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Abstract. Introduction. The formation and aggregation of wax crystals at low temperatures impair
the flow and filtration properties of diesel fuel. Comb-like copolymers containing long alkyl side chains
can modify wax crystallization and improve the low-temperature performance of diesel fuel. This study
aimed to synthesize octadecyl methacrylate-vinylimidazole (ODMA-VI) copolymers with different
monomer feed ratios and evaluate their effects on the cold filter plugging point (CFPP), cloud point (CP)
and pour point (PP) of diesel fuel. Results and Discussion. ODMA-VI copolymers with ODMA:VI
monomer feed ratios of 9:1, 6:1 and 4:1 were synthesized by free-radical solution copolymerization and
characterized by *H NMR, FTIR spectroscopy and gel permeation chromatography. Their effects on the
low-temperature properties of diesel fuel were evaluated at dosages ranging from 1000 to 3000 ppm. The
observed changes depended on the monomer feed ratio and additive dosage. Among the investigated
samples, the copolymer prepared at an ODMA:VI monomer feed ratio of 4:1 resulted in the largest
reductions at 3000 ppm, decreasing the CFPP from -7 to -10 °C, the CP from -3 to -8 °C and the PP from -
10 to -18 °C. Optical microscopy showed that the copolymer reduced the size and aggregation of wax
crystals and promoted their more uniform dispersion in diesel fuel. Conclusion. The results indicate that
the ODMA:VI monomer feed ratio influences the depressant performance of the synthesized copolymers.
Among the investigated samples, the copolymer prepared at an ODMA:VI monomer feed ratio of 4:1
showed the most pronounced effects on wax-crystal morphology and the measured low-temperature
properties of diesel fuel.
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1. Introduction

Diesel fuel contains a complex mixture of hydrocarbons, including normal
paraffins that provide a high cetane number but adversely affect fuel performance
at low temperatures. During cooling, long-chain paraffins lose solubility and
begin to crystallize [1]. Further crystal growth and aggregation can produce an
interconnected wax network that restricts fuel flow and blocks fuel lines and
filters. The low-temperature operability of diesel fuel is commonly assessed using
the cloud point (CP), pour point (PP) and cold filter plugging point (CFPP). These
parameters characterize different stages of wax formation, from the initial
appearance of crystals to the loss of fluidity and filterability. Therefore,
improving these properties is important for the storage, transportation, and use of
diesel fuel under cold climatic conditions [2].

Several approaches have been proposed to improve the low-temperature
properties of petroleum fuels, including dewaxing, dilution with low-wax
fractions, and the addition of cold-flow improvers [3]. Among these methods,
polymeric additives are particularly attractive because they can be applied at
relatively low dosages without substantially changing other fuel properties. They
modify wax nucleation, crystal growth, morphology, and aggregation [4]. Their
nonpolar segments can interact or co-crystallize with paraffin molecules, while
other structural units remain at the crystal surface and hinder the formation of
large, interconnected aggregates.

Comb-like polymers containing long alkyl side chains are widely
investigated as cold-flow improvers because their molecular architecture
resembles that of the paraffins present in diesel fuel. Polyacrylates,
polymethacrylates, ethylene-vinyl acetate copolymers, and maleic anhydride-
based copolymers have been reported as effective wax-crystal modifiers [5].
Recent studies have demonstrated that copolymers containing octadecyl acrylate
or methacrylate units can reduce wax crystal size, weaken the three-dimensional
crystal network and improve the low-temperature flow properties of wax-
containing hydrocarbon systems [6]. However, additive performance depends
strongly on molecular structure, including alkyl-chain length, co-monomer type
and content, molecular weight and polymer conformation [7].

