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Abstract

Purpose: The research results of the synthesis of multipurpose urea grease are based on synthetic oils for
use in a wide temperature range, suitable for use in aviation engineering. Methods: The interaction of
polyisocyanate with octadecylamine and benzylamine in a mixture of polyalphaolefin oil with pentaerythritol
esters and fatty acids of the Cs-Cy fraction was synthesized polyurea — thickener of urea greases. Its
structure was established by IR spectroscopy. The method of derivational analysis was used to determine the
upper temperature limit of grease application. The properties of grease are investigated by standard
methods. Results: IR spectra of urea grease indicate that was applied for the synthesis of the thickener the
ratio of reagents, leads to their full consumption during the reaction and allows to obtain urea with the
maximum output. The nature of the curves of differential thermal analysis and thermogravimetry indicates
that the upper temperature limit for the application of urea grease made on a mixture of synthetic oils is at
200 °C. It is established that the synthesis temperature and the ratio of the components of the thickener
determine the thermal, rheological and mechanical properties of the system. By varying the molar ratio of
the components of the urea thickener, it was possible to create a mechanical and colloidal stable
lubricanting composition. The grease does not freeze to minus 50 °C, which is confirmed by the low viscosity
at this temperature and the value the starting and the running torque of rotation of bearing. Applications of a
multifunctional additive package allowed to enter a new qualitative level of tribological characteristics and
resistance to oxidative conversions. Discussion: Researches shown that the properties of urea grease depend
on not only on the nature and the ratio of the components of the urea thickener and the parameters of the
process of its synthesis, but also on the balance of the lubricating composition as a whole with properly
selected base oils and an additive package. The developed product with a high level of tribological,
antioxidant and ecological characteristics meets the modern requirements for aviation greases and can be
recommended for using in harsh operating conditions over a wide temperature range.

Keywords: aviation grease; isocyanate; amine; urea thickener; thermooxidative stability; tribological
characteristics

1. Introduction technique and aviation, where temperature
conditions are especially harsh and defect of friction
unit can lead to disaster. In airplanes the high
temperature occurs in jet engines and high-speed
bearings. Low temperatures occur at high altitudes

In metallurgy, mining or silica industries at high
temperature in the friction units is necessary to apply
an increased amount of grease and replace it more
frequently. Such methods cannot be used in military
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and in Arctic areas. The need for highly efficient
multi-functional greases is increased in a result of
recent achievements in the field of aircraft
construction. The speed of the aircrafts increases,
increases thermal performance for certain parts. The
friction units of aircrafts with speeds of over 2 M
can be heated to 200-250 °C [1]. As a result,
toughening mode of operation of grease in the
bearings ailerons, stabilizers and rudders. Their
drivers also work in very stressful conditions. Most
aircraft units are not exposed to twisting movement
with high speeds, but feel strong vibrational loading.
Aircraft greases should be able to work throughout
the temperature range - on land and in the air.
Greases which are based on oils may be used only
under normal temperatures. In the case of expanding
the range of operating temperature, e.g., from minus
50 to plus 170 °C, greases on this basis are
unsuitable. Many thickeners, which successfully
operate at 120-150 °C, cannot withstand higher
temperatures, and structure of greases collapses.
Another problem is the matching of stable and
effective, in the range of operating temperatures,
antioxidant and anti-wear additives. Compatible of
such additives with synthetic dispersion medium is
explored extremely insufficient.

Modern aviation greases are high-temperature
products with a drop temperature above 250 °C and
losses on evaporation at 200 °C, which not
exceeding 5%, are resistant to water, non-aggressive
corrosive, mechanically stable, mostly 1-2 grade on
a scale penetrations NLGI.

2. Analysis of Research and purpose

Finding and developing new types of thickeners are
usually caused by rising requirements for greases.
Synthesis and patenting in 1955 by the American
company Standard of Indiana arylsubstituted urea as
a thickener of greass was due to lack of those times
is chemically and thermally stable thickeners for
silicone oils. Soap, mainly calcium, greases and
greases on inorganic thickeners do not provide the
necessary resource of friction units of aviation
technology in a wide range of temperatures,
pressures and speeds. Poliurea or urea greases (UQG)
were non-corrosive, high-fusible, chemical- and
heat-sable. Since then and until today there was the
interest of developers in this type of plastic
thixotropic colloidal systems. Researchers from
around the world for the synthesis of di-, three-,
tetra- and poliurea thickener wused different

combinations of amines and isocyanates, represented
different mechanisms of their synthesis and induced
different properties of the final Ilubricating
compositions [2-5]. The most simple but effective
thickener, which Japanese manufacturers UG give
preference [6] considered diurea - product
isocyanate interaction with one or two secondary
amines. Greases, which are made on diurea, are
characterized by a wide temperature working range
and the required level of tribological and rheological
characteristics, stable at high temperatures, able to
work in the presence of moisture.

