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Anomauin. Y cmammi onucano pe3yiomamu O0O0CHONCEHb 6NAUBY DPIOKOKPUCMALIYHOT
NPUCAOKU XONeCMEPUHOB8020 MUny Ha mpibono2iuni eracmueocmi 2iopaeniunux oaus Mobil
Hydraulic 10W ma John Deere Hy-Gard. O6uosi onusu sucomoeéneni na minepanvhiii 0CHOSI ma
Micmamyb 3a800CbKi nakemu npucadox i € Mmunosumu 2iopasiidvHuMu OAUSAMU, AHANOSU AKUX
3ACMOCO8YIOMbCsL 6  2I0pABHIYHUX NPUBOOAX CYYACHOI 0YO0iBebHOI MEXHIKU, KOMUHUX ma
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CIbCbKO20CNO0Aap CoKUX Mawiun. Jlabopamopmi 00cniodcents nokasaiu NOKpawjeHHs RPOmusHOCHUX
ma npomu3aoupHux 61aCMueoCmeti Oius.

Knwwuoei cnoea: mepms, 3noc, 6yodigenvui ma KOMUHI MAWUHY, NPUCAOKA, XOJIeCMepUx,
2iopasniuna onuea, peHaHmpeHosuii cKeaem.

Abstract. The top priority of the modern tribology is to reduce equipment wear. Mechanisms
and units of construction and track machines have a lot of friction pairs and the easiest way to reduce
their wear and increase life is to use lubricants. Hydraulic equipment elements are no exception, as
hydraulic oils are not only the working fluid of the system, they also lubricate the friction pairs of
hydraulic units. So it is very important that they have an effective lubricity. Pure hydraulic oils have
quite low performance properties. To improve them, special substances — additives — are added to
lubricants. A large number of relevant compounds have already been studied. A promising trend in
this area is the use of substances that are able to form liquid crystalline phases. It is the substances,
which can form cholesterol boundary films on friction surfaces that draw our attention. Based on the
relevant works, we selected a liquid crystalline substance with a phenanthrene skeleton of the
cholesterol type and conducted a number of experimental studies. This additive was added to
industrial oil. Laboratory studies have confirmed its effectiveness.

This research continues to study the effect of liquid crystalline substance with phenanthrene on
the tribological properties of oils used in construction and track machines. As the test oil we chose
Mobil Hydraulic 10W and John Deere Hy-Gard, working fluids widely used in hydraulic drives in
construction machines, track machines and agricultural machinery. Both are mineral-based and
already contain additives. Like in our previous studies we used ultrasound to better dissolve the
additive in the oil. The additive dissolved completely. The substance was added to the oil in various
concentrations. Laboratory studies of tribological properties of hydraulic fluids were performed on
a four-ball friction machine in accordance with the standard method described in GOST 9490-75
(USSR National standard). The main indicators of lubricity were determined — wear spot diameter,
burr index, critical load and welding load. The results of the experiment showed the improvement of
anti-wear and anti-seize properties of the studied hydraulic oils. Within the specified concentration
range, the greatest anti-wear effect can be observed, which indicates the value of the rational
concentration of the liquid crystal additive in hydraulic oils. The effect of the additive in the area of
maximum loads is not significant.

Keywords: friction, wear, construction and track machines, additive, cholesteric liquid crystal,
hydraulic oil, phenanthrene skeleton.

Beryn.  TigpaBniuawmii  mpuBig — Ha
CBOTO/IHI ~ IIUPOKO  3aCTOCOBYETHCS B

3/1aTHI YTBOPIOBATH PiAKOKpUCTaIivHI (a3u B
SAKOCTI MPOTU3HOCHUX Ta MPOTU3AJAUPHUX

MOOUTPHMX MAIIMHAX Ta [POMHUCIOBOMY
obnmagHanHi. PoOGoTy  rigponmpuBomy — He
MOXJIUBO YSIBUTH 0€3 TiIpaBiliYHOI OJIMBH.
Bona € po6ounm TiIOM, iK€ TPUBOIUTH B IO
BHKOHABYI OpPTaHM MaIllMH, a TaKOX BHKOHYE
Taki BaxJMB1 (QYHKIIi SK 3MalleHHs AeTaneit
rigpooOiagHaHHs, 3aXUCT iX Bil KOpo3ii Ta
BiJIBeIeHHs Teruia. ba3oBi olMBU HE MOXKYTh
3a0e3neuyBatd €()EKTUBHE BHKOHAHHS IIUX
3aBlaHb, TOMY JO0 HHX JOJAIOTHCS MAKETH
dyHKIIOHATFHUX TIpHcanok. Ha cporomani
AKTUBHO BEIYTHCSI JIOCTI/DKCHHS] PEUOBHUH, SIKi

