypu NO-rofiiMa MOLLHOCT U BbPTSALW, MOMEHT 3a KpaTko Bpeme, a npu
YCTAHOBEH pPEXUM 3HAYUTENHO Mo-HUcKa. XubpuaHuTe aBTOMOOWMNKM, KOUTO Hanocneabk
MacoBO HaBnmM3aT B eKcnnoatauuss ca egHo [[0Opo TEeXHUYECKo pelueHue, 3alloTo
kombuHauuaTa Bl n enektpoaBuratesn, Kakto U pasnuyHnTe Bb3MOXHOCTM 3a pereHepaTuBHO
cnvpaHe (Bb3CTaHOBSIBAHE Ha €Heprusata npu pexuMm chnvpaHe) no3BOfsBaT 3HAYUTENHO
nogobpsiBaHe MKOHOMUYHUTE N EKOSTOTMYHU XapaKTEPUCTUKMUTE Ha Te3n aBTomobunu [2] .

OcHoBHUTe npobriemun B pabotata Ha OBl Ha HeyCcTaHOBEHM pexummu ca no3HaTu Ha
KOHCTpYKTOpUTE oLle B cpedaTa Ha 20-Tu Bek (Makap, 4e ToraBa OCHOBHUS Npobriem He e 6un B
€KOIOrmMYyHUTE U3NUCKBaHUS). YCTAHOBEHO €, Ye edekTuBHoCTTa Ha Bl 3HauuTenHo moxe aa
Ce YBENUYM MpU Bb3MOXHOCT 3a M3KMOYBAHE Ha 4acT OT UMNMHAOPUTE B PEXMM Ha Marko
HaToBapBaHe W npecTton. [MbpBUTE TakMBa KOHCTPYKUMW Ca W3NON3BaHW Mpu LWM3EnoBU
TpakTopHM ABuratenu [3], Ha KOUTO pas3ToBapBaLLMAa KaHan Ha nomneHnTe enemeHTn Ha MHI e
MO-LUMPOK M MO3BOMSIBA B PEXMM Ha NpaseH xon Asuratens ga pabotm Ha 2-Ba uunvHAbpAa.
dakTMyeckm MOMMNEHUTE eneMEeHTUM Ha UUNUHAOPUTE, KOUTO paboTAT MOCTOSIHHO Ca C TECHMU
pa3ToBapBalLM KaHanu v ca pasnuyHu oT ApyruTe, KOMTO B CbLLOTO MONOXEHWe He nogasat
ropuso. Npu peannanpaHeTo Ha Tasn KOHCTPYKUMSA [3] ce npekpaTaBa eANHCTBEHO NofaBaHeTo
Ha ropMBOTO B U3KMIOYEHNTE LUMNMHAPW, HO NPU HOPManHo paboTellun KnanaHu Te3n UNnuHapu
reHepupaT noMneHn 3arybum, KOMTo ONBbIIHUTENHO HaTOBapBaT paboTeLwmTe LUnMHAPU.
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Mpn 6eH3nHOBUTE OBUraTENM peanuanpaHeTo Ha U3KMNKYBAHE HA UMNUHAPUTE € oule no-
TPyaHo [4], nopaan HEBB3MOXHOCT 3a OTKINOHABAHE NOTOKA ropMBO-Bb3AyLUHA CMEC KbM AageH
umnuHabp. Jopn 1 ¢ BHegpsABaHETO Ha CUCTEMA 3a AeakTMBMpPAHE Ha KranaHuTe, Korato ce
nsnonsesa o6l KOMEKTop W Kapbypatop, B 30HaTa nped MbAHUTENHMA KnanaH Ha
HepaboTewmTe UMNMHOPW Ce HaTpynBa ropuBo MO CTEHUTE W NPW crnejpalla akTuBauusa ce
nocTura n3BecTHo oboraTsiBaHe Ha cMecTa.

C HaBnNu3aHeTO Ha eneKTPOHHO ynpaBrsieMuTe CUCTEMU 3a BMPbCKBAHE Ha rOpuBO U
yrnpaBneHne Ha 3ananBaHeTo ce NosiBABaT Bb3MOXHOCTM 3a 4OCTa NO-rbBKaBO perynupaHe Ha
OBl [4]. Ho, ako ce uenn eguMHCTBEHO NpekpaTaBaHe MnpoLleca Ha ropeHe, 4pes U3KrovBaHe
nogaBaHETO Ha rOpMBO W WUCKpa, TOBa € JIeCHO OCBLLLUECTBMMO, HO MNOMMEHUTE 3aryou
reHepupaHn B USKITHYEHUTE LUUNMHOPU LLEe HAaTOBapAT AOMbNHUTENHO paboTewwmnte U edekra
e 6bae MUHUMAnEeH.

[pyra ocobeHOCT Ha GEH3NHOBUTE ABUraTenu €, Ye Npu HanUMYMeTo Ha ApoceriHa Knana
ce reHepupaT nomneHn 3arybu, Kato 3a HamansBaHeTo WM, Knanata TpsiébBa ga 6bae
MakCuMariHo OTBOpeHa 3a KOHKpeTHua pexmnm. OCBEH ToBa 4Ype3 pasfiMyHM MEeXaHU3MKu ce
HamanasaTt NOMNeHuTe 3arybu reHepmpaHn n B cammute umnuugpm [9].

[OMHaAMNYHNAT KOHTPOS Ha 3ananBaHeTO U BNPbCKBAHETO HA rOPMBOTO Ca 3HAYMTENHO MNo-
NECHO OCBbLLECTBNUMU, HO OT HE NO-Marnko 3HavyeHue 3a nogobpsieaHe nokasatenute Ha OBl e
ynpaBneHneTo Ha ha3uTe Ha rasopasnpegenenune. Tesm mexaHmamm paboTaT n CbC cucTemmTe
3a U3KMKYBaHe Ha uMnuHapuTe [6], 3a ToBa Wwe 6baat pasrnexaaHu napanenHo.

Mpn ctatnuHn dasm Ha rasopasnpegeneHve, edekTmBHaTa paboTa Ha ABuraTtens € B
CPaBHUTENHO TECHM FPaHULM Ha YyecToTaTa Ha BbpPTEHE, MPU KOUTO Ce pasBMBa MakCUMarHa
MOLLIHOCT M BbPTAL, MOMeHT [6]. ToBa Hanara KOMNpoOMUCK NpU Opyrute pexmnmmn Ha paborta.
CamuTte hbasm B TO3M crniyvyam ce onpenendar TEOPETUYHO OT pexumma Ha ekcnroartauus, npwu
KOMTO Han-4ecTo e paboTn KOHKpeTHUA apuraten. [Npu gBuratennte, KOUTO ce U3NON3BaT 3a
3a[BWMKBaHE Ha ernekTporeHepaTtopu, BOAHW MOMMNU U AP. € Bb3MOXHO CPaBHUTESTHO TOYHO
onpegensiHe pexumMa Ha pabota M OT TaM nNO-NPEUU3HO M3YMCNsBaHe da3vTe Ha
rasopasnpeneneHne, Ho npu aBTOMOOMNNTE, OCOBEHO Te3n, KOUTO Cce ABWXaT B rpagcku
YCrOBUS TOBa € HEBB3MOXHO. YMCTO TEXHUYECKN OCbLUECTBABAHETO HA NPOMEHNMBU (ha3un 3a
rasopasnpeeneHune e CpaBHUTESTHO CIIOXEH npouec [7], HO peanuanpaHeTo My OT CBOSA CTpaHa
no3BonisiBa 4yBCTBUTENHO nofobpsiBaHe edektmBHocTTa Ha OBl m oT Tam HamansBaHe
OTAENSAHUTE BPE4HN EMUCUN.

2. U3noxeHwue:

KOHCTpyKUMM Ha pa3nnyHu cMCTEMM 3a AeaKTUBMpPaHe Ha LMnuHapuTe.

Mpn peanuampaHeTo Ha pasfMyHM CUCTEMM 3a U3KMKOYBAHE Ha UUNMHAPUTE Ce e Lensano
Aopu n cnupaHe Ha byTtanaTta B CbOTBETHUTE UunuHApKY (dur.1), KaTo NO TO3M HAYUH U3LANO0 ce
N3KMNoYBaT NOMMNEHNTE N MEXaHNYHUTE 3arybu oT TpmueHe B Te3un pexumn [1]. Kato usno toea e
e[Ha [OCTa CroXHa B KNHEMATUYHO OTHOLLEHME CXeMa U 0 MOMEHTAa He € BHeJpeHa B MacoBO
NpoM3BOACTBO.

[pyr HepocTaTbKk Ha nMocodyeHata Cxema € WU HepaBHOMEPHOTO M3HOCBaHe Ha GyTano-
LMnNuHApoBaTa rpyna, KakTo 1 CbOTBETHOTO Bb3MOXHO NpeoxnaXaaHe Ha UunvHapuTe.

[Mpy KOHCTPYMpPaAHETO Ha PasfMYHUTE MEeXaHM3MW 3a NMPOMEHNNBO rasopasnpeneneHve e
NOOXOAEHO NO HAKOSIKO HauYMHa 3a pellaBaHe Ha npobnema [6]:

- MPOMSAHA BMCOYMHATA Ha NOBAMraHe Ha KnanaHa;

- NpomsiHa has3nTe Ha rasopasnpefeneHve 4Ypes3 3aBbpTaHe Ha pasnpefenuTenHuiTe
Barnose;

- MU3NON3BaHe Ha pasnNUYHW ENEeKTPOMarHUTHWU, eNeKTPO-NHEBMATUYHWN, XUOPABANYHM U
Apyrn CUCTEMM, KOUTO MNO3BONABaT OTBapsiHe W 3aTBapsiHe Ha kKnanaHute 6e3
pasnpeaennTeneH Ban n oT CBOS CTpaHa No3BOMsiBaT MHOr0 NO-TOYHO AMHAMMWYHO perynmpaHe
Ha pasuTe Ha rasopasnpeaenurenHna mexaHnasom (MFPM).
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KMM & paGota

KMM geaktveupaH

®ur. 1. KMM ¢ Bb3MOXHOCT 3a fieakTMBMpaHe Ha byTanarta
1 - moTOBWIKa ByTanHa; 2 - perynupalla kobmnnmua; 3 - OCHOBHa MOTOBUIIKA; 4 - perynupaLio pamo; 5 - onopHa
KoOunmua; 6 - cBbp3BaLL LIapHUp

LD
®ur.2. 'PM c npomeHnuem casu Ypes3 NpomMsiHa NOoMoXeHMeTo obTeraya Ha BepuraTa:
1 - KOpMyC Ha XMAPaBNMYHWA pasnpegenuTen; 2 - ynpasngasall wnobp; 3 - 3bOHO Koneno 3a nanyckarenHute
knananu; 4 - sepura N'PM; 5,9 - nnb3raum (ropeH n gonewH); 6 - 0ytano Ha obTteraya; 7 - 3bOHO Koneno 3a
MbIHUTENHUTE KNnanaHu; 8 - xugpaenuyeH uunuHabp; 10 - ranka Ha umnuHabpa

Ha ¢our. 2 e nokasaHa egHa cpaBHUTENHO NO-efieMeHTapHa cxema [6], KOATO No3BosisiBa
M3BECTHO 3aBbpTaHe Ha pasnpefenuTtenHuTe BanoBe B pamkmte Ha 15-20 rpagyca 4pes
npoMsiHa HaTsara Ha Bepurata. Ta ce ABMXM No nnb3radmnte 5 n 9. Ypes Gytanoto 6 ce
Nno3BosisiBa NpemMecTBaHe Mo BepTuKanarta Ha Nnb3radnte, Kato No TO3W Ha4MH Ce MPOMEHAT
Opos Ha 3BeHaTa Mexay 3bOHUTE Konena B pa3nMyHUTE 30HU N BanoBeTe Ce 3aBbpTaT CrpsMOo
KonsHoBus Ban. Ypes xmapasnuyeH pasnpegenuten 1 ce perynupa npemecrtsaHe Ha 6yTanoTo
6, KaTo Ce NPOMEHS HandAraHeTo B ABeTe KaMepu Ha uunnHabpa.

Han-pobpn pesyntatu 3a NpOMEHNMBO rasopasnpefeneHne ce nocturat 4ypes
KOMOWHUpaHe Ha BapuaHTUTE C OTHOCUTESNHO 3aBbpTaHe Ha pasnpefenuTenHuTe Banose U
OTOENHO NpoMmsiHa BUCOYMHATa Ha noBauraHe Ha knanada. Ha c¢wur.3 v dur. 4, ca nokasaHu
ABeTe KOHCTpyKumn Ha BMB [7].

EgHata e BanBTpOHWK - KOHTpoOnupallia noBauraHeTo Ha knanaHa B pamkute Ha 0-9,5
mm, KaToO CTbMKaTa Ha noBauraHe € ¢ Bb3MOXHOCT 3a perynupaHe ot 0,5-0,8 mm. BtopaTa -
cuctemata BaHoc, no3BonsBa bINIOBO MPEMECTBAaHE Ha pasnpefenutenHuTe Banose uypes
OCOBO [BWXKELLO Ce XuapaBnnyHO OyTano, KOeTo Bb3AencTBa BbpXy BTYNIKA C HaKMOHEHM
3b06n. KomObnHaumata Ha Te3n cuMcTtemu No3BoMsiBa Aa Ce Hamanu pasxoga Ha ropmso ¢ go 20
% cnpamMo aBuratenuTe CbC CTaTUYHO rasopasnpeaenexHue [6].
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xugpa B/IMUHO
ynpaBnasaHo
ByTano

3bOHO Koneno
BTY/IKA C HAKNO-
HEeHH 3b0KM

®dur.4. Cuctema ,BaneTpoHuk“ Ha BMB 3a npomsiHa xoga Ha KnanaHuTe:
1 - cTbNKOB enekTpoABuraten; 2 - 3bbeH cekTop; 3 - perynupatla kobunuua; 4 - pasnpegenvuteneH Barn,
5 - kobunuua 3a knanaHa; 6 — knanaH; 7 — npy>xuHa

MogobHM cuctemun, C Mankum KOHCTPYKTMBHWU pasnuyus, ce u3nonsesat M OT OpYyru
aBTONPOM3BOAMUTENN, U KaTO UAMNO HAAEXOHOCTTa Ha BCUYKM TE3N CUCTEMU € B NMPUEMIUBU
HuBa. [pyro npeaMmcTBO Ha CUCTEMUTE 3a MNPOMEHSIMBO rasopasnpeneneHne e ToBa, 4ye
no3esonsiBaT peumpkynauusa Ha otpaboTteHuTe rasoBe 6e3 OONbAHUTENHA CUCTEMA W MO TO3U
Ha4YMH Ce CHWXaBaT HMBaTa Ha a30THWU OKucHK [5].

EnHa wHTepecHa cxema [8] e peanusupaHa ot PonkcBareH B gsuratena 1,4 TSI EA
211/CPTA, konTo € B cepuiHo npoussoacTteo oT 2014 roa. v ce npegnara B usnarta MogenHa
rama Ha komnaHusATa. KoHCTpykumaTa e ¢ npoMeHnuBu basm Ha rasopasnpeeneHne u c
Bb3MOXHOCT 3a W3KNYBaHe Ha 2-Ba OT 4-Te uunuHabpa. To3u gsuraTeni OoTroBapsa Ha
eKorormyHm Hopmu EBpo 6, ocurypsaBa BbpTALW, MOMeHT OT okono 200 Nm n mowHocTt ot 140
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HP. Cuctemata paboTu 3a u3knYBaHe Ha 2-pu U 3-TM uunuHabp (dwur.7), KaTo npu
AeakTuBMpaHeToO MM B onpefernieHa nocnefoBaTenHOCT 3aTBaps U ABeTe rpynu KnanaHu Ha
CbOTBETHUTE UunuHApuW. Mpyn un3knvBaHe Ha UMNMHAPUTE, 3a Aa Ce OCUrypu paBHOMEpPHA
paboTa Ha gBuraTensi, ocTaHanute B paboTa ce HaToBapBaT LOMbLIIHUTENHO M TOBa Hanara
AOMbIHUTENHO OTBapsiHE Ha ApocenoBaTa Knana 3a KopurmpaHe Ha cmecTa.Hamanssart ce
nomneHuTe 3arybm B 30HaTa Ha gpocenupaHe. Cuctemarta 3a U3KMKYBAHE Ha UWNUHOPUTE
paboTu B AnanasoHa ot 1400-4000 min™' 1 BLPTAL, MOMeHT oT 25-75 Nm [8]. Tean cTolHOCTU
cboTBeTcTBaT nNpubnuantanHo Ha 70% OT pasCTOSAHMETO, KOeTo M3MMHaBa aBTOMoOMNa B
€BpOonenckns manutateneH umkbn. Ha dur.6 e nokasaHa cCKOpoCTHaTa XapakTepucTuka Ha
ABuraTens, KaTo npaBu BnevaTnieHnMe LUMpPOoKMst 0O6OpOTEH AMana3soH, B KOWTO € peanuavpaH
MakcuManHus BbpTAW, MOMeHT. Cnegpawmte moavdukauum Ha TO3M OBuraten, KouTo ca
cHabaoeHn c Typbokomnpecop gocturat ctoMHocTu oT 250 Nm BbpTAW, MOMeEHT. Kakto e
n3BecTHo [9], B ynpaBneHuneto Ha 'PM moraT ga yyacteaTt n paboTAT CbBMECTHO ABE CUCTEMM,
3a npomsaHa pasunte Ha PM (cur. 5) n cuctemaTta 3a geaktuBupaHe Ha umnuHgpute (gwur.7).
M3knioyBaHETO Ha kKranaHUTe € OCbLECTBEHO KaToO 4Ype3 eneKkTpuyecku akTtyaTop ce
npemMecTBa Mo LWAMLOBU KaHanu Ha pasnpegenurtenHua Ban 6noka ¢ rbpbuum, Ha KOWTO
efHaTa oT repbuunTe e HeakTUBHA U HE Bb3JEeNCTBa Ha KnanaHa.

CoblueBpemMeHHO cuctemata 3a npomennumB PM (dwur. 5), nossonsiBa gsuratensa ga
paboTn B pexXMMmnTe C HACKO HaToBapBaHe MO LUKbia Ha ATKMHCBHH, C pasnnyHu CTEMNEHU Ha
CrbCTABAHE U pasLLMPEHNE U B PEXMUM Ha MO-BUCOK TOBAp C OCUrypsBaHe Ha BUCOKU CTOMHOCTU
Ha BbPTALLMSA MOMEHT.

Xuapoynpasnsema myda MbIHUTENHM KNanaHM

Kopnyc IlPM

Xugpoynpasnaema
myda MsnycKaTenHu

en.xXugpaeau-HKH KnanaHu

paznpegenutenm
-

®ur.5. NpomeHnus N'PM dornkeBareH ¢ xugpoynpasngaemu mydu
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£ 160 70
< -
140 % E
g 120 s0 =
g 100 40 8
T
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1,000 2,000 3,000 4,000 5,000 6,000 7,000
yectoTa Ha BbpTeHe(o6/muH)
®dur.6. CkopocTHa xapaktepuctuka gsuraten 1,4TSI
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rEp6ULM aKTHEHM repbuuM geakTHEMPaHKM

®ur.7. Cuctema 3a feakTMBUpPaHe Ha KranaHuTe Yypes 0COBO NpemMecTBaHe Ha rbpbuyHmsa 6ok no
pasnpegenuTenHusa Ban

3a HamansiBaHe Ha BMOpauuuTe Ha TO3U TUM ABUraTenu ce MOHTUPAT XMOPAaBMYHM TaMMOHU
OT OM3enoBuTe BapuaHTU W OBymMacoB MaxoBuK. Kato obolleHne Moxe ga ce Kaxe, 4ye
KomOunHauusTa Ha Te3n OBEe CUCTEMM MO3BOMSABA pasxoda Ha ropmBo ga ce CHwku ¢ go 18%,
[8], a BpegHuTe emucun B pamkute Ha 114 g COa,.

. Apyr nogxon npu peliaBaHETO Ha npobnema Cc OoNTUMMU3MPAHE HA FOPUBHUA MpoLEec
ypes npomMmsHa asute Ha [PM e ¢ BbBexagaHeTo B paboTa Ha gpyra repbuua, ymmTto npocun e
cbobpa3seH C KOHKPEeTHUA pexum Ha paboTta [6] (cnctema XoHga, ur.9), n KoMOUHUPaHETO C
MEXaHU3bM 3a JeaKTUBUPaHEe Ha KnanaHuTe Mpu pexXuMm Ha HUCBK TOBap, OCbLUECTBEH Ypes3
N3MNON3BaHETO Ha XMOPaBANYHO AeaKkTuBMpalun ce nosauraym (pur.8), Komto nNpu curHan ot
eneKkTpoHHNA 650K M nogaBaHe Ha HansraHe KbM pasbrokvpawmte LWngToBe oCcTaBAT
KnanaHuTe Ha UMnNuHAbpa 3aTBOPEHN .

pas6nokupay
wmpT

®ur. 8. XngpasnmyHO geakTusmpall ce nosguray
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3a maKkcMmMmanHa

m MOLLHOCT AeMcTEa
cpegHaTa Nno-BMcoKa
repbuua Ha paznpes.

PabBoTta npu maKcumanHa
mowHoct/oBopoTtu

Kobunanuya za Huckn
obopotu Kobunuuya =a

HWckn obopotn
KoBunuuya =za ,
ncokn obopotn .

Bucoka repBuuya Ha
paznpegenuTenHua

@

PaBora npu
HUCKH m 3a no-gobpa ropueHa

oBopor i i s
npodun
®ur. 9. Cuctema Honda ¢ pasnuyeH npodun Ha repbuumnTte

Cuctemata, kosATO ce npunara oOT XoHga (¢wur.8), usknw4sa B 3aBUCUMMOCT OT
HaTOBapBaHEeTO U pexuma Ha paboTa, ABa WM TPpU UWNUHABPA HA LWECTUMNNHAPOBUS
asuraten, cxema (6 — 4 - 3). Kato B pexvm Ha paboTelm Tpu umnuHabpa ca aktusnpanm 4 — 5
— 6 Tn, T.e. caMo eauHna ped, a Npu PeXnm 4YeTupu, ca aktmempanm 1- 2 -5- 6 Tn. XapakrtepHo
3a TO3M [pOBuraten e, 4Ye 3a HamansBaHe Ha BuOpauuuTe npu paboTa Ha cucTtematra e
M3MNON3BaHETO Ha T.Hap. AMHaMUYHa onopa (TamnoH), KOWTO € XuapaBfMYeH Tun U ce
ynpaensBa OT enekTPOHHUS ynpaBnaBaw, 6nok. [Mpu M3KkNYBaHETO Ha UUNUHOpUTE ce
3aTBapAT U ABETE rpynu KnanaHu.

Opyrn cuctemun, KoMTo npegnarat olle No-CbBbpLIEHO perynupaHe dasute Ha PM ca
Tesn, Npu KOUTO KnanaHuTe ce YynpaBnsBaT aBTOHOMHO 3a BCEKM UWNUHOBLP u4pes3
€nNeKTPUYECKN, MHEBMATUYHN, XUOPABIIMYHM U OP. U3NBIIHUTENHN MexaHn3amn. EgHa nHtepecHa
KoHCTpykumnsa [10] peanuaupanHa oT wBenckata dupma Freevalve (¢pur.10), koato e ¢
MHEBMATUYHO OTBapsiHE W XWOPABMMYHO 3aTBapsAHE Ha KnanaHute u 6e3 Hanuune Ha
pasnpegenuTerneH Ban no3BongBa MHOro No-npeunsHo perynupadHe gasunte Ha 'PM B CMHXpPOH
C OCTaHanuTe cuctemu Ha gsuratens. [pyM MOHTUpaHe Ha uMnMHOPOBA rfaea C Tasn cuctema
Ha aBuraTten Boneo ¢ o6em 1,6 | ca nocTurHaT CToMHOCTM Ha mowHocTTa oT 230 HP n BbpTALW,
mMomeHT oT 320 Nm, koeTo npefacraBnsaBa yeennyeHme ¢ 47% Ha mowHocTtTa, 45% yBennyexHue
Ha BbPTAWMA MOMEHT n 15% HamanaBaHe pasxoga Ha ropuBO CNPSIMO KOHBEHLUMOHAaNHUS
asuraten. [pyro npeaMmcTtBO Ha Te3uM CUCTEMM € M Bb3MOXHOCTTa B Obaewe ga 6baar
peanu3npaHn N KOHCTPyKUun ©e3 apocenHa knana, KoeTo AonbiHuTenHo 6w nogobpwuno
edeKkTMBHOCTTA Ha To3u Tun gsuratenn. OnpeneneHo Te3n CMCTEMM ca AOCTa MO-MbBKaBu U
umaT O6baelle, HO 3a cera ca orpaHM4YeHn OT MacoBO MPOM3BOACTBO, MOpaaWn Mo-HUCKaTa cu
HagexaHocT [10].

Cuctemute 3a geakTuBMpaHe Ha UNNMHOPUTE HaBnNn3aT BCe NO MacoBo Npu 6eH3nHoBUTE
apuraTenu nopagv [nokasaHata cu ePEKTUBHOCT, OCOOEHO Npu MPOMEHSIMB PEXUM Ha
ekcnnoaraums. M ako B Ha4anoTo ToBa € Buno NpuopmuTeT Ha MHOrOUUIMHAPOBUTE ABUraTenu,
TO cera HaBnu3aT B MOAeNNTe ¢ Manbk paboTeH o6em - Nnpumep € TPULMNNHOPOBUAT ABUraTen
Ha ®opa EkooBOCT, KONTO MMa Bb3MOXXHOCT 3a M3KMNKYBaHE Ha eauH oT uunuHapute. [Npwu
aHanuManpaHe Ha pasfiMyHUTE CUCTEMW 3@ [eaKTUBMpPAHE Ha UUIMHOAPUTE  OCBEH
nonoXutenHute edektTn e 3abensisaH M M3BECTEH HeraTMBeH eeKkT MopodeH OT U3BECTHO
npeoxnaxnaHe Ha HepaboTewmTe umnuugpu. MNMpu 3aTBapsHe Ha KnanaHUTe U NPO4 b KaBaLLo
ABWXeHne Ha ByTanoTo, ako ca U3HOCEHWN ByTanHUTE NPBLCTEHU, € Bb3MOXHO U NPOHUKBAHE Ha
N3BECTHO KONMMYECTBO Macro B ropvMeBHaTa kamepa. [1py nocnegpalloTo akTuBUpaHe TO MOXe
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Aa n3ropu CbC CbOTBETHUTE HeraTuBHW nocregunuu. lNpn cuctemmnte Ha BMB usnyckaTenHus
KnanaH octaBa B HOpMarnHo paboTHO NonoXeHue, KOeTo NO3BOSIsiIBA HABNM3aHETO Ha U3BECTHO
Konn4ecTtBo oTpaboTnnun razose B LMNUHOABPA M NO TO3N HAYMH CE CbXpaHsBa TeMMepaTypHUS
PEXNM 1 Ce HamarnsiBa Bb3MOXHOCTTa 3a NMPOHUKBAHE Ha Macro B UMNUHAbPA.

[pyro TexHn4ecko pelueHwe npu MHOroOUMNUHAPOBUTE ABUraTesniv € Bb3MOXHOCTTa Ja
ObAaT M3KMKYBaAHM PasnNUYHM UUAMHAPW MO AadeH anroputbM, cuctema - Dinamic skip fair
[11], KoeTo no3BonsiBa CbLO NPELN3HO NogabpXaHe Ha HOpManeH TeMnepaTypeH PeXxunMm.

OTBAapAHE M3MN. KnanaH

A
A

Mm)

— 10+

nosgvralHe Knanad

1
90 180

H3N. KnanaH
Mb/IHUTENEH KNanaH

dur.11. [Juarpama Ha dha3uTe Ha rasopasnpegeneHue

3. 3akntoyeHue:

KaTo ce aHanusupaT pasfMyHuTe CUCTEMW 3a U3KIMOYBAHE HA UUINMHAPUTE U CUCTeMUTE
3a NPOMEHNNBO rasopasnpegeneHne e yCTaHOBEHO, Ye Han-4o6bp edekT no OTHOLEHMEe Ha
ropvBHa MKOHOMWYHOCT M €KOMOrMYHU NoKasaTenu ce nofyyasa nNnpu cbBMecTHaTa UM paborta.
Korato ce na3nonasa camo npomeHnme [PM ce nonyyaBa 4yacTuyHO nogobpsieaHe, 3aw0To ce
M3MEeHA €eOMHCTBEHO MOMEHTa Ha OTBapsHe W 3aTBapsAHe Ha KnanaHute, HO He MU
NpOObIDKUTENHOCTTA Ha npoueca (Bux cwur. 11). A ToBa OT CBOS CTpaHa CbLO Hanara
KOMMPOMUCKM W KOrato npu BUCOKM OOOPOTU MbIAHUTENHUTE KNanaHu ce OoTBapAT C
nsnpeeapBaHe, Npy yBenu4yaBaHe Ha CKOPOCTTa Ha CMeCTa B Kpasi Ha TakTa NbJfIHEHE e Hanuue
N NO-paHHO 3aTBapsiHe, KOETO onpeaerieHo BoLllasa nokasatenure.
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Mo nNpuHUMN BCWUYKM pasrnexgaHnm cucTtemMm morat ga paboTAT CbBMECTHO U CbC
cucTeMmnTe, KOMTO OCUTypsiBaT MbIIHO U3KITOYBaHEe Ha ABUraTens npu NpecTon (CtapT-cTon).

OcBeH geakTMBMpaAHETO Ha pasnuYHM UMNUHAPW, cuctemuTe 3a npomennue PM paBsaTt
Bb3MOXHOCT W 3a OCbLeCTBABaHE Ha peuupkynaums Ha oTtpaboTtunute rasose 6e3
AOoNbNHUTENHa cuctema. ToBa ce MNocTura 4Ypes3 yBenmMyaBaHe brbfa Ha MPUMNOKpMBaHe Ha
KnanaHuTe, Npy KOeTo ce JaBa Bb3MOXHOCT Ha YacT OT ra3oBeTe Aa Cce BbpHaT B UunMHabpa B
TakTa nbrfHeHe. 10 TO3M HauMH Ce CHWXaBaT HMBATa Ha OTAENSAHUTE a30THM OKUCK, a MNpu
MOHWXXaBaHe TemnepaTtypata Ha rOpeHe ce orpaHMyaBa W Bb3MOXHOCTTaA 3a nosBa Ha
AeToHaums.

[pyro BaxxHO NpeaMMCcTBO Ha ABuraTenute cHabaeHun cbC cuctemm 3a npomennue N'PM e
Bb3MOXHOCTTA UM Oa paboTaT B onpeneneHn pexmmum no Uukbn Ha ATKMHCBH — Munbp.
M3BecTHM ca gBa nogxoda B peanun3anpaHeTo Ha TOBa pelleHue, eAMHUS C KbCHO OTBapsiHe
(cnepg TMT) Ha NMbAHUTENHUSA KNanaH, a BTOpUSA C KbCHO 3aTBapsaHe (cneg AMT), npu koeTto
4yacT OT ropMBO-Bb3aylLLUHATa CMeC Ce Bpblla B KONEKTOpHUTE Tpbbu. B cnyyas ce nonyyasaTt
pasfn4HN CTENEHN Ha CrbCTABaHE N paslunpeHne, KOeTO OT CBOSI CTpaHa BOAW A0 NoBuLLaBaHe
Ha nHgukatopHus KM v nogobpsiBaHe Ha ekonornyHute nokasatenn. Ho HeratuBHus edekT
npu TO3M MNPOLEC €, Ye MaKCUMasnHus BbpTALW, MOMEHT ce peanu3npa B 30HaTa Ha BMCOKMU
YECTOTM Ha BBPTEHe, O6UKHOBEHO okono 4000 min™' M MexaHWamWTe 3a NPOMEHSIMBO
rasopasnpeneneHne nos3sonsBat Asuratens ga paboTy Npu HUCKM TOBapu NO TO3WM LMUKbLA, a
KoraTo ca HY>XHW BMCOKM CTOMHOCTU Ha BbPTALLNA MOMEHT - MO uukbna Ha OTo.

[Mpn cpaBHeHWe Ha KOHBEHUMOHaANHUTEe cuctemmn ¢ npomeHnme 'PM u Te3un c enekTpo-,
XNOpaBnn4yHO UNM MHEBMATMYHO [OEWCTBME Ca YCTAHOBEHM OnpeferieHo npeaumcreata Ha
BTOPUA TUN KOHCTpyKuun. OT dour.11 ce Buxaa, Ye pasnpegenutenHus Ban oTBapsa KranaHute
MO CUMHycouaaneH 3akoH, a npu cuctemata oT dur. 10 e HanMue MHOro No-6bLP30 OTBapsiHE U
3aTBapsiHe Ha KnanaHuTe, KOeTo No3BOSfisiBa MHOIo No-NpeunsHo perynupaHe gasute Ha PM.
[pyro cbLecTBeHO NpeaMMCTBO, Ye MOXe Aa 6bae nsberHato 1 NpuUnoXeHNeTo Ha gpocenosa
Knana, KOeTo CbLLO LLie Hamanu nomneHunTe 3arybu.

CuctemuTe 3a M3KMOYBaAHE Ha UMNUHAPUTE, KOUTO Ce Non3BaT B AN3ENIOBUTE ABUraTenu
OBMKHOBEHO Ce OTHacAT 3a MHOroUMIAMHAPOBM KOHCTPYKUMW C no-ronsMm paboTeH obem.
XapaKTepHOTO Npu TSX €, Ye ce U3KMNIYBAT KnanaHuTe, HO He Ce M3non3BaTt NPOMEHNNBN dhasu
Ha M'PM nopagu mankata no o6em ropvBHa kKamepa 1 OoNacHOCTTa OT CbMPUKOCHOBEHNE MexXay
OyTanoTo n knanaHa.

M3BeCTHM ca pasnuMyHu CXemu, KaTto rongma YacT KOHCTPYKTMBHO ca O(opMeHu B
nogobue Ha pasrnexgaHute. Llenta e B 6baewe ga 6voar BHegpsiBaHW B ABuratenu c no-
Manbk paboTeH obem, KOeTo onpedeneHo uwe nogobpun eKonormyHuTe mnokasaTenu Ha
ekcnnoaTnpaHmTe aBTomMooumnu.

Bcnuku nsnonseaHm cucteMm 3a M3KMOYBaHE Ha UMNUHOPUTE BOAAT 4O NOBULLIABAHE Ha
ropuBHaTa MKOHOMMYHOCT U HamansBaHe Ha OTAEensiHATE BPedHW eMucuun. XapakTepHOTO 3a
TAX €, Ye HamanaBaT KOMIMMEKCHO BCUYKM BpeaHn kommnoHeHTn (CO 2, CO, NO, CH ) u
obnek4yasaT paboTaTa Ha KaTanUTUYHUTE HeyTpanm3aTopu.

Cnopen pas3nuyHM MU3TOMHMUM OeakTuMBauMsaTa Ha UMNUHAPUTE BOAW OO HamansiBaHe
pa3xoga Ha ropueo B pamkute Ha 15- 20% B 3aBUCMMOCT OT pexuma Ha ekcnnoartauus. 3a
asuratens Ha donkceareH 1,4 TSI B unkbn NEDC HamansiBaHeTo Ha pa3sxoga € ¢ 0,4 1 /100
km, koeTo CbOTBETCTBA Ha NoHWxaBaHe otaensHus CO, ¢ 10 g. Ha KUNOMETBP.
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O6G30p 1 aHanNM3 Ha paboTeH npouec Ha ABUraTesn ¢ BbLHLUHO
cMecoobpa3syBaHe paboTely C ra3oBu ropuBsa
BorpaH LWLlonos

Overview and analysis of the working process of a spark ignition engines
fuelled with CNG and LPG
Bogdan Shopov

Abstract. This paper presents overview of the working process of a spark ignition engines fuelled with CNG and
LPG. In first half paper presents test result obtained from running a 1.5L, 4 cylinder Proton Magma retrofitted spark
ignition car engine with dynamometer. Performance, fuel consumption and exhaust emissions measurements were
recorded under steady state operating conditions for gasoline and compressed natural gas. In the last half of the
paper present study deals with to investigate the effect of dual mode of operation on combustion characteristics of
engine and cyclic variation in a modified multi-cylinder spark ignition engine. Experiments will be conducted with
baseline gasoline and later with dual fuel mode of experiments i.e gasoline with LPG with different ratios
(25%,50%,75% and 100% of liquefied petroleum gas by mass).

Keywords. Engine performance, Compressed natural gas, Liquefied Petroleum Gas, Petrol, Combustion.

1. BbBegeHue: [JobOpe M3BECTHO €, 4e 3anacute OT M3KOMaemMu ropuea no Uenusa CBAT
HamanaBaT ¢ 00e3MnoKOMTENHN TEMMNOBE N BeYye ce Habntogasa HeaoCTUr Ha cypoB neTpon. B
AOMbfHEHME KbM TO3M npobrnem e U BROWAaBaWOTO Ce KayeCcTBO Ha Bb3gyxa B
ypbaHusmpannte 30HU. OTTyK npou3tMya M obLliecTBeHaTa 3arpMkKeHocT 3a MNo-CTPOoro
perynupaHe Ha emmcumnTe Ha oTpaboTeHuTe ra3oBe, KakTo B rnobaneH mawab, Taka 1 fokanHo
— BCsIka ObpxaBa onpefensi KOHTpona BbpxXy 3ambpcaBaHeTo. Bce owe asTomobunute,
N3MNON3BaLUN rOPUBHU KIETKM 3a 3a4BWXKBAHE, U Te3un, 3aABWKBAHN OT eNleKTpUYecka eHeprus,
cpeLiat npobrnemu no OTHOLWEHME Ha namMmHaTUa npober u yckopeHueTto cu. C orneq Ha Teau
npobrnemun OBMratenaT C BbTPELLUHO FOPEHE LWe MPOAbIMKM Aa AOMMHMPA B TPaHCMOPTHUSA
cektop. CbOTHOLIEHNETO Ha TErno/MOLWHOCT (KaTo KbM TernoTto npubasBum u pesepBoapa U
KONM4eCTBOTO rOPUBO) 3a pABuratend C BbTPEWHO ropeHe € MHoro no-gobpo ot
CbOTHOLLEHMETO TErNO/MOLLHOCT 32 aBTOMOGUNUTE C enekTpo3aaBmkKBaHe UM Te3n, KOUTO ce
3a4BWKBAT OT FOPMBHU KNETKW. Tean hakTopu ca BogeLm, 3a fa MOXe y4YeHU 1 n3cnegosatenu
Aa ce cbecpenoToyaT Bbpxy pa3paboTBaHETO Ha ekorlorocbobpasHu TEXHOMNOMMK 3a asuraTenu
C BbTPELHO ropeHe, BbBexaaHe B ynotpeba Ha no-eKkonorMyHu ropmBa — anTepHaTUBM Ha
KOHBEHLMOHANHNTE ropmBa, KaTo LenTa € 3ana3BaHeTo Ha cera CbllecTByBallaTa TEXHOMNOMMs
Ha OBUratens ¢ BbTPELHO ropeHe 1 3ana3BaHeTo Ha MOLWHOCTTA Ha asuratend. Han-ronemmar
npobnemMm Ha u3konaemmTe ropmBa e HMBOTO Ha CO,, KOETO ce oTaens B aTmocdepara npu
TAXHOTO m3rapsaHe. [Npobnem e HamansBaHETO Ha 3arnexuTe Ha mskonaemuTte ropusa. Kbm
AHEelWHa gaTta CBETOBHUAT pe3epB Ha npupoaeH ra3 e okono 6000 Tscf n Ha OasaTta Ha
TeKylwoTo notpebneHne 3anacute ca gocTaTbyHM 3a okono 66 rogmHwn. ToBa goBexaa Oo
MOBULLEH WHTEPEC KbM M3MOM3BaHETO Ha NPUPOAHMSA ra3 KaTto ropvMBO 3a ABuraTenu c
BbTPELWHO ropeHe. Peaouua yyeHuM u3yepnaTtenHo ca u3cnegBanu XapakTepUCTUKUTE Ha
NPUPOAHMS ra3 W HEroBMTe NPeanuMCcTBa CNpPsIMO Te3M Ha KOHBEHLMOHaNHUTe ropuea. 3atoBsa B
nocnegHuTe rOAMHW HaBnM3amMe B €rnoxa, B KOATO MNPEBO3HUTE CpeacTBa We uM3nonssar
pa3HoobpasHu TexHonormn. CeugeTenn cMe Ha paspaboTku, KouTo nopobpsasart
eeKTMBHOCTTAa Ha [Buratennte C BbTpPeEWwHO ropeHe. [llpegoBwxaa ce ga ce paswmpu
CNeKTbPbT Ha N3NOM3BaHUTE ropuBa, CbLLECTBYyBaT pa3paboTkn 3a aBTOMOOUNIM OBMXKELLM Ce C
FOPUBHWN KNETKW, BfiakoBe M3NonsealiyM xmbpuaHa TexHonorus 3a 3agBwkBaHe. EHepruiiHaTta
CUTYPHOCT M YCTOMYMBOCT, AmBepcudmkaumaTa Ha M3TOMHUUM ca OBCbXOaHW BbNPOCKU, Tbi
KaTo Te ce OTHacAT OO0 pasfnuyHM anTepHaTMBM Ha ropuBata. [lopagn HAKOM OT HeroBute
onaronpuATHN PUINKO-XUMNYHM CBOWCTBA NPUPOAHUAT ra3 e oTNMYHO ropMBO 3a ABuUraTenu c
nckpoBo 3anansaHe. OcCBeH ToBa OBUraTennte C WCKPOBO 3anarneBaHe MoraT JfleCHO da ce
npeobpasyBart 3a paboTa ¢ npupogeH ras ¢ gobassiHe Ha BTopa ropmBHa cuctema. MNMpupoaHmaT
ras € U3non3BaH KaTto ropvMBo 3a NpeBo3HM cpeacTtsa owe ot 30-Te roauHU Ha MUHanus BEK
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cnopen MexayHapogHata acouvaumsi 3a NPeBO3HM CpPeAcTBa, M3NonsBawy NpUpPOAEH ras
(IANGV). B gHewHo Bpeme ce aBwkaTt okoro 4.5 MunuoHa NpeBO3HU CPeacTBa, M3MNOoN3BaLLm
NpupoaHMs ras, kato undpata Ha Te3n aBToMobunM HenpekbCHaAToO pacTte. 3a ga ce M3nonsea
NPUPOOHMUAT ra3 KaTto anTepHaTUBHO ropuBo, TpsiOBa Aa pasnonarame ¢ 4OCTaTb4YyHO M3TOYHULIM
NN pe3epBu Ha NPUEMINBU CbCTaBW Ha NPUPOAEH raas.

2. N3noxeHune

Llenta Ha TO3M pgoknag e obobuieHne M aHanuM3 Ha pesynTtatute OT aKTyanHW Hay4vHu
EeKCMePMMEHTM NPOBEAEHM BbB BoAeLWM B obracTTa Ha npunaraHeTo Ha rasoBuTe ropvea 3a
aBTOMOOUINTHM Uenn gbpxasu, kato MHavs n Manansms, KbAeTo NPOLEHTbT HA aBTOMOOUNK
M3MNon3eawn rasoBM ropvBa € HaW-BMCOK, B CpaBHEHME C aBTOMOOUNMTE M3non3Balim
KOHBEHUMOHanHu ropmea. B goknaga ce npeactaBAaT M cpaBHABAT eKCNEPUMEHTANHUTE AaHHU
no cnegHuTe napameTpu: cpedHo edEeKTMBHO HansraHe, cneumduyeH pasxod Ha ropuBo,
aHanu3 Ha TOBapHa XapaKTepucTuka, aHanu3 Ha WMHOMKATOpHa Anarpama, aHanui3 Ha cpegHa
TemnepaTtypa Ha rasa, aHanmM3 Ha CKOpoCTTa Ha TonnootaensaHe. Ha Ttabnuua 1 ca
npeaCcTaBeHN HSAKOM OT CBOWCTBaTa Ha npupoaHus ra3 u 6eHsmHa. Llenta Ha yyeHuTe oOT
Manansus e ga pas3paboTaT ropMBHa CMCTEMA 3a OMPEKTHO BMPbCKBAHE Ha NPUPOAEH ras Ha
ABUraten c noBuaBaHe Ha CTEMNeHTa Ha crbcTaBaHe. M3nona3eaH e 1.5 nutpa 4-umnuHapos
moTtop Campro Proton. C ToBa nacnegsaHe Ha npakTvka ce oueHsiBaT CpeaHOTO edeKTUBHO
HansaraHe Ha gsuratens npu paboTta ¢ NPUPOoAEH ras, XxapakTepPUCTUKNTE Ha BPEAHUTE EMUCUN
B OoTpaboTunute rasoBe, CneuUNUUHMAT pasxod Ha ropuBo U ePEKTMBHOCTTA Ha ABuUratens
npun paboTta ¢ 6eH3nH 1 NpupoaeH ras. Pesyntatute oT ToBa M3cneaBaHe Wwe 6baat 6asa 3a
CpaBHEHME nNpU MNPOEKTMpaHe Ha Maraasumcka cuctemMa 3a €OHOTOYKOBO MnoJaBaHe Ha
NPUPOAEH ras nNpu AeuraTen ¢ UCKPOBO 3ananBaHe.

Taobnuua 1. CeorctBa Ha 6eH3nHa U MeTaHa.

CBONCTBA OeH3MH MeTaH
OKTaHOBO 4YMCIIO 80-90 120
MonapHa maca (kg/mol) 110 16.04
Terno Ha  pakuyusaTa | 87 75
Bbrnepos, /%/

MnbTHOCT Ha | 1.38 1.24
CTEXMOMeTpU4HaTa CMecC

(kg/m®)

TonnuHHa CTOWHOCT | 43.6 47.377
(MJ/kg)

TonnuHHa CcTOMHOCT Ha | 2.83 2.72
cTexmoMeTpuyHaTa CMecC

(MJ/kg)

OrpaHunyeHne Ha nnambka | 1.3-7.1 5-15
(% BbB Bb3aYXA)

Temnepatypa Ha | 480-550 645
Bb3nnamMmeHsiBaHe

2.1 EKCNepuMeHTbT C MeTaH e u3BbplieH B YHuBepcuteTbT Manas, kato e m3nonssaH 4
uunuHgpos 1500 kybukos asuraten Proton Magma 12.
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durypa 1. CpeHo eeKTMBHO HamnsiraHe B 3aBUCUMOCT OT obopoTuTe.

Mpn paboTta c mMeTaH npe3 uUenus 4YecToTeH Aumanas3oH ce HabniogaBa HamansiBaHe Ha
CpeaHoTO edekTUBHO HansiraHe B cCpaBHeHWe c pabortata ¢ 6eH3uH. Yact ot 3arybaTta Ha
CpeaHoTO edPekTUBHO HamnsiraHe Ce ObJDKM Ha MO-HMUCKaTa CKOPOCT Ha ropeHe M Mo-HuckaTta
CKOPOCT Ha nnambka npu pabota ¢ meTaH. OT M3BBbPLUEHU EKCNEPUMEHTU € WU3BECTHO, 4e
CKOPOCTTa@ Ha ropeHe Mnpuv MeTaHa e okono 24-25 m/s, AokaTo CKOpOCTTa Ha ropeHe npwu
O6eH3nHa e okono 33 m/s. Mo OTHOWeEHME Ha ropHa MbpTBa TOYKa Ha OyTanoTo ropeHeTo
3anoyBa no-paHo Npu mMeTaH B cpaBHeHue ¢ paboTtaTa ¢ 6eH3nH n 3atoBa HyTanoto nma no-
ronama otpuuatenHa paborta. OctaHanaTa 4acT OT 3arybata Ha e(eKTUBHOTO HansraHe ce
Ab/MKM Ha U3MECTBaHETO Ha Bb3gyxa OT MeTaHa. CpegHata CTOMHOCT Ha cnaga Ha
eeKTMBHOTO HandaraHe npu paboTta ¢ MeTaH cnpamo pabotata ¢ 6eH3nH e okono 16% wnu
1.25 bar.
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durypa 2. CneunduyeH pasxo Ha ropueo Npu BbHLIHA YECTOTHa XapakTepucTnka ¢ 6EH3VH U MeTaH B
3aBNCMMOCT OT 0GopoTuTe.

Ha dwurypa 2 e nokasaH cneumdpuyHus pasxon Ha [rOpMBO MpUM BbHLLIHA YeCcTOTHa
xapaktepuctuka. OT rpadmkata ce Habnwogaesa, 4Ye B AuanasoHa Ha HUcknte obopoTu
pas3xoabT € BUCOK, NPy HMBaTa Ha cpeaHnTe 060poTM pasxoabT € HUCHK M Cce yBenuyasa npu
BUCOKMTE 0OOpOTM Ha aBuratens. Toa e Taka, 3awoTO Npu HUCKUTE 0BOopoTM 3arybuTte Ha
TONMMHA KbM CTEHWUTE Ha ropMBHaTa kamepa ca NPOMOpLMOHaANHO No-ronemun, KoeTo BoAnM A0
NO-BUCOK pa3xod Ha ropueo 3a npowussegeHa eHeprus. OT rpadumkaTta CblO Ce BWxXAa, ve
cneumduryHNS pasxon Ha ropuMBo B LIENNSA YECTOTEH AMana3oH € No-HUCHbK, OTKOSNKOTO pa3xoaa
Ha ropmeo nNpu 6eH3nH. ToBa ce AbIKM Ha (hakTa, Ye oTonnMTEenHaTa CTOMHOCT Ha MeTaHa € C
9% noBeye B cpaBHEHUE C B6eH3nHa. Han-HMcknat cneumnduyeH pasxon Ha ropuso e npu 3500
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obopoTa un 3a aBata Buga ropmeo — 0,323 kg/kWh 3a 6eH3uH n 0,264 kg/kWh 3a metaH. KaTo
LSS0 NpY eKcnepuMeHTa ¢ MeTaH ce Habnagasa okono 18% no-HUCKM CTOMHOCTKM npu paboTa ¢
MeTaH OTKONKOTO npwu paboTa ¢ 6eH3nH. Bbnpekn ToBa cpegHaTta cneumndguyHa KoHcymaumsa Ha
cnvpayvyHa eHeprusa Ha ABuratens npu ekcnepMmeHTa Mo BbHLIHA YeCTOTHa XapakTepucTuka e
15,26 MJ/kWh 3a 6eH3nH n 13.61 MJ/kWh 3a metaH. CpegHo asuratens paboTtew, ¢ MeTaH
KOHCymupa ¢ okono 1.65 MJ no-marnko eHeprusa Ha KunoBaT 4Yac B CpaBHeHWe npu pabotata My
¢ 6eH3MHOBO ropmBoO.
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®durypa 3. ToBapHa xapaktepuctuka npu 3500 oboporTa.

Ha cmurypa 3 e npeacraBseHa ToBapHaTta xapaktepuctuka npu 3500 o6opoTa. MNpuynHata 3a
OBbpP30TO yBENMYaBaHe Ha cneunduyHNA pasxoa Ha ropuBo C HamMansBaHe Ha HaTOBapBaHETO €
4ye cunata Ha TpUeHe ocTaBa MO CbLIECTBO MOCTOSIHHA, AOKAaTO MOLLHOCTTa Hamanssa. B
pesyntaTt Ha TOBa cnMpavHaTta MOLLHOCT naga no-6bp30 OT noTpebneHneTo Ha ropueo U Mo
TO3M Ha4yMH ce nokavesa cneunduyHusa pasxoq Ha ropmso. Han-HUCHK e cneunduyHusa pasxon
Ha ropmBo nNpu 65% HaTOBapeHOCT Ha ABuraTens, Kakto 3a 6eH3uH, Taka u 3a meTtaH. 0,331
kg/kWh npu 2500 obopota, 0,336 kg/kWh npm 3000 obopota m 0,348 kg/kWh npu 3500
obopoTa 3a paboTta ¢ 6eH3nHOBO ropmeo. CbOTBETHO NpPM MeTaHa Te3n cTonHocTu ca: 0,282
kg/kWh npu 2500 o6opoTa, 0,285 kg/kWh npu 3500 obopoTta. YcTaHOBEHO € 1 3a gBaTa Tuna
ropmBO, Ye C nokayBaHeTo Ha 0bopoTUTE pacTe U cneumdunyHusa pasxon Ha ropmeo. Pasnukarta
B CNeungunyHmsa pasxoq Ha ropnBo nNpu 6EH3MH 1 MeTaH Npu pasnuyHnTe 06OPOTHU PEXUMM Ha
ABuraTensi Bapupa Marko 1 nokassa cpegHa pasnuka ot 17,15%.

2.2 EKCNepMMEHTBLT € nponaH-6yTaH € n3BbpLleH B HAUNMOHANHUAT HCTUTYT 3a TEXHONOruu B
KapHaTaka
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®durypa 4. P-V gnarapama npu 4500 obopoTa
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®Purypa 5. P-V guarapama npm 2000 obopoTa

Ha durypa 4 n 5 e nokaszaHO M3MEHEHMETO Ha CpeaHOTO HansraHe B uunuMHabpa 3a 100
nocrnegoBaTenHn UMKbNa, B pasnnuyHn 060pOoTHU peXMMIN Ha aBuratens npu padorta ¢ 6eH3uH,
nponaH-byTaH U YaCTUYHO nogaBaHe Ha nponaH-byTaH KbM ropmBHaTa cmec. 3abendassa ce 4ye
MeXQy UMKIUTE MMa 3HAYMTENHO OTKIOHEHWE B HansraHeTo nNpu egHaken paboTHU yCnoBuS.
TbW KaTO KONMUYECTBOTO Ha nponaH-byTaH npu pasnuyHUTe eKCNepuMeHTU ce yBenun4yaBa,
Hanvue € 1 No-B1MCOKO MUKOBO HansdraHe, Kato CTOMHOCTTa My € Han-BMcoka npu paboTa Ha
asuraTens u3usano ¢ nponaH-oytaH. CpegHOTO e(pekTMBHO HandraHe B ropuBHaTa kamepa e no-
BMCOKO 3a AuraTen, paboTew, ¢ nponaH-b6yTaH, cnegoBaTeniHO ce norflydaBa MakCUMarHo
NUKOBO HansiraHe.
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CpegHa Temnepatypa Ha raza npu 2000 cbopora
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durypa 6. CpegHa Temnepatypa Ha rasa npu 2000 obopoTta
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®durypa 7. CpegHa Temnepatypa Ha rasa npu 4500 o6oporTa.

Ha durypa 6 n curypa 7 ca npeacraBeHn BapuauuuTe Ha cpefHaTa TemnepaTtypa Ha rasa
CNpsAMO brbfla Ha 3aBbpTaHe Ha KONSAHOBMS Ban Npu ToBapHa XxapaktepucTtuka. CpegHaTta
TemnepaTypa Ha rasa pfjaBa WHJoOpMauus 3a Temnepatypata B UWNUHObPA, KOATO €
KankynupaHa OT HansraHeTo Ha brbfla Ha 3aBbpTaHe Ha KongHoBus Ban. B cpaBHeHue C
pabotata npu pasnuMyHUTEe TFOPUBHW CMecu OT rpadukuTe ce Habnwgasa, 4Ye cpepHaTa
TemnepaTypa Ha rasa € Han-BMCoKa, KoraTo gsuratensa paboTtn nsyano ¢ nponaH-6ytaH. Toea e
Taka, 3alloTo nponaH-byTaHa MmMa MNO-BMCOKA CKOPOCT Ha ropeHe W no-Bucoka agnabaTtHa
TemnepaTtypa B cpaBHeHWe C¢ 6eH3MHOBOTO ropueo. CriegoBaTerniHo MPOABLIMKUTENHOCTTA Ha
ropeHe we 6bOe No-marnka v cpegHata TemnepaTypa Ha rasa we obae makcumanda. Npu no-
BMCOKMTE YECTOTHU PEXMMU HAMa rofndma pasnuvka B cpefHaTta TemnepaTypa Ha rasa, Tbil KaTto
nponaH-bytaHbT paboTu B ycrnoBuATa Ha no-6borata cMmec nNpu BUCOKMTE OBOPOTH, KOETO
Hamansea TemnepaTypata B uunuvHabpa. [JobpuTte xapakTepucTuku Ha ropeHe npu pabota
n3uano ¢ npornaH-byTaH ce gokasBaT C MMKOBOTO MSICTO Ha cpefHaTa TemnepaTtypa Ha rasa,
KOSITO Ce NosiBABa No-paHo, OTKONKOTO Npu paboTta Ha asuratens ¢ 6eH3nH. Tbil KaTo cpegHaTta
TemnepaTypa Ha rasa € no-BMCcokKa npu ekcnepumMeHTa, Npu KONTo asuratensTt paboTtu nsusno ¢
nponaH-6yTaH, ToBa noBnusiBa Bbpxy Ob6pasyBaHETO Ha a30THU emucum B oTpaboTunute
rasose. CriegoBaTesiHo eMUCUUTE Ha a30THM OKMUCK e 6GbaaT No-BMCOKM Npu ABUraTen ususno
paboTeLy ¢ nponaH-6yTaH.
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®urypa 8. CkopocT Ha TonnootaensHe npu 2000 obopoTa.
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®urypa 9. CkopocT Ha TonnooTaensHe npu 3500 oboporTa.
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®durypa 10. CkopocT Ha TonnootaensHe npu 4500 oboporTa.

