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Bo3M0XXHOCTb YMEHbLUEHUA TEXHOr€HHOW Harpy3Ku
AU3eNIbHOro ABUraTesisl Ha OKpYyXKaloliyio cpeay
NyTéM U3MEHEeHMA CTeNeHHU CHKaTus

A.A. Menbbepr, E.A. MaweHckas, A.10. Kanwun, W.C. JutBuHeHKo

AnTaiickuii rocyapcTBeHHbIN TexHUYeckuid yHuBepcuteT uM. W.W. NonsyHosa, bapHayn, Poccus

AHHOTALMUA

06ocHoBaHMe. CenbCKOXO3ANCTBEHHOE NPOM3BOACTBO ABMIAIETCA MCTOYHWUKOM 3arpsisHEHUS OKPYXatoLleit cpefbl, No3ToMy
peLleHne npobneMbl CHUMXEHUS BpefHbIX BbIDPOCOB € 0TpaboTaBuMMW ra3amu ausenei, npuMensieMbiMn B AlK, sBnsetca
BAXHOW W aKTyanbHoi. Bonpeku BceM nporHo3am NpuMeHeHWe 3KONOrMYecKM YMCTbIX ABMraTesied, CnocobHbIX COCTaBUTb
KOHKYPEHLMIO MOPLUHEBbIM ABUraTesfAM, OrPaHUYEH0 B CENIbCKOX03AMCTBEHHOM MPOU3BOACTBE.

WccnepoBaHue HanpaBneHo Ha peLleHnn 0LHOW M3 KIOYEBbIX 33a4 COBPEMEHHOCTU — CHUXEHUE TEXHOFEHHOW Harpysku
OT BPeHbIX BbIOPOCOB AW3eMbHbIX ABUTaTENEN Ha OKPYHAIOLLYI0 cpefy NYTEM U3MEHEHUS CTEMEHU CKaTHS.

Lienb paboTbl — nouck cnocoboB YMeHbLLEHWUS! TEXHOrEHHOW Harpy3KuM Ha OKPYMaloLlyl cpedy OT BpPeAHbIX BblbpocoB
Av3eneit MOBUNBHBIX MaLUMH MYTEM U3MEHEHMUS CTEMEHN CXaTUA.

Matepuanbl M MeToabl. JKCnepUMeHTaslbHble AaHHble ObIK NOMyYeHbl NPU CTEHAOBLIX MCMbiTaHuax ausens 44H 15/18
no FOCT 14846-2020. Metoapl ucnbitaHui cootetctBoBau MOCT 10448-2014. Mo nporpamMe McnbITaHUiA 0TOMpPanUCh
oTpaboTaBLiMe rasbl Au3ens, NPOBOAWNICS aHalM3 MX COCTaBa WM AMCMEPCHOCTW TBEPAbIX YacTWL, MpW CTEMEHSX CHaTus
£=13,5...14,5...15,5 no Harpy3ouHoi xapaKTtepuctuke npu 1900 Mun™".

PesynbTatbl. 06Hapy*eHo, 4TO yBeninyeHne cTenenn cxatma ¢ 13,5 go 15,5 npuseno K cHUKeHuMto BbibpocoB ¢ oTpaboTas-
Wvmn razamu Teepabix Yactuy (TH), yrnesogopopos (C,H,) v okenaa yrnepoaa (C0), ogHaKo Mo Beeld Harpy304HOA Xapak-
Tepuctuke ot P,=0 no P.=1,24 MMa npu 1900 muH-" Bbibpock okcnpos asota (NO,) yennumnmch. Mpu cHukenun € 2o 13,5
TEXHOreHHas Harpy3Ka Ha OKpyKatoLLylo cpedy yMeHblumnack B 1,15 pasa.

3akunioueHmne. CteneHb CaTUA MOXKET ObITb NPUHATA 3a PerynmpyeMblil napaMeTp Npu peLLEHUN 3aiay CHUMXEHMUS BbIbpOCoB
OKCMA0B a30Ta ¢ 0TpaboTaBLUMMM ra3aMu U He3HaUMTENLHO BAMSET Ha U3MeHeHue Bbibpocos TH 1 CO. lNpu yMeHbLUIeHWH cTe-
neHun cxatua ¢ 14,5 no 13,5 TexHoreHHas Harpy3Ka Ha OKpyxaloLLyto cpesy cHuxaetca B 1,15 pas. [lns nonyyeHus nyyiumx
Ppe3ynbTaToB PEKOMEHJ0BAHO MPUMEHEHWE KOMIJIEKCHBIX METOZ0B, HanpuMep, 04HOBPEMEHHOE U3MEHEHWE CTEMEHU CKATUA
W KaTanMTUYeCKOW HeUTpanm3aumm.

