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INTRODUCTION

he main direction in modern materials science is

the creation of composite materials, among which
polymer plays a leading role [1], due to the highest val-
ues of specific indicators of strength, stiffness and other
properties. Development of polymers is associated with
the development of new binders, which, in addition to
high mechanical properties, must have heat resistance and
thermal stability, chemical resistance, etc., and, of course,
adaptability, since there is a symbiotic relationship between
the properties of the binder and composite material [2].
Epoxy polymers are the main polymer materials in struc-
tural adhesives, protective and decorative coatings, bulk
floors and high-strength glass and basalt fiber composites
for construction purposes. The use of epoxy polymers in
technology is associated, first of all, with the high manu-
facturability of epoxy resins, and, secondly, with unique
performance characteristics that satisfy many requirements.

In order to reduce the cost and achieve high opera-
tional characteristics, first of all, hardness, elastic mod-
ulus, heat resistance, wear resistance of the material,
i.e. increase the degree of resistance to external force,
basic epoxy polymers are modified. Recent studies have
highlighted the effectiveness of nanomodification, in par-
ticular, carbon nanotubes (CNTs), to obtain materials
with fundamentally new properties [3].

Nanomodifications of epoxy polymers with carbon
nanotubes, both non-functionalized and functional-
ized, many works have been devoted to [3—11]. In [3],
an analysis of the problems of nanomodification of epoxy
polymers by carbon nanotubes is given. In [4], the results
of work in the field of modifying CNTs and the creation
of composites with their participation for the production
of new generation materials were analyzed. The incon-
sistency of many experimental data on the modification
of epoxy resins is noted, both in terms of their effect on
the cure rate and in terms of the mechanical properties
of the cured matrices. The authors’ research works pub-
lished earlier [ 12, 13] determined the extreme concentra-
tion dependence of the main technological and technical
properties of nanomodified composites with maxima at
hundredths and thousandths of a percent of nanosupple-
ments of various chemical nature.

In this work, we study the effect on the properties
of epoxy polymers of domestic production of carbon
nanostructures (ONS) produced by NanoTechCenter
LLC (Tambov).

MAIN PART
Experimental part

In the present work, samples of epoxy compositions
with the addition of various concentrations of CNTs

to the base composition were prepared. The base resin

was taken epoxy-diane resin ED-20, and as a hardener

polyethylene polyamine in the amount of 15 m.h. per

100 m.h. pitches. Nanomodifiers were introduced from

0.01 to 10%. The following types of ONS are used:

— aqueous colloidal dispersion of carbon nanotubes
(CNTs) of the Taunit-M, stabilized in a weakly alka-
line medium by phenol-formaldehyde resin (PFS):
(PFS — 1%; CNT «Taunit M» — 2%).

— Taunit-M, — free-flowing black powder of carbon
nanotubes of the Taunit-M, functionalized by alkyl
groups by the gas-phase method. The content of alkyl
groups is 11.5%.

The basic multilayer CNTs of Taunit-M are nano-
sized, quasi-one-dimensional filamentary formations
of polycrystalline graphite with a cylindrical orientation
of layers with internal channels (inner diameter 4—8 nm,
outer diameter 8—15 nm, tube length >2 um).

It was shown that the efficiency of nanomodification
depends on the sequence of combining the components in
the binder [14]. In this work, for the preparation of sam-
ples, the following sequence of combining the compo-
nents of the binder was selected: Epoxy resin ED-20 +
CNT + PEPA hardener.The curing mode of the com-
position: 1. Exposure for 24 hours at room temperature;
2. Heat treatment at a temperature of 80°C for 6 hours.

To assess the effectiveness of nanomodification,
the following test and research methods were used:

1. Vickers microhardness was determined according
to GOST R ISO 6507-1-2007.

2. The strength of the adhesive seam on the gap was
determined according to GOST 14760-69.

3. The glass transition temperature and high elasticity
modulus were determined by thermomechanical compres-
sion curves (TMC) obtained using the installation with
Master Scada software. The measurements were carried out
on samples in the form of cylinders with a thickness of 3 mm
and a diameter of 8 mm with a constant compressive spe-
cific load 0 = 1.25 MPa and a temperature increase rate of
30°C/min. The glass transition temperature T  was esti-
mated by the transition point on the curve from the glassy
to highly elastic state. The modulus of high elasticity was
calculated based on the data of the relative deformation
of the samples in the high elastic region (from TMC).