The balance between nonpolar and polar structural units is particularly
important in designing an effective copolymer. Long alkyl chains promote
interaction with crystallizing paraffins, whereas polar groups can influence
polymer solubility, adsorption at the wax-crystal surface and the subsequent
aggregation of crystals [8]. Variations in monomer ratio can therefore alter both
the hydrodynamic behavior of the copolymer in solution and its ability to modify
wax crystallization. Recent studies have emphasized the relationship between
polymer composition, molecular characteristics, wax-crystal morphology and
depressant efficiency [9,10]. Nevertheless, octadecyl methacrylate-vinylimidazole
copolymers have received limited attention as cold-flow improvers for diesel fuel
produced by the Shymkent Oil Refinery. Incorporation of vinylimidazole
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provides nitrogen-containing polar units, allowing the polarity and hydrodynamic
characteristics of the copolymer to be adjusted by changing the ODMA-VI ratio.

In this study, ODMA-VI copolymers with ODMA:VI monomer feed ratios
of 9:1, 6:1 and 4:1 were synthesized by free-radical solution copolymerization.
The obtained samples were characterized by *H NMR, FTIR spectroscopy and gel
permeation chromatography (GPC). Their performance as cold-flow improvers
for Shymkent Oil Refinery diesel fuel was evaluated at different dosages by
measuring CFPP, CP and PP.

2. Experimental part

2.1 Materials

Octadecylmethacrylate (=98 %, Sigma Aldrich), 1-vinylimidazole (>99 %,
Sigma Aldrich), benzoyl peroxide (>99.0%, Sigma-Aldrich), toluene (99.8%,
Sigma-Aldrich) and ethanol (>99.5%, Sigma-Aldrich) were used without further
purification.

A diesel fuel sample obtained from the Shymkent Qil Refinery was used to
evaluate the low-temperature performance of the synthesized additives.

2.2 Synthesis of ODMA-VI copolymers

ODMA-VI copolymers with an ODMA:VI monomer feed ratio of 9:1 were
synthesized via free-radical solution copolymerization of 3.00 g of octadecyl
methacrylate (ODMA) and 0.093 g of vinylimidazole (V1) in 6 mL of toluene
under a nitrogen atmosphere. The synthetic route is shown in Figure 1. Benzoyl
peroxide was used as the initiator at 1 wt % of the reactants. The reaction mixture
was heated to 80 °C and the initiator was added portionwise at 30 min intervals
over 2 h. The copolymerization was subsequently conducted at 110 °C for 6 h.
The resulting copolymer was precipitated in 50 mL of ethanol and dried under
vacuum at room temperature to a constant mass. Unreacted VI may have
remained soluble in ethanol and been removed during precipitation. ODMA-VI
copolymers with ODMA:VI monomer feed ratios of 6:1 and 4:1 were similarly
prepared using 0.139 and 0.208 g of VI, respectively. The samples were
designated OV-91, OV-61 and OV-41 according to their ODMA:VI monomer
feed ratios.
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Figure 1 — Synthesis scheme of the ODMA-V1 copolymer.

2.3 Characterization methods
The n-alkane distribution of diesel fuel obtained from the Shymkent Qil
Refinery was analyzed using an AutoSystem XL gas chromatograph
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(PerkinElmer, USA) equipped with an ELITE PS 2887 capillary column and a
flame ionization detector (FID).

The copolymer was added to diesel fuel as a 30 wt.% solution in toluene. The
dosages from 1000 to 3000 ppm refer to the amount of the prepared copolymer
solution. The treated fuel samples were mixed at room temperature for 20 min
and then tested. Standard test methods for diesel fuel characterization and its
composition are presented in Figure 2 and Table 1, respectively.
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Figure 2 — Carbon number distribution of the diesel fuel.