Ha durypa 8,9 n 10 ca npegcraBeHn CTOMHOCTUTE Ha HETHOTO OTAENAHEe Ha TonnuvHa npwu
TOBapHa XapaKTepuCTUKa Ha ABuraTens B pasnuMyHn obopoTHM pexnmun. U3uucneHusita 3a
HeTHaTa CKOpPOCT Ha OTAeNnsHe Ha TornnuHaTa gasaT MHopmauusa 3a npoueca Ha ropeHe B
aBuratensi. HeTHaTa CKOpPOCT Ha OTAensHe Ha TonnuvHata npu pabota Ha aBuratens B
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pasfiMyHM YECTOTHU pPEXMMW € XapakTepuctuka 3a pabotata Ha pgsuratensd. EgHu ot
OCHOBHUTE NapamMeTpu, KOUTO BIIMAAT BbpPXY HETHATa CKOPOCT Ha OTAENsIHE Ha TonnMHaTa, ca
PU3NYHUTE U XMMUYHUTE CBOWCTBA Ha rOPMBOTO, N3MON3BAHO B ABUraTeNs C BbTPELLHO rOpeHe.
Kakto ce Bwkaga OT durypute, C yBernmMyaBaHETO Ha MPOLEHTHOTO CbOTHOLLEHME Ha NponaH-
OyTaHa B ropmBHaTa CMeC OTAENAHeTO Ha TONnMHa 3ano4yBa ga ce noBuwaBa MNo-paHo,
OTKOSIKOTO Mpu eKkcrnepumeHTa ¢ 6eH3nHOBO ropueo. Hawm-paHO TonnvMHaTta 3ano4vBa ga ce
oTAEenst Npyu ekcnepuMeHTa, Korato asuratensa pabotu uauano ¢ nponaH-6ytaH. Cblwo Taka ot
durypute ce Bwxaa, Y€ NUKOBUTE MECTa Ha OTAENsdAHe Ha TonnuHaTa C yBenMyaBaHeToO Ha
KONM4ecTBOTO NponaH-0yTaH B ropuBHata CMeC CTaBaT MO-LUMPOKKU, OTKOSIKOTO MecTaTa npu
paboTta ¢ 6eH3MHOBO ropmeo. ToBa Ce Ab/MKM Ha (hakTa, Ye nponaH-byTaHbT B CTpyKTypaTa cu
MMa BbBIMEBOOOPOAN, KOUTO paboTat M npu no-6eaHn ropmBHu cmecwu. [lopagn ToBa B
ropuBHaTa KamMepa uMa CbObpXall KACNopod, KOMTO nogobpsiBa ropeHeTo M rofisiMo
KONMMYECTBO rOpPUBO U3rapsi B panoHuTe, 6rM3kM OO ropHa MbpTBa TOYKa. 3a BCUMYKM BMOOBE
FOPUBHM CMECK CKOPOCTTa Ha OTAENsIHE Ha TonnMHaTa ce M3BbpLlUBa B panHuTe, 6nM3ku o
ropHa MbpTBa TOYKa. Ham-BncokaTa CKOPOCT Ha OTAENsIHE Ha TonnMHaTa ce Habnwgaea npu
eKcrnepuMeHTa, Korato ABuratensat paboTu n3udano ¢ nponaH-oyTaH.

3. 3akntoyeHue:

1.0T ekcnepumeHTa C nponaH-OyTaH MOXe gda ce CTUrHe OO0 u3Boga: yBennyaBaHETO Ha
nponaH-byTaHa B ropvBO-Bb3gylLUHAaTa CMeC LWe JoBede OO0 MNO-BMCOKO CpeaHo edeKTUBHO
HansraHe, ropeHeTo LWe ce U3BbpLluM MNo-6Nm3ko OO0 ropHa MbpTBaA Toyka Ha ByTtanoto. [Mpu
n3cnegBaHeTo Ha ToBapHaTa xapakTepuctmka npu 4500 obopota ce Habnwogasa 20%
yBENUYEHNe Ha MakCMManHoTo HandraHe B UMNMHABPA, B CpaBHeHWe ¢ paboTata ¢ 6eH3MHOBO
ropmeo npu cmec oT 100% nponaH-6yTaH.

2. OT HanpaBeHUs1 eKCNEPUMEHT C MEeTaH MOXe [a Ce Hanpasu U3Boga, Ye: MoL4epHU3NPaHNTE
ApuraTenu, uW3nonseBawiyM MeTaH, WMaT noTeHuMan 3a [MOBMWABaHE Ha eHeprunHaTa
€dEeKTUBHOCT M 3HAYUTESNTHO HaMansiBaHe Ha cneundUYHUA pasxod Ha ropuo. [lBuratens npu
HanpaBeHNa ekcnepumeHT e uman c 16% no-HUCKO cpefdHO eMEKTUBHO HanaraHe u
cneundundHna pasxog Ha ropuo € ¢ 17-18% no-manko B cpaBHeHMe ¢ paboTtaTta npyn BEH3WH U
Npy €eKkcnepMMeHTa 3a Wu3crnedBaHe Ha BbHLUHA YeCcTOTHA XapaKTepucTvka aBuratens
KoHcymupa ¢ 1,65 MJ no-marnko eHeprusi OTKONKOTO AsuraTten paboTtely ¢ 6eH3NH.
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CMECEBOW BEH3WUH AE-95 KAK AlIbTEPHATUBA A-95. NMPEUMYLLECTBA
MW HEOOCTATKHU EIMO NPUMEHEHUA B PA3PE3E TOIMNJIMBHOU
OKOHOMUYHOCTU N SKOJTIOMT'MYHOCTHU

MIXED AE-95 PETROL AS AN A-95 ALTERNATIVE. ADVANTAGES AND
DISADVANTAGES OF ITS APPLICATION IN CUT TO FUEL ECONOMY AND
ENVIRONMENTAL

Bezrodniy V.V.

Abstract. Recently widely used gasoline with a high content of ethanol in gasoline. The calculation method
obtained the dependences of fuel consumption and exhaust emissions of a Skoda Octavia car, which worked on
standard A-95 gasoline and AE-95 mixed gasoline.

Keywords: ethanol, octane number, petrol, toxicity.

1. BBepeHwue:

B HacTosiuiee Bpema Becb Mup yaensieT 6onblloe BHUMaHWE HeTPaauLMOHHBIM
MCTOYHMKAM SHEpPrun, TMpUMEHEHME KOTOPbIX MOXeT obecneynTb COXpaHeHue 4YacTu
CYLLECTBYIOLMNX WUCKOMAEMbIX 3HEPropecypcoB, MOBLICUTb 3KOMOrMYeckyro ©e30onacHoCTb
oKpy>atoLen cpegbl n o6ecneynTb He3aBUCUMOCTb OT MUPOBOrO 3HEpPropbiHKa. Mo nporHo3am
3KCrnepToB 3aBMCMMOCTb EBponenckoro cowsa oT umnopta aHepropecypcoB k 2020 rogy
pocturHet 70-75% ot obuiero notpebneHms nepBMYHON aHEprMn. Ha nNpoTskeHun nocnegHux
AECATUNETUN OCHOBHbLIM MCTOYHWKOM 3KOMOrm4yeckon 6e3onacHoOCTU ABNSAKOTCS 3HeproemMkme
npeanpuaTus, YCTAHOBKM W ABUraTtenu BHYTPEHHEro CropaHus, WCNonb3ylwune >Xuakue
HedpTaHble Tonnmea. [ABC BbibpackiBaloT B atmocdepy NbBUHYKO OO OKCMAOB Yyrnepoaa,
a3oTa M cepbl, @ TakKe Caxu N Apyrnx BpeAHbix BewecTB — 310 6onee 70% Bcex BpeaHbIX
BbIOpOCOB B aTMOCeEpPY KPYMNHbIX rOpoAoB YKpanHbl. Tak Ha KaXgoro MeCTHOIO XUTENS CTpaHbl
npuxoautca He meHee 130 Kr TOKCUYHbIX BbIOPOCOB €XerogHo. DKOHOMUS SHEProHOCUTENEN
OpPraHM4Yeckoro MPOUCXOXOEHMUS, KECTKOCTb HOPM BblIOPOCOB BpedHbIX BewecTB C
oTpaboTaBWMMM razamMmm OEH3NHOBbLIX M AU3ENbHbIX ABUratenen, a TakkKe OrpaHuyeHune
3MUCCUN  YINEKUCNOro rasa BblHyXAaeT O0SfbLWNHCTBO CTpaH WUCKaTb MNyTU YMEHbLUEHUS
BpPeOHOro BNUAHUSA OBUratenen Ha okpyxawuwyto cpegy. OgHuMm n3 3dpPEeKTUBHbIX NyTeun
peweHna atorm npobnembl SABASETCA MPUMEHEHME HEeTPaaULMOHHBLIX MOTOPHLIX TOMMUB,
KOTOpble B Hay4HOW nuTepaType Ha3blBalOT anbTepHATUBHBIMU.

Kak npaBuno, anbTepHaTuBHble TonnmBa o06MagalT  BbICOKOW  TEMNOTBOPHOWM
CMOCOBHOCTBbIO M HENMTOXMMWU aHTUAETOHALMOHHBIMUA KadeCcTBaMK, YTO NO3BONSAET MPUMEHSTb
MX BMECTO BbICOKOOKTAHOBbIX O6EH3MHOB B aBTOMOOWUIIbHLIX ABUratensax 6e3 CylecTBEHHbIX
N3MEHEHU KOHCTPYKUMU. Hapaay ¢ 9TUM, Kaxabli BUA TonnveBa MMeeT CBOU npeumMyLLecTsa 1
HegocTaTkn, 6asmpyeTcsa Ha pasnUYHON CbipbEBOW OCHOBE, TPEDBYET pasfiMyHbIX MaTepuanbHbIX
N (PMHAHCOBbLIX 3aTpaT Ha CBOE MPOM3BOACTBO U MPUMEHEHME, CO34aeT CBOM 0COObIN YPOBEHb
3KOJSIOrMYEeCcKoro BO3AENCTBUSA HA OKPYKaloLLyo cpeay.

B cBeTe nocnegHMx HaydHbiX  OOCTWXKEHUM  ONA  CHWXKEHUs  noTpebneHus
HeTENPOAYKTOB U 3arpsA3HEHUsT OKpyXKatoLlen cpefbl LenecoobpasHo NpMMeHsTb CMeceBble
Tonnmea n3 6eH3nHa 1 3TaHomna, Tak Kak NPOM3BOACTBO 3TOr0 CNMpTa HaMMeHee 3aTpaTHoeE.

MoaToMy a(PeKkTMBHOCTL M LEenecoobpasHOCTb WUCMONb30BaHUS anbTePHATUBHOMO
TONMBa Ha aBTOTPAHCMOPTE LOSMKHbI ONPEAEnAaATbCSA C y4EeTOM BCEro KOMIMEKCa PEeCYPCHBbIX,
TEXHUYECKUX, OKOHOMUYECKMX W IKOSIOrMYecknx (PakTopoB B MNPUMEHEHUN K KOHKPETHOMY
PETMOHY CTPaHbI.

2. N3noxeHwue:

Bce cnmpTtoBble aobaBknm o00nNagatdT BbICOKMM  OKTAHOBbLIM  YUCOM, MOBbILLEHHOWN
NCNapsiEMOCTbIO, HO MeEHbLUE TennoTton cropanus. OpgHako WX MokasaTenu KadvecTtBa
COOTBETCTBYIOT 3KCMSyaTaUMOHHbIM XapakTepucTukam 6eH3nHa M MOryT MCMnosib3oBaTbCs B
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KayecTBe 3ameHuTenen 6eH3mHa. Ho BcnegcTBMe NMOHMXEHHOW TEMNOTbl CropaHust BO3HUKAET
HeobXxoaMMOCTb NogaBaTh UX B 6ONbLUEM KONMYECTBE AN151 AOCTMXKEHNA O4MHAKOBOW MOLLHOCTU
C MOLLHOCTbIO ABuraTtens npu ero paborte Ha 6eH3unHe.

[MpnmMeHeHne BbICOKOOKTAHOBLIX KUCITOpOAoCcoAepKaLLmMX KOMMOHEHTOB NO3BOSISET:

NOBbLICUTb CTEMNEHb CXXaTusa ABUraTens, a cnegoBaternibHO 3¢hEKTUBHOCTL ero paboThl;

CHM3NTb cofepxaHne B OeH3MHe BbICOKOOKTAHOBLIX apoMaTU4eCcKUX YrineBogopOoaos,
ABNAIOLLMXCA UCTOYHUKOM MOSTULNKITUYECKUX KaHLLEPOreHHbIX apOMaTUYECKUX COEQNHEHWNM;

CHM3NTb HarapoobpasoBaHue B ABurartene.

OpHako cnMpTo6eH30sbHbIE TONMMBA UMEKOT crneayowme HegoCTaTKu:

paccrnavBaHue cnMpTobeH30sbHbIX CMEeCcen B NPUCYTCTBMM BOAbI;

NOBbILLEHHAsA KOPPO3MOHHAsA arpeCCUBHOCTb CMUPTOOEH30MbHbBIX CMECEN MO OTHOLLEHUIO K
pAaY KOHCTPYKLUMOHHbBIX MaTepunaros;

MOHMXEHHas1 TennoTa CropaHusi Bbl3blBaeT MOBbIWEHHbLIM pacxod TonnueBa Ans
obecnevyeHnsa 0gMHaKOBOW MOLLHOCTM MpuY aKCnyaTaumm asuraTens.

OKOHOMUS TOMMMBa OpraHNYeckn cBA3aHa C 3aluTon BO34YLHOW cpefbl OT 3arps3HeHus
TOKCUMYHLIMW BbIOpPOCaMM TPaAHCMOPTHLIX CPeacTB. 3TM nNpobnembl HeobxoaMmo pellaTb
COBMECTHO, B KOMnIiekce. bopsack 3a 3KOHOMUIO TONMMBA, CHUXaeM 3ara3oBaHHOCTb BO3ayxa.
YMeHblUasi 3ara3oBaHHOCTb, 3KOHOMWM TonnuBo. [lpaktuyeckn nwboe MeponpuaTue,
HanpaBfieHHOE Ha 9KOHOMMIO TOMMMBA, CNOCOBCTBYET CHUXKEHWNIO BbIBPOCOB BpeaHbIX BELLECTB
oTpaboTaBLuMX ra3oB. B aTon CBA3N 0COOLIN HAY4YHbIN U NPAKTUYECKUA MHTEPEC NpeaCcTaBnseT
nccnegoBaHMe B3aMMOCBA3N MeXAy 39KOHOMMEW TonnmMBa M yYMeHblleHnem Bbibpoca B
aTMocdepy BpefHbIX KOMMOHEHTOB OTpaboTaBWMX ras3oB, MOUCK OBLMX pekoMmeHAauun,
Cnoco6CTBYHOLLNX YCNELLHOMY PELLUEHNIO NOCTABNEHHOW 3a4auMn.

[ns pacyeTta pacxoga TonnmBa npuMeHsiem ¢opmyny paspaboTaHHy B XapbKOBCKOM
HaLMOHaNbHOM aBTOMOOUIBHO-A0POXHOM YHUBEpcuTeTe Ha kadenpe TOCA npodgeccopom H.
A. F'oBopyLeHko. Tak kak oHa aBnsieTcst Hanbornee CoBepLIEHHON MaTeMaTUYECKON MOAENbIO B
HacTosLLlee BpeMS:

Q:%-[A-iK+B-i,§-Va+C(Ga'w+0,077'kF'Vazﬂ' (1)
l

rae  Va — CKOpOCTb ABMXEHUS aBTOMOBUNSA, KM/Y;
A, B, C — koathpmumneHTbl, NOCTOsIHHbIE AN 4aHHOro aBTomMobuns;

Ni — MHOUKATOPHbIN KO3PPULMEHT NONE3HOro AENCTBUS;

ik — ycpegHeHHOe nepegaToyHOe YNCIO KOPOBKN nepeMeHbl nepenav;

Y - KOAPPULMEHT CYMMAPHOTO JOPOXKHOIO COMPOTUBIIEHUS;

kF — cpakTop o6TekaemocTu, H2 c?/m?;

G — Bec aBTomMobuMnNsA, H.

PesynbTathl pacyeta pacxoga tonnmea Ha 6eH3nHe A-95 n cmeceBom 6eHsnHe AE-95
npuBeaeHbl Ha dur. 1.

B xome akcnepumeHTa, npoBedeHHoro Ha 6ase aBtomobuna Skoda Octavia, 6binu
noaTBEPXKAEHbI pe3yribTaTbl aHANUTUYECKMX BbIYUCIIEHUI: pacxon aBToMobuns, paboTatowiero
Ha cCMeceBOM TONMuBe, yBenuuunca B cpegHemM Ha 15% no cpaBHEHWO C pacxogoM Ha
00bl4HOM BEH3UHE.

KonuyecTtBo BbIGpocoB BpeaHbix Bewects aBTomobuns (CO, CyHy,, NOy) B 3aBucumocTu
OT CKOpPOCTU ABMXeHUsa no metoauke H.A. MNoBopyLeHko 6bino onpegeneHo no opmyne

Q’:0'054.8.]‘488.Iom'(142—i_BZ.]\[l-i_(jZ.]\[lz)'Q.cZ (2)
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®ur. 1. Pacxog tonnmnea — 6eH3uH (A-95)/cmeceBon 6eH3nH (AE-95)

CpaBHUB aHanmuTMyeckme pesynbTaTtbl C pesynbTaTamy  IKCNEepUMEHTa, BUAUM
cnegyowme nameHeHus: sbibpockl rpynnel CO cHU3uNMCh He 3HauynTensHo (Ha 2-4%), CoHm —
Ha 10-12%, B cBoto ovepeab ypoBeHb NOy 3HauMTenbHO CHU3WUNCS: B cpegHeM Ha 35%. 310
AaeT OCHOBaHWe nonaratb, 4YTO AMs 39KOMOrMM npuMeHeHue cmeceBoro 6eH3nHa 6Gonee

npunemsieMmo B CpaBHEHUN C TPAONLUMNOHHbIM.
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£ “ ~M-C0 cyanm g T35 =R=Crlncym
e > =
2 5 %4.5 z 3
~ _§ LS
FA 5 E
% 5 g 2
15 25 - FLS
k] =f=Haxcyanu 1
R b 3 45 &5 55 105 L% G.5
5 55 105 o1 S0.L 100,1
Flupoomos Emope R gory e i ®s BT SIS K TAHI (B AR TL " FEUPCOT o SO C UM 100 TR TL ™

dur. 2. PacueT Konu4yectBa BpeaHbIx BbibpocoB ans Skoda Octavia

3. 3aknroyeHue:

Taknm 00pas3omM, UCNoNb3oBaHME CMMPTOBLIX TOMMMB MPU BCEX CBOMX MPEUMYLLECTBaX W
HegocTaTKax, MEPEYUCIIEHHbIX BbIWE, HE pelaeT BCEe CINOXMBLUMECH 3HEpreTuyeckmne
npobnembl. MMEHHO MO3TOMY YerioBEe4YEeCTBO MPOAOIKaeT Nouck anbTepHaTuB. Vmmn moryt
ObITb KaK 3NeKTPOMOOWIN, Tak U aBTOMOBUIM C TMOPUAHBIMU UNN BOAOPOAHBbIMU OBUrATENSAMMU.

NuTepaTtypa:
1. Corey E. J., Kim C. U. New and highly effective method for the oxidation of primary and

secondary alcohols to carbonyl compounds (aHrn.) // Journal of The American Chemical Society. —
2010. — T.94. — Ne 21. — C. 7586—7587

2. lIspolyzovanie spirtov kak dobavok k neftyanaym toplivam. Alyternativnaye topliva, energetika.
Analiticheskiy portal himicheskoy promayshlennosti Newchemistry.ru.
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MOOEJINPOBAHUE NMPU UCTIbITAHUXA ABTOMOBWUIIA HA TOIMJIMBHYO
9KOHOMUWYHOCTb HA OPOIE U HA CTEHAE C BETOBbIMU

BAPABAHAMU
KOpun Nopobuk

MODELING IN THE TEST CAR ON FUEL EFFICIENCY ON THE ROAD AND
ON A ROLLER DYNAMOMETER
Yurij Gorbik

Abstrsct. Analyzed issues of modeling of conditions of transport vehicles at the test bench. The technique and
algorithm for checking the fuel economy on a roller dynamometer.

Keywords: car, fuel consumption, stand losses, GAZ-33021

1. BBegeHue:

[dwnarHocTnpoBaHne cucteM aBTOMOOMNSA MO TEXHUKO-OKOHOMMYECKMM nokasaTensam —
HeoTbeMIieMasa cocTasnswowas adpdekTMBHOroO €ero wucnonb3oBaHnd. bes perynsapHoro
BbIMOMHEHNA ANArHOCTUPOBAHUA Hemnb3si obecnevnTb NPOLOSMKUTENBHOCTL M KavyecTBO €ero
paboTbl.

C ncnonb3oBaHMeM MOAENMPOBAHNSA MOXHO PELLNTb creayrowme 3agadm QUarHoCTUKN:

— OLEHUTb Ka4yecTBO PYHKLNOHNPOBAHMS aBTOMOBUNS;

— BblgaTb pekoMeHgaumm rno sugam n obbEMam npocmnakTM4eckoro obCnyxmBaHus m
peMOHTa AN1s JaHHOro aBToMobuns;

— paspaboTtaTb pauuoHarnbHble BapuaHTbl NMPUMEHEHUA OUArHOCTMYECKMX NpubopoB n
obopyaoBaHMa LN pasfuyHbIX Y3MO0B M CUCTEM aBTOMOOMNSA, Npu MOAENUPOBAHUU KX
PYHKLUNOHNPOBAHUS.

B Hayke un3BeCTHbl Takve BuAbl MOAENUPOBaHMUS, Kak (buM3nMyeckoe, mMatemaTuyeckoe,
NMUTaAUNOHHOE N MoaynbHoe. dunsndeckoe moaenupoBaHue 6asmpyeTcs Ha Teopun nogobus m
pasmepHocTen. B oOcHOBe 3TOM Teopuu nexuT yTBepXaeHne O TOM, 4YTO ecnn Bce
cooTBeTCTBYOLWME Be3pasmMepHble XapaKTepUCTUKM (Kputepun) nogobus aons OByX ABNEHUN
OLMHaKOBbl, TO OHW (pusnyeckn nogobHbl. Takne mopenu NpeacTaBnAT OO4HY M3 noarpynn
MoZenen, y KoTopbiX huandeckas npmpoaa nsyvaemMblx iBAEHUN COXPAHSAETCS MOMMHOCTLIO UIn
4aCcTU4HO, Kak M B HaTypHOM obpasue. [lpuMeHUTENbHO K aBTOMOOMNSAM  MOXeT
OCYLLEeCTBNATLCA (PM3MYEeCcKoe MOAEeNMpoBaHMe Npu onpegeneHun (HopMuMpoBaHuMM) pacxoda
Tonnmea, TokcnyHocTu OI, Kl aBtomobuns, koadpduumeHTa COMPOTUBMEHUS KAYEHUIO U
cuennenust ¢ goporomn, 3EKTUBHOCTN TOPMO3HbIX CUCTEM, NSIABHOCTM Xo4a v Aap.

Pacxog Tonnuea — BaXXHENLLNA U3MEPUTESTb SKOHOMUYHOCTN aBTOMOOUNA. [ns kaxaoown
mMogenn aBToMobunsa ycTaHOBMEHa rocygapcTBeHHas Hopma. Pacxoa TtonnveBa TeM MeHbLUe,
YeM coBepLUeHHee ABuraTesib U TPaHCMUCCUSA N YEM MEHbLUE BHELLUHUE CONPOTUBNEHNS

MaTtemaTnyeckas mogenb pacxoga Tonnuea AofkHa ObiTb npocTtonM u He TpeboBaTb
3HaHMA 0coOblX MapameTpoB WCCnegyeMoro aBTOMOBUNA M cneumnanbHbIX XapakTepucTuk
asuratens. OQHOBpPEMEHHO 3Ta Mofernb AO0ShKHa [OCTaTOMHO TOYHO OnuCbIBaTb Mpolecc
notpebneHns Tonnuea aBTOMOOMMNEM N COOTBETCTBOBATb COBPEMEHHOMY YPOBHIO 3HAHWWA MO
AaHHoM npobneme. PesynbTaTbl pacyéToB pacxoga TomnmBa C MCNOMb30BaHWEM [aHHOM
MaTeMaTMyecKon Mogenu [AOMKHbl C JOCTaTOMHOM CTeneHbid TOYHOCTM coBnagatb C
pesynbTatamm OOPOXHbIX U CTEHAOBbLIX MCMbITAHUA aBTOMOOMNA Ha PasfU4YHbIX pPeXnmax
OBVKEHNS.

OCHOBHblEe MPUHUMMNBLI OLLEHKU TOMSMBHOW 9KOHOMWYHOCTM U HOPMMPOBaHUS pacxoja
TOonnMBa 3anoXeHbl B paboTe [1], rae ¢ No3numMm CUCTEMOTEXHUKU U IHEPreTUYecKoro noaxoaa
pacCMOTPEHbl KOHCTPYKTUMBHbIE M 3KCMflyaTauWOHHble napameTpbl 3deKTMBHOCTU paboThbl
TPaHCMOPTHbLIX CPEACTB
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B pabote [2] npuBeoeHa mMeToAuKa OLIEHKM TEXHMYECKOrO COCTOSIHAS aBTOMOOMNA no
nameHenno Krig astomobuna B uenom wu KI coctaBndawowmnx arperatoB (gsuratens,
TpaHcMucemn, noaesecku u konec). NpuBeaeHbl 3aBucumocTn pacdeta KM astomobunsa u
arperaToB Ha gOpore u Npu CTeHOO0BLIX UCMbITaHUAX Ha 6eroBbix bapabaHax.

B pabote [3] npuBegeHa HoBad MeTOAMKa pacdeTa pacxoda TOnnvBa, OCHOBaHHas Ha
onpegeneHnn 4-x koadUUNEHTOB MOSME3HOro OENCTBUSA: MHOMKATOPHOMO U MeXaHW4ecKoro
KMNpQ aosuratens, KM TpaHcMmuccnm n KOfieCHOro MexaHuama (korneca v noaBeckn).

B pabote [4] npeanaraetcs Ucnonb3oBaTh HOBbLIM METOA pacyeTa pacxoda TonnvBea B
npouecce AnarHOCTUpOBaHUA Ha cteHae ¢ beroBbiMyn HGapabaHamu, a B pabote [5] npmBeneH
METOA [OMarHOCTMPOBaHMS MO WMHOMKATOPHOMY pacxody TOonnvBa B OTAEMbHbIX arperartax
aBTOMOGUNS.

Llenbto gaHHom paboTbl sABNSieTCA [OanbHenee COBEPLUEHCTBOBAHME METOAMKM W
pa3paboTka anroputMa OMarHOCTMPOBaHMS TEXHMYECKOro COCTOSIHMS aBToMobuns no
n3meHeHuto pacxoga tonnuea u KN4 asromoduns.

2. U3noxeHue:

PaspaboTaHHble TeopeTunyeckne Moaenu npoeepsnucb Ha aBTomobune [A3-33021
«lMasenb». [Ina atoro Gbina HanMcaHa NporpamMmMa pacyeTta pacxoga TonnmMBa M TOKCUYHOCTU
Ans AaHHOW Mapku aBTomobunsa B cpeae Mathcad.

B obuwem Bnge pacxoq tonnuea onpeaensieTcs no gopmyne

Q=K-PIn, n/100 kwm, (1)

roe K — koadhdUUMEHT, YyuYMTbiBalOWMIMN OCHOBHbIE MNapamMeTpbl ABuratend asToMobuns u
KayecTBO TONnMBea.
3T0T KO3hhmUneHT onpeaensieTcst no dopmyne

roe Vi, — pabounin o6bem uunmHApoB asuraTens, n;
io, Iix — COOTBETCTBEHHO NepeaaToyHOEe YMCIOo rMaBHOW Nepeaayun n Kopodbkm nepeaadv;
H, — HM3wWwasn TennoTa cropaHusa Tonnuea, KL/ Kr;
Om — NAOTHOCTb TONNMBA, Kr/CcM®;
I« — paguyc KayeHus koneca, M.
[lepeMeHHON BeNMUYMHOW B paccMaTpMBaAEMOM BbIpaXXEHUU SABMNSETCA cpegHee
nepegaTtoyHOE YMCNo KOpobkM nepenad, KoTopoe onpeaensercsa no popmyne
ik:KC-iKn-VmaX/Va, (3)
roe K: - CKOpOCTHOWM KO3 PULNEHT, ixs— NOBbILLEHHOE NepeaaTovyHoe YMCIo Kopobku nepedad,
Vimax — MakcumanbHas (gonyckaemas) CKOpocTb ABMXXEHUA aBTOMOOUNS, KM/Y;
V, — cpeaHssi TEXHUYecKas CKOPOCTb ABMXKEHUSI aBTOMOOUNS, KM/Y.
Ansi aBTomo6uns FA3 - 33021 (Mpy Vimax =100 km/4) i, =0,53-0,849-100/V, ~45/V,.

C yxyaweHneMm OOpOXHbIX ycnoBui koadduumeHT K ByaeT Bospactatb. Hanpumep, Ha
aopore 4 rp.
K 7,95-2,445-5,125-1,667

=0,0165,
44000-0,74-0,31

a Ha gopore 5 rp. npu V,=26 km/y K yBenuumsaetcs o 0,0205.

Cnepytowen nepemMeHHON BENUYNHON SBMSETCA CpeaHee MHAMKATOpHOe naBrieHune P
klMa, KoTopoe cknagbiBaeTCca U3 CpeaHero AaBfieHUs MeXaHUYeCKMX MOoTePb Ha TpeHue B
asuratene P, n cpegHero apdekTnBHoro gasnenms Pe.

B Teopun gsuraTtenen pekoMeHOyeTcs MexaHudeckue notepu onpenenstb no opmyne
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[6]
£, =(a, +b,0,), (4)

rae a u b — NOCTosiHHbIE NSt AaHHOro aBTOMOBUNA KOAPULNEHTHI,
W, — CPEeOHAS CKOPOCTb NOPLUHS B M/C.
Ecnun nssecteH xog nopwHsa S, 1 YacToTa BpalleHus KorieHsana n, Torga

P =(a,+b,-2S,-n/60)=(a,+0,033-5,-S,n) kMa.

[ns rpy3oBbIx aBTOMObUNEN cpegHen rpy3onogbeMHOCTM MOXHO NpUHATL a,= 50 kla, a
b,=2,1«Macwm™’.

N3 npuBegeHHon dopmynbl ans onpegenedvs (1) MoxHo nonyuntb 6onee obuiee
BblpaXkeHne, BBeAA B 3aBUCUMOCTb Apyrne YactHole 3HadyeHna KIM4. Tak kak

ne:ni'Pellji’ (5)
TO
ni:ne'E/Pe'

MogcTtaBmB 3TO 3HAYEHUE B NOCHEAHIO POPMYSTY NOMYyYUM
Q=K-P, [In,;-n, n/100 kw. (6)

CpeaHe ahdekTMBHOE faBneHne

198:12,56#—19,(:&’7 | )
Vh’lo’lk'nm 77mp

BBena 3sHauyeHue P, B npegblayLuyto hopmyny, Nonyvmm

Q:K-Ki-L n/100 Kkm.
775'77M'77m

Tak kak 17, =P,/ P, 7o P, =P,/ n,. MNocne ero noacTaHoOBK/ B NOCIEAHI00 hopmyIy
NOMNy4YMM HOBOE BbIpaXeHWe AN onpeaeneHns pacxoaa Tonnvea:

0=K-K; 5 n/100 km. (8)
771' .7711/1 nm 77n

Mpounsseaerune K- K. pasHo: 1,95V -l i -12,56# zlo%_l o
Hu'pm'rk hlo My u " Pm

B okoHyaTenbHOM BuAe YnpolleHHas c¢opMmyna ans pacdyeta pacxofda Tonnuvea
3anuieTcs Tak:

) 100- P,
Hu Py~ 1y

(9)

nnu

:M n/100 km, (10)
Hu “Pm g

roe na — obwwmn Krgd asromobuns.
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MocnegHaa dopmyna npeacraBneHa B Gomnee nNpocToM BuAE M MO3TOMY OHa MOXET
ObiTb WCNonb3oBaHa [Ans [OMarHOCTUPOBaHUS aBTOMOOMNen. B TexHuyeckn ucnpaBHbIX
aBToMoOunax obwmun KrLO ans 6eH3nHOBbIX aBTOMOOMMEN UW3MEHSAETCA B npegenax
0,06...0,07, ana ausenbHbix — 0.010...0,012.

Ycunue, nogBeaeHHoe K gopore Py MOXXHO UMUTMPOBAaTb, MEHSS Harpy3ky Ha 6apabaHax

(Pm). Benuunia H,, - p,, noctosHHaa Ana AaHHoro sBuaa tonnuea. Hanpumep, ans 6eHsnHa
cpegHero  kadectea  44000-0,74=32560 «Ox/n. [Ona  aOu3enbHoro  Tonnuea
43500-0,84 =36540 «Ox/n. Ecnu, Hanpumep, ana nopoxHero astomobuna A3-33021
aKcrnnyaTaunoHHasi Hopma pacxopa Tonnmea ( ~15,8 n/100 km, a obwwit KNA 7, ~ 0,064,
Torga yeunue P, Ha 6apabane gorkHo 6biTb 15,8 -32560-0,064/100 = 329,24 H. KpyTawwmn
MOMeHT Ha 6apabaHe Mg fonxeH 6biTb paseH P, - 75 .Hm.

Ycunue, nogseneHHoe K gopore onpeaenseTcs no popmyne

P, =(G,-i+0,077kF -V? +0,1-6-G,-V) =
, H (11)

=M, (g-i+0,077kF -VZIM,+5-V)

roe i — npegenbHbIn YKNOoH goporun, %;
[ ]
0 -V —ycunue B H, 3atpaumBaemoe Ha pa3roH aBToMobuns.
B Teopun aBTOMOOMNEN BBeAEeH HOBbLIN TEPMUH “LLUYM YyCKOpeHus” B M/C%, KOTOPbIiA
Hanbonee NOSIHO OLEHNBAET Ka4eCTBO JOPOXHOIO ABMXKEHUS U onpedensieTca no opmyrne

K;=(g i+0,077kF -V I M, +3-V) mic?, (12)

roe M, — macca aBToMoOunS, Kr;
0 — ANHaAMMYECKNN KOIhDULMEHT ydeTa BpaLLatoLLmnxca Macc.
[nsa aBtomobunsa N'A3-33021

K;=(9,81-0,32/V,+3,64-10° -V +5 V) mic?

Ha poporax 1-5 rp. Kg wu3ameHsetca B npepenax 0,13...0,20. [lpu cTeHOoBbIX
MCNbITaHUAX BTOPOE W TpeTbe craraemMoe [MpUHMMaeM paBHbIMKM Hymo. Torga cuny
Py=314-M,1V, H.

Mpn mogenupoBaHun cpedHux ycrosur  akcnnyataumm  (35...40 Km/M)  MOXHO
onpeaenutb 06w KA astomobunsa no dpopmyne

, 1007
¢ Hume,

rae Ps — npyBegeHHoe ycunmne Ha 6apabaHe ¢ y4eToM Macchbl Ha 3agHeM MocCTe,
Q - 3amepsieMbli Ha cTteHae pacxog tonnuea B n/100 km, mnn Qq B Kr/4 no dopmyne

0,=01.0V, pr.
Pe3yJ'IbTaTbI pac4yeToB npeacrtaBJieHbl Ha (*)I/IF. 1-3. roe pacxoq TonnnBa Ha CTeHAae

onpeaensncst Npu NocTossHHOM TOPMO3HOM ycunuu. [JaHHble rpadukm no3BonsoT noabupaTb
TOPMO3HOE ycunme, Npu KOTOPOM pacxodbl TONNMBA Ha CTEHAE M Ha Aopore OANHAaKOBbI.

(13)
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35
/100 5
AVa1-1) | 5 TpyKeHHBII Ha Topore
q::va“' _1] ;.
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Qv 4.-1) 25 >
Qv s.1) . Pr=1700H
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|
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KM

\-'a
®dur 1. Pacxog tonnuea astomobunsa M'A3-33021 npu gBuxxeHMM NO AOpore NosHom m
CHapsXKeHHOW Macce, a Takke «ABMXKEHUN» Ha MMUTaLMOHHOM CTeHAEe Npu 3agaHHON

NOCTOAHHOM Harpyske.

Ha dur. 2-3 npuBeneHbl rpaduyeckme 3aBUCUMOCTM pacxoda TonnmBa, OCHOBHOM W
AOMNOSTHUTENBHON HOPM pacxoga TonnmBa (COOTBETCTBEHHO) ANSA OOPOXHbIX U CTEHOOBbIX

UCMNbITaHUN.

30
w100 M
\ ’
H(V,.2) .
S P=1700H
Ho(V,.3) )
Hy(V,.4) Pr=1500H -
Ho(Va:3) 20 Pr=1300 H
Ho(V,.6) -
- Pr=1100 H
Ho(V,.7)
Ho(V,.9) . Pr=900H
Ho(Vas) BFE-=L Pr=700 H
_ I R “-—- Pr=S00H
1020 30 40 50 60 70 20 90 100
EM/YT

®ur. 2. OcHoBHasa Hopma pacxoga Tonnmea asTomobuns NA3-33021 npu ABMXEHUN Ha gopore

v

n Ha

MMUTaLMOHHOM CTEHAE MPWU Pas3nNYHOM Harpyske.
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6 v
/100 kM '\

Ha Jopore P=500 H
HAVal) Pr=700 H
H{V 3 .
v, Pr=900 H
H(V,.4) Pr=1100 H
H (V.5
Hy(Va.6)
Hlua?;

HV,.8)

(=

1
20 30 40 50 60 70 80 o0 100

®ur. 3. [lononHuTenbHaa Hopma pacxoga tonnmea astomobuns MA3-33021 npu
ABWXXEHWM Mo Aopore U Ha UMUTaLMOHHOM CTeHAe Npy pasfnnyHON Harpyske.

Pe3ynbTaTbl MOAENMPOBaHWA pacxoda TOMMMBA C  WCMOMb3OBaHWEM  [aHHOM
MaTemMaTU4eckon Moaenu, B 3aBUCMMOCTM OT TOPMO3HOIO MOMEHTa CTeHAa, C onpeaenéHHoN
CTeneHbld TOYHOCTM COBMafdaloT C peaynbTaTamy [OOPOXHbIX W CTEHOOBBLIX WCMbITAHWUIA
aBTOMOGUINSA Ha Pa3NUYHBIX PEXUMAX OBUKEHUS.

Mpegnaraemas MeTOAMKa MNO3BONSAET MNPeaSioXUTb YMNPOLLEHHbI anroputMm o6Lero
AMarHocTUpoBaHNsa aBTOMOBUSA.

YNpOLEeHHbIN anropuTM AMarHoCTMPOBaHUS MOXHO MPEACTaBUTb Tak:

1. Ecnn no pesynbratam guarHoctupoBaHus nonyyaem 177, ~0,062...0,064 -

aBTOMOOUNb nucnpaseH. Mpn aToM NpuHMMaem, 4To adpdekTBHbIN K[ ncnpaesHoro gsuratens
paseH npumepHo 0,28-0,66 ~ 0,18, KA tpaHcmucenm v wmd — 0,77 -0,46 ~ 0,35, a obwuin
n,=0,18-0,35~0,063.

2. Ecnn, n, menbwe 0,062 — nwem HencnpaBHOCTb.

3. lytem 3amepa wnu Bu3yarnbHO ornpegenisieM, 4YTO AaBfeHne Bo3dyxa B LUMHAX
HOpPMarnbHOE 1 LWYM B peaykTope 3agHero Mocta oTcyTcTByeT. [pegnonaraem HeMCNpaBHOCTb
B ABuraTene (B cCMCTeMe MUTaHUsa UNu 3axuraHus). Hambonblwas BEPOATHOCTb CHUXXEHMUS 1.
OTot KM moxHO npoBepuTb No coctaBy oTpaboTasluvx rasos (77, *0,32-a, a % CO ectb

dyHkuma a). Ecnu 3amep CO nokasan, 4To ero cogepxaHune gocturaet 6%, To 3ToO MOXET ObITb
npn a ~0,6. Mpn Takom 3HadyeHun a n; cHxkaetca Ao 0,20 (Bmecto ~0,28). Pe3koe CHUXeHue
ni CBUAETENBLCTBYET O HEMCMPABHOCTM TOMSIMBHOW CUCTEMbI UMK 3aXKUraHUs.

3. 3aknroyeHue:

PauumoHanbHoe Mcnonb3oBaHue Tonnumea Ha aBTOMOOUITbHOM TpaHCMNOPTE MOXET ObiTb
obGecneyeHO 3a CYeT YyyeTa BAUSHMS  pasnU4YHbiXx (QaKTOpPOB MNpU  pacyeTax W
COBEpPLUEHCTBOBAHNA METO0B ANArHOCTUPOBAHNSA NokasaTenen ux TONJIMBHOM 3KOHOMUYHOCTU
Ha cteHgax ¢ 6eroBbiMu BapabaHamn. [na obecnevyeHnsa COOTBETCTBUA PEXMMOB UCMbITAHUI
aBTOMOOUNENn peanbHbIM HeobXxoaMmo, C WUCNOMb30BaHMEM MOMYYEHHbIX pPe3yrbTaToB
KoadhpuumMeHTa COMPOTMBIIEHUA KaYeHUo Komeca, noabvpaTtb Harpy3ouHble  PEeXMMbI
CTEHOOBOrO  AMArHOCTMPOBaHMS  Tak, YToObl ycnoBua €€ paboTbl  MakcMmaribHO
COOTBETCTBOBANMN JOPOXKHbIM YCNOBUSIM.

82



MEXOYHAPOOHA KOH®EPEHUMUA ,EKO BAPHA® 2019

JNntepartypa :

1. Govorushenko N.Ya. Sistemotehnika transporta. / N.Ya. Govorushenko, A.N. Turenko. - Izd. 2-e,
pererab. i podoln. — Harkov: RIO HGADTU, 1999. — 468 s.

2. Krivoshapov S.I. Rozrobka metodiki ta algoritmu zagalnogo diagnostuvannya avtomobiliv za zminoyu
koeficiyenta korisnoyi diyi. / Avtoref. kand. tehn. nauk: 05.22.10. — Harkiv, HDADTU, 1999. — 20 s.

3. Govorushenko N.Ya. Novaya metodika normirovaniya rashoda topliva transportnyh mashin (metod
chetyreh KPD) / N.Ya. Govorushenko, S.l. Krivoshapov. // Avtomobilnyj transport : Sb. nauchn. tr. —
Harkov: HNADU, 2004. - Ne 15.

4. Govorushenko N.Ya. Metody sistemnogo raschetno-analiticheskogo i stendovogo diagnostirovaniya
legkovyh avtomobilej / N.Ya. Govorushenko, Yu.V. Gorbik // Avtomobilnyj transport: Sb. nauch. trudov. —
Harkov: HNADU, 2009. - Ne 25. — S. 58-61.

5. Govorushenko N.Ya. Metody diagnostirovaniya avtomobilej po izmeneniyu obshego i indikatornogo
rashoda topliva i chastnyh KPD v otdelnyh agregatah. / N.Ya. Govorushenko, Yu.V. Gorbik. // HVI
nauchno-tehnicheskaya konferenciya s mezhdunarodnym uchastiem «Transport ekologiya — ustojchivoe
razvitie» - Varna: TU, 2010 — S. 442-450.

6. Dvigateli vnutrennego sgoraniya: Teoriya porshnevyh i kombinirovannyh dvigatelej: uchebnik dlya
vtuzov po specialnosti “Dvigateli vnutrennego sgoraniya” / [D.N. Vyrubov, N.A. Ivashenko, V.. lvnin i dr.;
pod red. A.S. Orlina, M.G. Kruglova]. — 4e izd. pererab. i dop. — M.: Mashinostroenie, 1983 — 372 s.

3a KOHTaKTK:

Yurij Gorbik, Associate Professor (Assoc. Prof.), Candidate of Science in Engineering (Ph. D. (Eng.)), Kharkiv
National Automobile and Highway University (KhNAHU), St. Yaroslav Mudriy, 25, Kharkiv, 61002, Ukraine, e-mail:
yuragorbik@gmail.com, tel.: +38-057-707-36-87.

83



MEXOYHAPOOHA KOH®EPEHUMUA ,EKO BAPHA® 2019

OMNPEAENEHUE PACXOAA XUAOKOCTU ADBLUE AAA CUCTEMbI
HEUTPANTIM3ALUUN BbIBPOCOB OKCUOOB A30TA

DETERMINATION OF CONSUMPTION LIQUID THE ADBLUE FOR SYSTEM
TO NEUTRALIZING EMISSIONS OF NITROGEN OXIDES

Sergy Krivoshapov

Abstract. It is shown that consumption of urea solution depends on fuel consumption, load and speed modes of
the car. A mathematical model is proposed for calculating the normative amount of a urea solution during the
operation of vehicles. Calculations of fluid flow AdBlue on the example of the car

Keywords: toxicity, emissions of harmful substances, motor vehicle, rationing, neutralization of exhaust gas, fuel
consumption, AdBlue fluid.

1. BBepeHue:

ABTOMOOUWNBHBIA  TpaHCNOPT BblOpacbiBaeT B  OKpyxawwyt cpegy 6onee 200
KOMMOHEHTOB, Oonbllas 4YacTb M3 KOTOPbLIX MPEACTaBNSET Yrpo3y OKpyXalolen cpeae.
Hanbonee maccoBbie 1 OnacHble KOHLEHTPaUUN BpeadHbIX BELECTB NPUXoaaTcsi Ha BbIOpPOCHI
okcuaa yrnepoga u yrnesogopoa, anbgermga wu o dopmanbgervga, okcuga cepbl U
cepoBogopoaa, 6eHs(a)nMpeHa n okcuaoB asoTa,.

MpropuTETHLIMM  HaMNpaBNEHMAMW NO  MNOBbLIWEHUIO  3Konorudeckon 6e3onacHoCTH
aBTOMOOMNEN MOXHO BbIAENUTL CReaylLlne Lwarn: COBEPLUEHCTBOBAHME KOHCTPYKLUK
aBTOMOOUNS, NPUMEHEHME anbTEepPHATMBHbLIX BWOOB W MNPOrPECCUBHBIX METOLOB OYMTKM
TONMMBa, COBEPLUEHCTBOBAHNE CUCTEMbI OpraHuM3auuMm W perynmpoBaHuUsl  OOPOXHOMO
OBWKEHUSI, MOHUTOPUHI BbIOPOCOB BpEOHbIX BELWECTB B  YCNOBUAX  3KCnyaTauuu,
COBEepLUEHCTBOBaHNE HOPMATUBHO NpaBoBou 6asbl [1].

B npouecce cropaHus TonnMBHO-BO34YLLIHOW CMEecH B ABuratenie aBTomobuna obpasyertcsa
BpeaHble BelecTBa, NpeAcTaBnsaolmMe OnacHOCTb AMs OKpyXawlen cpedbl ocobeHHO Ons
yenoseka. [1ns HenTpanusauun BpPeAHbIX KOMMOHEHTOB MPUMEHSIOTCA pasfnnyHble Crnocobbl:
peumnpkynaumna otTpaboTaBLUMX ra3oB; rOMOreHmsaumsa TOMMMBHO-BO3AYLUHOW CMeECKU; cuctema
KaTanuTUYecKon HeuTpanusaumm; MNPUMEHEHNE CaXeBOro unbTpa; CUCTEMA CHUXEHUS
okcuagoB asoTa HakonutenbHoro Tuna LNT; cuctema CcenekTUBHONO KaTtanuTUYEecKoro
BoccTaHoBneHns SCR n coBmecTHO co cuctemon ynosutenem vyactuy, SCRT .

MpumeHeHne cuctembl SCR no3BonsieT yMEHbLUTb KOMMYECTBO OKCMAOB as3oTa B
Bbixnione ausenbHbix gsuratenen go 90 %. OgHako paboTa 9TOM CUCTEMbI COMPSKEHO C
NCNONb30BaHMEM OOMOMHNTENBHOINO Pacxo4HOro MaTtepuana.

[ns peweHus akonornyecknx npobnem HeobxoanMMO LUIMPOKO MCMNOSb30BaTb CUCTEMHbIN
noaxod, KOTOPbIN MOCTPOEH Ha MHTerpauum @U3MYEeCKUX U  XUMUYECKUA MNpPOLEecCoB C
MaTeMaTUYECKMM N KOMMNbIOTEPHBIM MOLENNPOBAHNEM.

2. N3noxeHue:

Cuctema SCR (Selective Catalytic Reduction) - noctpoeHa Ha npuHUMNe pasfnoXeHus
BpeaHblX OKCMAOB a3oTa B Ge3BpefHble BelwecTBa - a3oT M Body. [ns 3Toro B BbIXJIONHYHO
cucTemy aBToMObUNA BNpbICKMBaETCA BELEeCTBO Ha OCHOBe aMmmuaka (cMm. cour. 1 nos. 26). Kak
npaBunio, 3TO BOAHbIN PaCTBOP MOYEBUHbI, N3BECTHbLIN NOA TOProBon Mmapkuposkon - AdBlue.

Ha aBTOMOOMNe peareHT coxpaHseTcs B cneuuanbHom bake (cm. dwur. 1 nos. 17), a B
npouecce 3KchnnyaTauunm pacTBOP MOYEBMHbI MOCTENEHHO pacxogyetcd. K coxaneHuio,
OTCYTCTBYIOT HOpMaTuBHble 3HaveHus pacxopda AdBlue Bo Bpems akcnnyartaumm aBTomobuns
[3]. MpownssoguTenu cuntatoT, 4To pacxoqd AdBlue coctasBut 4 ... 5 % OT pacxoga Tonnuea B
cnyyae cooTtBeTCcTBUA cTaHgapty EBpo-4 u 6 % pgna EBpo-5 [4]. B HopmaTtuBax [5]
yCTaHoOBIIEHbl HOpMe pacxoda xuakoctn AdBlue gna HecKONbKMX TPaHCNOPTHbIX CPencTs,
NPeMMyLLEeCTBEHHO ANSA rpy30BblX aBTOMOOMUMEN, HO 3TO He OXBaTblBaeT BECb COBPEMEHHbIN
MapO4HbIN COCTaB.
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30 20 23

®dur. 1. Cxema cuctembl ouncTtkm Ol ansenbHbIX guratener no npuHumny SCR [2]: 1 — aBuratens; 2 — 610K
ynpaBneHus asuratenem; 3 — 610K ynpaBneHus CUCTEMbI MOAOrPEBA MOYEBMHBI; 4 — MOAYIb OLEHKN YPOBHS
MOY€EBWHbI; 5 — cnnpanb HarpeBaTenbHOro AaNeMeHTa; 6 —HarpeBaTenbHbIN 3reMeHT TpybonpoBoaa MOYEBUHBI; 7 —
HarpeBaTesbHbIV 3NIeMEHT Hacoca MOYeBUHbI; 8 — knanaH obpaTHOM Nepekaykm MOYEBUHbBI; 9 — HACOC MOYEBMHBI;
10 — unbTp; 11 — gpoccens; 12 — naTpyboK 3anmMBHON ropsfioBuHbI; 13 — obpaTHasa marncTpans; 14 — paTumk
OaBneHnsi CUCTEMbI J03MPOBaHNS MOYEBUHBI; 15 — AaTUMK ypOBHS MOYEBUHBI; 16 — HarpeBaTenbHbIA ANIEMEHT
Baka MoyeBUHbI; 17 — 6ak ¢ pacTBOPOM MoYeBUHbI; 18 — hunbTp; 19 — gaTyMK TemnepaTypbl MOYEBUHBI; 20 —
cTakaH nogorpeBatens: 21 — 6nok ynpasneHus gatyumka 2 NOXx; 22 — BeixogHon gatyunk NOx: 23 —
BOCCTaHOBUTEMbHbIV kKaTanuaatop; 24 — exogHon aatumk NOX; 25 — mukiuep; 26 — (oopcyHKka MOYEBUHbI; 27 —
TpybonpoBoa4 MOYEBMHBI; 28 — faTumk TeMmnepatypbl OF; 29 — caxeBbin punbTp; 30 — OKUCIUTENBHbIV
(kaTanuTuyeckun) katanusatop; 31 — TypboHarHeTarTernb

Llenb paHHOro uccrnegoBaHusa - pa3paboTaTb MaTeMaTUYEeCKyld MOAENb onpeneneHus
HeobXxoOMMOro KonmMyecTBa BeLlecTBa, CoAepXawero amMMuak W MUCNosib3yemoro [Ans
BOCCTAHOBIEHNSA OKCMAA a3oTa, Haxogswerocss B OTpaboTaHHbIX raszax aBTOTPAHCMOPTHOrO
cpeacrtsa.

PaccmoTpum npouecchl, KOTopble MPOUCXOOAT BO BPEMSI HEWTpanu3aumm oTpaboTaHHbIX
razoB B cucreme SCR. YCnoBHO BeCb NPOLECC COCTOUT M3 Tpex cTaguum: Tepmonnsa,
rMMaposniMsa n KatanuTuyeckon HenTpanusaumu.

Xnmmyeckme npouecchl NpoTekarT cregyowmm obpasom:

e TEpMOnus:
(NH2 )2CO - NH3 + HNCO;

e [MNAPOINS3:
HNCO + H20 —> NH3 + COz;

e KaTanuTU4eckasa HenTpanusauus npu Temnepartype cebiwe 250 °C:
4NO +4NH3 + Oy — 4Ny + 6H50;

e KaTanuTuyeckasa HenTpanusauusa npu Temnepartype 170...300 °C:
NO + NOy +2NH3 — 2Ny +3H50 .

Ons Hentpanusaumm BbibpocoB NOx (NO, NO;) npuMepHO HYyXHO npumeHutb 1/2
MouyeBUHbI (Mo Macce). MonekynapHaa Macca okcuaa asota (NO) coctasnser 30 r/monb.
MonekynapHaa macca Mmo4eBuHbl ((NH2),CO) coctaBnsieTr 60 r/monb. C y4eTOM OTHOLUEHWI
MOMEKYISPHbIX MacC OKcuaa as3oTa M MouYeBUHbI, Ans Hentpanusaumm 1 kr NO HyxHO
ncnonb3oBaTth 1 KF MOYEBUHbI.
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AdBlue - 310 BogHbIN pacTBOp, cocTosawmnn n3 32,5 % BbICOKOOYULLEHHOW MOYEBUHbI U
67,5 % OeMUHepanu3oBaHHo! Boabl (N0 Becy). MNOTHOCTb MOYEBMHLI cocTaBnsieT 1,32 r/om’,
MnoTtHocTb xuakocT AdBlue npu Temnepatype 20 °C - 1,087 ... 1,093 r/cm®.

Torga Ha HenTpanuaaumo 1 kr NO HyxHO npumennTb 2,82 n BewectBa AdBlue.

Ona onpegoeneHuss konunyectBa BblIbpocoB  BpegHbix BewectB  NOX  MOXHO
BOCMONb30BaTbCA popmynoun [6]:

Qo =0.0548-My - pr -(A2 +By -Nq +Co -N12)- Q-«a r/km, (2)
roe My - monekynspHas macca BpegHOro BewecTtBa, r/Mofb; pt - NIOTHOCTb TONSUBA,

r/cm®; Az, By, C, - NOCTOSIHHble KOIMULIMEHTDI, 3aBUCSLLME OT Tvna yCTaHOBIEHHOro Ha
asTomobune gsuratens n suga spegHoro BelecTtsa; N1 - NPOLEHT UCNOSIb30BaHMSA MOLLHOCTH,
%; Q - pacxopg Tonnmea, N/100 kM; a - k03hpnuneHT n3bbiTka BO3gyxXa.

[ns onpepeneHns pacxoga TonsvMea BOCMNONb3yeMcs MEeTOAUKON [7].

