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AnHoTanus. Pecypc miyHxepHbIX Map TOIIMBHOIO Hacoca Beicokoro aasienus (THB/I) 3aBucut ot xauectBa
JIM3EJIbHOTO TOIUIMBA. J|00aBKM pacTUTENBHBIX Maces — HAMpUMeEp, PariCoBOTO M COEBOT0, MO3BOJISIOT YIyUIIUTh
KaueCTBO TOBAapHOIO JMU3EJIbHOIO TOIUIMBA. B 4acTHOCTH, MOISpHBIE MOJIEKYJIBI PACTUTENBHBIX Maced,
(dopMHpYysT IOTPaHUYHBIM CMa304HBIN CJIOM, CIIOCOOHBI CAEPKUBATh M3HAIIMBaHHE compspkeHust «lLmymxep-
BTyaKa». llenecooOpa3Ho mogoOparh ONTUMABHBIM COCTaB OMOJU3EIBHOIO TOILUIMBA, CIOCOOHOTO CHU3UTH
CKOpPOCTb TPHOOJIOTMUYECKOTO U3HAIIMBAHUS U YBEIUYUTH pecypc IuryHxkepHsIx ap THB/I 6e3 koHCTpyKTUBHOM
MOJICpHHM3AIMN 3JIEMEHTOB CHCTEMBbI NMUTaHMsA. JIs1 OUeHKH 3((EKTHBHOCTH HCHOIB30BAHUS OMOIU3EIEHOTO
TOIIMBA OIPENENIUIN U3HOC IUIyH)KepHbIX nap 4YTHM TtomnuBHOrO Hacoca BBICOKOIO JABJIEHUSI B CpeEne
OMOAM3ENIFHOTO TOIUIMBA IPU PA3IMYHBIX KOHIEHTPAIUSAX PANCcoOBOrO W coeBoro macen. CpaBHUTENBHbBIC
UCTIBITaHUsT HA U3HOC TuTyHkepHbIX map 4YTHM-1111410-01 nmposenu Ha crenne KU-1640. Uccnenoanue
wiyrwxkepHbix nap THBJI ¢ koHTponeM n3MeHeHMs UX T'HAPAaBINYECKOM IUIOTHOCTU MPOBEIU B CPEAE YUCTOIO
JI3€IbHOTO TOIUIMBA U CMECEBOTO TOILIMBA, BKJIOYAIOILETO B ¢e0sl pariCcoBOE MM COEBOE Maciia B KOJIMUYECTBE 25,
50 u 75%. YcraHoBIE€HO, YTO OMOAM3ENBHOE TOIUIUBO, coaepikariee 25 u 50% macina, B CpaBHEHUH C TOBAPHBIM
JIM3EITbHBIM TOIUIMBOM TIO3BOJISIET COXPAaHHUTh pabOTOCIIOCOOHOCTH MPELM3UOHHBIX CONPSDKEHUH M YBEIWYNTD
pecypc miyHkepHbIX nap 6onee yem Ha 1000 moto-4yacoB (Ha 30%). bosee BrICOKast KOHIICHTPAIHS PACTUTEBLHBIX
no6aBok (75%) HenenecooOpa3Ha, Tak KaK BBICOKAs IUIOTHOCTh M BSIBKOCTh CMECH TPEOYIOT JOMOMHUTEIbHBIX
3aTpaT Ha YCTAaHOBKY CHCTEM IIOIOTpEeBa TOIUIMBA. B nanpHeiimeM HEOOXOAMMO TIPOBECTH TIOJIEBHIC
HKCIUTyaTallMOHHbIE MCIBITAHHMS aBTOTPAKTOPHON TEXHHKHM HAa OMOAM3EILHOM TOILUIMBE, BKJIIOYAIOIEM B CeOst
parcoBoe WK COeBOe Macio B konudectse 25 1 50%. Dkcrutyaranys 1u3eNbHbIX ABUraTesiel Ha OMOIUu3eIbHOM
TOIUIMBE OyJEeT CIOCOOCTBOBaTh CHIKEHUIO PACXO/OB, CBA3aHHBIX C KANMTAJIbHBIM PEMOHTOM TOIUIMBHOM
anmaparypsl.

