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AHHOTauus. B HaCTOHH.IEI;I pa60Te BBe[I€H IIapaMeTPp CTeIleHH JUCIIEPCHMH HAHOHAIIOTHUTE/ISL, KOJTHYEeCTBEHHO
xapaKTepH3y10mm71 YPOBEHD AHUCIIEPCHH ITOC/TIEAHEI'O0 B HAHOKOMIIO3HUTAX HOHI/IMep/YFJIEPO,E[HbIe HaHOTPY6KI/I.
3TOT I[IapaMeTDp SBJ/IAETCS (I)YHKL[I/IEI;I pa3Mepa arperaToB HaHOHAIIOJTHUTEJIS U €TI0 COAEP>KaHU . Tloka3aHa B3a-
HMOCBs3b YPOBHS JHCIIEPCHH HAHOHAIIOTHUTE/IS M CTEIIEHH YCUJIEHH I, YTO Jd€T BO3MO>KHOCTD IIPOTHO3HPOBa-
HHSI CBOKMCTB pacCMaTpHuBaeMblX HAHOKOMIIO3HTOB.
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THE INTERCONNECTION OF PROPERTIES AND DISPERSION
DEGREE OF NANOFILLER FOR NANOCOMPOSITES
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Abstract. In present work, the parameter of the dispersion degree of nanofiller is introduced, which characterizes
quantitatively the dispersion level of the latter in nanocomposites polymer/carbon nanotube. This parameter
is a function of size of the nanofiller aggregate and content. The relationship between the dispersion level of
the nanofiller and the reinforcement degree is shown, which makes it possible to predict the properties of the
nanocomposites under consideration.
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BBE/JLEHUE

B HacTosillee BpeMsl XOPOIIO M3BeCTHA Ba’KHOCTh
mpoliecca arperaljiu (4 NpoTHBOIIOIOKHOIO eMy I10
du3nUecKoMy CMBICTy ITpollecca AHCIIeprupoBaHHUS)
HaHOHAIOTHUTeNS A/19 GOPMUPOBAHUS CBOKCTB
[IOJIMMePHBIX HAaHOKOMIIO3UTOB [1, 2]. OmHaKo, Hcce-
JNOBaHUe ABYX yKa3aHHBIX B3aHMO/OIOIHSIOMHUX
IIPOLIeCCOB MCIIO/Ib3yeT B OCHOBHOM METOMBL 3JIeK-
TPOHHOM MMKPOCKOIHHM, H3ydalollhe UX Ha YHUCTO
KauyeCTBeHHOM ypOBHe [2]. ABTODEI [3] ortrcany 3aBu-
CHMOCTb CBOMCTB IIOJTHMePHbIX HAHOKOMIIO3UTOB,
HaIlOJTHEHHBIX YIJIePOJHBIMH HaHOTpPy6KaMHu, OT
CTelleHU arperaliiy HAaHOHAIOJHUTeNS X aHaIU-
TUYeCKH, UCIOb3Yys cllefylollee MepKoIsIHOHHOe
COOTHOIIeHHE:

1,7
EH H
E—=1+11(%J , M

M

roe E, u E,, - MOAY/IH yIpPyrocTH HAaHOKOMIIO3HUTA
M MaTPHYHOIO IIOJIUMepPa, COOTBETCTBEHHO (OTHO-
meHue E /E, NPUHSATO Ha3bIBaTh CTEIIEHBIO yCHIIe-
HHS HAaHOKOMIIO3HTA), ¢, — 06beMHOe cofepskaHUe
HAaHOHAIIOJTHUTeIS.

CTelleHb arperaljiu HAaHOHAIIOTHUTEIS X OIlpejie-
neHa B paborte [3] crenyromuM obpasom:

.

Pt Py
T7ie ¢4 ~ OTHOCHTe/IbHOE CoflepsKaHue MeXdasHbIX
obacTel B HAHOKOMIIO3UTe.