Q=100-Ku-Ma 1100 k. (3)
Hy - pm 12
rae K., — WyMm yckopeHnus, M/c’, M, - macca asTomobuns, kr; 77, - KM asTomobuns; Hy

- HM3LWasa TennoTa cropaHus, KIX/Kr.
LLlym yckopeHusi BbluMcnsieTcs no doopmyne

Ky :(g-i+0,077-kF-V82/Ma) m/c2. 4)

rae g - yckopeHue cBOOOAHOrO NageHus, mic%; i - YKNOH pgoporun; kF - dhaktop

ob6Tekaemoctyn, H-c’/m?; V, - cpegHsia TexHu4eckasi CKOpOCTb ABWXKEHUS aBTOMOOUNS, KM/u;
M, - macca aBTOMOBUNSA, Kr;.

Onsa Bbl6pocoB okcngos asota NOX npuHMMaem cnegyrowme 3HadeHUs MOSEKyISpHON
Macchbl stm koadpcpuumeHToB Az, By, Co [8]: Mx = 30 r/momb, A, = 0.02, B, = 2.3:107,
Co=-4-10".

KoadhpuumeHT n3bbiTka Bo3ayxa onpeaensercs no cnefytowlen ynpoweHHon opmyne:

a:a1+b1-N1, (5)
roe a1 n by - amnmpnyeckne KoadpdUUMNEHTDI, 3aBUCALLME OT TUNA YCTAHOBIIEHHONO Ha
aBToMobunb asuratens. [lna aBtomobunen ¢ gum3enbHbIM aBuratenem: aq = 5, by = - 0.035.
Torpa
a=5-0.035-N;. (6)

|_|pOL|,eHT ncnoJyib3oBaHnA MOLLHOCTU MOXHO pacCHUTaTb Tak
100-(G, -V, +0.077 - kF V3
3.6-10° “Nemax - 711p

rAe Ngmax - MakcuManbHas MOLLHOCTb ABuratens asTomobuns, kBT; G, - Bec

N, %, (7)

aBTomobuns, H; np - KM TpaHcmuceun; y - KOIPMULMEHT CyMMApHOro [AOPOXHOrO

COMpOTUBNEHNA OBMXEHNIO aBTOMOBUNS.

3HauveHne KI aBtomobunsa paccumtbiBatoTCA No Metoaumke [9]. [Ona  ynpolwieHus
pacyeToB B AnanasoHe ckopocten oT 40 ... 70 km/4 moxHo Kl aBTOmMOGMNSA npuvHMMaTb
BESTMYNHOW NOCTOSAHHON.

MpoBegem pacueTbl Xngkoctn Ha npumepe astobyca IVECO Crossway Line. [Ina atoro
aBTOMOOUNA NMpUHUMaeMm Takue TexHudeckue faHHble [10]: G, =118455 H; M, =12075 «r;

mp=0.9; kF=6.133 Hc* M V,=50 kwm/roa; y =0.02; i=0.01; Nemax =265 KBT;
Hy = 43000 k[x/kr; pt =0.825 r/icm®.
Mo popmyne (7) onpenensiem NpoLEeHT NCNOSb30BaHUSA MOLLHOCTU
100- (118455 -0.02-50 + 0.077 -6.133 - 503 )
3.6-10%.265.0.9
86
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Mo cdopmyne (6) paccumTtbiBaem KoadhuumneHTa n3bbiTka BO3ayxa:
a=5-0.035-20.67 =4.28.
Mo dopmyrne (4) onpegensem LWyM yCKOPEHUS
Ky = (9.81-0.01+O,077-6.133-502/112075) =0.196 wm/c%
Mo copmyne (3) onpegensem pacxopn Tonnvea
~100-0.196 -12075
~ 43000-0.825-0.2

Mo copmyne (2) Ha 100 km nNyTM B OTpaboTaHHbIX rasoB aBTOMOOMNA obpasyTcs
cneaytoulee konmyecTso okengos asota NOX:

Q' =0.00548-30-0.825- (0.02+2.3 1072.20.67-4-107° -20.672)- 33.4-4.28=1,28 kr/100 km.
|_|OCKOJ'Ibe HeﬁTpaﬂM3aHMﬂ OKMCIOB a3oTa He NponcxogunT Ha XOJTIOCTOM peXnme pa6OTbI
aBurartend BHyTpeHHeFO cropaHua, a TakKkKe Ha pexXummax, KOJn OTpa6OTaHHbIe ra3bl He
AOCTUIN HeobxoanmMyto TemnepaTtypy, TO yMeHbLUMM pacyeThbl Ha 50 %.
Onpegensiem pacxop Bewectsa AdBlue no dhopmyne
Haggiue =1.41-Q'no = 1.41-1.28 = 1.8 /100 Kkm.

MpeanoxeHo npuHATL HOpMy pacxoaa Bellectsa AdBlue -Hpggiue =1.8 n/100 km.

Ons aeTobyca IVECO Crossway Line no cdopmynam (2), (5) u (7) nony4ymm 3aBUCUMOCTb
pacxoga BeulectBa AdBlue oT pacxoga Tonnuea:
Hageiue =0.054-Q. (6)
CornacHo pekomMeHpauuam [4] pgna  aBTomobunen, COOTBETCTBYHOLUMX HOpMam
TokcnyHocTn EBpo-5, pacxoq BewectBa AdBlue coctaensieT 6 % OT pacxoga Tonnuea. Torga
HagBlue =0.06-Q =0.06-33.4 =2.0 n/100 km. MorpewHocTb coctasuna 10 %.

Ans 3arpyxeHHoro I[VECO Crossway Line nonHaa macca coctasut M, =19300 «kr. Toraa
Ny =28.9 %, a=3.99; K, =0.159 m/c’; Q=432 n/100 km; Q'=1.95 kr/100 kM. Pacxon
Bellectea AdBlue Hpggiue =2.75 n/100 km. YnpouyeHHasa dopmyna: Haggue = 0.064 - Q.

B npepenax ckopoctn aBtomobuna ot 30 go 60 km/4. konebaHua konuyecTBa okcmaa
asoTa B oTpaboTtaBwux ra3os (r/km) He npeBbiwaeT 10 %.

Ha dcwur. 2 npuBegeHa rpaduyeckas 3aBUCUMOCTb pacxoga xwugkoctm AdBlue ans
aBTtobyca IVECO Crossway Line npu pasnn4Hon CKOPOCTU ABMXEHUS U CTEMEHWN 3arpy3Ku.

=33.4 n/100 Kkm.

6.0

EMA aamr«.@uﬁmnﬂ =var

.0

ImGIEEEETEEEEmEEmEEEE TR
KNI, a8TOMOBMNA = const
d.D n | B | n1m . IR AN D] l.:l.ll.ll lllllll
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®wur. 2. Pacxog xuakoctn AdBlue asTobyca IVECO Crossway Line
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Ha dour. 2 cnnowHon nuHum obo3HavyeH ynpoLleHHbIn MeToa pacyeTta pacxoga AdBlue
npu noctositHHoM KT aBTomobuns, a nyHkTupHon - korga K onpegenancs no metoguke [9].

B T1abn. 1 npuBedeHbl pacyeTHble 3HaveHust pacxoga xugkoctu AdBlue HekoTopbIx
Moaenen asTomobunen.

Tabnuua 1. PacyeT pacxoga »X1AOKOCTU AN1s pa3NnN4YHbIX aBTOMObUen

HanmeHoBaHue Xapakrepuctuka Pacxopg »xnagkoctu,
aBTomMobuns n/100 km
MA3-5550 Camocaai, SIM3-5363, 6.61, 202 kW 1,3
FORD TRANSIT ABTOOYC, Duratorq TDCi, 2.2 1, 99 kW 0,6
IVECO Crossway Line | ABTo0yc, Iveco F2CF Cursor 9, 8.71, 265 kW 1,8
DAF XF 105.460 Tsarau, PACCAR MX, 12.91, 340 kW 0.8

TOYHOCTb pacyYeToB MOXHO TMOBbLICUTL MyTEM MOAENMPOBaHUA paboTbl CUCTEMbI
ynpaeneHns SCR B 3aBUCMMOCTM OT COAEepXXaHuWs okcvMaa as3oTa B oTpaboTaBwuX rasax u
TeMnepaTtypbl KaTanuTU4YecKoro HenTpanuaaTopa. Takke TMOBbICUTb TOYHOCTb pacyeToB
BO3MOXHO MNyTeM co3gaHueM 6ornee TOYHOW METOAMKM pacyeTa CoAepXaHus BpedHbiX
BELLECTB B OTPaboTaHHbIX ra3zax aBTOMOGUIS Ha PasfUYHbIX PEXMMAX Ero ABVKEHUS.

3. 3aknroyeHue:

Heobxogumo  coBeplleHCTBOBAaTb  METOAUKY  HOPMUPOBAHUS  roptoYe-CMasOuHbIX
MaTepuanoB Ha aBTOMOOWIILHOM TpaHCNopTe MyTeM BHEAPEHUS HOPMATUBHbLIX 3HAYEHUN
xuagkoct AdBlue onsa gmsenbHbIX TPaHCNOPTHbLIX CPeaCcTB.

PacyeTHbiM  mMeTOOOM MO  NPUBELEHHOW  MaTeMaTU4yecKon Mogenn  BO3MOXHO
NpnbnuanTenbHO paccuyntTatb NoTpebneHve pacTBopa MOYEBMHbI C Y4ETOM HOPMUPOBAHMS
pacxoga Tonnmea, CKOPOCTU M MOLLHOCTU aBToMObuUns. Hanpumep, Hopma pacxofa Xnakoctu
AdBlue ans aBTobyca IVECO Crossway Line coctasnsiet 1,8 n/100 km
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METOAbI OLUEHKW AOPOXHOIo U ASPOANHAMUYECKOTO
COMNPOTUBIIEHUU NO BbIBE'Y ABTOMOBMUIIA

Uropb MapmyT, OpHecT PabnHoBu4, Mnxamn bypaBues,
Omutpun KywHup, KoHctaHTiH 3ae6ckun

METHODS OF ROLLING AND AIR RESISTANCE ESTIMATION BY CAR
COASTING PARAMETERS

Igor Marmut', Ernest Rabinovich?, Mikhail Buravtsev?®, Dmitrij Kushnir?,
Constantin Zdebsky®

Abstrsct. The total resistance to movement can be divided into components using the two-speed coasting method,
the stabilisation method and the method of equal velocity points (EVP). Comparison of the VAZ-21115 coasting
calculation results with the published data confirmed the acceptability of the methods. Calculation for ZAZ Lanos
has given Cd=0,335...0,36 (in different publications 0,33...0,405). The EVP method has the best possibilities.
Keywords: coasting, simple means, Cd, Crr, VAZ-2115, ZAZ Lanos

1. BBeaeHue:

[MoCTOsiHHOE COBEepLUEHCTBOBaHME aBTOMOOUNENn, LWWH W CMasoYHbIX MaTepuarnos
BblHY)XAAeT BO3BpallaTbCsl K OSKCMEPUMMEHTarlbHOM OLEHKE COMNPOTUBIIEHWUA, MO3TOMY
nccnegoBaHUs METOLAOB U CPeACTB TaKOM OLEHKU BaXKHbl U akTyanbHbl. [MpUHATO cuntaTth, YTO
Hanbonee TOYHbI WN3MEPEHUs Ha NabopaToOpPHbIX YCTAHOBKAX — LUWHHBIX CTeHgax, B
aspogmHamudeckux Tpybax (ALOT), — HO nocnegHee CrnoBO BCerga OCTaeTCAa 3a LOPOXKHbIMU
ncnoiTaHaMmm. Cymmy COMPOTMBIIEHUA OLEHMBAIOT YMHOXEHWEM M3MEPEHHbIX 3aMensieHun
Bblbera j Ha npmMBeAeHHYO Maccy aBTomobuns om, rae 6 — koapnUMEHT yyeTa BpaLLaoLLmMxcs
macc. CnoxHee pas3gennTb CyMMapHble COMPOTMBIIEHMS HA COCTaBnsAwwWME M MNONYYUTb
KOadhpuLUMEHTbI conpoTuBneHnsa Bo3ayxa Cx 1 CONPOTUBIEHUSA KayeHuto .

2. NU3noxeHwue:

MeToabl OLEHKM COMpPOTUMBIIEHUN OBWXEHWIO MO Bblbery aBTOMOOWMNSA pacCMOTPEHBI,
Hanpumep, B [1]. OcTaHOBMMCSI Ha HEKOTOpPbIX M3 HUX, peanudyembix 6e3 cneumanbHOro
obopynoBaHus cunamu nonb3osatens. B [2] onvcaH Takon meTon: «aBTOMOOMb Maccon m c
noboson nnowaabo F OBMKETCA HAKaTOM Ha HEWTpanbHOW nepegaye B ycrnoBusix 6e3BeTpus
Nno poBHOW gopore. [Ina CKOPOCTEN ABUMXEHUA V1 U V2 (V1>V2) 3aMepstoT 3amenneHuvs ji U jo» (B
Km/4/C) n paccunTbiBalOT 3HAYEHU KO3PULUMEHTOB asapoanHaAMMYECKOro conpoTmeneHna Cx n
conpoTtuenenuns kadeHno (KCK) ¢ no coopmynam

- - - 2 - 2
o _6mGi=i, | 283(w jv3) 1
= ; = )
R -2 (V2 —v2)-10° A
MeTon pekomeHgoBaH ana ckopocten go 100 km/4, korga CONPOTUBIIEHME KayveHUHO
npeanaraeTcs cuyuMtaTtb NOCTOsSIHHbIM. B pabote [3] npeanoxeHo nNpoBOAUTbL 3aMepbl M Ha

ckopocTax Bbiwe 100 km/4, a B Mogenb BBECTU KOIPPUUMEHT K, — OXngaemoe yBenuyeHue
KCK npu nepexoge OT MEHbLLEN CKOPOCTU K BonbLLEN:

AV -B-v,+C

K - s
Y AVI-B.v,+C )

roe A, B, C — koadhpuumeHTbl annpokcumauum runotetmyecknx 3sasucumocten KCK ot
CKOPOCTW ANSA pasHbIX TUMOB WKH (Tabn. 1).
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Tabnuua 1. KosdhdumumeHTsl runotetudecknx ypasHeHui sasmcumocty KCK oT ckopocTu Ans pasHbIX WWH

C y4€TOM MeCTa B Nosie BO3MOXHbIX 3HadYeHu KCK

LUNHbI MecTo A B C MNpumeyanve:
HVDKH. 1,24762E-07 | -3,07143E-06 | 1,25095E-02 | BepxHee n HxHee
YpaBHEHUA NoJTy4YeHbl
0,2 1,13333E-07 5,85714E-07 | 1,28095E-02 | Annpokcumavmet
0,4 1,01905E-07 4,24286E-06 | 1,31095E-02 | KpuBbIX, OrMBatoLLmX
HV cpeaH 9,61905E-08 |  6,05714E-06 | 1,32613E-02 | MO€ BOSMOXHEIX
3HadeHun f(v) no [2],
0,6 9,04762E-08 7,90000E-06 |  1,34095E-02 | ocTanbHble —
0,8 7,90476E-08 1,15571E-05 | 1,37095E-02 | MPOMOpUMOHambHEIM
aeneHneM BbICOThbI nonen
BEPXH. 6,76190E-08 1,52143E-05 | 1,40095E-02 | (1o pnonyuermn, 4ro
HWXH. 1,40190E-07 -4,40000E-06 1,13338E-02 | oTAenbHbIe KpuBbIE
0,2 1,74400E-07 | -6,02857E-06 1,17871E-02 | 3@BNCUMOCTEN MAYT
BHYTpPU Nond He
0,4 2,08610E-07 -7,65714E-06 1,22405E-02 XaoTU4HO, a NpaBUlibHbIM
ST cpeaH 2.25714E-07 | -8,47143E-06 | 1,24671E-02 | BEEpoOm).
0,6 2,42819E-07 | -9,28571E-06 | 1,26938E-02
0,8 2,77029E-07 | -1,09143E-05 | 1,31471E-02
BEPXH. 3,11238E-07 | -1,25429E-05 |  1,36005E-02
HVDKH. 1,55429E-07 | -1,05143E-05 | 8,56857E-03
0,2 1,51467E-07 | -9,92000E-06 | 9,35162E-03
0,4 1,47505E-07 | -9,32571E-06 |  1,01347E-02
ECO cpeaH 1,45524E-07 | -9,02857E-06 | 1,05262E-02
0,6 1,43543E-07 | -8,73143E-06 | 1,09177E-02
0,8 1,39581E-07 | -8,13714E-06 | 1,17008E-02
BEPXH. 1,35619E-07 | -7,54286E-06 | 1,24838E-02

Kpome Toro, B Mofienb BBeAeHa dakTuieckasi MroTHOCTb Bo3ayxa p (kr/m®), a ckopocTu
BblpaXXeHbl B CUCTEMHOM eanHuLe M/c. PacyeTHble hopMyribl NPy 3TOM NPUHANU BUA
2peme(—fhky) Bl = iiv3)
Cy= > 2 T2 , (3)
F'P'(Vl —Vz'Kv) 9‘(V1 _Vz'Kv)

PeanbHble 3Ha4YeHna koadpdpuumeHToB pacdeT gaet npu v4=113...123 km/4=31...34 m/c,
Vo=27...49 Kkm/M =7...14 m/c. Bygem HasbiBaTb 3TOT MeTod «B2C» — Bbiber ¢ 4BYyX CKOPOCTEN.
Ero pocTouHCTBa: HeCnoxHas peanusauud, YHUBEPCaAnbHOCTb, MNpuemreMasl TOYHOCTb.
Hepoctatkn: HeO6XOANMOCTb U3MEPEHUI YKINOHA, CKOPOCTU U HanpaBfieHUs BeTpa C TOYHOM
CYHXPOHM3aUMen 3TUX M3MEPEHUI C ABMKEHNEM aBTOMOOUNSA; HEOOHO3HAYHOCTb pesynbTaTa
(pacyeT gaet maccmB BO3MOXHbIX 3HadeHuMn Cx u KCK B 3aBMCMMOCTM OT BbIOpaHHOro
nokasaTens «MecTo»); YyBCTBUTENbHOCTb K BbIOOPY Napbl CKOPOCTEN V4 U Va.

YacTto TecTbl NpOBOAAT Ha HEropm3oHTanbHOW gopore. OTO co3gaeT AOMNONHUTENbHbIE
CMNOXHOCTU — HAaJ0 NOMyYUTb 3HAYEHUST YKITOHOB B KOHKPETHbLIX MeCTax Ha Aopore, — HO U JaeT
HOBbl€ BO3MOXHOCTW. [1pn cBOGOAHOM CKaTbiBaHMM aBTOMOOMNSA C YKIIOHA i CKOPOCTb K KOHLY
npouecca ctabunuaunpyertcs; Hanpumep, B6nnsn v=30...35 km/4. CkaTbiBatoLasa cuna R = mgi

s V=

ypaBHoOBeLLMBaeTca conpoTtueneHnem Bosayxa KF(V+w)® (ckopoctu aBTomobuns v v BeTpa
w — B M/C), conpoTusrneHnem kadeHnto mgf v notepsamm xonocroro xoga TpaHcMuccum PXX :

—f)—Pxx—ma _i_Pxx+kF(viw)E+ma
(VW) mg '

(4)

mgi —mgf —Pxx—kF(vtw)® —ma=0; kF = my(

CI/IJ'Iy MHepumMn Ma MOXHO WUCKMIOYUTb, €Cli YCKOopeHne a = 0. 3Hak nnoc B ckobkax
OTHOCUTCA K CIly4ato BCTpe4HOoro setpa, MMHYC — NOMyTHOIO.
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Bbluncnnte kF v f He3aBucuMo Opyr OT Apyra HEBO3MOXHO. Ho ecnu nasecteH dhakTop
obTekaemocTn kFF n CKOpoCTb BETPA W, MOXHO BbIYUCANTL YKIOH | :

N Pxx +kF (v £ w)® + ma
mg

I=f

(5)

O6bI4HO AaHHbIX 06 yKkroHe HeT. OanH M3 Hereoae3nyeckmx MeTOAOB ero onpeneneHns
npennoxeH B [4]. OH ocHOoBaH Ha Nogdbope TakMx TOYEK HA MEPHOM y4acTke AOpPOru, KoTopble
aBTOMOOUNb MNPOXOAMT C OOWHAKOBOM MO MOAYM CKOPOCTbK MpU ABMXKEHWMM MO  YKIOHY
HaKaToOM BBEPX M BHU3 (TOYEK O4MHAKOBbLIX ckopocTten, TOC).

[na conocTtaBneHnsi OnNMCaHHbIX METOAOB pasferieHUs CONPOTMBIIEHUN B3ATbl LaHHblE
Tecta aBTomobuna BA3-2115: F=1,874 M2; macca ¢ ucnbitatenamm 1460 kr. LlUnHbl Matador
Stella 2 175/70 R13 82T M16, npuBegeHHas macca 4eTblpex Konec u BeAOMOW 4acTu
TpaHcmucenn 33 Kr. ['py3onogbeMHOCTb WnHLI Npu gasnexdnn 1,9 bar — 380 kr. KoadpuumeHt
ncnonb3oBaHus rpysonogbeMHocT wuH no [5]: 1,3-0,3-4-380/1460 = 0,965. lNnoTHOCTb
Bo3ayxa p=1,19 kr/m°. HanpasneHue Betpa — ot C go B, T. e. o1 0 10 90°, ckOpOCTb Ha YPOBHE
0,8...0,9 m no samepy aHemomeTpom w=2,4 m/c. lNpn cpegHem yrne 45° v,,=2,4-0,7=1,7 m/c.

Tabnuua 2. PacuyeT k03(MUUMEHTOB COMPOTMBIIEHNA OBWKEHU0 aBTomobuna BA3-2115 metogom
Bbibera ¢ ABYX CKOPOCTEMN

MnoTHOCTb Bo3ayxa p 1,19 1,19 1,19

v1, Km/M 119,2 103,43 89,16

i1 m/s® 0,7278 0,5787 0,5365

E1 1,9812 1,9900 2,0108

LnpoTa 1 muHyc 49,9° 0,05306 0,05143 0,05002

YKNoH gr 1 0,0177 0,0186 0,0205

j9=9,81*gr/B 0,1698 0,1784 0,1967

w1, m/c 1,7 1,7 1,7

jw -0,01857 -0,00744 0,00542

JXx 0,04111 0,03537 0,03307

j1-j-j 0,5355 0,3723 0,3013

V2 cp, KM/4 27 27 27

j2 m/s’2 0,3388 0,3441 0,3475

E2 2,13 2,13 2,13

LUnpota 2 muHyc 49,9° 0,04969 0,04969 0,04969

YKNOH gr 2 0,0201 0,0201 0,0201

j9=9,81*gr/ B 0,1928 0,1928 0,1928

W2, m/c 1,7 1,7 1,7

jw -0,0081 -0,0081 -0,0081

JXx 0,0411 0,0387 0,0362

j2-jj 0,1129 0,1207 0,1266

Kv HWxXH/BEpX 1,1340/1,09150 1,0888/1,0626 1,0558/1,0412
0

Kv cpegH. 1,108698 1,07322 1,04712

Cx HWXH/BEpX 0,6088/0,6134 0,4650/0,4695 0,4062/0,4098

Cx cpegH 0,61154 0,46770 0,40834

f HXH/BEpPX 0,00768/0,0076 0,00945/0,00942 0,01046/0,01044
5

f cpeaH 0,007663 0,009433 0,010449

PesynbTatbl pacdeta 3aBUCAT OT TOYHOCTU M3MEPEHMUI, OT BblIOOpa CKOPOCTEN V1 U Vo,
3Ha4YeHuWI YKINoHa, CKOPOCTU BeTpa, Pxx n Kv — To eCTb, OT OMbiTa U UHTYUL MK UccnegoBaTens.

Mpogyeka B aspoauHamunyeckon Tpybe (AOT) HALUWMAMT pana Cx=0,429 [6]. Bnwxe
APYrMX K 9TOMY 3HA4YEHUIO peaynbTaTthbl, NONyYeHHble Ana napbl ckopocten 103 1 27 km/4: Cx oT
0,4650 po 0,4695 co cpegHum 0,4677. 310 Bblwe onybnukoBaHHoro Ha 8,4...94 %, 41O
yKknagpiBaeTcs B 06bl4HbIN AgnanasoH 3...13% [7].
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MeTon cTtabunusaumm npoBepsincs No TPEM ckaTbiBaHMAM TOrO XXe aBTOMOOUMS Ha TOW
Xe gopore.

Tabnuua 3. [JaHHble y4acTKkoB CTabunusaunm CKOpOCTU CKaTbliBaHMS

Bpemsa 3amepa | LUnpota -49,9 YKITOH (MWH.-Cp.-MaKc.) CkopocTb BamepneHue
CpenHsisi, KM/ cpepaHee, M/c?
37:55 - 38:12 0,06020 — 0,06172 | 0,01322 - 0,01923 - 0,02678 | 37,137 -0,00102
44:46 - 45.06 0,05744 - 0,05926 | 0,01300-0,01309 - 0,01316 | 37,735 -0,00104
08:30 - 08:35 0,06062 — 0,06107 | 0,01216 — 0,01436 - 0,01444 | 37,230 -0,0035
CpegHune 0,01577 37,367 -0,00185

Ona pacyetoB 6bI0 NpUHATO onybnukoBaHHoe 3HadeHne Cx=0,429. KCK npu aTtom
coctasun 0,00816.

Ecnu 3aBMCUMOCTb pacyeTHOro yknoHa ot kF u w ymepeHHas, MOXHO peLunTb 3agady
6e3 gaHHbIX 00 YKMOHE: NPUHATbL MNpeaBapuTenbHble 3HayYeHus kF n f no nutepaTypHbIM
AaHHbIM, @ W — N0 AaHHbIM MEeTeoCcTaHuuMi (BBeas NornpaBky Ha BbICOTY M HanpasrieHne BeTpa
OTHOCUTENbHO A0POrK), BbIMUCIIUTL YKIOH, a 3aTtem n KCK nnbo kF.

B tabn. 4 npeacraBneHbl pacyeTHble 3HAYEHUSA YKIOHa JOPOrn rnpu pasHblX COYETaHUSX
kF v w. lMNpegenbl guana3oHa (akTopoB BbiOpaHbl HAMW MakCUMarbHO LUMPOKME AN 3TOro
aBTomobuns, wuH n goporn. KCK=0,00816 ans Bcex BapnaHTOB.

Tabnuua 4. PacyeTHble 3Ha4YeHUS yKNoHa goporu (npomunne) npu pasHbix kF n w

Cx - CkopocTb BeTpa (Baonb goporu Ha yposHe 0,8...0,9 m), m/c cpeaHne CKO
0,7 0,9 1,1 1,3 1,5 1,7 1,9 2,1 2,3 m, %o 0, %o
0,37 | 0,44473 | 14,53 | 14,67 | 14,81 | 14,96 | 15,10 | 15,25 | 15,40 | 15,56 | 15,71 | 15,111 0,40
0,39 | 0,46877 | 14,74 | 14,89 | 15,03 | 15,19 | 15,34 | 15,50 | 15,66 | 15,82 | 15,98 | 15,349 0,43
0,41 | 0,49281 | 14,94 | 15,10 | 15,26 | 15,41 | 15,58 | 15,74 | 15,91 | 16,08 | 16,25 | 15,586 0,45
0,43 | 0,51685 | 15,15 | 15,31 | 15,48 | 15,64 | 15,81 | 15,99 | 16,16 | 16,34 | 16,52 | 15,823 0,47
0,45 | 0,54089 | 15,36 | 15,53 | 15,70 | 15,87 | 16,05 | 16,23 | 16,42 | 16,60 | 16,79 | 16,061 0,49
0,47 | 0,56493 | 15,56 | 15,74 | 15,92 | 16,10 | 16,29 | 16,48 | 16,67 | 16,86 | 17,06 | 16,298 0,51
0,49 | 0,58897 | 15,77 | 15,95 | 16,14 | 16,33 | 16,52 | 16,72 | 16,92 | 17,13 | 17,33 | 16,535 0,54
o) 0,51 m 15,823

K coxaneHuio, gaxe ecnu orpaHu4vMTb AnanasoH MUHUMarbHbIMUA OTKMOHEHUAMWU OT
cpepHero (15,99 +0,4 %), pacyeT gaet 3HayeHune Cx ot 0,41 po 0,48, yTo cnuwkom rpy6o.

Metoa TOC. To4kn oamHakoBbix ckopocTten (TOC) HaxoaMnnchb Ha nepecevyeHnmn KpuBbIX
CKaTblBaHMS MO YKMNOHY M Bblbera B obpaTHOM HanpaBneHun MuHyc 49,9°. (dwur.1). Ymucna B
MMEHU KpUBbIX — BpeMs B CEeKyHAax OT Hadana 3anucu Tpeka (ctonbeu A B Tpeke), TOUKU —
coyeTtaHnem wumeH Bblbera u ckaTbiBaHus (Hanpumep, 478 702). CokpaweHne BA — no
H6apomeTpuyeckoMy anbtTumMeTpy. [JaHHble BbIOpaHHbIX Ans npyMepa Tovek — cM. Tabn. 5.

45

g

570/ /2400
N // 648
40
- g
R A e g v o

- , = =
T . =
2 / g a7

7

CropocTb,
3

2050

X

10
0,0480

0,0502 0,0524 0,0546 0,0568 0,0590

LlinpoTa MmuHYC 49,9
®ur. 1. MNonck Touek oanHaKkoBbIX ckopocTen B Tectax BA3-2115

0,0612 0,0634 0,0656
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CocTaBum cuctemy, rge nepBoe ypaBHEHME OMUCHIBAET ABMXKEHME aBTOMOOUNSA BHU3 NO
YKNOHY (MHAekc dn, oT aHrn. down), BTOpoe — BBeEPX (MHAEKC up). 3a Bpems, pasgensiouiee
npouecchl Boibera u ckaTbiBaHWs, MOrfia U3MEHUTBCHA CKOPOCTb BETpa M Macca aBToMobuns.

. 2 -
Mgy i —kF (V£ Wy, )" — Pxx —mg,gf —omy, jg, =0; ©
; 2 .
—m, i —kF (vmw,, ) — Pxx—m, gf —om,,j,, =0,
roe "+" B ABOMHbIX 3HAKax O3Ha4yaeT BCTPeYHbIN BeTep, "—" — NONyTHbIN.
Beenem KoahpuumeHT COOTHOLLEHNA mMacc B ABYX pexnmax:
K, =My, /mup; m,, - K, =m,,- YMHOXUM BTOpOe ypaBHeHWe Ha Kp U Bbl4TEM e€ro us3

nepsoro: pu 3TOM MCYE3HYT HEKOTOPble YreHbl, YTO AAacCT BO3MOXHOCTb HaMTU WUCKOMbIN
dakTop obTekaemocTn kF, a noTom, NoACTaBMB €ro B Noboe NcxogHoe ypaBHeHue, u f:

om, gi — kF -[(viwdn ) - K, (vmw,, )2}— Pxx(1= K1) = 5Mes (i — up) = 0:
2mgi =oM(jgy = Jup) . My, Gi —KF (V£ wy, )2 — PXX— My, jun

kF ; f : (7)
+4vw my,d

Ho atm copmynbl GecnonesHbl, €ecnn HET AaHHbIX O MPOAOSIbHOM npodwune, T.e.
3HaAYEHUAX YKITOHA B HYXXHbIX TOYKaX.

Tabnuua 5. IMprmepbl TOYEK OOMHAKOBBIX CKOPOCTEWN

V, LLnpoTa YKITOH YKITOH fTOC Cx BA/
KM/Y -49.9 BA TOC w, M/c

570_2050 | -0,2893 | 0,0716 [ 24,02 | 0,049593 | 0,02025 | 0,01968 | 0,007589 | 0,429/2,88
978 222 | -0,2602 | -0,0008 | 37,58 | 0,057615 | 0,01613 [ 0,01484 [ 0,006866 | 0,445/3,30
1294 2050 | -0,2874 | -0,0042 | 37,22 | 0,058635 | 0,01657 | 0,01791 | 0,010554 | 0,429/1,78

Touka j BbIO j ckaTt

PesynbTaThl pacyeTta CUnbHO 3aBUCAT OT YKIOHa M ckopocTy BeTpa (ctonbeu Cx BA / w).
M HaobopoT, pacyeTHble YKMOHbI Mano 3aBucaT oT Cx n w (Tabn. 4) n goctatoyHo 65M3KkKM K
namepeHHbIM BA (pacxoxageHune meHee 1,5 %o) . OTO AaeT BO3MOXHOCTb Aaxe Mnpu OTCyTCTBUU
MHOPMaLMIN BbIYUCIIUTL 3HAYEHWE YKITOHA U UCMONb30BaTh B AalbHENLLMX pacyeTax.

Bce 3HaueHusa nokasatenen no TOC B Tabn. 5 paccuntanbl npn Cx=0,429 n w=1,7 m/c.
CpeaHee 3HayeHue f no Ttabn. 5 coctasnget 0,00834, yto goctatoyHo 6nm3ko kK 0,00816 no
meTony ctabunusauum (2,2 %).

NTak, akcnepmMMeHTbl nokasanu OCTYNHOCTb PpaCCMOTPEHHbIX METOAO0B AN1s1 peanu3aumm
M NO3BONUIIM OLEHUTb NpegnonaraemMyo TOYHOCTb. [IpUMeHMM 3TN MeToabl AN onpeneneHus
nokasaTenen TecToBoOro ak3emnnspa Lanos.

Mokasatenn ZAZ Lanos: F=2,07 m? (onpeneneHa coTocnoco6oM ¢ Koppekumen
nepcnekTuBHbIX uckaxeHun), Cx=0,33...0,405 (pa3Hble uctoyHuku). Macca 1410 «kr. LUnHb
TOYO PROXES T1R 195/50 R15 82V, conpoTtuBneHne kadyeHuo no kateropum F
(f=0,0106...0,012). KoadbpmumeHT [B=1,02591. [py3onogbeMHOCTb nNepeaHen LWKNHbI Npu
pasneHum 2,2 bar — 430 kr, 3agHen npu gasneHuun 2,1 bar — 415 kr. CpegHui kKo3adhdULMEHT
MCNonb30BaHus rpy3onogbeMHocTn WuH: 1,3-0,3-2:(430+415)/1410 = 0,94.

lMnoTHocTb Bo3ayxa 1,2354 kr/m>. HanpaBnenue BeTtpa — ot C oo B, 1. e. B cpegHem 45°.
CkopocTb Ha yposHe 0,8...0,9 M no 3amepy 4valleyHbIM aHemomeTpoM — 2,04...2,26 m/c. lNMpwu
cpegHeM asumyTe goporu okono 200° MOXHO NPUHATL CPEOHIO CKOPOCTb BeTpa w=1,968 m/c.
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Tabnuua 6. PacyeTt koacpdmumeHToB conpoTmenenunin metogom B2C

v1 cp, km/v 103,8 103,8 103,8
j1 m/s2 0,5472 0,54717 0,54717
E1 1,98961 1,98961 1,98961
j gr=9,81*i/B 0,1562 0,1562 0,1562
jw -0,0465 -0,0465 -0,0465
jxx 0,0571 0,0571 0,0571
j1-j-j 0,3803 0,3803 0,3803
j2 m/s”2 0,3397 0,3441 0,3475
E2 2,1579 2,21289 2,22191
j gr=9,81*i/B 0,1940 0,1948 0,1850
jw -0,0129 -0,0176 -0,0200
jxXx 0,0211 0,0229 0,0241
j2-j-j 0,1375 0,1440 0,1584
KV HWXH/BEPX 1,08977 /1,06326 | 1,09051/1,06317 | 1,0907 / 1,06293
Kv cpegH= 1,07397 1,07421 1,07414
CX HWXH/BEPX 0,3746 /00,3792 0,3982 /0,4026 0,3936 / 0,3985

Cx cpegH 0,3773 0,4008 0,3965
f HUXKH/BEPX 0,01108/0,01104 | 0,00947 /0,00940 [ 0,00978/0,00970
f cpegH 0,01105 0,00943 0,00973

CpegnHee 3HayeHue Cx=0,39156=0,392 6nu3ko Kk 3Ha4yeHuto Cx=0,4, nosly4eHHOMY Hamu
Ha ropusoHTanbHon gopore, n K 0,375 (no HeodpmumnanbHbiM gaHHbIM ABTO3A3). CpeaHuin KCK,
CKOPPEKTMPOBaHHbIA Ha nonHyk 3arpy3ky wuH 0,010069/0.94=0,010712, nexut B none
kateropun F (0,0106...0,012).

MeTon ctabunumsaummn NpoBEPEH MO YETbIPEM yyacTkaM (ABa M3 HUX CM. puc. 2). U3-3a
Marnon TOYHOCTU OMNbITHbIX [OaHHbIX pelleHne B o6wWemM BuAae AaBano Henpuemriemble
pesynbTtatbl (f=0,0146, 0,0125, 0,0221, 0,0505; kF=-0,041, 0,623, -0,839, 2,611).

[nsa yncnoBoro pelweHna cpeaHee 3HadeHue f n3 psga w=1,968 m/c n Cx=0.31...0.41,
NoACTaBNANM B ypaBHeHWe u Bblumcnanum Cx. PesynbTaT cuuTancsa yaoBneTBOPUTENbHbIM,
ecnu 3HayeHne Cx okasbiBanocb B npegenax 0,33...0,41 (npegenbHble onybnukoBaHHbIE
3HayYeHus Ons nNpoayBKu), a 3HadeHue f, NpuBegeHHOE K MOMHOW 3arpy3ke — B npegenax
0,0106...0,012 (kateropusi F). MNpuHAT BapuaHT cKOpOCTU cTabunusaumm 26,39 Km/4: npwu
pacyeTHbix f=0,01113...0,01199 nonyyeH Cx=0,36 (c E=2 nony4eHo Cx=0,36 npwu f=0,0123).

21,6

y =-3,200599E-04x +2,065425E+01

214 R?=7,486085E-05 * 26,52

v =6,045163E-04x + 2,641610E201

21,2 20,65 km/u -8,89E-05 m/s? 2650 | B R*=7,1512226-03 o
2 ® 26,4387 kmfu 0,00016792 m/ 2
€ 21,0 26,48
= ) > m]
fus|® 5 3 266 2294 2310¢ i .

@ ®

g. - -f_cik _______ L I O I R — 0 . & 264 Cp. yrnoH 0,01667 o o
(% 00 o ® e " E. 26 42 S p—— S

20,4 . . ® S 2540 o o o a

® y
921 944 c o o o
202 — . 26,38 o a8 o
cp. yrnoH 0,016 ’ o
20,0 26,36
0 5 10 15 20 25 0 5 10 15 20
Bpems ycn,, ¢ Bpema yen,, ¢

®ur. 2. [NpymMepsbl y4acTKOB, rAe CKOPOCTb CKaTbiBaHWUsS Bnn3ka K cTabunbHoOn

MeTtoa TOC. Touku Bbibupanu n obo3Havyanu kak B cnydae BA3-2115 (dour. 3).
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Mo BCEM TOYKaM MepeceyveHnsi BblYUCIIEHbI 3HAYEHUST LUMPOTbI, CKOPOCTU U YCKOPEHWHN,
MO 3TUM AaHHbIM paccyMTaHbl 3HAYEHWUSI YKIIOHOB — cur. 4.
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®dur. 4. YKNOHbI HA MEPHOM YYacTKe JOPOru, BbIYUCIIEHHbIE MO U3MEPEHUSAM BbICOTbI BapomMeTpuyecKumM
anbTUMETPOM (NMHUS € Tovkamn) u no metogy TOC

B HekoTopbix TOC nony4eHHble pacyeToM 3HAYeHUS YKITOHOB NpakTUYeCcKu coBrnann co
3HAYEHUsAMN, BbIYUCMEHHBIMM MO nNokKazaHuaMn HGapomeTpuyeckoro anbtumetpa (BA)
HaBuratopa Garmin, OHW OTMEYeHbl TPEYrofibHbIMU MapKepamn, ocTarnbHble — KpyrnbiMu., JTO
coBMnageHne paccMaTpuBanocb Kak KpUTepun adeKkBaTHOCTU MOAENEN, KayecTBa 3aMepoB U
TOYHOCTW pPacyeToB.

3HauveHus kF B natm coBnagatowmnx ¢ BA Toukax Bapbmpoanu ot 0,353 go 0,732 co
cpegHum 0,4918. CooTBeTcTBYylOWLME 3HAYeHUa Cx, NpuBeaeHHbIE K YPOBHIO nNpoayBok B AT
koapdpuumentom 1,075 — ot 0,254 pgo 0,526 co cpegHum 0,3536. CpegHee 3HadeHue f,
npuBegeHHoe K ckopoctn 25,6 km/d, coctaBuno 0,01251. lMMpu OTCYTCTBUM [aHHbLIX O
npoaosibHOM npocdune pacyeT No Bcem Tovkam gan 6el cpegHee 3HaveHne, Cx=0,334.

3. 3aknroueHue:

OnbiTbl No Bbibery aBTOMObOUNEn NOATBEPAMNM BO3MOXHOCTb peanus3auun cunamm
NoNb30BaTENS OMNMCaHHbIX METOAOB ONPEeAEeNneHust CONPOTUBIIEHNI OBMXEHUIO U pasgeneHns
MX Ha COCTaBngLWMe C NpMemreMon TovHocTbro. [Ana ZAZ Lanos nosny4veHbl TpeMsi MeTogamu
3HayeHus Cx ot 0,35 go 0,39. Hanbonee npuenekateneH metog TOC, KOTOpbIN NO3BONSET
CaMbIMW [OOCTYMHbIMW CPEACTBAMM MOMNYYNTb 3HAYEHMS YKITOHOB B OTAEMbHbIX TOYKax Mo
Bblbery n ckatbiBaHuMo asTomobuns, a ganee Cx u f. [peacrtaBnseTca nonesHbIM NPOLOIMKUTD
nccnegosaHme metoga TOC — yBeNnnUMTbL YMCNO TOYEK, MCMOMb30BATb aBTOMOOMMAM pasHbIX
mMoaenen (>kenaTtenbHO C N3BECTHbIMM 3Ha4YeHMsIMKM nioboson nnowaamn n Cx).
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NMPUMEHEHUE OHTOJIOM'MYECKOIO MOAEJIMPOBAHUA B PA3HbIX
OTPACNAX

EBreHnn KanawHukoB, BayecnaB NaBneHko

APPLICATION OF ONTOLOGICAL MODELING IN DIFFERENT BRANCHES

Evgeny Kalashnikov, Viacheslav Pavlenko

Abstract. This paper considers a number of areas where ontologies can be used and are already being used. In
medicine and aviation, ontology plays the role of a specialized knowledge base where knowledge is found and
quickly accessible. In logistics, ontology facilitates the creation of logistic transportation routes and the planned use
of warehouses. In biology, ontology is used to analyze the enrichment of gene descriptions with terms of gene
ontology.

Keywords: ontology, medicine, logistics, aviation, program, classes.

BBepgeHue. B nocnegHue rogbl paspaboTka oHTONOrmm - opmarnbHbIX SBHbIX ONUCaHW
TEPMUHOB NpeaMeTHOM 06NnacT U OTHOLLEHUIN MeXay HUMK nepexoguT u3 mupa nabopatopun
N UCKYCCTBEHHOIO MHTENNEKTA Ha paboune CTONbl SKCNEPTOB NPOdECcCUoHanbHbiX obnacrten.
Bo BcemupHOW nayTuUHe, OHTOMOrMM cTanu obbl4HbIM  sBreHneM. OHTONorMs MoXxeT
onpeaenaTb oOWMA cnoBapb AN YYeHblX, B KOTOPOM OHM OyayT COBMECTHO WMCMOMb30BaTb
WHpopmaumo B npeameTHon obnactn. OHa BKAYAET MalUMHHO-UHTEPNPETUPOBaHbIE
POPMYNNPOBKM OCHOBHbIX MOHATUI NPeaMETHOM 0651aCTU U OTHOLLEHUS MeXAY HUMW.

Moyemy BO3HMKaeT noTpebHOCTL B paspaboTke oOHTONOrMN? BOT HekoTopble
npuynHbI [1]:

— ONs. COBMECTHOrO WCMOMb30BaHUS NOAbMU UM NPOrpaMMHbIMKU  areHTamu obuero
NOHUMaHUS CTPYKTYpbl MHpopMaLmu;

— ANsi BO3MOXXHOCTM MOBTOPHOIO UCMNOJIb30BaHUSA 3HAHUIM B NpeaMeTHoOn obnacTy;

— ANns Toro 4Tob6bl NPeanonoXuTb B NPeaMETHON 0611acTn ABHbIMMU;

— ONS OTAENEHUs 3HaAHUK B NpeaMEeTHOM 06nact oT onepaTUBHbBIX 3HAHWUI;

— ANs aHanuM3a 3HaHui B npeaMeTHon obnacTu.

CoBMECTHOE MCMoNb3oBaHWE nNAbMWA UMM NPOrpamMMHbIMKM  areHTamu  obLuero
MOHUMaHUS CTPYKTYpPbl MHGOPMaLUUK ABNSETCS O4HOM M3 Hambonee obwmx Lenen pas3paboTkm
OHTONOrMN. Hanpmmep, NycTb, HECKONbKO pasnuyHbIX BEG-CanToB cogepxaTt nHdopmMaumo no
MeaUUUHEe WUNu NpefocTaBnaAlT MHEGOPMALMIO O MNaTHbIX MEAMUMHCKUMX Yycrnyrax, KoTopble
onnadmBatotca Yepes MHTepHeT. Ecnn 3T Beb-caniTbl COBMECTHO MCMNOMb3YIOT U Ny6nuKyoT
ogHy M Ty e 06a30oByl0 OHTOMOMMIO TEPMWUHOB, KOTOPbLIMW OHM BCE MOMb3YyKTCHA, TO
KOMMbIOTEPHbIE areHTbl MOryT nosiydatb WHOpMaumio U3 3TUX PasfnyHbIX CanuToB W
HakannueaTb ee. AreHTbl MOryT MCMOMb30BaTb HAKOMMEHHYO MHGOPMaLMIO NS OTBETOB Ha
3anpocbl Nonb3oBaTenen Unn Kak BXoAHble JaHHble ANS APYruX NPUNOXEHUN.

ObecnevyeHne BO3MOXXHOCTM UCMOSb30BaHNA 3HAHUIN NpeamMeTHon 06nacTu ctano ogHom
N3 OBWXYLLUMX CUIT HEAABHEro BCMSIECKa B M3yYeHWM OHTonormn. Hanpumep, ana mogenen
MHOIMX pasfiMyHbIX NpeaMeTHbIX obnacten Heo6xoaAnMo ChopMynMpPoBaTb NOHATUE BPEMEHN.
OTO npeacTaBneHME BKIIKOYAET MOHATME BPEMEHHbIX WHTEPBANOB, MOMEHTOB BPEMEHMH,
OTHOCUTESbHBIX Mep BpeMeHu 1 T.n. Ecnv ogHa rpynna y4vyeHbix geTanbHoO pa3paboTaeT Takyto
OHTOMOMM, TO ApYyrMe MOryT MpPOCTO MOBTOPHO WCMNONb30BaTb €€ B CBOUX MNPeAMETHbIX
obnacTtsax.

CosgaHne sBHbIX MPeanosioXeHnn B npeamMeTHoW obnactn, nexawme B OCHOBE
peanun3aumn, gaeT BO3MOXHOCTb JIErKO M3MEHUTb 3TU NPEANONOXEHUS NPU U3MEHEHUN HALLMX
3HaHMM O npegmeTHon obnactu. OtaeneHne 3HaHWM NpegMeTHoN obnacTu OT onepaTUBHbIX
3HaHWM - 3TO ele OOWH BapuaHT obLero npuMeHeHnsa oHTonornn. Mel MOXXemM onncaTb 3agadvy
KOH(pUrypaumm npogykTa n3 ero KOMNOHEHTOB B COOTBETCTBUMN C Tpebyemown cneundukaumen un
BHEOPUTb Nporpammy, KoTopas AefniaeT 3Ty KOHUrypauuo He3aaBMCUMON OT NpoAyKTa N camux
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KOMMNoHeHTOB. [locrne 3Toro Mbl MOXeM paspaboTatb OHTOMOMMK  KOMMOHEHTOB U
XapaKTePUCTUK.

M3noxeHune. cnonb3oBaHne OHTONOMMN B MeANUMHE A0 HefaBHUX Nop Obino rnaBHbIM
obpa3om cocpenoToYEeHO Ha npeacTaBneHnn n npeobpasoBaHUM MEOULIMHCKON TEPMUHONOIMK
[2]. Megukn co3ganu cBOM COBCTBEHHbIE CheuvanvM3MpoBaHHbIE S3bIKM U CroBapu, KOTopble
MOMOraloT UM NPaBWUSIbHO HakannMBaTb 3HAHWA U UMETb AOCTYN K OCHOBHbIM MeLULMHCKUM
3HaHNAM N MHAOPMALMK, CBA3AHHOM C NauMeHTOM. Takasi TEPMUHOMOIMS, ONTUMU3MPOBAHHA
Anst 06paboTkM YEeNOBEKOM, XapakKTepusyeTcsl 3HaUYNTESIbHbIM KONMMYECTBOM CKPbITbIX 3HAHWMN.
C apyro CTOpPOHbI, MeAUUMHCKME WH(OPMALNOHHbIE CUCTEMbI OAHO3HAYHO AOSMKHbI YMETb
obpaliatbCa CO CMOXHbIMU U NOAPOBHLIMU MEOULMHCKUMU MOHATUAMU (BO3MOXHOCTb ObITb
3anevaTtneHHbIMM Ha pasHblX A3blkax). O4eBMAHO, YTO ITO CrOXHas 3agdaya, u oHa Tpebyet
rnyboKoro aHanuaa CTPyKTypbl U NOHATUIA NpegMeTHon obnactn. Ho OHO MoXeT ObITb peLueHa
C MOMOLLbIO MOCTPOEHMS OHTONOMMN MEULMHCKON nNpeaMeTHOM obnactu ana npeacraBreHns
CUCTEM MEANLNHCKON TEPMUHOMNOMUNN.

Mcnonb3oBaHne OHTONMOrMN B MeduunHe uMeeT ornpeferieHHble npeumyuiectsa. OHU
MOryT NOMOYb B pa3paboTke Bonee MOLLHbIX U MHTeponepabesnibHbIX MHPOPMALMOHHbBIX CUCTEM
B AaHHON obnactu. OHTONOrMK MOryT Takke obrnerdyntb opraHam 34paBoOXpaHeHUs nepeaady,
MOBTOPHOE WCMNOSb30BaHWE W pacnpegeneHMe faHHblX O naumeHTax. Takke, OHW MoryT
oKkasblBaTb KpUTEPMM, OCHOBAHHblE Ha CeMaHTuKe, 4TOObl NoAadepXuBaTb pPasfnnyHble
CTaTUCTMYECKME TPynnbl (MHOXECTBA) ANA pasnuyHbiX uenen. Bo3aMoOXHO, cambiM naBHbIM
NStOCOM OHTONOMMIA ANSi CUCTEMbI 30PaBOOXPAHEHNS ABNSETCS MX CNOCOBHOCTb NoagaepXmMBaThb
HeobX0aUMYH MHTErpaunio 3HaHWUM N OaHHbIX.

KomnbloTepmsaumss MeguLMHCKUX TEXHOSNOMMYECKMX MpoLeCcCcoB SBNAETCA TPYyAHOW
3agjadven, MOCKONbKYy WHopMaumna O npeaocTaBnsieMblX MNaUMEHTY YCNyru, Kak npasBuno,
pacnpegeneHbl Mexay pPasfMyHbIMU MEAULUMHCKUMU YUPEXAEHUSMU U nogpasfeneHusmMu,
3HauuTenbHas 4YacTb [AdaHHbIX He CTPYKTypupoBaHa W He ¢opmanmsoBaHa, fieyebHo-
ANarHOCTUYECKME MpPOLIECChl CIOXHbIE, a LEHOMW OWWBOKM SBNSEeTCs XW3Hb U 300pOBbe
yernoseka.

CosgaHna oHTONMOrMM NO guarHoctuke 3aboneBaHun, rae  kKaxgoe 3aboneBaHue
npeacTaBfeHo anbTepHaTUBHLIMU CUMNTOMOKOMMIIEKCAMM, HEOBXOANUMBIMWU YCIIOBUAMU O
3TOro 3aboneBaHuss, M MOXeT coAaepXaTb [feTanu3auuio COOTBETCTBYIOLWIErO AuMarHosa
npeactasneHo B pabote [3]. CumnTomMokoMnnekc 3aboneBaHns COCTOUT M3 KOMMIekca »anob
M  OOBEKTMBHbLIX WCCRNEeAOBaHMK, KOMMMekca NabopaTopHbIX WM WMHCTPYMEHTarbHbIX
nccnegoBaHMn M HeobXoOMMbIX YCROBUMWA  Onsi CMMMTOMOKOMMekca. Ponb npumeHeHus
CMMMNTOMOKOMMIEeKca Gonblias B CWiy TOro, YTo no3Bonsetr obbeaunHUTb nevyebHO LEeHHble
NPU3HaKn B «pamMKax» onpegenieHHoro ycnosus. Heobxogmmoe ycrnosue ans 3aboneBaHus
obo3HayaeT 10 0bcToATENLCTBO, 6E3 KOTOpPOro 3aboneBaHne He npousowsno 6bl, Hanpumep
YKYC Knewia ans KneweBoro aHuedanura.

Mpmepom crneaytoLen OHTONOIMMK ABMSETCA AnarHocTuka 3abonesaHun [4] B cucteme,
KoTopasi nNpeaHasHayeHa ANna WHTEeNnekTyanbHOM MOoAAEpPXXKM MPOrHOCTUKW, LOMArHOCTUKU WU
nevyeHns anemMeHToB 3aboneBaHusl, CBA3aHHbIX C HApYLLEHNEM B OpraHM3me 4yernoBeka 6anaHca
MUKpPO- U MakpoanemeHToB (MM3). Cuctema nosBondeTr guarHOCTUpOBaTb Hanuyue vy
nauneHTa JfEeMEHTOB MO WMEKLWWUACA Yy Hero CcuMMnToMam C  MCMNOoSib30BaHUEM
pPEHTreHoNTyOpeCcUEeHTHOro aHanuaa Bosioc. B kadectBe cnocoba nedeHuss anemeHTapHas
cuctema npegnaraeT nauMeHTy CKOPpPEeKTMpoBaTb MUTaHMe M noabupaeT Anst Hero CnmMcok
HeobxoQMMbIX M PEeKOMEeHOOBaHHbIX NPoAykToB. Kpome TOro, oHa MOXET WCnonb3oBaTb B
Ka4yecTBe CMpaBOYHOM CUCTEMbI M BblaaTb WHGopMauuio o0 MM3 u mnx cBA3M B OpraHuMam
yenoseka, B cogepxaHusa MMOB B npogyktax, a Takke B KONMYECTBE Kanopwui, YpPOBHS
XONecTepuHa, cogepxaHune Xupos 1 6enkos.

YBenuyeHme 3proHOMUYHOCTU NHTepdEencHoro obecnevyeHns, MowHOCTM 6a3 AaHHbIX K
3HaHMM B npegmMeTHbix obnactax ([10), cBA3aHHbIX C NPOEKTUPOBAHMEM WU MPOM3BOLCTBOM
aBmaunoHHon TexHukn (MMAT), konnekTnBoB pa3paboTumkoB MHpopmaunoHHbix cuctem (MC)
TpebyeT cornacoBaHMsA OaHHbIX U 3HAHUW, LUMPKYIMPYIOLWMX Kak B CaMMX CUCTEMax, TaK U

98




MEXOYHAPOOHA KOH®EPEHUMUA ,EKO BAPHA® 2019

Haxoadwmecs B HeopManu3oBaHHbIX Buae Yy nonb3osatenen. [octpoeHne NC Ha ocHoBe
oHTOonorn4yeckoro aHanmsa NO n paspaboTka ceMaHTUYEeCKMX Moaenen aTmx obrnacrten Kak
dyHAaMeHTa MHAOPMALMOHHOIO U FIMHIBUCTMYECKOrO 0becneyeHuns, CyLecTBEHHO coKpallaeT
BpeMs Ha JoBefeHue paspabaTbiBaeMblXx CUCTEM MO HOBble 3a4ayn, MOBbILWIAET KayecTBO
paboT 3a cuyeT COornacoBaHHOCTM [AaHHbIX, Npoueayp W uMHTepnpeTauun pesynbTaToB
mMoaenunpoBaHuda. CemaHTn4eckasi OcCHoBa - 3To MHopmaumoHHas mogens MO, obpaboTaHHas
C y4eTOM aHanu3a B3auMoCBSA3N TEPMUHOB N NOHATUN 3TOM 1O 1 OTHOLLEHUN MeXaY HUMWN.
CemaHTtnyeckne ocHoBbl IC gnsa MMNAT yunTbiBatoT:

— 0CcobBeHHOCTU 1 cneunduky pellaemMbix 3agay MHOrononNb3oBaTeNbCKUE;

— Xapaktep NpUMEHEHUs1 MHCTPYMEHTapueB;

— pasnn4yHbIA YPOBEHb KOMMNETEHLMIA N OTBETCTBEHHOCTM MOMNb30BaTenen;

— chopmuMpoBaH MOHATUMHBIA annapar.

