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Anomauyia. Y cmammi onucano pe3yibmamu O0O0CHIONCeHb 6NAUBY PIOKOKPUCTANIYHOL
NPUCAOKU XONeCMEePUHO8020 MUny Ha mpibono2iuni enacmugocmi 2iopasniynux oaué Mobil
Hydraulic 10W ma John Deere Hy-Gard. Obudsi onusu 8uecomoeieni Ha MiHepaibHili OCHOBI ma
Micmamb 3a800CbKi nakemu Npucadox i € munosumu 2iOpasiivHuUMu OJUBAMU, AHANO2U SKUX
3ACMOCO8YIOMbCSl 8 2IOPABNIUHUX NPUBOOAX CYHACHOI OYOIBebHOI MeXHIKU, KONIUHUX ma
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CLIbCbKO20CN00apCLKUX MauuH. JIabopamopHi 00Cai0diceH s NOKA3aNU NOKPAWEHHS. RPOMUZHOCHUX
ma npomu3a0UPHUX 61ACMUBOCTELL ONUB.

Knrwowuosi cnosa: mepms, 3noc, 0yodigenvHi ma KOAUHI MAUWUHU, NPUCAOKA, XOJECMepUx,
2I0paesiuHa onued, YeHanmpeHosull cKeiem.

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. TigpaBniunumii  mpuBinx — Ha 3/1aTHI YTBOPIOBATH PiJKOKPUCTANIIYHI (a3u B
ChOTOJHI ~ IIMPOKO  3aCTOCOBYETHCS B SKOCTI TPOTHU3HOCHHX Ta MPOTH3AJUPHUX
MOOUTBHMX MAalIMHAX Ta IPOMHUCIOBOMY npucagok a0 oius. Lleit HampsiMok ayxe
obnmagHanHi. PobGory  rigpompuBoay — HE MEPCIIEKTUBHUH 1 TOKA3y€ YYJI0B1 pe3yJIbTATH.
MOKJIMBO YSIBUTH 0e€3 TiJpaBiiuHOi OJIUBH. Sk pobOouy  piaMHYy  BITYM3HSHHX

Bona € po6ouynm TiJIOM, SIKE TPUBOAUTH B JitO
BUKOHABUI OpPraHM MAallllH, a TaK0X BHKOHYE
Taki BaIuBl (QYHKIIT SK 3MaIeHHs JeTaleu
riipoo0yiaqHaHHs, 3aXUCT iX BiIl KOpo3ii Ta
Bi/IBEJICHHS Teruia. ba3oBi OJMBH HE MOXYTh
3abe3neuyBati e€(EKTHUBHE BUKOHAHHS IUX
3aBJlaHb, TOMY JIO0 HHUX JOJAIOThCS ITaKeTH
GyHKIIOHANEHUX —TpUcaJoK. Ha choromHi
AKTUBHO BEIYThCS JOCIIDKEHHS PEYOBHH, SKI

OyIiBeNIbHMX Ta KOJIWHUX MaIIMH YacTo
BUKOPUCTOBYIOTH 1HAyCTpiaibHI OMuBU. BoHu
JIEIIEB] 1 IUPOKOJAOCTYIIHI, aieé MatOTh HU3bKY
MacTHIbHY 37aTHICTh. HaMu Oymo mpoBeneHo
JOCIIIJDKEHHST ~ BIUIMBY  PiJKOKPHUCTATIYHOI
pHUCaIKku 3 JEHAHTPEHOBUM CKEIIETOM Ha
TPiOOJIOTIUHI ~ BJACTHBOCTI  1HIYCTpiabHOI
omuHu U-30A [1]. [Ipu BUKOpHCcTaHHI TaKkoi
MPUCATKA HAa TIOBEPXHI TepTS (HOPMYETHCS
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MacTUJIbHA IUJIIBKA MEPEBAKHO XOJIECTEPUUHOT
OynoBu [2]. Taki uTiBKM MarOTh BUCOKY HECYUy
3MaTHICTh 1  3a0e3neuyroTh  e()EeKTUBHE
MallleHHsI Ta 3aXHCT I[OBEPXOHb TepTH.
JlocmikeHHsT Ha YOTHPUKYJIBKOBIM MallvHi
TEPTsl TOKa3aJdl 3HWKEHHS CEPeIHBOI TUISIMH
3Hocy Ha 38-50 % mopiBHSIHO 3 0JMBOIO 0e3
JOZIaBaHHs MPHUCAIKU, TAKOX 3POCTAE IHIEKC
3aAUpy Ta KpPUTHYHE HaBaHTaxxeHHs [1]. B
riiponpuBoAl  cydacHoi  OyaiBenbHOT  Ta
KOJIIHHOT TEXHIKH 3aCTOCOBYIOTHCSI OJIUBH, SIKi
BXKE MICTSTH MMAKETH MPHUCAIOK.