Table 1 — Standard test methods for fuel characterization

Test Method

Cold filter plugging point (CFPP), °C ASTM D 6371
Cloud point (CP), °C ASTM D 2500
Pour point (PP), °C ASTM D 97

All CFPP, CP and PP measurements were performed in triplicate and the
results are reported as mean values. The molecular weights of the synthesized
polymers were measured by gel permeation chromatography (GPC) using a PSS
SECcurity® system equipped with a refractive index detector. The *H NMR
spectra were recorded on a JEOL JNM-ECA 400 spectrometer operating at
399.78 MHz using CDCI; as the solvent. The chemical structures of the
synthesized samples were characterized by FTIR spectroscopy using a Nicolet
5700 spectrometer over the range of 4000-400 cm™. The morphology of wax
crystals in diesel fuel samples was examined using a Nikon ECLIPSE LV150N
polarized optical microscope (Nikon, Japan) equipped with a temperature-
controlled heating and cooling stage. Certain amounts of the samples were placed
between glass slides, thermostated and purged with a stream of dry nitrogen to
prevent condensation. Wax crystal images were recorded at intervals of 1° and
observed in real time.

3. Results and Discussion

122



KA3AKCTAHHBIH XUMUA )KYPHAJIBbI

XUMHYECKHUH XYPHAJI KA3AXCTAHA

The molecular weights, dispersities and yields of the synthesized ODMA-VI

copolymers are summarized in Table 2.

Table 2 — Characteristics of the synthesized ODMA-V1 copolymers

Sample M., g mol? M,, g mol? b Yield, %
ov-91 60 013 21 436 2.79 84.12
oV-61 57 952 22 883 2.53 82.43
ov-41 41 236 22 354 1.84 87.41

Table 2 shows that the synthesized ODMA-VI copolymers have My, and M,
values ranging from 41 236 to 60 013 g mol™ and from 21 436 to 22 883 g mol™,
respectively. As the VI proportion increased, My and dispersity decreased,
whereas M, remained nearly unchanged. The P values ranged from 1.84 to 2.79,
indicating moderately broad molecular weight distributions. The decrease in My
and dispersity with increasing VI content, while M, remained nearly unchanged,
indicates a reduced contribution of the high-molecular-weight fraction and a
narrower molecular-weight distribution. All copolymers were obtained in high
yields of 82.43-87.41%.

Figure 3 shows the *H NMR spectra of OV-91, OV-61 and OV-41.
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Figure 3 — H NMR spectra of OV-91 (A), OV-61 (B) and OV-41 (C).

The signals at 6.7-7.3 ppm were assigned to the three protons of the
imidazole ring (Figure 3). The signal near 3.9 ppm was attributed to the OCH,
protons of the ODMA units. The intense signals at 1.1-1.5 and 0.9 ppm
correspond to the methylene and terminal methyl groups of the long ODMA alkyl
chains, respectively. The absence of vinyl proton signals at 5.0-6.5 ppm confirms
monomer consumption during copolymerization. The imidazole signals increased
in intensity from OV-91 to OV-41, indicating greater incorporation of VI units.
Signal integration gave ODMA-VI molar ratios of 26.53:1 for OV-91, 24.51:1 for
OV-61 and 16.63:1 for OV-41.
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The chemical structures of the synthesized ODMA-VI copolymers were
characterized by FTIR spectroscopy (Figure 4).

Absobance

Wavenumbers (cm-1)

ov-41

Figure 4 — FTIR spectra of ODMA-VI copolymers synthesized at different ODMA:VI monomer feed
ratios.

The FTIR spectra of OV-91, OV-61 and OV-41 showed similar absorption
patterns, indicating the presence of the same principal structural features in all
three samples (Figure 4). The absorption bands at 2921-2931 and 2851-2852 cm’
! were assigned to the asymmetric and symmetric stretching vibrations of CH,
groups in the long alkyl chains, respectively. The strong bands at 1728-1730 cm™
corresponded to the C=0 stretching vibrations of the ester groups. The bands at
1467-1468 and 1378-1383 cm™ were attributed to the bending vibrations of CH,
and CHs groups, respectively. The bands in the regions of 1236-1269, 1150 and
1072-1075 cm™ were assigned mainly to the C-O and C-O-C stretching
vibrations of the ester groups. Within this region, the band at approximately 1268
cm™, observed for OV-61 and OV-41, may include a contribution from C-N
stretching vibrations. In the OV-91 spectrum, this band was not distinguishable
because of the low concentration of 1-vinylimidazole units in the copolymer. The
weak bands at approximately 967, 749-751 and 666-668 cm™ may include
contributions from deformation vibrations of the imidazole ring.

