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AHOTAIIA

KanmukoBa H.I'. /luHamika MOKa3HUKIB SKOCTI OJUB Yy MPOIECI EKCIUTyaTarlii
renikontepiB «Airbus Helicopters H-145». — KBanidikariiina HaykoBa mpalis Ha MpaBax
PYKOIIHUCY.

Hucepramiss Ha 3100yTTS CTyIleHs OokTopa ¢imocodii 3 ramy3i 3HaHb 16
«XiMiuHa 1H)XEeHepis Ta O101HXKEeHepis» 3a creriaibHicTio 161 «XimiyHl TexHOoIorii Ta
1mKeHepis». — Hamionanpamii aBianiiHuii yHiBepcuteT, 2023 pik.

Hucepraniitna poOoTa MNPUCBAYECHA BU3HAYEHHIO JUHAMIKM 3MIHU OCHOBHHUX
(bi3MKO-XIMIYHHUX TOKa3HUKIB SKocTi cunaTeTruHoi oiuBu Mobil Jet Oil 254 y nporieci
peallbHUX YMOB eKcInTyararii reiikonTepa «Airbus Helicopters H-145» 3 nBurynamu
MBB-BK117 Ta wminepanbHoi onuBu MK-8m, sika BHUKOPHUCTOBYETHCS y CHCTEMax
3MalllyBaHHsS BIMChKOBUX TelnikontepiB Mi-6 (nBuryn [[-25B, TypOokxommpecopHa
YacTHHA) 32 CTEHJOBHX yMOB BUIIPOOYBaHHA 3 pi3HUM HanpamroBanHam (0, 50, 100,
150, 200, 250, 300 roauH HaJNBOTY) 3aJIs1 OIIHKH IX SIKOCTI Ta MPOTHO3YBaHHS
Mpane3aaTHoCTi.

VY BCTymi HaBeAEHO METY Ta 3aBJaHHS JUCEPTAILIHOTO JOCIIKEHHS, a TaKOX
OOTPYHTOBAHO AaKTyaJbHICTh JaHOI TeMHU. TakoX BH3HAYECHO HAYKOBY HOBU3HY,
chopMyIIbOBAaHO TPAKTUYHE 3HAUEHHS OTPUMaHHUX pe3ynbTaTiB. [IpomeMoHCTpoBaHO
3B’SI30K JIOCHIDKEHHS 3 HayKoBUMHU TeMamu. Kpim Toro, HamaHo iHdopmaiiiro mpo 31
HayKOBY IMyOJIiKallito aBTopa, 23 35KUX 3a TEMAaTUKOK POOOTH, Cepel SKUX S5 cTaTed y
(axoBUX BHJAHHSX, alpoOallito pe3ynabTaTid poOOTH MPOUIUIMA K MaTepiajid CTaTTI Ha
18 mMixkHapoaHHX KOH(EPEHIisX, BpaxoByloun koH(pepeHiito B Itami (dmopeniis) Ta
Ha MDKHApOJHOMY KOHTPECI.

Y nepmomy po3auTl MPOBEAEHO aHami3 yMOB pPOOOTH CHHTETUYHUX Ta
MIHEpaJbHUX OJIUB y JABUTYHAX TENIKONTEPIB Ta MOBITPSHUX CYJIEH, IMOKAa3aHO BIUIMB
30BHIIIHIX Ta BHYTPIIIHIX (PaKTOpiB Ha 3MIHY MOKa3HUKIB SKOCTI 3MallyBaJIbHUX
MaTepiais.

Ha ocHOBI mpoBeAeHOr0o KPUTUYHOrO aHalli3y YMOB pOOOTH OJMB y JBUTYHaX

BUJIVICHO OCHOBHI TPEHIM HAyKOBHUX JOCIIPKEHb, a TAKOXK PsJI HEBUPIIICHUX MTPpoOieM



Ta HANPSAMKIB K1 TOTPeOyIOTh PO3POOKH HOBUX PILLIEHb Y MOXJIMBOCTSIX BUKOPUCTAHHS
B JIBUTYHAX JaHUX 3MallyBaJIbHUX MaTepiaiB.

Ha ocHOBi mpoBemeHoro anamizy, Oyso c(pOpMOBAaHO OCHOBHE 3aBJIaHHS
TUcepTamiitHol poOOTH, a TaKOoX pPsIJ HAYKOBO-TEXHIYHMX 3aaad, SKi HEoOXigHO
BUKOHATH ISl peaiizaiii MeTh poOoTH, chopMyJIbOBaHI METOAMKU IPOBEICHHS
JOCTIKEHb Ta aJlTOPUTM BUKOHAHHS 33]1a4, 10 BUPIIIYIOTHCSA B POOOTI.

Y ngpyroMmy po3nuli  JOCHIKEHO TEXHOJIOTIYHI MPOLECH BUPOOHUIITBA
cuateTnaHoi Mobil Jet Oil 254 Ta wminepanpbHOi MK-8m onmB, mOCTIIKEHO
TEXHOJIOTIYHI CXE€MHM, BYIJIEBOJHEBHUM CKJIaJ Ta HOTO BIUIMB Ha (Di3UKO-XIMIYHI Ta
eKCIUTyaTalliitHl BJIacTUBOCTI ojiuB. HaBeneHo ocHoBHI nmoka3sHukH sskocTi Mobil Jet Oil
254 sigmoBigHo a0 cragmapty MIL-PRF-23699-HTS ta MK-8n BigmoBigHO 10
craugapty I'OCT 6457. JochimkeHo makeT MPHCaJoK J0 OJIUB Ta MOKAa3aHO iX BIUIMB
Ha OCHOBHI €KCIUTyaTalliifHi BJIaCTUBOCTI.

Y TpeTboMy pO3AUTl AOCIHIPKEHI METOJAWKHA BU3HAUYEHHS OCHOBHUX IMOKA3HUKIB
SAKOCT1 CHHTETHYHOI Ta MIHEpaJIbHOI OJIMB, @ TAKOXX HABEICHO CXEMH NPUIAJIB Ta
CTaHJAPTHU30BAaHOTO  OOJaJHAHHS, IO  3aCTOCOBYBajJoCh Yy  JaOOpaTOPHUX
BUnpoOyBaHHsax cuHTeTHuHOoi Mobil Jet Oil 254 ta minepansnoi MK-8n onuB. VYci
METOJMKHK BUIPOOYBaHb MOKA3HUKIB sKOCTI onuBH Mobil Jet Oil 254 mpuBeneHo 1o
MibkHapomaux ctaHaapTiB 1SO, ASTM, Bka3zaHUX y MacmoOpTi SKOCTI Ha II0 OJUBY, a
st omuBn MK-8m — T'OCT (JACTY) na wmetonu BUNpOOyBaHb, $KI TOBHICTIO
KOPEIOITHCA MK COOO0I0.

VY uyerBepTOMYy pPO3AUTI BUKIQJACHUN Marepiall II0J0 MPOBEIASHHS JOCIIIKEHb
JTMHAMIKHA 3MiHH OCHOBHHUX MMOKA3HUKIB IKOCTI cuHTeTHYHOI oyt Mobil Jet Oil 254 y
npolieci peajJbHUX YMOB eKcIutyartamii reiikonrepa «Airbus Helicopters H-145» Ta
CTEHJIOBUX BHUIPOOYBaHHSIX 3a LMX kK€ yMOB ekcrutyaTauii onuBd MK-8m. OcHOBHI
MOKA3HUKHU SKOCTI OJIUB, IO MiJJISITAN JOCIIDKEHHIO 3 HaMpaloBaHHaM y nBuryHi 0,
50, 100, 150, 200, 250, 300 roguH: TycTHHA; KIHEMaTU4YHA B’ 3KiCTh( 3a Temmepatyp 40
°C, 100 °C Tta -40 °C); 3arasibHe Jy)KHE YHCIJIO; TeMIeparypa chajaxy; KoJip;
TeMmrepaTypa 3acTUraHHs (KpucTajizallii); BMICT MEXaHIYHUX JOMIIIOK Ta BOJM;

BUMAPOBYBaHHS; TPUOOJIOT1UHI XapaKTEPUCTUKH.



[TpoBosum JiTepatypHUil aHai3 3apyOiKHUX My OJTiKaIiil BUSBIEHO TO3UTUBHUAN
BIUTUB (PyJIEpEHOBHUX MPHUCAAOK Yy Mpolieci TPUOOJOTTYHUX BUMNPOOYBaHb. JlOCIITHUKH
MoKa3ajgl 3MEHIIEHHS KoeilieHTa TepTs y MAUIMITHAKAX KOB3aHHS TIiJ 4Yac
BUKOPHUCTAaHHA (yJIEpeHiB y 3MallyBadpHUX MaTepianax y 10 pa3. Tomy, Hamu Oyio
MPOBEICHHO TpuOOJOriuHl BunpoOyBanHs onuB Mobil Jet Oil 254 ta MK-8m 3
bynepeHOBUMHU TMpHUCAJAKaMH Ha YOTUPHOXKYJIBKOBIM MAallMHI TEpTsS Ta BCTAaHOBIEHO
HEJIOIIJILHICTh BUKOPUCTAHHS  (yJiepeHIB y 3MallyBaJIbHUX Marepiajiax s
HiAMIAMHAKIB KOYEHHS 13-32 HE3HAYHOTO MO3UTHUBHOTO MPHUPOCTY TPUOOIOTTUHUX
XapaKTePUCTHK.

Y m’aroMmy po3aiai  MPOBEASCHO TOPIBHSJIBHUN —aHaIi3 Ta JTOCHIDKCHHS
BUIIAPOBYBAHOCT1 MAJIMBHO-MACTUJIBHUX MaTepialliB, OCKUIbKHM 1€ BIUIMBA€E HAa BTPATy
iX, B TOMy YHCJI OJIUBH, BiJl BUIIAPOBYBAHHS, L0 B CBOIO Yepry 3/1MCHIOE BIUIUB Ha
Oe3neky mnosiboTiB. Po3pobinena mertoguka Ta oOJaJHAaHHS Uil MPOBENEHHS TaKUX
BUNPOOYBAaHb, OCKUIbKM CTAHJApTaMU Ha MNAJIWBHO-MACTUJIBHI MaTepiald Le He
nepeadayeHo.

Y mocroMy po3aii  HaBeAEHI pEeKOMEHJAIli 100 3acTOCYBaHHSA Ta
BIIPOBA/DKEHHSI PE3YJbTATIB JOCHIIKEHb MPOBEIECHUX Yy AUCEepTaliiHiii poOoTi Ta
MoAANBIINX 1X arpooartiu.

HaykoBa HOBM3HA OTPMMaHHUX Pe3yJIbTATIB:

Ha migcraBi TeopeTHYHUX 1 MPAKTAYHUX  JOCHIIKEHb, BHUKOHAHHX Y
JUCepTaLiitHIi poOOTi:

- Bmnepumie Oyno JocimiIXeHO Ta NPOBEICHO MOPIBHSUIBHUM aHaji3 3MIHU
OCHOBHHX (I3MKO-XIMIYHMX Ta EKCIUTyaTaIlliHUX TMOKA3HUKIB SIKOCTI CHHTETHYHOI
omuu Mobil Jet Oil 254 y niporieci peanbHuX YMOB ekcIutyaraiii remikontepa «Airbus
Helicopters H-145» 3 nBurynamu MBB-BK117 ta MminepansHoi onmBu MK-8m, ska
BUKOPHUCTOBYEThCSI y CHUCTEMax 3MallyBaHHA TrenikontepiB Mi-6 (aBuryn [I-25B,
TypOOKOMIIpECOPHA YaCTWHA) 3a CTEHJAOBHMX YMOB BHUIOPOOYBaHHS 3 PI3HUM
HarnpauoBanasam (0, 50, 100, 150, 200, 250, 300 romuH HaJIbOTYy), LIO JIO3BOJISE
OLIIHUTH SIKICTh 3MalllyBaJbHUN MaTepialliB Ta CIIPOTHO3YBAaTH TEPMIHHU iX 3aMIHH.

- BcraHoBneHo Ta CKCIICPUMCHTAJIbHO JOBCACHO, IO Hpaue?;I[aTHiCTb Ta



exostorignicTs oymBr Mobil Jet Oil 254 cyrreBo kpama 3a MK-811, sika 3acTOCOBYETHCS
JUIS 3MAllyBaHHs MIJIIMITHUKIB TypOIHM Ta YHEMOKJIUBIIOETHCS 1I BUKOPUCTAHHS JUIS
remikontepiB Airbus Helicopters H-145 Ta iHmmX, mo MaiTh €IUHY CHUCTEMY
3MalllyBaHHs JJI1 IBUTYHA 1 pexykropa. 3acrocyBanns Mobil Jet Oil 254 moxe Oytu
alIbTEpHATUBOIO B cUcCTeMax 3MmairyBaHHs 3amictb MK-8m, mo chnpustume
parioHaJbHOMY BUKOPUCTAHHIO MOTOPHUX OJIUB.

- [IpoananizoBaHO yMOBU pOOOTH OJIUB y Ta30TypPOIHHUX JIBUTYHAX TeJIIKOMTEPiB
Ta BHEpIIe MOKa3aHO, MO MICIS 3yNUHKH JBUTYHA 32 PAaxXyHOK BIJICYTHOCTI BIBOMIY
TeIIa BiJ JAeTaniel, BiI0yBaeTbCA pi3Ke 3pOCTAHHS TEMIIEpATypU OJMBHU Yy By3Jax TepTs
10 180-200 °C, mo mpu3BoAUTh A0 1HTEHCHU]IKAIT OKUCHUX MPOLECiB, 3MIHU (Pi3UKO-
XIMIYHUX Ta €KCIUTyaTalliHUX MOKA3HUKIB IKOCTI Ta BIUIMBAE HA TEPMIHU 11 3aMIHH.

- Bnepie npoBeneno tpubosoriyni BunpoOyBanHs onuBu Mobil Jet Oil 254 3
(GynepeHOBMICHUMHU TPHUCAJAKaMH Ta JOBEACHO HEAOULIBHICTH IX BHUKOPUCTAaHHS Yy
NIJIIUITHUKAX KOYEHHS TypOIHM TrejiikonTepa sK MPOTU3HOCHUX NPHUCANOK 332 YMOB
IPOBEACHUX JOCIIIKEHb.

- Halynm mnonmanpImoro po3BUTKY EKCIEPUMEHTAIBHUMH ITiATBEPIKEHHIMHU
TEOPETUYHI MOJIOKEHHSI XIMMOTOJIOT1i, SIKI B CYKYITHOCTI BUPIIIYIOTh BaXJIMBY HAyKOBE
3aBJaHHS 3 TEOPETHUYHOTO Ta HAYKOBO-TPAKTUYHOTO OOIPYHTYBaHHS AWMHAMIKH 3MIHU
OCHOBHMX IIOKa3HUKIB SKOCTI OJIMB Yy TPOIECI pealbHUX YMOB €KCILTyaTallii
renikonrepiB «Airbus Helicopters H-145».

OTpumaB nogabIIHIA PO3BUTOK:

- TEOPETUYHI MOJIOKEHHSI XIMMOTOJIOT1i, SIKI B CYKYIHOCTI BUPIUIYIOTh Ba)KJIUBE
HAyKOBE 3aBJaHHS 3 TEOPETUYHOTO Ta HAYKOBO-MIPAKTUYHOTO OOIPYHTYBaHHS JUHAMIKU
3MIHM OCHOBHMX TMOKAa3HHKIB SIKOCTI OJIUB y TPOLECI pealbHUX YMOB €KCILTyaTailii
renikonrepiB «Airbus Helicopters H-145».

I[IpakTHyHe 3HAYeHHS] OTPMMAHMX pe3yJIbTaTIiB:

OpneprkaHi B AUcCepTaliiHiil poOOTI pe3yJbTaTh € MIAIPYHTAM Jisi €(EeKTUBHOTO
BUKOPHUCTAHHS 3MAalllyBaJIbHUX MaTepiajiB y TMpoleci eKcIulyarauii y JBUTYHaX
NOBITPSHUX CYJE€H Ta MPOTHO3YBAHHS TEPMIHIB iX 3aMiHM 1O JWHaMIIl 3MIHU

MOKA3HUKIB IKOCTI OJIMB.



[IpakTHYHO BarOMHMH BBAKAIOTHCS TaKl pe3yJIbTaTH:

- pO3po0JICHO TMpaKTUYHI PEKOMEHJallli I0J0 3aMiHU OJIUBU 3aJIe’KHO BIJl
HaANpAaLIOBaHHs, aHaMI3y 3MIHUA (I3MKO-XIMIYHMX MOKAa3HHUKIB y MpPOIEC] eKCIuTyaTamii
Ta (aKTOPiB, IO HAWOIIBII BIUIMBAIOTH HAa MIBUIKICTh 3MIHU MOKA3HUKIB SKOCTI OJUBU
111 9ac ii poOOTH y CUCTeMI 3MalllyBaHHS Ta MOAANIBIIOL OIIHKH IMTpale3aaTHOCTI;

- 3aMPOIMOHOBAHO MPOBOJIUTH 3aMiHy MiHepanbHoi o MK-8m micns 150 rog,
3a TUX € CaMHX YMOB €KCIUTyaTallii, OCKUIbKM KIHEeMaTH4Ha B’S3KICTh ii 3pocTae
noHax 60 %, mo xapakTepu3ye 1HTCHCHU(IKAIIIO MPOIECiB OKUCHEHHS BYTJICBOIHIB Ta
CMOJIOYyTBOPEHHS, a 3arajbHE JyXHE YHUCI0 3MeHmyeTbeda Ha S50 % 3aBasgku
CIIPALFOBAHHIO JIYKHUX MPUCAIOK, 1110 MPU3BEJIE 10 3pOCTaHHS 3HOCY JIeTaleil IBUTYHA;

- TMIOJJaHO 3asBKy HA KOPUCHY Mojnenb «lIpucTpiii 1 ApeHa)KyBaHHS MAJMBHUX
0aKxiB MOBITPSIHUX CYJIEH», peecTpalliitnuii Homep U202304109.

- po3poOieHo mnpakTthuyHi pexomeHpamii 10 Ximmoronoriunomy meHtpy MO
VYkpainu 11010 MOXIMBO1 3amMiHu oauBr MK-811, Ha BUNIaJI0K 3aKiHUEHHS ii 3amacy, 1o
3aCTOCOBYETHCS JUIsl TOTpeO BINCHKOBOI aBiallli, Ha aJlbTEPHATUBHI CUHTETUYHI OJMBU
Mobil Jet Oil 254, Mobil Jet Oil Il, sxi 3a $hizuKo-XIMIYHUMH Ta €KCILTyaTalliiHAMU
MOKa3HUKaMHU SKOCTI TEpPEBHILYIOTh OCTaHHIO, IICIS IPOBEACHHS BUIPOOYBaHb,
nependadeHux I[HCTPYKINI 3 KOHTPOJIO SKOCTI MajdbHO-MAaCTHJIBHUX MaTepiajiB Ta
creniajJbHUX PIIUH y Jep KaBHIN aBiailii YKpaiHu.

Pesynbratn  nmucepramiiinoi  poOoTM  anmpoOOBaHO 1 BUKOPUCTAHO Yy
HamionansHoMy — aBialliiHOMY  yHIBEPCUTETI, IO  HIATBEPIKYEThCA  AKTOM
BIIPOBAKCHHS Y HaBUAJILHUH TIPOIIEC.

KiarwuoBi cjoBa: onuBH; 3MiHA TOKa3HUKIB  SIKOCTI;  KCIUTyaTallis;
IAPUKOIIIIIAITHUKYA;, HAHO3a0pyJAHEHHS, OYMILICHHS; OKHCHEHHS; aBlalliiHI OJIMBH;
KHCIIOTHE YHCIIO; 3HOC; pPOOOTO3MATHICTh; HAMIMHICTh; TEPTSA; KOPO3is; CyMIIT
1HT101TOPIB; MACTUIIbHI PIAMHU; HAHOMATEpiaau; ph —MeTp; 3MiHa SKOCTI; CTaO1IbHICTD;
BJIACTUBOCTI; MIKpOO10JIOT1YHE 3a0pyAHEHHS; «BUIbHA» BOJA; MaJUBO; 3HOCOCTINKICTD,
MPOTU3HOCHI BIACTUBOCTI, KOCPIIIEHT TEPTS; CTAPIHHS OJIMBH;, TEPMIUHE PO3KIIATAHHS;
CHHTETUYHA MOTOPHA OJIMBA; BOJIa; PEAKTUBHE MAIMBO; OCH3WH; OYMILECHHS, KOHTPOJIb

SKOCTI; BU3HAUEHHS SKOCTI; (IUIbTpallis; OKCHJ; BYIJICIIEBI MaTepiaju; TpaBiMeTpis,;



cipka; Ccynab(OKCHA;, MaTUBHO-MACTUJIbHI MaTepiajau; BUIAPOBYBaHHS; BTpPaTH Bij
BUNapoByBaHHs;, onuBa Mobil Jet Oil 254; omuBa MK-8m; mMoOKa3HHUKH SKOCTI;
KiHEMaTUYHa B'A3KICTh; 3arajbHe JIy>kKHe uncio; rexikontep Airbus H-145; ¢ynepenosi
NPUCAIKK; YOTUPHOXKYJIBKOBA MAaIllMHA TEPTS; AlaMeTp IUIAMH 3HOCY; KPUTHYHE

HaBaHTA>XCHHA.



ABSTRACT

Kalmykova N.G. Dynamics of oil quality indicators during the operation of
Airbus Helicopters H-145 helicopters. — Qualifying scientific work on manuscript
rights.

Dissertation for obtaining the degree of Doctor of Philosophy in the field of
knowledge 16 «Chemical engineering and bioengineering» in the specialty 161
«Chemical technologies and engineering». — National Aviation University, 2023.

The dissertation is devoted to determining the dynamics of changes in the main
physico-chemical quality indicators of Mobil Jet Oil 254 synthetic oil in the process of
real operating conditions of the Airbus Helicopters H-145 helicopter with MBB-BK117
engines and MK-8p mineral oil, which is used in the lubrication systems of military
helicopters Mi-6 (D-25B engine, turbocharger part) under bench test conditions with
different working hours (0, 50, 100, 150, 200, 250, 300 flight hours) to evaluate their
quality and predict performance.

In the first chapter, an analysis of the operating conditions of synthetic and
mineral oils in helicopter and aircraft engines is carried out, the influence of external
and internal factors on changes in the quality indicators of lubricating materials is
shown.

Based on the critical analysis of the working conditions of oils in engines, the
main trends of scientific research, as well as a number of unsolved problems and
directions that require the development of new solutions in the possibilities of using
these lubricating materials in engines, are highlighted.

On the basis of the conducted analysis, the main task of the dissertation work was
formed, as well as a number of scientific and technical tasks that must be completed in
order to realize the goal of the work, research methods and an algorithm for the tasks to
be solved in the work were formulated.

In the second chapter, the technological processes of the production of synthetic
Mobil Jet Oil 254 and mineral MK-8p oils were studied, technological schemes,

hydrocarbon composition and its influence on the physico-chemical and operational



properties of oils were studied. The main quality indicators of Mobil Jet Oil 254
according to the MIL-PRF-23699-HTS standard and MK-8p according to the GOST
6457 standard are presented. The package of oil additives is studied and their influence
on the main operational properties is shown.

In the third chapter, methods of determining the main quality indicators of
synthetic and mineral oil are studied, as well as diagrams of devices and standardized
equipment used in laboratory tests of synthetic Mobil Jet Oil 254 and mineral MK-8p
oil are given. All methods of testing the quality indicators of Mobil Jet Oil 254 oil are
brought to the international standards of 1SO, ASTM, specified in the quality passport
for this oil, and for MK-8p oil - GOST (DSTU) for test methods that are fully correlated
with each other.

In the fourth chapter, the material related to research on the dynamics of changes
in the main quality indicators of synthetic oil Mobil Jet Oil 254 in the process of real
conditions of operation of the helicopter «Airbus Helicopters H-145» and bench tests
under the same conditions of operation of MK-8p oil is presented. The main indicators
of the quality of the oils that were to be studied with 0, 50, 100, 150, 200, 250, 300
hours of operation in the engine: density; kinematic viscosity (at temperatures of 40 °C,
100 °C and -40 °C); total alkalinity; flash point; color; solidification (crystallization)
temperature; the content of mechanical impurities and water; evaporation; tribological
characteristics.

Conducting a literary analysis of foreign publications, the positive influence of
fullerene additives in the process of tribological tests was revealed. Researchers have
shown a 10-fold reduction in the coefficient of friction in plain bearings when using
fullerenes in lubricants. Therefore, we conducted tribological tests of Mobil Jet Oil 254
and MK-8p oils with fullerene additives on a four-ball friction machine and established
the impracticality of using fullerenes in lubricating materials for rolling bearings due to
a slight positive increase in tribological characteristics.

In the fifth chapter, a comparative analysis and study of the evaporation of fuel
and lubricant materials is carried out, as this affects their loss, including oil, from

evaporation, which in turn affects flight safety. The methodology and equipment for
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conducting such tests have been developed, since the standards for fuel and lubricants
do not provide for this.

The sixth chapter contains recommendations on the application and
implementation of the results of the research conducted in the dissertation and their
subsequent approvals.

Scientific novelty of the obtained results:

On the basis of theoretical and practical research carried out in the dissertation:

- For the first time, a comparative analysis of changes in the main physico-
chemical and operational quality indicators of Mobil Jet Oil 254 synthetic oil in the
process of real operating conditions of the Airbus Helicopters H-145 helicopter with
MBB-BK117 engines and MK-8p mineral oil, which is used in the lubrication systems
of Mi-6 helicopters (D-25B engine, turbocharger part) under bench test conditions with
different operating hours (0, 50, 100, 150, 200, 250, 300 flight hours), which allows to
evaluate the quality of lubricating materials and predict terms their replacements.

- It has been established and experimentally proven that the performance and
environmental friendliness of Mobil Jet Oil 254 oil is significantly better than MK-8p,
which is used to lubricate turbine bearings and makes it impossible to use it for Airbus
Helicopters H-145 helicopters and others that have a single lubrication system for the
engine and gearbox. The use of Mobil Jet Oil 254 can be an alternative in lubrication
systems instead of MK-8p, which will contribute to the rational use of motor oils.

- For the first time, tribological tests of Mobil Jet Oil 254 oil with fullerene-
containing additives were carried out and the impracticability of their use in rolling
bearings of a helicopter turbine as anti-wear additives was proven under the conditions
of the conducted studies.

- The theoretical propositions of chemtology, which collectively solve an
important scientific task of theoretical and scientific-practical substantiation of the
dynamics of changes in the main indicators of oil quality in the process of real
conditions of operation of helicopters «Airbus Helicopters H-145», have gained further
development with experimental confirmation.

Received further development:
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- theoretical provisions of chemtology, which collectively solve an important
scientific task of theoretical and scientific-practical substantiation of the dynamics of
changes in the main indicators of oil quality in the process of real conditions of
operation of helicopters «Airbus Helicopters H-145».

Practical significance of the obtained results:

The results obtained in the dissertation are the basis for the effective use of
lubricating materials in the process of operation in aircraft engines and forecasting the
terms of their replacement based on the dynamics of changes in oil quality indicators.

The following results are considered practically significant:

- practical recommendations were developed for oil replacement depending on
working hours, analysis of changes in physico-chemical parameters during operation
and factors that most affect the rate of change of oil quality indicators during its
operation in the lubrication system and further performance assessment;

- it is proposed to replace MK-8p mineral oil after 150 hours, under the same
operating conditions, since its kinematic viscosity increases by more than 60 %, which
characterizes the intensification of the processes of hydrocarbon oxidation and tar
formation, and the total alkaline number decreases by 50 % due to the activation
alkaline additives, which will lead to increased wear of engine parts;

- an application was submitted for the utility model «Device for draining aircraft
fuel tanks», registration number u202304109.

- practical recommendations were developed for the 10 Chemical Center of the
Ministry of Defense of Ukraine regarding the possible replacement of the MK-8p oil, in
case of the end of its supply, which is used for the needs of military aviation, with
alternative synthetic oils Mobil Jet Oil 254, Mobil Jet Oil I, which according to
physico-chemical and operational quality indicators exceed the last one, after
conducting the tests provided for in the Instructions for Quality Control of Fuel and
Lubricant Materials and Special Fluids in the State Aviation of Ukraine.

The results of the dissertation work have been tested and used at the National
Aviation University, which is confirmed by the Act of introduction into the educational

process.
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BCTYII

AKTyaJIbHICTH P000OTH. YKpaiHa, 3AIMCHIOIOYM IHTErpalilo y CBITOBE Ta
€BPONEIIChKE CHIBTOBAapUCTBO, BHKOHYIOUM CBOi 3000B'SI3aHHS Tepel CBOIMHU
CTpaTeriuHuMu mapTHepamu, npuadana 10 remikonrepiB gipmu «Airbus Helicoptersy»
111 moTpe® MiHicTepcTBa BHYTPIIIHIX CIpaB 3 METOI0 ONEPaTUBHOIO pearyBaHHsS Ha
HECTaHJIAPTHI CUTYallii Ta BUKOPUCTAHHSA iX Y IUISIX €KCTPEHOT MEIUYHOI JOTIOMOTH.

Jlns cuctemu 3MaiyBaHHs ABUTYHIB «Airbus Helicopters» 3acTocoByIOThH OJIUBY
Mobil Jet Oil 254, o mpaittoe 3a Temmneparypu ao 115 °C, y mporieci excrityaraiiii sSKoi
B110YBaIOTHCSI 3HAYHI 3MIHM (D13UKO-XIMIYHHMX IMOKA3HMKIB SIKOCT1, XIMIYHOTO CKJIaJy,
EKCIUTyaTalllfHUX Ta eKOJIOTIYHUX BJIACTUBOCTEW, SIKI HEraTMBHO BIUIMBAIOTh Ha
0€3MeKy MOJIbOTIB.

OmauM 13 BaXKIMBUX  HampsIMKIB  3a0e3leueHHsS  HaAidHOCTI  poOOTH
ra3oTypOIHHUX JBUTYHIB € KOHTPOJb TMpale3gaTHOCTI 3MalllyBajJbHUX OJIUB Ta
BU3HAYCHHS 3MIHM TOKa3HMKIB $KOCTI B IMIpOIECI €KCIUlyaTalli, 110 BIUIMBAaE Ha
NEepIOIMYHICTD Ta TEPMIH IX 3aMiHHU.

CyyacHi JBUTYHH JJIS TEIKONTEPIB XapaKTePU3YIOThCS BETUKUMH IIBUIAKOCTIMHU
o0epTaHHs poTopa TYpOIHM, BUCOKMMH TeMIlepaTypaMu Tra3iB, 0ararocTyleHEBUM
MIJBUIIEHHSM THUCKY TOBITPS 1 TeMmIeparypu B Kommpecopi. PesymbTaTom mporo €
3HAYHI TEIUIOBI HABAHTAXXEHHS HA BY3JM TEPTS Ta OJUBHU, SKI BUKOHYIOTh (PYHKIIi HE
JUIIEe 3MalllyBaJbHUX MaTepialliB JJis 3MCEHIIEHHS TEpTs Ta 3HOCY Jeraieil, a u
OXOJIOJIPKEHHS By3J1a TEPTH.

ITlin yac ekcruryaTalii 3mallyBajibHI MaTepiald B3a€MOJIIOTh 3 MeXaHi3MaMu
oOnajHaHHS aBlalliifHOI TEXHIKU 1, SK HACTIJOK Takoi B3a€MOJIii, BOHM HAKOTMHYYIOTh
iH(doOpMaIlilo 1MOA0 HOPMAJIbHOI 4YM aHOMAJIbHOI pOoOOTHM OO0JIalHaHHA, a came, IMpo
TEPMOJIMHAMIYHI, XIMI4HI Ta (PPUKITIHHI MPOIIECH, IO MPOTIKAIOTH Y By3/1aX 1 CUCTEMax
3MaIICHHS.

VY mpotieci po60TH B MAMIKUIHUKAX POTOPA OJIUBHU 3MIHIOIOTH CBOI (P13MKO-XIMIYHI
MOKA3HUKM TI1]] BIUTMBOM 30BHIIIHIX ()aKTOPIB — TEMIIEPATYPH, THCKY, KUCHIO TTOBITPS,
aKTUBHOI J1i MeTasiB. Lle KoMIuIeKCHUIN CKIIaHUN TpoLeC, 0 BKIOYAE Y c001 3MIHY

XIMIYHHX 1 PI3UYHUX TTapaMeTPiB OJMBH Mij Yac eKCILTyaTallii.
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BrockonaneHHst TexHIKH, OUIbII TeIJIOHABaHTa)keHa po0OOTa ABUTYHIB, BY3MIB 1
arperariB CUCTEMH 3MalllyBaHHs, IIPU3Beia 10 HEOOX1THOCTI MEPIOIMYHOIO KOHTPOJIIO
3MIHM TIOKa3HHKIB SIKOCTI OJMB Ta OLUIBII JeTalbHOMY aHalizy ix poOoTH B
3MalllyBaJIbHUX CHCTEMax JUIsl 3a0e3meueHHs HaAIMHOCTI 1 TOBrOBIYHOCTI iX poOOTH Ta
0€3MeYHOCTI MOIbOTIB.

Amnani3 ¢i3UKO-XIMIYHUX MapaMeTpiB MiJ Yac eKCIuTyaTallii aBialiifHOi TEXHIKH
JOTIOMAarae 371MCHUTH PaHHE BUSBIECHHS MOXIIMBHUX IMOJIOMOK a00 HECHpaBHOCTEW Ta
YHUKHYTH KOIITOBHOTO PEMOHTY a00 MOJAJIBIIOTO MOIIKOKEHHS IETaICH.

BiacyTHICTE KOHTpOJIIO SIKOCTI OJMB TIJi 4Yac EKCIUTyaTallli Ta BHU3HAYEHHS
I'PaHUYHOTO CTaHy iX MOKA3HMKIB, HE TapaHTYIOTh OOTPYHTOBAHOCTI TEPMIHIB iX 3aMiHU
BIJIMOBIHO /10 PeaJibHUX YMOB pOOOTH.

ToMmy akTyalbHUMH € TIPOBEICHHS JOCIHIKEHHS 3MIHU (HI3UKO-XIMIYHUX
MOKa3HUKIB SKOCTI OJHMB Yy JAWHAMII T 4Yac eKCIUTyaTaiii aBialiiHOl TEeXHIKH.
JloTpuMaHHS 11i€] HOPMHU CIIPUATUME MiABUIIEHHIO €EKTUBHOCTI BUKOPHUCTAHHS OJIUB
Ta 3HWKCHHIO BHUTpAT, L0 MIATBEPIKYE EKOJOTIYHY Ta EKOHOMIYHY JOIIBHICThH
MPOBEICHHS POOIT Y ILOMY HAINPSMKY.

Oxkpim TOro, onuBa MK-81 BUKOPUCTOBYETHCS ISl aBIATEXHIKH, SIKa MEpenlia B
cnaJiok YKpaiHi BiJl KOJHUIIHBOI JIEp>KaBU Ta BUPOOJSEThCA B KpaiHi-arpecopa. Bona
BUKOpUCTOBYEThCs y nBuryHax J[-30KII mns BitickkoBo-TpaHcmoptHoi aBiarii (IJ1-76),
neuryHax Py -19/1-300 (Au-24, Au-26, An-30) Ta BXOAWTH 10 CKJIaAy MaciocyMilien
CM-4,5 nnst neuryna AW-24 mux ke moBIiTpsiHUX cyneH Ta Asuryna AN-20M (An-12),
a TaKOX BIMCHKOBHX TelnikonTepax Mi-6 (aBuryn JI-25B, TypOokommpecopHa 4acTruHA).
[3-3a BIZICYTHOCTI TIOCTaBOK IIi€i OJHMBU aKTyaJbHUM CTa€ TUTAHHS TMPOBEIACHHS
JOCITKEHB 11010 MOMJIMBOCTI ii 3aMIHU aJIbTEPHATUBHOIO OJIUBOIO.

3B'A130Kk Po0OTH 3 HAYKOBMMHM NPOrPaMaMu, IVIAHAMHU, TEMaMU.

JHucepraiiiitHe JOCTIPKEHHS BHUKOHYBAJIOCS B paMKaxX HayKOBO—IOCIITHOL
pobotu (aeprxaBuuii peectpaniianii Homep 0122U000513) «3miHa MOKa3HUKIB SIKOCTI
OJMB Yy Tporeci ekcruryarariii remikonrtepiB «Airbus Helicopters H - 145» Ta
kadenpanbHid HaykoBo-mochigHid podori Ne 89/30 «YIOCKOHAJIEHHS METOIUKH

po3paxyHKy BTparT O€H3MHIB BHACHIAOK BHIIAPOBYBAaHHA 13 TOPU30HTAIBHHUX
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pesepByapiB». [lepkaBHuil peectpariiinuii Homep: 0119U103152.

Ponb aBTOpa B 3a3HaY€HMX HAYKOBO-IOCTIIHUX pOOOTAaX, Y SIKMX AUCEPTAHT OYB
Oe3nocepeHIM BUKOHABIIEM, TMOJSTa€ B aHami3l Cyd4acHUX myOmikamid 3a JaHOIo
TEMaTHKOIO, IJIAHYBaHHI Ta BUKOHAHHI €KCIEPHUMEHTAIbHOI AiSNIBHOCTI, 0OTOBOPEHHI
pe3yabTaTiB Ta KOPEryBaHHI METOAMK €KCIIEPUMEHTAIIBHUX JOCIIHKEHb.

Mera i 3aBaanHs aocJigxeHHs. Metoro nucepTaiiitHoi poOOTH € AOCTIIKEHHS
JWHAMIKM 3MIHM OCHOBHUX (D13MKO-XIMIYHUX Ta €KCIUTyaTalliiHUX IMOKA3HUKIB SIKOCTI
cuaretnanoi  Mobil Jet Oil 254 1 winepansroi MK-8m omuB y mpomeci ix
HaIlpallOBaHHS B pPEAJbHUX yMOBaxX Yy Ta30TYypOIHHUX JBUTYHax TeIIKONTEPIB 3
HACTYITHUM TMOPIBHSJIBHUM aHAJTI30M Ta HAJIaHHSIM OOTPYHTOBAaHMX pPEKOMEHAAIlii
110710 OAAIBIIOIO IX BUKOPUCTAHHS.

JJist TOCSATHEHHS MOCTaBIICEHOT METU BUPIIIYBAIUCS TaKl 3a80AHHS "

- IPOBECTH aHaIi3 YMOB pOOOTH CHHTETHYHUX Ta MIHEPAJIbHUX OJMB y JBUTYHAX
TeJIKONTEPIB TA MOBITPSHUX CYJIEH;

- TOCJIIIMTH TEXHOJIOT1YHI mporieck BupoOHuirTBa cuateTraHoi Mobil Jet Oil 254
Ta MiHepaibHOT MK-811 0/11B Ta iX BIUIMB Ha MOKA3HUKH SIKOCTI;

- NOpoaHalli3yBaTM METOAUKA BU3HAYEHHS OCHOBHUX TIOKAa3HUKIB SIKOCTI
CUHTETHUYHOI Ta MIHEPAIHHOI OJIHB;

- TPOBECTU JOCHIUKEHHS JUHAMIKM 3MIHM OCHOBHUX ITOKa3HHMKIB SKOCTI
cunrtetruHoi onmBu Mobil Jet Oil 254 y mporeci pealbHUX yMOB eKCIUTyaTarlii
renikontepa «Airbus Helicopters H-145» ta cTtenaoBux BUIPOOYyBaHHSAX 3a LUX XKe
yMoB ekcrutyataiiii onuBu MK-8m. OCHOBHI MOKAa3HUKHU SIKOCTI OJIUB, IO MIJJISATAIOTh
JOCIIJKEHHIO 3 HampaitoBanHsM y asuryHi 0, 50, 100, 150, 200, 250, 300 rogus:
rycTuHa; KiHemaTtuuHa B’s3KicTh( 3a Temmeparyp 40 °C, 100 °C ta -40 °C); 3arayibHe
Jy>KHE YHCII0; TeMIIepaTypa crajiaxy; Kojip; TeMIepaTypa 3acTUraHHs (Kpucramizaiiii);
BMICT MEXAHIYHUX JTOMIIIIOK Ta BOJIH,

- mpoBecTu Tpubosoriuni BunpoOyBanHs onuB Mobil Jet Oil 254 ta MK-8n 3
BYTJICIICBUMH MaTepiajlaMi Ha YOTHPHOXKYJBKOBIM MAaIIMHI TEPTs Ta BCTAHOBUTHU
JOLIbHICTh BUKOPUCTaHHS (yJIEpEHIB y 3MalllyBaJbHUX MaTepialax;

- MpOoaHaJi3yBaTH BUMAPOBYBAHICTh MAJTMBHO-MAaCTUJIBHUX MaTepiaiiB;
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- HABECTH PEKOMEHallli I0J0 3aCTOCYBaHHS Ta BIPOBAKEHHS PE3yJbTaTiB
JOCITIKeHb TIPOBEACHUX Y IUCEPTaIiitHIA poOOTI Ta MOJATBIINX 1X anmpoOarii.

OOG’eKT AOCHIIKEHHSI — TPOIEC 3MIHM TOKA3HHKIB SIKOCTI CHHTETUYHOI Ta
MIHEpAJbHOI OJIMB y TYpOOpPEakTUBHUX JABUTYHAX TENIKONTEpIB y TMporeci ix
eKCIUTyaTallii.

Ipeamer nocainxennss — cuarernara Mobil Jet-Oil 254 Ta minepamsna MK-8m
OJIMBHU Ta iX eKCIUTyaTaIlliHi Ta (P13UKO-XIMIYHI TOKA3HUKHU SKOCTI.

Metoau pociigxenns. [yis 10CTIKEHHS AUHAMIKY 3MIHU (13UKO-XIMIYHUX Ta
eKCIUTyaTaniiHuX BiactuBocted cuaTeTnyHoi oimBu Mobil Jet Oil 254 3acrocoByBanu
CTaHJapTHI METOJIU BUIIPOOOBYBAaHHS BIJIMOBIHO 0 MiXKHapoaHOTro ctanaapty MIL-
PRF-23699-HTS, a mns minepansHoi omuBrn MK-8m BiamoBimao g0 'OCT 6457; npoTHI
nocimkerns s onusu Mobil Jet Oil 254; crennori BunpoOyBaHHs it oniuBu MK-
8m; creHoBl TpubOooriyHi BumpoOyBanHs oysmB Mobil Jet Oil 254 ta MK-8m 3
bynepeHOBUMHU TIPHUCaTKaMU HA YOTUPbOXKYJIBKOBIN MAIIMHI TEPTS.

HaykoBa HOBH3HA oJiep:KaHUX Pe3yJIbTATIB:

Ha migcraBi TeopeTMYHUX 1 TPAKTUYHUX JOCHIIKEHb, BUKOHAHUX Y
JUCepTaLiitHIi poOOTI:

1. Bmepme Oyno AOCTIIPKEHO Ta TMPOBEACHO TMOPIBHAJIBHUN aHalll3 3MiHH
OCHOBHMX (I3UKO-XIMIYHMX Ta EKCIUIyaTalliHUX TIMOKA3HUKIB SIKOCTI CHHTETHYHOI
omueu Mobil Jet Oil 254 y niporieci peanbHuX YMOB eKcIuTyaTaitii remikontepa «Airbus
Helicopters H-145» 3 msurynamu MBB-BK117 Ta minepanbnoi omuBu MK-8m, sika
BUKOPUCTOBYETBHCSI Yy CHUCTEMax 3MallyBaHHs rejikontepiB Mi-6 (aBuryn JI-25B,
TypOOKOMITpECOpHAa YacTWHA) 3a CTEHJOBHUX YMOB BHUIPOOYBaHHS 3 PI3HUM
HampaioBadasm (0, 50, 100, 150, 200, 250, 300 romuH HaJIBOTY), LIO JIO3BOJISE
OIIIHUTH SIKICTh 3MaIllyBaJbHUN MaTepialiB Ta CIIPOTHO3YBAaTH TEPMIHHM iX 3aMiHH.

2. BcTaHOBIEHO Ta EKCHEPUMEHTAIBHO JOBEIEHO, IO Mpale3laTHICTh Ta
exostoriunicts oiuBu Mobil Jet Oil 254 cyrreBo kpama 3a MK-811, sika 3aCTOCOBY€EThCS
JUTSl 3MAllyBaHHS MAMIAIHUKIB TYpOIHU Ta YHEMOKJIUBIIOETHCS 11 BUKOPUCTAHHS IS
renikonrrepie  Airbus Helicopters H-145 Ta iHmMX, 10 MamTh €IUHY CHCTEMY

3MalllyBaHHs JJIs1 IBUTyHA 1 peaykropa. 3acrocyBanns Mobil Jet Oil 254 moxe Oytu
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albTEPHATUBOIO B cUCTeMax 3MmairyBaHHs 3amictb MK-8m, mo chopusitume
palioHaTbHOMY BUKOPUCTAHHIO MOTOPHUX OJIUB.

3. [IpoananizoBaHO yMOBH POOOTH OJIMB y ra30TYpPOIHHUX JABUTYHAX TEIIKONTEPIB
Ta BHEpIIE MOKa3aHO, MO MICIS 3yNUHKHA JBUTYHA 32 PAaxXyHOK BIJICYTHOCTI BIBOMIY
TeIia Bij JeTanel, BiI0yBaeThCs pi3Ke 3pOCTAHHS TEMIIEpATypH OJMBHU Y By3JaX TEPTS
1o 180-200 °C, mo npu3BOAUTH A0 IHTEHCHU(}IKaLli OKHUCHUX MPOIECIB, 3MIHU (Pi3UKO-
XIMIYHUX Ta €KCIUTyaTalliiHUX TTOKa3HUKIB AKOCTI Ta BILUIMBAE HA TEPMIHU il 3aMIHH.

4. Bnepie npoBeaeHo TpuOonoriuHi BunpoOyBanHs onuBu Mobil Jet Oil 254 3
GbynepeHOBMICHUMHU TMPUCAJKaMH Ta JIOBEJICHO HEAOLUIBHICTh iX BHUKOPUCTAHHS Y
HIJMIAITHUKAX KOYEHHS TypOIHU TeJiKonTepa sK MPOTU3HOCHUX IMPHUCAZOK 32 yYMOB
MPOBEACHUX J0CIIIIKEHbD.

5. HalOynu nonanbIIoro po3BUTKY EKCHEPUMEHTAJIbHUMU MIATBEPKEHHIMU
TEOPETUYHI MOJOKEHHSI XIMMOTOJIOT1i, sIKI B CYKYITHOCTI BUPIIIYIOTh BaXJIMBY HAYKOBE
3aBJaHHS 3 TEOPETHUYHOI'O Ta HAYKOBO-NPAKTUYHOTO OOIPYHTYBaHHS AWMHAMIKH 3MIHU
OCHOBHUX IIOKa3HMKIB SKOCTI OJMB Yy IIpOLECI peallbHUX YMOB €KCIUlyaTallii
renikonrepiB «Airbus Helicopters H-145».

IIpakTHyHe 3HAYEHHS] OTPUMAHUX pe3yiabrTartiB. OJepKaHi B AUCEpTaLIiHINI
poOOTI pe3yibTaTH € MIATPYHTSIM JUIsi €(EKTUBHOTO BUKOPHCTAHHS 3MallyBaJIbHUX
MaTepiaiiB y Mpoueci eKCcIulyaTalii B ABUTYHAX MOBITPSIHUX CYJEH Ta MPOTrHO3yBaHHS
TEPMIiHIB 1X 3aMiHM 32 JUHAMIKOIO 3MIHU MTOKAa3HUKIB SIKOCTI OJIUB.

lIpakmuuno eazomumu 86axcaromMvCs Maxi pe3yabmamu:

- pO3po0JICHO TMpaKTUYHI PEKOMEHJallll MO0 3aMiHU OJIUBU 3aJIeKHO BIJl
HaIpaIfOBaHHs, aHaJi3y 3MiHH (PI3UKO-XIMIYHUX TMOKAa3HUKIB Yy TPOIEC] eKCIUTyaTarlii
Ta (haKTOPiB, 1110 HAHOUIBII BIUIMBAIOTH HA MIBHUAKICTh 3MIHU MOKA3HUKIB SKOCT1 OJIUBU
i yac il poOOTH y CUCTEeMI 3MalllyBaHHS Ta MOAAJIBIIOL OI[IHKY Mpale31aTHOCTI;

- 3aMpPONMOHOBAHO MPOBOIUTH 3aMiHy MiHepanbHOI onBr MK-8m micnsa 150 rog,
32 TUX € CaMHMX YMOB €KCIUTyaTallii, OCKUIbKM KiHEMaTH4Ha B’SA3KICTb ii 3pocTae
noHaa 60 %, mo xapakTepu3ye iHTEHCU(IKAIIIO MPOIECiB OKUCHEHHS BYTJICBOJHIB Ta
CMOJIOYTBOPEHHS, a 3arajbHe JIy)KHE dYHCIO 3MeHIyeTbcsi Ha 50 % 3aBasku

CIIpallfOBAHHIO JIYKHUX IIPHUCAAO0K, ITO IIPU3BCAC 1O 3PpOCTAHHS 3HOCY I[CTaJ'ICI\/i JABUT'YHA,



27

- MOJIaHO 3asBKy Ha KOPUCHY Mojenb «lIpuctpiii misi ApeHaKyBaHHS MaTWBHUX
0akiB OBITPSHUX CyAeH», peecTpamiitauii Homep U202304109.

- po3pobneHo mpakTHuHi pekomeHpamii 10 XimmortomoriyuHomy meHtpy MO
Ykpainu moao MoxiuBoi 3amiau o MK-8m, Ha BUmamok 3akiHueHHs ii 3amacy, 1o
3aCTOCOBYEThCS Il MOTpeO BIMCHKOBOI aBiallii, Ha aJlbTEPHATUBHI CUHTETHYHI OJMBU
Mobil Jet Oil 254, Mobil Jet Oil |1, sxi 3a }i3uko-XiMiYHUMHU Ta EKCILTyaTaliiHAMU
MOKa3HUKaMU SKOCTI TMEpPEBUINYIOTh OCTaHHIO, IICIs IPOBEACHHS BUIPOOYBaHb,
nependoadeHux [HCTPYKIIi 3 KOHTPOJIO SIKOCTI MajdbHO-MAaCTWJIBHUX MaTepiajiB Ta
CHeiajJbHUX PIIUH y Jep>KaBHIN aBiailii YKpaiHu.

Pesynbraty  nmucepramiiinoi  poOOTH  anmpoOOBaHO 1  BUKOPUCTAHO Yy
HamionansbHOMy — aBiallifHOMY  yHIBEPCUTETI, [0 MIATTBEPIKYETbCS  AKTOM
BIIPOBA/PKCHHS Y HaBYAJILHUH TIPOIIEC.

Ocoluctuii BHecok 3100yBauya. ABTOp JucepTaliiiHOI poOOOTH CaMOCTIHHO
BUKOHAJIa E€KCIEPUMEHTANIbHI JOCIIDKEHHSI Ta NpHiiMana Oe3locepeiHI0 y4dacTb B
MOCTAHOBIII 3aBJlaHb, (HOPMYJIFOBaHHI 1 OOTPYHTYBaHHI METH Ta 3aBJiaHb, OMPAIFOBAHHI
Ta Yy3arajlbHEHHI OJIEP>KAHUX pEe3yJbTaTiB, (POPMYIIOBAHHI OCHOBHHUX TEOPETUUHHUX
MOJIO’KEHb 1 BUCHOBKIB.

Anpobania  pe3yabtatiB  po6oTH. OCHOBHI  pe3yJabTaTH  JIOCIIIKEHb
nonoBiganucs Ha koHdepeHiisx: XV MixHapoJHa HayKOBO-TEXHIYHA KOH(DEpEHIIis
«ABia-2021» (KuiB, 2021); X IOBuieiiHa MIDKHApOJHA HAYKOBO-TIPAaKTUYHA
KoHpepeHIis «Ximist Ta cydacHi TexHosorii» (Juinpo, 2021); The XVIII International
Scientific and Practical Conference «Advancing in research, practice and education»
(Florence, Italy, 2022); XI MixHapoaHa HayKoBO-TexHiuHa KoH(epeniiis «[loctym y
HadTonepepoOHiil Ta HadTorazosiii nmpomucioBocti» (JIbBiB, 2022); X MixHapoaHa
HayKoBO-TexHiuHa KoHbepeHiis «Iloctyn B HadTorazomnepepoOHiii Ta HadTOXIMIUHIN
npomucioBocTi» (JIeBiB, 2020); V MixHaponHo-nipakTudHa KoHbepeHiis «HoBiTHI
nocsirHeHHst  6iorexnosorii»  (KuiB, 2021); BceykpaiHcbka HayKOBO-TIpaKTHYHA
koH(pepentis «CydacHi XiMI4HI TEXHOJIOTIi: €KOJOTIYHICTh, IHHOBAIIi1, €()EKTUBHICTH)
(Xepcon, 2021); Cumnoziym X-ro BcecBitHbOro KoHrpecy «Asiaiist B XXI cTomTTi —

besneka B aBiamii Ta kKocmiuHI TexHosorii» «Ekosoriuna Oe3meka, 1HXEHepis Ta
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texHonorii» (KuiB, 2022 p); MikKHapogHa HayKOBO-TIpAaKTUYHA KOH(MEPEHINS «
ABTomoOmIIe- U TpakTopocTpoeHue» (Mincek, 2021p); XV BceeykpaiHchka HayKOBO-
IpakTHYHA KOH(PEPEHIIiT MOJIOANX YUYEHHX 1 CTyeHTIB « Ekosoriuna 6e3mneka gepxaBuy
(Kuis, 2021); IV MixuapoaHa HaykoBO-TeXHiIuHa KoHpepeHIs «CydacHi TEXHOJIOTii
nepepoOku nanbHUX Komanuu» (Xapki, 2021p); BeeykpaiHcbka HayKOBO-IIPAKTHUHA
KOH(EpeHLlisT 3 MIDKHApPOJHOIO y4acTio «EKOIOro-ririeHiuHi acmeKkTH 370pOoB’s Ta
0io0e3neku HacenmeHHs» (KuiB, 2021p); XVII HaykoBo-TexHiuHa KoOH(pEpeHIis
CTYZCHTIB, acCIipaHTiB, JOKTOPAHTIB Ta MOJOAMX Y4ueHUX «IHHOBAIifHI TEXHOJIOTII»
(Kwuis, 2020); XIV BceykpaiHChbka HayKOBO-IIPAKTUYHA KOH(EPEHLISI MOJIOAUX YUYEHUX
1 cryaentiB «Exosnoriuna 6e3neka nepxkasu» (Kuis, 2020); III MixxnapoaHa HayKoBO-
TexHiuHa KoHpepeHilis «CydacHi TEXHOJOTI nmepepoOKu NMaibHUX KomaliuH» (Xapkis,
2020); 22 th Conference for Lithuanian Junior Researchers. Science — Future of
Lithuania. Transport Engineering and Management (Vilnius, 2019); Bceykpaincbka
HAayKOBO-NIpakTU4YHA KOH(PepeHuis «Cy4yacHl XIMIYHI TEXHOJOrIi: €KOJOTIYHICTb,
1HHOBAIlli, epekTuBHICTE» (XepcoH, 2019).

Iyoaikanii. OCHOBHI pe3yNbTaTH AUCEPTALUIMHUX JOCIIIKEHb Ta 3MICT POOOTH
BUKIIAJICHO y 23 HAyKOBHX Tpalsx: 5 craredl y ¢axoBUX BUAAHHIX YKpaiHu (3 HUX |
BUJIaHHS, 10 BKIIOYEHO O MDKHApPOJHOI HayKoMeTpuuHoi Oa3su Scopus), 18
MatepiaiiB 1 Te3 TOMOBIAEH Ha HAYKOBUX Ta HAYKOBO-TIPAKTUYHUX KOH(EPEHIIsX, Y
TOMY YUCJI1 MIKHApOJIHUX Ta BCEYKPATHCHKHUX.

Crpykrypa Ta o0car aucepranii. [ucepramis ckiamgaerbcsi 3 BCTymy, 6
pO3A1iB, BUCHOBKIB, CIIUCKY BUKOPUCTaHUX JKepen JiitepaTypu (198 HaiimenyBaHb) Ta
1 nomatky. 3aranbHuii oOcar muceptarii — 195 cropinok. JlogaTox BukimaaeHuit Ha 1

ctopinii. Jlucepraris MictuTh 13 Tabnuib, 43 pUCYHKHU.
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PO3/ILI 1
CYYACHI ITPOBJIEMH BUKOPUCTAHHS OJIUB Y CHCTEMAX
3MAII[YBAHHS T'EJIIKOIITEPIB

1.1. YMoBH po00TH 0JIMB y CHCTEMAaX 3MAIlyBAHHS ABUT'YHIB OBITPSIHUX

Cy/leH

VYkpaina, 311iCHIOIOUN IHTETPAIlil0 Y CBITOBE Ta €BPOIEHCHKE CIIBTOBAPUCTBO,
BUKOHYIOUM 3000B’s3aHHSI IEpe]l CBOIMU CTpPATEriYHUMHU MapTHepamu, npuadana 10
remikontepiB  pipmu  «Airbus Helicopters» H-145 nns mnotpe6 MinicTtepcTBa
BHYTPIIIHIX COPaB 3 METOI0 ONEPATHBHOIO pearyBaHHs HA HECTAHJApTHI CUTyalli Ta
BUKOPHUCTAHHS X JIJIsl eKCTpeHOol Meau4Hoi fonomMoru. CydacHi aBiailiifHi ra30TypOiHHI
neurynn (I'TJl) xapakrepu3yroTbCsl BEJIMKMMM IIBUIKOCTSIMH OOEpTaHHS poTOpa,
BHCOKOIO TEMIIepaTypor0 Ta3iB Ta CTyNeHeM IX CTHUCKyBaHHS B KOMIIPECOPi.
Pe3ynbpratoM 11bOro € 3HAaYHI TEIUIOBI HABAaHTA)XCHHS Ha BY3JIM TEPTSA Ta OJUBH, SKI
BUKOHYIOTh (DYHKIIT HE JIMIIE 3MallyBaJIbHUX MaTepialliB Ui 3MEHILECHHS TEpTs Ta
3HOCY JeTalieH, a i 0XOJIODKEHHS By3a Tepts [1-3].

Y poborax [2-3] mokazaHo, 110 Ta30TypOiHHI JBUTYHH MOIUISIOTHCS Ha
TypOOpEaKTUBHI Ta TYpOOrBMHTOBI. Y JBUTYHAaX MEPIIOr0 THUILY BHKOPUCTOBYIOTH
MaJIoOB'SI3K1 OJIUBH, JUIsi BUTYHIB JPYroro Tumy - Outbm B'a3ki. Llg BiAMIHHICTH
MOSICHIOETHCSI ~ KOHCTPYKTHBHHUMH ~ OCOOJUBOCTSIMH ~ TYpOOTBHHTOBOTO  JBHUTYHA.
[ToBITpsiHUI peayKTOp, SIKUM BIH OCHAUIEHUM, MEpeAae BEIMKI 3yCHIUIL B yMOBax
BHUCOKHX YacTOT OOepTaHHS, TOMY HEOOX1JTHO BUKOPUCTOBYBATH OJIMBH 31 301JIBIIICHOIO
HECYUOI0 3MIaTHICTIO. TakuM YWHOM, Y TYpOOTBHHTOBUX IBUTYHaX BUKOPHUCTOBYIOTH
aBialliifHi OJIUBH 3 OLJbII BUCOKOIO B'I3KICTIO, HIK Yy TypOOpeakTuBHUX [4].

OCHOBHMMHM BY3J1aMH 3MallyBaHHS B TypOOpPEaKTHBHUX aBIallIiHUX JBUTYHAX €
NIJIIMITHUKA KOYEHHsI, Ha BIIMIHY BiJ BY3JIIB 3MalllyBaHHS MOPUIHEBUX JBUTYHIB B
SAKUX TepeBakae TepTs KoB3aHHA. Koe]illieHT TepTs KOYeHHS 3HAXOIUTHCS B MEXKax
0.001-0.003 nmnsa xyaskoBux 1 0.003-0.005 mist poIMKOBUX MiAMIMITHUKIB, TOM SK IS

HIAIATHAKIB KOB3aHHS 1Ie# moka3HuK ctanoButh 0.01 [5-7].



30

TemnepaTtypa 30BHIIIHBOI OOOWMH MiJIIMITHUKIB KO4YeHHs csirae 125-150 °C,
SIKa CTBOPIOETHCS 32 PAXYHOK TEIUIa, IO HAIXOAUTH BiJl KpuibuaTKu TypOinu. Ilicms
3YyOUHKWA JBUTYHA, KOJM 3MEHIIYEThCS OOMYB TOBITPSM, TEIUIOBUM TOTIK, IO
HAJXOJUTh BiJl KPUIIbYATKHU, PO3IrpiBae 000KWMY MiAIIUITHUKA 1 OJIUBY, 110 HOTO 3MaIlye

1 BIIBOJUTH TEIUIO 13 30HU TepTH, 10 Temneparypu nonan 200 °C (puc.1.1).

10

Puc. 1.1. I'a30oTypOiHHMI 1BUTYH:
1 — BIyck MOBITPS; 2 — 3HMIKEHHUIM THCK KOMIIPECii; 3 — MiABUIIEHUH THCK KOMIIPECIi;
4 — ropiHHS; 5 — BUXJION; 6 — rapsuuit TpakT; 7/ — TypOiHa; 8 — kamepa 3ropaHHs;

9 — xonoauuit TpakT; 10 — moBiTpo3adipHUK

[Ilo6 yHUKHYTH MeEperpiBy BY3JIIB TEpTs, aBialliiiHa OJMBa MOCTIMHO MOBHHHA
3MallyBaTh 1 BIABOAWTH TEIUIO BiJl MiJIIUIHUKIB, PEAYKTOpa, TPAHCMICIi, IIapHIPIB
BTYJIOK I'BUHTIB.

TemneparypHi ymoBu poOOTH OJMBH B pi3HHX 30Hax 3mamnyBanHs ['T][
BIIPI3HSIOTBCA.  llepenmHiii  miAmMMMHUK  TypOOKOMIIpEcopa  HarpiBaeTbes  J0
temrepatypu 150 °C, a 3aaH1 TIMUIHUKKA TYpOIHH PO3IrPIBAIOTHCS 32 PAXYHOK OUIbII
HArpiTUX JeTajel nBuryHa no temrepatyp monan 200-250 °C, mo npu3BOIUTH 10
pO3IrpiBy OJMBMA Ha BHUXOAl 3 MIJIUIMIHHUKIB, 3aJeKHO BIJ HANPYXEHOCTI poOOTH
nBuryHa, 1o temneparyp nosaza 100 -140 °C. [ligmunHuku TypOiHU pO3IrpiBatOThCS HE
JUIIe T 4yac poOOTH NBUTyHA, a W Mij 4ac WOTro 3yNMUHKH, KOJIM T0/1a4a OJHMBU IS

OXOJIO/DKCHHS MIAMIMIHUKIB 1 T0Jada TMOBITPSA JJI  OXOJIODKEHHS TypOiHU
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NPUMUHAETHCSA, a TEIJIO BiJ TapsAyuX JAeTajedl ABUTyHA MPOTATOM JAESIKOTO 4acy
HAJXOIUTH JI0 BY3JIa TEPTs, IO IPU3BOIUTH 10 OKUCHEHHS OJIUBHU.

VY pobotax [1-4] moka3aHO TakoXX 3MiHY TEMIIEPaTypu By3ja TEPTS Ta OJIUBU
3aJIeKHO BiJl 11 MpOKayyBaHHS MO CHCTEMI 3MAlllyBaHHS Ta TEIJIOHAMPYXKEHOCTI poOOTH

nsuryHa (puc. 1.2).
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Puc.1.2. 3mina Temneparypu Ta npokayyBaHHS OJIMBU B MIAIIMHHUKAX
ra3oTypOIHHOTO aBialIiHOTO ABUTYHA: 1 — 3 OCBOBUM KOMIIPECOPOM;

2 — 3 BIJILEHTPOBUM KOMIIPECOPOM
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Sk mokaszaHo B maHiil poOOTi, Mo Tpu 30UIbIIEHHI 00€pTIB TypOOKOMITpecopa
TeMIiepaTypa MiAIIUIHUKIB 3pocTae. Y TOW caMuil 4Yac, MiJIBUIIYETHCS TeMIlepaTypa
OJIUBH, SIKA y CYYaCHUX JO3BYKOBUX Ta30TYpOIHHMUX JBHUTYHAX MOXE CSTaTH IMOHA]
100 °C, mo crnonykae iHTeHCHiKalii MPOLEeCiB OKUCHEHHS BYTJIEBOJHIB, YTBOPEHHS
CMOJIUCTUX BIIKJIA/IEHb HAa JETalsX 3MalllyBaHHS, 3MEHIICHHS BiJ] HUX TEIJIOBIABOY.
BaxxnuBy poip Biairpae KpaTHOCTI IUPKYJSMIl OJMBH Yy CHCTEMI 3MalllyBaHHS, sfKa
csarae 50-90 pa3 3a roja, a TakoX ii OXOJIOJDKEHHS B pajiaropax 10 TeMmIepaTyp
40-50 °C.