KiroueBbie ciioBa: pecypc IUTyHXKEPHBIX Map; W3HOC; U3HOCHBIE MCIBITAHUS IUTYH)KEPHBIX Iap; AU3EIBHOE
TOIUTMBO; OMOIN3ENBHOE TOIUIMBO; PAIICOBOE MACIIO; COEBOE MACIIO

Jst uutupoBanus: Pynenxo M.U., Anarenko A.C., Crynun O.A. CTeH0BbIE UCTIBITAHUS HA M3HOC ILTYHKEPHBIX
nap Ha OMOIM3ETBHOM TOIUIMBE C PA3IMIHBIM COEP)KaHUEM PAIICOBOTO M COEBOTO Macen // ArpourxkeHepus. 2026.
T. 28, Ne 5. C. 97-102. https://doi.org/10.26897/2687-1149-2026-5-97-102

© Pypenko U.A., Anatenko A.C., CtynuH O.A., 2026 97


mailto:a.apatenko@rgau-msha.ru
https://orcid.org/0000-0002-2492-9274
mailto:stupin@rgau-msha.ru
https://orcid.org/0000-0002-1466-572X

TEXHUYECKUN CEPBUC B AMK ArpounxeHepus. 2026. T. 28, Ne 5. C. 97-102

ORIGINAL ARTICLE

Bench wear tests of plunger pairs using biodiesel fuel with various contents
of rapeseed and soybean oils

LI Rudenko', A.S. Apatenko?®, O.A. Stupin®

123 Russian State Agrarian University — Moscow Timiryazev Agricultural Academy; Moscow, Russia
!'vanya.rudenko.82@mail.ru; https://orcid.org/0009-0008-4769-7171
2a.apatenko@rgau-msha.ru; https://orcid.org/0000-0002-2492-9274
3 stupin@rgau-msha.ru; https://orcid.org/0000-0002-1466-572X

Abstract. The service life of fuel injection pump (FIP) plunger pairs depends directly on the quality of diesel
fuel. Adding vegetable oils, such as rapeseed and soybean oils, can enhance the performance of commercial
diesel fuel. Specifically, the polar molecules present in vegetable oils form a boundary lubrication layer capable
of mitigating wear at the plunger-bushing interface. Determining the optimal biodiesel composition is essential
for reducing tribological wear rates and extending the service life of FIP plunger pairs without requiring structural
modifications to existing fuel system components. To evaluate the effectiveness of biodiesel blends, wear tests
were conducted on 4UTNM FIP plunger pairs exposed to varying concentrations of rapeseed and soybean oils.
Comparative wear testing of 4UTNM-1111410-01 plunger pairs was performed using a KI-1640 test bench.
The investigation involved monitoring changes in the hydraulic tightness of the plunger pairs across pure diesel
fuel and blended fuels containing 25%, 50%, and 75% rapeseed or soybean oil. The findings indicate that biodiesel
blends containing 25% and 50% vegetable oil maintain the operational integrity of precision-matched components
and extend the service life of the plunger pairs by over 1,000 engine hours (approximately a 30% increase)
compared to standard commercial diesel. Conversely, a higher concentration of vegetable oil additives (75%)
is impractical due to the increased density and viscosity of the mixture, which would require additional costs
to install supplementary fuel-heating systems. Further research will focus on conducting field operational tests
of agricultural and automotive machinery using biodiesel fuel blends containing 25% and 50% rapeseed or soybean
oil. Utilizing biodiesel in diesel engines will ultimately help reduce maintenance and overhaul expenses associated
with fuel injection equipment.

Keywords: plunger pair service life; wear; plunger pair wear tests; diesel fuel; biodiesel fuel; rapeseed oil;
soybean oil
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BBenenue

Okcruryaranus qusenbHbIx asurareneid B AIIK oc-
JIO’KHSIETCS CHIDKEHHEM KayeCTBa IU3EIIbHOIO TOILIUBA.
C nesblo MOBBIIEHUS Ka4eCTBA JU3EIIBHOIO TOILUIMBA
Y YAAJIEHUsI U3 HErO0 CEPHUCTBIX COSIMHEHUH MTPOBOIAT
DIYyOOKY!O THIPOOYUCTKY. OTHAKO TAKOE TOILIUBO OTIIU-
YaeTCs HEAOCTAaTOYHOM CMa3bIBAIOILEH CIIOCOOHOCTHIO
JieTajieil TOTUTMBHOW anmnaparypbl, YTO SIBISIETCS OTHOM
13 IPUYMH YMEHBIIEHHS pecypca IUTyHKEPHBIX ap TO-
MIMBHOTO Hacoca Beicokoro aasienust (THB/I) [1]. TTo-
MHMO 3TOTO, IUTyH)KEpHbIE Mapbl paboTaloT ¢ MUKPOH-
HbIM 3a30poM (1...3 MKM) U B cpezie BBICOKOTO JaBIECHUS
BBIXOZAT U3 CTPOS B IIEPBYIO ouepensp [2-4].

