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AHomauyia. 3 xamepu 320psAHHIL NPAYIOOY020 OU3ENs 8 OIUBY MOXCYMb NOMPANIAMU 800U,
cnonyku cipku i céunyto. 3HauHa KilbKicmb OU3elbHOI 01UBU OPAKYEMbCA uepe3 NONaodanHs y Hei
600U abo ii napu 3a HEWINbHOCMAMU B800AHOI CUCMEMU MA 3 GUXTONHUMU 2A3aMU, WO CMBOPIOE
eMynbCito ma ocaou (Wiam) npu NOPIBHAHO HU3LKUX MeMNnepamypax it nopyuye 3mMauwjeHHs mda
0XO0JI00MHCEHHS NOBEPXOHb Mepmis ma 30in1bulye 3Hoc demareli 0sucyna. Taxka onuea nionaeac 31ugy 3
Kapmepa ma pezeHepayii.

Hauibinow nepcnexmuenum memooom peecenepayii 6i00pako8amoi oausu, 6 momy Yucii
YMOBAX IOKOMOMUBHO20 0€eNno, € 2iOpoOUHAMIUHe OUCNepIy8aHHs, sKe 00380JIA€ 8U8eCmu 800y ma
MOOUGIKysamu npooOyKmu CmapiHts 3amMicms CKIAOHO20 Npoyecy Koa2yaayii abo 8unaposysanHsi.

B cmammi posenamymo npuuumny Haecpigy onusu npu ii 2iOpoOUHAMIYHOMY OUCNepey8aHHI,
BUX00AYU 3 IMOBIPHO20 NPUNYWEHHS, WO HA2Pi6 0OYMOBNeHULL 8 SI3KUM (6HYMPIUWHIM) MEPMAM OIUBU
y eiopoducnepeamopi ma 2iopoeieMeHmax, wo 3abesneyyroms U020  QYHKYIOHYBAHHS,
3aNpPONOHOBAHO MEMOOUK)Y DPO3PAXYHKY MEeMRepamypu OauUeu Hpu CMaiomy menioeomy Dercumi
2I0POOUHAMIUHO20 OUCNEP2YBAHHSL.

Knrwowuosi cnosa: ouzenvna onusa, pecenepayis, Oucnepey8ants, mMoougikayis, menioooMin,
MUCK, 8 13Ke mepmis.

Abstract. Water, sulfur and lead compounds can enter the oil from the combustion chamber of
a running diesel engine. Significant amounts of diesel oil are missing due to water or vapor in the
water system and exhaust gases, which creates emulsion and sediment (sludge) at relatively low
temperatures and disrupts the lubrication and cooling of friction surfaces and increases wear of
engine parts. Such oil must be drained from the crankcase and regenerated.

The most promising method of regeneration of rejected oil, including in the locomotive depot,
is hydrodynamic dispersion, which allows to remove water and modify the aging products instead of
a complex process of coagulation or evaporation.

The article considers the reason for heating oil during its hydrodynamic dispersion, based on
the probable assumption that heating is due to viscous (internal) friction of oil in the hydrodispersant
and hydroelements that ensure its operation.

During operation, the oil used in diesel internal combustion engines is a complex mixture of
carbohydrates and additive components, has certain physicochemical and operational properties.
The oil system of the running engine provides greasing and cooling of friction surfaces and is exposed
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to complex influence of high temperature, oxygen of air, fuel and products of wear of details of the
engine and foreign impurity (dust, fuel, water), ie difficult physical and chemical processes occur.
aging of oil ".

The article considers the reasons for the violation of the oil properties of diesel locomotives
due to the modes of operation of diesel engines and the ingress of water or its vapor into the crankcase
due to leaks in the cooling system and exhaust gases. When water enters the oil, an emulsion is
formed, which leads to the deterioration of the oil layer between the parts in the friction pairs and
increased wear of the crankshaft bearings with babbit filling fillings and other parts.

The presence of water in the oil contributes to its interaction with additives and their
precipitation, creating an oily sticky mass, which can lead to partial or complete cessation of oil
supply to friction surfaces, reducing the cooling capacity of refrigerated sections of locomotives and
heat exchangers. Diesel oil, which has defective performance, is subject to replacement or high-cost
regeneration, ie the restoration of the original properties in order to reuse it. Regeneration is one
way to save oil.

The following sequence of methods must be followed in the complex of technological
processes of regeneration: mechanical — to remove free water and solid contaminants from oil,
thermophysical — to evaporate fuel and water residues, as well as physicochemical — coagulation,
adsorption. One of the following schemes is used: sludge — treatment with surfactants — fuel
distillation — treatment with adsorbent — filtration.

The application of these methods requires complex, expensive equipment with high energy
consumption, and this in a locomotive depot (or regional center), as a rule, is not economically
feasible.

Water and fuel are removed in two stages: evaporation (water and fuel) and adsorption (water).
Evaporation of spent oils is performed by heating without pressure or using vacuum without pressure
or using vacuum with heating the oil to a temperature of 70-80 °C. This method of restoring the
properties of the oil, although it leads to positive results, but causes significant energy consumption.

The most promising method of waste waste treatment is hydrodynamic dispersion, which allows
aging products to be modified instead of a complex coagulation process. In addition, water and fuel
are removed from the oil during dispersion as a result of heating.

