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Anomauyia. Y cmammi onucamo pe3yibmamu OO0CHIOHNCEHb GNAUBY PIOKOKPUCANIYHOL
NPUCAOKU XOJIeCIMEPUHO08020 Muny Ha mpibonociuni eracmueocmi 2iopasniunux oaue Mobil
Hydraulic 10W ma John Deere Hy-Gard. Obuosi onusu eucomosneni Ha MiHepanibHill OCHOBI ma
MicmAmy 3a600CbKi nakemu Npucadok i € Mmunogumu 2iOpasiivHUMU ONUBAMU, AHATIO2U SAKUX
3ACMOCOBYIOMbCAL 8 2IOPABIIUHUX NPUBOOAX CYUACHOT 0Y0i8ebHOI MEeXHIKU, KONIUHUX mda
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CIbCbKO2OCNOOAPCHKUX MAWUH. JIabopamopHi 00Ci0dNceH s ROKA3ANU NOKPAWEHHS NPOMUZHOCHUX
ma nPoMuU3A0OUPHUX BLACMUBOCMEN OIUG.

Kniouogi cnosa: mepms, 3noc, 6yoigenvni ma KOMUHI MAUUHU, NPUCAOKA, XOJeCMepux,
2I0pasniuHa onuea, heHaHmpeHoB8Ull 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. TigpaBniyamii  mpuBin — Ha 3/1aTHI YTBOPIOBATH PIJKOKPUCTANIYHI (a3u B
CBOTOJIHI ~ IIUPOKO  3aCTOCOBYETHCS B SAKOCTI TMPOTU3HOCHUX Ta MPOTU3aTUPHUX
MOOUTPHMX MaIlMHaX Ta IPOMHUCIOBOMY MpHUCAIOK 10 onuB. Llei HanpsMoK ayxe
obOmagHanHi. PobGory rimpompuBomy — He NEPCIEKTUBHUM 1 TOKa3ye Yy 0Bl pe3yIbTaTH.
MOJKJIMBO YSIBUTHU ©€3 TiIpaBlIIYHOI OJIUBH. Ak  poOouy piiuHy  BITUU3HSHHUX
Bona € po6ounm TisioM, sIK€ MPUBOAMUTH B IO OymiBeTbHMX Ta KOJNIHHMX MAaIIMH YacTo
BUKOHABYl OpPraHW MaIIWH, a TaKOX BHUKOHYE BUKOPHUCTOBYIOTh 1HIyCTpiaJibHI 01MBH. BoHu
Taki BaXJIMBI (YHKII SK 3MalleHHS JAeTanei JIEIIeBi 1 MHUPOKOOCTYIHI, alie MAatOTh HU3bKY
rigpoobiagHaHHs, 3aXUCT iX Bia KOposii Ta MacTUJIbHY 37aTHICTh. Hamu Oyno mpoBeneHo
BiJIBe/IeHHs Teria. ba3oBi OMMBU HE MOXYTb JOCHTIJUKEHHS.  BIUIMBY  PIIKOKPHUCTAIIYHOI
3a0e3neuyBatu e€(QEKTUBHE BHUKOHAHHS IUX MpUCAJIKK 3 (PEHAHTPEHOBHUM CKEJIETOM Ha
3aBlaHb, TOMY JO HHUX JOJAIOThCA IaKETH TpiOOJIOTiYHI ~ BJIACTUBOCTI  1HAYCTpiaibHOL
dbyHKIIOHATFHUX TpUcaok. Ha ceoromni ommBu N-30A [1]. [Ipu BukopucTanHi Takoi
AKTUBHO BEIYTHCS JOCIIPKEHHS PEUOBHH, SIKI NPUCAJKN HA MOBEPXHI TepTs (popMyeThcs
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MacTWJIbHA IIJTIBKA MEPEBAKHO XOJIECTEPUIHOT
Oynosu [2]. Taxi ruTiBKM MarOTh BUCOKY HECYUy
3MaTHICTP 1 3a0e3neuyroTh  e(EeKTHBHE
MalleHHsI Ta 3aXHCT IOBEPXOHb TEPTH.
JocmikeHHs Ha YOTHUPHUKYJIBKOBIA MaIlIuHI
TEPTS MOKA3aIM 3HIKEHHS CEePEeIHBbOI IUISIMHU
3Hocy Ha 38-50 % mnopiBHSIHO 3 0JMBOIO 0e3
JOJJaBaHHS TPHUCAIKU, TaKOX 3pPOCTA€ 1HIEKC
3aMpy Ta KpPUTHYHE HaBaHTaxeHHs [1]. B
rizponpuBoAi  cywacHoi  OyniBenbHOI  Ta
KOJIIHHOT TEXHIKHA 3aCTOCOBYIOTHCS OJIUBH, SIKi
BXKE MICTATh MAKETU MPHUCATIOK.