npucagok a0 onuB. Lle HampsMok Iyxe
MEePCIIEKTUBHUH 1 IOKA3ye€ UyI0B1 PE3yJIbTATH.

Sk poOouy  pimuHy  BITUYM3HSHHMX
OyIiBebHUX Ta KONIMHUX MAaIIMH YacTo
BUKOPHUCTOBYIOTh 1HJIyCTpiaJibHI OJMBU. BoHuU
JIeIIeBi 1 MHUPOKOIOCTYIIHI, alie Mal0Th HU3bKY
MaCTHJIbHY 37aTHiICTb. HamMu Oyno mpoBeneHo
JNOCHIKEHHS. ~ BIUIMBY  PLAKOKPUCTAIIYHOT
Opucagku 3 (EHaAHTPEHOBUM CKEJIETOM Ha
TpiOOJIOTiUHI  BJIACTMBOCTI  1HIYCTpialbHOT
onmuBu U-30A [1]. IIpu BuUKOpHUCTaHHI TaKol
IOpPUCAJKU Ha TIOBEPXHI TepTs (QOpMyeThbes
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MacCTHJIbHA TUTIBKA TIEPEBAYKHO XOJIECTEPUYHOL
OynoBu [2]. Taki mi1iBKU MatOTh BUCOKY HECydy
3MaTHICT 1 3a0e3neuyioTh  eheKTHBHE
MallleHHS Ta 3aXUCT TMOBEPXOHb TEPTA.
JocmipkeHHsT Ha YOTUPHUKYJIBKOBIM MaIllnHi
TEPTSl MOKa3aJld 3HIKCHHS CEPeIHBOI TUISIMU
3Hocy Ha 38-50 % mOpiBHSHO 3 ONMBOIO Oe€3
JOZIaBaHHS MPUCATKH, TAKOXK 3POCTAE 1HIEKC
3aMpy Ta KpUTHYHE HaBaHTaxeHHs [1]. B
TiAponpuBOAl  cydyacHOi  OymiBenbHOI  Ta
KOJIIHHOT TEXHIKU 3aCTOCOBYIOTBHCSI OJIMBH, SIKi
BXKE MICTSITh TAaKETH MPHUCATIOK.

AHAJi3 ocTaHHIX JocaiKeHb i
ny6aikauiii. 3 poOit [3, 4] 3HaEMO PO BUCOKY
e(EeKTHBHICTh XOJIECTEPUYHUX piakux
KPUCTAIIB B SKOCTI MPHUCAAOK. Y TOMEPETHIX
HAIlUX  JIOCHIDKeHHSIX Oyno oOpaHo i
nporectoBano PK npucaaky 3 peHaHTpeHOBUM
ckenetoM [1, 5]. Pe3ynbTaTu nmokazajiv 3Ha4HE
MOKPAIICHHS MPOTU3HOCHUX Ta
NPOTH3aIUPHUX BIACTHBOCTEH 1HIyCTpialbHOT
ouBU. Y poOoTi [6] HaBOIATHCS pe3ysibTaTu
€KCIIEPUMEHTIB, SKi MOKa3yIOTh €()EeKTUBHICTD
3acTocyBaHHA xonectepuuHux PK mpucamok
X-25 ta X-26 B moTopHux onuBax M-8BI1 Ta
M-10I"2K, sxi Bxke MICTATh 3aBOJACHKHM MaKeT

MIPHUCAIOK.