KntoueBble cnoBa: TexHoreHHas Harpy3ka; CteneHb CXatus; OM3eNbHbIN ABUraTenb; OKpyXawulaa cpena; 0Tpa60TaBLume
rasbl.
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Possibility of reduction of the environmental
impact of a diesel engine by means of changing
the compression ratio
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ABSTRACT

BACKGROUND: Agricultural production is a source of environmental pollution, therefore, solving the problem of reducing
harmful emissions from diesel exhaust gases used in agriculture is important and relevant. Contrary to all forecasts, the use
of environmentally friendly engines capable of competing with piston engines is limited in agricultural production. The study is
aimed at solving one of the key problems of the present time — reducing the environmental impact from harmful emissions
of diesel engines by means of changing the compression ratio.

AIM: Search for ways to reduce the environmental impact of diesel engines by means of changing the compression ratio.
METHODS: The experimental data were obtained during bench tests of the 4ChN 15/18 diesel engine according to the GOST
14846-2020. The test methods were in accordance with the GOST 10448-2014. According to the test program, diesel
exhaust gases were selected, their composition and dispersion of solid particles were analyzed at compression ratios
€=13.5...14.5 ...15.5 and the load curve at 1900 rpm.

RESULTS: It was found that an increase in the compression ratio from 13.5 to 15.5 led to a decrease in emissions of solid
particles (SP), hydrocarbons (C,H,) and carbon monoxide (CO) with exhaust gases, however, emissions of nitrogen oxides
(NO,) increased through the entire load curve from P, = 0 MPa to P, = 1.24 MPa at 1900 rpm,. With a decrease of € to 13.5,
the environmental impact decreased by 1.15 times.

CONCLUSION: The compressionratio can be considered as an adjustable parameter when solving problems of reducing emissions
of nitrogen oxides from exhaust gases and has little effect on changes in SP and CO emissions. When the compression ratio is
reduced from 14.5 to 13.5, the environmental impact is reduced by 1.15 times. To obtain the best results, it is recommended to
use complex methods, for example, simultaneous changes of the compression ratio and catalytic neutralization.
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SKONOTHECKM HCTHIE
TEXHOJIOM AV 1 OBOPYLIOBAHME

BBEJEHUE

ExxeroaHbIi pocT KonmyecTBa MOBWITBHBIX MaLLMH U 3Hepre-
TUYECKMX YCTAHOBOK C AM3ENbHBIMM ABUMATeNSIMUA BO MHOMO pa3
OMepeXaeT TeMbl YyHLLIEHWS UX 3KONMOTMYECKUX KauecTB [1].
Bonpeku BceM nporHosam, B HacTosiLee BpeMsl MpUMEHeHe
3KONMOTUYECKM YMCTBIX ABUraTeNel, CocoBHbIX COCTaBUTb KOH-
KYPEHLMIO NOPLUHEBLIM ABUraTeNsM, OrpaHUYEHO B CENbCKOXO0-
3AMCTBEHHOM NPOM3BOLCTBE. B T0 e camoe BpeMs, CENbCKOX0-
3AIICTBEHHOE NPOM3BOLCTBO CaMo Mo cebe ABMAETCH UCTOYHUKOM
3arpssHeHns BO3[yXa, B CBA3Y C YeM peLeHue npobneMbl CHU-
JKEeHs BpeaHbIX BbibpocoB ¢ otpaboTaBLummm rasamu [1BC, npu-
MeHsomxes B MK, sBnseTca ofHUM 13 3 deKTUBHBIX METOL0B
CHWXKEHWS TEXHOMEHHOM Harpy3KM Ha OKpyXKatoLLyto cpeay [2, 3].