This method can be used in locomotive depots in the regeneration of motor (diesel) oils, which
have defective parameters for certain indicators.

The most expedient is the use of hydrodynamic dispersant (HD) in volumetric hydraulic drives
and internal combustion engines, which with relatively simple design and manufacturability does not
cause destruction of oil hydrocarbon molecules, does not require preparation and adjustment before
operation, its efficiency in pressure fluctuations decreases. GD is energy efficient, does not cause
difficulties when built-in, its durability is higher than ultrasonic and cavitating dispersants.

But for the application of GD it is necessary to determine its parameters and regeneration
temperature.

The article considers the reason for heating oil during its hydrodynamic dispersion, based on
the probable assumption that heating is due to viscous (internal) friction of oil in the hydrodispersant
and hydroelements that ensure its operation.

At the same time, we accept the assumption that the oil pressure before the GD and its flow rate
in the hydroelements is constant. It was found that the temperature of the oil when dispersed is
proportional to its dynamic viscosity, the square of the velocity of the oil and inversely proportional
to the heat transfer coefficient and the radius of the tube, which agrees well with the proposed
hypothesis that the cause of oil heating in hydrodynamic dispersion is viscous friction (equation 17),
and the oil is heated from 70 ° C to 100 ° C depending on the pressure.
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The results of experimental studies have shown that the optimal mode of treatment of watered
oil with GD is a pressure of 0.5 MPa at the number of cycles N = 50 and a temperature of 130-
135 °C, which is much lower than the flash point of the oil.

Key words: diesel oil, regeneration, dispersion, modification, heat transfer, pressure, viscous

friction.

Beryn.,  3ami3HWUYHUN ~ TpaHCIOPT €
OJIHIEI0 3 HAWOUIBII EHEPrOEMHHUX Tally3ei
HapOJHOTO TOCMOAAapCTBA KpaiHu. 3 3arajibHOl
KUTBKOCTI BHUKOPHUCTAHHS JU3EIBHOTO TaluBa
Ha 3aJTI3HMII0 MPUXOAUTHCS Oibie 15 % (1o
cknamae 550 THCSY TOH 3a  piK), JO0JA
eneKTpoeHeprii 6mm3pko 6 %, a BUTpaTH Ha
omuBy pocsiriu 4 %. 30epexeHHS MaIMBHO-
MacTWJIBHMX MaTepialliB Ha 3aJli3HUYHOMY
TPAHCIOPTI MMOCTAE AKTYaJHHHUM IIE i TOMY, 10
I[iHA Ha IIi MaTepiaji MOCTIHHO 301bIIYETHCS.
Hocmigai  ycraHoBku B geno  ['peGinka
[TiBgennoi 3ani3Huii Ta Boanosaxa JloHenbKo1
3aJI3HUII  3aCTOCOBYBAJIM  BUIIAPOBYBAaHHS
BOJAM Ta MaJIMBA 3 OJIMBH Ta aacopOeHTH. Taki
YCTaHOBKHM OyJIM €HEproeMHHMH, a BapTiCTh
pereHepoBaHoi  OJMBH  HAOIM3WUIAch 10
BapTocTi cBbkOi. Ha »anp YkpzamizHuusg He
3aCTOCOBYE pereHepariito IU3elbHUX OJIUB, a
3aCTOCOBYE TUIBKH CBIXKY.

AHani3 cTaHy TEIJIOBO3IB IMOKa3ye, IO
Ol/pllIa YacTUHA TEIJIOBO3IB EKCILTyaTyeThCs
61 Hixk 40 pokiB, ToOTO 100 % TenaoBo3iB
BUPOOMIM HOPMAaTUBHUM TEPMIH eKCIUTyaTallli,
10 TPU3BEIO A0 BUTPATH OJIMBU BIAHOCHO
BUTpaTH maiuBa a0 5,2 % mpu HOpMaTHBI
HoBoro auzens, Hampukian 104100 a6o 57149,
Ha piBHi 1,4-1,5 %. Tomy po3poOka HOBUX
TEXHOJIOTIM Ta YCTaTKyBaHHS AJIs pereHeparii

TU3EIbHUX OJIUB, SIKI HE BIANpaIOBaIN
HOpPMAaTUBHUH CTpPOK, a 3abpakoBaHi 3a
OKPEeMHUMH TIOKa3HUKaMU (OOBOJIHEHHICTH,

PO3pLIKEHHS 1 T. 1H.) HAJAaCTh MOKJIHMBICTH
3MEHIITUTH BUTPATY OJIUB.

AHaJi3 ocTaHHIX JocCTimkeHb i
nyoaikaniii. Axani3 myOmikariii i maTeHTiB Ha
BUHAaxiJi 1O  OYMUIEHHIO  (pereHepariii)
MOTOPHHX OJWB TOKa3aB, M0 JaHOI
npoOreMor0  3aiiManmcs  3BICHI ~ BYEHI
Kparenscekuit U. B., Bennens C. B., Ilanok,
Cwmenino E. I'., JIucikos E. H. Ta iamri HaykoBo-
JOCHiHI opraHizalii, raiys3esi Jaboparopii