B rizponpuBoaax Cy4YacHHUX
OyliBeJIbHHX, KOJIIIHUX MaIlluH Ta
CLITBCHKOTOCTIOAAPCHKOT TEXHIKH

3aCTOCOBYIOTh OJIUBM TAaKUX BHPOOHHUKIB, SIK
Mobil, John Deere, Azmol, Agrinol Ta in. Ili
OIMBM  MAalOTh  BHCOKI  EKCIUTyaTalliiHi
XapaKTepPUCTUKH, ajie HaBiTh IPH 3aCTOCYBaHHI
TaKUX PIIUH ICHYE Pe3epB 1010 3aCTOCYBaHHS

BUCOKOE(EKTUBHHUX MIPUCATOK
PIAKOKPHCTATIYHOTO THITY.
Onuparourch Ha  Hamll  TOMEpeaHi

JIOCTI/DKEHHsT Ta poOOTH IHIIUX AaBTOPIB,
06a4rMo JTOUIBHICTh MPOBECTH BUIPOOYBaHHS
TOBAPHOI OJIMBH, SIKA MICTUTh MAKET MPHUCATOK
BiJl BUpoOHMKa 3 nonaBaHHsAM PK mpucankuy,
OCKUJTBKM JIOCHIJUKEHHSI B ILIbOMY HaIpPSMKY
panime He nposogwinck. PK pewoBuna, 1o
OyJia 3aCTOCOBaHa SIK MpHcajaKa, Oyyia oOpaHa
HaMHU B MONEpeHIX poboTax 1 AOCIHIHKYBaBCs
il BIUIMB HA BJIACTUBOCTI 1HIyCTPIaJIbHOT OJIMBU

U-30A [1, 5].

BusHaueHHs1i MeTH Ta 3aBJaHHA
AoCTaiKeHHs. MeToo  JOCHi/DKEHHS €
BUBUEHHS  TpIOOJIOTIYHHMX  BJIACTUBOCTEH

rigpaBiaiunux oiauB Mobil Hydraulic 10W Tta
John Deere Hy-Gard npu nomaBaHHiI 1O HHX
PLAKOKpUCTATIYHOT pEYOBUHHU 3
(eHaHTPEHOBUM CKEJIETOM.

3aBIaHHAMU JIOCHIKCHHS € BBEICHHS
JOCIIKYBAHOT TPUCAIKK B I TiApaBIidHI
OJIMBU B PI3HUX KOHIIEHTPAIIisIX Ta MPOBEICHHS
EKCTIIEPUMEHTAIbHUX JIOCITII)KEHb Ha
YOTHUPHUKYJIbKOBIM MallIlH1 TEPTSL.

OcHOBHA YacTHMHA  JOCJIiIKeHHS.
JlocmipkeHHST  BIUIMBY — PIIKOKPUCTAJIYHOT
npucaaku 3 (EHAHTPEHOBUM CKEIIETOM Ha
MPOTU3HOCH] BJIACTHBOCTI TiAPABIIYHUX OJIUB
HOPOBOJWINCS HA YOTHUPUKYJIBKOBIN MalllnHI
TEPTS 3TIJHO 3 METOJIUKOI0, HABEIEHOI0 B
I'OCT 9490-75. OnuBu Mobil Hydraulic 10W
[7] Ta John Deere Hy-Gard [8] € TumoBumu
TiIpaBIIYHUMU ~ OJIMBAMH, AQHAJIOTH  SIKUX
3aCTOCOBYIOTHCS B r1IpONIPUBOAAX
OyIiBEeNbHUX, CUTBCHKOTOCIOIAPCHKUX MAaIIUH
Ta TEXHIKH s OyAiBHULTBA 3aI3HUYHHX
koutiii 1 cnopya. Takox Mobil Hydraulic 10W
MOK€ 3aCTOCOBYBaTHCh K aHajor [0
TiApaBIIYHUX ONUB KOJIMHUX MammH [7].
OOuaBi OJMBH BHUIOTOBJICHI Ha MiHEpaJIbHIN
OCHOBI 1 MICTSITh 3aBOJICbKI TTAKETH MPUCATIOK.

