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'BcepoccUitckuin HayYHO-MCCeAoBaTENbCKUIt MHCTUTYT MCMOMNb30BaHUA TEXHUKU
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PaccMoTpeHbl HEKOTOpbIE NPOLECChl M3MEHEHMS CBOMCTB NMpupaboToyHOro Macna B ABUratensix BHYTPEHHEro
CropaHus C TOYKU 3PEHUSI SHTPOMUMHOW TEOPWUU BHYTPEHHEW SHEPrMn CUCTEMbI, M3MEHSIOLLENCH nponopLmo-
HamnbHO CKOPOCTUM XMMMUYECKUX NPEBPALLEHUA B Macre Ha NOBEPXHOCTU TpeHus. MpuHATLI JonyLeHns, 4To nog
BO3JENCTBMEM BbICOKMX TEMMEPATYP B CMa304HOM NpupaboTovyHOM Macre B npouecce obkaTku NPOUCXoauT mns-
MEHEHWEe OCHOBbI U XUMWYECKOro cocTaBa NpUcagok, a NpoLecc cTapeHns MOXHO cuuTaTb nosTopsAlowmmes. Ha
OCHOBE CAEeNaHHbIX AOMYLLEHWI NornyveHa uykrnorpamma paboTbl npupaboTovHOro Macna B ABWUraTterne BHYTPeH-
Hero CropaHus ¢ y4eToM BOCCTaHOBIIEHWS €ro CBOMCTB Mocrie obkaTku. YCTaHOBMEHO, YTO U3MEHEHME SHTPONUM
Oyaet onpenensTbCsl CyMMOW M3MEHEHWIN SHTPOMUIA B KaxaoM oTadernbHoM npouecce. OnpedeneHo, YTo O4HUM
13 BaXKHENLLMX nokasaTtenemn, xapakTepusyroLmMM NpoLecc XMMUYEeCKUX npeBpaLleHnin B macne nog AencTsBmemM
BbICOKMX Temnepartyp, SiIBNSeTCs BA3KOCTb Macna, B3avMOCBSi3aHHAs C HaKOMMEeHWeM NPOAYKTOB OKUCMEHWS.
MpeacraBneHa TeopeTnyeckas 3aBUCMMOCTb U3MEHEHWNSI OTHOCUTENbHOW BA3KOCTU K OTHOCUTENBHOMY BPEMEHU
paboTbl Macna B OTPEMOHTMPOBAHHOM ABWUratenie BHyTPEHHero cropaHusi. [pyn 3Tom 3HTpONMS, conpoBoXaae-
Masi HaKoMneHnem aHeprun, Byaetr U3MeHATbCA MO 3KCMOHEHUMArNbHOW 3aBUCUMOCTU U MOXET ObiTb onmcaHa
norapumMmnYecKMM ypaBHEHMEM, CBA3bIBaKOLLMM BpeMs paboTbl Macna ¢ aHTponuven. MpenensHoe U3MeHeHne
QHTPOMUN XapaKkTepunsyeTcst N30TEPMUYECKMM MPOLLECCOM MPY YCPEeAHEHHON TeMnepaType mMacna n Makcumarb-
HOM Harpy3ke. [lony4eHHble BblpaXXeHus C onpeaerneHHon TOYHOCTBLIO OMUCHIBAKOT MPOLIECC M3MEHEHMST CBOWCTB
npupaboToyHOro Macna npu obkaTke OTPEMOHTUPOBAHHbIX ABUraTerneln TPakTopoB 1 NO3BOMAIOT B NEPBOM Npu-
6nvxeHun NPOrHO3MpoBaTb YBENMYEHME CPOKOB CryObl Macna 3a c4eT Nepuoanyeckoro yaaneHusi npumecen u
BHECEHMWS cneuuanbHbix 406aBOK B Macrno. Ha ocHOBaHWMM A@aHHOro nNoaxoda K pacCMOTPEHMIo npouecca crape-
HWUA Macna paspabaTbiBaeTcsi TEXHONOrMYECKUA NPOLIECC UCMOSb30BaHMsi NpupaboToyHOro macna, cnocobHoro
YBEMNUYNTL PECYPC NCMOMb30BaHMSA Macrna 1 OTPEMOHTUPOBaHHBIX ABUraTenen TpakTopoB.

KINMKOYEBBIE CJTOBA: npupaboTo4yHoe Macro, 3HTponus, ABuraTenb, obkaTka, LMK, BS3KOCTb, 3aBUCUMOCTb.