XKCH, XapIA3T, inctutyT HaronepepoOKu
«MACMA» (m. KuiB) Ta in., [1, 2, 3, 4].
JocmipkeHo pi3HI METOAM JIarHOCTHKU Ta
TEXHOJIOTIl OYHUIICHHSIMOTOPHUX  OJIUB:
CEPHOKICIIOTHA, YIIbTPa3BYKOBA, TUCIICPTYBAHHS
MeEXaHIYHUX IIOMIIIIOK, osiBa
€JICKTPOIPOBITHOCTI,  JO30BaHE  BBEICHHS
IPHCAJIOK, ceraparliitae ounieHHs [5, 6, 7, 8].
3HayHa KIIbKICTh TEXHOJIOIIH OUYHIIECHHS
BiJIITPAIIbOBAHUX OJIUB 3aXHUIICHA ITATCHTAMHU
HAa BHUHAXiJl, HaJIpyKoBaHi MoHorpadii Ta
NOCIOHMKH. 3ampoIOHOBAHO Ta 3aXHILNEHO
aTeHTaMU Ha BUHAXI KOHCTPYKIII{
riipoMHaMigHuX Aucriepraropis. HaBeneHi
JlaH1 MOKa3yloTh, 10 TEOPETUYHI pO3POOKHU Ta
MPAKTUYHI JOCITIPKEHHS 110 OYHIIEHHIO Ta
pereHepallii MOTOPHUX OJIMB € B JOCTATHIN
KUIBKOCTI, aJie J1f04l YCTaHOBKHU BIICYTHI, IO
BUKIIMKA€ 3HA4YHI JIOAATKOBI BHUTpaTH Ha
MaCTUJIbHI MaTepiaiu.

BusHaueHHsi MeTHM Ta 3aBJaHHS
AocailzkeHHsl. Mera TOpoOBEIEHHS JaHUX
JOCTIIKEHb TMOJSIrae B TOMY, 100 BU3HAYUTH
rapaMeTpy TEXHOJOTIl pereHeparii Au3eIbHOT
ONIMBU, sKa BiIOpakoBaHAa 3a OKPEMHUMHU
MOKa3HUKaMH, HaNpuKiIaja, TIAPOAMHAMIYHUM
JTUCTIEPTyBaHHAM B YMOBaX JIOKOMOTHBHOTO
naerno. JIas JOoCArHEHHsS IOCTaBIIEHOI MeETH
HEOOX1IHO BUPIIIUTU Takl 3aBJIAHHA:
BCTAHOBUTH MPUYMHH Ta MEXaH13M HarpiBaHHS

OJIMBH B JICTIEpraTopi; BU3HAUUTHU
TEMIEpaTypHl MeXl1 HarpiBaHHsS OJIMBH IpU
JUCTIEpTyBaHHI; BCTAaHOBUTHU HaNO1TBIIT

ONTHUMAJIbHI PEKUMU JAUCIIEPTYBAHHS 3 TOUKH
30py €peKTUBHOCTI BUIAJICHHS BOJH 3 OJIMBH.
OcHOBHA 4YacTHHA JAOCHiIKeHHS. Y
mporeci poOOTH TEMJIOBO3HUX JU3ETiB Ha
XOJIOCTOMY XOJdYy, MajuX HaBaHTAXKEHHAX 1
MepexiqHUX peXHMax y KapTep MoImajgae Boja
abo 1 mapa 3a HENIUJIBHOCTSIMHU BOJSHOT
CUCTEMU Ta 3 BUXJIOIIHUMU Ta3aMu (HpI/I
sropsHHl 1 kr manuBa BuHUKae 1,2...14r
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Boau). [lpm momamanHi BOAM B  OJHBI
YTBOPIOETHCS €MYJIbCisl, PO3PUBAETHCS OJIMBHA
IlBKa y mapax Teprd (DAIUIHUK ——
KOJIIHYaCTUH BaJl, KiIbIIE — T'JIb3a MUJIIHIpA Ta
1H.), 3’SBISIOTBCS 3TyCTKH (IUIam),  sKi
3a0MBaIOTh OJIMBONPOBIIHI TPYOH, yTBOPIOIOUN
TUM CaMHM 3MCHIICHHS IO/IaBaHHS OJIMBH JIO
MIOBEPXOHb TEPTsl, 301IBIIYETHCS 3HOC 1 KOPO3is
neraneit apuryna [9, 10, 14, 15].

[lopymenHns  omuBHOro  mapy i
BUHUKHECHHS TPAHUYHOTO TEPTS MIPU3BOIUTH JI0
M1 IBUIICHOTO 3HOCY MiAMIUITHUKIB 3 0a0iTOBOIO
3QJIMBKOKO BKJIAJIHIB Ta IHINWAX JAeTaled 3
KOJIbOPOBUX MeTaniB Ta cruasie [17, 18].

HasiBHiCTP mapoBUX MyXHpPIIB Y  OJNHBI
MPUBOJUTL JI0 KAaBITAIIHHUX TIONIKO/KEHB
(kaBepH), SKi  IMJACHIIOIOTBCS  €IEKTPO-
XIMIYHOIO  Kopo3i€ro. Bimomo, 1o mpu

HAsSIBHOCT1 Y OJuB1 5 % BOJM 3HOC BKJIAUIIIIB
IIIIAITHAKIB  KOJIIHYACTOTO Bajia TMPOTITOM
12 rox npu NOBHOMY HaBaHTa)KEHHI1 BIAMOBITA€E
3HOCy 3a mpoOir 100-110 tuc. kM [8]. HaiTh
KOPOTKOYAaCHE 3HAXO/KEHHS Kparelb BOAU Y
CUCTeMi 3MAaIlleHHS MPU3BOIUTH 1O  1X
B3a€MOJI1 3 aKTUBHOIO YAaCTHHOIO MPHCAIOK 1
CIpHsi€ BHITAJEHHIO OCTAaHHIX B  0Caf,
BUKJIMKAIOYM TUM CaMHM 3MiHY psay (i3uKo-
XIMIYHUX Ta €KCIUTyaTallliHUX BJIaCTUBOCTEH
onuBu [14, 16].