Jlnst yBeMueHus pecypca ITyHKepHBIX Hap Ipume-
HSIOT OMOM3ENIFHOE TOTUIMBO [5], B KOTOPOM B KaUueCTBE
0107100aBOK BBICTYIIAIOT HEATEPU(DUIIMPOBAHHBIE PACTHU-
TenbHble Macna. Kak ormeuaer P.S. Ranjit u np. [6], un-
TEHCUBHOCTb M3HALIMBAHKS NPELIU3UOHHBIX 11ap TOILUIUB-
HBIX HACOCOB 3aBHCHT OT NPOJOJLKUTEILHOCTH PabOThI

JIBATATETIsI Ha OMOMU3eNie M KOHIICHTPAITNHA PaCcTUTEIb-
HBIX KOMITOHEHTOB B cMecH. bojiee Toro, D. Zhuravel [7]
u D.N. Tziourtzioumis [8] moka3zanm mpsiMoe BIHMSHUE
BBICOKOKOHIICHTPHPOBAHHBIX OMOI00AaBOK HAa CHIDKCHHUE
HaJISKHOCTH conpspkeHust «ILrymxep-BTyika» B CBSI3H
C M3MCHCHHMEM KHMHEMAaTHYECKOW BS3KOCTH TOPIOYETO
Y POCTOM OTJIOKEHHUS HEPACTBOPHMBIX OCA/IKOB.

B Poccun nambonee pacrpocTpaHeHbl parcoBOe
U coeBoe Macia. PactutenbHble Macia XOpoIio CMeIId-
BAaIOTCS C TOBAPHBIM JIU3ETIHHBIM TOILTUBOM [9].

Jliis 000CHOBaHHOTO TPUMEHEHHsI OMOIN3EITBHOTO
TOIUIMBA HEOOXOIMMO MPOBECTH UCHBITaHHUS Ha U3HOC
TUTYH)KEPHBIX Map TOITMBHOTO HACOCa BBICOKOTO J1aBie-
HUSI U OLICHUTD BIMSTHUE 100aBOK Maclia Ha UX pecypc.
HeoOxomumo momoOparh onTUMalbHBIA cOCTaB OWO-
JIM3EbHOTO TOIUIMBA, CIOCOOHOTO CHU3UTH CKOPOCTb
TPUOOJIOTHYECKOTO M3HAILIMBAHUS U YBEJIMUUThH PECYPC
rywxepHsix nap THB/I 6e3 koHCTpyKTHBHOM Moziep-
HU3aIIUH IIEMEHTOB cCUCTeMbl tuTanus [10, 11].
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Leab uccaenoBanuii: onpeaeauTh MHTEHCUBHOCTh
n3Hoca rymkepHbix nap THB/] 4YTHM B cpene 6uo-
JM3EIbHOTO TOIUIMBA IPU PA3JIMYHBIX KOHLEHTPALMIX
parcoBOro 1 COEBOI0 Macel B CPABHEHUM C TOBAPHBIM
JIN3EJTbHBIM TOIUTUBOM.

MaTepHaJIbl H METOAbI

W3noc mnymwkepnsix nap THBJ[  onpenensum
Ha ctenge KU-1640 (puc. 1). UccnenoBanu miyHxep-
HbIE TMapbl TOIUIMBHOTO HACOCa BBICOKOTO JABJICHUS
4YTHM-1111410-01 u3 cramu mapku 25X5M (puc. 2)
OJIHOM MapTHUU U OJMHAKOBOW TMIPaBIMYECKOMN IUIOTHO-
CTH, U3rOTOBJIEHHBIE HA HOrnHCKOM 3aBOJIE TOIUIMBHOM
armaparypsl (H3TA).

IIpoBeneH NOIHBIN UMK UCTIBITAHUI Ha U3HOC ILTYH-
skepHoit napsl THBJ] 4YTHM B cpene ToBapHOTO JU-
3€JIbHOIO TOILTMBA M CMECEBOI0 TOILIMBA, BKJIOYAFOLINX
B ce0st J0OaBKM Kak paricoBOro, Tak M COEBOIO Maciia
B koimaectse 25, 50 u 75% [12, 13]. Crauana Ha CTEH-
ne K1-1640 onpenensiii rupaBiIddecKyto IUIOTHOCTh
TUTYH)KEPHOM Maphbl B TU3€IbHOM U CMECEBOM TOIUTUBAX
o cranzaptHoii metoruke (TOCT 10578-2020)'. danee
NPOBOJMIM M3HOCHBIE UCIIBITAHUS IUTYHXKEPHBIX Iap
B TeueHue 4000 4 Ha crenne (puc. 1) B cOOTBETCTBUH
¢ pa3paboranHbIM criocobom?. KommdecTBo 000poTOB
anekTpoaBuraresist coorserctBoBasio 1000 06/mMuH. 3Ha-
YEHUE TUIPABIIMUYECKOM IJIOTHOCTH TUTYHKEPHOU Maphbl
n3mepsun yepe3 kaxpie 500 u. [Tomy4yeHHble 3HaUeHUS
CpPaBHHBAJIH C JOITYCKAaEMBbIM PYKOBOACTBOM IO SKCILTya-
taiun® crerna KMU-1640 3HadeHneM rHApOINIOTHOCTH
TUTYH>KepHOH mapsi 15 c.