4. The microstructure of the surface of the brittle
cleavage of cured samples was recorded using a Carl Zeiss
Metril field-emission high-resolution scanning electron
microscope with an accelerating voltage of primary elec-
trons of 5 kV and a probe current of 300 pA to minimize
the impact on the object under study. The preparation
procedure is as follows: epoxy samples were placed in
liquid nitrogen, after which cleavage was performed.
Chipped samples were fixed on the holder and placed in
the chamber of the Quorum QI150TES vacuum instal-
lation. The conductive layer was deposited by cathodic
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Fig. Electronic micrographs of epoxy polymers:

A, A, — Control sample; B, B, — 0.05% CNT in the form of a stabilized dispersion;
C, C,—0.5% CNT Taunit-M in the form of a functionalized powder:
A, B, C(scale 2um); A, B, C, (200 nm scale)

sputtering of Au/Pd alloys in a ratio of 80/20. The thick-
ness of the deposited layer was 15 nm.

Research results and discussion

Patterns of changes in macroproperties during nano-
modification are specific depending on the type of ONS.
First, the optimum properties are observed at concentra-
tions of 0.05% in the case of the use of CNT dispersions
and 0.5% for functionalized aggregated CNT powders.
Secondly, the absolute values of microhardness are higher
in the case of using functionalized CNTs.

Electron micrographs of brittle cleavage of samples at
optimal CNT concentrations in comparison with control

unmodified samples of epoxy polymers in different scale
ranges are shown in Fig.

The nature of structural changes allows us to some
extent explain the greater efficiency of functionalized
CNTs. A comparison of microphotographs shows that
the introduction of CNTs in the form of dispersions leads
to the separation of microphases 18—20 um in size, while
functionalized CNTs lead to the formation of extended
microphases with a diameter of about 2 um. Micropho-
tographs of the structure of these inclusions (Figs. B, and
C,) show that CNTs are distributed precisely in the vol-
ume of these microinclusions.

In the table gives the properties of the optimal formu-
lations of modified epoxy polymers.

http://nanobuild.ru

689

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTpontenbCcTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (6):
686-695

Nanobull

DEVELOPMENT OF NEW POLYMER MATERIALS « PA3PABOTKA HOBbIX [TOJIMMEPHbIX MATEPUAJIOB

Table

Indicators of optimal compositions of nanomodified samples
Name and concentra- Peel strensth. kPa Microhardness, Glass transition High-elasticity

tion of CNT (%) g, kg/mm? temperature, °C omodulus, MPa

Control 118 15.8 124 4.9
0,05% CNT 45 23.5 126 5.4
(dispersion)
0,5% Taunit-M_ 139 30.8 105 3.8

The indicators of optimal formulations of epoxy com-
posites presented in Table are interpreted as follows:

1. Peel strength of the adhesive joint increases in
the presence of functionalized CNTs. In the case of using
functionalized CNTs, the detachment mechanism is ad-
hesive, in contrast to the control sample and in the pres-
ence of aqueous dispersions.

2. In the case of functionalized tubes, with a decrease
in the glass transition temperature, an increase in me-
chanical properties is observed, which is rarely observed in
the case of native CNTs. All these data suggest that there
are phase inclusions in the epoxy matrix with significantly
different structures and properties from the matrix. It is
believed that the boundary layer of the polymer is more
elastic than the original epoxy structure. It is significant