Binkmanenus HU3BKOTEMIIEPATYPHUX
ocajiB, MazemojaiOHOI JIMIKOI Macu Yy
TpyOOmpoBoJax  OJMBHOI  CHCTEMH  Ta
TEIUIOOOMIHHHMKAX MOXYTh TPHU3BECTH IO
YaCTKOBOTO 1 TOBHOTO NPUIMHEHHS IMOa4l
OJMBH [0 MIAIUMNHHAKIB KOJIHYACTHUX BaiB 1
MOPUIHIB, /10 1HIIUX BY3JiB TEPTH, a TAKOXK 10
3HIDKEHHSI OXOJIOKYBAIBHOI 34aTHOCTI BOJIO-
OJINBHUX DPaJIaTOPHUX CEKIIIN XOJIOAMIHHHUKIB
TEIUIOBO31B Ta TETNIOOOMIHHUKIB.

Haii0inpnr  mepcrneKTUBHUM — METOJIOM
OYUCTKU BIJIXOJIB BIJNpPAllbOBAaHUX OJHB €
riipoiMHaMIvHE JUCTIePTYBaHHS, SKe
JI03BOJISI€E TIPOAYKTU CTapiHHSA MOAM(IKYBaTH
3aMICTh CKJIQJHOTO Ipolecy koaryssmii. Kpim
TOTO, IIPH JUCIEPryBaHHI B pe3yNbTaTi HarpiBy
13 OJINBHM BHBOJISITHCS BoJia Ta mayiuBo [11].

Lle#i merom Moke OyTH 3aCTOCOBAaHO Yy

JOKOMOTHBHUX  JIETIO TpPU  pereHeparii
MOTOPHHUX (JM3ENIbHUX) OJIUB, $IKI MAarOTh
OpakyBaJbHI  MapaMeTpu 3a  OKPEMHUMH
MOKa3HUKAMH.

Haii0inpim JOINBHUM € 3aCTOCYBaHHS B
00'eMHUX TApONPUBOIAX 1 JBHUTyHax
BHYTPIIIHBOTO 3TOPSIHHA TiJPOAWHAMIYHOTO
mucniepraropa ('), sikuit mpu MOPIBHSIHO
MPOCTI KOHCTPYKIIi 1 TEXHOJOTIYHOCTI He
BUKIIMKA€ JIECTPYKIII MOJIEKYJ BYIJIEBOAHIB
OJIMBH, HE BUMArae IiJIrOTOBKH 1 peTyIIOBaHHS
nepeq eKcIulyaraiiero, eQeKTUBHICTh HOro
poOOTH IPH QIIYKTYAIIsIX TUCKY TIEPE]T COIIIOM
HE 3HIKYEThCA. ']l eHepreTHYHO eKOHOMIYHHUIA,
HE BHKIMKA€E TPYAHOILIB NpH BOYAOBYBaHHI,
JOBTOBIYHICTH HOrO BHINA, HIK YIbTpa-
3BYKOBHX 1 KaBiTyHO4HMX aucrepratopis [12,
13].

JlucriepryBaHHsl YaCTUHOK 3a0py/IHEHb B
riIpOANHAMIYHOMY JHCIIEpraTopi [19]
3MIMCHIOETHCA 32 PaXyHOK y/Iapy YaCTUHOK 00
MEPELIKOAY MPH PyCi X B MOTOII OJUBH.

Ha puc. 1 [20] mogaHO NPHHIUIIOBY
cxemy ['Jl Ta KOHCTPYKLiIO eKCHEpUMEH-
TalbHOTrO 3pa3ka. OnuBa 3 BOJOID Ta
YaCTUHKAMHM TIiJ1 THCKOM HaJXOJUTh B KOHIUHE
coruto 1, po3raHsieThes 10 BEIUKOT MIBUAKOCTI
1 ynapsierbess 00 mepewmkony 2. B pesynbrati
yJIapy YaCTHHKH JUCTIEPTYIOTHCS, MICIs YOO
OJIMBa 4epe3 Mpopi3 3 HAAXOIUTh B CHCTEMY.
HasBhicte ']l He BHKIIOYAae 3acTOCYBaHHS
TPaJULIHHUX OJIMBOOYHCHUX HPUCTPOIB.