The synthesized copolymers were introduced into untreated diesel fuel at
dosages ranging from 1000 to 3000 ppm. Solvent-only control experiments
confirmed that toluene had no effect on the CFPP, CP and PP of the diesel fuel.
Figure 5 shows the effects of copolymer composition and dosage on the CFPP of
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diesel fuel. The OV-91 showed negligible activity over the investigated dosage
range, whereas the OV-61 reduced the CFPP from -7 to -8 °C at 2000 and 3000
ppm. The most pronounced dose-dependent change among the investigated
samples was observed for the OV-41, which decreased the CFPP to -9 and -10 °C
at 2000 and 3000 ppm, respectively.

The effect of the copolymer solutions on the CP of diesel fuel is shown in
Figure 6. All copolymers reduced the CP of diesel fuel from its initial value of -3
°C. For the OV-91, the CP decreased to -6 °C at 1000 and 2000 ppm and to -7 °C
at 3000 ppm. The OV-61 copolymer lowered the CP to -6 °C at 1000 ppm and to
-7 °C at 2000 and 3000 ppm. The lowest CP was observed for the OV-41, which
lowered the CP to -7 °C at 1000 and 2000 ppm and to -8 °C at 3000 ppm.

Figure 7 shows the PP lowering performance of the copolymers. The
untreated diesel fuel exhibited a PP of -10 °C. Addition of the OV-91 lowered the
PP by 5 °C to -15 °C at all tested dosages, indicating that increasing the dosage
above 1000 ppm provided no further improvement. The OV-61 showed a smaller
effect, reducing the PP to -13 °C at 1000 and 2000 ppm and to -14 °C at 3000
ppm. In contrast, the effect of the OV-41 became more pronounced with
increasing dosage. The PP decreased to -14 °C at 1000 ppm, -15 °C at 2000 ppm
and -18 °C at 3000 ppm. Thus, the OV-41 at 3000 ppm provided the lowest PP,
corresponding to an 8 °C reduction relative to untreated diesel fuel.
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Figure 5 — CFPP of diesel fuel
treated with ODMA-VI
copolymers prepared at different
ODMA:VI monomer feed ratios.
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For comparison, the effects of OV-41 on the CFPP, CP and PP of diesel fuel
are summarized in Table 3 alongside the corresponding values for untreated diesel

fuel.

Table 3 — Low-temperature properties of untreated diesel fuel and diesel fuel treated with OV-41

Sample Concentration, ppm Temperature, °C
CFPP CP PP
Diesel fuel - -7 -3 -10
1000 -7 -7 -14
ov-41 2000 -9 -7 -15
3000 -10 -8 -18
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According to the data in Table 3, the addition of 1000 ppm OV-41 reduced
the CP from -3 to -7 °C and the PP from -10 to -14 °C, while the CFPP remained
unchanged at -7 °C. At 2000 ppm, the CFPP and PP decreased to -9 and -15 °C,
respectively, whereas the CP remained at -7 °C. Increasing the dosage to 3000
ppm resulted in the greatest improvement, reducing the CFPP to -10 °C, the CP to
-8 °C, and the PP to -18 °C.

