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Anomauin. 3 kamepu 320psAHHA NPAYIOIOYO20 OU3EISL 8 OJIUBY MONCYMb NOMPANIAMU B00U,
CHOMYKU CIpKU U C8UHYIO. 3HAYHA KIIbKICMb OU3EeNbHOI ONUSU OpaKyeEmvbCs yepe3 Nonaoauus y Hei
600U abo ii napu 3a HeWiNbHOCMAMU B800SHOI CUCMEMU MA 3 GUXIONHUMU 2A3AMU, WO CMEOPIOE
eMyIbCilo ma ocaou (Waam) npu NOPIGHAHO HUZLKUX MeMNepamypax t NOpYuye 3MAaueHHs ma
0X0JI00JICEeHHsL NOBEPXOHb Mepmsi ma 30LIbulye 3HoC Oemanell 0suyua. Taxka onuea nionseae 31us8y 3
Kapmepa ma pezenepayii.

Haiibinow nepcnexmuenum memooom pezenepayii 6i00paKko8anoi oauu, 8 momy Hucii 8
YMOBAX JIOKOMOMUBHO20 0€N0, € 2IOPOOUHAMIYHE OUCNEPYB8AHHSL, SIKe 00380J5€ BUBECMU 800) MdA
MOoOougixysamu npooyKmu CmapinHs 3amMicmb CKIAOH020 npoyecy Koa2yaayii abo sunapogy8aHHsi.

B cmammi poszenanymo npuuumny Haepigy oauu npu ii 2i0poOuHamMiuHoMy Oucnepey8amHi,
BUX0O0AYU 3 IMOBIPHO20 NPUNYUJEHHSL, WO HA2PI8 00YMOBNEeHUL 8 I3KUM (GHYMPIUWHIM) MepmAM 01UsU
y eidpoducnepeamopi ma 2iopoelemenmax, wjo 3abe3neuyromev 1020  QYHKYIOHY8AHHS,
3anponoHO8aAHO MemOOUKy PO3PAXYHKY MeMNepamypu OAuUeU Npu CMaiomy Mmeniogomy pPedcumi
2I0OPOOUHAMIUHO20 OUCNEP2YBAHHSL.

Knrwouoei cnosa: ouzenvua onusa, pecenepayis, oucnepeysamus, mMoougikayis, menioooMmi,
MUCK, 8 s13Ke mepmsl.

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.
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The oil system of the running engine provides greasing and cooling of friction surfaces and is exposed
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.  3anmi3HMYHHME  TpaHCHOPT €
OJIHIEI0 3 HAMOUIBII EHEeProeMHHUX Trairy3ei
HApOJHOTO TOCIOAApCTBa KpaiHu. 3 3araibHOl
KUTBKOCTI BUKOPHCTAHHS JAW3EIbHOTO MainBa
Ha 3aJI13HULIO TPUXOAUTECS Oubie 15 % (1o
ckiagae 550 THcAY TOH 3a  PIK), A0S
enekTpoeneprii 6nmuspko 6 %, a BUTpaTH Ha
onmuBy pocsarinu 4 %. 30epexeHHs MaTuBHO-
MAaCTWJIBHUX MaTepialiB Ha 3ali3HUYHOMY
TPAHCIIOPTI OCTAE AKTyaJIbHUM 1€ i TOMY, 110
I[iHA Ha IIi MaTepiaju MOCTIMHO 30UTBIIY€EThCS.
Hocmigai ycraHoBkm B jgeno ['peGiHka
ITiBgennoi 3ami3auii Ta BomnoBaxa JloHebko1
3ali3HMII  3aCTOCOBYBAJM  BUIIAPOBYBAHHS
BOJIM Ta TaJMBa 3 OJIMBU Ta ajacopOeHTH. Taxi
YCTaHOBKHM OyJIM €HEPrOEMHHMHM, a BapTICTh
pereHepoBaHoi  ONWUBM  HAOMU3MIACh  JIO
BapTocTi cBikoi. Ha skanp Ykp3amizHuus He
3aCTOCOBYE pETeHEpalio AU3eIbHUX OJIUB, a
3aCTOCOBYE TUTBKH CBIXKY.