MupoBble cTaHmapThl Ha BpeaHble BbIGpOCk! ¢ oTpaboras-
wmmu razamu [IBC nocTosiHHO CTaHOBATCA MECTUe. 3T cBUAE-
TENbCTBYET 0 BCE 6onee YCIOKHALLEMCA UX BbINOAHEHUM. o-
3TOMy pa3paboTKa 1 MpUMeHeHNEe HOBbIX TEXHUYECKUX CPEACTB
B peLLEHMM BOMPOCA YMEHBLLUEHUS TEXHOTEHHOW HarpysKu siB-
NAETCA NEPCMEKTMBHBLIM U aKTyaNbHbIM HanpasneHueM [1-12].

Bo3MOKHOCTU CHYMEHMS TOKCUYHOCTW OTPaboTaBLLUMX ra3oB
LV3ens MyTeM U3MEHEHUS CTEMEHU CXKaTUs UCMONb30BaHbI borb-
LUMHCTBOM (MPM M OTMeYeHbI pAAoM uccneaoBatenei [1, 4—12].

Lienb paboTbl — noucK cnocoboB YMEeHbLLEHUS TEXHOMEH-
HOW Harpysku Ha OKPYKaloLLylo cpefy OT BpedHbIX BbIOpOCoB
LM3eneit MOBUNBHBIX MaLLIMH MYTEM U3MEHEHS CTENEHN CHKaTUA.

MATEPWUAJIbI U METOAbI

B HacTosien paboTe KOHKPETHO OnMCaHbl SKCMEPUMEH-
TasbHble JaHHble, MOJTyYeHHbIe NPU CTEHAOBLIX UCTbITAHUSX
pu3ens 44H 15/18(BM-4). Crenabl 6bu1m 06opyaosaHb no MOCT
14846-2020. lnzenu bbinm cobpaHbl COrNacHo 0BLIMM TEXHM-
yeckuM ycnosuam no MOCT 10150-2014. MeToabl UcnbITaHWi
cooreeTcTBoBanM [OCT 10448-2014.

YcnoBus UCTbITaHWMA: HOMUHaMbHAA (3PdEKTMBHAS) MOLL-
Hoctb N,=250 kBT, uyactota obopoToB KoneHuatoro Bana
n=1900 muH", ynenbHblii 3ddeKTMBHLIA pacxod ToninBa
9,=224 r/KkBt-y, yrap Macna Am=0,29%. Temneparypa oKpy-
wawowen cpeabl 1;=290...292 K, atMocdepHoe fasneHue
Py=0,100...0,101 MIlla, oTHocuTenbHasa BRAXHOCTb BO3AyXa
¢;=80...83%. B 3KcnepumeHTe Mcrnonb3oBanu au3enbHoe To-
nnmeo no [OCT 305-2013, Mapka J1-0,2-40, n MoTopHoe Macno
no [OCT 6360-2020, mapka MT-16I1.

Wccnenosative Boibpocos Bpeatsix Bewects (CO, CH, NO,)
npoBoawmM Ha rasoaHanusatope ABI-4-0-5-01 no TOCT 31967-
2012. Vi3MepeHv1e [AbIMHOCTH (C NEpecyeToM Ha BhIOpoChkl TBEPAbIX
yactuu, — TH) no MOCT 24028-2013, Ha apiMomepe BOSCH [2, 3, 13].

Bce 13MepeHms NpousBeeHbl Ha YCTaHOBMBLLIMXCA PEXMMAX
(no BCX — no MoLuHocTW, 060poTaM M Nno 4acoBOMy pacxopy
TOM/MBA).

Mo nporpamMMe ucnbiTaHuii oTbupanuch oTpaboTaBLuve
rasbl AU3ens, MPOBOAWICA aHanK3 UX COCTaBa M AUCMEPCHO-
CTV TBEPAbIX YacTWL, Npu cTeneHsx Cxatvs €=13,5...14,5...15,5
No HarpysouHon xapaktepuctuke npu 1900 muu-!. Bce
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MUCNbITaHNA NMPU PasfiMiHbIX 3HAYEHUAX € Obim npoBeneHbI
npennpuaTMeM-n3rotoButesnieM An3enen.