AHami3  ocTaHHIX  JociaigxkeHb i
nyo6Jikaniii. 3 poOit [3, 4] 3HaEMO PO BUCOKY
e(heKTUBHICTh XO0JIECTEPUIHHUX PIIKHX
KPHUCTATIB B SKOCTI MPUCAIOK. Y TOMEpenHix
HAllUX  JIOCHIDKEHHSX Oymo  obpanHo i
npotecroBano PK npucanky 3 henanrpeHoBUM
ckenieroM [1, 5]. Pe3ynbpTaTn nokasanu 3HauHe
MOKPAIICHHS MIPOTU3HOCHUX Ta
MPOTU3aUPHUX BIACTUBOCTEH 1HIYCTpiaabHOI
onmuBH. Y poboTi [6] HABOAATHCS pe3yNbTaTH
EKCIIEPUMEHTIB, SKI MOKa3ylTh €(EeKTUBHICTD
3acTocyBaHHs xosecrepuynux PK mpucanok
X-25 ta X-26 B moTtopHux onuBax M-8B1 Ta
M-10I"2K, siK1 B3Ke MICTSATH 3aBOACHKHM MaKET

MPHUCAIOK.

B riAponpuBOaax Cy4aCHMX
OyIiBeNbHUX, KOJIHHHIX MaIlIuH Ta
CLITbCHKOTOCTIONIAPCHKOT TEXHIKHA

3aCTOCOBYIOTh OJIMBU TaKWX BUPOOHHKIB, SIK
Mobil, John Deere, Azmol, Agrinol ta iu. Li
OIMBU  MaloTh  BHCOKI  eKCIUTyaTalliiHi
XapaKTepUCTHKH, aJie HaBiTh IIPU 3aCTOCYBaHHI
TaKHUX PIIUH ICHY€E pe3epB MO0 3aCTOCYBAHHS

BUCOKOE(EKTUBHHUX MIPHUCATOK
P1IKOKPUCTATIYHOTO THITY.
Omnupatourch Ha  Hamll  MOMEpeaHi

JOCTIJDKeHHST Ta pPOOOTH 1HIIMX aBTOPIB,
06aunuMoO JTOIUIBHICTh MPOBECTH BUIIPOOYBAHHS
TOBAPHOI OJIMBH, sIKA MICTUTh MaKeT MPUCAIOK
Bl BUpOOHHWKA 3 nmoxaBaHHsM PK mpucankw,
OCKUIBKM JIOCTI/DKEHHS B LbOMY HampsMKy
panime He npoBoauiuch. PK pedoBuHa, mo
Oyna 3acTocoBaHa SIK NpHcajka, Oyna oOpaHa
HaMHU B TIONIEPEIHIX poOOTaxX 1 JOCIIIKyBaBCS
i BIUITMB Ha BIACTUBOCTI 1HAYCTPiaIbHOI OJIMBU

1-30A [1, 5].

BuzHaueHHsi MeTH Ta 3aBIaHHS
AOCHiTzKeHHsl. MeTol  JIOCHIDKEHHS €
BUBYCHHS  TpiOOJOTIYHUX  BJIACTHBOCTEH

rigpasBniyaux oiauB Mobil Hydraulic 10W Ta
John Deere Hy-Gard mpu momaBaHHi 10 HHX
piAKOKpHUCTATIUHOT pE4YOBHUHU 3
(eHaHTPEHOBUM CKEJIETOM.

3aBIaHHAMHU JOCHIDKEHHS € BBEICHHS
JOCITIDKYBAHOT TPHCAJAKKA B Il TiIpaBiidHi
OJIMBH B PI3HUX KOHLEHTPAIiSIX Ta IPOBEIACHHS
EKCIIepUMEHTAIbHUX JOCIIIIKEHb Ha
YOTHUPUKYJIBKOBIH MaIIMHI TEPTS.