THE ENTROPY OF THE PROCESS OF BREAK-IN-OIL
AGING AT RUNNING-IN OF ENGINES OF TRACTORS
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Some processes of changing the properties of break-in-oil in internal-combustion engines are considered from the
point of view of the entropy theory of the internal energy of the system, which varies in proportion to the rate of
chemical transformations in oil on the friction surface. The authors admit an assumption that under the influence
of high temperatures of the lubricating break-in-oil there are changes in the base and the chemical composition of
the additives, and the aging process can be considered as a repetitive. On the basis of the assumptions made, a
cycle of work of break-in-oil in internal-combustion engines was obtained, taking into account the restoration of its
properties after running-in. It is established that changes in the entropy are determined by aggregated amount of
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changes in each analyzed process. It is determined that one of the most important indicators characterizing the
process of chemical transformations in oil under the effect of high temperatures is used oil viscosity interrelated
with the accumulation of oxidation products. The authors present the theoretical dependence of the changes in
the relative viscosity on the relative time of oil operation in the repaired internal-combustion engine. In such a
case, the entropy accompanied by the accumulation of energy, will vary exponentially and can be described by
the logarithmic equation that associates the time of operation of the oil and the entropy. The limiting change in
entropy is characterized by an isothermal process with an average oil temperature and maximum load. The
obtained expressions with the defined accuracy describe the process of changing the properties of break-in-oil of
the repaired engines of tractors and allow in the first approximation predicting an increase of service life of the oil
due to periodic removal of impurities and addition of special agents in the oil. On the basis of this approach to the
process of oil decomposition, a technological process of oil usage is developed, that can increase not only oil
service life, but repaired engines of tractors.

KEYWORDS: break-in-oil, entropy, engine, running-in, cycle, viscosity, dependence.

BeleHUe
Kak m3BecTHO, MpupabOTOYHOE MACIIO TI0 CPABHEHUIO C MOTOPHBIM, BBITIOJHSET CBOU
(GyHKIMHU B JBUTaTesie J0CcTaToyHo Kopotkoe Bpems [1, 7, 10, 11]. To ecth 3a kopoT-

KAW TIPOMEKYTOK BpEMEHH MPHPAOOTOYHOE MACIIO TOABEPraeTcsi He3HAYMTEIBHON TepMHUYe-

CKOHM TIONIMMEpH3allii, OJHAKO B HEM HAKAIUIMBAIOTCS IPOJYKTHI CrOPaHWS TOIUIMBA, MAcla,

CMOJIBI, acabTeHbl, TpUMecH. Bce 3TH M3MEHEHUs BBI3BIBAIOT HEOOXOIMMOCTh OTpEIIeTICHIS

CPOKOB CITY’KOBI TIpHpabOTOYHOTO Maciia, MCIIOJB3YeMOro MpH OOKaTke OTPEMOHTHPOBAHHOMN

CEJIbCKOXO35MCTBEHHOMN TEXHUKHU.

B Hacrosimee BpeMsi, HeCMOTpsI Ha OOJIBIIOE KOJIMYECTBO Pa3padOTOK, HAIIPABICHHBIX
Ha OTIpeJieIeHNe ONTUMAIBHBIX CPOKOB CITy’KObI MOTOPHBIX Macejl, OTCYTCTBYIOT PalliOHAIb-
HBIC MOJICJIM TPOTHO3WPOBAHMS CPOKOB HCIOJB30BaHUS MpHUpaboTOUHBIX Maceid. Hecosep-
IICHCTBO CHCTEMBI HCIIOJIb30BAHMS TIPOIIEANIETO OJHOPA30BYI0 OOKATKy B JBUTATEINE MTPHpa-
060TOYHOTO Macia TpedyeT 000CHOBAHUS HOBBIX MOJIXO/JI0OB K €ro JalbHEeHIIeMy IPUMEHEHHUIO
Ha OCHOBAHUWU TOKa3aTesel (paKTHIECKOTO COCTOSIHUS.

Pe3yabTaThl U UX 00CYy:KIeHHE

Psin aBTOpoB [2, 4, 5, 6] nmpu pacCMOTpPEHUU TEOPHUH TPOIlecca CTAPECHHsI Macia HC-
MOJIB3YIOT SHTPOIIHIO, TI0JIarasi, YTO BHYTPEHHSISI SHEPTHS CUCTEMbI U3MEHSETCS MPOTIOPIIHO-
HAJIBHO CKOPOCTH XMMHYECKHX IPEBPALICHUA B CMa309YHOM Maciie C TOYKH 3PEHHs M3MEHe-
HUS COCPIKaHUs MPUCAIOK, UX COCTaBa M CBOWCTB.