AHaJli3 CTaHy TeIJIOBO3IB TOKAa3ye, IO
OlbIIa YaCTHHA TEIJIOBO3IB EKCIUTYyaTy€eThCs
oinem Hix 40 pokiB, ToOTOo 100 % TernaoBo3iB
BUPOOUIIN HOPMAaTHUBHUN TEPMiH eKCIUTyaTaLii,
IO TPHU3BEIO JI0 BUTPATH OJIMBU BiIHOCHO
BUTpaTu mnanuBa A0 5,2 % mnpu HOpMaTHBi
HOBoOro nu3ens, Hanpukiaa 10100 abo 57149,
Ha piBHi 1,4-15%. Tomy po3poOka HOBUX
TEXHOJIOT1M Ta yCTaTKyBaHHS JUIs pereHeparii
JIU3CeNIbBHUX ONMB, $KI HE BiANpaIlOBAIN
HOPMAaTUBHUK CTpOK, a 3abpakoBaHi 3a
OKpEMHUMH  TOKa3HUKaMu (OOBOJIHCHHICT,
PO3pIHKEHHS 1 T.1H.) HagacTb MOKJIHMBICTh
3MEHIIUTH BUTPATY OJIMB.

AHani3  ocTraHHiX JgocaimkeHb i
nyoaikauniil. Anani3 myOmikariii i maTeHTiB Ha
BUHAXiJi 1O  OYHMIICHHIO  (pereHepairii)
MOTOPHUX OJMB TIOKa3aB, M0 JIAHOIO
npoOjaeMor0  3aliManucs  3BICHI  BYEHI
Kparenscekuit U. B., Benuens C. B., Ilanok,
Cwmenino E. I'., JIucikos E. H. Ta inm11 HaykoBo-
JOCITITHI  opraHizaiii, ramy3eBi Jiaboparopii

XKCH, Xap/IA3T, inctutyt HadTOIEpepOoOKH
«MACMA» (m. KuiB) Ta 1., [1, 2, 3, 4].
HocnixkeHo pi3HI METOAM IarHOCTHKH Ta
TEXHOJOT1l OYHWIIEHHS MOTOPHUX  OJIUB:
CEpPHOKICIIOTHA, YJIbTPa3ByKOBa, AUCIIEPTyBaHHS
MeXaHIYHUX JIOMIIIIOK, osIBa
€JIEKTPONPOBIAHOCTI,  J1030BaHE  BBEICHHS
MpHCaI0K, cenapailiifne ouuieHss [5, 6, 7, 8].

3HayHa KUIBKICTH TEXHOJIOTIH OYHUIIEHHS
BIJIIPAllbOBAaHUX OJIUB 3aXHUIIeHa MaTeHTaMu
Ha BMHAaxiJl, HaJgpyKoBaHi MoHorpadii Ta
NOCIOHMKH. 3amporoHOBaHO Ta 3aXHINEHO
naTeHTaMd  Ha  BUHAaxXiJ  KOHCTPYKIIi
riipoauHaMiyHuX aucriepratopiB. HaBeneni
JlaHi TIOKa3yIOTh, 10 TEOPETUYHI PO3POOKH Ta
MpPaKTAYHI JOCTI/DKCHHS TI0 OYHINCHHIO Ta
pereHepailii MOTOPHHUX OJIMB € B JOCTaTHii
KIJIBKOCTI, ajie Jif04i YCTaHOBKHU BIICYTHI, IO
BUKJIMKA€ 3HA4YHI JOJAaTKOBI BUTpaTH Ha
MacCTHJIbHI MaTepialid.

Buznayennsi wMeTm Ta 3aBIaHHS
AociailzkeHHsl. Mera 1poBeNEHHS  JaHUX
JOCHI/IKEHb TOJIATaE B TOMY, 00 BU3HAYUTH
napaMeTpH TEeXHOJIOTIi pereHeparii 1u3enbHOT
OJIUBH, sKa BiAOpakoBaHa 3a OKPEMHUMHU
MOKa3HUKAMH, HAIMPHUKIIAJ, TiIpOJIUHAMIYHUM
TUCTIEPTYBAaHHSIM B yMOBaxX JIOKOMOTHBHOTO
nerno. JIns JocATHEHHST TMOCTaBJICHOI METH
HEe0oOX1aHO BUDIIIUTA  Takl  3aBJaHHA:
BCTAHOBUTH MPUYMHU Ta MEXaHI3M HarpiBaHHs

OJIUBU B JCTIEPraTopi; BU3HAYUTHU
TEeMIIepaTypHI MEXI HarpiBaHHs OJUBU TpHU
JMCTIepPTyBaHHI; BCTAaHOBUTHU HaOLIb1II

ONTUMAJIBHI PEKUMHU JTUCTICPTYBAHHS 3 TOUKH
30py e(heKTUBHOCTI BUIAJICHHS BOJIU 3 OJIUBH.