HarpiB 011BHM 10 BUCOKMX TEMIEPATYp MPU3BOJIUTH 10 3MIHU OCHOBHUX (D13UKO-
XIMIYHUX Ta EKCIUTyaTallliHUX TIOKa3HUKIB SKOCTI, IO BHM3HA4YalOTh IPHUAATHICTH
3MaIyBaJIbHUX MaTepialiB 0 BUKOPUCTAaHHA. [{[MMH OCHOBHMMH MOKAa3HUKAMH SIKOCTI
€: TYCTHHA; KIHEMaTUYHa B'sI3KICTh; TEMIIEpaTypa crajgaxy; BMICT MEXaHIYHHUX JTOMIIIOK
1 BOJIM; 3arajibHe JIY>KHE YHCIIO; KOJIp; TeMIlepaTypa 3aCTUTaHHS; BUIAPOBYBAHICTH;
TpUOOJOTiUHI XapakTepucTuku [8-14]. ¥V 1mmx poOoTax BHU3HAYAOTHCS IMOKA3HUKU
SKOCT1 TOBAPHUX OJIUB Ta MICHs iX HANpPAIIOBaHHS B JIBUTYHI, € HIXTO 13 HAYKOBIIIB HE
MPOBOAUB JOCHIKEHHS W00 JMHAMIKM 3MIHM IUX TOKA3HUKIB, IO JI03BOJISIE
MPOTHO3YBATH Ta LIJIECIPSIMOBAHO OI[IHIOBATH OOMEXEHHS 1010 BUKOPUCTAHHS OJIUB,
K1 TOCATIIN KPUTUYHOTO €KCIUTyaTaIliiHOTO PiBHSI.

Jo BuOOpy OnWBKA Uil 3MAallyBaHHS PEAYKTOPIB TPAHCMICIi TelKONTEpIB
HEOOXTHO MIAXOAUTH Ayke yBakHO. ChOrojHl € BEIUKUH iX aCOPTHUMEHT, aJie
HEOOX1IHO MPUJIUIATH YBary MOKa3HUKAM SIKOCTI, sIKI 3ajieXkaTh BiJ TEXHOJIOTTYHUX
MpoLIeCiB BUPOOHUIITBA Ta SIKOCTI CUpOBUHM. Hampukiaa, ManoB'si3ki HaQTOBI OJIMBU
MaloOTh HEJOCTaTHI 3MallyBajbHI Ta HU3bKOTEMIIEPATYPHI BIACTUBOCTI, @ BUCOKOB'SI3KI
— IPOKAYyBaHICTh 10 CUCTEMI 32 HU3BKHUX Temneparyp. OKpiM TOTO, AJis 3MalllyBaHHS
PEAYKTOPIB TpaHCMICii He Oa)XaHO 3aCTOCOBYBAaTH CYMIINll OJUB, OCKIJIBKH II€
YCKIIQIHIOE EKCIUTyaTallil0 TeIIKONTEPiB 1 MOKE HETaTUBHO BIUIMHYTH Ha O€3MeKy
MOJILOTIB.

ABiarliiiHi oMBM MOBWHHI 3a0e3MedyBaTd HAAINHICTh 3MalllyBaHHS BCiX BY3IIiB
JIBUTYHA, OXOJIOJDKCHHS JeTaJie TepTs Ta BIJIBEACHHS 13 30HU TepTs aOpa3MBHUX

YaCTHHOK 3HOCY. BOHM TOBHMHHI MaTH 3aJI0BIJIbHI B'A3KICHO-TEMIIEpATyPHI BIIaCTUBOCTI,
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BHCOKY XIMIYHY 1 TEPMOOKHCHIOBAJIbHY CTaOUIbHICTh, BUCOKI TEMIIEpaTypH craiaxy i
caMo3aiiMaHHsI, MiHIMQJIbHI BUIIAPOBYBAHHS 1 BCIIHIOBAHHS, a TaKOX OyTH 1HEPTHUMHU
710 KOpO3ii 3 KOHCTPYKTUBHUMH Matepiainamu [15-17].

3 yciX BUMOT JI0 SIKOCTI OJIUB JUIA aBlallifHUX JIBUTYHIB 1 TpaHCMICii HAWOIbII
BOXJIMBUM € BUMOTH JI0 iX BHCOKOI T€PMOCTAOUILHOCTI, 110 XapaKTepU3y€e 3JaTHICTh
OJIUBU 30epiraTé Ha HEOOX1THOMY PiBHI (PI3UKO-XIMIUHI Ta KCIUTyaTalliifHi BIACTUBOCTI
IIpU TpUBAJIiK poOOTI B IBUTYHI 0€3 YTBOPEHHSI HEMPHUIYCTUMOI KIJIBKOCTI BIJKJIaJICHbD,
NPOAYKTIB OKWCJICHHS BYTJEBOJIHIB HAa Trapsudx MOBEPXHSIX 1 BY3JIaXx 3MallyBaHHS
JIBUTYHA y miporieci ekcruyatarrii [18-20].

3a3HaunMMo, L0 paHille MOAUI OJMB 3a TUIIAMU JBUTYHIB BBa)KaBCS YMOBHHM,
iCHyBaJia IyMKa, IO y BCIX JBUTYHAX 3pY4YHIIIEe BUKOPUCTOBYBATH €IUHY MapKy OJIHBH,
II0 BOJIOAIE BHCOKMMH €KCIUTyaTallliHUMHU  BJIACTUBOCTSMHU. 3a CYYaCHUMH
YSIBJICHHSIMH, BUPIIIAIbHY pOJIb NPU BU3HAUYEHHI MOXJIMBOCTI 3aCTOCYBaHHS TI€l YU
IHIIOI OJMBU BIAITPalOTh YMOBH €KCIUIyarTaiii, 30KpeMa, TEIUIOHANPYKEHICTh 1
HaBaHTAXXCHHS Ha BY3JU TepTs [21].

VY psini IBUTYHIB TETUIOHANPYKEHICTh 3MEHIIYETHCS, 2 HABAHTAKEHHS HA BY3JU
TEPTs, HABMAKH, 3pOCTAE, Y 3B'SI3KY 3 UMM JI0 OJHUX OJIUB MPE'SIBISIFOTHCS M1ABHUILEH]
BUMOTH IIIOJI0 TEPMOOKHCHIOBAIBHOI CTAOLIBHOCTI, a M0 IHIIUX - IIMOJ0 HECyd4oi
3IaTHOCTI.

CrapiHHA OJIUB TMiJl Yac POOOTH y JBUTYHaX SBIsE€ COOOI0 OyX e CKJIaJHUN
npouec. IligBuineHa temmeparypa 1 KUCEHb MOBITPs, 3 SKUM KOHTAKTy€ OJIMBA,
BUKJIMKAIOTh OKUCHEHHS 1 OKMCHIOBAJIbHY MOJIMEPH3aLit0 11 MOJEeKyJ. Takl mpoayKTH
OKHCHEHHS BYIJICBOJIHIB, SIK CMOJH, OpTaHi4YHI KHCJIOTH, TPHUCYTHI B OJUBI B
PO3UMHEHOMY CTaHi, CHOPUSIIOTh 30UIBIIEHHIO B’S3KOCTI 1 KHCJIOTHOTO 4YHCla, a
achaabTEHOBI CIOJYKH, SIKI € OCHOBOIO ISl YTBOPEHHS JIaKiB, BIIKIAAAIOTHCA Ha
MOBEPXHIX JeTalel Ta MEePelIKoX/IaloTh BIABOAY BiA HUX Temia. [Ipogyktu rinmbokoi
OKHCHOI TOJIIMEepH3allii, 10 BIAKIAJAAIOTHCSA B 30HAX BUCOKOT TEMIIEpaTypH 1 HAAXOASTh
Ha3aJ B KapTep, MOTiPIIyI0Th HOPMATHBHI TOKa3HUKH SKOCTI OuBH [22-24].

Takum 4uMHOM, B KapTepi MPaIfOI0UuOTo JBHTYHA YTBOPIOETHCS CKJIAJHA CyMIll

OJIUBY 3 HAWPI3HOMAHITHIIIIMMH MPOAYKTAMHU 11 CTapiHHSA, Bi SKMX MOBHICTIO OYUCTUTH
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OJIMBY (UIBTpAIi€}0 HE BAAETHCS, BHACTIAOK YOTO0 B HIM HAKONMUYYETHCS KUIBKICTh
3a0pyIHIOIOYNX YACTHHOK.

HaiicyuacHimmi onuBH MaioTh 3a0e3meuyBaTH Mpare3aTHICTb MEXaHI3MIB Yy
mUpoKoMy niama3oni temmepatyp (Big - 50-70 mo + 300 °C). 3mayne 30iIbIICHHS
B’SI3KOCTI OJIMBU il Yac OXOJIO/UKCHHS 1 11 3HWDKEHHS IMiJI 9ac BUCOKHX TeMIIepaTyp,

MO’K€ OPYIIUTH HOpMalibHE (DYHKI[IOHYBAaHHS MAIIMH 1 MEXaHI3MiB.

1.2. Cucrema 3mamyBaHHs rejdikontepa «Airbus Helicopters H-145» 3
asurynamu MBB-BK117

CuioBl  yCTAHOBKM TeNIKONTEPIB MarwTh, SK MPaBUIO, [JIBI PO3JILIBHI
MAacJIOCUCTEMHU: JIJIsl TYPOOKOMIIPECOPHOT YaCTUHU 1 A peaykropa. s 3maiiyBaHHS
OIAMIKAIHUKIB KOYEHHSI TYpOOKOMIIPECOPHOI YAacCTHMHM 3aCTOCOBYIOTHCS MaJlOB'sI3Ki
OJIMBH, 10 XapaKTEPU3YIOThCS BUCOKOIO MPOKAYYBAHICTIO MO CUCTEMI 3MallyBaHHS Ta
JIETKICTIO pO30pU3ryBaHHs OJIMBU uepe3 (POPCYHKU Ha MIJMIMIIHUKA KOueHHs. OnuBH
pEeAyKTOpa, SIK IpaBWiIO, OUIbII BUCOKOB'A3KI, IO JO3BOJISIE 3a0€3MeUyBaTH YaCTKOBO
PIAMHHUI BUJA TEPTS, OCKUIBKH PEAYKTOpa MPALIOIOTh Y OUIBII )KOPCTKUX YMOBAX, HIX
MTITUITHUKA KOYeHHs TypOinu. HasgBHICTH TBOX PO3AUIHBHUX MACIOCUCTEM 3YMOBUJIO 1
JIBa PI3HUX MIIX0U A0 3a0€3NeUeHHs 3MalllyBaHHS CUJIOBUX YCTaHOBOK TI'€JIIKONTEPIB, a
came: ab0 3acTOCyBaHHS PI3HUX MapOK OJIMB I TYypOOKOMIIPECOPHOI YaCTUHU 1
peaykropa, abo, HaBMaKW, BUKOPUCTAHHSA €IUHOT MapKd OJMBU 3 OLIbII BUCOKOIO
3MaIlyBajIbHOIO 34aTHICTIO.

VY 1UpKyIAmMIRHIX CUCTEMax OJMBa 13 By3Jia TEPTs MICIS OYHUCTKH, BIIIUICHHS
BiJl HET MOBITPSI, OXOJOKEHHS TTOBEPTAETHCA B Oak a00 Ha BX1J y HarHITalOYMi HacocC
JIBUTYHA.

OcoOnuBicTIO cucTeMu 3MairyBaHHs remikontepa H-145 3 nsurynamu MBB-
BK117 € HasgBHICTh €IMHOI CHUCTEMH 3MalllyBaHHsS Jis1 JABUTYHA 1 peAyKTOpa, IIO0
notpebye 3aCTOCYBaHHs yHIBepcalibHOI oiuBH, sikoro € Mobil Jet Oil 254 [25].

[Ipu upbOMy MaroTh MICLE Tl K TEHACHIIII, O 1 A OyIb-IKUX ra3oTypOIHHUX

JBUTYHIB:  3pOCTaHHS  iX  TEIJIOHANPYXKEHOCTi,  MIJBUILEHHA  TEMIepaTypu
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KOHTAKTYIOUMX 3 OJIMBOIO JleTaleld NBUTYHA 1 ii poOouYMx Temriiepatryp, HEOOXIIHICTb
3aCTOCYBaHHS TEPMOCTAaOUIbHUX 3MallyBalbHUX MaTepianmiB. Jljig 3abe3neueHHs
HAA1IHOTO 3MalllyBaHHs IIECTEPEHb PEIyKTOPIB MOTPIOHI OJIMBHU 3 OUIBIIOI0 B'S3KICTIO
1, IK HAaCIJJOK, OUTBIIIO0 HECYYOI0 3AaTHICTIO.

Ha puc. 1.3 300pakeHo 0CHOBHI By3:11 3MalyBaHHs ABuryna MBB-BK117
remikornrepa H-145 [25].

GAS GENERATOR POWER TURBINE

M
- N/ N

Fromt Rear Front Rear
bearings bearing bearing bearing

Bearings Gears Bearings Gears
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ACCESSORY GEARBOX REDUCTION GEARBOX

Puc. 1.3. By3nu 3mantyBanns qsuryna MBB-BK117 rexikonrepa H-145

OCHOBHUMU BY3JIaMU 3MalllyBaHHS €:
* razoreHepaTop (OCHOBHUM KOMIIPECOp, BIAIIEHTPOBHUIl KOMIIpecop, TypOiHa),
nepeani mapukoBi miammumauku (front bearings), 3aaxiii ponMkoBuil miammMmHUK (rear

bearing);
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 cuoBa TypOina (Power Turbine), y sikiii 3MamiyeTbes MEpeaHiil MapuKOBUiA
nigmunauk (front bearing) 1 3aauiii mapukoBuil miamunHUK (rear bearing);

* nojaTkoBa KopoOka nepenau (Accessory Gearbox), By3iaamu 3MantyBaHHs SKOi
€ IIAPUKOBI IMIAMIUITHUKH Ta IMIECTEPHI;

* peaykrop (Reduction Gearbox), mrapukosi i ponukosi migmmnauku (Bearings)
ta mrecrepHi (Gears).

[ToTyxHICTh BiJ JBUTYHa TEIIKONTEpa MEPEHAEThCS HECYYOMY 1 XBOCTOBOMY
TBUHTaM 4Yepe3 TPAHCMICII0, MO CKIAAAEThCs 3 My (T, BaTiB, PSAYKTOPiB (TOJIOBHOTO,
IPOMDXKHOTO 1 PEAYKTOpa XBOCTOBOIO TIBUHTA). ['OJIOBHI pEIyKTOpU, PEAYKTOpHU
HECYy4MX TBUHTIB MalOTh BEJIMKI MEPEIaTOUHI CIIBBITHOIICHHS , OCKIIBKH MOHUXKYIOTh
HIBUIKICTh 00€pTaHHA POTOpa JBUTyHA /10 HEOOX1IHOI IIBUAKOCTI OOEpPTaHHS T'BUHTIB.
Tomy, nans 3a0e3meueHHsT HaJIMHOTO 3MAallyBaHHS ILIECTEPEHb PEAYKTOPIB TypOO-
TBUHTOBUX JBUTYHIB MOTPiOHI OJIMBU 3 OUIBIIOI0 HECYYOIO 3JATHICTIO 1, SIK HACITIJOK,
10 MaIOTh OUIBITY B'SI3KICTb.

[Ipotupiuus y BUMOrax A0 SIKOCTI MiHEpaJIbHUX OJIMB, 1[0 IOBUHHI MOE€JHYBAaTH
BHUCOKY 3MalllyBajbHy 3/IaTHICTb 13 3aJ0BUIBHUMH B’A3KICTHO-TEMIIEpATypHUMU
XapaKTepUCTUKaMU JUIsl 3a0e3NeyeHHs HaJIHOro 3amycKy JABHTyHa 3a HHU3BKHUX
TeMIIepaTyp, MPU3BEIH 0 HEOOXITHOCTI BUKOPUCTAHHSA JJIS 3MAIlyBaHHS PEIYKTOPIB
IBUHTA TEJIKONTEpPIB Ta TypOOrBUHTOBHX JBUTYHIB CyMillll 3 MaJIOB I3KUX
MIHEpaJbHUX Ta BHUCOKOB’SI3KMX OJIUB. [IpnyoMy CHiBBIIHOIIEHHS BKa3aHUX OJHB Yy
CyMilllax € PpI3HUM [ PI3HUX TUMNIB JABUTYHIB. Hanpuknan, anda 1boro
BUKOPHUCTOBYIOTh TOJBIMHY CHCTEMY 3MallyBaHHS sl TemikonTepiB. s cucremu
3MalllyBaHHS TypOOKOMIIPECOpPHOiI  YacTMHU  BIACBKOBUX  remikonTepiB  Mi-6
BUKOPUCTOBYETHCS MAaJIOB'sA3ka MiHepasibHa onmBa MK-8m, a anga 3mairyBaHHA
penykTopiB — cywimii manoB'sizkoi onuBu MK-8m Ta Bucokos'sizkoi MC-20 ( cymimii
oiuB 75 % 06. MC-20 ta 25 % 06. MK-8m) [26].

3acTocyBaHHS AaBTOHOMHOI CHCTEMM 3MAalllyBaHHS MPOMIXKHUX 1 XBOCTOBHX
pPEeNyKTOpIB J03BOJISIE 3ajMBaTH Macio Oe3nocepeHbo B KapTep peaykropa. [lapu
TEPTS PEAYKTOPIB 3MAalyIOThCA MiJ THUCKOM HAcOCIB NPUMYCOBO Ta OapOoTaxem

(po3opusryBanHsM). [IpumycoBa moaua OJWBH 3MIMCHIOETHCS HACOCOM, SIKHI pa3oM 3
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G1IbTPOM Ta 3aMOO01KHUM KIJIAIIAHOM PO3MILIY€ETHCS B KOPIYCl peAyKTOpa. 3MallyBaHHS
PO30pU3TyBaHHIM 3/IIHCHIOETHCS 3a PAXYHOK TOT'O, IO IIECTEPHSI YACTKOBO 3aHypeHa B
onuBy 1 mpu il oOepTaHHI CTBOPIOETHCS €EMYJIbCid, fAKa 3a0e3neuye JOCTaTHE
3MalllyBaHHs YCIX IIECTEPEHb PEIyKTOpa. 3aCTOCYBAaHHSA TAaKHX CHCTEM 3MalllyBaHHS
MIJBUINY€E OE3MEeKy TMOJbOTIB TeIIKONTEePiB, ajle YCKIAIHIOE iX eKCIUIyartarfiio 1
KOHTPOJIb MPaIe3AaTHOCTI OJIMB.

BupimenHsM 1pOro mnpoTUpPIUYS € 3aCTOCYBaHHS OJHOKOHTYPHOI CHCTEMH
3MallyBaHHs, 10 BUKOPUCTOBYEThCS B remikontepax Airbus Helicopters H-145. Jlns
3MalllyBaHHs MIAIUIHUKIB TYpOiHU 1 pEAYKTOpa BUKOPUCTOBYETHCSI CHHTETHYHA OJMBA
Mobil Jet Oil 254 [25].

Ha puc. 1.4 300pakeHO cXeMy CHCTEMH 3MallyBaHHs remikonTepa Airbus
Helicopters H-145 [25].
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Puc. 1.4. Cxema cucremu 3manryBaHHs resxikontepa Airbus Helicopters H-145
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HupkynsiiiHa cuctemMa OJMBH Ma€ TPU XapakTepHi ninsHkU. [lepma — Big 6aka 3
omuBoro (0il tank) mo migkauyroworo Hacoca (pressure pump), IO Ha3UBAETHCS
MaricTpajuTi0o BCMOKTYBAaHHS OJUBH. [|J1s1 3MEHIIICHHS T1IPaBIiuHOTO OMOPY ISl JUISHKA
€ MpsAMOIO 1 KOpoTKoto. [lokparienHs poOOTH Hacoca 3/1MCHIOETHCSA YCTAaHOBKOIO Oaka
BUILIE Hacoca. [ OYMCTKM OJIMBU BI1J MEXaHIYHUX JOMIIIOK 3aCTOCOBYETHCS (PLIBTP
s ommBu (Oil filter) Ta garumkm xoHTposrO THCKy (Oil pressure) ta Temmeparypu
onusu (0il temperature).

Jlpyra aiiasHKa — 3HaXOJUTHCS MK HarHIiTalOUuM 1 BiIKauylO4uMH Hacocamu. Lle
BHYTpIIIHS MaricTpaib. OnuBa noaaerbes Ha (OPCYHKH, 3/1MCHIOIOYM 3MAalllyBaHHS Ta
BIJIB1JI TeIJIa BiJ] MAMIUITHUKIB TypOIHU Ta PEIyKTOpA.

Tperst ginsHKa — BiA BIAKAUyIOUHUX HACOCIB JI0 Oaka 3 OJMBOIO, HA3UBAETHCS
BIJIKQUyI0YOI0 MaricTpayiiro. BigkauyrodunMu HacocaMu (SCavenge pumps) ojmBa depes
oxoJ10/pKytounii paziatop (0il cooler) mosepraeThcst Ha3as B Oak.

MOHITOPUHT Ta 1HAMKALIA TUCKY OJUBH, TEMIEPATYPH, 3a0pyAHEHHS BUBOIUTHCS

VMD !

Ol wam

Prossure { Tomporaturo -

Ha I1aHeJb MMIoTa rejdikonrepa (puc. 1.5.)

i Pnuuu / Tomperaturo -FND ‘Master List

n Enqtn- ou Pressure
Of Pressure Transducer Transducer

a 4]

ransducer FND Master List
n Enqln' OI'I’-'“D‘mw

24

Puc.1.5. MOHITOpUHT Ta 1HIUKAIlis TApaMETPIB OJUBU: d — THUCK;

6 — TeMreparypa; 6 — 3a0pyaHeHHs PiIbTpa; e — 3a0pyAHEHHS OJIMBU
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CrpartoBanHsI Ha TaHeN! 1HAUKAI] JaTYuKa HAsIBHOCTI METAJIEBOI CTPYXKH a0o
NUITY € NEPILIOI0 O3HAKOK aHOMaJIbHOI pOOOTH BY3JIiB TEPTS ABUTYHA.

3aneXHO BiJ PEXUMIB pOOOTH ABUTYHA Ta CHUCTEMHU 3MAallyBaHHS PEAyKTOpa
TeMIepaTypa OJuMBUM He MoBHMHHA mepeBuiryBatu 115 °C. HarpiB omuBu y cucremi
3MalllyBaHHs JO TaKuX TEMIEpaTyp NpU HAsIBHOCTI KUCHIO MOBITPS MPU3BOIUTH 10

3MIHH 1X (I3MKO-XIMIYHUX MOKA3HUKIB SKOCTI, 1[0 BIUIMBA€ Ha TEPMIHU EKCILTyaTallii

[25].

1.3. Bumoru a0 aBiauiiHUX 0JIMB ra3oTypOIHHUX JABUI'YHIB

YMo0BH poOOTH ONMB y CHCTEMax 3MalllyBaHHs T'€JIIKONTEPIB BIAPI3HAIOTHCS Bij
yMOB POOOTH OJIMB y TOPIIHEBHX JBUTYHAX HacamIepe]] TUM, IO OJIMBa B CHUCTEMI
MPAKTUYHO HE CTUKAETHCS 13 30HOI0 TOPIHHS MAJIMBO-MOBITPSHOI CyMilIi, a 3Mallye
JIUIIIE T AMTUTTHAKHA Ta PEAYKTOP.

CTiHKM KamMepH 3TOpsSHHS Ta30TypOIHHOTO JBUTYHA HE 3B’Si3aHI 3 CHCTEMOIO
3MallyBaHHS, X04a TETUIOBIABIJ 3M1MCHIOEThCS. Y WX JBUTYHAX OJIUBA HE MIIJAETHCS
rIIMOOKOMY PO3KJIAJaHHIO Ta BUTOPSHHIO, XO0Ya OKHMCHI MPOLIECH MPOTIKAKOTh 32 YMOB
MIJBUIIEHUX TEMIEPaTyp, KOHTAKTY 3 KUICHEM MOBITPS Ta KaTATITHYHOI A1 METaIB.

HeBenuka mopiBHIOWOYM 3 JBUTYHaMH TMOPIIHEBOTO THUIy BTpaTa OJIMBU Bif
BHUIIAPOBYBAHHS, BEJIMUMHA SKOI 3yMOBIIOETHCS JIUIIETT BTPATOO depe3 cydiepu.

BpaxoByroun, 110 B ChOTOJECHHUX TypOOpPEaKTHMBHUX JBUTYHAX BTpaTa OJIMBU
HeBenuka (0,65-1,60 kr/romx), ane € moTpeda BiIBEICHHS 3HAYHOI KUIBKOCTI TeIUia, B
CUCTEMY 3MalllyBaHHS 3JIMBAIOTh OJIMBY B MaJMX KITBKOCTAX (5-13 11) Ta 3/MIHCHIOETHCS
OararokpaTHa il LUPKYJIALIS yepe3 BY3Ju TepTd JBUTYHA Ta peaykropa. Hanpuxmnan,
s cuctemu 3MaintyBanas H -145 Airbus Helicopters onuea 30epiraerbest He B ABHTYHI,
a y 30BHINIHIX aJIOMIHI€EBUX MacisiHuX Oakax. O0’em Oaka cTaHOBUTH 5,7 I
MakcuManbHa KUIBKICTh 3allOBHEHHsS Oaka He TMOBUHHA mepeBuuryBatucs 4,33 1.
JlomaTkoBHil 00CST CIIyTy€e MTPOCTOPOM JJIsI PO3IIMPEHHS Ta BEHTWIIAIIT. Takum 4uHOM,
3a TaKoro 00’eMy OJIMBa IIUPKYITFOE TI0 cucTeMi 3MatryBanns 50-70 pa3is 3a roa. [25].

[Io6 perynroBaT TeMIeparypy IMiJMIKAITHUKIB TOTPIOHO MIPOKAYyBaTH Yepe3 HUX
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OJIMBY B PI3HUX KUIBKOCTSIX, IO € OJHUM 3 OXOJOJHUX AarcHTiB JBHUTYHA
TypOOpeakTUBHOro TUIy. Tak, 4yepe3 MiAMMIHUKN TypOiHH MPOKAYYETHCS MPUOIM3HO
BJIB14i O1JIbIIIC OJIMBH, HIXK Yepe3 MiAMTUITHUKA KOMIIPecopa.

[Tim wac 30imbIIEHHS KUTBKOCTI 00€pTiB TypOOKOMIIpecopa Temreparypa
NIIIUIHUKIB 3pocTae. B Tol camuii 4dac, MiJBUIYEThCS TeMmIepaTypa oJiuBu. B
HOBITHIX JI03BYKOBUX TYpPOOKOMIPECOPHUX JBUTYHaX TeMIlepaTypa OJUBU MOXeE
caratu 80-100 °C, ane micnsi BUXOIYy 3 pajaiaTropa OXOJOJDKEHHS TeMIleparypa OJIMBHU
sHmKyeThes 10 40-50 °C.

VY nBurynax siki matoTh moTyxHicTh 7000-9000 xrc TemmepaTypa 30BHIMIHBOI
oOoitmMu mimmunHUKa TypOiHu Moxe gocsratd 130-160 °C, sk mpaBuiio 3a paxyHOK
TEIJIOBIABOY BIJl KPUJIBYATKU TYpOIHU.

[1i yac 3ynuHKY JBUTYHA, 3MEHIIYETHCS HOro 00/1yB MOBITPSAM, TEIUIOBUMN MOTIK,
10 HAAXOAWTHh BIJl KPWJIbYATKHU, MPU3BOAUTH JO PO3IrpiBYy OOOMMH MiJIIUITHUKA 10
150-200 °C, mo mpu3BOAWTH OO0 MPUIIBUAIICHHS IMPOILECIB OKHCHEHHS BYTJICBOJHIB
OJIMB, BTPAT BiJl BUIIAPOBYBAHHs Ta 3MCHILICHHsI TEPMiHIB eKcIuTyaTaiii [27-28].

VY ra3oTypOiHHUX ABUTYHAX BIJICYTHI 3HAUHI LIUKJIIYHI HABAaHTA)KEHHS HA OMOpPH
NIJIIMIHUKIB HA BIJIMIHY BiJ MOPIIHEBUX JBUTYHIB, JI€ BOHU CTBOPIOIOTHCS 4Epe3
nepeaavy 3yCHiib BiJl HOPIIHS Yepe3 KPUBOIIMITHO-IIIATYHHUN MEXaH13M.

Ban xommnpecopa Ta TypOiHM B ra3oTypOIHHOMY JBWUTYHI BpPIBHOBAKEHHU Ta
obepTaeTbcsi 3 JIOBOJII PIBHOMIPHOIO MBHUAKICTIO. Yepe3 Te #Horo HauOiIbIIe
HAaBAHTAKEHHA Ha MAMMMHUK B Mexax 1400 xrc, a y ABUTYHax MOPIIHEBOIO THITY
HAaBaHTAXXEHHS HA KOPIHHI MiJIIUIMHUKA KOJIHYACTOTO Bajly JOBOJII YacTO MEPEBUIILYE
3a 9000 xrc.

[IpoananizyBaBili yMOBH pOOOTH OJHMB IS Ta30TypOIHHUX JBUTYHIB
reJIiKOMNTEPIB, y3aralbHEMO OCHOBHI 0 HUX BUMOTH:

* EdexTuBHe 3MalyBaHHs BCIX BY3JIB Ta MEXaHI3MIB JBUTYHA 3 MIHIMaJIbHUM
3HOIIIYBAHHSM Y Jiana3oHi eKCIuTyaTaliiHux Temmnepatyp Big -50 °C go +150 °C;

* Ilonora B's3kicHO-TeMIIepaTypHa KpHBa 1 3aJI0BUTbHE MPOKAYYBaHHS TpHU
HU3BKUX  TeMmIepaTrypax (IyCKOBI ~ BJIACTUBOCTI  aBialliiHOlI OJMBU  TOBHHHI

3a0e3nevyyBaTy HaAIMHMIA 3amycK ABUTYHA 0e3 miairpiBy Ao Temmepatypu -50°C);
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* OpnopimHuii Ta CcTaOUIBHUM (pakmiiHUN CKIaA, IO Ja€ MiHIMAJIbHY
BUMApOBYBaHICTh (pakiliii Ta 30epirae B'sI3KICHI XapaKTEPUCTUKHU aBilalllifHOI OJIUBH ITi]T
gac yChOTro po0OOYOoro mepioay ABUTYHA (Kpalle 3aCTOCOBYBATH aBiaOJMBH BY3HKOTO
(b pakIiiHOro CKIaay - CHHTETHYHI);

* Bucoki aHTHOKHCHIOBAJIbHI BJIACTUBOCTI Ta MiHIMaJIbHE OKWCJICHHS y JBUTYHI
npu pobounx temmneparypax +100 - 150 °C 1 Bue;

* MiniMasibHa BCITIHIOBAHICTh Ta BUIIAPOBYBAHICTh,

* Brucoka temrieparypa caMo3aiiMaHHs Ta CHajaxy,

» Kopo3iiiHa CTIAKICTh Ta HEArPECUBHICTH /10 METAaJIIB, CIUIABIB, TYMOTEXHIYHHUX

BUPOOIB, MOKPUTTIB, KJIETB Ta IHIIMX MaTepiaiiB.

1.4. KoHTpOJIb NOKA3HUKIB AKOCTI 0JIUB

KoHTposib KOCTI OJMB TOJISITa€ y BHU3HAYEHHI 3HAYEHb (PI3UKO-XIMIYHUX
IMOKA3HUKIB IXHIX BJACTUBOCTEH JJI BCTAHOBJIEHHS BIANOBIIHOCTI BHMOIraMm
CTaHAapTiB, a00 TeXHIYHUX yMOB. KOHTpOJIb SIKOCTI — L€ MpOIEC BCTAHOBJIEHHS
BIIMOBIAHOCTI MK (PAKTMYHUMH TTOKa3HUKAMHU SIKOCTI Ta HOPMAaTUBHUMHM JIOKYMEHTaMHU
[26, 29].

Sxicte Oyab-SIKMX NanMBHO-MAacTWIbHUX MaTepiamiB (IIMM) cucremarnyno
KOHTPOJIIOIOTh, TOYMHAIOYM 3 MOMEHTY IXHbOIO BHPOOHHUITBA 1 3aBEpIIyIOYU
3aMpaBKolO B 0aku MOBITPAHMX cyAeH. O0’eM aHaNi31B 1 TEPMIH IXHBOT'O MPOBEACHHS Ha
PI3HHX eTarax CUCTEMHU KOHTPOJIIO PETIaMEHTYIOThCS BIAMOBIIHUMH THCTPYKIIISIMU Ta
po3nopsypkeHHssMu. Opranizariss HaQTONMPOMAYKTOMOCTa4aHHs 3000B’si3aHa BUJABATH
CIIO’KMBAYEB] MACMOPT SKOCTI HA KOXHY MapTit0 Ha(TOMPOIYKTIB, 110 MOCTABISETHCS.
[TacmopT $KOCTI € OCHOBHUM JIOKYMEHTOM, SIKUWA XapaKTepU3y€e BiAMOBIAHICTh
Ha(TONPOIYKTY BUMOTaM HOPMATUBHO-TEXHIYHOT JOKYMEHTALIIi.

BignoBigHo no mixkuapoaHoro cranaapty ISO 8402 skicTh —I1i€ CyKYIHICTh
BJIACTMBOCTEH Ta XapaKTEPUCTUK MPOAYKIIii, 10 AAI0Th 1l MOXJIHMBICTh 33JJOBOJIBHITH
3yMOBJIEH] UM Nepe0auyBaHi MOTPeOu.

SIKicTh MaNMBHO-MACTHJIBHUX MaTepiaiiB — € CYKYIHICTh iX BIACTUBOCTEMH, IO
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BHU3HAUYAIOTh 3JAaTHICTh I[MX MAaTepilaliB 3aJOBOJBHATH BCTAHOBJIEHI BUMOTH iX
BUKOPHUCTAHHS BIAMOBIIHO J0 iXHBOTO MPSIMOTO MPU3HAYEHHS.

Y ximmotosorii Bci BractuBocTi [IMM yMOBHO THOIUISIOTE HA TPU TPYIIH:
(b13uKO0-X1MI4HI, eKCIUTyaTalllifHl Ta €KOJOT1vHI.

®di3uKO-XIMIUHI BJIACTUBOCTI — I1e (i3W4HI Ta XiMidyHi BiactTuBocTi [IMM, sxi
BU3HAYAIOTHCS PI3HUMH METOJaMU aHai3y B JabopaTopHUX yMoBax. Jlo HUX HalexKaTh:
I'YCTHHA, B A3KICTh, TEMIIEpATypa Clajiaxy, TEIJIOTa 3rOpPsSHHS, MOKa3HUK 3aJ0MJICHHS,
BUIIAPOBYBaHICTh, KUCIOTHICTh, TEMIIEpATypa MOYATKy KpHUCTami3alii Ta iH.

Exkcrutyarariiiini Bi1acTuBOCTI — 1€ BacTUBOCTI [IMM, siki mpOsBIISIIOTHCS 1] Yac
BUKOPHUCTaHHA iX Oe3mocepeHbhO Yy JIBUTYHAX, MEXaHI3MaxX Ta CHCTeMaX IMOBITPSHUX
cyneH (mamuBHOi, MAacCisHOI, TipaBiiuyHoi). Jl0 HMX HajgexaThb: YUCTOTA, TOOTO
BIICYTHICTh y aBiamiinux [IMM BuUIBHOI BOAM Ta MEXaHIYHUX JOMIIIOK, MHIHI,
KOpPO3iiiH1, MPOTU3HOCHI BIACTUBOCTI, CXWJIBbHICTH JI0 Harapo-, Jako- 1 0CaJio0yTBOPEHHS,
BMICT (JaKTUYHUX CMOJ Ta 1H.

Ekomoriuni BIacTUBOCTI — 1€ BIaCTUBOCTI aBiaiiHux [IMM, siki posBISIOTHCS
npu iX B3aemojli, abo B3aeMOAIl NPOAYKTIB iXHBOTO 3TrOPSHHS 3 HABKOJUIIHIM
cepenoBumieM. J[0o HUX Halle)KaTh: TOKCHUYHICTh, TMOXEXKO- 1 BUOYXOHEOE3IEUHICTD,
CTaOUIBbHICTH M1/ Yyac 30epiranHsi, BUNIApOBYBaHICTh Ta iH.

BnactuBocti aBiamiitnux [IMM xapakTepu3yroTbCs Tak 3BAHUMHU MOKa3HUKAMU
SIKOCT1, KIJIbKICHE OILIIHIOBAHHS SIKUX JA€ MOKJIMBICTh BCTAHOBUTH BIAMOBIAHICTE SIKOCTI
npoayktiB BumoraM JICTY (TVY), MixuapoaHuM ctanaapTam, TOOTO X KOHJIUIIHHICTh
[30].

[Ipobu TIMM 13 3aco6iB 30epiraHHs, TPAHCIOPTYBaHHS BiAOUPAIOTHCS
BianoBigHO a0 BUMOT JICTY 4488:2005 Ta BUMOT 1100 TEXHIYHOTO OOCTyTOBYBaHHS
nositpsiHoro cyana [31]. Biabip mpo6 omusu Mobil Jet Oil 254 mposomuthes
BIJIMOBIJTHO JI0 BUMOT TEXHIYHOTO O0OCIyroByBaHHsI reinikontTepa H-145 cneriansHumMu

poOoBiAOIpHUKAMHU, B SIKUX BOHU 30€pIratoThCs 0 MPOBEICHHS aHamizy (puc.1.6).
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Puc.1.6. Binbip npo6 onuBH 13 cucTeMu 3ManlyBaHHs remikontepa H-145

1.5. AHani3 3MiHM OCHOBHHUX NOKA3HMKIB SIKOCTI 0JIMB Yy npoueci

eKCILTyaTanil

OcHoBHMMH (DI3UKO-XIMIYHUMHU Ta EKCIUTyaTalllHHUMU TOKa3HUKaMH SKOCTI
OJIUB, 110 3MIHIOIOTHCA B MPOIIEC] X eKCIUTyaTallii 1 BIUIMBAIOTh HA TEPMIHU 3aMIHH €:
T'YCTHHA; KIHEMaTH4YHa B’ SI3KICTh; 3arajibHe JIY)KHE YHCIIO; TEMIIepaTypa Craiaxy;
KOJIIp; TeMIepaTypa 3aCTUTaHHs (KpHUCTali3amii); BMICT MEXaHIYHUX JOMIIIIOK Ta BOJIH;

BUITAPOBYBAHICTh; TPUOOJIOTIYHI XapaKTEPUCTUKH, KOPO31iH1 BIACTUBOCTI.

T'ycmuna — 11e Maca peuyoBUHU B OJIMHUII 00’ eMy. BUMIPIOETHCS Ta HOPMYETHCS
BoHa BignosigHo 10 'OCT 3900, ASTM D1429.

OnuHMIA BUMIPIOBaHHS TYCTMHH — KUIOrpaM Ha MeTp KyOiumrmil (kr/m°, abo
r/cm®). TycTHHA ONMBYM 3MIHIOETHCA 31 3MIHOIO TEMIEpATypH, TOMY JJIsl OTPUMAHHS
NOPIBHSJIBHUX PE3YJIbTaTIB I'yCTUHY CJIiJl BUMIPIOBATH 3a OJHIET 1 TIET K TeMIepaTypH.
S0 BUMIpIOBaHHS MPOBOASATHCS 3a 1HIIOI TEMIIEPATypH, TO PE3yJbTaTH HEOOX1THO
3BecTu 10 cranmapTHoi Temmepatypu 20 °C. ¥V CIIA Ta 6inbmocTi kpain €Bpornu
BITHOCHY TyCTHMHY Ha(TONpPOAYKTIB 3BOAATH 10 Temmepatypu 60 °F (3a mkaioro
®dapenreiita, mo Bignosigae 15,5 °C), Tomy B macmopTi SKOCTI Ha IMIIOPTHUMN
Ha(TOMPOIYKT BKa3y€eThCS TemMrepaTypa 3amipy ryctunu 15 °C.

BinbricTs HayKoBIIB y ¢BOiX pobortax [30, 32-33] mocmimkyBaiu 3MiHY I'yCTHHH
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OJIUBU JIO €KCIUTyaTalii B JBUTYHI BHYTpPIIIHBOTO 3TOPSHHS Ta MICIS 3UBAHHS L€l
OJIMBH, 1110 BIJIIIpaIfoBaJia CBili BCTAHOBJIEHUN pecypc. bylo mokaszaHo, 1o y mporeci
eKCIUTyaTarlii Bif0yBaeThCs 3MEHIIICHHS TYCTUHU OJIMB 32 PaXyHOK MOTPAIUITHHS B HUX
HE3ropiBmIOro manguBa Ta Horo mapiB. Crenudika poOOTH CHUCTEMHU 3MaIllyBaHHS
ra3oTypOIHHUX JIBUTYHIB 30BCIM 1HIIA. Y LHUX JABUTYHaX HeMae Oe3MocepelHbOro
KOHTAKTy OJIMBU 13 30HOIO TOPIHHS, TOMY OyJIO MOCTABIICHO 3aBAaHHS IOCITIIUTU 3MiHY
IIbOT'0 MOKA3HUKA Y MPOIIeCl eKCIUTyaTarllii y ABUTYHI TeJIIKONTepa.

Kinemamuuna ¢’a3kicmp — BIACTUBICTh PIAMHU CTBOPIOBATH OMIP BIAHOCHOMY
NEPEMIIIEHHIO IMIapiB, TOOTO, 1€ CWja BHYTPIIIHBOTO TEPTS MIXK I[IapaMu pIIUHU.
B’sa3kicTh HaQTONMPOAYKTIB 3aJ€KHUTh BiJ XIMIYHOTO Ta (pakiiiiHoro ckiamy 1 ii
BU3HauUatoTh cTanmapTHuM MetonoMm 3a ['OCT 33, ASTM D445. 3a mixHApOIHOIO
CHCTEMOIO OJMHMIb AUHAMIYHA B’A3KiCTh Mac posmipaicts (H-c/M?), a kiHemaTuuHa —
(M?/c) abo (Mm?/c), a6o cantuctokc (1cCt = 107 mM%/c = mm%/c).

KinemaTuyna B’s13KiCTh — OCHOBHA (Pi3MKO-MEXaHIYHA XapaKTeprucTuka HahTOBUX
Ta CHHTETHYHUX 3MallyBaJlbHUX OJUB. BoHa xapakTtepusye 37aTHICTh OJUBU
3MIIMCHIOBATH TiIPOJIMHAMIUYHUN PEKUM 3MalllyBaHHs 3a poO040oi TeMriepaTypu, TOOTO
3IaTHICTh 3a0e3leuyBaTH 3aMiHy CYXOTo TepTsS PIAMHHUM 1 BIATaK 3amo0irtu
MIBUJKOMY 3HOIIYBaHHIO Marepiany. Tomy nns 3ManryBallbHUX OJUB B S3KICTH €
HOPMOBAaHHMM MOKa3HUKOM. HopMyeThest B’SI3KICTh OJIUB 3 PI3HUX TEMIEPATYP 3aJIEKHO
BIJl TEXHIYHMX YMOB iX BUTOTOBJICHHS Ta €KCILTyaTallli.

3HOBY Taku, 0araTo HAyKOBIIIB MPOBEIU JOCHIIKEHHS LHOTO TMOKa3HUKA IS
KOHKPETHOI Mapku aBToMoOUTbHUX oytuB [30, 34-36], a He aBiamiifHKX.

Sk mokazaHo B LMX poOOTax, 0 OCHOBHOK MPUYMHOIO 3MIHM KIHEMAaTHYHOI
B’SI3KOCTI € TIPOTIKAHHS MPOIIECIB OKUCHEHHS BYTJIECBOAHIB OJMB M1/l BILTUBOM BHUCOKUX
TeMIiepaTyp ix poOOTH y By3jJax TEpTs Ta MPUCYTHOCTI aTMOC(EpPHOTO KHUCHIO 3
YTBOPEHHSI CMOJIMCTHX BHCOKOMOJIEKYJISIDHUX PEYOBUH, SIKi 3a0UBalOTh (QUIBTPH,
BUIAJIAI0OTh B 0OCaJd, BIAKIANAIOThCS HA JETAISIX CHCTEMH 3MallyBaHHSA. Tomy,
3aBJaHHSM CTaBWJIOCH MPOBECTU MOPIBHSIBHUN aHAII3 3MIHU 1ILOTO MOKa3HUKA SKOCTI

y Tpolieci pealibHuX YMOB eKcIutyaTaii remikonrepa H-145.
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3azanvne nyicHe yucio — XapakTepusye BMICT B OJIMBAX MAKETy MPHUCAAOK, IO
HAJal0Th iM HEOOXIMHUX eKCIUTyaTamiiHuX BiIacTuBOCTed. Jlo HUX HalexaTh:
AHTUOKHCHI, MHIHO-IMCIEPTYBAIbHI; MPOTU3HOCHI Ta aHTU(PUKIIIHI; B’ SI3KICHI,
AHTHUKOPO31iH1; MPOTHUIIIHHI; AETPECOPHI MPUCAIKH.

BumiproBannst 3aranpHoro mnyxkHoro umcna (3JIY4) smiiicHioetsess 3a ASTM
D2896, ATM D 664, I'OCT 11366, ISO 6619 Ta Bono mae po3mipHictb Mr KOH / 1 1
OJIUBH.

3arasibHe Jy>KHE 4MCIIO JuIs MiHepaibHOi onuBu MK-8n  BiamorigHo 10 ASTM
D2896 nosunno 0ytu He Menire 0.04 mr KOH/1r , a nyis Mobil Jet Oil 254 — ne menie
0.08 mr KOH/Ir.

MuiKHapOoIHUMU Ta ¥ YKpPaiHCBKUMHU CTaHJIapTaMHu TiependadeHudl KOHTPOJIb
OO TIOKA3HMKA MICJIsI BUPOOHUITBA OJIUB, IO (DIKCYETHCS Y MACHOPTI SKOCTI Ha Hel,
ajie He mepeadayeHo OOTpYyHTYBaHHS TEPMIHY il 3aMIHM IO 3MiHI IILOTO MOKAa3HHUKA
SKOCTI 3aJIKHO BiJl HAITPAI[IOBAHHSI OJIUBHU.

PoGoTu B 11bOMy HampsIMKy MOpPOBOJATHCS, B OCHOBHOMY, NJIi aBTOMOOLIbHHX
onuB, AK HaiOutbm BkuBaHux [30, 32, 37-41]. V¥ mux poboTax MOKa3aHO, IO 3MiHA
3arajbHOTO JIyKHOTO unciia moHaa 50 % € mpuduHOI0 3aMIHU OJIMBU BIILJIOMY, OCKUTBKH
CIPAIbOBYIOTHCS TPUCAIKH. TOMy, TTPOBEACHHS TOCHTIDKEHb B I[bOMY HAIPSMKY IS
KOHKPETHHUX aBlallIfHUX OJIUB € aKTyaJbHUMHU.

Temnepamyporo cnanaxy Ha3UBAEThCS TEMIIEpaTypa, 3a SKOI OJMBa, IO
HarpiBa€ThCsl, BUAUISIE TaKy KUIBKICTh MapH, sIKa YTBOPIOE 3 HABKOJWUIIHIM MOBITPSIM
roprovy CyMilll, 1[0 CHajgaxye MiJ 4Yac MiJHeCeHHs 0 Hel moaym’s. lledt mokasHuk
XapaKTepU3ye BUMAPOBYBAHICTh, BTPATY JICTKUX (PAKITii BiJ BUMApOBYBAHHS, MMOXKEKO-
Ta BUOYXOHEOE3IEeUHICTh OJIUB.

CyTHICTh METONy MOJSTa€ y BU3HAYEHHI HAMHMKYOI TeMIeparypu, 3a SIKOi B
yMOBax JOCIITy Haj IMOBEPXHEI0 TOPIOYOi PEYOBHMHHU YTBOPIOETHCS CYMIIl Mapu 3
MOBITPSAM, SKa 37aTHA CHajdaxyBaTd BiA JDKEpesia 3alaliOBaHHS, ajieé MIBUIKICTDH
YTBOPEHHS SKOI I1Ie HeJIOCTATHS JJIs TI0JIajIbIIIOro TOpiHHA. Bu3HayaeThcs TemmepaTypa

cnanaxy B 3akpuromy Turii 3a 'OCT 6356.



46

BigmosigHo g0 MIL-PRF-23699-HTS temneparypa cnanaxy onus Mobil Jet Oil
254 ta Mobil Jet Oil II Busnagaetbes 32 ASTM D92 y BimkputomMy Ta 3aKpUTOMY
TUTJISX.

JUisi MX Ke OJMB BU3HAYAETHCS TEMIIEpaTypa caMoO3aiiMaHHs BIAMOBIAHO 0
CFR 35.20, sxa 3Haxoautbes B Mexkax 389-404 °C. Lleii moka3HHUK HE BU3HAYAETHCS IS
onmuBu MK-8m, ajie BUXOAs149M 3 TOTO, 110 TeMIepaTypa KIHIISI KUMIHHSA 11 cTaHOBUTH 450
°C, MOXXJTMBO TIEpe10aYnTH TIepeBaru CHHTETUIHUX OJIMB HaJ MiHEPAIBHO.

Sk mokaszaHo y po6orax [30, 42-43], 1m0 3MiHa TeMIepaTyp clajaxy MajJuBHO-
MacCTWJIBHUX MaTepiaiiB, B TOMY 4YHCJIl 1 OJUB, BiJIOYBae€ThCAd B pe3yibTaTi ix
BUMAPOBYBAHHSA, TOMY JOCTIKEHHS OyJM HampaBjeHl HA BUBYCHHS JUHAMIKUA 3MiHU
[OTO TMOKa3HHWKAa SKOCTI y TIPOIECl pEaJbHUX YMOB €KCIUTyaTallii OJuB JJIst
ra3oTypOIHHUX JBUTYHIB FeI1KONTEPIB.

Temnepamyporo 3acmuzanna Ha3UBAETHCS TEMIIEPATypa, 3a SIKOI OJIUBa BTpaydae
CBOI0 PYXJIMBICTb, TOOTO YHEMOXJIUBIIOETHCSA ii MPOKAUYyBaHHS IO CHUCTEMI Ta
3MalllyBaHHS JIeTajeil TepTA.

Bing TemnepaTypu 3acTUraHHS OJMBU 3A€OUIBIIOTO 3aJ€KUTh MOXKIUBICTh IMMYCKY
XoJiogHOTO JBuryHa. Jlust HamidHOI poOOTM CHUCTEMH OJKUBJICHHS HaWHUXKYa
TeMrepaTypa HaBKOJHUIITHBOTO cepenoBuina mnoBuHHAa Oyth Ha 10-12 °C  Bume
TEeMIIepaTypy 3aCTUTAHHS.

3a 3apyODKHUMM CTaHAApTaMU, TEMIIEPATypOI0 3aCTUTaHHS Ha3MBAETHCS
TeMIiepaTypa, sika Ha 3 °C BuIle IiiCHOT TeMIlepaTypH 3aTBEpAIHHS (KpUCTami3alii), 3a
SKOI MPOTATOM 5 C 0JMBa repedyBae B HEPYyXOMOMY CTaHi. BusHauaeTbcd 11 MOKa3HUK
3a craggapramu ASTM D5950, ISO 3016, ASTM D 97, TOCT 20287.

VY poborax [30, 44-45] mokazaHo 3MiHy I[OrO MOKA3HUKA SKOCTI OJUB Iij Yac
eKCIUTyaTarii y JABUTYHAaX BHYTPIIIHBOTO 3TOPSHHS, a JAOCII/DKCHHS MO0 JUHAMIKH
3MIHM MOKa3HUKIB SKOCTI CUHTETUYHUX Ta MIHEPAJIbHUX OJIUB, 110 BUKOPUCTOBYIOTHCS
y CcHUCTeMax 3MallyBaHHSA TeJIKONTEpIB y pEaJbHUX YMOBax ixX eKcIulyaTalii He
TIPOBOTAITUCS.

Konip onueu 3anexuTh Bl NPUCYTHOCTI B HI TEMHUX CMOJIMCTUX PEUYOBHUH 1 B[

BJIACTMBOCTEH HA(TH, AKIIO OJUBA MIHEPAJbHOTO MOXOMKEHHSA. 3a KOJIHOPOM OJHBHU
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MO’KHA JIUIIE YMOBHO OI[IHUTH SKICTH 11 OUMILIEHHSI.

VY OUIbIIOCTI BUNIAAKIB 1I€H MOKA3HUK € MOKAa3HUKOM TOBAPHOTO BUTJISY OJMBH,
OCKUIBbKH MOKYTIEIb CXUIIBLHHUI OIIHIOBATH SKICTH 3a 11 MpUBaOIMBUM KOJIBOPOM. [ '0TOBY
TOBapHY MPOAYKIIIIO 3/1e01IBIIOr0 He 3a0apBIIOI0Th, 1 0JIMBa OyBa€ BiJl CBITIO-KOBTOTO
JI0 TEMHO-KOPUYHEBOTO KOJIbOPY. Takuil HaTypaJbHHUI KOJIP OJIMBH BH3HAYAETHCS 1
BUPAXKAETHCS YMCceIbHO 3a cranaaptamu [SO 2049, ASTM D 1500, TOCT 20284 Too,
MOPIBHIOIOTH 13 HA0OPOM KOJBOPOBHUX E€TAJIOHIB, Kl HyMepyroThcs Bia 0,0 (6inmit) mo
8,0 (my>xe TeMHO-KOpHuHEBHi) uepes 0,5 ox. (ycporo 16 HOMEpiB).

BusHaueHHs 1pOrO MOKAa3HHWKA SKOCTI HAc MIKaBUB 3 TOYKU 30py
OMOCEPEAKOBAHOI OLIHKM YTBOPEHHS CMOJIMCTHX PEYOBUH Y MPOLECI EKCILTyaTaiii
TeJTIKONTEPIB 32 paXyHOK MPOIIECiB OKUCHEHHs ByTriieBoaHIB [30].

Busznauenna eéo0u ma mexaniunux O0OmMiwioK y OJMBax TepenOadyeHo JIUIIE
BI3yaJIbHUM METOJOM 32 KPHUTEPIEM GIOCYMHICMb, XO0Ya 1II TOKa3HUKUA CYTTEBO
3MIHIOIOTBCS Y TIpoLeci 30epiraHHs, TPaHCIOPTYBaHHS, €KCILTyaTallil OJMB y CUCTEMAaX
3MallyBaHHI.

HasiBHicTh BoaM B HaTOMPOAYKTAax HEIOMYCTHMA, TOMY IO BOHA MPHUCKOPIOE
pO3KJIaJJaHHs, CIpALOBaHHS 1 BUMUBAHHS NPHUCAIOK, MIACHIIOE KOPO3i0 MeTamiB. Ak
nokazaHo y pooorax Jlemoscekux B. M. [15], MatseeBoi O. JI. [16] Boga npu3BoanTh
710 T1JICUJIEHHSI KOPO31MHUX MPOLECIB Y NAIMBHUX Ta CUCTEMAaxX 3MalllyBaHHS.

BincriiiHa Bojma 3yMOBIIOE TIPsAMI IIOIIKOJDKEHHS TOKPHUTTIB 1 IIBIB 0Oakis,
KOPO3iI0 METaJIEeBUX MOBEPXOHB, 10 Y CBOIO YE€Pr'y MPU3BOAUTH 0 3a0pyTHEHHS OJUBH.
Y 3uMOBHMI mepion BOAa, WIO 3HAXOJUTHCS B HAPTOMPOAYKTAaX, YTBOPIOIOYH
KPUCTAJIMKH JIbOAY, MOKE MPUIUHUTH X moAady. ToMy cTaHIapTamMH HE JO0IMYyCKaeThCs
HAsIBHICTh BOJIU Y BIJILHOMY Ta €MYJIbCIHHOMY CTaHax y MajuBax Ta OJUBaX.

VY poboti €Epumenko B. B. [32] mokazano quHaMiky 3MiHH BOJIU B aBTOMOOLIBHIM
OJIMBI y TMpOLECl eKCIuTyaTallii Ta HEeraTMBHUH BIUIMB BOJUM Ha pPOOOTY CHCTEM
3MallyBaHHS, OCKIIbKM po0OoYa IMOBEPXHS IIMX CHUCTEM HarpiBaeThCcs 10 POOOUUX
TeMIiepaTyp, K TpaBwio, o Onu3bpki abo mepeBunryroTh 100 °C. 3a Takoi
TEMIIepaTypy BOJA 3aKUIAE, IO MPU3BOAUTH JI0 CIIHEHHS OJIMBU Ta BUKHUAY il yepes

JIpeHaXHy cucTeMy. ToMy, OJJHUM 13 3aBlIaHb JUCEPTAIHOT poOOTH OyJIO KUIBKICHE



48

BU3HAUEHHS BMICTY BOJM Ta MEXaHIYHHMX JOMIIIOK Yy OJIMBAX, Ta OI[IHKA iX BIUIMBY Ha
eKCIUTyaTalliitHl BIaCTUBOCTI.

Ak BigMmiuanocs Buile, B reiikontepax«Airbus Helicopters H-145» BcraHoBneH1
JATYUKU HASBHOCTI a00 BIJICYTHOCTI BMICTY MEXaHIYHUX JOMIIIOK (MUY, CTPYXKKH
MeTaly) y CHUCTeMi 3MalryBaHHSA. BOHM HE HO3BOJISIIOTH JaTH OINIHKY KiJIBKICHOMY
BMICTYy MEXaHIYHUX JOMIIIOK Yy OJMBax, a JIMIIE SKICHO BU3HAYMTH iX MPHUCYTHICTb.
Tomy B po0OOTI cTaBuiacs 3a/iada KUTbKICHO BU3HAYUTH BMICT MEXaHIYHUX JOMIIIOK Y
3MalllyBaJIbHUX MaTepialiax y Mpoleci iX eKcIuTyaTarii.

KinpkicHuii MeTon BHW3HAUYCHHS BMICTY BOAM B IaJlMBaX, OJIMBax 1 poOOUYUX
piguHax mpoBoauTbea 3a ['OCT 2477, a BU3HAUEHHA BMICTY MEXAHIYHHMX JOMIIIOK
BaroBuM mMetoioM — 3a 'OCT 6370, a Takosxk Mixkaapoaaumu ctangaptamu [30].

Bunaposysanicms o1ue xapaktepusye ix BTpaTy uepe3 CUCTEMH Cy(IIIOBaHHS 3a
pPaxyHOK HarpiBaHHs y BY3Jl 3MalllyBaHHs JI0 BHCOKHX Temmeparyp. SIK BiaMiuanaoch
BUIIIE, 10O B TMpolieci poOOTH OJUB TeMmIepaTypa y BY3Jl TEpPTA TEIIKONTEPIB HE
nepesuirye 100-115 °C, ane mig yac 3ynuHKUA JIBUTYHA, 3aBJISKU BIJICYTHOCTI OO/YyBY,
TeMIepaTypa y By3Jiax TepTs 3pOCTae, 110 MPU3BOAUTE A0 iHTEHCU]IKAIllT BTPAT JIETKUX
¢bpakuiii ByIJIEBOAHIB BiJ] BHUMIApOBYBaHHA. I3 3pOCTaHHSAM BUCOTH MOJBOTY
3MEHIIIYEThCS THUCK Ta 3pPOCTA€ BHACTIJOK I[bOTO BUITAPOBYBAHICTH OJIMBH, IO
MPU3BOJUTH /10 ii BTPATH Ta HEOOX1THOCTI KOHTPOJIIO PIBHSL.

BinbmricTe HayKOBIIIB MPOBOJIWIN JOCIIPKEHHS BUIIAPOBYBAHOCTI Ta BTpaT BiJl
BUIIAPOBYBAHHS JICTKMX BYTJICBOJIHIB — OCH3WHIB, PEAKTUBHUX Ta AU3eNbHUX HauB [30,
46-50].

st minepanbHOi aBiariitnoi onuBu MK-8m He mepenbaueHO HOPMATHBHUMH
JIOKYMEHTaMHU BU3HAYE€HHS BTpaT Bl BUMAPOBYBAHHS, TaK XKe, K 1 JJIs1 aBTOMOOUIHLHUX
omuB. Jlns cunrernunux oinuB Mobil Jet Oil 254 ta Mobil Jet Oil II mepenbaueno
BU3HAYCHHS I[bOTO MOKa3HHWKa BiAmoBigHO g0 ASTM D972 mnporsrom 6.5 ron
BUnpoOyBanHs. ToMy, OAHUM 13 3aBAaHb POOOTH OYyJIO BU3HAYEHHS LOI'O MOKAa3HUKA
SAKOCTI OJIMB y TMpPOIECi EKCIUTyaTarii Ta MpPOBEAEHHS MOPIBHSJILHOTO aHami3y 3
BYTJICBOJHEBUMH TAJIMBAaMH, HAMPUKIIAJ, OCH3MHOM, JIJI1 BU3HAYEHHS MacIITaliB ITHX

BTpPAT Ta BILIUBY iX Ha HpaHG?)I[aTHiCTB INaJIMBHHUX Ta CHUCTCM 3MaAlllyBaHHs, a TAKOXK
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AHTPOTIOTE€HHOT'O HABAaHTAKEHHS HA €KOJIOTIYHY CHUCTEMY.

Tpubonociuni xapakmepucmuku oaué 3aiMalOTh BaXXJIMBE MICLIE Y HAIIHMHOCTI
poOOTH TEXHIKHM Ta BIUIMBAIOTH Ha TEPMIHM ii eKCIUTyaTalii il 4ac SKOi BiIOYBa€ThCS
IHTEHCUBHHI 3HOC BY3JIB TEPTS B PE3yJbTaTi 3HAYHUX HABAHTAXEHb, IIBUJIKOCTEH Ta
TEMIIEPATYyp, BIUIMBY arpECUBHUX CEPEAOBUII Ta BiOpaliii.

[IpoBeneHHs 1OCHIHKEHb MO0 BUBYCHHS MMPOTU3HOCHUX BIACTUBOCTEH OJIUB Ta
Teopii TepTs Ta 3HOCY BUCBITIEHO y poboTtax Muanakanosa P. I'., Mikocsauuk O. O.,
Crempmaxa O. V. Tta iH. [5-6, 51-60] y skux HaOynM MMOAANBIIOTO PO3BUTKY
€KCIIEPUMEHTAJIbHUMU MIATBEPAKCHHIMHU TEOPETUUHI MOJI0KEHHS TPUOOJIOT .

Benuka nmoTyXHICTh aBlallliHUX PEyKTOPIB, 10 MEPEAEThCA, Y MOEAHAHHI 3 1X
HEBEJIMKUMH MacoI0 i rabapuTamMul MPU3BOIUTH 10 TIOCUJICHHS] YMOB POOOTH Tap TepTs,
3pOCTaHHsl TEIUIOBOI Ta JAMHAMIYHOI HAaINpPY>KEHOCTI JAeTajieil Ta By3JiB JABHUIYHA.
[lecTepHi penyKTopiB, K 3a3HaYAJIOCs BUILE, IPALIOIOTh 32 YMOB BUCOKUX KOHTAKTHUX
HaBaHTaXeHb. MIIHICTh IUIIBOK MAaJIOB A3KUX aBIAI[IMHUX OJUB, MNPUIATHUX JIA
3MalllyBaHHs ONOp TypOOpPEaKTUBHUX JBUTYHIB 3a JIaHUX YMOB BUSIBIISETHCS
HepocTaTHhO. Jlyis 3a0e3meueHHs HaAIWHOTO 3MAallyBaHHSA IIECTEPEHb PEayKTopa
MOTPIOH1 OJIUBU 3 OLIBIIOIO B SI3KICTIO 1 BUIIOIO 3MAIIyBaJIbHOIO 3/IaTHICTIO.

[Ipotupiuust y BUMOTax A0 SKOCTI MIHEpaJIbHHUX OJIUB, 110 TTOBUHHI MOEIHYBATH
BHUCOKY 3MalllyBajbHy 3/IaTHICTb 13 3aJ0BUIBHUMH B’A3KICTHO-TEMIIEpATypHUMU
XapaKTepUCTUKaMHU JUIsl 3a0e3leyeHHs HaIIHOro 3amycKy JABUTYHa 3a HHU3bKHUX
TEeMIIepaTyp, MPU3BEIN 1O HEOOXITHOCTI BUKOPUCTAHHS Uil 3MAlllyBaHHS PELYyKTOPIB
IBUHTA TEJIKONTEpPIB Ta TypOOTBUHTOBHX JBUTYHIB CyMIlll 3 MaJIOB I3KUX
MIHEpAJIbHUX Ta BUCOKOB’SI3KUX OJUB. AJIbTEPHATHUBOIO BUPILMICHHS IIOTO MPOTUPIUYS
€ BHUKOPHCTaHHs B JBUTYHI Ta pEAyKTOpHIN cuctemi remikontepiB H-145 Airbus
Helicopters cunrernunoi onmusu Mobil Jet Oil 254. Tomy, y po6oTi mocTaBieHa 3amada
MIPOBECTH TPUOOIOTIYHI JOCIIKEHHS Ii€] CHHTETUYHOI OJIMBU y TIPOIIEC] €KCILTyaTaIlii
reJIIKONTEPIB.

OanuM 13 NUISAXIB MiABUINEHHS JOBIOBIYHOCTI BY3/diB TEpTd B MalIdHaX 1
MeXaHi3Max € T1JBUILECHHS SKOCTI 3MallyBaJIbHUX MaTeplajiB, 10 JOCITAETHCS MUITXOM

BBEJICHHS B HUX MEPCHEKTUBHUX MPOTU3HOCHUX, MPOTU3aJUPHUX 1 aHTU(DPUKLIHHUX
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npucanok [61-66] y Tomy ymcni ByriieneBUX MatepialiiB, IPOIYKTIB MpOIi3y BYTLLI,
KOKCOXIMIYHOTO BUPOOHUIITBA, ByTrierpagiToBux MarepiaiiB. ToMy, OJHUM 13 3aBlIaHb
poOoTu Oyn0 MpOBEAEHHS TPUOOJOTIYHUX MOCTIDKCHb OJUB IS TEIIKOMTEpiB 13
3aCTOCYBaHHSAM (DyJIEPEHOBMICHMX MPHUCAAOK. OCKUIbKM Taki BHUMpPOOyBaHHS Oyiu
MPOBEJICHI BIEPILIE I JAHHUX OJIUB.