BBEJEHUE

rI[aBHLIM HarmpapJIcHIEM B COBPEMECHHOM MaTepHajIo-
BEICHUH SIBIIICTCS CO3MaHNE KOMITO3UIIMOHHBIX Ma-
TEPUAJIOB, CPEIN KOTOPHIX TTOIMMEPHBIM ITPUHAIICKUT
Benyuas pojb [1] 6iarogapst HaMuBBICIIMM 3HAYEHUSIM
VICITBHBIX ITOKa3aTesIeii TPOYHOCTH, JKECTKOCTH 1 IPYTUX
cBoiicTB. MIX pa3BuTHE CBSI3aHO C pa3pabOTKOIT HOBBIX
CBSI3YIOIINX, KOTOPHIE, KPOME BBICOKHMX MEXaHMIECKIX
ToKa3aTeIei, JOJKHBI 00J1a1aTh TEIUIO- U TEPMOCTOI -
KOCTBIO, XUMHYECKIM COITPOTUBJIICHUEM U T.1I., M, 0€3-
YCIIOBHO, TEXHOJIOTUYHOCTBIO, TIOCKOJIBKY CYIIIECTBYET
CMMOATHOCTb MEXKIY CBOMCTBAMU CBSI3YIOIIETO 1 KOM-
MMO3UIIMOHHOTO MaTepuraJa [2]. DIOKCUIHEIC TTOIMMEPHI
SIBJISTFOTCSI OCHOBHBIMM MOJIMMEPHBIMU MaTepHraaMu
B KOHCTPYKIIMOHHBIX KJIESIX, 3aIIUTHO-ICKOPATUBHBIX
TTOKPBHITHSIX, HAJTMBHBIX ITOJIAX I BBICOKOITPOYHBIX CTEK-
JIO- 1 0a3aTbTOBOJIOKHUCTHIX KOMITO3UTAX CTPOUTEIb-
HOro Ha3HaueHUS. [IprMeHeHe STTOKCUIHBIX TTOJTMe-
POB B TeXHUKE CBSI3aHO, B IIEPBYIO OUYepeb, C BBICOKOM
TEXHOJIOTUIHOCTBIO SITOKCUIHBIX CMOJI, a, BO-BTOPBIX,

that the introduction of ONS leads to an increase in
the microhardness of the samples.

CONCLUSION

Thus, comparing the results of changes in operation-
al indicators, it can be concluded that the modification
of functionalized CNTs is the most effective in the com-
position of epoxy resins, due to a more uniform distribu-
tion of the nanoparticle in the polymer matrix. Under
the action of functionalized CNTs, a more rare-mesh
structure is formed. Obviously, the hardener molecules
are oriented on the surface of the nanostructures, that
contributes to the development of network formation with
elongation of interstitial fragments.

C VHUKAJTBbHBIMM 3KCITTyaTalIMOHHBIMU XapaKTepUCTH -
KaMM, YIOBIIETBOPSIOIINMI MHOTHE TpeOOBaHUS.

J71s1 CHYDKeHUSI CTOMMOCTH 1 TOCTVZKCHMST BEICOKMX
SKCITUTyaTallMOHHBIX XapaKTePUCTHK, B IIEPBYIO OUepeb,
IIPOYHOCTH, TBEPAOCTU, MOIYJIS YIIPYTOCTHU, TEIJIOCTOM -
KOCTH, U3HOCOCTOMKOCTH MaTepuaJa, T.¢. IIOBBIIICHUS
CTEIIeHU COMPOTUBIICHUS BHEIITHUM CHJIOBBIM BO3MCii-
CTBUSIM, 0a30BbIC SIIOKCUIHBIC TTOJTMMEPHI ITOIBEPraloT
Monudukanun. MccmenoBaHmsI TTOCICTHUX JET IT03BO-
JISTIOT BBIAETUTD 3(h(EeKTUBHOCTh HAHOMOIU(MKAIIIH,
B YaCTHOCTH, yriiepogHbiMu HaHoTpyoKamu (YHT), mrs
MMOJIyICHUSI MaTepHajIoB ¢ MIPUHIINIINATIEHO HOBBIMU
cBoiicTBam¥ [3].