OcCHOBHA 4YacTHHa [JOCTIIKeHHA. Y
mporeci poOOTH TEIUIOBO3HUX JIM3EIiB  Ha
XOJIOCTOMY XOJY, MalliX HaBaHTAXCHHSIX 1
MepPEeXiTHUX PEKUMaxX y KapTep IMolagae Boaa
abo 11 mapa 3a HEUIUIBHOCTSMH BOJSHOI
CUCTEMH Ta 3 BUXJIONHUMH Ta3amu (IIpU
3ropsHHi | kr masmBa BWHWKae 1,2...14r
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Boau). Ilpu momamaHHi BOAM B OJIMBI
YTBOPIOETHCSL €MYJIbCIsl, PO3PUBAETHCS OJUBHA
IUTiBKa y mapax TepTs (MAIIUOHUK —
KOJIIHYaCTHH BaJl, KUTbIE — TijIb3a HUIHApA Ta
iH.), 3’SBISIFOTBCS 3TYyCTKH  (II1am), sKi
3a0MBaOTh OJIMBOIPOBIIHI TPYOH, YTBOPIOIOUU
TUM CaMHUM 3MEHILIEHHS MOJaBaHHS OJHMBU 0
MIOBEPXOHb TEPTsl, 30UIBIIYETHCS 3HOC 1 KOPO3is
neranei neurysa [9, 10, 14, 15].

[lopymienns  onuBHOrO  mapy 1
BUHUKHEHHS TPAHUYHOTO TEPTS IPU3BOAUTH 0
M BUIIICHOTO 3HOCY MIIITUITHUKIB 3 0a0iTOBOIO
3aJIMBKOIO BKJIQJAHIB Ta IHIIUX JOeTAIEH 3
KOJILOPOBMX MeTamiB Ta ciwiaie [17, 18].
HasiBHICTP TapoBHX MyXUpLIB Y OJIUBI
MPUBOJUTL 10 KaBITAI[IMHUX TOIIKOKCHB
(kaBepH), fAKI  MIICHIIOITBHCS  EIEKTPO-
XIMIYHOIO  KOpo3ier. Bigomo, mo mpu
HasBHOCT1 y oyinBl 5 % BOJM 3HOC BKJIAIHIIIB
MiAMIMITHAKIB  KOJIHYACTOTO Bajla MPOTITOM
12 ron npu noBHOMY HaBaHTAXKEHHI B1IMOB1Ia€
3HO0CYy 3a mpoOir 100-110 Tuc. km [8]. HaBiTh
KOPOTKOYAaCHE 3HAXOJDKEHHS Kpamelb BOAU Y
CHUCTeMi 3MallleHHS MNPU3BOIUTH 10 IX
B3a€MO/Ii 3 aKTHBHOI YAaCTUHOIO MPHUCAIOK 1
crpusie BUIAJCHHIO OCTaHHIX B  ocaf,
BUKJIMKAIOYM TUM CaMUM 3MiHY psay (i3uko-
XIMIYHUX Ta eKCIUTyaTalliiHUX BIIACTHBOCTEU
onusu [14, 16].

Binknanenns HU3BKOTEMIIEPATYPHUX
ocamiB, MaszemomiOHOi JUHKOi Macu Yy
TpyOOIpoBOJaX  OJIMBHOI ~ CHUCTEMH  Ta
TEIUIOOOMIHHUKAX MOXYTh TPU3BECTH IO
YaCTKOBOTO 1 TOBHOTO MPUITMHEHHS IOjadi
OJIMBY IO IIAINIHWITHHUKIB KOJIHYACTUX BaJiB 1
HOPILHIB, 10 IHIIUX BY3JIB TEPTS, a TAKOXK 10
3HIDKEHHST 0XOJIOKYBAIBHOI 3JATHOCTI BOJIO-
OJINBHUX PAJIIAaTOPHUX CEKIIA XOJIOIUIHLHUKIB
TEIUIOBO31B Ta TETIOOOMIHHUKIB.

Haiibinpr mepcrneKTHBHUM — METOJIOM
OYMCTKH BITXOJIB BIAMPAIbOBAHUX OJHUB €
riipoIMHAMIYHE JHCTIEPTYBaHHS, SIKE
JI03BOJISIE TIPOJYKTH CTapiHHA MOJU(IKyBaTH
3aMICTh CKJIQIHOTO Ipoliecy koaryisuii. Kpim
TOTO, IPU TUCTIEPTYBaHHI B pE3yJIbTaTi HArpiBy
13 OJIMBU BUBOJATHCS BOJA Ta manuBo [11].

Leit meron mMoxke OyTH 3aCTOCOBAHO Yy
JOKOMOTHBHHX  JENO TMpH  pereHeparii
MOTOPHUX (IM3ENBHUX) OJHB, SKI MalOTh
OpakyBajibHI  HapaMeTpd 3a  OKPEMHUMH
MOKAa3HUKAMHU.