Pe3yabrarsl n ux 00cy:xaeHne

Pesynbrarel ncnbiTannii miyHxepHbIX nap THBJ]
4YTHM na crenne KU1-1640 npencraBneHs! B Ta0u-
nax 1, 2. Jlnnamyka n3MEeHEHUsI THIPOIUIOTHOCTH IUTyH-
skepHbIX ap THB/I npu paznuaHoM conep kaHuy parco-
BOTO U COEBOT0O Macel B IU3EJIbHOM TOIUTMBE U B UACTOM
JIN3EJTHOM TOTLTMBE OTpakeHa Ha pUCYHKax 3, 4.

CornacHO 1aHHBIM, MTPECTABICHHBIM B Tabnuiax 1
U 2, 3HaYEHUE TUIPABIMYECKOM IJIOTHOCTH IUTyH-
’KEPHOW Iapbl YBEIWYMBAETCSI C POCTOM KOHLIEHTpa-
LM Maclia, YTO COIIACYeTCsl C JaHHBIMH 3apyOeKHBIX

'TOCT 10578-2020. Hacocsl TONIMBHEIE IHU3E-
nefi. TexHwdyeckme TpeOOBaHWS W METOIBI HCIBITAHHMA.
https://files.stroyinf.ru/Index/74/74087.htm (mata oOparneHus:
07.06.2026).

[Tarent Ne 2866422 C1 Poccuiickas ®eneparst, MITK FO2M
65/00. Crioco0 UCTIBITaHUH TUTYHXKEPHOH Iapbl Ha H3HOC: 3asBII.
28.12.2025: omy6m. 20.07.2026 / 1.W. Pynenxko, 1.A. Bomsicos.
EDN: XODSSB.

3TpoBepka mperm3HoHHbIX d1emenToB THBJI. O6mue cee-
nenust. URL.: https://studfile.net/preview/9968496/page:3/ (nara
obparmenust: 07.06.2026).
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uccienosareneii [6]. Ilocie ucneiTaHuii B TeueHHE
4000 9 HarnOOBIINI U3HOC HAOTONATA HA YHCTOM JTU-
3enpHOM TormBe (20...30%). B wactHOCTH, B uricTOM
JI3€TIbHOM TOIUIMBE 3HAYEHUE THAPABINYECKOM IUIOT-
HOCTH COCTaBHJIO 5 ¢, IpH J100aBieHn: 25% parcoBoro

Puc. 1. Crenn nj1s1 ucnbITaHU
ITYH2KePHOH Maphbl HA H3HOC:
1 — pama; 2 — BO3BpaTHO-TIOCTYIIATENbHbIN MEXaHU3M;
3 — IepeXOTHUK, COEMHSIIOIUNA HITOK BO3BPATHO-
HOCTYIATEIbHOIO MEXaHW3MA U OPIIEHb ILTyHKEPHOU Mapbl;
4 — eMKOCTb JUISl TOILIUBA; 5 — PETYIATOP HAMPSLKEHUS

Fig. 1. Test bench for plunger pair wear testing:
1 —frame; 2 — reciprocating mechanism;
3 —adapter connecting the reciprocating
mechanism rod and the plunger pair piston;
4 — fuel tank; 5 — voltage regulator

Puc. 2. Ilinyn:kepnas napa THBJI 4YTHM:
1 — moprIIeHs TUTyHKEPHOM Maphl; 2 — BTYJIKA
TUTYH>KEPHOU Maphbl
Fig. 2. 4UTNM fuel injection pump plunger pair:
1 — plunger pair piston; 2 — plunger pair bushing
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Tabnuya 1
I'uaponIoTHOCTL IUTYHKePHOIi aphI B 3aBUCHMOCTH OT cofep:KaHusl pancoBoro macaa (PM)
Table 1
Hydraulic tightness of the plunger pair depending on the rapeseed oil (RO) content
Bpewmsi npoBeeHnst HCNBITAHUI ITYH/KEPHOH Mapbl, 4
B Tommea 0 500 1000 1500 | 2000 | 2500 | 3000 | 3500 | 4000
T'uppaBinveckas INIOTHOCTD IUTyH/KEPHOM MapBbI, €