Bizomo [21], mro rigpoauHamiuHe
JMCTICPTYBaHHS OJIMBH CTIIPUYUHSIE
MOJIIIIIEHHS il eKCIUTyaTalliitH1X

BrnactuBoctedd. lle oOymoBieHO THM, MO Yy
mnporeci 0oOpoOKHM OJNMBH 32 JIOIIOMOTOIO
T1ApOINHAMIYHOTO JTUcTiepraropa (rm)
BiIOYBa€eThCSA 3MEHIICHHS YaCTUHOK
3a0pyaHEHB 10 po3MipiB 5 MKM 1 MeHIre. Kpim
TOro, TpU Takih o00pobui BinOyBaeThCA
JOKaJIbHUN HarpiB MiKpooO'eMy OJMBH, SKe
npoXoauTh Kpizb '/, 1m0 npu3BoauTh 10 HOro
MexaHo-ximiunoi  moaudikamii  [12] Ta
BUJIAJICHHIO BOJIH.
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Puc. 1. [IpuHIInoBa cxema Ta KOHCTPYKIIisi eKCIIEpUMEHTAIBHOTO 3pa3ka ['/1;
a— npuHnunona cxema ['J], 6 — KOHCTPYKIIisl eKCIIEPUMEHTAILHOTO 3pa3Ka;
1 — como; 2 — nepemnikozaa; 3 — mpopis3

PosrisiHeMO TpUYMHY HArpiBy OJIMBH
pH ii TiIpoIuHAMIYHOMY JHCHEepryBaHHi [22,
23]. ImoBipHO, 110 HarpiB 00yMOBICHUMN
B'3KUM (BHYTpIlIHIM) TepTam onuBu y ['J] Ta
ripoenieMeHTax, 1o 3a0e3neuyloTh HOro
GbyHKIIIOHYBaHHS (HAcoc, 3amO01KHUM KilamaH
Ta iH.). [IpuiiHaBIIN TaKy rinore3y, BU3HAYUUMO
TEMIIEpaTypy OJIMBU MPHU CTAIOMY TEIJIOBOMY
pPeXHUMI T1APOJMHAMIYHOIO AMCIIEPIYyBaHHS.
[Ipy 1bOMYy HOPHUIYCTHUMO, IO THUCK OJIMBH
nepen ['JI Ta mBuakicte 1 Tewii vy
rizpoenemMeHTax mocTiHi. Tomi  MoOXHa
BBAXATH, IO TMOTYXHICTh, Ky CII0)KHBAE
Hacoc, 10 >KuUBUTH [/l 0OnHMBOIO, IOpPiIBHIOE
noTYXHOCTI N B'SI3KOT0 TepTs, 1 BU3HAUAETHCS
BHPA30M: AP

1)

ne AP — mepenaa THCKY MK MOYaTKOBOIO Ta
KIHIIEBOIO TOYKaMHM LMJIHAPUYHOI TPYOKH
paziycoM R 1 JOBKHHOIO X;

p — IIJIBHICT OJIMBH;

M — BUTpAaTa OJIUBH.

3BakalouM Ha Te, M0 TMOTYXHICTh

B'SI3KOTO TepTA JOP1BHIOE TEIUIOBIN
noTYy>KHOCTI Q 1 KOPHUCTYIOUHCH PIBHSHHSIM
[Tya3eiins, 300pa3umo (1) Takum YUHOM:

Q:4.n.VO.X.m, (2)
p-R’
ne Vo — IIBHAKICT pyXy OJHMBH Ha OCi
WTIHAPUIHOT TPYOKH;
T — AMHaMiYHa B'SI3KICTh OJIUBHU.
MoxHa OPUIYCTHTH, IO CEPEIHs

mBUAKICTH V Tedil gopiBHIOE monoBuHi Vo. Y
3B'SI3KY 3 [IUM

BV X

Q: FAS
p-R

(3)

CknazeMo pIBHSHHS TEIUIONPOBIAHOCTI
JUISL OJIUBH, L0 MPOTIKAE KPi3b LMIIHAPUYHY
TEIJI0130JIbOBaHy TPYOKY:

C-p-aT
E_X

T+ Fwy
X%

(4)

e, — TeTUIONPOBIIHICTh OJTUBU;
¢ — IUTOMA TEINIOEMHICTD OJIMBH,
T — TemriepaTypa OJIHMBH;
F(X,t) — mIiIbHICTh TETUIOBUX JKEPEIL.
Bona MOX€E Oytu BH3HA4YCHA
CITIBBITHOILICHHSIM:
F(x,t) = 9Q .
dx

()
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Bynemo BBaxkaTH, 110 BUIIPOMIHIOBAHHS
Terwia BiI0YBAETHCS TUIBKU Yepe3 OOKOBY

MOBEPXHIO TPYOKH, a TOPIEBI MEPETUHH Ha

BUXOAl 13 HEl MNPakTUYHO TEIJIO He
BUIIPOMIHIOIOTb. Tozl, 3riHO 13 3aKOHOM
HrroTona-Pixmana, LIJIBHICTH Ja»
BUIIPOMIHIOBAHOTO ITOTOKY JIOPIBHIOE

jq =(X(T _T’) ) (6)
ae T’ TEMIEpaTrypa HaBKOJIMIIHBOIO
CEepeNoBUIIIA;

0. — KOeQiIieHT TerI000MiHy.

KinpkicTh Teruia, po3cisHOTO AIISTHKOO

6okoBoi oBepxHi AS=21R'AX 3a gac At,
JOPIBHIOE

dQ
Bemnuuny

—— MOXKHA pO3TJISAATH 5K
HETaTUBHY IIUIBHICTh TEIUIOBUX JDKEpen, a

caMce:

1 dX1=—2n-0L-R-(T—T').