PE3YJIbTATbI

B pesynbtate ucnbiTaHus bbino 0bHapyXeHo, YTo yBenu-
YeHue cTenenmn ckatua € ¢ 13,5 0o 15,5 npuBoaMT K cHuxe-
HU0 BbIBPOCOB € 0TpPaboTaBLUMMK ra3aMu TBEpABIX YacTuL
(TH), ymesogopogos (C,H,) n okeupa ymepopa (CO) (puc. 1).
B 70 )xe BpeMs no Bcelt Harpy304HoM xapakTepuctuke ot P,=0
fio P,=1,24 MMa npu 1900 MuH-! Bo3pacTatoT BbIGPOCHI OKCH-
nos asota (NO,) (puc. 1, a). 310T pe3ynbTaT MOXHO 06BACHUTL
TeM, YTO NPY YBENIMYEHWUM CTENEHM CHATUSA U HEU3MEHHOM Lu-
KNOBOW Nofiaye TeMnepaTypa B LMIUHAPE CTaHOBUTCS BbiLLE,
nonoxeHue Tmax capuraetcs K BMT, B To BpeMs KaK BeposT-
HOCTb OKMC/IEHWS a30Ta BO3PACTaeT.

N3meHeHWe BbIBPOCOB NpU YBENMYEHUM CTENEHU CXKaTUSA
06bsACHsETCA TeM, YTO MOHOTA CropaHUs BO3pacTaeT, nepuog,
3a[lepXKKV BOCMIAaMEHEHNS CTAHOBUTCS KOpPOYe M BpeMms, OT-
BOZMMOE Ha CropaHue TOMMBa, YBEIMYMBAETCA B LIMKIIE. Bbl-
bpockl TBEPAbIX YacTuy (TH) ¢ oTpaboTaBLUMMKM ra3amm 3Ha-
unTenbHo cokpatuatotea ¢ 0,122 po 0,063 (npu P.=1,24 Mla
1 n=1900 MuH"") wn npakTyecku B aBa pasa (cM. puc. 1, a).
Wamenenue Bbibpocos C,H, npeactasneto Ha puc. 1, b.

Poct € npuBoouT K bonee BbICOKOMY MporpeBy 3apsfa
BOMM3M XONOLHBIX CTEHOK MMb3bl LWAMHAPA, YTO MOBbILLAET
MOJTHOTY CropaHmsl.

B cootBeTcTBUM C MoCTaBneHHbIMU 3afayamu bbina ms-
yyeHa aucnepcHocTb TH npu M3MeHeHWM CTeneHu Cxatus
B uMMHApax (cM. puc. 1, c).

Ananus panHblx Tabn. 1 nokasan, yto NpU U3MEHeHUM
ctenenu cxatua ¢ 13,5 go 15,5 oLeHoYHble NoKasaTenu 3Ha-
YMTENBHO M3MEHSAKITCA: MO OKcupaM asota — B 1,88 pasa;
no okcuay ymepoga — B 1,22 pasa; no yrnesogopofaM —
B 1,35 pa3a; no TBépabIM YacTuuamM — B 1,15 pasa.

TexHoreHHass HarpysKa Ha OKpyawwyw cpegy 6bina
paccuuTaHa no MeToAuKe, NPUBEAEHHON B [2, 3], u cocTaBu-
na H,=78,31 yt/r npu cepuiHon KoMnnekTaumm npu €=13,5
n H,=90,4 y1/r npn €=14,5, uTo cBMpeTeNnLCTBOBaNO 06 eé
cHuxeHuu B 1,15 pasa npu yMeHblueHun € 0o 13,5.

3AKJIO4YEHUE

1. CreneHb CaTus MOXET ObITb MPUHATA 33 Pery1pyeMblii
napaMeTp Mpu peLLeHUN 3a[ia4 CHUKEHMUS BbIOPOCOB OK-
CULOB a30Ta ¢ oTpaboTaBLUMMU ra3amu;