Haii6unp 101UIBHUM € 3aCTOCYBaHHS B
00'€eMHMX  TiApONpHBOAAX 1  JBHTYHax
BHYTPIIIHBOTO 3TOPSHHS TiAPOJMHAMIYHOTO
mucnepraropa (I'Jl), skuii npu TOPIBHAHO
MPOCTIH KOHCTPYKIli 1 TEXHOJIOTIYHOCTI HE
BUKJIMKA€ JIECTPYKLIi MOJIEKYJl BYIJICBOJIHIB
OJIUBU, HE BUMArae MiATOTOBKH 1 PETyIIOBaHHS
nepea  eKCIUTyaraiiero, e(eKTHBHICTh HOro
po6oTH IpH QITYKTYaLisiX TUCKY IE€pe]] COMIIOM
He 3HIKYeThes. '] eHepreTHyHO eKOHOMIUHMHA,
HE BUKIMKAE TPYAHOUIIB TpH BOYJIOBYBaHHI,
JOBTOBIYHICTh MOrO BHINA, HIK YJIbTpa-
3BYKOBUX 1 KaBiTylOUMX aucrepraTopiB [12,
13].

JlucriepryBaHHsl YaCTUHOK 3a0py/JJHEHb B
TiIpOAMHAMIYHOMY JycriepraTopi [19]
3IIACHIOETHCS 32 PaXyHOK yJIapy 4YacTHHOK 00
HepeLIKOoAy MpH pyci IX B HOTOLII OJUBH.

Ha puc. 1 [20] nmomaHO NPUHIMIIOBY
cxeMy ['JI Ta KOHCTpYyKIilO €KCIepUMEH-
TaJlbHOrO 3pazka. OnmMBa 3 BOJIOIO Ta
YAaCTUHKAMH il THCKOM HaJIXOAUTh B KOHIUHE
corio 1, po3raHseThCs O BEIHUKOI IIBHIKOCTI
1 ynapsietbcsi 00 mepemkoay 2. B pesynprarti
ylapy YaCTUHKU AMCIEPrYIOTHCS, MICIS YOro
0JIUBa yepe3 Mmpopi3 3 HAAXOAWTH B CHUCTEMY.
Haspuicte '] He BuKIIOUaE 3acCTOCYBaHHS
TPaJULIHHUX OJIMBOOYMCHUX MIPUCTPOIB.

Bimomo [21], mo rigpoauHaMivHe
JTUCTICPTYBaHHS OJINBU CIPHYUHSIE
MOJIIITIIIEHHS 1l eKCIUTyaTaIlitHuX

BiactuBoctedl. lLle oOymoBieHO THM, IO Yy
mporeci OOpoOKM OJUBH 32 JOTMOMOTOKO
TiAPOIMHAMIYHOTO aucnepraropa o
BiIOYBa€ThCS 3MEHIIIEHHSA YJaCTUHOK
3a0pyIHEHb 0 Po3MipiB 5 MKkM 1 MeHIe. Kpim
TOr0, TMpu Takik oOpoOmi BigOyBaeThCs
JOKaJIbHUNA HarpiB MIKpooO'eMy OJMBH, SKe
IpOoXoauTh Kpi3b ['J1, 1110 Ipu3BOAUTE 10 HOTO
MexaHo-xiMiyHOT ~ Momudikamii  [12] Ta
BUJIAJICHHIO BOJIH.
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AP

“
A

a

Puc. 1. [lpuHnumoBa cxema Ta KOHCTPYKIIISl €KCIIepUMEHTaTbHOTO 3pazka ['/]:
a — mpuHnunoBa cxema ['Jl, 6 — KOHCTPYKIIisi eKCIIEPUMEHTAIBLHOTO 3pa3Ka,
1 — comno; 2 — mepemnkoa; 3 — mpopi3

Po3rnsiHeMO NpUYMHY HarpiBy OJMBH
npu 1i TiIpoANHAMIYHOMY TUCTIEpPTyBaHHI [22,
23]. ImoBipHO, 1m0 HarpiB 0OyMOBJIEHUM
B'SI3KUM (BHYTpIIIHIM) TepTsam onuBu y ['/] Ta
rizpoeneMeHTax, Imo 3a0e3nedyloTh Horo
¢byHKIIOHYBaHHS (Hacoc, 3a00DKHUM KiianaH
Ta iH.). [IpuitHABIIN TaKy rinoTe3y, BU3BHAYHMO
TEMIIEpPaTypy OJIMBH IMPH CTAIIOMY TEIIIOBOMY
pexuMi TIIPOJAUHAMIYHOTO AWCIEPTyBaHHS.
[lpy upOMy mHpPUNYCTUMO, L0 TUCK OJIMBU
nepen ['JI Ta mBugkicte 11 Tewii |y
rigpoenemMeHTax mocTiHl. Tomi  MoOXHa
BBAXATH, IO IIOTYXKHICTb, $Ky CIOXHBa€
HAcoc, 1o XuBUTH [/l OnMBOIO, JOpPiIBHIOE
noTyXHOCTI N B'I3KOro TepTs, 1 BU3HAYAETHCS
BUPA30M:
_ AP

o,

N m, (1)

ne AP — mepenaa THCKYy MiX MOYaTKOBOIO Ta
KIHIIEBOIO TOYKAMH UWJIIHAPUYHOI TPyOKH
paniycoM R 1 TOBXHHOIO X;

0 — MUTBHICTH OJUBH;

M — BUTpaTa OJIMBH.