AHagi3  ocTaHHIX JOCTiIKeHL i
nyoaikanii. 3 po0iT [3, 4] 3HaEMO PO BUCOKY
e(eKTHBHICTh XOJIECTEPUYHHX piakux
KPUCTAJIIB B SKOCTI MPHUCATOK. Y TMOMEpeaHix
HalMX JOCHDKEHHsSX Oymo obOpaHo i
nporectoBano PK mpucanky 3 eHaHTpeHOBUM
ckeneroMm [1, 5]. Pe3ynbratu mokaszanu 3HauHe
MOKpAaIEeHHs MPOTU3HOCHUX Ta
NPOTH3aAUPHUX BIACTUBOCTEH 1HAYCTpiabHOT
onuBH. Y poOOTI [6] HABOAATHCS pe3yabTaTH
eKCIIEpUMEHTIB, SIKi TOKa3yIOTh €(EKTHUBHICTh
3acTocyBaHHs XxoJjiectrepuuHux PK mpucamok
X-25 ta X-26 B MoTOopHUX onuBax M-8BI Ta
M-10I"2K, siki Bike MICTATh 3aBOJCHLKHH MaKeT

MIPHUCAJIOK.

B T1IpONpPUBOAAX Cy4acHHX
OyIiBENbHHUX, KOIMIMHAX MaIIIiH Ta
CLTBCHKOTOCTIOIAPCHKOT TEXHIKA

3aCTOCOBYIOTh OJIMBH TaKUX BUPOOHUKIB, SIK
Mobil, John Deere, Azmol, Agrinol Ta in. L1
OMBA  MAalTh  BHCOKI  eKCIUTyaTalliiHi
XapaKTEPUCTUKHU, aJie HaBITh MPU 3aCTOCYBaHHI
TaKUX PIAMH ICHYE pe3epB 1010 3aCTOCYBAaHHS

BHUCOKOE(EKTUBHHIX TIPUCAIOK
PIAKOKPUCTATIYHOTO THITY.
Omnuparounch Ha  Haml  TONEPEIHi

JOCHIUKeHHsT Ta poOOTH IHIIMX AaBTOPIB,
0a4uMO JOIUTBHICTH IPOBECTH BUMPOOYBaHHS
TOBApHOI OJIMBH, SIKA MICTHTb IAaKET MPUCAIOK
Bil BUpOOHUWKa 3 nmoxaBaHHsMm PK mpucankw,
OCKUTBKU JOCHIDKEHHS B IIbOMY HAIPSIMKY
panime He mpoBomwrch. PK pedoBuna, 110
Oynia 3acTocoBaHa SIK MpHcajka, Oyna obpaHa
HaMH B TOMEPEIHIX poOOTaX 1 JOCIIIKYyBaBCS
il BIUIMB Ha BJIACTUBOCTI 1HAYCTPiaJIbHOT OJIUBU

N-30A[1, 5].

Bu3znaueHHsi MeTH Ta 3aBJaHHS
AoCHiTzKeHHsl. MeToro  JTOCHIDKCHHS €
BUBYCHHS  TpiOOJOTIYHUX  BJIACTHUBOCTEH

rigpaBiaiuaux onuB Mobil Hydraulic 10W Ta
John Deere Hy-Gard mpu nomaBaHHI 70 HHUX
P1AKOKpHUCTATIUHOT pEe4YOBUHU 3
(heHaHTPEHOBUM CKEJIETOM.

3aBIaHHSIMH JOCHIDKCHHSI € BBEICHHS
JOCTIPKYBAaHOI TPHUCANKH B i TiApaBIivHI
OJIUBH B PI3HUX KOHIICHTPAIIISAX Ta MPOBEICHHS
eKCIIePUMEHTATbHUX JOCT)KEHb Ha
YOTUPUKYJIHKOBIN MaIINHI TEPTS.