OCHOBHMMH KPUTEPISIMU 3aMiHH OyAb-sIKO1 OJUBHU, OKPIM CHpALIOBaHHS MaKeTy
NpUCAJOK, € YTBOPEHHS TMPOAYKTIB OKUCHEHHs. HarpiB onuB, HaBITh [0 iX
eKCILTyaTallliHUX TeMIepaTyp, 3a HaIBHOCTI KHCHIO 3MEHIIYE TEPMOOKHCHIOBAIbHY
CTaOUIBbHICTh BYIJIEBOAHIB 1 MPU3BOJMTH 1O BUHUKHEHHS TBepAOi (a3zu y BHUIJIAIL
ocany 1 cMOJ, fKl, BIJIKJIQJAalO4YMCh Ha JAETAISIX MAacClsHOI CUCTEMH, 3MIHIOIOTH ii
3MallyBajlbHI XapaKTEPUCTHUKUA 1 BUKIUKAIOTh 3a0pyJHEHHS (UIbTPIB, 3HUKYIOThH
e(eKTUBHOCTI TEIUIOOOMIHHUX MPHUCTPOIB [67].

VY HaykoBili jiTepaTypi B OCHOBHOMY HPHUBOJSATHCS PE3yibTaTH AOCITIIKEHb
10/10 3MIHU (P13UKO-XIMIYHUX BJIACTUBOCTEH aBTOMOOIILHUX OJIUB, a 1H(pOpMAIlis 100
aBlalllfHUX OJIUB, 13-3a CMENU(DIKU iX BUKOPUCTAHHS, MPAKTUYHO BIJICYyTHS.

IlepequacHa 3aMiHa OJIUBM HEBHIIJHA SIK 3 €KOHOMIYHOI TOYKH 30pYy, TaK 1
CTBOPIOE MPOOJIEMHU MOAANBIIOTO 1i BUKOPUCTAHHS Ta €KOJOTIYHOIO HABAHTAXKECHHS Ha
HABKOJIMILIHE CEPEOBHUILIE.

OnHuM 13 HampsIMKIB BUPILIEHHS LI€T TPOOJIEMH € ONTUMI3ALlisl TEPMIHY POOOTH
oJiBH. ToMy METOIO I1i€1 pOOOTH € OOTPYHTYBAHHSI MOKIIMBOCTI 30UTBIIEHHS PECYpPCy
MOTOPHHX OJIUB IUISIXOM 3[IIHCHEHHS KOHTPOJIIO 3a iX CTAaHOM B MPOIECI eKCIUTyaTallii
JIBUTYHA.

BucnoBkmu 10 po3aiay 1

1. Ha ocHOBiI po3risgy HAyKOBHX TMpailb MPOaHATi30BaHO YMOBH pPOOOTH
CUHTETUYHHUX Ta MIHEPAJIbHUX OJMB y JIBUTYHAaX TEIIKONTEPIB Ta MOBITPSIHUX CYICH,
MOKa3aHO BIUIMB 30BHIIIHIX Ta BHYTPIIMIHIX (DAKTOpPIB Ha 3MIHY IOKa3HUKIB SIKOCTI
3MalllyBaJIbHUX MaTepiaiB.

2. V3arajbHEHHs HAyKOBOTO JOPOOKY Cy4acHUX AOCITIJHUKIB Ta MPOBEACHHS iX

KPUTUYHOTO aHali3y JO03BOJNIMIO CGOPMYJIIOBATH OCHOBHI TPEHIUM HAYyKOBUX
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JOCTIKEeHb, @ TAaKOX pAJ HEBUPIIICHUX MpoOJeM Ta HANpsAMKIB sIKI MOTPeOYyIOThH
PO3pOOKM HOBHUX pIllleHb MO0 MOXJIMBOCTEH BHKOPHUCTaHHS B JBUTYHAxX JaHUX
3MalllyBaJIbHUX MaTepiaiB.

3. BcraHoBieHO, 10 OCHOBHUMH (I3UKO-XIMIYHMMH Ta EKCIUTyaTallliiHUMU
MOKAa3HUKAMHU SIKOCTI1 OJIMB, 1110 3MIHIOIOTHCS B MPOILIEC] X eKCIUTyaTallii 1 BIUTMBAIOTh Ha
TEPMIHH 3aMIHH €:

T'YCTHHA, KiHEeMaTW4YHa B’S3KICTh, 3arajibHe JYy)KHE YHCIIO; TeMmIleparypa clajiaxy,
KOJIIp; TeMIlepaTypa 3acTUTaHHs (KpHUCTalli3arii); BMICT MEXaHIYHUX JOMIIIIOK Ta BOJIH;

BUITAPOBYBAHICTh; TPUOOJIOTYH1 XapaKTEPUCTUKH, KOPO31iH1 BIACTHUBOCTI.

4. Ha oCHOBI IpPOBENEHOIO aHami3y, 0yJio cHOpMyJbOBAaHO OCHOBHI 3aBJIaHHS
IUcepTaliiiHoi poOOTH, a TaKoX psiJ HAYKOBO-TEXHIYHUX 3a/ad, SIKI HEOOXI1JTHO
BUKOHATH IS peaizaiii MeTH poOoTH, chOpMYJIbOBaHI METOJIUKH MPOBEIACHHS

I[OCJ]iI[)KGHB Ta aJITOPUTM BUKOHAHHA 3aBAdHb, 10 BI/IpiI]IYI-OTBCSI B pO60Ti.
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PO3JILI 2
TEXHOJIOTTYHI TPOIIECU BUPOBHUIITBA OJIAB

2.1. BupoOHMITBO Ta BUKOPUCTAHHS OJIMB /JIsl reJlikonTepinB

VY renikonTepax OJUBaMM 3MAIYIOTbCS ABUTYHH, PEAyKTOpU Ta IIapHIpU
TBUHTIB. 3aJe)XHO BiJ THUIy ABUTYHa BUKOPUCTOBYIOTh HAa(TOBY (MiHEpasibHy) abo
CUHTETUYHY OJIUBY.

OnuBu npu3HAYEH] JJIs 3MEHILEHHS TEPTS 1 3HOCY JieTajieH, BIABEACHHS BiJl HUX
TeIIa, 3a100iraHHs Kopo3ii, BUIAIEHHS TBEPAUX YACTUHOK 3HOCY 13 30HU TepTs. OnuBu
NpaIiolTh 32 PI3HUX PEKUMIB TEPTS, BHUCOKUX TEMIIEpaTyp, HABAHTAKEHHSX,
HIBUIKOCTSIX, Y KOHTAKT1 3 PI3HUMHU KOHCTPYKIIHHUMU MaTepiaiamMu, B yMOBaX BUCOKOI
aepailii, BHaCIJOK 4OTO JI0 HUX BUCYBAIOTHCS KOPCTKI BUMOTH. TOMYy BOHM MOBHHHI
BOJIOJIITA BHUCOKOIO TEPMIYHOIO 1 TEPMOOKHCIIOBAIBHOIO CTa0UIBHICTIO, XOPOILIOHO
3MalllyBaJIbHOIO 3/AaTHICTIO 1 B'SI3KICHO-TEMIIEPATYPHUMH BJIACTHUBOCTSIMH, HU3bKUMU
BUIIAPOBYBAaHHSAM 1 TEMIIEPaTypOl0 3aCTUTaHHS, BHUCOKOK TEIJIOEMHICTIO, BHCOKOIO
TEMIIEPATypoI0 Crajaxy Ta camo3aliMaHHS, HU3bKOIO arpeCHBHICTIO JI0 aBlalllifHUX
KOHCTPYKIIIMHUX MaTepialiB Ta MaJIOKO BCIiHIOBaHICTIO [68 - 70].

OnuBY NOAUTATHCS HA MiHEpalbHI (HA(TOB1) Ta CHHTETHYHI, /IS TIOPIIHEBUX Ta
ra3oTypOiHHUX JBUTYHIB. J{Ji1 BUTOTOBJIEHHS MIHEpPAJIbHUX OJUB BUKOPUCTOBYIOTh
JUCTWIATHI (pakiii BUCOKOSKICHMX HAa(PT (IMCTUIISATHI OJIMBH) 1 TPOIYKTH, IO
OJIEP’KYIOTh OYMILEHHSM 3aJIMLIKIB, 110 YTBOPIOIOTHCS M1J Yac MEPErOHKU Ma3yTy
(3amumkoBi ofuBH). s 3a0e3nedeHHs HeOOX1AHUX BJIIACTUBOCTEN OJIMBA MIAA€ThCS
OUUIIEHHIO. Y HAPTOXIMIUHIA MPOMUCIOBOCTI 3aCTOCOBYIOTh TIEPEBAKHO J[BA CIIOCOOU
OUUILCHHS — XIMIYHUM 1 (i3uyHud. J[0 XIMIYHHUX CHOCOOIB BiJHOCUTBHCSI OYHIIICHHS
CIpYaHOIO KHCJIOTOIH, a J0 (HI3UYHUX CIOCOO0IB — OYMIICHHS CEJICKTUBHUMHU
pozunHHHKam# [71].

SIk OCHOBa CHHTETUYHHX OJHB IIHPOKO 3aCTOCOBYIOTHCS CKIamHi edipu
MOHOCTIMPTOBUX 1 TBOOCHOBHHMX KHUCJIOT, e(ipy 0araToaTOMHUX CIUPTIB 1 CHHTETUYHUX

KUPHUX  KUCJIOT, CHHTETUYHI  BYIJIEBOJAHI, CHJIIKOHOBI  pIAMHM Ta  1H.
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BUKOPHUCTOBYIOTHCS TaKOX 3MillIaHi OCHOBH OJIHB [72].

Ane Bce Taku CHMHTETHYHI OJMBH, HE3BAXKAIOUM HA IX 3HAYHO OUIbIIY BapTICTh
MOPIBHSHO 3 MIHEPAIBHUMH OJIMBAMH, BCE OUIBII IMHPOKO BHKOPHUCTOBYIOTHCS Y
CHWJIOBHX YCTAHOBKAaX JITaJbHUX amapariB, IO TMOSCHIOETHCS TOJOBHUM YHUHOM
MPOTPECYIOUUM 3pPOCTAaHHSM TEIJIOHAIPY>KEHOCT1 aBIaJIBUTYHIB 1, SK HACIiJOK,
HEOOXIHICTIO 3aCTOCYBaHHS B HHUX OJUB, LI0 €OLIbII TEPMOCTAOLTBHUMH, HIX
MiHepaiabHi. CHUHTETUYHI OJMBU MOXYTb O€3 3aMiHM MPALIOBATH MPOTITOM YChOTO
MIXPEMOHTHOTO TEPMIiHY CIy>KOM JBUTYHA Ta CIPOCTUTH EKCILTyaTallilo JIiTaIbHOTO
anapary. JlJisl DOJIMIIEHHS BJIACTUBOCTEM OJIMB B HUX BBOJATH PI3HI MPHUCATKU, IO
MOKPAIIYIOTh iX (hI3MKO-XIMIYHI Ta eKCIUTyaTalliiiHl BJIACTHUBOCTI: aHTHOKHUCITIOBAJBHI,
3aryIryro4i, IPOTU3aIUPHI, IPOTU3HOCHI, AaHTUKOPO3iiHi, aHTHITIHHI, Mutodi [73, 74].

HadTtoBi AMCTUIATHI OJMUBU OJEPKYIOTh BaKyyMHOIO TEPErOHKOI0 MasyTy.
Hadrosi 3anuimikoBi ouBH — JneachanbTU3aIl€o TyIPOHY (3aJUIIOK MICIS BaKyyMHOT
neperonku Mazyrty). Hadtosi komnayHaoBaH1 — 3MIITYBaHHAM 0a30BUX JAUCTUIISTHUX 1
3aMUIIKOBUX OJIUB. CHHTETHYHI OJIMBH OJEPXKYIOTh CHHTE30M 3 XIMIYHOI Ta
Ha(TOra3oXiMIi4YHOi CHUPOBUHHU. POCIMHHI OJMBH OJEPKYIOTh Ha 0a3l CHPOBUHU
POCIIMHHOTO TMOXOJ/KEHHA. 3MilllaHl OJIMBH MICTATh KOMIIOHEHTH Ha(TOBOrO,
CUHTETUYHOTO Ta POCIUHHOTO TMOXO/DKeHHS. B OCHOBY BHpPOOHMIITBA KOMIIOHEHTIB
OJIUB 3 BUXIJIHMX OJIMBHUX (Ppakiiiii MOKJIaJeHl METOAN BUIAJICHHS TaKUX HEOAKAHUX
KOMITOHEHTIB, SIK CIIOJIYKH KHCJIOTO XapaKTepy, HEHACHYEeHI1 BYIJIEBOJHI, CIPYHCTI Ta
CMOJIONO/IIOHI CHOJIYKH, TOJIIUKIIUHI apeHUu 3 KOPOTKUMH OOKOBUMH JIAHIIOTaMH,
TBepAl mapadiHu. 3 I1€0 METOI 3aCTOCOBYIOTH JY’KHE, CEJIEKTUBHE a00 KHUCIOTHE
OYHIIEHHS, a TAKOK IpolecH aenapadinizaiii ta greachanprusanii [75].

MoTOpHI 0JIMBY CKJIAJAI0ThCSl 3 OCHOBHOT0, 6a30BOr0 MaTepiany — 0a30BUX OJIMB
(75-95 %) i akTMBHHMX JOMIIIOK — MPUCAI0K 1 1oaaTKiB (5-25 %), 1m0 MOIMIIyoTh 1X
eKCIUTyaTaIliiiHi BJACTUBOCTI. SIKICTh TOBAapHOI OJMBU 3aJICKUTH Bia Ha(TH, CcrOocOoOy
olepKaHHs 0a30BOi OJIMBU, TJIUOUHM XIMIYHOTO TIEPETBOPEHHS Ta OYMIICHHS.
XiMIYHUN CKJIaJT OJIMBHOI CHPOBHMHH € OCHOBHMM YHMHHHKOM, IO BH3HA4a€ BHOIp
HalOUIbII  pAIllOHAIbBHUX METOJIB BHUPOOHMIITBA Ta BHUKOPUCTAHHA OJIUB. Y

BUPOOHUIITBI OJIMB BHUKOPUCTOBYIOTH JUCTWJIATHI (pakiii HapTu (MeXI BUKUIIAHHS
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320-500 °C) i 3anuIIoK BaKyyMHOI IEpEeroHKH Ma3yTy — ryapoH (Buiie 500 °C [76,77].

JlocmDKeHHST TPYHOBOTO XIMIYHOTO CKJIaAy OJIMBHUX (Ppakiiiii BUKOHYIOTH 3
BUKOPUCTAHHAM (I3MUHUX, XIMIYHUX 1 (I3UKO-XIMIYHMX METOMIB MOJAUTY OJIMBHUX
dpaxmiit Ta igeHTHdIKAIT XIMIgYHOI OymoBU Monekyi. Ilonmin onmMBHOI CHpPOBHHU Ha
BY3bK1 (Ppakiiii 3A1HCHIOETHCS BaKyYMHOIO TIEPETOHKOIO, XOJOAHUM (hpaKI[iOHYBaHHSM,
xpoMarorpadi€ero, KOMIUICKCOYTBOPEHHSIM, TEpMIUuHOIO Audy3i€l0 Ta IHIIUMHA
MeTronamu. BusiBieHo, 10 BYIJIEBOJAHEBA YacTHHA OJMBHHUX (pakiiil MICTUTh
BHCOKOMOJIEKYJIIPHI alKaHH HOPMAJbHOI Ta 1300y/10BH, MOJIIUKIIIYHI [UKIOATKAHU 3
AIKUIBHUMU paJKajaMy, MOHO- 1 MOJIIMKIIYHI apeHH 3 aJKUIbBHUMH paJuKalIaMH Ta
3HAYHY KUIBKICTh BYTJICBOHIB 3Mimanoi 0yaoBu [78].

HeByrneBonHeBa 4YacTMHA OJMBHUX (pakmid MICTUTh CIPYUCTI, Aa30THCTI,
KHCHEBI, METAJIOBMICHI Ta MOJIIreTepoaToMHl croiyku. Jlo ckimagy onuMBHHUX (pakiiiid
BXOJISITh!

— ankanu — 95-20 % wmac., y Tomy uucii 1300ynoBu — go 0,5— 1,5 % wmac.,
HOpPMaJIbHO1 Oy10BHU — 110 4 % Mac.;

— nuknoankanu — 50-80 % mac.;

— apenu — 15-50 % wmac.;

— TBepai ByriaeBoani — 50-70 % mac..

Krnacudna TeXHONOTisI OTpUMAaHHA MIHEPAJIbHUX OJIMB TOJISITA€ B TMOCTYIIOBOMY
OUYHIIEHH] TIOTIEPETHHO BUAUICHUX 3 Ha(TH OJMBHUX (pakiliil. 3a TaKOI TEXHOJOTIEI0
BUpOOJIsieThea 10 85 % BciX MiHepaidbHUX OJUB. llopiBHSHO HeBenWKUNA BHOIp
MIHEpaJIbHUX OJIUB, BHUpPOONEHMX 3 HapTu O0e3 OyIp-aKuxX J00aBOK, CHOTOJIHI
Ha3WBAaIOThCs  0OazoBuMHM  onuBamu. (OcHOBHI (pakiii BaKyyMHOi TEpPErOHKH
aTMoc(EepHOro 3aIuliKy (Ma3yTy):

— JIeTKa BakyyMmHa onuBa (temmeparypa kumiaas 300-350 °C);

— cepenHs BakyyMHa onuBa (Temneparypa kuminas 350—420 °C);

— BaKkKa oyuBa (Temneparypa kuminas 420-500 °C) [79].

CyTHICTh Cy4aCHOTO BUPOOHMIITBA OJIUB TOJIATAE Y TOOOP1 HEOOXITHUX MPHUCATOK Ta iX
peTeNbHOMY 3MillyBaHHI 3 0a30BOl0 onmBOW0. [IpudoMy mnpucagku MOXYTh OyTH

OJMHWYHHMH, IO HiI[CI/IJII-OIOTB IICBHY BJIaCTI/IBiCTI), abo BXOIHNTH B 6330By OJIUBY
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BEJIMKUM TMAaKETOM MpPHUCaTOK. TakuM YMHOM TOBapHa OJIMBa HaOyBae HEOOXITHUX
eKcIuTyaTaliiiaux Biaactuocteit [80, 81].

ba3oBi 0JIMBH CENEKTHMBHOTO OYHUIICHHS 3a3BMYail HA3MBAIOTHCS 0a30BUMHU
onmmBaMu rpynu | Ta XapakTepu3yroThCs K Taki, 0 MicTITh MeHIe 90 % HacuueHux
ByrieBOHIB (> 10 % apomatuunux ByriaeBoAHiB) 1 6ubiie 0,03 % cipku. ba3zosi onuBu
rpynu 1l Bigpi3HsIOTECSA Bi 0a30BUX OJIMB Ipynu I, OCKIIBKM BOHH MICTSATh 3HAYHO
MeHme gomimok (Menme 10 % apomatmunux ByrieBoaHiB, meniie 0,03 % cipku).
Bonu Takoxx MaroTh iHImMA 30BHIMHIA Burian. OmuBu rpynu I, BuroromnieHi 3
BUKOPUCTAaHHSAM HOBITHBOI TE€XHOJIOTII T'JIPOOYMIIECHHS, HACTUIBKM YUCTI, 10 BOHU Ha

BUIIISAI Maibke He MaroTh KoJbopy [82, 83, 84, 85].

2.2. TexHoJI0TiYHI MpouecH BUPOOHUITBA MiHepaJbHOI o1uBH MK-811

MiunepanbHa aBianiiina onmBa MK-8m, 10 BUKOPUCTOBYETHCS ISl ra30TypOIHHHUX
JIBUTYHIB JIO3BYKOBHX 1 HAJ3ByKOBHX JITaKiB, BUTOTOBJISETHCS 13 HAPTOMPOIYKTIB
(miHepanbHa ocHOBa). OCHOBHOIO CHPOBHHOIO JJIsI BUPOOHUIITBA MIHEPAJIbHUX OJIUB €
Ma3yTH - 3AJTUIIKH BiJ] IpsiMoi nieperonku Hadtu [86].

ba30Bi 01MBY 3BUYAHUX TEXHOJIOT1M OTPUMYIOTh 3 OJIHIET 200 CyMIIlll JAEKIJTbKOX
MIHEPAJIBHUX KOMIIOHEHTIB (IUCTWIATHHUX, 3QJIMIIKOBUX), IO MPOUILIH OOpOOKYy 3a
KJIACUYHOIO CXEMOIO:

- CeNIEKTUBHE (KUCJIOTHE) OYUILEHHS a00 EKCTPAKI[isl PO3UMHHUKAMU;

- OYMILICHHS aJICOpOCHTaMH;

- nemapadinizarist pozunHHHKamu [87].

BukopuctanHs 3BHYallHUX TEXHOJIOTIM [103BOJIsie OTpuUMaTud 0a3o0Bl oOfii 3
BJIACTMBOCTSIMH, JIOCTaTHIMH JJII BHUPOOHHUIITBA HA I1X OCHOBI MOTOPHHUX OJIMB
MOYAaTKOBOTO PIBHS  SIKOCTI. 3ajeXHO Bil XIMIYHOrO CcKiamxy HadTH, 110
BUKOPHUCTOBYETHCS K CHPOBHHA, PO3PI3HSAIOTH JABa TUMK Oa30BUX OJIMB 3BHUYAWHUX
TEXHOJIOT1i: mapadiHoBi Ta HaGTEeHOBI1. BUX1THOIO CUPOBUHOIO JJIsl OTPUMAaHHS 0a30BUX
OJIUB CIYTYIOTh Ma3yTH (3AJIMILKH B1J] IpsIMOi nieperoHku Hadtr). OCHOBHUM CITOCOOOM

nepepoOKd MaszyTy 3a OJIMBHOIO CXeMOIo € (¢pakuiiiHa neperonka. Ilpu upomy 3
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JETKOKUIUITYNX (paKiiid Ma3yTy OTpUMYIOTh AUCTWIIATHI 6a30Bi omusu (BO) [88].

3a XIMIYHUM CKJIaJloM Ha(TOBI OJMBU SBISIOTH COOOIO0 CYMIIll BYTIJIEBOJHIB
MoutekyisspHOT Macoro 300-750, mo MicTaTh y ckiami Mosiekys 20-60 aToMiB BYTJIEITIO.
ba3oBi onuBM ckimamaloThCs 13 rpyn  130-mapadiHoBux, HadTeHO-TapadiHOBUX,
HaTEHO-apOMAaTUYHHUX 1 aPOMATUYHUX BYTJIEBOJHIB PI3HOTO CTYMEHS IUKIIYHOCTI, a
TaK0X T€TEPOOPTaHIuHUX CIOIYK, 1[0 MICTATh KHCEHb, CIpKY 1 a30T. ['eTepoopraniuni
CIOJTYKH (0COOJMBO KHCHEB1 CIIOJIYKH) € OCHOBOIO CMOJI, III0O MICTATHCS B 0a30BIi
onuBl. XIMIYHHIA ckiIaj 0a30BHX OJIMB 1 CTPYKTypa BYTJIEBOJHIB, IIO BXOIATH A0 iX
CKJaay BH3HAYAIOTHCA SK MPHPOAOI0 CHPOBHHH, WIO TEPEpOONAEThCS, Tak i
TEXHOJIOTI€r0 T mepepobku [89].

SIKicTh TOBApHOI OJIMBU 3AJIEKUTH B1Jl TUITY BUX1AHOI HAPTH, CIOCOOY OTPUMAHHS
0a30BO1 OJIMBH, ITMOMHU XIMIYHOTO MEPETBOPEHHS 1 OYMINEHHS. B ommcax mpoaykTy
4acTO BKa3yKThCS OCOOJMBOCTI BUPOOHHUITBA 1 CKJIaxy AJIs MEPEKOHAHHS CIOXKMBada
PO BHCOKY SKICTh BUXiHOTO 0a30B0i oimBu [90].

CupoBHHOIO ISl BUPOOHMIITBA MIHEPAJIbHUX OJIMB € JUCTHIATH BaKyyMHOI
NEPEeroHKH Ma3yTy 1 ryapoHy. OJMBH OTPUMYIOTH B PE3YyJbTATI MOCHIIOBHOTO
OUYMIIEHHSI CUPOBUHU B1J] HEOaXaHUX CIOJIYK: HEHACUYEHUX, ac(PaibTE€HO-CMOJIUCTHX,
cipurctux, napaginoBux, kucaux [91, 92].

OcHOBHUI 00’€M OJIUB BUPOOJISIIOTH 13 3aCTOCYBAaHHAM E€KCTPAKLINHUX MPOILECIB
PO3MOUICHHS CUPOBUHU (IUCTUIISATIB 1 TYIPOHY):

— CEJICKTUBHOTO OYHMUIEHHS pO34YMHHUKOM ((denonom, ¢ypdyponom, N-
METUIIIIPPOTIIOHOM),

— neacalbTU3AIIEI0 TYJIPOHIB MPOMAHOM 1 COJBBEHTHOIO AemnapadiHizaiiero
padiHATCENIEKTUBHOIO OYMILIEHHS B KETOHBMICHOMY PO3YMHHUKY (OCTaHHIN Mpolec
SBJISIE COOOIO OJIMH 13 PI3HOBHUJIIB MPOIIECY EKCTPAKIIT — €KCTPAKTUBHY KPUCTATI3AIIIIO0)
[93].

3aranpHa cxema BUPOOHHUIITBA 0a30BUX HA()TOBUX OJIUB:

— aTtMocdepHa TMEeperoHKa, MpH sIKIi BIIOKPEMITIOIOTHCSA JIETKOKUTUISY1 (hpakinii
(cBiTi1 HATOMPOAYKTH) 1 aTMOC(EPHHUIA 3aNHUILIOK a00 Ma3yT, IKUM CIYTY€ MOAATIBIIO0

CUPOBHMHOIO JIJISl BAKYYMHOT IEPETOHKH 1] 4aC BUPOOHUIITBA OJIUB;



S7

— BaKyyMHa MEperoHkKa atMoc(EepHOro 3ajHIlKy (Ma3yTy) 3A1MCHIOETHCS TMPHU
O1TBIN HU3BKIM TeMmmepaTypi B BaKyyMi, IO JO3BOJISE TMEPEraHATH B'SI3K1 MPOIYKTH;
dpaxiii oJuB, sIKI OTPUMYIOTh — BaKyyMHI JUCTHIISATH 3 PI3HOIO B'S3KICTIO 1 BAKYyMHUI
3aJIUIIOK, 3 IKMX OTPUMYIOTh BUCOKOB'AI3K1 0a30B1 OJIMBH,

— OuHIEeHHs (Ppakiliii BaKyyMHOI IEPErOHKH METOJ0M €KCTPaKIIii, 32 JOTIOMOT 010
SKOI PO3UMHHUKAMHU BiTOKPEMITIOIOTHCSI HE0aKaHi CTIONYKH;

— nenapadinizaiii ppakiii, Ipu SKii BIIOKPEMITIOIOThCS apadiHu;

— 1HIIT TEXHOJIOT1YHI MPOIIECH TTOKPAIICHHS SIKOCTI 0a30BUX OJIUB!

TApyBaHHS;

KaTaJIITUYHUHN T1APOKPEKIHT,

OUMILICHHS BUOUIIOIOYOT TJMHOK a00 KPUCTAIIYHUM  allFOMOCHIIIKATOM

(Hampukia, reonitom) (puc.2.1) [68, 94].

ATtmocdepHa ITHCTHIALIA

HHB CIIBHE IIATHBO

AtmochepHHH aTHIIOK

BaxkyMHA THCTHIIAILA BEA30BI ONMBU
NpwubBnmsni B'azxkocTi
e L B et < .E r—— SAE SW
E > > —| & [—— saE 10w
g5 —k g [ E —| E |=—> sAE 30
5 = é > .5 »| & | ——saAE s0(50)
B > ﬁ — g —_— § —p SAE 250
= - Brightstock
- - L :I - -
BaxkyMHHH 3aTHIIOK HeachanpTH3a11ia
BitymMu

Puc.2.1. Cxema BUpOOHMIITBA MiHEpAIBHUX 0A30BUX OJIUB

3ame)XHO BIJ PIBHA TMEpEepoOKH Ta OYHUIIEHHS 0a30BI MiHEpalbHI OJIUBH

MOAUISIIOTHCS HA TPYIIU:
| — MiHEpallbHI OJIMBH, IO OTPHMaHI METOJOM CEJICKTHUBHOTO OYMINCHHS 1
nerapadinizaliii po3YnHHUKAMH,

Il — moxparieHi MiHepaabHl OJMBU 3 HU3bKUM BMICTOM apOMAaTHYHHMX CIOJYK 1
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napadifiB, 10 MPOUIIUTH T1APOOOPOOKY;

Il — rizpokpekiHrosi 0a30BI OJWMBH 3 BHCOKHM IHJIEKCOM B'SI3KOCTI, OTpHUMaHi
METOJIOM KaTaJliTHYHOTO T1IpoKpekinry [95].

3a 0MOMOroI0 KPEKIHTy OTPUMYIOTh HAWSKICHIIIMN NPOIYKT. AJjie BapTIiCTh
nepepoOKU OJIMBH 3 BUKOPUCTAHHSM LIBOTO MPOIIECY JOPOKUUIA.

[Ticns BiATOHY 3 Ma3yTy OJIMBHUX JUCTHIIATIB y 3aJIUIIKY OTPUMYIOTh TYJIPOH 200
Ipd MEHII TIJIMOOKOMY BIZOOpI — HamBryapoH. ['yaIpoHM Ta HamiBryJIpOHH
BUKOPHUCTOBYIOTh ISl OTPMMAaHHSI BHCOKOB'SI3KHUX, TaK 3BaHUX 3aJUIIKOBHX 0a30BUX
OJIUB. Ma3yTu BUKINAIOTh y MIUPOKOMY IHTEpBaJIl TEMIIEpaTyp, MPUUOMY TeMmIepaTypa
KUMHHS TpU aTMOCHEPHOMY THUCKY OUIBIIOCTI OJMBHUX (Gpakiiil JeKUTh BUIIE 3a
TeMIlepaTypy iX po3kiafgaHHs (KpekiHry). Tomy (pakiiiiHy MNEeperoHky Mas3yTy
NPOBOJSATH MPHU 3HIKEHOMY THCKY Yy TMPUCYTHOCTI BOASIHOI mapu. TyT wma3yT
HOJIIETHCS Ha OKpeMi (pakiiii, MacsHI TUCTHIIATH 3 Pi3HOIO B's3KicTiO [96].

3 HM3Yy KOJIOHU BIIOMPAIOTh HAMIBIYJIPOH Ta TYJIPOH. Y BAKYYMHHX TPyO4acTHX
YCTAaHOBKAaX HarpiBaeTbcsi Ma3yT 0Oe3 poskiagaHHs 1o 425°C. Lle nocsaraerbcst 3a
paxyHOK HETPHBAJIOTO MepedyBaHHs Ma3yTy B TpyOuacTux medax Tta Bakyymy 250-350
MM PT.CT. 3 MiJABHIICHHIM TEMIIEpPAaTypy HArpiBaHHS Ta BHUIIAPOBYBAaHHA Ma3yTy (B
yMOBaX, IO BUKIIOYAIOTh MOKJIMBICTH WOTO PO3KJIaJaHHs), 30UIBIIYETHCS TIMOWMHA
B1100pPY 3 HBOTO MACISIHUX JUCTHISTIB, OCOOJMBO 3a PaXyHOK B'SI3KUX BYIJICBOJHIB.
OTpuMaHi HIISTXOM MEPETOHKH Ma3yTy OJIMBHI JUCTUJISITH Ta 3aJIMIIKHA CKIIAAIOThCS 13
CyMIillll BYIJIEBOJIHIB PI3HMX KJIACIB Ta MICTATh CIPYMCTI CHMOIYKH. /[0 HMX Hanexarb
ac(arbTO-CMOJUCTI PEUOBUHM, HA()TEHOBI KHUCJIOTH, apOMaTH4HI BYTJEBOJHI Ta iH.
MacnsHi IUCTUISATH Ta 3aJHUIIKH € HAMBIPOAYKTaMH JJIsi OTPUMAaHHS TOBapHHUX
0azoBux onuB [97].

[I{o6 oTpuMaTH rOTOBI OJMBH, HEOOX1THO 3BIILHUTH iX BiJI IIKIITMBUX JOMIIIOK.
HaiinpoctimuM cmoco60M OYHMINEHHS OJIMBHUX TUCTWIISTIB € BHJIYTOBYBaHHS, TOOTO
0o0poOKa po3uMHAMM JIYTiB, BUAAJICHHS KHUCIUX CHoJyK. Halikpamii pe3yinbraTul aae
KHCIIOTHO-TTY’)KHE OUMIIEHHS, SKE TONArae B OOpOOIl OJIMBHOTO HAMIBIPOIYKTY
KOHLIEHTPOBAHOIO cipuaHoio kuciotowo (96-98 %), a morim mayrom. Ilpu mpomy

B110yBa€ThCs BIIAUICHHS ac(PaibTO-CMOJIUCTUX PEUYOBUH, YaCTUHU Ha(PTEHOBUX KUCIIOT
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Ta BaXKHUX IMOJIAPOMATUYHHUX BYIJIEBOJAHIB, CXWIBHHX JO0 CYJIb(pyBaHHS, SIKI MpH
BHUCOKIW TEeMIIepaTypi BCTyNalOTh Y PEaKIiio 13 CIpYaHOI KUCIOTOI Ta BUIAJISIOTHCS 3
onuBH [98]

[ToTiM i HaMiBOPOAYKTH OOpOOJSIOTHCS HATPIEBUM JIYTOM, IO HEHUTpami3ye
OpraHi4yHi KMCIIOTH Ta 3aJIMIIKH CIpYaHOi KUCIOTH. [ BUAAJIEHHS 3aJUIIKYy JYTy Ta
COJIEH YaCTO BUKOPUCTOBYIOTh CYIIIHHS OJMBU rapsiuuM MOBITpsM. KUCIOTHO-TyKHUM
CII0c000M 0araTo POKiB MPOBOIUIOCS OUHUIICHHS TUCTHIATHUX oyuB [99].

B onuBHUX IHUCTUISATaX MICTATHCS MapadiHOBI BYTJIEBOAHI HOPMAJIbHOI OYyJOBH
Ta 1300y10BU (Cn Hapt+y), HadTEeHOB! BYIUVIEBOAHI, IO MICTATH I'STH- 1 MIECTUWICHH]
[UKIIY 3 TapaiHOBUMU O1YHUMU JIAHIIOTAaMU P13HOT JOBXXUHH, ApOMATUYHI BYTJIEBOIHI
(moyii- 1 MOHO-UMKIIYHI), a TakoXX Ha(TEHOJAHLIOraMu), CMoJucToachanibTEHOBI
PEYOBHHH, CIPKO-, a30T-1 KHUCHEBMICHI OpraHiyHl CIOJIYKH. Y MOPIBHSHHI 3 IHIIUMU
BYTJIEBOJHSMHU TapadiHOBI BYIJIEBOJHI MAlOTh HaWMEHIIY B'SI3KICTh, HAMOLIBII MOJIOTY
B'SI3KICHO-TEMITEPATypHY XapaKTePUCTHKY 1 HaWOUIbIwiA iHaekc B's3kocti [100].

HadrenoBi Ta i3omapadiHoBi ByIJIeBOHI € OCHOBOIO HA(TOBUX OJIIH Ta iX BMICT,
3aJIeXKHO B1Jl XapakTepy HadTH Ta TeMIepaTypHUX MEX BUKHUIIAHHS HaQTOBHX OJIHHUX
¢bpaxuiii, cranoBuTh Bi 50 % no 75 % mMacu onuBu. Bing cTpykTypHUX 0CcOOIMBOCTEN
HaQTEHOBUX BYTJEBOAHIB 3ajexaTh iX (DI3UKO-XIMIYHI BJIACTUBOCTI Ta Pl
eKCIUTyaTalllfHUX BIACTUBOCTEH: TaK, YAM OUIbIIE KUIElb Y MOJEKYJl, TUM BHILA IXHS
TeMIlepaTypa KWITIHHS; 110 OUIbIIe aTOMIB BYTJCII0 B OIYHHMX JIAHIIOraX, TO BHIIE
B'S3KICTh 1 1HAEKC B'A3KOCTI. IIpyu ofHOMY i TOMY 4YMCIII aTOMIB BYTJIEIIO y OIYHOMY
JAHUIOTY, 31 30UIBIIEHHSM CTYMNEHS PO3raly’KeHOCT1 JIaHIfora, TeMIieparypa
3aCTUTaHHS OJMBHM 3HIKYeTbcs. Bim Bmicty CH-rpyn y OlyHMX naHmoorax Tta ix
CTAaHOBMIIA 3aJICKUTh CTAOUIBHICTh HA(PTEHOBUX BYIVIEBOJHIB MPOTH OKHCHEHHS
MoJiekysipauM kucHem [101,102].

ApomaTtruHi Ta HadTEHOAPOMATUYHI BYTJICBOJHI MPUCYTHI Yy JIETKUX OJUBHUX
dpakuisx (350-400 °C) y Burisiai roMoJioriB 0eH301y 1 HaQTalliHy, y OUIbII BaXKHUX
dpakmisx (400-450 °C) wmicTaTbcs MOHO-, 0i- 1 HaBITh TPUIUKIIYHI apOMaTHYHI
CTIOTTYKH.

CipkoopraHiuHi CHOJYKH. Y BUCOKOKHIUILTYMX (pakifisx HaTu, 10 WayTh Ha
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BUPOOHUITBO 0yUB, HakonmnuyeTbest 60-70 % cipkoopraHiyHuX CIOJYK BiJ BUXIIHOI
HadTu. CipkoopraHiyHi CIOJMYKH BaXKUX ¢pakuiil HadTH HalekaTh B OCHOBHOMY J10
Cynb(1aiB, y TOMY YHCII 0 TOXIAHUX Ti0()eHiB, CKOHACHCOBAHUX 3 ApOMATUYHUM 200

HaTeHOBUM IukiIamu [103].

VY tabauni 2.1 HaBeaeH1 Pi3UKO-XIMiUHI BIACTUBOCTI MiHEepalibHOI omuBu MK-811.

Taomug 2.1

®dizuko-xiMiuHi BiaacTuBOCTI MiHepaabHOI oJiuBM MK-811

IToxa3zuuku Meton MK-8n
BH3HAYCHHS

B’q3KkicTh KIHEMAaTUYHA 32 TEMIIEpaTypu ASTM D445 2.6
100 °C (50 °C 11 MK-81r), ¢cCt, He MeHIIe (8.0)
B’g3KkicTh KIHEMAaTUYHA 32 TEMIIEpaTypu ASTM D445 16.0
40 OC, cCt, He OlJbIIe

B’s13kicTh KiHEMaTHYHA 33 TEMITepaTypu ASTM D445 6500
- 40 OC, cCT, He Oinblie

Jlyxne uucno, mr KOH/r, He MmeH1Ie ASTM D2896 0.04
Temnepatypa cnanaxy, °C ASTM D92 140
TeMmneparypa 3acTUTraHHS, °C ASTM D5950 -55
Tycruma, KF/M?’ ASTM D1429 885

VY mpotieci BUpOOHUIITBA 3HAYHA YaCTHHA CIPKOOPTaHIYHUX CIIOIYK BUTATY€ETHCH,
poTe JIesKa KUIbKICTh iX MPUCYTHS B OJIMBaX, BUTOTOBJICHUX 13 MaJOCIpUUCTUX HA(PT
(0,16 %). B onuBax i3 cipurictux HapT HUX CHOAYK MiCTUTBhCsS B 10-15 pasie Oinblie i
cranoBuTth 0,5-1,5 %, 110 3 ypaxyBaHHsIM MOJIEKYJISIpHOi MacH oiuB Bianosigae 10-15%
CIPKOOPTraHIYHUM CIIOJIyKaM. TakuM 4MHOM, B OJIISIX, OAEP’KYBAHUX 13 CIPUMCTHX HAPT,
TOX1JTHI CIpKH, opsiA 3 apadiHoHahTEHOBUMHU Ta HAPTEHOAPOMATHYHUMH CTIOTYKaMH,
€ OCHOBHMMH KOMITOHEHTaMH. 3aJIeKHO BIJI CKJIaly CIPKOBMICHI CHOJIyKH OuIblIe abo
MEHIIIE€ BIUTUBAIOTh HA MPOTU3HOCHI, TPOTU3aUPHI BIACTUBOCTI Ta HA CTAOLIBbHICTD MIPH

OKHCIIEHHI, y 3B'I3Ky 3 UMM MPHUCYTHICTh IUX CIOJYK € MO3UTHBHOIO. OCHOBHA
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KUTBKICTh CIPKOBMICHUX CIIOJIyK MICTUTBHCSI B MPUCAIKAX, SIKI BXOJATh B MAKETH, IO
MIPOMUCIIOBO BHUPOOJISIOTHCS, ITMPOKO BUKOPHUCTOBYIOTHCS MPU BUPOOHMIITBI TOBAPHUX
omuB [103].

OnuBY B 3aJIGKHOCTI BiJl BUXITHOI CUPOBUHH, YMOB BHUPOOHHUIITBA Ta CIIOCOOY
OUYHUIIEHHSI MOXYTh MaTH Pi3H1 BIAacTUBOCTI. CYKYNMHICTh PI3HUX BIACTUBOCTEH OJHMBU
BHU3HAYAE i1 AKICTh Ta MOXKJIUBICTh 3aCTOCYBAHHSI JIJISl TUX UM 1HIINX [UTeH. Benmnuuau
OCHOBHUX (I3MKO-XIMIYHUX TIapaMeTpiB OJIMB PETJaMEHTYIOThCS CTaHJapTaMH
(cepTudikataMu SKOCTI), SIKI JAIOTh YSBJICHHS MPO MOKJIMBICTh MOBEIIHKH OJWBU B
IpoIIeCi eKCIUTyaTalli Ta CIyTyIOTh Ui KOHTPOJIBHUX MEPEBIPOK AKOCTI OJIMBH MIJISTXOM

3iCTaBJICHHS JOCIIIHUX JaHUX 13 TeXHIYHUMHU yMoBamu [104, 105].

2.3. TexHoJioriuHi Mpouecu BUPOGHNITBA CHHTeTHYHOI ostmBH Mobil Jet

Oil 254

Cunternyna onuBa Mobil Jet Oil 254 BurorosieHa Ha OCHOBI CKJIagHUX e(ipiB
(ecTepiB KUPHUX KUCIOT) — PYHKIIOHATBHUX MOXITHUX KApOOHOBHX a00 MIHEPaTbHUX
KUCJIOT, B SIKAX TIIPOKCHIIbHA TPyIa 3aMillleHa 3aJIMIIKOM crupty abo ¢enony (OR),
TOOTO B3a€EMO/Ii1 BACOKOMOJIEKYJISIPHUX KUPHUX KUCIIOT 13 CIUPTAMH.

CHUHTETHYHI OJIMBH SBJSIOTH COOOI0 1HAMBIAyallbHI CHOJYKHM abo cymimi
JEKUIBKOX CIOJIYK OJM3bKOi XIMIYHOI CTPYKTYpH, MOJIMEpU ab0o OJiroMepu, OTpuMaHi
METOJIOM CHHTE3y 3 PI3HUX MOHOMEpiB. CHUHTETUYHI OJIMBU MalOTh BUCOKHW I1HACKC
B’s3K0CTi (150-170), Temmepatypy 3acturanas Hkde (10 -65 °C), HiX y MiHEpaJIbHHX.
BiamoBimHO, TycK MABUTYHIB TpW BiJl’€MHUX TeMIeparypax TMpH 3aCTOCYBaHHI
CUHTETUYHHUX OJIMB JIETIIE, HIXK MPU MIHEPATbHUX 1 MOMKIMBUNA NMPU OLIBII HU3BKUX
TeMriepaTypax noBiTps. [Ipu mycKy nBUTyHAa CHHTETHYHI OJMBH IIBUIIE MOKPHUBAIOTH
METaJIiuHi TOBEPXHI JABUTYHA 1 MPOHUKAIOTh Y BCI BaKKOA0CTYITHI Mictst [106].

BiiacTUBOCTI CHHTETUYHUX OJIUB 3QJIEKATh BiJl XIMIYHOI OYJI0BHU, sIKa € OCHOBHUM
KpuTepieM ixHpoi kinacudikartii [107]:

- BYTJIEBOJAHEBI OJMBA Ha OCHOBI mnomanbdaonediniB, i3onapadiHiB Ta

aNK1JIOEH30ITY;
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- momiedipHi ONMBH HAa OCHOBI: €QipiB JABOOCHOBHHMX KHCIOT 1 TNEPBUHHUX

CIIUPTIB (HAMp., 1300KTUIOBUHN eip ceOAMHOBOT KHCIOTH);

- e(bipiB moJioIiB,

- noipeHiioBux edipis;

- MOJITTiKOJeBUX eipiB (HANpHUKIIad, MOTIaIKUICHTIIKOJIeBUH edip);

- e(bipiB pocdopHOi KHUCTOTH;

- (TOpBYTIEBOIHEBI OJIMBH;

- CHJIIKOHOBI OJIMBH.

Okpemi  BIACTUBOCTI  BUKJIIOYAIOTh  MOMJIMBICTh  3aCTOCYBaHHS  JCSKHX
CHHTETHYHHUX PiJIUH sIK OCHOBHI KOMITOHEHTH aBiarfiiiaux onus [108].

- noxiedipHl OJMBU Ha OCHOBI e€]ipiB (HOCcHOpPHOI KUCIOTH MaKOTh HEIOCTATHI
iHAeKcH B's13K0CTi (B Meskax Big 0 1o -30);

- (TOpPBYIJIEBOJIHEB] OJIMBHM MAalOTh HHU3bKY TEMIIEpaTypy KHITIHHS Ta IOraHi
B'sI3KICHO-TEMIIEPATYpPHI XapaKTEPUCTUKHU;

- CUJIIKOHOBI OJIMBM HE 3MINIYIOTHCS 3 MIHEPaJbHUMH 1 MarOTh HEJIOCTaTHI
3MallyBaJIbHI Ta MPOTH3HOCHI BiaacTuBocTi [109].

B’s3kicTe cuHTeTMYHHMX OnMB mpu Temmeparypax 250-300 °C, Bume HiK y
piBHOB si3kuX M Tipu 100 °C MiHepaIbHUX, BOHU MAIOTh Kpally TePMIYHY CTaOUTbHICTD,
HU3bKY BUMApOBYBAHICTh Ta MaJy CXHJIBHICTH JI0 BUCOKOTEMIIEPATYpPHHUX BiAKIa/CHb.
ToMy CHHTETHYHI OJMBU MOXYTh 3aCTOCOBYBAaTHUCS Yy  BHCOKO(OPCOBAHUX
TETUTOHAINPYXeHnX aBuryHax [110].

OCHOBHUI HEJIOJIK CHHTETUYHUX OJMB — BOHHU 3HAYHO JOPOKYE MIHEPATbHUX (B
2-3 1 Oumpme pasiB). ['ymMoBI Ta iHII TPOKIAIKUA, BTYJKH TOIIO BITYM3HSIHUX
aBTOMOOUIIB HE 3aBXAU BUTPUMYIOTh CHUHTETHYHI OJMBU (TOOTO TEUyTh), TaK SK
OCTaHHI1 BOJIOIIFOTH BUCOKOIO XIMIYHOIO aKTUBHICTIO 0a30BUX KOMIIOHEHTIB. € 1€ OIHUH
HEJIOJIIK — BIPOTITHICTh HECYMICHOCTI MPHW 3MIillIaHHI 3 MIHEpaJbHUMHU OJIUBaAMH. AJie
BHUCOKI €KCIUTyaTallliHl BIACTUBOCTI, 30UIBIIEHUNA CTPOK MPUAATHOCTI Y ABUTYHAX 10
3aMiHM, HU3bKAa BUTpAaTa HA 4aj 1 BHACIIJOK I[bOI'O MCHINIA 3arajibHa BUTpaTa OJIMBH,
POOJIATH JOIIBHUM 3aCTOCYBaHHS CHHTETHYHUX OJuB [70].

CHUHTETHYH] OJMBU TMEPEBEpPUIYIOTh MIHEpaIbHI 32 AHTUOKUCIIOBAIBHUMHU
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BJIACTMBOCTSIMHU, MAIOTh PIBHI a00 Kpalll MPOTH3HOCHI 1 MPOTU3aIUPHI BIACTUBOCTI. Y
3B'SI3KY 3 IIUM TE€PMIH IX MPHUAATHOCTI y KiJIbKa pa3iB MEPEBUIIYE TEPMIH MPUIATHOCTI
MiHEpaJbHUX OJIUB 1 cTaHOBUTH Bix 20 10 80 THC. KM [107].

B  skocTi BHXIZHUX KOMIIOHEHTIB  BHPOOHHMIITBA CHHTETUYHUX  OJIUB
BUKOPUCTOBYIOTh 3a3BUYall HACTYMHI KOMIIOHEHTH:

- CHHTETHYHI BYTJIeBOAHI (TI0Mi-anbda-onedinu, Hanpukiaaa Mobil 1),

- opraHiuHi edipu (SKi OTPUMYIOTh IUISIXOM B3a€EMOJII CIUPTY 3 KUCIOTOIO,
Hanpukian Castrol Syntec),

- TIOJIITJTIKOJIi, HAMPUKJIaJ MoJriaakaainriaikonesa onmBa PAG [70].

THonianeghaonegpinosi onusu (ITAOO) — cuHTernuHi 0a30Bi pIiJIMHHU, SKI
OTPUMYIOTh KaTAJIITHYHOIO OJIITOMEPHU3aLI€I0 BUIIUX alb(paosepiHOBUX BYTJIEBOJIHIB,
rojJoBHUM 4uHOM ¢pakiii Cip, 3 MOJANBIIUM TIIPYBAHHSIM OJIMBOTECHUX IMPOJYKTIB
cuHTe3dy. 3a xiMiyHuM ckiaaoM [TAOO sBusitioTh €000 TEepeBa)xHO amiaTHYHI
BYIJIEBOAHI 3 JIOBTOJAHIIOTOBOIO po3raiyxeHicTio. [lomiansdaonedinoBi onauBu
MOBHICTIO CYMICHI 3 HA)TOBUMH OJIMBaMH, 0Ope MPUIAMaIOTh OUIBIIICTD MPUCAIOK, K1
3aCTOCOBYIOTh B HA(TOBUX OJIMBAX, TIAPOIITHYHO 1 XIMIYHO CTaOLIbHI, €KOJOTTYHO
cTabimpHi. Ix 3aCTOCOBYIOTh SIK OCHOBU YW 0a30B1 KOMIIOHEHTH MOTOPHUX aBlallliHUX,
TPAHCMICIHHX, XOJOAMILHUX BaKyyYMHHUX, OIJTMX OJIMB, MTACTUYHUX MacTia [111].

B ocnoBy Texnonorii [TAOO noxnazeHi KaTadiTH4HI peakiii oyiromMepu3anii
anbdaonedinis 1 rigpyBanns nomanbdaonediniB ([IAO). [lepeBaxkatouum nporecom y
BupoOHULTBI [TAOO € kartanmiTuuHa ojiromepusaiis aibdaonediniB, sika 3a0e3neuye
OTPUMaHHS OJIITOMEPIB 3 3aJ]aHUM MOJIEKYJIIPHO- MAacoBUM po3mnoaiieHHsM (MMP) 1
MaKCUMaJIbHO OJIHOPIIHAM XIMIYHUM CKJIQJOM MPOIYKTIB peakilii. 3MiHIOIOYH YMOBHU
npoiiecy, MoxkHa yrpasisitd MMP npoaykris omiromepu3arii [112].

Bigomi ciocobu oTpuMaHHS TOJ110JI€(iHOBUX OCHOB CHHTETUYHUX OJIUB IIJISTXOM
KaTIOHHOT oJliroMepu3amii BHIIUX OJIeQiHIB, IO MICTITh CTQAII0 IIJATOTOBKH
oJieiHOBOi CHUPOBUHM 1 PO3UMHIB KOMIIOHEHTIB KaTaJITUYHOI CHUCTEMH, CTaJilo
ojiiromepu3ariii  ofeiHOBOi CHUPOBHHH, CTaJil0 BHIIJIECHHS 3 OJliroMepusara
BIIMPAIlbOBAHOTO  KaTajli3aTopa METOJOM BOJHO-JTY)XHOI 1 TOJAJIbIIOI BOJHOL

MIPOMUBKH, CTA/I110 TOJIUTY OYHUIIIEHOTO OJiiroMepu3aTa Ha (pakilii 1 CTajliio riapyBaHHs
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BUJIUICHHX I1ThOBHUX (pakmiii [70].
Ha puc. 2.2. HaBeneHa OJIOK-CXeMa YCTAHOBKH JUIS OJCP)KaHHS CHHTETHYHHX

0a30BUX OJIMB.

Iositps

Asor E d m\
( ] Jlerka MacasiHa

dpaxuin

14 16 18

Kyoopmit
i 32IHMOK
o-o1edin

IIpoaykTa
perenepaumii

1

Puc.2.2. briok-cxema ycTaHOBKH JIJisl OJIepKaHHSI CHHTETUYHUX 0a30BUX OJIUB

TexHosoriyHa JiHIA MPOIECY OJIepKaHHS CUHTETUYHUX 0a30BUX OJIUB BKIIIOYAE
peaktop ojiromepusaiii 1 3 miAKIIOUEHUMH 10 HHOTO MapajieIbHO Yepe3 aacopOLiiiHi
cucTemMu ouuileHHs 2, 3 1 4 noBitps 5, a30Ty 6, MOHOOKCHUTY BYTJICIIO / 1 €NEKTPUIHUIN
obirpiBau 8. JIxxepeno anbha-onedina 9 nogarote B peaktop 1 yepe3 npoMi>KHY EMHICTh
10, macoc 11 i1 emekTpuunuii obirpiBay 12. Omiromepusar 3 BepxXy peakTopa 1 depes
xomomuwiabHUK 13, emuicTh 14 1 Hacoc 15 HaaXoAWTh B KOJIOHY BiIJIIJICHHS
HEIMpopearoBaHOro MOHOMeEpa 1 Jerkoi Mmoo6iuHoi aumepHou ¢pakuii 16. MacnsiHa
¢bpakuist 3 KyOa KoJoHM HacocoM 17 momaeTbcst B peakTop rigpyBaHHs 18 1 yepes
xonmoguinbHUK 19, cemaparop 20 Hacocom 21 B kosony pektudikamii 22. KyOGosuii
3aJIMIIOK KOJIOHU peKTUdikallii € cHHTeTnYHa 6a3oBa onusa [113].

Oniromepuzammio a-osediniB Cs-Cig 3 OTpUMaHHSIM CHHTETHYHUX 0a30BUX OJIUB
MPOBOJIATH HACTYITHUM YMHOM: anbda-onedin 9 (rekcen-1, okren-1, genen-1) mogarothb

B npoMixkHy eMHIcTh 10, 3 skoi HacocoM 11 yepe3 enekTpuuHHMI 00irpiBadu MOHOMEpaA
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12 Bin HaxxoauTh B peaktop 1. Tuck B peakropi cknanae 0,1-1,5 MIla [111].

Jlo HenoikiB nojianbdaoieiHOBUX OJUB CJIIJT BIAHECTH:

- Tipily, TOPIBHAHO 3 MIiHEPaJbHUMH OJIMBAMH, 3JIaTHICTh, LI0 PO3UMHSE, IO
BiJTHOIIICHHIO JI0 JESKUX THUIIIB MPUCATIOK;

- TIpIITY CYMICHICTb 3 €JJacTOMepaMHu (BUKJIHMKAIOTh YCaJIKy TYMOBHX YIIIJIbHEHD 13
BTPATOIO iXHBOI €aCTUYHOCTI).

OOumBa 11i HEAOJIKM YCYyBalOTh NUISXOM [IOJIaBaHHS HEBEIMKHX KIJTbKOCTEH
CKJIaIHUX e(]ipiB.

Ha puc. 2.3 HaBeneHa OJOK-CXeMa YCTAHOBKH JJIsl OACPKAHHS CHUHTETUUHUX

0a30BUX OJIMB.

Henacuueni
osiromepu:
CH2 e CH2 KaraJi3aTop B«0OHs= CH2 KaTaJi3arop uMep
BF; TpUMEp

TeTpamep

Ni or Pd
Hy

|

Henacu4eHi oniromepu Hacuueni napagiHosi oxiromepu

Puc. 2.3. Cxema BupoOHuUILITBa noJianbhaonediHiB

Hactynuuii etan BUPOOHWUYOro MpOIECY BKIIOYAE KaTaNITHYHE TiAPYyBaHHS
HeHacudeHux osiediHiB. Ile gocsraeThcs 3a IOMOMOIOK KJIACHYHUX KaTalai3aTopis,
HANPUKIIAJ HIKETI0 Ha Ki3enbrypi abo manafilo Ha okcual amoMidiro. Ha Tperbomy i
OCTaHHbOMY €Talll HACHYEHl OJIITOMEPH TeperansioTs. OmiroMmepusaiiiss cymimei
a-nereHy abo a-osiepiHiB 3aBXIU TMPHU3BOAWTH 0 CKIAJHUX CyMIIIEH 130MepiB 3
OUTBIIIOI0 PO3TATYKEHICTIO, HI’K OUYiKyBaJIOCS.

OCKinbKH TIeperpymyBaHHsI € BHYTPIIIHbOMOJIEKYISIPHUMH, MOJIEKYJSIPHI Macu
OPOAYKTIB MOXHa MiATPUMYBaTH Yy BY3bKOMY Jiama3oHi. Hampukiaa, TUHOBHIA
HACHYCHHI TPUMED O-JICIICHY BUTJISIIAE SIK TPUKYTHA 3ipka [113].

Ecmepu kapbonosux xuciom — yrIEBOJHEBI OJMBUM HE MOIJIA 33J0BOJBHUTH
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noTpedu aBialiifHUX OJIMB, a aJKIJIOBI ecTepu anipaTuyHUX KapOOHOBUX KHUCIOT MajH
CHPUATINUBI BIACTUBOCTI. KapOOKCHUIIBHI IpyIly 3aBIASKH CBOIM CHUJIBHUM JIUMIOJBHUM
MOMEHTaM 3HIKYIOTh JIETIOUICTb 1 MIBUIIYIOTh TEMIIEpATypy ClajlaXy MacTHI, 1 B TOU
K€ Yac MO3UTHBHO BIUIMBAIOTH Ha TEPMIUHYy cTabuTbHICTE (3B's3ku rpynu COO
TEpPMIYHO OLbII CTikKi, HK 3B'130k C-C), pO3UMHHICTH, 3MalllyBaJibHa 3JATHICTH i
3IaTHICTh 10 O10JIOTIYHOTO PO3KJIQJAaHHS; 3 IHIIOTO OOKYy, OJHAK, BOHW HETaTHUBHO
BIUIMBAIOTh Ha TIAPOJITHYHY CTaOUIBHICTh MacTWJa Ta peakIiiHy 3/aTHICTh 3
MeTaJlaMi a0 CIUTaBaMH, 110 MICTATh Mijib a00 cBuHeIs [114-116].

B mpunHmuni, yci ckiaaHi ectepu KapOOHOBUX KHUCIOT MOXXKHA OTPUMATH TaKUM
&Ke crocoOoMm:

- KapOOHOBA KHUCIIOTa pearye 3 HaJIUIIKOM CIUPTY B MPUCYTHOCTI KaTaji3aTtopa
(MiHEpaJIbHI KHCJIOTH, 1J1€alibHO aJcopOOBaHI Ha TBEPJAOMY TUIl, 10HITH, KHCIOTH
JIproica, Hanp. TpudTopun 60py, 11eabHO K eTepaT, 1 aMPOTepH1 TIPOKCUIN, TaKl SIK
TIAPOKCH]T aJTIOMIHII0, MOKHA BUKOPUCTOBYBATH SIK KaTali3aTOpH).

- 17151 3MIILEHHS PIBHOBAaru B CTOPOHY MPOJIYKTY PEaKIiiiHy BOLY BUAAISAIOTH Ii]T
gac Mmporiecy.

- KHCIIOTY, LIO0 HE MpopearyBajia, HEUTpadi3yloThb KapOOHATOM HATpilO abo
TIIPOKCUZIOM  KaJbIlil0, TOTIM BHAANSAIOTH (QIIBTPYBaHHSIM, a CKJIQJHHN ecTep
neperansoTs [117,118].

EcTepoBi onuBH OTPUMYIOTH HEWTpami3aii€lo KapOOHOBUX KHCIOT CHHPTAMH,
BOHM TNPOSBIIAIOTH ceOe MiJ 4Yac ekcrulyaTanii Habarato edekrtuBHime, HiK [TAO 1
TIIPOKPEKIHroBO ckiaagy. OCHOBa MACTWIBHMX MarteplajgiB — CKIagHl edipu
POCIMHHOTO MOXOMKeHHs. lle yHikanbHa rpyna OJuB, SIKI BHUPOOJSIOTH METOIOM
erepudikaiii COUpTIB 1 KapOOHOBUX KHUCIOT. BHUXOIATH NOJAPHI MOJEKYIH 3
HAJTMIIKOBOM €JIEKTPOHHOI T'YCTHHM HABKOJO aTOMIB KUCHIO. HeraTuBHO 3apsxkeHi
KIHI[I YacCTUHOK TPUTATYIOTHCA JO METAJICBUX TOBEPXOHb JeTajel JIBUTYHA 1
CTBOPIOIOTh CTAaOUIbHY IUTIBKY. ECTEpOBI OJMBH Yy BHCOKOMY CTYyIEHI €KOJIOT1YHI,
MalTh TapHI HU3BKOTEMIIEpPATYpHI, MUCIEPTyI0dli BIACTUBOCTI, aje MAalOTh BUCOKY
uiny. He Bukiukae mpoOiem yTuilizamis, TOMy L0 BOHU €KOJIOTIYHO YHUCTI. AJe,

HEe3Ba)kKalouu Ha He3alepeyHi mepeBaru, 3ailMaroTh juiie 5% pUHKY depe3 BUCOKY
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BapTicTh [119-121].

Crnaoui ecmepu OuxapOOHOB8UX Kucjaom —eCTepy aJMIIHOHOBOI, a3eJalHOBOI 1
cebannHOBOi KHUCHOT. EcTepu 1uX KHUCIOT BOJIOAIIOTH JOCHUTH TIOJIOTOIO KPUBOIO
3aJIeKHOCTI B’SI3KOCTI Bi TemmepaTypu B iHTepBanmi +100 — -60 °C, BigmoBimHO
HU3BKOIO TEMIEPATypOl0 3aCTUTaHHS, JIOCUTh MaJlOl0 BUIAPOBYBAHICTIO, BHUCOKHUMH
TEPMIYHOIO 1 TEPMOOKHCHIOBAJILHOIO CTAOLIBHICTIO, HE BUKIUKAIOTh KOPO31I0 PI3HUX
METaJiB 1 MO IHMM IOKa3HWKAM 3HAYHO MEPEBEPIIYIOTh MIiHEpalibHI OJMBU. TOMY
CKIamHl edipy 3HAWNUIM IHPOKE 3aCTOCYBAaHHA B SKOCTI OCHOB 1 KOMIIOHEHTIB
aBlalllfHUX CUHTETUYHUX OJUB 1 TiApaBmiyHuX piauH. CKIagH1 ecTepu AUKapOOHOBUX
KHCIIOT 3aCTOCOBYIOTh TaKOX B SKOCTI TipO TOPMO3HHUX PIJMH, OUIMX OJIUB JIJIst
TEKCTUJIPHOI TPOMHCIIOBOCTI, KOMIIOHEHTIB [JIsl PI3HUX KOHCHUCTEHTHHX MAaCTHJI Ta
npuOOpHUX OJIMB. SIKi MPaIOOTh Yy MIMPOKOMY Alama3zoHi Temmepatryp — Big +100 —
+200 mo -20 — -60 °C [122].

HaiixapakTepHiliuM  MOpeACTaBHUKOM  I[OTO KJacy CIOIyK €  Ju-2-
eTHITEeKCUIIOBHUH ecTep cebarmHoBoi kuciotu (JIOC) [123,124].

Cknaoui ecmepu HeoOneHmMIinNOBUX cnupmie — 1eH KJIac CIHOJyK Ma€ BHUCOKY
TEPMIYHY 1 TEPMOOKHCHIOBAJIIbHY CTAOLIBHICTh, XOPOLIl B’SI3KICHI BJIACTUBOCTI MpHU
HU3BKUX TEMIIEpaTypax, BUCOKUHN 1HJEKC B'SI3KOCTI, Ay»e HU3BKY JICTIOYICTh 1 XOPOIIIi
3MalllyBaJlbHl BJIACTUBOCTI. Jlo 1BOro Kiacy CHONYK BIAHOCATH CKIaaHI edipu
OJTHOOCHOBHMX  KHCJIOT 1  HEONEHTUIOBUX  MOJICHHUPTIB:  HEOMEHTUITIIKOJIS,
TpIMETIJI0JIeTaHa, TPUMETUIIOJIIPONAH 1 MEHTaepUTPUT (puc.2.4).

Bucoka TtepmiuHa CTaOlIBHICTH IIUX ecTepiB OOYMOBJIEHA CBOEPIIHOIO
CTPYKTYpOIO BYTJIEBOJHEBOrO ckenera. Haildoubr xapakTepHUM HPeCTaBHUKOM I[bOTO
KJIaCy CIOJIYK € €CTep MEHTACPUTPUTY 1 CyMillll OJJHOATOMHUX KUPHUX KUCIOT Cs-Co,

K1 OJIEPIKYIOTh peakiliero ectepuikallii B IpUCyTHOCTI KaTaizaropa [125].
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Inwi noniecmepu — anKUIOBaH1 apuiIOBl1 MPOCTI €CTEPHU, TaKl SIK AJIKIIOBI MPOCTI

CCTCpU, MAIOTh HUIKYIY B'HSKiCTL, HIDKY1 TCMIICPATYPHU 3aCTHUI'aHHA Ta KI/IHiHHﬂ, HIK

BiNOBIAHI ankanu [126,127].