Llenp HacTOsIEH PaboOTH — aHATUTHYECKOE OIIpe-
Ie/leHue CTelleHU AUCIIePCUH HAaHOHAIIOTHUTENS U
ee B3aUMOCBSI3U CO CTPYKTYPOH yITIepOLHBIX HAHO-
TPYOOK M MaKPOCKOIIMYeCKUMHU CBOMCTBAMHU HAHO-
KOMIIO3UTA Ha TP Mepe HAaHOKOMIIO3UTOB 3IIOKCHIIO-
nuMep/yTiepofHble HAHOTPYOKHU [4].

X )

METO/AbI UCC/IEAOBAHUA
B xayecTBe HAHOHAIIOJHUTE/ISA UCIIOIb30BAHBI MHO-
TOCJIOMHBIe yI/IepofHble HAHOTPYy6Ku (MYHT), mony-
YeHHbIe METOLO0M XMMHYECKOr0o OCa>kIeHU s I1apoB
(CVD) B ucciemoBaTeabCKOM HUHCTUTYyTe HedTIHOM
npoMbinieHHOCTH (MpaH). OHM MMeNTu Hapy>KHBIH
puaMeTp 10-50 HM, AIKHY 1-3 MKM, K UX MacCoBoe
cofepsKaHMe B pacCMaTPHBaeMbIX HAHOKOMIIO3HTaX
BapbUpOBasIOCh B UHTepBaJle 0,25-10,0 macc.% [4].
DMOKCHIHASA CMOJIa IIPOMBIIIJIEHHOIO IPOM3-
BoncTBa (3I1) mapku LY-5052 ¢ HU3KOU BSI3KOCTBIO
U oTBepAuTeNb MapKu HY-5052 mpuMeHSIUCh OJ1s
bopMHPOBaHHUSA MOTHUMEPHOM MAaTPHULBl HAHOKOM-
no3utoB III/MYHT. CHavana MYHT gucnoepru-
POBAIHUCh B OTBepAUTee 06paboTKOM yIbTpPa3By-
KoM B TeyeHHe 30 MHH. IIpomecc 06paboTKu yib-
TPa3BYKOM BBIIIOJIHEH MMIIYJIbCHBIM METOLOM

INTRODUCTION

The importance of the aggregation process (and the oppo-
site physical meaning of the dispersion process) of nano-
filler for formation of properties of polymer nanocompos-
ites is now well known [1, 2]. However, the study of the two
mentioned complementary processes uses mainly electron
microscopy methods, studying them on a purely qualita-
tive level [2]. The authors [3] described dependence of the
properties of polymer nanocomposites filled with carbon
nanotubes on the degree of nanofiller aggregation y ana-
lytically, using the following percolation relation:

1,7
EH H
E—=1+11(%] ’ M

M

where E, and E,, are the elastic moduli of nanocomposite
and matrix polymer, respectively (the ratio E,/E,, is called
the degree of nanocomposite reinforcement), and ¢,, is the
nanofiller volume content.

The degree of aggregation of nanofiller y was determined
in [3] as follows:

= —(pﬂ

Pt Py
where ¢, is the relative content of interfacial regions in
the nanocomposite.

The aim of the present work is to analytically determine
the dispersion degree of nanofiller and its relationship
with the carbon nanotubes structure and macroscopic
properties of nanocomposite on the example of epoxy
polymer/carbon nanotubes nanocomposites [4].

X ®)

RESEARCH METHODS

Multilayer carbon nanotubes (MCNTSs) obtained by chem-
ical vapour deposition (CVD) at the Petroleum Industry
Research Institute (Iran) were used as nanofillers. They had
an outer diameter of 10-50 nm, length of 1-3 pm and their
mass content in the nanocomposites under consideration
varied in the range of 0.25-10.0 wt% [4].