Among the investigated samples, the copolymer prepared at an ODMA:VI
monomer feed ratio of 4:1 showed the most pronounced reductions in CFPP, CP
and PP. This behavior may be attributed to a favorable balance between the long
Cis alkyl side chains of ODMA and the polar VI units. The alkyl chains can co-
crystallize with diesel paraffins, while the VI-containing polymer backbone limits
wax crystal growth and aggregation [11, 12]. The higher VI proportion may also
improve polymer dispersion and reduce self-association of the ODMA-rich
segments, which could result in smaller, less interconnected wax crystals and
suppression of the continuous wax network [13]. OV-41 also combined the
highest VI content with the lowest My and dispersity among the investigated
samples. Its enhanced performance may reflect the combined effects of
copolymer composition and molecular-weight distribution on wax-crystal
modification.

Figure 8 presents micrographs of paraffin crystals in untreated diesel fuel and
in diesel fuel treated with the copolymer at a concentration of 3000 ppm at
different temperatures.

a) b)

Figure 8 — Micrographs of untreated diesel fuel (a) and diesel fuel treated with 3000 ppm of OV-41 at -5
°C (b) and -10 °C (c).

As shown in Figure 8a, in the absence of the additive, separate large needle-
like and plate-like paraffin crystals are observed. The addition of 3000 ppm of the
copolymer results in the formation of smaller and more uniformly distributed
crystalline particles at -5 °C (Figure 8b). Upon further cooling to -10 °C, the
number of crystals increases significantly, but they remain relatively small and
dispersed throughout the fuel (Figure 8c). These results indicate that the
copolymer modifies the morphology of paraffin crystals by limiting their growth
and the formation of a dense three-dimensional network, thereby improving the
low-temperature flowability and filterability of diesel fuel.
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4. Conclusion

ODMA-VI copolymers with ODMA:VI monomer feed ratios of 9:1, 6:1 and
4:1 were synthesized by free-radical solution copolymerization and characterized
by 'H NMR, FTIR spectroscopy and gel permeation chromatography. Their
effects on the low-temperature properties of diesel fuel were evaluated using
CFPP, CP, PP and optical microscopy measurements. The results depended on the
monomer feed ratio and additive dosage. Among the investigated samples, OV-41
produced the highest changes in the measured parameters. At 3000 ppm, it
reduced the CFPP from -7 to -10 °C, the CP from -3 to -8 °C and the PP from -10
to -18 °C. Optical microscopy showed smaller and more uniformly distributed
wax crystals in the treated diesel fuel. These findings indicate that OV-41 affects
wax crystallization and the low-temperature behavior of diesel fuel. However,
further optimization of its composition and dosage, comparison with commercial
additives and techno-economic assessment are required to determine its practical
applicability.
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OKTAJEIIMJIIMETAKPUJIAT NEH BUHWIUMHUIA3OJIABIH COINIOJUMEPJIEPIH
JAU3EJIb OTBIHBIHBIH TOMEH TEMIIEPATYPAJIBIK KOPCETKIIUTEPIH
KAKCAPTATBIH KOCIHTAJIAP PETIHJAE CUHTE3JIEY )KOHE OJIAPABI BAFAJIAY