HanomMonnbuKammu 3TTIOKCUIHBIX TTOJIMMEPOB YIJIe-
POTHBIMM HAHOTPYOKaMH, KaK He(hyHKITMOHATM3UPOBAH-
HBIMU, TaK ¥ (GPYHKIIMOHATN3NPOBAHHBIMU, TIOCBSIIICHO
MHoro pa6ot [3—11]. B [3] naeTca aHanm3 npobaeM Ha-
HOMOIM(DUKAITNY STTOKCUIHBIX ITOJTMMEPOB YIJICPOIHBI -
MU HaHOTpyOKamu. B pabote [4] mpoaHaIu3npoBaHbI
pe3yabTaThl padboT B obimactu Mmomudummposanusg YHT
M CO30aHUSI KOMITO3UTOB C VX YIACTUEM TS TIOJTYICHUS

http://nanobuild.ru 690

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTpontenbCcTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (6):
686-695

Nanobull

DEVELOPMENT OF NEW POLYMER MATERIALS « PA3PABOTKA HOBbIX [TOJIMMEPHbIX MATEPUAJIOB

MaTepraaoB HOBOTO MOKOIeHNsT. OTMedaeTcsT TPOTHUBO-
PEYMBOCTh MHOTHUX 3KCIIEPUMEHTAIBHBIX TaHHBIX TIPU
MOIM(UKAIINN SITOKCUIHBIX CMOJ, KaK 110 BIUSTHUO
Ha CKOPOCTh OTBEPKICHMSI, TaK U TI0 TTOKA3aTEeIISIM Me-
XaHUYECKUX CBOMCTB OTBEPXKIEHHBIX MaTpull. B mpen-
CTaBJICHHBIX paHee MyoIrKalnsx aBTopos [12, 13] obl1a
YCTaHOBJICHA 3KCTpeMaIbHasl KOHIICHTpaIlMOHHAsT 3a-
BUCUMOCTH OCHOBHBIX TEXHOJIOTMICCKIX 1 TEXHUUECKIX
CBOICTB HAHOMOIM(UITPOBAHHBIX KOMITO3UTOB C MaK-
CHMyMaMU TIPY COTHIX M THICSTYHBIX JOJISIX ITPOIICHTA Ha-
HOI00aBOK pa3TMIHON XUMIUECKON IIPUPOLIEI.

B HacToseit pabote n3ydaeTcs BIMSHAE Ha CBOM-
CTBa 3ITOKCUIHBIX TTOJIMMEPOB OTEUECTBEHHOM ITPOIYK-
u yriepogHbIx HaHOCTPyKTYp (YHC), mpon3BoanMbIx
00O «HanoTexllentp» (1. Tam60B).

OCHOBHA{ YACTb
DKcrnepuMeHTAIbHAS YaCTh

B nipencraBieHHON paboTe ObUIU MTOATOTOBICHBI
00pa3IIbl STTOKCUIHBIX KOMITO3UIINNA ¢ J0OaBICHUEM
B 0a30BbIil coctaB YHT paznuuHoii KOHLIEHTPALUU.
B xauecTBe 6a30BOIT CMOJIBI B3SITa SIIOKCUIHO-TNAHOBAS
cmona BJ1-20, a B KauecTBe OTBEPAUTEITS TTOTUITUIICH-
MoJIMaMUH B KoamdecTtBe 15 m.4. Ha 100 M. 9. CMOJIBI.
Hanomomnduxarops BBoguiauchk ot 0,01 1o 10%. Uc-
TOJIb30BaHKI clieayromne Buasl YHC:

— BOIHAST KOJUIOMIHAs TUCIIEPCUS YIJICPOTHBIX Ha-
HOTPYOOK (YHT) Mmapku «TayHut-M», cTadbumn-
3UpOBaHHAasI B cJIabolIeIouHoi cpene dpeHondgop-
manbaerunHoi cmonoi (PDC): (OPDC — 1%; YHT
«Tayaur-M» — 2%).