Low viscosity industrial epoxy resin (ER) grade LY-5052
and hardener grade HY-5052 were used to form the polymer
matrix of EP/MCNT nanocomposites. Firstly, the MCNTs
were dispersed in the hardener by ultrasonic treatment for
30 min. The ultrasonic treatment process was performed
by pulse method at 60% of amplitude value to avoid
overheating of the material. The epoxy resin and hardener
were mixed with a ratio by weight of 100:30 and then the
mixture was stirred at 900 rpm for 15 min. The mixture
was then poured into metal moulds and cured at 333K for
15h [4].

Mechanical uniaxial tensile tests were performed
using a Zwick/Roel apparatus at a temperature of 293 K
and a slider speed of 1 mm/min. The specimens used were
168 mm long, 13 mm wide and 5 mm thick. The average
value for five specimens was taken as the test result [4].
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npu 60 % aMIJIMTYAHON BeTHYUHBL, 4T06BI H36e-
JKaTh IleperpeBa Marepuasia. JIOKCHAHAsA CMoJia
M OTBEPAMTE/]b CMEIIHMBA/IKCh C OTHOUIEHHEM II0
macce 100:30, 1 3aTeM CMeCh IIepeMelInBagach
npu 900 06/MUH B TeueHHe 15 MUH. Jlasee cMeCh
BBIIMBaJIaCh B MeTa/JIMUeCKHe QOPMBL U OTBePKAa-
nach npu 333 K B TeueHue 15 4 [4].

MexaHHUYeCKHMe UCIHBITAHUS Ha OLHOOCHOE pac-
TSKeHHe BBIIIOJIHEHBI C UCII0/Ib30BaHUEeM npubopa
Zwick/Roel mpu Temmepatype 293 K u ckopocTHU
moyisyHa 1 MM/MUH. Mcronb30BaHbl 06pa31ibl IIH-
HOM 168 MM, IIHMPHUHOM 13 MM U TOJIUIUHON 5 MM.
3a pe3y/nbTaT MCIOBITAHUU IPUHKUMAJACh CPeIHAS
BeJIMYKHA JJIs1 IISITH 06pa3nos [4].

PE3YJIbTATblI U OBCY)XXAEHUE
Kak oTMeuasnoch BbIIIe, IIPOLIECCH arperaluu
M OUCIePrupOBaHUS HAHOHAIOJHUTENS SBIS-
IOTCSI IPOTHUBOIIOJIOKHBIMHU 110 CBOeMY H3UUe-
CKOMY CMBICITY, YTO I103BOJISIET OIIPee/IUTh CTeIlleHb
OUCIIePCHH HAHOHAIOTHUTENS Ny CAeAYIOIUM
obpasom:
= ®)
X

ABTOPSI [5] mOKa3anu, 4To BeJIMYHHA ) CBSI3aHA
C IIOKa3aTejeM ypOBHS MeXpa3HOM afresuu b,
B IOJIMMePHBIX HAHOKOMIIO3UTAX COTJIACHO IIPO-
CTOMY COOTHOLIEHHUIO:

-
X_bay (4)

Ife @, - IOPOT IMePKOISIIUN HAHOHAIIOJTHHUTES
B IIOJIMMePHON MaTpHlle, fajiee IPUHUMaeMBbIH
paBHBIM 0,34+0,02 [5].

CoueTaHMe ypaBHeHUH (3) u (4) 03BOJISIET MONY-
YUTD CJIe[lyIollee YpaBHEHHUE [JIs KOTUYeCTBeHHOU
OLIeHKH CTeIleHU AUCIIePCHH HAHOHAIIOMHHUTES 1y:

I (5)
?.