3Bakaroud Ha Te, IO TMOTYXHICTh

B'SI3KOT0 TepTS JOPiBHIOE TETUIOBIH
MOTYXHOCTI Q 1 KOPHUCTYIOUHCH PIBHAHHSIM
ITya3eiins, 300pa3umo (1) TakuM YHHOM:

o 4-n-V,-X )
- 2 ) ( )
p-R
ne Vo — IMBUAKICTH pPyXy OJIMBH Ha oOCl
WTIHAPUYHOT TPYOKH;
717 — AMHAMIYHA B'SI3KICTh OJIMBH.
MoxHa [OpPUIYCTUTH, IO CEepenHs

mBUIKICTh V Tedii qopiBHIOE mojoBuHl Vo. Y
3B'A3KY 3 [IUM

_8nVex o

Q=="1%

©)

CknazeMo piBHSHHS TEIJIOMPOBITHOCTI
JUIS OJIUBH, IO MPOTIKA€ KPi3h HUIIHIAPUYHY
TEIUI0I30JIbOBAHY TPYOKY:

oT 0T 1
C-p— =yt —.F(xt
P =Xzt xt), @

JIe ¥ — TEIJIONPOBITHICTh OJINBH;
¢ — IUTOMA TEIJIOEMHICTh OJIUBU;
T — TeMuiepaTypa OJIMBY;
F(X,t) — MiJIbHICTH TEMIOBUX JKEPEIT.

Bona MOXKeE Oytn BU3HAYEHA
CHIBBIIHOLICHHSIM:
0Q
F(xt)=—. 5
(x,t) o ®)
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ByneMo BBakaTu, 1110 BUITPOMIHIOBAHHSI
TEIUIa BiIOYBAa€ThCS TUIBKU uepe3 OOKOBY
MOBEPXHIO TPyOKH, a TOpLEBI NEPETUHH Ha
BUXOMl 13 Hel TMpakTUYHO TEIUI0 He
BUNIPOMIHIOIOTh. ToOJi, 3riHO 13 3aKOHOM
Herorona-Pixmana, LIBHICTH Ja,
BUITPOMIHIOBAHOT'O IIOTOKY JIOPIBHIOE

Jo=a(T-T7, (6)

ne T’
CepeIOBUINA;
0. — Koe(IIieHT TETUI00OMIHY.

TEMIIEpaTypa HaBKOJUIIHBOIO

KinpkicTh Temsa, po3ciiHOTO AUISHKOIO
00koBOT mOBepxHI AS=27R'AX 3a 4yac At,
JIOPIBHIOE

0Q=a-(T-T)-27-R-AX-At. (7)

I3 (7) BuTikae

0Q dQ
& a1y 22R. 8
AX-At  dx (T=7) ®)
c.p. O _ o1 118w
Pt = ¢ T s| oR?
[Mlinctapupmu B (11) S=2R?> Ta

MOIUTUBIIH 11€ PIBHSHHS HA C' 0, OJIEPKUMO

oT T ,
Ezazy—bZU—T)w, (12)
ne
azzl N
cp’
2 2a |
b SR (13)
3 8nv?
CpRZJ

dx
HETaTUBHY IIUIbHICTh TEIUIOBUX JDKEpeN, a
caMme:

BG.HI/I‘-II/IHy MOXKHa poO3TyigaaTu sK

F (i—fl:—Zﬂ-a-R-(T—T'). 9)

H{ineHicTs F(X,t) mKepernt, 110 reHepyoTh
TEII0, MOKHA 3HAWTH, TWIiJACTABUBIIA B
piBHsHHA (5) TOXiAHY Big  TEIJIOBOi
MOTY>KHOCTI 10 KOOpAMHATI, 3HaijeHy i3
piBHSHHS (3)

oQ _8nv
p-R

F(x,t)= -m, (10)

dx

IlincraBuBIIHK 3HalAeHE 3HaUeHHS F, ske
HE 3aJeXKUTh Big X 1 t, B piBHsSHHA (4) Ans
TETUIONIPOBITHOCTI, Ta aiaredpaidHo JOJar0uu
0 Hei HeratuBHy ILIUIbHICTH F1 TemioBux
JDKEped, siIka BpaXxoBYe€ BTPATH Ha TEIJIOOOMIH 3
HaBKOJIMIIIHIM CEPEJOBUIIEM, BIAMOBIAHO 10
piBHsHHS (9) 3HaliIeMO

m-2z-a-R(T —T’)] (11)

ChopMymroeMo MOYATKOBI Ta TpaHUYHI
YMOBH.