[Toxka3zuuku saxocti onmusu Mobil Jet Oil 254 waseneno B Tad. 2.2.

Tabmums 2.2
IMoxka3nuxu sxocri oxuBu Mobil Jet Oil 254
[Toka3HuKHu MeTox BU3HAUECHHS Jet Oil 254
B’s13kicTh KiHEMAaTHUYHA 3a ASTM D445 5.3
temnepatypu 100 °C (50 °C
st MK-8m), cCt, HE MeHIIe
B’sa3kicTh KiIHEMaTHYHA 3a ASTM D445 26.4
temnepatypu 40 OC, cCr, He
IS
B’sa3kicTh KiHEMaTHYHA 3a ASTM D445 11500
TemnepaTtypu - 40 OC, cCr, He
NS
Jlyxne uucno, mr KOH/r, ne ASTM D2896 0.08
MEHIIIE
Temneparypa cranaxy, °C ASTM D92 254
Temmneparypa 3acTuranss, °C ASTM D590 -62
3
TycTiHa, KI/M ASTM D1429 1004,4
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Ecmepu  ¢ocgopnoi  kucnomu —  CUHTETHYHI TPOAYKTH, OTpUMaHi
ectepudikaiiero xaopokici pochopy amidarnuaumu cimpramu abo genonamu. Cepen
HUX HaWOiIbIIe 3acTOCyBaHHS 3HaxXosATh TpuOyTmidochar (ThD), Tpukpesindopdar
(TK®), mubytundenindpocpar  (AbDPD), audenin-n-tper-oytmndeninpocdar
(ADPIBDD), TpukcuneHinpochar (TypoinHe mMacimo OMTI) ta ixm apindocdaru i
ankin-apindocdaru. BimminHOO ocoOnmBicTIO (hocdaTiB € iX BHCOKAa BOTHECTIWKICTB.
Temneparypa 3aiimands 6aratbox QocdartiB Buie 600 °C, BOHU NOBLIBHO TOPSATH Y
noaym'i, He MIATPUMYIOUM TOPIHHS 1 He mowmupooun noaym's. docdatn MarTh
JIOCTAaTHIO TEPMIYHY 1 OKHCHIOBaJbHY CTaOUIbHICTh, BHCOKY MAaCTWJIbHY 3/1aTHICTb,

XOPpOIili B’sI3KiICHO-TeMIIepaTypHs BiacThBOCTI [128,129].

2.4. Ilpucaaku 1Jis MOKPAIeHHs] eKCILUTyaTaliiiHUX BJIACTHUBOCTEH 0JIUB

HeoOxinHuil piBEeHb €KCIUTyaTal[liHUX BJIACTUBOCTENW CYyYaCHUMH MOTOPHUMU
OJIUBAaMHU HAJIA€ThCSI BUKOPUCTAHHSAM JUIsI iX BUTOTOBJIEHHS BUCOKOSKICHMX 0a30BHX
OJIUB Ta €()EeKTUBHUX MPHUCAAOK PI3HOI (PYHKIIOHAIBHOI Aii, SKI BBOJATHCS Yy CKJaj
NpHUCaIoK 1 mpaBuibHe 1X A03yBaHHs [130].

Jlessiki TmpuUcCaKd BIUIMBAIOTH Ha (PI3UYHI BJIACTUBOCTI 0a30BUX OJIMB, 1HIII
BUSIBJISIIOTh XIMIUHUN edekt. Ha puHOK HaWJacTilie BHCTABISIIOTHCS KOMIIO3MITT
npucagok — naketu. Lli makeTn cyBOpo BH3HAYEHOTO CKJIaay, MPU3HAYEHHI JIJISl OJMBU
KOHKPETHOTO 3HAa4YeHHs 1 Kiacy sikocti [131].

3a CBOE€IO EKCIUTyaTallliTHOO €10 MPUCATKNA YMOBHO JIJISITh HA HACTYIIHI TUIIH:

* AHTHOKHMCHIOBAJIbHI — TMOKPAIIYIOTh AHTUOKUCHIOBAJIBHY CTIMKICTh OJIUB,
3MEHIIIYIOTh BUTPATY 1 301UIBIIYIOTh pecypc poOOTH OJUBH;

* AHTUKOPO31MHI — 3aXHUIIAI0Th METAJIIYHI TOBEPXHI1 B1Jl KOPO31MHOT A1l KHCHE- 1
CIPKOBMICHHUX MPOJYKTIB 1 BOJIOTH;

* MUIOYE-AUCTIEPTYIOU] (JETEPreHTH ) — CIIPUSIOTh 3HIKEHHIO BIJKJIa1€Hb

MPOJYKTIB OKUCJICHHSI Ha METAIIYHUX MMOBEPXHSX;
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* IPUCAJIKH, K1 MOKPAIIYIOTh 3MaIllyBaJIbHI BIACTUBOCTI OJIUB — MMPOTU3HOCHI,
MPOTU3aIUPHI Ta aHTUGPHUKITIHHI,

* B’A3KOCHI (3aryIiyrodi) — MOKpaIlytoTh B’ 3KICHO-TEMIEPATypHI BIACTUBOCTI
OJIUB;

* JICTIPECOPHI — 3HWXKYIOTh TEMIIEpaTypy 3aCTUBAHHS OJIUB;

* AHTHITIHHI — MTOTIEPEKAIOTH BCIIHIOBaHHS oyiuB [132].

[Ipucaakyu HanalOTh OJIMBI HOBUX BIACTUBOCTEH, MOKPAIIYIOTh YK€ 1CHYIOUI,
YHOBUIBHIOIOTh a00 3yNHUHSIOTH HEOAKaHHI MTPOIECH, SKI BiAOYBAaIOThCS IiJ Yac
ekcruryararii onvsH [133].

Jlesiki pUCagKkyd OJHOYACHO IOKPAIlyIOTh JAEKUIbKa BJIACTUBOCTEH ONMB — iX
Ha3MBalOTh OaraToPyHKIIOHAIbHUMH. [lakeTn mnpucajoK CHPUAIOTh HANWOUIBIIOMY
3aJI0BOJICHHIO TIOTpe0 B MPHUCAJKaX 3aBOJ[IB-BUPOOHUKIB OJIMB 1 3HUIKEHHIO 3aTpar,
3MEHILEHHIO BTPAT 1 MOKPAUIEHHIO TEXHO-€KOHOMIYHUX MOKAa3HHKIB AK 1 BUPOOHUKIB
Tak 1 crokuBaviB npucaaok [130].

[lakeTn mnpucajok MOCTA4YalOTbCSl Yy BUINIAAI KOHLUEHTPOBAHOTO PO3YMHY
npucajok B oiuBi (10 50% axkTUBHUX pedoBUH). Taka KOMIO3UIlISI BBOJUTHCS B Oa30BY
OJIUBY MICJI NEpEeMIIIaHHS OTPUMYIOTh TOBAPHY OJIMBY, IKa TOTOBA JI0 3aCTOCYBAHHS.
Ha mpakTuiii Take BUPOOHMIITBO BHKOHYETHCS Ha 3aBOJaX 3MilIaHHSA. ['0ToBa oimBa

HAJAXOJUTh Ha po3cbaCOBKy. Cxema KOMITayHAyBaHHS OJIUB MTOKa3aHa Ha puc 2.5 [132].

PeszepByapu ;
0a30BHX OJIHB

IMocynmaa
KOMIIayHIVE aHHL

361pHHH 361pHHH
TaHK TaHK
KoHTpOoas

STKOCTI

Puc.2.5. Cxema BUpOOHUIITBA TOBAPHUX OJIUB
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[Tpucaaky mOBUHHI:

*100pe PO3YMHSATHCS B OJIUBI;

*MaTH Mally JIETIOUICTh 1 HE BHUIAPOBYBATHCS 3 OJMBH TNpu 30epiraHHi Ta
eKCIUTyaTallil y IMpOKOMY Jiama30HHI TEMIIEPATyp;

*HE BUMHUBATUCS BOJOIO 1 HE TIIIaBaTUCS T1APOJII3Y;

*HE B3aEMOJIISITH 3 KOHTAKTYIOUMMU TIOBEPXHSIMH MaTepialiB;

*30epiraTy cBoi (PYHKIIIT y IPUCYTHOCTI 1HITKX J00aBOK 1 HE YMHUTH HA HUX
JeTIPECUBHOT ii.
AnmuoxucHiosanvhi npucaoku. Ilpu poOOTI ABUTYHIB 1 MEXaHI3MIB OJIMBHU

3HAXOJATHCSA B KOHTAKTI 3 TMOBITPSIM, YacTO MpH MIABUIICHUX TemrmepaTypax. B Takux
yMOBax 1 MpU KaTaJiTUYHOMY BIUIMBI METAJIIB OJIMBH OKHUCIIOIOTHCS. Y TBOPIOIOTHCS
OPOAYKTH KHCIOTHOTO XapakTepy, sKi BUKIUKAIOTh KOPO3iI0 METaJeBUX JeTasleH, i
BYIJICLIEBl BIJKJIAJACHHS, SIKI MOPYLIYIOTh HOPMallbHY po0OoTy Mexadi3miB. IIponec
OKHCJICHHS, OJIMB 3al00IratoTh BBEJACHHAM B 1X CKJIaJ aHTUOKUCIIOBAIBHUX MPHUCAIOK.
[li 1uri6iTopu AiIOTH B JABOX HalpsSMKaXx — OJIHI PYWHYIOTh BUIbHI pajguKaliv
(po3puBalOTh JAHLIOT), @ 1HINI B3a€EMOJIIOTh 3 MEPOKCHAAMH, IO YTBOPIOIOTHCS B
nporieci okuciaeHus [134].

AHTHOKHCHIOBAJIbHI MPHUCAAKU, TaK 3BaHI 1HTIOITOPU OKHUCIEHHS, MPUTHIYYIOTh
OKHMCHEHHSI OJMBM B TIOYATKOBIM 1i cTaali HUIAXOM B3a€EMOJIi 3 TEPBUHHUMU
IPOAYKTaMH peakKilii OKUCHEHHS — NEPEKHCY, 3 YTBOPEHHSIM HEAaKTUBHUX CIOJYK, SIK1 HE
3[IaTHI 10 TIPOJOBKEHHS JIAHIFOTOBOT peakilii OKuclIeHHs. barato aHTHOKMCHIOBATBHUX
NPUCANOK, IO 3HIKYIOTh YTBOPEHHS KHCIOT, 3MEHIIYIOTh KOpO3il0, TOOTO
AHTUOKUCHIOBAJIbHI MIPUCAJIKK € OJHOYACHO 1 aHTUKOPO3iHHUMHU mprcaakamu [131].

SIK aHTHOKHCHIOBadl — JCAKTUBATOPHU TMEPOKCHIB 3aCTOCOBYIOThCS (heHOMH i
aMIHU, HaIPUKJIQa 10HOJ, a B SKOCTI JIEAKTHBATOPIB METAJIIB — OPTaHIYHI CIIOIYKH
cipku, ¢ocdopy Tomo. HailmommumpeHImMM aHTUOKUCHIOBAYeM B JaHUM Yac €
muankinautiopocdary muHKy. BiH BUKOPUCTOBYETHCS 1 SIK MPOTH3aAUPHA MTPUCAIKA.
VY HOBHX BUCOKOSIKICHUX MOTOPHHMX OJUBax MiaimkuiaiTiodpocdaTy IMUHKY MICTHTHCS
1o 1,4 % [135].

MexaHi3M [1i aHTHOKHCHIOBAYiB 3aCHOBaHM Ha TNEPETBOPEHHI BUIBHUX

pauKaiB, sIKi yTBOPIOIOTHCA B CTA01IbHI CHOJYKH 1 PO3KJIAJaHHI T1IPONEPOKCH/IIB.
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OKHUCIICHHIO OJIMBU CHPHUs€ KOHTAKT 3 METAJIEBUMHU IMMOBEPXHSAMHU 1 YACTUHKAMH 3HOCY,
SKI JIIIOTh K Katami3atopu. B mporeci poOoTH JBUTYHA MPUCAJKKA BUTPAYAOTHCS,
IpU [IbOMY JESKi JTyXH1 JETePreHTH TraJlbMyIOTh CIIPallbOBYBaHHS aHTUOKUCHIOBAYIB.
OnTuManbHO MOETHYBAHI IPUCAIKH MTPOJAOBKYIOTh TEPMiH cirykOu onusu [132].

AHTHOKCUIAHTHI H00aBKA. AHTHOKHUCHIOBAJIbHA CTIHUKICTP — HaWBaXJIUBIIIA
poboua XapakTepUCTHKa MOTOPHOTO Macjia, sIKa BH3HAYa€ TPUBAIICTH HOTO
excruryartamii. Ilig dac excruryatarii HaTONPOAYKTIB MiA €0 KUCHIO TOBITPA,
BHUCOKOI TeMIlepaTypH, HAaBaHTAKEHHS Ta METAJIeBOrO Karajidy BYTJEBOJIHI B
Ha(TONPOIYKTaX MiAJA0ThCSl OKUCHEHHIO, PYWHYBAHHIO, MOJIMEpHU3allii Ta 0ararboM
IHIIIMM XiIMIYHHM TiepeTBopeHHsM [133].

[Ipn 1bOMYy 3MIHIOETBCA CKJIaJ Ha(TH BHACTIAOK YTBOPEHHSI Ta HAKONMMYEHHS
OKCUTEHATIB 1 YIIUIbHEHUX BYTJCIEBUX MPOAYKTIB, MOTIPIIYIOTHCS TPAHCIIOPTHI
XapakTepucTuku HadTompoaykry [133].

[TpoayKTH OKHCIEHHS Ba)XKKO PO3YMHSIOTHCS B MAacCii 1 CHPHUSIOTH YTBOPEHHIO
BIJIKJIAJICHh 1 Harapy, BHUKJIMKAIOUd KOPO3iI0 1 TIOCWIIOIOYM 3HOC JIeTajiei.
AHTHOKCUJIaHTHI J00aBKH IIMPOKO BUKOPUCTOBYIOThCA Jig 3amoOiranHs abo
3MEHIICHHS! OKHCHEHHSI OJIUB i1 yac 30epiranHs ta Tpancrnoprysanss [130].

3a TemrmepaTypHHUM [1alla30HOM Ha(TOMPOIYKTIB aHTUOKCHIAHTU TMOAUISIOTHCS
Ha HU3BKOTEMIEPATYpHI 1 BUCOKOTEMIIEPATYypHI AHTHOKCHAAHTH. Y MOTOPHI OJIMBHU
BBOJISITh BHCOKOTeMreparypHi okucHioBaui (J®P-11, BHII HII-354 Tta in.), a B
IHAYCTplajgbHl Ta TpPAaHCPOPMATOPHI - HU3BKOTEMIIEPATypHI OKHUCHIOBadl (10HOJI,
mudeninamin Ta in.) [133].

AHTHOKCHUJIAaHTHI T00ABKY 3aXHUIIAIOTh BYTJIEBOIHI BiJl OKHCHEHHS, B3a€MOIIFOUH
3 YTBOpEeHUMHU BUIbHUMHU pajgukaiamu (R- 1 ROO-) abo nepeBoasuu riponepoKcuan
(ROOH) B crabinpHUI cTaH, MEpPEPHUBAIOYU 1 3aMO0ITar0YM PO3BUTKY JIAHIFOTOBUX
peakuiii [133].

KpiMm 1HTiOITOpIB OKUCHEHHS, ICHYIOTH 1 1HII NPUCAIKU, 3JaTHI MHIABUIIUTH
AHTUOKCUJAHTHY CTIMKICTh OJIMB — II€ JE€3aKTHUBATOPU 1 MACUBATOPH METAIIB.
JlezakTuBaTop 3amnobirae abo 3MEHINye KaTaliTUYHY MAI0 PO3YMHHOI B OJUBI COJII

MeTaJdy BHACIIJOK KOMIUIEKCOYTBOpEHHs. I[lacuByrounii areHT yTBOPIOE XIMIUHY
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aJcopOIiitHy TUTIBKY HAa TOBEPXHI METaly s 3aXHCTy Macjia BiJl KaTaTITHYHOI il
MeTany. bararo aHTHMOKCHIAHTIB OJHOYACHO (PYHKIIOHYIOTh SK aHTUKOPO3iiHI
00aBKH, 3amo0iral0yyl yTBOPEHHIO HU3bKOMOJEKYISIPHUX KOPO3IHHUX Ta KOPO3IMHUX
NpOAYKTIB okucieHHs [135].

Muuino-oucnepeyioui  npucadku. Jlns 3MEHIIEHHS YTBOPEHHS BYTJICHEBUX
BIJIKJIQJICHb 1 OCa/IB B JBUTYHAX 1 MEXaHI3MaxX MIMPOKE 3aCTOCYBAaHHS 3HAWIILUIN MHIOUI
(meTeprenTHi) 1 Aucneprytodi npucaaku [136].

Mutoui. JleTepreHTH € TMOBEPXHEBO-aKTMBHUMH PEYOBHHAMH, SIKI BOJOJIIOTH
MUIOYUMH BIACTHBOCTSAMH, IO 3aXHINAIOTh MOBEPXHIO JAETajeil BiJ MNPWIMAMNAHHA 1
CKyMUEHHS Ha HHMX IMPOJIYKTIB OKHUCICHHS. AHIOHHMMHU JIeT€preHTaMH 3a3BUYai
OyBarOTh OJMBOPO3YMHHI alK1I0€eH30JIcynb(poHATH, (ochoHATH Ta 1HII aHAJIOTIYHI
cnonykd. Jlesiki cyiabhoHATH MalTh JYXXHI BJIACTHBOCTI 1 € €(QEKTUBHUMHU
HENTpaai3aTopaMu KUCIHUX MPOAYKTIB OKUCJIEHHS. 3a JY)KHICTIO, SIKa XapaKTepHU3ye
e(heKTUBHICTh NPUCAAOK, Cyldb(oHaTH nnsATbcs Ha Heutpanbhi (10 -30 mr KOH/r),
ayxkHi (30 - 100 mr KOH/1), 1 myxe myxui (100-300 mr KOH/r). [lo cknagy myxe
JY’)KHUX TPHUCATOK MOXYTh BXOJUTH AUCHEProBaHl OKCUIU, T1IPOOKCHIN 1 KapOOHATH
meTaui [135,136].

Cronyku, siKi BOJOJIIOTh JAUTEPTEHTHOIO €0, MICTSATh Yy CBOid MOJEKYJl
MOJISIPHI TPYIIH, SIK1 NEPEIIKOKAIOTh OCIJaHHI0 CMOJHUCTUX 1 BYTJIEIIEBUX PEYOBUH Ha
MeTaJIeBUX MOBEPXHIX 1 MOMEPEHKAIOTh TAKUM YMHOM YTBOPEHHIO JIAKIB 1 BIIKIIACHb.
KpiM TOro, nerepreHTd MOXyTh BCTyHaTH B XIMIYHY B3a€EMOJII0 3 MPOMLKHUMU
IPOAYKTAMH OKHCJIEHHSI KHCJIOTO XapakTepy, BUSBISIOUH MPH I[bOMY HEUTpali3yrouy
niro [135,136,137].

Hucnepeytoui npucaoxu. JlucnepcaHTH TPUTHIYYIOTH arJIOMEpaliro i 3IUMaHHS
MPOJYKTIB OKUCJICHHS, YTBOPEHHS HIaMy ab0 OCaIKEHHS CMOJUCTUX BIJIKJIaJeHb Ha
MOBEPXHI JieTajeit. Sk aucrnepcanTy 3a3BUUai 3aCTOCOBYIOTHCS TIOJIMEPH 3 TOJISIPHUMHU
rpynaMu 1 CyKIiHIMIOW. JlMcrepcaHTu MIATPUMYIOTH KOJIOiHI YaCTUHKU MPOAYKTIB
OKHUCJICHHS 1 3a0py/JHEHBb B MiJBIIIEHOMY CTaHi. B OCHOBHOMY BOHHM 3a0€3IE4yrOTh
YUCTOTY Henmporpitoro AsuryHa. [Ipu edekTuBH1 poOOTI AUCTIEPCAHTIB MOTOPHA OJIMBA

TEMHi€, a JUCIIeproBaHl ApiOHI MPOAYKTH OKHCHEHHS He 3a0uBal0Th (QUIBTp 1 HE
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OCIZIAfOTh Ha TapsiuuX Aetaisax apuryna [138].

[Ipucanku 1BOTO THUIY BIAPIZHAIOTHCA BiJI METAJOBMICHUX 37aTHICTIO
JTUCTEepPryBaTd 1 MATPUMYBAaTH B MiJABIIIEHOMY CTaHi TBepAl dYacTuHKH. [lpm ix
3aCTOCYBaHHI B  OJHMBaxX 3MEHIIYETbCS ~ HArapoOyTBOPEHHS 1  YTBOPEHHS
HU3BKOTEMIIEPAaTYpPHUX BIAKIAJCHh (TOMY iX Ha3MBalOTh O€330JIbHI JIUCIIEPryIoUl
npucaaku). OcobauBicTIO OyI0BHI IPHUCAIOK € HASBHICTH B X MOJIEKyJaxX oJieo(iabHOT
YaCTUHU — JIOBIOr'0 BYTJIEBOJHEBOIO paJiMKalia, 1110 3a0e3Meuy€e pO3UUHHICTh TPUCAIKU
B OJIMBI, 1 TOJSAPHOI YAaCTMHM — 3aJMIIKYy TMOJIaJKIJICHIOoMaMiHy abo CKIIaJgHO-
ectepHoro yrpynoBanus [136,137].

Ilpucaoku, saxi nokpawyrome 3mawgy8anvui eracmusocmi oaug. Jlisi 1HUX
npucagok oOyMOBIIEHA YTBOPEHHSIM Ha TEPTHOBUX METAJIEBUX MOBEPXHIX PI3HHUX 32
XIMIYHUM CKJIQJIOM 3aXHCHHX TUTIBOK.

Ilpomusnocui ma anmugpuxyitini npucaoku.3a TPUHIMIIOM i1 MPOTU3HOCHI
MIPUCAJKH JUIATHh Ha TP TPYIIH:

* MPOTU3HOCHI MPHUCATKU, 10 30UIBIIYIOTh KJICHKICTh 1 3MalllyBaHHICTH (B IO
rpyny BXOIATh 1 MOAU(IKATOPH TEPTH);

* IPO3aUpPHI MPUCATKH;

* TBEP/Ii IPOTU3HOCHI 1 MPOTH3aAUpPHI mpucaaku [138,139].

[IpoTU3HOCHI TpPUCAAKU 3a HOPMAJbHHUX YMOB 3MAalleHHI, Yepe3 B3aEMO/III0
MOJIIPHUX TPyH MOJEKYJ OJUBU 3 TOBEPXHEI0 METalliB, Ha IMOBEPXHIX TEPTS
YTBOPIOETHCS a/icopOOBaHa IUTiBKA OMMBH. [Ipu rpaHMYHOMY 3MalIeHHI, CHJIa TEPTS 1
3HOC B 3HAUYHIN MIp1 3aJie’KaTh BIJ CTIMKOCTI I[1€1 IJIIBKUA 1 CHJIM B3a€MOJIIi MOJIEKYJI
OJIMBH 3 MMOBEPXHEI0 METay, TOOTO Bijl 3MaIyt04u0i 3MaTHOCTI 1 aunkocTi oimBu [140].

[IpoTH3HOCHI MpuUCagKu 3amo0Iral0Th IHTEHCUBHOMY 3HOCY MOBEPXOHb TEPTS
Ipy TIOMIPHUX HaBaHTAKCHHSIX, TMPOTH3ATUPHI — 3amo0iraroTh 3aigaHHIO TPHU
HAJBUCOKUX HaBAaHTAXCHHSX, ITIJIBUINYIOYN KPUTUYHEC HABaHTAKCHHS 3aigaHHA, a
aHTU(DPUKIIHI 3HIKYIOTh 200 cTabTi3y0Th KoedimieHT Tepts [140].

[IpoTu3HOCHI TPHCANKU — XUPHI CHOUPTH, aMiaH, CKIaaHi edipH, CIOIYKH
dbochopy TOIIO, 10 YTBOPIOKOTH XIMIYHMN 3B'A30K 3 IIOBEPXHEH MeTaly. 3a

JIOTIOMOTOI0 TaKUX MPHUCANO0K MOKPALLY€EThCS JHUMKICTh HAaBITh MPU HU3BKIN B'SI3KOCTI
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onuBu. Yum OinblIa CTIMKICTh YTBOPEHOI IUIIBKM 1 UMM CHJIbHIIIE BOHA TOB'A3aHa 3
MOBEPXHEI0 METaTy, TUM MEHIILIE MOX€E OYTH B'SI3KICTh OJIUBH JIJIsl JOCSITHEHHSI TAKOTO K
3MaIyI040ro e(exTy 1 3MEHIICHHsS 3HOCY JeTajei, a 3 3aCTOCYBaHHSIM MEHII B'A3KO1
OJIBY 3HIDKYIOTBCSI BTPATH €HEPrii Ha mpokadyBaHicTh [141].

Anmugpukyitini  npucaoku. Mopaudikatopu TepTsa, abo aHTHUGPUKIIIHHI
MPUCAIKU, BBOJATH JI0 CKIIAAYy €HEpro30epiralouux MOTOPHHUX OJIMB, 110 3a0€3MeYyIOTh
E€KOHOMIIO MaJMBa HUIIXOM 3HWXKEeHHS TepTs 1 miaBuieHHs KKJ[ nBuryniB. 3a3Buyait
BUKOPHCTOBYIOTh TBEPAl TOHKO JUCIEProBaHl JUCYIb(GIIN MOIOACHY, KOJIOiJalbHAN
rpadit, noaiterpadTopeTusieH, aleTaTu 1 00paTh METaliB, a TAKOX PO3YMHHI B OJIUBI
edipi KUPHUX KUCIIOT i OPraHiyHi CIIoJyKH Motioaeny [142].

B'aszkicni npucaoxu. B'S3KiCHI TpUCAAKU 3aCTOCOBYIOTHCS JI MOJIMIICHHS
B'SI3KICHO-TEMITEpaTypHUX XapaKTePUCTUK. B 1HO3eMHIil JliTepaTypl BOHM Ha3UBAIOTHCS
MOJIIMIITYIOYUMU 1HJEKC B'SI3K0CT1 200 MoIM(DikaTopaMu 1HAEKCY B'SI3KOCTI.

Jlo B’A3KiCHHX HPUCAIOK HANEXaTh i IeIPecaHTy TeMIepaTypH 3aCTHraHHA. Ix
Jlisl 3aCHOBaHA HA MPUAYIICHH] reJIeyTBOPEHHS MPU HU3BKIM TeMIlepaTypl, iK€ BUHUKAE
B pe3yibTaTi Kpucrtamzauii napadiny. Ilpu iX momaBaHH1 10 MajoB’sI3KOT OCHOBH
OTPUMYIOTH OJIMBH, IIIO BOJIOAIIOTH MOJIOTOIO B'SI3KICHO-TEMIEPATypHOIO KPHUBOIO, 3
XOPOIIIOK0 TPOKaYyBaHICTIO MPH HU3bKKUX TemmepaTtypax [143].

B'si3kicHi (3arymiatouil) NpUcagKd — BUCOKOMOJICKYJISIPHI TOJIMEpH, SKI MarOTh
3MIHHY PO3YMHHICTh B OJHUBI TIPU pI3HIA Temmeparypi, 3aBIASKH 4YOMY BOHU
MIJBUIIYIOTh B'S3KICTh OJMBH 1 3MEHIIYIOTh 3MIHY B'SI3KOCTI MPU 3MiHI TeMIEpaTypH.
B's13kicHI npUcajKy MEHIE 3aryniatoTh 0a30BYy OJIMBY MPU HU3BKIM Temmeparypi, Hik
Ipy BHUCOKiIH. . B sSKOCTI B’A3KICHMX MPUCATOK BUKOPUCTOBYIOTH PI3HI MOJIMEpHI 1
COTIOJIIMEPHI MPOJIYKTH: MOJ11300yTEH, MOJIMETaKPUIATH, MOJIBIHUIAIKIIOBI €CTepH,
comoJiiMmepu oj1ediHiB, CTUPOJIAICHOBI conoimepu [144].

3 BUKOPHUCTaHHSIM B’S3KICHMX MPHUCAJOK OTPUMYIOTH BCECE30HHI, MIBHIYHI 1
apkThuHi onuBHU. [Ipucanku 1BOTO THUITYy, TOPSI 3 TPUCAAKAMHU, IO MOJIMIIYIOTh
3MallyBajibHI BJIACTHBOCTI OJIUB, JIO3BOJISIIOTH CTBOPIOBATHU OJIMBI, SIKI 3a0€3MEUyIOTh
MEHIIly BUTpPATy NajuBa B ABUTyHax [145].

B'askicni  0obasxku.  HalicywacHimi — OoJMBM ~ TIOBUHHI  3a0e3mnedyBaTH
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mpare3aTHICTh MEXaHi3My B IIMPOKOMY JianaszoHi Temmneparyp (Bix - 50-70 go + 300-
360 °C). 3nauHe 30UTBLIECHHS B'SI3KOCTI OJIUBU MPU OXOJIOJKEHHI 1 1i 3HMXKEHHS MPHU
BUCOKMX TEMIIEpaTypax MOXeE MOPYUIUTH HOpMajbHEe (DYHKIIOHYBaHHS MAaIIUH 1
MeXaHi3MmiB [146].

Anmuxopo3iini npucaoku. AHTUKOPO31HMHI TIPUCATKHU JOJAIOTh ISl 3aXHCTY BiJl
KOPO3IHHOTO ypaKeHHS 1 pyWHYBaHHS JIeTajcii, BATOTOBJICHUX 31 CIUIaBIB KOJIHOPOBUX
METaJliB — BKJIQJIMIIIB IIIMIUAITHUKIB KOJIHYACTOTO BaJia, 0 MalOTh aHTU(PUKIIIHHUAMA
1ap 3 CBUHIIIOBATOI OpOH3H To10. BukopuctoBytoTs nutiogocdaru i AUTIOKapOOHATH
METaliB, AKUIPEHOIbHI TPUCAIKH, 0 MICTATH 3B’ S13aHYY CyJIb(IIHYIO CIpKY, HOXIIHI
OeH30Tpua3ony, cipko- i pocdopoBmicHi cronyku [147,148].

MexaHni3Mm Al nojsrae B yTBOPEHHI1 MIITHUX TUTIBOK CyJb(diaiB 1 pocdiaiB, Mo HE
PYHHYIOTBCSL B TPOLIECT TEPTS 1 Mif €0 JETEPreHTIB 1 HE PO3UMHSIOTHCSA B CIAOKUX
OpraHIYHUX KHUCJIOTaX — MPOJYKTaX OKUCIEHHS OJUBU. AHTHUKOPO31MHI MPUCAIKH
MOXYTh MPOSIBIISAITU KOPO3IMHY arpeCUBHICTh MO BIJIHOLIEHHIO JO CIUIaBIB Ha OCHOBI
cpibiia abo OpoH3u 3 BUCOKHUM BMicToM ¢ocdopy [149,150].

Ineibimop koposii ma auwmukopo3sitina dobasxka. MeTaneBl BUpOOU MiATAIOTHCS
KOpO3ii Ta pyHHYBaHHIO Mij Yac 30epiraHHs Ta eKCIUTyaTallii MiJi BIUVIMBOM 30BHIIITHBOTO
cepenoBuia (KUCHIO, BOJIOTH, XIMIYHO aKTMBHUX NpoAykTiB). HadtoBi onmuBu 3a
BIJICYTHOCTI MPUCATOK HE MOXKYTh 3aJaTH TPUBAIMI 1 HAAIMHUN 3aXUCT Bl ypa)KEHHS
Kopo3i€ro mux BUpoOiB [151].

JUisi TABUIIEHHS AHTUKOPO31MHOIO 3aXUCTy METaliB B Macilo BBOJATH
MacJOpO3YMHHI OpraHiuyHl peYOBHHH, 1110 3aM00Iral0Th KOpo3ii METaliB B aTMOC(EpHUX
yMOBax (€JIeKTpOXiMiYHa KOPO3isl) - 1HTI0ITOPH KOPO3ii, a TaKOXK i JI€I0 TPOIYKTIB,
IO MICTSTBCS B Macii. - aHTUKOPO31iHI 100aBKHU. Y 3B'SA3KYy 3 PI3HUMHU MNPUYMHAMU
KOPO3IHHOTO ypa)KEHHS METalliB HEOOX1JHO BHUKOPHCTOBYBATH B MacjaxX MPHUCAIKU 3
PI3HUM CKJIaJI0M 1 MexaHizmoM jii [152].

Hadrtosi com 1 cunternuni cynbponatu (BCK, KCK), nmponyktu B3aemoii
cynbdokuciotu 1 cedoBunu (BMII), mpoaykTh OKHCICHHS BaselliHy 1 IEpe3uHy,
HiTpudIKalis, okucIoBalbHA HiTpudikamig, HiTpuT Hatpito (HOII), HiTpudikoBana

HadToBa KanbIlieBi com (AKOP-1) ) Tomo BUKOPUCTOBYIOTHCS SIK 1HT1OITOPU KOPO3ii.
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Kom6iHoBaH1 1HT10ITOpH KOPO3ii HA OCHOBI ANKUIPEHOMIB 1 MPUCAIOK CYJIb(POHATHOTO
THUITy TaKOX 3acTocoBYIOThCs 1uist fojaBanHs CXKK (inri6itopi kopo3ii KII) - B sikocTi
AHTHKOPO31MHUX MPHUCAJAO0K BUKOPUCTOBYIOTHCS MEPEBAXKHO CipKO- 1 pochopopranivxi
CHOJYKH - cynbdiau, nucynbdimu, pocharn [153,154].

Ilpomuniuni npucaoku. ITpoTUIIHHI MPUCAAKU 3MEHIIYIOTh CXWJIBHICTD OJIUBH J10
niHoyTBopeHHs. JlomaBaHHS 7O OJIMBH JIMCIIEPCAHTIB, JCTEPIeHTIB Ta IHIIHAX
MOBEPXHEBO-aKTUBHUX PEUYOBUH 3HIKYE TOBEPXHEBUN HATAT; BHCOKA KpaTHICTh
UPKYJAIIT OJMBH B JABUTYHAX 1 Mepenaad THUCKY MNpH HOro 3aKiHYEHHI TaKOX
CHPHSIOTH MHOYTBOPEHHIO. 3a3BMYail BUKOPUCTOBYIOTh TOHKO JHCIIEPryIOdy B 00’ €Ml
onuBu cwiikoHoBy pinuHa [IMC-200A (0,002-0,005 %). IlpucyTHicTh B TOHKHX
IUTIBKaxX OJIMBH, WO YTBOPIOE OyJbOAlIKW, KpamnelboK CTOPOHHBOI HEPO3YMHHOL
PCUOBHHHM CHPHUSAE PO3PUBY OYyJIHOAIIOK 1 3MEHIIICHHIO MTHOYTBOpeHH: [155,156].

Henpecopui  npucadku. JlenpecopHl TPUCATKU 3HIKYIOTH TEMIIEparypy
3aCTUraHHsA OJIUBU. BuAalleHHS 3 OJMBM BUCOKOIUIABKUX NapadiHiB MOTipUIye HOTO
B'SI3KICHO-TEMITEpaTypHI BJIACTHUBOCTI, TOMY BHUIQISIOTH MapadiHU 3 TeMIEpaTyporo
3acturanns Buiie Miyc 10-15 °C, a HeoOxigHa Temreparypa 3acTuranss (minyc 25-30
°C 1 HUX4YE) JOCITAEThCS BBEICHHSIM JIeTIpecopiB. SK MpHUCATKH 3aCTOCOBYIOTh
MPOAYKTH TmodiMepu3alli edipiB METaKpUJIOBOi KHUCIOTH 1 alKUTyBaHHS ¢eHoIy,
Ha(TaJiHy XJOPOBAaHUM MapagpiHOM.

MexaHni3m fii noB's13aHUM 31 3M1HOIO (JOpMHU 1 pO3MIPIB KpUCTaNIB NapadiHis, 110
YTBOPIOIOTHCS MPU OXOJIOJDKEHHI OJNMBHU. B pe3ynbTaTi 3MEHIIEHHS IUIONIl B3a€MOAIT
TBEPJIOi Ta PiAKOI (a3 OXOJO/HKEHA OJIMBA 3AIMIIAETHCS TEKY4YOIO 10 OUIbII HU3BKOL
temnepatypu [157,158].

2.5. BzaeMo3aMiHHICTH 0JIUB

Po3BUTOK €KOHOMIYHUX 3B’S3KIB 13 3apyODKHUMH KpaiHaMH, 30KpeMa, 1CTOTHE
3pOCTaHHSl MEpPEXi MIXKHAPOJAHMX aBlaJliHIM CTaBUTh Mepe] XIMMOTOJOraMH HOBI
npobsieMr 13 3a0e3Me4YeHHs BHCOKOi eKCIUTyaTaliiHOl HaJiMHOCTI BITYM3HSAHOI
aBlaIlifHOT TEXHIKM, TMOB’S3aHI 3 HEOOXIAHICTIO BUKOpUCTaHHS Ha HiW [IMM, mo

BUPOOJISIOTHCS PI3HUMHU 3apyODKHUMU dipMamu. {15 yxBasleHHs pIIICHHS PO JIOMYCK
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70 3aCTOCYBaHHS Ha BITUM3HSIHOMY BHpOOI aBIaTEXHIKM Ti€i YW 1HIIOI MAapKH
3apyO1’KHOI OJIMBM HEOOXIJTHO BCTAHOBUTHM ii E€KBIBAJICHTHICTH BIAMOBIIHIA MapIll
BITUM3HSHOI OJWBH, TOOTO BH3HAYATHA B3AEMO3aMIHIOBAHICTh TPATUIIWHUAX 1
3apyOixkHUX oymB [159].

Bnacnilok BHCOKOi  TEIUIOHANPYKEHOCTI, BEJIHUKOTO PEecypcy Cy4acHHX
apiamiitanx ['T/I, a Takok HU3KM ocobnuBoCTeH 3apyOikHUX [IMM, 1110 BUPOOISIOTHCS
3 1HIIIOI CUPOBHHH, 3a 1HIIOK TEXHOJOTIEI Ta 13 3aCTOCYBaHHSIM IHIIMX MPUCAJIOK,
MOPIBHAHO 3 BITYM3HAHUMHU, BHUKOPUCTAHHA 3apyODKHUX OJMB HA BITYM3HSHUX
aBlaJIBUTYHaX HeAomycTUMe 0e3 BCEOIYHOro MAOCHIKEHHS iX (PI3UKO-XIMIYHUX 1
eKCIUTyaTalllfHUX XapaKTEePUCTUK y JTaOOPATOPHUX YMOBaX, a B JESIKUX BUMAAKaxX, 0e3
MIPOBEJICHHSI CICIIabHUX CTEHAOBUX a00 €KCIUTyaTallliHUX BUIPOOyBaHb. CKIIAIHICTh
BUpIIIEHHS  BKa3aHoi mpoOiieMu oueBHIHA. BoHa 00yMOBI€Ha  BEJIHMKOIO
HOMEHKJIaTypolo MM, 10 MpoayKyrOThCSI Ta BUKOPUCTOBYIOTHCS 33 KOPJOHOM 1 B
Halli KpaiHi. 3apyOlKHI OJIMBH JIOMYCKAIOTHCS /10 BUKOPUCTAaHHS JIMIIE 332 YMOBH
BKJIFOYEHHS iX PO3POOHUKOM 1 BUPOOHMKOM aBIaTEXHIKM B TEXHIUHY JOKYMEHTAINIO 3
eKCIUTyaTallii Ta 00cimyroByBanHs BupoOy [160].

[TincraBoro aJis BHECEHHS JO TakKOi JOKYMEHTalli THUX YW I1HIIMX MapoK
3apyoikHnx onmB € «llepemk 3apyODKHMX TaIMBHO-MACTHJIBHUX MaTepiaiis,
PEKOMEHJIOBAaHUX JI0 3aCTOCYBaHHS Ha aBlaTEXHIILl BITYM3HSHOTO BUPOOHULTBAY», IO
BKIIIOYae Mapku Tpaauiiiaux [IMM Tta BiAmoBiaHI iM Mapku TOBapHUX 3apyODKHUX
npoaykTiB. Ilpy 1bOMY €KBIBaJ€HTHICTh BITUM3HSHUX 1 3apyOLKHMX MAapoK OJHUB
BCTAHOBJIIOETHCA HA MM1JICTaB1 TAKUX JTOKYMEHTIB: — crieliQikailiii, cepTudikaTiB 1 1HILIOT
TEXHIYHOI JOKyMEHTaIlli Ha 3apyODKHI OJIUBH; — PE3yJbTaTiB J1a0OpPaTOPHUX
BUNPOOYBaHb 3pa3KiB TOBAPHUX 3apyOLKHMX OJMB B 00csa31 mokasHukiB HJl Ha
BIJIMOBIJIHY BITYU3HSHY OJIMBY Ta B 00Cs31 KOMITJIEKCY METO/IIB KBTI (PiKAIIHHOT OIIIHKA
(KMKO) (3a ymMOB, 1110 BIATIOBIAaIOTh BUKOHAHHIO BUTIPOOYBaHb BITYM3HSHOI OJIBH); —
pe3ybTaTiB CTEHI0OBUX BUMPOOYBaHb BUPOOIB BITUM3HSAHOT aBlaTEXHIKM HA 3apyOnKHIN
OJIUBI; — y3araJbHEHHS Ta aHaji3y JAOCBIJy BHUKOPUCTAHHS 3apyODKHOI OJMBH Ha
KOHKPETHUX BUPOOAX BITUU3HSAHOI aBialiitHoi TexHiku [161].

[Tin yac mepexoy 3 OJMBU TPAJIUIIIMHOTO BUPOOHUIITBA HA 3apyOikHY W Hazal
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NOTpiOHE TPOMHUBAHHSA OJMBOCHCTEMH JIBUTYHA OJIMBOIO, IO TUTAHYETHCS TS
BUKOPUCTAaHHSA, — poOodYl OJMBH 3apyOiKHOTO BHPOOHMIITBA  JOIYCKAETHCS
BUKOPHCTOBYBATH ISl KOHCEpBAIlli JIMIE OJMBOCHCTEM JBUTYHIB, JIOTPUMYIOYHCH
0COOMBOCTEW KOHCEpBAIlii OJMBOCUCTEM TPAAUINIHHUMU aHAJOTaMU BIATOBIIHO 0O
YUHHUX 1HCTPYKILIM; — IIiJI Yac 3amucy B TEXHIYHIM JOKyMEHTaIlli JBOX COpPTIB
BITYM3HSHOI OJMBH, JOMYIICHOI A0 BUKOpUCcTaHHs (Hampukian, « UIIM10» 1 «36/1Ky-
A» abo «1IIM-10» 1 «kBHUMHII 50-1-4®y), BupiyeThcsi BAKOPUCTAHHS 3apyO1KHUX
aHaJIOTiB 000X MapOK BiTUM3HAHUX 0JuB [159].

OcCHOBHUI 00’€M CHHTETUYHHMX CKJIaJHOE(IPHUX OJMB TAKOK BUPOOJSIETHCS Ha
ChOTOAHI MDbKHapogHUMHU Kopropaiismu Exxon, Mobil, British Petroleum 1 Shell
(Royco). Cknamgni edipu, IO € OCHOBHUM KJIAaCOM MAaCOBUX OJIUB, BUPOOISIOTHCS
dbipmamu Hercules, Geigy, NYCO, Unichema Tta iH. Ha BigmiHy Big oiuB 1 0a30BHX
OCHOB, TPHUCAJAKU Pi3HOTO (YHKIIOHATBHOTO MPU3HAYECHHSI BUPOOJSAIOTHCA OaraTbma
¢dipmamu. [IpoTsirom 6aratbox poKiB T€HEPAIbHOKO JIHIEIO B MOJIMIIEHH] SIKOCTI OJUB
st I'TJ1 € miaBuIeHHs X TepMOOKUCHIOBaIBHOT ctadinpHOoCcTI (TOC) [159-162].

Jnst 3abe3neyeHHst 0e33MiHHOI poOoTH onuBu B aBiauiiaux I'T/] mpotsrom
MDKPEMOHTHOTO pEecypcy JBUTYHIB 1 TIJBHUIICHHS HAIIHHOCTI 1X eKCIUTyaTalli
3apyObKHUMH (DipMaMu pO3pOOJICHI OJMBU TaK 3BAaHOTO «TPETHOTO TOKOJIHHS» Ha
OCHOBI CKJIaJHUX €(ipiB MOJTI0JIIB, IO BIAMOBIIal0Th BUMOTam crienudikaiii Mil-PRF-
23699F 1 DEF STAN 91-101 1 mo maroTe BuIi ekcrutyatariitai BnactuBocti (TOC 1
HECy4y 3/IaTHICTh) MOPIBHSHO 3 TOBapHUMU oJjiuBaMu I[-ro mokoJiHHS, 110 TpaaUuIiitHO
3aCTOCOBYIOThCA MpoTsirom Oarathox pokiB. lle omusm wmacy HTS (High Thermal
Stability). BukopuctanHs TakuxX OJMB J03BOJISE 3HU3UTH 00’€M POOIT 1 BUTPATH 3
TEXHIYHOTO OOCIYroBYBaHHsS aBlallliHOI TEXHIKH, TIOJOBXKYE TEPMIH CIyKOU
HiIIIUITHAKIB, CKOpouye BUTpaTy onuBu. Pipmamu Exxon, Mobil, British Petroleum,
Shell Ta iH. BUpOOISIIOTHCA 3a3BUYail JIEKIJIbKa MAapOK CUHTETUYHHMX OJIUB Ha OCHOBI

CKJIaaHKX eipiB, 10 BiAMOBIIa0TH BUMOraM pi3Hux crenudikariii [159].
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BucHoBkH 10 po3aiay 2

1. [MpoaHaiizoBaHO TEXHOJOTIUHI Mpoiecku BUpoOHHIITBAa cuHTeTHYHOI MoODil Jet
Oil 254 Tta wminepansbHoi MK-8m onmB Ta moka3aHO BIAMIHHICTE Y TEXHOJOTIAX
BUPOOHUIITBA.

2. IlpoananizoBaHo TpymnoBui, GppakuiiHUN, XIMIYHUN CKIIaJ OJUB Ta MOKA3aHO
iX BIUIMB Ha (13UKO-XIMIYHI Ta €KCIUTyaTalliiiH1 BIaCTUBOCTI.

3. HaBeneno ocHoBHI moka3Huku sikocTi onuBu Mobil Jet Oil 254 BianoBigHO 10
craunapry MIL-PRF-23699-HTS i onmuBun MK-8m Bimnosimno mo cranmapty ['OCT
6457 Ta mokazaHa HEOOX1IHICTh iX JOTPUMAHHS B MPOIIEC] eKCIUTyaTarlii.

4. TIpoananizoBaHO TAKET MPHUCAJOK JO OJIUB Ta MOKA3aHO IX BIUIMB HA OCHOBHI

eKCILUTyaTaIliitHi BJIaCTHUBOCTI.
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PO3JILT 3

METO/JUKHU BUSHAYEHHSA TUHAMIKHA 3MIHU OCHOBHUX
ITHOKA3HMUMKIB AKOCTI OJIMB JJIA I'EJIIKOIITEPIB

Jlnis Bu3HaueHHS (Pi3UKO-XIMIUHUX Ta €KCIUTyaTal[liiHUX BIACTUBOCTEH OJNUB IS
TCIIIKONTEPIB  3alPOIMOHOBAHO  3aCTOCOBYBAaTH  BiJOMi  MCTOJIWUKH  IMPOBEIACHHS
BUIMIPOOYBaHb OCHOBHUX TIOKa3HUKIB SAKOCTI CHHTETHYHOI Ta MIHEpalIbHOI OJIMB,
pUBEACHUX 10 MibkHapoaHux ctaHaaptiB 1SO, ASTM, BkazaHUX y TacmopTi SIKOCTI Ha
JlaHl OJIMBM Ta IMOKa3zaHo iX Kopeismiro 3 gitounmu cranpapramu — ['OCT (ACTY).
HaBenmeHo cxemu mpuiIajiB Ta CTaHIAPTU30BAHOTO 00JIATHAHHS, IO 3aCTOCOBYBAJIOCH Y

nabopaTopaux BunpoOyBaHHsx cuHTetuunoi Mobil Jet Oil 254 ta minepansaoi MK-81

onuB [163].

3.1. AnaJi3 MeToiB i MEeTOAUK BH3HAYEHHS BOAH Ta MEXAHIYHUX JOMIIIIOK B

0JINBaX

3.1.1. BizyajbHuii MeT0 BU3HAYEHHSI BMiCTY MEXaHIYHUX JOMIlIOK i BOAM B

OJIMBax

BizyansHuii MeToj 103BOJISIE BU3HAYMTH HASBHICTH a00 BIJICYTHICTH BIJIBHOT 200
€MYJIbCIHOI BOJHM, a TaKOX MEXAaHIYHHUX JOMIIIOK TpPH po3Mipax 3a0pyAHIOIOUUX
4acTUHOK abo kpamens Boau moHan 15-20 mxm (JICTY I'OCT 2477:2021. Hadra i
HaQTONPOAYKTH. METO ] BU3HAYCHHS BMICTY BOJIH).

CyTb METOMKH BI3yaJIbHOTO BU3HAUEHHS BMICTY BOJU Ta MEXaHIYHUX JOMIIIOK B
OJIUBAX TOJISITA€ B PO3TIISAL MPOOH, HATUTOT B CYXUH, YUCTHH IIWJIIHIP 3 TIPO30POTO CKIIa
Ta po3rysAl ii uepe3 1-2 XB, KOJMM MIAHIMYThCS OyibOAIIKK MOBITPS, B MOTOLI CBITJIA.
baxxano mepen BUMpOOYBaHHSM HAJAaTU OJMBI B IMWIIHAPI 00EPTAIBHOTO PYXy, MpU
[IbOMY MEXaHI4H1 JOMIIIKA Ta BOJA, MPU iX HASBHOCTI, OyAyTh 3aXOIUTIOBATHCS 3 JIHA
mwtiHapa. Bineny Bogy B IIMM nerko moOaynT Bi3yalbHO, OCKUJIBKM BOHA HE

3MIIIYETHCS 3 HAPTOMPOAYKTaMH, OCIAa€ HA JHI €EMHOCTI Y 3B 3Ky 3 OUIBIIOI0 I'YCTHHOIO
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1 PO3MIILYETbCS OKPEMHUM IIapoM abo y Burisial kKpamenb. [lig yac 300BTyBaHHS mpoOu
BOJIa, SIKa OCLJIa y BHIJISII Kparieib Ha JHI MUIIHAPA, JIETKO BUSBISEThCs [164].

[Tin gac posrisimanHs nMpoOW MaauBa B MPOXITHOMY CBITJII BOHA MOBHUHHA OyTH
MIPO30POIO 1 HE MICTUTH JOMIIIIOK, OKPEMOTO IIapy BOJMU UM ii Kpamneb.

Jis  miaBUIEHHS OO’ €KTHBHOCTI BI3yalbHOIO METOAY BHU3HAYEHHS BMICTY
MeXaHIYHUX JoMimoK 1 Boau B [IMM Ta BUKIIIOUEHHS HENpaBUIIBHUX DPE3YJbTaTIB
HEO0OX1THO Ty’K€ YBOXHO CTEXKHUTH 3a YHCTOTOIO MOCY/IUH IS BiI0OPY NpoO, 36epiratu
ix repMeTHYHO 3akpuTUME [164].

MeTto BU3HAYEHHS HAsBHOCTI BOJAM B OJMBAaX MO MOTPICKyBAaHHIO 3aKIIOYAE€THCA
HarpiBaHHi1 onuBHu 10 Temrnepatrypu 130 °C ta cnocrepexxensm 3a ii cranom (I'OCT
1547. MeToa BU3HAYCHHS BOJM B HAQTOBUX OJIUBAX).

CyTh METOIMKHM BHU3HAUEHHS HASIBHOCTI BOJM B OJIMBAX IMOJSATa€ B TOMY, LIO ii
HAJIMBAIOTh y CyXy MpoOIpKy, SKy 3aKpUBarOTh IPOOKOI0 3 TEPMOMETPOM Yy
BEPTUKAJIbHOMY TMIOJIOKEHHI, Ta HarpiBalOTb Yy TEPMOCTaTi, IO 3allOBHEHUM
IHAYCTpiaJIbHOIO OJMBOIO, MONEPEIHBO HarpitToro 10 temmeparypu 175 °C, no mosiBu
NOTPiCKYBaHHS 13 BCHiHIOBaHHAM [165].

HasgBHa B osiMBI BOoAa MEpeXoAuTh B NapoNoAiOHMI cTaH, OyibOamkd mnapu
M1THIMAIOTHCS 10 TTIOBEPXHI HAPTOMPOIYKTY, PO3PUBAIOTHCS Ta MOTPICKYIOTh.

3a NMMU METOJIaMU Ta METOAMKAMHU TPOBEJCHHS BUMPOOYBaHb BMICT BOAH Ta
MEXaHIYHUX JIOMIIIOK B OJIMBAX BIAMOBITHO JO iX MACHOPTIB SIKOCTI HOPMYETHCA SIK

«BimcyTHi» [165].

3.1.2. KisIbKiCHI MeTOM BU3HAYEHHS BMICTY MeXaHIYHMX JOMIllIOK i BOAU B

OJIMBax

Crnig BIAMITUTH, IO BI3yalbHUMH METOJAMH Ta METOJUKAMH TPOBEICHHS
BUNPOOYBaHb BU3HAYEHHS BMICTY BOAM Ta MEXAHIYHUX JIOMIIIOK Y Ha(TOMPOIyKTax
MPOBOJUTHLCA 1X SAKICHUW aHami3. [[7s mpoBeneHHs BUNIPOOYBaHb MUHAMIKU 3MIHU ITUX
MOKa3HUKIB $KOCTI OJIUB Yy TpoIeci iX eKCHyaraimii y cucTeMax 3MalllyBaHHs

TeJIKONTEPIB 1IUX METOJAIB HEAOCTaTHHO, TOMY B POOOTI MPOBOAMIIM BU3HAYEHHS IIMX
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MOKA3HUKIB SIKOCTI KITbKICHUMH METOJIaMH.

Bwmict BitbHOT Ta eMybciiiHOi Boau B [IMM HenonycTtumuii. Y HadTONpoayKTax
JI03BOJIIETHCSL BMICT JIMIIE PO3YMHHOI BOJAM, TOOTO BOAM Ha MOJIEKYJSIPHOMY piBHI
[166].

JlocuTh TOYHE KiJIbKICHE BH3HAYEHHS BMICTY BOJAM B OJIMBaxX 3A1MCHIOETHCA
metoaoM Jlina-Crapka 3a ASTM D4006.

Meto KUTBKICHOTO BU3HAYEHHS BMICTY BOJM B OJIMBAX I'PYHTYETHCS Ha BIJITOHI
BOJIM 3 MAJTUBHO-MACTUJIBHUX MaTepiajliB MPH iX NEPEroHIll 3 PO3YMHHUKOM. PO3UMHHUK
3aCTOCOBYIOTh JJI 3MEHIICHHS B’SI3KOCTI Ha(TONMPOIyKTy. 3a 00’€MOM BOJH, fKa
3i0panacs B mpuiiMadi-yJIoBIIOBaYi, BITHECEHOMY JI0 BIJJOMOI KUIBKOCTI OJIUBH, POOJISATH
BHUCHOBOK Ipo i KiTBbKiCHHH BMicT [164].

VY mpocyuieHy kosily MOMIMIAaIOTh HaBakKy BumnpoooByBaHoi onuBu 100 = 1 T,
3BaxkeHy 3 TouHicTio * 0,10 r. IToriM mmmiHapoM BigMipsroTe y komOy 100 cm?
PO3YMHHHKA, MEPEMINIYIOTh MICTKICTh KOJOM A0 TOBHOTO PO3UYMHEHHS MpoOHu 1
MOMIMIAIOTh Y KOJIOY KUTIJIKH.

KonOy 3 npuiaay ist KTbKICHOTO BU3HAYCHHS BMICTY BojM (puc. 3.1) 3 €IHYIOTh 13
BIJIMOBITHOIO TPYOKOIO HYHCTOTO CYyXOro MpHiiMaua-ynoBmoBaya 2. o mpuitmaua-
yJIOBJIIOBaYa MPHUEIHYIOTh 3a JOMOMOIOK CKIISIHUX 3’ €IHYB&JIbHHUX €JIEMEHTIB
XOJIOTUIBHUK 1.

3a iX BIACYTHOCTI 3’€IHaHHS MPOBOAATH 3a JOMOMOIOI0 KOPKOBUX MPOOOK, IPH
IbOMY HUXHIN KiHEIb BIJBIAHOT TPYOKH MpuiiMada-yJOBIIOBaYa BCTABJISIOTH B OTBIp
KOJIOM 3 TaKMM PO3PaxyHKOM, 100 BiH BXOJUB Yy KoJIOy He Outbiie HiX Ha 15-20 mMm
[165].

VY BepxHbOMY KiHIIl TpuUiiMaya-yJIoOBIOBaYa 3aKpiIUIIOIOTh KiHEHb TPYOKH
XOJIOAWJIbHUKA TaK, 00 HIKHIM, HABKIC 3pi3aHUi Kpail 1i MICTUBCSI HAIIPOTHU CEPEIUHU
BIJIBIIHOI TpyOKHM TipuiiMayda-yioBitoBada. [I[poOkoBe 3’€THaHHS JUIsl YHUKHEHHS BTpaT

PEKOMEHIYEThCS 3Ma3aTh MacTUiIOM (rutinepuHom) [166].
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Puc. 3.1. Cxema npumnaay ajs KiIbKICHOTO BU3HAUYE€HHSI BMICTY BOJIU B OJIUBaX:
1 — XonoUIbHUK; 2 — IpHiiMad- yJIOBIIOBaY; 3 — KoJi0a; 4 — CKJIsSHA MaJlovyKa

KonOy npunany ajisi KiIbKICHOTO BH3HAYEHHSI BMICTY BOJM BCTAHOBJIOIOTH Y
KoJOoHarpiBaui a00 Ha ENEeKTPUYHIA IUIMTII, MYCKAalOTh Yy XOJOJWIBHUK BOIY 1
HArpiBalOTh BMICT KOJIOM N0 KumiHHA. [leperoHky mpoBOIAThH Tak, 100 13 HaBKIC
3p13aHOTO KIHLSI TPYOKHM XOJIOAWIbHHMKA B MpUMau-yJlOBIIOBaY MOTpamsum 24
KkparumHy 3a 1 c. [lapu, sSiki KOHAGHCYIOThCS B XOJIOJAWJIBHUKY, CTIKalOTh y IpHUiiMay-
YJIOBJIFOBAY, IPH IIbOMY BOJIa 30MPAETHCS B HOTO HYKHIM rpaayioBaHii yactuHi [163].

[leperonky 3aBepiiyroTh TOMIl, KOJU OO0’€M BOAM B MpHUAMAaui-yJIOBIIOBaYl
nepecTane 30UTBITYBaTUCS 1 BEPXHIM IIap pO3UYMHHMKA CTaHE MOBHICTIO Mpo30opuM. Yac
NIEPErOHKY TIOBUHEH TpuBaTh He MeHIe 30 i He Oinbine 60 xB [163].

[Ticns Toro, sk Koyda OXOJOHE, a PO3YMHHHUK 1 BOJA B MPUHMAaYi-yJIOBIIOBaYl
HaOylyTh TEMIIepaTypyd HAaBKOJIUIIHBOTO CEPEAOBHINA, MPWIaA s KUIBKICHOTO
BU3HAYEHHS BMICTY BOJU PO30MPAIOTh 1 31IITOBXYIOTh CKIISIHOIO MAJIMYKOIO KpaIrjuHU
BOJIM 31 CTIHOK TpHuiiMaya-yjoBitoBaya [164].

MacoBy yacTky Boju B oyinBax (X) y BiICOTKax OOUMCITIOIOTH 332 (HOPMYJIOH0:
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ne V — o0'em Boau, Aka 3i6panacs B NpuiiMaui-yaoBaioBaui, cM>; p, — I'ycTHHA BOM 3a
TEMIIEPATYPH HABKOJMIIHEOTO CEPENOBHUINA, I/cM®, M — HABa)KKa Macja, Ky B3SIM LIS
BUNPOOYBaHHS.

Bona B mpumiimadi-ynopmoBadi  KimbkicTio, mo He mepesumye 0,03 o’
PO3IIHIOETRCS K cmian [167].

BiacyTHiCTb BOJU B 0JIMBaX BU3HAYAETHCS CTAHOM, 3a SIKOTO B HUKHIM 4aCcTHUHI
npuiiMaya-yJIoBIOBaYa HEMA€E Kpamneib BOAM.

CyTbh METOIUKN BU3HAUYEHHS BMICTY MEXaHIYHUX JOMIIIOK B OJIUBAX MOJIATAE y ii
(GIBTpYBaHHI 3 PO3YMHHUKOM uepe3 (UIBTP Ta BU3HAYEHHS BMICTY MEXaHIUHUX
JIOMIIIIOK 3a PI3HUIICI0O MacHu (UIbTpa J0 Ta MICs MPOMYCKaHHS Yepe3 HbOrO OJIMBU 32
I'OCT 6370.

Y crakaH nNOMIIIAEMO MIATOTOBJIEHY NpoOy aHalII30BaHOTO MPOAYKTY 1
po3basisiemo migirpitim 10 80 °C po3unHHMKOM — ToJryosiom [167].

Bmukaemo BakyymHuii Hacoc. Jlifiky ang GuibTpyBaHHS 32 JOMOMOIOIO T'yMOBOL
NpOOKH MPUETHYEMO 10 KoiOu st pinbTpyBaHHs mijg BakyymoM. [lanepoBuii (inbtp
3MOYYEMO PO3YMHHUKOM 1 MOMIIIAEMO Y BOPOHKY Tak, 00 (PiIbTp HIIIHHO MPUIISTAB
JI0 CTIHOK BOPOHKHU.

[Ticnss dinpTpamii GuUIBTp 3 0caaoM 3a TOMOMOTOK MPOMHUBAIKUA MPOMUBAEMO
HITITPITUM TOJYOJIOM JOTH, NOKU Ha GUIbTpl HEe Oyae ciijiiB HaQTONPOIYKTY 1
PO3YMHHHUK CTIKaTHUME TIPO30pHuM i 6e30apBHUM (puc. 3.2, a) [167].

[Ticnst 3aBepIiieHHST MPOMUBAHHS (PUIBTP 3 0CAZOM MEPEHOCHMO B CTaKaHYHUK JJIs
3B)XYBaHHS 3 BIAKPUTOIO KPHILKOIO, YV SIKOMY CYIIMBCS YUCTUM (UIBTP, 1 CYHIMMO B
cymmabHiH madi 3a remneparypu (105+2)°C He menrre Hix 45 xB. [ToTiM cTakaHYHK
3aKpUBAEMO KPHUILIKOIO, OXOJOKYEMO B eKCHKaTopi mpoTsiroM 30 XB 1 3BaKyeMO Ha
Barax 3 nmoxuokoro He oOinpine 0,0002 r (puc. 3.2, 6).

MacoBy dacTKy MeXaHIYHMX JOMINIOK X Yy BIJICOTKaX OOYHMCIIOEMO 3a

bopmyIioro:
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ne mi — Maca 0roKca 3 manepoBUM (QiIBTPOM 1 MEXaHIYHUMU JAOMIIIKaMU (TiCIs
BUIIPOOYBaHHS), T; My — Maca OIOKCa 3 YMCTUM IiITOTOBJICHUM ManepoBUM (iIbTPOM

(to BumpoOyBaHH:), T; m3— Maca mpoowu, r.[167].

Puc.3.2. Ilpunan misa QinbTpyBaHHA: a — Koyida miig (PUIBTpYyBaHHS, 6 —

CKCHUKATOP

3.2. MeTOIlI/IKa BU3HAYCHHA I'YCTUHH O0JINB

['ycTiHa € KOHTPOJIBHUM TOKa3HUKOM SIKOCTI Oyab-sikoi onuBU. Jljis onvBH
BU3HauUaeThest apeomerpoMm 3a ['OCT 3900, ASTM D1429, JCTY T'OCT 31072.
BumMiproBaHHsI 1IbOTO TTOKa3HUKA SIKOCT1 3/IIMCHIOETHCS apeoMeTpoM (puc.3.3).

HeoOxigno BpaxyBatu, mo y CIIA Ta Ouiblmocti KpaiH €Bponu TyCTHHY
HaTOMPOAYKTIB 3BOJATH 10 Temmepatypu 60 °F (3a mkanoro DapeHreiita, Mo
Binnosizgae 15,5 °C), ToMmy B macmopTi SKOCTI Ha IMIIOPTHUI HAPTOMPOAYKT BKA3yETHCS
temneparypa 3aMmipy TryctuHu 15 °C, 1m0 He € KOPEeKTHUM. SIKIIO0 BHUMIPHOBaHHS
MIPOBOJIATHCS 32 1HIIOT TEMIIEPATypPH, TO PE3yIbTAaTH HEOOX1THO 3BECTH JI0 CTAaHAAPTHOI

temnepatypu 20 °C (1-2) [168].
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Puc. 3.3. Apeometp aiisg HaQTOMPOTYKTIB:

1 — mkana ryctuHy; 2 — JiHiA BIJIIKY; 3 — IIKajla TepMOMETpa; 4 — BaHTax

Huniugp, y sskoMy BUMIPIOBAaTUMYTh T'YCTHHY, OOMPAIOTh TaKOi MICTKOCTI, 1100
IIpU 3aHypeHHi B po0y onuBU 06’ eMoM 250 cm® apeomeTpa, OCTaHHIM 3aHypIOBABCA Ha
BCIO BHCOTY 1 BOJIHOYAC HE TOPKaBCs CTIHOK [168].