PaccmarpuBast SHTPOITHIO KaK OCHOBOTIOJIATAIOIIYIO COCTABIISIONIYIO MTPOIecca cTape-
HUS ¥ U3MEHEHHsI CBOMCTB MPUPaOOTOYHOTO Maclia, CJeNIaeM CIIEIYIONINe JOMYIICHHS:

1) mpupaboTouHOE Macii0O MPECTaBIsAECT COO0H YIIIEBOJOPOIHYIO OCHOBY C IPHUCA-
KaMH, TIPH 3TOM TIOJI JISHCTBHUEM BBICOKMX TEMIIEPATyp B HEM IPOHMCXOAUT PAJ XUMHYECKUX
MPEBPAIICHUH, U3MEHSIONINX CTPYKTYPY OCHOBBI U XUMHYECKHUI COCTaB MPUCAIOK U JOOABOK;

2) mpouecc CTapeHus NMPUPad0TOYHOTO Maciia SBJISIETCS B ONMPEICIICHHON CTEIIeH! He-
oOpartumbIM. B TO ke Bpemsi 3a cuer 100aBICHUsT HEKOTOPBIX KOMIIOHEHTOB M YAAJICHHUS Cpa-
OOTaBIIEHCST YaCTH OCHOBBI M MPHUCAJOK MACIO MOXHO CYHTATh YaCTHYHO OTPAOOTAHHBIM, a
MPOIECC MUKITMYHO TTOBTOPSIOIIHMCS.

[Tponecc paGoThl IPUPabOTOUYHOTO Maciia Ha OCHOBE CICIIAHHBIX TOMYIICHUH MOXKHO
MPEACTaBUTh KaK COBOKYIMTHOCTH MOCEAYIOMNX IIUKIIOB (pHC. 1):

0 — 1 — u300apHbIi nporecc HarpeBa NpPUpPabOTOYHOrO Macia B MEPUO] X0JI0HONH 00-
KaTK{ JBUTatess (0T MOMEHTa Hadajga MPOKPYYHMBAHWs), KOTJa TeMIlepaTypa macia paBHa
TEMIIEPaType OKPYKAIOIIEH CPebl £, 10 paboveit TeMIepaTypsl #/;

1 — 2 — u3oTepMuUecKuii Iporecc paboThl Macia, KOorja TeMIiepaTypa Maciia H3MeHs-
€TCs B 3aBUCUMOCTH OT YBEJIIMYMBAIOIICHCS HATPY3KH M JOXOHT JI0 KAKOTO-TO OTIPEICICHHOTO
npenena;

2 — 3 — U30TEPMHUUECKHUI MPOIIecC, KOTJa TeMIieparypa Maciia MpakKTUIeCKH He TIOBbI-
IIaeTCs 3a CUET YCTAHOBHBIIETOCS PEKUMA B PabOTHI CUCTEMBI OXJIAKICHUS;
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3 — 4 — U30XOpHBIN MIpoLECcC, KOrAa MAacjo IOCie IMPOBEIEHUS Oonepanuu OO0KaTKU
CIIMBAETCA U OXJIAXKJAETCS 10 OIPEJICIICHHON TeMIIepaTyphbl;

4 — 5 — “30TepMUYECKHI Mpollecc BO3AEUCTBUS HAa Macjio MPU €ro OYUCTKE OT Mpo-
IYKTOB M3HOCA IPH MOCTOSIHHOM TemmepaType (110 CHelUalbHON TEXHOJOTHU Ha YCTAaHOBKE
JUTSI OYMCTKH Maclia);

5-6-7-8-9-10-11-12—-13 — 14 — npoueccsl, nosropstoume 0 — 4 npu mnpo-
BEJICHUM OOKaTKU MOCIIEAYIOUIUX IBUraTeNIel Ha MacJe, OCJe €ro OUUCTKH.

Puc. 1. Uuknbl pa6oTbl npupaboTo4yHOro macna B gBUraTensax

[IpunsTas TpexkpaTHasi UUKINYHOCTb OOBSICHSAETCS U OrPAaHUYUBAETCS cpabaThIBaHU-
€M TPHUCAIIOK M 100aBOK B MPUPAOOTOYHOM Macie, 4TO TpeOyeT IKCHePUMEHTAIBHOTO MO-
TBCPIKACHUA.