OCHOBHA  4YacTHHA  JOCJIIKEHHS.
JlocmiKeHHsT ~ BIUIUBY  PIAKOKPUCTATIIHOL
npucagku 3 (EHAHTPEHOBUM CKEIETOM Ha
MPOTU3HOCHI BJIACTUBOCTI TiJPaBIIYHUX OJIUB
MPOBOJMIIMCS HAa YOTUPHKYJIBKOBIM MamuHi
TEpTs 3TIHO 3 METOAMKOI, HABEICHOI B
I'OCT 9490-75. OnuBu Mobil Hydraulic 10W
[7] Ta John Deere Hy-Gard [8] € tumoBumu
TiIpaBIIYHUMU ~ OJMBAMH, aHAJIOTH  SIKUX
3aCTOCOBYIOTHCS B T1IpONPUBOAAX
Oy/iBETbHUX, CUTBCHKOTOCIOIAPCHKUX MAIIHH
Ta TEXHIKA I OYJIBHHIITBA 3aTI3HUYHUX
Kouiii 1 ciopyn. Takoxx Mobil Hydraulic 10W
MOXKE€ 3aCTOCOBYBATHUCh SK  aHAJIOT  JIO
TiIpaBIIYHUX ONUB KOJiMHUX MamuH [7].
OOuaBI ONMMBU BHUTOTOBJICHI Ha MiHEpaJIbHIN
OCHOBI 1 MICTSITh 3aBOJICHKI ITAKETH MTPHUCAIOK.

Ha ocHoBI aHamizy nmomnepeaHix pooit ais
JOCIIJIKEHb OyJIO MPUTOTOBJIEHO TaKi CyMiIlIi:

1. Mobil Hydraulic 10W 6e3 npucanok;

2. Mobil Hydraulic 10W + 0,1 % piaxo-
KPUCTAJIIYHOT MPUCAJIKH,

3. Mobil Hydraulic 10W + 0,2 % pinko-
KPUCTAJIIYHOT MPUCAJIKH,

4. Mobil Hydraulic 10W + 0,3 % piaxo-
KPUCTAJIIYHOT MPUCAJIKH,

5. Mobil Hydraulic 10W + 0,4 % pinko-
KPUCTAJIIYHOT MPUCAJIKH,

6. Mobil Hydraulic 10W + 0,5 % pinko-
KPUCTAJIIYHOT MPUCAJIKH,

7. John Deere Hy-Gard 6e3 npucanox;

8. John Deere Hy-Gard + 0,1 % piako-
KPUCTAJIIYHOT MPUCAJIKH,

9. John Deere Hy-Gard + 0,2 % piako-
KPUCTAJIIYHOT MPUCAJIKH,
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10. John Deere Hy-Gard + 0,3 % pinko-
KPHUCTAJIYHOI IPUCAIKH;

11. John Deere Hy-Gard + 0,4 % piako-
KPHUCTAJIYHOI IPUCAIKH;

12. John Deere Hy-Gard + 0,5 % pinko-
KPUCTAJIYHOI TPUCATKH.

[IpurotyBanHss CyMimli BUKOHYBAJIOCH
HUIIXOM  OOpOOKM TOJpPIOHEHHWX KPHUCTaiB
MIPUCAKU B CEPEAOBHIII JOCIITKYBaHOT OJIUBH

B YJIbTPa3BYKOBii BaHHOUII 3 yacToTOr0 40 KI'11
i moryxkuictio 50 Br. [lngs mnoBHOro
PO3UMHEHHS TPUCAAKH OyJI0  JOCTaTHbO
00pOOKH TPOTIArOM TPbOX TOAWH. MeToauka
MPUTOTYBAHHS CyMiIIIi omrcaHa B poooTi [1].

PesynpraTi MpoOBEAEHUX  JIOCIIIKEHb
HaBeJIeHO y Tabmuix 11 2.

3aIe)KHOCTI, OTpUMaHi 3a pe3yJbTaTaMH
JOCIIJIKEHHS, 300paxxeHo Ha puc. 1-4.

Taomums 1
Tpibonoriuni mokazHuku onuu Mobil Hydraulic 10W (cymimri 1-6)
= 2
g
No g o g % Cepennuit Innexc Kputuune HasaHTaxeHHS
5 /1_1 z z)" g 2 | miamerp muaAMu | 3anupy, M, HaBaHTa)KCHHSI, 3BapIOBaHHS, Ps,
= 8 E‘ 3HOCY, d5, MM H P, H H
2 2
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
Tabmunis 2
Tpibonoriuni mokazHuku onveu John Deere Hy-Gard (cymimi 7—-12)
g =
= s 2 .
Ne § o g 2 Cepennuit Innexc Kputuune HasaHTa:xeHnnsa
5 /1'1 = :5 8 @ | ;mlamerp UMM | 3amupy, U, HaBaHTa)XECHHS, 3BapIOBaHHA,
= 8 & | smocy, d, My H Px, H P, 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 3MiHH JlaMeTpa TUISIMH 3HOCY BiJl KOHIIGHTpAIlii MPUCAJKH B OJINBAX:
1 — onmuBa Mobil Hydraulic 10W 6e3 nmpucaaku He 00pobiieHa ynbTpa3Bykom; 2 — cyminri 1-6
00po0ieHi ynbrpa3BykoMm; 3 — onuBa John Deere Hy-Gard 6e3 npucaaku He 00pobieHa
yIbTPa3ByKoM; 4 — cyminni 7—12 o6po06ieHi yapTpa3ByKoOM