Y moyaTKOBUI MOMEHT yCi TOUKH TPyOKH
MaroTh TeMIIeparypy HaBKOJIUIITHHOTO
CepeoBHINa a caMe:

T

_ !/
o.n — T

(14)

['pannuHi  ymMOBH, sIKi  BiJIOMBaIOTh
TEIUIOBY KBa3li30JIALII0 TOpPLIB TPyOKH Ha
BXOJIl Ta BUXO/1, MAIOTb BUTJIISA
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oT

- — 0’

x . (15)
oT
—| =0,

OX |, (16)

BuxopucTaBmm moyaTkoBi Ta I'paHUYHI
YMOBH Ta pO3B'S3aBIIM MICIs BiJMOBIAHUX
[EPETBOPIOBAaHb  JAU(EpeHIiiHe  pIBHSAHHA,
OJIEP’)KUMO OCTaTOYHUI BUpa3 AJIs TEMIEpaTypH,
aKy Oyle MaTu ONlMBa 3a PaxyHOK B'S3KOTO
TEPTS TPU CTAIOMY TEIJIOBOMY PEXHUMI
T1APOAMHAMIYHOTO TUCTICPTYBaHHS

70 — AMHaMiYHa B's13KicTh onuBH nipu 0 °C;
To=273 °K;
[ — KoeiIlieHT, 3aJICKHUNA BiJ B'SI3KOCTI
OJIUBH.
I3 piBHsiHHSA (17) BUgHO, 0 TEMIIepaTypa
T onuBHM TIpoTIOpITiiiHA 11 TMHAMIYHINA B'SI3KOCTI,
KBaJ[paTy IIBUIKOCTI pyxy Teuii OJMBH 1
00epHEeHO MPOTMOpITIAHA Koe(diieHTy
TEII000MIHY o Ta pajiycy Tpyoku. Lle nqobOpe
Y3TOKY€ETHCS 13 3alIPONOHOBAHOIO T1IIOTE3010
npo Te, 0 NMPUYMHOIO HArpiBy OJIMBU TpU
TiAPOAMHAMIYHOMY JUCIEPTYBaHHI € B'SI3KE
TEpTS.
Ockinbku piBHAHHSA (17) He Moxe OyTn
pO3B's13aHE aHATIITUYHO, HOTO PO3B's3aHHS 0YyJI0
3HaliZIeHo rpadiyHUM HUIAXOM. Y pe3yJbTari

11

4v? | B (?ﬂ) , BOTO OyI10 BU3HAYEHO MMOKa3HUKH

T= aR M- +T7, (17) TEeMIIepaTypy OJIMBU 3aJIEKHO Bif ii TUCKY P

nepen ['J[. O6pobusmu i nani Ha [IEOM 3a

e |- TOBSKIHA UL IDIAHOT ThYGKIL: nonomoroto Microsoft Graph 5, 6yio 3naitneHo
A A i P TPYORIL 13 nocroBipHicTO 0,9998 Take piBHIHHS:

_ 2

L., =—64,186p~ +137,29p +64,514. (18)

I'padik 3a5eXHOCTI TemMrepaTypu OJIHBH TiIPOAMHAMIYHOTO  JTUCTIEPTYBaHHS — OJIMBA

Big ii Trcky mepen I'JI moOymoBaHo 3rigHO 3 po3irpiBaeThCs 0 3HAYHOI TeMIepaTypu

piBHssHHAM (18) 1 HaBeneHo Ha puc. 2 (kpusa 1).
SIK BUJTHO 3 pHC. 2, 3TiHO 3 PO3paxyHKaMH 3a
piBasiHHsAMH (17) Ta (18) ipu cTamoMy pexxumi

3anmexHo Bix tucky mepen '] Bim 70 °C mo
100 °C.

L°C
2
—

%

100 |

(B
L]

80 44

[

4 | /O

— |

4

|

0,4’

0,5

0.6 87 P Ml

Puc. 2. 3MiHeHHS TeMIepaTypy OJUBH 3aJICKHO Bif ii Tucky nepen ['/1:
1 — BupaxyBaHno 3rigHo 3 piBHAHHAM (18); 2 —y 30H1 nepenonu I'/];
3 —y comni I'/l; 4 — y 3muBHOMY TpyOOTIpOBO/II
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3anponoOHOBaHI TEOPETHUYHI MOJOXKEHHS
BIJTHOCHO TPUYMH HarpiBy OJHMBH OyJ0
NEPEBIPEHO  EKCIEPUMEHTATBHUM  IIUIIXOM.
Jns uporo Oyno 3IiMiCHEHO JOCTIIKEHHS
Temreparypu oiauBu M-14-Bz y 30Hi yaapy ii
00 nepernony I'/[ y coruni '/l 6e3 mepenonu 1y
3MMBHOMY TpyOompoBoi (ripu BiacyTHOCTI I'/])
CHeLiaTbHOTO JIA0OPATOPHOTO CTEHJA, KU
JIa€  3MOTY 3AIHCHIOBAaTH TiIpoAWHAMivYHE
JTUCTIEPTYBAaHHS OJIMBU TIPH PI3HUX THCKaX il
nepen I'JI [12, 13].