Hwxe npvBegeH nepeyeHb OCOOEHHOCTEN co3gaHna OyHOAAMEHTaNbHOW OHTONOMUK

MaLLUMHOCTPOUTENBHOro NpeanpuaTuns [5J:

— onpegeneHue o co3gaBaeMOM OHTONOMu;

— onpeaeneHne npuYnH Co3aaHus OHTONOMnK;

— pacCcMOTpEeHNEe BapuaHTOB NOBTOPHOIO MCMOSb30BAHNSA CYLLIECTBYIOLLINX OHTOMOMN;

— wun3yyeHune MO u onpeageneHns macwtaba co3gaBaeMon OHTONOMMN;

— onpegeneHue npeanonaraeMblx CLeHapueB UCMONb30BaHWS;

— BbIOOP OHTONOMMYECKOro peakTopa;

— OnA  NOCTPOEHUA  OHTOSMIOMMA  MOXHO  peKkoMeHAoBaTb AN MCMNOJSIb30BaHUSA
oHTOJSIOrn4eckumn pegakrop Protege;

— onpeaeneHne TepMuUHonornyeckon 6asbl 1 METOO0B €€ pacLUNPEHUS;

— onpegeneHve BeayLllero Tuna OTHOWEHU MeXay CYLHOCTSMU;

— TMOHATME B OHTONOrMK, NpeacTaBfeHHOW B BuAe Te3aypyca, OpraHu3oBaHHble B

TaKCOHOMMMN.

OHTOnormyecknin aHanu3 nossonseT ¢opmManu3oBaTb npouenypbl Bblbopa Ha aTtane
npegBapuTenbHOro NPOEKTUPOBaHMSA camorneTa; co3faBaTb 6asbl JaHHbIX CaMOfeToB U
apuratenen, oTpabaTbiBanM  CUeHapuM  MPOEKTUPOBaHMS;,  paccyuTaTb  Moaynu U
paspabaTbiBaTb Te3aypyc NpegMeTHOW obnacTu, KOTOpbIA MO3BOMAT MOCTPOUTb OHTOSOrMIO
NPOEKTUPOBaAHMUS CaMorieTa, KOTopbli MOXeT BobpaTb B cebsa HakonfeHHble B NpegMeTHOM
obnacTtu 3HaHuA.

MacwTtab oHTONOrMM B aBMaLmnm MOXHO PacLUMpUTb HE TOMbKO Ha CO34aHWe CamorieToB
MM KOMMOHEHTOB camorieTa, HO 1 B OOLLYIO0 aBMALMOHHYIO OEeATENbHOCTb, Kak 9TO Noka3aHo B
Hay4HbIX UccrnegoBaHusaXx [6].

B HacTosiwee Bpemsi Bce 0Oonee akTyanbHOW CTAHOBUTCA 3ajada COCTaBIEHUS
pacnucaHnsa arnsi cMcTeM TPaHCMNOPTHOW NorucTukn. lNepeBoska rpysa no Mopro, Mo cywe, no
BO34yXy MMEIT obuimMe NpUHLMMbLI, HO B TO e Bpems obnagarT OCTaTOYHbIM KONMYECTBOM
XapakTepHbIX OCOBEHHOCTEN, KOTOpble CrieayeT yuuTbiBaTb Npy nNnaHupoBaHun. CrOXHOCTb
MOCTPOEHMS Takux packnagax nMno-fiokKUTCs B Yy4vyeTe orpaHnyeHun u  BusHec-npasun,
cneumdunyecknx Ons KOHKPETHOM npegMeTHoM obnacTu.

OtgeneHve 3HaHWM npegmeTHoM obnactm OT anropuTMOB MNSI@HMPOBaHUS MO3BONAET
peanu3oBaTb YHMBEpPCalibHbIN MHCTPYMEHT ONSA peLlleHUs Takux 3agad. 3HaHue npeameTHOM
obnacTtu npeanaraeTcsa BbIHECTU B OHTOMOMMIO TPAHCMOPTHOW JTOMUCTUKN.

BbigenatoT Tpu ypoBHS oHTONoruu [7]:

1 ypoBeHb - obLias oHTonorna (MeTaoHToNnorus) - BKAOYaeT B cebst onucaHne obLumx
NOHATUN;

2 ypoBeHb - MpegMeTHas OHTonorns - opManu3oBaHHOE OrnuvcaHue npegMeTHON
obnactn, ucnonb3yeTcs And POpMUPOBaHUS MOHATUNHBIX NPOCTPAHCTB NpeaMeTHon obnacTu
NN NS YTOYHEHUS METAOHTONOIMNN;

3 ypoBeHb - OHTOMOrMa 3agady - cneuuduyeckass OHTOMOMMA KOHKPETHOW 3ajayw,
OTpakatoLLMN COBOKYMHOCTbLIO CPOKOB, 3a4ay 1 npobniem.
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OHTOnormm gns 3agad TPaHCMOPTHOW NOrUCTUKM Oblna peanu3oBaHa B MNepeBO3Kax

rpy3oB B BennkobputaHuun. [laHHasa 3agaya UMeeT criegytolme xapakrepHble ocobeHHocTH [8]:
— CyllecTByeT HecKonbko 6a30BblX TWUMOB [PYy30B UM TUMNOB [PY30BUKOB, KOTOpblE

OTNIMYaTCA B OCHOBHOM €MKOCTbIO M OrpaHUYEeHUsIMU Ha NepeBo3nMble Ipy3bl;

— TPY30BUKM AENATCA Ha rpy30BUKM C COBCTBEHHOrO napka KOMMaHWW M CTOPOHHWUX
nepeBo34nkoB. Cob6CTBEHHbIE PY30BUKN B KOHLE NyTU OOMKHbI BO3BpaLaTbCcsa Ha 6asy;

— [ANA HEeKOTOpbIX reorpamMyecknx TOYEK CYLLECTBYHOT OrpaHMYeHUs Ha TO, Kakue
rPy30BWKM MOryT BOWTM B 3Ty TOYKY (Hanpumep, B HEKOTOpPble TOYKM (CKNagbl) MOTryT

BXOOUTb rpy30BMKa ManeHbKoro pasmepa).

B HacToswee Bpemsi B obnactn 6ruonornm paspaboTtaHo HECKONbKO COTEH OHTONnormm [9],
KOTOpble MOXHO MCNOMb30BaTb ANs1 ONMCAHUS U UHTErpaumMm 3HaHui, a Takke BblBOAA HOBbIX
3HaHW. B yacTHocTK, pa3paboTaHbl N aKTUBHO UCMOSb3YHTCA BUOMH(OPMAaLNOHHbIE pecypchl
M OHTOMOrMK, NO3BONAIOLLIME ONUCLIBATb MOMEKYNSAPHbIE CTPYKTYPbl, OYHKLMMK, NPOLECCH U
reHHble cetn (GO).

B kayectBe npuMmepa OAHOrO M3 CaMbIX YCMELWHbIX MPOEKTOB CO34aHMs OHTONOMMn
MoxkHo npuectn GO [10].

B coctaB GO Bxogat 3 pasgena:

1 pasgen - monekynapHasa dgyHkumnsa (Molecular function) - anemeHTapHaa akTUBHOCTb /
3a4aHusa UNn ponb, KOTOPYID MOXET BbIMOMHATL reH, NpOoAyKT reHa B nobbix Guonornyeckmnx
npoueccax;

2 paspgen - 6uonorudeckne npoueccol (Biological process) onuceiBaloT ceputo cobbITUN,
peanuaylowmnx oaHy unm 6onee opraHM30BaHHbIX aHcaMbrien MONeKynapHbIX yHKumi. B
OTnMYMne oT (PyHKUMM NPOLLECC OOMKEH MMETb HECKOMBKO pasnnyatoTcs 3Tanos;

3 pasgen - knetoyHble KomnoHeHTbl (Cellular component) kak 4acTb aHaTOMU4YECKOWN
CTPYKTYpbl, B KOTOPOW OMUCbIBAETCSA NOKanuM3auus reHa unm ero npogykta B OpraHvM3Me Ha
YPOBHE KNETOYHbIX CTPYKTYP U MakpOMOJEKYNSPHbLIX KOMMIIEKCOB UMK rpymnn NpoayKTOB reHOB.
Mo cytn, GO nosBonseT onucbiBaTb 3HAHUS O TOM, KaKyld (OYHKLUWIO BbINOJSTHAET reH WUinn ero
npoaykt (PHK, 6enok) B TOM unm nHom Gmonormyeckom npouecce U TOM UM MHOW KNeTOYHOM
CTPYKTYpe.

CnenyeT noHMmaTb, YTO «['€HHas OHTONOrMs» OnNUCbiBaeT KOMMIEKCHble Buonornyeckme
PeHOMEHbI, @ He KOHKpeTHble 6wuonornvyeckne o6bekTbl. Kaxabli TEPMUH B «reHHOW
OHTOMOMMN» UMeeT psa aTpubyToB: YHMKAnNbHbIM LMEPOBOM MOEHTUUKATOP, Ha3BaHue,
crnoBapb, K KOTOPOMY TEPMWUH NPUHAANEXUT u onpeaeneHne. CpokM MOryT MMeTb CUHOHUMBbI,
KOTOpble AensaTCd Ha TOYHO COOTBETCTBYIOLLME 3HAYEHWs CpoKa, LWupe, yXe U UMeloT
HEKOTOPOE OTHOLLEHME K CPOKY.

3aknroyeHue. OHTOMOrMYecKoe MoAenupoBaHne S$BNAETCA akTyanbHOW TemMon B
pasnuyHbIX 06nacTax 3HaHusa. Tak B cpepax MeaguumHbl U aBuauum OHTONOMMSA uUrpaeT ponb
crneumannsavpoBaHHOn 6a3bl 3HaHWN, rae HaxoOAaTCA 3HAaHUS MOHATHbI U BLICTPO AOCTYMHLI ANS
M3ydeHust cneumanuctamu HanpasneHHon obnactu. B noructuke oHTonorua obnerdaet
co3faHve NOrmcTUYecKUx nyTen nepeBO3OK U NIlaHOMEPHOE UCMONb30BaHWE CKNagos, B CBOK
odepeab obneryaiwd M gaeT BO3MOXHOCTb COKOHOMUTb BpeMsa W pecypcbl. B Guonorun
OHTONOMNIO UCMNONbL3YT ANA aHanu3a oboraweHus OnucaHus TFeHOB CPOKaMu TeHHOW
OHTONOrMKN. 3TO NO3BOMSAET ONUCLIBATb 3HAHMS O TOM, KaKyto (DYHKLMIO BbINOSTHAET reH Unu ero
npoaykt (PHK, 6enok) B TOM unn nHom Gmonormyeckom npouecce u TOM UM MHOW KNeTOYHOM
CTpykType. Takum obpa3om OHTOnorMmM obnervawT pelweHue psga npobnem B pasfvyHbIX
chepax n obnacrax.
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IMPROVEMENT OF FUNCTIONAL STABILITY OF BRAKE SYSTEMS OF CARS EQUIPPED
ABS
Vladimir Volkov, Alexander Nazarov, Ivan Nazarov, Yevgeny Shpinda

Abstract. The article addresses issues related to ensuring the safe use of cars equipped with ABS and retarded in
various operating conditions, by improving their properties by reducing brake stops braking distance that can be
achieved with the changing normal reaction wheel left and right side. Through the use of advanced structures
existing brake actuators that provide brake force distribution, not only between the axles, but also between the
sides of cars, are the conditions for the implementation of the most delayed braking in the given conditions.
Keywords: passenger car, ultimate stopping distance, improved brake actuator.

1. Introduction:

An increase in the intensity and speed of vehicles, in particular, passenger cars equipped with
electronic tracking systems during the braking process, can be achieved through a series of
measures, including the provision of a minimum permissible distance between individual
vehicles moving in a single flow. This is possible provided that the greatest amount of
deceleration in the given operational conditions of braking of passenger cars is realized due to
the improvement of the structures of existing brake drives.

It is established [1-3] that, in order to ensure the safe movement of passenger cars, taking into
account the predicted dynamic growth of the speed of motion, the extreme brake path for
emergency braking at an initial speed of 100 km / h according to the requirements of domestic
standards [1, 2] must be at least in 1,5-2 times less. In addition, all cars with a braking distance
of more than 40 m on the road with dry asphalt concrete, according to the requirements of the
European standard of quality 1ISO 9001 and according to the electronic resource, are
"dangerous".

2. Analysis of publications and recent achievements

The reduction of the braking distance of cars equipped ABS can be achieved by taking into
account the change in the normal reactions of the wheels on each side of the car braked under
different operating conditions [3] and the forces of aerodynamic resistance to the motor.

Taking into account [4] that the car performs emergency braking without locking the wheels (first
phase of braking), the ideal coefficient of distribution of braking forces between the axles

g A Tyytdgd—f
E*f'E iq l:pn' o ‘la

— L
ﬁrﬂ l_ﬂz'¢a ’ (1)

where:
o= i— braking rate;

KgF o8 :
o @, ==L _ aerodynamic factor;
Mg g

* K, — coefficient of vibration of the car body;
e F_— cross-sectional area of the car;

e %, — initial speed of braking of a car;

e m_— weight of the car;

e i_—share of the vertical component in the strength of the frontal support;
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e h, — high position of metacenter of the car;

¢ h — the high position of the center of the car's masses;

e b — horizontal coordinate of the position of the center of the car's mass from the rear axle;
e | — longitudinal between the wheelbase of the car;

e 1, — dynamic wheel radius.

Neglecting an aerodynamic factor, in the case of braking with non-blocked wheels, we get

Bo=t4a 2 2

&

It should be noted that the aerodynamic factor is zero only in the case of a stationary vehicle,
since the force of the wind propulsion motion is zero when the speed of the car is zero.

In the case of braking with locked wheels [3], the ideal coefficient of distribution of braking
forces between the axles of a car (according to the classical theory [4]) is defined as

fo= 405, (3)

where: ¢ = z — wheel coupling factor with road surface.

It should be noted that the coefficient of adhesion of the wheels with the road surface is equal to
the braking coefficient only in exceptional cases.

Comparing the obtained expressions (2) and (3), we arrive at the conclusion that in the case of
braking a car with non-blocked wheels, the coefficient of distribution of braking forces between
the axles takes less importance than in the case of locked wheels.

Based on the calculated data, the graphic dependences of the ideal coefficient of force
distribution between the axes of the Lanos car on the braking coefficient shown in Fig. 1, where
curve 1 corresponds to braking without locking the wheels (refined theory), and curve 2 - for all
locked wheels (classical theory).

The analysis of the obtained curves suggests that, taking into account only the phases of the
braking process (the period of locked and non-blocked wheels) under the same operating
conditions of braking the car, for example, at z=0,8, the choice of the coefficient of distribution of
brake forces between the axes of Lanos according to the refined theory , compared with the
classical, allows you to reduce the value of the coefficient of distribution of braking forces
between the axles by 10% and, accordingly, increase the braking torque on the wheels of the
rear axle by the same magnitude.

Given the effect of the aerodynamic factor (see (1)), the braking torque on the wheels of the rear
axle can be even greater.

The analysis of inhibition of cars shows that, in addition to the braking phases, the braking
dynamics is influenced by the coordination of the limiting braking forces [3] from the change of
normal reactions on the wheels of different sides, which occurs when driving on roads under
different operating conditions.

Consequently, in the phase of braking a car with non-blocked wheels with a device that
responds to a change in their normal reactions, it is possible to realize a greater braking torque
on the wheels of the rear axle than in the phase of braking with locked wheels, whose angular
velocity is monitored by the electronic system.
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Fig. 1. Dependence of the coefficient of distribution of braking forces
between the axles of the Lanos car and the braking rate

Thus, in order to improve the brake properties of passenger cars under operating conditions, it
is necessary to introduce into the design of their brake actuators a device that would be able not
only to monitor the phases of the braking process (locking and unlocking periods), but also to
change the normal load on the front and / or rear axles.

Consequently, such a device must monitor the on-board unevenness of normal reactions that
arises under different operating conditions, requiring a combined or on-board (part of a
combined) circuit for connecting the brake circuits [3].

In most cases, in the braking systems of passenger cars [3], the axial or diagonal circuit
diagram of the brake circuits is structurally applied.

It should be noted that the standard [3], the unevenness of the specific braking forces on the
wheels of the car of the same name, the braking system of which is equipped with disc brakes,
must not exceed 20%, and drum - 25%.

According to theoretical studies [4-6] for the Lanos car (with full weight), the value of on-board
unevenness of axial normal reactions during emergency braking at an initial speed of 80-150
km/h under the action of the longitudinal and lateral components of the aerodynamic force may
be:

— on a horizontal road with a transverse slope of 3,5%: 12-21%;

— on a horizontal road with a radius of curvature R=350 m: 19-26%;

— on the road with a longitudinal slope of 10%: on the slope 17-24%; on the rise of 21-28%.

3. Mathematical model and algorithm for solving the problem

In order to improve the braking properties of passenger cars, it is proposed to use an advanced
brake actuator [8], the contours of which are connected through the circuitry of connecting the
circuits together with two dynamic regulators of braking forces that have an electromagnetic
connection with the elements of the front suspension (Fig. 2).

Dynamic brake force regulators, providing automatic control of drive pressure in the circuits,
connect the brake mechanisms of the front and rear wheels to each side of the vehicle.

In principle, the work of the developed pressure regulators is based on the method [7] of the
interlocking distribution of the braking forces. A distinctive feature of the method of cross-
sectional distribution of braking forces from existing ones is that it provides simultaneous
differential change in drive pressure in the contours of rear brake mechanisms, both left and
right wheels, proportional to the change in normal load on the corresponding wheels of the front
axle of the car.
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Fig. 2. Scheme of a hydraulic brake actuator of a car, executed behind the circuitry of connection of circuits [8]: 1 —
main brake cylinder; 2 — pressure sensors; 3 — pressure regulator with electromagnetic control; 4 — load sensor; 5 —
electronic control unit; 6 — brake mechanisms of the front axle of the car; 7 — brake mechanisms of the rear axle of
the car; 8 — spring of a forward suspension bracket; 9 — shock absorbers.

Each pressure regulator (see Fig. 2) contains a differential piston that performs longitudinal
reciprocating displacements under the action of an electrical signal amplified by an electronic
unit coming from the load cell mounted above the spring of the front suspension to the
electromagnetic winding of the differential piston and adjusts the drive pressure in the contours
of the rear braking mechanisms in a manner [8].

At the same time, the drive pressure, this is created at the input of the regulators, increases as a
result of which the corresponding electrical signals are fed to the electromagnetic windings of
the pressure regulators. The electric current is proportional to the magnitude of the normal load
on the corresponding rear wheel of the vehicle.

With further pressing of the brake pedal pressure p,, which is created in the cavity of the

regulator (in the contours of the rear braking mechanisms), less than the driving pressure p,,

which is created in the cavity of the regulator.

The pattern of increasing the pressure of the working fluid in the working cylinders of each rear
braking mechanism is characterized by a segment (see Fig. 2), which corresponds to the next
dependence

AL P
mo=r (G -0 55 @
where:

e n, — pressure in the main brake cylinder line;

* d, — the diameter of the differential piston from the cavity of the pressure regulator;
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e d, — the diameter of the differential piston from the cavity of the regulator;

e F_—force of the electromagnetic field acting on the differential piston;
* F,, —force of spring compression.

When pressure is reached the working fluid in the cavity of the regulator of the maximum value
determined by the effort of the electromagnetic field, the control valve stops and then opens the
central opening of the valve.

The proposed brake actuator can increase the efficiency of both emergency and service braking
of passenger cars with different weight conditions under different operating conditions.

3. Results and discussion

To register the size of the deceleration and brake lane of the Lanos car with an ABS, the
braking system which was equipped with the driven drive, the equipment of the design was
used: the decalometer with the built-in printer Maha VZM 300, the anemometer.

For a relative assessment of the minimum change in braking properties, the Lanos passenger
car with an ABS, the braking system of which was equipped with an actuator [7, 8], braked on a
flat horizontal road with a dry asphalt concrete coating at an initial speed ranging from 80-170
km/h. At the same time, the wind speed was about 0,3 m/s.

Emergency braking of the Lanos car with ABS, the braking system of which was equipped with
a driven drive [12, 13], were performed in both directions.

The averaged values of the estimated values for initial velocities within the range of 80-150
km/h are given in Table. 1. The relative values of the deceleration were taken as the estimated
values §, and a relative reduction of the braking distance 8-

As shown by the analysis of the relative theoretical values of the deceleration and limiting
braking distance of the studied passenger cars (see Table 1), at the initial braking rate within the
range of 80-150 km/h, the values of the braking parameters obtained increase.

Thus, when braking the cars of Lanos with the loaded weight (see Table 1) on a flat horizontal
road of category 1 with a dry asphalt concrete coating at an initial braking rate of 100 km/h, the
realized deceleration increases by 6,36%, which is 0,53 m/s? while the braking distance
decreases by 2,73%, which in absolute units is 2,33 m. For such a vehicle with a full weight, the
limiting deceleration increases by 5,63% (0.44 m/s®) , the braking distance thus decreases by
12,8% (12,13 m).

Table 1. Relative estimation of deceleration and braking distance

Indicators of relative estimation, %
Car Mass at initial braking rate, km/h
80 100 130 150
Lanos fitted out 4,33/1,72 6,36/2,73 10,31/4,72 11,31/5,95
full 2,67/12,1 5,63/12,8 7,67/13,9 20,64/15,05
Note. The numerator has a value 8 in denominator — a;.r.

In the case of the braking of Lanos cars equipped with mass (see Table 1) at an initial speed of
130 km/h, the limiting deceleration, as compared with the Lanos basic vehicle, increases by
10,31% (1,03 m/sz), with this braking distance decreases by 4,72% (4,53 m). For such a vehicle
with a full weight, the limiting deceleration increases by 7,67% (0,64 m/s®), while the braking
distance decreases by 13,9% (13,1 m).

When performing emergency braking with Lanos light-weight vehicles (see Table 1) under the
same operating conditions, but with an initial braking rate of 150 km/h, the limiting deceleration,
as compared with the classical approach, increases by 11,31% (1,17 m/s?), while the braking
distance decreases by 5,95% (13,1 m). In the case of a full mass, the magnitude of the relative
increase in the limiting deceleration reaches a maximum value of 20,64% (2,28 m/s?), and the
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value of the relative reduction of the braking distance with the minimum value of 15,05% (14,65
m).

Consequently, with an increase in the initial braking rate of Lanos vehicles with ABS within the
range of 80-150 km/h, the relative braking distance decreases with increasing decelerations,
which is possible with the application of the developed brake actuator.

4. Conclusions:

In order to increase the functional stability of brake systems of cars equipped with ABS, it is
necessary to use a combination of dynamic hydraulic devices with electromagnetic control,
which will allow to more fully realize the specific power of braking on the rear wheels of the car
through tracking, in addition to the periods of locking the wheels, the change of normal wheel
reactions, which arise during emergency braking.
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NMEPCMNEKTUBbI PA3BUTUA TEXHUYECKOWN 3KCMNYATALUN ABTOMOBWIIEN

Bonkos B. I., Nlpuuyk WU. B., BonkoBa T.B., Bonkos 10.B.
PERSPECTIVES OF DEVELOPMENT OF TECHNICAL OPERATION OF CARS

Volkov V.P., Gritsuk I.V., Volkova T.V., Volkov Yu.V.

Abstract. The state and main system problems of motor transport in Ukraine are considered at the present
stage. The peculiarities of application of strategies and tactics of the modern TEA system on the motor transport of
general use are shown. The basic principles of the adaptive system of TO and R of the rolling stock of motor
transport are described. On the example of existing systems on transport, new technologies for the creation of
information systems for organizational and functional support of the processes of technical operation of cars at the
stages of the life cycle are proposed.

Keywords: automobile transport, technical operation of cars, maintenance and repair, adaptive system,
individual maintenance, information systems.

1. BBegeHune. OCHOBHbIMW CUCTEMHbIMK Npobrnemamn B YKpanHe Ha aBTOMOOWNbHOM
TpaHcnopTe (AT) Ha coBpemMeHHOM aTane asnatTcs [1]:

-noTeps  agMUMHUCTPATMBHbLIX  pbldaroB  ynpaeneHns AT kak  MOJSIHOCTbIO
NPMBaTU3NPOBAHHOIO;

- CHWXEeHNe 06BbEMOB TPaHCNOPTHON paboThbl;

- YObITOYHOCTb AEATENBHOCTM MACCaXUPCKOro TpaHcnopTa Ha aBTOOYCHbLIX MapLupyTax
obLLero nonb3oBaHUs;

- MaccoBoe CTapeHue MOABMXHOro cocTtaBa W HeoTpabOTaHHOCTb MeXaHU3MOB €ro
3aMeHbl;

- HECOOTBETCTBME CTPYKTYPbI FPY30BOro U NacCaXXMpPCKOro napka crpocy Ha ero ycnyru;

- HEYOBNETBOPUTESNbHbIN  YpOBEHb 6€30MacHOCTU aBTOMOOWUITbHBLIX MEPEBO30K W
3HauYUTernbHas 3KONorMyeckas Harpyska Ha OKpy>KatoLLyto cpeqy.

Llenbto wuccnemoBaHnsa SBRSIETCA aHanu3 COBPEMEHHOro cocTosiHua TOA AT wu
pa3paboTka COBPEMEHHbLIX MOAXOAOB K KOHTPONIO TEXHUYECKOro COCTOsiHUS aBToMobunsa ¢
Yy4EeTOM YCIOBMWI IKCMyaTaumn.

2. AHanu3 nocrneaHUX MccnegoBaHMM UM Ny6Gnukaumn. TexHnyeckasa aKcnsyatauus
aBToMmobunen (TOA), no onpeneneHuio [2-4] saBnseTcs ogHOM U3 BakHenwmnx nogcmuctem AT,
KoTopasi, B CBOKO odepefb, nNpeacTaBnsieT nogcucTemy TpaHCcnopTa B CTPYKType OOCTaTOYHO
CNOXHOW TPaHCNOPTHO-KOMMYHUKALMOHHON NporpamMmbl rocygapctea. OcHOBHOM uenbio TOA
kak nogcuctembl AT, anaetca obecnevyeHme HEOHXOAMMOro YPOBHS TEXHUYECKOTO COCTOSHUSA
noaswxHoro coctasa ([1C). B uenom go 50% cebectoMmocTn NepeBoO30K NPSIMO UM KOCBEHHO
3aBMCUT OT KayecTBa M apdekTnBHocTM TIA. BaxHocTe TOA noarBepxgaeTca Tem, 4To,
Hanpumep, Ha noagepXky aBTomobunen B pabotocnocobHom cocTtosiHum B CLUA TpaTtutca
npumepHo 30 mMnpAa. Aonnapos B rofd, a Bo BceM mupe Ha TJAA B rog Tpatutca npumepHo 100
mnpg. gonnapos. B CLUA Ha akcnnyataumio OgHOro aBToMobuns pacxodbl B rof COCTaBnsoT
1800-1900 pgonnapos [5].

BaxHenwmm 3seHoM TOA gaBndeTcs BblOOp CUCTEMbI TEXHUYECKOTO OOCHY>XMBaHUS ©
pemoHTa (TO n P) IC, koTopasa perynvpyeTcs KOMMIEKCOM B3aUMOCBA3AHHbLIX MONOXEHUA U
HOPM, OnpeaensaLmx NOpsAoK, opraHn3aumio, cogepXaHne n HopMaTmBbl NpoBeneHns paboT
no obecneyeHunto pabotocnocobHOCTM Napka aBTomobunen.

OcHoBHasa 0cobeHHOCTb COBPEMEHHOM cucteMbl TOA Ha aBTOMOOWUIIBHOM TpaHcnopTe
o6wero nonb3oBaHua (ATOI) nocTcoBeTCKkMx cTpaH [1, 2] aTo:

- OTCYTCTBME HOPMATUBHOW Ga3sbl OTHOCUTENBbHO 06SA3aTENbHOCTU KaX4oro Bnagenbua
MC npoBoAUTb onpeaeneHHbI KOMMMEKC TEXHNYECKMX BO3AENCTBUN, KOTOpble obecnednsBatoT
ero pabortocnocobHocTb M 6e3onacHOCTb, pe3ynbTaToM 4ero sasnsietca notepss Ha ATOIl
MexaHu3Ma YynpaBfieHUs YPOBHEM TEXHUYECKOrO COCTOSHUA aBTOMOOMMBHOrO napka 4depes
rmbkyto cuctemy TO n P;
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- OTCyTCTBME HeobxoamMmon WHopmaunoHHon 6asbl oTpacnu B BMAE CETU OMOPHbIX
npeanpuaTuii, 4to nossondano ATOIN paHee, BO-NepBbIX, KOHTPONMPOBATb peanvM3oBaHHbIE
nokasatenu kayectBa W HagexHoctn [NC B akcnnyatauuu W, BO-BTOPbIX, NPeabsBMATb
obocHoBaHHbIe TpeboBaHMA K 3aBOAaM-NPON3BOAUNTENSIM aBTOMObOunen;

- He3(PPEKTUBHOCTbL, NMPeAnoXeHHOW rocyaapcTBOM, cUCTeMbl cepTudmkaumm ycnyr TO

nP.

B pesynbtate ATOIl wun, npexage Bcero, Manble nNpeanpuatMss aBTOMOOWUNBHOrO
TpaHcnopTta (MIAT) obnacTtu, okazanucb B COXHbIX YCIOBUSAX, Tak Kak oHu [1, 2]:

-0b6sa3aHbl  obecneuntb  TexHudeckoe coctoaHme [IC B CoOOTBETCTBUM  C
rocygapcTtBeHHbIMU TpeboBaHUAMM ©e30MacHOCTU ABMXKEHUS U 3KOSormyeckon 6esonacHocTu
TpaHcnopTa;

-He wumelT ycnosun (6asbl, ob6opyaoBaHWsA, nepcoHana) Ans noggepXkaHus
paboTOCNOCOBOHOCTN N HEOBXOANMMOro TEXHUYECKOro cocTosiHuA IN1C;

- HE UMEIOT YETKO y3aKOHEHHbIX 0643aTenbCTB NpUMeHaTb cuctemy TO 1 P 1 BbINONHATL
Takon MuHUManbHbin 06bem pabotr TO wm P, koTopbii MoxeT obecneuntb Heobxoaumyto
pabotocnocobHocTb n 6esonacHocTs [1C.

Co3gaHHbI  OpraHM3auMOHHBIN N TEXHOMOMMYECKUA BaKyyM MpuBENn K MNpakTU4Yecku
HEKOHTPONMpYyeMOn akcnsnyatauum astomobunen B GonbwwuHcTBe MIIAT, 4TtO npuBeno K
PE3KOMY  YXYAWEHWID TEeXHUYECKOrO0 COCTOSIHUSE aBTOMOOWIIBHOrO napka, YBEnu4yuno
konuyectso LTI, BbI3BaHHbIX HEUCMPABHOCTbIO aBTOMOOMUMEN N 3arpA3HEHUE OKpYXKatoLLen
cpeab! [2, 3].

3. Pe3ynbTatbl MccnegoBaHun. V3BeCTHO, YTO BaxHeWWUM 3BeHOM TOA gaBnseTcs
Bolbop cuctembl TO wn P TIC, koTopas perynupyeTcss KOMMMEKCOM B3aMMOCBS3aHHbIX
MONOXEHUA W HOPM, OMpeaensowmx nopsaoK, OpraHu3auuio, COoAep)XaHue W HopMaTuBbl
npoBeaeHus pabot no obecneyeHnto paboTocnocobHOCTN Nnapka aBTomobunen [3 - 6].

Y Hac B cTpaHe Obia npuHATa nnaHoBo-npeaynpeautensHaa cuctema TOu P
aBTOMOGUnen. [lpuHuMnManbHble OCHOBbI OAHHOW CUCTEMbl NOAAEPXKM aBTOMOOMNeEn B
TEXHMYECKM UCMPABHOM COCTOSIHAM MpakTuyeckn cdopmmpoBanmck B 1929-1933 rr. B Buae
pa3paboTkm u peanu3auun CUCTEMbI MNaHOBO-NpeaynpeanTenbHbiX PEMOHTOB Ha AT,
npegycMmatpmBarolmne YeTbipe Buga obcnyxmBaHus 1 npegynpeautenbHbii pemoHT. C 1936
roga Hayana [eucTtBoBaTb MNraHOBO-NpeaynpeauTenbHas cuctemMa C  NpUHyauTenbHbIM
OCMOTPOM (MHCNEKUMen) aBToMobunen n BbINOSIHEHMEM PEMOHTOB MO HeobxogmmocTn. B 1943
r. BbllWo B cBeT «[lonoxeHne o npodmnakTndeckom obecnyxmBaHnum aBTomobuneny», Kotopoe
npuobpeno Bug NpuHUMNOB  NpodmnakTudeckon cuctembl TO UM P aBTomobunen,
npegycmatpuBawwee nposegeHne EO, TO-1, TO-2, Tekywun, cpegHun W KanuTanbHbIA
peMOHTbI. [lanee nosBMNICA HOPMAaTMBHbIA LOKYMEHT «[lonoxeHne O npodmnakTMuyeckom
obcnyxmBaHuUM aBTOMOGUNEN», KOTOPLIN KOoppekTupoanca B 1947, 1949, 1954, 1963, 1974,
1984-1994, 1998 rogax c y4eTOM OnbiTa ero NpUMeHEHUs, UAMEHEHNS YCITOBUIA KCNyaTauuu,
COBEPLUEHCTBOBAHNSA KOHCTPYKUMM aBTOMOOUNS M NPOBOAMMBIX Hay4HO-MCCreaoBaTeNbCKUX
paborT.

CyLHOCTb 3TOW CUCTEMbI 3aKMO4YaEeTCA B TOM, YTO TEXHMYECKOE OOCNYyXMBAHUE HOCUT
NpOUNIaKTUYECKMI XapaKkTep U OCYLLEeCTBASETCS No nsiaHy, a PEMOHT — N0 HEOBXOOMMOCTM.

C 1998 roga no 2013 rog «llonoxeHue ...» [6], AONONHANOCH N N3MEHSNOCH NpPaBunamm
n npukazamm MuHucTepcTBa MHMPACTPYKTYpbI, NocTaHoBneHnamu KMY u 3akoHamun YKpawHsbl,
COXpaHsss B OCHOBHOM MNPUHUMMbI MfaHoBO-NpeaynpeantensHoro cuctembl TO wn P
aBTomobunen.

B 2013 rogy npukazom Ne550 MwuHuctepctBa WHMPACTPYKTYpbl Obinn BBEAEHDI
«lMpaBuna akcnsnyaTaumm KONecHbIX TPAaHCMOPTHbLIX CpeacTB» [7], KoTopble coxpaHunm 6asosble
npuHUunbl «lMonoxenus ...» [6]. 3tn «lpaBuna ...» onpenenawT MexaHU3M OpraHu3aumm
©e3onacHoro cogepXaHnsa KONecHbIX TPaHCMOPTHLIX CPeaCTB B TeyeHue IKChyaTaumoHHOro
XU3HeHHoro umkna (PKLl) nepeBo3uYMKOM M NPUMEHEHUS NPeanpuATUAMM aBTOMOOWUITLHOrO
cepBuca. Tam e ykasaHo, 4YTO nocne rapaHTuMHoro nepuoda Ha [1C, nepeBO34UK
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obecneunBaet dyHKkumoHmposaHme cuctembl TO n P I1C B nonHom obbeme mnu nonyyvaet
COOTBETCTBYHOLLME YCNYTN.

Hencteytowaa cuctema TO u P ocHoBbiBaeTca Ha Hopmax [6, 7] u peanuayetcs
TEXHUYECKUM OTAENOM, ecnn nepeBo3dnk nmeet donee 15 en. NC, koTopble ANCNOUNPYIOTCS B
OLHOM HaceneHHOM NyHKTe Ha NPeanpuUsaTUN, UMEOLLEM OTAENbHY TeppuTopuio. NepeBo3uuk,
nmetowmn meHee 15 en. lNC, pewaeT cooTBETCTBYOLME BONPOCHl 6€3 co3gaHnsa TEXHUYECKOro
oTgena, a CamMo3aHATbIM aBTOMOOWUIbHBIA MEPEBO3YMK 3aKkasblBaeT YCMAyrm Ha CTaHumMax
TEXHUYECKOro 00Cny>XMBaHUSA UK BbIMOSHAET Takne paboTbl CaMOCTOATENBHO

Ona koHTpona wn obecneyeHna TexHuveckoro coctosHna [1C  npuaepxuBaroTca
nnaHoBoro TO B COOTBETCTBMM C HOpMamMM W HOpmMaTuBamMuM €ro M3rotoBUTENS,
YCTAHOBMEHHBIMU A4S HOPMarbHbIX YCNOBUIA 3KCNyaTtaumm, ¢ y4eToM MHAOPMaLMM CUCTEMDI
OBD, B 4acTHOCTM MHOPMaLUK, NOYYEHHON CKaHMPOBAHMEM NamMAaTU BOPTOBOro KOMMNbIOTEPA
NMC cneynanbHbIMY TEXHONOMMYECKUMN cpeacTBamu [7].

CnepyeT oTMeTUTb, YTO coBpeMeHHada cTpykTypa ATOI — 9TO COBOKYMHOCTb OTAENbHbIX
nepeBo34MKoB U astonpegnpuatum B Buae MIAT, «koTopble SBRASOTCA  HOBbIMU
obpasoBaHnaAMU ANa oTpacnu, rae AencTByoT Tpu rpynnbl cnocodos TOA [8].

MepBaa rpynna — TOA cobCctBeHHbIMM cunamu. [Ona Toro 4tobbl OpraHm3oBaTb
OTAENbHOE CTPYKTYpPHOE noapasgeneHue, 3aHumaroweecss ucknoumtensHo TOA Heobxoammo
caenatb 3HaYnUTENbHbIE nepBoOHaYanbHble BNOXEHUS, nogaepxmeaTb wraT
KBannuLuMpoBaHHbIX CNeunanmncToB N MMETb XOPOLLO OpraHN30BaHHOE CKaackoe XO35MCTBO.
Ona 6onbwuHcTBa coBpeMeHHbix MIAT (90%), cywiecTByoWwmMxX B YKpauHe, Takne pacxopbl
ABMAKOTCA HEpaLMOHaNbHbIMU.

BTopasa rpynna — TOA ¢ nomowbio noapsaHbIX opraHu3aumin. IOTO OpraHusauumu,
KOTOpble MMEKT MOCTOSHHbIA LWTaT KBaNMUUUPOBAHHLIX CMNeumanucTtoB U Heobxoanmyto
NPOM3BOACTBEHHYIO TEXHUYECKYyto 6a3y. PaHblie 310 Obin Hanbonee pacnpocTpaHeHHbI NyTb
peleHna 3agayn no noaaepaHulo HeobXoAUMOro ypOBHS TeXHW4Yeckoro cocTtosiHus [1C.
OpHako K ero o4yeBMAHbIM HedocTaTkaM OTHOCUTCA OTCYTCTBME CUCTEMHOro nogxoda K
opraHmsaummn TOA, Tak KaK y «pa3oBOroy» cneuuanucta 3adacTtyto HET BO3MOXHOCTEN CyauTb O
TOM, Kakmne cobbiTns B AnHamumke npomcxoaat Ha [NC.

TpeTba rpynna — cuctembl TOA B BUAE CEPBUCHOMO rapaHTUMHONO M NocrerapaHTUnHOro
obcnyxmBaHua. B 9TOM cnyyae OTHOWEHWMST CO  Cneunanu3MpoBaHHbIMW  CepBUCaMM
3aBA3bIBAOTCA yXe npwu nokynke Hosoro [1C, npu Havane ero akcnayatauum B pamMKax
rapaHTUMHOro cpoka. OTnNYUTENBHOM O0COBEHHOCTLIO (DMPMEHHOIO CEpBUCA SABMSETCA TO, YTO
MMEHHO 3eCb Hanbonee sipKO BblpaXkeHbl BO3MOXHOCTU 1 npenmywiectsa UM / CALS / PLM-
TEXHOMOrMn, NOCKOMNbKy arperar, y3en, cuctema, NC B uenom HaxogaTcs nog npucTarnbHbIM
BHAMaHMEM CMeumanucToB HenocpenCcTBEHHO OT COOpPOYHOro KOHBeWepa QO MecTa
akcnnyaTaumu. Npn aTom cnocobe peanunsaumm ycnosun TOA MOryT CyLLECTBOBATL ABa YPOBHS
opraHusaummn cepsuca: (PUPMEHHLIM U aBTOPU3OBaHHbIA, rae obsa3aTenbHOW COCTaBnAloLWEN
ansetca nogkntoveHne MNC kK uHTepHeTy. OTuM obecnevmBaeTcsa BO3MOXHOCTb KOHTPONSA W
ynpaeneHus HagexHocTbio [1C, B pamkax nHdopmaumnmoHHoro obecneyvenus XL nsgenua, Ha
ocHoBe cbopa nHdopmaLmm O HaAEXHOCTU arperaToB, y3noB, cuctem u [1C B uenom (oTkasbl,
PEMOHTbI, aBapWWHblE W 4pe3Bbl4aWHble cuTyauuun, BAnaHne pabotr npu TO M P Ha
HagexHoCTb). [Mpn aToM obecneymBaeTca ganbHenWnn aHanna n nporHo3 pabotol MNC.

CywectBytowas cuctema TO u pemoHTa ccopmupoBanacb Ha 6ase ynpoLieHHOW
mMoaenu YHKUMOHUPOBAHUSA TPaAHCMOPTHOM WHAPACTPYKTYpbl: aBTOMOOMNb B OCHOBHOM
paboTaeT C npuBA3KOW K COOGCTBEHHOMY npeanpuaTuio. [Npu aTtom obcnyxmarowasa u
peMoHTHasi 6a3a Obina cocpenoToyeHa B pamMkax KOHKpeTHoro MNAT u Bce BUAbI TEXHNUYECKUX
BO3OENCTBMA OCYLLECTBASNNCL MM camuMm. B cywectByowen cuctembl TO M peMoHTa
HermbkocTb B YacTn obecneyeHns 6e3oTkasHon paboTbl aBTOMOOMMAA HA NUHUK NPOABNSAETCS B
ogHoobpasmMM nogxoga K aBToMOOWUNIAM  pa3HOro Bo3pacTa: nepedeHb onepaumm U
nepuogmyHoctb TO MOEHTMYHBbI U ANS HOBOro aBTOoMOOWUNS, M Ana aBTomMoOunsa nepen ero
KanuTanbHbIM PEMOHTOM U CMIMCaHNEM
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[MocTeneHHoe pa3BuUTME HOBbLIX BMOOB MNEPEBO30K MPUBOAUT K YBENUYEHUIO BPEMEHU
npedbiBaHna [1C BOoaneke OT OCHOBHOW NPOW3BOACTBEHHOW 6asbi, W, BCNeacTBME 3TOro,
noBblWwanacb ponb npodunaktmyeckoro TO aBTomMoGunen. [MoaTtomy co3gaHue rmbkon
"aganTMBHOM" CUCTEMbI KOHTPOMSA W YNpaBNeHUs TEXHUYECKUM COCTOSIHMEM aBToMobuns c
aneMeHTaMn WHOMBUAYaANbHOrO noAxod4a K KaKAOMYy KOHKPEeTHOMY aBToMobuns crano
nepsooyepeHon 3agadven [8, 9].

Mog apantmBHOM cuctemon TO m P aBTomMoOMNen noHMMaeTcsi cCuUcTema, KoTopas
Onarogapsi USMEHEHUIO CBOEN CTPYKTYPbl M 3HAYEHUI NapaMeTpoB, MOXET npucnocabnmeBaTbCs
K U3MEHEHWNIO BHYTPEHHUX U BHELLHUX YCMOBUW. YPOBEHb, KOTOPOro AOCTUrNa COBpPEMEHHas
TexHuveckas awnarHoctuka (T[), no3BonseT npuM TeXHUYECKOW IKcnryaTtauum aBTomMobunen
peann3oBaTb NpakTuyeckn nobble 3agavv NoO BbIABNEHUIO M MPOrHO3NMPOBAHUIO TEXHUYECKOrO
COCTOSAHUSA aBTOMOOMNen. Tak, Hanpumep, aganTMBHas cuctema, npeanoxeHHasa B pabote [9],
npeanonaraet HeobxogumocTb nposegeHna TO n P no nHanBmayanbHoW nporpamme. Takoe
TO P ycnoBHO HasbiBalOT WMHOMBUAYaANbHbIM TexHudeckum obcnyxmBanmem (UTO). Bupg
paboT B 3TOM Cry4ae Ha3Ha4aloT Ha OCHOBE MHAMBUAYANbHbIX ANArHOCTUYECKMUX OAHHbIX.

B cBs3M C npyMeHeHneM Ha aBTOMOOMNAX CIIOXHbBIX BbICOKOI(MEKTUBHBIX INEKTPOHHbIX
CUCTEM YynpaBneHusa, BCTPOEHHOM OOPTOBOW AMArHOCTUKW, Pa3BUTUA CMYTHUKOBbLIX CUCTEM
HaBurauum n MOOWNBHOW CBSI3W, COBPEMEHHbLIX TEXHOSIOrMM MNosIBUNIAacb BO3MOXHOCTb He
TONbKO KOHTpoONMpoBaTb reorpadudeckoe nonoxeHne [1C ©n ocywecTBnNATb CBA3b C
aucnetyepom [1AT, HO M oOCywecTBNATb ONCTAHUWMOHHBIA MOHUTOPUHI C OLIEHKOW YPOBHS
TEXHUYECKOr0 COCTOSIHMS aBTOMOOWUNS, 4TO BMOMHE MO3BONMSET peanu3oBaTb MNPAKTUYECKU
nobble 3agaym rno BbISIBEHUIO Y MPOrHO3MPOBAHNIO TEXHUYECKOrO COCTOSAHNA aBToOMOOuUnS.

CywectBytowaa cuctema TO u pemoHTa cdopmupoBanacb Ha 6ase ynpoLieHHON
MoAenn YHKUMOHNPOBAHUSA TPAHCMOPTHOW MHPPACTPYKTYpbl. OTO B CBOK o4yepedb MO3BONUT
nepenTn K uHanemayanbHow (agantueHoun) cucteme TO n P aBTomobunen.

basosbimu npuHumnamm UTO aensetcs [8, 9]:

- MNaHoBO-NpeaynpeanTesibHbIN NPUHLMIN onpeaerieHnst U yCTpaHEeHNA HENCNPaBHOCTEN
N NpoBeaeHNa TEXHUYECKNX BO3OENCTBUN;

- onepaTuBHoe  ynpasneHne  paboTocnoCOBGHOCTbIO  aBTOMOOMNSE Ha  OCHOBE
NPOrHO3MPOBAHUS COCTOSAHUS C UCMOSIb30BaHMEM UH(POPMALIMOHHBLIX TexHonornm B T/,

- MHOUBUAYanNbHbIN NOOX04 K OLEHKEe TEXHUYECKOro COCTOSIHUS KaXKAoro KOHKPEeTHOro
aBTOMOGUNS;

- "HOuBKUAyanbHoe nporHo3vpoBaHue nepnognyHocT TO U TEXHUYECKOro COCTOSAHUSA
aBTOMOGUNS.

B cBs3m ¢ aT1m Becb npouecc pa3sutusa cuctem TO u P cnegyeT npusHaTth Kak npouecc
ajantauun CUCTEM K UX BHELWHeW cpefe, a HenocpeacTBeHHbIM npouecc OYyHKLNOHUPOBaHUS
camMon CUCTEMbl - 3TO MpouUecC agantauum yxe obbekTa NOAYMHEHHOrO CUCTEME K ero
cywectBoBaHuio. [loatomy B uenom, Bce cuctembl TO m P uenecoobpasHo OTHeCTU K
agantmBHbiM cuctemam [9]. OCHOBY Takmx CUCTEM CEroAHSA COCTaBMAT aBTOMATU3NPOBAHHbIE
cuctembl ynpaeneHna (ACY) Ha ocHoBe MH(OpMaUMOHHbIX TexHonormn T[ [8]. 3TK cucTembl
obecneunBaloT WHOMBUAYANbHbLIN NOOAXOO K OLEHKE TEeXHUYECKOrO0 COCTOSHUSA KaXgoro
KOHKpETHOro asTomobunsi.

UeTBepTbii NPUHLMMN — 3TO OAHO M3 OCHOBHbLIX MONOXEHUA OYHKUMOHUpoBaHua ACY
TEXHUYECKUM COCTOSIHMEM aBTOMOOWUNIS M OOMH U3 OCHOBHbLIX pPEe3epBOB MOBbILEHUS
3(PPEKTUBHOCTM W [anbHENWEro coBeplueHCTBOBaHUA. CerogHa 39TOMYy MeLlaeT TOnbKo
HegocTaTovyHast TOMHOCTb COBPEMEHHbBIX METOA0B NPOrHO3MPOBaHUS.

[MoBbILLEHNME TOYHOCTM MPOrHO30B MpegnaraeTcsd Ha OCHOBAHUW  OnpeaeneHus
3aKOHOMEPHOCTEN, KOTOpble OAHOBPEMEHHO YYUTbIBAKT WHAMBMAYaNbHOE TEeXHUYecKoe
COCTOSIHME CUCTEM, arperaTtoB, MEXaHM3MOB aBTOMOOMMNA N MHTEHCMBHOCTb €r0 U3MEHEHUS OT
npobera, a Takke (aKTOPOB YCMOBWM 3KCNslyatauuu, BAUSKOWMX Ha aBTOMOOWMNb M ero
COCTaBIAOLLME 3NIEMEHTbLI HA COOTBETCTBYHOLLEM npobera.

B apgantmBHOM cucTemMe MPOrHO3MPOBAHWE MOXET MNPOBOAMTLCS Ha OCHOBaHUM
pesynbTatoB 00paboTkm OuarHoOCTUYECKOW WHdOpMauunm B COOTBETCTBMM CO CXEMOW
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NPOrHO3MPOBaHNS U YMNpPaBfeHUEM TEXHUYECKMM COCTOSIHUEM aBTOMOOMNA C NPUMEHEHUEM
ACY [8, 9, 10, 11].

B gaHHoMm cnydae uHdopmaumen 06 n3MeHeHUNn TEXHNYECKOro COCTOSIHMA aBTOMObuUnA
ABMAKTCA 3HAYEHUA NapamMeTpoB, UCMOMb3yeMbIX AMs MNPOrHO3MPOBaHUA. OTO KaneHAapHble
Aatbl M 3Ha4yeHMs HapaboTkm aBTOMOOWUNSA, KOTOpPble COOTBETCTBYIOT 3a(hUKCUPOBAHHLIM
3HayYeHUAM napamMeTpoB, a TaKkKe Jpyrad WHJOpMauus, KOTopas HaxoAUTCHA B UEHTpe
ANarHoCTUKM N NorlydeHa Ha OCHOBE KOMIMbHOTEPU3MPOBAHHBIX CPeacTB AnarHoCcTuku. Bes aTta
nHgopmaumnsa nepegaetca ACY ans obpaboTkm m 3TO ABNSIETCS OCHOBOWM hOPMUPOBAHUS
mMaccmBa HOPMATUBHO-CMPABOYHOM W [MArHOCTUYECKOW MHGOpMaumu, Heobxogumon Ons
opraHuMsaumm  npouecca  MpPOrHo3vpoBaHuda. [Ons  3TOro  NPUMEHSIIOT  cheumnarnbHO
pa3paboTaHHble NporpaMmMHbIe CpeaCcTBa.

OcHoBOM aBTOMATM3MPOBAHHOW adanTUBHOM CUCTEMbI sBNsieTcss 6as3a AaHHbiXx 00
aBTomobune. OHa npeacTaBnseTr cobon cuctemMy B3aMMOCBS3aHHbIX Tabnuy. B Hen
pasmMellaeTcsa WHGoOpMauus pasHoro poga WM noaTomy oOHa 6asupyetca Ha cucteme
ynpaeneHus 6asamu gaHHbix — Microsoft Access, 4To obecneynmBaeT OTHOCUTENBHO MPOCTOE
CO3aHune 1 KOPPEKTUPOBKY 6a3bl JaHHbIX.

OpHvm n3 BaxHenwmx BonpocoB npu cos3gaHum ACY TO wmn P aBnsetca BbiGop
ONTMMAarnbHOrO CoCTaBa CPeACTB TEXHUYECKOW AmarHOCTMKM. CerogHsa 3TO BaXHbIA BOMpPOC,
MOCKOJTIbKY peyb MAEeT O CO34aHUM CUCTEM OMepaTUBHOIO KOHTPOMSA U YNpaBneHUs TEXHUYECKUM
COCTOSIHMEM, KOTOpoe BasvpyeTcss Ha NpUHUMNAaxX NPOrHO3MPOBaHUS TEXHUYECKOrO COCTOSHUS
aBTOMOOUNSA M ero oTAeNbHbIX CUCTEM, arperatoB U MEXaHW3MOB.

[Onsa HebonblwMx NpeanpuaTUiA aBTOMOOUITbLHOIO TpaHCcnopTa peleHMe AaHHOM 3adaun
NO3BONSET KaXaoMy NpeanpusaTvuio onpeaenntb CBOE HayyHO OBOCHOBAHHOE HamnpaBneHue
pa3BnTna agantmeHbix cuctem TO 1 P B ycnoBumsix orpaHnyeHHbIX (OUHAHCOBbBIX BO3MOXHOCTEN
N NMEIOLLErocs LWMPOKOro CcrnekTpa npenriokeHun, KoTopble MOCTOSHHO npeanararTca
cneunanucTamm No opraHusauum agantmeHblx cuctem TO n P.

HeobxoaumMocTb KBannUUMPOBaHHOIO ONpeAeneHns COBPEMEHHbIX COCTaBIIAOLLNX
agantmeHon cuctembl TO n P noaTtBep)xgaetcs AOCTATOYMHO CIOXHOW CTPYKTYPHOM CXeme
NHTEeNNeKTyarbHOW TpaHcnopTHoW cuctemsl (ITS) ynpasneHna, npeacraBneHHON Ha puc. 1.

Ha AT ans obecnevyeHnsa paboTocnocobHOCTM aBTOMOOMNSA TPaaANLMOHHO NPUMEHSIOTCA
TpY CTpaTerum, XxapakTepUCTUKMN KOTOPbIX NMpUBEAEHbI B Tabn. 1.

Tabnuuya 1
CtpaTterum obecneyeHuns paboTocnocobHOCTM

Ne Bua pabot
MoopnepxnBaeT 3agaHHON YPOBEHb

I Anep A yp TexHnyeckoe obcnyxmBaHme
TPyaoCcnocobHOCTH
BoccTaHoBrneHune yTpayeHHOM

Il PemoHT
TPyaoCcnocobHOCTU

[l | KomGuHauus | Ta |l ctpaTternn TOuP

Ha AT cywecTtByeT, cornacHo knaccudpukaumm [2, 3], Tpu OCHOBHbIX BMaa cuctem TO un

P (TakTvkn) TpaHCNOPTHBLIX MaLUVH (puUc. 2):

- N0 HapaboTke;

- M0 COCTOSIHUIO;

- CMeLLaHas.
CyTb cuctembl No HapaboTke 3akmnyaeTcsa B TOM, YTO TEXHUYECKME BO3AENCTBUS BbINOMNHAETCA
Ans v3genun - aBsTomMobunsa, yepes3 onpedeneHHoblin npober (Bpems), HE3aBUCUMO OT ero
TEXHUYECKOro COCTOAHUA. B pesynbtaTte 3HauuTenbHas 4actb pecypca PC He ucnonb3syeTcs,
No3aTOMy Takasi Mmogenb cuctembl TO 1 P nmeeT 3HaunTENbHYO CTOMMOCTb U B NMPAKTUKE MOXET
NMPUMEHATLCS TOMbKO ANsl crneumanbHbliX aBTomMobunen. Hanpumep, Ha AT 3Ta cucrema
ncnonb3yeTcs AN Tex y3roB 1 getanen aBToMobunsi, OT KOTOpbIX 3aBUCUT 6e30nacHOCTb ero
aswxeHus [3]
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NpoOBOAATCA ONA U3AEeSNIUA TOMNbKO NPU JOCTUXKEHUM UMW KOHTPONUPYEMbIX NapaMeTpoB CBOEro
KPUTUYECKOrO YPOBHSA, TO €CTb NpeaenbHO [OMyCTUMOro cocTosiHus. Ha npaktuke ans
peanu3aumn Takon cuctembl TO n P Heobxoanmo cneumnanbHoe KOHTPOSbHO-ANArHOCTUYECKoe
obopynoBaHve 1 B LLESIOM YMEHUE CNeLmanmncToB NHXEHEPHO-TEXHNYECKON Cry>KObl, N3MepSTb
HenpepbIBHO UMW NEpUOANYECKN KOHTPONUpyemble (OAnarHOCTUYecKue) napameTpbl usgenus.
CerogHa TakMe cuctembl, B pesynbtaTte rnobanu3aumm T v HepaspyLlarowero KOHTPOons,
YCNeLHO BHEAPSAOTCA B MUPE TEXHUKM MHOTMMK 3apybexHbiMn ompmamun. Tam OHU Nony4mnu
Ha3BaHne «Condition Monitoring» [3], a B coBpemMeHHoOM TepMmuHonormm TOA - 3TO
«nHgmeuayaneHble» cuctemsl TO n P unun «agantmeHbie» [9 - 10].