— Tayuur-M ¢y — CBITIYIHI TOPOLIOK YEPHOTO 1IBETA
YIJIEPOTHBIX HAHOTPYOOK MapKu TayHur-M, ¢pyHK-
MOHAIN3NPOBAHHBIX AJIKIJIBHBIMM TPYITIIAMU Ta30-
dazabeM MetomoM. CopepkaHre aTKUIBHBIX TPYIIIT
11,5%.
bazosbsie mHOTOCHONHBIE YHT TayHut-M — HaHO-

pa3MepHBIe, KBa3MOTHOMEPHBIC HUTCBUIHBIC 00pa30-

BaHUS MOJMKPUCTAITAYECKOTO rpacduTa ¢ MUTHHIPH -

YeCcKOU OpHMeHTAILIEeH CI0eB ¢ BHYTPCHHUMHU KaHalla-

MU (BHYTpeHHMI mruameTp 4—8 HM, BHSITHUN TUaMETP

8—15 M, mmHa TPyOOK >2 MKM).

Bruto mokazaHo, 4To 3¢ GHeKTUBHOCTH HAHOMOIN (Y-
KaIli{ 3aBUCUT OT ITOCIICIOBATEIIBHOCTA COBMCIIICHUS
KOMITOHEHTOB B cBs13ytoieM [ 14]. B manHoi#1 padboTe mis
TIPUTOTOBJICHMS 00Pa31I0B BEIOpaHA CIICAYIOIIAsT TTOCIIe-
TMOBATEIBHOCTH COBMEIIICHISI KOMITOHEHTOB CBSI3YIOIIIC-
ro: samokcuaHas cmoiia DJ1-20 + YHT + orBepaurtennb
[I5DITA.

PexxnM oTBepXKIeHUST KOMITIO3UIINU: 1. BBEIOCPK-
Ka B TeueHHe 24 9acoB IIPU KOMHATHOM TeMIIepaType;
2. TepMoobpabdoTKa rmpu Temrnepatype 80°C B TeueHUe
6 4acos.

st oueHKM 3¢ (HEKTUBHOCTY HAHOMOAN(UKALIUU
HCITIOJIb30BaHKI CIICAYIONINE METOIBI UCTIBITAHUMN 1 MC-
CJICOBAHUM:

1. MuxkpoTtBepaocTh o Bukkepcy onpenensiach co-
rimacHo TOCT P MUCO 6507-1-2007.

2. [IpoyHOCTP KJICeBOTO IIIBa HA OTPHIB OTIpeAeIsIach
o TOCT 14760-69.

3. TemrmepaTypa CTEKJIIOBaHUSI M MOAYJIb BEICOKO-
5JIACTUYHOCTH OIPEACIISUTICH IO TEPMOMEXaHMISCKIM
kpuBbiM (TMK) cxxatust, morydeHHBIM Ha YCTaHOBKE
¢ TIporpaMMHBIM obecrnieueHreM Master Scada. U3me-
peHUS TPOBOAMINCH Ha 00pa3liax B BUAC HUJIUMHIPOB
TOJNIIMHON 3 MM M TMaMETPOM 8 MM TP ITOCTOSTHHOM
CXKUMaloIIei yaeabHoM Harpy3ke ¢ = 1,25 MIla u cko-
pocTu noBeIeHUs Temiepatypsl 30°C/muH. Temmepa-
Typa cTeknoBanus T oLeHUBanach o ToYke rnepexoaa
Ha KPUBOI U3 CTEKIIO00PA3HOTO B BRICOKO3IACTUIECKOE
cocTostHEe. MoIyiTb BBICOKO3JIACTUIHOCTH PACCUMNTHI-
BaJIcs MCXOMIS M3 TaHHBIX OTHOCUTEILHOM MedopMaiiim
00pa3loB B BbIcOKO3acTuyeckoit oonactu (u3 TMK).