2. CreneHb CKaTUS HE3HAUMTENBLHO BIIMAIET HA U3MEHEHME
Bbibpocos TH u CO.

3. Tpu yMeHbLUEHWM cTeneHm cxatus ¢ 14,5 oo 13,5 TexHore-
Hast Harpy3Ka Ha OKpy»KaloLLyto cpefly cHkaetca B 1,15 pas.

4. CHmKeHs BpedHbIX BbIOpoCoB € 0TpaboTaBLUMMM ra3aMu Ou-
3efeit oo TpebyeMbx HOpM cTaHaapToB Stage u PO MoxHO
[OCTWYb MPUMEHEHUEM KOMIJIEKCHBIX METOZI0B, HampuMep,
OHOBPEMEHHBIM U3MEHEHWEM CTEMEHM CHATUS U YCTaHOBKOM
KaTaNIMTMYECKOro HEMTPaNM3aTopa Wi CaXeBoro GpwibTpa.
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Puc. 1. BnusHue cTeneHn cxatus Ha ypoBHU BpeaHbix BuiGpocos ansena 44H15/18 no HarpysouHoii xapaktepuctiuke npu 1900 MuH': 0 — copepxanve
okeupos asota (Cyg,) v TBEpABIX YacTuL, (Cry) B oTpaboTaBLUMX rasax npu U3MeHeHUM cTenenu cxatus € ¢ 13,5 fo 15,5; b — copepxanme oKcuaa yrme-
poaa (Cg,) u yrnesonoponos (Ceyy,) B 0TpaboTaBLunx rasax nNpu U3MeHeHun cTeneqm oxatus € ¢ 13,5 fo 15,5; ¢ — aucnepcHocTb TBEPABIX YacTu (dry)

Mpu1 U3MeHeHUn cTenenm cxatus € ¢ 13,5 go 15,5.

Fig. 1. Impact of the compression ratio on levels of harmful emissions of the 4ChN15/18 diesel engine at the load curve at 1900 rpm: @ — the content
of nitrogen oxides (Cyg,) and solid particles (C,,,) in the exhaust gases with a change in the compression ratio € from 13.5 to 15.5; b — is the content
of carbon monoxide (Cc,) and hydrocarbons (C,y,) in the exhaust gases when the compression ratio change from 13.5 to 15.5; ¢ — is the dispersion

of solid particles (d,,) with a change in the compression ratio € from 13.5 to 15.5.

Ta6nuua 1. BavsHue cTeneHm cxatvs Ha BeMYMHBI OLEHOYHBIX MOKa3aTesieli BpeaHbIX Bbibpocos ausens 44H 15/18
Table 1. Impact of the compression ratio on values of the indicators of harmful emissions of the 4ChN15/18 diesel engine

o 3HaueHVe OLEHOYHbIX NoKa3satenei, r/ (kBr-y) KpaTHoCTb MpeBbiLLEHMS
u [lenctBuTENbHbIE L0NYCTUMBIX OLLEHOUHBIX
noKasaTenm [onyctuMble cTaHaapTamm N
— MpU CTENEHM CXKaTns, € noKasaTesien no CTaHAapTaM:
BLI6POCOB s PO Stage 2/3a/3b/4/P®
Stage 2 | Stage 3a Stage 3b | Stage 4 (c 2021 1) 13,5 14,5 15,5 npu € = 14,5
9ou No, 6,00 4,0 2,00 0,40 6,00 975 11,30 18,35 1,88/2,83/5,65/28,3/1,88
9on co 3,50 3,50 3,50 3,50 3,50 11,60 10,50 950 3/3/3/3/3
1,7/1,7/8,95/
Gouc,u, 1,00 1,00 0,19 0,19 0,40 1,82 1,70 1,34 8.95/4.25
9ou Tu 0,20 0,20 0,20 0,02 0,10 0,15 0,14 0,13 0,7/0,7/0,1/71/14
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nWcK, co3fiaHre M3obpaeHuin. Bece aBTopbl NOATBEPKAAIOT COOTBETCTBUE

DOl https://doiorg/1017816/0321-4443-631489

CBOEro aBTOPCTBA MEX/yHapoaHbIM Kputepuam ICMJE (Bce aBTopbl BHeC-
TV CYLLECTBEHHbIN BKMAZ B pa3paboTKy KOHLENUMW, NpoBeseHne uccre-
A0BaHWS 1 MOATOTOBKY CTaTbi, NPOYIM v 0A0bpunM GrHanbHylo Bepcuio
nepeq nybnvKaumen).

PackpbiTe MHTepecoB. ABTOpbI JeKNapupyloT OTCYTCTBUE ABHBIX V1 MOTEH-
LiManbHbIX KOHGIMKTOB MHTEPECOB, CBA3aHHBIX C MybnnKaLmel HacTosLLen
cTaTby.

WcTounnkm dpunaHcpoBaHus. ABTOpbI 3as1BNAIOT 06 OTCYTCTBUM BHELLHETO
(MHaHCMPOBaHWs MPY NPOBEEHNN UCCTIe0BaHMS.
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