Hoebim npnemom ans ATOIT B cchepe TeXHUYECKoro KOHTponsa coctosiHus NC aBnseTtcs
co3faHne  MHMOPMALMOHHBIX  CUCTEM  OpraHu3auMOHHO-YHKUMOHANBbHON  NOAOEPXKKM
npoueccoB akcnnyaTaumm MNC, ¢ noMoLLbo MHGPOPMALMOHHOW UHTErpaunn: Bo-nepBbiX, CTagum
Xun3sHeHHoro uukna (KLU) MNC, BO-BTOpbIX CUCTEM €ro TEXHMYECKOro KOHTPONA (KOHTpons u
AanarHoctunkm coctoaHusa MNC).

MpuMepoM MOXET ChyXuTb nporpamma Torque, Kak OCHOBa «aBTOMOOUIIbHOM»
koHuenuuss FADEC, npeactaBnsawowas cobon nepBbin war Kk cucteme FRACAS u,
cootBeTcTBEeHHO UMK / CALS / PLM-TexHonorun, Kotopble npegHasHadYeHbl AN NonyyYyeHus v
oToOpaxeHus guarHoctTuydeckon nHgopmaumm 6opToBOM CUCTEMbI camogmarHocTukn. CerogHs
OHa yXe «ymeeT» oTobpaxaTb Tekylime napameTpbl paboTbl ABuraTens, Apyrmx CUCTeM, y3nos
M arperatoB, OToOpaxaTb W paclwndpoBbLIBaTb «KOAbl OWMOOK», «CTUpaTtb oOWwubkn» C
3neKTpoHHOro 6rnoka ynpasneHus (OBY), aBToMaTuyeckn OTMPaBNSATb 3HAYEHUS BENUYUH
KOHTPONMpYyEMbIX MapamMeTpoB  AaTyMKOM  (NorM) B MHTErPUPOBAHHOE  ANIEKTPOHHOE
MH(POPMaLIMOHHOE MEeTanpoOCTPaHCTBO, rAe B Te4eHue nosyroga MOXHO NOCMOTPETb HE TOJSbKO
TEeKyLLMe 3HaYEeHUS KOHTPONMPYyEeMbIX BESIMYMH B pasHOe BpPeMS, HO U YBMAETb Ha KapTe BECb
mapuwpyT NC 3a aToT nepuog [1].

Puc. 1 — dyHKkumnoHanbHasa apxutektypa ITS

HanpaBienne TexHuueckoe
—!—r—‘
Cucremsbl
| 1
ITo manaboTke CMmemanas ITo cocTosiHMIO
[ ) [ N |
MammHEbI cnenuaiabHbIe MamuHebl TPAaHCIIOPTHBIC U MammHEI cnenuaiabHbIe
CTPOUTCIBbHBIC
CpenHecTaTUCTHYECKAS JlnarHocTuyeckas
[ [
TO-1-TO-2 - CO —IIP OP-I1-VYH

Puc. 2 — Cxema opraHusaumm TO n P TpaHCNOPTHbLIX MaLLVH

He menee 3Hauyumbivmn ana UMW / CALS / PLM-texHonormn Ha ATOI aBnsaoTca Takme
NpocTble (C TOYKM 3peHus pelaembix Ha AT 3aga4) afeKTPOHHbIE NHPOPMAaLIMOHHbIE CUCTEMBI,
Kak:

- GPS-Trace Orange, npegocTtaBnsawwas Ha 6a3e KOMMEpPYEeCKOW CUCTEMbI
MOHUTOpUHra TpaHcnopta «Wialon» ycnyrm CnyTHMKOBOro HabnooaeHWs M KOHTpONnsa 4epes
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Web-untepdperic ¢ MNC, ocHaleHHbIM TpekepoMm unu nobbiMn ApyruMM KOMMYHUKaToOpamn C
moaynem GSM [9];

- M2M (mawuHHO-MaWwnHHOEe B3aumopaencTeme unu axrmn. Machine-to-Machine, Mobile-
to-Machine, Machine-to-Mobile), 4To co3gaeT TexHONoruu, KoTopble MO3BONAT AOCTAaTOYHO
NPOCTO, HAAEXHO U BbIrOAHO 0becneunTb nepeaadvy AaHHbIX MEXAY «YMHbIMUY YCTPOMCTBaMm (
smart devices) [8];

- CKPIN (Cwuctema KoOHTpONs pacxoga Tonnuea), npeacraensawowas cobon Habop
COBPEMEHHbIX «MHCTPYMeHTOB» ynpaBrneHuss [1C, OCHOBaHHbIN Ha 6a3e CnyTHMKOBOMW
HaBuraumMm MOHWUTOPUHra TpaHcnopTa, 4YTo obecneymMBaeT KOHTPOSb pacxoda TOMNMBa,
Harpy3ku Ha ocu, BpemeHu paboTtbl [1C 1 npounx napameTpos akcnnyatauum [8];

- Teletrack, npeacrasnsowmMn  cneumManu3anpoBaHHbIM  NPOrpaMMHo-annapaTHbIN
KOMMMEKC Ans CnyTHMKOBONO MOHUTOPUHIA, COCTOALLNN U3 BOPTOBOro CKaHep - KOMMYHMKaTopa
(kOHTpONNEpP - KOMMYHUKATOP, pasnuyHble AaTynkn, obecnedmBatoLme OTKPbITYIO apXUTEKTYPY,
MaclwTabupyemoctb, MMOBKOCTb CUCTEMbI MOHWUTOPUHra), O (cepBepHOro, AUCNETYEPCKOro
«Track Control» ) u no3BonseT MHTErpupoBaTh AaHHOE peLleHne aAns MOHUTOPUHra TpaHcnopTa
peLasa CnoXxHble U HecTaHA4apTHbIE 3ada4vn [8];

- Dynafleet®, apnsaiowmnnca wWBeACKOW TPaHCNOPTHO-UH(POPMALMOHHOW CUCTEMOW WNn
edVHbIM TeriemaTU4YeckuM NpoAyKTOM Ans Taraden (Hanpumep, Scania), kotopada paboTaeT Ha
Bcen Tepputopun EC.

CoBokynHocTb Ha ATOIl TpaguuMOHHBLIX NPeanpuUsaTMA 1M abCoONKTHO  HOBbIX
obpasoBaHun (Hanpumep, GPS-Trace Orange, M2M, CKPT wn pgp.), 4TO npeAacTtaBnsaooT
3EKTPOHHbIE NHPOPMALIMOHHbIE CUCTEMbI N TexHosormm, opmmpyet Ha ATOI n AT B uenom
coBepweHHO HoBble npuHUunbl TAA T1C. log oAHMM M3 TakMX MNPUHUMMNOB MOHUMaeTcH
aganTuBHasa cuctema nogaepXkm texHudeckoro coctosiHmsa C [9-11], knoyeBbiIM MOMEHTOM
KoTopon sBnsieTca paspaboTka MHEHPOPMALMOHHO-KOMMYHUKALMOHHON CUCTEMbI U 6a3sbl
MPOrHO3HbIX Monenen, obecnedmBaroWMX MNyTEM MOHUTOPUHra AUCTAHLMOHHOE MNOoslyvyeHue
Heobxogmumon Tekywen wHdopmaumm ot [C un ee o6pabotky, a Takke BblpaboTka
KOPPEKTUPYHIOLLNX BO3LENCTBUN.

4. BbiBoabl. B cBA3KN ¢ npoBeeHHbIM aHanu3om ctpaterun n taktuk TO n P INC MoxHO
caoenaTb BblBOA, YTO TpaauumMoHHas, cdhopmmupoBaHHas Ha ATOIT TedeHne MHormx neT cuctema
TO n P, yxe He oTBe4yaeT B LENOM COBpPeMeHHbIM TpebosaHuam TOA. Ee OCHOBHbIM
NPENMYLLIECTBOM SIBSISIETCA TOMbKO BO3MOXHOCTb CMPOrHO3MpOBaTh pacxofbl 3anacHbIX YacTen
N MatepuarnioB Mpu OTCYTCTBMM COBPEMEHHbIX ANArHOCTUYECKUX CUCTEM, a OCHOBHbIM
He4OoCTaTKOM — NPUHATME pelleHna o nposedeHun padot TO n P Ha ocHoBaHuK nHgopmaummn o
npobGere IC.

HoebiMm npnemom ansa ATOIT B cchepe TeXHUYECKOro KOHTponsa cocTtosiHus C aBnseTtcs
co3gaHne  MHMOPMALMOHHBIX  CUCTEM  OpraHu3auMOHHO-YHKUMOHANBLHON  NOAOEPXKKM
npoueccos akcnnyatauun MNMC. BHegpeHne B TOA HoBbIX 6a30BbIX NpuMHUMNOB "aganTuBHON"
CUCTEMbBI YNpPaBieHNs TEXHUYECKMM COCTOSHMEM aBTOMOOWNSA, KNHYEBBIM MOMEHTOM KOTOPOW
aBnseTca paspaboTka MH(OPMaLMOHHO-KOMMYHUKALUWMOHHOM cuUCTeMbl M 6a3bl NPOrHO3HbIX
moaenen, obecneumBarWmMx NyTEM MOHUTOPUHra OUCTAHUMOHHOE nonyvYeHne Heobxoammon
Tekywen wuHgopmauum ot C mn ee o0paboTky, a Takke BbIPaAbOTKM KOPPEKTUPYIOLLNX
BO34ENCTBUN.
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METOOWU OLIEHKU TEXHUYECKOIO COCTOAHUA TONNUBHON
AMMAPATYPblI COMMON RAIL
EBreHnn 3eHKUH

\METHODS FOR ASSESSMENT OF TECHNICAL CONDITION FUEL
EQUIPMENT COMMON RAIL
Evgeny Zenkin

Abstract. Improving the effectiveness of the proposed method of diagnosing both in terms of shortening the time
for finding a malfunction and in terms of increasing the accuracy of localizing the malfunction. The feature of the
presented approach is that it uses the analysis of fuel pressure fluctuations in the high pressure
hydroaccumulator, synchronously with the analysis of the engine crankshaft rotation frequency and control
signals to the electromagnets (or piezoelectric elements) of the injectors.

Keywords: Common Rail,Hight Pressure Pump, Injector, Oscillograph,ECM

1. BBepeHue :

PeweHne npobnembl nNOBbIWEHNA 3PEEKTUBHOCTM ANArHOCTUPOBAHUSA TOMSIMBHON
annapaTtypbl COBPEMEHHbIX TpaHcnopTHbIX cpeacte (TC) ¢ Agus3enbHbIM - ABUraTenem
BO3MOXHO TOMbKO nyTeM OObeguMHEeHUs (KOMMMEKCHOro pelleHusl) OUCTaHLMOHHOrO
MOHUTOPMHIA MapamMeTpoB TPAHCMOPTHOrO CpeacTBa C Nocrnedylwmm  crneumanbHbIM
ANarHOCTUPOBaHMEM B YCMOBUAX NPeanpuaTMs aBToOMobUnbHOro TpaHcnopTa. [nybuHa
ANarHoCTUpOBaHMA M OOCTOBEPHOCTb  YCTaHaBAMBaeMoro [AuarHosa onpegensdercs
NCKITHOYMNTENBHO OrPaHNYEHHBIMU BO3MOXXHOCTSIMW BOPTOBOM CUCTEMON camoamnarHocTumkm [1].

[OucTtaHunoHHoe AmarHOCTUpPOBaHME C pacno3HaBaHWeEM (pacmndpoBbiBaHMEM) KOO OB
(DTCs) HeucnpaBHOCTEN C Mcnosib3oBaHneM ctaHgapta OBD2 asnsieTcs npeasapuTenbHbIM
(NOBEPXHOCTHLIM) X NO3BONSAET NUWb ONpeaenuTb CUCTEMY WU y3en, B KOTOPbIX
NPeAnonoXnTenbHO BO3HMKNA HeucrnpaBHOCTb. [lockonbky peyb maet o cuctemax CR, T0
OLHMMW N3 OCHOBHbIX OLIMBOK, KOTOpble 0OHapyXmnBaeT u BbigaeT npotokon OBD2, asnstoTtca
ownbkm DTCs no paBneHuo TonnmMBa B MMOPOAKKYMYNATOPE, YTO OTOOpa)kaeTCa CUIbHO
YCPEeAHEHHbIM 3HaYeHMEM [aBrfieHNd TonnmBa B CUCTEME MOHUTOPUHra 3a HEKOTOPOE BpeMs
paboTbl. B aTOM cny4ae HencnpaBHOCTb MOXET BO3HMKaTb: Kak MO MpuynHe npobrnem c
TOMMAMBHBIM HaCOCOM BbICOKOrO [JaBfNeHusi, B CBHA3NW C HerepMeTUYHOCTbIO (OPCYHOK,
HEeWCNpaBHOCTbIO peryndartopa AaBneHus Wnu gaTyvka [aBreHusl, a BO3MOXHO U UX
coBMeCTHas owmbka. [uctaHuMoHHass AnarHOCTUKa B CUCTEME MOHUTOPUHra TPaHCMNOPTHOroO
CpeAcTBa He MO3BOMNSAET OUEHWUTb pearbHble KonebaHus OaBreHust C BbICOKOW 4acToTOM B
TONNMBHOW annapaTtype amsens ¢ cuctemon CR n onepaTtop MOHUTOPUHIOBOW CUCTEMBI, NpU
HannuMm BO3HMKaKOLWMX owmnbok DTCs M NomnyyYeHHbIX OTKMOHEHUSIX CpefHero 3HavyeHus
AaBMneHNss OT HOPMAaTMBHOIO, AOSPKEH NPUHATL pelleHne OTNpaBUTb TPAHCNOPTHOE CPeacTBO
Ha ©onee yrnybrneHHy0 AnarHoCTuKy. Takum obpasom, npy oBHapy>KeHUM HEUCNPaBHOCTU B
npouecce MOHUTOpMHra B ycrnoBuax akcnnyataumm TC, HeobxogumMo OT AUCTaHLMOHHOMO
(NnpeaBapuTenbHOr0) AMarHOCTUPOBAHUS NEPENTUN K haKTUYECKON 3KCNpecc-aAnarHoCcTuke unm
nonHon pguarHoctuke cuctembl CR TC B ycnoBuax npeanpusitus  aBTOMOOWBHOMO
TpaHcnopTa [1].

Mpn 3TOM CyTb 3KCMpPECC-AMAarHOCTUKM 3aKkriyaeTcsa B 9KOHOMUWM BpeMeHu Ha bonee
TOYHYIO NOKanu3auuio HEUCnpaBHOCTM YXe MO KOHKPETHOMY y3ry B npegenax anemMeHToB
TONSMBHOW annapartypbl, NPUYEM, NPU 3TOM OLEHNBAETCH HE TONMbKO TEXHMYECKOE COCTOSAHME
y3na, KOTopbli Bbi3Ban npobriembl, MO KOTOPOMY coxpaHeHa owmbka B namatm 6noka
ynpaBreHunsl, HO N Takke TEXHNYECKOE COCTOSIHME APYrnX y3roB BXOASLWMX B JIMHUM BbICOKOMO
pasnenus cuctembl CR.

Ana Toro 4yTo6bl 3PPEKTMBHO NPOBOAMTL IKCNPECC AMArHOCTUPOBaHME NpeasapuTenbHO
BO3MOXHO MPUMEHEeHe MaTemMaTU4eCcKoro MoaenupoBaHus npouecca tonnusonogayn B CR,
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KOTOpOEe NO3BONSAET NOMyYUTb 3TarloHHY0 hopmy konebaHua gaBrneHus B TOMSMBHOM pamne
AN1S UICNPaBHOro KOMMOHEHTAa U OTKIOHEHNA B NapameTpax konebaHun gasneHnsa npy Tom nnm
MHOW HEMCNPaBHOCTU B KOMIMOHEHTax TOMNSIMBHOMW annapatypsl [2].

2. UsnoxeHue :

Ha ocHoBe aHanuM3a XxapakTepHbiX HEUCnpaBHOCTEW, KOTOpble 6Gornee Bcero 4acrto
BcTpevatotca B CommonRail aBTtomobunbHbix ausenen, B [NHBT wumeor mecto nOBe
HEeWCrnpaBHOCTWN, KOTOPblE He MPUBOOAT K MOSIHOMY OTKa3y y3na, HO yXyAlwawT nokasaTtenu
TEXHUYECKOro COCTOAHUS Hacoca. [MoBbIWEHHbIE YTEYKN TONMMBa BCNeACTBUE U3HALLMBAHUSA
NNYHXEPHbIX Nap 1 BbIXOA U3 NOpsaKa NiyHXepHOW napbl (M/vnu knanaHHou rpynnsl) [5].

CoOTBETCTBEHHO MpX BbICOKOM Mepenage AaBfieHns N HA3KOW YacToTe BpalleHus notepu
TOnnmMBa 4Yepes 3a30pbl B MIYHXEPHOW Nape COCTaBAT 3HAYUTESbHYK BenuyuHy. [loatomy
perncTpaumnsa npouecca HarHeTaHust TONSMBa B aKKyMynaTop [AOS/bKHA NPOBOAWUTBCHA Ha
pexmmax C HU3KOW YacTtoTon obpalieHus Bana, Hanpumep, npu nycke asuratens (n
Bo3dpactaet ¢ 0 go 180...200 MUH" ). XOoTa B pexume nycka [faBreHue Tonnuea B
aKKyMynsiTOpe M He3HauuTenbHO (3a nepuog NpokpydmBaHmsa Bo3pacTtaeT oT 0 go 16...20
Mlla) 6onblwoe BpeMsa npouecca HarHeTaHUA MPUBOANUT K 3HAYUTENbHOW BENUYUHE YTEYEK.
Kpome TOro, npu nycke gsuratens OTCyTCTBYET NporpamMmMHas KOppekuus gaBneHnsa Tonnmea
B akkymynsitope. [1py aTOM ynpaBneHue perynsatopoMm AasBfieHusi ocyllecTBnsieTcs, Ho ObY
Mcnonb3yeT anropuTMm, B KOTOPOM U3 napameTpuyeckor Tabnuubl BbIOMpaTCA 3HaYeHus
CKBaXXHOCTU YMpaBnfsioWero curHana, KoTopble obecnevvMBaloT A0CTATOYMHYK LIMKNOBYHO
nogayy npu nycke ucnpasHOro gsuratens. Jpyrumu pexmMmamn, Ha KOTopbix LienecoobpasHo
Obino Obl genaTb U3MEPEHUs, SBMASETCS PEeXUM MaKCUManbHOro KpyTAWero MoMeHTa wu
nepexogHble PeXnMbl YCKOPEHUSA, B TOM YMCIEe N PeXnM CBOBOLHOIO YCKOPEHMS.

Ha pexume MakcumanbHOro KpyTtdawlero momeHta OBY ycTtaHaBnuBaeT MakcMmarbHoe
AaBreHne TonnmBa B akKyMynsaTope, COOTBETCTBEHHO BCreACTBME YBENMYEHUs nepenaga Ha
NNYHXEPHOW nape yBennuuTbCHa U BennyMHa ytedek Ttonnmea. Crnegyet OTMETUTb, YTO ANS
peanusaumm 3TOro pexmnma HyXXeH Unn Harpys3ouHbI CTeHA, UK AOPOXHble UChbITaHusA. Ha
HOMMHaNbHOM pexume paboTbl ABuratend AaBfieHuMe TOonnMBa TOXEe MaKCMMaribHO, HO
BCNeACTBME BbICOKOM YacTOTbl BpaLLEHMS BeNMYMHa yTeYeK Ha HOMWHANbHOM pexunme
MEHbLUE, YEM Ha pexumMe MakCcMMaribHOro KpyTawero MomeHTa. WIHTepec npeacTtasnstoT
nepexogHble pexuMmbl, Hanpumep, cBoboaHoe yckopeHne. B Havane nepexogHoro npouecca
NpU YCKOPEHUM YacToTa BpaLleHUsa KoSfieH4YyaToro Bana ABuratenst pacteT He3HauuTenbHo, a
LUMKNOBblE Nodayv Tonnuea, Heobxoaumble ONnS NPeodoNeHna CUn MHepLUN BpaLlatoLLnXCS
yacten Apuratenia npu 3TOM HYXHbl MakCumaribHble. OTO O3HayaeT, YTO Ha ITUX pexmmax
POCT OaBNEHUA B akKyMynATope Takke onpefensercs npou3BOAUTENbHOCTLIO MIYHXEPHbIX
nap.

HencnpaBHOCTb NMyHXEpPHOMW Mapbl Bbi3blBaeT MOBbILWEHHYIO aMnnutygy konebaHui
AaBrieHns TonnMBa Ha Bcex pexumax paboTbl ABuratenss He B 3aBMCUMOCTM OT 4acToThbl
BpaLleHns n Harpysku [6].

C uenblo KOHTPOSISA OCHOBHbIX MapameTpoB MMUKPOMPOLIECCOPHON CUCTEMbI ynpaBrieHUs
ABuratenem BO BpeMsi NPOBEAEHUS 3KCMEpUMEHTA CUUTbIBANIUCL 3HAYEHUS HEeOBXOAMMBbIX
AnarHoctnyecknx napameTpoB. [Ona atom uenn Obin ucnonb3oBaH moaynb KTS520,
NOAKMIOYEHHbIN, Yepe3 pa3bEéM cucTeMbl 6OpTOBON camoamarHOCTUKW. CurHanbl, KOTOpble
TpebyloT pernctpaumm ¢ 4acTtoTon, Oonblien, 4Yem nos3BonseT cuctema 6opToBomn
caMogMarHoCTUKKN, (puKcMpoBanmcb C MNOMOLbLIO LMPOBOro nuulyLlero ocuunnorpada.
MogknioyeHne KaHanoB ocuunnorpaga ocyLecTBSANOCs, NapannensHO WTaTHOM NPOBOAKE K
AaTuuKy OaBreHus TONNMBa B MMOPOAKKyMynsTope, KaHanam ynpasneHuss OOpCyHKamn wm
perynatopom gasneHunda tonnuea. [NogkniodeHne K KaHanam (popCyHOK OCyLLeCTBAAMOCh Mo
"onddepeHumnansHon" cxeme, onsa TOro, 4YTobbl MOXHO ObINO yuMTbiBaTb Ob6a curHana
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ynpaeneHns 3l d - BbICOKOBOSIbTHLIN UMNYNbLC paspsga KoOHAEeHcaTopa, KOTOpbIN OTKpbiBaeT
POPCYHKY, W curHan yaepxaHuss (POPCYHKM B OTKPbITOM cCOCTOSHUW. CwurHan partyuka
AaBneHus Tonnmea Takke dukcupoBancs "anddepeHunaneHbIM” KaHanomMm ocuunnorpada ¢
LUEenblo CHWXKEHUS YPOBHSA MOMEX OT MWCMNOMHUTENbHbLIX 3MeMEHTOB cuctembl. [ns
CYHXPOHM3aUMM npoueccoB Obll MCMONb30BaH CUrHaM AaTynka MOMOXEHUS KONeH4YaToro
Bana.

Mpy BbINOMHEHUM AMArHOCTUYECKMX npoueayp HeobxoauMmOo BblAepXMBaTb YCNOBUS
O[HO3Ha4YHOCTW. JTO KacaeTcs, npexae Bcero, TEennoBOro COCTOSAHUA ABuUratens,
TemnepaTtypbl TOMMAMBa, CTENEeHW 3apsaga  akkymynstopHon 6atapen, a Takke WMETb
BO3MOXHOCTb W3MepATb napameTpbl pexuma paboTbl Au3ens - 4acToTy BpalleHus
KOneH4yaToro Bana, HarpysKky (ecnu gsuratesnb HarpyxeH).

CoBpemeHHble OCY[l, kpome KOAOB HEWUCNpaBHOCTEW, BblAAKOT Ha OMArHOCTUYECKUI
pasbém unn Ha CAN-WKNHY MHpOopMaLMo O AaBNeHUaX n TemnepaTtype B cuctemax ausens,
YacToTe BpaLleHUs KoneHyaToro Bana v ap.

YacTb wHdopmaumm, Heobxoaumonm AnA  SKCnpecc-amarHosa, Hanpumep, CurHanbl
CYHXPOHM3aUMM OaTYMKOB NOMOXEHNSA KONEHYaToro U pacnpeaenutensHoro Banos, aTymka u
perynatopa gaBneHns TonnvMea MOryT ObiTb CUYMTaHbl MPSAMO M3 KOHTAKTOB 3FIEKTPOHHOMO
Onoka ynpasrieHusi C NOMOLLbK MHOIroKaHasibHOro LmdpoBoro ocuunnorpada.

O6a ynomsaHyTbIX Npnbopa paboTaloT BMECTE C NEPCOHANTbHbIM KOMMbIOTEPOM.

[Mo3TOMYy OCHOBY M3MEPUTENbHO-BLIYUCIIUTENBHOIO  KOMMfIEKCa COCTaBAST  Tpu
PYHKUNOHANbHO 3aBepLUeHHbIX 060pya0BaHUS:

- NepCoHanbHbIN KOMNbIOTEP;

- CUCTEMHbIA ANArHOCTUYECKNA MOAYNb (CKaHep);

- MOOyfb aHaroroBoro u3MepeHust - aHanoro-uugposon npeobpasosatens (ALIM),
MHOroKaHarnbHbIN LmpoBon ocumnnorpad.

M3meputenbHo-BbluncnMTENbHbIM KoMMneke (VMIBK) BbINONHEH Mo MoAyrbHOMY MpUHLMNY.
AnnapaTtHoe W nporpaMMHOe CpeacTBa COCTaBMATCA W3 OTAENbHbIX  MOAynewn,
MHTErpMpoBaHHbIX B HEro CTPYKTypy, KoTopas obecneymBaeTr emy rMOKOCTb, YMEHbLuaeT
Ype3MepHOCTb annapaTHbIX CPEeACTB, HO COXPaHAEeT YHMBEpPCanbHOCTb KOMMMEKca, NoTomy
4YTO MNPWU OTKPbITOM KOH(Urypauum ecTb BO3MOXHOCTb HapalmBaHMs annapaTHo-
NPOrpaMMHbIX CpeacTB, B 3aBUCMMOCTM OT pellaembix 3agady. Camo npumeHenune (K B
cocTaBe KoMMNieKkca AaeT eMy LONOSTHUTENbHbIE NPenMyLLeCTBa:

1) poctyn K GOPTOBLIM CUCTEMaM OMArHOCTMPOBaHMs, cbop, obpaboTKky M XpaHeHue
NHopMaLnu;

2) cunTbiIBaHME KOOOB HEWUCNPABHOCTEW MNPU HEMNOCPEACTBEHHOM CBA3NM C OOBLEKTOM
ANarHoCTUPOBaHUS;

3) dopmupoBaHue 1 HakonneHne 6asbl JaHHbIX;

4) npumMeHeHne WHOPMAUMNOHHBLIX TexHonormn npu obpaboTke WHpopmMaunm wu
NOCTaHOBKE AMarHo3a;

5) npuMeHeHne anarHOCTUYECKUX MOLENEN;

6) aBTOMaTU3aAUUIO OMArHOCTMYECKUX Npouenyp;

7) wucnonb3oBaHMe pauMoHarbHbIX anropuTMOB ANArHOCTUPOBAHUS.

MBK pomkeH yooBneTBOpsTb onpefeneHHbiM TpeboBaHusaMm. OH He OOMmKeH BRWATb Ha
npoueccbl B ABuratene, MMeTb Hebonblioe 4YUCRO MoAynewn, KOTopble MOAKMYakTCs,
CPeAcTB  u3MepeHna K O0O0bekTy [guarHoctupoBaHuda, obecneuvBaTb  perucrpaumio
ObICTpoTEYHbIX MpoueccoB B cuctemax [OBC n gmarHoctMpoBaHue (PyHKUMOHAmMbHbIX Y3MnoB
apurartens.

Mogynu AU, 4to coeguHsoTca ¢ [K, BbinyckawTca pasHbIMM  UpMamMu  pasHou
CTPYKTYpbl, BbICTPOAENCTBUSA N YMCna KaHanoB. BaxxHO npaBunbHO onpeaenntb CTPYKTYpY U
TEXHUYECKME XapaKTEPUCTUKM MoZyns, 4Tobbl M3 yucna mMoaynen, UMEKLUXCA Ha PbiHKe,
BblOpaTb HEOOXOANMBIN.
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B paboTe cchopmmpoBaHO ABa BapuaHTa KOMMnekca Ha 6ase nepcoHanbHOro KOMnboTepa.

MepBbIn BapuaHT cogepxuTt [1K, cucteMHbIn guarHoctnyeckum mogyrnb pupmel Bosch -
KTS 520 w»n MHorokaHanbHbin undpoBon ocumnnorpad Usbscope. O6a npubopa
noakntoyatores k NK yepes USB nopThbl.

1 — HoyTtByk ¢ nporpammon ans o6paboTkm AaHHbIX; 2 — LMPPOBON NULLYLLMIA ocumnnorpadg;
3- aTuYKK NONOXeHUs neganu; 4 — gaT4nK CKOPOCTU aBToMOOMNSA; 5 — gatymk dasbl
pacnpegenutensHoro Bana; 6 — 9bY Multijet; 7 — TokoBble Knewm ;8 — rpynna

anekTporuapaBnuyeckux opcyHok; 9 — perynatop gasgexus tonnuea; 10 — THB[;
dur. 1. VamepuTenbHbIi KOMMINEKC Ha TPaHCNOPTHOM CpeacTBe

Kak nokasanuM MHOroYMcreHHble 3KCMEePUMEHTbl, B BOMbLIMHCTBE CUCTEM MCMOMb3YyeTCH
KoppeKuus gasneHnsa Tonnuea Nvb Nocre BbiXxoga ABUratens Ha pexumm XOfocToro xoga u
COOTBETCTBEHHO U Ha Apyrnx pexmmax. C MOMeHTa cTapTa K BbIXO4Y Ha PeXuM XOnoCTOro
XoAa Koppekumsa He npumeHsieTcs. MoxXHO cagenaTth BbIBOA - NPU HANUYMM HENonaakm B O4HOM
M3 KOMMOHEHTOB TOMSIMBHOW annapaTypbl OTCYTCTBME KOppeKuun npu nycke npuBedeTt K
HeJOCTaTOMHOMY AaBfEeHU0 U COOTBETCTBEHHO 3aTsHKHOMY MYCKYy ABUraTensi TpPaHCNOpPTHOro
cpeactBa. WTtak, pexum nycka M cBOBOAHOrO YyCKOpeHus 4BRSTCA Haubonee
OnaronpuATHbIMKM ANSA BbISBIIEHUS MHOMMX HeucnpaBHocTer B CommonRail. Pexum nycka
AyyYlWnn ANS OUEHKM CKOPOCTM HapacTaHus OaBneHWs TOMnmMBa B akKKymynsTope, a Ha
pexumax cBobOHOro yckopeHusi HeOBXOAMMO Y4YuTbiBaTb U BENUYMHY KOPPEKUUM CUCTEMBI
ynpasneHus.

Kak nokasan aHanus pesynbTaToB, B 3aBMCUMMOCTU OT 4acToTbl 0bpalleHuss KofieH4yaToro
Bana gpuratens M3MeHeHue YNpaBnsoWwero curHana npoucxoauT HeNUHEenHo. B HukHem
AnanasoHe 4acToTbl obpalieHuss namMeHeHue aaeneHus B Oonblien mepe o0OycrnoBneHHO
N3MeEHeHNeM YacToTbl obpalleHusa npuogHoro Bana THB[ (cur. 2.). Mo mepe pocTa 4acToThbl
BpaLLeHUs BIIMSIHUE CKBaXXHOCTU YNpaBisoLLEero curHana ctaHoBuTcsa 6onbwnmM. Ha pucyHkax
2 1 3 NpyBeAeHa xapakTepucTKka U3SMEHEHUS AaBneHus B ruapoakkymynaTope. ViamepeHue ¢
nomoLybto motop Tectepa Bosch FSA 740 (KTS 570) Kak BugHO M3 pucyHKka uaMepeHue
AaBMNeHNsl OCYLLEeCTBNAETCA OYeHb MeANEeHHO M NO3TOMY rpaduK AaBrneHUss MOXeT NULLb
NPUOAN3NTENBHO OLEHUTbL MaKCUMasibHY aMnnuTyay K KOTOpPOM [aBreHue MOAHANOCH.
[MoaToMy Mcnonb3oBaHWE CUYUTbLIBAHUA NapamMeTpoB C nomouwbio FSA n KTS HepocTtaTtoyHo
AN15 OLEHKN OaBrieHus, Kak 3To BbI1o npoBefeHO B aKCrnepuMMeHTe Ha aBTomobune Renault
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Kangoo. KTS nosBonseT nonyy4ntb nNub KOCBEHHblE [aHHble, KOTOpble MOryT ObiTb
He[0CTaTO4HO JOCTOBEPHO NHTEPNPETUPOBAHDI.
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1 — ncnpaHbin THB[; 2 — HencnpasHbin THB[
dwur. 2. [laBneHne B akkyMyndaTope 1 yrnpaBnsoLwmin CUrHan Ha perynsartope gasfieHne B
pexume nycka asuratens Renault Kangoo npu ncnpasHom n HeucnpasHom THB[

Hanpumep Ha pucyHke ¢ur. 3 eCTb OTKITOHEHUA HOMUHANLHOIO Pac4yeTHOro AaBreHus oT
peanbHOro B TOMNSIMBHOM annapatype. OTN OTKIIOHEHUA MOryT OblTb 00YCrOBMEHbI 3a4EPXXKON
nepegayn gnarHoctnyeckon nHgopmaumm B KTS ckBO3b AnarHocTnyecknin pasbeém. Ho takke
OHW MOTYT rOBOPUTbL O NOTOMY YTO UMEET MECTO HEUCMNPABHOCTb B TOMSMBHOW annapartype.

Moatomy 4TOObLI nNpoBepuTb 3TO 6oriee AeTanbHee - HYXHO MPOBECTUM U3MepeHue
HenocpeaCTBEHHOE Ha [OaTyvMke AaBfeHust B TOMSIMBHOW pamne C MOMOLLbK MULYLLEero
ocuunnorpada.

[aBneHne TonnueBa B TOMNSIMBHOW pamne onpegensiercsa no nomowyn gaTyvka AaBreHus.
CwurHan nonyyeHHbIn U3 gatymka nepegaetcs B 610K ynpaBneHus gsuratens.

Ha pucyHke ®ur.4. — npeactaBneHHa guarpamma, KoTopas XapaktepusyeT BrnsiHME
KoppeKkuun, BHeceHHOM OnokoM ynpaBneHus, Ons noadepXku HeobxoguMmoro [OaBrieHus
Tonnuea. [Npn HencnpaBHOCTN OAHOW M3 NNYHXEPHbIX Nap cucTemMa ynpasrieHnsa asuratenem
yBenuuuna npoAoSKUTENBHOCTL YNpaBndaowWwero uMmnynsca Ao 65% Ans HeucnpasHOMo
THB[, B TO Bpems, Kak B 9TafIOHHOM BapuaHTe B 3TOT MOMEHT BPEMEHW 3Ta Xe BenndnHa
coctaBuna 32%, npu4yem MakCUMyMbl OS5 CUrHana ¢ ucnpasHoro u HeucnpasHoro THB[ He
coBnagalT M MakCMMyM Ans mucnpaBHoro BapumaHTa coctaBun 40%. Bbixog mn3 nopsigka
knanaHHoun rpynnel THBL npuBoguT K NonHOWM HepaboTocnoCOBHOCTU MNAYHXEPHOW napbl U
COOTBETCTBEHHO HECNOCOOHOCTM pas3BuTb  Kakoe-HMbyab paeneHne. Ha dwur. 4.
npeacTaBfeHbl CUrHanbl gatyvka aBKu TOMNmMBa AN UcrnpasBHOro u HeucnpasHoro THB[
Renault Kangoo.

Kak BMAHO n3 pucyHka, amnnutyaa konebaHun gasneHuss Tonnuea npyv JaHHOM BuAe
HEMCNpPaBHOCTM 3HAYNTENBHO NpeBbILLaeT aMmnnuMTyay KonebaHum gaBneHns Npy HopmasibHOM
cpabaTbiBaHUN NITYHXEPHbIX Nap, YTO NO3BOMSET BbiiBUTb HEUCMPABHOCTb.
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B pesynbTate NpoOBEOEHHbIX 3KCMEPUMEHTOB  OblNO  YCTAHOBMEHO, 4YTO B
rMOPOaKKyMynaTope BO3HUKAKOT KonebaHusi gaBneHus Tonnvea npu cpabaTbiBaHUM pasHbiX
Yy3MnOB TOMMAMBHOW annapatypbl. 3T KonebaHmsa C JOCTaTOYHOWM ANs NOCTAHOBKM AuarHosa
TOYHOCTBbIO MOXHO 3a(huKCMpOBaTb C MOMOLLbIO LITATHOIO [aTyMka AaBfeHus Tonnvea B
rmopoakkymynarope. bbinn  ycTaHOBNEeHbl 3aBUCUMMOCTM 4acTOTbl, aMnnuTydbl U (POPMbI
KonebaHnin B 3aBUCMMOCTU OT TEXHUYECKOrNO COCTOSIHMSI TOrO UM OpYroro rmapaBinNyecKoro
y3na. Ons THB[ 3anucaHHble 3TanoHHble amnnuTyabl konebaHui npu cpabaTtbiBaHUN KaXKaon
HacoCHOW cekumn. B xoge npoBedeHWs 3KCMEPUMEHTOB WMMUTUPOBANUChL Henonagkw,
CBsi3aHHblE C yTeYKaMn B KOHTYpe HU3KOW OaBIieHUsl, HEUCNPABHOCTLIO O4HOW U3 MIYHXEPHbIX
cekunn THBL, HencnpaBHocTbio POT.

MpakTnyeckas anpobauusa BbiNnonHeHa Ha aBToMobune Renault Kangoo ¢ ansenbHbIM
asuratenem ¢ nomouwbko MoTopTectepa Bosch FSA 740 / KTS 520 w nuLyLero
ocuunnorpady USB Scop 2 Bo BpemMs JOPOXHbIX UCMNbITAHUNA.
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OLIEHKA YKIIOHA OOPOI'
METOOOM CKATbIBAHUA ABTOMOBWIIA - yacTb 2

Bnagumunp 3yeB, dpHect PabuHoBu4, Muxaun bypaBueB, AnekcaHgp lNMepos

ESTIMATION OF ROAD GRADIENT
BY CAR ROLLING-DOWN METHOD- part 2

Vladimir Zuiev, Ernest Rabinovich, Mikhail Buravtsev, Aleksandr Perov

Abstract: Part 1 of this article proposes a method for estimating the grade of road sections, including the
free rolling of the car downhill, its coasting uphill at the same point and at the same speed, recording its speed in
both modes vs path or time, accepting the values of some unknowns and calculating the rest of the unknowns by
the proposed formulas. It is called the "equal velocity point method" (PEV). In this second part, it is shown that the
calculated value of the grade does not depend much on the values of wind speed and the vehicle flow factor and
can be calculated from the average or expected values of these parameters. In experiments on four vehicles, 84
PEVs were obtained. The grade values calculated on the basis of PEV differ from the values calculated on the
basis of the barometric altimeter at numerous measurements on different cars by no more than 1 %o on average.
The ways of improving the method are described. The method does not require the use of special equipment and
special training of performers.

Key words: road, gradient, car, coasting, measurement, Calculations, comparison with more precise
values

1. BBegeHue:

YKNOHbI AOPOrM — OOUH U3 CaMbIX CUITbHbIX PaKTOPOB, MOBbILLAILLNX pacxod TONnmMBea,
HEe3aBMCMMO OT TOro, OHO YrieBOAOPOAHOE, YACTO BOAOPOAHOE UM BOOOLLIE SNEKTPOIHEPIUS..
Haxe ecnu 3aBTpa BCe aBTOMOOUIM CTaHYT SNEKTPUYECKMMM, a Nocre3aBTpa — BOAOPOAHbIMMU,
YKINOH Joporn 6yaet BNuATb Ha noTpebrneHne aHepruu, a 3Ha4uT Ha BbIGpoC B aTmMocdepy
Tenna OT BbIpabOTKM 3MEKTPO3HEPrUN AN 3apsiAkM 3NEeKTPoOMobUnen nnmn anekTponmsa Boabl
AN nonyyYeHnst Bogopoaa.

BeposiTHO, MOXXHO HalWTK ouLmnanbHblie gaHHble 06 YKNOHaX OCHOBHbLIX Aopor (npaBaa,
€CTb PUCK MOMyYeHUs AaHHbIX MO MPOEKTY, a He reofe3nMyeckom CbeMKUM COAHHOro B
aKcnnyaTtauuio ydactka pgoporn). Ho 3TO He OTHOCMTCA K 30HaM CTPOMTEnbCTBa
aBTOMOOUIbHBIX U ene3Hbix gopor, JIAM, HOBbIX NOCENEHNn — Tam CMOLWb 1 PAAOM rPy30Bble
aBTOMOOUNM ABMXYTCSA NO 06be3aam U BpeMEHHbIM JOporam, UCMonb3yeMbiM HEAONTO (Tak YTO
HEeT CMbiCna 3akasblBaTb [OPOryld reogesnyeckylo CbemKky). HakoHeu, 3HaHMe YKINOHOB
HeobxoQMMO AN NNaHUMPOBaHWUS MEpPeBO30K, ABMXKEHUSI KONMOHH, HOPMWPOBaHWsi 3aTtpart
BpeMeHn n Ttonnmea. M03TOMy M3MepeHMe YKNOHOB — BaXHasi U OTBETCTBEHHas 3agadva, U
CTOMb XXe BaXeH W aKTyaneH nouck cnocoboB cokpalleHust 3aTpaT Tpyda M CpeacTB Ha ee
peLleHune.

2. U3noxeHue:

AHanu3 nyb6nukaumm npmBedeH B MNEPBOM YacTuU Hactoswen pabotbl [1]. Tam
NOAYEPKHYTO, YTO NpakTuke TpebyeTca MeToad N3MepeHnsa YKNoHOB 4Oporu, obecneynsaroLmm
HY>XHYIO TOYHOCTb, Hanpumep, 0,001, He Tpebyowmn cneunanbHbIX CPEACTB U YpE3MEPHbIX
3aTpaTt Tpy4a, BpeMeHu n (pmHaHCOB. PacCMOTpEHbl HECKOSbKO TakMx MeToA0B, B YaCTHOCTH,
metogq TOC (ToYeKk OOMHAKOBOM CKOPOCTM), COCTOSILMW B 3anucu auarpaMmm npoesga
aBTOMOOUNST HakaToM B MpsiMOM M oObpaTHOM HanpaBneHusx M nogbopa Takux TOYEK, B
KOTOPbIX MOAYSb CKOPOCTU B 060MX Npoesfax 0auHaKoB. ATO YMEHbLUAET YMCIIO HEU3BECTHbIX
B ypaBHeHUAX ABXKeHus. [NpeaBapuTtensbHble TeCTbl NOATBEPAUIM MONE3HOCTb TAaKoro noaxona
N BbISIBUIN €70 HeLOCTaTKM.

Bonee obLwmMpHbIE 3KCNEPUMEHTBI, UMEBLUNE LIENbBIO M3YyYEeHNEe BO3MOXHOCTEN MeToaa U
nyTen ero CoOBepLUEHCTBOBaHUS, Obinn NpoBeAeHbl Ha YeTbipex aBTomobunax: DAEWOO Lanos
(Poland), Hyundai 130 (2007), ZAZ Lanos n Samara 2 VAZ-2115.
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Wcnonb3oBaHHOe ob6opyaoBaHue: npuemHuk curHanos GPS/TTIOHACC Typuctckui
(HaBuratop) Garmin eTrex 30 ¢ 6apomeTpnyecKknmM anbTUMETPOM, aHEMOMETP YawleyHblin MC-
13, dpoTokamepbl Canon PowerShot A700 n A2100 IS.

Moroga cyxas, Tennas. CpeaHasa nnoTHOCTb Bo3gyxa — 1,25 kr/m>. HanpaeneHune BeTpa
—oT B go CB, 1. e. o1 90 go 45°. CkopocTb BeTpa Ha yposHe 0,8...0,9 M no 3amepy 4allueyHbIM
aHEMOMETPOM, C y4eToM kanmnbposkn — 2,4 m/c. MNpu cpegHem HanpasneHuu Betpa 47,5° u
cpegHem asumyTte goporn 20007 — v,=1,9 m/c.

McnbiTaTenbHble peXUMbI: pasroH ¢ Nocneaywmm Belberom 4o KoHLa MEpPHOro yyacTtka
Aoporn Ha wr (Ha nogbem), a nocre pasBopoTa B ObpaTHOM HampaBneHuu (Ha Cnyck) —
MOBTOPEHME pasroHa C Bblberom nMBO ckaTbiBAHME C pasHbIX CKOPOCTEWN; pPa3rOHbI
BbINOSTHANUCL Ha 4-on nepegade ot 60 go 110 km/y, Ha 3-er — o1 50 go 110 km/4, Ha 2-om — OT
20 po 80-90 km/4, Ha 1-om — oT 0 go 40-50 km/4y; pasroHbl Ha 2-0M nepefaye yagaBanocb
NOBTOPWUTbL B O4HOM HarnpaBfieHUN 3a OOUH 3ae3q ABa-Tpu pasa, Ha 1-01 — 4O NATK pas.

B TedeHne Bcero aKcnepuMMeHTa HaBUraTop He BbIKNKOYanM, OH Kaxayk CekyHay
3anucbiBan TpeK, TO €CTb 3HA4YeHUs1 BPEMEHW, LMPOTbl, LOMrOTbl W BbICOTbI B KaxaoWn
nocnegoBaTenbHON Toudke. /cnonb3oBaHne onpeneneHHblX NnpueMoB paboTbl C HAaBUraToOpoM
NO3BOMANO 3anuCbiBaTb, @ 3aTeEM W CUYMTbIBATb 3HAYEHWsI MOKasaTenen C C AUCKPETHOCTbIO
oTcyéToB 10 3HaKoB nocre 3anaToun Ans koopamHaTt v Bpemern n 0,48 m ons BbICOTHI.

Toukn opmHakoBbix ckopocTen (TOC) Haxogunu No nepecevYeHnto KpuBbiX Bblbera
aBTOMOOUNEN MOCne pasroHa Ha NoabeM M CBOOOAHOrO ckaTblBaHMA Ha cnyck. [lpumep
anarpamMmmbl NepeceyvyeHnin nokasaH Ha dur. 1. TodyeyHble 3HAYEHUsI CKOPOCTU BbIYUCIIANM
AeneHnem nytTu mMexay ABYMsi COCeOHMMM TOYKaMn AS Ha COOTBETCTBYHOLlEE NpupalieHue
BpeMeHn At C nocrnegylwum CrinaxuBaHMeEM MOMYyYEHHOro psga TOYEYHbIX CKOPOCTEN
nonuHomamm 1-2 ctreneHen. Ecnu Touka nepeceyeHnst nonagana B obnactb SBHOMO HapyLLUEHUS
NNaBHOCTM JOPOXKHOW NOBEPXHOCTUN, NOBTOPSAIOLLETOCA HA HECKOSTbKMX KPUBLIX CKaTbiBaHWUSA, 3Ty
TOYKY yOoansanu u3 maccmea (npumep — 3oHa WwWnpoT oT 49,9526 oo 49,9530).
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®ur. 1. Mpumep gmnarpammel nomcka TOC aBTomobuna Hyundai i30; kpuBble ckaTbiBaHMSA
(6nM3kme Kk ropMsoHTann) nayT cnpasa Haneeo, KpuBble Bblbera (6nmM3kme Kk BepTukanm) —
CBEpXy BHU3

KpvBble 0603Ha4YanM HOMepom CTPOKM B Tabnuue Tpeka, TOMKM — codeTaHneM HOMepoB

KpuBon Bblbera wn KpuBOW cKaTbiBaHus, Hanpumep, Zul1491 2175 (Zu - o6o3HavaeT
ncnbiTatens, KOTOPbIA BbINOMHAN 3TOT 3ae3n).
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MOXHO NpeanonoXuTb, YTO CaMble TOYHble pe3ynbTaTbl JACT codeTaHue Bbibera u
CKaTblBaHUs, pasgeneHHbIX HAMMEHbLUMM UHTepBanomMm BpeMeHu. 13BecTHO, ogHaKo, YTo 3a Tpu
CEKYHbl CKOPOCTb BETpPa MOXET U3MEHUTLCA B [iBa pasa, a HanpasneHue — Ha 1200]. [loaTomy
B paboTe ncnonb3oBaHbl (POpMyIbl, r4e €CTb BO3MOXHOCTb MOACTaBMATb pasHble 3HAYeHUs
CKOpPOCTW BeTpa B NPSAMOM U 0OpaTHOM HanpasfeHnsXx.

Kak nokasan aHanus, pesynbTaTbl pacyeTa YKNoHa i U KoaduumeHTa conpoTUBeHUs
KadeHuto f Mano 3aBUCAT OT 3HAYEHUN CKOPOCTU BETpa W 1 dpaktopa obTekaemocTn kF — tabn.
11 2, rae i n f BBIMUCNEHDbI ANA NPUHATOrO AnanasoHa BO3MOXHbIX 3Ha4YeHun w n kF. lNMoatomy
BMECTO HEU3BECTHbIX 3HaAYeHWN ITUX (PaKTOPOB MOXHO MNPUHMMATbL CpegHue Ona BCero
AnanasoHa nmbo Hambonee BEepOATHbIE MO MHEHMKO pacyeTyMka — owwnbka npy 3TOM He
npeBbIicnT 2 %.

Tabnuua 1. Bapuaumsa pacyeTHOro yknoHa B npegenax BO3MOXHOMO AuanasoHa
CKOpOCTU BeTpa 1 baktopa 06TeKaemMoCcTn

Cx KE CkopocTb BeTpa, M/C

Aop. 0,8 1 1,2 1,4 16| 1.8 2| 22| 24| 26| 28 3| Cp.
048 | 164 | 166 | 16,7 169 | 171 | 172 | 174| 175| 17,7| 179| 180 | 18,2

0,3 2 7 3 9 5 1 7 3 9 5 1 7 3] 17,3
051| 165| 166 | 16,8| 170 171 | 173 | 175| 17,7| 17,8| 180 | 182 | 18,3

0,32 4 1 8 5 2 9 6 3 0 7 5 2 9| 174
054| 165| 16,7 | 16,9 171 | 172| 174 | 176| 178 | 18,0 | 18,1 | 183 | 185

0,34 6 5 3 2 0 8 6 4 2 0 8 6 5| 175
057 | 166 | 16,7 | 16,9 171 | 173| 175 | 17,7| 179 | 181 | 183 | 185 | 187

0,36 8 0 9 8 7 6 5 5 4 3 2 1 1] 17,7
061| 166 | 16,8 | 170| 172 | 174]| 176 | 178 180 | 182 | 184 | 186 | 188

0,38 0 4 4 4 5 5 5 5 6 6 6 6 7| 17,8
064 | 166 | 16,8 171 173 | 175]| 177 | 179| 181 ] 183 | 186 | 188 | 19,0

0,4 2 8 9 1 2 3 5 6 7 9 0 1 3| 17,9
067 | 16,7| 169 | 171| 173 | 176 | 178 | 180 182 | 185 | 187 | 189 | 191

0,42 4 2 5 7 9 2 4 7 9 1 4 6 9| 0,0

Tabnuua 2. Bapuauusi pacdeTHOro KoadduumeHTa COMPOTUBMEHUS KaYeHUo B
npegenax BO3MOXHOIo AnanasoHa CKOpOCT BeTpa 1 dhaktopa 06TekaeMocTu

Cx KE CkopocTb BeTpa, M/C
AOP. 0,8 1 1,2 1,4 1,6 1,8 2 2,2 2,4 2,6 2,8 3| Cp.
0,37 16,7 | 16,8 | 16,8 | 168 | 16,8 | 16,8 | 16,8 | 16,9 | 16,9 | 16,9 | 17,0 | 16,
0,3 8 8 0 1 3 5 7 9 2 4 7 1 9
0,40 | 170 | 170 | 170 | 170 | 170 | 170 | 171 | 171 | 171 | 171 | 17,2 | 17,2 | 17,
0,32 3 1 2 3 5 7 9 1 4 6 9 2 6 1
042 | 172 | 172 | 172 | 172 | 173 | 173 | 173 | 173 | 174 | 174 | 174 | 175 | 17,
0,34 8 5 6 7 9 1 3 5 8 1 4 7 1 4
045 | 174 | 175 | 175 | 175 | 175 | 175 | 176 | 176 | 176 | 176 | 17,7 | 17,7 | 17,
0,36 3 8 0 1 3 5 7 0 2 5 9 2 6 6
047 | 17,7 | 17,7 | 177 | 17,7 | 17,7 | 178 | 178 | 178 | 179 | 17,9 | 17,9 | 18,0 | 17,
0,38 9 2 3 5 7 9 1 4 7 0 4 7 1 8
050 | 179 | 179 | 179 | 180 | 180 | 180 | 18,0 | 18,1 | 18,1 | 18,1 | 18,2 | 18,2 | 18,
0,4 4 6 7 9 1 3 5 8 1 5 8 2 7 1
052 | 181 | 182 | 182 | 182 | 182 | 182 | 183 | 183 | 183 | 184 | 18,4 | 18,5 | 18,
0,42 9 9 1 2 4 7 9 2 6 9 3 7 2 3

B pacudeTtax ucnonb3oBaHbl AaHHble 84 To4vek, B TOM 4ucne no astomobunio Lanos
(Poland) — 25 Touek, Hyundai i30 — 34, ZAZ Lanos — 15 n VAZ-2115 — 10 To4ek. PesynbTaThl
npeacTaBneHbl Ha dur. 2 B COMOCTaBfEHUM C Auarpammoun YKINOHOB, nonyyeHHown M.
BypasueBbiM no curHanam GPS/ITTIOHACC u nokasaHusm GapomeTpudecKkoro anbTumeTpa
NyTEM MHOFOKPaTHbIX U3MEePEHU. DTN AaHHbIE NPUHATBI 34eCb B Ka4yecTBe Bonee TOYHbIX — 3a
HEMMEHMEM aKTyanbHbIX AHHbIX Fe04e3NYECKUX N3MEPEHUN.
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0,021

0,020

0,016

0,015
0,066 0,064 0,062 0,060 0,058 0,056 0,054 0,052 0,050 0,048

Lnporta-49,9 rpagycos

®ur. 2. PacyeTHoe pacnpegeneHne yKnoHOB MEpHOro y4acTtka OpOoru no wupoTe

Ha cour. 2 xxenTble kKBagpaTHble Mapkepbl, COEAMHEHHbIE XENTbIMU OTPE3KaMn NPAMbIX,
— 9TO MHOUBMAYanbHblE 3HAYEHUS YKINOHA B KaXAOW Touke, paccumtaHHble no metogy TOC.
KpynHble KpacHble TpeyrosnbHble Mapkepbl O3HA4YalT CpeagHne 3HadYeHust B rpynnax no 5 tovek
(Toykm 1-5, 6-10 n T1.4.). Menkne KpacHble TpeyronbHble MapKepbl, COeOUHEHHbIE KPACHbIMU
oTpe3kaMun MpsiMbiX, — 3TO CpeAHMe 3HaYeHWUs B MocnegoBaTesibHbIX rpynnax no 5 Touek,
COCTaBMEHHbIX CMELLEeHNeM Ha ogHy Touky (1-5, 2-6, 3-7 n 1.4.).