A.3. Fanvimancan, C.C. Koxcaberos', B.I. Bonoanemoe?, A. Kyanvuues', A.K. A6dpacunoea**"
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Tyiiingeme. Kipicne. TemeH TemmepaTypaia mnapaguH KpPHCTAAAPbIHBIH TY3UIyl MEH arperaruscsl
QIM3eNb OTBIHBIHBIH aFy JKOHE CY3TUICHY KacHeTTepiH Hamapnataabl. KypambiHIa y3biH ajukwigi OyHip
Ti30ekTepi Gap Tapak TOpi3di comonumepliep mapadHHACPAIH KPUCTAJIIaHy MPOLECIH 63repTim, AW3elb
OTBIHBIHBIH TOMEH TEMIIEPaTypalblK KaCHETTEpiH jKaKcapTa ajaibl. 3epmmeyolin maxcamuvl OaCTaIKbl
Kocliagarbl ~ MOHOMEpPJEpIiH  OpTYypJli ~ MOJSIPJIBIK  KAaThIHACTApbIHAA  OKTaJCIHMIMETaKpHiIaT-
puamwmmuzazon (OAMA-BU) comonumepriepin CHHTE3lEY JKOHE ONApABIH AW3eIb OTHIHBIHBIH IISKTI
cysrineny Temneparypaceina (CFPP), 6ynasipnany temmneparypacsia (CP) jxoHe KaTy TemepaTypachiHa
(PP) ocepin Oaranmay Gonmsl. Homuowcenep owcone mankwvinay. OJIMA:BU MoHOMepIepiHiH GacTankbl
MOJSAPIBIK KaTbiHacTapsl 9:1, 6:1 sxoHe 4:1 GonaTblH COIOJMMEpIep epiTiHIINe epKiH paauKaibl
comonumMepiey aaiciMer cunreszgenin, 'H SIMP crnexrpockonuscel, @ypbe TypieHIipyTi HHOPaKbI3bLI
CIEKTPOCKOMHS JKOHE Tellb-oTKI3rim xpomatorpadust omictepiMer 3eprrenmi. OnapablH IU3elb
OTBIHBIHBIH TOMEH TeMIIepaTypaiblk Kacuertepine ocepi 1000-3000 ppm apanbiFbIHIAFBl jgo3aiapiaa
Oarananzpl. balikanran e3repicTep MOHOMepIIep/IiH OacTarKbl MOJISIPIIBIK KaTBIHACHI MEH KOCIIa 103aChIHA
GaiinanbicTel Oonpl. 3eprrenred yiurinepaiy iminge OJAMA:BU monoMmepriepiHiH 6acTankbl MOJSPIBIK
KateiHackl 4:1 OonraH ke3ne anbiHFan cononumep 3000 ppm 103asa KepCETKILITEPIiH ©H aWKbIH
toMmeneyin kamtamacei3d erti: CFPP kepcerkiui -7-aen -10 °C-ka neitin, CP -3-ten -8 °C-ka neiin, an
PP -10-nman -18 °C-ka peiiin TeMenaeai. ONTHKaJBIK MHUKPOCKOIHS COIOJMMEpAiH mnapadun
KPUCTAIIAPbIHBIH MOJIIIEPI MEH arperandsChlH a3aiThIl, ONapIbIH [HU3€ib OTHIHBIHIA OipKEIKi
TapajyblHa BIKNAJl ETETiHIH KepceTTi. Kopuimuinowvl. Anbiaran Hotmwxkenep OJAMA:BU moHOMepiiepiHiH
0acTanKbl MOJIAPIIbIK KATHIHACHI CHHTE3/IENI€H COMONIMMEPIIEPIiH JeNPeCcCOPIbIK 9CePiHe bIKNA €TeTiHIH
kepcerTi. 3eprrenren yiriepain iminge OJJMA:BU MoHoMeprepiniH OacTamksl MOJSIPJIBIK KAThIHACHI
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4:1 OosraH Ke3/ie ajbIHFAH COIMOJHMMEpP mNapaduH KpUCTAIIapbIHBIH MOP(OJIOTHACHIHA JKOHE JAW3EIb
OTBIHBIHBIH TOMEH TeMIIepaTypajblK KAaCUSTTePiHE €H allKbIH dcep €TTi.