In view of the above, the purpose of work was
developing new backfill multipurpose grease on
synthetic oils, which are thickened by diurea for a
wide temperature range of aviation engineering.

3. Experimental

As the dispersion medium of UG was used mixture
of polyalphaolefin oil (PAO) with pentaerythritol
esters and fractions of fatty acids Cs-Cq (EP). Instead
of toxic monomeric isocyanates, which require
special safety measures, we used the so-called
"erey" diphenylmethane diisocyanate (Crude MDI)
or polyisocyanate (PIC), with a mass fraction of
isocyanate groups of 35-38 %, to obtain a UG urea
thickener. The interaction PIC with octadecylamine
and benzylamine was synthesized product
containing group -NH-CO-NH-, which positively
influence on the UG lubricating properties and
performance of the whole system [7].

UG is synthesized by the known technology [8].
It’s prepared individual solutions of PIC and
mixtures of amines in the environment of PAO.
Heated to 70 °C and mixed in a reactor, which is
equipped with heating and mixing device. To the
formed suspension, the estimated number of PE
added and heated to a certain temperature in the
range of 100-200 °C with holding 30 min. The
samples were cooled to 20 °C and homogenized in a
laboratory three-roll mill.

IR-spectrum of synthesized compounds in the
range of 4000-400 cm™ was recorded using IR-
spectrometer with Fourier transform Thermo Nicolet
Nexus FT-IR (USA). To determine the temperature
of the wupper boundaries of UG was used
derivatographic the method of analysis, which are
based on the simultaneous measurement of mass and
enthalpy of material during its heating. The study
was conducted in an atmosphere of static air through
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the unit Q-1500D (Hungary) with computer
registration of data. Derivatography allows
determines the temperature, at which occur physical
and chemical transformations in the thickener.
During derivatographic analysis of the sample of
grease simultaneously record curves, differential
thermal analysis (DTA), thermogravimetry (TG) and
differential thermogravimetry (DTG).

To enhance level of the thermo-oxidative
stability to UG composition introduced application
Borine — are processed by boric acid the product
condensation 2,6-di-tert-butylphenol and
alkylphenols with formaldehyde and ammonia. To
improve the tribological characteristics of UG is
used anti-wear package and anti-seize additives
consisting of dialkyldithiophosphate of zinc and a
mixture of sulfide olefins.

Temperature indicators of dropping and colloidal
stability of UG determined by ASTM D566, ISO
2176 and GOST 7142. Mechanical stability (MS) of
UG evaluated by the change in penetration rate after
extended mixing (P, - P; = AP). According to ASTM
D217, ISO 2137 standard greases break down in the
mixer of penetrometer. P, determined after 60 and P,
- after 100 000 double strokes. Changing the status
of the consistency of grease during long mixing
characterizes the susceptibility or resistance of
grease to thixotropic destruction. The stability of
grease samples to oxidation analyzed for acid
number changing after prolonged heat treatment
according to GOST 5734, and their tribological
properties - critical load (P.) and welding load (Py,)
was determined on four-ball friction machine to
GOST 9490.

To determine the functionality of grease at high
temperatures conducted its test on the stand SETA-
1860, corresponding method FTMS 719B-331.1 US
federal standards. This high speed bearing stand,
consisting of three identical units that include
thermostatic chamber with heaters, bearing assembly
and motor with belt drive to spindle. Criteria for
evaluating performance of grease are regular term of
the bearing filled it to its failure or the appearance of
one of the following factors: the bearing temperature
rise above the set standards, and its stiffness of oil
and its leakage from bearing, increased noise of
bearing. UG investigated in bearing 70-204K3 at a
radial and axial loads of 23 N, the rotational speed of
10,000 min™ and a temperature of 150 °C.