Menkne KOpUYHEBLIE MapKepbl-pOMOUKN, COEOUHEHHbIE KOPUYHEBLIMU OTpPE3KaMu
NPsSMbIX — 9TO CpedHWe 3HAYeHUs YKIOHOB B TOYKaX, MOMyYeHHble MHOroCTyneH4yaTon
06paboTKON 3KCNepUMeEHTanbHbIX AaHHbIX MO BOCbMW 3ae3gam. Menkue kpyrnble ronybble
Mapkepbl — 3TO CpefHMe 3HavyeHus B nocrefoBaTeflbHbIX rpynnax M3 MSATU OYULLEHHbIX
OTCYETOB B OOQHOM Mpoe3ae, COCTaBMEHHbIX CMELLEHMEM Ha OAHY TO4Ky. MpuBeaeHbl Ha aTon
anarpamme, 4toObl MOKasaTb, YTO 3HA4YMTENbHble pa3bpoc Touek xapakTtepeH Ans obowux
CpaBHMBAEMbIX METOAOB.

B 6onblUMHCTBE CriyyaeB pacxoXxaeHue Mexay YCpeAHEHHbIMU 3HavyeHusMU 0BoumX
pacyeToB Npyv OAMHAKOBOW LUMPOTE He BbIXoauT 3a npegensl 1 %o (npomunne). KoadpdpuuyneHt
BapuauMM 3Ha4YeHUW YKIoHa no anbTUMeTpy coctaBnseT B cpegHem 0,16, npu cpegHem
yKnoHe 17 %o 9TO 03Ha4aeT, 4YTo 65 % BCex CcnyyYyanHbIX 3HAYEHUN yKaablBaTCa B AManasoH
mzo = 17+2.7. NMony4yeHHoe meTtogom TOC Hambonbliee OTkroHeHue 1,5 %o CyllecTBEeHHO
MeHblue. [axe 3HavyeHMs YKNOHOB B WMHAMBMAYAmNbHbIX TOYKaxX He BbIXOOAAT 3a npenensi
pasbpoca no BA.

127



MEXOYHAPOOHA KOH®EPEHUMUA ,EKO BAPHA® 2019

3. 3aknoyeHue

OKCNepMMEHT Ha 4YeTblpex aBTOMOOMNAX nokasan, 4yto pacdetr metogom TOC paet
3HaYeHUs YKroHa, CoOnoCTaBUMbIE C MOflydaeMbiMU HA OCHOBE MoKasaHun 6apomeTpuyeckoro
anbTumeTpa. CnegoBaTenibHO, €ero MOXHO WCMOSb30BaTb ANA OLEHKW YKITOHOB LOPOrv npu
OTCyTCTBMM BOoriee TOYHbIX CPencCTB.

Metogq TOC ponyckaeT coBepLueHCTBOBaHMe. MOXHO, Hanpumep, B Kaxaom 3aesfe
NMOBTOPSATb MO HECKOSIbKO nap pasroHoB M BbiberoB Ha 1-oM n 2-oM nepegadvax, 4tobbl npu
MEeHbLUEM 4ucrie 3ae3goB nonydatb 6Gonblie Toyek, T.e. 6onee noapobHbIM NPOAONbHBIN
npocunb gOporn.

MpunoxeHune: TeopeTnyeckmne ocHoBbl metoga TOC

TeopeTuyeckne OoCHOBbl NOAPOOHO onucaHbl B 4yactn 1 Hacrtoswen ctatbu [1].
3Aechb NOBTOPEHbI BKpaTue AnAa yaobcTea uMtaTteneun

AHanus cun, JencTByOWMX HAa aBTOMOOMWIb Ha YKITOHE, NPOUNITIIOCTPUPOBAH Ha dur. 4.

®ur. 1. Cunbl, AenCTBYOLME HAa aBTOMOOUNb Ha cnycke (cneBa) U Ha nogbeme

Cwunosown 6anaHc Ha criycke:
+P, =Pt =Py = Pugn =6 -M- j4, =0, (1)

raoe P, - ckaTbiBalowWasa cuna;

Ps - cuna conpotueneHna kadeHuio, H;

Pyx - CONpOTUBAEHNE XONIOCTOro Xo4a TpaHcMmuceun, H;
P., - conpoTuBneHune sosayxa, H;

m - macca aBToMobunga B paccMaTpuBaemMoM crny4yae, Kr:
0 - KOa(pPULUMEHT yyeTa BpaLLaloLLMXCA Macc.

P, =i(S)-m-g; 2)
roe i=Sina, YKNOH, MEHALWMIACA B 3aBUCUMOCTM OT NyTn aBTomobuna S; a — yron

HaKMOHa NPOAOIIbHOM OCU JOPOTU K FOPU3OHTY;
g — yckopeHue cBo6oaHOro nageHus, m/c; g = 9,81 m/c?;
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roe f(va) — KO3 puumeHT conpoTtmeneHna kadeHuto (KCK), saBucawmm ot ckopoctu
aBTOMODOUNS;

Poc =Py 8-V, =(1.2)-(6+0,33v,), “

31O  PopMyro MOXHO MONb30BaTbCsl, KOrda COMPOTMBIIEHUSI XOJIOCTOro Xoaa
TpPaHCMMCCUM 3aB€4OMO Maribl MO CPAaBHEHUIO C APYrMMU OEWCTBYHOLLMMM CUNaMMW.

Py =KF-(v,£3,6-v,,)", (5)

w

rone k — caktop obTekaemocTn; k=0.5p-C (0 — nNoTHoCTb Bo3ayxa, KrimM®, Cy —

KoahpmuUMEHT NTOBOBOro asapoanHaAMMUYECKOro CONPOTUBIIEHNS);

F — no6oBasi nnowiaab asToMobunsi, m?;

Vi — COCTaBNALAA CKOPOCTU BETPA, HaNpaBneHHas BOOMb OCU ABMXKEHUSt aBToMobuns,
Mm/c;

E — npeanoxeHHbIn B [2, 3] nokasaTtenb cteneHun. [Ana ckopocten ot 3,6 Ao 53 KM/u

E =-3,9593E—07-v* +7,3509E—05-V’ —0,0050927 - V> +0,1522-v+0,51471. (6)

[o6aBum BTOpOE ypaBHEHWE, OnuCbIBaloLLee ABMKEHNE aBTOMOBUNA MO YKIOHY BBEpX,
Ha noawvem (dwr. 1, cnpasa).

+P, —P; =P, =P,y —6-M- jg, =0
{ a f XX wdn dn (7)

P, — P _Pxx_Pwup_d'm'jup =0

Mo onpepeneHunio meToda, oba ypaBHEHMSI OMUCHLIBAIOT ABMXEHME aBTOMOOWUNS B ABYX
NPOTMBOMONOXHbLIX HampaBrieHUsX 4Yepe3 oaHy M Ty e TOYKy AOporu (T.e. YKIOH B 0Boux
YpaBHEHMSX OOVHAKOB) U C OOHOW U TOW e MO MOAYJ0 CKOPOCTbi0 — Toraa byayT YMcneHHo
paBHbl B 0060MX Crny4Yasix COMPOTUBIIEHMSI KAYEHWUIO M MOTEePU XONOCTOrO XoAa TPaHCMUCCUMU.
BbluTa BTOpOe ypaBHEHUE M3 NEPBOro, Mbl HAMAEM CKaTbIBAOLLYHO CUITY, @ Yepes Hee — YKITOH.

2R, = (Puan — I:>wup)_5'm'(jdn - jup) =0;

E E
Vv \"
SR T R

E E
Vv V . .
_kF'[(a_denj _[a""kup] ]_5'm'(1dn_Jup)
_ 3,6 3,6 (8)
2mg ’
Ecmt Vygn =V =V, @ E=2, T0

—KF vV, /0.9=6-m-(jgy = Jup)
2mg

2

roe j — yckopeHue aBTomMobunsi, m/c;
dn, up — NHOEKCbl ABMXEHUS Ha cnyck (down) 1 Ha NOABbEM COOTBETCTBEHHO.
Ecnun ypaBHeHuUs He BblunTaTb, a CKrnagbiBaTtb, nonyydnm gopmyny ansa pacyeta KCK:
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P =—(Jan+ Jup) Sy / 2-KF [(va/3.6)2 +vﬂ—Px; f =P /(g-my). 9)
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MOHUTOPUHI KAHECTBA OTAENbHbIX NPOLIECCOB NPOU3BOACTBA
ycnyr TEXHWMECKOU 3KCINNYATAUUUN U PEMOHTA ABTOMOBWIIEN

MONITORING THE QUALITY OF INDIVIDUAL PROCESSES OF
MANUFACTURING SERVICES OF MAINTENANCE AND REPAIR OF CARS

Serhii Mastepan, Olena Mastepan

Abstract. Justification of the flow chart of the production process of the automobile transport enterprise and the
importance of monitoring its components on the basis of the process approach. Algorithm for monitoring the
technical and technological potential of the enterprise.

Keywords: monitoring, technological equipment, production process.

1. BBepgeHue:

CyuwecTBytowme npeanpmsatmst aBTomobunsHoro tTpaHcnopta (MAT) He moryT obecneunTtb
aBTOMOOUIIM Ka4yeCTBEHHbIMU ycriyramu TexHudeckoro obcnyxusanus (TO) n pemonTa (P). B
NepBYyI 0Yepeab 3TO CBA3AHO C TEM, YTO MHOMO 3NIEMEHTOB (NoapasaeneHun, cnyxo, otaenos)
CUCTEMbI NPOM3BOACTBA YCIyrn paccmaTpuBaroTca oTAaenbHo. CumTaeTcs, ecnu 3nemMeHTbl
cuctemMbl (PYHKLMOHUPYIOT 3PEKTUBHO, TO U npeanpustne yHKunoHnpyeTt adoekTneHo. B
ycrnoBusix n3bbiTka BCEX PECYPCOB TaKOW NOAX04 MOXeT cpaboTaTtb, HO B yCnoBusix geduuymnta
OyOeT CHMXaTbCs MPOM3BOACTBEHHbIN NOTEHLMaN NPeanpusaTs U ero peHTabenbHOCTb.

2. PeweHue 3apgaum:

Cuctema npoussoactea TO u pemoHTa aBTOMOOMNA SABNSAETCS CHOXHOW CUCTEMON,
knbepHetunyeckon [1]. I3 yero cnegyeT, 4To adhhekTUBHOE (PYHKLNOHMPOBAHME TEXHUYECKOWN
cnyx6bl MAT BO3MOXHO M B TOM Cnyyae, Koraa oTAenbHbI €e anemMeHT He pabortaet. Unu
paboTaeT HeOoCTaTouHO 3PEEKTUBHO, C TOYKM 3PEHUS dNIEMEHTa KaK CaMOCTOSATENbHOWN
cuctembl (M3HyTpW). B nepBom crnydae, ero MOXXHO CBOOOAHO UCKIOYUTL U3 CUCTEMBI [2], BO
BTOPOM — HYXHO YCTaHOBUTb YpPOBEHb 3(EEKTUBHOCTM [OCTATOYHbIA ANsi CUCTEMDI
npoussoactea lNAT.

Paspabotka apdekTMBHOro npomM3BOACTBEHHOrO npouecca npeanpuatMs Ku - ero
COBEpPLUEHCTBOBAHME LOSMKHO MPOUCXOAUTbL Ha OCHOBE MNpOLEeCCHOro noaxoga [2], TO ecCTb
npeaycmatpmBaTb CO34aHMe W3 MOcCneaoBaTenbHOCTM OTAENbHbIX npoueccoB (mpouecc
N3y4YeHus1 YCrNOoBMM IKCMnyaTauum aBTOMOOUNEN, pblHKA CEPBUCHBLIX YCMyr, pbiHKA PECYypPCOB,
npouecc onpenernieHns ycrioBMM MCMNOMb30BaHUS M 3aKynKM pPecypcoB, MPOLIECC MNPUHATUS
TPaHCNOPTHOrO CpeAcTBa Ha OOCNyXuBaHWE WM PEMOHT, MPOLECC NNaHMpOBaHUA paboT,
npouecc NoaroToBKM MPOU3BOACTBA TEXHMYECKOrO OOCNYXMBaHMA M PEMOHTA M Ap.), TaK Kak
cenvac OHO ecCTb, B 00LLMI Npouecc NPon3BOACTBA YCNYTW.

AP PHeKTUBHOCTL NPOM3BOACTBEHHOMO npouecca dyaeT oueHMBaTbCA COOTBETCTBMEM €ro
pearnbHbIX NoKasaTenen ¢ 3agaHHbIMU, @ KOHKYPEHTOCMNOCOOHOCTb NpeanpusiTMsi, B HEKOTOPOW
CTENeHn, COOTHOLIEHNEM W [OMHAMUKOM W3MEHEHUIM nokasaTenen npou3BOACTBEHHOMO
npouecca.

Mpaktnyeckn Ha Bcex [MAT cyuwecTtByeT npobnema «npobnembi». [log «npobnemony
cnegyeT NoHMMaTb €€ KOHKPETHblE XapaKTEePUCTMKM (CMMNTOMbI, MECTO, 3a4eWCTBOBAHHbIE
3nemMeHTbl NMPOM3BOACTBA, MOCNEACTBUS, PeCYypCbl HeODXoauMble Ans pelleHus npobnembl u
Ap.) Yauwe Bcero Ha NpoM3BOACTBE 3HAKOMATCSH C «Npobnemony BbISBNAA ee MOoCnencTBus.
OOwen3BecTHO, 4TO nNpobnemy nerdye u pgewesne npegynpexaartb, Yem YCTpaHATb ee
nocneacteus. [na BbIABNEHMS CMMNTOMOB npobnem HeobxoaMmo NpoBOAUTb MOHUTOPWUIHT
OCHOBHbIX COCTaBMISIIOLMX MNPOM3BOLACTBEHHOINO MpoLecca, ONpeaenuB €ero Kputepum wu
nokasartenu.

OOwmin  NpoM3BOACTBEHHbIA  MPOLECC  MOXHO  NpeactaBUTb  COBOKYMHOCTbIO
COCTaBnALWMX OTAENbHbIX MPOLECCOoB, NoAMeXalmnx MOHUTOPUHTIY (puc. 1).
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Bxoa: MnaHnpoBaHWe Npon3BoACTBA: Boixon:
v v
Pecypcbl:
TexHonorum, CoTpyaHuKM:
- MaTepuanbHbie; MeTop,6b|, NMoAroToBKa,
- TpyZOBbIE; crnocobbl MOTUBaLNS
- pnHaHcoBbIE; MonyyeHHas ycnyra
- NUH(POPMALIMOHHbIE. lMpon3BOACTBEHHLIN NpoLecc —> TO v peMoHTa
Cpepa akcnnyataumm T c
1 hopMUpOBaHMS exHonoru- TaHgapThbl,
yeckoe HOPMBbI,

06bemoB paboT
PbIHOK aBTOCEPBUCHbIX
YCnyr, ero AguHaMmuka

i ¢

obopynoBaHue, || HopmaTuBbl
OcHacTka

OueHka n aHanus
cnyrm TO n peMmoHTa
M3y4yeHre n aHanms AHanus 1 oueHKa npoTekaHus y 33*/)(1)eKTVIBlE)OCTVI " ’
pasBUTUSA PbIHKA yCryr NpOM3BOACTBEHHOrO npouecca, |<— KayecTBa
1 pblHKa pecypcoB KOppeKTUpoBKa Npon3BoAcTBa
P pecyp PP P P A NpOn3BOACTBEHHOIO
npouecca

PucyHok 1 — Cxema npoTekaHus npon3sBoacTBeHHOro npouecca NAT

BaxxHoM cocTtaBnsaoowen MOHUTOPUHIa KadecTBa U CaMOW JOPOrocTosilen, B pesynbrate
BCce Oonee TEXHOMOrMYECKOro pasBUTUA aBTOMOOMWMBHOIO TPaAHCNOPTa, SBMSETCS OLEHKa
YPOBHSA 1 (POPMUPOBAHNE HaMpaBfieHUN PasBUTUS TEXHUKO-TEXHOMOrMYeckoro obecnevyeHus
TO n pemoHTa aBTOMO6MNA. TO €CTb 3TO cuctemMa HabnaeHnn 3a AMHAMUKON OTKNOHEHU OT
Hay4YHO-TEXHUYECKUX OOCTUXKEHUN TEXHUKO-TEXHOSIOrMYeCcKoro ypoBHA npeanpuatus. Kotopas
NO3BONSAET peLlnTb CrieayoLme OCHOBHbIE 3afauun:

nonyyeHnst 06 bEKTUBHOM MHAOPMaLMK O XO04€e Pas3BUTUS TEXHOSOMMYECKNX NPOLLECCOB;

OLEHKa COCTOSHMS TEeXHUKO-TEXHONOrMYeckoro obecnevyeHns npouM3BOACTBA  YCNYT,
BbIIBIIEHWE MNPUYUH HU3KOrO YPOBHS, aHanui3 uHgopmMaumm C UuUenbl MNpuBfedYeHus u
BHEAPEHUS COBPEMEHHbIX HAayYHO-TEXHUYECKMX pa3paboTok;

NoAroToBKa MeToamyecknx paspaboTok, peKomeHOaLuuMn, NOSIOXKEHUN, HaMpaBfEeHHbIX Ha
y4yeT (pakToOpOB HEraTMBHOIO U NMO3UTUBHOMO BIIUSIHUS Ha pPa3BUTUE TEXHUKO-TEXHONOMMYECKOro
obecneyeHnsa NpomM3BoACTBEHHOMO Npolecca.

[Ons peanusaumMm MOHUTOpPMHra HEOBXOAMMO MMETb COBOKYMHOCTb MHAMKATOPOB —
nokasatenen TeXHUKO-TEXHONOMMYeCcKoro COCTOSHUSA MPOU3BOACTBEHHOrO rnpouecca, T0 eCTb
TexHonornyeckon 6asbl MNMAT.

B cooTBeTCcTBUM C ypPOBHEM paavKanbHOCTU MHHOBAUMOHHBIX nNpeobpasoBaHmm
BO3MOXXHbIMW SIBAAIOTCA Takme HanpaBfieHNs pasBuTUSa TexHonorndeckom 6asbl [3, 4]:

1) U3MeHeHne Tuna NPou3BOLACTBA;

2) BHeQpPEHME HOBbIX TEXHOMOMMN N TEXHONOMMYECKMX NPOLECCOB;

3) PEUHXMHUPUHI TEXHOMOMMYECKNX NPOLIECCOB;

4) 3aMeHa OTAENbHOro TEXHOMNOMMYECKOro NpoLecca Unn ero NeMeHTOB;

5) o6HOBNEHMA U NEPENPOEKTUPOBAHMNE TEXHONOMMYECKON OCHACTKM.

CywHOCTb  MOHMTOPMHIa  TEXHUKO-TEXHOMOIMMYECKOro  MoTeHuuana npeanpuaTus
3aKroyaeTca B OpraHu3aumMm CUCTeMbl OMepaTMBHONO KOHTPONS UM MEepBMYHOrO aHanusa
M3MEHEHNUA B €ro pasBuUTUMM, OLIEHKE MPOM3BOACTBEHHOrO noTeHumana, obecnevyeHns
POPMUPOBAHUA U XPaHEHUS WHGOPMaUMM O TeKYLIMX 3HAYEeHUAX MokasaTtenen TeXHUKO-
TEXHOSTOrMYeCKon OeATeNbHOCTH.

[MonyyeHne cTaTUCTUYECKN OOCTOBEPHOM MH(OPMaLMN U COCTaBIIEHUS KPATKOCPOUHbIX Y
AONITOCPOYHbBIX  MPOrHO30B, HEOOXOAMMO [ONA  KayeCTBEHHOrO ynpaBfeHusi npoueccom
TEXHOJSIOrMY4eCcKoro pasBuTnAa NpeanpuaTus.
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MoHuTOpUHI, Kak npaBwno, 6asvpyetca Ha Hay4yHOW MeToOOoNorMm LOCTUXKEHUS
3PPEKTUBHOCTU, CUCTEMHOM aHanuae, NPOrHo3MpoBaHUN N MHAPOPMALIMOHHBIX TEXHOSOTMUSIX.

OCHOBHbIMUM 3NEeMeHTaMu CUCTEMbI MOHUTOPUHIa TEXHUKO-TEXHOSTOrMYECKOro COCTOSHUS
MAT asnsioTcs:

co3aHne eanHOro opraHM3aunmoHHOro LLeHTPa MOHUTOPWUHIA;

YYET M OLEHKa BCEX TEXHUYECKMX WU TEXHOMOMMYECKUX MEPONPUATUN, NPOBOAMMbLIX Ha
npeanpusTUy;

BbIGOp n obocHoBaHue NMOCTOSIHHbIX nokasartenem PYHKLMOHNPOBAHUSA
NPON3BOACTBEHHOrO npolecca npeanpuaTus;

Bbl6Op M 0ODOOCHOBaHWE BPEMEHHbLIX MNoKasaTernen, U3MEHSAILWNXCA B 3aBUCUMOCTU OT
BbINONIHAEMOWN NpeanpuaTnem paboTbl;

dopmMMpoBaHMe MexaHuM3Ma W npouenyp HernpepbiBHOM W OUCKPETHOW perncrpauum
nokasaTtenen MOHUTOPUHIa;

dopMupoBaHMe MOCTOAHHO [OEWCTBYHOLMX MacCcMBOB UHopmauun, paspaboTka
MeToAMKN NX 06paboTKN N XpaHeHUs;

dopmupoBaHue npouenypbl UCNONb30BaHUSA UMEILWENCS UHOPMaUUKN CTPYKTYPHbIMU
nogpasgeneHusaImMu.

K OCHOBHbIM MpuHUMNAM OpraHM3aumMm MOHUTOPUHIA  TEXHUKO-TEXHOMOMMYECKOro
coctosiHua AT MOXHO OTHeCTW crieayoLme:

LeneycTpeMIIEHHOCTb MOHUTOPUHIa — AOCTMXKEHWE BbLICOKMX KOHEYHbIX pe3ynbTaToB, B
COOTBETCTBUM C [NAaBHOM LUeNb MNpeanpuatus, T.e. HanpaBNeHHOCTb Ha MakCUMu3auuio
npuobInu;

CUCTEMHOCTb, KOMMMEKCHOCTb MOHUTOPUHIA — MOHUTOPUHI NPeanpuaTua nNpoBOAUTCH B
npouecce PYHKLUNOHMPOBAHUSA €ro, Kak eQUHOro LIESIOro - CUCTEMbI U OXBaTa BCEX CTPYKTYPHbIX
nogpasgeneHumn npeanpuaTus;

BbICOKMA HayYHbI YPOBEHb — BKMAOYEHWE B NfaH MEepPOonpusTUA, COOTBETCTBYHOLLMX
COBPEMEHHOMY YPOBHIO Pa3BUTUS HAyKM N TEXHUKM, oBecneymBarolmMx pe3koe MOBbILLEHNE
3¢ (peKTMBHOCTN NPOU3BOACTBA;

€0VHCTBO — Mexay HabniogaemMbiM 06BHEKTOM U CUCTEMON MOHUTOPUHIA AOSMKHO ObiTb
onpeaeneHHoe eAnHCTBO;

HenpepbIBHOCTb — o0b6s3aTenbHoe obecneyeHne cTpaTermvyecknx W TeKyLMX MrnaHoB
npeanpuaTus, UX B3aMMOCBS3b;

NPUHUMN NONHOTLI MHPOPMaLMN — MHpopMaLnd, nonydaemMas npyu MOHUTOPUHIe, OOMKHA
MOSMIHO XapaKTepu3oBaTb TEXHUKO-TEXHOMOMMYECKOE COCTOSIHME NMPOU3BOACTBEHHOMO npolecca
npeanpuaTus;

NPUHUMN  SKOHOMWYHOCTM, KOTOPbIA  3aKkn4yaeTca B OMepaTMBHOM  MOSyYeHUn
Heob6XoOMMOM U CBOEBPEMEHHOW WHGOPMALMM C  MUHMMAlbHbIMKM MaTepuanbHbIMK U
TPyOoBbLIMY 3aTpaTamu;

COBMECTUMOCTb KOHTPOSIi — BO3MOXHOCTb MCMONb30BaHUA CyLLECTBYIOLWEN CUCTEMDI
nonyyYyeHns MHopmaumm Ha nNpeanpuaTun anss MOHUTOPUHIa COCTOSIHUS MPOW3BOACTBEHHOIO
npouecca npeanpusTus;

NPUHUMN KONMMYECTBEHHON M Ka4YeCTBEHHOW OLIEHKM — MOSflydeHue KONMYECTBEHHbIX WMn
Ka4YeCTBEHHbIX  XapaKTEPUCTUK  CBOWCTB, MNapamMeTpoB UM  MokasaTtenem  TEeXHMUKO-
TEXHOJSIOrMYeCcKOro COCTOSIHUS NMPOM3BOACTBEHHOIO npoLiecca.

MOHUTOPUHI TEXHOSOrMYECKOro nNoTeHumnana aBToCEPBMCHOIO NPeanpuUsaTUS peannuadyeTtcs
B KayecTBe CUCTeMbl HabnwgeHu 3a OMHAMUKOW pasBUTUA TEXHOMOMMYeCcKoro rnpouecca u
npecnenyet crneayowme uenm yHKLUNOHMPOBAHMS CUCTEMbI MOHUTOPUHTA:

noslyyeHme LOCTOBEPHON M OOBEKTMBHOM WHGOPMaUUM O PasBUTUN TEXHOSTOrMYECKUX
NpOLECCOB Ha NPeanpuUaTUN;

OUEeHKa W CUCTEeMHbIM aHanuM3 nofydYaemMon uHGOpMauuu, BbIABIEHUE MPUYMH,
obycnoBnuearLmnX XxapakTep NPOTEKaHMS NPOLIECCOB TEXHUKO-TEXHOSIOrMYECKOro pasBuTuS;

NPOrHO3Has OLEeHKa pa3BUTUS NPOM3BOACTBEHHOrO npouecca NpeanpusTUs Ha KpaTko-,
cpeaHe- 1 OONroCPOYHYH NEPCNEKTUBY;
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noBblleHne 3PPEKTUBHOCTU YNpaBneHNs TEXHONOMMYEeCKUM NoTeHumanom npeanpuaTuns.

B opraHusauMoHHOM nnaHe cuctemMa MOHUTOPUHra npousBoacTBeHHOro npouecca lMNAT
TpebyeT NpoBeaeHUsa Ha NPeanpuUsaTUM Taknx oba3aTenbHbIX MEPONPUATUN:

onpegeneHne CTPYKTYPHbIX MNoApasgeneHnin 1 UCMNONHUTENEN, Yy4acTBYKOLMX B
NpoBeAEHNUN MOHUTOPUHrA;

oby4eHmne N KOHCYNbTaLumMn UCNONHUTENEN, OTBETCTBEHHbLIX 3a NPOBEAEHNE MOHUTOPUHIA,
METOA0SI0rMM 1 MeTOAMKaM NOSTy4YeHNs, OLUEHKN U aHannsa nHdopmMauuu,

nNpoBeAeHME COBELLaHWU C PYKOBOAUTENAMU NogpasferieHnin no opraHusaumm padbot no
obecneyeHnto PyHKLUMOHMPOBAHUSA CUCTEMbI MOHUTOPUHIA;

onpeaeneHne NCTOYHUKOB N TEXHUYECKNX CPeACTB MOSyYeHUs MCXOAHOW MHGopMauumn o
NpOn3BOACTBEHHOM MNpPOLIeCCE;

cuctemaTusaumsi, obpaboTka, aHanms3 n MHTepnpeTaumst NoNyYeHHon MHopMaLmK;

pa3paboTka cTpateruu YyCTOMYMBOro TEXHUKO-TEXHONOMMYEeCKoro pas3BuUTUS
NPOM3BOACTBEHHOIO NpoLecca NpeanpuaTus;

BHEAPEHNE TaKTUYECKMX U CTpaTernvyeckux peLeHUn TEeXHUKO-TEXHOMOMMYeCcKoro
pas3BUTUA NPON3BOACTBEHHOIO Npouecca.

O6ecneyeHue passutus npoussoactsa TO un pemoHTa aBTOMOGUIA HA OCHOBE
MOHMUTOPUHra TeXHUKO-TEeXHOMOrM4YecKoro COCTosiHMsi MPOM3BOACTBEHHOrO npouecca

|
1 OTan: MOHWUTOPWUHIOBLI aHarnM3 TEXHUKO-TEXHOMOMMYECKOro COCTOsIHUS nponsBogactea TO u

peMOHTa
|
| | | |
AHanus ypoBHs Ananus AHanus ypoBHs Ananus Ananus
COBPEMEHHOCTU noTeHumnana TEXHUYECKOro BO3MOXHOCTEN TEXHUYECKOro
TEXHOMNOTMYECKMX WHTENNeKTyanb- OCHalLeHus WHBECTUPOBAHWNS U YPOBHSI
npoweccos HOWM pabot TO n (PMHAHCOBOro COCTOSI- TEXHONOMM4YecKkoro
npeanpusaTus COBCTBEHHOCTH pemoHTa HUS1 UHHOBALIMOHHOM obopynoBaHus
npeanpuaATuA pearensHocTtu MAT

2 Dram: OHCHKa TCXHUKO-TEXHOJOTHYCCKOTO COCTOAHUSA TPONU3BOJACTBA TOu pPEMOHTa aBTOMOOUJIS Ha

HPEANPUATHN
|
AHanuTnyeckme meToabl SKCﬂepTHble mMeToObl MeTogbl MaTemMaTM4eCKOro
onpegeneHna n cpaBHeHUsA onpepeneHna otaeribHbIX mMmoaennpoBaHua
nokasaTtenien TEXHUKO- nokasaTteneun u nokasaTtenien TEXHUKO-
TEXHOJI0rM4ecKoro CoCcToAHuA XapaKTepUCTUK CoCToAHNA TEeXHOoJ1orm4eckoro

3 Otan: Pa3paboTka BapyaHTOB TEXHUKO-TEXHONOMMYECKOro Pa3BUTHS NMPON3BOACTBEHHOIO
npouecca npeanpusiTusi U CUCTEMbI Y KPUTEPUEB UX OLLEHKM

4 31an: OueHka 1 BbIGOP BapuaHTa TEXHONOrMYeckoro passutus npounssoacTea TO M peMoHTa
aBTOMOOWISA, pa3paboTka pekoMeHAauUuii No BHeAPEHUIO BbIOpaHHON Modenu pasBuTus

PrcyHok 2 - ANroput™ NpoBeAEHUS MOHUTOPUHIA TEXHUKO-TEXHONOMMYECKOro notTeHumana
npeanpusaTus

MOHUTOPMHI ~ COCTOSIHMSI ~ TEXHWUKO-TEXHOSIOMMYECKOrOo  MoTeHuuana  npeanpustus
LenecoobpasHo ocyLeCcTBNATbL NO3TanHo (puc. 2) [1, 3].

PaspaboTtka (puc. 2, 4 3tan) cMCTeEMbl OLIEHKN BapMaHTOB BKNOYaeT BbIGOP N yTOUHEHNE
KpuUTEepumeB, Mo KOTOPbIM LienecoobpasHo oueHMBaTb BapaHTbl Pas3BuUTUA, U BbibupaTb Nyywmi
BapuaHT. [lNsl pasnnyHbIX peLleHnin KpUTepnuamm MoryT ObiThb:
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3PPEKTMBHOCTL BHEAPEHNS TEXHOSOMNN;

9KOHOMUYHOCTb BHEAPEHMS;

HaOEeXXHOCTb TEXHONOMMN U 060pyAOBaHUS;

KpaTKOCTb MCNOMb30BaHUSA TEXHOSOMN;

o6beM UM ypOBEHb OnNpefeneHHoOCTM NocneacTBuin  BHeapeHus  (NpeaBuaeHve
nocneacTeum)

BO3MOXHOCTb BHeOpPEHUA TexXHONorum (puvHaHcoBble M MaTepuaribHble BO3MOXHOCTU
npeanpuaTus).

OueHka pasnnyHbiX BapuaHTOB TEXHUKO-TEXHONOMMYECKOro pPasBUTUSA MO MPUBEAEHHbIM
KpUTEpUSM OOSMKHA NPOBOAUNTLCSA B ABa dTana:

1. OueHka BapyaHTOB Ha BO3MOXHOCTb BHEZPEHNA B YCNOBUAX COBPEMEHHOCTH.

2. OueHka BapuaHTOB Ha npegMeT BO3MOXHOro BHeapeHus B Oyayuwiem, B YCNoBuUSX
HOBOro NPon3BOACTBA.
3. BbiBoAblI:

[MocTosAHHO noBbIWAaTL 3PEPEKTUBHOCTL Npon3BoACTBEHHOro npouecca [MAT, MOXHO
TONMBbKO MNPW  YCNOBUW HEMNPEPbIBHOTO MOHUTOPUHra KayecTBa OTAemNbHbIX MpPOLEeCcCcoB
npoussoactea ycnyr TO u pemoHTa aBToMO6MnS.
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W3MEHEHUE TPUBOJIOTMYECKNX CBOUCTB MOTOPHBbIX,
TPAHCMUCCUOHHBIX N KOMIMNPECCOPHbIX MACEI NPU
SKCIMIYATAUUUN TPAHCNOPTHbLIX MALLUUH

CHANGE OF TRIBOLOGICAL PROPERTIES OF MOTOR,
TRANSMISSION AND COMPRESSOR OILS DURING OPERATION
OF TRANSPORT MACHINES

Mykhailo Nahliuk’, lvan Nahliuk?

Abstrakt: The results of variation of tribological properties of the motor and, transmission and compressor ails,
depending on the operating time when operating vehicles.

Lubricating (tribological) properties were evaluated using the wear index, which characterizes the effect of
antiwear oil additives on the wear of friction surfaces. The wear was determined at a temperature of (20 + 5) °C and
a constant load of 196N (for motor oils) and 392N (for transmission oils) in flow 1h. The critical load characterizes
the limit of the bearing capacity of surfactants in the lubricant material and the ability of the oil to prevent the
scuffing of friction surfaces, and the welding load characterizes the maximum performance of the oil EP additives.

Key words: motor oil, transmission oil, compressor oil, operating time, vehicle, tribological properties

1. BBegeHue

BbicokMe Temnbl pocTa KonuMyecTBa TPaHCMOPTHbIX MalUMH B NEepeBO3Ke rpy30B W
MacCaXMpoB CBSI3aHbl CO 3Ha4YUTENbHbIM NOTPeEGNEHMEM TonnMBa U CMa3blBalOLMX
MaTepuanos. B ycnoBusix HeENpepbIBHO pacTywmnX LeH Ha HedpTb U HePTENPOAYKTbl, OCODEHHO
BaXKHYIO pOSib UrpaeT BOMPOC, O paumoHaribHOM UCMOMNb30BaHUN MOTOPHbIX, TPAHCMUCCUOHHbIX
N KOMMpPEeCCcopHbIX Macesn. Manble Cpoku akcnnyataumm macra npmBoadatr K Heo6oCHOBaAHHOMY
ero nepepacxogy, 6onbline K CHWKEHWUO 3JKCMyaTauMoOHHOW HaOEXHOCTU U OONrOBEYHOCTH
asuratenss v arperatoB. Macno, paboTtaBwee B  ABuratene wunu arperate, SBSIETCS
HOCMTENneM MHopMauumn, 0 TEPMOANHAMUNYECKNX, XMMNYECKNX N TPMOONOrM4eckmx npoueccax,
NPOMCXOOAWMX KaK B UUMAMHOPAX, COMPSIKEHUAX TaKk U B CMa3oyHoOM cucteme. /3ameHeHune
TEXHUYECKOro COCTOSHUS 3NIEMEHTOB KOHCTPYKUUKW ABUraTens, arperata npu akcnnyaTtaumm nnm
BO3HMKHOBEHME HEMONadoK B ero pabore B 3HAYMTENbHOW MEpe OTPaKaeTCsi Ha COCTOAHWUM
Macna. PaboTta TpaHCMOPTHbIX MaWWH B pPasfU4YHbIX YCMOBUSX, a TaKKe BIIMSHUE
3KcnnyaTauMOHHbIX U TEeXHONOrM4Yeckux pakTopoB Ha CpoK cnyxbbl macen obycnosnueaet
HeoMHaKOBY NePUOANYHOCTb UX CMEHBI.

PernameHTMpoOBaHHbLIE CPOKM CMEHbI Macen He Bcerga ob0CHOBaHbI BBUAY MPUMEHEHUS
ABuraTenen n arperatoB pasnuyHbIX Mogenen n moandukauun, pabotarWwmx B HEOANHAKOBbIX
yCcrnoBusixX akcnnyatauun. Macna, kak npaBuo, K CPOKy 3aMeHbl HE NCHEPMNbIBAOT 3anaca CBOUX
3KCNnyaTauMOHHbIX CBOMCTB U MOryT pabotatb fonblie 6e3 CHUKEeHUS HagéXHOCTM paboThbl
arperaTtoB TPaAHCMOPTHbIX MaWWH. Mpn OOCTMXKEHMN OOHUM UM HECKOSbKMMMK MokasaTenamu
KadyecTBa Macna npefenbHblX 3HAYEHUA MPOUCXOAUT yBernvyeHue CKOPOCTM W3HALUMBaHUSA
aeTtaneun, noBbilleHMEe CKITIOHHOCTW Macrna K obpa3oBaHMIO Harapa W NakoBbiX OTIOXEHUA B
asuraTtene, 4TO B pe3ynbTaTe CHWXaeT HaAeXHOCTb, 9SKOMOMMYHOCTb W 3KOHOMUYHOCTb
TPaHCNOPTHOMN MaLUUHbI.

Peanunzauusa pecypca 3anoXeHHOro B ABuratene W arperatax TPaHCMOPTHbIX MalUWH,
BO3MOXHA TOSMbKO MNPWU WUCMOMb30BaHMM 3KCMNyaTauMOHHbIX MaTepuanoB COBPEMEHHOrO
MOKOMEHUs,, MNOJSIHOCTbKD  COOTBETCTBYIOLWMX MO  3KCnryaTauMOHHbIM  CBOMUCTBAM  UX
KOHCTPYKLMOHHBIM OCOBEHHOCTAM M YCMOBUSIM SKCMyaTauuu.

2. U3noxeHue:

B npouecce akcnnyatauMm TPaAHCMOPTHOM MaLUMHBLI  MAacsio  BbINOMHAET  (PYyHKUMK
HaKonNUTEeNs NPOAYKTOB U3HALLMBAHUA U 3arpA3HeHuir, obpasyowmxca npu paboTte asuratens
uUnu arperaTta, a 3T0 NPUBOAUT K U3BMEHEHNIO OCHOBHbIX NOKa3aTenen Kayectea macna, a Takke
cmasbiBaloLen cnocobHoctTn macna. M3 aHanusa nutepaTypbl M3BECTHO, YTO NPU MUCMAbITAHUK
CMa304HOro MaTtepmana B NlabopaTopHbIX  YCrOBUSX, NpeanodTeHune oTpnaéTca

136



MEXOYHAPOOHA KOH®EPEHUMUA ,EKO BAPHA® 2019

YyeTblpexwapukosor MawunHe TpeHus (YLWM) BBMAy NpoCTOThl U BLICOKOW BOCMPOU3BOAMMOCTH
akcnepumenTa [1,2,3,4], 4TO CBHA3aHO C MCKIOYUTENBbHO HU3KMM pa3bpocoM no pasmepam,
TBEPOOCTM M XUMUYECKOMY  cocTtaBy obpasuoB  (wapukoB). [aHHaa  meToauka
cTaHgapTuamMpoBaHa n nmeet wupokoe npumeHeHue (FTOCT 9490, ASTM D 2783, DIN 51350).

B pabote [5] paspaboTtaHa MeToAuKa KONMYECTBEHHOW OUEHKW yaenbHou paboThbl
n3HawmeaHna ¢ nomowbto YWM. B 3aBUCMMOCTM OT BeSIMYMHBI Harpysku, KOTopas npu
MCNbITaHMAX AOSMKHA WMETb (PUKCMPOBaHWE 3HayYeHwe, napameTp yaernbHon paboThbl
M3HawunBaHns onpegensetr nuMbo NpPOTUBOM3HOCHbLIE CBOWCTBa, NUOO NPOTUBO3aAMPHbIE
CBOMCTBa CMa304HOro Matepuana.

B KkauyecTBe 3HepreTMyecKkoro WHTErpanbHOro KpuUTepus OuUeHKM Tpubonornyeckomn
XapaKTepUCTUKM CMas3ovyHOro martepmana B Tpubocucteme asTopamu [5] npepgnaraeTtcs
BEMNMYMHA MMAOTHOCTU SHEPruu, 3aTpayvyeHHOW Ha paspblB aAre3MOHHbIX MOCTUKOB M yAaneHus
eouHM4YHoro obbema maTepuana B Mpouecce W3HALIMBAHUA, KOTOpasi WUMEET CUSbHYI0
Koppensaumto ¢ nokasartenem nsHoca Dy (r=0,91), B XygLwen cTeneHn ¢ MHOEKCOM 3agmpa
W3 (r = 0,57) n cnabown koppensaumm Mexay Kputndeckon Harpyskon Py (r = 0,20) n Harpy3skom
cBapvBaHus Pc (r = 0,45). Huskaa koppensaums mexay P n P. obbscHAeTca Tem, 4to
yKasaHHble napameTpbl y4YUTbiBaOT TONbKO npefen paboTocnocobHOCTM MPOTUBOU3HOCHBIX U
NPOTMBO3aaUPHbIX MPUCaA0K, HO HE YYUTLIBAKOT UX CKOPOCTb cpabaTbiBaHus. [1pn 3TOM MOXHO
CyouTb O CyMMapHON TpuBONOrm4yeckom akTMBHOCTUM MPOTUBOM3HOCHBLIX U MPOTMBO3aaUPHbIX
npucagok B MOTOPHOM Macre 1 CKOpoCTn nx cpabatbiBaHus.

Y Kaxgoro 9KcnnyaTtauumoHHOro maTtepuana, BKYas XnagareHTbl (PpeoHbl), eCcTb
obnacTtb NpUMEHEeHUs, pernameHTupyemas MexagyHapoaHbiMM HOPMAaTUBHbLIMU LOKYMEHTaMM.
Mcxoga wmx aToro, Kaxablh NpoM3BOAUTENb TEXHWKW, B TOM YUCMe Takne aBTOMOOWUSbHbIE
KOHUepHbl kak BMW, MB, VW, GM wu ap. paspabaTbiBaeT KOHKpeTHble TpeboBaHus K
NPUMEHEHNIO TOrO0 WAW  WHOTFO  3KCMMyaTauMOHHOrO MNpoAaykTa Ans  CBOUX  CUCTEM
KOHONLMOHNPOBAHUS BO3yXa B carloHe TPaHCMOPTHON MaLUUHbI.

B pykoBoagctBe no aKkcnnyaTaumm  (TEXHUYECKOMY OBCRYXMBaHWIO U PEMOHTY)
aBTomMobunen, nepeyvnucrneHHbIX MNPOU3BOAUTENEN, KakK pernameHTupyrowemM [OKYMEHTe Ha
npoBefeHne paboT TexHuyeckoro obcnyxmnBaHus, 4eTko 06o3HayYeHbl MaTtepuanbsl U NOPSAOK
nposedeHnss paboT Mo  OBCNYXMBAHUIO CUCTEM  KOHOMUMOHMPOBAHWA. A MMEHHO:
MCNonb3oBaHME B KayecTBe XxnagareHTa — (peoHa mapkm R 134a, B kayectBe CMa304HOro
mMaTepuana — CUHTETUYECKMX Macen Ha OCHOBEe ChoXHbiX adupoB nonuonos (POE) unu
nonuankunrnukonen (PAG). [pyrne covetaHus matepuanoB (XfiagareHToB ApYrmx mMapok, a
TaKke, Macen MWHepanbHOW WMAW MONYCUHTETUYECKON OCHOBbI) MOTYT Bbi3BaTb WU3MEHEHue
CMasblBalOLWMX CBOWCTB Macen W OKa3blBaTb HeEratMBHOE BIIMSIHWE HA HaOEeXHOCTb
(6e30TKa3HOCTb M CPOK) IKCNIyaTaunm arperatoB CUCTEM KOHOULMOHUPOBAHUS MPUMEHSIEMbIX
Ha aBTOMOBUNSX.

BOoNbLWNMHCTBO HOPpMaTUBHBLIX AOKYMEHTOB, B KOTOPbIX MpuBeAeHbl (PU3NKO-XMMUYECKNE
nokasaTenu, He WMeKT 3Ha4YeHUn TPUOONOrM4YEeCcKOM XapakTEPUCTMKM MOTOPHOrO Macna u
Tonbko B NOCT 12337-84 (MOTOpHble Macna gna AusenbHblX ABuraTenen) npvsedeHbl 3Tu
3Ha4yeHMs Ona MHAOEeKca 3aaupa, KpUTUYEeCKON Harpyske u nokasatento nsHoca. Cpeam pusmko-
XUMUYECKNX MoKasaTenen TpaHCcMuUccuMoHHbIX Macen [OCT 23652-79, TY 38.1011238-89
npvBedeH nokasatenb Tpubonornyeckme CBOWCTBA XapakTepusyembli WHOEKCOM 3aaupa,
Harpy3kon cBapmBaHWA, KPUTUHECKOW Harpy3kom 1 nokasatenem nsHoca [5,6,7].

CwmasbiBatowme (Tpubonornyeckne) CBOMCTBa ONpeaensnuce No MeToay, U3NoXeHHOMY B
FOCT 9490. Tlokasatenb wu3Hoca (Dy), xapakTepusyowmn BANAHUE MNPOTUBOU3HOCHbLIX
NpUCcCagoK B Macrne Ha M3HOC TPYLLUMXCA NOBEPXHOCTEN, onpeaensncsa npu temnepatype (20 +
5) °C n noctosstHHOM Harpy3ke 196H (ana moTtopHbIx) n 392H (ons TpaHCMUCCUOHHBIX) Macen B
TeyeHun 14yaca. KpuTudeckas Harpys3ka xapaktepusyeT mnpegen Hecywen CcnocobHOCTH
MOBEPXHOCTHO-aKTMBHbLIX BewecTB B CMas3o4yHOM MaTtepuane U crnocobHoCcTb Macna
npepoTBpalaTe BO3HUKHOBEHME 3aaMpa TPYLUMXCS MOBEPXHOCTEW, a Harpyska cBapuBaHus
xapaktepuayeT npegesibHyt0o paboTocnocobHOCTb NPOTMBO3aAMpPHbBIX MNPUCAdoOK B Macre.
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Pe3yanaTb| ncnblTaHNn MOTOPHbIX N TPAHCMUCCUOHHbIX Macesl BCTpevalolnXcAa Ha pPbIHKax

YKpanHbl npeactaeneHbl B Tabnuue 1.
Tabnuua 1. 3HayeHWs NokasaTenen kayecTsa CMasbiBaloLLEen CNOCOBHOCTN MOTOPHbIX U1
TPaHCMUCCUOHHbIX Macen

Mapka Knaccu- | [pynna no Du, mm Py, H Pc, H
MOTOPHOro domkauma API
macna no SAE
Castrol 5W-40 SM/CF 0,34 1039 1646
Magnatec 5W-50 SM/CF 0,3 1098 2323
Castrol SYNTEK
Shel Helix Plus | 10W-40 CF-4/SH 0,31 1568 3283
Castrol 10W-40 SJ/SL/CF 0,28 1098 2195
Magnatec
Mobil Delvac MX | 15W-40 Cl-4/SL 0,29 1098 2323
XAOO Atomic 15W-40 SL/Cl-4 0,3 1098 2323
Valvoline 75W-90 GL-4 0,36 1235 4174
XADO Atomic 80W-90 GL-3/4/5 0,33 1166 4136

AHannsnpysa He paboTaBLiMe MOTOPHbIE M TPAHCMUCCUOHHbLIE Macna Mo NPUBEAEHHBLIM
nokasaTensmM MOXHO OTMETUTb, YTO OHU WMMEKT pasfnunyHble 3HayYeHUs 3PPEKTUBHOCTU U
paboToCNOCOBHOCTM NPOTUBOM3HOCHBIX 1 MPOTMBO3aANPHbBIX NpUcanok.

Tpubonornyeckas xapakTepucTuka CMa3ovHOro Martepuana - ero uHavMBuayanbHoe
KayecTBO, onpefenswllee CcMasbiBatolyto crnocobHocTb. Kak npaBuno, TPaHCMUCCUOHHbIE
mMacna obnagarT nyywnmMm TpUBONOrMyeckuMmM xXapakTepuctmkamum, Y4em MOTOPHble, 3a cyeT
BbICOKMX MPOTMBO3aAMPHLIX CBOWCTB Macra U MUX Hecywlen cnocobHocTu. B He paboTtasLumx
MOTOPHbIX Macrax nokasatenu XxapakTepusylline cmasbiBalowme CBOWCTBA UMEKOT
3HauyuTenbHbIE pasnuMyuua no nokasatento wmsHoca (D,) ot 0,29 go 0,48 MM, KpUTUYECKOW
Harpy3ke (Py) oT 784 no 1568 H, Harpy3ke cBapuBaHusa (P;) oT 1646 no 2450 H [4, 5].

[na onpeneneHns U3BMEHEHNsI CMasbiBaloLLMX CBOMCTB MOTOPHbIX Macen B 3KCniyaTauum
Obinn oTOGpaHbl Npobbl Macen C pasnnM4yHOM HapaboTKOM u3 ABUraTtenen HEeCKONbKUX
aBTOMOGUNen, paboTaroLmx B Kapbepe rno nepeBo3ke pyabl.

PesynbtaTtbl ucnbitaHnin Ha YLLM MOTOpHbIX Macen B3sTbIX U3 ABUratenen aBTomoomnen
camocBanos Komatsu HD 1200 B 3aBucumMocTu oT HapaboTkm Ha macne Essolube XT 401 SAE
15W-40 API CF-4 (Ne1 n Ne2) n Ha macne Mobil Delvac MX SAE 15W-40 API CI-4/SL (Ne3 n

Ne4) npeacrtaBneHbl B Tabn. 2.
Tabnuua 2. Pe3ynbTaTthl UCnbiTaHWM 0TPAaboOTaHHOrO MOTOPHOIO Macna

Bpems paboTbl aBTOMO6UNSA
n Yuc-
okasaTtenb Umctoe| Ne1 | Ne?2 Ne 3 Ne 4
macno | 4004 4604 | '°° | 555y | 500y
mMacro
CmasbiBaloLmne cBoncTBa
onpegendgemMble Ha YLLM:
- KpuTnYeckas Harpyska (Pk), H 1235 1098 | 1098 | 1098 | 735 735
- NokasaTtesnb u3Hoca (dn) npu 0,39 0,59 | 048 | 0,29 0,33 0,39
Harpy3ke 196H,mm 2450 2323 | 2195 | 2323 | 2195 | 2195
- Harpy3ka cBapmBanus (Pcs), H
Mpn 3ameHe oTpaboTaHHOro moTopHoro Macna Essolube XT 401 SAE 15W-40

NPOU30OLLNO He3HayYuTerbHOEe CHWXeHWe ero Kputudeckon Harpyskm ¢ 1235H pgo 1098H
coctaBuno 11%, Harpy3ku csapuBaHua ¢ 2450H go 2323H B aBTomobune Ne1, ¢ 2450H o
2195H B Ne2 coctasuno 5,2% wn 11,4%, yBenudeHne nokasatena usHoca ¢ 0,39 go 0,59
coctaBuno 51,3%.
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Mpu akcnnyataumm aBTomMobunen B oTpaboTaHHOM MoTopHOM Macne Mobil Delvac MX
SAE 15W-40 cHmxeHne kputuyeckomn Harpyskm ¢ 1098H go 735H coctasuno 33%, Harpysku
cBapuBaHusa ¢ 2323H pgo 2195H coctasuno 5,5%, ysennyeHue nokasatens musHoca ¢ 0,29 go
0,39 coctasuno 34,5%.

TpaHcmuccnonHoe macno XADO Atomic SAE  80W-90 API GL-3/4/5 npopa6botano B
3agHem mocty aBTtomobuna MAN 120 TbiC. KM CHWXEHUE KpUTU4eckon Harpysku ¢ 1166H go
921H coctaBuno 21%, Harpysku cBapmBaHna ¢ 4136H pgo 3479H coctasuno 15,9%,
yBenuyeHune nokasatens nsHoca c 0,33 go 0,5 coctasuno 51,5%.

OkcnnyaTtaums TpaktopoB Neo Holland T8050 Ha MOTOpHbIX Macnax pasHbIX
npoussBoguTenen noaresepanna  HeobxoOUMOCTb MOCTOAHHOIO MOHUTOPUHIA  WU3MEHEHUS
OCHOBHbIX Noka3aTteneun Tpubonornyecknx cBoMcTs paboTtasLlumx macen (tabn. 3).

TABJTMLUA 3. PE3YNbTATbI UCMbITAHUA MOTOPHOIO MACHIA SHELL RIMULA R4 L SAE
15W-40

API CI-4 (N21 U N22) U Q8 T 750 SAE 15W-40 API CI-4/SL (Ne3) OTPABOTABLLEIO B

OBUIATEJIE TPAKTOPOB NEO HOLLAND T8050

Ne 1 Ne2 Ne 3
NOKASATENW (76 vac) | (280 yac) | (252 uac)
Tprbonornyeckmx xapakTepmucTumk npu
TemnepaTtype (20 £ 5) °C
onpegensiemble Ha YLLM:
- Harpy3ka cBapmBaHuga (Pc), H
- KpuTnyeckas Harpyska (Pk), H 2195 1744 2195
735 1166 1098
- NOKA3ATEJIb U3HOCA (DW) NPU
- 0,6 0,34 0,32
NOCTOAHHOWU HAIPY3KE 196 H, MM

Ona nccnegoBaHMs U3MEHEHMSI CMa304YHbIX CBOWCTB CUHTETUYECKOTO KOMMPECCOPHOro
mMacna npu 3anpaBke KOHAWUMOHEpa pasHbiIMM Mapkamun xnagareHta BO BpeMsi aKcnyataumm
aBToMobuns. bBbinn  B3ATbI  Heckonbko  06pas3uoB  OTPabOTaAHHOMO  CUHTETUYECKOro
komnpeccopHoro macna Planetelf ACD 100 FY dwpmbl Total, koTtopoe pabotano c
xnagareHtom R 134a dmpmbl San Mei (obpaseny Ne 1) n co cmecbio xnagareHtoB R134a,
R142b n R 22 (R134a -18,2%, R142b-15%, R22-66,8%) obpaser, N2 2 B ogHUX YCrOBUSX U

oanHakoBoe BpeMmsi. PesynbTaTbl UCNbITAHWIA NpeacTaBneHsbl B Tabnuue 4.
Ta6nuua 4. VIameHeHne TpubOonormM4ecknx XxapakTepUCTUK CUHTETUYECKOTO KOMMPECCOPHOro
macna Planetelf ACD 100 FY cupmbl Total npu paboTe ¢ pa3HbiMK XnlagoreHamm

Hopma-
O6pasey -
MOKA3ATENU OBPA3EL|, No2 TUBHEIU
OOKYMEHT
Ne1
Tpnbonornyecknx xapakTepucTuk npu
TemnepaTtype (20 £ 5) °C onpegendemblie
Ha YLLIM: 657 588 9490
- Kputnyeckaa Harpyska (Py), H
- Nokasartenb uaHoca ([,) NnpM NOCTOSAH- 0,27 0,76
HOW Harpy3ke 196 H, mm
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3. 3akntoyeHune:

1.Mony4eHHble pesynbTaTbl N3MeHeHN nokasatenem XapakTepuayoLmnx
Tpubonormnyeckne ceoncTBa paboTaBwmx MOTOpHbIX (Essolube XT 401 SAE 15W-40, Mobil
Delvac MX SAE 15W-40) n tpaHcmuccunoHHoro macna (XADO Atomic SAE 80W-90 API GL-
3/4/5), npn paboTe B TEXHUYECKM UCMPABHbIX arperatax, HA MOMEHT CMEHbl CBUAETENBCTBYIOT O
He3HaAYNTENBHOM yXyaLeHum a(hheKTUBHOCTH AencTeus NpPOTUBO3agMpPHbIX n
NPOTUBOUN3HOCHbLIX MPUCAAOK.