Ha ocHoBI aHasizy nonepenHix pooit s
JOCHIIKEHb OyJ10 MPUTOTOBJIEHO TaKl CyMIIIIi:

1. Mobil Hydraulic 10W 6e3 mpucaox;

2. Mobil Hydraulic 10W + 0,1 % pinko-
KPHUCTAIIYHOI TIPUCAIKH;

3. Mobil Hydraulic 10W + 0,2 % piako-
KPHUCTAIIYHOI IPUCAIKH;

4. Mobil Hydraulic 10W + 0,3 % pinko-
KPUCTAJIIYHOI IPUCATIKH,

5. Mobil Hydraulic 10W + 0,4 % piako-
KPHUCTAIIYHOI PUCAIKH;

6. Mobil Hydraulic 10W + 0,5 % pizaxo-
KPUCTAIIIYHOT IPUCATKY;

7. John Deere Hy-Gard 6e3 npucaiok;

8. John Deere Hy-Gard + 0,1 % pigko-
KPUCTAJIIYHOT IPUCATIKH;

9. John Deere Hy-Gard + 0,2 % pinko-
KPUCTAJIIYHOI IPUCATKU;
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10. John Deere Hy-Gard + 0,3 % piaxo-
KPHUCTAIIYHOI IPUCAIKH;

11. John Deere Hy-Gard + 0,4 % piako-
KPHUCTAIIYHOI PUCAIKH;

12. John Deere Hy-Gard + 0,5 % pinko-
KPUCTAJIIYHOI IPUCATKHU.

[IpurotryBaHHd cCyMillli BUKOHYBAJIOCh
HUIIXOM O0pOOKM MOAPIOHEHUX KPHUCTAJIB
IIPUCAIKU B CEPEIOBUILIL IOCIIIKYBAHOI OJIMBU

B yJIBTPa3BYKOBIii BaHHOYII 3 yacToToro 40 kI'11
1 moryxnictio 50Br.  Jlns  moBHOrO
PO3UMHEHHS TpUCaaKd OyJl0  JOCTaTHBO
0OpOOKH TPOTATOM TPHOX TOAWH. MeToauka
NPUTOTYBaHHS CyMillli onucana B pooori [1].

PesynbraTi MpOBENEHUX  TOCTIIKECHb
HaBeJIeHO y Tabmuisax 11 2.

3aeKHOCTI, OTpUMaHi 3a pe3yJbTaTaMu

JOCIIIKEHHSI, 300pakeHo Ha puc. 1-4.

Taomums 1
Tpibosoriuni mokaszuuku ojaueu Mobil Hydraulic 10W (cymimri 1-6)
g =
= s 2 N
No S 8 = ‘ Cepenunuit Innexc Kpurnune HaBanTaxxenns
. Z 5 é é JiaMeTp IUIAMH | 3aaupy, /s | HaBaHTaXEHHS, 3BaprOBaHHS, Pss,
%f S E 3HOCY, Os5, MM H Px,H H
< >
1 0 - 0,527 372,47 980
2 0 + 0,521 370,52 980
3 0,1 + 0,511 429,95 1235
4 0,2 + 0,504 432,18 1235 1568
5 0,3 + 0,498 435,88 1235
6 0,4 + 0,493 437,73 1235
7 0,5 + 0,510 432,84 1235
Tabmums 2
Tpibonoriuni nokasuuku onuBu John Deere Hy-Gard (cymii 7-12)
g =
g s g .
No SIRC g . Cepenuuit Innexc Kputnune HapaHTaxeHHs
o/ S é é TiaMeTp TUISIMH | 3a1upy, Ms | HaBaHTaKCHHS, 3BaprOBaHHS,
= S & 3HOCY, U5, MM H Px, H Pss, H
S B
< >
1 0 - 0,323 715,85
2 0 + 0,320 706,03
3 0,1 + 0,313 721,33
4 0,2 + 0,308 732,18 1235 1568
5 0,3 + 0,303 746,08
6 0,4 + 0,301 752,15
7 0,5 + 0,314 749,09
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Puc. 1. 3anexHICTh 3MiHH JllaMeTpa IJIIMU 3HOCY Bl KOHIIEHTpAIIil IPUCAIKH B OJIMBAX:
1 — onuBa Mobil Hydraulic 10W 6e3 npucaaku He 00po0iieHa yiabTpa3BykoM; 2 — cymii 1-6
00po0ieHi ynbTpa3BykoMm; 3 — onmBa John Deere Hy-Gard 6e3 npucanku He 00poOieHa
yIbTpa3ByKoM; 4 — cymitni 7—12 0O6po0IieH1 yIbTpa3ByKOM