To study the low-temperature properties of UG
was used stand corresponding method ASTM
D1478. The stand allows to evaluate starting
characteristics bearings with grease at negative
temperatures. It identifies two indicators: the starting
torque (M) - the maximum torque measured at the
start of rotation of bearing, and the running torque
(M,) - the 15-s average value of the torque after
rotation for a specified period of time (60 min).

Biodegradability of grease evaluated by DSTU
4247:2003 "Petroleum products. The method of
determining of biodegradability (CECL 33-A-93,
NEQ)".

4. Results and discussion

The process of interaction of PIC with amines
occurs on the scheme:

NCO NCO NCO
R—NH,* CH, CH, + H,N-Ry, —=
n
HN- c HN-R,

—=R~NH-C- NH@ @» @NH C-HN-R,

The formation of urea under the above scheme
shows the IR spectrum UG (Fig. 1). At UG spectrum
no absorption bands of primary amines between
3400-3200 cm™ and the isocyanate groups -N=C=0
PIC in the 2280-2230 cm™ [9].
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Fig.1. IR spectrum of UG.

At TG curves (Fig. 2) was the initial horizontal
section of 200 °C indicates high resistance to
lubricant compositions thermal formation. At higher
temperatures up to 300 °C is observed sharp loss of
grease’s weight by intense chemical disintegration
and evaporation of its synthetic dispersion medium.
On the curves DTA are observed two exothermic
effects in the temperature range 300-600 °C,
describing the intense thermo-oxidative destruction
of dispersion medium and urea thickener. The
results make possibility to determine the upper
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temperature limit UG, which are made by a mixture
of synthetic oils at 200 °C.
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Fig.2. Derivatogram of UG.
1 - DTA curve, 2 - DTG, 3 - TG.

TG curve in the figure indicates 100% loss of UG
weight when heated to 600 °C. Diurea does not form
ashes, unlike soap greases. This makes profitable
benefits to grease on the diurea thickener at
application in high temperature conditions. On the
friction surfaces are eliminated gome and sludge
deposits that extends the life of the equipment.

The researching influence of heat treatment
temperature (HTT) on the properties of greasing
compositions have found that increase the dropping
point temperature of the grease, but deteriorate
rheology - colloidal stability, strength, penetration.
HTT is optimal in the range of 150-170 °C.

By increasing the proportion of benzylamine in
molar ratio of isocyanate : aliphatic amine : aromatic
amine significantly improved thermal stability and
antioxidant stability of system. An important result
of the research was to establish dilution of UG after
mechanical destruction, which is characteristic for
compositions with high aromatic amines consisting
of urea thickener. That is, increasing concentrations
of benzylamine leads to poor mechanical stability of
UG. Changing the status of UG consistency during
prolonged stirring to the value of AP = 80-100 units
characterized by poor structural stability of the
frame to collapse, which could lead to critical
dilution of grease and its leakage from the friction
unit.

Based on the achieved results, developed an
optimal composition of three-component diurea
thickener and effective synthesis conditions of
thixotropic colloidal urea system with high thermal
properties and mechanical stability.

The presence of a significant number of urea -
NH-CO-NH- and secondary amine -NH- groups in

the molecule of thickener positive effect on the
antioxidant properties of UG. In fact, the product of
interaction PIC with amines is an inhibitor of group
1, which interrupts the chain oxidation by reaction
with peroxide radicals to form polar transition
complex ROO" eee [ eee [n. To these inhibitors
typically include phenol, naphthol, secondary
amines, aminophenol, etc. [10]. The inhibitor Borine
was highly effective at high temperatures (150-180
°C). Probable the cause is thermal stability of Borine
original molecule and its phenoxy radical and
products’ activity of their transformations in slowing
down the process of oxidation [11].

The table shows the results of laboratory and
bench tests of developed multipurpose grease.

According to the data of table, UG has a high
thermal stability. The dropping point of the grease is
260 °C, evaporation at 200 °C - less than 5%,
efficiency in the bearing at high temperatures
exceeding 1000 h, that 2 times better than lithium
complex greases on the same synthetic basis and
with the same additives.