AT 63 59 47 40 33 25 16 9 5

75% AT 25% PM 69 65 57 45 38 33 25 21 17

50% AT 50% PM 74 67 60 54 45 37 30 25 19

25% AT 75% PM 81 77 66 56 48 38 32 26 20
Tabnuya 2

T'uponI0THOCTH IUTYHAKePHOIT MapbI B 3aBUCHMOCTH OT cofep:kaHusi coeBoro Macia (CM)
Table 2
Hydraulic tightness of the plunger pair depending on the soybean oil (SO) content
Bpemsi npoBeieHust HCHBITAHUI TUTYH:KEPHOI MApBI, 4
B rommea 0 500 1000 1500 | 2000 | 2500 | 3000 | 3500 | 4000
rH}IpaBJ]l/l'-IGCKaﬂ IUIOTHOCTH IIJIyH)KepHOﬁ napsl, ¢

AT 63 59 47 40 33 25 16 9 5

75% AT 25% CM 66 65 54 44 36 28 24 19 17

50% AT 50% CM 71 69 57 47 39 31 27 24 19

25% AT 75% CM 84 71 64 52 45 34 32 26 22

Mmacna — 17 ¢, mpu 50% PM — 19 ¢, npu 75% PM - 20
¢ (puc. 3). Pe3ynbrarsl UCHBITAHUNA TUTYHKEPHBIX Tap
THB/I ¢ moGaBneHneM COEBOTO Maciia MPEACTaBIICHBI
Ha pUCYHKe 4.

OT™MeTHM, 9TO PacCXOXKICHNS B 3HAYCHUSX THIPABIIH-
YeCKOM IJIOTHOCTH TUTYHXEPHBIX Map B ONpeeIeHHbII
TIEPHO/] UCTIBITAHUH Y JIBYX Macell He3HAYUTeIbHBL. Tak,
nocsie 400 4 UCTIBLITAHUI THAPABINYECKAs TUIOTHOCTh
TUTYH)XEPHBIX Tap TPU COIEp)KaHHKM COEBOr0 Macia
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B OMOIM3€EILHOM TOIUIMBE B KOJIMYecTBe 25% cocraBmiia
17 ¢, mpu 50% CM — 19 ¢, ipu 75% CM — 22 c. Otme-
TUM TaKXKe, 4TO TI0 CPAaBHEHUIO C YHCTHIM JIN3EIILHBIM
TOTUTMBOM J100aBJIeHIE PAIICOBOTO M COEBOTO Maciia B KO-
muectse 25 u 50% yBeIMYMBaeT pecypce IUTyHKEPHBIX
nmap THB/ ¢ 3000 mo 4000 moto-4acos (Ha 20...30%).
OnHako UCTIONB30BAaHUE PATICOBOTO MACiIa B KOJTMYECTBE
75% 0ron00aBKHU SABIISETCS HEIETIECOOOPA3HBIM BBHLY
TIOBBIIIEHHS IUIOTHOCTHU U BI3KOCTH CMECH, UTO TPeOyeT

2000 2500

3000

ITpoo/KMTETLHOCTh HCIBITAHUIN TUTYHXKEPHBIX map, 4 /
Duration of plunger pair testing, h

3500 4000

25%AT-75%PM

Puc. 3. 'uapasiunyeckast INIOTHOCTb IJIYHKEPHOM Napbl B 3aBUCUMOCTH 0T KOHLEHTPALWH ParicoBOro Mac/ia

Fig. 3. Hydraulic tightness of the plunger pair depending on rapeseed oil concentration
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TIpoao/KUTEeIbHOCTh HCNIBITAHUI IUTYH:KePHBIX Nap, 4 /

Duration of plunger pair testing, h
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Puc. 4. Fnupamnqeclcaﬂ IVIOTHOCTD l'l.]'lyH)KepHOi;I mapbl B 3aBUCHMOCTH OT KOHICHTPAllUH CO€BOI0 MacJjia

Fig. 4. Hydraulic tightness of the plunger pair depending on soybean oil concentration

JIONIOJIHUTENBHBIX 3aTPaT Ha YCTAHOBKY CHCTEM MOJIO-
rpeBa TorumBa. [lomy4yeHHbIe HAOMIONEHNS COTIACYIOTCS
C pe3ynpraraMy UccieaoBaHuii [7, 8].