Kaxk xopoIo M3BecTHO [6], yriepofHble HAHO-
TPyOKHU B MOTHMMEPHON MATpHIle HAHOKOMIIO3H-
TOB 00pa3yrT Konblieobpa3Hbele QOPMUPOBAHHUS,
CTPYKTYPHO aHa/JIOTUYHble MaKPOMOJIEKY/ISIPHBIM
K1ybKkaM pa3BeTBJIeHHBIX IIOJTMMEPHBIX LieIleH.
Takue KobLe06pa3Hble QOPMUPOBAHUS SIBSIIOTCS
cnenudUUeCcKUM CcIlocobomM arperanuu am06bx
CHUJIBHO AaHHU30TPOIIHBIX OJJHOMePHBIX HAaIlOJIHUTe-
neu [7, 8]. OLeHUTH pPafuyC Ryyr yKa3aHHBIX KOJIb-
Leobpa3HbIX GOPMUPOBAHUKN MOXKHO C IIOMOIIBIO
clleflyromiero ypaBpHeHus [7]:

b

2
(o)’ =T ©

H
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RESULTS AND DISCUSSION
As mentioned above, the nanofiller aggregation and dis-
persion processes are opposite in their physical meaning,
which allows us to determine the degrees of nanofiller dis-
persion n as follows:
1
T]d = i . (3)

The authors [5] showed that the value of y is related to
the interfacial adhesion level indicator b, in polymer
nanocomposites according to a simple relationship:

X=p @)

where ¢, is the percolation threshold of nanofiller in
polymer matrix, further taken as 0.34+0.02 [5].

The combination of equations (3) and (4) yields the
following equation to quantify the degree of dispersion of
the nanofiller ny:

=g ®
As is well known [6], carbon nanotubes in the
polymer matrix of nanocomposites form ring-like
formations structurally similar to macromolecular
coils of branched polymer chains. Such ring-shaped
formations are a specific way of aggregation of any
strongly anisotropic one-dimensional fillers [7, 8]. The
radius Ryyp of these ring-shaped formations can be
estimated using the following equation [7]:

(ZRVHT )3 =HLLTIVZHT, ©)
(PH
where Ly, and 1y are the length and outer radius of
carbon nanotube, respectively, ¢, is the volume content of
nanofiller.

Calculation of the parameters ¢, and b, necessary for
further description of the degree of dispersion can be
performed using the following equations - for ¢, [9]:

WH
Pu 0.’ @)
where W, and p,, are mass content and density of
carbon nanotubes, the value of p, for which is taken as
1500 kg/m?3 [4].

The following percolation relationship was used to

calculate the interfacial adhesion level b, [5]:

E, 1,7
E—=1+11(2,85b“cpH) . 6)

M
Based on the above postulates, it should be assumed that
the degree of dispersion ng of carbon nanotubes in the
polymer matrix of the nanocomposite will increase as
the radius Ry of their ring-shaped formations increases
and decrease as the content of nanofiller ¢, increases.
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rae Lyyr | Tyyr — AJIMHA U HApY>KHBIH PaiHyC yIie-
POIHOM HAHOTPYOKHU, COOTBETCTBEHHO, (@, ~ 06BeM-
HOE CoZlep>KaHue HAHOHATIOTHUTeIS,

PacueT HEOOXOMMMBIX [JIS JAJIbHEHUIIEro OMH-
CaHUS CTeIIeHU AUCIIEPCHU [1APAMETPOB @, U b,
MOSKHO BBITIOJTHUTB, UCIIOJIB3Ysl CIeAYIOIIKE YpaBHe-
HUS - 115 @, [9]:

Py =—, %

roe W, U p, - MaccoBoe cofiep>kaHHe U IJIOTHOCTh
yIJIepOJHBIX HAHOTPYOOK, BeTUUYHHA P, AJISI KOTO-
PBIX IpHUHSTA paBHOM 1500 kr/™m3 [4].

Jliis pacueTa ypoBHS Meskda3HOH aare3uu b, mpume-
HSIJIOCh CJIeIyolliee IIePKOISILIMOHHOe COOTHOLIeHHe [5]:

E-H: 1+11(2,85b,¢,)"". ®)
M

Hcxonsi M3 M3/I0KeHHBIX BBIIIE II0CTY/IATOB, Cle-
IyeT IIPeAIloNoKUTh, UTO CTeIIeHb JUCIEPCHUH Ty
YIJIepOLHBIX HAHOTPYOOK B ITOJIMMEPHON MaTpHIle
HAHOKOMIIO3HMTAa OyleT pacTH I10 Mepe YBelHYeHHU s
panuyca Ry BHX KOIbLieoOpa3HbIX QOPMUPOBAHUMI U
CHUKATHCS 10 Mepe IIOBBIIIEHH I COeP>KAHUSI HAHO-
HAITOMHUTeNS @,. Ha puc.l mpuBeeHa 3aBUCHMOCTb
CTeIlleHU JHCIEePCUHU Ty YIJIePOAHBIX HAHOTPYOOK,
oIlpefie/IeHHOI COI/IaCHO ypaBHeHHUI (5), OT KOM-
I[IJIEKCHOTO T10Ka3aTens (Ryyr/@,)Y2 01 HAHOKOMIIO-
3uTOB JII/MYHT. OTMeTHM, 4TO TaKasd $popma KOM-
IJIEKCHOTO [T0Ka3aTesIsl IIpeJiIiosaraeT paBHOLIeHHOe
BJIMSIHUE [IapaMeTPOB Ry U ¢, HA CTeIleHb JUCIIep-
CUU HaHOHAIoNHUTeN . Kak cienyeT U3 rpadrKa Ha
puc.1l, Mexxny nmapaMmeTpaMu fg v (Ryyr/@,)/? Habmio-
JaeTcs JIMHeMHasi KOppesslins, KOTOPYIo MOXHO
AHAJIMTUYECKH BBIPA3UTH CJIeYIOLUINM YPaBHEHUEM

ndzZ’Z(RyHT/(PH)I/Zy (9)

rae Ryyr 3a1aeTCsa B MKM.

Kak mmoxkasaHo paHee [5], cTelleHb JUCIEPCUH Ty
HaHOHAIIOJIHUTeIS SIB/IseTCsl QyHKI el CTPYKTYpPH
ero arperaTos, XapaKTepHu3yeMoHt UX paKTaJIbHOU
pa3sMepHOCTHIO Dy:

Na=D¢ /¢, (10)

U3 cpaBHeHUS ypaBHeHUH (9) u (10) MOXKHO IOy~
YUTb OYeHb IIPOCTYIO KOPPeISIIHI0 MeX/Ay pa3MepHO-
CTbI0 D¢ M pasinycoM Ry Koblleobpa3sHbeIX GOpMHU-
POBAHUU YIIePOAHBIX HAHOTPYOOK B IIOTMMeEPHOU
MaTpHUIe HAHOKOMIIO3UTA:

D, =2,2R;, (11)

rae pafguyc Ry CHOBA 1aeTCs B MKM.

M

30 A A

20 A

10 A

0 5 10 15 (Rl @1

Puc.1. CoomHoweHue cmeneHu ducnepcuu HAHOHANOAHUMeAS]
N4 U komnaekcHozo nokazamens (Ry,+/¢,)1/? das HaHokomno-
3umos 3MN/MYHT

Fig.1. The relationship of dispersion degree of nanofiller n, and
complex characteristic (Rcy/9,)*/? for nanocomposites EP/
MCNT

Fig.1 shows the dependence of the dispersion degree n4
of carbon nanotubes, determined according to equation
(5), on the complex index (Ryys/¢,)"? for EP/MCNT
nanocomposites. Note that this form of the complex
index implies an equal influence of the parameters Ryyy
and ¢, on the degree of dispersion of the nanofiller. As
follows from the graph in Fig.1, a linear correlation is
observed between the parameters ng and (Ryy/¢,,)"?,
which can be expressed analytically by the following
equation:

ndzZ’Z(RVHT /('PH)UZ’ (9)
where Ry is given in pm.
As shown earlier [5], the dispersion degree of ny

nanofiller is a function of the structure of its aggregates
characterised by their fractal dimension D¢:

n, =D,/ @r>. (10)

From the comparison of equations (9) and (10), a very
simple correlation between the dimension Dy and radius
Ry, of the ring-shaped formations of carbon nanotubes in
the polymer matrix of the nanocomposite can be obtained:

D, =2,2R2, §8))

where Ryyris given in pm.
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Puc.2. CpagHeHue paccyumaHHbIX c02AdcHO ypasHeHusam (12)
Df1 u(11) Dy eeauuH dpakmanbHol pasmepHocmu Ko/Ab-
ueobpasHbix é)opmuposaHuﬁ MYHT 048 HaOHOKOMNO3UMO8
SI/MYHT. Tpsamas AuHUS nokaspléaem coomHouweHue 1 : 1
Fig.2. The comparison of calculated according to the equations
(12) Df1 and (11) sz values of fractal dimensions of MCNT
annular formations for nanocomposites EP/MCNT. The straight
line shows the relationship 1:1

ANbTEepHATHUBHBIM CII0CO6OM oIlpeliesleHUS pas3-
MepHOCTH Dy siB/sieTcs ciefiyloliee ypaBHeHUe [10]:

E_H 1+17D2,. (12)

M

Ha puc.2 npuBeleHO CpPaBHeHHe pa3MepHOCTeH
KOJIpIe0Opa3HbIX opMHpoBaHUI MYHT, paccuUTaH-
HBIX COIJIACHO YpaBHeHHIO (12) D¢ u (11) Dy, st pac-
CMaTpUBaeMBbIX HAHOKOMIIO3UTOB. Kak cilexnyet U3
3TOr0 CPaBHEHHUS, yKa3aHHBbIe CII0COObI JAIOT 61K 3-
Kue 3HaueHUs D¢ (CpefHee pacXoskIeHHe MeXAY Dy 1
sz cocTaBiserT 8,3 %).

Couetanue ypaBHeHHHU (1) U (3) II03BOISIET IIOTY-
YUTh CJIeIyIOU I BApHAHT MePKOISIHOHHOIO COOT-
HOIIEeHH S 1JIsI OLleHKHU CTeIleHH yCHU/IeHUs HaHOKOM-
[I03UTOB IIOJIMMep/yIIepolHble HAHOTPYOKU:

E—Z= 1+11 ()" (13)

[anee coueTaHue ypaBHeHUH (6), (9) u (13) maet Bo3-
MO>KHOCTB IIPOTHO3KPOBATh CTeleHb ycuueHus E /E,
HaHOKOMITIO3UTOB IO MeP/yIIepoHble HAHOTPYOKH
KakK QYyHKIUIO TeOMETPUHU YIIePOLHBIX HAHOTPY-
60K, TO eCTh UX JJIMHBI U Hapy>KHOro framerpa. Ha
pHC.3 IpHBeeHO CPaBHeHIe PaCCUUTAHHBIX yKa3aH-
HBIM CII0COOOM U IT0JIyUeHHBIX SKCIIepUMeHTaTbHO
3aBucumMocTten E,/E (¢,) 019 HAHOKOMIIO3UTOB JII/

HAHO MHAVCTPUA Tom 17 Ne1 2024

An alternative way to determine dimension of D is the
following equation [10]:

E—:l +17Dg, . 12)

Fig.2 shows a comparison of the dimensions of ring-
shaped MCNT formations calculated according to equation
(12) Dy and (11) Dy for the considered nanocomposites. As
follows from this comparison, the mentioned methods
give close values of Dy (the average disperancy between Dy,
and Dy is 8.3%).

The combination of equations (1) and (3) allows us to
obtain the following version of the percolation relation for
evaluating the degree of reinforcement of polymer/carbon
nanotube nanocomposites:

E—“=1+11(nd%)1’7. GE)
Further, the combination of equations (6), (9) and (13)
makes it possible to predict the enhancement degree of
E,/E, of polymer/carbon nanotube nanocomposites as a
function of the geometry of carbon nanotubes, i.e., their
length and outer diameter. Fig.3 shows a comparison of
the calculated by the above method and experimentally
obtained dependences of E,/E, (¢,) for nanocomposites
EP/MCNT, which showed a good agreement between
theory and experiment (their average discrepancy is 4%,
which is approximately equal to the experimental error in
determining this parameter). This correspondence serves
to confirm the correctness of the theoretical treatment
proposed in this work.