W3meneHue »>HTponuM LUKIA OyIeT ONpeAesThCS CyMMOUN M3MEHEHHs SHTPOIHUH B
Ka)XJIOM OTJIEITLHOM TIpoliecce, a 001iee n3MeHeHue OyIeT paBHO

A4, = iAASi (yuxn) (D

rie A4, — u3MeHeHne SHTpormu B i mukie, kJHk/(krK).
OpHMM U3 TIOKa3aTelied, XapaKTepU3YIOIINM MTPOIIECC CTAPESHUS Maclia, SBJISICTCS BS3-
KOCTh Maclia, KOTOpasi B3aMMOCBSI3aHa ¢ HAKOIUICHUEM IPOIYKTOB OKUCIICHHUS YIJIEBOIOPOJI-
HOM OCHOBBI, 00pa30BaHMs CMOJI U cpabaThIBaHUS MPUCATOK, 100aBOK [3, 8, 9].
J{ns Hamrero nukIia
Vi =Vou- )
Jns mocneayronmx HUKIOB
0,414

T,
M(1-2
sz =VM] * 1+0,03' # 5 (3)
4-n
rie Ty - 2) — TEKyIlee BpeMs ONpeeTICHNUS.
Becrw mporecc pabotsl mpupadborouHoro macia B JIBC 3a Bce IIUKIIBI U 3TAIbl TO14H-
HSIOTCSI CTENIEHHOMW 3aBUCUMOCTH (pHC. 2).
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v/vK‘

T/Tx

Puc. 2. 3aBUCUMOCTb N3MEHEHUA OTHOCUTENbHON BA3KOCTH
K OTHOCUTeNbLHOMY BpeMeHU paboTbl macna B 1IBC

[Ipu 3TOM 3HTpOMHUS, CONPOBOKIaEMasi HAKOIIJICHUEM 3HEPTUU, OyJeT U3MEHSTHCS 10
BKCHOHCHHHaﬂBHOﬁ 3aBUCHMOCTH U MOKET OBITH OIKCaHa YPaBHCHHUEM, CBA3BIBAIOIIUM BPC-
Ms pabOThI Maciia ¢ SHTPOMHEH

T = _l .Inl 1= &
L x-AAgp
rge U — ko3 QHIUHEHT CKOPOCTH CpaGaThIBAHIS PUCAIOK, 106aBOK (L = 3-107);
— BCJIMYMHA MPEACIBbHOTO HM3MCHCHHSA OSHTPOIIMH, KOrga aanLHeﬁmee uc-
MOJIb30BAHNE riglfnpa60T0quro Macna Herenecoobpazno (k x/kr-K);
X — K03(hGUIUEHT, YYUTHIBAIOLUIUN paboTOCIOCOOHOCTh Macia (IPUHUMAEM B CO-
OTBETCTBUH C Pe3yJIbTaTaMH HCCIICOBAHUIN TI0 OIPEEIIEHUIO CTEIIEHN COOTBETCTBHS Macia
nBuratenio) [4, 5].

; (4)

[IpenenbHOE M3MEHEHUE SHTPOITUHU AAS , KOTOpPO€ MOTJIO OBl UMETh MPUPAOOTOUHOE

MacJIo B IIPOLIECCE BCErO NEPUO/ia UCII0JIb30BAHUS, ONPEAEIUM KaK U30TEPMUYECKUI IpoLiecc
IIpY YCPEIHEHHOM TEMIIEpaType Macila © MAaKCUMAJIbHOM Harpys3ke
Ad.. = Aq,, _0-¢,-N-Ty -3600
P T T T ’
P Om1p
rae O — Ko3(pOUIMEHT, yUUTHIBAIOMIUNA BETMUUHY I0IM TEIIa, I0IydaeMoil MacioM

(mpuaumaem paBubiM 0,6) [7];

©)

@, — K0>()OULKEHT, yINTHIBAIOMIMI BEIMYMHY JOJHM TEIUIA, PACXOAyeMOM Ha

NPOTEKaHUE XUMHIECKON peakuu (@, = 0,015);

Ttip — IpOTrHO3UpPyeEMOe BpeMs paboThI Maciia NPy MaKCUMAaJIbHOW MOIIIHOCTH.
3aki0ueHue
[TonyueHHbIe BBIPAXKEHUS M 3aBUCUMOCTH MO3BOJISIT ONPEICIUTh HAIPABJICHUS MOBBI-
meHus: 3(QpPEeKTUBHOCTH MCIIOJIb30BaHUs MPUPAOOTOYHOIO Macjia B TEXHOJOTMYECKOM IpO-
1ecce 00KaTKU OTPEMOHTHPOBAHHBIX JIBUTATEJIEN TPAKTOPOB.
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