Table
Characteristics of UG

Name of indicator, unit of Test method Indicator

measure value
Oil separation, % GOST 7142 8,4
Dropping point, °C ASTM D566 260

ISO 2176

Evaporation loss, 200 °C, GOST 9566
1 hour, % 4.5
Increase acid number GOST 5734
(150°C, 10 h), mg KOH/g 0
l\)/;'s:osuy at minus 50 °C, GOST 7163 1490
Torque at minus 50 °C, ASTM D1478
N-m
- M 0,198
- M, 0,076
Penetration at 25 °C, ASTM D217
mm-10"' 1SO 2137
- worked 60 strokes 300
- worked 100 000 strokes 332
- AP 32
Water-washout, 79 °C, % | ASTM D1264 0,5
The functionality on the | FTMS 719B-
stand-SETA 1860, hrs 331.1 >1060
Tribological GOST 9490
characteristics on FBM
-P., N 1098
-P,, N 2450
-D, 392 N, 1 hour, mm 0,5
Copper corrosion GOST 9.080 pass
Biodegradability, % DSTU 4247 39,8
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The using of a multifunctional additive package
possible to reach a new level of quality for the
tribological characteristics and resistance to
oxidative changes. Long-term tests in terms of
thermo-oxidative factors (high temperature, copper
catalyst and oxygen atmosphere) did not lead to
increased acid number. That’s why, chain reaction
interrupted early emergence of peroxide radicals.
Grease also showed relatively high anti-wear
properties for the critical load and wear scar
diameter (P., D) and anti-seizure characteristics by
the welding load (Py,).

By varying the molar ratio of components urea
thickener, managed to create a mechanically stable
lubricating composition of AP, which does not more
than 40 units. This allows to predict long-term stable
operation of UG in friction units without softening
and leakage. Designed grease is characterized by
high colloidal stability, lack of corrosion activity and
water-wash resistance. The grease does not freeze to
minus 50 °C, it is confirmed by low viscosity at this
temperature and torque value at the starting and a
running rotation of the bearing.

New multipurpose grease prevails known
commodity analogue on environmental
performances, which are defined by DSTU 4247:
2003 "Petroleum products. The method of
determining biodegradability (CECL 33-A-93,
NEQ)». Indicator of biodegradability compared, for
example with grease Maspol (TU U 00149943.489-
97) was reduced by almost 10%.

6. Conclusion

Consequently, researches shown that UG properties
depend not only on the nature and value components
of urea thickener and its synthesis process
parameters, but also on the balance Ilubricant
composition as a whole with properly selected base
oils and additive package.