Tyifinai ce3nep: oxrajenMIMeTaKpwiaT, BUHWIMMHIA30J, AW3eIb OTHIHBI, TOMEH TEMIIepaTypaIbIK
KacHeTTep/li )KaKCapTKBIII, TOMEH TEMIIepaTypajblK KacueTTep.
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Pestome. Bgedenue. OOpa3oBaHHe M arperanys KpUCTAUIOB NapauHa NP HU3KHX TeMIepaTypax
YXYIIIAlOT TEKy4ecTh M (UIBTPYEeMOCTh [HU3EIBHOTO TOIUIMBA. [ peGHEOOpasHbIC COMOIMMEDH,
coJiepKalllie JUIMHHBIC aJKWIbHbIEe OOKOBBIC WEMH, CHOCOOHBI HM3MEHSATH IMPOLECC KPHUCTAIUIU3ALMU
napaduHOB M yJIy4llIaTh HU3KOTEMIIEpAaTyPHBIE CBOHCTBA JU3EILHOTO TOILUINBA. [[enbio pabomul SBISIIUCH
CHHTE3 COIOJIMMEpPOB OKTaJeluIMeTakpuiara U BuHuinMmupasona (OJMA-BU) npu pa3nudsbx
MOJIIPHBIX COOTHOIICHHSIX MOHOMEPOB B MCXOJHON CMECH W OLCHKA MX BIMSHHUS Ha IpPEleNbHYIO
temneparypy ¢uibrpyemoctu (CFPP), remnepatypy momythenus (CP) u Temneparypy 3acteiBanus (PP)
JIU3EIbHOTO TOINMBA. Pesynemamur u  obcyocoenue. Comomumepsl OJIMA-BU ¢ momsipHBIMK
COOTHOIICHUAMH MOHOMepoB 9:1, 6:1 u 4:1 ObUIM CHHTE3UPOBAHBI METOIOM CBOOOTHOPAIUKAIBHOM
COTIOTMMEPH3AIIHI B PacTBOPE M 0XapaKTePH30BAHEI C TIOMOITLIO crekTpockormuu *H SIMP, UK-Dypre-
CHEKTPOCKOIMH M TeNb-IIPOHHUKatoIel xpoMarorpaduu. VX BausHUE Ha HU3KOTEMIEpaTypHbIE CBOMCTBA
JIM3eJIbHOTO TOIUIMBA OLEHMBAIU IpH Jo3upoBkax or 1000 mo 3000 ppm. HaGmonaemble n3MeHeHHs
3aBHCENH OT MOJIIPHOTO COOTHOIICHHS MOHOMEPOB U JO3HPOBKU IpHcanku. Cpeau HCCIIeTOBaHHBIX
00pa3loB COMONUMEp, TMOAYYEHHBIH IMPH MOJSPHOM cooTHoiieHnn MoHoMepoB OJIMA:BU 4:1,
obecrnieunt HanboJee BhIpasKeHHOE CHIDKEeHHE 1okasareneii npu prozuposke 3000 ppm: CFPP cuusunacs ¢
-7 mo -10 °C, CP ¢ -3 mo -8 °C, a PP ¢ -10 mo -18 °C. Onruueckas MHKPOCKONHUS TOKa3aja, 4TO
COTONIMMEDP YMEHBIACT pa3Mep W arperamuio KpUCTauioB mapaduHa © CrocoOCTByeT ux Oojee
pPaBHOMEPHOMY pPACIpEleNeHnuI0 B An3eNbHOM ToruuBe. 3axmouenue. IloiydeHHbIE pe3yJbTaThl
TOKa3bIBAIOT, YTO MOJISIpHOE cooTHomeHne MoHomepoB OJIMA:BU BiuseT Ha jJenpeccopHOe IeHCTBHE
CHHTE3HPOBAHHBIX CONMONMMEpoB. Cpelul HCCIEHOBaHHEIX OOpaslOB COMONHMMEp, IMONYYCHHBIH IIpH
MOJISIpHOM cooTHotreHnn MoHoMepoB OJIMA:BU 4:1, okasan Haumbosee BBIPOXCHHOE BIHMSHHE Ha
MOP(}OJIOTHIO KPUCTAIIIOB NapadyHa U HU3KOTEMIIepaTypHbIE CBOMCTBA TU3EIbHOTO TOILUIUBA.

Ki1roueBble ci10Ba: OKTaeIMIMETaKPHIIAT, BHHIINMHIA30J1, IU3EIbHOE TOIUIMBO, HU3KOTEMIIepaTypHast
MpUcaaKa, HI3KOTEeMIIepaTypHbIC CBOWCTBA
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