2.lMpn paboTte cuHTeTn4eckoro komnpeccopHoro macna Planetelf ACD 100 FY co cmecbio
xnapgareHtoB R134a, R142b n R22 npoucxoanTt yxyaweHne CMasodHbIX CBOWCTB, CHWXEHue
Kputnyeckon Harpyskm (Py¢) Ha 10,5% u yBenudeHne nokasatensa usHoca (0,) B 2,8 pasa 3a 1
yac paboTbl MO CpaBHEHWIO C Macnom paboTtawwero ¢ xnagareHTom R 134a. [JaHHble
nokasaTtenu B npouecce panbHenwen paboTbl CUCTEMbI KOHAMLMOHUPOBaHUA GyayT TOSbKO
yXyALwaTbCs.

3.0KkcnnyaTaumsi KOMNpeccopHoro obopyaoBaHUS Ha CUHTETUYECKOM KOMMPECCOPHOM
macne Planetelf ACD 100 FY co cmecbto xnagareHtoB R134a, R142b n R22 He xenaTenbHo,
TaK Kak 3TO BbI3blBAET PE3KOe CHMXEHME CMa304YHbIX CBOWCTB M pecypca y3roB CUCTEMbI
KOHOMUMOHMPOBAHMS, YTO  MNPMBOAUT K ObICTpoM noTepe paboTOCnOCOOHOCTM W OTKasy
obopyaoBaHust CUCTEMBI.
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AKTYANTN3ALUNA HOPMATUBOB PACXOOA PECYPCOB HA TO U PEMOHT
KIMMIMEHTCKUX TPAHCNOPTHbLIX CPEACTB HA NMPEANPUATUN
OBCITYXUBAHUA ABTOTPAHCIOPTA

ACTUALIZATION OF STANDARDS OF RESOURCE EXPENDITURE FOR THE
TOTAL AND REPAIR OF CUSTOMER VEHICLES AT THE ENTERPRISE OF
SERVICE OF MOTOR TRANSPORT

Victoria Ryzhova

Abstract. The article discusses the actualization of standards for the consumption of resources for the
maintenance and repair of automobile customers, which have an important component in the use of standards for
carrying out these works. To achieve the goals, a method was used that characterizes as a longitudinal empirical
passive observation, and in processing the obtained results a structural, statistical and qualitative analysis was
used. The work confirmed the impossibility of full compliance with the standards of resource consumption. A
statistical processing of the results was carried out and the factors determining the level of service of independent
and authorized service stations were determined. To improve the quality of maintenance and repair services, a
system was created for documenting and rationing resource consumption at road transport enterprises.

Keywords: standards, resources, maintenance, repair, auto, factors, quality of services, time

1. BBegeHue:

3apgaya 3h(EKTMBHOrO ynpaBneHUs TEXHOMOrMYECKUMM MpoLeccaMm TEXHUYECKOro
obcnyxuBaHua (TO) n pemMoHTa aBTOMOOUNEN MMEET TaKyl BaXKHYK COCTaBMANOLLYH Kak
obecneyeHne cooTBETCTBUS pacxoda pecypcoB B npouecce TO 1M peMoOHTa Mx onTUMarnbHbIM
3Ha4yeHMsM, oOnpedesieHHbIM MpUM  HOPMUPOBAHWM  COOTBETCTBYHOLUMX  TEXHONOMMYECKUX
onepauun asTonpousBogutenem. K Takum pecypcam crnegyeTr OTHECTU BpeMsi, 3anacHble
4yacTu, BCnomoraTesibHble MaTepuanbl U aHeproHocuTenu. Cuntaem, 4To Hambonee BaXHbIM
ANS  KNUEHTO-OPUEHTUPOBAHHOMO aBTOCEPBUCHOrO MNPeAnpuUsaTUs  SABMSIETCS  ynpaBreHue
3aTpatamMn BpeMEHU Ha BbinonHeHne pabor TO u pemoHTa. OgHako 0O6LWEN3BECTHO, 4YTO
NOSIHOrO COOTBETCTBUS pearbHbiX 3aTpaT HOpMaTMBaM HeENb3si rapaHTMpoBaTb, OCOGEHHO B
CPeaHMX W TSXKenbIX YCMOBMAX 3KCMNnyaTauuMuM aBTOTPaHCMOPTHbLIX CPeAcTB. Takke creayet
OTMETUTb, YTO AN KAMEHTOB aBTOCEpBMCA 3HauMTenbHO 6onee BaXHbIM ABNSETCA
COOTBETCTBME LieHbl YCNyr UX KayecTBy M MWHUMAIbHOE BpeMs OXuOaHUs aBToMoOuNs, Yem
COOTBETCTBME HOpMaTMBAM peanbHO 3aTpayeHHbIX PEecypcoB Mpu YycrnoBum cobntogeHus
YyCTaHOBMEHHOro aBTonpounssoautenem pernamenta TO n pemoHTa (Tabn. 1, Ha ocHoBe [2] u
COBCTBEHHbIX UCCeaoBaHUN).

Tabnuua 1.
dakTopbl onpegeneHns He3aBMCUMbIX U aBTOPU3NpoBaHHbIX CTO*
dakTopsbl HesaBucumoe | ABTOpU3MpPOBaHHOE Cneuuwanu- Mpennpunatue
CTO CTO 3npoBaHHoe CTO aBToO-
TpaHcnopTa
1 2 3 4 5

CobnogeHue
Hpe,D,BapVITeJ'Ibl-IO *k%k *kkk *kkkk *kkKk
cornacoBaHHOM
LieHbl
COOTHOLlJeHVle *kkk *kkk *kkkk *kKk
LeHa / kKa4ecTBO
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Mpogomkenne Tabnunupl 1

1 2 3 4 5

lMepBoe
npuBnevYeHns
KNMeHTa

*kk *kkkk *kk *%

.D.OBelee K Kk Fkkk Kkkkk Kk
MEXaHUKy

CobnogeHue o ok ok -
obelyaHum

YKenaHwne
peLLIVITb *% *k*% **k% *k*%
npobnemsl
KnueHTa

Cobntogenne
CorriacoBaHHOro
rpadumka

*kk *k% *kkk *k%*

3HaHV|e n onbIT *kk *dkekok *kkkk *%
nepcoHana

BHumaHue k
TpeboBaHNAM
notpeburtens

*kkk *k% *kkk *hkkkk

COCTOHHI/Ie *%k%* *kkkk *kkkk *%
obopyaoBaHus

Bpems oxugaHns - ok ok -
peMOHTa

*

anMe‘-IaHMeZ OLUEHKa ocyulecTBlidnacb no nAaTMdanbLHOW wWkKane, rae — HU3KUI paHr;

FFEEE — BbICOKUW PaHr.

[MpoBeOeHHblE UCCneaoBaHWA MOKa3biBAlOT, YTO aBTOPU3MPOBAHHLIE CEPBUCHbLIE
npeanpuaTUs  PYKOBOACTBYKOTCA  Mpexae  BCEro  HopmatMBaMu,  YCTAHOBMEHHbIMU
aBTONPOM3BOAMTENEM, @ HE3aBMCUMbIE NPEANPUSATUS B OCHOBHOM WUCMOSb3YHT COOCTBEHHbIE
HapaboTku npwu onpegeneHnnm Hopm pacxoga pecypcoB. OgHako Haww HabnogeHus Ha
npegnpuaTuax, ocywectenawowmx TO U peMOHT aBTOMOOMNEN, yKa3biBalOT Ha OTKIOHEHUSA
peanbHOW ANUTENbHOCTU  BbINOMHAEMbIX paboT OT npeaBapuUTENbHO OLIEHEHHOW MO
HOopMatMBam no oOTAenbHbiM Buaam oOT -8596% po +9533 %. CnepmoBartensHo,
aBTOCEpPBUCHbIE MNPEAnpUATUS CIIMWKOM ONTUMWUCTUYHBI B BOMPOCE MpeaBapuUTENbHOro
onpeaeneHns npoaormkuTensHocTn pabotr no TO M PeMOHTY, YTO NPUBOAUT K CHMDKEHUIO
CTeNeHn YyOoBMeTBOPEHUs noTpebutenen U  yBEerMYEHUIO PAacXOA4OB KIMEHTOB  TaKuX
npeanpuaTui. B To e Bpemsi pacxoq MaTepuanbHbIX PECYPCOB OCTaeTCsl Ha YpPOBHE, 6N1M3KoM
K HOpMaTMBHOMY, MO3TOMY CYMTaeM, 4YTO ANs  peleHns  3ajayn  MoBbILEHUSN
yOOBIETBOPEHHOCTU KITMEHTOB aBTOCEPBUCHLIX MpeanpuaTnin  HeobxogmMmo obecneynTb
onpegeneHne oXxugaemon npofosrmkuTensHocTn paboT no TO M pemMoHTy € HeobxogMmown
TOYHOCTbIO MpM MOfHOM cobnogeHun TpeboBaHMI aBTOMPOM3BOAUTENS K PErnamMeHTy
BbIMOMHAEMbIX paboT U Ka4yeCTBY MX BbIMOMHEHUA, ANS Yero HeobxoauMMo HanaguTb CUCTEMY
AOKYMEHTUPOBAHUA U HOPMUPOBAHUSA pacxoga PEeCypCoB Ha MpeanpuaTuax aBTOMOOBMMBHOroO
TpaHcnopTa.

2. O630p nuTepaTtypbl:

O6ocHoBaHME HEODXOANMMOCTM UCCNea0oBaHNA TEMbl COOTBETCTBMS HOPMATUBOB pacxoaa
PECYPCOB N NX NMOCTOSAHHOIO COBEPLLUEHCTBOBAHUSA C LIENbIO MOBbLICUTH KOHKYPEHTOCNOCOOHOCTb
NpeanpuaTUM  HEeOOHOKPAaTHO MNoAHMManacb B OTEYECTBEHHOM W 3apyOexHOW Hay4vyHOW
nutepaTtype.

Tak, 0. Pycamu [1] ocHOBHOe BHUMaHue yaensetr CcobMoAeHUI0 YCTaHOBMEHHbIX
aBTONpOM3BOAMTENAMM TpeboBaHMA U HOPMaTMBOB MpWU BbINOMHEHMM onepaumn no TO
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aBTomMoObGUnen. OH npoaHanmManpoBarn OpraHn3aunoHHbIe noaxoabl pasfNYHbIX
aBToONpou3BoauTENEN K onpegeneHnto nepedHa paboT wu onepauui M yCTaHOBEHUIO
HOPMaTMBOB WCMOMNb30BaHNA PECYpCOB MNpW WX BbINOSIHEHUW. ABTOP YTBEPXAAeT, 4TO
onTUMarnbHOEe CoYeTaHne TOYHOCTU HOPM M TEXHONOMMYHOCTM Onepauui COAEPXUTCA B
cnyxebHon aokymeHTaunn cupmbl Citroén, a xyawme pesynbTaTthl nokasbiBaioT Skoda u
Honda. ABTop BMAUT OOBEKTMBHbLIE MNPUYUHbLI 3TOrO, TakMe KaK pasnuuve B nogxogax K
KOHCTPYMPOBAHMIO TPAHCMOPTHbLIX CPeacTB, B YCMNOBUSIX WUCMNOMb30BaHUs aBToMoOunen u
BbIMNOMHEHNA paboT Ha pasnuyHbIX NpPeanpuaTnax u T. n. Mbl cornacHbl C HAM B TOM, 4YTO
LuenecoobpasHo paspaboTaTtb yHMBepcanbHyl cCxemy BbiNofHeHna pabot no TO gna Bcex
Moaenen aBToMobunen, BKNHOYaKLWY HOPMbl BPEMEHU, OnpefeneHHble Ha OCHoBe 06LmnX
NPUHUMNOB N 00LWMMK METOOAMMN.

Cneuuwanuctbl Asctpanuickoro Ctpaxooro CoeTa TpebyroT cobniogatb B npouecce
pemoHTa aBToMobunen Hopmbl Motor vehicle insurance and repair industry code of conduct
(MVIRI Code) [3], koTopble cpean npoyero TpebyloT OT aBTOCEPBUCHLIX NPEeANnPUATUN YETKO
cobnogatb TEXHOMOMMK BbINOMIHEHUST PEMOHTHbIX paboT, HOpMaTMBbl 3aTpaT BPEMEHW,
3anacHbIX 4YacTern M BCnoMoraTesfibHbIX MaTepuanoB, paspaboTaHHbIX aBTOMNPOU3BOAUTENAMMU
KaK BNUSIOLLME Ha SKCnnyaTaunoHHbIE KayecTBa TPAHCMNOPTHOrO cpeacTea u 6e30nacHOCTb ero
ncnonb3oBaHus. Hamum yxe 6biNo0  BbiCKa3aHO MHEHME, YTO HOPMbl M HOpPMaTUBbI
aBTOMPOM3BOOMTENEN HEe Bcerga COOTBETCTBYKOT pearnbHbiM 3aTpaTam pPecypcoB, HO Mbl
cornacHbl ¢ HeobxoaumocTbio cobntogaTtb TpeboBaHMA TexHonormdecknx npoueccoe TO u
PEMOHTA, YCTaHOBMNEHHbIE aBTONPON3BOANTENSIMN.

PaspaboTumkn rocygapCTBeHHbIX cTaHgapTtoB [4, 5] yaenunu 6Gonblloe BHUMaHWe
aKkTyanusauuMm HOpPMaTMBOB 3aTpaT BpPEeMeHM W 3anacHblx yacten gnsa nposegeHus TO wu
peMOHTa aBTOMOOWUNBLHOIO Mapka, BBeAA MNOMNPaBOYHblE KOIMPUUMEHTLI, Yy4uUTbIBaOLLME
knumatmyeckyto 3oHy (k3), ycnosusa akcnnyatauumn (k1) n Bospact aBTtomobunen (k4) wu
YCTaHOBMB 3HA4YeHUs AN 3Tux KoadduumeHToB. OgHaKko OpueHTauuMs Ha onpeaerneHne aTnx
napamMeTpoB NS KPYMHbIX aBTONAPKOB, a TakkKe YyCTapeBlMe 3HaYeHUss KOIPPULNEHTOB,
onpeaeneHHole 6onee 20-25 net Hasag, OTCYTCTBME B CTaHOapTax COBPEMEHHbIX KNaccoB
TPaAHCMOPTHbLIX CPeacCTB U HEBO3MOXHOCTb YYeCTb OnpederieHHble aBTOMNpPOU3BOAUTENEM
HOpMaTMBbl OBOCHOBbLIBAOT HEOOXOAMMOCTb YTOYHEHUSI MEXaHM3MOB KOPPEKTMPOBAHMUSA
HOPMaTUBOB 4151 COBPEMEHHbIX YCIOBUN.

B [7] npeanoxeH obwimin anropMtm akTyanumsauum HOpM BPEMEHMU BbINOSTHEHMS paboT no
TO u pemMoHTy. K OCHOBHbIM (pakTOopam, KOTOpble BIIMSKOT Ha WX akTyanu3auuio, OTHECEHbI
yCrnoBus aKcnnyataunm, Mogenb 1 Bo3pacTt aBToMObOUNs, NpMpogHO-KNMMaTn4eckne ycrnoBus.
Mpn paspabotke cBoer mopenun asTop nNpubnuaun daktopbl u3 [4; 5] K COBpPEMEHHbIM
YCNOBUSAIM, OAHAKO BO3MOXHOCTU WX MNPUMEHEHUS Ha nNpeanpusaTuax, o6CnyXuBaroLmx
KNMEHTCKME aBTOMOOWNN, OrpaHnMYeHbl BBUOY HegocTaTka Heobxoanmon nHpopmaumn.

Ww. A. TanemytamHoB wn [. Bb. Bunbckun B [8] paccmoTpenn HOpMUpOBaHUE
TexHonormyecknx npoueccoB TO M pemMoOHTa Kak COCTaBMsAKOLWY  ynpaBleHus
MHPOPMALMOHHBIMW  NOTOKaMW  aBTonpeanpusaTMa. HecmoTpa Ha WMHTEepecHbin noaxon,
akTyanusaumm HopmMaTuBOB B paboTe He BbiNo yaeneHo 4oCcTaTovHOro BHMMaHud. PaspaboTke
obwero nogxoda K pacdeTy HOpMaTMBOB 3aTpaTr Tpyda nocesieHa pabota [9], ogHako B
NpennoKeHHOM B HEM MEeXaHU3Me He NpeayCMOTPEHaA BO3MOXHOCTb UX akTyanusauum.

HactonumBo pabGoTaeT Hag COBEpPLUEHCTBOBAHMEM HOPMWMPOBAHMS OTAENbHbIX BUOOB
peMoHTHbIX pabot C. . XXapos ([13, 14]), KOTOpbLIA aKTUBHO MPOABUrAET MUKPOSNEMEHTHbIN
noaxon B HOPMMPOBAHWUS 3aTpaT BPEMEHW HA aBTOPEMOHTHbLIX NPeanpuATUSAX, HO cuuTaeT
HEBO3MOXHbIM  akTyanu3auui TakMX HOPMATMBOB  M3-32  BbLICOKOW  CIIOXKHOCTM U
HenpeackasyeMoCTU PEMOHTHbIX Ky30BHbIX paboT. Mbl e cuutaem, 4yto pabotsl no TO
aBTOMOOUIEN HOPMUMPYIOTCS W aKTyanu3anpytoTCs OOCTaTOYHO MPOCTO, a B HOPMWUPOBAHUU
PEMOHTHbIX paboT BO3MOXHO M LenecoobpasHo AN peLleHns NoCTaBfeHHOW Bblle 3adayu
NCMNonb30BaHME CTAaTUCTUYECKN 3HAYNMbIX MHTEPBAroB.

3. MeToponorua nccnegoBaHus:
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Ncxops n3 ocobeHHocTen BblGpaHHOW cdepbl NMPOBEAEHMS UCCNEAOBAHUSA CYMTAEM, YTO
ANA  OOCTMXKEHMS MNOoCTaBMneHHblx B paboTe uenen onTuManbHbiM OyaeT wucnorb3oBaHue
MeToOa, KOTOPbIi MOXHO OXapakTepu3oBaTb KaK NOHIMUTIOOHOE 3SMMMPUYECcKOoe MNacCUBHOE
HabniogeHne, a npu o06paboTke NOMyYeHHbIX pe3ynbTaToOB WUCMNOSb30BaHbl CTPYKTYPHbIN,
CTaTUCTUYECKMN W  Ka4YeCTBEHHbI aHanuabl. TpygoemMkocTu paboT no  yCcTpaHeHuto
HencnpaBHOCTEW TPAHCNOPTHbIX MalUMH  pacnpefenstoTcs no  HOPManbHOMY  3aKOHY
pacnpegeneHus (koadpdpuuneHT Bapuaumm v = 0,3), a MHTEHCMBHOCTU HeucrnpaBHOCTEN — MO
3akoHy Benbynna (v =0,36 ... 0,85). cxoga n3 npegnonaraemMbix 3aKOHOB pacnpegeneHus
nccnegyemMmblX BeNUYMH, C  WUCMNONb3OBaHMEM MapaMeTpuyeckoro Metoda onpeneneHo
MWUHUMarnbHOE KOMMYeCTBO 3aka3oB, MO KOTOPbIM HeO6XoOMMO BecTu HabnogeHve, paBHoe 25
npyn goseputenbHon BeposaTHocTn B = 0,85 (npu TO n peMoHTe arperaToB, y3rOB U CUCTEM,
KOTOpble HE MMEKT 3HAYUTENBHOrO BIMAHUSA Ha 6e30NacHOCTb OABWKEHUSA) U OTHOCUTENbHOM
owwndbke & = 0,10.

[MpoBeneHne NaccMBHOrO 3KCMepuMeHTa: nog HabnogeHve nognagarnT 25 cnyyamHbix
3aka3oB Ha TO 1 peMOHT aBTOMOBUNEN eXerogHo B nepuog nNpoBeAeHUs UccrefoBaHus; ans
nccnenoBaHMs CnyyYamHo BblIOMpaeTcs OA4vMH 3aka3 BCEX MOCTYMMBLUMX Ha npeanpuatue 3a
KaXkabli Criy4anHo BblOpaHHbI pabounin eHb ¢ nHTepBanom 15 gHen.

4. N3noxeHne OCHOBHOro marepuana:

[na npoBedeHust uccrnegoBaHus Hamu Obinn oTobpaHbl 25 3akazoB HAa TO M peMOHT
aBTomobunen mopgenn Nissan Qashqai kak wumerowmx B YKpauHe  BbICOKYHO
pacnpoCTPaHEeHHOCTb, Y4uUTbIBas, 4YTO MX BRagenbubl NpeanodYnTaT npuaepXuBaTbes
TpeboBaHnn aBTONPON3BOANTENSA OTHOCUMTENBLHO TO BO BpeMsi rapaHTUMHOrO cpoka (cm. Tabn.
2). KonnyectBo aBTomMobunenm u nepuoa npoBeaeHust HabnwgeHns COOTBETCTBYIOT
TpeboBaHNAM MeTOAMKM MPOBEAEHMS uUccneaoBaHus. Bo BpemMsa npoBeaeHust aKCnepumeHTa
YacTb KNMeHToB (5 4yenoBek) oTkasanacb OT AanbHenwero nposegeHns TO M peMOHTa M3-3a
cnuwKomM 60NbLION OXMAAEMOWN NPOAOIPKUTENBHOCTU BbINOMHEHNST paboT, MO3TOMY 3TK Cnyyamn
He oTpaxeHbl B 0oOLEeM mMaccuBe WMHoOpMauum u He NPUHUMAKOT y4acTus B AanbHenLwmnx
pacyeTax. CoOTBETCTBEHHO, B HabntoaeHun cobpaHbl matepuansl no 20 Npon3BOACTBEHHbLIMM
npoueccamn TO pasnuyHbix aBTomobunen Nissan Qashgai, koTopble cTanu OCHOBOW [OnA
NOCTPOEHUS MOAENN ONpeaeneHnsa OXmaaemon NpoaosmkMTenbHOCTU paboT no TO n pemMoHTy
aBToMobunen.

Tabnuua 2.
PernameHT pabot no TO aBTomobuns moagenu Nissan Qashgai Bo Bpemsi rapaHTUAHOIO
CpokKa
Mepwnon, mecaues 12(24136|48|60|72| 84
[Mpober B TbIC. KM. 15|30(45|60|75|90|105
1 2|13(4|5|6|7] 8
MoTopHOe macno, punbTp 3/3/3|3|3|3]| 3
[MpuBOAHbBIE PEMHM BCNOMOraTesbHbIX arperatos, LWKUBbI mjprjrnynnimn|imn
Cunctema oxnaxgeHusa asuratens (YypoBeHb XUAKoCcTw, BudyanoHbin | T T[T M| M| M| M
OCMOTP)
KnagkocTb cUCTEMbI OXIaXaeHus M 3
BosgywHbin punbTp M3 N{3[M|3|T
TonnuBHas cuctema, TONIMBONPOBOAbI | nmn
Cunctema ynpasneHus gsuratenem (Bkroyasa kucnopogbi gatumk) | M| MMM |n|nn
CBeuu 3axuraHus Mmi3|N[{3|M|3|T
HanpaBneHue cBeTa 1 cuna CBeTOBOro notoka dap mjrjnynjnimn|rmn
CocTosiHne Konec n gaBneHne B LUMHAX i nmn
TopMO3HbIE KONOAKN, TOPMO3HbIE ANCKWU, LMINHAPDI | nmn
Paboyas Topmo3Has cuctema. lNeganbHbIN U CTOAHOYHBLIN TOPMO3 minnimnjninin
(3PP EKTUBHOCTE TOPMOXKEHMS)
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Mpogomkenne Tabnunupbl 2

1 314|567

2 8
TopMo3Haga cuctemMa v cuenneHne: ypoBeHb XUAKOCTU, Hannume | I | M | T [ T [ T [ M| N
NOATEKOB

XXngkocTb B TOPMO3HOW cucTeme

CanoHHbI punbTp

Cucrema Kpyms-KOHTPOss

Macno B MKIIT (Tonbko ans asto ¢ MKIIIM)

Kungkoctb B AKII (Tonbko gns asto ¢ AKIMM)

Ja|13aj3a 3
J3133 W w
Jg|13aj3a 3
Jw3d3|w|w
Jg|13aj3a 3
303 W w
Ja|13aj3a 3

MexaHn3m 1 NpuBOA PyreBoro ynpasneHus (Hanudne nogTos),
3NeMeHTbl NoABECKU

Cuctema BbllyCKa OTpa6OTaBLLII/1X ra3oB gBuratesia

| e |
| o |
3
33
33
(3
| e |

MpuBoaHble Banbl (nonyocun) CocToAHUSA NbINTIbHUKOB NONYyOCeN,

LWIPYCOB

[MpoBepka Ky30Ba Ha OTCYTCTBUE KOPPO3UU (MHCNEKLNOHHBLIN mimprmyrmymnpnn
OCMOTP Ky30Ba)

PemHun 6e3onacHoCTM (PyHKLMOHMPOBAHWE, NOBPEXAEHNS) (i njnnjmnjn|n
MeTnn n 3amkn aBepen, kanoTta, baraxxHuka ncincincinc|rnci|nc|nc
Cteknoounctntenun nepegHue n sagHue, cucteMma oOMblBaHUS (i njnnjmnjn|n

CTeKna, ypoBeHb XNaKoCTU

AKKYMYNATOP (YPOBEHb, MMNOTHOCTL 3NeKTponuTa, cmaska knemm) | I [ T | M| M| M| M| 1

Oxngaemasa NpogomMKUTENBHOCTb, H.-Y. 2,013,712,1(3,7/2,0(4,9|2,0

M- npoBepka, C - cmaska, 1C - npoBepka n cmaska, 3 - 3ameHa, T - nogTsarmBaHne

HabniogeHne npoBOAMMOCL 3a BbINOSIHEHMEM KaXaonW M3 paboT B COOTBETCTBUU C
TEXHOMOrM4Yyeckon kapTton cooTBeTcTBytowero TO, onpegeneHHoro cornacHo BO3pacTy WU
npobery asTomobuns. PrukcnpoBanucb BpeMs Hadasna v OKOHYaHUs Kakgomn onepauun, a Takke
OTAEeNbHO (PUKCUPOBANNCL BCE HENPOU3BOAUTENbHbIE 3aTpaThbl BpEMEHU — NPOCTOU, 3a0EPXKKN,
nepepbiBbl, OXnaaHua u T. N. [na onpefeneHus CyLeCTBEHHbIX OOBEKTMBHLIX (DaKTOPOB,
BAUSIOLLMX HA NPOOOIMKUTENBbHOCTb BbINOMHEHUS paboT, C Lenbio ganbHenwen paspaboTku
MOAENM akTyanu3aumm HOPMaTMBOB Ha OTAENbHbIX OnaHkax (uKCUpoBanucb OaHHble 00
aBTOMOOUNE (BO3pacT, yCnoBusi 3KcnfyaTaumm, cobniogeHue BnagenbueM MEXCEPBUCHOMO
WHTepsana) u beina cosgaHa 6asa obopyaoBaHus NpeanpusaTUs, Ha KOTOPOM MPOU3BOAUNUCH
paboTbl No TO 1 pemMoHTYy.

[MpoBegeHHoe HabnwogeHwe NO3BONUMAO onpeaennTb Bpems BbINONHeHus onepaunin TO
asTomobunen mogenn Nissan Qashqai n paccuntatb cpegHee BpeMsi OCHOBHbIX Onepauuni
(tabn. 3) ona onpegeneHna HopmMaTtMBOB. [lofHBIA MNepeyvyeHb UCCreaoBaHHbIX pPaboT wu
onepaumn TO n pemMoHTa 3HAYNTENBbHO LLUMPE N €ro PaCCMOTPEHNE BbIXOAUT 3@ PaMKn AaHHOW
paboThl.

Tabnuua 3.
CpepaHee Bpems BbinonHeHna onepauun TO aBTomobunen Nissan Qashqai
0 CpenHee Bpems Hopmatue CpegHee
nepaums o
BbINOJTHEHUS onepaunMn | aBTONPOM3BOAUTENS | OTKINOHeHME, %
1 2 3 4
KomnbtoTepHas 0:05:11 0:24:00 72,97
AnarHoCTunka
3ameHa namnoyek 0:02:01 0:06:00 -44 44
3ameHa BO34yLUHOro . 0:06:00 (TO-1)
bunbTpa 0:04:30 0:12:00 (TO-2) +13,48
Samena canoHHoro 0:08:40 0:12:00 — TO-2 +13,30
dunbTpa

145




MEXOQYHAPOOHA KOH®EPEHUWMA ,EKO BAPHA* 2019
lMpogomkenne Tabnunupbl 3

1 2 3 4
Cnue, gonus, 3anvMeka MOTOPHOro Macra 0:10:46 0:18:00 +35,87
[MpoBepka TOPMO30B, YCTPaHEHNE 0:06:00 (TO-
HencnpaBHOCTEW, NogKaTue raek Kosnec, A 1)
3aMeHa TOPMO3HOW XUAKOCTWN, NOATSIKKA 0:16:56 0:30:00 (TO- +69,81
py4YHOro TOpmMo3a 2)
KOHTpOb ypOBHS 1 3aMeHa 0:00:32 0:06:00 -85,96
oxnaxgarLLen XnaKkoctu, OB
3ameHa MacnsHoro punbTpa 0:04:35 0:18:00 -70,65
3ameHa cBeYen 3axuraHus 0:28:10 0:36:00 +95,33

M3 Tabn. 3 BMOHO CyLLECTBEHHOE OTKIOHEHMNE pearbHbIX 3aTpaT BPEMEHN Ha NpoBeaeHmne
onepauun n pabotr no TO KOHKpPETHOW Mogenn aBTOMOOUMNA M HOPMATUBHBLIX 3HAYEHWN,
yCTaHOBMEHHbIX aBTonpousBogutenem. CpeaHee OTKNOHEHME MO Bcem paboTamm U
onepauusiMm cCoO BCEMU aBTOMOOBUNAMMK, MO KOTOPbIM NPOBOAMNOCL HabnaeHue, COCTaBUIO
+40,19%. CnepoBaTenbHO, BO3HMKAET 3ajada agantMpoBaTb HOpMaTUBbLI 3aTpaT BPEMEHU Ha
BblNoNIHEHNe paboT u onepauun no TO aBTomobGunen Nissan Qashqai 2.0 cvt K peanbHbIM
3HAYEHUAM C y4ETOM BO3MOXHOCTM NPUONN3nTL pearnbHble 3aTpaTbl BPEMEHN K HOPMATUBHbBIM
nyTem ynyyweHns opraHm3aLmm BbiNONIHEHNSA paboT, NOBbILEHUSA YPOBHA MexaHu3aumnm Tpyaa,
obpasoBaHna K onbiTa pabOTHMKOB (aKTyanuanpoBaTb HOpPMaTUBbI), yYnTbIBasA cneunguieckmne
YCIOBUSA KOHKPETHOro npegnpuatna ana 6onee agdEKTMBHOIO MCMNONb30BaHUSA TPYOOBbIX
pecypcos.

Bbickakem npegnonoxeHwe, 4YTo ANA akTyanusaumm HOpMaTMBOB 3aTpaT BpPeMEHM Ha
npoBegeHne TO HeobxoaMmo y4yecTb BO3pacT aBToMobuns, cobniogeHne ero Bnagensuem
MEXCEPBUCHOIO MHTEpBana, YTOYHUTb YCMOBUSA 3Kcnnyataumm asTomobunen (ycnosus
OBWKEHUS, Harpy3ky, TN SOPOXHOIO MOKPbLITUS) U OCHALLEeHWe npeanpuaTus, BbINOSTHAKOLWLEro
paboTbl. MockonbKy B pamMkax MpOBEOEeHHOro HabniogeHust HEBO3MOXHO OLEHUTb BNNAHME
penbeda MeCcTHOCTU U NPUPOAHO-KIMMATUYECKMX YCIOBMMK, T. K. BCe aBTomobunu, 3a TO
KOTOpbIX OCYLLECTBAANOCh HabniogeHue, IKCNNyaTupytTcsa B OAHOM pPerMoHe YKpawHbl,
MMEIOLLIEM PaBHUHHBIN penbed ¢ HebonblMMK NepenagaMmn BbICOT (MPEUMYLLECTBEHHO — He
6onee 100 M) N yMEpeHHbI NPUMOPCKUIA KNUMaT, TO ONpeaenuTb BIIMSIHUE COOTBETCTBYIOLLMX
KO3 PMUNEHTOB HEBO3MOXHO, a MOCKONbKY 60Nblasa YacTb CTpaHbl HAXOAWUTCA B CXOLHbIX
yCroBusix, TO N HelenecoobpasHo, NPUMeEM 3HaYEeHUS ATUX KOI(PEPMLUMEHTOB B COOTBETCTBUMN C
[5].

Takxke cornacHbl ¢ MeToguMKaMn, N3NOXeHHbIMU B [4, 5], MO KOTOPbIM (PYHKLWOHArbHas
3aBUCMMOCTb MeEXAy aKkTyanM3anpoBaHHbIM 3HAa4YeHMEM HOpMaTMBa pacxoda pecypca v ero
6a30BbIM 3HAa4YEHNEM BblpaXkaeTcs B BUAE

T, = T, - Tz B, (1)
rae T, — aKTyanuampoBaHHbIi HOPMaTUB pacxoaa pecypca;

T,, — 6a30BbI HOPMATUB pacxofa pecypca;

Ki — i-bIl KOPPEKTUPYHOLLMIA KOIPPULMEHT;

N — KOSIMYECTBO KOPPEKTUPYIOLLNX KOIPPULMEHTOB.

Cuntaem, 4TO cyuwlecTBylwass HopMaTMBHass ©asa, MonydYeHHas npeanpuaTUAMKU no
obCcnyXMBaHUIO aBTOTPaHCMNOPTa OT aBTOMNPOU3BOAUTENEN U UX NPEACTaBUTENEN, a TaKkKe U3
APYrMX 3aKOHHbIX WCTOYHWKOB, MO3BOMSAET 3HAYUTENbHO pacMpuTb nepeveHb 6a30Bbix
HOpPMaTMBOB 3aTpaT pecypca, NPUHSAB B KayecTBe Ga3oBoro nubo HOpMaTMBHOE 3HA4YeHWE
aBTonpousBoguTens, nmbo cpegHee 3HadeHWe pacxoda BPEMEHW, OnpeadeneHHoe B
pesynbtate HabniwogeHnn. O6 onpegeneHun 6a3oBoro HopMatmBa MO pesynbTaTam
NpoBefEeHHOro uccnegosaHns OyaeT ckasaHo ganee.

Mmetowasica HeonpeaeneHHoCcTb  MNpOAOSMKUTENBHOCTU  HOPMUPOBAHHBLIX MPOLECCOB,
KOTOPYK BUMAOHO W3 pesynbTaToB HabNogeHWN, NpuBeAEeHHbIX B Tabn. 4, U BEpPOSTHOCTHbLIN
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XapakTep KOHEYHOro pesynbTaTa AesATEeNbHOCTM MEXaHUMKOB TpebyloT OoTpaxeHnsa 3ITUxX
ocobeHHoCTen B HOpMMpoBaHuK. Mo Hawemy MHEHUIO, 3TO MOXET OblTb peanv3oBaHo 3a cyeT
yCTaHOBKM OBOCHOBaHHOIO Amanas3oHa HOPMbl PacxOAdoB pecypca (Bpemenu). HenpepbiBHOE
HakonneHne MHpopMaunum o peanbHON MPOAOIMKUTENBHOCTU paboT B Xxo4e WX BbIMNOMHEHUS

MNO3BOSMIUT MOCTOSAHHO YTOYHATbL W, COOTBETCTBEHHO, YCTaHaBnMBaTb MPOrHO3HbIE U
aKTyanuanpoBaHbl 3Ha4eHnn HopMmaTneoBs [15].
Tabnuua 4.
MHTepBan BpeMeHu Ha BbinonHeHue onepaunn TO aBTomobumns
Nissan Qashqgai 2,0 cvt no gaHHbIM HabnaeHUN
MuHumansHoe MakcumanbHoe
Bpems Bpems
Onepauus BbINOSTHEHUS BbINOSTHEHUS
onepaumm onepauum
KomnbloTepHasa anarHocTtuka 0:01:49 0:16:13
3ameHa namnoyex 0:01:40 0:21:33
0:01:58 (TO-1) AR,
3ameHa BO3ayLIHOro unbTpa 0:02:42 8?22? gg;;
(TO-2) T
3ameHa carnoHHOro unbTpa 0:02:29 0:28:04
CnvB, fonue, 3annmeka MOTOPHOro Macna 0:10:17 1:04:02
lMpoBepka TOPMO30B, YCTPaHEHNE HemchaBHOCTeﬁ, 0:02:10 (TO-1) 1:06:09 (TO-1)
nogkaTue raek Kornec, 3ameHa TOPMO3HOW XXUOKOCTH, 0:06:28 (TO-2) 1:12:21 (TO-2)
NOATSKKa Py4YHOro TopmMo3a
KoHTpoOnb ypoOBHA 1 3aMeHa oxrnaxaatoLemn XnaKkocTu, 0-:00:11 0:01:06
OonumB
3ameHa MacnsHoro punbTpa 0:02:08 0:15:05
3amMeHa CBeYen 3aXxuraHms 0:28:10 1:57:55
MpuunHamm  CTONb  CYWECTBEHHbLIX  OTKIOHEHWN cunTaem HepaumMoHanbHoe

ncnonb3oBaHMe paboyero BpeMeHu Ha NpeanpusTMm, BbICOKUW YPOBEHb HEMPOU3BOAUTENBbHbIX
3aTpaT BpeMEHW OTAeNbHbIMA  MEeXaHuKaMW, HWU3KUWA  OpraHuM3auMOHHbIN  YPOBEHb
HOPMMPOBAHNSA Ha NPeanPUATUN.

Onupascb Ha (1), npeanaraem gng akTyanusaunm HOpMaTMBOB 3aTpaT BPEMEHU B3ATb B
pacyeT cnegyowme KoappuUneHTsbI:

K1 — ycnosus BbINOMNHeHUst paboT Ha npeanpuaTum obCcnyXMBaHWSA aBTOTPAHCMOPTA,
cocTosiLme u13:

K1.1 — ypoBHA MexaHuM3auum W aBTOMaTU3auMm COOTBETCTBYyHOWEN paboTbl Ha
COOTBETCTBYIOLLEM paboyeM MecTe (NOCKOMbKY HabnogeHns NpoBOAUNUCH Ha MpeanpuaTum,
aBnseTca oduumaneHbiM ANNEPOM Mapku n nmeeTr Bce Heobxogumoe obopyaoBaHue Mo
TpeboBaHNAM ¥ pekoMeHZauusaM Npou3BoauTend, NPUHATO 3HayYeHue 3TOro KoaduumeHTa,
paBHoe 1);

K1.2 — crnoXHoOCTb paboT Anst UICNOSTHUTENSA B 3aBUCMMOCTUM OT €ro onbiTa, YPOBHS 3HAHUN,
noTpebHOCTM B cneumnanbHbiX 3HAHUSX, YMEHUSX N HaBblkaxX U Ap. CYyObeKTUBHbIX hakTopoB (Mo
aHanorn4yHbiM coobpakeHusM NpuHUMaeTcsa pasHoe 1);

K1.3 — ycnoBui BbINONIHEHUSI COOTBETCTBYHOLLEN paboTbl HA COOTBETCTBYOLWEM paboyem
MecTe (B COOTBETCTBUM C peKoMeHAaunsamMu, npusedeHHsIMu B [4, 5]);

K2 — koathpmumeHT, yumTbiBalowmMn BO3pacT M npober aBTOTPAHCMNOPTHOrO CpeacTea,
CornacHo:

K2.1 — koaddmumMeHT BO3pacTa aBTOMOOMNSA MO CPaABHEHWUIO C rapaHTUMHBLIM NEePUOLOM
(3HayeHue koahdpuumeHTa onpegeneHsl 0,8 — anga nepsoro roga, 0,9 — ona sToporo roga, 1,0 —
Ans Tpetbero un vyetseptoro net, 1,1 — gna naroro roga n 1,2 — ana astomobunen crapwe 5
ner);
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K2.2 — koathpmumeHT npobera aBTOMOOUNS NO CpPaBHEHWUIO CO CPeAHMM AN AaHHOro
Knacca aBTomobunen B JaHHOM pernmoHe (3HaveHune koadduumeHta onpegenexbl 0,8 — ans
aBTOMOGUnen ¢ npoberom meHblie 50% cpegHero; 0,9 — ona aBTomobunen ¢ npoderom 50 ...
80% ot cpegHero, 1,0 — gna asTomobunen c npoderom 80 ... 120% o1 cpeaHero n 1,1 — ansa
aBTomobunen ¢ 6onbMM cpegHum npoberom);

K3 — KoadpduUMEHT, yuuTbIBaOWMN COBNOAEHNa BragenbLeM MeXCEepPBUCHOMO
MHTepBana (3HadyeHue koadduumneHtTa onpeaeneHol kak 0,9 — ana asTomobunen, NpnbLIBLLNX
Ha TO 3apaHee, 1,0 — ans asTomobunen, npubbiBwKMx Ha TO BoBpems u 1,1 — ans
aBTOMObBUNENn, KOTopble CyLeCTBEHHO nponycTunun cpok TO);

K4 — Koa(h(pULMEHT, yunTbiBalOLLMIA YCITOBUA SKCNITyaTauuu.

Mpepnaraemas mogenb 3aBUCUMOCTU UMEET BUA

Ty =Ty,  (Eyy "Eyg- Kyg) - (Byy Kyp) Ky K (2)

Mpn o6paboTke HAKOMMEHHbIX CTAaTUCTUYECKMX OaHHbIX B KayecTBe 6a30BOro 3HadeHus
HopMaTtmBa Obinn BbIOpaHbl Kak HOpPMAaTMB, ONPEeAEneHHbI aBTOMPOM3BOAUTENEM, Tak U
cpegHue 3Ha4vyeHust NoTy4YeHHOro psga — cpeaHee apudmeTuyeckoe, cpeaHee reoMeTpudeckoe
n mMegmaHa psiga. YCTaHOBMEHO, YTO OOCTATOYHYH TOYHOCTb U BbICOKYH) MPOCTOTY pacyeTta
AaeT MCnorb3oBaHWe Ans akTyanusauuu HopmaTtuBa CpefHero apumMeTUyeckoro 3HaveHus
Tpyooemkoctu. Bmecte ¢ Tem cnegyeTt oTMETUTb, YTO MCMNOSb30BaAHWE CPedHEero 3HayeHus He
OygeT cnocoGCTBOBATb YMEHbBLUEHWIO HEMPOM3BOAUTESNbHBIX PAacXO4OB W HE MOTUBMpPYET
paboTHMKOB K 0Oonee pobpocoBecTHOMY cobntogeHto TpeboBaHMM  TEXHONOrMYECKOro
npouecca, YCTAHOBMEHHbIX aBTOMPOM3BOAUTENEM, MO3TOMY pEeKOMeHOyeM B KayecTBe
0a30BOro 3Ha4YeHUs HOPMATMBOB MCMOSb30BaTb WUMEHHO OnpeaesieHHble MNpou3BOaUTENEM
3HaYeHwus.

MpumeHeHe npeanoXeHHOW MoAenn NO3BONUIIO MOSMYYUTb B Crlydae UCMOfb30BaHUS B
kKayecTBe 06a30BOro cpeaHero 3Ha4yeHus TPYLOEMKOCTU CcpedHee OTKIOHEHME Mo BCeEM
paboTamu 1 onepaumMsiMm co BCeMM aBTOMOBUNISAMK, MO KOTOPbIM NPOBOAUNOCH HabntogeHue, -
1,90 %, a B cny4ae wucnonb3oBaHuWs B KadecTBe 6a3o0BOro HopmaTuBa, ONpenerieHHOoro
aBTonpoussogutenem, - 2,34 %. Cymtaem, 4TO NO CPaBHEHUIO C MNOSTyYEHHbIM B pe3ynbTaTe
HabnogeHnn 3HadyeHnem OTkNoHeHns B + 40,19 % npegnaraemas mMogens no3BonseT
3HAYUTENbHO YNYyYWWUTb MNpeaBapuTenbHOe onpeaerneHne HeobxoaumMoro Ansi BbINOSIHEHMUS
paboT BpeEMEHN.

5. BeiBoabl:

MpoBegeHHoe HabGMwOeHME 3a NPOAOIIKUTENBbHOCTLIO BbIMNONHEHUA paboT no TO u
peMoHTa u o06paboTka ero pe3ynbTaToOB MO3BONUNM NOATBEPAUTL NpenBapUTEnbHbIN
TeopeTnyecknin BbiBog aBTopoB [10] O HEBO3MOXHOCTW MOSIHOrO COONIOAEHUS HOPMAaTUBOB
pacxoga pecypcoB (npexne BcCero M rnaBHbIM 06pa3oM — BpPEMEHM) NpU  BbINOSIHEHWUMU
yKasaHHbIX paboT, a Takke 060CHOBATb NMPUYMHBLI ATOrO ABMNEHUA. Tak, OTKNOHEHME pearibHbIX
3aTpaT BPEMEHU OT HOPMATMBHbIX 3HAYEHWW MO pasnuYHbiM Buaam pabot TO coctaBuno B
cpeaHem +40,19%, a B oTAenbHbIX criydasx gocturano - 85,96 % po + 95,33 %. Ana 6onee
TOYHOM OLEHKM NPOLOSMKUTENBHOCTU BbINOAHEHNA paboT n onepaunn no TO n pemMoHTy Ans
yBENMYEeHUs yAOBNETBOPEHHOCTN NOTPEOMTENS CTOUT aKTyanuanpoBaTb HOPMaTMBbI UCXOAA U3
CpedHuX 3Ha4yeHu 3aTpaT pPecypcoB, OMNpedeneHHbIX B pe3ynbrate CUCTEMaTUYECKUX
HabnogeHnn. B ycnoBusax npoBegeHHOro aKcnepuMeHTa OTKIIOHeHne coctaBmno 6ol - 1,90 %.
YcTaHOBMNEHo, 4YTO B KayecTBe 6a30BOro HopmaTuBa OS5 YMEHbLUEHUS HENPOU3BOAUTENbHbIX
3aTpaT BPEMEHU WU OpPYrMx pPecypcoB LenecoobpasHO MCNonb3oBaTb 3HAYEHME HopmaTuBa,
onpeaeneHHoe asBToOMPoOU3BOAMTENEM, YTO B YCMOBUSAX MNPOBELAEHHOrO 3KCNepuMMeHTa
NO3BOMUIIO OOCTUYb OTKITOHEHUS pearibHbIX 3aTpaT OT BbIYMCIIEHHbIX Ha ypoBHe — 2,34 %.
CraTtuctnyeckas obpaboTka pesynbTaTtoB HabnAEHWn NO3BONMUMA YTOYHUTL NPUBEAEHHbIE B
HOpMaTMBHOM 0Gase 3Ha4YeHUs1 KOPPEKTUPYHLUMX KOIPMPUUNEHTOB, WUCMOMb3YyEMbIX MpU
akTyanusauuMm HOpMaTMBOB 3aTpaT BpPEMEHM Mpu BbiNofHeEHUU paboT no TO u pemMoHTy.
CumTtaem, 4YTO yCTaHOBMEHNE HOPMATUBOB 3aTpaT pecypcoB Npu nposedeHun padbot no TO un
PEMOHTY B BUAE WHTEPBASibHbIX BEMWYMH HA OCHOBE CTATUCTUYECKMX HaBMOEHUA MOXET
NOCNYXXUTb HanNpaBfeHWEM HaLLMX AanbHENLLNX UCCIeA0BaHUN.
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BMNJIUB CTAHY ONOPHOI MOBEPXHI HA CTIUKICTb PYXY ABTOMOBINA

INFLUENCE OF THE SURFACE CONDITIONS ON THE VEHICLE MOTION
STABILITY

Dmytro Klets, Olexandr Polyansky, Yevgeniy Dubinin, lhor Slynchenko

Abstract. The influence of the difference in the rolling resistance coefficients of the left and right drive
wheels on the stability of vehicle against skidding is investigated. Dependences that connect the values of the
blocking coefficients for the axle differentials with the ratio of the wheels rolling resistance coefficients and the
vehicle geometrical parameters are obtained. The got dependences can be realized in software for the imitation
design of cars, systems of the dynamic stabilizing and car trainers, and also in judicial vehicle examination.

Key words: stability, rolling resistance, differential, skidding.

Mpn Ko4veHHi komeca 3 enacTUYHOK LUMHOK [JOpOorow 3 TBEpPAWM MOKPUTTAM Bara
aBTOMObGIiNg, WO npunagae Ha Koreco, AedOopMye LWMHY i ONOPHY MNOBEPXHID. Y nepeaHin
MOMOBMHI NNAMW KOHTaKTy BiabyBaeTbCA pafianbHe CTUCHEHHS LUMHWU, AKe CYnpOBOMAXKYETbCS
3MEHLWEeHHsAM pafiycy Bi4 BINbHOrO A0 AWHAMIYHOrO, a B 3afHi/ MOMOBUHI KOHTAKTy —
3MEHLLEHHS CTUCHEHHS, SIKe CYMNpPOBOMKYETbCS 30iNblUEHHAM pagiycy Big4 AWHaAMIYHOrO A0
BiNlbHOro. B pesynbTaTi BHYTPIWHBLOrO TEPTS B LUMHI | BIAHOCHO HEBEMUKOIOo TEPTH MK LUMHOMO |
[OPOrot0 3MIHIOETLCS erntopa eneMeHTapHUX HOPMarnbHUX peakuin i 3MIlLyeTbCa pesynbTylouda
cuna Big oci obepTaHHA Koneca Ha BENUYMHY Nreya onopy KouyeHHto. Mpu uboMy BepTuKanbHa
peakuisi CTBOPHOE BiAHOCHO LEHTPY obepTaHHS Kosieca MOMEHT Onopy KoYeHH. MoMeHT onopy
KOYEHHIO BMfMBAE Ha CTINKICTb i KepoBaHiCTb aBTOMOOINS B pesynbTaTi HECMMETPUYHOCTI
OOTMYHUX peakuin, Lo AiloTb Ha Moro Koneca. HecMMeETPUYHICTL AOTUYHMX peakuin MOXnBa,
Hanpuknag, npu pisHNX HOpPMasnbHUX HaBaHTaXXEHHSX Ha Mpase i JliBe KONeco KOXHOI 3 ocen
aBTOMObGINA. B pesynbTaTi HECUMETPUYHOCTI OOTUYHUX peakuin CTBOPHETHCA MOMEHT, WO
nparHe NoBepHyTM aBTOMOBIiNb BIGHOCHO OCi, NepneHaMKYNAPHOT 4O MAOWUHN PYXY.

Mpwn fii 6iyHMX cmn (NoBOpPOT aBTOMOGINS, NONEpeYHnn yxun goporun, BiYHun BiTEP, PyX
HEPIBHOK OMOPHOI0 MOBEPXHEK) KOEMILIEHT ONOPY KOYEHHIO MOXE 3HAYHO 3POCTU B pe3yrnbTaTi
GiyHMx gedopmauin WKnH. A 3i 36iNblIEHHAM NepeaaHoro Yepes Koneco KPyTHOrO MOMEHTY
3a3HayeHun KoediuyieHT 30iNblYETLCA, K B pe3ynbTaTi BinbLlol TaHreHuiansHon gedopmadii,
Tak i B pe3ynbTaTi 36inbLleHHs poboTn TePTA B KOHTAKTI LLUMHW 3 ONOPHOI0 NOBEPXHELD.

Ha puc. 1 npuBegeHa cxema cun, MOMEHTIB | peakuin, WO pAilTb Ha Begyye

aBTOMOOINbHE Koneco.
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SIFES T LSS TS

Puc. 1. Cxema cun, Wo AitoTb Ha Begy4de Koneco aBToMobins:
Pz — BepTukanbHa cuna, Lo Jie Ha koneco; R,— BepTukanbHa peakuisi Ha Koneci; Ry — ropusoHTanbHa
peakuis Joporn Ha koneco; My, — KpyTHUI (06epTanbHNi) MOMEHT Ha Koneci; Py, — ropusoHTarnbHa peakuis Ha Bici

Koneca;
®i @ — KyTOBI WBMAKICTb i NpUckopeHHs koneca; Vo i V' o — NiHiiHi WWBUAKICTb | NPUCKOPEHHs Koneca; 1y
— AVHaMIiYHWIA pagiyc koneca; My — MOMEHT OMopy KOYEHHIO; @ — nneye TepTs (koedilieHT TepTa koYeHHst abo

KoediLieHT TepTa Apyroro poay)

Y Bepy4voro koneca KpyTHui (obepTtanbHuin) MOMEHT M, nepesuLlye MOMEHT OrMopy

KO4YEeHHIO, AKNUA BU3HAYaAETbLCA HaCTyMnHOKO 3anexHicTio
M,=a-R_ (1)

TaHreHuianbHa (OOTUYHA) peakuis Ha Koneci Rx Mae MNO3UTUBHWUIM HaNpAMOK, TO6TO
30iraeTbCs 3a HaNPSIMKOM 3 BEKTOPOM LUBMAKOCTI V. MOMeHT onopy noBiTps o6epTaHHI0 Koneca
i cuna onopy MNOBITPA WOro MnocTynarbHOMY MEpPEMIleHHI0 AyXe Mani i HAMK 3a3Bunyan
HEXTYIOTb.

[loTnyHa peakuist Ha Koneci

ae PUKP — OKpY’>KHa cuna Ha Konecl,
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f  — koeqilieHT onopy KOYEHHIO

f=—. (3)

3aHoC aBTOMOOINA MOXe BWMHUKHYTM BHAcCNigOK MOSBM MOBEPTAKYOr0 MOMEHTY,
006YyMOBNEHOr0 HEPIBHOMIPHICTIO AOTMYHUX peakuii Ha Beaydmx Korecax npoTunexHux 6opTis
MawwmHn. OfHieo 3 NPUYUH nosiBU OOPTOBOI HEPIBHOMIPHOCTI AOTUYHUX peakuin € 3MiHa
KoeiliEHTY Onopy KOYEHHI0 (pwnc. 2).

£=0,007 - 0,015

A\ chastbToOCTOHHA
[0opora B rapHOMY
cTaHi

f"=0,025-0,030

Cyxa BKaTaHa
! TPYHTOBA JI0pora

Puc. 2. [linsiHka OKpy>XHOi Jopory M. XapkoBa 3 pisHMMUK 3HAYEHHAMU KoedilieHTy onopy KoyeHHto ' i "

[MosBa pi3HUUI 3a3HaveHUX KoeiuieHTiB Npu3BOAUTL [0 NepeposnoAinly OOTUYHUX
peakuin Ha kornecax, Npu UbOMY MICT nparHe po3BEPHYTUCSA HABKOMO Komneca, y SKoro GinbLini
onip koyeHHw. OTXe, KONeco, WO Mae MeHLWY Benn4MHy KoedilieHTy Onopy KOYEHHI, €
3abiratounm, a GinbLuy - BigcTaoumMm.

Ha puc. 3 npuBegeHa cxema cun, WO Ail0Tb Ha 3agHbONpuBIAHMIA aBTOMOOINbL Npu
Pi3HULI KoediLiEHTIB ONOPY KOYEHHIO BeAy4YunX KOnic.