(9)

{inbHicTs F(X,t) mKeper, 110 reHepyoTh

TEIUIO, MOXKHA 3HAWTH, MiJCTABUBIIM B
piBusaass  (5)  moximHy — Big  TEIUIOBOI
HNOTYXXHOCTI 10 KOOpIHMHATI, 3HaWIeHY i3
piBHsIHHS (3)
Foty = Q- 8n:Y
(10)

dx p-R?

ITincTraBuBIIM 3HAliAeHe 3HaueHHs F, sike

0Q=a (T -T)-2n -R-Ax-AL. () HE 3aleKuTh Big X i t, B piBHanHs (4) mus
] TEIUIOTIPOBITHOCTI, Ta anredpaiuHo qoJar0un
I3 (7) Burixae 10 Hei HeraTMBHy WIUIBHICTH F1 TemmoBux
dQ ’ JDKEpell, SIka BpaxoBY€e BTPATH Ha TEIUIOOOMIH 3
Q. = o(T -T)-2n-R. (8) HABKOJIUIITHIM CEPEIOBUILEM, BIIMOBITHO JI0
AX-At  dx piBusiaus (9) 3HaizeMO
oT T 1[ 8nv ;]
_= X . Vi —_
cC-p- + -m=2n -0 -R(T =T )]} 11
P ot OX S I R’ ( )] (11)
Migcrausm B (11) S=nR? Ta CdopmyImoeMo MoYaTKOBI Ta TpaHUYHI
MOUTMBLIN 11€ PIBHSHHS Ha C'P, OAEPHKUMO YMOBM.
VY noyaTkoBUN MOMEHT yC1 TOUKHU TPYOKHU
L, T MaroTh TEMIIEpaTypy HaBKOJIMIITHHOTO
a_T 2 '
=a —-b(T-T)+9, (12 CepeJIOBHIIA a caMme:
ot OX
Ae ol
22 =X < Ton =T". (14)
Cp I'pannuHi  ymMoBH, SKi  BIJOWBAIOTH
b? :ﬁ . TEIJIOBY KBa3ii30JIS1i0 TOPIB TPYyOKHM Ha
c pR > . (13) BXO/1 Ta BUXO/J1, MArOTh BUTJIAT
sV
g —_—
CpR Y,

36ipauk HaykoBux npanb YrpAY3T, 2022, pumn. 199

83



30ipHUK HAYKOBHX Npanb Y KPaiHChKOI0 JePKABHOI0 YHIBEPCHTETY 3ATi3HHYHOT 0 TPAHCHOPTY

oT
—| =0 15
OX o (15)
oT
—| =0,
OX| (16)

BukopucraBmy movaTtkoBi Ta TpaHUYHI
YMOBH Ta PO3B'S3aBIIM IIICIsA BIAMOBITHUX
NEPeTBOPIOBAaHb  NU(epeHIiiiHe  piBHIHHA,
OZIEP’KMMO OCTaTOYHUM BUpa3 1JIsl TEMIIEpaTypH,
aKy Oyzne MaTh olMBa 3a PaxyHOK B'S3KOTO
TEPTS HpU CTAJIOMY TEIJIOBOMY pPEXUMI
T1IPOJMHAMIYHOTO TUCTIEPTYBaHHS

4v? pl-)

To— AuHaMiuHa B'a3KicTh onuBH npu 0 °C;
To=273 °K;
B — koeillieHT, 3aJeKHHUI BiJ B'I3KOCTI
OJIUBH.
I3 piBusiaas (17) BUIHO, 1110 TeMIIepaTypa
T onvBwH nponiopItiiHa ii JuHAMIYHIN B'SI3KOCTI,
KBaJ[paTy UIBUIKOCTI pyXy Tedii OJIMBH i
obepHEeHO MpoTopITiiiHa KoedirienTy
TerIo0OMiHy a Ta pazaiycy Tpyoku. Lle mobpe
Y3TOJKYETHCS 13 3aIPOIIOHOBAHOIO TillOTE3010
po Te, M0 NPUYUHOI HATPIBY OJIMBH TIpU
TiApOIMHAMIYHOMY JIMCIIEPTyBaHHI € B'SI3KE
TEPTSL.
Ockinpku piBHsAHHSA (17) He mMoxe OyTu
pO3B'sI3aHE aHATITUYHO, OT0 PO3B'sI3aHHS OyIIO
3HaWeHO TpadiyHUM NUIIXOM. Y pe3ynbTaTi

T_ | T T T 1[bOT'O Oyno BHU3HAUEHO MOKa3HUKHU

" oR Mo - th (17) TEMIIEpPAaTypy OJIUBH 3AJIEKHO BiA ii THCKy P

nepexn ['JI. O6pobuBmm mi nani Ha IIEOM 3a

fe | — JoBKHHA W APHIHO TPYOKH: nomomororo Microsoft Graph 5, 6yio 3HaiineHO
’ 13 goctoBipHicTio 0,9998 Take piBHIHHS:

t =-64,186p* +137,29p + 64,514, (18)

meop

I'padik 3anexHOCTI TeMuepaTypyu OJUBU
Bix 11 THcKy mepen '/ moOymoBaHO 3rigHO 3
piBasiHHAM (18) 1 HaBeneHo Ha puc. 2 (kpuBa 1).
SIk BUAHO 3 pHC. 2, 3TIHO 3 pO3paxyHKaMH 3a
piBastHHsAMHE (17) Ta (18) npu cramomy pexumi

TAPOIMHAMIYHOTO  AWCIEPTyBaHHS  OJIHBa
po3irpiBaeThCss 10 3HAYHOI TeMIepaTypu
3asiexkHo Bin tucky mniepen I'J] Bim 70 °C no
100 °C.