BumiproBanus TEeMIIEpaTypu
BUKOHYBAJIOCh 3@  JIOIIOMOIOK  Mijb-
KOHCTAHTAHOBOI TepMOIIapH, MiJKII0YEHOI 10
noteHmiomerpa [111-64.

PesynbraTu €KCIIEpUMEHTAJIbHUX
JOCHIJDKEHb TOKa3ajid, L0 Yy IOYaTKOBHUM
nepion CTIIOCTEPIra€ThCs IHTCHCHBHE
3pOCTaHHsA TEMIEpaTypH OJMBH, IICIA YOro
HacCTyIIae CTajauu TEIUIOBUI pexumM
rizipoguHamiuHoro  aucrnepryBanHs.  Ilpu
[IbOMY HaWOUIBIIY TeMIEpaTypy OJIMBa Ma€ y
30HI ymapy ii o0 mepemony I'Jl mpum ycix
3HAYEHHSX THUCKY (KpuBa 2 Ha puc. 2):

C H,00 /0

([ §| —

Hanpukiag, npu P = 0,3 MIla, tm =90 °C, a npu
P =0,5MlIla, tm =108 °C [7].

Axmo 13 ['J] mpubpartu mnepenoHy, ToO
TEeMIepaTypa OJMBU Y COILII ACIIO HIKYA, HIXK
y 30HI ymapy (kpuBa 3), a 3HaAYCHHA
TeMIEpaTypu OJINBH y 3JTUBHOMY
TpyOonpoBoi 6e3 I'J] HaifHMKYI: 3a7I€XKHO Bif
TUCKY y  TIApOCHCTeMI CTeHJAa  BOHa
kommmBaeTbes Big 30 °C mo 47 °C (kpusa 4),
npoOHa 00poOKa OJMBHU MPU BUCOKOMY THCKY
nepen [/l mnpu3BOOUTH [0 BiTHOBICHHS
KiIHEMaTHYHOI ~ B'SI3KOCTI 1  TemIeparypu
crajiaxy MpakTUYHO /0 PIBHS CBIKOI OJIMBH,
IpOTE MPHU Pi3HIM KUIBKOCTI IUKIIB 0OPOOKH.
s 3a0e31eYeHHs e(EeKTUBHOTO
JTUCIEPryBaHHS ~ YaCTMHOK  3a0py/HEHb,
MEXaHIKO-XIMIYHOI aKTHBAaIlll OJHB, a TaKOX
BUJJAJICHHS 3 HHUX BOJU CJIJ BBaXaTH, IO
ONTUMAIBHUM PEKHMOM OOPOOKH OJIMBU 3a
nornomoroto I'J[ € tuck 0,5 MIla mpu umcmi
mukiaiB N = 50 ta Temnepatypu Ha piBHi 130-
135 °C, mo 3HauYHO HUXKYE TEMIIepaTypu
crianiaxy onusu (puc. 3) [21].

| I):!'i,j;.\///<l ,5

L]

4

P=04 MIla

|
4

0 10 20

40 S0 60 N

Puc. 3. 3mina 3micty Boau (C H,0 ) B CBIXKIM 00BO/IHEHIM onuB1 M-14-Bg2, 3anexHo Bix yncia

LUKJIIIB JUCIIEPTYBaHHS

PesynpTatu moCIipKeHb TTOKA3aiH, IO
HiCHsT I SATACCATUKPATHOTO JUCHEpryBaHHS
npu p=0,5 MIla B onuBI MOBHICTIO BiJICYTHS
BOJA, JYXKHICTH ii 30impmmmiacs B 1,22 pa3sa,
KiHEeMaTH4Ha B’s3KicTh B 1,1 pa3a, a KucioTHe
YKCIIO 3MeHIuocs B 1,2 pasa.