CyTh METOOWKH BUMIpPIOBAaHHS TyCTHHH TIOJISITA€ B 3aHYpPEHI apeomerpa,
TPUMAIOUU MOTO 3a BEpXHIN KiHEIlb, Y MPOOY OJMBH JI0 MOAUIKH Ha IIKaJll TYCTUHH, IO
BI/IMOBIa€ OYIKyBaHIM T'YCTHHI, YA JIOKK HE CTaHE OYEBHIHUM, IO BiH TuraBae. Ilicis
TOTO, SIK ApEOMETP BCTAHOBHUTHCS 1 IPUIMHHITHCS HOTO KOJMBAHHS, TTPOBOIATH BiIJIIK 11O
BEPXHBOMY Kparo MeHicka. [lig gac migpaxyHKy OKO omeparopa MOBHHHO TepeOyBaTu
Ha pIBHI MeHICKa. ApeoMeTp He MOBMHEH TOPKATHCh CTIHOK YW JHa IuiiHapa. Ha
MIOBEPXHI apeoMeTpa He Mae OyTu OyspOariok nositps [166-168].

Temneparypy manuBa B HWJIIHAPI BU3HAYAIOTH 32 TEPMOMETPOM apeoMeTpa.
Sxmo B apeoMeTpi HeMae TEepPMOMETpa, TO TEMIEpaTypy OJHMBH BHU3HAUYAIOTH 1HIIMM
TEPMOMETPOM IO 1 TICIIST BUMIPIOBAHHS TYCTHHU.

['yctuHa onuBHU 3a Temmepartypu BUNPOOYBaHHS BU3HAYAETHCS IUIIXOM BIIIKY
3a IKaJor apeometpa [168].

Jlnst 3BeneHHs BMMIpSAHOI TycTMHH 10 rycturM 3a Temmeparypu 20 °C (p%)
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KOPHUCTYIOThCST (hOPMYJIOFO:

p?=p'+v (t-20),
me p' — TIyCTMHa NamMBa 3a TEMIEpPaTypH BUIPOOYBaHHSA, KI/MS; V — cepemHs
TeMIIepaTypHa MOMpaBKa I'yCTUHH, SIKY BU3HAUAIOTh 3a TaOnuipimu, npuseaeHuMy B ['OCT
3900;
t — remmieparypa, 3a IKOi IPOBOAATHCS BUIPOOOBYBaHHS, °C.

PesyibTar po3paxyHKy OKpYTIIIOIOTH JI0 TUCSYHUX 3Ha4YeHb [168].

3.3. Meroa Ta MEeTOAMKA BU3HAYEHHSA B’ A3KOCTI 0JINB

B's13KICTh — OCHOBHA XapaKTEPUCTUKA OJIMBU, IO BEJIMYMHI IKOI pOOUTHCS BUOID
ONTUBU JJIS 3aCTOCYBaHHS B KOHKPETHOMY BHManky. KiHemaTwuHa B’S3KICTh OJIMB
BU3HAYaIOTh cTaHgapTHUM MeTooM 3a 'OCT 33, ASTM D445 [169].

Oco0MMBOCTAMM METOAWK MPOBEICHHS BU3HAYEHHS KIHEMATHYHOI B’SI3KOCTI
OJIUB € BU3HAYECHHSI IbOT'O MTOKA3HUKA 3a PI3HUX TeMIIepaTyp, nepeadadyeHnx y macrnopri
SAKOCT1 Ha KOHKpeTHY onmBy. Hampukinan, ans migepansHoi onuBun MK-8m BianmoBigHO
no T'OCT 6457 nepeadaueHo BU3ZHAUEHHS LIbOTO MOKA3HUKA AKOCTI 3a Temneparyp: 20
°C, me Oumbme 30 cCr; 50 °C, e menme 8.3 cCr, a mig onmsu Mobil Jet Oil 254
BinmoBimHo 10 MIL-PRF-23699-HTS BumipioBaHHS B’S3KOCTI TMPOBOAWTHCS 3a
temriepatyp: 40 °C, me Oimpime 26.4 cCrt; 100 °C, me menme 5.3 cCt; - 40 °C, He
oubme 11500 c¢Ct. Tomy, nnsi mpoBefeHHST BUIPOOYBaHb OJIMB 33 TOKA3HHUKOM
KIHEMaTHU4HA B’ A3KICTh HEOOXIJTHO BUKOPHCTOBYBATH TEPMOCTATHU SIK 3@ BUCOKHX, TaK 1
3a HU3bKUX TemmepaTyp [164-165].

MeToauka BUMIpIOBaHHS KIHEMAaTHYHOI B’SI3KOCTI MOJIATAE Yy BU3HAYEHHI 4Yacy

BUTIKaHHS NIEBHOTO 00’ €My OJIMBU Yepe3 KaaiOpoBaHuM Kamijsip Bizkozumerpa (puc.3.4)

[169].
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Puc. 3.4. Bickosumetpu: a — BIDKT-1; 6 — BIXKT-2; 6 — BIDKT- 4

BceranoBmoemo B Tepmoctati ( puc.3.5) 3amaHy TemiepaTypy, OINYCKaeMO B
HbOTO 3allOBHEHUH OJIMBOIO BI3KO3UMETP 1 BUTPUMYEMO [0 THX Mip, MOKH BIH HE

nporpieTbest a00 HEe OXOJIOHE JI0 TEMIIEPaTyPH BUIIPOOYBaHHs (qoctaTHbO 15 xB) [169].

Puc. 3.4. TepmocTat J1s1 BA3HAUEHHSA B’ 3KOCTI —d@, BICKO3UMETp — O

Jlaii 3a 1OTIOMOTOI0 TPYIIIi, IPUEAHAHOT 10 KiHIA KOMiHa 1, oMMBy mepekadyoTh
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y po3mmpeHHs 4 Aemo BHILE Big MITKH Mi. 3HSIBIIM TpyIIy, CIIOCTEPIraloTh 3a
MPOTIKAHHSAM PIAMHU 4Yepe3 Kamuisgp. 3acikaroTh 4Yac OMYCKaHHS MEHICKAa PIIMHU BiJ
MITKU M1 10 M. JlocnipkeHHS] TOBTOPIOIOTH TpU4i. Yac BUTIKAHHS Y KOKHOMY JOCITITI
HE IMOBUHEH BIJPI3HATHUCS Bij cepeaaboapudmernanoro oinbme Hixk Ha 0,5 % [167].
Kinematnuny B’S3KICTh JOCHIPKYBAaHOI OJIMBH V Y KBQJApPaTHHX MUJTIMETpax 3a

cexyHIy a0o canTuctokcax (Mm2/c ur cCT) po3paxoBYIOTh 3a (POPMYJIOKO:

ne C — crana Bickosumerpa, Mm?/c? (cCt/c); T — cepenHe apudMeTHYHE 3HAYCHHS

pe3yJIbTaTIB BUMIPIOBAHHS Yacy BHTIKAHHS OJMBU Yy BICKO3UMETPl T=(1,+7,+1;)/3.

PesynbTaTs po3paxyHKy OKPYTIISIOTH 10 AeCATUX 3Ha4YeHb (3-7) [167].

3.4. Bu3dHa4yeHHH 3arajibHOr0 JY;KHOI0 YUCJIa 0JIMB

3aranpHe myxkHe uncno (3JIY) xapakTepu3ye BMICT 1 OJIMBAaX MAKETy MPUCAIOK.
JIy>)XKHICTb OJMB BHPAXKAIOTHCS uepe3 KUIbKICTh (B Mr) riapokcuay kamito (KOH),
€KBIBaJICHTHY BMICTY BCIX BHUJIB JyTiB B | T oiMBU ab0 HEOOXiMHY JyUIsl HEUTpasizalii
BCiX KHCOT B 1 T onmuBH, po3mipHicTs MT KOH / 1 T onuBu [168].

3JIY onvBM BU3HAYAETHCS MOTEHIIOMETPUYHUM TUTPYBAHHSM MPOOU BIAMOBITHO
1o craagapTiB ATM D 664, TOCT 11362, ISO 6619 a6o 6iabln HOBUMH METOAAMU —
MNOTEHI[IOMETPUYHUM TUTPYBAHHSIM MEPXJIOPOBOIO KUCIOTOO 3a ctangaptamu DIN ISO
3771, ASTM D 2896-98.

Cytnicte Metony BusHaueHHs 3JIY 3rigro 3 JICTY 5094:2008 momsrae y
MOYAaTKOBOMY PO3PaXyHKY MacH nmpoou 3a (opMoJioro :

Maca npo6u = 8/H,r,

ne 8 — ONTUMalbHO NOTPIOHA Jii TUTPYBAHHS KUIBKICTH OCHOB (YMOBHO
KOH),mr; H — HopMaTuBHEe un ouikyBaHe 3HaueHHs 3JIU, mr KOH/r. [166].

3BaXyIOTh JOCTIKyBaHUH 3pa3ok 3 TouHicTio (0,0002 r. Jlo HaBaXKu JOJAIOTH

MIPHUM IWAJIHAPOM PO3YMHHUK [ (TOJyos1) pO3MIINIYIOTH MIMIAJIKOK 1O IOBHOTO
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PO3UMHEHHS IPOOH.

[TpomoBxkytoun mepeMillyBaHHS JOJAIOTh PO3YMHHUK Yy CHiBBiAHOIIEHHI 1:1 y
pa3i BUKOPUCTAHHS 130MPOMUIOBOTO CHHUPTY, a00 7:3 y pa3i BUKOPUCTAHHS €THIOBOTO
CIMPTY. 3arabHUl 06’ €M PO3YHHY 00MpParoTh y Mexkax Bix 30 mo 70 cm3.

[IpoBOAATE TUTPYBaHHA JOAAI0YM TUTpaHT mnopmismu 0,1 cm®

. TurpyBaHHA
. . 3
3aBepuIyoTh, Koau micas ctpuboka EPC ponmaBanus ocrtanHix 0,3 cM® TUTpaHTy
IPHU3BOIUTH J0 3MiHU IOKa3iB MPHIIaay He Oinbiie Hixk Ha 10 MB [166].
Touky ekBiBaJIGHTHOCTI Ta 00’€M THUTpaHTYy, KM 1i BIANOBiAae, BU3HAYAIOThH

CJIICKTPOHHOIO CHUCTCMOIO YCTAaHOBKH. 3arajpHe JYXHC YHCIIO OO0YHCITIOETHCS

aBTOMATHYHO 32 (hOPMYJIOO:

(Vk —V0)-C-56.1
3714 = - :

ne Vk — o0’em TtuTpaHTy (COJNSIHOI KHCIIOTH), IO BIAMOBITA€ KIHIEBIM TOYIII
tutpyBaHHs; V0 — 00’ €M TUTpaAHTY, BUTPAYECHOTO I11]1 YaC KOHTPOJIBHOTO TUTPYBaHHS; C
— MOJIIpHA KOHIIEHTPAL[isl PO3YMHY COJITHOI KMCIOTH, MOJIb/IMS;

m — maca JOCHiKyBaHoi pobu; 56, 1 — monspHa maca ekBiBasienTa KOH, r/mMonb

[166].

3.5. MeToanka BU3HAYEHHS KOJIbLOPY OJINB

Konip oMB BU3HAUa€THCA 1 BUPAKAETHCS YUCENBbHO 3a ctaHgaptamu [SO 2049,
ASTM D 1500, TOCT 20284 [163].

Meroanka BU3HAYEHHS KOJbOPY OJIMB MOJIATAE y TOPIBHI 3 HAOOPOM KOJIBOPOBUX
€TaJIoOHIB, siIKIi HymepytoThes Bin 0,0 (6ummit) no 8,0 (my’ke TeMHO-KOpUYHEBUM) yepe3
0,5 ox. (ycboro 16 HomepiB). BumipsroTs 11eit nokaznuk npunagom [THT (puc. 3.5).

VY 1Ba cTakaHW HaJIMBAIOTh J0 MITKHU: B OJWH — AUCTUJIHLOBAHY BOAY, a B 1HIINN —
HaTONPOAYKT, IKHi BUIIPOOOBY€eThCs [163].

Biakpusators kpumiky npriany [{HT 1 ctaBisTs y mpaBuii Bifcik kamepu (KOJo
OapabaHa) KIOBETY 3 JMCTUILOBAHOIO BOJOIO, Y JIBUM — CTakaH 3 HA(PTONMPOAYKTOM,

SIKMI BUIPOOOBYETHCS. 3aKPUBAIOTH KPHUIIKY Tpritay [163].
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BMmukaroTh mKepeno cBiTJIa 1 TOPIBHIOIOTH KOJMIP HA(PTOMPOAYKTY 3 KOJIBOPOM
KOJbOPOBUX CKISIHUX CBITJIOQUIBTPIB. J[0OHMparoTh CBITIODIIBTP, KOJMIP SKOTO

MaKCUMAIILHO BiIIOBia€ KOIbOpy mpodu Hadrompoaykry [163].

Puc.3.5. Ilpunag IHTHT niist BU3HAa4Y€HHS KOJIBOPY OJIWB

3.6. BusHayeHHsI TeMIIePaTypPH CHAJIAXy 0JIMB

CyTHICTb METOJly MOJIAra€ y BHU3HAYEHHI HAWHMKYOI TEMIlEpaTypH, 3a sSKOi B
yMOBax JOCIIAy HaJ TOBEPXHEI0 TOPIOUOi PEUYOBMHU YTBOPIOETHCS CyMIll Tapu 3
NOBITPSAM, fKa 3JaTHAa ClajaxyBaTW BIJ JDKepena 3anaitoBaHHs. BusHadaeThcs
TEeMIepaTypa cranxaxy OjuB y Biakputomy ado 3akpuromy turii 3a TOCT 6356, ASTM
D92 [165].

[Mpunan s BU3HAYEHHS TEMIIEpATypH CHaaXy B 3aKpuTomy T (puc. 3.6)
CKJIQJIAEThCSl 3 METAJIEBOI0 3aKPUTOTO TUIJISL 5, y SIKWWA BMIIIIEHO CTaKaH 3 YaBYHY [/ 3
CJICKTPOHArpiBaJIbHUM elleMeHTOM. OCTaHHIM BMOHTOBAaHO B 3allOBHCHHUM a30eCTOM

MeTalieBHid Koxyx 8. [165].
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Puc. 3.6. [lpunan ayis BU3HAYSHHS TEMIIEPATYPH CHAIaXy OJIUB:

1 — mpuCTpiit AN 3anmanoOBaHHs; 2 — THI3O0 AJS TEPMOMETPA,;
3 — IpYyXKUHHUHN BaX11b; 4 — KPUIIIKA TUTJISA;D — METAJICBUM TUTEJIb;
6 — mimanka; 7 — cTakaH 3 4aByHy; 8 — MeTalneBUil KOXKyX

Turesnp 13 BHyTPIIIHBOrO OOKY Ma€ MITKY AJIs1 3a3HAYEHHS PIBHSI TOCIIHOTO 3pa3Ka
namuBa. Kpumka turias 4 oOmagHaHa 3acyBKOIO 3 JIBOMAa OTBOPAMHM, THI3IOM JUIS
TepMOMETpa 2, 3aMaaloBaIbHUM MPHUCTPOEM 1, MPYKUHHUM BaxkeJaeM 3 1 MIMIAIKoo 6.
[ToBOpOTOM MPYXKMHHOTO Ba)KE€Ns BITYMHAIOTHCSA 3aCYBKH, 1 3alallfOBaIbHUN MPUCTPIN
HAXUJISIETHCS B MMAPOBUI MpoCTip Haj Turiem [163-165].

EnextpoHarpiBady BMHUKalOTh y MEPEXY 1 HArpiBaiOTh 3pa30K OJIMBUA B THIJI.
[TepeminryBaHHs BeIyTh IIOCTIMHO 3 YaCTOTOK 00epTaHHs Mimainku Big 90 no 120 06/xBs,
a HarpiBaHHA MPOJYKTY Tak, o0 3a 1 XB TeMrepaTtypa 3pa3ka nigsuiryBaitach Ha 1 °C.
BumnpoOyBaHHs Ha crniajiax 3pas3Kka OJMBHU MOYMHAIOTH MPOBOJUTH 3a TEMIEpaTypu He
ounbiie HiXK Ha 10 °C HMXKYOI 3a OUIKYBaHy TeMmmepaTypy crnajiaxy. BumnpoOyBaHHs
MIPOBOJIATH MiJT Yac HarpiBaHHsA 3pa3ka oiuBH Ha 1 °C, ToO6TO mpubIM3HO OMMH pa3 3a 1
XB. Y MOMEHT NpOBEJCHHS BUMNPOOYBaHHS HA CHAIAaX IEPEMILIyBaHHS OJUBHU
NPUNUHSIOTh, MPUBOJATH Y JIIF0 MEXaHI3M, PO3MIIICHUA Ha KPUIIL, SIKAW BiIYMHSAE
3aCyBKY 1 OITyCKa€ 3amallfoBaJIbHUN TPUCTPIA y mapoBuii mpoctip. Yac mepeOyBaHHS
3aMmayOBAIBLHOTO MPUCTPOIO B HAWHKYOMY TOJIOKEHHI Mae ctaHoBUTH 1 c. Ilig wac

KOXXHOTO BHU3HAYEHHS 3a TeMIepaTypy crajaxy OepyTh MOKAa3HUKH TEPMOMETpa B
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MOMEHT YiTKOI IMOSIBY MOJIyM s HaJI TOBEPXHEIO POAYKTY BCepeauHi mpmiany [164].

[linm vac 3acTOoCyBaHHS SK 3alajlOBaJIbHOIO MPUCTPOIO Ta30BOr0 MajbHUKA
OCTaHHI B Tmporeci BUNPOOYBaHHA TOBHHEH OyTH B 3alajeHOMy CTaHl MAJis
BUKJTFOUEHHST MOXKJIMBOCTI1 MMPOHUKHEHHSA Ta3y B TUTEINb. SIKII0 y mpoiieci BUMTPOOYyBaHs
NnoJIyM’st B 3alajlOBAJIbHOMY IPUCTPOi 3racHE B MOMEHT BIAKPUTTS KPHUILIKH, TO
pe3yJIbTaT [IbOT'0 BU3HAUCHHS BpaxoByBaTH He i [164].

3a pe3ynbTar BUMPOOYBaHHS OEpyTh cepeqHe apuMETUYHE BOX IMOCIIIOBHHUX
BU3HAaUeHb. OTpUMaHy TEMIIEpaTypy chanaxy OKPYIJIIOIOTh A0 LUIMX OJUHMIb, SIKY
OOYHCITIOIOTh BBEJICHHSM TEMIIEPATYpPHOI MOIMpPaBKUA HAa CTAaHAAPTHUA OapOMETPUUHUIN
tuck 101,3 xIla (760 MM pT. CT.) aNreGpUYHUM JA0JaBAaHHIM OTPUMAHOI TEMIEPATYPH 1

TEMIIEPATypPHOI ITONPABKU:
101,3-P
=" .0
3,3

At 9,

ne P — ¢axtuunuit 6apomeTpudHuit TUCK, Kl 1a (MM pT. CT.).
JlorycKkaeThCsl BBOJUTH TEeMIEpaTypHI TOMPAaBKM Ha BIUIUB 0apOMETPUYHOTO
TUCKY (Tabum. 3.1), obuncieni 3 moxubkoro He Oubie Hixk 1 °C [165].
Tabmums 3.1

IHonpaBku nix 4ac BU3HAYCHHS TeMIIEPATYPH CHAJIAXY OJIUBH

bapomerpruunnil TUCK
[TonpaBka,°C
klla MM PT. CT.
84,8-88,4 636663 +4
88,5-92,1 664-691 +3
92,2-95,7 692718 +2
95,8-99,4 719-746 +1
103,2-106,8 774-801 -1

PesynbpTaTi BUNpoOyBaHb BU3HAIOTHCS JOCTOBIPHUMHM (3a JOBIpYOI WMOBIPHOCTI
0,95), 4KImO pO3XOHKEHHA MK HHUMHU HE IEpPEBUIIYIOTh 3HAYeHb, HABEIACHHUX Y

Ttabi. 3.2.
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Tabmums 3.2
JonmycTumi moxuOKH pe3y/abTATIiB IBOX MOCJIIIOBHNX BU3HAYEHD

TEMIIEPATYPH CliajIaXy 0JINB

Jomyctumi Biaxunenns, °C
Temneparypa cnanaxy, °C
[ToBTOpIOBaHICTH BinTBoproBaHICTh
[Tonan 104 +5 18

3.7. BusHa4yeHHsI TeMIIEPATYPH 3aCTUTAHHSA OJIUB

CyTHICTh METOAY MOJIATAE Y BH3HAYCHHI TEMIIEPATypH 3a SKOi OJIMBA MPOTITOM
5 ¢ nepebyBae B Hepyxomomy craHi (ctangaptu [SO 3016, ASTM D 97, TOCT 20287).
Cxemy mpwiiaay Juisi BA3HAUYCHHS [IbOTO IMOKa3HUKa MOKa3aHo Ha puc. 3.7 [169].
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Puc. 3.7. Cxema nmpwiiay njisi BU3HAYCHHs TEMIIEPATYPH MOYATKy KPUCTATI3aIlii:
1 — TepmomeTpu; 2 — ipobipKa 3 MOJABIMHUMHU CTIHKaMU; 3 — OTBIp IS oAyl
X0JIOJI0AreHTY; 4 — KpUIIIKa; 5 — MOCYANHA JJISI OXO0JIOKYBaIbLHO1 CyMIIIIL;

6 — 0x0J10/)KyBaIbHA CyMIHI
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[Ipunag ni1s BU3HAUCHHS TEMIEPATypy MOYATKy KpHCTaii3alli € HUIIHAPUIHOIO
MOCYJIMHOIO-TEPMOCOM JIJIsI OXOJIO/KYBAJIbHOI CyMillll, sika BCTaBiieHa Y (aphopoBy
CKISHKY 3 Termnoizomsieto. [locyanaa oOnagHaHa KpuIkoo 4 3 oTBOpaMu IS
npoOipkd 3 TOABIMHUMH CTiHaMH 2, TEPMOMETpiB 1, a TakoX nJs TOAaBaHHS
xoJyiofgoareHty 3. JlomiapHO 3aCTOCOBYBAaTH MOAM(DIKOBAHHUH TIPUIad, Y SKOMY IIPOOIpKy
3 MOABIMHUMH CTIHKAMHU BMIIIYIOTh Y CKJISIHY MOCYAMHY 3 MOJBIHHUMHU CTIHKaMu abo
npuiaz i3 a3epkajgbHUM BifgoopaxenHsM cBitia 3a TOCT 5066 [169].

[Tpob6ipky 31 3pa3koM OJIMBH BCTaBISIOTH Yy MOCYAMHY AJISI OXOJOJKYBaJTbHOI
CyMillll 1 yepe3 OTBIp B Ii KpPHILILI HAJIMBAIOTh CIHUPT. PiBEHb HATUTOrO B MOCYAUHY
cnupty noBuHeH 0yTu Ha 30—40 MM BuIIle 32 PIBEHb OJUBHU B MPOOIPIII.

V mocymauHy I OXOJOMKYBAalbHOI CyMilli 3aHYpIOIOTH TepMoMeTp. Koro
PTYTHUH pe3epByap MOBUHEH PO3MIIIYBATHCS HA TOMY K PIBHI, 1110 1 PTYTHHUH pe3epByap
TEPMOMETPA, 10 MICTUTHCS B MPOOIPIIL.

TemmepaTypy cmnupTy 3HIKYIOTH TOCTYIIOBHM JOJAaBaHHSAM y  HBOTO
XO0JIOJJOAreHTy, MIATPUMYIOYM TUM CaMUM TEMIIEpaTypy OXOJIOJKYBAaJIbHOI CyMillll Ha
1542 °C HmKYe TeMIepaTypu J0CIiKyBaHOI OJTMBH.

3a Temmeparypu, Ha 5 °C BuUIIOI Bl OYIKYBaHOI TEMIEPATypH IMOYATKY
3acTUraHHs (KpucTaiizaiii), mpoOipKy y Npuiagi HaXWISIOTh mija KytoMm 45° i
CJIIKYIOTh 3a 3MIHOIO MEHICKa OJMBH. [IOpIBHSIBHI CIIOCTEPEKEHHS MPOBOAATH JOTH,

JIOKM MEHICK OJIMBM He OyJie 3MIHIOBATHCS MiJ Yac HaxWiay Npuiaay OpOTIroM 5 ¢

[168-169].

3.8. MeTroauka BU3HAYEHHS] TPUOOJIOTIYHUX XaPAKTEPUCTUK CYYACHUX

aBianmiiiHUX 0/1UB

st o1iHKY BIIUBY (yJepeHy Ha MPOTU3HOCHI BIACTUBOCTI OJIUB TIPOBOIHIIH
TpUOOJIOT1YHI BUMPOOYBAaHHS HA CTAHAAPTU30BaHIM YOTUPHOXKYJIBKOBIM MallHHI
tepTs Bianosiauo 10 FOCT 9490 (ASTM D2783) (puc. 3.8). [163-164].

3a pe3yibTaTamMu AOCIIHKEHb BH3HAYAIM 3HOC, KU OIIHIOBAIH 32 J1aMETPOM

IIIMHA 3HOCY dra KPUTUYHOMY HaBaHTAKCHHIO P, nepexoay a0 CXOIJICHHS.
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Puc. 3.8. YotuproxkynpkoBa mamuna Teptss YKM-1: 1 — rBunT; 2 — Kymi; 3 —
BY30J1 TepTs; 4 — aKyCTUYHUH 30H; 5 — CTakaH; 6 — Kopmyc

Tpu HWKHI KyJbKH 3aKpIIUIIOIOTBCS HEPYXOMO Yy 4Yalllll MallWHA 13
3MalllyBaJlbHUM MaTtepiajioM, 110 BUIIPOOOBYIOTh. BepxHs Kynbka, sika 3aKpilUleHa y
HINUHAEI MAIIMHU, 00€PTAETHCS BITHOCHO TPhOX HUKHIX MPHU 3aJaHOMY HaBaHTaKEHHI1
3 yactoToro odepranHs 1460170 06/xB. [IpoBepTanHs KyJbOK y IpoLEeCl BUIPOOYBaHHS
He jonyckaerbes [163].

Kynpku moBuHHI OyTH BUTOTOBIIEHI 13 IMIHUKOBOT cTam [1I1X-15 ne Hmkue 11
CTYIIEHsI TOUYHOCTI, Kiac B, niamerpom 16 abo 20 MM. MOXMBO BUKOPUCTOBYBATH ISl
BUTNIPOOOBYBAHHS KYyJIbKH 3 HOBHX PEIbHUX MiAIUIHHUKIB [163].

[IpoTU3HOCHI BIACTUBOCTI Ha YOTUPHOXKYJIHKOBIM MAaIllMHI TEPTS BU3HAYAIOTHCS
JUIS OJUB Ta TUIACTUYHHUX 3MAlllyBaJIbHMX MaTepiasiB, IO BUKOPUCTOBYIOTHCS ISt
3MaIleHHS TOBEPXOHb TEPTSI.

Meton mossirae y BUIPOOYBaHHI 3MalllyBaJIbHOTO Marepialy Ha MalllHI TEpTs
IpU 33aJaHUX OCHOBHUX HABAHTAXCHHSIX Ta BHU3HAYCHHI OCHOBHUX TPHOOJIOTIYHUX
XapaKTEPUCTHK 3MAallyBAIbHUX MaTepiaiiB: HECydoi 3JaTHOCTI — 3a KPUTHYHUM
HAaBaHTAXECHHAM P, TPOTH3aAMPHUX BIACTUBOCTEH  3a iHAEGKCOM 3amaupy — I,
IPaHUYHOT HABaHTAXYBaJbHOI 3JaTHOCTI — 3a HABAHTAXKEHHAM 3BapioBaHHS P; Ta
NPOTH3HOCHKX BJIACTHBOCTEH — 3a miameTpoM ruisim 3Hocy (d) [163].

[lepea moyatkoM BUIIPOOYBaHHS KOXKHOTO 3pa3ka 3MallyBaJIbHOTO MaTepialy BCi
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JieTalll MallliHY, 3 SIKUMU CTUKA€ThCSA 3MallyBaJIbHUN MaTepian mij yac BUMPOOyBaHHS
(damika 3 JeTaJssMH KPIIUICHHS HUXKHIX KYJbOK 1 JIeTaJll KPIIJICHHS BEPXHBOI KYJIbKH),
IpPOMHUBAIOTh OEH3MHOM abo OeH30J0M 1 MpocyllyloTh Ha ToBITpi. Kymibku, ki
BUKOPHCTOBYIOTHCS MIPU BUIMIPOOYBaHHI, TAKOK MIPOMHUBAIOTH OCH3UHOM 1 MPOCYIIYIOTh
Ha roBiTpi [163-166].

BunpoOyBaHHS KOKHOTO 3MaIlyBajJbHOTO MaTepialy MPOBOJISATH 3a TEMIIEpaTyp,
BCTAHOBJICHUX Y HOPMATUBHO-TEXHIYHIN JTOKYMEHTAII]].

BunpoOyBanHs ckianaeThes i3 cepii Bu3HaueHb. KokHe BU3HAUYEHHS MPOBOJSATH
Ha HOBIM mpoO1 BUIPOOYBAHOTO 3MAIllyBajJbHOTO MaTepialy 3 4YOTHpPMa HOBUMH
KyJibkamu [168].

JUist mpoBeeHHsT BUNPOOYBAaHHS KYJIbKU 3aKPIIUIIOIOTH Y IIMUHAEI MAIIWHU 1
Yariii JJisi 3MallyBajibHOTO Marepiany. [Ipu BunpoOyBaHi 0yuB ii 3aJUBalOTh TakK, 100
KyJbKU OyJIM IIJTKOM MOKpHUTI Hero. [1oTiM BCTAaHOBIIOIOTH YalIKy 13 3MalllyBajJbHUM
MaTepiaJoM y MallluHy, 33Jal0Th HABAaHTAXXCHHS 1 BKIIIOYAIOTH €IEKTPOJIBUTYH. J[ms
TOTO, 100 YHUKHYTH Jedopmallii KyJIboK, HEOOX1THO YHUKATH y/IapHUX HABaHTaKCHb.

[Ipu nmpoBeneHH1 BUIIPOOYBaHHS NpPH MIJBUILEHUX TEMIIEpAaTypax MOMNEPeIHbO
BKJIIOUYAIOTh eJIeKTpoHarpiBad. Ilicis JocsTHEHHs 3alaHoi TeMIepaTypu CTBOPIOIOTH
HEOOX1THE HABAHTAXKEHHS 1 BKIIIOUAIOTh €JIEKTPOJBUTYH. TemMrepaTypa BUIPOOYBaHHS
TIOBHHHA IMiITPUMYBATHUCS 3 TOXHOKOI0 He Olbine £5°C [168-169].

TpuBamicts BunpoOyBaHHS BiJi MOMEHTY BMHKAaHHS 10 MOMEHTY BHUMHMKAHHS
CJIGKTPOJIBUTYHa TPH BHU3HAYCHHI KPUTUYHOTO HABAaHTAXKCHHSA, HABaHTAKCHHS
3BapIOBaHHA Ta 1HJEKCY 3aaupy noBuHHA OyTu 10 £ 0,2 c, mpu BU3HAYEHHI MMOKa3HUKA
3HOCy — 60 £ 0,5 XB.

BunpoOyBaHHs NMOYMHAIOTh 3 MOYATKOBOro HaBaHTaxeHHs 196 H (20 krc).
HactynHi BunpoOyBaHHS TPOBOJATH 31 3pOCTAlOYUM HABAHTAKCHHSIM BITIOBITHO JI0
psay HaBaHTaxeHb 1 (tabn. 3.3), 1 3aKiHYYIOTh BHU3HAYEHHSM HABaHTAKCHHS

3BaproBaHHs [169].
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Taomug 3.3

Pan naBantaxeunl | Pang HaBanTaxeHs 2 ['pannyHmi1 3HOC
H KI'C H KI'C (d-+0,15), mm

59 6 64 6,5 0,31
69 7,0 0,31

74 7,5 0,31

0,32

0,32

78 8 83 8,5 0,32
88 9,0 0,33

93 9,5 0,33

0,33

98 10 103 10,5 0,34
108 11,0 0,34

118 12 0,35

0,35

127 13 132 13,5 0,35
137 14 0,36

147 15 0,36

0,37

157 16 167 17 0,37
176 18 0,37

186 19 0,38

0,38

196 20 205 21 0,39
216 22 0,39

225 23 0,39

0,40




Psan maBanTaxxennl

Psan maBanTaxxenn 2

I'pannunMi 3HO0C

H KI'C H KI'C (d:+0,15), mm

235 24 255 26 0,40
274 28 0,41

294 30 0,42

0,42

314 32 333 34 0,43
353 36 0,43

372 38 0,44

0,44

392 40 416 42,5 0,45
441 45 0,46

465 47,5 0,46

0,47

490 50 519 53 0,47
549 56 0,48

588 60 0,49

0,49

617 63 657 67 0,50
696 71 0,51

735 75 0,51

0,52

784 80 823 84 0,53
872 89 0,54

921 94 0,54

0,55

980 100 1039 106 0,55
1098 112 0,56

1166 119 0,56

100



Psan maBanTaxxennl

Psan maBanTaxxenn 2

I'pannunMi 3HO0C

H KI'C H KI'C (d:+0,15), mm
0,57
1235 126 1303 133 0,58
1381 141 0,59
1470 150 0,60
0,61
1568 160 1646 168 0,62
1744 178 0,62
1842 188 0,63
0,64
0,65
1960 200 2067 211 0,66
2195 224 0,67
2323 237 0,68
0,69
2450 250 2607 266 0,70
2764 28 0,71
2
2930 29 0,72
9 0,73
3087 315 3283 335 0,75
3479 355 0,76
3685 376 0,77
0,78
3920 400 4136 422 0,79
4381 447 0,81
4635 473 0,82
0,83

101
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Pan naBantaxennl | Pang HaBaHTa)xkeHb 2 ['pannuHmii 3H0C
H KI'C H KI'C (d:+0,15), mm
4900 500 5204 531 0,85
5508 562 0,86
5841 596 0,87
0,89
6174 630 6546 668 0,90
6938 708 0,92
7350 750 0,93
0,95
7840 800 8232 840 0,96
8722 890 0,98
9232 942 0,98
0,99

[Ipy BU3HAYEHHI KPUTUYHOIO HABAHTAXKEHHS, IO XapaKTepU3y€e 3JaTHICTh
3MalllyBaJIbHOTO MaTepiajly 3ano0iraTi BUHUKHEHHIO 3aaupy MOBEPXOHb TepTd, 1
HABaHTa)XCHHS 3BaplOBaHHS, 1110 XapaKTepu3ye TpaHUuUHY Mpane3aTHICTh MAaCTUIILHOTO
Marepialy B yMOBax BUIIPOOYBaHHS, MOMNEPEIHbO TMPOBOASATH PNl TOCIITOBHHUX
BUMPOOYBAaHb 31 3HMW)KEHHSM a00 3pPOCTAHHSIM HABAaHTAXKEHHS BIAMNOBIAHO 10 PSIy
HaBaHTaXeHb | (muB. Tabn. 3.3), MakCUMaJbHO HAOMKEHUX JI0 TMepeadadyBaHHUX
KPUTHUYHOTO HABAHTA)KCHHS 1 HABaHTa)KCHHs 3BaproBaHHs [163-167].

[ToTiM, BHUKOPHCTOBYIOYM psiJi HaBaHTaXEHb 2, BCTAHOBIIOIOTH 3HAYEHHS
KPUTHUYHOTO HABAHTAXKEHHS 1 HABAHTA)KEHHS 3BapIOBAHHS.

[TpoBoasTH Ba MapaieTbHUX BUTIPOOYBAHHS.

[Ipu 3BaproBaHHI HEOOXIIHO HETAaWHO BHUKIIOYUTH EJIEKTPOJBUTYH, 1100
YHUKHYTH TOMIKOPKSHHS MaIIHHH.

[Toka3HUK 3HOCY, IO XapaKTEepPH3y€ BIUIMB MACTHJIBHOTO MaTrepially Ha 3HOC
MOBEPXOHb TEPTS, BU3HAYAIOTh NPU TOCTIHHOMY HABAaHTAKEHHI, BCTAHOBJICHOMY Y

HOPMATHUBHO-TEXHIYHIN JOKYMEHTAI[Il Ha MacTUIbHMI MaTepian [165].
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[Ticns 3akiHyeHHs BUMpPOOYBaHHS ¥ OXOJNOMKEHHs By3ia Tepts Huxue 40°C,
37IMBAIOTH PIIKMI MACTWJIBHUM MaTepiall Ui 3HIMAIOTh BATHUM TaMIIOHOM TUTACTUYHUMN
MaCTHJIBHUN MaTepiaj 3 AUITHOK TepTs Ha HIDKHIX KYJbKax.

[ToTiM BHUMIPIOIOTH AlaMETPU IUISIM 3HOCY KOXKHOI 3 TPHOX HHXKHIX KYJIbOK Y
HaIpsSMKY KOB3aHHS 1 MEPHEHAUKYJISIPHO WOMY Yy IUIOMIMHI, MEPICHAUKYISPHIN Bicl
00’eKTHBa MIKpOCKOMa. 3a pe3yJbTaT BUMIPY MPHUIMAIOTh CepeaHe apu(MeTUdHe
3HAYEHHS BUMIPIB IUISIM 3HOCY HUKHIX KYJIBOK Y IBOX HalpsSIMKax.

Kputnunum HaBantaxkeHHsIM (P, Krc) BBakaroTh HaBaHTAXKEHHS, MPU SKOMY
CepelHI JilaMeTp IUIAM 3HOCY HWIKHIX KYJIbOK 3HAXOJAUTHCA Y MEXaxX 3HayeHb
BENTUYMHU TpaHudHoro 3Hocy (dr + 0,15) mis ;aHoro HaBaHTaXKEHHS, 30UIBIIICHHS SIKOTO
Ha BEJMYUHY HACTYIMHOTO HAaBaHTAKEHHS 3a PSIJIOM HaBaHTAKEHb 2 BHUKIHMKAE
30UTBIIEHHS CEPETHBOTO JIlaMeTpa TUISIM 3HOCY Ha BeNWYUHY, OutbIiny Hix 0,1 MMm.

3a pe3yapTaT BUNPOOYBaHHS MPUIMAIOTh MEHINY BEJIWYMHY KPUTUYHOTO
HaBaHTa)XCHHS 3 JIBOX OTpUMaHUX BeauunH [169].

Po361kHOCTI, 10 JOMYCKAlOThCA MK MapajelbHUMHM BHU3HAueHHSAMU P, Ha
OJIHOMY 3pa3Ky MACTHJIbHOIO MaTepially, He MOBHUHHI MEpPEBHILYBATU PI3HULI MK
HalOUIBIIMM 1 HalMEHIIMM 3HAYEHHSMH YOTHPbOX IOCIIJOBHUX HABAaHTAXEHb, Yy
HePIIOMY 1 APYTrOMY psiiax HaBaHTa)keHHs [166].

HapanTtaxxennsim 3BaproBanHs (P,, Krc) BBakaroTh HaillMEHIIIE HAaBaHTaXKECHHS,
IpU SKOMY Bi0OYJIacsi aBTOMATHYHA 3yNMTUHKA MAIIMHU MPU TOCSATHEHHI MOMEHTY TEpTS
1180 £ 25 H-c (120 + 2,5 krc-cM) 4u 3BaproBaHHS KYJIbOK.

JIist TUX MacTWJIBHMX MaTepialliB, JUIsl SKUX HaBaHTAKCHHS 3BapIOBaHHS HE
BCTAHOBIIIOETHCS, 32 HABAHTAXCHHsI 3BApPIOBAHHS MNPHUIMAIOTh HABAaHTAXXCHHS, MPHU

SIKOMY YTBOPIOETBCSI IUISIMA 3HOCY 3 JiameTpoM 3 MM i Oisbiie [167-168].
BucnoBku 10 po3ainy 3
1. Jlna Bu3HayeHHs (I3UKO-XIMIYHMX Ta €KCIUTyaTal[liHUX BJIACTHUBOCTEW OJIMB

JUIS. TEJIIKONTEPIB 3alpOlOHOBAHO 3aCTOCOBYBATH BiJIOMI METOJMKH TPOBEJCHHS

BUIIPOOYBaHb 3 ypaxyBaHHAM OCOOJMBOCTEH iX 3aCTOCYBaHHS Ui OJHMB 1HO3EMHOTO
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BUPOOHUIITBA Ta crielU(iKHU MOKA3HUKIB IX IKOCTI.

2. BuzHaueHO KOpeNAIiiHI 3aXO[u IMOJO0 BIAMOBIIHOCTI METOJIB Ta METOIUK
BU3HAYCHHS MMOKA3HUKIB SKOCTI OJIUB, III0 BUKOPUCTOBYIOTHCSA Y CHCTEMAaX 3MallyBaHHS
BITYM3HSHUX Ta 3apYO1KHHUX TeIIKONTEPIB.

3. IlpoaHanizoBaHO METOAMKH BH3HAUCHHS IOKa3HHUKIB sikocTi onmBu Mobil Jet
Oil 254 1 wminepanpHOi ommBu MK-8m1, ki HAWOLIBII CXWIIBHI O 3MiH Yy MpoIeci
eKCIUTyaTallii: TyCTHUHA; KIHEeMaTU4Ha B’ SI3KICTh; 3arajibHe JIy’)KHE YHCIIO; TeMIeparypa
cranaxy; KoJip; TeMIepaTypa 3aCTUTraHHs (KpUCTaIi3allii); BMICT MEXaHIYHUX JTOMIIIOK
Ta BOJW; BHIIAPOBYBaHICTb, TPUOOJIOTIYHI  XAPAKTEPUCTUKH, IO  JO3BOJISIE
MPOTHO3YBATHU Ta IIECTIPSIMOBAHO 3MIHIOBATH OOMEXXEHHS 111070 BUKOPUCTAHHSI OJIUB,

K1 JOCATIN KPUTUYHOTO €KCILTyaTal[liHOTO P1BHSI.
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PO3JILI 4

JTUHAMIKA 3MIHM OCHOBHUMX MOKA3HUKIB SIKOCTI OJIUB Y
MPOLECI EKCILTYATALIT

JIist mocmiKeHHsT 3MIHM TIOKA3HHKIB SKOCTI OJIMB y TIPOIIECi iX eKCIuTyaTarii
Oynm BigiOpaHi JBa pi3HUX BUAW OJIUB, a came: cuHtetuuna Mobil Jet Oil 254 Ta
minepanbHa MK-8m. BuzHaueHHsI OCHOBHHX IMOKa3HMKIB SIKOCTI OJIUB TPOBOJMIIUCS 3
pi3HUM HampamoBandsaM micias 50, 100, 150, 200, 250, 300 roguH HaIBOTY 3aJs
OLIIHKHU TX SIKOCTI Ta MPOTHO3yBaHHs mparie3aarHocti. Cuaterndyna oiuea Mobil Jet Oil
254 pocmikyBamacs y pealbHMX YMOBaX —eKCIutyaranii remikonrepa «Airbus
Helicopters H-145» 3 apurymamu MBB-BK117, a minepansHa onmBa MK-8m, 110
BUKOPHUCTOBYETHCS Y CUCTEMaX 3MalllyBaHHs BIMICHhKOBUX TelikonTepiB Mi-6 (nBuryH Jl-
25B, TypOOKOMIIpECOpHa YacTHHA), a TaKOK BXOJUTH 1O CKJIAAy CyMIIIeH OJIUB AJis
peayKTopa 3a CTEHJJOBUX YMOB BUIIPOOYBaHHSI.

JluHamika 3MIHU OCHOBHHUX (I3MKO-XIMIYHMX Ta €KCIUTyaTal[liHUX MOKa3HUKIB
SKOCTI1 OJIMB TIPOBOMIIACS 332 TAKMMH ITOKa3HUKAMHU:

- MacoOBY YacTKy BOJM B aBlallliHUX OJIMBAX JOCTIIKYBaJld 3a CTaHAAPTHOIO
MeToaukoro BianosiaHo 1o I'OCT 2477;

- TYCTUHY aBialllHHUX OJMB BHU3HAYaJIM 3a JIOMOMOTOI0 apeoMeTpa 3TigHO 31
ctagaaptHoto metoaukor 3a 'OCT 3900, JICTY I'OCT 31072, ASTM D 4052, EN
I1SO 3675;

- KIHEMaTU4HY B’S3KICTh aBiarfiitnux onuB 3a Temneparyp 40 °C, -40 °C, 100 °C
BU3HAUYaIU BI3KO3UMETPUYHUM METOJOM BIJMOBIJHO JO CTaHAAPTHOI METOJMKHU 3a
JCTY I'OCT 33, I1SO 3104, ASTM D445;

- KUCJIOTHE YHCJIO aBiallifHUX OJIUB BU3HA4YaM 3a Metoaukoro ASTM D2896;

- TpuOOJIOTIYHI BJIACTUBOCTI aBialiiiHuUX ojiuB 3a meroaukoro ASTM D2783,
['OCT 9490;

- KOJip aBiaumiiHux oJuB BHU3Hayaiu Ha konopumetpi HHT 3rigno 31

ctanaaptHoro metoaukoro 3a 'OCT 20284, ISO 2049, ASTM D1500;
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- BMICT MEXaHIYHMX JOMIIIOK B aBIallIMHUX OJMBaxX BHU3HAYAJIM 3TIAHO 31
crta"aaptHoro Metoaukoro 3a 'OCT 6370;

- TeMIepaTtypa crajaxy aBlallifHUX OJHMB y BIAKPUTOMY THIJIl BU3HAYa N 3T1THO
31 cranmapTHOrO MeToaukoro 3a TOCT 4333, 1ISO 2592, ASTM D 92;

- TeMIlepaTypy 3aCTUTaHHS aBlallifHUX OJIMB BU3HAYaJW 3T1JIHO 31 CTAHJIAPTHOIO
Metoarkoro 3a I'OCT 20287, ISO 3016, ASTM D10.

OcHoBHI (13UKO-XIMIYHI MOKa3HUKH SIKOCT1 OJIMB, BIAMOBITHO JO TMACIOPTIB iX

SIKOCTI, HaBeIeH1 B Ta01.4.1.

Taomung 4.1
PDizuko-xiMiuHi NOKA3HUKHU AKOCTI 0JIUB
@Di3UKO-XIMIUHI TOKa3HUKKA | MeTox BU3HAYCHHS MK-8n Jet Oil
0JIUB 254

B’sa3kicTh KIHEMaTHYHA 3a ASTM D445 2.6 5.3
temnepatypu 100 °C (50 °C (8.0)
st MK-8m), cCt, He MeHIIIe
B’s3kicTh K1IHEMaTHUYHA 3a ASTM D445 16.0 26.4
temneparypu 40 OC, cCr, He
OlIbIIIE
B’sa3kicTh KiIHEMaTH4YHA 3a ASTM D445 6500 11500
Temriepatypu - 40 0C, cCr,
HE OUIbIIIe
Jlyxne uucno, mr KOH/T, He ASTM D2896 0.04 0.08
MEHIIIE
Temmneparypa cnanaxy, 0C, ASTM D92 140 254
HE MEHIIIE
Temneparypa 3acTUraHHs, ASTM D5950 -55 -62
OC, HE OUJIBIIIE
Tycruna, KF/MS, 33 20 °C He ASTM D1429 885 1004.4
MEHIIIE
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Bin6ip mpo6 omusu Mobil Jet Oil 254 mu npoBogwiIM BiMOBIIHO O BHUMOT
TEXHIYHOTO 0OCIyroByBaHHs remikonrepa H-145 cnemiaapHuMu 1poOOBiAOIpHUKAMHU
micas 50, 100, 150, 200, 250, 300 roauH HATBOTY. Y IUX Ke MTPOOOBITOIpHUKAX TTPOOH

30epiraroThbes 0 MPOBEICHHS BUIIPOOYBAHb.

4.1. lunamMika 3MiHM BMiCTy BOJAH B aBialliifHMX 0JIUBAX 32JI€2KHO Bi/l

HarpamnoBaHHA

[IpyuriHOIO  PO3YMHHOCTI BOAW Yy  BYIJICBOJAHEBUX PIAMHAX €  IXHA
TITPOCKOMIYHICTh, TOOTO 3JaTHICTh MOTJWHATH atMochepHy BoJoTy. OCKUIbKU
BYIJIEBOJHI Ta BOJAa HE MAalOTh XIMIYHOTO CHOPITHEHHS MIX COOO0, PO3YMHHICTD i1 y
[TMM ob6mexeHa.

['irpoCKOMIYHICTh BUSBIAETHCS Y TBOX (OopMax: 3BOPOTHIN Ta HE3BOPOTHIM. Y
pa3i HE3BOPOTHIM PO3YMHHOCTI BOJIOTA, 110 MOMJIMHAETHCA PIAMHOIO TiJI 4Yac 3MIHU
30BHIIIIHIX YMOB (TeMIIepaTypH, TUCKY, BOJIOTOCTI TOBITPS), HE BUIISETHCA y BUTIISIL
caMoOCTiiHO1 piakoi (a3u, TOOTO BIACYTHS Mexa noAuty ¢az. Takoro rirpocKOmivyHICTIO
XapaKTEPHU3yEThCS, HAMPHUKIIA, CTHJIOBHU CHUPT, SKUH y MIpy TMOTJIWHAHHS BOJIOTH
PO3YHHSETHCS A0 OUIBII HU3bKOI KOHIIEHTpAIIii.

k110 pivHa Opy 3MiH1 30BHINIHIX YAHHUKIB BUJLISIE PAHIIIE PO3YUHEHY BOJY Y
BUTJISIII CAaMOCTINHOT pinkoi da3u, € Mexa MOJAUTY, TO TITPOCKOMIYHICTh TaKOi PIIUHU
HA3UBAETHCS 3BOPOTHOIO. [1010HOI0 BIACTHBICTIO XapaKTEpU3YIOThCs MaJMBa, Macia,
MacTuja.

Bona B onuBax Moxe nepe0yBaTy B TPhOX CTaHAX:

* PO3YMHEHOMY — T1I'POCKOMIYHA BOJA;

* eMyJbCIHHOMY — JpiOHOJMCIEPCHA EMYJIbCisi, YACTUHKH $KOi PO3YMHEHI B
HAaCHMYE€HOMY BOJIOTOIO TMaJIHBI;

* BIACTIMHA (BUIBHA BOJAa), TOOTO MIXK BOJOI Ta MMAIMBHO-MAaCTUIBHUMHU
MaTtepiazamu iICHy€e Mexa oty ¢as.

[TanuBO-MacTUIIbHI MaTepialv MOXKYTh MICTHUTH B COO1 JIMIlE TMEBHY KIUJIbKICTb

BOJM B pO3uMHEHOMY cTaHi. Bona mudyHaye, TOOTO MpOHHUKAE Y MIKMOJICKYJISIPHHIA
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IPOCTIpP, MiJ JI€I0 30BHIMIHIX CHJI, 3yMOBJICHUX BJIACHUM NaplLiaJbHUM THCKOM Haj
naauBoM. OCKUIbKY MapIiiiadbHUN TUCK (BOJIOTICTH MOBITPS) MOCTIMHO 3MIHIOETHCS, TO 1
HacuueHHs Bogol [IMM y mnouaTkoBuil mepiof BiAOYBa€ThCS IHTEHCUBHO, ajie
piBHOBara MK NaJIWBOM 1 Ta30BHUM CEpPEAOBUILIEM YCTAHOBIIOETHCA TIUIBKH YEpe3
JNesIKUHN Jac.

Takum drHOM, MexaHi3M po3unHeHHS Boau B [IMM 3ymoBnenwmii nudysiero i
3alIOBHEHHSIM BOJIOI0O MDKMOJIEKYJISIPHOTO TIPOCTOPY BYTJIEBOAHIB 3 HACTYy[THUM
YCTaHOBJICHHSIM MDKMOJICKYJISIPHUX 3B’SI3KIB MK MOJIEKYJIaMHd BOJAM W MOJICKYJIaMU
BYTIJIEBOJIHIB OJIMB.

Otxe, po3uuHHICTh BoAu B [IMM 3anexuTh Biji iXHBOTO XIMIYHOTO CKJIaay M
30BHIIIHIX yMOB (THCKy, TEMIEpAaTypH, BOJIOTOCTI, MEXaHIYHUX BIUIMBIB —
nepeMilryBaHHs, BIOpallii TOIIo).

Po3unHHICTh BOJM B apOMaTHUYHHUX 1 HEHACMYEHMX BYTJICBOJHSAX BHIIA, HDK Y
napadinoBux. HadTeHoBI ByTIJIeBOAHI 3aliMalOTh MPOMDKHE TMOJOXKEHHS MIXK
apoMaTUYHUMHU U MapadiHOBUMH. 3 MiJIBUILIEHHSIM MOJIEKYJSIPHOI Macu PO3YHUHHICTD
BOJIM 3MEHIIYETHCS, 10 MOSCHIOETHCS 301IBIIIEHHSIM TYCTUHU BYIJICBOAHIB, YHACIHIIOK
YOT0 3MEHIIYEThCA MIKMOJIEKYJISIPHUHN TPOCTIp, 1110 3aIIOBHIOETHCSI MOJIEKYJIaMHU BOJIH.

Mosekynu BOAM Yy BYIJIEBOJHSX AacCOIIIOIOTHCS (B3a€MOJIIOTH) Mk COOO0I0 3a
paxyHOK CHJ BOJHEBOro 3B’s3Ky. KokHa Mojexkyna BOOuM MoOKe OpaTH yd4acTb B
YTBOPEHHI JBOX BOJIHEBHX 3B’s3KiB, TOOTO aTOM KHCHIO CTa€ IOB’S3aHUM 13 YOTHpMA
aTOMaMH BOJIHIO.

Haiinpocriiie nosicHeHHsI yTBOPEHHSI BOAHEBOIO 3B’ 513Ky 3aCHOBAHE Ha MOJISIPHIN
npuponi 3B’s3ky O — H. Y Monexkym Boau enekTpoHHa Xmapa 3MilieHa B OiK spa
aToMa KHCHIO 3 TIJBMINCHOI €JEKTPOHEraTUBHICTIO 1 BiJJajeHa BiJA sApa aroMa
BOJHIO. YHACTIZOK IIhbOTO aTOM BOJHIO CTa€ Maibke TO030aBICHUN EJIeKTPOHA.
MiHiMalibHI PO3MIpH MPOTOHA AAIOTh 3MOTY HOMY MIIXOAUTH OJU3BKO 10 IHIIUX
4aCcTUHOK. ToMy M) MNPOTOHOM 1 JBOMa 3OBHINIHIMM HEMOJIJIEHUMH TapaMu
CJICKTPOHIB KUCHIO BUHUKAE €JICKTPOCTATUYHE TIPUTSITAHHS.

BusHayanpHy poJib y B3a€MOJIii MK BOJOIO Ta apOMaTHYHUMH BYTJICBOIHSIMHU

BIJIIrpa€ m-eJeKTPOHHUM 3B’ SI30K. AHAJIOTTYHUHN e(PEKT CIIOCTEPIracThCsi B HEHACHYCHUX
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BYTJICBOJIHSX, 1 HE BUIIQJKOBO BOHHM PO3UYMHSIOTH OUIBITY YacTuHy Boau. IlimBuieHa
PO3UYMHHICTh OCTaHHBOI B AapOMAaTHMYHUX 1 HEHACHYEHMX BYIVIEBOJHSIX 3yMOBJICHA
MOSIBOIO IT1JT BILUTMBOM IOJIIPHUX MOJIEKYJI BOJU OPIEHTALIMHO-THAYKIIHHAX CHJL.

Y NOpUCYTHOCTI TeTEpPOOpPraHiuHUX CIIOJYK PO3UMHHICTH Boau 3poctae. lle
IOB’S3aHO TMEpeAyCIM 3 IIJBUIICHOI B3a€EMOJAIEI0 MDK MOJIEKYJaMHd BOAM Ta
MOJIIPHUMH TIO€THAHHIMH TeTepoaroMiB. [lo mux monsipHux rpyn Hajexarts: —OH; —
NO,; —COOH; —CN; —CNS; —-CHO; -SOzH.

KinbkicHo po3unnHicTh Boau y I[IMM onwmcyeTthcst 3akoHoM ['eHpi, BIAMOBIIHO
0 KOO KOHLEHTpalis BOAM B PO3YMHI 3a JaHOI TEMIEpaTypd MpoIopiiiiHa
napiiaibHOMY TUCKY BOJSHOI IMapu y MOBITPI:

C = Hpy,
ne H — xoedilieHT po34yMHHOCTI (KOHCTaHTa ['eHpil); ps — mapiiaJibHUM TUCK BOJASIHOI
napu.

VY peasbHHX yMOBax, 3aBJSIKA 3BOPOTHIN TIrPOCKOMIYHOCTI NaiuB 1 (ha30BHM
nepexojam BOJIU, CIIOCTEPIrae€ThCs BIIXUIICHHS BiJ] 3aKOHY [ eHpi.

Bonoricte moBITps MOCTIHHO 3MIHIOETHCS, TOMY 1 3MIHIOETHCS BMICT PO3YUHEHOI
BOAM B MayivBil. 30UIBIICHHS BOJIOTOCTI MOBITPsI MPU3BOJAWUTH A0 BUAUICHHS BOJIU B
eMyJIbCiiiHUM cTaH. BoHa piBHOMIpHO po3mnojiieHa B Ha(TOMpOIyKTax Yy BUIJISIIL
Kparesnab. 3a MOJajbIIoro 301IbIIEHHS BOJOTOCTI BOJAA MEPEXOAUTh Y BIIBHUM CTaH,
TOOTO BIJICTIHHY BOMY, KOJIM MIKPOKPAILIl YKPYITHIOIOTHCS.

HaiiGinpmnii BIiMB Ha (pa3oBl Mepexoaud BOAM Mae Temmeparypa. Y pasl ii
301IBIIIEHHS BOJIOTA 3 HAMAIUBHOTO MIPOCTOPY MEPEXOANUTD y MATUBO, POZUUHSAIOUUCH Y
HbOMY, OCKUIbKH 301TBIIYETHCS MIDKMOJEKYJISIPHUN TPOCTIP MK BYTJIEBOIHSIMU
nanusa. 117 yac 3HMKEHHS TeMIepaTypH BiJ0yBaeThCsl 3BOPOTHUM MPOLIEC — BUALUIECHHS
BOJIM 3 MaJiiBa (BUIMApPOBYBaHHs), TOOTO 3BOPOTHA AUPY3is — 1€ BUTICHEHHS MOJIEKYJ
BOJAM 3 MDKMOJEKYJSIpHOTO mpocTopy. Skmo [IMM 0X0J0MKyeThcsl MIBHUAKO, TO
pO3YMHEHA BOJA 3a 4Yac OXOJO/DKYBaHHS HE BCTUTAE TMEPEHTH 3 OJMBU B TOBITPA,
KOHJICHCYEThCSI, YTBOPIOIOUN MIKPOEMYJTbCIi Ta BOJHHUMA BIICTIM.

Po3Mip kpamenb BOAM, SAKI yTBOPIOIOTHCS, BHU3HAYAETHCA TEMIIEPATYPOIO

KOHJICHCAIlli: 10 HWX4Ya Temneparypa (IrIMOMHA OXOJIOJKEHHS), TO OuIbIIe
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YKPYITHIOIOTBHCSI MOJIEKYJIM BOJIM 33 PAXyHOK BOJHEBHX 3B’ SI3KIB.

3a MoJayblIOro 3HW)KEHHS TEMIIepaTypH Kparull KOHJEHCOBAHOI BOJIOTH OyayTh
MIEPETBOPIOBATUCS B KPHUCTAIM JIbOAY 3a (OpMOr0, IO Haramye iHid. Yepe3 mairy
TYCTUHY Taki KpucTaiu 3anumaioTecsi B [IMM y BimbHOMY cTaHi. Y peaqbHUX yMOBax
MOJIbOTY OJHOYACHO 3HIKYIOTbCS TeMmIiepaTrypa W THUCK, OCOOJMMBO TijJ 4Yac Habopy
BUCOTU. 3HIKEHHS TEMIIEpaTypu Ta TUCKY MPU3BOIUTH 10 mnepecuyeHHs [IMM
PO34YMHEHOIO BOJIOHO.

Takum yuHOM, MiJ Yac HAOOPY MOBITPSHUM CYJHOM BHCOTH IMOJBOTY YacTHHA
KpaIlIMH KPUCTATI3y€EThCs, & YaCTHHA, 1[0 Ma€ OUTBITY KIHETUYHY €HEpTiio, mepedyBae
B PIIKOMY TIEPEOXOJIOKEHOMY cTaHl. Takuii cTaH € HecTaOlIbHUM, 1 1] Yac 3ITKHEHHS
MEPEOXONOHKEHOT Kparuli 3 TBEpAOK TMOBEpXHEI ((IIbTpOM, MEXaHIYHUMH
JIOMIIIKaMH ) 3aJIMIIOK BUTBHOI €HEPTii pO3CIIOETHCS, 1 YaCTKa BMUTh NIEPETBOPIOETHCS B
KpHUCTAJL.

Ha po3unHHICTH BOJM B MaNuBl BIUIMBAE TAKOX OAPOMETPUYHMIA THCK 1 BITHOCHA
BOJIOTICTh. 3HMJKEHHSI LIUX IapaMeTpiB MPU3BOAUTH 10 3MEHIIEHHS BMICTY BOJIU B
naJuBi.

BizyanbHUM METO/IOM, OMMCAHUM B PO3/iJIl 3, HE BCTAHOBJIEHO HASIBHICTH BUIBHOI
BOJAM B IMX oJuBax. HasBHICTH pO3YMHEHOI BOJM KIIBKICHUM METOAOM IMOKa3aHO Ha

puc. 4.1.

Puc. 4.1. KinbkicHe BU3HAUYC€HHS BMICTY PO3UYMHEHOI BOJIM B OJIMBaX
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CyTh KUIBKICHOTO BHM3HAU€HHS BMICTY BOAM B MalMBaX, Maclax 1 poOOYMx
pimunax 3a ['OCT 2477 rpyHTyeThCs Ha BIATOHI BOAM 3 NaJIMBHO-MACTHUIBHUX
MaTepialiB IpHU iX MEPErOHIl 3 POZYUHHUKOM.

3anexHICTh JUHAMIKH 3MIiHU BMIiCTy po3dyrHeHOi Boau B oysmBax Mobil Jet Oil

254 ta MK-8n Bij iX HampaloBaHHs HaBejieHa Ha puc. 4.2.
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Puc. 4.2. Jlunamika 3MiHM BMICTYy MacOBO1 YaCTKHU BOJIM B OJIUBAX BiJ]
HampalroBaHHs

BcraHoBiieHO, 1110 BMICT MacoBO1 YacTKM BOAM y MiHepayibHik onuBl MK-8n mia
yac HampamroBanHs miaBuiryetses 10 0,0044 % micnst 300 rogwH HampairOBaHHS, a
cuaretruHoi ouu Mobil Jet Oil mo 0,0024 % 3a 1e i ke TepMiH 11 poOOTH B CUCTEMI
3MalllyBaHHs reJikonTepa.

IToka3zaHo, 1O BMICT MAacOBOi YaCTKHM PO3YMHEHOI BOJU, TOOTO Ti€l, IO
3HAXOJMUTHCS Ha MOJIEKYJSIPHOMY piBHI, B MiHEpalbHIA OJMBI Maike Yy JBIYl
NEPEBUIIYE BMICT MacOBOI YaCTKU BOAM y CUHTeTUYHiH. Lle 0OBomHEeHHS TOB’sd3aHe 13
HAaCHMYEHHSM Ta MOTJIMHAHHIM BoJIOTH 3 aTMmochepu, HasBHocTi B MK-8m momsipHux

BerICBO,Z[HiB Ta OLIBIIOIO I'YCTHHOIO CHUHTETUYHOI OJIMBH.
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3a HeraTMBHUX TEMIEPaTyp PO3YMHEHA BOJA MEPEXOJUTh y BUIBHY 1 3aMep3ae,
YTBOPIOIOYM KPHUCTAIM JIbOJY, 110 3a0MBalOTh (UIBTPU Ta >KUKJIEPU, Yepe3 IO BOHU
NEPECTAOTH MPALFOBATH.

BiacriitHa Bojga 3yMOBIIOE TpsSMI TONIKOKCHHS TOKPUTTIB 1 IBIB 0akis,
KOpO3il0 METaJeBUX IMOBEPXOHb, IIO0 CBOEI0 YEProw MPU3BOJIUTH 10 3a0pyTHEHHS
[IMM.

Hait61is1p11 HeOe31euHo0 BOJIA € 1)1 Yac eKCILTyaTallli OJTMBHUX CUCTEM, OCKIJIbKU
poOoyva TOBEpXHS OJMBU Ma€ TeMIEpaTypy, sk mpaBmio, ouremry 3a 100 °C. 3a Takoi
TEMIIepaTypy BOJA 3aKUIAE, [0 MPU3BOAUTH /10 CIIHEHHS OJIMBU Ta BUKHUAY Il 4epes
JIPEHaXHY CUCTEMY B aTMOochepy.

VY manuMBHHX 1 MacasSHUX CUCTEMax Ha MEXI1 Moy (a3 po3BUBAOTHCA TPUOKHU i
MIKpOOPTaHi3MH, SIK1 TPU3BOJSATH 10 3a0UBaHHS (QUIBTPIB.