Pe3ynbrarsl cTEHI0BBIX MCCIIEJOBAHUI MOATBEPK1a-
10T YBENIMYEHHE pecypca ITyHxepHbix nap THB/I mpu
ONTUMAJTLHBIX KOHIIEHTPAIUSX PATICOBOTO U COEBOTO Ma-
cen B konmnuectse 25 u 50%.

s BepuduKkamy oNTUMAaIbHOTO COCTaBa OHOIH-
3€JIbHOTIO TOIUIMBA U YBEJIMUEHUS pecypca IUTyHKEPHBIX
nap THB/I 6e3 KOHCTPYKTUBHOM MOAEPHHU3AIIMH IIEMEH-
TOB CHCTEMBI IIUTAHUA B JTAJILHEHIIIEM 11€IeCO00pa3HO
NPOBECTH TOJIEBbIE JKCIUTYyaTal[MOHHBIC HCIBITaHUS
ABTOTPAKTOPHON TEXHUKH Ha OMOTM3EITHHOM TOIUIUBE
¢ BKItoueHneM 25 u 50% pancoBoro Win COeBOro Macedl.

BroiBoanl

MHTEeHCUBHOCTh M3HAIIMBAHUA JAETaNeH TLUTyHXKep-
Heix ap THBI 4YTHM cHmkaercs mpu UCHONIB30Ba-
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nological machines. Steel in Translation. 2023;53(3):238-242.
https://doi.org/10.3103/s0967091223030026

6. Ranjit P.S., Ahmed Z., BhuratS.S. et al. Com-
prehensive comparative study of the durability wear

Hu1M 6noamsensHoro tomwmaa. ITocne 4000 4 cTeHa0BBIX
WCTIBITAaHUHA THPABINYECKAs IUIOTHOCTh TUTYH)KEPHBIX
nap THB/| na OGuogu3ensHOM TOMIMBE B CPaBHEHUU
C TOBapHBIM JU3EJIbHBIM TOIUIMBOM YBEJIMUMBAETCS
Ha 20...30%.

[IpumeHeHue parncoBOro M COEBOro Macel B KO-
mraectBe 25 u 50% coxpanser paboToCcnoCOOHOCTH
MIPELM3HOHHBIX CONPSUKEHUH W YBEIWYHMBAET PECYPC
IUTYHXKEepHBIX map Oonee yem Ha 1000 MOTO-4acos,
YTO MO3BOJISIET MPOUIUTH MEPHUOJ KCIUTyaTaluy TO-
IUTMBHOM anmaparypsl Ha 30% 06e3 ee KOHCTPYKTUBHOU
MOJICPHU3AITIH.

[TpumeHeHne pacTUTENTBHBIX T0OABOK B KOJIMYECTBE
75% sBIISIETCST HELIENECOOOPa3HBIM, TaK KaK BBICOKHE
IUIOTHOCTh M BSI3KOCTh BBICOKOKOHIICHTPUPOBAHHOM
cMecH TpeOyIOT TOTIOTHUTENBHBIX 3aTpar Ha yCTaHOBKY
CHCTEM IO/IOTPEBA TOTUINBA.

References

1. Ukhanov A.P., Volodko O.S., Rotanov E.G. Comparative ac-
celerated wear testing of fuel injectors plunger pairs in operation
with oil and bio-oil fuels. Bulletin Samara State Agricultural Acade-
my. 2024;9(2):28-33. (In Russ.)

2. Ukhanov A.P., Ukhanov D.A., Rotanov E.G., et al. Testing
of fuel pump sections on various types of fuel. Selskiy mekhanizator.
2018;9:34-35. (In Russ.)

3. Ukolova N.V., Novikova N.A. Directions of the state support
for the biofuel market development in Russia. The Agrarian Scien-
tific Journal. 2015;6:97-100. (In Russ.)

4. Golubev I.G., Rudenko I.I. Testing diesel engines
on fuel with bioadditives. Trudy GOSNITI. 2014;114(1):66-68.
(InRuss.)

5. Apatenko A.S., Sevryugina N.S., Mironov A.V., Stu-
pin O.A. Information bank of parametric data for controlling
the resource loading of elements of technical systems of tech-
nological machines. Steel in Translation. 2023;53(3):238-242.
https://doi.org/10.3103/s0967091223030026

6. Ranjit P.S., Ahmed Z., Bhurat S.S. et al. Comprehensive com-
parative study of the durability wear assessment of a diesel engine
fuelled with Jatropha seed oil and diesel fuel and its troubleshooting

Rudenko L.I., Apatenko A.S., Stupin O.A. Bench wear tests of plunger pairs using biodiesel fuel with various contents of...