Summarizing the results, we can say that
designed UG meet the modern requirements of
aviation greases and can be recommended in aircraft
as multifunctional grease for use in a wide
temperature range, under high loads and speeds.
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Merta: [IpencraBiieHi pe3yabTaTH TOCTIIKEHb 0COOIMBOCTEH CHHTE3Y 0araTolijIbOBOTO YPEeaTHOTO MacTHiIa
Ha CHHTCTUYHUX OJIMBAaX JUIs IIMPOKOTO TEMIIEPATYPHOTO Jiala30Hy 3acTOCYBaHHs, MPHIATHOTO s
BUKODHCTaHHS y aBiamiiHid TexHini. Mertoau: B3aemopiero momiizomiaHaty 3 OKTaAeNWIaMiHOM Ta
OeH3MIaMiHOM y cyMimi mosianbdaoneiHOBOI OJMBH 3 ecTepaMy IMIEHTAEPITPHUTY 1 JKUPHUX KUCIOT (Qpakiii
Cs-Cy CHHTE30BaHO MOJICEUOBUHY — 3aTyCHHK ypeaTHHX MacTHi. 1i GyaoBa BCTaHOBIeHa MeTomoM 1U-
cnekTpockorii. JIJi1 BU3HaYeHHS BEPXHBO1 TEMITEpaTypHOI MEXKi 3aCTOCYBaHHS MacTHIIa BUKOPHCTAHO METOT
JIepuBaTOrpadiIHOTO aHami3y. BmacTHBOCTI MacThia MOCHIKEHI CTaHIAPTHUMH MeToaamu. Pe3yiabTaTH:
[Y-criekTpu ypeaTHOro MacTHia 3acBIAUWIIM, IO 3aCTOCOBaHE ISl CHHTE3y 3aryCHHKA CITiBBiITHOIICHHS
peareHTiB MPU3BOAUTH O MOBHOTO iX BHTpa4daHHS y XOJl peakuii Ta JO3BOJAE OACPKATH CEYOBUHY 3
MaKCUMaJIbHIM BHUXOIIOM. XapakTep KPUBUX AU(PEpPEHITiaTLHOTO TEPMIYHOTO aHAJi3y Ta TepMorpaBiMeTpil
BKa3ye, M0 BEPXHS TeMIIEpaTypHa MeXa 3acTOCYBaHHS YPEaTHOTO MAacTWIia, BUTOTOBJICHOTO Ha CyMimi
CHHTETHYHHX OJIMB, 3HAaXoauThcs Ha piBHi 200 °C. BcraHoBieHO, IO TeMmeparypa CHHTE3y i
CHIBBiTHOIIICHHS KOMIIOHEHTIB 3aryCHUKa BU3HAYAIOTh TEPMidHi, PEOJIOTIYHI Ta MEXaHi4Hi BIACTHBOCTI
CHUCTeMH. Bapitoroun MOTHHUM CIiBBIIHOIICHHIM KOMITIOHEHTIB CEYOBHHHOTO 3aryCHUKA, BIAIOCS CTBOPUTH
MEXaHIYHO Ta KOJIOIHO CTabiIbHY MACTHIBHY KOMIO3HIlif0. Mactuno He 3acturae g0 minyc 50 °C, mo
MiATBEPKYETHCS HU3BKOIO B’S3KICTIO 3a Ii€i TeMIepaTypH Ta BEIMYHMHOI KPYTHUX MOMEHTIB Ha IOYATKY
Ta 3a CTAJOr0 OOepTaHHS IITIIMITHWKA. 3aCTOCYBaHHS 0araroQyHKIIOHAIBHOTO ITAKETy TIPHUCATOK
JO3BOJIWJIO BUUTH Ha HOBWI SIKICHHH pIBEHb 3a TPUOOJOTIYHUMH XapaKTEePUCTUKaMH 1 CTIMKICTIO 10
OKHCHIOBAIBHUX TiepeTBOpeHb. O0ropopennsi: J{ociiKeHHS 3acBiguWid, IO BIACTHBOCTI YpeaTHOTO
MacTHIIa 3aJie)KaTh HE TIIBKU BiJ] IPUPOIU 1 CIIBBiJHONICHHS KOMIIOHEHTIB CEYOBHHHOTO 3aryCHHKa Ta
napamMeTpiB Ipolecy HWOro CHHTE3y, ajle W BiJ 30aJaHCOBAHOCTI MACTHJIBHOI KOMIIO3HII B MLiJIOMY 3
MPaBWILHO MifiOpaHUMU 0a30BUMH OJMBAMH Ta MAKETOM MPUCAAOK. Po3po0iieHuil MpOJYKT 3 BUCOKUM
piBHEM TpPUOOJNOTIYHNX, AHTHOKHCIIOBAIbHUX Ta EKOJOTIYHMX XapaKTEPHUCTHK BiJIMIOBiNAa€ CydYaCHHM
BHMOTaM 70 aBiallifHUX MacTH 1 MOke OyTH PEKOMEHIOBAHWU ISl 3aCTOCYBAaHHSI B KOPCTKHX yMOBax
eKCIUTyaTallii B IIMPOKOMY TeMIIEPaTypHOMY Jiara3oHi.