CONCLUSIONS

Thus, in the present work a parameter (degree of disper-
sion of nanofiller) quantitatively characterising the pro-
cess of its dispersion is proposed. It is shown, that disper-
sion degree is a function of the size (radius) of ring-like
formations of carbon nanotubes in the polymer matrix of
nanocomposite or alternatively their fractal dimension,
as well as the content of nanofiller. An analytical relation
determining dependence of the properties (in the consid-
ered case - the reinforcement degree) of the nanocompos-
ite on the dispersion level of the nanofiller is proposed. The
obtained theoretical treatment allows predicting the poly-
mer/carbon nanotube nanocomposites properties.
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MVYHT, KoTopoe moKka3ajo Xopollee COOTBETCTBUE
TEOPHHU U 3KCIIePUMeHTa (UX Cpe[lHee pacXoxkAeHHe
cocTaBigeT 4%, 4TO IIPHMEPHO PaBHO IOTPEITHOCTH
3KCIIepHMeHTa IIPU OIlpefie/IeHUH 3TOro IIapaMeTpa).
VYKa3aHHOe COOTBETCTBHE CIYKHUT IIOATBEPKAEHHEM
KOPPeKTHOCTH IIpe/lIO’KeHHON B HacTosiIel paboTe
TeOpeTHU4YeCKOH TPAaKTOBKH.

BblBO/Lbl

TakuM obpa3oM, B HacTosiIel paboTe ImpeasiosKeH
rapaMertp (CTereHb SUCIIePCHH HAHOHATIONHUTEIS),
KOJIMYeCTBEHHO XapaKTepU3YIOIUI [IPOLecc ero
AHcIeprupoBaHusi. [Ioka3aHo, YTO CTeIIeHb AUCIIEP-
cHU sIBIsieTcs PyHKILIHeH pa3Mepa (pafuyca) Konblie-
06pa3HbIX OPMHUPOBAHUI YITIePOAHBIX HAHOTPY6OK
B ITIOJIMMEPHON MaTpHIle HAHOKOMIIO3UTA I ajlb-
TepHAaTUBHO UX QPAKTaTbHOM Pa3MepPHOCTH, a TAKKe
cofep>kaHHeM HaHOHAIIOMHUTes. [Ipe/I/IokeHo aHa-
JTUTHYeCKOoe COOTHOLIEHHe, Ol pefessonee 3aBUCH-
MOCTH CBOHCTB (B pacCMaTpHBaeMOM CiIy4ae - CTe-
IIeHU YCUJIEHHS]) HAHOKOMIIO3HUTa OT yPOBHS JHC-
IepCUU HaHOHAMONHUTes. [lolyuyeHHas Teope-
TH4YecKasi TPAKTOBKA I103BOJIsIeT IPOTHO3UPOBAHHUE
CBOMCTB HAHOKOMIIO3UTOB IIOTHUMeP/yIIepoaHbIe
HaHOTPYOKH.

WHOOPMALINA O PELLEH3UPOBAHUU

Pemakuus 61arogapuT aHOHHMHOIO pelleH3eHTa
(pelLleH3eHTOB) 3a UX BK/IaJ, B pelleH3MPOBaHUe 3TOM
paboThl, a TakKe 3a pa3MelleHHe CTaTell Ha CaKlTe
JKypHaJIa U Ilepefady Ux B 3JIeKTPOHHOM Bu e B HOb
eLIBRARY.RU.

Jeknapauus o KoHpAuUKmMe uHMmMepecos. Asmopbl 3a981910m
06 omcymcmauu KOHQAUKIMOB UHMepecos UAU AUMHBLX OMHOuLe-
HUL, Komopble MozAu bbl nosAusmb Ha pabomy, npedcmasAeHHyto
6 daHHoll cmamee.
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