Mpunyctumo, Wwo Ha 3abirarodomy Komeci peanisoBaHa rpaHn4yHa AOTUYHA peakuisi, sika
AOPIBHIOE TPaHMYHIA cuni 34enneHHs. B uboMy BUNagKy KPyTHUM MOMEHT Ha 3abirato4omy
Koneci
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M}'{p:((p+f')-R;-ra:0,5-(g0+f')-Rz-ra. (4)
KpyTHUN MOMEHT Ha BiACTalo4OMy KOneci

1-K' 1-K'
K’ K’

ae K'— 4yacTka KpyTHOro MOMEHTY, fika Npunagae Ha 3abiratove Koneco,

M! =M., - =0,5-(p+f")R -1, =05-(p+f")R. 1, A, (5

M!
K= (6)
MKp+MKp

Aen — KOeilieHT 6rioKyBaHHS andpepeHuiany,

1-K'
Ay = N 7)
. f” > f’
: R"},‘;
i |
|
I
l
! i -
4 &

B fﬂ

Puc. 3. Cxema cun, Wo 4itoTe Ha 3a4HBONPUBIAHUIA aBTOMOBINb NpKM Pi3HULI KoediLieHTIB ONOpYy KOYEHHIO

BeAy4ux Kormic: V — niHiiHa weunakicte aBTomobins; f'i £ — koediuieHTn onopy ko4eHHo NiBOro i npasoro kornic, >
f; Ry, R”, — Bi4Hi peakuii Ha niBomy i npaBoMy Konecax 3agHboi oci; b, d — koopanHaTK NPOEKLIi LLeHTPY mac
aBTOMOGINS ¢ Ha ropusoHTanbHy nnowmHy; Ry, R”,s — 6i4Hi peakuii Ha niBomy i npaBoMy Konecax nepeaHbLoi Oci;

B, L — xonis i n030oBXHs koricHa 6a3a aBToMobins; Ry, R’ — OOTWUYHI peakLii Ha NiBoMy i npaBomy Korecax
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[oTu4Hi peakuii Ha Begy4mx Korecax

4

MK
R =—"~f"R =05(p+f) R ~-05f"R =05¢-R; g

Ty

"

MK
R;’:_P_f”.R;’:0’5.(¢+f”).RZ.ﬁ6ﬂ—0,5-f".RZ. (9)

T
Ob6epTanbHUM MOMEHT, LLIO BUHMKAE Ha Oci aBTOMODINs

B " '
Mnoezz'(Rx_Rx)' (10)

biyHa cuna, sky 3gaTtHa cnpurMaTu Bicb aBTOMOGiNsA 6e3 6OKOBOro KOB3aHHS

R =R+ =R = \p* R* R, i

X

Benununna Ry = O, OCKIJTbKM Ha 3a6|ra+oqomy Koneclk Mn gonyctunn pPIBHICTb OOTUYHOI

.o . " _ )
peakujii rpaHWyHii cuni 3a 3uenneHHsm. Bpaxosytoun wo R, =0,5- R ta, nigcrasvslm (9) B

(11), oTpnmaemo nicnsi nepeTBopeHb

2
fﬂ fﬂ

» %

[Micnga niacraHoBku (8) Ta (9) B (10), oTpumaemo

B "
MHOBZZ‘(Q'i‘f ).Rz‘(/ldv_l)' (13)

Bupas nig kopeHeM B piBHAHHI (12) 6inbLie Hynsa npwu

f”

16ﬂ<—,,a
Qo+ f

(14)

154



MEXOYHAPOOHA KOH®EPEHUMUA ,EKO BAPHA® 2019

Ockinbkn B iHWOMY BMNagky BiCcb aBTOMOOINA He 3gaTHa cnpuimaTu BidHy cuny, ue

. co s .. 4 ! .
O3Hauvae, wWo OBivyHa CTinKicTb Bici 3abe3nevyeTbca npu Rx < Rx ta M nos < 0 (3anexHicTb

(10)). Tomy Bupas (13) cnig nepeTBOPUTU A0 BUAY

M =

noe

B
. RI_R” —
2 ( X X)

B 4
Z‘(€0+f )-R,-(1-2;,) (15)

Crinkicte aBTOMOGINS npu pi3HMUI KOeILIEHTIB ONOpPY KOYEHHIO BeAy4MX KOMIC Pi3HUX
ooprTi..

KoediuieHT cTinkocTi aBTomobins

Ry2 - L — AnNg 3agHbOMNPUBIAHOrO aBTOMObGINS (16)
Ml’l06’2
— ANg nepeaHbONpPMBIAHOro aBToMo0bins 17
Y, R L A peAHbONPUBIA (17)
K — cmo_ _ 2
cm M M
noe noe |
Ry2 L — ANsi NOBHONPUBIAHOIO aBTOMOGINs (18)
\Mnogl + Mnoez

roe Mcme — cTabiniaytoumin MOMEHT,

M,;=R, -L; (19)

Ry2 — MakcumarbHa MoXnmBa GivyHa peakuis 4oporu Ha 3agHin Bici aBTomMobing;

M

noe, ;M,wgz — obepTanbHi MOMEHTW Ha NepeaHin i 3agHii Begy4vumx BicaX BignoBiAHO

nos;

(p+f")-R,, - (1 — A )5 (20)

M =

noe,

nw B @

e+ /") R, '(1‘/1532) 21)
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OueBugHo, Wo ymoBy cTinkocTi Byae 3abesnedyeHo npu Ken = 1. YMoBa BigCYTHOCTI

OiyHOro BigBedeHHA 3a paxyHOK BiYHOro KOB3aHHSA nepeaHbol Bici nig Aieto obepTanbHOro

MOMEHTY
— Ans 3agHbONpPUBIgHOrO aBToMobins (22)
noe,
Ry > Mm — ANSa nepeaHbLONPMBIAHOro aBToMobins (23)
1 1
nos, + M,mz — Ansi NOBHOMNPUBIAHOIO aBToMObGINs (24)

ae Ry1 — MaKcumanbHO MOXnMBa BivHa peakuis 4OpOorn Ha nNepeaHin Bici aBToMobins.

MakcumanbHO MOXnuBI BiYHI peakuil goporn Ha Bicsx aBToMob6ins

— Ons nepegHbo- i

> MOBHOMPUBIAHOIO (25)
! "| aBTOMOGI
05-¢-R_- I_HI—F]F_)%@’_]F_} BTOMODINA
Ry2 = ® ®

— ANA 3a4HBONPUBIOHOIO (26)

@ R, aBTOMOOINs

fw fw 2 — AnNS 3a0HbO- |

05-¢-R, - [I-|| 1+ |- A, —" MOBHOMPUBIQHOIO (27)

R, = : 7 RN/ aBTOMOBINS

R — ANs NepeaHboNpPUBIQHOMO

S aBToMObins (28)

B Bupasax (25)-(28) napametpu 3 iHOekcoMm «1» BIiAHOCATbCA OO NepeaHboi BiC
aBTOMObGIiNgA, a 3 napameTpamu «2» — A0 3agHbol BiCi. [1pyM PIBHOMIPHOMY PYCi, HEXTYHUM

BMSIMBOM aepogMHaMiYHOI CUN, OTPUMAEMO

~

I

3
0

; (29)

~

Il

3
0Q

, (30)

2

Nl NS

Je m — 3aranbHa maca aBTomobins.

MigcTasnsato4um Bupasu (20), (21), (25)-(30) B piBHAHHSA (16), (17), (18), oTpumaemo nicns
nepeTBOpeHb
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2
1- 1+L” A S ; :
I 0 )" o — AnNs 3agHbONPMBIQHOrO aBToMobins (31)
E 4
{l+/;j-(1—/lm)
d
L oY . |
4—. - — AnNsl nepeaHbonpumBigHOro aBTomobing (32)
B (p+/f")-(1-4;)
2
7)ot
2. ) " o
B (1+f”j-(1—ﬂ,m)-L — AN NoBHONPUBIAHOIO aBTOMObGInNS (33)
2

. o . 14 PR
Mpacbikn 3anexHocTen Kcm(x@l) Npu pisHMX 3HaveHHsx [ ans asTomobinie

KOXHOrO i3 3a3Ha4yeHux TuniB HaBedeHi Ha puc. 4, 5, 6. CTinkicTb aBTOMOGINA NpoTn 3aHOCy

3abesnevyeTtbea npu Kem = 1.

Kcmﬂ \&
NN

A

B

02

06 fﬂ’

Puc. 4. 3anexHictb Kcm = Kcm (f") AN 3aQHbONPUBIOHOTO aBTOMOGINA Npu Pi3HUX 3HaYeHHAX L /B: 1

—L/B=1,9 (BMW 318i); 2— L /B = 1,68 (VW 1600); 3 — L /B = 1,41 (MCC Smart)
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ks T Y 1
4 Q \ !

3

— "
02 04 06 02 1 f

. _ " . . .
Puc. 5. 3anexHictb Kcm - Kcm (f ) ana nepeaHbonpuBiaAHOIO aBToOMObins Nnpwv PIBHNX 3HAYEHHAX

L d
napameTtpa D = Ez :1—-® =2,03 (ALFA Romeo 166);

2 - ® = 1,91 (SEAT Toledo 1,8); 3— ® = 1,8 (BA3-2110)

Kcm N
1
, & fff
> Yo,
3
1 "N ;“/‘f
02 04 I f"

‘2'53 2063 ‘2"53 - ifﬁ ‘2"53 = 2

Puc. 6. 3anexHicTb Kcm = Kcm (f") ONsi NOBHOMPMBIAHOrO aBTOMODINSA Npu pisHMX 3HavYeHHsx d / B: 1 —

d/B=1,0 (FORD Explorer);2—-d/B=0,8
(BA3-21213); 3—d/ B=0,7 (AUDI A6 1,8 Quattro)
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BUCHOBKMW:

1. Otpumani 3anexHocTi (31) — (33) 403BONAIOTL OUIHUTK CTIMKICTL aBTOMOBINA NpoTH

3aHocy i Oi4yHOro BigBedeHHsI NpU HasiBHOCTI 6OPTOBOI HEPIBHOMIPHOCTI KoeiuieHTiB onopy
KOYEHHIO NIiBUX | NpaBuX Be4y4nx Koriic.

2. 3HWXeHHs KoedIiUieHTYy 34ensieHHs KOoslic 3 JOPOrow, fK BUAHO 3 CUCTEMU PiBHSAHb
(31) — (33), 36inbwye Hebesneky 3aHOCY NPW iICHYBaHHI Pi3HULI KoediLieHTIB ONopy KOYEHHIo
Bey4nx Konic.

3. [lpu nonagaHHi ogHOro 3 BeAy4Mx Kormic 3agHbONPUBIAHONO aBTOMOGINA Ha AiNAHKY
aoporu 3 koediuieHTom f =0,35 (NyxKuiA CHir, rpyHTOBa Aopora B nepiog 6e340pixeks), MoXnnee
3HWKEHHS K;m MeHwe oauHuui. [ns noBHonpuBigHux aBTomobiniB K;,<1 npu nonagaHHi Ha
ainadky 3 20,4 (3abonoyeHa micueBicTb). [NepeaHbonpuBigHi aBTomMobini BGinbl CTinMKi NpoTH

3aHOCY B TArOBOMY PEXUMI PYXY, HiXK NOBHO- i 3a4HbOMNPUBIAHI.
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BIMUAHMWE OTKNKOYEHUA YACTU LUNUHAPOB ABUIATENA HA
MOLWWIHOCTb U PACXOA TOMNJNMNBA KOJIECHOU MALLUUHDbI

INFLUENCE ON THE ENGINE POWER AND FLOW FUELOF THE WHEEL
CAR OF THE CYLINDER PARTS DISCONNECTION

Polyanskii Alexandr, Andrei Molodan, Potapov Nikolai

Abstract: It has been established that the most intensive reduction in fuel consumption occurs at idle, which, when
half of the cylinders are turned off, is 27%. Fuel economy decreases with increasing engine load and becomes zero
at the engine load factor. The difference between the calculated and experimental data on fuel consumption and
power at maximum load is not more than 7-8%.

The results can be used by professionals who are engaged in improving the efficiency of use of internal combustion
engines.

Keywords: effective engine power, power change, engine, wheeled machine, cylinder shutdown, fuel
consumption.

1. BBepeHue:

B aBToMO6GUNbHLIX NepeBo3kax 25-30 % obbema TpaHCNOpPTHLIX paboT ocyLecTBNAeTCs
C MWCMNONMb30BaHMEM KOJIECHbIX MawKWH. Ha Takmx onepauusx, Kak TpaHCNOPTMPOBKA,
npoaomknTenbHocTb paboTel gocturaet 50 %. Bpemsi npocToeB B OXuaaHum TpaHcnopTa
3arpyska coctasnseT 25...30% [1].

[Mpn BbINONMHEHNN TPAHCMNOPTHLIX PaboT ABUraTesnb KONEeCHOW MaluMHbl BOMbLUYHO YacTb
BpeMEHM paboTaeT Ha pexummax ManblX Harpy3ok M XOrocToro xoga. Ha atmx pexmmax
apuraTtenb paboTaeT C HU3KOWM 3KOHOMWUYHOCTBIO M3-3a MMoXon 3(PEKTUBHOCTU CropaHus
Tonnmea.

OgHuM 1n3 cnocoboB MOBLIWEHNA 3KOHOMWUYHOCTU OBUraTenss Ha pexmmax manbix
Harpys3oK 1 XOr0oCTOro xo4a siBNAeTcAa OTKIIOYEHNE YacTu LMnMHapoB asuratens [2, 3].

2. AHanu3 nocnegHUX AOCTUXKEHUN U NyOoNMKauun:

Mpn aHanuse nuTepaTypbl YCTAHOBIEHO, YTO MPU OTKMAOYEHUN MOSIOBUHbLI LMNWHAPOB
ABuraTenb MOXET pa3BuTb 6e3 neperpyskn paboTarowmx LMnNnMHapoB 3 dEeKTMBHAA MOLHOCTb
npu nonosuHe paboTawwmx UMNMHAPOB paBHA MOMIOBUHE HOMUHANbHOW 3GdEKTUBHOW
MOLLHOCTW ABUraTens, aBnseTca ownboYHbIM. HENMHENHOCTb PYHKLMM MOLLLHOCTU KONMYecTBa
paboTalowmx UMNMHOPOB OOBACHAETCS pacnpefeneHneM MexaHUYeckux noTepb Mexay
uMnuHaApaMmn  Takmm  obpa3oM, YTO MOTEPU B OTKMAKYEHHbIX UMNMHAPAX  AOJTKHbI
KOMMNEHCUPOBATLCS YBENMYEHNEM NogaqM TONMAMBa B UMNMHAPLI paboTatoT.

B.B. bepe3Hon B pabote [4] npeanoxun meTtoa pacyeta 3PEMOEKTUBHOM MOLLHOCTU
auratensi, pabortaroLwero ¢ OTKIYEHNEM LMNNHOPOB, KOTOPYIO ABUraTerb MOXeT pa3BuUTb
0e3 neperpysku paboTarowmx UMNUHAPOB W COOTBETCTBYIOLLErO 4uUcCra OTKIIHYaeMbIX
umnuHapoB. NoTeHumanbHass BO3MOXHOCTb MOBLILLIEHNA 3KOHOMUYHOCTU 3a CYET OTKMHYEHUS
YyacTu UMNUHOPOB 3aroXeHa BO BCeX aKcnnyatupyemblx amsensx[d]. PeanbHaa BenuyuHa
3KOHOMUWM TonnueBa nNpu paboTe MO Harpy3o4HOM XapaKTepUCTUKE 3aBUCUT OT KONMYecTBa
paboTalowmx UMNUHAPOB, OCOBEHHOCTEN [LBUratend, 3anoOXeHHble B €ro KOHCTPYKUUW npu
NPOEKTUPOBAHUN U  U3FOTOBMEHUW, HArpy3km W BenUYMHbl MEXaHUYeCcKUx roTepb B
OTKJTHOMEHHbIX unmnuHapax [6, 7].

3. Lenb 1 3apaum uccnenoBaHus:

Llenbto gaHHOro uccrnegoBaHUsa ABNAETCA yNydlleHue 3KCnyaTauMoHHbIX nokasaTenen
aBTOTPAKTOPHOro ABuratens nyTem onpeaenieHMsi MOLWHOCTM WM pacxoga Tonnuea npu
OTKIMIOYEHMN HYacTn ero LNIMHOpPOB.

[ocTwkeHne NocTaBneHHON Lieny npegycmMaTpuBaeT peLleHne cneayoLwmx 3agay:

— onpefenuTb BUSIHWE YMicha OTKIKOYEHHbIX LMAWHAPOB aBTOTPAKTOPHbLIX ABUraTenen
Ha UX 9(PPEKTUBHYIO MOLLHOCTb;
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— onpegenntb Hanbonee WHTEHCMBHOE CHWXEHME pacxoga ToOnnnMBa, KOTOpoe
nponcxoaunT npn OTKNK4YeHn ULMNMHOAPOB.

4. Ob0CHOBaHMEe BNUAHUA OTKITIOYEHUA 4acTU UUINUHAPOB ABUraTesii Ha MOLHOCTb M
pacxon TonnMBa KOJIECHOMN MaLUUHbI

Mpn OTKNKOYEHUN YacTu UUIMHOPOB ABUraTensa B npouecce ero paboTbl MHOMKATOPHas
MOLLHOCTb ABUraTens yMeHblUaeTcsl, B pe3yfbTaTe Yero CHWXKaeTcs 4acTtoTa BpalleHus
KonieH4YaToro Bana v KpyTawuim MOMEHT asuratens. [na nx nogaepXaHus Ha npexxHeMm ypoBHe
B pabortawowme uMnuHapbl HEOOXOAMMO YyBenuMuMBaTb LMKIIOBYK nogady Ttonnmea. [lpu
oonblier UMKNOBOM nogayM B paboTawwmx UunMHOpax YBEenuuMBaeTCA cpeaHee
WHOWKATOpHOE [AaBreHne M ynydwaeTtcs npouecc cropaHus. Heobxoammo BbISCHUTb, Kak
OTKMIOYEeHME UMNUHAPOB BNMAET Ha NapamMmeTpbl paboTbl ABUraTensi npu coXxpaHeHun 4acToTbl
BpaLleHUs KoreH4YaToro Bana un koadduumeHTa 3arpy3km, a B YaCTHOCTM Ha:

1) achpekTMBHAsS MOLLHOCTb ABUraTens;

2) pacxopg TonnvBa B 3aBUCMMOCTU OT Harpy3ku ABuraTtens.

YacoBon pacxod TonnveBa gsuratenst npyu OTKNKYEHMN 4acTyu LUUIMHOPOB GHZp MO>XHO
z . z
BbIpa3nTb C y4eToM uHaukatopHoro KKO 7 P acpdheKTUBHOI MOLLYHOCTM Nep, MOLLHOCTM

z
MexaHudeckux notepb N 2P

G2 =H3;6ZD(NEZp + Nj}f), Kr/q (1)

u Ml
I'Iapameprl paGOTbI asurartena 0e3 oTKnYeHus LUnnmHgpoB 0603Ha4YUMm
i=z,-12 (2)

I —ymncno Bcex UnnmHgpoB aBuratens,

Zp — KOJTN4eCTBO p860TaI'OLLl,VIX umnnnHapoB aBuraTtend npu OTKIOYeH 4actm apyrux;

Z, — 41CIO OTKMHOYEHHbIX LMNMHOPOB ABUraTens.

NHuaukaTtopHbin KO xapaktepusdyeT npouecc cropaHus B paboTawowemMm uunuHgpe.
N3meHeHne wHamkaTopHoro KI1 MOXHO onpegenutb MO  Harpy3o4YHOW XapaKTepucTuke
Asuratens 6e3 OTKMIOYEHUs LMNUHOPOB MO 3aBUCUMOCTU 1) = f(P,) KOTOPYI C JOCTaTOYHOM
TOYHOCTbBIO MOXHO ONMcaTb YpaBHEHMEM MOSIMHOMA YeTBEPTON cTeneHu [3]

7i=a-P*+b-P’+c-P*+d-P + f (3)

ae P, — cpegHee nHaukatopHoe aasneHne, Mla;
a,b,c,d, f —amnupunyeckme koaddULMEHTBI.

Mo Teopeme Abens-PydbdunHn anrebpavyeckme ypaBHEHUSI MATOW CTEMEHW M BbIe
HepaspeLlnMbl B pagnkanos, HO BMOSIHE peLlaroTca pyrmmm cnocobamu.

«Teopema Abens—PydduHn He 3asBMT O TOM, YTO OOLlEe ypaBHEHWE CTEMNEHU Npu
N>35 He nmeeT pelueHnsi. Ecrnn mbl gonyckaem KOMMMEKCHbIE peLLeHnsi, TO OCHOBHasi Teopema
anrebpbl rapaHTUpyeT Hanuuune pewennn. Cytb Teopembl Abens—PyddurHn cBoaUTCS K TOMY,
4YTO [AOns MPOM3BOSIbHbIX YpaBHEHUW cTeneHn 60sblle 4YeTBepTOM HEBO3MOXHO YKasaTb
3aMKHYTYO0 QOpPMYIyY ANS peLeHni, To eCTb (hopMyry, CoaepXaLlyt TONMbKO apnupmMeTnyeckme
onepaumm 1 KOPHU MNPOU3BOSILHOW CTeneHn. PelueHne Takmx ypaBHEHUM MOXHO MOSyYuTb C
nobon xenaemon TOYHOCTbIO UCMOMb3YS YNCNEHHbIE METOAbI, HAanpuMep MeToAoM HbloTOHay.
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CpeoHvin MHOWKATOPHLIA OaBreHWe orpefenseTtca Kak CymMma cpefHero AaBreHus
MeXaHM4YeCKMX NoTepb 1 cpeaHero aceKTUBHOro AaBneHns asuratens

P=P + P, @

ne PMB — YCINOBHOE CcpefHee gaBlieHne MmexaHn4eCKmnx noTepb Asuratens,

P, — ycnoBHoe cpeaHee adhdpekTBHOE faBneHve ABuraTensi.

YcnoBHoe cpegHee gasrieHne MmexaHn4eCckmnx notepb aBuUratena npu oTknioYeHnn 4acTtum
LUMnnHgpoB MOXHO ornpeaesintb Tak

P2 =k . P;HL, MMMa, (5)
ZP

roe K, — KoapuUMEHT M3MEHEHUS MEXaHUYECKMX MOTEPb MPU OTKIYEHUM YacTy
LUNMHAOPOB,

Z
kMszM1+ZTB-M2-AMB, (6)

roe I\/I1 —  KOS(PMPUUMEHT, YUMTbLIBAKLLUNA U3MEHEHME MEXaHMYECKUX MnoTepb B
paboTalowmx uunuHapax (Npu MNOBbIWEHUN B HUX Harpy3km u3-3a OTKIHOYEHUS 4YacTu
LUNMHOPOB);

M, — koatbprLMEHT, yunTbIBaIOLLNIA U3MEHEHNE MEXaHNYECKUX NOTepb NPU MPOKPYTKe
0e3 nogaym Tonnuea, XapakTepusyroLwmmn N3amMeHeHe noTepb Ha TPEHUE;

A, — KOIDMULUMEHT, YYUTbLIBAIOLIMIA M3MEHEHWE [ONM MeXaHU4Yeckux noTepb B

OTKMIOYEHHbIX UUIIMHAPOB, MO CPaBHEHWMIO C MOLLHOCTBbI) MEeXaHU4YeCKMX MoTepb LMNHOPOB
asuratens 6e3 oTknodeHun. OTKAYaTbh UMANHAPLI C paboTbl MOXHO pasHbIMKM crnocobamu:
OTKNIOYast TONbKO Nnofavy Tonnvea UM BMeCTe C YCTPaHEHNEM HACOCHbIX NOTEPb B LIMNMHAPO-
nopwHesou rpynne (LIIMM). MNpu oTknoveHMn ToNbKO nogaym Tonnuea

Beenem o603HaveHne 4ONM OTKIOYEHHbIX UUITMHAPOB

D, = (7)

L -1-D,. (8)

Mpun onpeneneHnn cpegHero gaBfeHNA MEXaHUYeCcKMX NoTepb MPUHATO UCMNOSb30BaTb
3aBUCUMOCTb €ro TOSMbKO OT YacToTbl BpalleHus [4]

P,=a+b-n. (9)

Mpumem ponywenve: M, =1i M, =1, 4yTo BnonHe gonycTMmo, Tak Kak Mbl UCCrieayem

paboTy ABuratensa Ha pexmmax XONocTOro xoga W marnbix Harpys3ok. [NpuHATble gonylieHus
0O3HayalT, 4YTO C YyBEeNnMYeHWEeM HarpyskM Ha ABuratefnb MOLWHOCTb U cpefHee [aBrieHue
MEXaHUYECKMX MNOTEPb MPUHUMAKOTCA HEW3MEHHbIMKW, MO3TOMY nNpwu paboTe nog Harpyskom
napameTpbl MEXaHMYECKUX NOTEPb ONpeaenatnTCca 3TUMN Ke COOTHOLLEHUSMN.

Ona onpegoeneHnss MakcumanbHOWM 9ddEKTUBHOWM  MOLLUHOCTM  ABuratena npu
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OTKIMIOYEHUW  LUMNWHOPOB  MpefnaraeTcsd  UCMoNb3oBaTbh  KOIMPAUUMEHT  U3MEHEHMUS
MaKcumMarnbHow adpdekTnBHOM MolHocTH Kpy,

NP
€ max
__emax 10
PN N . ( )

=~

Zp

€ max

roe N — MakcuManbHasi apdeKkTMBHAs MOLLHOCTb ABUraTens npu OTKMHYEHUU

4acTu LUWUIMHOPOB NPU HEM3MEHHOW YacToTe BpallleHUss U MakcMMarnbHOW nogaye TONNuBea;

N, — HOMMHanbHas MOLLHOCTb ABUraTens.

MakcumanbHasi MOLLHOCTb [ABuratensi [OCTUraeTcsi npyv MakCMManibHOM YaCOBOM
pacxoge Tonnuea. Mpu 3ToM NpUHMMaeEM, YTO MHOMKATOPHAs MOLLHOCTb OOHOro paboTaoLLero
LUMAMHAPA NPW OTKIMOYEHUN YacTu ApYrMx He MeHsieTcs. DdpeKkTMBHAsA MOLHOCTb ABUraTens
MPWU OTKIMIOYEHMMN YaCcTU LUMMMHOPOB BblpaXkaeTcst

A )
NP =N/-2-N, k,. (11)
|

MakcumanbHas addeKkTUBHaAsA MOLLHOCTb MPU OTKIYEHMM YacTu LUITMHOPOB 3aBUCUT
OT HOMWHAamNbHOW MOLLHOCTW ABUraTens

1-D
NZ® =N, —2-k R (12)

€ max i M i
77M max 77M max

BblpaxxeHne B ckobkax U ecTb KOI(PPUUNEHT N3MEHEHNS MaKCUManbHOW ahpekTUBHOM
MOLLIHOCTU NPW OTKMOYEHUN LUITUMHAPOB

Koy =1-D,|1+A,, —9———1 . (13)

77M max

Pacxog tonnuBa npu OTKIKOMEHMM YacTU UMAMHOPOB onpeaensieTcs no cdoopmyne (1).
OueHunTb YacoBOW pacxof TOMMAMBa Npu OTKIYEHUN LUNMHAPOB ABUraTens MOXHO, UCMONb3ys

KO3 (pULIMEHT N3MEHEHUSI YAaCOBOro pacxoga Tonnuea kG
i
B pesynbTtate npeobpasoBaHunin nonyyYnm

(R-x)R-%) 1-D,

Ke, ” (14)
il i
pi pi
roe kpi — KO3PPUUMEHT, XapaKTepuUsyrLnn MU3MEHEHUE WHOMKATOPHOro [AaBrfeHus B

paboTaloLLmMX UMMHAPaXxX Npu coxXxpaHeHnn adpeKTMBHOM MOLLIHOCTM ABUraTensi.

k = Pin :1_DH(1_AMB)(1_77M)
P 1-D,

. (15)
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Pacxon TonnnBa npu OTKINKOYEHUN YaCTn UMINMHAPOB onpenendaeTcd no Bbipa>KeHnto
p _ i
G.* =G, kg - (16)

Ha pucyHke 1 nokasaHbl AaHHble NO pacYeTHOMY U SKCNepUMEHTarlbHOMY onpeaeneHuto
MakcumarnbHoOWn  3d(EKTUBHOM  MOLLHOCTU  MPU  OTKIKOYEHUM  YeTbipex  UMNMHOPOB
BOCbMULIMITMHAPOBOroO ABUratensd, oTkyaa BUOHO, YTO MOLLHOCTb CHUXaeTCA NPOnopLMOHansHO
yucny paboTaroLmnx LMIMHAPOB.

180

157.5 1545

—
S~ N
o O

—
b2
<

105.8

—
=1
<

60 56,6 “54 9“‘

IddexTHBHAA MOIHOCTD, Ne, KBT
[=#]
=1

0 |
4 6 8
Kouanyecrgo padoiawmux uu.iuHApos, Zp
HE| N, pacuér % N, akcnepumeHT

Puc. 1. CpaBHeHMe pacyeTHbIX 1 3KCNEePUMEHTaNbHbIX 3HAYEHUN
MaKCcUMaribHOM MOLLHOCTM BOCbMULMIMHAPOBOIO ABUraTens B 3aBUCMMOCTM OT Yucna
paboTatoLmMx LMNMHOPOB

9]
th

[#5]
o

[S®]
Lh

\e]
o

—
Lh

—
o

L

UYacoroii pacxon tomanea, G, kr/u

o
|

4 6 8
KoanuecTBo padoTaroIHX NHIHHIPOE, Zp

z 3 2| (Z
B G;P pacuér #| G;” skcnepument

Puc. 2. CpaBHeHWe pacyeTHbIX U 3KCMEePUMEHTalbHbIX AaHHbIX YacOBOTO pacxoda Tornnmea
Asuratens npy MakcuMarnbHON MOLLIHOCTY ABUraTens Npu OTKMIOYEHUM YacTu LMNUHOPOB
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Ha pucyHke 2 nokasaHbl JaHHbIE MO PAacYETHOMY U SKCMEPUMEHTANbHOMY OnpeaeneHnto
pacxoaa Tonnvea Npu OTKMIOYEHUW YacTu UUIMHAPOB.

N3 pucyHka 1 MOXHO OMNpedenuTb, YTO pasHMLa MeXay 9KCNepuMMEHTanbHbIMU U
pacyeTHbIMM [AaHHbIMA MO OMpeaeneHnlo MOLLHOCTM U pacxodbl TOMnMMBa B CPedHEM
cocTtaBnseT He bonee 7-8%.

5. BbiBOAbI:

1. YcTaHOBNEHO, YTO CHWXEHMe pacxoda TOonMmBa Ha XOsioCcToM xody 6onblue Yyem npwu
pabote nog Harpyskon. [lpy OTKMAOYEHUW YeTbIPEX UMAMHAPOB B BOCBMWULMIIMHOPOBOM
ABuratene Ha XOrnocTOM xody 3KoHomusi coctaBnseT 27%. [lpu yBenuyeHun 3arpysku
asuratenst n pabote Ha HOMMHaNbHON MOLLHOCTU 9KOHOMMWS TOMMMBA CHMXXAEeTCA U CTaHOBUTCS
paBHOW HYyMIO.

2. C wucnonb3oBaHMe MNOJSTyYEHHbIX 3aBMCUMOCTEW, pa3paboTaHa MeToauka pacyeTta
9KOHOMWUW TOMNNMBA W MoKasaTenem MOLWHOCTU [ABUratens npu pasfuyHbiX BapuaHTax
OTKITHOYEHUS LNNUHAPOB.

3. YCTaHOBMEHO, YTO CXOOAUMOCTb Pe3ynbTaTOB TEOPETUYECKUX U IKCNEPUMEHTaNbHbIX
nccnegoBaHW Mo pacxody TOMMMBa M MOLLHOCTU Ha pexume MakCUMarnbHOW 3arpysku He
npesbiwaeT 7-8%.
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4. Berezniy V. V. Ekonomicheskie i energeticheskie pokazateli rabotay dizeley pri regulirovanii
otklyucheniem tsilindrov // Dvigatelestroenie. 1980. Ne 8. S. 47-49.

5. B. Vinodh and A. Univ "Technology for Cylinder Deactivation". Society of Automobile Engineers
(SAE). Technical paper number: 2005-01-0077. 2005 year.

6. Cylinder cutout with sequential turbocharging gives 50 percent power incveace Il Modern power
system. 1982. 2. 11. PP. 40-43.
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UCCNEOOBAHUE NMAPAMETPOB [IBUKEHUA TPAHCIMOPTHBLIX CPEACTB
HA NMEPETOHAX rOPOOCKUX MATUCTPAINEWN

Hatanbsa CemueHko', EBreHuit PeweTHnkoB?

RESEARCH OF VEHICLES MOVEMENT PARAMETERS ON STAGES OF CITY
HIGHWAYS

Nataliia Semchenko’, Yevgen Reshetnikov?

Abstract: The results of researches of vehicles movement in the of city highways of signalized movement of
Kharkov are presented. Real values of movement speed and intervals between cars are defined
Keywords: road network, city highways of signalized movement, speed, time intervals between cars

1. BBegeHue:

eHepanbHas Accambnes OOH B wmapte 2010 r. npuHana Pesonwouuio 64/255
«loBblweHne 6e30MacHOCTU  [OPOXHOIMO ABMXEHMS BO BceM wMupe» [1], B KOTOpOM
nposo3rnacuna 2011-2020 rogbl decatunetnem genctemin no obecnevyeHnio 6e3onacHoOCTu
AOPOXHOIro ABWXEHUSA, LEefbl0 KOTOPOro SIBMANOCb cokpaiwieHne vncna OTI co cmepTenbHbIM
ncxogoMm. Bmecte ¢ TeM no AaHHbIM, onybnukoBaHHbIM B goknage BOO3 B 2018 r. [2],
KONMYEeCTBO CMEPTHbIX criydaeB Bo3pocno ¢ 1,24 o 1,35 mnH. B rog. K 4ncny OCHOBHbIX
NPUYMH TakKoOro pocTa OTHOCATCHA HapyLleHWs BOAUTENSIMU CKOPOCTHOro pexuma [3] n He
cobniogeHne ©GesonacHonm auctaHumn. o pgaHHbiM [JenapTtameHTa naTtpysfibHOM Nonvuum
YkpauHbl [4] B 24 % cnyyaes [OTI1 ¢ noctpagaswumMy NpuYMHaMKU SBIISKIOTCA MMEHHO 3TU
doakTopbl.

Llenbio HacTosdwen paboTbl ABNAETCS MCCeaoBaHME pearbHbiX PEXUMOB ABWKEHUS
TPaHCMNOPTHLIX CPEACTB Ha NEPEroHax ropoacKknX MarmcTpanemn.

2. UanoxeHue:

Ob6bekTom uccnenoBaHnin ABASNNCL FOPOACKME MarncTpanu r. XapbkoBa, CBs3blBalOLLME
pavoHbl ropoda u uMeroLme He MeHee 4-x NoNoc AN ABWXKEHWUS.

B npouecce nccnegoBaHua onpenensnucb CKOPOCTb ABMKEHUS TPAHCMOPTHbLIX CPeacTB U
NHTepBaribl Mexay aBToOMoObBUIaMU B 3aBUCUMOCTUN OT MHTEHCUBHOCTU ABMXEHUS

Mpn npoBedeHUn 3SKCNepUMEHTanNbHbIX WUCCNefOoBaHWA napaMeTpoB TPaHCMOPTHbLIX
MOTOKOB Ha YyyacTkaX YJIMYHO-AOPOXHOW CeTU uchofnb3oBanacb BUOEOCbEMKa Ha
CcTauunoHapHbIxX noctax. [locne npoBefeHVss BUOEOCHEMKU BCe BMAEO3anucy Konuposasuvchb B
LundpoBomM popmarte Ha KoMnboTep. 3annucu Bbinn pacnpeaeneHbl NO NocTam, AHAM U Yacam.

MeToaovka uamMepeHun 3aknio4vanacb B onpefeneHunM BpeMEHHbIX MHTEepBarnoB MeXay
aBTOMOOUNAMU, BPEMEHU MPOXOXOEHUA MEPHOro YyyacTka, OTMEYEHHOro [AOPOXHbIMU
KoHycamu, gnuHon 20 ™M (ana [ganbHenwero onpegerneHns CKOPOCTU  OBWXKEHUS) W
WHTEHCUBHOCTW TPAHCMOPTHOrO NOTOKA.

Anropntm 06paboTKM NOMYYEHHbIX OaHHbIX cnegyowmi. lonydyeHHas BuAeO3anuchb
ABWXXEHNS1 TPAHCNOPTHBIX MOTOKOB Ha y4acTKe YNMYHO-OOPOXKHOW CEeTU ropoda Ha NPOTSHKEHUM
3arogs 3agaHHoOro npomexyTtka BpemeHn (60 MuHyT) obpabaTbiBanacb Ha KOMNbOTEPE MyTEM
pa3buBkn Ha kagpbl ¢ nHtepsanom At = 0,04 ¢ (25 kagpoB B cekyHay). [locne pas3buBku Ha
Kagpbl Oblna nonyyeHa nocrnegoBaTenbHOCTb (hannoB C MMeHeM dhanna, oTBevalowum
NOPSIAKOBOMY HOMEpPY B CNNCKE KaapoB BUOE03anNuncu.

Mpn nosiBNneHnn nepegHero Gamnepa TPAHCMOPTHOrO CPeacTBa Y KOHTPONbHOW METKM
perncTpmpoBanca HoMep Kagpa cobbITUA NpPoxoxaeHus. KonvyectBo TPaHCMOPTHLIX CPencTB
nnu usndeckans MHTEHCUBHOCTb ABwXeHus N onpegenanacb, Kak KONMYecTBO MONYyYEeHHbIX
KagpoB MPOXOXOEHUS KOHTPONbHOW METKW. BpemeHHOM wHTepBan mexagy aBTomMobunsmm
onpefensasnica Kak KofiM4ecTBO KaZpoB MeXAy nepeceyvyeHUsIMU KOHTPOSIbHOW MEeTKU 3aHUM
Oamnepom npeablaywiero asTomobuna n nepegHnm Gamnepom cregyowero aBTomobuna u
NOACHUTBIBANICS Kak
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tnl-:mm~At, (1)
roe mpyj — KONMYEeCTBO NOACHUTAHHBLIX KAagpoB.
OTOT anropuTM Obis1 BOMMOLWLEH B CNeUManbHO CO34aHHyH Ansi 0b6paboTkyM AaHHbIX
nporpammy GetlntervalDistribution.exe [5].
CKOpOCTb ABMXEHUS onpedensanach kak

4 =ti, (2)
aoi
roe I — AnvMHa MepHoro ydactka, M, I = 20 m; f; — BpemMsi MPOXOXAEHUS MEPHOro

y4yacTka, C.

B pesynbtate 06paboTku JaHHbIX 3KCNepuMeHTa No MeToauKe, NpuBeLeHHON B [6, 7] n ¢
nomouwbio nporpammHoro obecneveHns "GetlntervalDistribution” [5] Obinn  onpegeneHsbl
CKOPOCTM [OBWXKEHUS TPaHCMOPTHbIX CPeaCTB WU BbIACHEHO, 4To okono 90 % BoauTenewn
NpeBbIWAT paspeleHHyto ckopocTb (B 40 % - rpybo HapywatloT), KoTopas Ha nepuopg
npoBedeHus akcrnepumeHTa cocTtasnana 60 km/4. (puc. 1). BbibopoyHble wuccrnegoBaHus,
npoBefeHHble B 2018 r. nocne CHMXeHNs MakCcMmanbHO OMYCTUMOW CKOPOCTU B ropogax ao 50
KM/4, N'3BMEHEHWSI B CKOPOCTHOM PEXMME HE BbISBUSN.

B cBSA3K C HEBO3MOXXHOCTBIO MCNOMNb30BaHUSA (PU3NYECKMX METOOO0B YCMNOKOEHUS ABMXEHUS
Ha ropoAckux marnctpansx, HeobxoamMmo, Hapsaay ¢ NpoBeAeHNEM NpodunakTnyeckon paboThbl
NO nNpefoTBpaLLEeHUI0 MpaBOHApPYLIEHWA, BBOAUTb MOHWUTOPUHI CKOPOCTHOMO pexuma U
obecne4vnBaTb HEOTBPATUMOCTb HakasaHun. Kpome Toro, B YkpauHe Heobxoamma paspaboTka
naketa TpeboBaHuMi no obecneyeHuro 6GesonacHOCTM MNpu ABMXKEHUM C 6onee BbICOKMMM
CKOPOCTSIMA Ha perynupyemMbiX ropoAcKMX Maructpansix € nocneayrouien crpatudukaunen
YNIMYHO-OOPOXHON CETU U YyCTaHOBMEeHMeM Oonee BbICOKMX CKOPOCTHbIX OrpaHUYeHun Ha ee
yacTu.

11,5%

42.2% = B v<=60
M 60<v<80
v>80

46,3%

Puc. 1. PacnpegeneHne ckopocTen TpaHCNOPTHLIX CPeaCcTB

B pesynbtate 06paboTkm aKCnepuMmeHTanbHbIX OaHHbIX Oblnv onpefenieHbl 3HaYeHUs
BPEMEHHbIX MHTEPBArioB MeXxay aBTomMobunamu B rpynnax, KoTopble obpasoBanucb npu
ABWXEHWU MO NeperoHy (pwuc. 2).

B xopoe o6paboTkm akcnepuMeHTanbHbIX AAHHbIX M UX aHanms3a Obln NonyYeHbl Takke
CcpefHue 3HayeHus BpEMEHHOro UHTepBara npv pasHown yaenbHONW UHTEHCUBHOCTU ABWMXKEHUS.
CpeagHue 3HavyeHusi BPEMEHHOro WMHTepBana konebntoTtca B npegenax 2,02 - 2,36 ¢ npu
yoenbHon nHteHcmeHoctn 600 aBT./4 1 1,9 - 2,04 ¢ npu yaensHon nHteHcmsHocTn 1000 aBT. /4.

Ha ocCHOBaHWM [aHHbIX 3KCNepuMeHTa Obinn  MomydeHbl Mogenun, no3BonsoLlmne
onpenenaTb CpPeaHun BPEMEHHOW WHTepBan Mexay aBToMoOunamMu B 3aBUCUMOCTM  OT
MHTEeHcMBHOCTM TI1 K paccTtoaHna oT rpynnoobpasytowero obbekta. o pesynbTatam
YUCMNEHHOrO JKCMNepuMeHTa onpefernieHo, 4YTO YPOBEHb 3HAYMMOCTWU  anmnpoOKCUMUPYHOLLUX
mogenen He npesbicun 0,05, pacyeTHoe 3HaueHue kputepus duwiepa Ans Bcex moaenen
6onbwe TabnuyHoro, 4TO noaTBEpPXAAeT WH(OPMALNOHHYIO CMOCOBHOCTb MNOMYYEHHbIX
annpPoOKCUMUPYIOLLNX MOLENEN.
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Puc. 2. T'uctorpamma pacnpegeneHus BpeMEHHOro MHTepBarna ABUKEHUs] TPAHCMOPTHBIX CPeACTB B rpynne

[Mpn 9TOM 3HayeHWe cpedHero BPEMEHHOro MHTepBana mexay asToMobunamun no mepe
yaaneHus ot rpynnoobpasytoulero obbekta pactet Ha 17 % npu yaenbHon nHTeHcuBHocTn 600
aBT./d n Ha 8 % npu ygenbHon WHTeHcuBHocT 1000 aBT./4 M yMeHbLUaeTcs C POCTOM
MHTEHCMBHOCTM Ha 6 % Ha pacctoaHum 200 m n Ha 15 % Ha pacctosHun 400 m ot
rpynnoobpasytouiero obbekra.

Takke B xoge 006paboTkM [aHHbIX 9JKCNEpUMMEHTa oOnpegeneHo, 4YTo B rpynnax
TpaHCNOPTHbLIX cpeacTB npeobnagatoT nHtepsansl 10-30 m. (puc. 3).
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Puc. 3. MeTpuyeckne NHTepBarbl ABUKEHWS TPAHCMNOPTHBIX CPeACTB

PeanbHble AaHHble METPUYECKUX MHTEPBANoOB ABWXEHUA CpaBHMBANUCb C MUHUMAlbHOM
TeopeTudeckn Heobxoammon anctaHumen 6esonacHocTn (puc. 4), KoTopas onpegensanacb no
dopmyne

2
vy, Vi(Kg,—Kay)
Og =lo +(t +1y) 2 42" 00/ 3
6 =lo +(t 2)3,6 254 (3)

roe Va - CKOpPOCTb aBTOMOOWUNSA, KMm/M; t; - Bpems peakuuu Boautensa, c; f, - Bpems
3anasgbiBaHusa cpabaTtbiBaHUsi TOPMO3HOM CUCTEMbI, C; |, - 3a3op 6Ge3onacHocTn, M; @ -

168



MEXOYHAPOOHA KOH®EPEHLWA ,EKO BAPHA" 2019

KoappumuneHT cuenneHns; Kas, Kan - KOaduUumMeHTbl 3PEKTUBHOCTN TOPMOXEHNA 3aHETO U
nepegHero asBTomobunen.
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Puc. 4. CpaBHeHme QKCNepUMeHTalbHbIX 3Ha4YeHun MHTEPBAaJ10B ABUXXEHUA ITpaHCI'IOpTHbIX cpencTs B rpynne un
pacyeTHbIX AaHHbIX ANCTaHUnn ©e3onacHocTu [s B 3aBUCMMOCTM OT CKOPOCTU ABMXEHUA TPaHCNOPTHOIo cpeactBa

Mpn pacyetax no copmyne (3) NpUHUMaNUCb crnefylowme UCXoaHble AaHHble: (f+
)=12c, Ib=5m, ©@=0,7. lNpnM nNpoBeAeHUN IKCNEPUMEHTAsNbHbLIX WCCreaoBaHUN ObIno
YCTaHOBIEHO, YTO YacTb rpy30BbiX aBToMObunen n astobycos He npesbiwaeT 10 % n coctas
TPaAHCMOPTHOIO MOTOKA MOXHO cyuTaTb OAHOpPOAHbIM. PasHuua B KoadduumeHTax
3(P(PEKTUBHOCTN TOPMOXEHUA ANs  OOHOPOAHOrO MOTOKA, COCTOSALWEro U3  JerkoBbIX
aBToMobunen, npuHnmManach pasHon 0,2.

Mpwn ckopoctn 40 - 50 km/4 (puc 9) HapylweHne 6e3onacHON AUCTaHLMU HE3HAYUTENBHO.
Ho C poCTOM CKOPOCTM ABWXKEHUS HapylumTenen CTaHoBUTCA Bce 6o0nblue, 4TO MOXET
Bbl3blBaTb BO3HWKHOBeHWe [OTI1, B TOM u4ucrne uenHbix. [lpoBedeHHoe wuccriegoBaHue
WHTEpBanoB Mexay asBToMobOuMnsMW B rpynnax No3BonsdeT yTBepxaaTb, YTO OHUM MeHblue
AnctaHuum 6esonacHocTn B 57 % OT ux obLiero KonuyecTea.

60,0 526
50,0
40,0
30,0
20,0
10,0 0,0 0,0 0,0 1,9

0,0 T T E— \ \
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35,1
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MpoueHT HabnogeHun, %

CKopocTb gwxeHus, V, km/y

Puc. 9. |_|p0Ll,eHT TPaAHCMNOPTHLIX CpeaCTB, KOTOPbIEe HE NpuaepXXmnBarwTCA ANCTAaHLUNN 6e30nacHOCTN B 3aBUCMMOCTH
OT CKOPOCTU ABMXEHUA
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3. 3aknoyeHune

B xoge uccnepoBaHusa yctaHoBneHo, 4To okosio 90 % BoguTenen npu OBMXKEHUM Ha
FOPOACKUX MarncTpansax npeBbILWaT paspeLLleHHY CKOPOCTb, U3 HUX 40 % - rpybo HapyLwatoT
npasusia 4OPOXKHOIO ABMKEHUS.

B cBSA3K C HEBO3MOXXHOCTBIO MCMOMb30BaHUSA (PUBNYECKMX METOO0B YCMNOKOEHUSI ABMXEHUS
Ha ropoAcKMx Marmctpansix, Heobxoammo, Hapsgy ¢ npoBegeHneM NpodunakTudeckon paboTbl
Nno npeaoTBpPaLLEHNIO NPaBOHAPYLUEHWA, BBOAWUTb MOHUTOPUHI CKOPOCTHOIO pexuma W
obecneunBaTb HEOTBPATMMOCTb HaKa3aHUN.

B YkpanHe Heobxogmma paspaboTka nakeTa TpeboBaHuin No obecnedeHnto 6e3onacHoCTu
npu OsmxeHun ¢ 6onee BbICOKMMWU CKOPOCTSIMU Ha perynvpyemMbiX rOpoACKUX Marucrpansx c
nocnegyowen crtpatudmkaumen yrnmyHo-gOPOXKHON CETUM M YCTaHOBIMEHMEM 6GOnee BbICOKMX
CKOPOCTHbIX OrpaHNU4YEHUI Ha ee YacTu.

PeanbHble 3Ha4YeHUs MHTEPBANOB MeXay aBTOMOOUNSAMU, ABMXKYLLMMUCS B NOTOKE, B 57
% MeHblie Heobxogumon auctaHumm 6e3onacHocTu. lpu 3TOM C yBENMYEHWEM CKOPOCTU
ABWXXEHMS1 YNCNO cnyyYaeB HecobnoaeHms Tpebyemon AncTaHumm pes3ko yBennimBaeTcs.

Mcnonb3oBaHne COBPEMEHHbBIX TEXHUYECKUX pelleHnn 1 IT - TEXHONOrMM B KOHCTPYKLNN
aBTOMOGOUNEn obecneunt 6GesonacHble WMHTEPBAnNbl B MOTOKE U COONIOAEHWE CKOPOCTHOrO
pexunma.
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HEOBXOAMMOCTb ®OPMUPOBAHUA CUCTEM NEPEXBATbLIBAKOLLUX
NMAPKMHIOB B KPYINHbIX TOPOOAX

Onbra Xonogosa, Enena JleByeHko

THE NECESSITY OF CREATING THE SYSTEMS OF PARK AND RIDES IN
THE BIG CITIES

Olha Kholodova, Olena Levchenko

Abstract. The necessity of creation the parking systems in the big cities is proved; the analysis of developments
and conditions for the creation of parking systems, inter alia, park and rides, is carried out; the stages of the
procedure of creating the parking system and practical recommendations for the organization of operation of park
and rides are provided; application of the proposed procedure of creation of parking system allows to create a
system that will satisfy the needs of all centers of attraction of the central business district in parking areas.

Key words: park and ride, street and road network, central business district, vehicle, parking lot, public transport.

1. INTRODUCTION:

Cities, as centers of business, social and cultural life, attract more and more people,
which leads to an increase in development density and population density within urban areas.
This growth of cities, in turn, generates a set of problems arising from the need to create
conditions for its functioning. One of the most important is the problem associated with the city's
transport system, which also includes a range of issues that require competent decisions. The
street and road network (SRN) of any city as one of the main elements of the transport system
is the framework of any city that provides transport accessibility to any point of it. Thus,
indicators such as the degree of development of SRN, its extent and load, are indicators of the
sustainability of the city as a whole, and the standard of living of citizens and its business
activity [1-5].

2, PRESENTATION:

The analysis of transport situations in the largest cities of the world shows that there are
no cities without the problem of traffic congestion. From the point of view of the ordinary
inhabitants of the city, one of the main tasks of the city's SRN is precisely the fact that any
inhabitant would have the opportunity to get to the destination as quickly and comfortably as
possible. The park and ride, as the world experience of their application shows, is one of the
elements of the transport infrastructure of the city, which, with proper design, can reduce the
load on the most loaded SRN parts and, as a result, reduce the risk of traffic congestion [6-10].

In world practice, park and ride is a car park that allows vehicle owners to leave their own
personal vehicle at it and transfer to any type of public transport to continue the trip. That is, to
perform a combined trip, where a part of the route is covered with the use of an individual
vehicle, and another part — by the system of passenger transport. The main goal is to save time
when making a trip. From a transport point of view, the main purpose of the park and rides is to
reduce the traffic load on the main highways of the city, as well as on the streets of the central
business district of the city (CBD). This goal can be achieved by reducing the use of private cars
by those who would prefer park and rides and then would use public transport to reach the goal
of their trip, with this avoiding traffic congestion on the roads.

The park and rides can play a role in solving urgent issues in the ecological, economic
and social life of the city. In foreign research, specialists identify a wide range of tasks, which
with different degrees of efficiency can be solved by the park and rides [11]. Traditionally, they
are divided into four types, depending on the area for which the task is formulated: transport
(decreasing the traffic intensity on the main highways and in CBD; reducing the number of
congestion at SRN and in CBD at peak hours; reducing the calculated load on SRN of the city;
reducing the number of unorganized car parking lots within CBD; reducing the level of use of
motor transport, and thereby increasing the level of use of public transport; increasing the
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passenger turnover of transport; improving road safety), economical (improving land use
efficiency in CBD; reducing costs for making a trip; improving the availability of CBD; increasing
the number of economically attractive trips to CBD; creating a more economical transport
system), ecological (reduction of emissions of harmful substances into the atmosphere from
motor transport; reduction of various environmental factors, for example, noise level) or social
(increasing communication links, improving travel conditions to CBD, for example, saving time,
solving the problem of parking in CBD, an alternative to choosing a route to reach the purpose
of the trip). Moreover, with the development of cycling infrastructure, the issue of reducing
parked cars on the roadway of SRN of cities requires an immediate solution.

Therefore, we faced the problem of substantiation of the approach to the creation of such
a park and ride system in large cities, which would satisfy the needs of the centers of attraction
of CBD in parking areas. In addition, it should be taken into account that the use of such parking
systems has a number of disadvantages: the growth of traffic intensity at the adjacent SRN (the
lack of free and unhindered accesses reduces the effective operation of a parking lot); the need
for organizational measures for the operation of passenger transport (increasing the frequency
of traffic, capacity of passenger transport, improving its comfortability, planning pedestrian flows,
information provision, etc.); increase of emissions of harmful substances from a local source
and noise pollution from residential development located in the immediate vicinity.

The studied conditions of the creation of a park and ride system depending on the type
of city planning and the performed analysis of placement of parking systems show that the
practice of using the park and rides as well as the existing European list of standards is
recommendatory, but not normative, noting the general laws of practical experience of
placement of parking lots [11].

The developed procedure for the creation of parking systems in CBD (Department of
traffic management and safety, KhNAHU) [12] foresees the following steps: on the basis of a
city map, to design the city's SRN graph with indication of not only the vertices and arcs of the
graph, but also of the geometric characteristics of the crossroads and sections; to indicate the
boundaries of CBD on the basis of determining the levels of demand satisfaction for passage
and parking; to carry out questionnaire surveys for the administration of the centers of transport
attraction regarding the demand for parking near them; to study the radial traffic flows in the
access zones of conventionally radial highways to CBD to determine the total required capacity
of the parking system; to compare the results of a parking demand study obtained at the two
previous stages, to determine the final value of the total capacity of the parking system; to
determine the capabilities of CBD SRN in providing parking areas; to determine the sites, type
and capacity of parking lots; to divide CBD into the catchment zones (CZ) for each parking lot
and to determine the demand for parking in each zone; to determine a rational parking system
for CBD as a result of modeling of a placement scheme for catchment zones of parking lots with
use of the Parking Planning System decision support software by checking the demand
satisfaction for parking in each CZ of parking lot and within the whole CBD.

As a result of the approbation of this procedure in Kharkiv, the sites were determined
which are not catched by any of the proposed parking lots. In this case, the solution of the
problem is possible by adding the park and rides to the already proposed parking lots that will
be located at a distance from CBD (the only disadvantage with such an arrangement) with the
use of services of public transport (PT), the organization of operation of which should be at a
high level [13].

Thus, when creating a system of parking lots, there are a number of tasks related to the
organization of their operation: the study of the impact on the capacity of SRN of parked cars in
order to determine their impact on the traffic flow during departure from the parking lot;
determination of the constant (for the whole working day) and variable (for several hours) of the
component in the total capacity of each parking lot; determination of the amount and time of car
traffic for each parking lot; determination of passenger traffic (at each working hour of the day)
for each parking lot; determination of the type and capacity of the vehicle stock servicing the
customers of the parking lot; design of the march route of service vehicles [14].
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The most sensitive issue is the interest of vehicle owners in using park and rides. The
deciding factor here is the maximum convenience of walking distance or the minimum travel
time from parking lot to PT attraction centers (comfort of travel) and parking rates. The comfort
of travel can be achieved through the failure-free operation of both PT and vehicle stock
servicing the park and ride. Improving the provision of PT services is the subject of another
study.

The choice of location of park and rides depends on two main factors: the planning
structure of the primary SRN, which determines the type of city planning, and management of
public transport systems.

The study of the impact of parked cars on SRN capacity in the city center will enable these
results to be used to provide recommendations on the appropriateness of the location of park
and rides that would not worsen the traffic management of the main highways of the city.
Determining the duration of parking the cars on an existing street parking lot will allow to
determine the share of cars in the variable component of the parking capacity. The determined
amount and time of car traffic for each parking lot will make it possible to adjust the capacity of
internal parking lots in [12]. The obtained values of passenger traffic during the working day will
allow to determine the type of vehicle stock. The projected route serving the parking lot, which
should be offered with the indication of location of stopping points, will provide potential clients
with a minimum travel time within SRN of the district under study and proximity to the locations
of its centers of attraction.

3. CONCLUSION:

Summarizing the results, we can formulate the basic principles of park and ride
designing: creating a unified park and ride system within the city, in the ideal case — the parking
lot should be included in each transport interchange hub; providing the most comfortable
conditions for the trip with the use of park and ride; the minimum number of delays at the
approach to the transport interchange hubs; organization of access to and departure from the
parking lot, search of a parking place, transfer to passenger transport and getting to the final
point of the route; provision of necessary safety measures, both for the passenger and for
his/her car; providing complete information support; providing a high level and quality of service.

The application of all the above-mentioned recommendations and principles in the
development of documentation for planning, designing and organizing the operation of park and
rides will ensure the efficient and effective work of this service in the area of solving transport
problems of large cities of Ukraine.
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