[cHyIOTH Taki MeTOIM OOPOTHOU 3 BOJAOIO:

* BIICTOIOBaHHs Ta 3HeBoHEHHA [IMM y ¢inpTpax-cenapaTtopax;

* BUIAPOBYBAHHS BOAM 3 0JIMB 3a TemnepaTypu 105 °C npotsirom 106m.

Ha mpaktumi gk metonu OOpOTHOM 3 HAsBHICTIO BOAM BHUKOPHCTOBYIOTH

BIJICTOIOBaHHS Ta (PLIBTPYBaHHS.

4.2. Bu3dHa4YeHHs1 BMiCTy MaCOBOI YaCTKH MEXaHIYHUX JOMIILlIOK B

0JIMBAX y NMPOLECi ekcnyaTanii

VY macnoptax sikocti Ha onuBy Mobil Jet Oil 254 ta MK-8n Bu3Ha4YeHHS BMiCTY
MEXaHIYHUX JOMIIIOK BIAMOBITHO /10 CTaHAAPTIB 3MIACHIOETHCS BI3yaJbHUM METOIIOM,
METO/IMKa BU3HAYCHHS 3a SKUM ONMHCaHa B po3aium 3. 3a UM METOJOM BH3HAUYCHHS
BMICT MEXaHIYHUX JIOMIIIOK HOPMYETbCS SK «BiACYTHI». Ha Ham mnormsan ue
Cy0'€eKTUBHUN METOJI OLIHKH, OCKUIBKHM 3aJIeKUTh BIJl JIOCBiAY Ta 30py (¢axiBis, IO
MPOBOJUTH AOCHIPKEHHS. TOMy BU3HAY€HHS BMICTY MEXaHIYHUX JOMIIIOK MPOBOJAMIIN
KUTbKiCHUM ~ MeTofoM  BigmoBimHo g0 ['OCT 6370, wmeroaumka MpPOBEICHHS
BUMNPOOYBaHHS 32 IKUM OIKMCaHa Y BUIIE3raJaHOMYy PO3/ILIL.

VY pa3i BUHHKHEHHS PO301KHOCTEH y HAasBHOCTI MEXaHIYHUX JOMIIIOK Pi3HOTO
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xapakrtepy, apOiTpakuuit anaini3 nposoguthes 3a 'OCT 10577.

VY 3aBgaHHs Hamoi poOOTH BXOAWIO BHM3HAUEHHS 3arajlbHOI  KUIBKOCTI
MEXaHIYHUX JOMIIIOK, HE BHUKAIOYH Y MPUPOJY iX MOXOHKEHHI.

CyTtp MeTona moisirae y (iIbTpyBaHHI BHMPOOYBAaHUX OJHMB 3 TOMEPEIHIM
PO3YMHEHHSM TIPOJYKTIB, IO MOBUILHO (PIIBTPYIOTECI B OC€H3MHI a00 TOJIYOI,
OpPOMHUBaHHI oOcaay Ha QUIBTPI PO3UMHHUKOM 3 TOAAJBIIUM BUCYIIyBAaHHSIM 1

3BakKyBaHHSM. Pe3ynbTaTu BunipoOyBaHb HaBe/IeHI Ha puc.4.3.
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Puc. 4.3 3anexxHOCTI BMICTY MacOBOi YaCTKH MEXaHIYHUX JOMIIIOK B
OJIMBaX BIJ HAIIpaIlFOBaHHS

BcranoBneHo, 1o BMICT MacOBOi YaCcTKM MEXaHIYHHMX JOMIIIOK MiHEpaIbHOL
onuBu MK-8m nij yac HanpairoBanHs miaBuiryerbes 10 0,00056 % mac. micis 300 rox
HaMboTy, a cuHTetnuyHoi ojuBu Mobil Jet Oil 254 — nmo 0,00036 % wmac. Skiio
MOPIBHIOBATH JIBl OJIUBHM, TO 13 3pOCTaHHSM HAIpaI[fOBaHHS BMICT MacOBOI YacTKH
MEXaHIYHUX JOMIIIOK MIHEPaJIbHOI OJMBHU OUIbIIIE HIK y TIBTOpA pa3u IMEPEBUIIYE
BMICT MAacOBOI YaCTKM MEXAHIYHMX JOMIIIOK CHUHTETHYHOI OJIMBH, IO MOXKJIMBO
nepea0ayuTH  OUNBII  HU3bKMMHU TMPOTU3HOCHUMHU Ta OKHCHHMH BJIACTHBOCTSIMHU
BYTJICBOJIHIB IIMX OJIUB.

VY mpotieci HampaioBaHHs B JBUTYHAX MEXaHI4HI JOMIIIKHA MOXYTb MOTPAILISTH

y HadTonmpoaykTu 3 atMmochepu abo B pe3yibTaTi OKHMCHHUX IIPOIIECIB CTaJIeBUX
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€MHOCTEH, 110 BUKOPUCTOBYIOThCSA AJIs iX 30epiranHs. SIK Mmokasaiu y CBOiX poOoTax
n.T.H., npodecop Crenpmax O. V., Un.-kop. HAH VYkpaiau, a.1.H., npodecop
Maiictpenko A. JI. HaillOUIBII BIUIMBAIOTh HA MEXaHIUHI 3a0pyIHEHHS OJUB MPOIYKTH
3HOCY JieTaliell MaIlIMH 1 MEXaHI13MiB, K1 HE 3aTPUMYIOTHCS (HIIbTPaMU TOHKOT OYMCTKH.
[170-172].

HasiBHiICTP MeXaHIUHUX TOMIMIOK y Ha(TOMPOAYKTaX MPU3BOIUTH 10 3a0MBaHHS
GUIBTPIB Ta CUCTEMHU 3MalllyBaHHsS, aOpa3sMBHOIO 3HOIIYBAHHS JIeTaliel, 301IbIIECHHS
3apsAly CTaTUYHOI EJIEKTPUKH.

OcHOBHMMH MeTOAaMH OOpOTHOM 3 MEXAHIYHMMH JOMIIIKAMHA B CHCTEMax

3MalllyBaHHA € QUIbTpallis Ta aJcopOIiiiHe OUUIIICHHS.

4.3. lunamMika 3MiHH rycTuHu aBianiiaux oams Mobil Jet Oil 254 ta

MK-811 3a/1e5KHO BiJX iX HANIPAIOBAHHA

['yctuHa — 1me maca peyoBHMHM B oAMHULI 00’eMy. OAMHMIS BHMIPIOBAHHS
TYCTUHH — KiJIorpaM Ha MeTp KyOiunmii (kr/m3, a6o r/cm®). 'ycruna [IMM 3MiHIO€TBCS
31 3MIHOIO TEMIIEpaTypu, TOMY Il OTPUMAaHHS TOPIBHSUIBHUX PE3YyJbTaTIB T'YCTUHY
CJI1JT BUMIPIOBATH 3a OJHIET 1 Ti€T 3K Temneparypu. SKIo BUMIpIOBaHHS MPOBOISTHCS 3a
1HIIOT TeMMepaTypH, TO pe3yabTaTH HeOOX1qHO 3BECTH 0 CTaHAapTHOI TeMmeparypu 20
°C. Y CIUIA Ta 6inpmocTi kpain €Bponu BiTHOCHY T'yCTHHY Ha(TOIPOIYKTIB 3BOJSTH
no temneparypu 60 °F (3a mkanoro ®apenreiita, mo Bianosigae 15,5 °C), Tomy B
MacropTi SIKOCTI Ha IMIOPTHUN Ha(TOMPOIYKT BKa3yeThbCA TeMIeparypa 3aMmipy
ryctunu 15 °C.

['ycTrHa ONHMB 3a TEXHIYHUMH BUMOTaMH MTOBHHHA TIepeOyBaTH y TIEBHUX MeEXKax.
VY mporieci TpuBanoro 30epiraHHs el MOKa3HUK SKOCTI MPAKTUYHO HE 3MIHIOETHCS, TOMY
PO30DKHICTh 3HAYEHb M1Jl YaC BU3HAUYEHHS TYCTHHH MOKE 3 SIBUTHUCH JIMILE 32 PAXYHOK
MO>KJIUBUX MMOMUWJIOK MPHU 1i BUMIPIOBAHHSX, Y pPe3yJIbTaTi HEMPaBUIBHOTO BiAOOPY mpod
a00 3a BUIAJKOBOIO 3MilIyBaHHS Ha()TOMPOIYKTIB.

I'yctuHa Bijirpae BaxiuBy posib Ipu 00MiKy HaTONPOAYKTIB. OCKUIBKUA 00’ €M

OyAb-sIKO1 pITMHY 3AJIEKUTH BiJ] TEMIIEpaTypH 1 3a ii 3pOCTaHHA 30UTBIIYETHCS, TO OOTIK
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Ha(QTOMPOIYKTIB MPOBOASITH B OMWHUIAX Macu (Kr, T). Jasg 1poro 1 BUMIpPIOIOTH
ryCTUHY HadTOMPOIAYKTY Ta HOTO TEMIIEpaTypy, 00 3HaI0UU 00’ €M PO3paxyBaTH Macy.
I'yctuna HadTONMpOAYKTY TICHO MOB'A3aHa 3 HOTO B'SI3KICTTIO, TOMY O€3MOCepeIHbO
BITUBAE HA PEKHUM TEPTS Ta 3HOCY JE€TaJCH MAIlIMH Ta MEXaHI3MiB.

['ycTrHa € KOHTPOJIBLHUM MOKA3HUKOM SIKOCT1 Oyib-sikoro [IMM.

CyTh MeTO/a TIOJIITa€ Y BUMIPIOBaHHI TYCTUHU OJIMB apEOMETPUYHUM METOIOM
BignoBigHo mo JACTY I'OCT 31072, ASTM D 4052, EN 1SO 3675, I'OCT 3900 ta

MIPUBEIACHHS J0 BIAMOBIIHOT CTaHAAPTHOT Temmeparypu (puc. 4.4).

Puc.4.4. ApeomeTpuuHMil METO BUSHAUCHHS T'YCTUHU OJIUB

Ha puc.4.5. HaBenmeHi 3aJIe)KHOCTI AWMHAMIKM 3MIHM TYCTHHH OJIUB BiJ iX

HaNpaLOBaHHs y ABUTYHI TeTIKONTEpa.
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Puc. 4.5. 3anexHICTh TYCTUHHU OJIMB Bl HAIIPALIFOBAHHS

BcranoBneno, mo rycruHa midepanbHoi onuBd MK-81 mij yac HampaitoBaHHS
nigBuiyetbes 3 852 kr/m? go 879 kr/m?, micas 300 rog poOOTH y cUCTEMI 3MalllyBaHHS,
t00TO Ha 3,4 % 00., a cunteTnuHoi ojuBu 3 1004,4 xr/m* mo 1009,1 kr/m3, ToO6TO Ha
0,5 % 06. Pi3HuIs mMixk 3MiHOO TYCTHH ABOX OJIMB CTAHOBUTH Maibke 7 pas.

['yctuHa B oOnMBax 3poOCTa€ 3a pPaxyHOK OKHUCHUX IIPOLIECIB, YTBOPEHHS 1
HarpoMaJuKeHHs ac(anbTO-CMOJUCTUX PEYOBH, BUIIAPOBYBAHHS YACTHUHHU JIETKHUX

KOMITOHEHTIB, a TaKOX B1J ()pakLIMHOrO CKiiaxy 0a30BUX OJIMB.

4.4, TunamMika 3MiHM KiHEMATUYHOI B’ SI3KOCTI Ta 3arajibHOIO0 JIy>KHOT 0
yucJa apiagiitaux oaus Mobil Jet Oil 254 ta MK-81 3aj1eskHo0 Bix ix

HamnpamoBaHHA

[Tim wac excrutryararlii 3MairyBajibHI Marepiadd B3a€EMOJIIOTh 3 MeEXaHI3MaMH
oOJilafHaHHS aBIallfHOT TEXHIKM 1, K HACIJOK TaKoi B3a€MO/Iii, BOHM HAKOMUYYIOTh
iH(doOpMaIlil0 100 HOPMAJbHOI YW AHOMalbHOI POOOTH OOJagHAHHS, a caMme, PO
TEPMOJIMHAMIYHI, XIMI4HI Ta (PUKIIIITHI MPOIIECH, 1110 MPOTIKAIOTh y By3JlaX 1 CHCTeMax
3ManieHHs. Sk mokazaHo y poooti [173] y mpomeci poOOTH B MiIIMITHUKAX POTOpA

OJIUBU 3MIHIOIOTH CBOI (PI3MKO-XIMIUHI MOKA3HUKM IiJl BIUIMBOM 30BHIIIHIX (PAKTOPIB —
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TEMIIepaTypy, THUCKY, KHCHIO TIOBITPS, akTUBHOI 1ii wmetamiB. lle xommiexcHui
CKJIaJIHUM TMpOIIeC, 0 BKJIIOYAE y o0l 3MIHY XIMIYHUX 1 (DI3UYHUX TapaMeTpiB OJUBU
IiJ] 9ac eKCIuTyaTaItii.

Anani3 (Qi3uKo-XIMIYHUX MApaMeTpiB MiJ Yac eKCIUTyaTallli aBlalliifHOI TEeXHIKH
JIOTIOMAarae 371MCHUTH PAHHE BUSIBICHHS MOKJIIMBUX TOJIOMOK ab0 HECnmpaBHOCTEH Ta
YHUKHYTH KOIITOBHOTO PEMOHTY a00 MOJANIbIIOTO MOIIKOKEHHS IeTaICH.

BifacyTHICTP KOHTpOJIIO SKOCTI OJMB IIiJI 4Yac EKCIUTyaTallli Ta BHU3HAYEHHS
TPaHUYHOTO CTaHy iX MOKa3HHKIB, HE TAPAHTYIOTh OOIPYHTOBAHOCTI TEPMIHIB 1X 3aMiHH
BIJIIOBITHO JI0 pealbHUX YyMOB poOoTH. ToMy aKTyaJlbHUMH € TPOBEIACHHS
JOCITIKEHHST 3MIHU (D13UKO-XIMIYHUX ITOKA3HHMKIB SIKOCTI OJIMB y JIWHAMII TiJ dYac
eKCIUTyaTallii aBlaliiHOi TeXHIKU. JloOTpUMaHHS 1L1€i HOPMH CHPUATUME IIJBUILEHHIO
€(pEeKTUBHOCTI BUKOPUCTAHHS OJIUB Ta 3HMKEHHIO BUTPAT, L0 MiATBEPAKYE EKOJOTIUHY
Ta EKOHOMIYHY JIOIUIbHICTh MPOBEJEHHS POOIT y IIbOMY HAIPSIMKY.

3aBAsSKM MEPIOJIMYHOMY KOHTPOJIIO JUHAMIKM TOKA3HUKIB SIKOCTI OJIMBU
HAKOIMUYYIOThCSA CTATUCTUYHI JIaH1 IO/I0 pecypcey ii poOOTH Ta MEPIoAUYHOCTI 3aMiHH B
CUCTEMI 3MalllyBaHHS IMIIIIUITHUKIB pOTOpA Ta peIyKTOpa reJiKonTepiB.

CrapinHsi oJMB miJg 4yac pPoOOTH Yy JBHUTYHax SBJI€ COOOI dyXKe€ CKJIaJHUM
npouiec. IligBuiena temmeparypa 1 KHCEHb TOBITPS, 3 SKHM KOHTAKTy€ OJIMBA,
BUKJIMKAIOTh OKUCHEHHS 1 OKMCHIOBAJIbHY MOJIMEpH3aLit0 11 MOJIEeKyJ. Taki mpoayKTH
OKHCHEHHSI BYIJICBOJIHIB, SIK CMOJIH, OpTaHiuHI KHUCJIOTH, NPHUCYTHI B OJUBI B
PO3YMHEHOMY CTaHi, CIPUSIOTH 30UIBIICHHIO B’SI3KOCTI 1 KHUCJIOTHOTO 4YHUCJA, a
ac(hajabTEHOBI CHOJYKH, SIKI € OCHOBOIO JJI1 YTBOPEHHS JaKiB, BIAKIAJarOThCS Ha
MOBEPXHIX JeTalel Ta MEePelIKoXIaloTh BiABOAY BiA HUX Temia. [Ipogyktu rimbokoi
OKHMCHOI TOJIIMEepH3allii, M0 BIAKIAAAI0THCA B 30HaX BUCOKOI TEMMEPATypH 1 HAAXOIATh
Ha3aJl B KapTep, MOTIPIIyIOTh HOPMATUBHI TOKA3HUKHU SKOCT1 OJIMBH.

Takum yuHOM, B KapTepi MPaIOI0YOro JBUTYHA yYTBOPIOETHCS CKJIAJHA CYMIII
OJIMBH 3 HaWPI3HOMAHITHIIIUMH TPOLYKTAMHU ii CTapiHHS, BIJ SKUX MOBHICTIO OYUCTUTH
OJIMBY (DIIBTpAIi€}0 HE BHAETHCS, BHACTIAOK YOrO0 B HIM HAKOMUYYETHCS KUIBKICTh

3a0pyIHIOIOYUX YaCTUHOK.
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HaiicyuacHim onuBu MaroTh 3a0e3meuyBaTH Mpale3aTHICTb MEXaHI3MIB Yy
IMPOKOMY Jiana3zoHi Temmneparyp (Big - 50-70 go + 300-360 °C). 3nauHe 301IbIIIEHHS
B’SI3KOCTI OJIMBU 1]l YaC OXOJOKEHHS 1 11 3HMDKEHHS MiJl 4ac BUCOKHX TeMIIepaTyp,
MO’K€ TOPYIIUTH HOpMalibHE (DYHKI[IOHYBaHHS MAIIMH 1 MEXaHI3MiB.

Jlns 3amo0iraHHs pi3KUX 3MIH B’A3KOCT1 31 3MIHOIO TeMIlepaTypu (MiABUIICHHS
1H/IEKCY B’A3KOCTI) 1 MOJIMIICHHS MPOKAYyBaHOCTI OJIMBH 1]l YaC HU3bKUX TeMIIepaTyp,
BBOJISITHCS B’ SI3KICHI MPUCAJIKH.

B’s3kicHi (3aryuryBaibHi) IPUCAAKH — BUCOKOMOJIEKYIISIPHI TTOJIIMEPH, K1 MarOTh
3MIHHY PpO3YMHHICTb Yy Macjax 3a pI3HOI TeMIepaTrypH, 3aBIsSKd YOMY BOHHU
M1JBUIIYIOTH B’SI3KICTh OJIMB 1 3MEHIIYIOTh 3MIHY B’SI3KOCTI B pasi 3MiHU TEMIIEpaTypH.
B’s13kicHI mpucaikyd MEHIIIE 3aryiiatoTh 0a30B1 OJMBU 32 HU3BKUX TEMIIEpaTyp HIX 3a
BUCOKHX. SIK B’A3KICHI MPUCAKH BUKOPUCTOBYIOTH Pi3HI MOJIMEPHI 1 COMOJIMEpHI
MPOJYKTU: TMOJi1300yTeH, MOJIMETAKPHUIIATH, MOJIBIHUIAIKIIOBI €TE€pH, COMOJIMEpPHU
oJiepiHIB, CTUPOJAICHOBI COMOIIMEPH.

YumMm BuIIEe MOJEKYJISpHA Maca IMOJIMepy, THUM Kpaulle HOro 34aTHICTh JI0
3aryIieHHsl, ajieé TUM OUJIbIIE CXWIBHICTh 10 TEPMOMEXAHIYHOTO PyiTHYBaHHSI.

MexaHi3M fii B A3KICHUX MPUCAJIOK BJAOCKOHAJIECHO HE BU3HAYCHUM. X 3maTHICTB
3armo0iraTd pi3KUM 3MiHAM B’SI3KOCTI OJIMBU B IIUPOKOMY Jiama3oHl TeMIiepaTyp
NOB’sI3aHA 31 3[IaTHICTIO MAaKPOMOJIEKYJ IMOJIMEPIB 3MIHIOBATH CBOIO KOH(ITypariro
3aJIeXKHO BiJl TEMIIEPATYPH, @ CaMe 3ropTatucs y chepu I 4ac BUCOKUX TEMIeparyp 1
PO3TATYBATH JIOBT JIIHIMHI CTPYKTYPH I1]1 YaC HU3bKHUX.

[ToTpiOHMIT piBEeHb EKCIUTyaTallMHUX BIJIACTUBOCTEH CYYaCHUM MOTOPHHUM
OJTUBaM HAJAa€TbCAd 3aBISKA BHKOPUCTAHHIO I iX BHUIOTOBJICHHSI BHCOKOSIKICHUX
epeKTUBHUX MpUCATOK Ppi3HOI (yHKUioHansHOI aii. Ha puHOK HaifyacTimie
BUCTABJISIIOTHCS KOMITO3MIII MPHUCATOK — MaKeTH. 3a CBOEI0 EKCIUIyaTallliiHOI Mdi€l0
MPUCAJKU YMOBHO MOIUISIOTH HAa TaKl TUTIH:

* AHTUOKHUCHI — TOKpAIyIOTh AHTUOKHCHY CTIMKICTh OJIUBH, 3MEHIIYIOTh i
BUTPATY 1 30UIBIIYIOTH PECYpC pOOOTH;

* AHTUKOPO31iHI — 3aXUIIAITh METaJeBl MOBEPXHI BiJ KOPO31MHOI M1l KHUCHE- 1

CIPKOBMICHHUX ITPOJYKTIB Ta BOJIOTH;
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* MUWHO-JIUCIIEPTYBAIBbHI (JAETEPreHTH) — CIHPHUSIOTh 3HIDKEHHIO BiJKJIA/ICHb
MPOJYKTIB OKUCHEHHS HA METAJIEBUX MTOBEPXHSIX;

* MPHUCAJIKH, SKI MOKPAIIyIOTh 3MallyBaJibHI BIACTUBOCTI OJHMB — MPOTU3HOCHI,
NPOTU3AUPHI Ta aHTUPPUKIIIIHI,

* B S3KICHI (3aryIlyBaJibHi) — MOKPAIIYIOTh B’ SI3KICHO-TEMIIEpATypH1 BIACTUBOCTI
OJIUB;

* JICTIPECOPHI — 3HWXKYIOTh TEMIIEpaTypy 3aCTUTAHHS OJIUB;

* AHTUIIIHHI — MOTIEPEXKAIOTh CITIHIOBAHHSI OJIMB.

Jlo ckiagy IBOTO MAaKEeTy MPHUCATOK BXOIATH CHOIYKH YAaCTKOBO KHCIIOTO Ta
JY>KHOTO XapakTepy, ajie repeBara BiIJa€ThCsl OCTaHHIM, TOOTO PH 0JIMB MOBUHHO OyTH
7, a0 He3HayHO OlIbIIE.

HenoBHa HelTpaii3zalisi KUCIOT NPU3BOAUTH A0 OUIBLI KHUCIOTO CEpeloBUIIA
OJIUBU B JIBUTYHI. Y TaKOMY CEpEIOBUII MOXKYTh PO3BUBATUCS KOPO3iifHI MPOIIECH, SKi
HETaTWBHO BIUIMBAIOTH HA KOTO JETai.

AHTHOKHCHA CTIMKICTh — HaWBaXJMBIIIA poOoYa XapaKTEpUCTHUKA MOTOPHOL
OJIMBH, IO BU3HAYA€ TPUBAIICTH ii eKkcruryartauii. [1ig mi€r0 KUCHIO MOBITPS, BUCOKOL
TEMIIepaTypy, HABAHTAKEHHSI Ta METAJeBOr0 Karaji3y BYIJIEBOJIHI HA(TONPOAYKTIB
HIJIAI0TECd OKMCHEHHIO, PYWHYBAaHHIO, MOJiMepHu3allii Ta 6araTboM 1HIIUM XIMIYHUM
MIEPETBOPECHHSIM.

[Ipu 1bOMY YyTBOPIOIOTHCS TMPOIYKTH KHCIOTO XapakTepy Ta CMOJH, SKi
BIUTMBAIOTh Ha Ty>KHE YHUCIO OJMWBU. [IpOMyKTH OKMCHEHHSI BaXKKO PO3YMHSIOTHCS B
OJIUBI Ta CHPUAIOTH YTBOPEHHIO BIAKIAJA€Hb 1 Harapy, BHKJIMKAaIO4YM KOPO3il0 Ta
ITOCUJIIOI0YM 3HOC JETaJEH.

AHTHOKHUCHI TIPUCAJKKU 3aXMINAIOTh BYIJICBOAHI BiJ OKHMCHEHHS, B3a€MOJIIOUU 3
yTBOpeHnMH BuUTbHUMH panukanamu (Re, ROO¢) aGo mepeBoasuu TiIpOmNepOKCUTU
(ROOH) B crabinpHU# cTaH, MEepepUBAIOYM 1 3amMo0Irar0yM PO3BUTKY JIAHIFOTOBUX
peaKIriu.

VYci mi mpucaakyd 10 OJIMB CIHPHUSIOTH PE3EPBY JYXKHOCTI. 3MaTHICTH MHUHHO-
JTUCTIEPTYIOUNX, aHTUOKUCHUX, aHTUKOPO3IMHUX TPUCATOK HEUTpami3yBaTH KHUCIOTH

3QJIKUTH B1JI 1X KUIBKOCTI Ta cvuik. HalO1IbII TOITUPEHUM METO/IOM OLIIHKU 37JaTHOCTI
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NpUCaTOK HEUTpaIi3yBaTH KUCIOTH y MPOLEC] eKCIUTyaTalii OJMBU € BUMIPIOBAHHSA il
JY>KHOTO YHUCIIA.

OCHOBHMMH KPUTEPISIMU 3aMiHH OyAb-sIKO1 OJUBHU, OKPIM CHpALIOBaHHS MaKeTy
NpUCATOK, € YTBOPEHHS TMPOIYKTIB OKHCHEHHA. HarpiB onuB, HaBiTh 10 IiX
eKCILTyaTallMHUX TEMIIepaTyp, 3a HasBHOCTI KMCHIO 3MEHIIY€E TEPMOOKHCHIOBAJIbHY
cTab1IbHICTh BYTJIEBOJHIB 1 MPU3BOAUTH 10 BUHUKHEHHS TBepaoi (a3u y BUTIIAII
ocany 1 cMOJ, fKl, BIJKJIQJAal0YUCh Ha JAETAISIX MACIAHOI CHUCTEMH, 3MIHIOIOTH il
3MalllyBaJIbHI XapaKTePUCTUKU 1 BUKJIMKAIOTH 3a0pyAHEHHS (QUIBTPIB, 3HIKYIOTh
€()EKTUBHOCTI TEITNIOOOMIHHUX IIPUCTPOIB.

VY HaykoBil jiTepaTypl B OCHOBHOMY IPUBOJAATHCA PE3YJbTaTH JOCIIIKEHb
1010 3MIHU (P13UKO-XIMIYHUX BJIACTUBOCTEH aBTOMOOIILHUX OJIUB, a 1H(pOpMAIlis 100
aBlalllfHUX OJIUB, 13-3a CMIENU(DIKU iX BUKOPUCTAHHS, MPAKTUYHO BIJICYyTHS.

[lepenuacHa 3aMiHa OJMBHM HEBUTIJHA SIK 3 €KOHOMIYHOI TOYKH 30pYy, TaK 1
CTBOPIOE MPOOJIEMHU MOAANBIIOrO 1i BUKOPUCTAHHS Ta €KOJOTIYHOIO HABAHTAXKCHHS Ha
HABKOJIMILIHE CEPEOBHUILIE.

OnHuM 13 HaNpsAMKIB BUPILICHHS 1€l Mpo0JieMH € 30UTbIIEHHSI TEPMiHY poOOTH
ojimBH. ToMy MeTOIO 111€i pOOOTH € OOIPYHTYBAHHSI MOKJIMBOCTI 301IBIIEHHS pecypcy
MOTOPHUX OJIUB HUISIXOM 3/IIMCHEHHSI KOHTPOJIIO 32 iX CTAaHOM B MPOIEC] eKCIuTyaTallii
JIBUTYHA.

OCHOBHMMHM BY3JIaMU 3MalllyBaHHSI B TypOOpEaKTUBHUX aBlallIiHUX ABUTYHaX €
NIJIIUITHUKA KOYEHHs, Ha BIAMIHY BIJ BY3JIB 3MAallyBaHHS MOPIIHEBUX JBUTYHIB B
AKX TIepeBakae TepTAd KOB3aHHS. TeMreparypa 30BHIIIHBOI OO0OWMH TaKHUX
nigmunHUKIB gocsarae 125-150 °C, ska CTBOPIOETHCS 32 paxXyHOK TeIla, 10 HAIXOIUTh
Bil Kpwib4arku TypOiHu. Ilicnst 3ynMHKM [ABUTYHA, KOJM 3MEHIIYEThCS OOIyB
MOBITPSM, TEIUIOBUW TIOTIK, IO HAAXOAWTH BiJ KPWIbYATKH, PO3IrpiBac 000iMy
OiMIKAIHAKA 1 OJUBY, IO HOro 3Mallye 1 BiABOJAUTH TEIUIO 13 30HU TEPTA, 10
temneparypu nonazn 200 °C.

Y  TypOOpeakTUBHUX JBHUIyHAaX HAA3BYKOBUX JIITAKiB PI3KO 30LIBIIYETHCS
TEeMIIepaTypa y By3Jax TepTs SK 3a PaXyHOK 3pOCTaHHsS HaBAaHTKEHHS Ha ITi AITUITHUKA

TypOIHHU, TaK 1 32 paxyHOK TeIla, 0 HAAXOAUTh Bl KaMEpH 3TOPSIHHS Ta KPUIbYATKU
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TypOian. OJHOYACHO 3 IIMM TMIABUIIYETHCS TEMIIEpaTypa OJIMBH. Y TEPCHEKTUBHHUX
HAJ3BYKOBUX TypOOpEaKkTHBHHMX JIBUTYHaX TeMIeparypa y By3jJaxX TepTSs MOXKe
nocsratu 400 1 HaBiTh 540 °C, a Temneparypa ommH 70 200 °C. [[ns poboTu 3a Takux
TEMIIepaTyp piJki MiHEpalbHI OJWBH HEMPHUIATHI, @ CHUHTCTUYHI OJUBU TOBUHHI
MICTUTH TPOTHU3HOCHI Ta aHTHMOKHCHI MPHUCAIKU, SIKI BUKOHYBadu O cBOi (yHKIII 3a
TaKUX YMOB.

Tomy nocHiDKEHHS JUHAMIKA TIOKa3HUKIB SKOCTI aBlallliHUX OJIMB, IO
MPAITIOIOTh 32 BUCOKUX TEMIIEPATyp 1 3HAYHUX HABAaHTAXKECHD € TOCUTH aKTyIbHAMH.

Metoro poOOTH € JOCHIJKEHHSI MPOoLECcy 3MIHM (PI3UKO-XIMIYHMX MOKa3HHUKIB
OJIUB, a caMe, KIHEeMaTH4HOI B’S3KOCTI Ta JYXKHOTO YHCJA IiJl Yac eKCIUTyaTailii
rexikontepa Airbus Helicopters H-145.

st TOCSITHEHHSI TIOCTABJICHOI METH BHUPINIYBAIMCS 3aBJAHHS MPOBEICHHS
aHai3y KIHEeMAaTHMYHOI B’A3KOCTI Ta JIy»HOTro uwucia MiHepaiabHoi MK-8m Ta
cuntetnuHoi Mobil Jet Oil 254 onuB y mpomeci ix pobOTH B TypOOpEaKTHBHHMX
aBlalllfHUX JBUTYHAX Ta MpOaHaNI3yBaTd Ta OLUIHUTH €(DEKTUBHICTH BUKOPHUCTAHHS B
reJIIKONTepax MIHEPATIbHOI Ta CHAHTETUYHOI OJIUB.

Hocnimkennio migsaranu cuarernara Mobil Jet Oil 254 ta minepansna MK-8
MOTOpPH1 OJIUBH.

Benuka noTyXHICTh aBlallliHUX PEIyKTOPIB, 110 MEPENAEThCA, Y MOEAHAHHI 3 1X
HEBEJIMKUMH Macor0 i rabapuTaMu MPU3BOIUTH 0 MOCUIIEHHS YMOB POOOTH map TepTs,
3pOCTaHHSl TEIUIOBOI Ta JAMHAMIYHOI HAaNpy>KeHOCTl JeTaleid Ta BY3JIB JIBUTYHA.
[IlectepHi pemyKTOpiB MPaIIOIOTh 332 YMOB BHCOKHMX KOHTAaKTHMX HaBaHTaXCHb.
MinHicTh MIIBOK MasioB’s13K01 aBiamiiHoi onmBu (MK-8), mpumaTHOi 115 3ManyBaHHS
ormop TypOOpEaKTUBHHUX JBUTYHIB 3a JaHUX YMOB BHSIBISETHCS HEIOCTATHHOIO. [
3a0€3MeUYeHHs] HAAIMHOTO 3MAallyBaHHS IIECTEPEHb pPEAyKTOopa MOTPiOHI OJWUBH 3
OUTBIIIOI0 B’SI3KICTIO 1 BUIIOK 3MAallyBaIbHOIO 37aTHICTIO. Ha manwii MOMEHT mum
BUMOram 3anoBiibHse cuarernyna omsa Mobil Jet Oil 254.

Mobil Jet Oil 254 — e Haa3BUYAKHO BUCOKOE(PEKTHBHA CHHTETUYHA OJIMBA IJIS
ra3oTypOIHHUX JBUTYHIB TPETHOI'O MOKOJIHHS, po3po0JieHa BIAMOBIIHO /10 iX BUMOT Ta

BUKOPHUCTOBYETHCS B KOMEPIIIHHIN 1 BIMChKOBIH aBialtii. [{ell mpoaykT BUrOTOBICHUH 13
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CHeIiaJbHO TMIATOTOBICHOI 0a30BOi CHHTETHYHOI OJIMBH 13 CKJIaAHUM edipoM Ta
30arayeHuil makeroM Impucaiok. OnuMBa Mae 4YyJOBYy TEPMIYHY Ta OKHCHIOBAJIbHY
CTaOLIBHICTh 13 €(PEeKTUBHUM poOouyuM niamnazoHoMm Bix Minyc 40 °C po mmoc
230-250 °C.

B’sa3kicte cunTeTMuHHMX onMB 3a Temmeparyp 250-300 °C Bume HIXK Yy
piBHOB’sI3KUX M 3a Temmeparypu 100 °C MiHepanbHHUX, BOHHM MAlOTh Kpally TEPMIUHY
CTaOUIbHICTh, HU3bKY BUIIAPOBYBAHICTh Ta Mally CXWJIBHICTh IO BUCOKOTEMIIEPATYPHUX
BIJIKJIaJICHb Ta TIIHOYTBOPEHHS.

VY 3B’43Ky 3 IIUM TEpMIH iX €KCIUTyaTalli B KUIbKa pa3iB NEPEBUIILYE TEPMIH
eKCIUTyaTallii MiHepaJIbHUX OJIUB.

B’sa3kicTh @00 BHYTpIIIHE TEPTS — BJIACTUBICTh PIOUHU CTBOPIOBATU OIIP
BIJIHOCHOMY TMEPEMIIIEHHIO IapiB, TOOTO, 1€ CHJIAa BHYTPIIIHBOTO TEPTS MK IIapaMu
PIIUHH.

KinemaTuuHa B’sI3KICTh — OCHOBHA (PI3MKO-MEXaHIYHA XapaKTepUCTUKa HA)TOBUX
Ta CHUHTETUYHHX 3MalllyBaJIbHUX oOJIUB. BoHa XapakTepuszye 34aTHICTh Macia
3M1MCHIOBATH T1IPOAMHAMIYHUM PEXUM 3MallyBaHHS 32 PoO0YOi TeMmepaTrypu, TOOTO
3aTHICTh 3a0e3revyBaTd 3aMiHy CYXOro TepTsS pPIAMHHUM 1 BIATaK 3amoOirTu
HIBUIKOMY 3HOIIyBaHHIO Marepiany. Tomy nans 3ManlyBaJlbHUX OJIMB B SI3KICTh €
HOPMOBAHHUM MOKa3HUKOM. HOpMy€ThCs B’SI3KICTh OJIMB 32 PI3HUX TEMIEpPaTyp 3aJIeKHO
BiJl TEXHIYHUX YMOB iX BHUTOTOBJICHHs. JlJisi aBialliiHUX MiHEpaJbHUX OJIMB B’SI3KICTh
HopMyeThes 3a Temneparypu 50 °C (Vso) Ta 100 °C (Vigo). s cyyacHUX IMIIOPTHHX
CHHTETHUYHUX OJIMB ISl TOBITPSHUX cyjaeH, Hanpukian, Jet Oil 254 kinemaTtmuna
B’s3KicTh 32 ASTM D445 nopmyetbes 3a tumrocoBux Temmepatyp 40 ta 100 °C Ta
MiHycoBoi Temnepatypu 40 °C.

Kinematnuna B’s3KicTh 3a mux temmeparyp BuzHadaetbes 3a JICTY 'OCT 33-
2003, GB/T265-1988, ISO 3104-94, ASTM D445, DIN 51366.

SIx ommcaHo B po3iii 3, 10 METOMKA BU3HAUCHHS MOJISTAE Y BUMIPIOBAHHI 4acy
BUTIKAHHSI BU3HAYEHOTO O0’€MY DIAMHHM y CEKYHJaxX IiJl MI€I0 CUJU TSOKIHHS 4yepe3
KaJIIOpOBaHUI CKIISTHUM KalUIIPHUN BICKO3UMETD.

KinematnyHy B’S3KIiCTh BH3HAYalOTh METOJOM py4HOoro (puc.4.6) abdo
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aBTOMAaTUYHOTO BUMipioBaHHA 3a ASTM D445.

Bicko3umeTp 3amoBHIOIOTH JIOCIHIKYBAHOIO OJMBOIO. JlJIs I[bOTO NPHUEIHYIOTH
TYMOBY TpyIIy 10 OOKOBOTO BIABOY, MEPEBEPTAIOTH BICKOZUMETP 1 3aHYPIOIOTH BY3bKE
KOJIHO B OJHMBY. 3aKpUBIIM INIHPOKE KOJIHO TAaibleM, BTITYIOTh TPYIICIO
HaTonmpoaykT g0 MiTku Mi. Ilicas 1boro BICKO3UMETp I€pEBEPTAIOTH y poboue
MOJIO’KEHHS, BUTHUPAIOTh BY3bKE KOJIHO BiJ OJMBU 1 BCTAHOBJIOIOTH Yy TEPMOCTaT,
HarpiTUii 10 NOTPiOHOI TeMrepaTypu. Bicko3uMeTp BUTPUMYIOTh Y TEPMOCTATI HE MEHIIIE
HDK 15 XB 3a TeMIiepaTypu A0CIiTy.

Jlaii 3a OTIOMOTOO0 TPYIIIi, IPUEAHAHOT 0 KiHIA KOJMiHA, OJMBY MEPEKAYyIOTh y
PO3IIMPEHHS BICKO3UMETpa JACIIO BUIIE B MITKH M. 3HSABIIU IpyLLy, CIIOCTEPIralOTh
3a MPOTIKAHHSAM PIAMHU Yepe3 Kamuisp. 3acikaroTh Yac OMyCKaHHS MEHICKA PITUHM Bif

MITKU M1 10 M.

Puc. 4.6. Ilpunan nayis Bu3HAYEHHS B’ SI3KOCT1 OJIUB

[TpuHIMIT aBTOMAaTUYHOTO BUMIPIOBAHHSI KIHEMAaTHUYHOI B’ S3KOCTI 32 METOJUKOIO
ASTM D445 mnonsarae y TOMy, MO 3pa30K TOMIIIAIOTh B OOpaHWHA KamISpHUAN

BICKO3UMETp, a B MOJAIBIIIOMY BUMIPIOBAHHS 1 OOYMCIICHHS B’A3KOCT1 31HCHIOETHCS
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aBTOMAaTUYHO. Yac BUTIKAHHS OJMBU Yepe3 Kanuisip noBuHeH Oyt He meniie 200 c.

3MiHa  B’S3KOCTI  OJIMB  BHU3HAYA€ThCA  yMOBaMM  INPOTIKAHHSA  JBOX
B3a€MONPOTHIICKHUX MPOLIECIB: HAKOMUYECHHS MPOIYKTIB OKHCHEHHS, 110 BUKIUKAIOTh
301IbIIEHHST B’S3KOCTI OJIMBH Ta ACCTPYKIE (pyHHYBaHHSAM) B’SI3KICHHX MPUCATIOK,
0 MNPU3BOJUTH JO 3HIKEHHS B’A3KOCTI. 3a3BUYail MiJg dYac eKCIuTyaTallii
3MalllyBaJIbHUX MaTrepiajiB y By3JaX MallMH Ta MEXaHi3MiB BHUpIIAIbHY pPOJIb
BIJIIrParOTh OKUCHI IIPOIIECH.

HopmatuBHi noka3uuku sikocti MinepansHoi MK-8n ta cunreruunoi Jet Oil 254

0JIMB HaBeaeHl B Ta01.4.1.

Tabmuus 4.1
Di3uK0-XiMiYHI BJACTUBOCTI 0JIUB

[Toxa3aukn MK-8m Jet Oil 254
B’s3kicth kiHemaTuuHa 3a temmneparypu 100 °C ( 50 2.6 5.0
°C nnsg MK-8m), cCt, HE MeHIIIe

(8.0)

B’si3kicTe kiHemaTnuHa 3a temmeparypu 40 °C, cCr, 16.0 26.4
He Olble
B’s3kicTh kiHemaTuuHa 3a Temmnepatrypu - 40 °C, cCr, 14000 11500
He Olble
Jlyxue uucno, mr KOH/r, He MeHIIIe 0.04 0.08

Hocnimkennio misranu 3pasku onuB Mobil Jet Oil 254 ta MK-8m 3 pizaum
HamnpamroBaaasaM (0, 50, 100, 150, 200, 250, 300 rox) Ta IPOBOAUBCS aHATI3 BiAIOpaHUX
npo6 Ha AWHAMIKY 3MIiHH Ta BIAMOBIIHICTh OCHOBHUX MOKA3HUKIB SIKOCTI HOPMATUBHUM
nokymeHTam. 3pa3ku onuBu Jet Oil 254 BinOupanucs npoOoBiAOIpHUKAMHU 32 PeaTbHUX
yMOB eKciuryaramii remikontepa Airbus Helicopters H-145, a momo onmBu ams
TypbopeakTuBHUX NBUTYHIB MK-81, OCKiTbKH BOHA HEMAa€ JOMYCKY 10 BUKOPHUCTAHHS

Ha TeJIIKONTepax, MPOBOJAUIN CTEHAOBI BUTPOOYBAHHS.

PesynpTaTn nauHaMikM KiHEeMaTW4HOi B’s3kocTi  MiHepanbHoi MK-8m  Ta
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cuarernaHoi Mobil Jet Oil 254 onuB 3a Temneparyp OJHM3BKUX JIO POOOYUX Y By3Jax
TepTs MexaHi3MiB (40 °C) 3asie’kHo BiJ] HalpallloBaHHA HaBe/eH1 Ha puc.4.7.
BcranosneHo, mo kiHemaTu4Ha B’ s3KicTh onrBu MK-81 mij 9ac HampalroBaHHs
3a temmepatrypu 40 °C 3pocrtae 3a paxyHOK WPOIIECIB OKHCHEHHS BYTJICBOIHIB,
JaCTKOBOTO BHITAPOBYBAaHHS JIETKUX (pakiiii 1 YTBOPEHHS BHCOKOMOJICKYISIPHUX
BYTJICBOJIHEBUX CHOJYK y MpoIieci AecTpyKuli MiHepaabHux omuB 3 16 cCt. mo 25.6
cCr. micns 300 rox HampairoBants, T00To Ha 60 %, a cuaternynoi onusu Mobil Jet Oil
254 3a paxyHOK MOJiMepHU3allii 32 BUCOKUX TEMIIEpaTyp y MPUCYTHOCTI KUCHIO — 3 26.4
cCr. go 33.2 cCr., T00TO Ha 26 %. SIKIIO NOPIBHIOBATH JIBI OJMBHU, TO B’SI3KICTb

MIHEpaIbHOI OJMBHU MOPIBHSIHO 13 CHHTETUYHOIO 301IbIIKIacs y 2,3 pasu.

35 33.2
59 9 31.4
30 27 27.8 28.8
26.4 25.6

25

20

40 °C

15

10

B’s3KicTh KiHEMaTU4HA, MM2/C

0 50 100 150 200 250 300
l'onuu HanmboOTY

—o—MK-8n JetOil 254

Puc. 4.7. BruiuB HammpanOBaHHA OJIMB HA KIHEMATUYHY B’ A3KICTh 34
pan y

TemriepaTypu BumiptoBanHs 40 °C

PesynpTatn guHamikk KiHeMaTuyHOi B’s3kocTi  MiHepanbHOi MK-8m  Ta
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cuarernaHoi Mobil Jet Oil 254 onuB 3a Temneparyp OJHM3BKUX JIO POOOYUX Y By3Jax

tepTs MexaHi3MiB (100 °C) 3anexHo Bij HanpalloBaHHs HaBeJleH1 Ha puc.4.8.

B’sa3kicTh KiHEMAaTU4YHA, MM?/C
o = N w SN ol (o))

0 50 100 150 200 250 300
['onuH HambOTY

MK-8n Jet Oil 254

Puc. 4.8. BriuB HampaitoBaHHs OJIUB Ha KIHEMAaTUYHY B’SI3KICTh

3a temnepatypu 100 °C

Sx mnokazanu pe3yJbTaTH BHUNPOOYBaHb, 3MiIHA KIHEMATHYHOI B’ A3KOCTI
cuHTeTH4YHOi MoTopHOoi onuBu Jet Oil 254 3a 300 rox ekcrulyaTtamii B JBUTYHI
CTaHOBUTH O 5 %, a MiHepanbHO1 onuBr MK-811 3a 11eit sxe nepios poOOTH B IBUTYHI1
— mnoHan 18 %. Ilpudomy, i MiHEpandbHOi OJIUBH OUIBII CTPIMKUA MPHUPICT
KIHEMaTUYHOI B’SI3KOCTI  BigOyBaeTbes micist 150 rox HampaimroBaHHS, a st
CUHTETHUYHOI TaKUX CTPHUOKIB HE cHocTepiraeThcs. Lle MOXKIMBO MOSICHUTH TUM, IIO
Mobil Jet Oil 254 MicTuTh MakeT HMPHUCAIOK, SAKI AIFOTH KOMILICKCHO, ToAi sk MK-8m
MICTUTh OJJHY aHTHOKHCHIOBAJIbHY TPUCAIKY.

OcHOBHAa TMpUYMHA 3pPOCTaHHA KIHEMAaTHMYHOI B’SI3KOCTI, Ha Hally IyMKY,
NOB’s3aHAa 3 HAKOMHMUYEHHSM B OJIUBAX IMPOJAYKTIB OKHCHEHHS Ta YTBOPEHHSIM
BHCOKOMOJICKYJISIDHUX BYTJICBOJHEBUX CIIOJIyK B TIpolleci ix mojiMepu3amii Ta

KOHJIEHCAIll].
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Crig BiAMITHTH, IIO TaKe 3pOCTaHHS KIHEMATHYHOI B’SI3KOCTI HE € OpaKkyBaIbHUM
NOKa3HUKOM Jis1 000X OJIMB Ta HE € IPUYMHOIO 11010 IX 3aMIHH.

VY crangaprax Ha OJIMBH TPOBOIATHCA BHUIPOOYBAHHSA B S3KOCTI 3a PI3HHUX
Temreparyp. Bka3yroTbcsi MaKCUMalIbHO JOMYCTHMI 3HAUYEHHS 32 HU3bKUX TEMIIEpaTyp
Ta MiHIMaJILHO JOMYCTHMI 32 BUCOKHX (POoO0OYHNX) TeMmepaTyp.

JlnHamika KiHeMaTH4HOiI B’si3k0ocTi MiHepanbHOi MK-8m Ta cunternunoi Mobil
Jet Oil 254 onuB 3a Hu3bkux TemrepaTyp (- 40 °C) 3anexHO BiJl HampaoBaHHS

HaBeJleHa Ha puc.4.9.

e
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MM2/C
=
o

B’askicth kinemarnuna (103),
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MK-8n Jet Oil 254

Puc. 4.9. BruuB HamnpaliroBaHHs OJIMB HAa KIHEMAaTUYHY B’ SI3KICTh
p y

3a Temmepatypu - 40 °C

3a am3pkux Temiepatyp (- 40 °C), kineMaTuyHa B’S3KICTh CHHTETUYHOI MOTOPHOI
omuBu Mobil Jet Oil 254 meHme 3anexuTh BiJ 3MiHH TEMIIEpaTypu HIK MiHEpPaJIbHOI
MK-8n, mo poOuth ii OuUIbLI MPUBAOIMBOIO 1100 BUKOPUCTAHHS y JIBUTYHax Ta
PEIyKTOP1 TeNIKONTEepa.

Sk mokazanu pe3ynbTaTH BUNPOOYBaHb, KIHEMATHYHA B’SI3KICTh CHUHTETHUYHOI
MoTopHOi onmBH Jet Oil 254 menIe 3aneXuTh BiJl 3MiHU TEMIIEpaTypH, 10 pOOUTH il

O17TbIII HpI/IBa6JII/IBOIO mmoao0 BHUKOPUCTAHHA Yy AOBUI'YHAX. I_[e MOKJINBO ITOJACHUTHU
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HASIBHICTIO B Hil B S3KICHUX MPHUCAIOK.

Sx mnokazanu pe3ynbTath BuUlpoOyBaHb 3a Temrepatrypu 100 °C, 3miHa
KiHEMaTHYHOI B’SI3KOCTi cuHTeTHYHOI MOoTOpHOI onmuBu Mobil Jet Oil 254 3a 300 rox
eKCIUTyaTarlii B IBUTYHI CTAaHOBUTH OIS 5 %, a miHepanbHoi onuBr MK-8m 3a 1meit xe
nepiox podoTu B aBUryHi — moHan 18 %. [lpudomMy, nisi MiHepaiabHOI OJNMBHU OLUIBII
CTPIMKMM TpUPICT KIHEMAaTU4YHOi B’SI3KOCTI  BimOyBaetbes micia 150  ron
HaIpaIlOBaHHS, a JIIsl CHHTETUYHOI TAKMX CTPUOKIB HE CIIOCTEPIraeThCA.

3aKOHOMIPHOCTI 3MIHM KiHEMaTHYHOI B’S3KOCTI 3a HU3BKUX TeMIepaTyp IS
CUHTETUYHOI 1 MIHEPAJIBHOI OJIMB aHAJIOT14HI, 110 1 3a Temieparypu 100 °C.

HeoOximHa B’S3KICTh OJIMBU 3aJICKUTH BIJ] TUITY Ta30TypOIHHOrO ABUTYHA. JlJis
TypOOpEAKTUBHUX JIBUTYHIB MUTOMI HAaBAaHTAXEHHS Ha IMIJIIUIHUKA HE BEJIMKI, IO J1a€
MO>KJIMBICTh BUKOPUCTOBYBATH MajioB’si3ki onuBH. [llecTepHi peayKTOpiB reikonTepiB
OpaloTh 32 OUIBIIMX KOHTAKTHUX HaBaHTAKEHHSAX. ManoB 3Kl OJUBU HE
YTPUMYIOTBCSI Ha METaJIeBUX TOBEPXHAX Ta HE BUTPUMYIOTh BHCOKUX THCKIB,
BUJIABJIIOIOYKCH 13 30HU KOHTAKTY, L0 MPU3BOAUTH 10 301IbIICHHS 3HOCY Ta MOJIOMKHU
3yOuacTux nepeaad. Tomy sl 3MallyBaHHs pelyKTOPIB T'eJIIKONTEPIB HEOOX1AH1 OUTbII
BUCOKOB’sI3Ki ommBH. OJHaK, 3aCTOCYBaHHS TaKUX OJIUB MPHU3BOAUTH JI0 YTPYAHEHHS
3allyCKy JBUTYHa 3a HM3bKHUX TEMIIEpaTyp, 3MEHIIEHHsS MIBUAKOCTI 3MIHM ByTja
YCTaHOBKHU JionaTedl rBUHTIB. [1[00 YHHKHYTH IIbOTO MPOTUPIYYS MK B’SI3KICTIO OJIMB
JUISL 3MalllyBaHHS TMIIIMIMITHUKIB JIBUTYHA 1 PEIyKTOPIB YCTAHOBIIOIOTH PO3IILHI
CUCTEMHU 3MAIllyBaHHS 3 OJMBAMHU PI3HOI B’SA3KOCTI, 110 YCKJIAJHIOE KOHCTPYKLIIO 1
eKcIUTyaTalito  rexikonTepiB. Y  remikontepax Airbus  Helicopters H-145
3aCTOCOBYETHCSl €MHA MacisHa CHUCTEMa, II0 BHUMAarae MPUAUISTH OUIbIIY yBary
MOKA3HUKAM SIKOCTI Ta XIMIYHOMY CKJIaJly OJIUBH.

MinepanbHi Ta CHHTETHYHI 0a30B1 OJIMBU € HEUTpPaJIbHUMHU, TOOTO BOHH MAlOTh
3HaueHHs pH Omu3pko 7 3a mikanoro Bix O (Haa3BUYAWHO KUCIE cepefoBuiie) Ao 14
(Ham3BHUaiiHO JyXHE cepenouie). [Ipote Ha 3HaueHHs pH BIIIMBAIOTH MPUCAAKH, SKi
0/1at0Th 10 0a3oBoi onmBH. [leski komOiHaIll, Taki K MPOTU3HOCHI Ta aHTUKOPO3iiiH1
NPUCAIKU, MAIOTh CIIA0OKUCTY peaki(ilo. BMICT KHCIOTHUX CHOJYK B OJUMBaX TaKOX

NPOJOBXKY€E 3pOCTaTH MiJ 4Yac iX poOOTHM B JBUTYHI, HANpUKIAL, Yy pe3yibTari
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OKHCHEHHSI BYTJIEBOJHIB.

Opniero 13 HAWBaXIMBIMIMX (PYHKIIA ONMBU Yy JIBUTYHI, OKpPIM 3MAalllyBaHHS, €
3armo0iraHHs BIAKIAJCHb Ha JETajsAX JBHUTyHA 1 MiAMIMITHAKAX, TOOTO 3JaTHICTH N0
HOiATPUMaHHS JABUTYHA y YHCTOTI, a TaKOX 3JaTHICTh JO HEWTpamizaimii KHCIHUX
MPOAYKTIB 3rOpaHHs, IO MOXYTh IMOTpPanmuTd 10 OJMBU. [li BIacTUBOCTI ONMBHU
3a0e3MeYyl0ThCsl MUHHUMH Ta JUCHEPrYIOUMMHU MpucaakamMu. Mipoo MUHHX 1
JUCTIEPTYIOUNX MPHUCAIOK € JIy)kHe unciio (uucio Heirpamizamnii, TBN, mr KOH/T).

3aranpHe JIy)KHE YHCIO BHU3HAUYAETHCS  METOJIOM  IMOTEHIIOMETPUYHOTO
TUTPYBaHHS 3a HalioHabHUM cTaHaaptToM Ykpainu JACTY 5094 ta mikHapogHUMH
crangaptamu ASTM D2896 1 ASTM D 4739.

J7is BU3HAYEHHS JTY>KHOCTI MPOBOUTHCS TUTPYBaHHs coisiHoro kucnororo (HC).
B nanwmii yac, nus nux UiIed yacriiie BUKOPUCTOBYIOTh METOJ MOTEHIIIOMETPUYHOTO

TUTpyBaHHs (puc. 4.10).

Puc. 4.10. Tutparop Titrando 905 mis BU3HAUCHHS 3arajbHOTO JIy>)KHOTO YMCIIa

OJINB
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Kucnorne 3abpyaHeHHs Moke BiAOyBaTHCS 3 pIZHHX JUOKEpes, BKIIOYAIOUYU
OKHCHIOBAJIbHMM 1 TepMmiuHuMN mpouecu. lLle Moxke mnpusBecTH 10 HAKONUYEHHS
NOOIYHUX MPOAYKTIB, SIKI 30LIBIIYIOTh 3HOC JETalied Ta 3HWXKYIOTh iX TPUOOJIOT1YHI
XapaKTePUCTHUKHU.

HalinommpeHimmm MeTo/10M OLIIHKHM 3/1aTHOCTI MOTOPHOI OJIMBU HEUTpalli3yBaTu
KHUCJIOTU € BUMIPIOBAHHSI 3arajbHOrO Jy>kHOT0 ynchaa (3JI4). 3aransHonpuitHATUMY 1715
BUMIPIOBaHHS PE3EPBHOI JIY)KHOCTI € ABa Metoqu: ASTM D2896 1 ASTM D4739.

Cranmapt ASTM D2896 npusHaueHuwil MJi1 MOHITOPUHTY HOBHX OJMB, a
crangaproM ASTM D4739 nHaBnaku, KOpUCTYIOTBCS ISl TOCIIPKEHHS JTy>)KHOTO YnCiia
OJIMB TIiJ] 9ac eKCILTyaTallii, o0 KOHTPOJIIOBATH BUTPATY MAKETy IMPHUCAIOK 3 YaCOM.

Touky ekBiBaJ€HTHOCTI Ta 00’€M TUTpPAHTy, KWW 1i BiAMOBiAAa€, BU3HAYAETHCS
€JICKTPOHHOIO CHCTEMOIO YCTaHOBKM Ta Ha rpadiky KpUBOI TUTPyBaHHS. 3arajbHe
JY’KHE YHCI0 OOUYHUCIIIOETHCS aBTOMATUYHO.

Metoavka BU3HAYEHHS 3arajibHOTO JIY>KHOT'O YKCJia HaBeAeHa B po3/aiii 3.

JlocmikeHa 3MiHA 3arajJbHOro Jy»KHoro uucia wiHepainbHoi MK-8m Ta
cuaretnunoi Mobil Jet Oil 254 omuB y mporeci iX HampaioBaHHS y JABHUTYHI

reqikonTepa. Pe3ynpraty AMHAMIKM JIy>KHOTO YMcia HaBeAeH1 Ha puc.4.11.
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SIk BiAMIYasIOCh, Jy>KHE YHMCIIO MOKAa3ye 3arajibHy JIy>KHICTh OJIMBU, BKIIIOUAIOUU
Ty, SIKa BHOCHUTHCS MHUIOYUMHU 1 JUCHEPTYIOUMMH IIPUCATKAMH, 110 MAalTh Jy>KHI
BJIACTUBOCTI.

[TokazaHo, 110 13 3pOCTaHHSAM HAIPAIIOBAHHS, JTY>KHE YHCJIO MIHEPAIBbHOI OJINBH
MK-8n magae Oumbmi pisko HiK cuHTerndHoi Mobil Jet Oil 254, mo Bkasye Ha
BIJICYTHICTb y HIl JYXHHUX MPHUCAIOK.

I[Ipy pobGoTi oONMBM B JBUTYHI JY)KHE YHCIO HEMHHY4YE 3HHXKYETHCH,
HEUTpaTi3yl04l MPUCATKH CIPAIbOBYIOThCA. Take 3HIKEHHS Ma€ JIOMyCTUMI
BIIXWJICHHS TIICAS JOCSATHEHHS SKHUX OJIMBA BBAXKAETHCA TaKOIO, IO BTpaTHIIA
mpare3aaTHicTh. BBakaroTh, 110 ONHMBY CJiJ 3aMIHUTH TpPH 3MEHIICH1 ii JIy)KHOCTI
moHax 50 % B1JI TOYATKOBOI BEJIMUYUHU.

Jlunamika 3MIHM JIy’>KHOTO 4YHCJIa XapaKTEPU3y€ IIBUJKICTH CIPallbOBYBaHHS
MPUCATIOK B 0IMBax. /(1 MiHepaabHOT OJIMBU TEMIT 3HKCHHS JTy>KHOTO YHCJIa BUIIUH 1
KPUTUYHE 3HAYCHHS JOCATAETHCSA HabaraTo mBHUAIMIC. Y CHHTETUYHOI OJIMBH HA MOMEHT
3aKIHUYCHHS BUMPOOYBaHb 3aIMINAETHCS 3HAYHUIN 3ar1ac JTY)KHOTO YHCTIa.

[Tokazano, mO0 myXHe YMCIO MiHepanbHOi oymBH MK-8m 13 3pocTaHHsSIM
HanpatoBands 10 300 rox 3MeHIIyeTbesl TpakTUYHO Ha 50 % Ta majae OUTbII Pi3KO
ik cuaretranoi Mobil Jet Oil 254, mo Bka3ye Ha crpalfoBaHHS aHTHOKHCHIOBAILHOT
Ta BIJICYTHICTb Y HIM JTy>)KHHX MTPUCAIOK.

Kinematnana B’SI3KICTh Ta 3arajbHE JY)KHE YHCIO — 1€ JBa HalBaKJIMBIIIHX
MOKa3HUKHU SKOCTI aBlal[liHUX OJMB, 332 PE3YJIBTATAMU SIKUX OLIHIOIOTHCS MPOTU3HOCHI
BJIACTUBOCTI 1 HAsBHICTh B OJIMBI HEOOXIJHUX MPUCAJOK Ta iX cropaifoBaHHsie. Ha
MiJCTaBl [HOTO MH MaeMO 1H(POPMAIIO MO0 TOMANBIIOr0 OOCIYTrOBYBaHHS Ta
HaJIIMHOCTI aBiallifiHoOro obJiaHaHHs Ta (OPMYEMO PEKOMEH/Iallil 00 3aMiHU OJIMBH.
AJKe pecypc Ta HaJlliHICTh POOOTH JBUTYHIB 371€01IBIIOTO 3aJI€KUTh BiJ TOTO, B AKii
Mipi aBialiifHa OJIMBa, MO0 3aCTOCOBYETHCS, BIJAMOBIAAE €KCIUTyaTallIMHUM BUMOTaM il

BUKOPHUCTAaHHA.
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4.5. Bu3Ha4YeHHS KOJIBOPY OJIUB 32JI€KHO BiJl iX HANIPALIOBAHHA

[HTeHCHBHICTD 3a0apBiIEHHSI OJUBU 3aJECKUTH BiJ MPHUCYTHOCTI B HI TEMHHX
CMOJIUCTHX PEUYOBHH 1 BIJ JUCIEPCHOCTI CHCTEMHU. 3a KOJIbOPOM JIMIIE HAOIMKEHO
MOKHa CYAMTH MPO CTYMHiHb OYHUIICHHS OJUBU. BUCHOBOK MPO KOJIp OJMBHU POOISATH
MOPIBHIOIOYH MOTO 3 HU3KOIO €TaTOHHUX CBITIOQ1IHTPIB. OLiHIOBaHHS MIPOBOAUTHCSA 32
YMOBHUM TOKa3HUKOM — ojaunmis konbopy IIHT. ¥V crammaprax (ISO 2049, ASTM
D1500, TOCT 20284) meil moKa3HUK HOPMYETBHCS «HE OLIBIIE)» OTUHUIL KOJIBOPY
IIHT.

CyTh MeTOJIa TIOJIATAE y TOPIBHSHHI KOJIbOPY JOCIHIIKYBAHOT OJIUBH 3 HAOOpPOM
KOJIbOPOBUX €TaJiOHIB, siki HymepytoTbes Big 0,0 (Oumumit) mo 8,0 (myxke TeMHMiA
kopuuHeBuit) 4depe3 0,5 omunmii (Bchoro 16 wHomepiB). Komip onmB y mporect
eKCIUTyaTallii B pe3yJbTaTl OKHMCHEHHS BYIJIEBOJIHIB 3MIHIOETHCS — OJMBA TEMHIIIIAE.
[leit moka3HMK YMOBHO XapaKTepu3y€ MPOTIKAHHS MPOIECY CMOJOYTBOpPEHHs (Tabi.
4.2).

Tabnuus 4.2

3ajiexKHiCTh KOJIBOPY 0JIUB BijJl HANIPALIOBAHHS

lNonunan Konip onusu Komnip onuBu
HAJIBOTY, Mobil Jet Oil MK-8m
roj 254

50 0,5 2,5

100 1,0 3,0

150 1,5 3,5

200 2,0 4,0

250 2,5 4,5

300 3.0 5

BcranoBieHo, mo KoJip OJMB IiJI 4Yac HampaioBaHHS HaOyBae OUIbII

IHTEHCUBHOTO 3abapBieHHs. Y MiHepanpHid onuBi MK-8m komip 3MiHIOETBCS Bif
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OBTOTO (2,5 OAMHMIIB) 0 KOPHUYHEBOTO (5 OJMHMIIB), a B CHHTeTHYHIH onmei Mobil Jet
Oil 254 Bin ceitimo-koBToro (0,5 OAMHMIB) 10 CBITIO-KOPHUYHEBOTO (3,0 OIMHUIL).
3MiHa KOJIbOPY BIAOYBAETHCSI BHACIIIOK OKMCHEHHS BYTJICBOIHIB ITi/T 9aC €KCILTyaTarlii
(MpUCYTHICTh B HIA TEMHHX CMOJIMCTHUX PEUOBMH) 1 BiJ JUCHEPCHOCTI CHUCTEMHU Ta

BJIACTUBOCTEHN Ha(TH, 3 IKOI BUTOTOBJICHO MIHEPAJIbHY OJIUBY.

4.6. BuzHa4YeHHs1 IMHAMIKY TeMIIEPATYPH CNAJIAXY OJIMB 3aJ1€5KHO Bijl

HanpanroBaHHA

Temneparyporo cnanaxy Ha3uWBa€eTbCs TEMIIEpPATypa, 3a AKOi HAQTONPOAYKT, 11O
HarpiBa€ThCsl y CTAaHAAPTHUX yMOBaX, BUJAUIAE TaKy KUIbKICTh MapH, sKa yTBOPIOE 3
HABKOJIMIITHIM TMOBITPSIM TOPIOYY CyMII, IO CHajaxye MijJ 4yac MiJHECeHHs 10 Hei
nosiyM’si. BoHa xapaktepusye moxkexxo- Ta Buoyxoneoesneunicts [IMM.