OcHOBHA YacTHHA  JOCJiIKeHHS.
JloCmipKeHHST  BIUTUBY  PiIKOKPHCTAIIYHOI
Opucajku 3 (PEHAHTPEHOBUM CKEJIETOM Ha
NPOTH3HOCHI BJIACTHBOCTI TiAPABIIYHUX OJIUB
IPOBOJWINCS Ha YOTUPHUKYJIBKOBIM MalluHi
TEPTS 3TITHO 3 METOAMKOK, HAaBEICHOI B
I'OCT 9490-75. Onusu Mobil Hydraulic 10W
[7] Ta John Deere Hy-Gard [8] € TumoBummu
riIpaBIiYHUMHU  OJIMBaMH, AaHAJOTM  SIKUX
3aCTOCOBYIOThHCS B riIponpuBOaax
OyIiBENbHUX, CLIHCHKOTOCTIOAAPCHKUX MAIIHH
Ta TEXHIKM [ OyIIBHMITBA 3ali3HUYHHUX
koutii 1 cnopyn. Takoxk Mobil Hydraulic 10W
MOXK€  3aCTOCOBYBATHCh SIK  aHAJOT [0
TiIpaBIiyHUX OJIMB KOJMIMHMX MamuH [7].
OOuzB1 OIMBU BUTOTOBJIEHI Ha MiHEpaJIbHIN
OCHOBI 1 MICTSITh 3aBO/ICBKI TAKETH MPUCAIOK.

Ha ocHoBi aHamnizy nmonepeaHix pooOiT st
JIOCITIJIKEHb OyJI0 PUTOTOBIIEHO TaK1 CyMIIIi:

1. Mobil Hydraulic 10W 6e3 mpucanox;

2. Mobil Hydraulic 10W + 0,1 % pinko-
KpUCTAJIIYHOI IPUCAJIKH;

3. Mobil Hydraulic 10W + 0,2 % pinko-
KpUCTaIIYHOI IPUCAJIKH;

4. Mobil Hydraulic 10W + 0,3 % pinko-
KpUCTaIIYHOI MPUCAJIKH;

5. Mobil Hydraulic 10W + 0,4 % piako-
KpUCTaIIYHOI IPUCAJIKH;

6. Mobil Hydraulic 10W + 0,5 % piaxo-
KpUCTaIIYHOI IPUCAJIKH;

7. John Deere Hy-Gard 6e3 npucaok;

8. John Deere Hy-Gard + 0,1 % piako-
KPUCTAJIYHOI IPUCAIKH;

9. John Deere Hy-Gard + 0,2 % piako-
KPUCTAJIYHOI IPUCAIKH;
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10. John Deere Hy-Gard + 0,3 % pinko-
KPHUCTAIIIYHOI IPHCAIKH;

11. John Deere Hy-Gard + 0,4 % pinko-
KPHUCTAIIIYHOI IPHCAIKH;

12. John Deere Hy-Gard + 0,5 % pinko-
KPUCTATIYHOI IPUCA/IKH.

[IpurotyBanHs CyMilli BUKOHYBaJIOCh
HUIIXOM  OOpOOKM TOJpPIOHEHUX KPHCTANIB
HPUCAJKHU B CEPEIOBHUIII TOCITIPKYBaHOI OJINBU

B YJIbTPa3BYKOBIii BaHHOUII 3 yacToToro 40 kIt
i moryxuictio 50 Bt. [lng moBHOTro
PO3UMHEHHS TPUCAAKH  OYyJIO  JIOCTaTHBHO
00pOOKH TIPOTATOM TPHOX TOAWH. MeToamka
[PUTOTYBaHHS CyMillli orucana B pooori [1].

Pesynbrat TpOBEACHHUX JTOCIITKCHb
HaBeJICHO y Tabmuisax 11 2.

3anexHOCTi, OTpUMaHi 3a pe3yabTaTaMu
JTOCJTIJDKEHHS, 300pakeHo Ha puc. 1-4.

Tabmums 1
Tpibonoriuni nokasuuku onuu Mobil Hydraulic 10W (cymimi 1-6)
1} z
No g o g ; Cepennuit Innexc Kputnune HaBanraxenns
5 /1‘1 % Z)“ S é JIiaMeTp IUIsIMH | 3aaupy, M, HABaHTAXXCHHSI, 3BAPIOBaHHS, Psg,
= 8 & 3HOCY, 05, MM H Px, H H
g S
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
Tabmurs 2
Tpibonoriuni mokasuuku onueu John Deere Hy-Gard (cymimi 7-12)
L) z
Ne §* o :g % Cepennuii Innexc Kputnune HaBanraxxeHHs
5 /1_1 = 25 g g JiaMeTp IUISIMU | 3aaupy, M, HaBaHTaXXCHH, 3BapIOBaHHA,
= & & | smocy, ds, Mm H P, H Py, H
S 2
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 3MiHHM iaMeTpa IUISIMHA 3HOCY BiJl KOHLIEHTPAIIIl TPUCATKH B OJINBAX:
1 — onmuBa Mobil Hydraulic 10W 6e3 npucaaku He 00pobiieHa yapTpa3BykoM; 2 — cyMimti 1-6
00po6beHi ynbrpazBykom; 3 — onuBa John Deere Hy-Gard 6e3 npucanku He 0oOpoOieHa
yIAbTpa3ByKoM; 4 — cymiii 7/—12 oOpo0ieHi yabTpa3ByKOM