4. CbeMKY MUKPOCTPYKTYPHI TTOBEPXHOCTH XPYITKOTO
CKOJIa OTBEPKIECHHBIX 00pa3II0B IIPOU3BOINIIN Ha aBTO-
SMUCCHOHHOM BBICOKOpa3peIIaoneM CKaHNPYIOIeM
SJIEKTPOHHOM MUKpocKore Metril komnanuu Carl Zeiss
IIPY YCKOPSIOIIEM HaIIPSLKEHUH TIEPBUYHBIX 3JICKTPO-
HOB 5 kB u 3oH10BOM TOKE 300 A M1 MUHUMAIBHO-
IO BO3ICUCTBUS Ha 00BEKT MCCIIeNOBaHUS. MeTommKa
MIpeTapupOBaHMSI CICIyIONIasi: STMTIOKCUIHBIC 00pa3IIbl
ITOMEIIAINCH B JKUIKWI a30T, TIOCIIC YETO ITPOM3BOIIII-
cs1 ckoit. CKoJIbI 00pa3oB (DMKCHUPOBATINCH Ha AepsKa-
TeJie ¥ TIOMEIIAINCh B KaMepy BaKyyMHOM YCTaHOBKU
Quorum Q150TES. HaneceHue mpoBOSIIIETO CIIOS ITPO-
BOJIMJIOCH METOIIOM KATOTHOTO PACTIBUICHUS CILUIAaBOB
Au/Pd B cootHomernun 80/20. TommmHa HAaHECEHHOTO
cllosl cocTaBisiia 15 HM.

Pe3yJI]>TaT]>I HCCJICIOBAHUA U UX oﬁcy)meﬂne

3aKOHOMEPHOCTH M3MEHEHMSI MaKPOCBOMCTB IIpHU
HaHOMOIN(PUIINPOBAHNN UMEIOT CIIEIIN(UKY B 3aBU-
cuMmocty ot Buga YHC. Bo-niepBBIX, ONTUMYM CBOWCTB
Habromaetcst mpu KoHueHTpauusx 0,05% B ciyyae uc-
nonb3oBanua nucriepcnit YHT u 0,5% s pyHKmo-
HaJIM3UPOBAHHBIX arperupoBaHHBIX MopoikoB YHT.
Bo-BTOpEIX, a0COTIOTHBIC BETMYUMHEI MUKPOTBEPIOCTH
BBIIIIC B CITydae MCITOJh30BaHUS (DYHKIIMOHAIN3UPO-
BaHHbIX YHT.

DIeKTpOHHBIE MUKPOhOTOrpadmy XpymKoro cKo-
Jila 00pa3LoB MPU ONITUMAIbHBIX KOHLeHTpalusax YHT
B CPaBHEHHUHU C KOHTPOJBbHBIMU HeMOIU(HUIINPOBAH-
HBIMU 00pa3laMU 3MMOKCUIHBIX TTOJIMMEPOB B pa3HBIX
MacIITaOHBIX TUHEHKAX TIPeACTaBICHBI Ha PIC.

XapakTep CTPYKTYPHBIX M3MEHEHUI ITO3BOJISICT
B OIpee/ICHHON CTeIIeHU OOBSICHUTD 00JIbIIYIO 3(hheK-
TUBHOCTh (DyHKIIMOHaIM3upoBaHHbIX YHT. CpaBHeHUe

http://nanobuild.ru

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonorny B CTpouTeNbCTBE: HayuHbI IHTepHeT-KypHan

2019; 11 (6):
686-695

Nanob

DEVELOPMENT OF NEW POLYMER MATERIALS « PA3PABOTKA HOBbIX [TOJIMMEPHbIX MATEPUAJIOB

Puc. Daekrponnsie MukpooTorpadun 3nOKCHIHBIX MOJIUMEPOB:

A, A, — KOHTpOJIbHBI 0bpasel; b, B, —0,05% YHT B Bune crabuan3npoBaHHOR
aucnepcun; C, C, —0,5% YHT Taynut-M B BuIe GyHKIMOHATU3MPOBAHHOTO
nopouka: A, b, C (macmrab 2 Mkm); A, b, C, (Mmacmra6 200 Hm)

MUKpodoTorpaduii ToKa3pBaeT, 9To BBenenne YHT
B (hopMe IMCTIepCHii TPUBOAUT K BBIIEICHUIO MUKpPOha3
pazmepoM 18—20 MM, a QYHKIIMOHATM3UPOBAHHbBIC
YHT npuBoadT K 06pa3oBaHUIO TPOTSKEHHBIX MUKPO-
(a3 nuameTpom okosio 2 MkMm. MukpodoTorpacbun
CTPOEHMsI ITUX BKIoYeHuii (puc. b, u C)) mokasbipa-
10T, uto YHT pacnpenesieHbl UMEHHO B 00BbEME ATUX
MUKPOBKJIIOYEHUA.