1°C
2
—

\&V
\

100

80 P

[

o S

40

3 0,4

X3 8,7 P, Ml

Puc. 2. 3MiHeHHs TeMIiepaTypH OJIMBU 3aJeXHO Bij ii Tucky nepen ['/1:
1 — BupaxyBaHo 3rigHo 3 piBHsHHIM (18); 2 — y 30Hi nmepernonn '],
3 —ycomm I'/]; 4 — y 3muBHOMY TpyOOmpoBoai
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3anpornoHoBaHi TEOPETUYHI IMOJIOKEHHS
BIJIHOCHO TIPUYMH HarpiBy OJUBH OYJ0
NEPEBIPEHO  eKCIEPUMEHTAIBHUM  IIUIIXOM.
Hns uporo Oyno 3HIMCHEHO AOCIIHKCHHS
temneparypu onuBu M-14-B; y 30ni ynapy ii
00 mepeniony '/l y coruti I'J] 6e3 nepernonu i y
3IMBHOMY TpyOompoBoi (rpu BiacyTHocTi I'/])
CHeliaJbHOro Ja00OpaTOPHOTO CTEHJA, KU
Jla€  3MOTYy 3IIHCHIOBAaTH TiApOJWHAMIYHE
JUCTIEPTYBAaHHSL OJIMBU TPH PI3HUX THUCKaX il
nepen '] [12, 13].

BumiproBanus TEMIEPaTypu
BUKOHYBAJIOCh 32  JOMNOMOIOK  MiJb-
KOHCTAHTaHOBOI TEPMOIIApH, MiAKIIOYEHOI J10
noteHiiometpa [111-64.

Pesynbrarn €KCIIEpUMEHTAIIbHUX
JMOCTIPKeHb TOKa3alld, W0 y TOYaTKOBUM
nepioz CIIOCTEPITaeThCs IHTEHCUBHE
3pOCTaHHS TeMIepaTypu OJHMBH, MICIAS YOTro
HAaCTyIIa€e CTaJINI TEIJIOBUI pexXUM
riipoauHaMiyHoro  nucnepryBaHHs.  [Ipu
[bOMY HaWOUIBIIIY TEMIIEPATypy OJIMBA MA€ y
30HI ymapy ii o0 mepemony [/ mpu ycix
3HAYEHHSX TUCKY (KpHBa 2 Ha puC. 2):

(-/, s s

02 |——t————r-

s =

l
|

|
1}
01 |———"1—
|
:

Hanpukiag, npu P = 0,3 Mlla, tm =90 °C, a mpu
P =0,5Mlla, ty =108 °C [7].

SAxmo 13 'l mpubpatu mepenoHy, To
TEeMIIepaTypa OJIMBH y COIUTL JEUI0 HUXKYaA, HIXK
y 30HI ymapy (kpuBa 3), a 3HA4YCHHS
TeMIeparypu OJIUBU y 3ITUBHOMY
TpyOonpoBoai 6e3 I'J] HaltHIKYI: 3a]eKHO Bij
THCKYy Yy  TIIPOCHCTeMi  CT€HJa  BOHaA
konuBaeTbes Big 30 °C mo 47 °C (kpusa 4),
nmpoOHa oOpoOKa OJIMBU MPH BHCOKOMY THCKY
nepen [JI mpu3BoAWTH 10  BiJHOBICHHS
KIHEMaTU4YHOI  B'A3KOCTI 1  TeMmIeparypu
Crayiaxy TMPaKTHYHO JO PIBHS CBIXKOI OJIMBH,
MPOTE MpPH PI3HIN KIIBKOCTI ITUKIIIB OOpOOKH.
s 3a0e3MeyeHHs e(PEeKTHBHOTO
JUCTIEPTyBaHHS YaCTHHOK 3a0py/IHEHD,
MEXaHIKO-XIMIYHOI aKTHBAIlil OJIMB, a TaKOX
BUJAJICHHA 3 HHUX BOJU CIiJl BBaXaTH, IO
ONTUMAIEHUM PEKUMOM OOpOOKH OJMBH 32
nonomororo ']l € tuck 0,5 MIla npu uwmcii
mukiiB N = 50 Ta temneparypu Ha piBHi 130-
135 °C, mo 3Ha4YHO HWXKYE TEMIIEpPaTypu
crnianaxy onuBH (puc. 3) [21].

pP=04 MITd

| P=0,6.MI1a

_ﬂl}
J

0 10 20

N

i0) S0 60 N

Puc. 3. 3mina 3micty Bomu (Cy 9) B CBIXKIN 00BogHeHiH onuBi M-14-B,, 3anmexHo Bix uncia

LUKJIIB AUCTIEPTYBaHHS

PesynpTaTi MOCTIKEHb TOKAa3alld, IO
MiCHsT T SITIECATUKPATHOTO  JTUCTIEPTyBaHHS
npu p=0,5 MIla B 0yMBI MOBHICTIO BiJCYTHS
BO/A, JMYXKHICTh ii 30inbmunaca B 1,22 pasa,
KiHeMaTHU4Ha B s3KicTh B 1,1 pasa, a KuciotHe
4KCIIo0 3MeHIuiocs B 1,2 pasa.