TakumM  9YMHOM, MOXXHA  3pOOHUTH
BHCHOBOK IPO T€, III0 T'OJIOBHOK MPUYHUHOIO
HarpiBa OJIMBH € ii B s13ke TepTs y comi ['/], mo
HiATBEP/DKYETHCSI HE TIUIBKKA Pe3yJibTaTaMH
EKCIIEpUMCHTATPHUX JaHUX, aje 1 IUJIKOM
3aJIOBUTHHOIO0 KOPEJNSIIEI0 X 3 TEOPETHUHUMU
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po3paxyHkamu 3riiHO 3 piBHAHHAM (18). IIpu
[OMY CEpeIHS MOMUIIKA JOPIBHIOE ONHM3BKO
25 %.

Haeneni  pesynbratu JIOCHIIKEHD
HiATBEP/UKYIOTh CIIPABEUIMBICTh MPUHHATOT
[IOYaTKOBOI  TINNOTE3W  BIJHOCHO  MpPUYUH
HarpiBy OJIMBM TIpU ii TiApOJUHAMIYHOMY
JUCTIepTyBaHHI 1 J03BOJISIFOTh
BUKOPUCTOBYBAaTH NaHWW €QEKT, HAIpPUKIaI
JUTSL pereHepartii OOBOAHEHUX Ta PO3PIIHKEHUX
OJIUB.

BucnHoBkn. Buxomsuu 13 mnpuilHsTOI
rifnoTe3u, IO HarpiB OOyMOBJICHHH B'SI3KUM
(BHYTpILIHIM) TEPTAM OJIUBU y
rizpoguHamiunomy aucrepraropi (I'Zl) Oyro
BHU3HAUEHO TEMIIepaTypy OJIMBU IPU CTAJIOMY
TEIIOBOMY pexuMi r1IpOMHAMIYHOT O
nucriepryBanHs. [Ipy mboMy THCK OJIMBH miepen
I'JI Ta mBUaKICTh i Teuii B TrigpoereMeHTax
nocTiliHi. Byno BCTaHOBIEHO, IO 32 paXyHOK
B’SI3KOTO TEPTS, NpPU CTAJIOMYy TEIUIOBOMY
peXUMl TIAPOJUHAMIYHOTO JUCIEPIyBaHHS,
TeMIeparypa OJIUBU nponopiiia i
TUHAMIYHIA B'I3KOCTI, KBaJApaTy IIBHIKOCTI
pyXy Teuil OJMBU Ta OOEPHEHO MPOMOpIiiiHa
Koe(diIieHTy TeII000MiHY Ta paaiycy TpyOKH
(muB. piBasHES  (17)), 10 MTIATBEPIXKYE
MPUYNHY HarpiBy OJIBH npu

TiAPOIMHAMIYHOMY JHCIIEPTYBaHHI — € B'A3KE
TEPTS.

Pozpaxynku 3a piBHsHHsIMH (17) Ta (18)
MoKa3anv, 1[0 TMpU CTAIOMY  pEeXHUMI
TiIPOAMHAMIYHOTO  JTUCTIEPTYBaHHS  OJIMBA
HarpiBaeThcs Big 70 °C o 100 °C 3anmexxHo Bifg
tucky. lle miaTBepKy€eThCS EKCIepUMEH-
TATbHAMH JIOCIHI/DKCHHSIMH, a HaWOUIbIITy
TEeMIIepaTypy OJIMBa Ma€ y 30HI ynapy ii o0
nepernony ['J] mpu Bcix 3HaYEHHSIX TUCKY.

s 3a0e3MeueHHs €(EKTUBHOTO
IWCTIEPTYBaHHS ~ YaCTHHOK  3a0pyJIHEHb,
MEXaHIKO-XIMIYHOI aKTHBAIlil OJIMBH, a TaKOX
BUJIAJICHHS 3 HET BOJU Ta MajlnBa ONTHMAILHUM
pexxuMoM 00poOKu onuBH 3a goromororo '] €
tuck 0,5 MIla npu uucai mukimoB N=50 Ta
temneparypa  130-135°C, mo  HMXK4Ye
TeMmreparypu chnamaxy onuBa [21, 23]
Otpumani JaHi J03BOJISIOTH CIIPOSKTYBATH Ta
BUTOTOBUTH YCTAaHOBKU Ui JUCIEPryBaHHS
ONMBH,  BiAOpakoBaHi 32  OKpeMHUMH
MOKa3HUKAMH, B YMOBaX JJOKOMOTHBHOTO JIETIO
(a0 1eHTpi 3aTi3HUIII).

TMomanpmii  JOCHIKEHHS  JOLLIBHO
BUKOHYBAaTH y HAIPSIMKY CTBOPEHHS MOOUTbHOT
(6opTOBOi) YCTAaHOBKM TUCIIEPTYBAHHS OJIUBH
Oe3rnocepeIHbO B OJUBHIN CUCTEMI TU3ETIS, 110
3HaYHO 3MEHIIUTh BHUTPATH OJHMBH NpPHU
eKCIUTyaTarlii TerIoBO3iB.
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