U, H
440
420
400 129,05 132,18 435,88 437.73 432,84
380
360 5
SEee 372,47
340 )
320
Gez npucagra.  Oez mpucamkn PK npucagka PK npucagka PKopucagka PKopucagka PK npucagka
obpobnero 0.1%, 0.2%. 0.3%, 0.4%, 0.5%,
VILTPA3BVKOM obpobneno obpobneno obpobneno obpobneno obpobneno

VIBTPA3EVEOM VABTPAIEVEOM VIBTPAIEVEOM VIBTPAIEVKOM VIETPAIEVEOM

Puc. 2. 3anexxHicTh 3MiHH 1HACKCY 3aAUPY BiJl KOHIIEHTpAIlil MPUCATKA
B onuBi Mobil Hydraulic 10W
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obpobneno 0,1%,
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0.3%, 0.4%, 0.5%,
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YIETPASEYKOM YIBTPAIEYVEOM YIBTPASEYHKOM VIBTPAIBYVEOM VIETPASEYVEOM

Puc. 3. 3anexxHicTh 3MiHM 1HIEKCY 33AUPY BiJ KOHIIEHTPAIIl MPUCAIKH
B oyiuBi John Deere Hy-Gard

Px, H

1400

1200

1000 —

980 980

800 | | — —

400 _— _— _—

200 | — —

1235  [1235| |1235] 1235 |1235]

Puc. 4. 3anexxHicTh 3HaUCHHS! KpUTHYHOTO HABAHTAXXEHHS BiJ] KOHIIGHTPAIIi] TPUCATKU
B oyl Mobil Hydraulic 10W:
1 — onuBa Mobil Hydraulic 10W 6e3 npucanku He 00po0ieHa yiIbTpa3ByKoM;
2-7 — cymimii 1-6 oOpoOeH1 yIbTpa3ByKOM

BuchHosku. HocmimkyBana
PIIKOKpHUCTATIYHA pUcaKa 3 HeHaHTPEHOBUM
CKEJIeTOM YHWHUTh TIOMITHUW BIUIMB Ha
MPOTH3HOCHI  BJIAaCTUBOCTI  onauB  Mobil
Hydraulic 10W ta John Deere Hy-Gard.
MaxkcumanbHe 3HUKCHHS CEepETHBOTO
JiaMeTpy IUIsIMU 3HOCY Ha 5...7 % MOPIBHSHO 3
onmuBamu 0e3 PK mpucaaku oTpumano mnpu
koHneHTpanii npucanku 0,4 % nms 000X 0JIUB.
[Ipu migBHIEHHI KOHIEHTpAIl IJIsIMa 3HOCY
3pOCTa€ — 1€ TOBOPHUTH MPO Te, IO MOJEKYIH
MPUCAJKA TIOYWHAIOTH YTBOPIOBATH MILETH 1

MepPeCTaloTh MPUAMATH yYacTh B YTBOPCHHI
TpaHWYHUX TUTIBOK. OTXe, palioHaJbHA
KOHIIEHTpAIis MIPHUCAIKH B OJIMBaX
3HaxoauThesd B Mexkax 0,3...0.4 %.
[IpoTu3amupHi BIaCTUBOCTI OJIUB TaKOX
MOKPAIIYIOThCs. [HIEKC 3aIUpy MiABHUIYETHCS
Ha 13-15 % nns omuBu Mobil Hydraulic 10W 1
Ha 3-5 % nmnsa John Deere Hy-Gard B mexax
koHnenTpanii npucanaku 0,1...0,4 %. 3naueHHs
KPUTUYHOTO HaBaHTaXXEHHs i ojuBu Mobil
Hydraulic 10W 36impmyerscst 3 980 H 1o
1235 H, a nnst John Deere Hy-Gard numaetsest
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HeaminauM — 1235 H. HaBanrtaxenHs OTtpumani naHi OOIPYHTOBYIOTh
3BapIOBaHHA JUI1 000X 0JMB ckiano 1568 Hine JIOUUTBHICT  3acTocyBaHHA  oOpaHoi PK
3MIHUJIOCH 3 JIOJIaBaHHIM TPHCAIKH, OTXKE, B MPUCAAKA B JOCIIDKYBAHUX T1IpaBIidHUX
00J1acTi MaKCUMaJbHUX HABAaHTAKCHb BIUIMB OJIMBAXxX Ta iX aHaIorax.

PK npucanku He 3HaYHUM.
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