101


https://elibrary.ru/ierpcf
https://www.elibrary.ru/hvexjw
https://elibrary.ru/txghmh
https://elibrary.ru/ryhuzv
https://doi.org/10.3103/s0967091223030026

TEXHUYECKMIA CEPBUC B AMK

assessment of a diesel engine fuelled with Jatropha seed
oil and diesel fuel and its troubleshooting and sched-
uled maintenance. ACS Omega. 2024;9(43):43331-43352.
https://doi.org/10.1021/acsomega.4c00204

7. Zhuravel D., Samoichuk K., Petrychenko S. et al. Modeling
of diesel engine fuel systems reliability when operating on biofuels.
Energies. 2022;15(5):1795. https://doi.org/10.3390/en15051795

8. Tziourtzioumis D.N., Stamatelos A.M. Diesel-injection
equipment parts deterioration after prolonged use of biodiesel. Ener-
gies. 2019;12(10):1953. https://doi.org/10.3390/en12101953

9. Anarenko A.C., Pynenko 1.1, Cesproruna H.C. Conocras-
JICHHE COINIACOBAHHOCTH XapaKTEPUCTHK THUIIOBBIX (DHIIBTPYIOLINX
3JIEMEHTOB C paboTOii B OMOTOILIHBE M3 paricoBoro macia // Ecre-
CTBEeHHbIE U TexHu4Yeckue Hayku. 2022. No 1 (164). C. 223-229.
EDN: AGZHZS

10. I'maskoB O.E., I'ma3koBa M.M. AHaim3 0coOeHHOCTEH IKC-
TUTyaTalyy JBUTaTeNell TPAaHCIIOPTHBIX CPEICTB Ha PA3ITHYHBIX BH-
nax onororuiea // TeHIeHIN Pa3BUTHS HAYKH 1 OOPa30BaHMSL.
2020. Ne 67-2. C. 27-30. EDN: RVFUIU

11. Haropros C.A., Mapxos B.A., Memepsikosa 10.B. u np.
HccnenoBanye TOIMBONIOAYH AU3ENs, paboTaIoIero Ha OHOTo-
mBe // ABTOMOOWIIbHAs poMbliuieHHOCTh. 2023. Ne 4. C. 7-11.
EDN: YXZYAM

12. Mapxkos B.A., Jlesaun C.H., Cenmo O.H. u np. ®nszn-
KO-XMMHYECKUE ¥ MOTOPHBIE CBOHCTBA CMECEBBIX OMOTOILIUB C JI0-
0aBkaMM pacTUTEbHBIX Macel // TpaHcopT Ha anbTepHaTHBHOM
torummae. 2023. Ne 6 (96). C. 54-70. EDN: CGSZSJ

13. Mamapun F0.A., Pynenxo 1.1., Tutos B.A. Opranu-
3aIlMsl PAIMOHAIBHOTO UCIIONB30BaHUS MOTOPHOIO TOIUINBA
Ha ATII // ArpapHsrii HayaHbIi xxypHal. 2023. Ne 11. C. 205-211.
EDN: QPRVPY

HNudopmanust 00 aBropax

! Pynenko MBan UBaHOBUY, KaHI. TEXH. HAYK, CTAPIIHIA
nperozasarelb; rudenko@rgau-msha.ru;
https://orcid.org/0009-0008-4769-7171; SPIN-kom: 2469-1792

? Anarenko Asekceii CepreeBud, 1-p TeXH. HayK, mpodeccop;
a.apatenko@rgau-msha.ru;
https://orcid.org/0000-0002-2492-9274; SPIN-kox: 7553-2715

3Crynun OJier AjleKcaHIPOBUY, CTAPIINIA IPETIOIABATENb;
stupin@rgau-msha.ru™’;
https://orcid.org/0000-0002-1466-572X; SPIN-xox 8620-2870

123 Poccuiickuil rOCYIapCTBEHHbII arpapHbIi YHUBEPCHTET —
MCXA nmvenn KA. Tumupsizesa; 127434,

Poccuiickas @eneparms, T. Mocksa, yi. Tumupsizeckast, 49

Bxuianx aBTopoB

WN.N. Pynenko — MeTOn0510HYS, IPOBEIEHHUE UCCIIEA0BAaHUMN, CO3/1a-
HHE YSPHOBUKA PYKOITHCH, CO3IAHNE OKOHYATEIHHOM BEPCHH (10pa-
00TKa) PYKOITUCH U €€ PEeIAaKTHPOBAHIEC

A.C. AmareHko — pyKoOBOIICTBO HICCIIC/IOBAHHSMI, CO3IAHHUE OKOH-
YaTebHOM BepCHH (10paboTKa) PYKOIMCH U €€ PeIaKTHPOBAHIE
O.A. CtynuH — pecypchl, BU3yaJIH3aris