TakuM  YMHOM, MOXXHa  3pOOUTH
BUCHOBOK IPO T€, IO TOJOBHOIO MPUYHHOIO
HarpiBa OJIMBH € ii B’si3ke TepTa y cori '], mio
HiATBEPIKYETbCA HE TUIBKH pe3yiabTaTaMu
EKCIIEPUMCHTAJIbHUX JaHWUX, ajie 1 IIIKOM
3aJIOBUTBHOIO KOPEJISLIEI0 iX 3 TEOPETHUHUMHU
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po3paxyHkamu 3rigHO 3 piBHSHHIM (18). [Tpu
[IOMY CEpeAHs NOMWJIKAa IOPIBHIOE OJIU3BKO
25 %.

HaBeneni  pesynapTatu  JTOCIITKCHb
MIATBEP/KYIOTh  CIIPABEUIUBICTh PUUHATOL
MOYaTKOBOI  TilMOTE€3W  BIIHOCHO  TNPHYUH
HarpiBy OJIMBH TpU 11 TIAPOJUHAMIYHOMY
JUCTIepTyBaHH1 i JT03BOJISIIOTh
BUKOPUCTOBYBaTH JaHUN e(eKT, Hampukiaja
IUIsl pereHepanii 00BOJIHEHHUX Ta PO3PIIKEHUX
OJIUB.

BucnHoBku. Buxonsum i3 mnpuiiHATOL
rinore3u, M0 HarpiB OOyMOBIEHUH B'I3KUM
(BHYTpIiIIHIM) TEPTIM OJIUBU y
rizponunamiyHomy aucnepraropi (I'JI) Oymo
BHU3HAYCHO TEMIIEPATYPY OJIMBHU IIPH CTAJIOMY
TEIJIOBOMY pexumi TAPOAMHAMIYHOTO
mucriepryBanHs. [Ipu iboMy THCK OJIMBH TIEpe]
I'JI Ta mBuakicTs ii Tewil B rigpoeneMeHTax
nocTiiiHi. Byno BcTaHOBIIEHO, IO 32 PaxyHOK
B’S3KOTO TEpTsA, IPU CTAIOMY TEIJIOBOMY
PeXUMI  TIAPOJUHAMIYHOTO JTUCTICPTYBaHHA,
Temueparypa OJIUBU npomnopiiiHa i
JTUHAMIYHIA B'S3KOCTI, KBaJApaTy IMIBHIKOCTI
pyxXy Teuii OJMBH Ta OOEpHEHO MpOMNoOpLiiHa
Koe(IlLIEHTY TEIUI00OMIHY Ta pajiycy TpyOku
(muB. piBusHEg (17)), 1m0 TiATBEpIIKYE
MPUYHUHY HarpiBy OJINBH pu

TiApOIMHAMIYHOMY JTUCIIEPTYBaHHI — € B'S3Ke
TePTSL.

Po3paxynku 3a piBusHHsAMHE (17) Ta (18)
nokasajau, 110 TMpH  CTAIOMY  pPexuMi
TiIPOJMHAMIYHOTO  JHUCIIEPTryBaHHS  OJIMBA
HarpiBaetbes Bif 70 °C mo 100 °C 3aexHo Bix
Tucky. lle miATBepIKYyeETbCS EKCIEPUMEH-
TAIBHUMH  JOCHIDKCHHSAMH, a HaiOuIbIry
TEeMIIepaTypy OJMBa Ma€ y 30HI ymapy ii o0
nepenony '/l mpu Bcix 3HAYCHHSAX TUCKY.

s 3a0e3reueHHs €(hEeKTUBHOTO
JUCTICPTyBaHHS YaCTUHOK 3a0pyIHEHbD,
MeXaHIKO-XIMIYHOI aKTHBAIlil OJIMBH, a TaKOXK
BUJJAJICHHS 3 HEl BOM Ta MaJMBa ONTHMAITLHUM
pekUMOM 00poOKHU onrBH 3a gonomororo ['/] €
tuck 0,5 Mlla mpu uumcni muknoB N=50 rta
temneparypa 130-135 °C, mo Huxue
TeMIlepaTypu croainaxy onuBu [21, 23]
OTtpumaHi JaHi T03BOJISIFOTH CIIPOEKTYBaTH Ta
BUTOTOBUTH YCTAHOBKH JUIS JTUCIICPTYyBaHHS
OJIUBM,  BIIOpakoBaHIi 32  OKPEMHMH
NOKa3HUKaMH, B YMOBaX JIOKOMOTHBHOT'O JIETIO
(abo teHTpi 3ai3HMIL).

Iloganbii JOCIHTIKEHHS JIOLIJIBHO
BUKOHYBATH Yy HAMPSIMKY CTBOPEHHSI MOOLIBHOT
(6opTOBOi) YCTAaHOBKHM IAUCHEPTYBAaHHS OJUBU
0e3mocepeIHbO B OJIMBHINM cUCTEM1 JU3Esl, 110
3HAYHO 3MEHIINTH BUTPATH OJIMBH TIpU
eKCIUTyaTallii TeriI0BO3iB.
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