CyTHICTh METOJy MOJSTa€ y BU3HAYEHHI HAWHW)KYOI TEMIEPATypH, 3a SKOi B
yMOBax JOCIIAY HaJ IOBEPXHEI0 TOPIOYOi PEUOBHMHHM YTBOPIOETHCS CYMIIl IMapu 3
NOBITPSAM, SKa 3[aTHa cCHalaxyBaTW BiJ JOKEpesia 3alalioBaHHS, ajie IIBUIKICTb
YTBOPEHHS SIKOI L€ HeJOCTAaTHs IS MOJ1ajbIIOro ropiHHs. BusHauaeThest Temneparypa
cnanaxy [IMM vy 3zakputomy Turai 3a 'OCT 6356 3a MeTOAMKOIO HaBEJIEHOIO Y
po3aum 3. 3pa3oK NajavBa PIBHOMIPHO HArpiBalOTh y 3aKpUTOMY THUIJIl, HENEPEPBHO
MePEeMIIITYIOUH, 1 JOCTIKYIOTh Ha CHaJIax 3a MEBHUX TEMIIEpaTyp.

HwxHs TemnepaTypHa Mexa clajaxy — MiHIMaJIbHa TeMIlepaTypa OJIMBH, 32 SIKO1
il mapa cnamaxye y 3akpuromy o0’emi. BepxHs TemmepaTypHa Mexa coaigaxy —
VY pasi nojanplioro MiABUIIECHHS TEMIEPATypu CyMill 30aradyy€eThCs Napamu 1 crae
HErOpIOYOI0.

Temneparypa, 3a ak0i HaQTONPOIYKT MiJ Yac MiJAHECEHHs MOJYM s CHAlaxye 1
MPOJIOBKYE TOPITH MPOTATOM JESKOr0 4acy, Ha3UBAETHCA TEMIIEPATYPOIO 3aiiMaHHS.
k1o HadTONMPOIYKT HATPITH 10 BUCOKOI TEMIIEPATYPH, a TIOTIM IPUBECTH B KOHTAKT 3
NOBITPSIM, BIH MOXE€ CaMOBUIbHO 3aifHsTHCS. HaliHmkua Ttemneparypa, 3a SKOi

B1I0yBa€ThCS 3aropssHHS HAPTONPOIYKTY O€3 3amaatoBaHHs, HA3UBAETHCS TEMIIEPATYPOIO



134

CaMO3alMaHHS.

Temnepatypa crnajnaxy OJIMBH Maike 3aBXKIU BKa3Y€TbCSl B CIHUCKY THUIIOBUX
XapakTepucTHK. BoHa moB’s3ana 3 GpakiiiHuM CKJIaI0M OJIMBU 1 CTPYKTYPOIO MOJIEKYJI
0a30BHX KOMIIOHEHTIB 1 € BaXKJIMBOIO 3 KUIbKOX mpuuuH. [lo-mepiie, 1e Mmoka3HHUK
MOXKapoOe3MeYHOCTI OJUBU, TOMY Kpalle OUIbII BHUCOKE 3HAYCHHS TeMIlepaTypu
cnanaxy. [lo-apyre, BoHa moka3ye MPUCYTHICTh JETKUX (Dpakiiiidi y ONMBi, K1 HIBUALIEC
BUIIAPOBYIOTHCS B IPALIOIOUOMY JIBUTYHI (BUTpaTa OJMBU Ha BUIApoByBaHH:). llo-
TPETe, MiJl Yac aHalli3y OJIMBH, IO MPAIIOE 3a 3HIKEHHS TeMIIepaTypH Clanaxy, JEerKo
BU3HAYAETHCS pO30aBIEHHS ii IHIIMMHU BYTJIEBOJIHAMH.

CyTHICTh METOJIIB MOJISITa€ B HArpiBaHHi nMpodu HAQTOMPOIYKTY Y BIAKPUTOMY
TUTJII 13 BCTAHOBJICHOIO INMBHUJKICTIO JIOTH, JOKH HE CTAHEThCS CIajax TapiB
(TeMmepaTypu cnanaxy) HaQTONPOAYKTY HaJ HOro MOBEPXHEK B 3amajbHOro
IPUCTPOIO 1 MOKU IMPH MOJAJIBIIOMY HAarpiBaHHI HE CTAHETHCS 3arOpsiHHS MPOAYKTY
(TeMriepaTypa 3aiiMaHHS) 3 TPUBAIICTIO TOPIHHS HE MEHIIIE 5 C.

[Ipunan nuist BUBHaYEHHS TeMIIepaTypH criajiaxy OJIMB MOKa3aHo Ha puc. 4.12.

Puc.4.11. llpunan niig BU3HAYCHHS TEMIIEpATypH criajiaXxy OJIMB



135

Junamiky Temnepatypu cnanaxy oiauB Mobil Jet Oil 254 ta MK-8n 3anexHo

BiJl HAMpAaIIOBaHHS HaBeJeHO Ha puc. 4.13.
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BceraHoBiieHo, 1o TeMmiiepaTypa crnanaxy MiHepaiabHoi onuBu MK-8m mig yac

HarpaifroBadHs 3HUKYyeTbes 13 140 °C mo 121 °C micna 300 roa HaIbOTY TeiKOINTEpPa,

100TO Ha 14 %, a cuaTeTnunoi onuBu Mobil Jet Oil - 3 254 °C go 243 °C, to6T10 Ha

9,6 %. k1o MOpiBHIOBATH JIB1 OJIMBH, TO 13 3POCTAHHIM HAIMpAIIOBAaHHS TeMIEpaTypa

criajiaxy MIiHEpallbHO1 OJIMBU 3HIDKYETHCS OUIBII PI3KO HIK CHUHTETUYHOI, PI3HUILA

OunblIa HIXK y 1,5 pa3u, 110 MOKIMBO MOSICHUTH O1IbII IHTEHCUBHUM BUIApOBYBaHHSIM

JeTKuX (PpaKiiiii.

4.7. luHaMika 3MiHM TeMIlepaTypH 3aCTUTAHHS OJIUB Y NMPOLECi iX

TeMmrepaTypolo 3aCTHTaHHsS Ha3WBA€THCS TEMIEPaTypa,

eKCITyaTauii

MaCTUJILHUN MaTepiasl BTpaya€e CBOK PYXJIUBICTb.

3a SKOI TTaJIUBHO-
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Bix remneparypu 3acTuraHHs MajauBa 3€01IBIIOT0 3aJEKUTh MOKIIUBICTh MMYCKY
XOJIOAHOTO JBUTYHA. Jlist HamiiHOI poOOTH CHUCTEMH OSKUBJICHHS HallHMK4a
TEeMIIepaTypa HaBKOJUIITHBOTO cepefoBuIna mMoBMHHA Oytn Ha 10-12 °C Bwume
TEeMIIepaTypy 3aCTUTAHHS.

TemnepaTtypa 3acturanHs abo TemmepaTypa BTPaTH TEKydOCTi — Ii€ HalHMKYa
TeMIlepaTypa, 3a SKOi OJIMBa W€ MOXE TEKTH. 3a 3apyOLKHUMM CTaHIapTaMu,
TEMIEPATypOI0 3aCTUTAHHS HA3UBAETHCS TemIiiepaTypa, ska Ha 3 °C Bumie aidcHOI
TEMIEpaTypyu 3aTBEpAIHHS, 3a SIKOI MPOTIroM 5 ¢ onuBa nepedyBae B HEPYXOMOMY
crani (ctapgaptu ISO 3016, ASTM D 97, TOCT 20287). Ilpunan majisi BUSHAUCHHS

I[bOI'0 MOKA3HUKA MOKa3aHo Ha puc. 4.14.

Puc.4.14. llpunan niisg BU3HaYCHHSI TEMIIEPATYPHU 3aCTUTAHHS OJIUB

Temneparypa 3acTUraHHsi BKa3zy€ TUIBKA Ha MOMJIMBICTH 3aIyCKY XOJIOJHOTO
nBuryHa. BoHa moBuHHa OyTH HIDKYE Ti€i TeMmmepaTypu, 3a sKOI BH3HAYarOTh
IpoKavyBaHICTh 3riHO 3 kiacudikariero SAE J 300.

MinepanpHa onmMBa — 1€ 0araTOKOMIIOHEHTHA CHCTEMa, 3aCTHTAaHHSA SKOi €
CKJIAJIHUM  0araToCTaJldiHUM TPOIIECOM, 3aJIe)KHUM B  B3aEMOAIl  OKPEMHX

KOMITOHEHTIB, X B3aEMHOTO PO3YMHEHHSI TOIIO. B MiHEpanbHii OJWB1 y pa3i 3HWKEHHS
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TEMIEPAaTypd B TMEPIIy YEpry 3apoJKYIOThCS 1 POCTYyTh KpUCTaIH MapadiHOBUX
BYIJIEBOJHIB. 3 MOSBOIO JPIOHMX KPHUCTAIIB OJMBAa MYTHIIOTH 1 ISl TeMIlepaTypa
HA3MBAETHCSA TEMIEPaTypolo MOMyTHIHHA. Hamami kpuctanu mnapadiHy poCTyTh,
3’€IHYIOTBCS, 3UMAIOTHCS 1, SIK HACTIIOK, YTBOPIOIOTH KPUCTAIIYHUI Kapkac, OJMBa
CTa€ HEPYXOMOIO, JKEJIEMOAI0HOIO.

Takum ymHOM, TeMmIeparypa 3acTUTaHHA (PAKTUYHO € TEMIEPaTypoio
KeJIeyTBOPEHHS. MK KpHUCTalIiuHUM KapKacoM OJIMBU IIE 3aJMILAETHCS PIIKUM 1 MpU
CTpylIyBaHHI ab0 TNepeMilllyBaHHI TEKYYICTh YCI€i Macu Macia MOXXE YacTKOBO
BIIHOBUTHCA. Takuil mpouec 3aTBEpAIHHS, K CHEHU(PIYHUI Mpolec KpucTamizauii,
3aJICKUTh BIJ IIBUJKOCTI OXOJIOJKEHHS OJIMBU, HHU3BKOTEMIIEPATYpHOTO PEXUMY,
1HTEHCUBHOCTI Ta TPUBAJIOCTI IPUMYCOBOI'O T€UIHHS, B IHTEPBaJIl 4acy JO BUMIPIOBAHHS
TEMIEpAaTypyu 3acTUraHHsA. ToMy MiJ 4Yac BU3HAYEHHs L€l TeMIepaTtypu MNOTPiOHO
CYBOpPO JOTPUMYBATUCS 3alpOIOHOBAHOI MPOLEAYPH OXOJOJKEHHS 1 BUTPUMKHU
PIIUHHU.

[Tin gyac 3amycKy XOJOAHOIO JIBUTYHa MOTOpPHA OJMBa B IMEPIIMHA K€ MOMEHT
CBO€T poOOTH Ma€ HAAXOJIUTH B HAMBYXYi 1 BIJaIEH] Miclg TepTs. ToMy Temmeparypa
3aCTUTaHHSl TMOBUMHHA OyTH HIDKUOKO 3a MIHIMAJIBHO TepeadadyBaHy TeMIIEpaTypy
HABKOJIMILIHBOTO CEpPEIOBHUIIIA.

CyTp MeTOma moJsATac y OXOJIO/KEHHI OJMBU 13 3aJaHOI0 MIBHAKICTIO [0
TEMIEPATypH, 3a SKOI 3pa30K 3aJMIIA€TbCS HEPYXOMHMM. 3a3HayeHy TeMIIeparypy
IPUIIMAOTh 32 TEMIIEPATyPy 3aCTUTAHHI.

3aneXHICTh BIUIMBY HAIpalfOBaHHS OJMB Ha iX TeMIepaTypy 3acTHUTaHHS

HaBeJIeHO Ha puc. 4.15.
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Puc. 4.15. BriiuB HampailtoBaHHs OJJMBU Ha TEMIIEPATYpy 3aCTUTAHHS

BcranoBieno, mo teMieparypa 3acTuraHis MiHepanbHOi onuBu MK-8m mig
yac HampalroBaHHA maBHUIIyeThes 3 - 55 °C no -38 °C micns 300 rog HaIBOTY, TOOTO
Ha 31 %, a cuaretnunoi omusu Mobil Jet Oil 3 -62 °C no -56,6 °C, To0T0 Ha 8,8 %.
Sxio mopiBHIOBAaTH JBI OJWBU, TO 13 3POCTAHHSAM HAIpPAIfOBAHHS TeMIIepaTypa
3aCTUTaHHs MIHEPAJIbHOI OJIMBU MIJBUINYETHCS OLIBII IHTEHCUBHO HI)K CUHTETUYHOI,
pi3HMI ckinanae 3,5 pasu. lle moB’si3aHO 13 YTBOPEHHSM BHCOKOMOJEKYJISIPHUX

CHOJIYK (CMOJIUCTO- ac(haTbTEHOBUX PEYOBHH).

4.8. Bu3zHaYeHHsI TPUOOJIOTIYHIX XaPAKTEPUCTHK CYyYaCHHUX aBianiifHux
0JINB

BaxnuBe wmicie y MiIBUIIECHHI HAAIMHOCTI POOOTHM TEXHIKHM Ta 301IbIIECHHS
TEepMiHIB 1i eKcIuTyarauii 3aiiMaloTh MUTaHHS 3HOCOCTIMKOCTI Aeraneil. IlpoTsrom
eKCIUTyaTallli BiIOYBA€ThCS IHTEHCUBHUI 3HOC BY3JIIB TEPTS Yy pe3yibTaTl 3HAYHHMX
HABaHTAXKEHb, IMBUIKOCTEH Ta TeMIeparyp, BIUIUBY arpeCHBHUX CEPEIOBHIN Ta
BiOparriu.

OaHuM 3 HAWOUIBII €KOHOMIYHO BHUTIAHUX IUISXIB 30UIBIIEHHS JTOBTOBIYHOCTI
BY3JIIB TEPTSA B PI3HUX MAaIIMHAX 1 MEXaHI3Max € MIABUIICHHS SKOCTI MAaCTUIILHUX

MartepiaiiB, y TMeplry 4epry, iX 3MallyBajbHUX BIJIACTUBOCTEH, IO JOCATAETHCS B
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OCHOBHOMY IIUIIXOM BBEJIEHHS B HHUX NPOTU3HOCHUX, MPOTHU3ATUPHUX 1
aHTU(PPUKIIMHUX TPUCATOK.

BBenenHs1 mpucasok B OJIMBU Ta MAacTUja J03BOJISIE 33OBOJBHUTH JBI OCHOBHI
BUMOTH TEXHIKH: MIJBHUINCHHS TEPMIHY POOOTH (HAMIMHOCTI) MaIlluH 1 MEXaHI3MiB;
30epeKeHHsT eHeprii manuBa, ToMy 1o Oiu3bko 30% eHeprii, M0 BUPOOISIETHCS B
IPOMUCIIOBUX KpaiHax CBITY, B KIHIIEBOMY paxXyHKy BUTPA4a€TbCs HA TEPTSI.

B ocTtanHi poku 0JJHUM 3 HAMOUIBII PO3BUBAIOYUM HAMPSAMOM HAYKU € BUBUCHHS
¢bynepeHiB Ta MOXIMBOCTEH iX 3aCTOCYBaHHSI B SIKOCTI MPUCAZOK JI0 3MAaIlyBaJbHHUX
MarepiaiiB. Lle moB’si3aHo 3 TUM, 110 I CHIOJIYKH SBJSIOTH COOOI0 YHIKAJIbHI 00’ €KTH 3
TOYKHM 30py CJIEKTPOHHOI Oy/IoBH, (I3WYHUX Ta XIMIYHMX BJIACTUBOCTEH.
Han3BuyaiftHOIO 0COONMBICTIO TaKOX € T€, L0 L€ €IMHAa PO34YMHHA (hopMa KapOOHY y
BYIJICBOJHEBUX CIIOJIYKaxX, IO JO3BOJISIE BUKOPUCTOBYBATH 1ii Yy PI3HOMaHITHUX
HampsiMkax. [IpoBefeHHS  €KCIEpUMEHTAIbHUX  JOCHIKEHb IO  MOKIUBOCTI
3acTocyBaHHA (ynepeHiB Ta PyJIepeHOBMICHOI CaXkl B SIKOCTI MPOTU3HOCHUX MPHUCAIOK
€ JOCUTh aKTyaJIbHUM HAIIPsIMOM HayKoBOi podoTu [174-175].

BusHaueHHS TPOTU3HOCHUX BIJIACTUBOCTEM OJIMB TPOBOJWIN 32 METOJIUKOIO
BUKJIAJICHOIO Y PO3ALTl 3.

JIns  mokpammaHHsS —eKCIUTyaTalllfHUX  BJIACTUBOCTEH  IAJIMBHO-MACTHIBHUX
MaTepiaiaiB — TEPMOOKUCHOI CTaO1IBHOCTI BYTJIEBO/IHIB, IPOTU3HOCHUX XapaKTEPUCTUK,
3aCTOCOBYIOTh @HTUOKHCHI MPUCATIKUA (PEHOTBLHOTO XapaKTepy — «10HOJD», MPOTU3HOCHI
— «Hatec-580», ane mpu MIABUIIEHUX TEMIIEPAaTypaxX BOHU HIBUJIKO OKHUCHIOIOTHCS.
Tomy, OCHOBHOIO 3aJlau€l0 J1aHOi poOOTH € MPOBEACHHS JOCHIIKEHb MO MOXJIUBOCTI
BIIPOBA/DKCHHS HOBHMX, TMEPCHEKTUBHUX KOMIUIEKCHHX TMPHUCANOK [0 MaJMBHO-
MacCTUJIBHUX MarepiajgiB Ha OCHOBI HAHOPO3MIPHUX BYIJICLIEBUX MarepiaiiB
(pynepeniB), siki OUIBII CTIMKI IO TIPOIIECY OKUCHEHHS Ta JTOCTIKCHHS Mij 1X BIUTHBOM
3MIHU TPOTU3HOCHUX BJIACTUBOCTEH 3MallyBajJbHUX MaTepialiB.

JJist TOCSATHEHHS TOCTABJICHOT METH BUPILTYBAIKMCS HACTYIIHI 3a/1a4l:

*BU3HAUCHHS TPUOOJIOTIYHMX MOKa3HUKIB cuHTeTnyHUX oiuB Mobil Jet Oil Il ta
Mobil Jet Oil 254 nns TypOOpeakTMBHUX aBlallifHMX IBUTYHIB 0€3 Ta 3 BMICTOM

bynepeny Ceo Ha CTaHAAPTU30BaHIN YOTUPHOXKYJILKOBIH MalllMHI TEPTS;



140

*BUBYCHHS JOIIBHOCTI BUKOPUCTAHHS (YyJEPEHOBUX MPHUCAAOK y aBilalliifHUX
CUHTETUYHHUX OJIUBAX.

[IpoTupiuys y BUMOrax A0 SKOCTI MiHEpaJbHUX OJIMB, L0 MOBUHHI MOEIHYBATH
BHUCOKY 3MalllyBajbHy 3/IaTHICTh 13 3aJI0BUIBHUMH B’A3KICTHO-TEMIIEpATypHUMU
XapaKTEepUCTUKAMU JJisi  3a0e3MeueHHs HaAIMHOro 3amycKy JBUTYHA 3a HU3BKUX
TEMIEpaTyp, MPU3BETU 10 HEOOX1THOCTI BUKOPHUCTAHHS JAJISl 3MAlllyBaHHS PEAyKTOPIB
IBUHTA TEJIKONTEPiB Ta TYpOOTBUHTOBUX JBUTYHIB CyMIllll 3 MaJIOB’ SI3KHX
MiHEpaJbHUX Ta BHUCOKOB’SI3KMX OJNMB. [IpruoMy CHiBBIAHOIICHHS BKa3aHUX OJHB Yy
CYMIIIAX € PI3HUM JJI PI3HUX THUIIIB IBUTYHIB.

AJBTEpHATUBOIO BUPIIIEHHS LBOTO MPOTHPIYYS € BUKOPUCTAHHS B JABUTYHI Ta
penykropHiii cuctemi remikontepiB H-145 Airbus Helicopters cuHTeTHYHOI OIMBH
Mobil Jet Oil 254,

[IpoTHU3HOCHI BIACTUBOCTI JOCHIPKYBald Ha YOTUPHOXKYJIHKOBIM MalllMHI TepPTA
BimmoBimHo 10 ASTM D2783 3a mapamerpamm miamerp twisMu 3Hocy (d) Ta
KputudHOro HaBaHTaxeHHs (Pg). OcTaHHIN IMOKa3HWK XapaKTepH3y€ MaKCHMaJbHY
BEJIMUMHY HABAHTAXKEHHS, 3@ SKOTO II€ HE BUHUKAE METAJIEBOTO0 KOHTAKTy (3aJMpiB)
IIPU TEPTi CTAaHAAPTU30BAHUX METAIEBHUX KYJbOK.

Cytb Merojga mMoOJsrae y BHU3HAUEHHI NPOTHM3HOCHUX Ta MPOTU3aJAUPHUX
XapaKTepUCTUK OJMB TiJ dYac TEpPTsS KyJIbKOBUX MiAMIMIHUKIB Yy 3MallyBaJbHHUX
CepeOBUILAX.

[Ipyn BH3HAUYEHHI MOKAa3HMKA IpaHUYHOrO 3HOCY (d) TpuBamicTh BUIPOOYBAaHHS
BiJl MOMEHTY BMHUKaHHS JO MOMEHTY BHUMHKaHHS IBUTYHa cTtaHoBHTH 60 + 0.5 xB, 3a
cranaapTHoro HaBaHTtaxxkeHHs 20 krc (196 H) ta kimuaTHO1 Temniepatypu. B3arani, ms
KOKHOTO 3MAallyBaJbHOTO MaTepialy BKa3yIOThCS yMOBH BHUIPOOOBYBaHHS B
HOPMATUBHO-TEXHIUHIA JOKyMeHTauli. B nmaHomy Bumanky BHOpaHi OJHAaKOBI YMOBH
BUNPOOOBYBAHHS JIII MIHEPAJbHOT 1 CHHTETUYHOT OJIUB JJIsL 3PYYHOCTI TOPIBHSIHHS iX
BJIACTUBOCTEM.

3a moka3zHuk 3HOCy (d) y wMugiMeTpax NpUMalOTh cepeaHe apupMETHUIHE
3HAYEHHA A1aMETPIB IJISIM 3HOCY HUKHIX KYJIbOK JIBOX MapayelbHUX BUIPOOYBaHb MPU

CTalioMy HaBaHTA)KCHHI.
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3amMipu [1aMeTpiB IUIIMUA 3HOCY MPOBOASTHCS MiJ MIKPOCKOIIOM Y JIBOX B3a€EMHO

HEPICHIUKYIIPHUX HapsIMKaXx 3 To4HicTio 10 0.01 MM (puc. 4.16).

Abraso

Puc. 4.16. By3on Tepts

Meta poGoTu moisraza y BHBUEHHI MOXJIMBOCTEH BHUKOPHUCTaHHS Ta
BIIPOBA/DKCHHSI HOBUX, TMEPCIEKTHUBHUX KOMIUIEKCHUX TPHUCAJAOK 0 TaJIUBHO-
MaCTWJIBHUX MarepiajgiB ski OyayTh MpairoBaid OUIbII TPUBAIUN TEPMiH, HIK
TpaJMILIIHI TPUCATKH.

3aNexkHICTh JllaMeTpa TUISIMU 3HOCY BiJ KOHIIEHTpallii ¢yJIepeHOBOI MPUCAIKH B
minepanpHii MK-8m Tta cuateTruniii Mobil Jet Oil 254 agiamiitaux onmBax HaBelneHa
Ha puc. 4.17.

Sk mokazanu pe3yabTaTu AOCTIHKEeHb, 1110 3POCTAHHS KOHIIEHTpaIlii ¢yiepeHoBO1
NpHUCagKd B OJIMBaX HE 3HAYHO BIUIMBA€ HA BEJIWYMHY 3HOCY, XOYa TEHICHIIIS
3MEHIIICHHS IlaMeTpa IJISIMU 3HOCY criocTepiraetbes. CiniJl TaKOXK BIAMITHTH, 10 O1TBIIT
IHTEHCHUBHO 3MEHIICHHS 3HOCY CIOCTEPIra€ThCcsli B MIHEpaJbHIA OJNMBI, HIK Y
cuntetnuHil. I[lpupoga Ttakoi nii (yIepeHOBMICHUX MPUCATOK TOKM HE 30BCIM

3’sICOBaHA.
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Puc. 4.17. 3anexxHiCTh NOKa3HHUKA 3HOCY Bij BMICTY QynepeHy Cgo B 0JIMBaxX

Kputnunum HaBanTakeHHSM (Py, Krc) BBakalOTh HABaHTAKEHHS, MPU SIKOMY
CepelHi JilaMeTp IUIAM 3HOCY HWIKHIX KYJIbOK 3HAXOIUTHCA Yy MEXaxX 3HayeHb
BEIIMYMHU TPAHUYHOTO 3HOCY IS JAHOTO HABAaHTAKCHHS, 10 HABOJIUTHCA y TaOIHUIl
ASTM D2783, 30ibllIeHHsI IKOTO Ha BEJIMYWHY HACTYIMHOTO HABAHTAXECHHS 3a PSIIOM
HaBaHTAXXEHb BUKJIMKAE 30UIBIICHHS CEPEHbOrO JlaMeTpa IUIsIM 3HOCY Ha BEIUYUHY,
mmouazg 0,1 M.

3a pe3yabTaT BUNPOOYBaHHS MPUHAMAIOTh MEHINY BEIHYMHY KPUTHYHOTO
HaBaHTAXXCHHS 3 JIBOX OTPUMaHMX Beln4uH (Ta0u. 4.3 ta 1a0.4.4).

Kputrune HaBaHTa)XEHHS XapaKTEpPU3yE TMOYATOK PYHHYBaHHS 3MalllyBajibHOI
IUTIBKA Ta TIepexiJy BiJI HOPMAJbHOIO BHUAY TEpPTS JO aHOMAJBHOIO, SKE

XapaKTEPU3Y€ETHCS BEJTMKUMU 3HOCAMU JIETAIIEH.
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Tadomuis 4.3

Bu3zHaueHHsI KpUTHYHOTO HaBaHTaxkeHHsl (Py) nus o MK-8

Haganraxe Haanta Cepenlii maverp Kputnune
IJISIM 3HOCY
HHS, YKCHHS, : HAaBaHTAXE
HWKHIX KYJIbOK,
KI'C H HHS, KI'C
MM
20 196 0.38 -
40 392 0.46 -
60 588 0.49 -
80 784 0.53 -
100 980 0.57 -
120 1176 0.61 -
160 1568 0.65 -
200 1960 0.82 (Px) 200

Tabmuus 4.4

BusnaueHnsi KpuTu4HOro HaBanTa:xenHs (P«) nas omuu Mobil Jet Oil 254

CepenHiii niametp Kpuriuse
Hagantaxenns, TUISIM 3HOCY
HaBanrtaxxenns, H i HABAHTaXe
KI'C HWKHIX KYJIbOK, S
MM
20 196 0.36 -
40 392 0.41 -
60 588 0.45 -
80 784 0.51 -
100 980 0.54 -
120 1176 0.59 -
160 1568 0.61 -
200 1960 0.65 -
240 2352 0.68 -
280 2744 0.71 -
320 3136 0.89 Py (320)
360 3528 0.96 +

[3 BuIIEeBHKIAaAEHUX TaOMUIL BUAHO, IO KPUTHYHE HABAHTAKCHHSA MJIA
miHepanbHoi onuBU MK-8 3a ogHakoBuX yMOB BunpoOyBaHHs ctaHOBUTH 1960 H, Toxi

K JU1s1 cCMHTeTHYHO1 oJiuBH Mobil Jet Oil 254 kpuTriHe HaBaHTaXKEHHSI CTaHOBUTH 3136
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H. Ile MoXHa MOSICHUTH THUM, IO CUHTETUYHA OJMBAa MICTUTh MAKET MPHUCAIOK, SIKi
3HAYHO MOKPAIIYIOTh il MPOTHU3HOCHI BJIACTUBOCTI, TOJII SIK MiHEpaJbHA OJIMBA MICTUTh
JIMIIIE OJTHY aHTUOKUCHY MIPHUCAJIKY.

3aNexHICTh KPUTUYHOTO HABAHTAXEHHS Bil BMICTY (yJIepeHOBOI MPHUCAIKH B

oJIUBaxX HaBeJieHa Ha puc.4.18.
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Puc.4.18. 3anexHiCTh KPUTUYHOTO HABAaHTAXKEHHSA BiJl BMICTYy (yJiepeHy B

OJIMBax

Sk mokazanu pe3yabTaTu AOCTIHKEeHb, 1110 3pOCTaHHS KOHIIEHTpaIlii ¢yiepeHoBO1
NPUCAJKU B OJMBAX 3MIIIyE KPUTUYHE HABAaHTAaXXEHHS B 0OJAcTh OUIbII BUCOKUX
3HA4Y€Hb, AK JJII MiHEpaIbHOI, TaK 1 JJIsI CHHTETUYHOI oJiuBU. CIiJ TaKOX BIIMITHUTH,
[0 1HTEHCUBHICTH IIHOTO 3POCTAHHS B MIHEpPAJIbHIN OJIMBI CIIOCTEPITAETHCS B OUTBITIT
MIpi, HI)K Y CHHTETUYHIH OJIMBI, MOXJIMBO 33 PAXyHOK JIii MAKEeTy MPUCAIOK.

3a CyKyITHICTIO OTPUMaHUX PE3yJIbTaTiB MOKHA MEpea0auyuTH Ta CIIPOTHO3YBATH
MEeXaHI3M aHTU(QPUKIINHOI 1 MPOTH3HOCHOI dii (yJepeHiB HACTyMHUM YHUHOM. Y
npoieci  TpuOomoJiiMepu3alii MIHEpalIbHOI OJMBM HA TEPTHOBUX TMOBEPXHAX
YTBOPIOETHCSI TOKPUTTS Y BUIJISIII TTPOCTOPOBOI TPUOOTOIIMEPHOI CITKH, 3BSI3aHOI 3
NIIKJIAKOI0 XIMIYHUMHM 3B'si3kaMu. Lle mOKpUTTs 3axuiiae MOBEPXHI, IO TPYThCS BiJ

0e3rnocepeTHbOr0 KOHTAKTy, 1 B TOM e 4Yac, Oyay4d MPOCTOPOBOIO IOJIMEPHOIO
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CITKOIO, YyTPUMY€ MIHEpPATbHY OJMBY, 3a0€3MEUyl0ud TAaKHMM YUHOM 1 MaJO3HOCHHM
peXUM TepTsa, 1 Manuid kKoediuieHT TepTa. Lle mporec Moxke BimOyBaTHCsS 1 0e3
npucyTtHocTi Cgo. Omnak 0e3 dynepeny mis GopMyBaHHS TPUOOMETAIONOIIMEPHOTO
MOKPUTTS MOTPiOHI, MabyTh, Oinble Yacy 1 Ounbin crenudiydi ymoBu. [IpucyTHicTh
dbynepeHy 3aBIsSKH HOTO BEIUKIN peakIiiHIN CIPOMOXKHOCTI Pi3KO MPHUCKOPIOE MPOIIeC
TpibomomimMepizallii 1 MPU3BOAUTDH O YTBOPEHHS TPUOOMOIIMEPHOI CITKH, Y By3JaX sIKO1
3HAXOAAThCS NepeBaKHO Mosiekysu Ceo. Lle mpUHIIMIIOBO 3MIHIOE KApTUHY TEPTS, TaK
K Tp10OMONIMEpHE 3aXUCHE MOKPUTTS B IbOMY BUIIAJKy PEai3yeThCs 3HAUHO IIBUIIIE
1 MAaJo3HOCHMM 1 aHTU(PUKLIAHUN PEXKUM TEPTS BCTUTAE peai3yBaTHCS /10
pyiiHYBaHHSI 3aXMCHO1 TUTIBKM. HapemnTi, sKimo B mporeci TepTs TpuOomoiMipHe
MOKPUTTS NOPYIIY€EThCS (HAIPUKIAA, MiJ Al€0 30UTbIICHHS HABAHTAKEHHSA) 1 BUHUKAE
Oe3rmocepe/IHii KOHTAaKT TEPTbOBUX TUI, Mpollec TpubOomomiMepizaiil 301IbIIYEThCS 1
Tp10OILTiBKA BITHOBITIOETHCSI.

ToMy TpHOOKOHTaKT € JOCHUTH MOTYXKHHM PEAKTOPOM I PIi3HOTO POAY
CTPYKTYpPHUX MEPETBOPEHBb 1 MOKHA OYIKYBAaTH MOSBH B 30HI TEPTS TUX MOAUQIKAIIIM
dbynepeHy, Kl BOJIOAIIOTh MiJABUIIEHOIO TBEPJICTIO 1 MOXKYTh BU3HA4YaTH BJIIACTUBOCTI
MOBEPXHEBUX ILJIIBOK, III0 YTBOPIOIOTHCS B MPOLECT TPUOO3HOCY.

[Toka3aHo, MO0 NPOTH3HOCHI BIACTHBOCTI — jiameTp mmiasMu 3Hocy (d),
BU3HAYCHUH Ha YOTHPBOXKYJIBKOBIM MamuHi TepTs, cunternynoi Mobil Jet Oil 254
OJIUBH [ TypOOpEaKTHUBHUX aBlalliiHUX JBUTYHIB TEpeBUINYIOTh moHan 10 %
MiHepaibHy osiuBy MK-8m, 110 MOSCHIOETHCS SKICTIO Ta HAsBHICTIO B CHHTETUYHIN
OJIMBI TAKETy KOMITJICKCHUX MPHUCAIOK.

Sx mokazanum  pe3ynbTaTH  JOCHIIKeHb, 10 30UIbIIEHHS KOHIICHTpAIlii
dbynepeHoBoi MpHUCAAKK B OJWBaX HE 3HAYHO BIUIMBA€ HAa BEIMYMHY 3HOCY, XO4a
TEHJICHIIsI 3SMEHIIICHHS llaMeTpa TISIMU 3HOCY criocTepiraerbesi. Ciniji TaKOXK BiIMITHUTH,
110 OLIbII IHTEHCUBHO 3MEHILIEHHS 3HOCY CIOCTEPIraeThesi B MiHEpaJIbHIN OMBI, HIXK Y
CUHTETUYHIN.

BcranoBieno, 1o 3pocTaHHs KOHLEHTpauii (yJIepeHoBOI MPHUCAIKH B OJUBaX
3MIIy€e KPUTUYHE HaBaHTaXEHHS B 00JacTh OUIBII BUCOKUX 3HAYEHb SK IS

MiHCpaHLHOT, Tak 1 JJIs1 CHUHTECTUYHOI OJMBU. IHTEHCHUBHICTH ObOTO 3pPOCTAHHA B
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MiHEpaJbHIA OJNMBI CHOCTEPIraeThCsi B OUIBIIM Mipl, HK Yy CHHTETHYHIA OJMBI,
MOKJIMBO 32 PaXyHOK il MaKkeTy MPHCaJIOK.
HaykoBuii mporpec B IIbOMy HampsMKy BH3HAYa€TbCA B OCHOBHOMY

CKCIICPUMCHTAJIbHUMUA I[OCJIiI[)KeHHHMI/I, IMPOBCACHHA AKHNX € TOCHUTH aKTYaJIbHUMMH.

BucHoBkmu 10 po3aiay 4

3a pe3ynapTaTaMH MPOBEACHUX JOCHTIKEHh BCTAHOBJICHO, 110 3a0pyTHEHHS OJIMB
MEXaHIYHUMH JIOMIIIKAMH, MPOJAYKTaAMH 3HOCY Ta BOJOKO BIIOYBAETHCS Y MpoIECi iX
eKCIUTyaTallli y By3/Jax 3MallyBaHHs TeliKonTepiB. BMIiCT MacoBOi 4acTKU BOJIU Y
MinepaibHii onuBi MK-8n min yac HampaitoBanHs miasuiryetscs a0 0,0044 % wmac.
micist 300 rogun HampaiioBanss, a cuatetrnanol oauBu Mobil Jet Oil mo 0,0024 % mac.
3a 1€ 1 e TepMIH ii poOOTH B CUCTEMI 3MAllyBaHHs I€JIiKONTEpa.

[TokazaHo, 110 BMICT MacoBOi YacCTKW PO3YMHEHOI BOJM B MIHEpaJIbHIM OJIMBI
Maif’ke y JIB14l EPEBUIIY€ BMICT MAaCOBOT YaCTKHU BOJU Y CUHTETHYHIH. [{e 00BOIHEHHS
MOB’sI3aHE 13 HACMYEHHSM Ta MOTJIMHAHHSAM BOJIOTH 3 atMocdepu, HasiBHOCTI B MK-8n
MOJISPHUX BYTJIEBOIHIB Ta OUTBIIO TYCTUHOIO CHHTETUYHOI OJTHBH.

BcTranoBneHo, 110 BMICT MacoBOi YaCTKM MEXaHIYHHMX JOMIIIOK MiHEpaJbHOI
onmuBu MK-8m mig wac HampamroBanHs miaBuinyerbes a0 0,00056 % micas 300 rox
HAJILOTY TenikonTepa, a cunteTnyHoi onuBu Mobil Jet Oil 254 o 0,00036 %, T00TO
noHazn 1,5 pasu.

BcTranoBneHo, mo kiHemMaTtnyHa B’s13KicTh oimBd MK-811 1mix wac HampalroBaHHS
3a temnepatypu 40 °C 3pocrae 3 16 cCtr go 25.6 cCr micis 300 roa HalboTy
rejiikonTepa, T00To Ha 60 %, a cunretrmuHoi omuBu Mobil Jet Oil 254 3a paxynHok
noJIiMepur3aIlii 3a BUCOKUX TEMIIepaTyp y MPUCYTHOCTI KUCHIO - 3 26.4 cCt mo 33.2
cCt, T006TO Ha 26 %. SIKII0 MOPIBHIOBATH JIBl OJIUBH, TO B’SI3KICTh MIHEPAJIBHOI OJIMBU
NOPIBHAHO 13 CUHTETUYHOIO 30unblmmiaca y 2,3 pasu. KinemaTtuuHa B’S3KICTh OJIUBU
MK-8n mig yac HanpairoBadHs 3a Temnepatypu -40 °C 3poctae 3 6500 cCt mo 10800

cCrt micig 300 roa HaIBOTY TefiKonTepa, T00To Ha 61,5 %, a cuaTeTnuHOoi o Mobil



147

Jet Oil 254 - 3 11500 cCr. mo 13800 cCrt., T06TO Ha 20 %, TOOTO B’SA3KICTH MiHEPATBHOT
OJIUBU TIOPIBHAHO 13 CHHTETHYHOI 30uIbIuiaca y 3 pa3u. Kimemaruuna B’S3KICTh
omuBu MK-8m min wac HampairoBanHs 3a temmepatypu 100 °C 3poctae 3 2,6 cCt mo
4,38 c¢Ct micns 300 rox HaTBOTY reiikonTepa, TO0TO Ha 68 %, a CHHTETUYHOI OJMBU
Mobil Jet Oil 254 - 3 5,3 ¢Crt g0 6,64 cCrt, mo cranoButh 25,2 %, TOOTO B’A3KICTH
MiHEpaJIbHOI OJIMBH MOPIBHSIHO 13 CHHTETUYHOIO 301IbIIKIacs y 2,7 pasu.

[lokazano, mio 3aranbHe JykHe uucino (3JIY) omuBu MK-8-m mig wac
HanpatoBadss micas 300 roaun HamboTy 3HMXKYeThes 3 0,04 mr KOH/r mo 0,022 mr
KOH/r., To6t0 Ha 45 %, a cuateTrunoi oiuu Mobil Jet Oil 254 3amxkyeTnes 3 0,08 Mr
KOH/r no 0,072 mr KOH/r, mo cranoButs 10 %, T06TO 3JIU MiHEpanbHOI OJUBH
MOPIBHSIHO 13 CHHTETUYHOIO 3MEHIIIOoC y 4,5 pasu.

BcranosnieHo, mo teMrepatypa cnanaxy MiHepainbHoi oinuBu MK-8m mim dyac
HampaiftoBadHs 3HUKyeTbes 13 140 °C no 121 °C micns 300 roa HanbOTY TeiKONTEpa,
to0TO Ha 14 %, a cunretmuynoi oxmBu Mobil Jet Oil - 3 254 °C nmo 243 °C, mo
CTaHOBUTH 9,6 %, TOOTO Temmeparypa crajaxy MiHepaJlbHOT OJIMBU 3MEHIITY€EThCS Y
1,5 pa3u HI’K CUHTETUYHOI.

BusznaueHno, 1mo Temmneparypa 3acTUraHHs MiHepaibHoi onmuBu MK-8m mijg yac
HaIparroBadas maBUILyeThes 3 - 55 °C no -38 °C micns 300 rox HaMBOTY TeTiKONTEPA,
to0TO Ha 31 %, a cunrernuynoi onmuBu Mobil Jet Oil 3 -62 °C nmo -56,6 °C, To0TO Ha
8,8 %, 1110 cTaHOBUTH MOHA 3,5 pasu.

BcranoBneHno, 1mo ryctuHa miHepanbHoi oiuBu MK-8m mij yac HampaitoBaHHS
miaBUITY€eThbes 3 852 kr/m? 1o 879 kr/m? micns 300 roa HambOTY TeiKonTepa, TOOTO Ha
3.4 %, a cuaretnunoi oiusHu 3 1004,4 xr/m® mo 1009,1 xr/m3, To6To Ha 0,5 %, TOOTO
PI3HULIS MK IBOMA OJIMBAMU I11a IIUM MOKA3HUKOM CKJajae Maixe y 7 pasis.

[TokazaHo, 10 KOJIIp OJMB ITiJI Yac HAIPAIFOBaHHS HAOyBa€ O1IbII IHTEHCHBHOTO
3abapBieHHsi. B minepanpHili ommBi MK-8m komip 3miHIOETBCS Bif >kKOBTOTO (2,5
OJIMHUIIL) 10 KOpUYHEBOro (5 oauHuIb), a B cuHTeTnyHii onmBi Mobil Jet Oil 254 Bin
CBITII0-KOBTOTO (0,5 OAMHUITE) 10 CBITIO-KOPUIHEBOTO (3,0 OUHUIIB).

BcranoBneno, mo mpoTu3HOcHI BiactuBocTi cuHTetnunoi Mobil Jet Oil 254

OJIMBU nepeBUIlytoTh nmoHaj 10 % minepanbHy onuBy MK-811, 110 MOSCHIOETHCS SIKICTIO
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Ta HAsBHICTIO B CHHTETHYHIM OJIUBI MAaKeTy KOMIUIEKCHUX MpHUCAaNOK. SK TMokKa3aiu
pe3yJIbTaTH JAOCHIIKEHb, IO 30UIBIICHHS KOHIEHTpalii ¢ylepeHOBOI MNpHCAIKU B
OJIMBaxX HE 3HAYHO BIUIMBA€E HAa BEJIMYMHY 3HOCY, XO0ua TEHJCHIIISl 3MEHIICHHS JiaMeTpa

IUISIMH 3HOCY CIIOCTEPITa€ThCS.



149

PO3JILT 5

BUITAPOBYBAHHSA HAJIMBHO-MACTHUJIBHUX MATEPIAJIIB

5.1. Ouinka BTpaT HAQTONPOAYKTIB Bil BUIIAPOBYBAHHS

[TinBumieHHss €pEeKTUBHOCTI BHUKOPUCTAHHS MaJMBHO-MACTUIBHUX MaTepiajiB
Ha CHOTOJHI € OJHUM 13 HaWpeaJbHIIIMX HaIlpsSMIB BUPIIMICHHS C€HEPreTUYHUX 1
CKOJIOTTYHUX Mpoobiem [176].

Ha cporogni B Ykpaini BIACYTHI OyAb-SIKi CTaHIAPTH, SIKI pErNIAaMEHTYBaJIU O
BU3HAYCHHS TaKOro TIOKa3HMKA SKOCTI MajJWBHO-MACTHJIBHMX MaTepialiB, sK iXx
BUMAPOBYBAHICTh, 110 BIJIMBA€ HE JIMIIE Ha EKCIUTyaTalliiHi BJIACTHUBOCTI (BTpaTy
HaQTOMPOYKTY, TMOXKEKOBUOYXOOE3MEUHICTh, JIOJIMBAaHHS OJMB Yy  MpOIEC]

eKCIUTyaTallii B CUCTEMaX 3MalllyBaHHs Ta 1H.), a i €KOJIOT1YH1 BIaCTUBOCTI.

Ha Bigminy Bij 0JIMB BUIIAPOBYBAHICTh IMAJIUB MOYKHA OMOCEPEIKOBAHO OIIHUTH
TaKUMHU TIOKa3HUKAaMHU SAKOCTI SIK (PpakmiMHUN CKJIaJl, TUCK HACHYEHOI MNapu AJis
OCH3MHIB, TeMIlepaTypa crHajaxy y 3akpuTomy THUriai. OCTaHHIM 13 [UX TMOKa3HHUKIB
SAKOCTI TaKOX OMOCEPEAKOBAHO MOKJIUBO OI[IHUTH BUIAPOBYBAHHS OJIUB Yy MPOIIEC]
eKCIUTyaTarlii, ajge BIH OUIbII XapaKTepHu3ye IX TMOKEK00E3MEUHICTh B CHCTEMI

3MalllyBaHHS, HIXK BTPaTH BiJl BUTIAPOBYBAHHS.

CBiTOBI CTaTHCTM4YHI JaHl BKa3ylOTh Ha Te€, IO 3arajbHl BTpaTH
HaTOMPOAYKTIB BiJl BHUIAPOBYBaHHS KojuBatoThcss B wmexax 1,1-1,7 % Big

3arajbHOTO 00’ €My MepepoOIeHOT CHPOBUHU.

3HAYHOI0 YaCTHUHOKO ITMX BTPAT € BTPATH BiJl BUITAPOBYBAHHS IPH MPOBEIACHHI
PI3HHX TEXHOJOTIYHUX  Olepariii, a caMme: TpPaHCIOPTYBaHHI; 30epiraHHi;
nepeKayyBaHHI; 3acTOCyBaHHI Touo. Emicida HadTOnmpoayKTiB, HampuKiIad, MiJ 4ac
30epiraHHs Ta TPAaHCIOPTYBaHHS, 3a3BUYail CTAaHOBUTH BiA 1 % 1m0 6 % Bix 3araibHUX
AHTPOIIOTCHHUX JUKEpeNl 3a JaHUMH 3apyODKHHUX JOCIHIIKEHb aBTO3AMpaBHI CTAHIIIT
(A3C) HimeuurHM mopiyHO BUKUAAIOTHh 145 Tuc. T napu ByrieBoaHiB; A3C AHrmii —

nonay 120 tuc. T [176].
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@paHIy3bKi €KCIEPTH OLIHIOIOTh BTPATH BiJ BUIAPOBYBAHHS MpPU 3allOBHEHHI
pe3epByapiB A3C Ta 30epiranHi aBTOMOOUTRHUX OeH3uHIB y po3mipi 0,18 % Bin
oOcsry omeparii. Himenpki excrieptu omiHio0Th i BTpatd B 0,17 %. fAnonceki x
JOCTITHUKN BCTAaHOBWJIM, IO OCKUIBKH B yMOBax SAmnoHii Temneparypa B MiI3eMHOMY
pe3epByapi NpOTIroM POKY CHJIIBHO HE 3MIHIOETHCS, a caMe BapitoeThes Bia 15 mo 25
°C, TO BTpaTH BiIBUIIAPOBYBaHHS CKIaaroTh 1,08 kr/M3, GeH3MHY, 11103aKauy€ThCA.

Taki BUKMAM TPU3BOJATH JO ICTOTHOrO 3a0pyJHEHHS HABKOJHUIIHBOTO
CepeIOBHINA, a TAKOXK CTBOPIOIOTH MOXKEXKOHEOe3MeuHy curyallito. Buxia 3 curyariii,
o0 CKjajgacs TMoTpeOdye BOPOBAKEHHS HOBITHIX HAYKOBUX JOCSTHEHb 1
BJIOCKOHAJICHHSI CIIOCO01B yJIOBIIOBaHHS MapiB HA(TOMPOYKTIB.

TakuM 4MHOM, B KOHTEKCTI TJI0OAJIbHOI MPOOJEMU BUCHAKEHHS €HEPreTUYHHUX
pecypciB 1 OB’ A3aHOI 3 LIUM J€Tpajallii HaBKOJUIIHBOIO CEPEIOBUINA, aKTyalIbHICTh
JaHO1 MPOOJIEeMH HE BUKIIMKAE CYMHIBIB Ta TUIBKHU MIJATBEPKYE, 1110 3MEHILIEHHS BTPAT
Ha(TONPOIYKTIB BiJI BUIIAPOBYBAHHS 3AJMINAETHCS BAXKIMBOI EKOJIOTIYHOKI Ta
CKOHOMIYHOIO mpoodsiemoro [176].

Brpatn naivBHO-MAaCTWIBHUX MaTepiaiiB BlJ BUIApPOBYBAHHS B YMOBaXx iX
30epiraHHsi 0OyMOBIIIOIOTHCSI BJIACTUBICTIO Ha(TONPOAYKTIB BUMapoByBaTucs. [lpu
IbOMY OCHOBHHUM JIKE€PEJIOM BTpaT BiJ BHMIIAPOBYBAHHSA € «IUXaJbHA» apMmarypa
pe3epByapiB, a B TENIKONTEpax CamyHH, TOOTO UXalbHI KJIamaHW MaJuBHUX Ta
OJIMBHMX CHCTeM. BumapoByBaHHS Ha(TONPOMYKTIB il Yac iX 30epiraHHs Ta
3aCTOCYBaHHS CTAHOBIISITh OCHOBHY YacCTKy BTparT.

Hopma Btpatu 0,3 % 118 HapTONPOAYKTIB BBAXKAEThCS CTaHAAPTHUM
3HAYEHHSAM ITiJ1 4ac BUIapoByBaHHs [176].

Ockuibky, Taki HAQTOMPOAYKTH SIK aBTOMOOLIbHI OEH3MHUM MAalOTh HU3BKI
TEMIEpaTypyd TMOYaTKy KUIIHHA Ha HHUX HalJerme BiANpallOBaTH METOIUKU
BU3HAYCHHS BTPAT BYIJICBOJIHIB BIJ BUIIAPOBYBaHHS, MO0 TOTIM TEPEHECTH IIi
JOCITIJIKEHHSI HA BUIIAPOBYBAHICTh OJIUB.

3HauHa KUIBKICTh HAyKoOBUX mpamb mnpodecopa boituenka C. B. Ta
XIMMOTOJIOT1YHOT HAYKOBOI IIKOJM IMiJl MOro KEepIBHUUTBOM IPHUCBSIYEHA aHATI3y Ta

OOTpyHTYBaHHIO METOJIB Ta METOAWK OIlIHKK BTpaT HaQTOMPOIYKTIB Bij
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BUTIapOBYBaHHS [176].

[linBUIlIEHHS €BPOINEUCHKUX BUMOT JI0 SIKOCTI MAJIMBHO-MACTWJILHUX MaTepiajiB
1] Yac BUKOPUCTAHHS Ta 0 HOPM BHKHUJIB Mapu (emicii ByriIeBOAHIB) B aTMOchepy
CIOPUYMHUIIM aKTyalIbHICTh HAYKOBO-TIPUKJIAJAHOTO 3aBAaHHA MiHIMI3alii BTpaT
HaQTOMPOAYKTIB BiJl BUNApPOBYBaHHsA. Jlmsg JgociimkeHHs TMpoOiieMH  emicii
BYTJICBOJIHIB 13 MAJMBHUX Ta OJIMBHUX OakiB, BUSBICHHS Ta BHUBUCHHS BIUIMBY
CYKYITHOCTI TpHYMH, (AKTOPIB, JKepesd, iX HacaiAKiB OyJI0 BHKOPUCTAHO METOJ
IcikaBu, 1110 XapaKTepU3y€e MPUIHMHHO-HACIIAKOBI 3B’ 3KH IHOTO Tiporiecy [176-177].

Anroput™M 10OYyJOBH NPUYMHHO-HACIIJKOBOI JlarpamMH 3B’43KIB Iependayae
dbopmymoBaHHs mpobsiemu I 11 Bupimenas. Ha puc. 5.1 npeacraBieHo oTpUMaHy

HaMU CYKYIHICTh YMHHHKIB BIUIMBY Ha MpPOILEC €MiCli BYIJIEBOAHIB 13 pe3epByapiB Ta

Oakie [176].

O6aik pTpaT Oprauizauiiino-rexuiani Xiviunuid cxaan KmiMaTuuni yMoBH

HadTonponykTis 3ax011 HaTONPOYKTY \
| \ 14 3 \
\\ Wenkicts 3acobu 3anobiranns \ \\ .Cm:'reMa
\ BHKAYYBAHHS — ¥ BTpaTam \ 3pocranun \  BITpO3axXuCTY
\ na‘uea \q __ Hamosmenicts B SI3KOCTI \
\ JodoBe 3a010BHEHHS peepByapy \ ‘ ObBamuenna \ * MsugkicTs BiTpy

\  9H BUBIIbHEHHE ——n . . & A dpaguiiinore \

\ eenBYa \ BumiproaHHsi piBHs cxnn

\ y ; _ \ 1Ay

\ pesep N Py . HaIHBa \ 3 J) \\« Mepenan Tuexy
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\\ TepcoHan pesepeyapy \ \ﬁ -~ Ounanu
\ Tipodecionanizm 3Gipiananiz \ TIAB \ .
\ - —x \ 000Bi KOJMBAHHA
| daxisuis . \, nopvatiminy, | | Tuck HACINeHNX | . A S—
\ bl \# 4 9 3
\ Bi PRoHatiennd T IJIAHOBUX \ napie
\ l,[l[luBLﬂﬂ.l]b.HHX i akTnunnx gamnx HAdTONPOAYKTIB \\
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—_ KJIanaHom / /
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AauekiB piadnBavip  /
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b PesepByapn 3 maBatoummn -/ Ox0101KEHHS ‘
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/ / / .
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‘KDHCTP)’KuiﬁHi ocobanuBoCTI ‘ ‘OﬁOpOTHiCTb pe3epryapy H TemnepaTypHuii pesxHmM pesepeyapy ‘

Puc. 5.1. [IpyurHHO-HACTIAKOBA AlarpamMa emicii ByTrJIeBOJHIB 13 pe3epByapiB Ta OakiB
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Jletanizaiisi IpUYMHHO-HACIIIKOBOI AlarpamMu 3B S3KIB JI03BOJIUJIA BCTAHOBHUTHU
HaWOLIBII Baromi 1 mpoOIeMHI YMHHUKH, (DAKTOPH, JHKEpeia, 1110 BIUTMBAIOTh Ha MIPOIIEC
eMicii BYIJIEBOJHIB 13 0akiB, BUSBUTH HETaTHBHI HACIIAKH BTpaT HaQTOMPOAYKTIB Ta
CIPOTHO3YBaTH METOJM Ta 3aco0M MiHIMI3alli 331 MONEPEHKCHHST BUIIAPOBYBAaHHS
BYTJICBOIHIB [176].

OCHOBHUMMH HAacCJIJIKaMH, BUSIBJICHUMH HaMH 3a METOJOM ICiKaBU € HaCIIiIKH
C€KOHOMIYHOTO, €KOJIOTIYHOTO Ta TEXHOJIOTIYHOTO XapakTepy, Imo OyJio Hamu
3TPYMOBAaHO, CTPYKTYPOBaHO Ta TpadidHO BIiZOOpPaXEHO METOJIOM CHCTEMHOTO

aHaizy (puc. 5.2).

JloGoBi KoTHBAHHA
TeMIIEpaTypH

i

TeMIepaTypHHIT PesKHM
pesepByapy

'

CTyIIiHE HaNOBHEHHA
PE3CpPEyapy

!}

XiMiyHU#E cK1aj] GeH3UHY

'

OGopoTHICTE pesepeyapy

L
* BeHTHIISALIA Ira30BOro
Mauti guxaHHA (IIpH Besuki gAHxaHHA (MTpH npocTopy (IpH 36epiraHHi,
3bepiranHi) BiJiBaHTa’KeHHI Ta IPHAMaHHi) BiflBAaHTa’KeHHI Ta
npHiiMaHHi)

1 1
‘ BTpaTH Bijf BUIIapOBYBaHHA ‘

!}

rExﬂH OMi‘{HiA{ Hacmifke BTpaT Bijj BUIIApOBYBAHHA }*Tcxuo.’mriquij

I
Exosnoriumi

Kishwies 1. 3a6py/iHeHHA JOBKLLIA.

: = . s Excruryararfiiisi

BTpaTa IiHHO 2. TlocHJIeHHS TAPHHKOBOTO eQeKTy. yaTarifHi

BVTTEBOMEEROl 3. VTBOpeHH: 030HY. Ta TeXHOJOTI4YH1
T s 4. VrBopeHHs GOTOXIMIYHOTO CMOTY. BTpaTH

CHPOBHHH
5. TokcHYHe YpasKeHHs JIIOIHHH

Puc. 5. 2. CuctemHuit aHami3 IpUYXH 1 HACTIIKIB BTPAT NAIMBHO-MACTUIBHUX

MaTepialiB

Btpatu Bijg BumapoByBaHHS NPU3BOAATH 10 TOTIPIICHHS EKCIUTyaTaIlliHUX
BJIACTUBOCTEM Ha(TONPOAYKTIB, CTBOPEHHS MOXKEKOBUOYXOHEOE3MEeUYHUX
KOHIIGHTpaIlii, eKOHOMIYHUX 30uTKIB. HadTomepepoOHa mpoMHUCIOBICTh 3a0e3meuye

noTpedu pI3HUX Tally3eld €KOHOMIKU. 3a0pyJHEHHS HaBKOJUIIHHOTO CEPEAOBHINA €
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NPUYMHOIO BUHUKHEHHS JBOX BHJIB MAaTepiaIbHUX BUTpAT: Ha 3amoOiraHHs BIUIUBY
3a0pyHEHOTO CepeIOBUIIA HA 370pOB’S JIFOJWHH 1 Ha JTIKBIAAIII0 TAKOTO BILIUBY.
Emicis eTkux BYTJIEBOJAHIB YMHWUTH 3HAYHHWM BIUIMB Ha SIKICTh MOBKULIA. He
MEHIII aKTyaJbHOIO MPOOJIEMOI0 Ha ChOTOAHI € 3a0pyaHEHHS aTMOC(epHOro MOBITPs
TOKCUYHUMHU PEUYOBMHAMHU BHACIIZOK BHUMApOBYBAaHHS HAPTONPOAYKTIB, IO CTAaBUTH
Ti]] 3arpO3y €KOJIOTIYHY PIBHOBAry Ta 3J0pOB’S JIIOUHU, 3aBJIa€ MaTEPiaTbHOTO 30UTKY

CryniHb 1 XapakTep ypaKeHHs JIOJUHU BUMApOBYBAHHSIMH Ha(TONPOIYKTIB
00yMOBJICHI KOHIIEHTPAIII€I0 MapH y MOBITP1, TPUBAJICTIO MepeOyBaHHS B 3ara3oBaHii
atMoc(epi, TEeMMEpaTypol0 HABKOJUIIHLOIO CEpeoBUINA, (I3UYHUM CTAaHOM Ta
($1310710TTYHUMH OCOOIUBOCTSIMH JAHOTO OPTaHi3MYy.

[Ipore, ansa monepemkeHHs 3a0pyAHEHHS HABKOJIMIITHHOTO CEPEAOBUINA Ta AJIS
Oe3MeKu JIIIMHU BCTAaHOBJICHI rpaHU4HO JomyctuMi konneHTpaii (I'IK) mkignmusux
PEYOBHUH.

Ilin yac mnepekauyBaHHs, 30€piraHHs, BiJABAaHTAXKCHHS, 3aBaHTAXKCHHS,
TPAHCIIOPTYBaHHS ~ Ta  0€3MOCepeqHhOr0  BUKOPUCTAHHSA  Ha(TONPOAYKTIB
BiIOYBaIOTHCSI MPOIIECH BUITAPOBYBAHHS, 10 MPU3BOASTH /10 TIOCUJICHHS MapHUKOBOTO
edeKTy, BHACIIJIOK eMicli BYIJIeBOJHEBHX ra3iB. [lapHUKOBHI epeKT MOB’SI3yHOTh 3
rJI00IbHUM TOTEIUTIHHSAM, IO TPU3BOAUTH JO0 3MIHM KIIMaTy y IUIAaHETapHUX
Mmacrrabax [176].

Pa3om 3 TuM, cydacHWii CTaH BUKOPHUCTaHHS 3aCO0IB Ta CIIOCOOIB 3MEHIIICHHS
BTpaT BYIJEBOAHIB Ha 00’ekTax HAPTOMPOAYKTO3a0E3MEUEHHSI HE 3aJ0BOJIbHSIE
rOJIOBHE 3aBJIaHHS B PECypcO- Ta €Hepro30epekeHHI HA(PTOMPOIYKTIB 1 €KOJIOT1UHIM
noJiTHili B TexHochepi, 30kpema. L{bomy € cBoi npuunnm, a came [176]:

e TIO3UTUBHUI €KOHOMIYHUHN €(EeKT BiJl BUKOPUCTAHHS 3aCO0IB ISl MOMEPEIKEHHS
BTpaT BiJl BUMAPOBYBAHHS JIOCSATAETHCS TUIBKA B TOMY BHIIQJIKYy, SKIIO BUTPATH Ha
nonepe/KeHHs: BTpaT 1 ToHHM HadTOMPOAYKTY MEHIII, HIJK 3arajibHa BapTiCTh TOHHU
Ha(TONPOIYKTY;

e KpIM TOTO, CUTyallisl YCKJIQIHIOETHCS THM, IO HAaBITh MOPAJIbHO MU TEXHIYHO
3acTapiii  TEXHOJIOTIi BHUKOPHUCTOBYIOTBCS HeparioHanbHO. IlepenoBi TexHiuHi

PO3pOOKH, SIK MPaBUJIO, OPIEHTOBAHI Ha BEJIMKI KalliTaJOBKJIaJACHHS, a00 B KpalomMy
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BUIIAJIKy HOCSATH JIOKAJIbHUI XapakTep.

TakuM YWUHOM, TP CTPIMKOMY 370pOKYaHHI Ha(TONMPOIYKTIB, a TaKOX 3
OPUMHATTAM OLIbII CYBOPHX €KOJOTIYHMX HOPM HAyKOBO-TIPUKIIAJHE 3aBIaHHS
MiHIMi3alii BTpaT BYTJIEBOJHEBOI CHUPOBUHM 1 TOBApHOI MPOIYKIi Yepe3 eMicCito
BYIJICBOJHIB CTa€ BCE OUIBIIT 3HAYYIIIMM.

Pi3Hi TexHI4HI pIlIEHHS MOXYTb OyTH BUKOPHCTaHI JiJIsl 3MEHIIICHHS BTpaT Bij
BUMAPOBYBaHHA, iX OOWPAIOTh 3TIHO TEXHIKO-EKOHOMIYHHMX PO3pPaxyHKIB 3
ypaxyBaHHSIM METEOPOJIOTIYHUX Ta BUPOOHUIHMX yMoB [176-188].

AHani3 crocoOiB 1 3ac001B yJIOBIIIOBaHHS MapiB HAQTOMPOAYKTIB 3 pe3epByapiB
J03BOJIIE  3pOOMTH BHCHOBOK TpO Te€, 110 HaMOUIbII MNEPCHEKTUBHUMH Ha
CHOTOJIHIIIHIN I€Hb € CIOCOOU, B OCHOBI SIKUX JIEKATh MPUHIIUIHN acopOIIii.

[TpuurHHO-HACTIKOBUN aHaji3 3 BUKOPUCTAHHSAM METOJy IcikaBU J03BOJIMB
BUSIBUTH  B3a€MO3B’SI3KM  MDK  pI3HUMH  (pakTOpamu, BHUBUUTH  [PUUYUHH,
CUCTEMATU3YBATH JUKEpeJa Ta iX BIUIMB Ha IIPOLIEC €MiCii BYIJIEBOJHIB 13 pe3epByapiB
Ta OakiB. Mu BBaXaemo, IO CHUCTEMHUM aHalli3 MPUYUH 1 HACTIAKIB JO3BOJIUTH
YAOCKOHAJIUTU TEXHOJIOT1i 00Ky eMicli BYIJIEBOJIHIB, ONTHUMI3yBaTU Ta MIABUUIUTH
€(EeKTUBHICTh TEXHO-JIOTITYHUX OIepaliid, a TaKO)K €KOHOMHUTHU LIIHHY BYIJIEBOJIHEBY
CHPOBHMHY Ta MIiHIMI3yBaTH TEXHOTCHHHI BIUTMB Ha JTOBKiIA [176-179].

Posrnsgatoun BUMapoBYBaHHS BYIJIEBOJIHIB MPHUXOAWMO IO BHCHOBKY, IO
3ano0iraHHs UM BTpaTaM € OJIHUM 13 BaXJIUBHX HaIpsSMIB €KOHOMIl MaJMBHO-
eHepreTuyHux pecypciB. To0To, mpobiaema BTpaT Bl BUIIAPOBYBAHHS — 1€ KOMIUIEKCHA
€KOJIOr0-€KOHOMIKO-€HEepreTuyHa MnpobjieMa, 10 MoTpedye yBaru CyCIUIbCTBA,
JiepKaBH Ta BUCHUX 111010 11 Bupitnenns [177-181].

Ha cporoani icHye OaraTo METOAMK pO3paxyHKy Ta BHU3HAUEHHS BTpaT
Ha(TONPOIYKTIB BijJ BHUMAPOBYBaHHS, aje B YKpaiHli TaKk ke SIK 1 B €BPOMEUCHKUX

KpaiHax HemMae po3poOJIeHOT €IMHOT METOIUKH JIJIS OI[IHKH IIhOTO MOKa3HUKA SIKOCTI.