. H
440
420
400 120,05 132,18 435880 143773 432,84
380
360 5
il 372,47

340

-
320 =

Oez npucamxy,  Ges mpucamkn  PK mpucanka PK npucanka PK npucanka PK opucagka PK mpucapra

obpobnero 0.1%, 0.2%. 0.3%. 0.4%. 0.5%,
YL TPA3BYKOM obpobnedo obpobneHo obpobneno obpobneno obpobneno

VIETPASEVKOM YIBTPAIEVEOM VIBTPa3EYKOM YVIBETPA3EYKOM VIBTPAZEVEOM

Puc. 2. 3anexxHicTb 3MIHM 1HIEKCY 33AUPY BiJ KOHLEHTpALli MPUCAIKU
B ol Mobil Hydraulic 10W
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bez npucanxn,  Oes mpucanku PK npucanka PK mpucagra PK mpucagka PK mpucapka PE mpucapka

obpobnero 0.1%,
VIBTPRIEVEOM obpobneno
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0.3%, 0.4%, 0.5%,
obpobneno obpobnero obpobneHo

YIETPASEYHOM VIBTPAIEVEOM VILTPASEVEOM YIBTPASEYHOM YIBTPAIEVEOM

Puc. 3. 3anexxHicTh 3MiHM 1HIEKCY 33AUPY BT KOHIIEHTPAILIT TPUCAIKH
B ouBi John Deere Hy-Gard

P, H

1400

1200

1000 —

980 980
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Puc. 4. 3anexxHicTh 3HAUYSHHSI KpUTMYHOT'O HABAaHTAXXEHHS B KOHIIEHTpaLlli IpUCaJKH
B osuBi Mobil Hydraulic 10W:
1 — onmuBa Mobil Hydraulic 10W 6e3 npucanaku He 00pobiieHa yabTpa3ByKoM;
2-7 — cymimii 1-6 00po0OeHi ynpTpa3BykoM

BucHoBKH. HocmikyBana
PlIKOKpHCTaliYHa MPHCaKa 3 (PeHAaHTPEHOBUM
CKEJIETOM YWHUTh TMOMITHUM BIUIMB Ha
NPOTH3HOCHI  BiIacTuBOCTI  onmuB  Mobil
Hydraulic 10W Ta John Deere Hy-Gard.
MakcumanbHe 3HUKCHHS CEpEeHBOTrO
JiaMeTpy IUIsIMH 3HOCY Ha 5...7 % nopiBHSHO 3
onmuBamMu 6e3 PK mnpucankm orpumano mnpu
KoHIeHTpauii npucaaku 0,4 % ans 060X ouB.
[Ipu migBUINEHHI KOHIEHTpAIil TJIsIMa 3HOCY
3pOCTa€ — 1€ TOBOPUTH MPO T€, 110 MOJIEKYJIH
MPUCAAKY TIOYMHAIOTh YTBOPIOBATH MIIETH 1

MepecTaloTh MPUHMATH YYacTh B YTBOPEHHI
rpaHnyHNX  ToTiBok. OTxe, palfioHanbHA
KOHIIEHTpAIis MIPUCAIKH B OJIMBax
3HaxoauThed B Mexkax 0,3...0,4 %.
[IpoTu3anupHi BIACTHBOCTI OJHMB TaKOXK
MTOKPAIIYOThC. [HACKC 3aUpy TiIABUIIYETHCS
Ha 13-15 % nna onuBu Mobil Hydraulic 10W 1
Ha 3-5 % mus John Deere Hy-Gard B mexax
koHuenTpauii npucaaku 0,1...0,4 %. 3HaueHHs
KPUTUYHOTO HAaBaHTAaXKEHHS JUIsl onuBU Mobil
Hydraulic 10W 36inemyetbes 3 980 H 1o
1235 H, a g John Deere Hy-Gard nurraetscst
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HesminanMm — 1235 H. HaaHTaxkeHHS OTtpumani JaHi OOTPYHTOBYIOTH
3BaprOBaHHs 1151 000X 0JuB ckiano 1568 H i1 ve JOIUTBHICT,  3acTocyBaHHA  oOpanoi PK
3MIHMJIOCH 3 JIOIaBaHHSM IPHCAIKU, OTXKE, B NPUCAAKU B JOCHIDKYBAaHMX TiAPaBIIYHUX
o0acTi MakCMMallbHUX HaBaHTaKEHb BILIHB OJIMBax Ta iX aHaJjorax.

PK nipucanku He 3HaUHUH.
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