. H
440
420
400 120,95 32.18 435,88 437.73 432,84
380
360 5
370,528 1372.47
340
320 ¢
Oez mpucamiz,  Ges mpucamiw  PK npucanka PK npucanka PK mpucagxa PKopucagka PK mpucanka
obpobneno 0.1%. 0.2%. 0.3%. 0.4%. 0.5%.
VIBTPA3EVEOM obpobneno obpobneno obpobneno obpobneno obpobneno

VIETPAsEYKOM VIETPA3EVKOM VIBETPA3EVKOM YIBETPAIEVKOM VIBTPAIEVKOM

Puc. 2. 3anexxHicTh 3MiHM 1HAEKCY 3aJAUPY Bl KOHIIEHTpALlIl MPUCAIKU
B onuBi Mobil Hydraulic 10W
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Puc. 3. 3anexHICTh 3MiIHH 1HACKCY 33Uy BiJl KOHIICHTpAIlIl MPHUCATKA
B onuBi John Deere Hy-Gard

P, H

1400

1200
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Puc. 4. 3anexxHicTh 3HAYCHHS KPUTHYHOTO HABAHTAXXCHHS BiJ KOHIICHTpALlii IPUCAIKA
B oniBi Mobil Hydraulic 10W:
1 — onmuBa Mobil Hydraulic 10W 6e3 mpucaaku He 00po0iieHa yabTpa3ByKoM;
2-7 — cymimni 1-6 oOpo0ieHi yapTpa3ByKoM

BucHoBkwu. JocmimxyBaHa
PIIKOKpHUCTaTiYHa TpUcaaKa 3 eHaHTPEHOBUM
CKEJIeTOM UWHUTh TOMITHUH BIUIMB Ha
MPOTU3HOCHI  BJAcTUBOCTI  onuB  Mobil
Hydraulic 10W Ta John Deere Hy-Gard.
MakcumanbHe 3HUKEHHS CEpEeIHbOrO
JiaMeTpy IJISIMH 3HOCY Ha 5...7 % MOpiBHSHO 3
onmuBamu 6e3 PK mpucanku orpumano mpu
koHueHTpartii npucaaku 0,4 % mist 000X OHB.
[Ipu migBUINEHHI KOHIEHTpALii MIsMa 3HOCY
3pOCTa€ — 1€ TOBOPUTH PO TE€, IO MOJIEKYITH
MPUCAIKA TOYMHAIOTh YTBOPIOBAaTH MILENH 1

MepecTalTh NPUWMATH Y4acTh B YTBOpPEHHI
rpaHMYHUX IUTBOK. OTXe, palioHagbHa
KOHIICHTpAIIis MPUCATKU B OJIMBax
3HaxoauThes B Mexkax 0,3...0,4 %.
[IpoTu3agupHi BIACTUBOCTI OJIMB TaKOXK
MOKPAITYIOThCs. [HIEKC 3aAUpy MiABUILYETHCS
Ha 13-15 % mns onmusu Mobil Hydraulic 10W 1
Ha 3-5% mnsa John Deere Hy-Gard B mexax
koHueHtparii npucaaku 0,1...0,4 %. 3HaueHHs
KPUTHUYHOTO HAaBaHTAXCHHS JIJs oluBH Mobil
Hydraulic 10W 36utbmyerses 3 980 H no
1235 H, a quia John Deere Hy-Gard numaetscs
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He3MiHHMM — 1235 H. HaBanrtaxeHHs OTtpumani JaHi OOIPYHTOBYIOTh
3BapIOBaHHS JJ1s1 000X oJuB ckiano 1568 H ine JOLUIBHICT ~ 3acTocyBaHHs  oOpanoi PK
3MIHWJIOCH 3 JIOJJaBaHHSM TPUCAIKH, OTXKE, B MPUCAAKU B JIOCTDKYBAaHHX T1APaBITYHUX
001aCTI MakCHUMaJbHMX HABaHTAXXEHb BIUIUB OJIMBax Ta iX aHaJorax.

PK npucanku He 3HaYHUM.
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