B Tab1. maHbI CBOIICTBA ONITUMAIBHBIX PEIIETITYP MO-
TU(PUIIMPOBAHHBIX STIOKCUIHBIX TTOJTUMEPOB.

[pencraBieHHbIE B TA0JI. TOKA3ATEIN OMITUMATBHBIX
PELIETITYp MOKCUIHBIX KOMTIO3UTOB WHTEPITPETUPYIOTCS
CIICAYIOLINM O00pa3oM:

1. [TpouHOCTH KJIEEBOTO COENMHEHNUS HA OTPBIB YBE-
JIMIUBAETCS B MPUCYTCTBUU (DYHKITMOHATM3UPOBAHHBIX

YHT. B ciyuae npumeHeHust byHKIIMOHATU3UPOBAH-
Horo YHT mexaHnusm oTpbIBa aire3MOHHbBIN B OTIIMNYUE
OT KOHTPOJILHOTO 00pa3iia U B MMPUCYTCTBUU BOTHBIX
IUCTIEPCUM.

2. B cnydae ¢hyHKIIMOHAIM3UPOBAHHBIX TPYOOK MpU
CHUKEHUU TeMTIepaTyphbl CTEKJIOBAaHUST HAOTIOMAeTCS
YBETMUYECHNE MEXaHNUECKIX CBOMCTB, YTO PEIKO HAOII0-
nanu B ciydyae HaTuBHbIX YHT. Bee 3T naHHble npen-
MOoJIaraloT, YTO B AMOKCUIHONW MATPUILIE CYLIECTBYIOT
(hbazoBBIE BKITIOUEHUS C CYIIECTBEHHO OTINIAIOIIMMUCS
OT MaTpPUIIBI CTPYKTYpOU U cBoiicTBamu. Cuurtaercs,
YTO MPUTPAHUYHBIN CJION moimMepa 0oJiee 3J1aCTUYEeH
10 CPABHEHUIO C UCXOMHOW 3MOKCUAHON CTPYKTYPOW.
IMokazarensHo, uro BBeneHue YHC nmpuBoauT K pocty
MUKPOTBEPIOCTU 0OPA3LIOB.
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Tabauua
IToka3aTenm ONTUMAJILHBIX COCTABOB HAHOMOIU(DUIIMPOBAHHBIX 00PA3I0B
HaumenoBanue Monynb
IIpounocts MuKpoTBEpaOCTb, TemnepaTypa
1 KOHIIEHTPAIMS I o oC | BPICOKODIACTHYHOCTH,
VHT (%) Ha oTpbIB, KIla KI/MM CTEKJIOBAHHS, Mila
KoHTponbHbIi 118 15,8 124 4.9
0,05% YHT 45 23,5 126 5,4
(mucrepcust)
0,5% Taynur, 139 30,8 105 3,8
3AKJIIOYEHUE pacripenejieHMeM HaHOA00aBKM B MaTpulie MoJruMepa.

Taxum ob6pa3oM, cpaBHHMBASI pe3yJbTaThl U3Me-
HEHMs DKCIUTyaTallMOHHBIX MT0Ka3aTesei, MOXHO 3a-
KJTIOUMTH, YTO B COCTaBE SITOKCHUIHBIX CMOJI Hanboiee
addexkTBHA MogUUKAINSI GYHKIIMOHATU3NPOBAH-
HeiMmu YHT, oOycinoBieHHass 0ojiee paBHOMEPHBIM

ITon neiictBueM pynkunonanusupoBaHHbix YHT dop-
MUpyeTcs 0os1ee penkoceTdIarast cTpykrypa. OueBUIHO,
YTO TIPOUCXOIUT OPUCHTAIIMS MOJIEKYJ OTBEPIUTEIIS
Ha TTOBEPXHOCTH HAHOCTPYKTYP, YTO CIIOCOOCTBYET
Pa3BUTHIO CETKOOOPA30BAHUS C YIJIMHEHUEM MEXKY3-
JIOBBIX (pparMeHTOB.
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