5.2. MeToauka BU3HAYECHHS BTPAT BYIJICBOAHIB Bil BUIIAPOBYBAHHS

Busnauennss ¢$izuuHOi CTaOIIBHOCTI (JUHAMIYHOI BHUIIAPOBYBAHOCTI, BTPAT)
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3I1ACHIOETHCS 3a JOMOMOTOI0 MeToNy, ikuid po3poonenuii I1. 1. Bynaposum. Brpatu 3a
UM METOJIOM YMOBHO MPHUHMAEThCA SK 3MEHIICHHS Macu Ha(TOMpPOAYKTY TiCIs
IIPOAYBaHHS HOTO JECATHKpAaTHUM 00’ eMoM TOBITps 3a Temrepatypu 20 °C [182]. Tns

BUKOHAHHS BUIIPOOYBaHb BUKOPUCTOBYIOTh MPHIIA, KU1 300pa>keHo Ha puc. 5.3.

Puc. 5.3. Ilpunan ayig BU3HaYeHHS BTpaT NaJlvBa BiJ BUNIAPOBYBAHHS:
1 — HamipHa ckiisiHKa; 2 — TpyOKa; 3 — 3aTucKay (KpaH);
4 — 3MIOBHK; 5 — KaUISIpHUIA MIPHUK; 6 — poOipKa

Cnoyatky BUIIPOOOBYBaHHS HEOOXIHO TEPEeBIPUTH O00’€M MIpHUKA, a IS
HACTYITHUX JOCII/DKCHb BIH 3aJIMIIAETHCSA HE3MIHHMM. JIJIS MbOTO HAIITH HA Kamijsap
MIpHHKA, TOMEPEIHbO MPOMUTOTO XPOMOBOIO CYMIMIIIIO, CIIUPTOM Ta BUCYIICHUM,
rYMOBY TpyOKy 13 3aTHCKayeM Ta HaJUTH B MIPHUK JUCTHJIBOBAHY BOJYy 3a
temnepartypu 20 °C 10 BEpXHbOI MO3HAYKH.

3HATHU 3 Kamijisipa TyMOBY TpyOKY Ta CITyCTUTH BOJY 3 MipHUKa J0 HU)KHbOI MITKU
y BUMIpPIOBaJIbHY KOJIOY, IOTIEPEAHBO 3BaXKEHY 3 MOXuOKoio He Ounbiie 0,0002 r. Konby
3 BOJIOIO 3BAXKUTH 3 MoxuOKko1o He Ourbmie 0,0002 r.

Hanutu nuctunboBaHy BOAY Yy HaIlipHY CKISIHKY, HIAHIMAKO4M ii, 3allOBHUTH
3’€IHyBAJIbHY TpPYyOKY, 3MIMOBHK Ta MIipHUK BOJ0I0. CKISHKY BCTAHOBJIIOIOTH Ha
MiJCTaBKaX y JABOX TIOJIOKEHHSAX: BEPXHHOMY Ta HWXKHbOMY. I[Ipum HIDKHBOMY
MOJIOKEHHI: BOJIa B MIPHUKY TOBHHHA 3HAXOJUTHUCHh HA PIBHI HUKHBOI MO3HAYKH, MPU

BEPXHbOMY — Ha PiBHI BEPXHbOI.
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[IpoBectn mepeBipky npuiaaay Ha TEPMETUYHICTb, ISl LBOrO Ha BUIbHE
BIITQlTy>)KCHHSI TPUJIAy HAJITU TYMOBY TpPYOKy 13 3aTuckadem. IIpoOipky, MIpHUK,
3MIMOBUK TpPyOKHM ¥ KpaHU TOBHICTIO 3aHYpPUTH Y BOJy. leMmmeparypy BOAH
niaTpumyBaT Ha piBHI (20 °C. [1s1 cTBOpEHHS HaaMIPHOTO THUCKY B CHCTEMI MiTHATH
HaIIpHY CKJISHKY J0 PIBHS BEPXHbOI MO3HAUKHU. SIKIIO NP I[bOMY 13 CHOJIyYEHb HE
BUXOJISATH OyIb0AIIKK TOBITPS ¥ BIACYTHE IMiIBUILIEHHS PiBHS BOJIU B MIPHUKY — MPUIIA]T
BBA)KAETHCSI TEPMETUUYHHM.

TpuxonoBuil kpaH MipHUKa 3 €QHATH 3 aTMOC(eporo Ta BCTAHOBUTU HAMIpHY
CKJISTHKY B HIDKHE TIOJIOKCHHS.

Uucty ¥ cyxy mpoOipKy 3BaXUTH 3 moxuOkoro He Oinbine 0,0002 r Ta 3amuTH
10 M1 gociiIKyBaHOTO HA()TONIPOAYKTY.

BHyTpimmHIO MOBEpXHIO TOpia TPOOIpKU BUTEPTH (DUIBTPYBAIBHUM IANEPOM,
poOIpKy 3aKpPHUTH MPOOKOIO 1 3BAXKUTH 3 MOXHUOKor0 He OubIne 0,0002 T.

[IpoOipky 3’enHATH 3 MIPHUKOM 1 MOMICTUTH B CKJISHKY, JI€ BUTpPHUMAaTH 3a
temrepatypu 20 °C npoTsirom 5 xs.

[IpoOKky npoOipKu MOBEPHYTH TakK, 100 OTBIP 13 MPUNASTHOIO TPyOKOO 30iraBcs 3
OTBOPOM ToOpJjia MpoOIpKH, 10 MpUEAHAHE A0 MipHUKA. KpaHoMm 3’eqHaTu mpoOipKy 3
MIPHUKOM.

HamipHy CKISHKY BCTAQaHOBHTH y BEPXHE TOJOXKEHHS Ta TMMOYATH MPOIyBAHHS
najgnBa MOBITPSIM, IO BUTUCKYEThCA 3 MipHUKA B mMpoOipky. [IpomyBanns mae OyTu
IHTEHCUBHUM, ayie 0e3 po30pu3KyBaHHs MajauBa. [puBaiicTh MpoayBaHHS 3 — 5 XB.
[IBUAKICTH PETyIIOI0TH 3aTUCKAaueM (200 KpaHOM), yCTAaHOBIIEHUM Ha I'yMOBIH TpyOIli B
HaMipHiA ckisHIL. Temneparypa y TepMOCTaTI i Yac MPOyBaHHS MIATPUMYEThCS Ha
piBHi 20 °C.

[Ticnst Toro, SIK PIBEHH BOJAU Yy MIPHUKY JIOCSTHE BEPXHBOI MO3HAYKU, MPOOIPKY
MOBOPOTOM KpaHa BIAKIIOYAIOThH BiJl MipHHUKA.

[IpoOipky BUIMAIOTh 13 CKJISIHKM, BHUTHPAIOTh JUITHOIO TaHYIpKO abo

GITBTPYBAILHUM TTANIEPOM 1 3BaXKYIOTb.
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Brpaty nadTonponykTy Bix BUunapoByBaHHsI X BU3HAYAIOTh 32 (OPMYJIIOIO
x="1"" 400,
m

1e Mq, My — Maca mpoOu MajanBa BiAMOBIIHO /IO Ta MICJIsI BUIAPOBYBAHHS, T.

3a MOKa3HUK BTPAT BiJ BUIIAPOBYBAaHHS NPUHMAIOTh cepeAHe apuMeTHdHe 3
pe3yNbTaTiB ABOX BU3HAUYCHb. PO301>KHOCTI MK HUMH HE TIOBHHHI nepeBHIyBaTH 1 %
B/l CEPEIHBOIO ApPU(PMETUUHOT O 3HAUECHHS.

[Is mertoauka mNpuAaTHa 10 3aCTOCYBaHHs IIiJ] 4ac BHM3HAUEHHS BTpPaT BiA
BUIAPOBYBaHHS OEH3MHIB, TOOTO JIETKOJETKHX BYIJEBOAHIB. Sk mokazanu
JOCHKeHHs, o 3a temneparypu 20 °C, ska HIATPUMYETbCS B TEPMOMTATI 3a LI€l
METOJMKHA BU3HAYCHHS BTPAT HEMOXKJIMBO BU3HAUMTH BUIIAPOBYBaHICTh OJIMB, OCKLIBKH
BOHHM MarOTh Ha0araTo BHILI TEMIIEPATypU MOYATKY KUIIHHS HI)K OCH3UHHU.

Ile crioHykaso HAaC BAOCKOHAJIUTH IO METOAMKY BHU3HAYEHHSI BUIIAPOBYBAHOCTI
Ha(TONPOIYKTIB Ui MOJIMBOCTI i 3aCTOCYBAaHHSI y MpOLECaX MOCHIIPKEHHS LbOTO
NOKa3HUKA Ui OJIUB, a caMe, 3aMIHUTH B TEPMOCTaTi BOAY Ha OJIUBY Ta MPOBOIUTU
BUnpoOyBanHs He 3a temmneparypu 20 °C, a 3a temmnepatypu 50 °C. Lle mo3Bomuio
NPOBECTH TOPIBHSUIBHUIM aHalll3 BUIIAPOBYBAHOCTI PI3HUX MNAJIUBHO-MACTHIIBHUX
MarepiamiB. Tum Oinblie, 0 BU3HAYCHHS TAKOT'O IMOKAa3HHUKA SKOCTI SK KiHEMaTH4YHA
B’SA3KICTh JJIs1 AociKyBaHoi o MK-8m 31iicHIOETBCS Takoxk 3a TemmnepaTypu S0
°C BianosigHo 10 'OCT 6457.

Metoauka mTpOBENEHHS MAOCHIDKEHHS 3a I[UM TOKAa3HUKOM Ta PO3pPaxyHKH
3aJIMIIAI0THCS HE3MIHHUMU.

PesynapTatn mnpoBeneHHX BUIIPOOYBaHb IOAO BHUIIAPOBYBAHHS 32 JAHHOIO
METOIUKOIO it OcH3uny A-95, omuB MK-8m ta Mobil Jet oil 254 naseneno B Ta6m. 5.1.

OCHOBHUM  HEIOJIKOM I1i€] METOJUKH TMPOBEJACHHS JOCIIKEHb 100
BUIMMAPOBYBAaHHS HA(TOMPOIYKTIB € YCKIAAHCHHS TIPOBEJIECHHS BHUMIPOOYBaHb 3a
BHUCOKHX TEMIIEPATYpP, OCKUIBKH 3pOCTAE TUCK MOBITPS Y CKISTHOMY MIPHHUKY, 1110 MOXE

IPU3BECTH 0 MOTO PyHHYBAHHS.
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Tabmus 5.1
Brparu Big BUunapoByBaHHsl HaQTONPOAYKTIB 3a Temnepatypu S0 °C
Btparu Big Hadtompoaykr
BUTAPOBYBAHHA oemsun A-95 | onmuBa MK-81 | onuBa Jet oil 254
I1]1 Yac NpoayBaHHA
TIOBITPSIM MPOTSATOM 5 XB, 28 0.04 0.016
% Mmac.

[Ipouiec BuUMApOBYBaHHA MOIIHUBO XapaKTepU3yBaTH LUISIXOM BU3HAYEHHS
dpaxmiitHoTO cKiIamy HahTOnmpoAyKTiB BiamoBimHo A0 1SO 3405, ane >x 3HOBY Taku ITUM
CTaHJapTOM IepeadaueHo BU3HAYATH (DPaKIIHUI CKIIaJ CBITJIMX HA(PTOMPOAYKTIB 3a
METOJMKOIO MYHKTY A, a 32 METOJUKOIO MMyHKTY b — BU3HaUeHHs PpaKIiHOTO CKIamy
HahTH Ta TemMHuUX HadTONPOAYKTIB A0 Temmeparypu BumnpoOyBanb 300 °C.
BpaxoBytoun, 1o cuHTeTMuHa osimBa Mobil Jet oil 254 e BucokomoseKyISAPHOO
MOJIIMEPHOIO CITOJIYKOIO IIUM METOJ0OM HEMOMJIMBO JTOCTIAUTH 1i BUIIAPOBYBAHICThH 3a
pPI3HUX TEMIEpaTyp, OCKUIbKM BOHA MAa€ CTally TEMIIepaTypy KHUIIIHHA 1 MOXe

PO3KIaTATHUCA 3a BUCOKHUX TCMIICPATYP HaniBaHHH.

5. 3. BunapoByBaHHS 0JIUB

CUHTETHYH1 OJIMBH, SIK BIAMIYAgOCsl BUINE, 1 MiHEpaJibHI Ha(TOBI OJIUBH, SKi
OJICP)KYIOTh 3 BHUCOKOKHIUISUMX ¢pakiiid HadTtH, B Mmpoleci eKcruryaTarii
BUIIAPOBYIOThCA He3HAUHO. Hanpukian, ¢ppakuiiiauii ckiuaa minepanbHoi onuBd MK-8m
3HaXOAUThCS B Mexkax 260-420 °C, a poOoui iX Temmeparypu 3a HOPMAJIbHHX YMOB
po6otu He mepeBuinytoTh 100 °C. ToMy, ¢pakiiiHUM CKJIaJIoOM HEMOXJIUBO OILIIHUTH
BUIIAPOBYBAHICTh OJMB, HA BIJIMIHY BiJl OCH3MHIB UM IHIIUX CBITIMX HAPTOMPOAYKTIB, a
OIIHKY Kparie 3aificaroBatu MetoaoM [1.1. Bymaposa, onmncanomy B 1. 5.2.

OnuBH 3 By3bKUM (ppakIiiHUM CKJIa0M, TOOTO, 110 BUKUIAIOTh Y HEBEIUKOMY
IHTEepBaJl  TeMmIepaTryp,  BOJOJIIOTh  KpaluMH B’ S3KICHO-TEMIIEpaTypHUMU
XapaKTEPUCTHKAMU, OLITBIIT BUCOKOIO TEMIIEPATYPOIO CIiajaxy y MOPIBHSIHHI 3 OJIMBAMH,
[0 MaloTh OJHAKOBY B's3KiCTh 3a Temmeparypu 100 °C, ame 3 OUIBII MIUPOKUM

dpakmiitaum ckmagom [192].
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HwxHi Mexi TemmepaTypu KHUITIHHS OJIMB BCTAHOBIIOIOTH 3aJI€KHO B iX
BUIIAPOBYBAHOCTI MiJ Yac poOOTH Ta BIJ 3MallyBaJbHUX BjiacTUBOCTell. B onmBax,
HaMpUKIad, IS aBTOMOOUIPHUX JBHUTYHIB, sKi 0Oe3MocepeqHh0 KOHTAKTYIOTH 3
rapsYuMH TOPIIHIMH IIIIHAPA, JOMYyCKaeThes He Outbin 5 % (pakiiiii, 110 BUKUTAIOTh
1o 340 °C. 11 ¢paxuii BIUIMBaIOTh HA BUTpaATy OJIMB y ABUryHI. UuMm iX Oinbiie, TUM
OlsplIIe BTPATH OJIMBU BHACIIIOK BHIIAPOBYBAHHS JIETKUX (Ppakiiiif, y pe3yibTari 4yoro
3pocTae B'S3KICTh 1, SIK HACHIOK, 3aTPYAHSETbCA ii MPOKAayyBaHHs I10 3MalllyBajbHii
cucremi. Bumorn no ¢pakuiiHoro ckiaay AM3ENbHUX OJIMB MEHII KOPCTKI, HIX JI0
OJIUB 111 OEH3MHOBHX 1 ra30BUX JIBUTyHIB. BMICT y Au3enbHuX oyiuBax He Outbll 5%
dpaxuiif, mo Bukinawts g0 320-325 °C, mpakTU4HO HE 30UIBLIYE BUTPATY OJIMBH.
BepxHi Mexi TemmnepaTypud KHUIIHHS OJMB BCTaHOBIIOIOTh, KEPYIOUYHUCh TOJIOBHUM
YMHOM TaKMMHM BHUMOTaMH, SK INPOKA4YyBaHICTh IO CHUCTEMI 3a HU3BKUX TEMIIEpaTyp
[193-194].

HocissMu BHCOKOI B'A3KOCTI MIHEpaJbHUX OJIMB € AapOMAaTHUYHI MOJILMKIIYHI
BYTJICBOJIHI, 1110 BM3HAYalOTh MIABUIIEHY CXWIbHICTh OJIUB /0 HarapoyTBOpeHHs. I3
30UTPLIEHHSIM ~ TEMIEpAaTypyd  BHUKIMAHHA  OJIUB  30UIBIIYEThCS  B'SI3KICTh 1
HarapoyTBOpeHHs. [[1s1 ofepKaHHs OJIMB 3 HU3BKOIO CXHMJIBHICTIO 10 HArapoyTBOPEHHS
HE0OX17HO, 00 BepxHs Mexa (pakiiifHOro ckiaay ojiuB He nepeBuiryBaia 400°C, a
TeMIiepaTypa KiHis kumiHHas oauBu MK-8n ctanosuts 420 °C.

3a OLIBII BHUCOKUX TEMIEpaTyp Vy 3aJUIIKOBUX OJMBAX CXHJIBHICTH [0
HarapoyTBOpPEHHsI 30UIbIIyeThCA. PeryimoBanHs (pakiifiHOrO CKJIaay OJMBHOI OCHOBH
N0 BEPXHI MeXl1 BUKIMAHHS y MOEIHAHHI 13 BUKOPUCTAHHSAM B’SI3KICHUX MPHUCAIOK,
JI03BOJISIE OJIEP’KYBAaTH OJIMBH 3 HEOOXITHUMHU B’S3KICHO-TEMIEPATYPHUMHU 1 MEHII
HArapoyTBOPIOIOYMMHU BJIACTUBOCTSIMU. BHKOpPHUCTOBYIOUM iHIINI 3a TNPU3HAYCHHSIM
IPUCAIKU, MOKHA OJIEpPKAaTH AKICHI 32 BCIMa EKCIUTyaTallliHUMHU MOKa3HUKAMH OJIUBU
[179].

BumapoByBaHiCTh OJHMB OMOCEPEAKOBAHO XapaKTEPUYETHCS TEMIIEPATYPOIO
cnanaxy. Tak JUIst OMB OJHOTO KJIACy B'I3KOCTi, Hanpukiaazn, 10 mm? /c 3a Temmeparypu
100 °C, 3HmxkeHHs TemnepaTypu crnanaxy 3 250 mo 218 °C BukiMkae nepeBUTpaTy

onusu Ha 10-15 %, BHacIi10K 301IbIIeHHs BUlTapoByBaHHs [185].
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Meronnka BU3HAYEHHS ITHOTO MOKA3HWKA SKOCTI OJIMB HaBeleHA B po3aiil 3, a

pe3yJIbTaTH BUIIPOOYBaHb — y po3ui 4 111€i poOOTH.

5.3.1. BudHaueHHsI BUIIAPOBYBaHHSI MOTOPHHUX 0JiuB MeToioM ASTM D5800

(tect NOACK)

CXUIIBHICTD /10 BUIIAPOBYBAHHS MOTOPHOI OJIMBH PETIAMEHTYETHCS CTaHAAPTaAMU
APl  (amepukancekmii  iHcTUTYT HadTtu), ACEA (acomiamis €BpONEHCHKUX
aBToM0oOUIeOy1iBHUKIB) Ta OEM (opuriHaiabH1 BUpOOHHUKHM 00JIaJfHAHHS) 32 JOTIOMOTOFO
crnemianbHoro tecty Cenbi-Hoaka (Selby-Noack) puc. 5.4. Cyts meroma ASTM D5800
(cranmaptuzoBanuii Tect Cenbi-Hoaka) mossirae B iMiTawii BHCOKOTEMIIEPATYPHOTO
BUIIAPOBYBAaHHS OJIMBU B JBUTYHI MNIJIIXOM BUTPUMYBaHHS HpoOM ONHMBH Yy
crieniagpHOMy Tpriiaii 3a tremrepatypu 250°C npotsirom 1 rogunu. BumapoByBaHICTh
BU3HAYAETHCS Yy BIACOTKaX. UMM MEHIIMI BiJCOTOK BHIIAPOBYBAHHA y TECTi, TUM
cTaOUIbHINIA oOJNKMBa JO BumapoByBaHHs. 3Hatoun mokazHUK NOACK wmoxHa
nepea0aynuTH 1HTEHCUBHICTh BHUMApOBYBAaHHS OJIMBHU y JBUTYHI, a00 MiJ 4ac poOOT
Bumoramu 10 BUnapoByBaHHA € Ha piBHI 01u3bK0 15% 3a crangapramu APl 1 61mu3bko

13 % — 3a BuMoramu BupoOHUKiB ABUryHiB (OEM) [197-200].

Puc. 5.4. ABroMaTtnuHuil npuaj ass BU3HAYECHHS] BUIAPOBYBAHHS OJIMB
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VY tabn. 5.2 HaBeneMO MOPIBHSHHS MOTOPHHX OJHB JESKUX BUPOOHHKIB [197-

200]:

Tabmuns 5.2
IHopiBHsAJIbHA TA0JIMLSA BUIIAPOBYBAHHSA 0JIUB
MoTopHa osiiBa Bumnaposysanns, %
Katana Makuri E7 10W-40 8,37
Shell Rimula R5E 10W-40 10

[um crangapToM mepeAadadyeHo MNPOBEAEHHS JOCIHIIKEHb BUIIAPOBYBAHOCTI

MOTOPHHX OJINB.

5.3.2. BusHaueHHs1 BUNIAPOBYBaHHsI aBianiiHux ojmB MeTooM ASTM D972

[Tepexoasium 10 €BPOMEHCHKUX CTAHJIAPTIB BHU3HAYCHHSI MOKA3HUKIB SIKOCTI
aBlallifHUX OJIMB MU CTUKHYJIHUCS 3 TPOOJIEMOIO BIJICYTHOCTI METOJIB BUIPOOYBAaHb
010 BuUnapoByBaHHs onvBU MK-8m Ta s TUX ONMB, 10 MOTEHIINWHO MOXYTh
BUpoOIsATHCA B YKpaiHi. Ha Hamry myMmMKy 1l CTaHZapTH 3 4acoM aJanTyOThCSA 0
3aMpoOBa/KEHHSI Ha HalmoMy puHKY. [lpuman juisi mpoBeneHHsS TakuX BUIPOOYBaHb

300paxeHo Ha puc. 5.5.

Puc. 5.5. Ilpunan auig Bu3HayeHHs BUIIapoByBaHHs oyiuB 32 ASTM D972
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[{uM MeTOI0M MOKJIMBO MPOBOJUTHU AOCITIIKEHHS BUIIAPOBYBAHOCTI OJIUB Ta
MacTHJI 32 Oy/Ib-SIKUX TEMIIEpaTyp.

CyTb METOy MOJISITa€e y OCIHIKeHI MpoOU OJIMBH, SKa PO3MIIIEHA Y BUIMApHIN
KaMepi mpuiiaay Ta IPOAYBA€ETHCS HArPITUM J0 BU3HAUYEHOI TeMIepaTypu MOBITPAM
BU3HAUEHUIN Yy CTaHIapTi Ha JaHy OJIMBY uac. BuTpara moBiTps Ha NpOayBaHHS
OJIUBU CTAHOBUTBH 2 JI/XB.

st BunpoOyBanHs HeoOxinHO 10 r onuBu. CrnoyaTKy HEOOXIIHO 3Ba)KUTHU
Yaliky /i BUIMAPOBYBaHHS 3 TOYHICTIO 10MI, MOTIM y M0 YallKy 3aJUBAEMO
NIMETKOIO OJIUBY Ta 3BAXKYEMO 3HOBY, J0BOJAAYM Macy ojuBU 110 10 r. 3akpuBaemo
KPHUIIKOIO YallIKy JUIsl BUIIPOOOBYBAaHHS Ta CTAHOBUMO ii y TEPMOCTAT Harpitui 10
HEOOXITHOI TeMIEpaTypu Ta MPONYCKAEMO Tapsye MOBITPS 3 MIBHUIKICTIO 2 JI/XB
IPOTATOM YChOT'O 4acy BUIPOOYBaHHS.

[Ticns 3aBepiieHHsT BUIPOOYBaHb AICTAEMO YaLIKy 13 OJIMBOIO, OXOJIOIKYEMO ii
B €KCHUKATOp1 0 KIMHATHOI TEMIEPATYPH Ta 3BAKYEMO Ha Barax. 3a PI3HULICIO MACH
YaIllKY JI0 Ta MiCJId BUIIAPOBYBAaHHS BU3HAYAEMO BTPATH.

OdeBuaHO, IO METOA Ta METOJWKA BHU3HAYCHHS BHIIAPOBYBAHOCTI OJUB 32
ASTM D972 niunm He BinpizaseTbes Big metoauku [1.1. bynaposa, ommcanoi B 1m.5.1.
Pi3HuIs cTaHOBUTH JIUIIE y TOMY, IO MpuUiaja OUIbII Cy4acHWM, BJIOCKOHAJIEHUW Ta
BUKOHAHMI 13 HEP>KABIIOYOT CTAJII.

Pesynbrati BUMapoBYBaHHS aBlallifHUX OJIMB 3a iX MPOJYBAHHS TMOBITPAM

npoTsiroM 6,5 rox BignosiaHo 10 ASTM D972 naseneno B Tabm. 5.3.

Tabmuusa 5.3
BunapoByBaHHs aBiauniiiHuX 0J1MB
BunaposyBanss, % Mmac.
Onusa MIL-PRF-23699-HTS ExkcnepumeHnT
oil Jet 254, 204 °C He OublIe 7.4 4.8
oil Jet 254, 232 °C He OutbIme 25.2 154
MK-811, 204 °C - 18.6

MK-8m, 232 °C - 26.4
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BucHoBkmu 10 po3airy 5

[IpoBeneno anami3 BUMAPOBYBAHOCTI MaJUBHO-MACTUJIBHHX MarepialliB 3
BUKOPHCTaHHAM MeTony IcikaBu, MO XapakTepu3ye MPUUUHHO-HACTIAKOBI 3B’S3KH
BOT'O MPOLECY, OCKUIBKY LIeH MOKa3HUK SKOCTI XapaKTepusye iX BTpaTy, B TOMY YUCIHI
OJIMBH, III0 B CBOIO YEPry BILTUBAE HA O€3MEKy MOJIbOTIB.

3anpornoHOBaHO METOJUKY JUIsl TPOBENEHHS TakKuX BHUIPOOYBaHb, OCKUIBKU
CTaHJapTaMM Ha MAJIMBHO-MAacTUIIbHI MaTepianu st onuBu MK-8m 11e He nependaueHo.

[TokazaHo, 1m0 MpOIEC BUIIAPOBYBAHHS OJIMB Ha BIAMIHY BiJ BHUIapOBYBAaHHS
JEeTKUX Ha(TONPOAYKTIB BIJOYBAa€ThCS 3a BHUCOKHX TEMIIEpaTyp, LIO 3MEHUIYe ixX

KUIBKICHI BTpaTH.
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PO3JILI 6

PEKOMEHJIALIT OO0 3ACTOCYBAHHS TA BIIPOBA IKEHHSI
PE3YJBbTATIB JOCJIIIKEHD

Opepxani B AuCEpTAalliiiHiil poOOTI pe3yabTaTH € MIAIPYHTSAM A e(PEeKTHBHOTO
BUKOPUCTAHHS 3MallyBaJIbHUX MaTepiaiB Yy Ipoleci eKCIulyartauii y JABUTYHax
NOBITPSHUX CYyJIEH Ta TMPOTHO3YBaHHS TEPMIHIB IX 3aMIHM 1O JUHAMIII 3MiHU
MOKa3HUKIB SIKOCTI OJIUB.

Ha mijcraBi nocimiikeHb, MPOBEACHUX y AUCEPTalliiiHIi poOoTi, Oyiu po3pobiieH1
MPaKTUYHI PEKOMEHJAlli MO0 3aMIHM OJMBU 3aJ€KHO BiJ HaAIpallOBaHHS, aHATI3y
3MiHU (13UKO-XIMIYHHUX TTOKA3HUKIB Yy TIPOILIEeC] eKCcIuTyaTalli ta (hakTopiB, 110 HAMOLIBII
BIUTMBAIOThH HA IIBHUJIKICTh 3MIHU MTOKA3HUKIB SKOCTI OJMBU M Yac ii poOOTH y cHCTEMI
3MalllyBaHHs Ta MOJAIbIIOT OLIHKH MpaIe3gaTHOCTI, a caMe:

* 3anpoIIOHOBAHO MPOBOJIUTH 3aMiHy MiHepasibHOI onuBd MK-8m micis 150 rog,
3a THUX XK€ CaMHUX YMOB eKcIutyararii, mo i cuatetruHoi onmuu Mobil Jet Oil 254,
OCKUJIbKM KIHEMaTW4yHa B’S3KICTh 1i 3poctae moHax 60 %, 1m0 XapakTepusye
1HTeHCH((DIKaIliI0 MPOIIECiB OKUCHEHHSI BYTJIEBOJIHIB Ta CMOJIOYTBOPEHHSI Ta 3arajibHe
Ty KHE 4yuciio 3MmeHinyeTbes: Ha 50 % 3aBAsKy CHPAILIOBAHHIO JY>KHUX MPHUCANIOK, IO
npu3Bee 10 3pOCTaHHS 3HOCY JleTallel ABUTYHa,

* BcTaHOBJIEHO Ta €KCIEPUMEHTAJIbHO JOBEJIEHO, 10 TEPMiH Mpale3aaTHOCTI
cuatetrunoi ojuBu Mobil Jet Oil 254 mnepeBuiye nmoHan 5 pasiB mparie3iaTHICTD
MminepaiabHOi onuBu MK-8m, sika 3acTOCOBY€TbCS JJIS 3MAlllyBaHHS ITiIITUTTHUKIB
TypOiHM Ta YHEMOXIIUBIIFOEThCS 11 BUKOpUCTaHHS s rernikontepiB Airbus Helicopters
H-145 ta iHmUMX, 110 MalOTh €IWHY CUCTEMY 3MAallyBaHHS JJIs JBUTYHA 1 peayKTOpa.
3acrocyBanns onuBu Mobil Jet Oil 254 moxe OyTu albTEpHATHBOIO B CHUCTEMaXx
3MamryBaHHs 3amictb MK-8m, 1m0 chopusTEMe paimioHadbHOMY BHKOPHUCTAHHIO
MOTOPHHX OJIUB.

* Bnepuie nposeneHo tpubosoriyHi BunpoOyBaHHs onuBu Mobil Jet Oil 254 3
(bynepeHOBMICHUMHU TPHUCAJAKAMH Ta JOBEACHO HEAOLIIBHICTh iX BHUKOPUCTAHHA Y

NIIIIMITHUKAX KOYEHHS TypOiHM rejikonTepa sSK MPOTU3HOCHUX MPHUCAAOK, 32 YMOB



165

POBEACHUX JOCIIIKEHb.

* HalOymu mnomanbmioro po3BUTKY EKCHEPUMEHTAIBHUMH IMiITBEPIHKCHHIMU
TEOPETUYHI TOJOKEHHS XIMMOTOJIOTI, SIKI B CyKyITHOCTI BUPIIIYIOTh BaXKJIMBY HAyKOBE
3aBAaHHS 3 TEOPETUYHOIO Ta HAYKOBO-TNIPAKTHUYHOTO OOIPYHTYBaHHS JUHAMIKU 3MIHU
OCHOBHMX T[IOKa3HUKIB SKOCTI OJIMB Yy TIPOIECI peallbHUX YyMOB eKCIUTyaTarlii
renikontepiB «Airbus Helicopters H-145».

* PexomennoBano 10 XimmoronoriyuHomy uneHtpy MO VYkpaiHu NpoBOIUTH
3aminy onuBu MK-8m, Ha BuUMaAoK 3aKkiHYCHHs 11 3armacy, IO 3aCTOCOBYETHCS IS
notpe0 BifichbKOBOI aBiamii, Ha anprepHatuBHI cuHTeTHYHI oymBu Mobil Jet Oil 254,
Mobil Jet Oil 11, sixi 3a ¢i3uKo-XIMIYHUMHU Ta €KCILIyaTAIllIHHUMU MMOKa3HUKAMHU SKOCTI
NEPEBULIYIOTh OCTAHHIO, MICIS POBEICHH BUIIPOOYBaHb, NependaueHux [HcTpykuii 3
KOHTPOJIIO SIKOCT1 MAJIbHO-MACTUJIBHUX MaTepialiB Ta CHEIIaJIbHUX PIAUH y Jep KaBHIM
aBiarii Ykpainu (Haka3z MinicrepctBa o6oponn Ykpainu Ne 662, Bix 08.12.2016).

3minryBaHHs, a00 MPUTOTYBaHHS MaciocyMimieid 13 currernanoi Mobil Jet Oil
254 ta minepanbsHoi MK-811 0JTuB KaTeropu4Ho 3a60poHeHO!

BunpoOyBaHHS [JOCIIIHUX OJMB € 3aKJIIOYHUM €TarloM Yy KOMIUIEKCl iX
BUNIPOOYBAHb 1 TPOBOIATHCS MICHS 33I0BUILHUX PE3yJIbTaTiB BUIPOOYBAaHb JAHUX OJIUB
Ha ToTepeHIX eTamnax (J1abopaTopHi, CTEHIOBI 1 KOHTPOJIbHI BUMIPOOYBaHHS).

BunpoOyBaHHS OCHIAHUX OJHMB MPOBOASATHCS MPOTATOM OJHOTO KaJeHAapHOTO
poky 3 pecypcoM He MeHmie 500 roxun. Ilicas BkazaHOro HampallOBaHHsS ABUTYHH
3HimMaroTbesd 3 [IC ngns po3OupanHs 1 gedekrtarii. 3a marepiagamu BUIIPOOYBaHb,
pe3ynbTaTamMu po30HMpaHHd 1 JedekTalii NpUAMAETbCA pIMIEHHS MNpo cepiiiHe
3aCTOCYyBaHHs BUIIPOOYBAaHOI OJWMBH a00 TPOJOBKEHHS BUNPOOYBaHb Ha IHIIHAX
JBUTYHAX.

BunpoOyBaHHS TOCIITHUX OJIMB, OCOOMBOCTI €KCILTyaTallil SKUX MPOSBISIOTHCS
JMILE Y BU3HAUEHUX YMOBax (TeMIiepaTypa 30BHIIIHBOTO MOBITPS, BOJIOTICTh), MAlOTh
MIPOBOIMTUCH y BU3HAYCHY TOPY POKY.

BunpoOyBanHsi Ta BHOPOBAKEHHS HOBUX OJIUB IPOBOJUTH KOMICIEO 3
NPEJCTaBHUKIB aBIallIMHUX YACTWUH, BUJIUJIEHUX JJI1 TMPOBEIAEHHS BHUMNPOOYBaHHS, 1

CHEIIaTICTIB HAyKOBO-TOCITHIX OpraHi3aIlii.



166

OCHOBHMMHM KEpIBHUMHM JOKYMEHTaMH IiJf 4Yac NPOBEJACHHS BUIPOOYBaHb
JTOCITIJTHUX OJIUB €:

- Haka3 Minictpa 06oponu Ykpainu npo BunpoOysanHs [1C;

- Haka3 KoMaHJyBaya Buay 30poitnux Cun Ykpainu;

- poboua mporpamMa 1 METOJAWYHI BKa3IBKM 3 TIPOBEJACHHS BUIPOOYBaHb

JOCTITHOT OJTUBH.

OCHOBHOIO METOIO BUIIPOOYBaHb aBlaI[IHHUX OJIUB €:

* mepeBipka HaAIHHOCTI POoOOTH JBUTYHIB, arperariB I'BUHTIB TejikonTepa Ha
JOCIIIHIA OJIMBI MPOTSATOM BCTAHOBJIEHOI'O MPOrPAMOI0 HANpPALIOBAHHS JABUTYHIB Ha
BCIX peXUMax poOOTH JIBUTyHAa Ta Yy BChOMY Jllalla30H1 EKCIUTyaTalliiHUX BHUCOT 1
mBHUAKOCTEN onboTy 11C;

* BCTAHOBJICHHS MOKJIMBOCTI 3aCTOCYBAaHHsI JIOCJIJIHOI OJIMBU Ha JAHUX THUIaX
neuryHiB I1C B ymoBax ekciutyaratlli, a TAKOK BHUSIBJIEHHS OCOOJMBOCTEN €KCIUTyaTallii
TEXHIYHOTO0 OOCIIyTOBYBAHHSI JBUTYHIB, arperariB 1 MNOBITPSHUX T'BUHTIB IJ Yac
3aCTOCYBaHHS JOCIIHOI OJIUBH.

[Tepen moyaTkoM BUIIPOOYBaHb HEOOX1THO 3IMCHUTH:

* BHUBYCHHS MaTepiajiB paHillle MPOBEACHUX BUMPOOYBaHb MOCIIIHOI OJUBH,
aHaii3 ocoOIuBOCTEN POOOTH JBUTYHIB, X arperaTiB 1 MOBITPSHUX TBUHTIB MiJl 4Yac
3aCTOCYBaHHS JIOCIIAHOI OJIMBH;

* BiAMpaIlOBaHHA POOOYMX MPOrpaM 1 METOAMYHUX BKA31BOK 3 MPOBEACHHS
BUNPOOYBAHb;

* BunuienHs [IC ana mpoBeneHHs BUNPOOYBaHb, MPU3HAYEHHS OCHOBHUX 1
pPE3ePBHUX EKIMaXiB 1 TOCAaJOBUX 0Ci0, BIAMOBINATbHUX 3a 301p, MIATOTOBKY U
oopMIIEHHSI MaTepiajiB AJisl CKJIaJaHHs BIAMOBIIHUX PO3JAUIIB aKkTa 3a pe3yjbTaTaMu
BUIIPOOYBaHb;

* YKOMIUIEKTYBAHHSI JBHUIYHIB 1 TOBITPSHUX TBUHTIB, MPU3HAYEHUX IS
BUNPOOYBAHHS HA JOCHIAHIA ONMBI, TyMOTEXHIYHUMH BHUpOOaMU 3riAHO 3
PEKOMEHIAITISIMH;

* BUBYEHHS JHOTHUM Ta I1HXCHEPHO-TEXHIYHUM CKJIaJIOM, BU3HAYCHUM IS

IPOBEJCHHS BUMPOOYBaHb, HaKa3y, MPOTPaMU 1 METOJUYHUX BKa31BOK 3 MPOBEACHHSA
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BUIIPOOYBaHb, (PI3UKO-XIMIUHUX BIIACTUBOCTEM Ta OCOOIMBOCTEH JOCTIIHOI OJUBH, a
TaKOX pe3yJIbTaTiB paHillle IPOBEACHUX BUIIPOOYBaHb;

* MIATOTOBKY >KypHaJiB HI0J0 OOMIKYy poOIT 3a MpOrpaMoi0 BUIPOOYBaHb Ta
IPOBEJCHHS IHCTPYKTAXY O iX 3all0OBHEHHIO;

* TaBpyBaHHS MPWJIAIB, 110 KOHTPOIIOIOTE poOOTy cuinoBux ycraHoBok IIC, ta
JIOJATKOBOI anaparypu;

* MATOTOBKY pe3epByapiB 1 3ac001B 3ampaBKH IS TOCTITHOT OJIUBH;

* IpoBeJIeHHS (DI3UKO-XIMIYHOTO BUIIPOOYBAHHSA JOCIIIHOT OJIMBH BIIOBIIHO JI0
BUMOT CTaHAAPTY.

[Tinroroska I1C g0 BunpoOyBaHb JOCIIAHOI OJIMBU BKIIIOYAE:

* 3n1MBaHHA 13 cucteM JIBUryHiB [1C HasiBHO1 0JIMBH (ITPOBOIUTHCSA MICII 3HIMAHHS
HA3eMHHUX XapakTepucTuk 1 00ab0Ty [1C Ha cTranmapTHIM ONuBI);

* OIS MAclIAHMX (UIBTPIB 1 JIISHOK CHUCTEMH, JOCTYIHHUX I OrNIAny (3a
HEOOX1THOCTI (PUIBTPU MPOMHUBAIOTHCS a00 3aMIHIOIOTHCSI HOBUMH);

* IPOMUBAHHSI CUCTEM 1 CUJIOBUX ycTaHOBOK [1C gociinHOI0 0JIMBOIO;

* 3aMpPaBKy CHUCTEM JIOCIIITHOIO OJHMBOIO.

Hazewmni BurnipoOyBaHHS 3/11MCHIOIOTHCS B TaK1i MOCIII0BHOCTI:

* TIepeBIpKa BIAMOBIIHOCTI OCHOBHUX MapaMeTpiB pOOOTH IBUTYHIB Ha AOCTIAHIN
OJIUB1 B MpOIIeCi MyCKiB, MPOO CHOpUMMAHOCTI ¥ poOOTH HA BCTAHOBJICHHUX PEKUMAX
BUMOTaM THCTPYKIIiT 3 eKCIUTyaTallli 1 MOPIBHAHHA iX 3 MapaMeTpamu, OJIep>KaHUMH Ha
CTaHJApTHINA OJIMBI;

* OIliHKa CTaOUIBHOCTI TapameTpiB POOOTH CHUJIOBOI YCTAHOBKM B MPOIIEC]
HaIpaIlOBAHHS PECYpPCIB JIBUTYHIB;

* BU3HAYEHHS HAJIMHOCTI 1 CTA0IBHOCTI MYCKY JBHUIYHIB BiJl a€pOAPOMHUX 1
OOpTOBHX 3ac00IB 3aJ€XKHO BiJl aTMOC(EPHHUX YMOB, TEIJIOBOIO CTaHy ABUTYHIB 1
HaIpaIlOBAHHS PECYpPCIB JIBUTYHIB;

* mepeBipka (IIOTEpPYBaHHS TOBITPSHOTO TBHUHTA Ha MPAIIOIYOMY 1
HEMpaIo4YoOMy JIBUTYHI;

* IepeBipKa CTIMKOCTI poOIT ABUTYHIB Ha BCTAHOBJICHUX 1 IEPEMIHHUX PEXKUMAX;

* BU3HAUCHHA 4Yacy, HEOOX1THOTO Ha MyCK, MPOTPiBaHHS 1 BUIPOOYBAaHHS JBUTYHA
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I1J] 9ac MiITOTOBKH JI0 TIOJIbOTY;

* BUSIBJICHHSI OCOOJIMBOCTEHN €KCIUTyaTallii JBUTYHIB JIJIsl 3ACTOCYBAHHS JTOCIIITHOT
OJIUBH.

BunpoOyBaHHS B MOJILOTI 3IMCHIOETHCS B TaKii MOCIIJOBHOCTI:

* BHUKOHAHHS TOJIbOTIB IIiJl Yac BUIPOOYBaHb MOEAHYETHCS 3 BHUKOHAHHSIM
3aBaHb 0OMOBOI MIATOTOBKM aBlalliiHUX YacTuH (y pa3l He3a0e3neueHHs BUKOHAHHSA
OKpeMHX IYyHKTIB MpPOrpaMH BUMIPOOYBaHHS MPOBOISATHCA MOJBOTH 3a CHEIiaIbHUM
3aBJIaHHSM, PO3POOJIEHUM KOMICIEIO 3 IPOBEICHHS BUITPOOYBAHb);

* mepe/ MOoYaTKOM eKCIUTyaTallil Ha JOCHiAHIN onuBl npoBoAuThesa o0t [1C Ha
CTaHJApTHIA, a MOTIM Ha JOCHIAHIA OJMBI ISl TIEPEBIPKA pPOOOTH JBUTYHIB 1
KOHTPOJIbHO-BUMIPIOBAJIBHOI arapaTypy BIANOBIIHO A0 IHCTPYKUII JBOTYMUKY IS
nanoro tumy I1C.

VY npoueci BUnpoOyBaHb AOCTIAHOI OJMBU NEPEBIPSIIOTHCS:

* HaAIMHICTP pOOOTH JBUIYHIB Ta iX arperaTiB 3a BCIM [1alla30HOM BHCOT 1
mBuaKocTeld monboTiB [1C, nepeadaueHux 1HCTPYKIIEIO JIbOTYUKY;

* BIANOBIAHICTH NapameTpiB poOOTH IBUTYHIB IHCTPYKIIi 3 €KCIUTyaramii (Ha
MOoYaTKy 1 B KIiHIIl BUOPOOYBaHb MpPH MIHIMAIBHO 1 MaKCHUMAJIbHO JOIYCTUMHUX
TeMIlepaTypax OJUBHU);

* e(deKTUBHICTb PpOOOTHM CHUCTEMH  OXOJIO/DKCHHS Il MiATPUMAaHHS
PEKOMEHJIOBAaHOI TEMIEpaTypyd OJIMBU Ha BCIX BHCOTaxX 1 HIBUAKOCTAX TOJBOTY,
nepeadayeHux IHCTpyKUiewo ais gaHoro tumy [1C;

* MapameTpu poOOTH cucteM cuiioBoi yctaHOBKH [1C Ha BCTAaHOBIEHUX peKUMax:

* I11]1 Yac 3JIbOTY 1 HAOOPY BUCOTH - HA MAaKCUMaJIbHOMY 1 (POPCOBAHOMY peKHMax
JI0 MPAKTUYHOI CTEI;

* y TOPU30HTAJILHOMY TOJBOTI - Yy BCbOMY [lama3oHi BUCOT 1 MIBUAKOCTEH
ooroBoro Bukopuctanus [1C;

* mig dac mwianepyBadds [1C 3 BUCOT mpakTU4HOI cTeli 1 poOOTH JBUTYHIB - Ha
peXruMax, peKOMEHI0BaHUX THCTPYKIIIEIO JIbOTUUKY.

VY pa3i BUKOHAHHS MYCKIB JBUTYHIB Y MOJbOTI HEOOXITHO 3aMUCaATH:

* YMOBH, 3a SKUX BKJIFOUAETHCS ABUTYH 1 IPOBOAUTHCS MYCK;
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* KUTBKICTh BKJIIOYEHb (POpcaky, MpoO COpUiMaHOCTI, MyCKiB, (IIIOrepyBaHHs;

* tun gBuryHa i [IC B poOouiii mporpami.

Ornsig GinbTPiB IS OJIMB MPOBOIUTHCS BIAMOBIIHO 10 IHCTPYKIIIT 3 €KCILTyaTarlii
JNBUTYHA. Y pa3l BUABJICHHS Ha QUIBTpaX BIAKIAJACHb MPOBOIUTHCS iX 3HATTS 1
3Ba)KyBaHHS, 32 HEOOX1JHOCTI BU3HAYAETHCS XIMIYHUHN CKJIaJl BIIKJIAACHb.

Hlomicsmst  roioBOI0  KOMICIT  MPOBOAUTHCS — y3arajibHEHHS  MarepialiiB
BUNPOOYBAHD 1 IOMOBIAAETHCS MUCHbMOBO KOMaHayBauy BuAy 30poitHux Cun Ykpainu.

VY nporeci BUMpoOyBaHb JOCTIAHOI OJTMBU BU3HAYAIOTHCSI:

* BUTpATa OJINBH;

* (h13UKO-XIMIYHI BJIACTUBOCTI JOCJITHOI OJIMBH;

* BIUIUB JIOCJIHOI OJIMBH HAa SIKICTh MOBITPS, 110 MO1a€Thes B kKaOiny 11C;

* BIUIMB JIOCJIIIHOI OJIMBU Ha TyMOBI BUpoOu 1 jJakodap6osi mokpurts [1C.

[IpoOu onuBHM 3 IBUTYHIB BIIOMPAIOTHCS yepe3 25-50 rojl HanpauroBaHHs, POOH
noBiTps 3 kabiH [IC - yepes 50-100 rog.

Po6oTa micns BunpoOyBaHb 31HCHIOETHCS B TaKii MOCIIIOBHOCTI:

* MPOBEACHHS 30BHIIIHBOIO OrJSAY (UIBTPIB, JIOPUTOBUX IIUIAHTIB CUCTEMHU
CWJIOBHX YCTaHOBOK 1 nakodapOoBoro mokputTsi nsuryHiB [IC, ski mpaioroTe Ha
JOCJIITHUX 1 CTAHIAPTHUX OJIMBAX;

* 32 pe3yJbTaTaMu OTJISAY CKIIAJaHHs akTa, B SKOMY 3a3HAYalOThCS CTaH BY3JIB 1
arperaris, J1ako(apOOBOTO MOKPHUTTS, KIJTBKICTh 1 CKJIaJl 3HATUX BIIKJIa/ICHD;

* 3HiMaHH4 3 [1C nBUryHiB, iX Oruisiz 1 BiAnpaBka Ha MiANPUEMCTBO-BUPOOHUK AJIs
po30upanns 1 nedexranii. Po3oupanns 1 nedexrartiss BinOyBarOThCsl B MPUCYTHOCTI
YJIeHIB KOMICii, [0 TPOBOAUTH BUMNpoOyBaHHs. [li yac po3OupaHHsi 0COOJIMBY yBary
3BEPTAIOTh HAa HASBHICTH BIJIKJIaJIeHb Ha JCTAJSAX, 3HOC JIETAJCH 1 CTaH TYMOTEXHIYHHUX
netaneil. Bussneni nedgextu dororpadyroTbes, TYMOTEXHIYHI J1eTall HAMPaBISIIOTHCS
Ha JOCJIDKeHHS. Y po3OupaHHi 1 Jedexraiii aetajed MOXyTh OpaTH yd4acTb
MIPEICTaBHUKU OpTraHi3allii, siki po3poOuIn OJIHUBY;

* ¢otorpadyBanHs AedEKTHUX JETaleH NBUTYHIB 1 amapaTypu CUCTEM, a TaKOX
JeTanel 3 XapaKTepHUMH BiJIKJIAJICHHSIMHE, KOPO3i€r0, 3a0pyTHEHHSIMU;

* JOCJIDKCHHSI TIPUYUH yTBOPEHHS Ne(eKTiB ad0 XapaKTepHUX BIIKIAJCHL Ha
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netansax. [lopiBHSHHS LUX AeTaneil 3 JeTalssMU 1HIIUX JBHUTYHIB, SIKI HalpaltoBaju
BCTAHOBJICHUH pecypc Ha CTaHIapTHIN OJIMBI;

* 3BQ)KYBaHHSI HarapiB 1 BIJKJIa/IeHb Ta BU3HAYEHHS B HUX KIJIBKOCTI OPraHIYHMX 1
HeopraHiuaux vactok 3a [OCT 1461 [ ]. 3a HeoOXiTHOCTI MPOBOAUTHLCS OUIBII TTOBHUI
aHaJl3 y HayKOBO-JIOCIIHUX OpraHi3allisx.

Komicis, mo mnpoBoAuTh BUNPOOYyBaHHS, y3arajabHIOE, aHANI3ye MaTepiaj,
oJIepKaHi B IpoIieci BUIIPoOyBaHb, PO30UpaHHs 1 AedeKTallii IBUTYHIB, 1 CKJIaJIa€ aKT
3a pe3yJbTaTaMu BUMIPOOYBaHb, SIKMI BKIIFOUA€E TaKi OCHOBHI PO3JILIH:

* Cmucni gioomocmi npo 06 ’ekm

VY upoMy po3niii BUKJIQIAIOThCA 1HQOpMAIlid Ta JlaHi, MOB’s3aHl 3 PO3POOKOIO
nociiaHoi  onmBU. HaBoasiThest BIIOMOCTI TPO  AOCHIJIHY OJUBY (TEXHOJOTIS
BUPOOHMIITBA, OCHOBHI PE3yJbTaTH IMONEPE/IHIX JTAOOPATOPHUX, CTEHJIOBUX 1 JILOTHUX
BUNPOOYBAaHb ), MIJICTaBa /Il 3aKIHUEHHS BUIIPOOYBaHb.

e [liocymxu

Y migcyMkKax HaJaloThCA TPsAMiI 1 TIOBHI BIANOBIAI HAa TMHTAHHSA MO0
BUNPOOYBaHb, PEKOMEH ALl MO0 YCyHEHHs HenoumikiB. OIiHKa HaalMHOCTI poOOTH
nBUTyHIB 1 arperariB cucrem IIC mig dwac ekcrulyararii Ha JOCTITHIA OJUBI
MPOBOJUTHCA 3a pe3yibTaTaMu po30upaHHs 1 JnedekTarlii IBUryHIB. BucHoBOK
HAJAETHCS KOMICIEIO 3 MPOBEJICHHS BUIPOOYBAaHb.

* BucHnoexu

VY BUCHOBKax HAJAa€ThCS OLIHKA pPE3yJbTaTIB BUKOPHUCTAHHS JOCIHIJHOI OJMBU
MOPIBHSHO 31 CTaHAapTHOWO. [lepeBipsitoThbcsl pe3ysbTaTh BUKOHAHHS ITYHKTIB
pOrpamMu, BKa3yrThCS OCOOIMBOCTI 1 IePEeKTH, OTPUMaH1 MIPH 3aCTOCYBaHHI JTOCIITHOT
OJIUBH, 1 HAJAIOTHCA MPOMO3UIIII MO0 YCYHEHHS BUSIBICHUX Je(PEKTIB 1 HEIOJIKIB.
BucHOBKY MIANUCYIOTHCS KOMICIE€IO, 1110 IPOBOINIIA BUIPOOYBaHHSI.

* JIvomna oyinka

VY upoMy po3aiii HAIAEThCS XapaKTEPUCTUKA CTIMKOCTI pOOOTH JIBUTYHIB, CUCTEM
[IC ma mocmimHii ONWBI W BIAMOBIAHICTH TMapamMeTpiB pOOOTH JBUTYHIB BHUMOTaM
THCTPYKIIiH 3 eKcIuTyaTarfii.

OminroeThest pobota nBuryHiB 1 cucteMm [IC y monpoTax Ha JOCTITHIA OJMWBI U
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BIJIMIYAIOTHCS OCOOJIMBOCTI TX pOOOTH, BUSIBJICHI i/ Yac BUMPOOYBaHHS.

JIboTHa OIIIHKA CKJIQIa€ThCs  JIbOTYMKAMM, SIKI BUKOHYBaJM Iporpamy
BUIIPOOYBaHHS, 1 MIAMUCYETHCS KOMAHIUPOM YaCTHUHHU.

* Excnnyamayiuna oyinka

VY upoMy po3aiai Haga€ThbCsl OlLIHKA POOOTH JIBUTYHIB Ha JOCIHIJIHIN OJIMBI Y
npoiieci BUMPOOyBaHb, HABOASATHCS OCOOJIMBOCTI €KCIUTyaTarlii CHJIOBOI YCTAaHOBKH Ha
3eMJIi, OCOOJMBOCTI, BHUSBJICHI CIyX00I0 TajapHOro miA 4Yac 30epiraHHs, Bujadl 1
3armpaBKH.

ExkcrutyaTaiiiina oOLIHKAa MIJIMUCYETbCS CTApIIMM  1H)KEHEPOM YacTUHU M
HAYaJILHUKOM CJIyKOU MaTMBHO-MACTUILHUX MaTepialiB.

* Mamepianu eunpobyeans

V¥ marepianax BunpoOyBaHb HaBOAATHCs BijomocTi ripo [1C, aBuryHu i arperaty,
HalpalloBaHHSA JBUTYHIB, JaHl TIPO JOCTIIHY OJMBY (CKJIajJ OJIMBH, TEXHOJIOTIsS
BUPOOHMIITBA, 3aCTOCOBAaHAa CHUPOBHMHA, JOMIIIKHK), JaHl 1po  (PI3UKO-XIMIYHI
BJIACTUBOCTI JIOCIIITHOT OJIUBH, (paKTUYHI MaTepialiv, oJiepkaHi y Tpoleci BAPoOyBaHb
(pororpadii, rpadiku, TadAUI, aKTH), SIKI XapaKTEPU3YIOTh X1 pOOOTH 1 pe3yibTaTH
BUNPOOYBaHb. AKT Ma€ MICTUTH MaTepiajii BUKOHAHHS KOKHOTO IMMyHKTY TPOTPaAMH.

Marepianu BuripoOyBaHb MiAMUCYIOTHCS KEPIBHUM CKJIAJIOM aBialliiHOT YaCTUHH,
10 MPOBOJIAJIA BUITPOOYBAHHS.

s pobGoTa € MNPOMIKHUM €TaroM II0JI0 BHUBYEHHS MaTrepiajiB paHilie
MPOBEJICHUX BUMPOOYBAHb JIOCIITHOT OJIUBH.

Pesynbratn  gucepramiiiHoi  poO6oTM  anmpoOOBaHO 1  BOPOBAIKEHO Yy
HarmionanpHOMY — aBiamiifHOMy  yHIBEPCUTETI, M0 MIATTBEPIKYEThCS  AKTOM

BIIPOBA/IKCHHS Y HABYAIIbHUI MTPOLIEC.
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BUCHOBKHA

3a pesynabTaTaMyd MPOBEACHUX JOCTIDKCHb BCTAaHOBJIICHO JIWHAMIKY 3MiHU
OCHOBHUX TIIOKa3HHMKIB fKOCTI OJIMB y TPOIECi eKCIUTyaTallii TeliKONTepiB.
BcranoBineHo, 1110 3a0py/IHEHHS OJTUB MEXaHIYHUMU JOMIIIKaMU, TPOyKTaMU 3HOCY Ta
BOJIOIO BiIOYBA€ThCS Y MPOIIEC] X eKCILTyaralrii y By3Jiax 3MailyBaHas. Bmict macoBoi
YacTKH BOJU y MiHepanbHIH onuBl MK-8m mijg yac HampairoBaHHS I1IBHIIY€ETHCS 0
0,0044 % wmac. micias 300 roguH HanpaitoBadHs, a cuaTeTHaHo1 oiuBu Mobil Jet Oil o
0,0024 % wmac. 3a 11€ i e TepMiH 1 poOOTH B cUCTEMI 3MalllyBaHHSI TEIKONTEpa.

[TokazaHo, 110 BMICT MacoBOi YacCTKHM PO3YMHEHOI BOJM B MIHEPaJIbHIM OJIMBI
Maif’ke y JIB14i MEPEBUIIY€ BMICT MAaCOBO1 YaCTKHU BOJU Y CUHTETHUHIH. [{le 00BOIHEHHS
MOB’sI3aHE 13 HACHYCHHSIM Ta MOTJIMHAHHSAM BOJIOTH 3 atMocdepu, HasBHOCTI B MK-8n
MOJIIPHUX BYTJIEBOHIB Ta OUTBIION TYCTUHOIO CHHTETUYHOI OJIMBH.

BcraHoBIIEHO, IO BMICT MAacOBOI YaCTKM MEXaHIYHHMX JoMImoOK oiauBn MK-8m
i 4ac HampaioBaHHa migsumyeTbes g0 0,00056 % micas 300 romg HambOTy
renikontepa, a oxmBu Mobil Jet Oil 254 — no 0,00036 %, ToOTO TIOHA 1,5 pa3wm, 110
MO>KJIMBO TIOSICHUTH KPaITUMH POTU3HOCHUMH BJIACTUBOCTSIMA CHHTETUYHOI OJTUBH.

BcranosneHo, mo kKiHemMaTuyHa B’s3KicTh oauBr MK-81 mij yac HampairoBaHHS
3a temnepatypu 40 °C 3poctrae 3 16 cCtr go 25.6 cCr micis 300 roa HamboTy
reqikontepa, T00To Ha 60 %, a cunteTruHoi onmBu Mobil Jet Oil 254 3a paxynok
NoJIIMepHU3allii 32 BUCOKHX TEMIIEpaTyp y NPUCYTHOCTI KUCHIO — 3 26.4 cCt 10 33.2 cCr,
T00TO Ha 26 %, TOOTO B’A3KICTh MIHEPAIbHOI OJMBHU MOPIBHSIHO 13 CHUHTETHYHOIO
30upIMIacs y 2,3 pasu. Kinemaruuna B’si3kicTh oniBr MK-81 mij yac HampaiiroBaHHs
3a temnepatypu -40 °C 3poctae 3 6500 cCt go 10800 c¢Ct micis 300 roa HambOTy
rexikonTepa, T00To Ha 61,5 %, a cuarernunoi oausu Mobil Jet Oil 254 — 3 11500 cCr.
no 13800 cCr., To6To Ha 20 %, TOOTO B’S3KICTh MiHEPAJIHHOI OJMBU TOPIBHIHO 13
CUHTETHUYHOIO 30utblmiacs y 3 pasu. Kinematuuna B’si3kicth onuBu MK-8m mig yac
HampaifroBadas 3a temneparypu 100 °C 3poctae 3 2,6 cCt m0 4,38 ¢Ct micas 300 ron
HAJILOTY TellikonTepa, To0To Ha 68 %, a cunteTnyHoi onmuu Mobil Jet Oil 254 — 3 5,3

cCr no 6,64 cCr, mo craHoButh 25,2 %, TOOTO B’A3KICTh MiHEpaJIbHOI OJUBU
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MOPIBHSHO 13 CHHTETUYHOIO 30uTbIuiacs y 2,7 pa3u. 3pocTaHHs B’ SI3KOCTI 3aCBiIUy€
YTBOPEHHS CMOJIMCTHUX PEUYOBHH (TIPOJIYKTIB OKHCHEHHS) Yy MpOIllecl HaIpaltoBaHHS
OJIMB.

[Toxazano, mo 3arampHe JykHe umcio (3JIY) omuBu MK-8-m mig wdac
HarnpatroBanas micist 300 rogus HanboTy 3HUWXKYeThesa 3 0,04 mr KOH/r no 0,022 mr
KOH/r., To6T0 Ha 45 %, a cuatetnunoi omusu Mobil Jet Oil 254 — 3 0,08 mr KOH/r 10
0,072 mr KOH/r, mo cranoButs 10 %, To6TO 3JIU MiHEpanpHOI OJIMBU MOPIBHSIHO 13
CUHTETUYHOIO 3MEHITIIIOCA ¥ 4,5 pa3u, 1Mo XapaKTepu3ye CIPAIFOBAHHS MPUCATIOK.

BceranoBiieHo, 1o TeMiiepaTypa crnanaxy MiHepaibHol onuBu MK-8m mix yac
HarpaifroBadHs 3HUKyeTbes 13 140 °C o 121 °C micns 300 roa HambOTY reliKoONTEpa,
100TO Ha 14 %, a cuaretnunoi onmusu Mobil Jet Oil 3 254 °C go 243 °C, 110 CTaHOBHTH
9,6 %, TobTO TEemMMEpaTypa crajgaxy MiHEpaJIbHOI OJIUBU 3MEHIIYeThbes Yy 1,5 pasu HiX
CHHTETHUYHOI, III0 XapaKTepHU3ye BUIIAPOBYBAHICTD JIETKUX (DpaKITii.

BusznaueHo, 1mo Temmneparypa 3acTUraHHs MiHepainbHOl osvBu MK-8m mig vac
HarpalroBaHHs MABUINY€EThCs 3 - 55 °C o -38 °C micnsa 300 rog HaIBOTY TelIIKONTEpa,
100TO Ha 31 %, a cuaternunoi oy Mobil Jet Oil — 3 -62 °C go -56,6 °C, To6TO Ha
8,8 %, mo CTaHOBUTH NOHAI 3,5 pa3u, IO XapaKTEepU3y€ 3HAYHUM OKHCHEHHSIM
MIHEpaJIbHOI OJIUBHU.

BcranoBneHno, 1o ryctuHa miHepanbHoi oquBu MK-8m mij yac HampaitoBaHHS
miaBUIIYy€eThes 3 852 kr/m® 1o 879 kr/m? micas 300 roa HaIbOTY TeliKoNTepa, TOOTO Ha
3.4 %, a cuaTeTnuHol onuBu — 3 1004,4 xr/m* no 1009,1 kr/m3, To6T0 Ha 0,5 %, TOOTO
pI3HUIE MDK JBOMa OJIMBAaMM II[a ITUM TOKAa3HUKOM CKJIajae Maitxke 7 pasiB, IIO
XapaKTepHU3y€e IHTCHCUBHUM OKHCHEHHSIM MIHEPaJbHOI OJIUBHU.

[TokazaHo, 1110 KOJIp OJIMB Mij Yac HampalfoBaHHsS Ha0yBa€ OUIbII 1HTEHCUBHOTO
3abapBieHHs. l{o mosicHIOETBCS TpolecaMyd CMOJIOYTBOPEHHS. B MiHepasbHIi OJMBI
MK-81 koJ1ip 3MIHIOETHCS BiJI )KOBTOTO (2,5 OAWMHUIIB) 0 KOPUIHEBOTO (5 OJMHUILG), a
B cuHTtetnuHii onmuei Mobil Jet Oil 254 Bix cBitio-xoBtoro (0,5 oaUHUI) J0 CBITIO-
KopruuHeBoro (3,0 OIMHHUILB).

BcranoBneno, mo mpoTu3HOcHI BiactuBocTi cuHTetnunoi Mobil Jet Oil 254

OJIMBM MepeBUIlyt0Th nmoHaj 10 % minepanbHy oauBy MK-811, 110 MOSCHIOETHCS SKICTIO
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Ta HAsBHICTIO B CHHTETHYHIM OJIUBI MAaKeTy KOMIUIEKCHUX MpHUCAaNOK. SK TMokKa3aiu
pe3yJIbTaTH JAOCHIIKEHb, IO 30UIBIICHHS KOHIEHTpalii (yJepeHOBOI MPHUCATKH B
OJIMBaxX HE 3HAYHO BIUIMBA€E HAa BEJIMYMHY 3HOCY, XOUa TEHJCHIISl 3MEHILICHHS JllaMeTpa
IUSIMA ~ 3HOCY Ta 30UIbIIEHHS KPUTUYHOTO HABAHTAXEHHS  CIIOCTEPIra€ThCs
CIIOCTEPIra€eThCsl B 000X OJIMBaX.

JloBeneHOo, 110 3a BHILENEPEPAXOBAHUMHU TMOKa3HUKAMU TEPMiH EKCIUTyaTallil

MiHepaibHoi 0B MK-81 y cuctemax 3MaiiyBaHHs He MOe nepeBuiiryBatu 150 rog.
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