Konduukr narepecos

ABTOpBI 3asBITEOT 00 OTCYTCTBHUH KOH(IIMKTA HHTEPECOB U HECYT
OTBETCTBEHHOCTB 3 IUIaruar

Crarbsa moctymuaa 09.06.2026, nmocine peneH3npoBaHUS
u 1opadorku 16.10.2026, npunsita k myoankamuu 19.10.2026

ArpounxeHepus. 2026. T. 28, Ne 5. C. 97-102

and scheduled maintenance. ACS Omega. 2024;9(43):43331-43352.
https://doi.org/10.1021/acsomega.4c00204

7. Zhuravel D., Samoichuk K., Petrychenko S. et al. Modeling
of diesel engine fuel systems reliability when operating on biofuels.
Energies. 2022;15(5):1795. https://doi.org/10.3390/en15051795

8. Tziourtzioumis D.N., Stamatelos A.M. Diesel-injection
equipment parts deterioration after prolonged use of biodiesel. Ener-
gies. 2019;12(10):1953. https://doi.org/10.3390/en12101953

9. Apatenko A.S., Rudenko LI., Sevryugina N.S. Comparison
of the consistency of the characteristics of typical filter elements
with work in biofuels from rapeseed oil. Natural and Technical Sci-
ences. 2022;1:223-229. (In Russ.)

10. Glazkov Yu.E., Glazkova M.M. Analysis of the operation-
al features of vehicle engines using various types of biofuels. Ten-
dentsii razvitiya nauki i obrazovaniya. 2020;67-2:27-30. (In Russ.)

11. Nagornov S.A., Markov V.A., Meshcheryakova Yu.V. et al.
Investigation of diesel engine fuel supply, powered by biodiesel fuel.
Avtomobilnaya promyshlennost. 2023;4:7-11. (In Russ.)

12. Markov V.A., Devyanin S.N., Sleptsov O.N. et al.
Physico-chemical and motor properties of mixed biofu-
els with vegetable oil additives. Alternative Fuel Transport.
2023;6(96):54-70. (In Russ.)

13. Shamarin Yu.A., Rudenko LI., Titov V.A. Organization
of rational use of motor fuel at the ATP. The Agrarian Scientific
Journal. 2023;11:205-211. (In Russ.)

Author Information

Ivan I. Rudenko!, CSc (Eng), Senior Lecturer;
rudenko@rgau-msha.ru;
https://orcid.org/0009-0008-4769-7171

Aleksei S. Apatenko?, DSc (Eng), Professor;
a.apatenko@rgau-msha.ru;
https://orcid.org/0000-0002-2492-9274;

Scopus Author ID: 57216908465

Oleg A. Stupin?®, Senior Lecturer; stupin@rgau-msha.ru;
https://orcid.org/0000-0002-1466-572X

1.3 Russian State Agrarian University — Moscow Timiryazev
Agricultural Academy; 49, Timiryazevskaya Str., Moscow,
127434, Russian Federation

Author Contribution

LI Rudenko — methodology, investigation, writing — original draft,
review and editing of the manuscript;

A.S. Apatenko — research supervision, writing — review and editing
of the manuscript;

O.A. Stupin — resources, visualization.

Conlflict of interest
The authors declare no conflict of interests regarding the publication.

Received 09.06.2026; Revised 16.10.2026; Accepted 19.10.2026

102

Pynenko N.W., Anatenko A.C., CtynuH O.A. CTeHOOBbIE UCTIbITAHNS HA U3HOC NIYHXEPHbLIX Nap Ha G1oAN3EnbHOM. ..


https://doi.org/10.1021/acsomega.4c00204
https://doi.org/10.3390/en15051795
https://doi.org/10.3390/en12101953
https://elibrary.ru/agzhzs
https://www.elibrary.ru/rvfuiu
https://www.elibrary.ru/yxzyam
https://www.elibrary.ru/cgszsj
https://elibrary.ru/qprvpy
https://doi.org/10.1021/acsomega.4c00204
https://doi.org/10.3390/en15051795
https://doi.org/10.3390/en12101953
mailto:rudenko@rgau-msha.ru
https://orcid.org/0009-0008-4769-7171
https://orcid.org/0000-0002-2492-9274
https://orcid.org/0000-0002-1466-572X
mailto:rudenko@rgau-msha.ru
https://orcid.org/0009-0008-4769-7171
http://www.scopus.com/inward/authorDetails.url?authorID=57216908465&partnerID=MN8TOARS