KiwuoBi cioBa: agiaimiliHe MacTHIIO; aMiH; i30I[iaHAT, CCYOBMHHHMN 3aryCHHK, TEPMOOKHCHIOBAJIbHA
CTaOUTBHICTD; TPUOOJIOTIYHI XapaKTePUCTHKN
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Hean: IIpencraBineHsl pe3yabTaThl HCCIICIOBAaHNN 0COOCHHOCTEH CHHTE3a MHOTOIIEIICBOM ypeaTHOH CMa3Ku
Ha CHUHTCTHMYCCKHUX MacjiaX Ijid HIHWPOKOro TEMIICPATypHOIO Jgualnia3oHa IMPUMCHCHUA, HpHFOHHOﬁ JJIsA
WCIIONB30BaHMsI B aBHAIIMOHHOW  TexHuke. Mertoabl: BzauMonelcTBHeM  MONMU30IMAHATA  C
OKTAJCIIMIIAMIUHOM M OCH3WIIAMHHOM B CMECH TOJHANTb(aoiehnHOBOTO Maciia ¢ dpupaMu IEHTa3PUTPUTA U
KHUPHBIX KUCHOT (pakunu Cs-Co CHHTE3MPOBAHO TOJIMMOYEBHHY — 3aryCTUTENb ypeaTHbIX cMma3ok. Ee
cTpoeHue ycraHoBieHOo MeTogoM WK-cnekrpockonuu. s ompeneneHus BepXHEro TeMIEpaTypHOTO
mpeniena MPUMEHEHUs CMa3KHh HWCIONB30BaH METOJ JepuBarorpaduueckoro anamn3y. CBOWCTBa CMa3Ku
HCCIIeJIOBaHbl CTaHAAPTHBIMU MeToAamu. Pesyabtarbl: UK-criekTpbl ypeaTHON CMa3Ku CBHJIETENbCTBYIOT,
YTO TPUMEHEHHOE IJIs CHHTE3a 3aryCTUTENs COOTHOIICHHE pEarceHTOB MPUBOAUT K TOJHOMY HX
PacXoI0OBaHUIO B XOJ€ PEaKIUU U MO3BOJSET IMOIYYUTh MOYEBHHY C MaKCHMAaJIbHBIM BBIXOZOM. Xapakrtep
KpuBBIX au(depeHnnaIbHOr0 TePMUYECKOTO aHaj3a W TePMOTPABHUMETPHH YKa3bIBaeT, YTO BEPXHUU
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TeMIepaTypHBIN Ipeaes MPUMEHEHUs] YpeaTHON CMa3Ku, U3TOTOBIECHHON Ha CMECH CHHTETHYECKHX Macell,
Haxoxurcs Ha yposHe 200 °C. YCTaHOBJIEHO, YTO TeEMIIEpaTypa CHHTE3a M COOTHOLIEHHE KOMIIOHEHTOB
3aryCTUTENS OMPEACISIOT TEPMHUYECKHE, PEOJOTHYecKne M MEeXaHHYeCKHe CBOWCTBAa CHUCTEMBI. Bapumpys
MOJIHBIM COOTHOILIEHHEM KOMIIOHEHTOB MOYEBHHHOTO 3aryCTUTENs, YAAJOCh CO37aTh MEXaHWYEeCKH U
KOJUIOMHO CTaOWJIBHYIO CMa3ouHyr Kommosumuio. Cmaska He 3amep3aer 10 muHyc 50 °C, uto
MMOATBEP/DKAAETCS HHU3KOH BSA3KOCTBIO TMPH JTOW TeMIleparype ¥ BEIMYMHOW HAYaIbHOTO U
YCTaHOBUBIIETOCS KPYTALIMX MOMEHTOB BpallleHHs MOMIIMIHHUKA. [IpuMeHeHUs] MHOTO(YHKIIMOHATHHOTO
MaKkeTa TMpPHCaZOK TO3BOJMIO BHWTH Ha HOBBIH KAayeCTBEHHBIH YPOBEHb IO TPUOOIOTHYECKUM
XapaKTePUCTUKaMHU W CTOWKOCTBIO K OKHCIHTENBHBEIM TpeoOpazoBaHusM. Oocy:kmaenue: lccremoBaHus
[TOKa3aJIM, YTO CBOWCTBA YpPEaTHOM CMa3KH 3aBUCST HE TOJBKO OT MPUPOIBI U COOTHOIIEHUS KOMIIOHEHTOB
MOYEBHHHOTO 3aryCTUTENSI M IapaMeTpoB MpOLecca ero CHHTe3a, HO U OT cOalaHCHPOBAaHHOCTH CMa304yHOH
KOMIIO3UIIMM B IEJIOM C TMPaBWIBHO TIOAOOpAaHHBIMH 0a30BBIMH MacllaMH ¥ TIaKeTOM IPUCAIOK.
Pa3zpaboTanHbIil TPOAYKT C BHICOKAM YPOBHEM TPHOOIOTHYECKHUX, AHTHOKHCIUTEIHHBIX M IKOJIOTUIECKIX
XapaKTePUCTUK COOTBETCTBYET COBPEMEHHBIM TpPEOOBAHMSM K aBHAIMOHHBIM CMa3KaM M MOXKET OBITh
PEKOMEHJIOBaH JUIsl TPUMEHEHHS B JKECTKHUX YCIOBHAX OKCIUIyaTallUd B LIMPOKOM TEMIIEpaTypHOM
JIUarasoHe.

KiawueBble ciaoBa:  aBUallMOHHAas  CMa3ka; aMMH;  HM30LMaHAT; MOYEBMHHBIM  3aryCTUTENb;
TEPMOOKHCIUTENbHAS CTA0MILHOCTD; TPUOOJOTHUSCKUE XaPaKTSPUCTHKH
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